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S101 Ultrafast Photonic PCR and Organoids MAP for Personalized Precision Medicine  
 
Luke P. LEE1,2 
1Departments of Bioengineering, Electrical Engineering & Computer Science, and Biophysics Graduate 
Program , 2Berkeley Sensor and Actuator Center, Biomedical Institute for Global Health Research & 
Technology (BIGHEART), University of California, Berkeley 
 
In this talk, I will present ultrafast photonic PCR and its applications in molecular diagnostic systems (iMDx) on 
chip. This system comprises three key elements: (1) ultrafast photonic amplifications of NA biomarkers; (2) 
signal amplifications of protein biomarkers; (3) a self-contained sample preparation and liquid biopsy on chip, 
which allows a rapid sample-to-answer readout platform. I will also discuss recent advances in the development 
of 3D organoids on chip, microphysiological analysis platforms (MAP). Organoids MAP allows controlling 
signaling pathways and physiological dynamic flows, and capturing molecular, cellular and physiological 
information. Mapping the dynamics of gene expression, pathways and phenotypes by organoids MAP provides 
innovative solutions in modeling human organogenesis and various human pathogenesis. In addition, patient-
derived organoids MAP that recapitulates patient responses may generate effective personalized therapeutic 
methods. Current progresses on mini-brains MAP, pancreatic islets MAP, and kidney organoids MAP will be 
discussed along with the vision of real-time non-invasive electron transfer (ET) imaging in live cells and 
organoids. Visualizing invisible dynamics of redox enzyme ET in the mitochondrial activity of live cells or 
tumor cells via ET-imaging can provide new insights beyond traditional molecular biology in the elucidation of 
cell death mechanisms and cell regenerations. Ultrafast iMDx, patient-oriented 3D organoids MAP, and ET-
imaging may provide a framework for the advancement of personalized precision medicine. 
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S102 Discovery, Engineering and Application of Enzymes for Biocatalytic Applications  
 
Uwe T. BORNSCHEUER 
Institute of Biochemistry, Dept. of Biotechnology & Enzyme Catalysis, Greifswald University, Greifswald, 
Germany 
 
This lecture will highlight principle strategies and current challenges in enzyme discovery and protein 
engineering aiming to enhance their usefulness in biocatalytic applications [1], which also includes the 
combination of enzymes with chemocatalysts [2] and their incorporation into retrosynthetic concepts [3].  
One example are Baeyer-Villiger monooxygenases (BVMO), which we engineered to efficiently accept the 
cofactor NADH instead of NADPH [4]. Furthermore, we demonstrated how we could invert their 
regioselectivity exemplified for different enzymes and substrate types [5]. 
In BVMO- as well as P450-catalyzed reactions, uncoupling – the undesired formation of H2O2 – can represent a 
major issue. We have developed a sensitive assay to quantify H2O2-formation and hence to calculate desired 
product formation by following NAD(P)H consumption [6]. 
Recently, a new class of P450 monooxygenases from marine bacteria was discovered by us, which play a central 
role in the degradation of algal carbohydrates [7]. Furthermore, we could also identify the entire degradation 
pathway of very complex algal carbohydrates involving >13 different enzymes from marine bacteria as well as 
elucidated for the first time the structure of an important enzyme involved in the degradation of the plastic 
polyester PET (unpublished). 
 
Keywords : Protein engineering, biocatalysis, monooxygenases, enzyme cascades, carbohydrate degradation 
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S121 Pioneering Bio Healthcare Industry 
 
Shin Jae CHANG 
Celltrion Inc., Academy-ro 23, Yeonsu-gu, Incheon, 22014, Republic of Korea 
 
 
Celltrion bravely took the first step forward in developing an antibody biosimilar, when everyone else in the 
field thought it was impossible during the period when the term ‘biosimilar’ itself was unfamiliar. Celltrion went 
on to achieve a remarkable feat of entering into the global market for the first time in the nation with its 
unquenchable innovative spirit, creativity, and keen insight that is ahead of time. Naturally, Celltrion has 
become the leading biologics company in the Korean biologics industry as the pioneer of the antibody 
biosimilars. 
 
The world now is confronted with seniority problem, financial burden on healthcare expenditure, and 
polarization on quality of treatment in different regions. Rare and severe diseases tend to increase every year 
with novel drugs as well. Celltrion believes that biosimilars will play more significant role in opening up 
promising treatment options for patients by increasing affordability. Yet to realize the potential benefits that 
biosimilars can contribute to the industry, change of physicians’ perception and patient acceptance are crucial.  
 
From the experience of biosimilar development, manufacturing, and merchandising with accumulated know-
how, Celltrion is concentrating its capability on the development of 3rd generation immunological biosimilars, 
novel biologics, such as bio-betters, ADC, and new route of administration of biosmilars. In the meantime 
Celltrion will realize production cost down by expanding new facilities and improving manufacturing process, 
while remaining unchanged superior quality of product.  
 
Celltrion seeks potential strategic allies to pursue various forms of collaborative opportunities including 
licensing, co-development, and CDMO service. With the 4th industrial revolutionary wave coming right ahead, 
Celltrion will remain as one of the firmest biologics company in the world with integration of medical data 
standardization, telemedicine, and aggregate tacit experience on clinical studies. 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

6 

 

S122 Trends and Prospects of K-beauty 
 
HakHee KANG 
Kolmar Korea  
 
 
People's thoughts and the world are changing quickly, and the way and standards for purchasing products are 
also changing dramatically. In this change, we see through the market that unique products, splashing products, 
first products, and products with clear customer value survive. The industry has to innovate constantly for a 
changing world. Innovations in the cosmetics industry are technology and processes. With the development of 
high-quality products, the development of emotional new technologies will become more important in the future. 
Process innovation is expected to lead to rapid innovations related to distribution through the SNS and the 
platform of the fourth industrial revolution. 
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S131 Core Strengths as a Leader in Biosimilars 
 

Christopher Hansung KO 
Samsung Bioepis, Incheon, Republic of Korea 
 
 

Established in 2012, Samsung Bioepis is a biopharmaceutical company committed to realizing healthcare that is 
accessible to everyone. Through innovations in product development and a firm commitment to quality, 
Samsung Bioepis aims to become the world's leading biopharmaceutical company. Samsung Bioepis continues 
to advance a broad pipeline of biosimilar candidates that cover a spectrum of therapeutic areas, including 
immunology, oncology and ophthalmology. Samsung Bioepis is a joint venture between Samsung BioLogics 
and Biogen. For more information, please visit: www.samsungbioepis.com 
 
1. Our Platform : Process Innovation, Biosimilar Development, Clinical Trial, Pipeline 
2. Our Partnerships 
3. Our Challenge: Leadership in Anti-TNF Biosimilars, Novel Biologics 
 

 
Keywords : Samsung, Samsung Bioepis, Biopharmaceutical company, Biosimilar 
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S132 Creating Next Generation ADCs with Industry Leading DAR Precision and Plasma Stability 
 

Yong-Zu KIM 
LegoChem Biosciences, Inc. , Daejeon 34302, Korea 
 
 

LegoChem Biosiences is a clinical stage biotech with expertise in medicinal chemistry. It has several antibiotic 
programs for infectious disease with urgent needs and drug candidates in oncology and anticoagulant. It has 
extended its expertise to ADC and developed next-generation site-specific ADC platform with novel linker. 
Antibody-Drug Conjugates (ADCs) are one of the most promising classes of next-generation cancer drug. The 
approvals of Adcetris (brentuximab vedotin) and Kadcyla (ado-trastuzumab emtansine) as well as recent 
approvals of Mylotarg (gemtuzumab ozogamicin) and Besponsa (inotuzumab ozogamicin) have paved the way 
for ongoing clinical trials that are evaluating more than sixty ADC candidates.  
ADCs are highly complex entities that combine an antibody with a small molecule payload drug (cytotoxin) 
through a chemical linker and medicinal chemistry-like control is of paramount importance for the clinical 
success of next-generation ADCs.  
The ADC linker determines the mechanisms and rate of payload drug release, both of which affect exposure of 
normal and tumor tissues to a drug payload. Thus, the ADC linker is a critical part of an ADC and plays a key 
role to address the limitations posed by the narrow therapeutic indices of current technologies due to lacking 
homogeneity of ADC, plasma stability and efficient payload drug release at the targeted tumor cells.  
LegoChem Biosciences presents a novel linker chemistry combined with enzymatic conjugation that can result 
in stability of payload drugs during blood circulation, effectively prevent premature drug release, efficiently 
facilitate the liberation of the drug at the targeted tumor cells and show significant improved therapeutic index.  
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S311 The Future of Customized Beauty Care 
 
Won Seok PARK 
AmorePacific R&D Unit, Gyeonggi-do, 17074, Korea 
 
 
Since its foundation in 1945, AmorePacific has had a single, clear mission: to present its unique perception of 
beauty, namely what it calls the ‘Asian Beauty’ to global customers. AmorePacific opened its research lab in 
1954 - a first in the Korean cosmetics industry - and since then have made aggressive R&D investments to 
continue on its growth path.  
 
In 1970, AmorePacific has introduced professional equipment and counseling for skin diagnosis to provide 
customized skincare solution at customer contact points. After that time, we have developed innovative 
technology research and services to understand customers’ skin status and concern of skincare, providing 
differentiated skin diagnosis and bespoke solutions. In 1984, we introduced digital technology to predict 
customer's makeup effect. In 2004, we attempted to offer customized solutions through one-on-one counseling 
with professional makeup artists. IOPE Lab, since 2014, has been providing customer research information and 
the most advanced diagnostic services In the center of the city. 
 
And now, with the launch of customized cosmetics pilot projects in 2016, AmorePacific is able to introduce new 
types of customized cosmetics and digital technologies in the cosmetics field. More customized cosmetics are 
now available for enhanced customer experience. And with the convergence of digital technology, we have been 
able to develop new products that did not exist. By uncovering the unmet needs of our customers, AmorePacific 
will create next innovation for K-Beauty. 
 
Keywords : Cosmetics; Customized; digital' 
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S312 The Study on the Relationship between Yin-Deficiency Physical Constitution and Skin Phenotype 
 
Joonoh MYOUNG 
LG Household and Health Care R&D Center, Seoul, 07795, Korea 
 
 
한의학에서는 인체의 음(陰), 양(陽), 기(氣), 혈(血)이 부족할 경우 다양한 병리적 증상들을 
일으킨다고 알려져 있다. 그 중 음은 여성들에게 중요한 요소로 음이 부족한 음허인(陰虛人)은 
음양의 균형이 무너져 양이 치솟는 허열(虛熱) 증상이 발생하여 건조 및 발열을 동반하는 특징이 
있다. 
음허증(陰虛症)은 주로 신체대사와 관련된 증상에 대해 주로 보고되어 있으며 음허증에 따른 
피부 노화와의 관련성은 거의 연구된 바 없다. 
이에 본 연구에서는 음허 증상이 발생하기 시작하는 40 대 이상의 여성 218 명을 대상으로 먼저 
음허증 측정 설문지를 통한 문진을 실시하여 음허인과 비음허인으로 분류하였다. 이후, 피부진단 
영상기기를 이용하여 피부 보습, 탄력, 피지, 모공, 주름, 색소침착 및 피부색을 측정하여 두 
그룹간의 피부 상태 차이를 분석하였다. 그 결과, 음허 증상의 대표적인 특징으로 피부 보습이 
낮고, 탄력이 감소되어 있으며 피부색이 붉어지는 특징이 있음을 확인할 수 있었다. 
본 연구를 통해 음허 증상을 피부 노화와 연계하여 소비자들에게 한방 맞춤형 화장품을 제공할 
수 있으며 정확도와 만족도를 높인 맞춤형 화장품의 차별화를 통해 K-Beauty 의 글로벌 경쟁력은 
더욱 향상될 것으로 기대된다. 
 
Keywords : 음(陰), 음허증(陰虛症), 피부 노화, 한방 맞춤형 화장품 
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S313 Recent Findings of the Skin Genetic Studies 
 
Kyung-Won HONG 
Theragen etex Bio Institute Co. Ltd. Suwon, Korea 
 
 
Skin phenotypes such as wrinkles, freckles, and inflammations may be serious problems for some individuals. 
Review of family histories suggests that some genetic factors are related to these phenotypes, and a number of 
studies have revealed potential causative genes for certain skin-related phenotypes [1]. I and my company 
(Theragen Etex Bio Institute) studied the genetic factors which can be a good indicator for choice the 
personalized cosmetic ingredients. My talk will be the introduction of recent genetic findings about the skin 
phenotypes and the introduction of a personalized cosmetic projects with Jeju technopark. Currently, there are 
many skin candidate gene studies such as MMP1, AGER, MC1R and so on, but a few genome-wide association 
studies are reported. Although the studies do not have interested in the research field, the function of the 
reported genes can be matched to the some ingredients for personalized cosmetics. I hope this talk can increase 
the interest about the gene-based cosmetics.  
 
 
 
References   
1. C. Endo et al., Scientific Rep. 8, 8974 (2018) 
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S314 Logical Analysis of Customized Cosmetics Using Big Data Based on Clinical Testing 
 
Hyo Sun HAN 
P&K Skin Research Center, Seoul 07236, Korea 
 
 
As growing cosmetic industry in Korea, the numbers of cosmetic products are more and more massive every 
years. Moreover, the items with respect to claims for cosmetics are newly and countlessly updated.  
In this study, we analyzed the cosmetics that have been tested in P & K for past 4 years according to the 
cosmetic’s formulations and items for claims. The cosmetic trends are seasonally distinguished as well. 
In our clinical testing data, compared to market size reported by KHIDI, the rate at production according to 
cosmetic categories is similar to clinical testing’s needs. The each market share of skin care, hair care, and color 
cosmetics is about 55%, 17%, and 12%, respectively. The rate of market share was shown a similar pattern to 
clinical testing’s demands, meaning that the analysis of big data based on clinical trials can induce the other 
pattern as cosmetics industry’s needs.  
Based on these results, we’d like to propose a method for analyzing clinical test data and the approach to make 
logical algorithm for customized cosmetics. 
 
Keywords : Big data, Cosmetic trends, Clinical testing, Customized cosmetics 
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S321 Biologics come of Age: Y-Biologics’ Antibody Discovery Strategy 
 
Young Woo PARK 
Y-Biologics, Inc. Daejeon Korea 
Corresponding Author Email : ywparkb@gmail.com 
 
Over the course of the last two decades, the market for therapeutic antibodies has grown exponentially. 
Therapeutic antibodies have entered the center stage of drug discovery as a result of a major shift in focus of 
many pharmaceutical companies from small molecules to a broader portfolio containing both protein and 
antibody therapeutic agents. This presentation will provide an overview of Y-Biologics’ antibody discovery 
strategy and drug pipelines. Y-Biologics has focused on the development of antibody drugs in Immuno-
Oncology with different modalities. In addition to anti-PD-1 antibody (YBL-006), Y-Biologics has several 
immune check point inhibitors and cancer specific antibody drug pipelines for combi-therapy and bi-specific 
antibody therapy. Y-Biologics has also developed a novel proprietary T cell bispecific antibody format, ALiCE 
(Antibody Like Cell Engager) for the strategy of direct T cell activation. YBL-013, an ALiCE molecule 
composed of anti-PD-L1 and anti-CD3, shows synergistic effects for both PD-L1-dependent T cell activation 
and PD-1 and PD-L1 blockade efficacy. YBL-013 also has strong potency in terms of tumor regression in 
PBMC-humanized Xenograft mouse model. PK study in Rat implicates that the half-life of ACE-05 is expected 
to be much longer than that of other T cell engager format like a BiTE or DART. Overall, as compared with 
BiTE format, the bispecific Abs with ALiCE format have shown similar or better efficacy in cancer cell 
cytotoxicity, whereas general toxicity and off-target effects seem to be lower.  
 
Keywords : Y-Biologics; Therapeutic Antibody; Discovery; Immuno-Oncology; ALiCE 
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S322 ABL Bio’s Bispecific Antibody Development Strategy and Status 
 
Jaeho JUNG 
ABL Bio Inc., Seongnam, Korea 
Corresponding Author Email : jaeho.jung@ablbio.com 
 
ABL Bio is a biotechnology company focused on the development of antibody-based therapeutics for oncology 
and neurodegenerative diseases. Many of the growing R&D pipelines at ABL Bio are based on bispecific 
antibodies (BsAbs), which bind to two different targets. Here, we describe ABL Bio’s BsAb programs and the 
development status. 
 
1. ABL Bio’s most advanced asset, ABL001, is a BsAb targeting vascular endothelial growth factor (VEGF) 
and Delta-like ligand 4 (DLL4) to overcome resistance to anti-VEGF therapy. It is currently being tested in a 
phase 1 clinical trial, and is the first BsAb to enter a clinical study in South Korea. 
2. ABL Bio is harnessing its BsAb technology to advance a number of immuno-oncology programs to address 
the current limitations of immune checkpoint modulators. T cell engager BsAbs are designed to activate 
immune cells only in the tumor microenvironment to minimize immune-related adverse events. Dual immune 
cell-targeting BsAbs aim to increase the response rates or improve antitumor activity. 
3. ABL Bio is also using its BsAb expertise to maximize blood–brain barrier (BBB) penetrance and therapeutic 
efficacy. The most advanced asset is ABL301, a first-in-class BsAb targeting α-synuclein aggregates that 
penetrates the BBB via a receptor-mediated transcytosis and is in development for Parkinson’s disease. 
 
Keywords : Bispecific antibody; VEGF; DLL4; immuno-oncology; blood-brain barrier 
 
References   
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847 
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S323 Acceleration of Biodrug R&D in Osong New Drug Development Center: 
Industry Support Programs 
 
Tae Gyu LEE 
Osong Medical Innovation Foundation, New Drug Development Center, Osong, Korea 
Corresponding Author Email : tglee@kbiohealth.kr 
 
Osong Medical Innovation Foundation was established in 2010 to promote medical research and bio-health 
industry by providing comprehensive R&D infrastructure for bio-drugs and medical devices. New Drug 
Development Center (NDDC), which is one of the four centers in the foundation, provides researchers with 
technologies and infrastructures to accelerate biodrug optimization and development. More than 100 researchers 
participate in this supporting activity. The success of this research will be achieved not only based on the 
productive translation but also on the careful strategy oriented to the eventual goal of a drug which is need of an 
anxious patient. To develop a new drug candidate, the Center prepares an integrated support system and 
executes the role as bridge between government, industry, academia and institutions. Thus, the Center will 
secure its own technology of a global standard through domestic and international research collaboration, and 
will support the consumer-customized joint research projects in the area of various human diseases. I will 
discuss more about industry support program. 
 
 
1. Division of Discovery and Optimization: phage display, Ab characterization, Ab engineering, humanization, 
protein expression, Fc engineering, gene and cell therapy 
2. Division of Drug Evaluation: efficacy test, cell-based assay, drug-target binding, mode of action, 
immunogenicity, PK/PD analysis, non-GLP tox, immunotoxicity, antibody drug conjugate analysis. 
3. Division of Process Development: stable cell line development, bioprocess development, production of pre-
clinical biologics. Evaluation of product quality, pre-formulation, stability indicating assay. 
4. Division of Convergence Technology: protein analysis by MS, MW, PTM, glycomics, cIEF, CE, aggregation, 
eptitope mapping by HDX,  

 
Keywords : Osong Medical Innovation Foundation; biotechnology; New Drug 
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S324 Mab Manufacturing Bioprocessing: Current Landscape and Future Innovations 
 
E. K. LEE 
Department of Bionano Engineering, Hanyang University-ERICA, Ansan, and Immunoforge Co., Ltd., Seoul, 
Korea 
Corresponding Author Email : eklee@hanyang.ac.kr 
 
In the past decades, the global market for biopharmaceutics has grown rapidly and steadily; it reached $232 
billion in 2016 representing ca. 25% of the total pharmaceutics market and shows no sign of slowing down. Mab 
has been the major driver for the biopharmaceutics market growth and it will continue to be so in the next 10-15 
years. The Mab development and market have been driven by a handful of major innovators in the US and EU; 
however, recently we witness the landscape is gradually changing with more and more companies in the 
emerging countries such as Korea, China, India, and Eastern Europe are involved in the development of various 
modalities of Mab therapeutics and their biosimilars and biobetters. Currently, >750 companies are involved in 
the marketing and development of about 1,000 biosimilars and 560 biobetters, worldwide [1]. This competitive 
situation, together with tighter demand from the regulatory agencies and a trend toward personalized medicine, 
leads us to bioprocess innovations for Mab manufacturing. The direction of the innovations will be: (1) higher 
quality, (2) reduced cost, and (3) more flexibility while maintaining universality. The key features of the 
innovations would be process intensification and simplification in both upstream and downstream. In this 
presentation, we review the current landscape of the Mab market and manufacturing and discuss what and how 
to improve the bioprocessing technologies. 
 
Keywords : Monoclonal antibody therapeutics; Biosimilars; Bioprocessing technologies; Process intensification 
 
References   
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S411 Developments of DNA oligonucleotides with site-specific methyl-phosphotriester linkages for 
molecular detections and precision medicine  

 
Wen-Yih CHEN, Meng-Wei WU, Chih-Chin TSAI, Tsai-Ling LI, Yu-Hsuan CHANG, Wei-Chen LIN, Wei-
Cheng CHOU 
Department of Chemical and Materials Engineering, National Central University, Taoyuan 320, Taiwan 
Corresponding Author Email : wychen@ncu.edu.tw  
 
The synthetic DNA containing modified nucleotides comprise a powerful toolbox of manipulating the formation 
of nucleic acid duplexes for diagnosis and therapeutic purposes. We are interested in the DNA oligonucleotides 
containing site-specific neutral internucleoside methyl phosphotriester (MPTE) linkages, nDNA in short (n for 
neutral). nDNA is interesting because the electrostatic repulsion between nDNA and its complementary strand 
would decrease and the duplex formation could be enhanced. However, the methyl group of MPTEs may 
sterically hinder duplex formation and destabilize the duplexes. Therefore, the uses of nDNA may offer 
additional elements of maneuvering the stability of nucleic acid duplexes formation. The structural information 
and hybridization thermodynamics were reported in this study. Based on the structural and thermodynamics 
information of nDNA with natural DNA, successful results in the molecular detection method such as PCR and 
qPCR will be reported. The applications of nDNA on the in-situ hybridization will be discussed as well. Most 
importantly, using nDNA on the semi-conductor based biochip and biosensor, such as field effect transistor, has 
generated wide avenue for the precision medicine, which also will be highlighted in this report.  
Keywords: methyl-phosphotriester linkage of DNA (nDNA); molecular detections; PCR and qPCR; In-situ 
hybridization; field effect transistor 
 
, 2, 3, 4, 5 
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S412 Wireless in vivo pharmacology and optogenetics 
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Combination of optogenetics and pharmacology represents a unique approach to dissect neural circuitry with 
high specificity and versatility. However, conventional tools available to perform these experiments, such as 
metal cannulas connected to external drug supplies for pharmacological infusions and tethered fiber optics for 
optogenetics, are not ideal for minimally-invasive studies on freely behaving animals. This talk introduces our 
wireless optofluidic probe systems that offer miniaturization, integration, and automation of drug delivery and 
photostimulation. The devices integrate microscale inorganic light-emitting diodes and microfluidic drug 
delivery systems with a wireless interface. This design enables compact, lightweight, soft and flexible platform, 
thus facilitating seamless implantation and operation in the brain without causing disturbance of naturalistic 
behavior. I will demonstrate wireless capabilities of these devices in freely moving animals that can deliver 
pharmacological agents, and provide concurrent photostimulation with drug delivery to manipulate reward-
related behavior. The minimally-invasive operation of the optofluidic systems forecasts utility in in vivo 
pharmacology and optogenetics, with potential for broad application in biomedical science, engineering, and 
medicine. 
 
Keywords : Wireless; Optogenetics; Drug delivery 
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S413 Functional Electrolyte Materials for Biomedical Applications 
 
Chun-Jen HUANG1,2 
1Biomedical Sciences & Engineering Dept, National Central University, Jhong-Li, Taoyuan 320, Taiwan, 
2Chemical & Materials Engineering Dept, National Central University, Jhong-Li, Taoyuan 320, Taiwan 
Corresponding Author Email : cjhuang@ncu.edu.tw  
 
Biofoulng is non-specific adsorption of proteins, bacteria, and marine fouling organisms on surfaces, which is 
great challenge in biomedical applications, including biosensors, bioanalytical devices, implants, and carriers for 
targeted drug delivery. An antifouling surface, also referred to as a ‘stealth surface’, enables to repel the 
adhesion through formation of a hydration layer, leading to prevention of entropy gain and enthalpy loss. The 
hydrophilic materials like poly(ethylene glycol) (PEG) have been shown their promising capability to resist 
protein adsorption and cell adhesion. However, its susceptibility to thermal and oxidative degradation limits its 
applications under physiologic conditions. This presentation will touch on development of functional electrolyte 
materials and their biomedical applications. Particularly, zwitterionic materials carry both positively and 
negatively charged moieties to keep charge balance and strong hydration via ionic solvation. There is increasing 
interest in zwitterionic materials due to various combinations from different charged groups and robust fouling 
resistance. In my group, we applied two types of zwitterionic materials: one is polymeric materials and the other 
is small self-assembling ligands. In an attempt to use zwitterionic materials in more demanding applications, we 
designed sophistically the molecular structures to afford bio-inert and functional properties for uses in 
thermodynamic therapy with plasmonic nanoparticles, biosensors, photo-responsive biointerfaces, coatings for 
catheters, oil-water separation and so on. Our recent work demonstrated that the functional amino acid-based 
zwitterionic polymeric hydrogels can be used for reversible removal of heavy metals from complex fluids, such 
as blood, which will be extended to new therapeutic approach for heavy metal poisoning treatment and detection. 
 
Keywords : Zwitterionic materials, surface modification, biointerfaces, antifouling properties, self-assembled 
monolayers 
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S414 Biomimetic Systems based on Micro/nanotechnologies 
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Traditionally, biomimetic systems were based on ideas inspired by nature. With the advancement in molecular 
biology and micro/nanotechnology, nanobiotechnology emerged, which lead to the development of molecular 
biomimetics. In this presentation, various molecular biomimetic systems will be introduced. First, receptor-
based biosensors will be presented that are inspired by the olfactory system. In this approach, olfactory receptor-
derived peptides, olfactory receptor proteins produced from E. coli, and cells expressing olfactory receptors 
were combined with a sensor system or microfluidic platform. The developed system showed high performance, 
in terms of sensitivity and selectivity, for the detection of target molecules. Second, organ-on-a chip will be 
presented as a microfluidic system for mimicking the human body more accurately. Although in vitro models 
are widely accepted experimental platforms, their physiological relevance is often limited. To overcome these 
issues, novel systems have been developed as alternative in vitro models, such as the organ-on-a chip model. 
The basic concept and principles of each system will be introduced and discussed their applications. 
 
Keywords : biomimetics, biosensor, microfluidics, receptor, organ-on-a-chip 
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Skin is the largest organ of our body, and it has numerous functions, such as pressure and temperature sensing, 
stretchability, and self-healing ability. This conformable, stretchable and biodegradable organ formed a 
remarkable network of highly sensitive diverse sensors simultaneously collects signals from external stimuli that 
translate into information. Scientists are now exploring the field of electronic skin (e-skin), dreaming to mimic 
the properties of skin and create novel applications in wearables (stretchable electronics), medical devices, 
energy conversion devices, and smart robots. The development of the functional materials, inspired by the 
complexity of this organ takes the advantage of these benefits can lead to manufacturing of novel electronic 
units for e-skin. In this talk, I will describe organic/polymeric and carbon nano electronic materials and the 
fabrication of devices and sensors to mimic skin functions. 
 
Keywords : Bio-inspired, Electronic skin, Tactile sensing, Seal-healing 
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Aptamers are single-stranded nucleic acids having molecular recognition properties, similar to antibodies, and 
isolated by in vitro selection and amplification process, SELEX. This nucleic acid aptamer is well-known with 
its stable feature, quick and easy development, cost-effective production in vitro, and so on. To find a most 
effective aptamer screening method has always been a goal, especially for obtaining a pair of aptamers binding 
at different sites of the same single target. This talk will start with how a pair of aptamers are innovatively 
screened consecutively, by using a new nano-material, graphene-oxide, without the immobilization of targets. A 
few of successful examples for protein biomarkers and pandemic viruses will be presented by using the 
graphene-oxide based immobilization-free screening method (GO-SELEX) for finding pairs of aptamers, which 
are inevitable for being applied in a stripe-type platform, a reliable platform for use in field eventually, after 
successfully confirmed and realized on surface plasmon resonance (SPR). Finally, by combining with a mini-
potentiostat, how these a pair of aptamers-based biosensor can be in situ on site applicable will be discussed.  
 
Keywords : Pair of Aptamers; GO-SELEX; Field Applicable;  
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S422 Nanotechnology based Biomedical Device for In-Vitro Diagnostics 
 
HeaYeon LEE1,2 
1Mara Nanotech New York, inc., New York, NY USA, 2Department of Pharmaceutical Sciences, Northeastern 
University, Boston, MA USA  
 
 
A new paradigm of nanobiomedical devices has been exploited in areas such as combinational chemistry, 
biotechnology, engineering and clinical diagnostics. One of the critical issues in the nanobiomedical system is 
how to differentiate signal-to-noise (S/N) ratio per very small amount of signal for high sensitivity homogenous 
assays. Until now, we achieved high /specific detection of biomolecule using arrayed nanostructures (i.e., 
nanowell arrays). The electrochemical (EC) nanowell array biosensors have significantly improved 
biomolecular detection by increasing sensitivity, limit of detection (LOD), S/N ratio, multi-targeting, and being 
label-free, compared to conventional micro sensors. The nanowell sensors have extremely low volume on the 
order of atto-liters (10-18 L) per well, and a total volume of approximately 32 femto-liters per sensor. Due to the 
geometrical constraints of nanowells, they can be designed to allow for the immobilization of only a few 
biomolecules. This leads to significant improvement of sensor sensitivity because it reduces potential 
aggregation and enhances the spatial orientation of the biomolecules compared with conventional electrodes 
with flat surfaces. Here I'll describe a demonstration of precious molecule recognition while maintaining the 
bioactivity on nanostructured space and the multi-biosensing system for electrochemical assay integrated with 
microfluidic system. We performed biosensing within nanowells for the EC detection of stress-induced-
phosphoprotein-1 (STIP-1), a biomarker for ovarian cancer. The sensitivity of the nanowells impedimetric 
immunosensor was better for each analyte concentration tested when compared the sensitivity of the bare 
electrode sensor. The EC nanowell biosensor showed the 10 pg/mL LOD, which had 100-fold improvement 
compared with bare microelectrode. The miniaturization of microfluidic integrated EC biosensor has attracted 
great interest since microfluidic offered rapid manipulation of sample fluid, decreases in volume consumption of 
reagents, and high sensitivity with a wide range of applications in electrochemical biosensor.  
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Construction of RNA-Nanoparticle Hybrid Material for 
Biosensor and Therapeutic Application 
 
Taek Lee 
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TEL: +82-2-940-5170, FAX: +82-2-940-5170 
 
Since 2010, RNA nanotechnology has been attracted for cancer treatment, gene delivery and therapeutic 
applications. Recently, RNA nanotechnology has been extended to application fields such as biosensor and 
delivering material because of high specificity to target RNA, flexibility of structure and easy-to-tailoring with 
other functional molecules such as aptamer, nanoparticles or anticancer agent. Among them, ultrasensitive 
detection of miRNA and cell differentiation therapy with miRNA are intriguing fields using packaging RNA 3 
way junction (pRNA 3WJ)-nanoparticle hybrid material. The pRNA 3WJ shows the high stability and 
modularity. The present study discussed 1) the detection of miRNA with ultra-sensitivity, high selectivity using 
RNA-nanoparticle-based biosensor. 2) Ag@Bi2Se3/RNA 3WJ/miRNA/Retinoic Acid for neuroblastoma 
differentiation. Based on the result, the proposed RNA-nanoparticle hybrid material is suitable to various 
applications including biosensor and therapeutic agent.  
 
Acknowledgements: This research was supported by Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Education (2018R1D1A1B07049407), 
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S424 Anti-Biofouling Digital Microfluidics and Microswimming Drone 
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In this talk, two major research topics will be presented: (1) anti-biofouling digital microfluidics 
electrowetting/dielectrowetting for lab-on-a-chip application; (2) 3-D micro swimming drone propelled by 
acoustically oscillating micro bubbles. In the first topic, I will discuss how to mitigate or circumvent the bio-
fouling (biomolecule adsorption) problem that is one of the critical hurdles against practical applications of 
electrowetting/dielectrowetting-based digital microfluidic systems. In the second topic, we will also discuss the 
detailed propulsion mechanism and how the mechanism is utilized to maneuver a micro swimmer in a 3-D space, 
which might be potentially applied to navigate inside human and animal bodies.  
 
Keywords : Digital microfluidics, electrowetting, dielectrowetting, microswimmer 
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S431 Microengineered Physiological Biomimicry: Human Organs-on-Chips 
 
Dan Dongeun HUH 
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Human organs are complex living systems in which specialized cells and tissues are assembled in various 
patterns to carry out integrated functions essential to the survival of the entire organism. A paucity of predictive 
models that recapitulate the complexity of human physiological systems poses major technical challenges in 
virtually all areas of life science and technology. 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, microfluidics, in vitro models 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

31 

 

S432 A new networking and circulating cell culture system for estimating pharmacokinetics using 
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Animal testing is conducted to predict human responses to drug candidates. The poor correlation between 
humans and animals represents a substantial drawback of animal models. We fabricated a networking and 
circulating cell culture system (NCCS) for conducting pharmacokinetics assays in vitro. We optimized the 
operational conditions for cell growth in the NCCS. A bioavailability test, the most critical parameter for orally 
administered drugs, was performed using a dual-cell source of HepaRG and Caco-2 cell lines using a spheroid 
forming unit (SFU) platform. SFU efficiently promoted hepatic differentiation rather than biliary duct formation 
via FOXA2 activation. Fifteen reference drugs were inoculated into the NCCS, and the absorption and 
metabolism patterns were obtained by liquid chromatography-mass spectrometry analysis for 48 h. The NCCS 
provided absorption and metabolism data similar to > 70% of the human data. NCCS may be a useful and 
accurate platform for predicting human responses to candidate drugs. Additionally, organoids to improve the 
human similarity of NCCS will be introduced in this presentation.  

 
Keywords : Biomimetics, HepaRG, cell differentiation, PK, Intestine 
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I will introduce a unique interdisciplinary research field named Micro-Tissue Engineering through the 
integration of biomaterials, cell/tissue engineering and micro /nano-medicine. Related research provides a new 
technological platform to solve problems in regenerative medicine, drug screening and pathology study by 
utilizing micro-nanofabrication technology combined with biomaterials and cell biology to construct "tailored" 
physiological and pathological 3D microscale tissues with precise and controllable bionic structure and function. 
Among them, "injectable 3D stem cell microtissue" can solve the problems of current stem cell therapy 
including poor positioning, low survival rate, as well as safety issues (e.g. invasiveness and side effects) and 
achieve minimally invasive, targeted, efficient and safe regenerative therapy. Meanwhile, "3D fibrosis and 
cancer pathology micro-tissue array" solved the problems of current 3D models including low throughput of 
drug screening due to difficulty in miniaturization and inaccurate prediction of drug responses due to poor 
biomimicry of the model. It realizes high-throughput and precise drug screening and assessment, and inspire 
pathology research for new mechanisms.  
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This presentation describes the development of microfluidics and nanoparticles for stem cell and cancer fate. 
We developed the photo-crosslinkable hydrogel-based three-dimensional (3D) microfluidic device to culture 
neural stem cells (NSCs) and tumors. The photo-crosslinkable gelatin methacrylate (GelMA) polymer was used 
as a physical barrier in the microfluidic device and collagen type I gel was employed to culture NSCs. We 
cultured NSCs and tumors in the hydrogel-based 3D microfluidic device, showing that 53–75% NSCs 
differentiated into neurons, while tumors were cultured in the collagen gels. We also investigated the effect of 
anticancer drug-loaded functional polymeric nanoparticles on drug resistance of 3D breast tumor spheroids. 3D 
tumor models were built using concave microwells with different diameters (300-700 μm) and nanoparticles 
were prepared using thermo-responsive poly(N-isopropylacrylamide) (PNIPAM)-co-acrylic acid (AA). Cell 
viability assays demonstrated that the largest tumor spheroids cultured with doxorubicin-loaded PNIPAM-co-
AA nanoparticles were highly resistant to the anticancer drug. Furthermore, we report thermo-responsive 
retinoic acid (RA)-loaded nanoparticles for directing NSC fate. Immunocytochemistry and quantitative real-time 
polymerase chain reaction analysis demonstrated that neuronal differentiation of NSC-derived neuronal 
precursors was enhanced after treatment with RA-loaded nanoparticles. Therefore, the functional 
micro/nanotechnologies could be powerful for studying regenerative tissues.  
 
Keywords : Microfluidics, Nanoparticle, Neuronal differentiation 
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Cell transplantation via direct intramuscular injection is a promising therapy for patients with ischemic diseases. 
However, following injections, retention of transplanted cells in engrafted areas remains problematic, which can 
be deleterious to cell-transplantation therapy. In this presentation, a thermo-responsive hydrogel system 
composed of aqueous methylcellulose (MC) blended with phosphate-buffered saline was constructed to grow 
cell sheet fragments for the treatment of myocardial infarction (MI). The as-prepared MC hydrogel system 
underwent a sol–gel reversible transition upon heating or cooling at approximately 32 °C. Via this unique 
property, the grown cell sheet fragments could be harvested without using proteolytic enzymes; consequently, 
their inherent extracellular matrices (ECMs) and integrative adhesive agents remained well preserved. In animal 
studies using rats and pigs with experimentally created MI, the injected cell sheet fragments entrapped into the 
interstices of muscular tissues and adhered to engraftment sites, while a minimal number of cells existed in the 
group receiving dissociated cells. Moreover, transplantation of cell sheet fragments significantly increased 
vascular density, thereby improving the function of an infarcted heart. These experimental results demonstrate 
that the developed cell sheet fragments may function as a cell-delivery vehicle by providing favorable ECM 
environments to retain the transplanted cells locally, consequently improving the efficacy of therapeutic cell 
transplantation. Additionally, injectable polymeric conductive constructs, including PANI/PLGA aligned 
nanofibrous mesh, PPy/chitosan hydrogel, and PAMB-G hydrogel, which improve electrical coupling of 
isolated cardiomyocytes and restore heart function after MI will be reported. 
 
Keywords : myocardial infarction; methylcellulose hydrogel; cell transplantation; arrhythmia; conductive 
construct  
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Marine mussel adhesion is known to be mediated by adhesive proteins, which are secreted through the mussel 
byssus and have great potential as biologically and environmentally friendly adhesive biomaterials due to their 
biocompatibility and biodegradability. In addition, mussel adhesive proteins (MAPs) have strong adhesion 
ability even on wet and underwater surfaces due to their unique amino acid arrangements and composition. 

Myocardial infarction (MI), one of the major cause of death worldwide, has resulted in the loss of cardiac 
muscle and left ventricular dysfunction. For restoring scarred cardiac tissue with limited self-regeneration 
capacity, exogenous stem cells should be efficiently delivered by various therapeutic strategies such as cell 
injection, cell patch, and cell sheet engineering. However, needle injecting stem cells would be invasive to 
thinned myocardium with low delivery efficacy due to blood circulation with high pressure of heart. In addition, 
therapeutic efficacy of attaching cell patch or sheet on the surface of myocardium would not be curative for 
inner endocardium because of epicardium thickness and scar. Thus, future therapeutic methods for MI aim the 
increasing cell retention after injection, which is directly related to efficacy improvement. We employed a novel 
stem cell therapy for MI using injectable MAP-based 3D cell carrier with water-immiscibility. With high 
encapsulation efficiency and survival rate of encapsulated mesenchymal stem cells, the MAP-based cell carrier 
was well-injected and evenly distributed throughout scarred myocardium in vivo. Its underwater adhesiveness 
and biocompatibility fostered the integration between grafted stem cell carrier and damaged tissue, resulting in 
high stem cell retention and maximized paracrine effects. Growth factors and cytokines released from stem cells 
encapsulated in MAP-based cell carrier induced angiogenesis in damaged myocardial tissue, prevented 
aggravation of myocardial wall, induced contractive force recovery, and prevented remodeling and scar 
formation. MAP-based sprayable adhesive nanotherapeutics was also developed for localized postoperative 
chemotherapy to eliminate residual cancer cells and reduce the risk of cancer recurrence. MAP nanoparticles 
(NPs) were successfully sprayed onto target sites with high-throughput deposition with sufficient physical 
stability via metal-catechol coordination. In addition, the sprayed MAP NPs were effectively adhered to tumor 
tissues and enhanced the retention of anticancer drug, inducing significant chemotherapeutic effects. Therefore, 
the adhesive NPs-based sprayable system would be a promising strategy for local adjuvant therapy with 
improved therapeutic effects and minimized side effects.  
 
Keywords : mussel adhesive protein, bioadhesive, medical adhesive, Myocardial infarction, nanoparticle, 
cancer therapy 
 
References   
1. TY Park, EY Jeon, HJ Kim, B-H. Choi, HJ Cha, Acta Biomaterialia, 86, 257-268 (2019)  
2. Y Jeong, YK Jo, BJ Kim, B Yang, KI Joo, HJ Cha, ACS Nano, 12, 8909-8919 (2018)  
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

37 

 

S443 Medical Application of Functional Magnetite Nanoparticles 
 
Akira ITO 
Department of Chemical Engineering, Faculty of Engineering, Kyushu University, 744 Motooka, Nishi-ku, 
Fukuoka 819-0395, Japan 
 
 
Since magnetite (Fe3O4) nanoparticles have unique features, the development of a variety of medical 
applications has been possible. The most unique feature of magnetite particles is their reaction to a magnetic 
force. The major advantage of magnetic manipulation is “remote control”. Magnetic labeling of target cells with 
magnetic nanoparticles enables the manipulation of cells and also the control of cell functions by applying an 
external magnetic field. We developed “functional” magnetite nanoparticles for cell manipulation using 
magnetic force. 
 
The functional magnetite nanoparticles were applied to tissue engineering processes, which was designated as 
magnetic force-based tissue engineering (Mag-TE). Target cells labeled with the functional magnetite 
nanoparticles were accumulated with a magnet, and we successfully constructed three-dimensional (3D) tissue-
like structures. For skeletal muscle tissue engineering, we have developed a fabrication method of functional 
skeletal muscle tissue constructs by using a Mag-TE technique, in which myoblasts were labeled with magnetite 
nanoparticles, and assembled by magnetic field to form a cell-dense and aligned skeletal muscle-like structure. 
Skeletal muscle tissue engineering holds great promise for pharmacological studies, and we demonstrate an in 
vitro system for drug testing using the tissue-engineered skeletal muscle constructs. 
 
On the other hand, because magnetite nanoparticles generate heat under an alternating magnetic field, magnetite 
nanoparticles have been used for cancer thermotherapy (hyperthermia). Magnetite nanoparticle-mediated 
intracellular hyperthermia has the potential to achieve tumor-targeted heating without any side effects if 
magnetite nanoparticles can be made to accumulate only in tumor tissue. The technique consists of targeting 
magnetite nanoparticles to tumor tissue and then applying an external alternating magnetic field (AMF) to 
induce heat generation by the magnetite nanoparticles. Recent years have seen the remarkable advances in 
magnetite nanoparticle-mediated hyperthermia; both functional magnetite nanoparticles and alternating 
magnetic field generators have been developed. Currently, some researchers are attempting to begin clinical 
trials, suggesting that time may have come for clinical applications. 
 
In this paper, recent progress in Mag-TE techniques and magnetite nanoparticle-mediated hyperthermia are 
reviewed and the principles and utilities of the applications are discussed. 
 
Keywords : Magnetic nanoparticles, hyperthermia, tissue engineering 
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S444 Ultrasound-Sensitive Drug Delivery System and Combination Cancer Therapy 
 
Hyuncheol KIM 
Department of Chemical and Biomolecular Engineering, Sogang University, Seoul Korea 
Corresponding Author Email : hyuncheol@sogang.ac.kr 
 
To overcome the limitations of single therapy, chemotherapy has been studied to be combined with 
photodynamic therapy. However, nanomedicine combining anticancer drug and photosensitizer still cannot 
address the insufficiency of drug delivery and the off-targeting effect. To address drug delivery issue, we have 
developed a doxorubicin encapsulating human serum albumin nanoparticles / chlorin e6 encapsulatng 
microbubbles (DOX-NPs/Ce6-MBs) complex system. Microbubbles enalbe ultrasound-triggered local delivery 
via sonoporation for maximizing the drug delivery to a target site. In both in vitro and in vivo experiments, The 
developed DOX-NPs/Ce6-MBs drug delivery complex could be confirmed to transfer drugs deeply and 
effectively into cancerous tumors through the following three steps; (1) the local release of nanoparticles due to 
the cavitation of DOX-NPs/Ce6-MBs; (2) the enhanced extravasation of DOX-NPs and Ce6-liposome/micelle 
due to the sonoporation phenomenon; (3) the improved penetration of extravasated nanomedicines into the deep 
tumor region due to the mechanical energy of ultrasound. As a result, the developed DOX-NPs/Ce6-MBs 
complex with ultrasound irradiation showed increased therapeutic effects compared to the case where no 
ultrasound irradiation was applied. The DOX-NPs/Ce6-MBs was concluded from this study to be the optimal 
drug delivery system for external-stimuli local combination (chemotherapy + PDT) therapy. 
 
Keywords : Ultrasound, Microbubble, Chemotherapy, Photodynamic Therapy, Combination Therapy 
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S451 Amino Acid Decarboxylase(AADC): Protein stability, activity, substrate selectivity, and Protein 
network analysis 
 
Byung-Gee KIM1,2,3, Eun Young HONG1,2, Roopali UPADHYAY1,2, JinYoung KIM1,2 
1School of Chemical and Biological Engineering, Seoul National University, Seoul, Korea, 2Institute for 
Molecular biology and Genetics, Seoul National University, Seoul, Korea, 3Institute of Bioengineering, Seoul 
National University, Seoul, Korea 
Corresponding Author Email : byungkim@snu.ac.kr 
 
Lysine/Ornithine/Arginine decarboxylases(LDC/ODC/ADC) are very useful amino acid 
decarboxylases(AADCs) following the same reaction mechanism among several AADCs for synthesizing 
cadaverine, putrescine and agmatine, which are C5, C4 diamines and C4 amino-guanidino compound, 
respectively.  
To maximize their productions, improving enzyme activity and stability at alkaline pHs often becomes a 
common issue. In addition, depending upon the specific AADCs, their target properties to improve for 
successful process development are different, such as substrate selectivity, structural stability, etc. To overcome 
such problems, firstly we have undertaken a rational approach to improve both activity and stability of 
corresponding AADCs. The site specific mutation sites were guided by mechanistic insights and the knowledge 
of the enzyme structure obtained from previously reported protein X-ray crystal structure data base. In parallel, 
protein network analysis was integrated to narrow down possible mutation sites for improving the stability of 
the AADC. In this talk, to overcome specific problems of AADC, we will discuss various different approaches 
of protein engineering such as disulfide bond analysis, network analysis, B-factor, Caver, etc., and the results of 
the production of diamine compounds will be presented. 
 
Keywords : lysine decarboxylase(LDC), ornithine decarboxylase(ODC), Arginine decarboxylase(ADC), 
molecular evolution, protein network analysis, diamine compounds production 
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S452 Discovery, Engineering and Application of Transaminases 
 
Uwe T. BORNSCHEUER 
Institute of Biochemistry, Dept. of Biotechnology & Enzyme Catalysis, Greifswald University, Greifswald, 
Germany 
 
 
Amine transaminases (ATA) are versatile, industrially relevant and highly enantioselective biocatalysts, 
catalyzing the transfer of an amine group from a donor to an acceptor molecule, revealing a primary chiral 
amine product. Chiral amines are highly relevant building blocks in the pharmaceutical and agrochemical 
industry [1]. The asymmetric synthesis is the most convenient route to a desired chiral amine, since the synthesis 
starts from the prochiral ketone and can yield 100% enantiopure product.This lecture will summarize our 
research of the past decade covering aspects such as improving kinetic resolution [2] achieving higher yields in 
asymmetric synthesis using pyruvate decarboxylase [3], the discovery and structure elucidation of (R)-amine 
transaminase by a motif-guided sequence search [4], the application of these as well as (S)-selective ATAs in 
the synthesis of chiral amines [5], their use in combination with other enzymes such as ketoreductases or enoate 
reductases [6], identification of novel (S)-ATAs [7], immobilization [8], and the development of suitable assays 
[9]. Furthermore, examples for the protein engineering of ATAs to increase their substrate scope, especially for 
bulky ketones, will be presented [10].This lecture will summarize our research of the past decade covering 
aspects such as improving kinetic resolution [2] achieving higher yields in asymmetric synthesis using pyruvate 
decarboxylase [3], the discovery and structure elucidation of (R)-amine transaminase by a motif-guided 
sequence search [4], the application of these as well as (S)-selective ATAs in the synthesis of chiral amines [5], 
their use in combination with other enzymes such as ketoreductases or enoate reductases [6], identification of 
novel (S)-ATAs [7], immobilization [8], and the development of suitable assays [9]. Furthermore, examples for 
the protein engineering of ATAs to increase their substrate scope, especially for bulky ketones, will be presented 
[10]. 
 
Keywords : Protein engineering, biocatalysis, transaminases, enzyme cascades 
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S453 Reaction and Protein Engineering Strategies for Production of Chiral Compounds using 
Transaminases 
 
Sangwoo HAN, Hong-Gon KIM, Youngho JANG, Jong-Shik SHIN 
Department of Biotechnology, Yonsei University, Seoul, South Korea 
Corresponding Author Email : enzymo@yonsei.ac.kr 
 
w-Transaminase (w-TA) is one of important enzymes in asymmetric synthesis of chiral amines and amino acids 
which are valuable building blocks of a myriad of pharmaceutical drugs, fine chemicals and agrochemicals. 
Recent research efforts for reaction and protein engineering of w-transaminase are ascribable to its unique 
capability allowing asymmetric transfer of amino group to prochiral ketones and a-keto acids from cheap amino 
donors such as isopropylamine and alanine. For scalable process design, several technical issues should be 
addressed for coming up with w-TA variants better suited in specific reaction processes. Creation of enzyme 
variants displaying enhanced catalytic properties necessitates a precise understanding on reaction mechanism in 
the context of active site environment. Besides, efficient reaction processes using the engineered variants need 
to be developed to bring industry-compatible processes into reality. Here we present recent research progresses 
dealing with reaction and protein engineering of w-TAs. 
 
Keywords : chiral amine, transaminase, asymmetric synthesis, protein engineering, reaction engineering 
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S454 Enzyme and Microbial Cell Engineering for Biosynthesis of Long Chain Aliphatic Amines 
 
Da-Som LEE1, Ji-Won SONG1, Uwe BORNSCHEUER2, Jin-Byung PARK1 
1Department of Food Science and Engineering, Ewha Womans University, Seoul 03760, South Korea, 22 
Department of Biotechnology & Enzyme Catalysis, Greifswald University, Greifswald 17487, Germany 
Corresponding Author Email : jbpark06@ewha.ac.kr 
 
Enzyme and microbial cell engineering to produce long chain aliphatic amines such as (Z)-12-aminooctadec-9-
enoic acid, 10- or 12-aminooctadecanoic acid, and 10-amino-12-hydroxyoctadecanoic acid from renewable fatty 
acids was investigated. The first step was to construct a biotransformation pathway. We have designed to 
produce (Z)-12-aminooctadec-9-enoic acid from ricinoleic acid via (Z)-12-ketooctadec-9-enoic acid by a two-
step biotransformation involving a long chain secondary alcohol dehydrogenase (SADH) from Micrococcus 
luteus and a variant of the amine transaminase (ATA) from Vibrio fluvialis [1-3]. 10-Aminooctadecanoic acid 
was designed to be prepared from oleic acid via 10-hydroxyoctadecanoic acid and 10-ketooctadecanoic acid by 
a three-step biocatalysis reaction involving not only the SADH and ATA variants, but also a fatty acid double 
bond hydratase (OhyA) from Stenotrophomonas maltophilia [1-3]. The host cell Escherichia coli was 
engineered to improve substrate transport into the cells by enhancing expression level of long chain fatty acid 
transporter FadL in the outer membrane. Ultimately, enzyme and microbial cell engineering allowed to produce 
the long chain aliphatic amines (e.g., 10-aminooctadecanoic acid) to a rate of over 4 U/g dry cells with a 
conversion of over 80%. This study thus contributes to the biosynthesis of long chain aliphatic amines having 
two large substituents next to the amine functionality.  
 
Keywords : enzyme cascade reactions, long chain aliphatic amines, amine transaminase, whole cell 
biotransformation, Escherichia coli 
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S461 In silico Design of Metabolic Pathways and Adaptive Laboratory Evolution for Improvement of 
Valuable Compounds Production  
 
Hiroshi SHIMIZU 
Department of Bioinfomatic Engineering, Graduate School of Information Science and Technology, Osaka 
University, 1-5 Yamadaoka, Suita, Osaka, 565-0871, Japan 
 
 
In silico optimization of a metabolic pathway is powerful for overproduction of a target compound in metabolic 
engineering. Recent developments in genome-scale metabolic models (GMMs) have enabled the simulation of 
the physiological characteristics of organisms. Flux balance analysis (FBA) has been widely used to predict the 
effect of gene knockouts in enhancing the target production. Gene knockout mutant for growth-associated target 
production can be screened by comparing production yield at its maximum growth state as predicted by FBA. 
Several studies successfully achieved strain improvement for production of various target metabolites by using 
such simulations. However, these knockout mutants often showed lower cell growth ability and target 
production yield as compared to FBA predictions. These inconsistencies arise from the flux space of actual 
metabolic network, which is diminished by kinetic constraints such as enzymatic regulation, expression 
regulation, and thermodynamic feasibility, and as a result, the knockout mutant could not achieve the optimal 
growth state as predicted by FBA. 
Adaptive laboratory evolution (ALE) is a useful approach for increasing cell growth rate and optimizing the 
metabolic state to FBA predictions. Previously, Fong et al. reported that integrated use of FBA and ALE 
increased cell growth rates of the E. coli knockout mutants to their optimal growth state (Fong and Palsson, 
2004), and optimized their flux distribution in the metabolic network for target production. However, the 
molecular mechanisms behind the changes in the activity of metabolic pathways, cell growth, and target 
production were unclear in these studies.  
In this study, we found that kinetic constraints diminish the flux space of actual metabolic network and thereby 
decrease the target productivity in knockout mutants by using in silico approaches and wet experiments 
including ALE in succinate production by Escherichia coli. We successfully demonstrated that novel mutations 
occurred during ALE expanded the flux space by reducing the kinetic constraint for growth-coupled succinate 
production from glycerol in E. coli. Considering upper bound constraint for each metabolic reaction on a 
stoichiometric model, nine enzymatic reactions including phosphoenolpyruvate carboxylase (Ppc) were 
identified as candidates of rate limiting reactions that can diminish flux space of the actual metabolic network. 
ALE improved the growth-coupled succinate production, and all of the succinate high producing strains had 
novel mutations in ppc. These mutations expanded the flux space of actual metabolic network for succinate 
production by desensitizing an inhibition by aspartate on Ppc. 
 
Keywords : Genome Scale Model, Flux Balance Analysis, Adaptive Laboratory Evolution 
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S462 Adaptive Laboratory Evolution of Escherichia colion A Less-Preferred Carbon Source, Acetate for 
Metabolic Engineering 
 
Dae-Hee LEE1,2 
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KRIBB School of Biotechnology, University of Science and Technology (UST), Daejeon 34113, Republic of 
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Adaptive laboratory evolution (ALE) studies can provide key information to address a wide range of issues in 
systems biology, synthetic biology, and metabolic engineering. In particular, ALE allows for the metabolic 
engineering of microbes by combining genetic variation with the selection of beneficial mutations in an 
unbiased fashion, which results in evolutionary engineering for the optimization of production strains. In 
contrast to rational engineering, ALE has the advantage of letting non-intuitive beneficial mutations occur in 
many different genes and regulatory regions in parallel. In this study, Escherichia colihas been evolved in 
acetate as a sole carbon source. Acetate, a major component of industrial biological wastes and of 
lignocellulosic biomass hydrolysate, could potentially be a less costly alternative carbon source. Through the 
ALE of E. coliin acetate, we found that (i) ALE of E. coliin acetate resulted in acquisition of the ability to use 
acetate as a sole carbon and energy source, (ii) five mutations detected by whole-genome sequencing 
accumulated in the evolved E. coliover the course of ALE on acetate, (iii) two key mutations involved in acetate 
utilization, (iv) the evolved E. colihas a high intracellular ATP level compared to wild-type E. coliand is able to 
produce recombinant proteins and n-butanol from acetate alone. This evolved E. coliwill serve as a platform 
strain for production of biofuels and biochemicals from the less costly acetate. 
 
Keywords : Adaptive laboratory evolution, Escherichia coli, Acetate, Protein, Butanol 
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S463 Engineering a Yeast Cell Factory for the Production of Terpenes through remodeling of cellular 
metabolism 
 
Jae-Eung KIM, So-Hee SON, Ju Young LEE 
Center for Bio-based Chemistry, Korea Research Institute of Chemical Technology (KRICT) 
Corresponding Author Email : juylee@krict.re.kr 
 
Terpenes are valuable natural products with great structural diversity, and many of which have pharmaceutical 
significance by acting as antioxidant, antimicrobial or anticancer agents. These natural compounds are primarily 
produced from plants in low quantities. The development of economically viable producer cells offers 
alternative access to the desired terpenes independent of natural sources. Here, we engineered yeast 
Saccharomyces cerevisiae for production of terpenes by varying the pathway modules converting precursors to 
the product of interest and altering cofactor availability. This strategy increases terpene production (e.g., 
protopanaxadiol as demonstrated herein) by 11-fold relative to the control strain. Furthermore, the genome-wide 
transcriptome analysis revealed that the significant improvement of terpene production is also associated with a 
global rewiring of gene expression in intracellular network. The series of engineering strategies of this study 
provides a feasible approach for the microbial production of terpene and development of microbial platforms 
producing other value-added products. 
 
Keywords : yeast, metabolic engineering, terpene production 
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Lignocellulosic biorefinery offers a sustainable and environmentally friendly way to produce fuels and 
chemicals. Economic feasibility of lignocellulosic biorefinery strongly depends on the performance of microbial 
hosts. A wine yeast Saccharomyces cerevisiae and an oleaginous yeast Yarrowia lipolytica possess desired 
features as promising microbial hosts for the production of conventional biofuels, bioethanol and biodiesel, 
respectively. The potential of these strains have further improved for lignocellulosic biorefinery by expanding 
carbon source portfolio and product profiles. In this presentation, we will discuss our recent engineering efforts 
to develop efficient yeast strains for lignocellulosic biorefinery. Engineering S. cerevisiae focuses on 
simultaneous co-fermentation of glucose and xylose to produce bioethanol and acetyl-coA derived products. 
Engineering Y. lipolytica presents improved xylose utilization capability for high yield lignocellulosic lipids 
production. 
 
Keywords : bioethanol, biodiesel, biobutanol, lignocellulosic biomass, Saccharomyces cerevisiae, Yarrowia 
lipolytica 
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S465 Development of Bio-refinery Platform Technology Based on CO2-Consuming Microorganisms 
 
Sangmin LEE, Soo Youn LEE, Kyoung Seon MIN, Min-Sik KIM, Jin-Suk LEE 
Gwangju Bioenergy R&D Center, Korea Institute of Energy Research, Gwangju 61003, South Korea 
Corresponding Author Email : silverlsm@kier.re.kr 
 
Since the Paris Climate Agreement, industrial demand for CO2 capture and carbonization continues to rise in the 
post-2020 climate change regime. Most CCS (carbon capture and storage) technologies do not provide the 
ultimate solution because of the high energy costs or the heavy burden of trapped CO2 in the ground. Biological 
conversion technologies that do not have high energy costs and can capture and convert CO2 at the same time 
may provide a solution. In particular, the bio-based polymer market is expected to grow steadily, and 
corresponding the preemptive technology development is required. 
In general, CO2-absorbing organisms use solar energy to carry out photosynthesis, which is environmentally 
limited in their cultivation and requires a large incubation area for mass production. In addition, the 
photosynthesis mechanism using Rubisco has a drawback that it slows down due to the complexity of the 
mechanism. In order to overcome these technical limitations, we propose a technology to convert CO2 into high-
value compounds through a new pathway that provides external reductive power (electricity, H2) instead of solar 
energy and can assimilate CO2 quickly. Ultimately, we hope to create a new industrial field that can produce 
various high-value metabolites from CO2 using the CO2-converted microbial pool secured through this work, 
and will be able to solve both climate change response and energy problem at the same time. 
 
Keywords : Carbon dioxide, Microbial catalyst, Biocatalyst, Electrical Reduction, Biopolymer 
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S471 Regulation of hepatic metabolome by rhodioloside in high-fat diet fed apolipoprotein E knockout 
mice 
 
Miaomiao JIANG 
Tianjin State Key Laboratory of Modern Chinese Medicine, Tianjin University of Traditional Chinese Medicine, 
Tianjin 300193, China 
Corresponding Author Email : miaomiaojiang@126.com 
 
Rhodioloside is a kind of phenylethanoid glycoside widespread in the plants from Rhodiola species. It has been 
demonstrated to be one of the most effective components in Rhodiola with various pharmacological activities, 
such as anti-oxidative stress, anti-inflammatory, anti-cancer and immunological effects. Herein, we reported the 
efficiency of rhodioloside on inhibiting the development of atherosclerotic plaques in high-fat diet fed 
apolipoprotein E deficient (apoE-/-) mice. Metabolomic and transcriptomic techniques were combined to 
investigate the underlying molecular mechanism. Multivariate statistical analyses derived from LC-MS, NMR 
and RNA-seq data revealed a series of metabolic disturbances in liver tissues of high-fat diet fed apoE-/- mice. 
Compare with model group, rhodioloside administration significantly reduced acetyl-CoA utilization in liver to 
prevent citric acid cycle, cholesterol and fatty acid biosynthesis with the evidences of down-regulating the levels 
of citrate, cholesterol and fatty acids and the expression of Cs, Hmgcr, Pmvk, Mvd, Fdps, Fdft1, Sqle, Lss, 
Cyp51, Dhcr24, Acaca, Acacb, Fans and Acsl. The results indicate rhodioloside may serve as a HMG-CoA 
reductase inhibitor that reduce atherosclerosis and lead to lipid-lowering medications. 
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S472 Total syntheses of anti-inflammatory natural extracts, Lobechine, (-)-Hanishin, and other 
pyrrolo[1,4]oxazin-3-ones. 
 
Sangho KOO, Dahye KIM 
Department of Chemistry, Department of Energy Science and Technology, Myongji University, Yongin, Korea 
Corresponding Author Email : sangkoo@mju.ac.kr 
 
Lobechine was isolated from the plant Lobelia Chinese. (–)-Hanishin, the brominated pyrrole alkaloid, was 
isolated from the marine sponge Acanthella carteri. Compounds of the structure of pyrrolo[1,4]oxazin-3-one 
were isolated from the plants of Capparis spinosa and Celastrus orbiculatus. These natural products have a 
common structural feature of pyrrole and exhibit biological effects of sedative, anti-inflammatory, pain-
relieving, hepatoprotective, and immunostimulatory activities, which make their hosting plants to be used as 
substances of traditional folk medicines. We developed practical synthetic methods of these pyrraline structures 
by efficient conversion of sustainable reducing sugars of D-glucose and D-Ribose with α-, β-, and γ-amino acids 
under a very mild Maillard reaction condition. Synthetic strategies and detailed synthetic methods will be 
discussed in the presentation. 

 
Keywords : anti-inflammatory, pyrrole, pyrraline, reducing sugars, amino acids, Maillard reaction 
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S473 Magnolin induces autophagy and cell cycle arrest through blocking LIF/Stat3/Mcl-1 axis in human 
colorectal cancers 
 
Haiyang YU 
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Tianjin 300193, China 
Corresponding Author Email : yuhaiyang19830116@hotmail.com 
 
Magnolin is a multi-bioactive natural compound that possesses underlying anti-cancer properties. However, the 
mechanisms underlying remain to be elucidated. Here, we report the role of magnolin in suppressing human 
colorectal cancer (CRC) cells via activating autophagy and cell cycle arrest in vitro and in vivo. Pre-treatment of 
cells with specific autophagy inhibitor (3-methyladenine) or knockdown of endogenous LC-3B by siRNA 
significantly abrogates magnolin-induced cell cycle arrest. Molecular validation mechanistically shows that 
magnolin-induced autophagy and cell cycle arrest in CRC cells is correlated with decreased transcriptional 
levels of leukemia inhibitory factor (LIF), and we further find that inhibition of LIF decreases phosphorylation 
level of Stat3 and represses transcriptional expression of Mcl-1. Furthermore, magnolin-induced autophagy and 
cell cycle arrest suppress the growth of xenograft colorectal tumors without apparent toxicity. Finally, we 
evaluate the clinical correlation of LIF/Stat3/Mcl-1 in CRC patient tissues. As expected, LIF, p-Stat3 and Mcl-1 
levels are high in CRC tissue but are scarcely found in normal colon tissue. High positive expressions of LIF or 
Mcl-1 are associated with poor prognosis. Doubly positive cases have shown the worst outcome. Taken together, 
our results have clarified a novel molecular mechanism whereby magnolin induces autophagy and cell cycle 
arrest through LIF/Stat3/Mcl-1 pathway in CRCs. Our results also have revealed that magnolin has a promising 
therapeutic potential in CRCs. 
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Phytochemicals are extensively being consumed as forms of foods, nutritions, and pharmaceuticals due to their 
disease-prevention and health-promotional effects. However, some of drawbacks in phytochemicals including 
physicochemical and enzymatic instability lead to their degradation and subsequent loss of bioactivity. In this 
study, we investigated the encapsulation of curcumin, glabridin, carnosic acid and dioscin with edible protein or 
dextrin to improve their solubility and stability. Those phytochemical-protein/dextrin complexes were stably 
dispersed in aqueous solutions with nano-meter sizes and spherical particulate shapes. We have also studied the 
binding behavior between phytochemical and human serum albumin to explain the fate of digested 
phytochemicals in blood streams. Phytochemicals were bound with human serum albumin through hydrogen 
bonds or hydrophobic interactions at the favorable binding sites of amino acid residues in the protein. These 
results give insights into the design and fabrication of novel pharmaceuticals or the extension of 
pharmacokinetic values. 
 
Keywords : phytochemical, ovalbumin, human serum albumin, curcumin, glabridin 
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Mercury accumulates in kidneys and produces acute kidney injury. Semen cassiae (SC), a widely consumed tea 
and herbal medicine in Eastern Asia, has been reported to have protective effects on kidneys. In this study, SC 
extract was shown to almost abolish the histological alterations induced by mercuric chloride in rat kidneys. A 
total of 22 compounds were isolated from SC, and 1,7,8-methoxyl-2-hydroxyl-3-methyl-anthraquinone was 
detected in SC for the first time. Among the eight compounds identified in the blood of rats after SC treatment, 
six were strong inhibitors of human organic anion transporter 1 and 3 (OAT1 and OAT3). Inhibitory studies 
revealed that OAT1 and OAT3 were inhibited by SC constituents, in both a competitive and noncompetitive 
manner. Both OAT1- and OAT3-overexpressing cells were susceptible to the cytotoxicity of the cysteine–
mercury conjugate, but only OAT1-overexpressing cells could be protected by 200 µM probenecid or 10 µM of 
the eight inhibitors in SC, suggesting that OAT1 is the major determinant in the cellular uptake of mercury. To 
facilitate the identification of inhibitors of OAT1 and OAT3, models of OAT1 and OAT3 were constructed 
using recently determined protein templates. By combining in silico and in vitro methods, inhibitors of OAT1 
and OAT3 were predicted and validated from SC constituents. Collectively, the present study suggests that 
additional inhibitors of OAT1 and OAT3 can be predicted and validated from natural products by combining 
docking and in vitro screening, and could be a source of pharmaceutical compounds for developing treatments 
for mercury-induced kidney injury. 
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Alpinia galanga is a plant belonging to the genus Zingiberaceae and widely grown in Southeast Asia. Alpinia 
galanga is traditionally used as a food spice and a traditional medicinal herb. In this study, we have investigated 
an anti-bacterial and anti-inflammatory activity of the Alpinia galanga extract, and identified the chemical 
structure of active compound. And we have observed efficacy of the cosmetic content containing it by the 
clinical test for acne and skin irritation. As a result, the active compound of Alpinia galanga extract was 
confirmed to have acetoxychavicol acetate which has a activity of anti-bacterial and anti-inflammation. In 
addition, Alpinia galanga extract has been verified through clinical test that it is suitable for acne skin 
management. 
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The objective of the present study was to investigate the immunomodulating property of supercritical fluid 
extracts of Ulmus daviana var. japonica (USCF), Ulmus davidiana supercritical fluid residue EtOH 
extracts(USCFR) and ethyl acetate solvent fraction(USCFREA) using various in tests. Ulmus daviana var. 
japonica has been widely used as traditional medicine due to its pharmacological activities. In this study, we 
showed that USCF, USCFR and USCFREA possessed immunomodulating activities, antioxidative activities 
and anti-allergic activities. USCF showed excellent activity of reducing LPS-induced cytokines production from 
U937 cells via activation of inducible nitric oxide synthase. The antioxidative activities of USCFR and 
USCFREA were confirmed to be superior to the positive control group. In anti-allergic activity studies, both 
USCFR and USCFREA showed concentration-dependentanti-allergic activity, and USCFREA showed strong 
anti-allergic activity even at very low concentrations. Based on the above results and strong antioxidant activity, 
USCF, USCFR and USCFREA hold the potential to be considered as basic research materials for the 
development of immunomodulating properties or functional cosmetics related to chronic inflammatory skin 
immunity diseases. 
Acknowledgment  
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Phyllostachys nigra var. henosis, a domestic bamboo species, has been attracting much attention; its bioactive 
compounds show antioxidant, anti-inflammatory, and anti-obesity activities. Little information is available on 
the antioxidative and anti-melanogenetic activities of the bioactive compounds in bamboo stems. The anti-
melanogenic and antioxidative activities of the EtOAc fraction (PN3) of a P. nigra stem extract were 
investigated in a cell-free system and in B16F10 melanoma cells. PN3 consisted of a mixture of flavonoids, such 
as catechin, chlorogenic acid, caffeic acid, and p-coumaric acid. In addition, several fractions of lignin were 
extracted from the stem of domestic bamboo (P. nigra) through steam explosion and organic solvent 
fractionation. A maximum yield of 21% and 47% lignin were attained from steam explosion (SL) and non-
soluble fraction (SL-F3), respectively. Molecular weights (and poly diversity index) and chemical structure 
consisting in the lignin were estimated by GPC, FT-IR, and NMR spectrometry. All four fractions showed no 
cytotoxicity up to the concentration of 100 μg/mL by MTT assay. The lignin fractions would be a valuable asset 
for many applications including cosmetic products. 
These properties of bamboo stem constituents make it a candidate as an additive to whitening cosmetics and UV 
blocking agents.  
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As a great interest in 'environmentally friendly' and 'sustainability' has increased worldwide, the majority of 
consumers in the cosmetics market have been preferring natural ingredients. 
In addition, as consumers' perception increases and competition among cosmetics companies becomes more 
intense, cosmetics that emphasize technological innovation or differentiation are required 
In order to develop unique and characteristic products with more powerful functions that meet these market 
needs, it is necessary to develop functional and valuable materials based on biotechnological research and 
development.  
Since natural cosmetics ingredients with efficacy, safety and toxicity tests are essential, in many ways 
fermentation technology can play a key role in this series of developmental stages. 
This presentation will provide an overview about Quegen Biotech's approaches to develop raw materials for 
cosmetics and functional food through cutting-edge fermentation technology.  
 
Keywords : Qugen Biotech; biotechnology; cosmetic materials; Bioconversion 
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express proteins 
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We developed a simple and flexible method for rapid screening of molecular chaperones that enhance the 
functional expression of recombinant proteins. A panel of molecular chaperones were transiently expressed in a 
reaction mixture of cell-free protein synthesis and then a target protein was subsequently expressed in the 
presence of these pre-synthesized molecular chaperones. The biological activity of the cell-free synthesized 
target protein was compared to identify the effective molecular chaperones. This strategy successfully identified 
individual and combinations of bacterial molecular chaperones that markedly improved functional expression of 
methane monooxygenase, Candida antarctica lipase B, and horse radish peroxidase that commonly form 
insoluble aggregates otherwise. Presented strategy provides a versatile platform for the optimal production of 
functional proteins, and can also be extended to studies of many other interacting proteins. 
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Genetic engineering technologies are fundamental in developing metabolically engineered bacteria, but for 
newly identified bacteria species the lack of such fundamental engineering tools damps down the advance of 
bacterial engineering. Here, we developed several technologies to engineer a methanotroph, Methylomonas sp. 
DH-1. We developed a physico-chemical transformation method that make cell membrane permeable by using 
both chemicals and nanomaterials. This method showed consistent efficiency delivering plasmid DNA into any 
bacterial species. We also developed pre-constructed protein expression cassettes that showed different levels of 
protein expressions, since enzyme expression optimization is one of challenges in metabolic pathway 
optimization. We also identified promoters with different strengths ranging from 0.007 to 100 (relative strength) 
from the methanotroph. We developed a marker excision method by this method Cre recombinase proteins are 
directly delivered into the cell and a marker gene integrated into a genome can be excised. We developed a 
knockdown method based on synthetic sRNAs, and newly designed synthetic sRNAs could knock down target 
gene expression. These tools we have developed would facilitate the advance of bacterial engineering. 
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SHAPE \* MERGEFORMAT Methane is one of the most powerful greenhouse gases and it is also a promising 
source for the biological production of value-added chemicals. Thus, methanotrophs represent a potential 
biological platform for production of various biochemicals. Although most of studies focused on methanotrophs 
under ambient condition, extremophilic methanotrophs such as acidophiles can be used for expanding potential 
for industrial application of methanotrophs via genetic enhancement and synthetic biology. However, detailed 
knowledge of the genomic properties of methanotrophs adapted to extreme environments remains scarce. In this 
study, we used comparative genomic analysis to reveal acid adaptation of methanotroph enriched in pH 3 and 4. 
Diverse systems of membrane transporters for ensuring pH homeostasis and defense against toxic chemicals 
were found to be involved. Various potassium transporter systems, sodium/proton antiporters, and two copies of 
proton-translocating F1F0-type ATP synthase genes were identified, which might participate in the key pH 
homeostasis mechanisms in a methanotroph. In addition, the V-type ATP synthase and urea assimilation genes 
might be used for pH homeostasis in acidophilic methanotroph. Genes involved in the modification of 
membranes by incorporation of cyclopropane fatty acids and hopanoid lipids might be used for reducing proton 
influx into cells. Phylogenies of key genes involved in acid adaptation, methane oxidation, and antiviral defense 
in a methanotroph were incongruent with that of 16S rRNA. Thus, the detailed analysis of the genome 
sequences provides new insights into the ecology and physiology of methanotrophs responding to soil 
acidification. 
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Methanotrophs utilize methane as a sole carbon and energy source, and release low molecular activated carbons 
to the environment in excess of methane supply: they are mostly formic acid and acetic acid. The secreted 
carbons are scarcely assimilated by the methanotroph and are accumulated in media hindering the growth of 
methane-oxidative cells. Therefore, we tried to develop a methane bioreactor to use excess carbons by 
syntrophic partners and even further to convert them into valuable compounds, while keeping the methane 
oxidation process active. As a result, we found that methanotroph can grow faster in the presence of an E. coli 
SBA-01 that has been bred in our laboratory to assimilate acetate or formate as a sole carbon source. This 
indicates that the methane oxidation is coupled with acetate or formate assimilation of the partner, which renders 
a unique and efficient platform for the production of multi-carbon compounds from methane. While 
methanotroph has a high methane conversion activity, its use for larger carbon synthesis has been limited by the 
lack of genetic tools for elaborate metabolic engineering. The optimization of methane content, gas supply rate, 
and reactor temperature seem to directly affect to the growth of both methanotrophs and partner microbes. We 
expect this syntrophic microbial system to accelerate the carbon flow from methane to larger carbons and hence 
to bring new applications in shale gas uses and bioremediation technology. In this presentation, additionally we 
will discuss about the enzyme engineering of soluble methane monooxygenase and CRISPR interference in 
Methanotroph. 
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C1 gases such as CO and formaldehyde can be converted to a new energy source and high value-added 
industrial resources through biotransformation [1, 2]. As a preliminary step for development of a C1 gas-specific 
enzyme, we characterized SucA, an E1 component of 2-oxoglutarte dehydrogenase E1 subunit, that has been 
known to catalyze a chemical reaction of two acetaldehyde molecules into acetoin using thiamin diphosphate 
(ThDP) as a cofactor [3, 4]. Among the four studied SucAs such as Escherichia coli, Vibrio vulnificus, and 
Mycobacterium bovis, Vibrio SucA exhibited the highest enzymatic activity, comparable to that of formolase. 
Especially, Vibrio SucA has shown an excellent enantioselectivity, in contrast to the poor enantioselectivity of 
formolase. The revealed Vibrio SucA structure shows a dimeric form that is very similar to those of 
Mycobacterium and E. coli. The active sites at the two subunit interface were revealed by SucA structures in 
complex with the covalently or non-covalently bound glycoaldehyde. Based on these structures, we generated a 
number of mutants, revealing several residues for the regiospecificity of Vibrio SucA. The obtained biochemical 
and structural data help to understand the enzymatic mechanism of the enantiospecific condensation of two 
acetaldehyde molecules, which will provide a reasonable background for development of an enzyme that can 
bioconvert C1 gases. 
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Microbial assimilation of C1 gas has been interested and studied. C1 chemicals derived from C1 gas are 
promising substrates for bio-synthesis of valuable chemicals by their oxidation or C-C bonding reaction, and its 
assimilation study has much attention. Methane is oxidized to methanol by methane monooxygenases and is 
further oxidized to formaldehyde by methanol dehydrogenase activity. Formaldehyde is a branch point 
metabolite, it could be incorporated into Serine or RuMP pathway for biomass increase. Specially, methanol 
oxidation activity that catalyze by methanol dehydrogenase (MDH) is a key step for methanol utilization in 
bacterial methylotrophy. Here, we developed new bacterial MDH with high affinity toward methanol and then 
engineered by homology modeling and rational design. Additionally, we developed the various C1 chemical 
detectible biosensors, FA-GESS, Frm-GESS, and MeOH-GESS that can detect formate, formaldehyde and 
methanol, respectively. These simple and accurate C1 chemical detecting biosensors to have wide-ranging 
applications for screening or engineering of C1 chemical converting enzymes and regulated metabolic 
engineering for C1 gas assimilation. 
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A biorefinery which converts biomass to various bio-based products such as bioenergy, chemicals, food and 
feed has attracted attention as an alternative to traditional petroleum-based refineries due to its sustainability, 
low energy costs and reduce greenhouse gas emissions. In particular, non-edible biomass is classified into 2 to 4 
generations depending on its composition and origin, thus, the efficient bioconversion process can be designed 
by understanding the characteristics of the feedstock. Recently, organic wastes have received much attention as 
a fourth generation biomass since they are easy to obtain and require a simple pretreatment process. In this study, 
spent coffee grounds (SCG), the waste obtained from Café or coffee industry, were utilized as a feedstock for 
biomass conversion process due to its high content of heterogeneous polysaccharides(mainly galacto-mannan). 
In order to improve fermentable sugars production by enzymatic conversion, thermal-alkaline pretreatment was 
performed in an autoclave using various reagents (KOH, NaOH and NH3). The treated SCG was hydrolyzed by 
enzyme cocktail composed of cellulase, β-mannanase and β-glucosidase. In addition, to produce the fermentable 
sugars from SCG continuously, the enzyme reuse system was newly designed and operated in lab scale. The 
hydrolysates from the enzyme reuse system were applied as a carbon source to produce biochemicals such as 
bioethanol, cephalosporin C and cordycepin. The overall production was evaluated based on the mass balance 
and the processes were simulated by Super Pro Designer program. 
 
Keywords : Biomass, Biorefinery, Bioconversion 
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In the practive of cenverting biomass into valuable biomaterials, the critical step is the decomposition process to 
give feremntable monomeric sugars, Thus, the designed microbes based on enzyme complexes are a key 
biological technology for biorefinery. For utilizing of polysaccharides by simultaneous saccharification and 
fermentation, a recombinant scaffolding protein from Clostridium cellulovorans and chimeric hydrolysis 
enzymes were assembled as complex system. The utilization of scaffolds for enzyme immobilization involves 
advanced bionanotechnology applications in biorefinery fields, which can be achieved by optimizing the 
function of various enzymes. The assembly of minicellulosomes by Saccharomyces cerevisiae and 
Corynebacterium glutamicum increased the activity against various lignocellulosic materials by approximately 
3-fold compared with control. In addition, red alae-degrading complexes increased the activity against the 
marine biomass substrate by approximately 2-fold. Final, carbon monoxide (CO) was successfully converted by 
functional complexes containing carbon monoxide dehydrogenase and carbon monoxide sensing heme protein 
with enhanced CO binding affinity. An enzyme complex was anchored on the cell surface of CO2-utilizing 
Ralstonia eutropha and successfully showed 3.-fold increased conversion efficiency. Intelligent application of 
various scaffolds to couple with nanoscale engineering tools and metabolic engineering technology may offer 
particular benefits. The development of multi-functional protein complexes for use as tools in whole-cell 
biocatalyst systems has drawn considerable attention as an attractive strategy for bioprocess applications. 
 
Keywords : Designer Enzyme Complex, Biomass, Biorefinery, Cellulosome, C1 gas 
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Cellulosic fuels are expected to have great potential industrial applications in the near future, but they still face 
technical challenges to become cost-competitive fuels, thus presenting many opportunities for improvement. 
First, this topic covers fundamental characterization of pretreated biomass and its interactions with cellulolytic 
enzymes. Lignin, one of the major components of lignocellulosic biomass, contributes significantly to the 
recalcitrance of biomass and prevents the efficient enzymatic hydrolysis of cellulose into readily fermentable 
sugars. We confirmed that a pathway exists for dramatically reducing the loading of cellulase required for 
hydrolysis of pretreated biomass.  
On the microbial engineering side, significant efforts have been placed on improving fermentation efficiency 
and capacity. A current challenge of lignocellulosic ethanol commercialization is the presence of inhibitors in 
the biomass hydrolysates which especially suppress the conversion of sugars into ethanol via fermentation by 
Saccharomyces cerevisiae. Specifically, acetic acid stress is severe on xylose fermentation resulting in decreased 
cell growth, xylose utilization rate and ethanol yield. We attempted to improve fermentation performance of the 
engineered xylose-utilizing yeasts under acetic acid stress via metal ion supplementation and evolutionary 
engineering. 
 
Keywords : Biofuel, Lignocellulosic biomass, Microbial engineering, Lignin 
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Fermentation inhibitors present in lignocellulose hydrolysates are inevitable obstacles for achieving economic 
production of biofuels and biochemicals by various microorganisms. In this study, it was shown that spermidine 
(SPD) functions as a chemical elicitor for enhanced tolerance of Saccharomyces cerevisiae against fermentation 
inhibitors. In addition, the feasibility of constructing an engineered S. cerevisiae strain capable of tolerating 
toxic levels of the major inhibitors without exogenous addition of SPD was explored. Specifically, expression 
levels of the genes in the SPD biosynthetic pathway were altered. Also, OAZ1 coding for ornithine 
decarboxylase (ODC) antizyme and TPO1 coding for a polyamine transport protein were disrupted to increase 
an intracellular SPD level through alleviation of feedback inhibition on ODC and prevention of SPD excretion, 
respectively. Especially, the strain with combination of OAZ1 and TPO1 double disruption and SPE3 
overexpression not only contained a spermidine content of 1. mg SPD/g cell, which was 171% higher than that 
for the control strain, but also exhibited 60% and 33% shorter lag-phase periods than that of the control strain 
under the medium containing furan derivatives and acetic acid, respectively. While it was observed that a 
positive correlation between intracellular SPD contents and tolerance phenotypes among the engineered strains 
accumulating different amounts of intracellular SPD, too much SPD accumulation is likely to cause metabolic 
burden. Therefore, genetic perturbations for intracellular SPD levels should be optimized in terms of metabolic 
burden and SPD contents to construct inhibitor tolerant yeast strains. It was also found that the genes involved 
in purine biosynthesis and cell wall and chromatin stability were related to the enhanced tolerance phenotypes to 
furfural. 
 
Keywords : Saccharomyces cerevisiae, spermidine, fermentation inhibitors 
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S541 Microneedle-based sensors for continuous monitoring  
 
Yun Jung HEO 
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This presentation describes microneedle fabrication methods with multidirectional UV lithography and 
microneedle-based glucose sensors. When negative photoresist is exposed to inclined/rotated UV through 
circular mask patterns, there is a three-dimensional, needle-shaped distribution of the exposure dose in the 
irradiated portion. Controlling the inclined angles and the exposure dose modifies the photo-polymerized 
portion, thus helping to vary the height and contour of the microneedles using the same mask patterns.  
We can theoretically calculate the relative 3D distribution of the exposure ratio in KMPR due to the 
inclined/rotated UV exposure based on the relative exposure ratio in one rotation and the UV light attenuation in 
KMPR, thus enabling the estimation of the needle shapes. The relative exposure ratio of UV in an arbitrary xy 
plane determines the horizontal distribution of the exposure ratio. The UV light attenuation in KMPR leads to 
the vertical distribution. The diffraction is one of the factors to determine pattern resolution, especially, the 
radius of curvature of microneedle. The dimensions of the fabricated needles match well with the theoretical 
results for varying inclined angles and exposure doses. These results prove that our theoretical approach can 
provide a cheap and quick method for producing micrometer-scale needles. We dipped microneedle tips with 
glucose sensors then obtained microneedle-based sensors for glucose monitoring. Such sensor can be a new 
platform for continuous glucose monitoring with painless, comfort manner, thus increasing the quality of lives 
of people with diabetes. 
 
Keywords : microneedle, biosensor, multidirectional UV lithography, fluorescence, diabetes 
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Biosensor Applications 
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Assembly of functional nano-materials into rationally designed structures and interfaces has been of significant 
importance in future electrochemical biosensor applications. Particularly, the assembly of carbon nanomaterials 
with multiple functional components have been received much attention for wearable and flexible sensor 
application due to the excellent electrical and mechanical properties of carbon nanomaterials. Although a variety 
of multi-dimensional assembly techniques have been proposed, there is still lacking in non-destructive methods 
to assemble electronic nanomaterials in a large area to produce functional biosensing devices with high 
controllability. Here, I present a broadly applicable non-destructive hydrodynamic approach to assemble a free-
standing hybrid conductive nanomembrane film for electrochemical biosensor applications. Briefly, our 
hydrodynamic process employed engineered biological glues, having great biomolecular recognition capability 
towards single-walled carbon nanotubes (SWNTs), for a large-scale assembly of SWNT electronic film. The 
hydro-dynamically and non-destructively assembled conductive film formed well controlled percolating 
nanostructures with high electrical and electrochemical conductivity over the large area. The surface-charge of 
biological glue in the SWNT electronic film not only allows the charge-based immobilization of various 
enzymes, but also greatly enhances ionic compatibility of the electrochemical biosensor systems enabling the 
direct-electron-transfer of enzymes. 

 
Keywords : Nano-bio assembly, Enzymatic biosensors, Electrochemical Field-Effect-Transistor, Single-Walled 
Carbon nanotube 
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Over the past decades, antibody engineering has made a considerable impact on biological and biotechnological 
researches as well as on its clinical and environmental applications. Among them, immunosensor based on a 
change in a fluorescent property when an antigen binds to antibody has been extensively studied by virtue of its 
ease of use, yet with high specificity and sensitivity. We developed unique and powerful fluoroimmunosensor 
named Quenchbody that works on the novel principle of antigen-dependent removal of quenching effect on 
fluorophores. The outstanding advantage of Quenchbody assay is its simplicity, which can be carried out by just 
mixing the Quenchbody with antigen and measuring its fluorescence, while almost all the traditional 
immunoassays require several incubation/washing steps. Using this convenient method, we have successfully 
quantified various target antigens including phosphorylated serine residues in vimentin, narcotics such as 
morphine, influenza hemagglutinin, and hen egg lysozyme. Moreover, using this Quenchbody, cellular imaging 
of osteocalcin produced by differentiated osteoblast cells or claudin proteins on tumor cells was successfully 
accomplished. Due to its simplicity and versatility, Quenchbody-based assay is expected to have a range of 
applications, from in vitro diagnostics to imaging of various targets in situ, and also expand our knowledge on 
various biological phenomena.  
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S544 Bacterial secretion system as a controllable drug-delivery platform 
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Bacteria deliver own proteins directly into host cell cytosol through a needle-like nanomachine known as a type 
3 secretion system (T3SS). The expression of genes encoding T3SS are strictly regulated at the myriad levels 
due to its role in pathogenesis. Here, we engineered the 35kb Salmonella Pathogenicity Island-1 (SPI-1) 
encoded T3SS by removing or recoding genes, scrambling gene order, and replacing all non-coding DNA with 
synthetic genetic parts. This process results in a 16kb cluster that shares no sequence identity, regulation, or 
organizational principles with SPI-1. Building this simplified system led to the discovery of essential roles for 
an internal start site (SpaO) and small RNA (InvR). Further, it can be controlled using synthetic regulatory 
circuits, including under SPI-1 repressing conditions. When the engineered system was introduced into non-
native bacteria, Escherichia coli K-12 stain, the robustness and modularity was maintained. This work shows the 
incredible robustness and modularity of the synthetic T3SS, which can be applied as a delivery platform for 
peptide-drugs. 
 
Keywords : Type 3 secretion system, ; Bioengineering, Drug-delivery, Delivery platform, ; Synthetic biology 
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Over the last few decades, nucleic acids (e.g., DNAs and RNAs) have proven to be an exceptionally versatile 
material beyond genetic information storage. As a sequence controlled polymer, they fold into a unique structure 
and create a variety of functionalities including molecular recognition, catalysis, construction of complex 
patterns, and even nanomechanical motions. Importantly, these synthetic constructs can be programmed to 
perform a wide range of molecular functions in a controlled manner—this is a powerful feature that cannot be 
easily realized in other macromolecules. Furthermore, when combined with other functional materials, they 
offer unique capabilities with regards to the creation of molecular machines that can perform complex 
functions in the right order at the right time. 
To fully realize this potential, my work has focused on the development of novel methodologies to generate 
nucleic acid-based multi-functional biopolymers and their applications. Specifically, in this presentation, I will 
first introduce an innovative in vitro selection strategy enabling the discovery of functional DNA nanostructures 
that undergo binding-induced structure-switching. I will subsequently show that the generated synthetic 
allosteric regulators perform useful molecular functions for diagnostics, imaging and targeted therapy 
applications. Furthermore, I will demonstrate a unique catalytic RNAs (ribozymes) that recognize and 
polymerize the targeted short RNAs by processive ligation events. Finally, I will describe a novel synthetic 
method to create hybrid materials capable of performing complex, multi-step molecular processes by integrating 
targeting nucleic acids (aptamers) with other materials (e.g., engineered polymers) and demonstrate directly 
their applications in targeted drug delivery. 
 
Keywords : DNAs, RNAs, Aptamers, Ribozymes, Molecular Machines, Biosensors, Drug Delivery 
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S551 Trend in Bioseparation 
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21 세기 고령화 복지사회를 맞이하여 의료, 식량, 에너지, 환경 분야에 있어 유지가능한 기술로서 
생명공학은 과학기술 전 분야에 있어 선도기술의 자리를 굳히고 있다. 이러한 생명공학 산업에 
있어 고부가가치 생물물질을 경제적으로 생산하기 위한 생물공정은 중요하며, 특히 고순도 
생물물질을 얻기 위한 효율적 생물분리기술의 개발은 생명공학 산업 발전의 중심에 있다.   
 
1987 년부터 생물공정, 특히 생물분리기술에 종사한 교육자, 연구자로서, 그간 수행한 연구 중, 
‘Production of Sorbose from Sorbitol using Two-stage Continuous Bio-reactor System’(석사), ‘Size Exclusion 
Cyclic Separation’(박사)을 비롯하여 Bacteriophage Double-lysogen 을 이용한 미생물의 동시 발현과 
파쇄, Elastin-like Polypeptides 를 이용한 단백질의 효율적 분리와 생산, SMB(Simulated Moving Bed)를 
이용한 연속 크로마토그래피 공정의 개발과 응용, 이온성액체를 이용한 생물물질의 생산과 분리, 
Molecular Dynamic Simulation 기법에 의한 이온성액체 내 효소반응의 거동연구 및 기능성 
이온성액체 합성 등의 내용을 중심으로 생물공정기술 그리고 생물분리기술의 발전과 현황을 
살펴본다.  
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S552 Trend of Continuous Downstream Process in Biopharamaceutical Industries 
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Biopharmaceutical market is diversified and dynamic market and it is getting accelerated by introduction of 
biosimilars into the market. Currently, cell culture technique is dramatically being advanced and titer of target 
protein in the cell culture fluid achieves approximately 5 mg/mL. As the sequence, downstream process 
becomes the bottleneck to the campaign-based manufacturing facilities. Thereby, continuous downstream 
process, single-use technique, and/or those combinations are the rising techniques in the biopharmaceutical 
industries. Because monocolonal antibody (mAb) is the most famous active pharmaceutical ingredient (API) in 
the biopharmaceutical market, continuous downstream processes and those related techniques for the mAb, as a 
model API, will be introduced in this presentation. And, considerations to introduce these continuous 
downstream process into the manufacturing facilities will be discussed from the regulatory point-of-view. 
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S553 Application of ionic liquids in biological processes 
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The applications of ionic liquids in biological processes are of focus in this presentation. The potential of ionic 
liquids as green alternative to environmentally harmful volatile organic solvents in biological processes has been 
investigated during the last decades. Novel uses of ionic liquids come from unique and advantageous properties 
of ILs, including negligible vapor pressure, nonflammability, wide liquid range, high thermal and chemical 
stabilities, and the ability to dissolve a wide range of inorganic, organic, and polymeric materials. In this study, 
the uses of ionic liquids as (i) solvents for enzymatic reactions, biomass dissolution and (ii) additives for protein 
refolding will be elaborated either by experiment and molecular dynamic simulation. Furthermore, the optimal 
design of ionic liquids with desired properties/activities suitable for specific applications using computer-aided 
molecular design will be also discussed. 
 
Keywords : Ionic liquids, Biological process, Enzyme, Molecular Dynamic simulation 
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Biopolymer-based materials have attracted considerable interest in biomedical, pharmaceutical, environmental, 
and biocatalytic field, owing to their inherent biocompatibility and biodegradability. In particular, the blending 
of two or more biopolymers is an attractive and inexpensive method to obtain new structural materials with 
novel physicochemical properties. In order to prepare biopolymer-based materials, the development of solvents 
that can co-dissolve two or more biopolymers is the most important aspect. Ionic liquids (ILs) can be used to 
fabricate biopolymers such as polysaccharides and proteins into various forms such as molded shapes, films, 
fibers, and beads. In this presentation, developments and applications of various biopolymer-based composite 
materials will be introduced. For example, cellulose-based composite films, fibers, and microbeads were 
prepared using ILs and the prepared composite materials could be used as adsorbents, enzyme supports, carriers 
for drug delivery, food packaging materials, and basic materials for bioelectronics. Furthermore, the potentials 
of deep eutectic solvents as green solvents for biopolymer processing will be introduced.  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

84 

 

S555 History of AFOB 
 
Yoon-Mo KOO 
Department of Biological Engineering, Inha University, Incheon, Korea 
Email : ymkoo@inha.ac.kr 
 
AFOB 는 아시아 생명공학의 발전을 목적으로 하여 2008 년 창립된 이래, 대표학회인 ACB(Asian 
Congress on Biotechnology)를 중심으로, ARS(AFOB Regional Symposium), YABEC(Young Asian 
Biological Engineers' Community), AFOB Summer Forum 등의 산하학회를 통해 아시아 생명공학의 
구심체로서 활동을 벌이고 있다. 현재 한국, 중국, 일본, 인도 등 아시아 14 개국이 회원국으로 
있으며, 동남아시아, 서남아시아의 여러 지역에서 회원가입을 서두르고 있다. 또한 AFOB 는 
생명공학 분야에서 국제적 영향력을 가지고 있는 EFB(European Federation of Biotechnology)와의 
긴밀한 협력을 통해 세계적인 생명공학연합체로 발돋움하고 있다.  
 
AFOB 의 모체는 APBioChEC(Asia-Pacific Biochemical Engineering Conference, 1990 년-2009 년)으로서, 
이후 YABEC(1995 년 창립), 한중지역생물공학심포지움 (1996 년-2010 년) 등의 학회와 함께 
활동하였고, 2008 년 IBS(International Biotechnology Symposium, 대련)에서 아시아생명공학연합체로서 
정식 출범하였다. 대표학회로서 ACB 는 2011 년 APBioChEC 을 자연 승계하였고, 
한중지역생물공학 심포지움은 ARS 로 전환, 그 대상을 아시아 전 지역으로 하며, AFOB Summer 
Forum(2016 년 창립)은 ‘아시아 생명공학의 Davos Forum’을 기치로 걸고 분발하고 있다.    
 
AFOB 는 그간 초기 기반조성의 시기를 거쳐, 이제 아시아를 넘어 세계적 
생명공학 연합체로 발전하고 있다. 이러한 발전을 지원하고, 기초자료 그리고 
자원공급의 일환으로, 1990 년 이후 AFOB 의 역사를 돌아본다.  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

85 

 

S556 Current Status and Prospect 
 
Tai Hyun PARK 
School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University, 
Seoul, Korea 
Email : thpark@snu.ac.kr 
 
Asian Federation of Biotechnology (AFOB) has been progressing as a representative 
biotechnology organization in Asia since it was established in 2008. As described in the 
statutes of AFOB, the general objective of the Federation is to promote co-operation, on 
scientific grounds, between the scientists from academia and industry in Asian region, for the 
general advancement of biotechnology as an interdisciplinary field of research and as a 
means of bringing the scientific development to industrial level. AFOB has 14 member 
countries/regions, 17 institutional members, and 4,732 individual members. Various 
conferences, forum, and workshop have been held under the auspices of ABOF, such as ACB 
(Asian Congress on Biotechnology), ARS (Asian Regional Symposium), YABEC (Young 
Asian Biological Engineers’ Community), and AFOB Summer Forum. In this presentation, 
current status of AFOB will be summarized, and future role and direction of AFOB will be 
discussed. 

 

Keywords: AFOB; ACB; ARS; YABEC; AFOB Summer Forum; Current status; Future role 
and direction  
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Recently, the production of fuels and chemicals from alternative sources other than fossil fuels have been 
attracting attention due to the alarming changes in environmental conditions. Carbon monoxide (CO) gas 
mixture is one of the promising alternative sources for biorefinery process. CO gas mixture including CO, CO2, 
and H2 is emitted from steel industrial facilities as well as generated through gasification of biomass. A class of 
obligate anaerobes named acetogen (acetogenic bacteria) is able to grow using CO gas mixture as carbon and 
energy source and synthesize acetyl-CoA as a main building block through Wood-Ljungdahl pathway. Various 
acetogenic bacteria have been studied as microbial hosts for valuable chemical production; however, most of the 
products are limited to C2~C4 acid/alcohol. In this study, the production of n-hexanoic acid and n-hexanol by a 
newly isolated Clostridium sp. JS66 was investigated. Physiological characterization was conducted under 
various fermentation conditions to facilitate chain elongation to C6. Key pathways and enzymes for the 
synthesis of n-hexanoic acid and n-hexanol were investigated through genome and transcriptome analysis. 
Further enhancement of chain elongation to C6 was performed using genetically engineered Clostridium sp. 
JS66 for efficient production of n-hexanoic acid and n-hexanol.  
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Microbial conversion of C1 feedstocks to biofuels and biochemicals has received considerable attention. Of the 
candidate microorganisms, an anaerobic acetogenic bacterium Eubacterium limosum ATCC 8486 reduces CO or 
CO2 to various metabolites, such as acetate, butyrate, and propionate, using the Wood-Ljungdahl pathway. 
Despite the potential to produce desired chemicals from C1 compounds, a lack of understanding on the 
metabolism and available genetic toolboxes to delete or transcriptionally repress the interest genes in E. limosum 
has been a major impediment to develop the strain to microbial cell factory. In this study, we have constructed a 
genome-scale metabolic network of E. limosum, iSP777, using the genome sequence and developed a 
CRISPR/Cas9 system for the gas-fermenting bacterium1. The metabolic network of E. limosum consists of 777 
metabolic genes, 970 biochemical reactions, and 890 metabolites that captured biosynthetic and major metabolic 
pathways, including CO, CO2, and methanol fixation. The simulation of the model accurately calculated the 
growth rates of E. limosum under various carbon sources, including C1 compounds. In addition, the in silico 
analysis estimated effects of gene deletions under various growth conditions, predicting a removal of the Wood-
Ljungdahl pathway associated genes is essential under autotrophic growth and decreases the growth rate under 
heterotrophic growth condition. To validate the calculation, the CRISPR/Cas9 system was developed and 
applied to E. limosum, which showed 100% mutation efficiency, to delete two of the Wood-Ljungdahl pathway 
genes, which responsible for methylene-THF dehydrogenase and corrinoid methyltransferase. Consistent to in 
silico result, the growth rate of the knockout strains under heterotrophic condition was decreased and unable to 
proliferate under the autotrophic condition, validating that the model precisely predicted the phenotype of E. 
limosum. The combination of the genome-scale metabolic model and the CRISPR/Cas9 system will facilitate 
functional genomic studies as well as improvement of the gas fermentation in other acetogens. 
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Eubacterium limosum (Elm) KCTC13266BP (formerly known as KIST612) strain is an acetogen that is able to 
produce acetate as well as butyrate by the consumption of carbon monoxide (CO) which can be use as sole 
carbon and energy sources. Like other acetogens, Elm KCTC13266BP strain fixes carbon via Wood-Ljungdahl 
pathway (WLP) by the oxidation of CO, and acetyl-CoA as a reduced intermediate is either converted to acetate 
or incorporated into the cellular biomass. In this study, we have suggested two ways of hyper acetate producing 
strategies for strain development; they are 1) overexpression of CO Dehydrogenase (CODH) and 2) deletion of 
butyrate forming coding gene. CODH, as a key enzyme in WLP, mainly acts as the way of reducing power 
conservation by the oxidation of CO, and this key enzyme initiates the metabolic pathway of energy required for 
the cellular metabolism in autotrophic condition. We successfully overexpressed CODH coding genes either 
homologously and heterologously into Elm strains, and it was confirmed the increases of specific CODH 
activity as well as acetate productivity in transformants compared to wildtype. Additionally, it was confirmed 
two routes (assimilatory and dissimiltory) of butyrate formation previously revealed by genome sequence 
analysis, and it was further found how the CO-specific route of butyrate production correlates with acetate 
assimilation. Finally, CoA Transferase deleted mutant was tested to see the acetate production activity (titer and 
productivity) in the reactor which was designed simultaneous gas- and cell-recycled continuous operation 
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Gaseous one-carbon (C1) compounds or formic acid (FA) converted from CO2 can be an attractive raw material 
for bio-based chemicals [1]. Here, we report development of Escherichia coli strains assimilating FA and CO2 
through the reconstructed tetrahydrofolate -(THF) cycle and reverse glycine cleavage pathway. The 
Methylobacterium extorquens formate-THF ligase, methenyl-THF cyclohydrolase and methylene-THF 
dehydrogenase genes were expressed to allow FA assimilation. The glycine cleavage (gcv) reaction was 
reversed by knocking out the repressor gene (gcvR) and overexpressing the gcvTHP genes. This engineered 
strain synthesized 96% and 86% of proteinogenic glycine and serine, respectively, from FA and CO2 in a 
glucose-containing medium. Native serine deaminase converted serine to pyruvate, showing 4.5% of pyruvate 
forming flux comes from FA and CO2. The pyruvate forming flux from FA and CO2 could be increased to 14.9% 
by knocking out gcvR, pflB and serA, chromosomally overexpressing gcvTHP under trc, and overexpressing 
reconstructed THF cycle, gcvTHP and lpd genes in one vector. To reduce glucose usage required for energy and 
redox generation, the Candida boidinii formate dehydrogenase (Fdh) gene was expressed. The resulting strain 
showed the specific glucose, FA and CO2 consumption rates of 370.2, 145.6 and 14.9 mg gDCW-1 h-1, 
respectively. The C1 assimilation pathway consumed 21.3 wt% of FA. Furthermore, cells sustained slight 
growth only using FA and CO2 after glucose depletion, suggesting that combined use of C1 assimilation 
pathway and C. boidinii Fdh will be useful for eventually developing a strain capable of utilizing FA and CO2 
without additional carbon source such as glucose. 
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Acetate is an emerging feedstock that has a great potential as cost-effective and alternative carbon source in the 
production of various platform chemicals. It can be abundantly produced from C1 compounds by Clostridia sp. 
and/or hydrolysis of cellulosic biomass. This study demonstrates development and engineering of Escherichia 
coli (E. coli) and Pseudomonas denitrificans (P. denitrificans) strains for production of 3-hydroxypropionic acid 
(3-HP) from acetate via malonyl-CoA reductase (MCR) pathway. Combinatorial metabolic engineering 
strategies such as (i) disruption of acetyl-CoA competing pathways, (ii) improvement of cofactor (i.e., NADPH) 
generation through the TCA cycle, (iii) alleviation of glyoxylate shunt flux, and (iv) redirection of the 
gluconeogenesis pathway were employed. A heterologous expression of the dissected MCR (i.e., C- and N-
terminus of mcr) from Chloroflexus aurantiacus and the endogenous accADBC (encoding acetyl-CoA 
carboxylase) were co-overexpressed. The resulting recombinant E. coli strain produced 32 mM 3-HP in 24 h on 
the flask scale with pH controlled cultivation. In parallel, the disruption of fatty acid synthesis gene, fabF, in the 
P. denitrificans strain resulted in 1.5-fold and 1.6-fold increases in 3-HP production titer and yield, respectively. 
This study presents the potential of metabolically-engineered E. coli and P. denitrificans strain for 3-HP 
production from acetate.  
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Sang-Woo HAN, Jong-Shik SHIN 
Department of Biotechnology, Yonsei University, Seoul Korea 
Corresponding Author Email : enzymo@yonsei.ac.kr 
 
w-Transaminase (w-TA) is a useful biocatalyst for producing chiral amines. Although lots of processes for 
asymmetric synthesis of chiral amines have been developed, unfavorable reaction equilibrium has restricted 
commercial applications of the biocatalytic processes. Here, the unfavorable thermodynamics was overcome by 
in situ removal of products using ion exchange resins. In ketone amination with an alanine as an amino donor, 
electrical property of products (i.e., electrical charge) was differed from one of substrates (i.e., electrical neutral) 
at pH 7. Pyruvate and chiral amine, products of transamination reaction, were selectively separated from 
substrates by anion and cation exchange resins, respectively. The in situ product removal was introduced in 
ketone amination reaction, and chiral amines were successfully produced over thermodynamic limit. 
 
Keywords : asymmetric synthesis, chiral amines, in situ product removal, product inhibition, transaminase 
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Equol is a gut microbial secondary metabolite originated from plant isoflavone. It has drawn our great attention 
owing to its potent phytoestrogenic activity superior to its parent compound isoflavone. When it comes into our 
body, it is proposed that equol is metabolized into ortho-hydroxylated derivatives in the liver. However, there 
has been no synthetic methods to prepare such ortho-hydroxylated equols (OHEs), which led to poor 
understanding of the potential estrogenic metabolites. 
In this study, we screened several microbial oxygenases for ortho-hydroxylation of (S)-equol. Among the 
examined microbial oxygenases, a flavin-dependent monooxygenase HpaBC from E. coli, and a bacterial 
tyrosinase from B. megaterium showed remarkable ortho-hydroxylation activity toward (S)-equol. Using 
homology modeling, ligand-docking analysis and subsequent protein engineering on the EcHpaBC and BmTy 
resulted in 6 and 3’-specific hydroxylation of (S)-equol, respectively. In addition, combinatorial 
biotransformation with equol-producing recombinant bacteria enabled consecutive oxido-reduction of daidzein 
into 3’-OHE and 6-OHE in a highly regioselective manner. 
 
Keywords : (S)-equol, ortho-hydroxylation, HpaBC, tyrosinase, protein engineering, biotransformation 
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3-HP is an important platform chemical which has diverse applications in the production of acrylic acid, 
acrylamide, 1,3-propanediol, etc. 3-HP can be produced biologically from glycerol by a two enzymatic process 
composed of a coenzymes B12-dependent dehydratase and a NAD+-dependent aldehyde dehydrogenase, but the 
process could not be commercialized due to the problems associated with the need for exogenous 
supplementation of expensive B12, slow regeneration of NAD+, formation of many byproducts, and especially, 
unstable activity of the pathway enzymes. To develop an efficient and commercially-attractive microbial cell 
factory, Pseudomonas sp. which synthesizes coenzyme B12 under aerobic condition and generates less by-
products than most other Enterobacter sp. was adopted as host strain. To maintain the 3-HP pathway actively, 
novel dynamic promoters which are induced by 3-HP were developed and employed. These dynamic promoters 
could promote transcription of the genes encoding the pathway enzymes and maintain 3-HP production activity 
at proper levels throughout prolonged fermentation period. Furthermore, the inducible pathway gene cassettes 
were integrated into various loci of the chromosome after modification the 3-HP inducible promoters. Finally, a 
putative importer (symporter) protein was identified and disrupted to reduce intake of the produced 3-HP. One 
resulting recombinant strain could produce 3-HP at commercially-attractive level with > 100 g/L, ~2.0 g/L/h 
and> 0.9 mol/mol in 48 h. 
 
Keywords : 3-Hydroxypropionic acid, Pseudomonas, enzyme, 3-HP inducible promoter 
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In recent years, advances in whole-cell biocatalyst have replaced traditional chemical synthesis with enzymes 
using whole-cell. There are many advantages in using whole-cell as biocatalysts. Whole-cell biocatalysts use a 
whole-cell oxidoreductase system, there is no need to add extra cofactor required for the reaction. Multi-step 
biocatalytic reaction that allows simultaneous reactions can be proceeded in the whole-cell reaction. However, 
the problem of reaction efficiency and cost prevents many traditional chemical syntheses from being transferred 
to the whole-cell reaction. Transport, toxicity of the substrate is a major bottleneck in many whole-cell 
biocatalysts.  
Here, this dissertation proposes novel approaches to increase the efficiency of whole-cell biocatalysts. First, in 
part I, Efficient transport and toxicity alleviation of lipophilic molecule by formation of heterologous caveolae 
were developed in Escherichia coli. Second, part II describe that cytoplasmic acidification is mitigated through 
the expression of influenza proton transporter M2. Finally, in part III, through the development and 
improvement of the whole-cell biocatalyst, the detection and quantification method of 2’-fucosyllactose is 
described. In conclusion, these results suggested that the formation of heterologous caveolae improve the whole-
cell biocatalytic efficiency of fatty acids. M2 expression provides a breakthrough which can increase the 
efficiency of whole-cell biocatalyst in the acidic conditions. Quantitation method of 2’-fucosyllactose using 
synthetic E. coli demonstrates that whole-cell can be developed to quantification kit. Through the development 
of whole-cell catalysts through the cell membrane engineering presented in this paper, production efficiency of 
high value-added materials using microorganisms is expected to be increased.  
 
Keywords : whole-cell biocatalyst, caveolae, fatty acid, M2, 2’-fucosyllactose, alpha-L-fucosidase  
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Pretreatment of K. alvarezii was performed by thermal acid hydrolysis with 10% (w/v) K. alvarezii slurry using 
various acids. Enzymatic saccharification was performed using Celluclast 1.5 L, Viscozyme L, or their mixture 
(1:1). Thermal acid hydrolysis by HNO3 produced high concentrations of monosaccharides with low levels of 
inhibitory compounds. Enzymatic saccharification with a mixture of Celluclast 1.5 L and Viscozyme L 
produced the highest monosaccharides. We obtained 42 g/L glucose and galactose and fermented the mixture 
using wild-type (WT) Saccharomyces cerevisiae CEN.PK2-1, overexpression of each GAL2, GAL1, GAL7, 
GAL10 and PGM2 or deletion of each GAL6, GAL80, MIG1, SSN6 and TUP1. Among the various strains, 
overexpression of GAL2, GAL1, GAL7 and GAL10 did not show the significant differences of ethanol 
production. However, PGM2 showed higher galactose uptake rate and produce the highest ethanol concentration. 
Both overexpression of positive genes and deletion of negative genes increase in flux through the galactose 
utilization pathway compared with the WT Saccharomyces cerevisiae.  
 
Keywords : K. alvarezii, thermal acid hydrolysis, enzymatic saccharification, CRISPR/Cas9, galactose 
metabolism 
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Auxiliary activity family 9 (AA9) is the synergistic protein belonging to the fungal LPMO. By the oxidative 
mechanism, AA9s can promote the catalytic activity of cellulase. In this study, synergistic and oxidative actions 
of AA9 have been investigated. First, an AA9 from the fungus Chaetomium globosum (CgAA9) was produced 
by Escherichia coli. The recombinant CgAA9 acted synergistically with cellulases and xylanases in cellulose 
and xylan hydrolysis, respectively, and increased reducing sugar production from pretreated lignocellulose. 
Such a dual substrate specificity of CgAA9 could be helpful for efficient sugar production from pretreated 
lignocellulose. Next, oxidative and synergistic functions were comparatively elucidated with TtAA9E and 
TaAA9A. Product analysis shows a different oxidative regioselectivity of TtAA9E and TaAA9A, inducing C1 
and C1/C4 oxidations, respectively. Synergistic study shows different synergistic behaviors of the two AA9s 
depending on the pretreatment. Different behaviors of TtAA9E and TaAA9A suggest the substrate-specific 
customization of AA9s for industrial application. 
 
Keywords : Auxiliary activity family 9, Lytic polysaccharide monooxygenase, Cellulose, Cellulase, Xylan, 
Xylanase, Synergism 
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Recently, paper-based diagnostic platforms have attracted many researchers for the detection of pathogens due 
to its simplicity, portability, and cost-effectiveness[1]. The paper-based diagnosis of nucleic acid achieved high 
sensitivity and specificity, but still, they have some limitations such as easy fabrication, low-cost, and user-
friendly. To overcome these issues, we have developed simple paper strip device to extract DNA /RNA from 
complex biological samples and further, the extracted nucleic acids were employed in paper-chip based 
isothermal amplification techniques such as (Recombinase Polymerase Amplification-RPA and Loop-mediated 
isothermal amplification-LAMP). With this device, we found comparable DNA/RNA recovery to commercial 
available DNA/RNA extraction kits[1]. We have extracted DNA/RNA from different biological samples such as 
serum, plasma, whole blood, meat samples, milk, and soil samples. We have simultaneously detected multiple 
samples using a paper-chip device. We have successfully employed paper material as amplification and 
detection platform for RPA and LAMP assays [1,2]. We demonstrated the excellent stability of paper-chips over 
weeks at room-temperature. We have successfully extracted DNA/RNA from bacteria (such as E.coli, S. aureus, 
and S. typhimurium), viral RNA (such as zika, dengue, and chikungunya), meat samples (such as pork, beef, 
chicken) from spiked biological samples and further, detected with PCR and isothermal amplification 
techniques. Our aim to develop a simple detection device that can extract, amplify, and detect DNA/RNA in one 
platform and further could be employed in resource-limited settings. 
 
Keywords : Paper chip, Recombinase polymerase amplification, Loop-mediated isothermal amplification, 
Fluorescence detection 
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Nannochloropsis salina has been considered to be one of the most appropriate species for the feed stock of 
biofuels or value-added products. In this research, for the purpose of increasing the overall lipid production rate 
of N. salina, genetic engineering was adopted to enhance the photosynthetic efficiency and lipid biosynthesis 
metabolism within the strain. To improve the photosynthetic efficiency, new kinds of light harvesting pigments 
including chlorophyll b and f were heterogeneously synthesized to broaden the light spectrum that N. salina can 
utilize. Furthermore, in order to increase the portion of carbon flux that enters the lipid synthesis pathway, key 
metabolic enzymes for lipid bio-synthesis were overexpressed in a wild type N. salina. For this, two genes, each 
encoding Glycerol-3-phosphate dehydrogenase and Phospholipid: diacylglycerol acyltransferase that are 
responsible for the reaction of first and last reactions for TAG synthesis were selected. The transformants with 
overexpressed NsGPDH and NsPDAT enzyme showed a tendency of hampered proliferation but the lipid 
accumulation in each transformants showed up to 40 % increase compared to the wild type. 
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Immunotoxins consisting of a toxin from bacteria or plants, and a targeting module have been developed as 
potent anti-cancer therapeutics. The majority of them, especially those in preclinical or clinical testing stages, 
are based on antibody fragments, even though the advantage of using full-length antibodies has been well 
documented. Here, we generated an immunotoxin via site-specific conjugation using a cysteine (Cys) residue 
introduced to IgG and a bio-orthogonally reactive unnatural amino acid. A Her2-targeting IgG, trastuzumab, 
was engineered to have an unpaired Cys at position 425 in the heavy chain, and an unnatural amino acid having 
the azido azido group (azidophenylalanine) was incorporated into an engineered Pseudomonas exotoxin A 
(PE24). The two protein molecules were conjugated site-specifically using a bifunctional linker having 
dibenzocyclooctyne and maleimide groups. Binding to Her2 and interaction with various Fc receptors of 
trastuzumab were not affected by the conjugation with PE24. The trastuzumab-PE24 conjugate was cytotoxic to 
Her2-overexpressing cell lines, which involved the inhibition of cellular protein synthesis due to the 
modification of elongation factor-2. 
 
Keywords : Immunotoxin, Pseudomonas exotoxin A, Trastuzumab, Site-specific conjugation 
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Phosphorus is an essential element for crop production, but it is a non-renewable, finite resource produced from 
phosphate rocks extracted from underground reserves. For sustainable mass production of microalgal biomass, 
sustainable supply of phosphorus is crucial. The ocean contains vast amounts of phosphorus along with other 
essential inorganic nutrients in it, but its concentration is low compared to conventional media to cultivate 
microalgae to a significant concentration. Semi-permeable materials (SPMs) are permeable to nutrients in 
seawater but not to microalgae cells. Thus, photobioreactors (PBRs) with SPMs deployed in seawater can 
produce microalgal biomass with nutrients in the surrounding environment. In this study, floating ponds with 
SPMs were developed and used to cultivate a green microalga Tetraselmis sp. MBEyh01L. In the laboratory 
scale, up to 18.6 g m-2 d-1 of biomass productivity was achieved by supplying nutrients in the seawater to SPM 
Ponds. Large-scale floating SPMs ponds with 16 m2 area and 3 kL working volume were deployed in the 
nearshore of Youngheung Island, Incheon, Korea for ocean cultivation. With advanced SPM cultivation 
technology, the SPMs ponds showed the similar level of biomass productivity to the cultures with concentrated 
nutrients, achieving up to 13.5 g m-2 d-1 of biomass productivity. This study demonstrated that microalgal 
biomass could be produced using nutrients in seawater with SPM ponds. With enhancements in other aspects of 
microalgal cultivation, such as culture mixing by natural energy, pond design, operating parameters, etc. SPM 
culture technology would contribute to realization of sustainable mass production of microalgal biomass. 
 
Keywords : bioenergy, biofuels, ocean cultivation, biodiesel 
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Natural selective filtering systems, found in extracellular matrix, nuclear pores, and mucus, separate molecules 
selectively and efficiently with low energy input, and simple mechanisms. The detailed understanding of 
transport mechanisms exploited in those systems provide important bioinspired design for selective filters. The 
nucleoporin in nucleopore regulates protein transport into the nucleus. The dense nucleoporin network rejects 
non-specific large molecules from the nuclear membrane. However, some molecules, sharing similar size and 
shape, overcome this entropic repulsion via specific binding affinity with nucleoporin. Based on those two main 
factors in selective separation, the gels for recognition and selective permeation (GRASP) was engineered to 
promote selective permeation of target molecules dominantly. In this system, the GRASP rejected non-specific 
polyclonal antibodies, whereas allowed specific monoclonal antibodies. The degree of permeation was 
controllable by the designing dissociation constant of binding area. This finding gives us a way of tuning 
permeability and selectivity of biomolecules in the rationally designed nucleopore-inspired hydrogels for 
filtering and separation technologies. 
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The present study is the report on the enhancing therapeutic angiogenesis in mouse hindlimb ischemia model by 
usage of electrical stimulation (ES) derived from solar cell and injectable decellularized extracellular matrix 
(IDM) for stem cell transplantation. In ischemic tissue, most of the transplanted cells and native cells undergo 
apoptosis and necrosis due to the low oxygen and poor nutrient delivery. Therefore, improved cell therapy 
method is required for enhancing or replacing previous therapy. Firstly, the solar-cell-based device was 
designed, which converts light energy to electrical energy, can generate an electrical stimulus that would control 
cell behavior and stimulate therapeutic angiogenesis in a mouse ischemic hindlimb. Use of the solar cell device 
led to significant increase in the number of capillaries and arterioles at the ischemic region and loss of the 
ischemic limb. Secondly, IDM was investigated and examined whether the IDM can enhance transplanted cell 
grafting and therapeutic efficacy. Transplantation of cell-IDM induced significant increase in the number of 
capillaries and arterioles at the ischemic region and prevented muscle necrosis. 
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S591 Controlling membrane fusion for antiviral nano-perforators and neuroexocytosis modulators 
 
Dae-Hyuk KWEON 
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Membrane fusion is one of the most fundamental processes in life. Here, we show several strategies that exploit 
membrane fusion as the target of therapeutics. First, we show that SNARE-mediated membrane fusion in the 
neuron can be controlled by small molecular drugs, and some hypersecretion diseases including hyperhidrosis 
might be reduced by the membrane fusion regulators [1. 2]. Second, viral membrane fusion was exploited to 
develop antiviral drugs. Membrane-disrupting agents that selectively target virus versus host membranes could 
potentially inhibit a broad-spectrum of enveloped viruses, but currently such antivirals are lacking. Here, we 
develop a nanodisc incorporated with a decoy virus receptor that inhibits virus infection. Mechanistically, 
nanodiscs carrying the viral receptor sialic acid bind to influenza virions and are co-endocytosed into host cells. 
At low pH in the endosome, the nanodics rupture the viral envelope, trapping viral RNAs inside the 
endolysosome for enzymatic decomposition. In contrast, liposomes containing a decoy receptor show weak 
antiviral activity due to the lack of membrane disruption. The nanodiscs inhibit influenza virus infection and 
reduce morbidity and mortality in a mouse model. Our results suggest a new class of antivirals applicable to 
other enveloped viruses that cause irreversible physical damage specifically to virus envelope by viruses’ own 
fusion machine. In conclusion, the lipid nanostructure provides another dimension for antiviral activity of decoy 
molecules [3]. In these studies, we show that membrane fusion is a versatile target for developing therapeutic 
targets. 
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S592 Distinct property of synaptic vesicle fusion and recycling between excitatory and inhibitory nerve 
terminals 
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Balance of activity of excitatory (E) and inhibitory (I) neurons is required for proper brain function and 
unbalance of E/I activity is highly implicated in various neural disorders. Regarding balance of E/I activities, 
understanding functional properties of each excitatory and inhibitory neurons is essential, however, it is largely 
unknown how physiological properties of presynaptic terminal are controlled in excitatory and inhibitory 
neurons. In this study, we generate specific synaptic vesicle tracers conjugated with pHluorin which 
preferentially express excitatory and inhibitory nerve terminals. We found that rate of synaptic vesicle recycling 
in inhibitory nerve terminals is less efficient (~1.8 fold slow) than it of excitatory nerve terminals. Consequently, 
this leads to relative less efficacy of synaptic vesicle trafficking during repetitive activities in inhibitory 
presynaptic terminals. Interestingly this distinction is caused by differential expression level of SV2A between 
excitatory and inhibitory synapses along with phosphor-dependent association of synaptotagmin I. Collectively, 
SV2A coordinates distinct properties of synaptic vesicle trafficking between excitatory and inhibitory synapses.  
 
Keywords : synapse, synapse vesicle exocytosis, endocytosis, synaptic transmission 
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n chronic infection, T cells become hyporesponsive to antigenic stimulation to prevent immunopathology. Here, 
we show that TMEM16F is required to curb excessive T cell responses in chronic infection with virus. 
TMEM16F-deficient T cells are hyperactivated during the early phase of infection, exhibiting increased 
proliferation and cytokine production. Interestingly, this overactivation ultimately leads to severe T cell 
exhaustion and the inability of the host to control viral burden. Mechanistically, we identify TMEM16F as the 
dominant lipid scramblase in T lymphocytes that transports phospholipids across membranes. TMEM16F is 
located in late endosomes, where it facilitates the generation of multivesicular bodies for TCR degradation and 
signal termination. Consequently, TMEM16F deficiency results in sustained signaling and augmented T cell 
activation. Our results demonstrate that scramblase restricts TCR responses to avoid overactivation, ensuring a 
well-balanced immune response in chronic infectious disease. 
 
Keywords : TMEM16F, T cell exhaustion, TCR signaling  
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S594 Single-molecule functional screening for inhibitors of the HER2-HER3 heterodimer 
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Human epidermal growth factor receptors (HERs) drive the growth of many human cancers, making them the 
primary targets of many directed cancer therapies. In general, HERs must dimerize to initiate signaling, but the 
reason the specific combination of HER2 and HER3 results in a stronger proliferative signal than other dimers 
remains unclear. Here, we induced immunoprecipitation of endogenously formed HER2 dimers on an imaging 
surface of a single-molecule fluorescence microscope. Using cholesterol-like detergents, we successfully 
maintained the tyrosine kinase activity of the immunoprecipitated HER2 dimers, which led to characterization 
of their enzymatic properties, and structural fluctuations in cytoplasmic domains, all with single-molecule 
resolution. Our results revealed that despite unexpected, large conformational fluctuations in cytoplasmic 
domains, the HER2-HER3 heterodimer catalyzes tyrosine phosphorylation at an unusually high rate, without 
losing its capability to interact with downstream partners. This multi-tasking capacity with its high catalytic rate 
constitute the key biochemical contributors to the strong proliferative signals of the HER2-HER3 heterodimer. 
By increasing through-put of our assay, we rediscovered tyrosine kinase inhibitors that potently inhibit the 
HER2-HER3 pathway in breast cancer cells and tumor xenograft models. Our results provide a general roadmap 
toward the construction of biochemical assays for large cellular complexes, as well as a high-throughput 
screening system for drugs targeting the corresponding complexes 
 
Keywords : HER2, HER3, heterodimer, kinase assay, TKI 
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S5101 Advanced bioprocess for the production of high value chemicals from carbon monoxide 
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Carbon monoxide is produced from iron smelting as a byproduct and a large quantity of CO byproduct is also 
formed during the oxidative processes for the production of chemicals. For this reason, it is important to develop 
a process for the conversion of CO to high value chemicals such as bioactive compounds, animal feeds, and 
platform chemicals. Biological process is known as the most efficient method to transform from CO to high 
value products because some microorganisms can grow by using CO as sole carbon source. Naturally available 
CO consuming microorganisms are, however, hard to be engineered due to lack of genetic tools and their 
biological information. In this presentation, novel synthetic biology tools for the strain redesign of CO 
consuming microorganisms for the development of efficient biological process converting CO to high value 
chemicals. 
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S5102 Sustainable ethanol fermentation from syngas by Clostridium autoethanogenum in a stirred tank 
reactor  
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In past decade, an increasing interest in biological utilization of gaseous substrate has developed in number of 
bioprocesses for fuel synthesis. It was many reported that microbial processes are used to convert gaseous 
substrate such as CO/H2 or CO2/H2 to ethanol and acetate at ambient temperature and atmospheric pressure. The 
advantages of the microbial processes are product specificity, yielding few by-products, and high yields. 
Therefore, the economical attraction of microbial processes in development of suitable biocatalyst to ferment 
gaseous substrate to valuable products was considered. In this study, a strictly anaerobic bacterium, Clostridium 
autoethanogenum, for bioconversion of syngas was used to investigate ethanol and acetate production in a 
stirred tank reactor (STR) with cell recycle. We describe a syngas fermentation operating mode for ethanol 
productivity, consisting of two stages operating at ambient pressure: (1) a growth stage operated with cell 
recycling at pH 6.5, allowing high concentration of microbial cell population; (2) a production stage operated at 
pH 5.5 to trigger solventogenesis and to achieve conversion of syngas and of acetic acid into ethanol. In 
conclusion, the fermentation process for ethanol production from syngas by C. autoethanogenum was 
successfully carried out in a STR with cell recycle. At a gas flow rate of 100mL/min and at agitation rate of 
600rpm, maximum cell concentration were 18.942 of OD600. Maximum ethanol and acetate production were 
25.1 g /L and 19.2 g/L with syngas composition 15% CO, 45% H2 and 40% N2. 
AcknowledgementsThis research was supported by C1 Gas Refinery Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning 
(2017M3D3A1A01037006) and by “Human Resources Program in Energy Technology” of the Korea Institute 
of Energy Technology Evaluation and Planning (KETEP), granted financial resource from the Ministry of Trade, 
Industry & Energy, Republic of Korea. (No. 20174010201150) 
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S5103 Succinic acid production from methane using a type I methanotroph strain, Methylomonas sp. DH-
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Recent development of mining technology enables to utilize CH4 in shale gas as a cheap and abundant feedstock. 
Succinate, which is a precursor for various chemicals such as tetrahydrofuran, γ-butylrolactone, 1,4-butanediol, 
is of our primary interest in this study. Methylomonas sp. DH-1 isolated from brewery plant sludge was 
suggested to have a strong potential for succinate production based on the existence of a full TCA cycle in the 
genome. In this study wild type DH-1 strain was engineered to produce more succinic acid. When succinate 
dehydrogenase gene cluster (sdhB) was removed from the genome, ΔsdhB strain showed specific productivity ~ 
60% higher than wild type despite of decreased cell growth. To overcome the growth defect of ΔsdhB, 
glyoxylate shunt genes were inserted into the genome. The mutant with glyoxylate shunt showed the highest 
succinate production, 140 mg/L in flask culture. To test the effect of scale-up, the mutants were culture in 4 L 
bioreactor. pH was controlled to extend culture time. In the fed-batch reactor system, the mutant with inserted 
glyoxylate shunt show succinic acid titer of 219 mg/L after 200 hr culture. 
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A nanofluid, which is an aqueous fluid with nanoparticles, is an attractive medium for enhancing mass transfer, 
critical heat flux (CHF) in bioreactor, but instability of the nanofluid over a long time due to sedimentation and 
aggregation of inorganic nanoparticles has impeded its successful application to the industry. In this presentation, 
negatively charged TEMPO-oxidized cellulose nanofiber (CNF) with lightweight was utilized as a nano-sized 
substance and examined to enhance mass transfer, and heat transfer and thermal stability of nanofluid in a 
bioreactor. Thanks to low density of CNF and long range repulsion between negatively charged CNF, 
aggregation and sedimentation of CNF in water was not observed over a month with multiple heat cycling. In 
addition, with CNF concentrations of 0.01, 0.03, 0.05, and 0.10 wt%, a CHF increase of 40.7%, 45.1%, 54.9%, 
and 69.4%, respectively, was achieved over that of pure water. In addition, the nanofluid containing CNF 
enhanced hydrogen production in extremely thermophilic archaeon, Thermococcus onnurineus NA1 from 
carbon monoxide and methane production in Methylomonas sp. DH-1. The present results of CNF based 
nanofluid have demonstrated the great potential of CNF as an eco-friendly and cost-effective nano-substance, 
which overcome instability of nanofluid due to sedimentation and aggregation. 
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The development and investment of non-conventional resources has focused on the reduction of petroleum 
dependence in chemical industries with the effort to decrease the greenhouse effect. The shale gas fracking 
technology has led to an increase in the supply of methane with the interest in the utilization of the C1 gas. The 
commercial materials produced from fossil fuels, including coal and petroleum, have a potential to be replaced 
by the C1 gas conversion process. It is necessary to develop new technologies for the utilization of C1 resources, 
such as the development of cleaner fuels and chemicals through efficient approach. The development of 
bioconversion technologies, in this regard, is especially required with the advantages in energy efficiency and 
environmental friendliness. In this presentation, the strategies for utilizing methanotroph bacteria with 
bioprocess development will be introduced, and the metabolic engineering approaches for high-value utilization 
of C1 compounds with novel pathway development and productivity enhancement also will be discussed. 
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The endoplasmic reticulum (ER) plays essential roles indispensable for cellular activity and survival, including 
functions such as protein synthesis, secretory and membrane protein folding, and Ca2+ release in cells. The ER 
is sensitive to stresses that can lead to the aggregation and accumulation of misfolded proteins, which eventually 
triggers cellular dysfunction; severe or prolonged ER stress eventually induces apoptosis. ER stress-induced 
apoptosis causes several devastating diseases such as atherosclerosis, neurodegenerative diseases, and diabetes. 
In addition, the production of biopharmaceuticals such as monoclonal antibodies requires the maintenance of 
normal ER functions to achieve and maintain the production of high-quality products in good quantities. 
Therefore, it is necessary to develop methods to efficiently relieve ER stress and protect cells from ER stress-
induced apoptosis. The silkworm storage protein 1 (SP1) has anti-apoptotic activities that inhibit the intrinsic 
mitochondrial apoptotic pathway. However, the role of SP1 in controlling ER stress and ER stress-induced 
apoptosis has not been investigated. In this paper, we demonstrate that SP1 can inhibit apoptosis induced by a 
well-known ER stress inducer, thapsigargin, by alleviating the decrease in cell viability and mitochondrial 
membrane potential. Interestingly, SP1 significantly blocked increases in CHOP and GRP78 expression as well 
as ER Ca2+ leakage into the cytosol following ER stress induction. This indicates that SP1 protects cells from 
ER stress induced apoptosis by functioning as an upstream inhibitor of apoptosis. Therefore, studying SP1 
function can offer new insights into protecting cells against ER stress-induced apoptosis for future applications 
in the biopharmaceutical and medicine industries. 
 
Keywords : Apoptosis, Endoplasmic reticulum stress, Silkworm, Storage protein 1 
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Adeno-associated viral (AAV) vector is advantageous that are composed of highly homogeneous particles as 
well as gene delivery functions for treatment of intractable diseases including various genetic and incurable 
diseases, and the most widely utilized vector nowadays due to its outstanding safety and efficacy. There are an 
aggressively increasing number of AAV-based clinical trials and moreover, commercially available therapeutic 
products were licensed by United States and Europe. However, delivery of naïve AAV vectors traditionally has 
some limitations, for example, rapid spreading which can cause the safety and efficiency issues for the clinical 
use and neutralization by immune system. In this study, strategies for enhancing the delivery efficiency and 
target specific tissues in vivo and ex vivo approaches were suggested. Those engineered AAVs incorporated 
with biomaterials or cells were able to target the specific tissues, evade the immune responses, induce certain 
patterns and enhance the transduction efficiency successfully. 
 
Keywords : Adeno-associated virus (AAV), gene therapy, AAV engineering 
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The cell-matrix interactions of myoblasts with their extracellular microenvironment have shown to play a 
crucial role in regulating their in vitro myogenic differentiation and in vivo skeletal muscle regeneration 
processes. Heparin and heparan sulfate mediated signaling modulates skeletal muscle homeostasis by 
maintaining a balance between proliferation and differentiation of muscle progenitor cells. In this study, we 
investigate the interaction between myogenic C2C12 cell and heparin by the mechanotransduction platform 
consist of gelatin (GelMA) and synthetic mimic of heparin, poly(sodium-4-styrenesulfonate) (GelMA-PSS). To 
study the relationship between cell-GelMA and cell-GelMA with heparin moieties (GelMA-PSS) interactions, in 
vitro models of single cells, monolayers and 3D tissue analogs under compression are being developed. 
Interestingly, our results demonstrated that the presence of heparin moieties could function as an inhibitor for 
fusion of mononucleated myoblast into multinucleated myotubes through increment of focal adhesion and the 
inhibition of mTor and WNT signaling pathways. Such a biomimetic matrix-based cues have shed light into the 
novel signaling pathways involved in fusion and maturation of myoblast during terminal differentiation. 
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Placenta supports the development of fetus during pregnancy by providing nutrition and removing waste 
products. As the pregnancy progresses, the fetus needs more nutriments and spiral artery in the placenta goes 
through remodeling process to meet this need. Trophoblasts from chorionic villi invade and remodel the spiral 
artery in a way that blood flow increases, hence increasing the nutrition and oxygen supply. Deficiency in the 
trophoblast invasion lead to insufficient spiral artery remodeling and it causes a variety of pregnancy diseases 
such as pre-eclampsia. Many factors are known to regulate the invasion of trophoblasts; however, its exact 
mechanisms need to be elucidated. 
In this research, we developed an oxygen regulated microfluidic system which mimics the trophoblast invasion 
process in placenta. We co-cultured human umbilical vessel endothelial cell (HUVEC) and trophoblast (HTR-8) 
to recapitulate extravascular invasion of trophoblasts. We focused on the oxygen related trophoblast invasion 
physiology by controlling oxygen concentration inside the device. The trophoblasts showed enhanced invasion 
ability towards HUVECs under hypoxic condition which is comparable to in vivo. We hope the developed 
microfluidic system to enhance t our understanding on trophoblast invasion mechanisms and develop a drug 
screening platform for pregnancy disorder medicine. 
 
Keywords : Microfluidics, Oxygen control, HUVEC, Trophoblasts, Coculture 
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The endocytosis mediated performances of two different types of peptide ligands, cancer cell membrane 
penetrating peptide (CMPP) and cancer cell receptor binding peptide(CRBP), were presented on surface of a 
carrier of peptide ligands-human ferritin heavy chain (hFTH) nanoparticle and analyzed. 24 copies of a 
CMPP(human immunodeficiency virus-derived peptide, TAT) and/or a CRBP (epidermal growth factor receptor 
I(EGFR) or peptide ligand with specific and strong affinity for either human integrin(αvβ3), that is 
overexpressed on various cancer cells) were genetically presented on the surface of each hFTH nanopariticle. 
The quantitative level of intracellular localization and endocytosis of fluorescence dye-labeled nanoparticles 
were estimated in the in vitro cultures of integrin- and EGFR-overexpressing cancer and human dermal 
fibroblast cells(control). From the cancer cell cultures incubated with the CMPP- and CRBP-presenting 
nanoparticles, it was notable that CRBPs resulted in quantitatively higher level of endocytosis than CMPP (TAT) 
and successfully transported the nanoparticles to the cytosol of cancer cells depending on treatment period of 
time and concentration whereas TAT-mediated endocytosis localized most of the nanoparticles within 
endosomal vesicles under the same conditions. These novel findings provide useful information to many 
researchers both in academia and in industry who are interested in developing anticancer drug delivery 
carriers/system. 
 
Keywords : cancer cell membrane-penetrating peptide, cancer cell receptor-binding peptide, cancer targeting, 
protein nanoparticle 
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Chinese hamster ovary (CHO) cells are mainly used for the production of various recombinant proteins. Lactate 
is accumulated during the cultures and inhibits the metabolism of CHO cells. This causes negative impacts on 
productivity and protein quality. In this study, we manipulated pH of the medium to control the glucose 
consumption rate of CHO cells and it can efficiently prevent the production of lactate. At once, we modulated 
the concentration of glutamine to shift lactate metabolism to lactate consumption. The pH of the medium was 
adjusted from 6.8 to 7.4 by using hydrogen chloride and sodium hydroxide. Simultaneously glutamine was 
added at the concentration of 1, 4, and 8 mM. As a result, cell growth was decreased but viability was improved 
at pH 6.8. Viability was decreased rapidly with high glutamine concentration. At pH 6.8, the rate of glucose 
consumption was lower than that of pH 7.4 and the production of lactate was reduced. Also, we identified that 
controlling the concentration of glutamine caused the consumption of lactate rapidly. Overall, controlling of pH 
and the concentration of glutamine in medium can change lactate metabolism in CHO cells. 
 
Keywords : Chinese hamster ovary, pH, glutamine, lactate, metabolic shift 
 
References   
1. J. Luo, N. Vijayasankaran, J. Autsen, F. Santuray, T. Hudson, and A. Amanullah, F. Li, Biotechnol. Bioeng. 
109, 146-156 (2012).  
2. F. Hartley, T. Walker, V. Chung, and K. Morten, Biotechnol. Bioeng. 115, 1890-1903 (2018). 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

123 

 

S717 Enhanced Osteogenic Differentiation of Mesenchymal Stem Cells Using Size-Controlled Graphene 
Oxide 
 
Sora PARK, Yun Ki KIM, Jyongsik JANG, Tai Hyun PARK 
School of Chemical and Biological Engineering, Institute of Chemical Process, Seoul National University, 1 
Gwanak-ro, Gwanak-gu, Seoul 08826, Republic of Korea. 
Corresponding Author Email : thpark@snu.ac.kr 
 
There is increasing interest in studying stem cell differentiation through cellular physical stimulation called 
mechanotransduction. Recently, graphene oxide (GO), major derivative of graphene, has been emerged as 
promising material which are suitable for stem cell differentiation. GO can interact with integrin, the 
transmembrane receptor protein, through electrostatic, hydrophobic interactions. However, GO used in previous 
stem cell research has used GO with an irregular morphological characteristics and such irregularity causes 
diverse cellular responses. In this study, we fabricated graphite mechanically with narrow size distribution by 
adjusting the ball-milling time. Then, size-controlled GO were chemically synthesized from ball-milled graphite 
through modified Hummer’s method. Dose-dependent cytotoxicity of the size-controlled GO on bone-marrow 
derived human mesenchymal stem cells (BM-hMSCs) was observed and the interaction between GO and BM-
hMSCs was analysed with TEM. Also, effect of GO with osteogenic differentiation of hMSCs were confirmed 
by immunostaining and qRT-PCR. We suggest that the size-controlled GO would be efficient candidate for 
enhancement of osteogenic differentiation of hMSCs. 
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Myocardial infarction (MI), one of the major cause of death worldwide, has resulted in the loss of cardiac 
muscle and left ventricular dysfunction. For restoring scarred cardiac tissue with limited self-regeneration 
capacity, exogenous stem cells should be efficiently delivered by various therapeutic strategies such as cell 
injection, cell patch, and cell sheet engineering. However, needle injecting stem cells would be invasive to 
thinned myocardium with low delivery efficacy due to blood circulation with high pressure of heart. In addition, 
therapeutic efficacy of attaching cell patch or sheet on the surface of myocardium would not be curative for 
inner endocardium because of epicardium thickness and scar. Thus, future therapeutic methods for MI aim the 
increasing cell retention after injection, which is directly related to efficacy improvement. In this work, we 
proposed a novel stem cell therapy for MI using injectable sticky mussel adhesive protein (MAP)-based 3-
dimensional (3D) stem cell carrier with water (blood or body fluid in vivo)-immiscibility. With high 
encapsulation efficiency and survival rate of encapsulated mesenchymal stem cells, the MAP-based cell carrier 
could be well-injected and evenly distributed throughout scarred myocardium in vivo. Its underwater 
adhesiveness and biocompatibility fostered the integration between grafted stem cell carrier and damaged tissue, 
resulting in high stem cell retention and maximized paracrine effects. Growth factors and cytokines released 
from stem cells encapsulated in MAP-based cell carrier induced angiogenesis in damaged myocardial tissue, 
prevented aggrevation of myocardial wall, induced contractive force recovery, and prevented remodeling and 
scar formation, determined by histological, immune-histochemical, and echocardiographic analysis. Collectively, 
novel stem cell therapeutic strategy using MAP-based cell carrier can be potentially applied for recovering 
infarcted cardiac tissue with injured structural and contractive functions.  
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With increasing concern in the severity of Particulate Matters, researches on the correlation between eye and 
PMs have been getting attention. However, the mechanisms by which PMs affect the eye diseases are not 
sufficiently elucidated. Most preceding researches are focused on diesel exhaust particles (DEP) which is known 
as main pollutants of PMs, but this does not reflect the characteristics of the area where actual PM is generated. 
Therefore, it is essential to use collected samples in a situation similar to the actual environment. ‘Collected road 
dust’ in this study was collected with road vacuum sweeper, sieved into PM2.5 using Deakti Impactor. [1] In this 
study, PM2.5 was exposed to THP-1 monocytic cells with or without human corneal epithelial cells. 
Inflammatory Cytokine responses were measured using ELISA and RT-qPCR. Expression of dsRNA receptors 
were confirmed by exposing PM2.5 with Poly(I:C). As a result, TNF-α, IL-1β, IL-8 and CCL2 are up-regulated, 
but CXCL10 and TRAIL are down-regulated. dsRNA receptor (RIG-1 and MDA-5) showed decreased 
expression compared to Arizona dust. This study was funded by the Korea Ministry of Environment (MOE), as 
the Environmental Health Action Program (2016001360005). 
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In recent years, supercritical fluid technology is one of the new technologies that have attracted to new interest 
in various industrial fields. Supercritical fluids “It can’t distinguish between liquid and gas at temperatures and 
pressures above the critical point” have unique properties of dissolution power and gas diffusibility equivalent to 
liquids. The physical properties of the material can be tuned to a desired state by changing the equilibrium 
properties of the fluid such as solubility and the transfer properties such as viscosity, diffusion coefficient, and 
thermal conductivity. Supercritical fluids include supercritical carbon dioxide (Sc-CO2) and supercritical alcohol 
as methanol, ethanol. Particularly, since carbon dioxide can maintain supercritical fluids state are latively low 
critical temperature (31.℃) and critical pressure (73.8 bar), and there is no fear of causing thermal denaturation 
to the applied material. Therefore, the carbon dioxide can be extracted, impregnated, dried, it is widely used. 
The extraction of useful components of natural materials using supercritical fluids can be selectively performed 
only by changes in temperature and pressure, and the use of toxic organic solvents can be minimized, so that 
they are recognized as eco-friendly technologies in the food industry. Supercritical fluid extraction technology 
has been widely used in food processing to produce caffeine-free coffee, edible oils from plant seeds. Recently, 
it has been applied to a functional raw material manufacturing process of a health functional food extract which 
extracts a useful ingredient in a natural product. In addition, supercritical fluid technology needs to change its 
perception as a potential element of sustainable future growth in the area of bioeconomy that brings benefits to 
human beings by improving product performance and service as biotechnology advances. 
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Abstract 
Batch experimental studies were carried out for the ultrasound-assisted extraction of paclitaxel from Taxus 
chinensis while varying parameters such as ultrasound power, extraction temperature and contact time. The 
extraction of the majority of the paclitaxel (~99%) was achieved from the biomass by a single extraction at 380 
W of ultrasound power for a period of 10 min. The kinetics data obtained for the paclitaxel extractions, and the 
dominant role played by intraparticle diffusion, were found to be in concordance with the pseudo-second-order 
model, and the intraparticle diffusion model respectively. The effective diffusion coefficient of paclitaxel 
(4.1882x10-13~5.7093x10-13 m2/s) and the mass transfer coefficient (4.7050x10-8~14.1160x10-8 m/s) increased 
when the extraction temperature and ultrasound power were raised.  
Acknowledgment 
This research was supported by the Basic Science Research Program through the National Research Foundation 
of Korea (NRF) funded by the Korean Ministry of Education, Science and Technology (Grant Number: 
2018R1D1A3A03000683). 
 
Keywords : Paclitaxel, Ultrasound-Assisted Extraction, Kinetics, Effective Diffusion Coefficient, Mass 
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Biomass and lipid production using marine microalgae promote renewable energy production such as biodiesel. 
Microalgae produce high amount of lipid under stress conditions. In this study, Phaeodactylum tricornutum, 
Pavlova pinguis and Emiliania huxleyi were cultivated using modified F/2 media in 1 L working volume of 2 L 
flask culture. Temperature was controlled at 20oC with 2.5 L/min of aeration. The nitrate concentration was 
varied as 80 mg/L 160 mg/L, 240 mg/L and 320 mg/L to find optimal nitrate concentration. Two-phase culture 
process combining a biomass production first phase followed by a lipid accumulation second phase resulted in 
the improvement of biomass and lipid productions in P. tricornutum, P. pinguis and E. huxleyi. 
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D-Galactose (D-Gal) and 3,6-Anhydro-L-Galactose (3,6-L-AHG) were effectively produced from red 
macroalgae Gelidium amansii using combined ionic liquid (IL) pretreatment and subsequent agarase enzyme 
cocktail hydrolysis. Several ILs were screened for the biomass pre-treatment as well as the anti-solvents for 
dissolved biomass retrieval from the IL. Among the tested ILs, [Bmim]Ac was the most effective solvent (99% 
dissolution) and methanol as anti-solvent (78% reconstituted G. amansii). Using simplex-centroid design, the 
optimal loading of three β-agarases: Aga2 from Cellulophaga omnivescoria W5C, AgaA7 from 
Pseudoalteromonashodoensis sp. nov and Aga50D from Saccharophagus degradans 2-40 for the first hydrolysis 
step was determined to be at equal fractions (0.33). Addition of α-neoagarobiose hydrolase AhgI from 
Cellulophaga omnivescoria W5C finally produced maximum yields of 56.5% for D-Gal and 33.7% for 3,6-L-
AHG. Given the industrial importance of D-Gal and the high market price of 3,6-L-AHG, results demonstrate 
the potential of combined IL pretreatment and enzymatic hydrolysis using recombinant agarases as a green 
process for sugar production from red macroalgae. This work was supported by the Basic Science Research 
Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (No. 
2018R1D1A1B07043993, No. 2018R1D1A1B07048107 and 22A20130012051(BK21Plus)) and by the 
Ministry of Science and ICT (2016R1C1B1013252).  
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Gracilaria verrucosa (Red sea string, 꼬시래기), a red seaweed, was fermented in order to produce bioethanol 
after thermal nitric acid (HNO3) hydrolysis pretreatment and enzymatic saccharification. The optimal conditions 
of 500 mM HNO3 and 12% (w/v) seaweed slurry at 121℃ for 60 min were determined using the Response 
Surface Method (RSM). The monosaccharide concentration of 35.1 g/L with 58.5% (w/w) theoretical yield from 
120 g/L of seaweed slurry after pretreatment. Enzymatic saccharification was carried out using Celluclast 1.5L, 
Cellic C-Tec2 and the mixture of Celluclast 1.5L and Cellic C-Tec2 with 16unit/mL. Ethanol fermentation was 
carried out using Saccharomyes cerevisiae KCCM 1129. Adaptive evolution of yeast effectively enhanced the 
uptake of sugar for ethanol production in yeast. 
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As the interest in the economic and environmental aspects increases, many studies have performed production 
of value-added products using biomass-derived sugars [1, 2]. Klebsiella oxytoca (K. oxytoca) is a promising 
bacteria for production of 2,3-Butanediol (2,3-BDO) due to a wide range of carbon sources [3]. However, K. 
oxytoca exhibits inefficient uptake of sugars defined as carbon catabolite repression (CCR) during cultivation 
including glucose and xylose. 
Here, insertion of xylE gene (encoding xylose symporter) and adaptive laboratory evolution (ALE) were 
proceeded to achieve efficient xylose utilization. ALE populations showed improved properties in cell growth, 
sugar consumption, and 2,3-BDO production. Based on the mutation identified through whole genome 
sequencing, the result of related cofactor analysis demonstrated that TCA cycle and electron transport chain 
system were enhanced by ALE. Finally, in cultivation by using a sunflower stalk hydrolysate, the adaptive 
evolved K. oxytoca showed faster sugar consumption rate compared to before ALE strain. 
These results indicated that engineered K. oxytoca has considerable potential to be a novel candidate for 
lignocellulose bioconversion to 2,3-BDO by applying to fermentation. Also, the identified mutations provide 
information about application to other strains for enhancement of sugar consumption. 
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Heavy metal concentration in marine environment is known to increase, which could make marine bacteria 
including vibrios become more heavy metal tolerant. Recent studies have reported that heavy metal tolerance 
and antimicrobial resistance are related in bacteria. In this study we investigated the link between heavy metal 
tolerance and antimicrobial resistance in Vibrio parahaemolyticus. First, we isolated 147 strains of vibrios from 
shellfish. Through toxR PCR, we selected 38 strains of V. parahaemolyticus. Using these 38 strains, tolerance to 
5 heavy metals and resistance to 16 antimicrobials were tested by minimum inhibitory concentration assay. 
From 38 strains, we selected 7 strains which showed resistance to Co and Cu. To confirm the heavy metal 
tolerance is linked to antimicrobial resistance, 7 strains were treated with heavy metal for 24 h followed by 
treatment with antimicrobial agents. After pretreatment with heavy metals, 7 strains showed increased resistance 
to kanamycin, streptomycin, tetracycline and gentamycin. Molecular studies including RT-qPCR are in progress 
to confirm the genetic relationship between heavy metal tolerance genes and antimicrobial resistance genes. 
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Nucleic acid extraction is the first and important pretreatment step of genetic analysis of various biosamples, 
which can even damage the whole analysis when improperly performed. The conventional nucleic acid 
extraction method and related products are well established.1-2 Nevertheless, the method is complex, involving 
10+ steps and requiring skilled personnel for stable and effective extraction output.3 To tackle this complexity, a 
number of lab-on-a-chip approaches have been reported. Such microfluidic devices simplified the setup and the 
protocols while demonstrating comparable performance to the existing procedure, but still required heavy 
apparatus including centrifuge, liquid injector, or AC power supply. 4-6 
In this work, a method to selectively extract negatively charged nucleic acids, such as DNA and RNA, in the 
biosamples simply by applying an electric field in between the sample and extraction buffer separated by 
nanofilter membrane is proposed. The nanofilter membrane is made by low stress SiN with a thickness of 100 
nm, and a multiple pore is perforated with pore size of 200 nm and pore density of 7.22x108/cm2. The 
electrophoretic transport of hsa-mir-93-5p across the membrane was confirmed in pure miRNA mimic solution 
using qRT-PCR. miRNA in human blood serum was also extracted with lower but comparable extraction 
efficiency compared to the commercially available columnar method. Finally, in order to check the applicability 
of this method to clinical samples, liquid biopsy process was demonstrated by evaluating the miRNA levels in 
sera of hepatocellular carcinoma patients and healthy controls. This simple and efficient system proposed a 
physical idea in isolation of DNA or RNA from biosamples, and demonstrated its compatibility to biological 
downstream applications such as qPCR as the conventional nucleic acid extraction protocols. 
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In order to mitigate the immune response driven by T cell epitopes within non-self proteins, we have developed 
a suite of powerful computationally-driven, structure-based protein design algorithms that globally optimize 
variants for simultaneous high function and low immunogenicity [1, 2]. This work describes our protein design 
methodology and presents experimental results from application to therapeutic candidates, demonstrating our 
ability to eliminate broadly distributed immunogenic epitopes while maintaining protein structure and function 
[3, 4]. In one such application, we have recently engineered epitope-depleted variants of lysostaphin, a highly 
potent but immunogenic anti-staphylococcal enzyme. In contrast to wild-type, our variants maintain low 
antibody titers and are able to repeatedly rescue humanized mice from challenges with methicillin resistant 
Staphylococcus aureus (MRSA) [5-7]. This work provides the first controlled demonstration that depletion of T 
cell epitopes from a biotherapeutic agent leads to a reduced antibody response and consequently enhanced 
efficacy in an immune competent disease model.  
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Antibotics, Therapeutics, Optimization 
 
References   
1. A. S. Parker, Y. Choi, K. E. Griswold and C. Bailey-Kellogg, J. Comput. Biol. 20(2), 152-165 (2013) 
2. Y. Choi, D. Verma, K. E. Griswold and C. Bailey-Kellogg, Methods in Mol. Biol. 1529, 375-398 (2016) 
3. R. S. Salvat, D. Verma, A. S. Parker, J. R. Kirsch, S. A. Brooks, C. Bailey-Kellogg, and K. E. Griswold, Porc. 
Natl. Acad. Sci. 114(26), E5085-E5093 (2017) 
4. R. Salvat, Y. Choi, A. Bishop, C. Bailey-Kellogg and K. E. Griswold, Biotechnol. Bioeng. 112(7), 1306-1318 
(2015) 
5. H. Zhao, D. Verma, W. Li, Y. Choi, C. Ndong, S. N. Fiering, C. Bailey-Kellogg and K. E. Griswold, Chem. 
Biol. 22(5), 629-639 (2015) 
6. K. Blazanovic, H. Zhao, Y. Choi, W. Li, R. S. Salvat, D. C. Osipovitch, J. Fields, L. Moise, B. L. Berwin, S. 
N. Fiering, C. Bailey-Kellogg and K. E. Griswold Mol. Ther. Methods Clin. Dev. 2, 15021 (2015) 
 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

135 

 

S732 Development of Biocatalysts for Synthesis of Phenyllactic Acid 
 
Hoe-Suk LEE1, Jisu PARK2, Wanseo LEE2, Young Joo YEON2 
1Program of Bioengineering, Seoul National University, Gwanak-gu, Seoul, 08826, Republic of Korea, 
2Department of Biochemical Engineering, Gangneung-Wonju National University, Gangneung-si, Gangwon-do, 
25457, Republic of Korea 
Corresponding Author Email : yjyeon@gwnu.ac.kr 
 
D-2-hydroxy acid dehydrogenases (D-2-HADHs), including D-lactate dehydrogenases (D-LDHs), are used to 
reduce various 2-oxo acids into valuable D-2-hydroxy acids, yet D-LDHs have presented lower activities toward 
2-oxo acids with bulky C3 functional groups than their natural substrate, pyruvate. Four putative 2-HADHs from 
lactic acid bacteria were screened for activity on phenylpyruvate (PPA), a substrate to 3-phenyllactic acid (PLA). 
The 2-HADH from P. claussenii was found to have the highest catalytic efficiency for PPA and preference over 
pyruvate. Sequential, structural and mutational analysis of the enzyme revealed that it belonged to the D-LDH 
family, and phenylalanine at the position 51 was the key residue for the PPA binding. The structural insight was 
also applied to engineer the D-LDH from P. acidilactici, which has a tyrosine at the position. The resulting P. 
acidilactici D-LDH Y51F mutant, as well as Y51L and Y51M, had over 138-fold increase in catalytic efficiency 
than the wild-type. Activities for other substrates such as 2-oxobutyrate and 3-methyl-2-oxobutyrate, were also 
increased in the Y51F mutant. 
 
Keywords : 2-hydroxy acid dehydrogenase, D-lactate dehydrogenase, phenyllactic acid, ubstrate specificity, 
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Protamine is nuclear protein which replaces histone late in the spermatogenesis in salmon, herring and human 
sperm. Protamine is believed to be essential for condensation of sperm head and DNA stabilization by binding 
to the phosphate backbone of DNA using the arginine-rich domain. By replacing histones, they condense the 
DNA and reduce the head size of sperm increasing the sperm hydrodynamics, reducing the incidence of DNA 
damage and eliminating the epigenetic markers. 
We made complex coacervate that refers to a phase-separated fluid by mixing positively charged-protamine 
with negatively charged-hyaluronic acid. We performed the systematic study of protamine and hyaluronic acid 
complex coacervation by changing the ion strengths, concentration and temperature. Furthermore, we measured 
the diffusivity of water within the coacervate phase by pulsed field gradient (PFG) -NMR and rotational 
mobility of protamine by continuous wave (cw) electron paramagnetic resonance (EPR). 
We elucidated that protamine, arginine-rich protein, interacts strongly with negatively charged- hyaluronic acid. 
Therefore, the complex coacervate phase is dense and the diffusivity of water and mobility of protamine is 
highly restricted. In addition, we validated that the denser complex coacervate phase is viscous but has lower 
interfacial tension. These characteristics would be related to their biological functions by interacting with DNA 
during spermatogenesis. 
 
Keywords : complex coacervate, Arginine rich domain, LLPS, protein droplet 
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A short peptide scaffold that could bind to a target protein with high affinity and thus can replace the bulky, 
original protein ligand can be designed and selected by in silico selection process. In this study, we designed a 
truncated single-chain peptide scaffold from Fc of IgG that can bind to Z-domain of Protein. For the IgG Fc 
region, three key fragments (or, ‘hotspots’) for the Z-domain binding were identified from Fc and B domain 
binding complex [1]: Fragment 1; KPKDTLMISRTPE, Fragment 2; VLHQNWLDGK, and Fragment 3; 
EALHNHYTQ. The distances between each fragment were estimated and suitable peptide linkers to be inserted 
for a single-chain scaffold were designed. The structure of the single-chain scaffold was predicted and its 
binding complex with Z-domain was simulated by using MD simulation S/W (Modeller and Gromacs). The 
bindings between each fragment and Z-domain were compared for the most suitable peptide scaffold. RMSD 
(Root Mean Square Deviation) was used to compare the structural change in the binding complex. The optimal 
scaffold sequence was selected: “KPKDTLMISRTPE-GGPGG-VLHQNWLDGK-GPGGG-EALHNHYTQ”. 
The single-chain scaffold will be expressed and purified from E. coli. The selected scaffold will be analyzed for 
its binding affinity to Z-domain by SPR. The Z-domain binding peptide scaffold will be linked with the HER2-
binding homodimer peptide prepared in our previous study [2] for a single-chain artificial antibody scaffold that 
can mimic the intact antibody. It is expected to be used for various applications such as tumor targeting for 
cancer diagnosis and antibody-drug conjugates for oncology therapeutics [3]. 
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Toward point-of-care diagnostics, an isothermal amplification has been an excellent technique enabling the 
simple and rapid detection of target genes in analytes. However, its use is highly limited in a quantitative 
analysis because the precise control of the reaction is extremely difficult. In this work, we demonstrate the 
development of novel molecular switches capable of fully controlling the isothermal amplification. Based on the 
presence of lead ions, our nucleic acid-based switches turn ON/OFF the activity of DNA polymerases either 
reversibly or irreversibly. Our molecular design is modular; we create two different smart regulators wherein a 
polymerase inhibition module (TQ30 aptamer) is fused with 1) a reversible action module (PS2.M aptamer) and 
2) an irreversible reaction module (GR5 DNAzyme), respectively. Even lower than 1 μM lead ions cannot only 
trigger TQ30/PS2.M to undergo a permanent cleavage but also induces reversible structure-switching of 
TQ30/GR5. Quantities of amplification are 15,000 times different before and after the addition of lead ions. Our 
on-demand switches of polymerase hold the potential of novel quantitative isothermal amplification technology. 
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Chiral amines in enantiopure forms are important materials for pharmaceutical drugs. ω-Transaminase (ω-TA) 
receives a great attention as a tool to prepare chiral amines because of its unique catalytic capacity to carry out 
asymmetric amination of ketones. In this study, we aimed to develop a quantitative mutational analysis (i.e., R-
analysis) that enables prediction of combinatorial mutation outcomes and thereby provides reliable guidance of 
enzyme engineering through combination of already characterized mutations. To this end, we determined three 
mutatable active-site residues of ω-TA from Ochrobactrum anthropi (i.e., L57, W58 and V154) by examining 
activities of nine alanine-scanning mutants for seven substrate pairs. The R-analysis of the mutatable residues is 
based on assessment of changes in relative activities for a series of structurally analogous substrates. Using three 
sets of substrates (five a-keto acids, six arylalkylamines and three arylalkyl ketones), we found that combination 
of two point mutations display additive effects of each mutational outcome such as steric relaxation for bulky 
substrates or catalytic enhancement for amination of ketones. Consistent with the R-analysis-based prediction, 
the w-TA variant harboring triple alanine mutations, i.e. L57A, W58A and V154A, showed dramatic activity 
improvements for bulky substrates. 
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Silica nanoparticles have attracted great attention for biomedical applications, because of the merits of nano-
sized form, biocompatibility, easy surface functionalization. Nanoparticles with hierarchical surface have 
advantages in biomedical applications, including large surface area, long circulation time in blood, and high 
binding efficiency to cancer cell, compared to flat ones for biomedical applications. However, previous methods 
have some difficulties in synthesis due to the use of harsh conditions and complex processes, and the need of 
complicated re-filling steps for encapsulation of bioactive molecules. In this study, we have developed silica 
nanoparticles with hierarchical surface through two bioinspired strategies, controlled silica mineralization of 
diatom and hierarchical structure of human papillomavirus (HPV) 16. A new fused protein, HPV16 L1-R5, was 
designed and produced in Escherichia coli by genetically fusing HPV 16 L1 protein with silica-forming R5 
peptide. HPV16 L1-R5 proteins self-assembled into virus-like particles (VLPs) identical with native HPV 16. 
Monodisperse silica nanoparticles with a size of 60-100 nm and hierarchical surface were developed through 
controlled silica mineralization process of diatom on HPV16 L1-R5 VLPs. We anticipate that our novel silica 
nanoparticles could be used as effective nanocarrier for successful biomedical applications. 
 
Keywords : silica nanoparticle, Virus-like particle, Biosilicification 
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ω-Transaminase. 
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Biocatalytic deracemization using enantiocomplementary ω-transaminases (ω-TAs) has been developed by 
thermodynamic and kinetic control of reaction pathways in the presence of pyruvate and isopropylamine as 
cosubstrates. Kinetic and thermodynamic control, which were achieved by engineered orthogonality in substrate 
specificities and selective removal of a coproduct (i.e, acetone), respectively, afforded one-pot deracemization 
of various chiral amines with >99% ee of S-amine products in vitro condition. The in vitro cascade reaction 
could be successfully implemented in a live microbe using glucose or L-threonine as a cheap amino acceptor 
precursor, demonstrating a synthetic metabolic pathway enabling deracemization of chiral amines which has 
never been observed in living organisms. 
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We developed a 3D mixing-assisted microfluidic device with a modified external mixing type nozzle for 
studying biochemical intermediate structures. The device features high mixing efficiency and narrow spray 
angle under our optimized physical parameters. We have optimized the number of 3D junctions, size of droplets, 
and spray angle against varying flow rates and applied gas pressures. Mixing efficiencies of 3D mixing 
geometry visualized by fluorescent dyes were quantified using CLSM. The optimized number of the 3D 
junction was analyzed to be seven to achieve the mixing efficiency of above 90% and the 90%-mixing time was 
calculated to be 3.4 milliseconds at the flow rate of 20 ml/hr. We further studied the spray angle with variation 
of applied gas pressure. The spray angle decreased down to 14 ° at 2.5 bar and averaged size of landed droplets 
are analyzed to be around 10 μm. Structure of apoferritin was analyzed to confirm the resolution of our 
sampling method in the cryo-EM. It reaches down to 3.4 Å atomic resolution. For demonstration, we applied a 
biochemical model reaction of CSN-CRL deneddylation reaction. In comparison to conventional hand-pipetting, 
we achieved the 84% CSN-CRL complex particles with its intermediate form with our time-resolved 
microfluidic device. 
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Metabolite-responsive genetic regulators can accelerate metabolic engineering by providing high-throughput 
screening devices and dynamic regulation tools. RNA-based regulators have several advantages including small 
size and fast response compared to the protein-based regulators. The RNA regulators should be optimized 
before implemented in applications to satisfy quantitative specifications described by dose-response curves. 
However, current methods for the optimization require a considerable amount of knowledge about an RNA 
regulator such as its structure and mechanism. To overcome this limitation, we present alternative approaches 
that are less dependent on detailed information. Rational approaches were devised to modify the dose-response 
curves of L-tryptophan-responsive RNA regulators. In the meantime, an evolutionary approach was designed to 
create RNA regulators for caprolactam and naringenin which have distinct dose-response curves. These 
strategies could simplify the optimization process of RNA-based regulators to fulfill the requirements of various 
applications. 
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Flavonoids are one of the most numerous and structurally diverse natural products present in the plant kingdom. 
They are known to have multi-beneficial medicinal and chemo-preventive activities in human health. Sulfated 
flavonoids have more favorable attributes compared to their parent compounds such as increased solubility, 
stability and bioavailability. In this research, we developed a microbial system to produce sulfated naringenin 
using Escherichia coli expressing a sulfotransferase from Arabidopsis thaliana (At2g03770). This wild-type 
strain was used as a model system for testing clustered regularly interspaced short palindromic repeats (CRISPR) 
interference (CRISPRi) metabolic engineering strategies. Using synthetic sgRNA to mediate transcriptional 
repression of cysH, a gene encoding 3´-phosphoadenosine-5´-phosphosulfate (PAPS) sulfotransferase, which is 
involved in sulfur metabolism, resulted in an increase in intracellular PAPS accumulation by over 3.28-fold 
without impairing cell growth. Moreover, naringenin 7-sulfate production by engineering E. coli with its cysH 
gene repressed in the open reading frame through CRISPRi was enhanced by 2.83-fold in compared with the 
wild-type control. To improve the efficiency of biotransformation, the concentration of SO4

2-, glucose, and 
substrate were optimized. The bioproductivity of naringenin 7-sulfate was 135.49 µM [~143.1 mg (47.7 mg L-1)] 
in a 3-L fermenter at 36 h. These results demonstrated that the CRISPRi system was successfully applied for the 
first time in E. coli to develop an efficient microbial strain for production of a sulfated flavonoid. In addition, 
antibacterial and anticancer activities of naringenin 7-sulfate were investigated and found to be higher than the 
parent compound. 
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Bioethanol production was carried out with 12% (w/v) Gracilaria verrucosa as a source of biomass. Optimal 
hyper thermal acid hydrolysis was determined with 0.2 M H2SO4 and 130°C for 15 min. After hyper thermal 
acid hydrolysis, enzymatic saccharification was carried out and CTec2 showed the highest hydrolysis efficiency 
of G. verrucosa hydrolysate among various enzymes. A total monosaccharide concentration of 54.2 g/L was 
obtained after hyper thermal acid hydrolysis and enzymatic saccharification. Ethanol production was carried via 
separate hydrolysis and fermentation (SHF) using engineered Saccharomyces cerevisiae through the deletion of 
GLK1 and MIG1 by CRISPR Cas-9 system.  
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D-Xylonate accumulation has been a perennial problem in engineered Escherichia coli utilizing xylose oxidative 
pathway which comprises both Weimberg and Dahms pathway for the production of wide range of 
economically relevant compounds. The accumulation of the toxic intermediate, D-xylonate, decreases the pH of 
the medium which significantly affect the cell growth and optimum functions of the enzymes involved in the 
cascade pathway leading to low productivity, titer and yield of the final product. In such cases, it may prove 
advantageous to turn-off or down-regulate the expression of xylose dehydrogenase, an enzyme that catalyzes the 
formation of D-xylonate from D-xylose, when the xylonate concentration in the medium is at a critical level to 
allow delivery of intermediate at the appropriate levels and rates resulting in the optimization of engineered 
pathway for highest productivity and maximum cell growth. In this study, yjhI promoter was found responsive 
to D-xylonate and was subsequently utilized to develop a genetic circuit for the regulation of xylonate 
accumulation. The integration of the genetic circuit into the xylose oxidative pathway enabled the successful 
regulation of xylonate accumulation leading to improved cell growth as well as increased 1, 2, 4-butanetriol 
production. To date this is the first application of biosensor in regulating xylonate accumulation which opens an 
avenue for the improvement of other microbial cell factories utilizing xylose oxidative pathway. This work was 
supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Education (No. 2018R1D1A1B07043993, No. 2018R1D1A1B07048107 and 
22A20130012051(BK21Plus)). 
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Mevalonate, a raw material for cosmetics and bioplastic, is a major precursor of terpenoid, a large and diverse 
class of organic compounds can be utilized in a wide range of industries. Microbial production of terpenoids has 
not reached the level of high-titer production due to the toxicity of terpenoids and the difficulty of inducing 
carbon flux to the main precursor, acetyl-CoA. In this study, to overcome these hurdles for microbial production 
of terpenoids, new strain and substrate for mevalonate production has been proposed. First, Pseudomonas putida 
was adopted as a new strain for mevalonate production. It is known that P. putida, gram negative soil bacteria, is 
a biodegradable bacterium capable of metabolizing organic solvents such as toluene naturally and is more 
resistant to organic solvents than other bacteria. Therefore, P. putida is expected to be highly resistant to 
terpenoids, a kind of organic solvents, as compared to conventional terpenoid producing strains such as 
Escherichia coli and Saccharomyces cerevisiae and a simple toxicity test to limonene, a highly toxic chemical 
among terpenoids, has been performed to verify this hypothesis. Second, ethanol was adopted as a new substrate 
for mevalonate production. Ethanol, a highly reduced C2 alcohol, can be metabolized by directly conversion to 
acetyl-CoA, a major precursor of mevalonate providing reductive power for mevalonate synthesis sufficiently. 
Finally, the process of bioconversion of ethanol to mevalonate using P. putida as a biocatalyst has been 
established with several genetic modification and higher titer of mevalonate produced in this study. 
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Evolutionary metabolic engineering has great progress for improving the metabolite-producing strain. In this 
case, it is important to develop an efficient screening method because of the low probability of incidence of 
positive mutants in a library or selection medium. Therefore, in this study, a synthetic selection device using a 
transcription regulator was constructed and optimized for the efficient accomplishment of the evolutionary 
metabolic engineering. The developed synthetic selection device can be applied to optimize metabolic pathway 
in Escherichia coli. As the target metabolic pathway, the production pathway of 3-hydroxypropionic acid (3-HP), 
one of the important platform chemicals, has been adopted. The preliminary results indicate the successful 
applications to the 3-HP production pathway, especially for enzyme engineering and adaptive evolution. 
Collectively, the development of high-throughput screening devices should be an essential goal in the successful 
implementation of evolutionary metabolic engineering. Therefore, the strategy used in this study could expedite 
the strain improvement in the field of metabolic engineering by developing a high-throughput screening method. 
 
Keywords : Evolutionary metabolic engineering, Synthetic biology, Selection, High-throughput screening, 3-
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Acrylic acid (AA) is an important industrial chemical, which is widely used as superabsorbent polymers and 
acrylate esters. Here, we report the development of a new biosynthetic pathway for the production of AA from 
glucose in metabolically engineered Escherichia coli through the β-alanine (BA) route. We partitioned the AA 
production pathway into two modules: an AA forming downstream pathway and a BA forming upstream 
pathway. First, the proposed downstream pathway operation was validated both in vitro and in vivo. Through the 
enzyme screening, the combination of β-alanine CoA transferase (Act) and β-alanyl-CoA:ammonia lyase (Acl2) 
from Clostridium propionicum and CoA thioesterase (YciA) from E. coli was selected to generate AA from BA. 
After the optimization of expression level, the final constructed downstream pathway was introduced into BA 
producing E. coli strain for the direct fermentative production of AA. The strain expressing upstream pathway 
genes constitutively led to the production of 13.1 mg/L of AA from flask cultivation. Fed-batch culture of this 
strain allowed production of 174.5 mg/L of AA, however, byproducts such as BA and acetic acid were 
accumulated. To prevent accumulation of byproducts, native acs promoter was replaced with BBa_J23100 
promoter, resulting in an increase in AA titer up to 55.7 mg/L in flask culture with decreased byproducts. Fed-
batch cultures of the final engineered strain allowed production of 237.1 mg/L of AA from glucose, representing 
the highest AA production performance reported to date. 
[This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT (MSIT) through the National 
Research Foundation (NRF) of Korea (Grant Nos. NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)] 
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NAD(P)H dependent xylose reductase (XR) - encoded by the yeast KmXYL1 gene - is the key enzyme which 
facilitates reduction of xylose to xylitol. Multi-copy integration of a mutant KmXYL1 (mKmXYL1) gene was 
carried out using thermotolerant yeast Kluyveromyces marxianus KCTC17555ΔURA3, in order to enhance 
xylitol production. The engineered strain (K. marxianus 17555-JBP2) exhibited 440% higher xylitol production 
than the parental strain at 30°C. Due to a multi-copy integration of the mKmXYL1 gene, various additional 
differences between K. marxianus 17555-JBP2 and the parental strain were observed, including a 66% increase 
in NAD(P)H dependent XR activity at high temperature (45°C). Quantitative real-time PCR and transcriptome 
analysis demonstrated that, relative to the parent strain, K. marxianus 17555-JBP2 exhibited a 3.00-fold higher 
mKmXYL1 gene copy number and a 9.63-fold elevation in transcription of NAD(P)H dependent XR. After 
optimization of bioreactor fermentation conditions (agitation speed), high-temperature (40°C) xylitol 
productivity of K. marxianus 17555-JBP2 exhibited an 81% improvement relative to the parental strain. 
 
Keywords : NAD(P)H dependent xylose reductase (XR), Kluyveromyces marxianus, Termotolerant yeast, 
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Transdermal drug delivery systems have been developed as an attractive alternative to conventional delivery 
routes. Among pharmaceutical biomacromolecules, siRNAs are more stable when delivered through the skin. 
Ovalbumin, a representative adjuvant, causes a more efficient immune response in the skin due to the numerous 
immune cells in the skin. However, the outermost layer of the skin, the stratum corneum, forms a tightly packed 
lipid matrix structure, which acts as a primary barrier to the delivery of biomacromolecules. Herein, synergistic 
effects of microneedles (MNs) and low-frequency ultrasound (U) were combined and applied to enhance the 
skin penetration of siRNA and ovalbumin. The synergistic transdermal delivery showed that siRNA and 
ovalbumin penetration was about 7-fold and 15-fold higher than that of each negative control, and histological 
analysis showed minimal invasion. Therefore, this technique is expected to provide a promising technology for 
transdermal drug delivery systems, since the synergistic transdermal delivery enhanced the penetration of 
biomacromolecules into the skin. 
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Hemostatic treatment is essential in the case of bleeding injury or surgical operation to increase survival rate and 
promote recovery of patient. Topical hemostatic agents are conveniently used as clinical tools with additional 
effects of preventing tissue damage and blood infections. For excessive hemorrhage, however, only few 
commercial products are still be able to contact with the site of bleeding and provide sufficient hemostatic 
functions. Herein, we developed a novel hemostatic-adhesive hydrogel patch made from marine life-derived 
bioengineered structural proteins with proper biocompatibility and biodegradability. Mussel adhesive protein 
(MAP), originated from the byssus of mussel, has strong adhesiveness which can bind hemocytes or plasma 
proteins on the surface of the patch. Aneroin, a silk-like protein derived from nematocyst of starlet sea anemone, 
imparts the mechanical strength and shape retention of the patch. The two proteins were blended and crosslinked 
with their tyrosine residues by light-activated reaction, and then freeze-dried as lyophilized hydrogel patch form. 
The mixing ratio of the proteins was adjusted considering porosity, physical strength, and biodegradation rate of 
the patch. From in vitro experiments using whole blood, we found superior tissue adhesion, platelet activation, 
and blood coagulation ability of the patch. In vivo tests demonstrated superior hemostatic ability of the patch, 
which also showed minimal toxicity and inflammation after application. Based on these results, we successfully 
verified the development of biocompatible and biodegradable protein hydrogel patch as accomplished topical 
hemostatic-adhesive agent, which can be left in the body after surgery. 
 
Keywords : hemostatic-adhesive, hydrogel patch, recombinant protein, Mussel Adhesive Protein (MAP, sea 
anemone silk-like protein (aneroin) 
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Heparin, a sulfated glycosaminoglycan, is a complex polysaccharide with a variety of structural characteristics 
derived from the arrangement of individual disaccharide units within the oligosaccharide. The high diversity of 
heparin allows this molecule to interact with multiple proteins involved in diverse biological processes. In this 
study, engineering strategies for the application of functionalized heparin in versatile adeno-associated virus 
(AAV)-mediated gene therapy were investigated. In viral delivery mechanisms, docking of viral vectors to 
target cells requires a specific interaction between the viral capsid and cellular receptors. Specifically, 
transduction of cells with an AAV variant, AAVr3.45, is mediated by the physical binding of AAVr3.45 to the 
heparan sulfate proteoglycan (HSPG) which is widely distributed on cell surfaces and in the extracelluar matrix 
of all mammalian tissues. Because of its structural similarity to heparan sulfate, heparin has been regarded as a 
typical inhibitor of AAV-mediated gene delivery which uses HSPG as one of the major cellular transduction 
routes. However, we found the transition ratio of heparin mixtures formulations that can increase transduction 
efficiencies of AAVr3.45. In addition, catechol was conjugated to heparin for the fabrication of multiple AAV 
delivery platforms which can respond to the several environmental factors to improve the viral gene-mediated 
therapeutic efficacy. 
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The amniotic membrane (AM) which is the innermost membrane of the placenta, does not possess 
histocompatibility antigens, and hence does not cause any rejection. The AM also acts as the basement 
membrane, providing support for appropriate epithelialization, and suppresses various proteases to prevent 
inflammation and decrease the tissue loss. However, because of the excessively thin thickness of the AM and 
low physical properties, there were many difficulties in application in amniotic membrane transplantation 
(AMT). The existing method is a suture method. However, this method does not fix the amniotic membrane 
evenly and causes additional scars during suturing and the operation time is long. In order to overcome these 
shortcomings, we applied mussel adhesive proteins (MAPs) for AMT. Mussel adhesive proteins (MAPs) 
derived from mussel have been focused on biomedical engineering field by their underwater adhesiveness and 
biocompatibility. Herein, we applied a light-activated, mussel protein-based bioadhesive (LAMBA) inspired by 
mussel adhesion and insect dityrosine crosslinking chemistry. LAMBA has good advantages for AMT because 
it has fast hydro-gelation, strong bulk adhesion and good biocompatibility. In this research, we applied LAMBA 
to AMT for conjunctival regeneration. LAMBA showed strong adhesion between sclera and amniotic 
membrane and the transparency of AM maximized the advantages of light-activated hydrogel. Also in 
histological data, LAMBA showed low level of inflammation and fibrosis.  
 
Keywords : Mussel adhesive protein, Amniotic Membrane, Dityrosine Crosslinks, Conjunctival regeneration 
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Cross-linked hydrogel networks, imbibing a large volume of water and maintaining three-dimensional structure, 
have been widely investigated for various biomedical applications such as drug delivery and tissue engineering. 
Chitosan/gelatin hydrogels have highly attractive based on their superior mechanical and biological properties, 
easy handling and low cost. In our previous studies, we successfully demonstrated that tyrosinase-CNK as an 
acid-tolerant tyrosinase could efficiently catalyze permanent crosslinking between chitosan and gelatin at 
physiological temperature. Here, we present the preparation and characterization of an enzymatically 
crosslinked in situ injectable chitosan/gelatin/nano-hydroxyapatite hydrogel using mTyr-CNK as a matured 
form of tyrosinase-CNK. The obtained hydrogels showed an excellent water absorbing capacity, interconnected 
micropores with a high average pore size, enhanced mechanical properties, in vitro biodegradability, and 
biocompatibility suitable for tissue engineering and drug delivery applications. Therefore, we expect that the 
tyrosinase-mediated chitosan/gelatin/nano-hydroxyapatite hydrogels are promising and have great potential for 
use as three-dimensional cell culture scaffolds in cartilage and in bone tissue engineering. 
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Demineralized bone matrix (DBM) is useful material for bone repair, because of its osteoconductive and 
osteoinductive properties. Though the demand for DBM as biomaterial is increasing, utilization of DBM has 
limitation due to a limited supply of human bone and distribution of therapeutic outcome as donor’s age and 
state. To solve the problem, we focused on the ECM produced by the cell line. Cell line-derived ECM can be 
easily decellularized, sterilized and produced in a controlled environment. In this work, we analyzed the effect 
of the ECM on osteogenesis of human mesenchymal stem cells (hMSCs) in vitro and bone generation on mouse 
calvaria defect. Mouse preosteoblast cell line, MC3T3-E1 was cultured for 2 weeks to form thick ECM layer. 
And then, decellularization was conducted by a simple procedure using Trypsin-EDTA and Triton X-100. The 
ECM was hydrolyzed by pepsin and incorporated into PEG-based porous scaffold by radical polymerization. 
Effect of the ECM on the osteogenesis was analyzed through in vitro and in vivo experiments for 8 weeks. We 
suggest that utilizing cell line-derived ECM can be an efficient tool in tissue engineering. 
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Protein nanoparticles (PNPs) (e.g. viral capsids) are known as carriers of drug agnets have shown distinctive 
advantages over synthetic nanomaterials. However, PNPs have an critical drawback that hampers their clinical 
application, i.e. potential immunogenicity. Here we report a novel method for solving the immunogenicity 
problem of PNPs, that is based on the genetic presentation of albumin-binding peptides (ABPs) on the surface of 
PNP. We genetically inserted ABPs in the viral capsid (hepatitis B virus capsid/HBVC) surface of a with 
preserving native self-assembly function of HBVC. The ABPs gathered human serum albumins around HBVC 
effectively and reduced both inflammatory response and immunoglobulin titer in live mice compared to ABP-
free HBVC significantly. Furthermore, ABP-conjugated HBVCs remained in tumors for a longer period than 
HBVCs conjugated to tumor cell receptor-binding peptides. It indicates that the ABPs are also capable of 
enhancing tumor-targeting performance. This approach may provide a general platform for resolving 
immunogenicity and cancer-targeting problems of PNPs. 
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Immunoassays are a useful technology for early detection of diseases due to the high specificity and the affinity 
of antibodies for target antigens. Paper-based immunoassays, such as a pregnancy test kit and an influenza 
diagnostic kit, have been widely used. In paper-based immunoassay, antibodies have been immobilized on 
nitrocellulose by physical adsorption. However, the immobilization method reduces an antibody activity (that is, 
antigen binding activity) due to random orientation. Effective and oriented immobilization of antibodies remains 
a major challenge for improving the performance of paper-based immunoassays. In this study, we have 
developed engineered carbohydrate-binding protein with antibody-immobilizing ability by genetically fusing a 
carbohydrate-binding protein that has affinity to a cellulose with an antibody-binding domain that has binding 
affinity to the Fc site of the antibody. From binding affinity of proteins on cellulose, engineered carbohydrate-
binding protein showed high cellulose-binding ability. Quartz crystal microbalance (QCM) analysis showed 
engineered carbohydrate-binding protein showed excellent antibody-immobilizing ability (32.6%). Thus, we 
expect that the engineered carbohydrate-binding protein could be used as a valuable linker material for 
development of enhanced paper-based immunoassays. 
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Alginate is known to have a variety of biological functions including antioxidant (anti-aging), anti-allergic, anti-
tumor, anti-cancer and anti-inflammatory effects. In this study, the biological function of AOs prepared by 
enzymatic treatment of alginate was studied. First, the effects of AOs on the synthesis and degradation fo type I 
collagen and type III collagen, the representative components of human skin, were investigated. As a result, 
small molecule AOs promotes synthesis by inhibiting collagen degradation, inhibiting the synthesis of MMP-1 
and increasing the synthesis of TIMP-1. Second, the expression of inflammatory mediators was measured and 
evaluated in LPS-induced macrophages to investigate the anti-inflammatory activity of AOs. As a result, the 
inflammatory mediators induced by LPS showed that the more decomposed AOs, iNOS, TNF-a, and IL-6. In 
summary, these results suggest that AOs can prevent skin aging, as well as suggest that AOs may be applied as 
potent inhibitors of inflammation. This work was carried out with the support of "Cooperative Research 
Program for agriculture Science & Technology Development (Project No: PJ01267701)" Rural Development 
Administration, Republic of Korea.  
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Bacillus spores have ability to resistant to the harsh external environment, such like, high temperature, UV 
irradiation and toxic chemicals, and allow to germinate and grow as vegetative cells in an appropriate 
environment. Therefore, the detection of spores is necessary in food safety. The polymerase chain reaction 
(PCR), immunoassays and Quantum dot fluorescence assay methods have been reported in previous spore 
detection studies. But the sophisticated equipment has become a limitation for the field detection.The 
Polydiacetylene (PDA), a popular material in colorimetric biosensor studies, has a unique blue–red colorimetric 
transition property in response to the external stress like pH, temperature, mechanical or chemical stress. 
Furthermore, the PDA can realize a target-specific detection by binding sensing probes to the pendant side 
chains.In this study, we employed the Bacillus thuringiensis spore specifically recognized aptamer-as a sensing 
probe and conjugated the aptamer with PDA. To achieve the possibility of transport of the sensor and increase 
the sensitivity, we immobilized the aptamer-PDA complex on the polyvinylidene fluoride (PVDF) paper strip by 
simple solvent evaporation method.In our final experimental results, the color change of paper strip is occurred 
in 1 hour and the detection limitation of Bacillus thuringiensis spore concentration is as low as 3x107 CFU/ml. 
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Detection range is a key concern in developing high-performance biosensors because target molecules such as 
hormones and viruses show a wide concentration range in our bodies [1, 2]. However, typical sensors employ 
single-site binding physics to detect targets, so that their detection ranges should be inevitably narrow and even 
difficult to be changed [3, 4]. Faced with this issue, we report a novel DNA nanostructure in which two different 
sensing mechanisms are synergistically combined to detect a specific target over an extremely wide 
concentration range. Our modular structure to detect ATP small molecules includes two individual modules: 1) 
a physical aptamer module that electrostatically binds to the target at a low concentration (1~100 μM) and 2) a 
catalytic DNAzyme module that performs the chemical reaction triggered by the cofactor target at a high 
concentration (1~10 mM). Moreover, two different regulators (cDNAs and Tris molecules) enable fine-tuning of 
detection range as well. As a result, our DNA assembly controlled by two regulators successfully achieves an 
exceptionally broad ATP detection range from 1 μM to 700 mM, i.e., five orders of magnitude in detection. 
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The analysis of nucleic acids plays an important role to monitor biological condition. Though conventional 
available methods are useful to quantify nucleic acids, there are still limitations to be developed more rapid and 
simple method to detect specific nucleic acids. In this presentation, target molecule detection strategy is 
developed with a proximity proteolysis reaction in which the reaction between protease and engineered 
zymogen is enhanced in the presence of a target molecule. To apply the reaction to nucleic acids detection, 
protease and zymogen were site-specifically modified with single-stranded oligonucleotides and colorimetric 
signal was generated when target nucleic acids and conjugates form triplex. The developed assay can detect the 
pico-molar range of target DNA and RNA in less than one hour and distinguish single-base difference. The 
assay method was resistant to interference by biological matrixes, and its sensitivity could be improved by 
combining with an isothermal nucleic acid amplification method. The results demonstrated the feasibility of this 
proximity proteolysis reaction as a new platform technology for detecting specific nucleic acid sequences. 
 
Keywords : nucleic acids detection, colorimetric assay, zymogen, protease, Protein-DNA conjugate 
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S764 Affinity Peptide-decorated Biosensor for Detection of Dengue Fever Biomarker NS1 
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Dengue virus non-structural protein 1 (DENV NS1) is known as specific and sensitive protein biomarker for 
dengue fever diagnosis.In a previous study, we isolated specific peptide sequence for DENV2 NS1 using phage-
display technique. After selection of affinity peptide, we tested binding affinity of peptide-displayed phage 
particles. 
In this study, a series of synthetic peptides (DGV BP1 ~ DGV BP5) was chemically synthetized and 
immobilized synthetic peptides onto a gold sensor layer. After that, electrochemical technique (SWV) was used 
to monitor binding events and performance of synthetic peptides sensor. Among DGV BP1 ~ DGV BP5, we 
selected one synthetic peptides, DGV BP1. Furthermore, binding affinity of selected peptide was compared with 
DENV 1 to 4 NS1 and supernatant of DENV culture broth (from type 1 to type 4). Further detailed some of 
detection results (selection and characterization) will be presenting in this talk.  

 
Keywords : Dengue virus, Non-structural protein 1, Biosensor, Peptides, Electrochemical analysis 
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S765 Human olfactory receptor hOR2T7 in nanodisc form immobilized in Ni-rGO sensor for detection of 
DMMP gas 
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Sarin is a chemical warfare agent which can destroy human autonomic nervous system. Gas sensors have been 
developed to detect chemical warfare agent like sarin. Human olfactory receptor systems have been evolved to 
detect odorous compounds, and recently these system is applied to detect target compounds in vitro. DMMP 
(Dimethyl methylphosphonate) is widely used for alternate substance of sarin gas because of its toxicity. 
Altough many studies on sensors for detecting DMMP as simulant of sarin, they still show some limitation in 
specificity and sensitivity. To overcome these limitations, human olfactory receptor in nanodisc based Ni-rGO 
sensor was applied. By CRE-luciferase assay, we found that human olfactory receptor hOR2T7 binds selectively 
and sensitively with DMMP. We produced, separated hOR2T7 in E. coli and purified detergent-solubilized 
hOR2T7. For gas sensing, we reconstituted hOR2T7 protein in nanodisc form. These nanodiscs were attached to 
Ni-rGO sensor by Ni-His tag binding. This sensor detected DMMP sensitively and selectively. This bioseosnor 
can be applied to chemical warfare agents in gaseous form.  
 
Keywords : bioelectronic nose, human olfactory receptor, CRE-luciferase assay, nanodisc, DMMP, hOR2T7, 
Ni-rGO sensor 
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S766 Signal Self-Enhancement by Gold Nanoparticle Assembly Enables Accurate and Rapid One-Step-
Immunoassays 
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Current diagnostic immunoassays depend on time-consuming and multi-step procedures using signal-producing 
reporters that are chemically linked with a detectable label, including enzymes, radioactive isotopes, DNA 
reporters, fluorogenic reporters, electroche-miluminescent tags, etc., which often causes assay inaccuracy. 
Further, due to the delayed, complex, and inaccurate assay process, it is not suitable for urgent diagnosis of 
high-risk patients in critical medical conditions [e.g. acute myocardial infarction (AMI)]. Here we have 
developed a notably advanced technology that can shift a paradigm of current immunoassay by resolving the 
problems of current immunoassay technologies, i.e. accurate, rapid, simple, and label-free one-step-
immunoassay based on signal self-enhancement using 3-dimensional (3D) probes that present many well-
oriented probes on the genetically engineered surface of nano-scale protein particles. The most important part of 
the one-step-immunoassay is the rapid self-enhancement of sensitive assay signals without causing any false 
negative/positive signals, which is enabled by tightly coupling the 3D probe-based immuno-detection of disease 
markers with gold nanoparticle assembly. This one-step-immunoassay has been successfully applied to the 
accurate and rapid diagnosis of AMI and hepatitis C virus (HCV) infection through the detection of protein 
cardiac marker and anti-HCV antibodies in patient sera, indicating that it is applicable to the immunoassay of 
both antigen and antibody markers of a wide range of diseases. 
 
Keywords : one-step-immunoassay, signal self-enhancement, gold nanoparticle assembly, 3D probe, antigen 
and antibody markers 
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S767 Dynamic Neurotransmitter Detection of Structure-changing DNA Assembly 
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As neurotransmitters are essential signal messengers across nervous systems, their selective detection in real 
time is significantly important to diagnosis and therapy of neurological disorders such as Parkinson’s disease [1]. 
However, their in situ detection is exceptionally challenging due to low-level secretions as well as structural 
similarities among the neurotransmitters. To address this, we developed a novel DNA modular platform capable 
of performing a dynamic structure-change upon binding of neurotransmitters. When two different DNA 
modules, a newly reported serotonin aptamer and a signaling DNAzyme are interlocked, serotonins induce their 
immediate separation to report the detection of serotonins. Our systematically designed in vitro selection process 
successfully generated the pool that releases signaling DNAzymes 39 times more when serotonins are 
specifically detected. The selectivity of the pool should be highlighted. Other neurotransmitters cannot 
effectively trigger the release of the signaling DNAzymes. We anticipate that this smart platform would have a 
potential to be incorporated into an effective sensing system for in situ serotonin monitoring of nerve cells. 
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S768 Visual Detection of Odorant Geraniol Using Human Olfactory Receptor Embedded in 
Polydiacetylene/Lipid Assembly 
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Visualizing or patterning the odorant signals is essential step for understanding the mechanisms of olfactory 
perception. Bioelectronic noses have the limitations for visualizing the odorant signals because of detecting 
change of current in electric field. In this study, we developed a chromatic complex which is human olfactory 
receptor (hOR) embedded in polydiacetylene (PDA)/lipid assembly for visualization of olfaction. The assembly 
comprised lipid-mixed PDAs and hORs in detergent micelles. We confirmed that the functionality and structure 
of the hOR-embedded in the PDA/lipid complexes were remained. The chromatic assemblies showed 
colorimetric and fluorescent transitions against target molecules. Also, the assemblies showed a dose-dependent 
fluorescence intensity to ligand of hORs and have selectivity to various odorants. When it bound with ligand, its 
color was changed from blue to purple. This colorimetric and fluorescent transition of the assemblies allowed 
the visual detection of odorant. This chromatic assemblies can be applied to patterning the human olfaction, 
environmental assessment and analysis of food quality. 
 
Keywords : Human olfactory receptor, Polydiacetylene/lipid assembly, Visualizing the human olfaction, 
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Local anesthetics are drugs that block neurotransmission by affecting the sodium channel responsible for nerve 
potentials in the nerve cells in the local area. These topical anesthetics are used to reduce pain in hospitals, 
which can have serious side effects if they are given to the central nervous system or heart. However, local 
anesthetics affect not only the sodium channel but also the cell membrane. It lowers the thermal stability of the 
membrane, increases the homogeneity of the lipids in the membrane, and increases the disorder of the 
membrane, making the membrane unstable. Membrane toxicity, which changes the properties of membranes, is 
related to the molecular structure of local anesthetics. To identify this, CCD-1064sk in skin tissue exposed to 
wound suture was selected and SEM images were used to confirm that the drug was damaging the membrane, 
and the cytotoxicity caused by the damage of the membrane through IC50 was compared. To confirm the 
membrane effect of these drugs at the molecular level, the degree of physical insertion of the membrane was 
evaluated by colorimetry assay using polydiacetylene (PDA), and the membrane toxicity was evaluated by 
electrophysiology of the membrane containing the membrane protein. A series of experiments show that 
membrane solubility is a major contributor to membrane toxicity. This will allow us to determine the membrane 
toxicity through the molecular structure of the new topical anesthetic and apply it to the screening of new drugs. 
 
Keywords : Local anesthetics, membrane, toxicity 
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S771 Biological production of 1,3-propanediol from glucose by coenzyme B12-synthesizing Klebsiella 
pneumoniae J2B 
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1,3-Propanediol (1,3-PDO) is an important platform chemical which has wide applications in food, cosmetics, 
pharmaceutical and textile industries. The U.S. company Dupont commercialized its biological production 
decades ago using recombinant Escherichia coli with glucose as carbon source, but this strain cannot synthesize 
coenzyme B12 which is an essential and expensive cofactor of glycerol dehydratase which catalyzes the 
dehydration of glycerol to 3-hydroxypropionaldehyde. This study aims to develop a more economical microbial 
cell factory by using Klebsiella pneumoniae J2B which naturally synthesizes the coenzyme B12. To this end, the 
heterologous pathway for the production of glycerol from dihydroxyacetone-3-phosphate (DHAP), a glycolytic 
intermediate, was introduced to J2B and glycerol degradation pathways were disrupted. Furthermore, the strain 
was modified to improve the yield and titer of 1,3-PDO as follows: (i) removal of carbon catabolite repression, 
(ii) blockage of glycerol export across the cell membrane, (iii) disruption of byproducts formation pathways, (iv) 
improvement of NADH regeneration/availability via modification of TCA cycle and electron transport chain, (v) 
carbon distribution at DHAP node, and/or (vii) enzyme engineering. A total of 30 genes were deleted, modified 
or overexpressed during the strain development. One resulting strain could produce 1,3-PDO from glucose with 
the yield of 1.25 mol/mol glucose without exogenous addition of coenzyme B12 on flask scale, and 62 g/L with 
addition of a limited amount of B12 in bioreactor.  
 
Keywords : Klebsiella pneumoniae, Glucose, 1,3-PDO, Metabolic engineering 
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S772 The Effects of Light-Emitting Diodes (LEDs) Wavelength on Growth and Lipid Accumulation of 
Three Microalgae using Two-Phase Culture 
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Microalgae are regarded as an alternative feedstock for biodiesel production, owing to the fast growth rate and 
high lipid productivity. Microalgal culture requires less arable land than oil crops, and does not compete with 
food production thus can contribute to reducing the greenhouse gas emissions. In this study, Chlorella vulgaris, 
Pavlova lutheri and Porphyridium cruentum were cultured using modified F/2 media in 2 L flask culture with 1 
L working volume. Temperature was controlled at 20℃ with 2.5 L/min aeration. Then the effects of specific 
LED wavelength light on biomass and lipid production in three microalgae were carried out using blue(465nm), 
red(625nm), yellow(590nm), purple(400nm) and green(520nm) LED. P. lutheri produced maximum biomass 
about 1.0 g/L under blue LED. C. vulgaris produced maximum biomass about 1.24 g/L under red LED. P. 
cruentum produced maximum biomass about 1.30 g/L under green LED. P. lutheri produced the highest lipid 
content at 52.0% (w/w) under the yellow wavelength. C. vulgaris produced the highest lipid content at 50.5% 
(w/w) at the green LED wavelength and P. cruentum produced the highest lipid content at 36.7% (w/w) at the 
red LED wavelength. 
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S773 Hydrogen Production from C1 Sources by Methylomonas sp. DH-1 under Micro-Aerobic Condition 
 
Seo Young JO1, Mina RHIE1, Soo Min JUNG2, Yu Jung SOHN1, Young Joo YEON3, Si Jae PARK1, Jeong-
Geol NA2 
1Division of Chemical Engineering and Materials Science, Ewha Womans University, Seoul, Republic of Korea, 
2Department of Chemical and Biomolecular Engineering, Sogang University, Seoul, Republic of Korea, 
3Department of Biochemical Engineering, Gangneung-Wonju National University, Seoul, Republic of Korea 
Corresponding Author Email : narosu@sogang.ac.kr 
 
Methane, one of the most common component in natural and shale gas, has been the focus of attention as next-
generation fuel and chemical resource. Therefore methane-assimilating bacteria (methanotrophs) have become 
promising microbial catalysts recently, as they can consume and convert methane gas efficiently through their 
various kinds of metabolic pathway. However, even with the great potential of methanotroph to be applicable in 
the biochemical and biofuel production, certain part of its metabolic versatilities hasn’t clearly revealed yet. In 
this study, we found out that Methylomonas sp. DH-1 (type I methanotroph) could produce hydrogen using C1 
sources including methane and/or methanol as carbon sources under micro-aerobic condition. During the 
cultivation, when oxygen amount has gone under certain level, hydrogen is accumulated by Methylomonas sp. 
DH-1. The amount of hydrogen produced increased with the cell mass or when methane and methanol were 
consumed as co-substrate.  
These results combined with the researches on its genome sequences indicate that Methylomonas sp. DH-1 may 
have some kinds of [Ni-Fe] hydrogenase that can endure the micro-aerobic–non-anaerobic–condition and have a 
function to produce hydrogen under that condition. 
 
Keywords : Methylomonas sp. DH-1, methanotroph, hydrogen production, micro-aerobic condition, 
hydrogenase  
 
References   
1. M. Ludwig, J. A. Cracknell, K. A. Vincent, F. A. Armstrong and O. Lenz, J. Biol. Chem. 284, 465-477 
(2009).  
2. M. G. Kalyuzhnaya, S. Yang, O. N. Rozova, N. E. Smalley, J. Clubb, A. Lamb, G. A. Nagana Gowda, D. 
Raftery, Y. Fu, F. Bringel, S. Vuilleumier, D. A. C. Beck, Y. A. Trotsenko, V. N. Khmelenina and M. E. 
Lidstrom, Nat. Commun. 4, 2785 (2013) 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

172 

 

S774 Enhancement of C1 gas uptake by the application of biocompatible organic nanofluids in C1 gas-
utilizing microorganisms 
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Sustainable and cleaner processes from non-petrochemical sources are recently required for the future 
production of fuels and chemicals, and single carbon (C1) gases such as carbon monoxide and methane are 
promising alternative sources. C1 gas-utilizing biological processes have great potential to overcome 
shortcomings of the existing sugar-based biotransformation processes and thermochemical catalytic conversion 
processes, although the productivity is still pretty low due to low solubility and low mass transfer efficiency of 
C1 gases in microbial culture medium. Here, we designed and prepared two kinds of chitosan and cellulose-
based biocompatible organic nanoparticles as nanofluid materials for the improvement of C1 gas mass transfer 
performance, respectively. The nanofluid was applied as a component of culture medium in C1 gas-utilizing 
biotransformation. From this study, the biocompatible nanofluid, a fluid containing the organic nanoparticles 
stably suspended in aqueous environment, could be expected as a significant enhancement material for 
improving C1 gas utilization efficiency, and we tried to understand C1 gas utilization enhancement in this 
organic nanofluid system. The detailed results and discussion will be presented. 
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A cost-effective cultivation of Ettlia sp. YC001 should be done, such as using a hydrolysate of Jerusalem 
artichoke. Hence, in this research, the hydrolysis of Jerusalem artichoke and lipid extracted algae (LEA) were 
conducted to substitute the fructose and yeast extract in optimal Ettlia sp YC001 media. The hydrolysis of 
Jerusalem artichoke was done with 0.5 N sulfuric acid in various temperature conditions, firstly. The first 
hydrolysis resulted fructose yield of 0.51 and glucose yield of 0.14 at 70°C, 30 min. To maximize yields of 
hydrolysis, low acid concentration experiments were conducted. In cultivation, sulphate had negative effect on 
the growth of Ettlia sp. In addition, LEA was hydrolyzed with 2N, 4N, and 6N H2SO4 during 24 hours to 
substitute nitrogen source in the media. It showed around 14 g/L of LEA has sufficient amount of amino acids in 
every acidic condition. To simplify the whole process, An one-pot two-step hydrolysis was done, and it had 53 
g/L of fructose and 8 g/L of amino acids, consequently. These results advocates the possibility of low-cost Ettlia 
sp. production with Jerusalem artichoke hydrolysates. 
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Fatty acid methyl esters (FAMEs) are important renewable resource and functional precursors for biopolymers. 
The alkane monooxygenase AlkB from Pseudomonas putida GPo 1 and the redox partners AlkG and AlkT 
constitute a universal enzyme system for the ω-oxyfunction of various alkanes or FAMEs. [1] AlkL, the outer 
membrane protein of Pseudomonas putida Gpo1 which is known as alkane transporter, showed increased 
oxygenation activities to dodecanoic acid methyl ester (DAME). [2] However, AlkL was expressed as inclusion 
bodies owing to being an outer membrane protein. The replacement of a signal peptide from Pseudomonas 
putida Gpo1 with other signal peptides with E.coli’s signal peptide, typical fatty acid transporters of E. coli, 
resulted in improving the soluble expression of AlkL and thereby facilitated the transport of DAME substrate. 
The promoter optimization for the efficient heterologous expression and thereby hydroxylation of DAME 
suggested that the transporter AlkLm1 needs to be expressed using medium strength of a promoter, and AlkBGT 
operon need to be expressed using strong promoter. Moreover, bioinformatic studies led to the identification of 
novel monooxygenase, which exhibited 20% higher activity towards DAME substrate. Finally, the construction 
of a chimeric transporter and regulation of the expression of newly identified monooxygenase enabled the 
production of 82 mM of products in a two-phase reaction system. 
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1,3-diaminopropane (1,3-DAP), 1,4-diaminobutane (1,4-DAB), and 1,5-diaminopentane (1,5-DAP) are 
important chemicals due to their wide industrial use including agrochemicals, pharmaceuticals, surfactants, and 
building blocks for nylon synthesis. Over the last decade, several studies on bio-based production of diamines 
by metabolically engineered microorganisms have been published. However, development of efficient methods 
for the recovery of 1,3-DAP, 1,4-DAB, and 1,5-DAP from fermentation broth has not been reported. In this 
study, an efficient process for the separation and purification of 1,3-DAP, 1,4-DAB, and 1,5-DAP from 
fermentation broth without using highly flammable or toxic solvents was developed. The optimal process for the 
recovery and purification of these diamines from fermentation broth comprises several unit operations including 
removal of cell debris, decolorization of fermentation broth, product concentration, deprotonation of diamines, 
product separation, and final polishing to obtain pure 1,3-DAP, 1,4-DAB, and 1,5-DAP with yields of 87±3%, 
86±4%, and 81±2%, respectively. Development of a process for the recovery and purification of fermentatively 
produced diamines reported here is expected to facilitate synthesis of bio-based nylons. Furthermore, the 
strategy reported here could be similarly applicable in developing downstream processes to recover and purify 
other diamines and related chemicals from fermentation broth. This work was supported by the Technology 
Development Program to Solve Climate Changes on Systems Metabolic Engineering for Biorefineries (NRF-
2012M1A2A2026556 and NRF-2012M1A2A2026557) from the Ministry of Science and ICT through the 
National Research Foundation (NRF) of Korea. 
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The aim of this work was development of microalgae-based biomass-Biomineralization CCU hybrid system. 
The biggest problem facing humanity at present is climate change, glacier melting and ocean acidification due to 
the increase of carbon dioxide. To accomplish this problem, it is required to combine biological conversion 
processes and mineralization processes using microalgae. In this study, the biomass was obtained by using 
microalgae for the reduction of large amount of carbon dioxide, and calcium carbonate was obtained through 
induction of calcium ion-mediated biotin mineralization during the induction stage. The present invention 
relates to the development of a process capable of remarkably increasing the amount of carbon dioxide in the 
biomass by additionally producing calcite in an induction stage. The biomass containing CaCO3-omega 3 
produced in the present process can be used as various feeds and cosmetic materials, and CaCO3 serves as an 
excipient. 
 
Keywords : Biomineralization, Biomass, Calcite, CCU, Chlorella sorokiniana, Neochloris oleoabundans 
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Microalgal lipids for biofuel should be extracted from wet biomass (wet extraction) to omit the energy-intensive 
drying process [1]. However, the presence of water and cell debris during the extraction generates an emulsified 
mixture, which makes it difficult to achieve efficient phase separation. In this study, we developed place- and 
energy- efficient solvent separation method during wet extraction using hydrophobic/oleophilic mesh filter. The 
filter was surface-modified by coating functional polymer via initiated vapor deposition for the selective solvent 
permeability. Acid-treated wet Chlorella sorokiniana HS1 and the n-hexane was stirred for lipid extraction, and 
tubular filter module was immersed into the mixture for separation. The mixture was kept stirred during the 
separation to inhibit the buildup of cell debris on the filter by inducing crossflow on the filter. Solvent extract 
phase was separated in-situ from the raffinate phase with high separation efficiency (> 98.3%) and maintained 
permeation flux. The represented methodology could be a useful tool for the solvent extraction process because 
the solvent phase could be recovered effectively without additional separator and power input. 
 
Keywords : Microalgae, Extraction, Oil/water separation, Biofuel 
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Because of safety and efficacy in the field of gene therapy, AAV is used in many researches currently. However, 
the purification process is indispensable for the production of AAV, and the purity of the purified AAV is very 
important for its functionality. However, commercially available AAV purification methods have limitations. 
Some methods are only available for limited serotypes of AAV. And Other methods can be applied to all kinds 
of AAV, but it is disadvantageous in terms of cost due to using antibodies or the necessary price of the device. 
To overcome these limitations, AAVR which is transmembrane protein for AAV is used in this research. To 
display AAVR on polycaprolactone(PCL) microsphere, we used engineered AAVR protein, prepared PCL 
microsphere by emulsification, and modified the surface of PCL through sequential chemical reactions. Based 
on the results of study, compared to other existing methods, AAVR-based AAV purification systems have 
shown similar or better results. There are still many things that need to be improved to be used publicly 
However, I think this study will contribute to the production of AAV, which needs to be improved in the area of 
AAV research and also make a great contribution to gene therapy using AAV. 
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The spontaneous formation of multi-layers by an electrospray technique is an unconventional result considering 
that conventional electrospinning generates a non-discrete, continuous fibrous structure. To fabricate multi-
layered PCL fiber by electrospinning, dopamine is used as a salt during the fabrication. The salts are 
conventionally removed from the fabricated fiber after fabrication.1  
In this study, we have studied the uniform coating of fiber surface by polymerizing dopamine released from the 
multi-layered PCL fiber. the multi-layered PCL fiber uniformly coated by polydopamine was characterized by 
SEM, drug release profile in different pH conditions. Also, Adeno-associated virus (AAV) can be attached to 
the surface of the coating to enable sequential delivery of surface AAV and fiber internal drug. This multi-
layered PCL fiber uniformly coated by polydopamine will contribute significant advancements into drug release 
control and gene therapy. 
 
Keywords : PCL, Electrospinning, drug delivery, AAV 
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The β-sheet is an element of protein secondary structure and intra- and inter-molecular β-sheet interactions play 
pivotal roles in biological regulatory process including scaffolding, transporting, and oligomerization [1, 2]. In 
nature, β-sheet formation is tightly regulated because dysregulated β-stacking often leads to severe diseases such 
as Alzheimer’s, Parkinson’s, systemic amyloidosis and diabetes [3, 4]. Thus, the identification of intrinsic β-
sheet forming propensities may provide valuable insight into protein design for the development of novel 
therapeutics for such diseases. However, structure-based design methods may not be applicable mainly due to 
high structural plasticity and complexity of such amyloidogenic peptides [5, 6]. Therefore, an alternative design 
strategy based on complementary sequence information is of great significance. Herein, we developed B-SIDER 
(β-Sheet Interaction DEsign for Reciprocity), a database search method for the design of complementary β-
strands. The method makes use of the structural database information and generates the query-specific score 
matrices. The discriminatory power of the B-SIDER score function was tested on representative amyloidogenic 
peptide substructures against two popular ab initio protein design score functions, Rosetta [7] and FoldX [8]. B-
SIDER was able to distinguish wild-type β-strands as favored interactions in a more consistent manner than the 
structure-based methods. B-SIDER is then prospectively applied to the design of complementary β-strands for 
the splitGFP scaffold. Three variants were identified to have stronger interactions than its original sequence 
selected by directed evolution, emitting higher fluorescence intensity. Our results support that B-SIDER can be 
applicable to the design of other β-strands, assisting in the development of potential therapeutics against disease-
related amyloidogenic peptides. 

 
Keywords : Amyloid, Alzheimer's, Parkinson's, Bioinformatics, Protein design, Sequence analysis, 
Complementary sequence, split GFP 
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The complex interfacial tissue regeneration between soft and hard tissues is one of the most challenging fields in 
tissue engineering [1-2]. Herein, we developed a model for an osteochondral scaffold consisted of bio-silicified 
organic-inorganic composite with mechanical and biochemical gradients for tissue reconstruction at interface 
between bone and cartilage. Furthermore, its functionalities can be improved through encapsulation of cells or 
growth factors related to osteochondral tissue repair. Mussel adhesive protein (MAP) was modified with silica-
precipitating peptide to fabricate organic-inorganic composite. The modified MAP proteins were mixed with 
biocompatible polymer at various proportions to improve its mechanical properties. The scaffolds were 
fabricated by electrospinning of the mixtures. The nanofibers of the each mixture were stacked layer-by-layer to 
form gradient scaffolds. As the scaffolds were treated with TMOS, biosilica was rapidly precipitated within 5 
min. The nanofibers were successfully fabricated from each mixture of the modified MAP and the polymer by 
electrospinning. Each layer has different properties including biodegradability and mechanical strength 
depending on the proportion of constituent. It indicates that the scaffold with mechanical and biochemical 
gradients can be manufactured owing to superior adhesive property of MAP. Additionally, it can be developed 
into organic-inorganic hybrid composite via bio-inspired reaction under ambient condition. It was shown that 
hybrid composite scaffolds with gradients can be successfully fabricated. The model for interfacial tissue 
reconstruction will be completed through collaboration with cells or growth factors. 
 
Keywords : Osteochondral tissue regeneration, Osteochondral scaffold, interfacial tissue engineering, gradient 
scaffold 
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Mussel adhesive protein(MAP) derived from mussel has been focused on biomedical engineering field by its 
underwater adhesive and biocompatibility. In previous research, materials of various formulations applying 
MAP has been studied for diverse types of applications, however conventional formulation of MAP required 
crosslinking of 3,4-dihydroxyphenylalanine(DOPA) residue which is key amino acids for mussel adhesion, 
consequently adhesiveness of MAP was disappeared with the crosslinking of DOPA residue. However, in this 
research metal coordination of histidine which inspired from mussel byssus protein was used to crosslinking so 
adhesive property can be preserved after curing. The hydrogel formed by the metal coordination bond showed 
self-healing property that recovered by itself due to the reversible crosslinking, so it showed high processability. 
Further metal coordination was less toxic to cells compared to oxidation or radical reaction. In this study, we 
applied these advantage as a stem cell delivery. Stem cell therapy is attracting attention as a solution to healing 
the damaged tissue. However, in order to stem cells to be used, it is essential that the stem cells maintain the 
ability to differentiate and maximize delivery efficiency to injured tissue. The metal coordinated mussel 
adhesive hydrogel having preserved adhesive property, cell-friendly crosslinking and high processability was 
well-suited for stem cell delivery. 
 
Keywords : Self healing, Metal coordination, mussel adhesive protein, stem cell 
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In recent years, the incidence and mortality of cancer patients remain high and chemotherapy is the most 
common treatment. Nanotechnology-based drug delivery system has been developed for increased efficacy of 
therapeutics through passive-targeting effects by enhanced permeability and retention (EPR) effect [1]. Suitable 
particles for drug delivery need to be biocompatible with the ability to control size, morphology, and rate of 
biodegradation as well as drug loading and releasing potentials. Aneroin is the protein biomaterial inspired by 
sea anemone Nematostella vectensis and has biocompatibility, biodegradability, low toxicity with appropriate 
mechanical properties. In addition, with bacterial expression system, mass production is possible [2]. Herein, we 
successfully fabricated aneroin nanoparticles (NPs) by electrospraying with light-activated crosslinking. The 
aneroin NPs are negatively charged which can prevent the formation of agglomerate during circulation. Anti-
cancer drug doxorubicin (DOX) was successfully encapsulated in the aneroin NPs with high capacity. It was 
demonstrated that the aneroin NPs have no cytotoxicity against cells, whereas DOX-loaded aneroin NPs showed 
effective in vitro anticancer activity. Therefore, our novel aneroin-based NPs have a potential to be the effective 
drug carriers for systemic chemotherapy 
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The capacity of the heart to heal after a myocardial infarction (MI) is not enough to restore normal cardiac 
function. Fortunately, delivery of therapeutic agents such as stem cells, growth factors (GFs), and exosomes 
have been shown to enhance heart repair and improve cardiac function. However, we need to find new and safer 
ways to deliver these therapeutic agents in order to enhance their bioavailability. Herein, we developed a mussel 
adhesive protein (MAP)-based dissolving microneedle (MN) patches that deliveries GFs to regenerate damaged 
heart tissue after MI. This MN patches can be attached to heart tissue without suture due to strong adhesion 
ability in underwater, biodegradability, and biocompatibility of MAP. Also, the permeability and retention 
effects have been improved due to MN platform. MAP exhibited superior tissue adhesion in wet condition and 
had excellent cell proliferation, migration, and cytocompatibility in vitro. In the rat MI model study, the 
application of these MN patches effectively augmented cardiac functions and enhanced angiomyogenesis. Our 
proposed system represents an innovative approach to deliver therapeutic agents for heart regeneration. 
 
Keywords : microneedle, growth factor, MAP, MI 
 
References   
1. E. Y. Jeon, B. H. Hwang, Y. J. Yang, B. J. Kim, B. H. Choi, G. Y. Jung, H. J. Cha. Biomaterials. 67, 11-19 
(2015). 
2. J. Tang, J. Wang, K. Huang, Y. Ye, T. Su, L. Qiao, M. T. Hensley, T. G. Caranasos, J. Zhang, Z. Gu, K. 
Cheng. Sci. Adv. 4, No. eaat9365 (2018). 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

186 

 

PSP08 Effective Phosphoserine Incorporation Strategy for Bioengineered Mussel Adhesive Protein 
 
Tae Hee YOON, Byungseon YANG, Hye Ryoung HEO, Mincheol SHIN, Hyung Joon CHA 
Department of Chemical Engineering, Pohang University of Science and Technology, Pohang 37673, Korea 
Corresponding Author Email : hjcha@postech.ac.kr 
 
Mussels produce and secrete proteinaceous adhesives, which allow them to attach themselves on various 
surfaces in marine environments. They adhere tightly to surfaces resisting the harsh conditions such as 
turbulence and waves [1]. Mussel adhesive protein (MAP) type 5 (fp-5) is one of interfacial adhesive proteins 
which fosters actual interaction between the adhesive and the surface. It has been focused because it has the 
strongest surface adhesion energy among several MAPs [2]. However, it has been considered that fp-5 is hard to 
characterize from natural extraction due to its superior adhesive property. Therefore, there were several trials to 
produce the protein using bacterial expression system [3]. Unfortunately, proteins from prokaryotes are 
significantly different compared to natural proteins because many natural proteins have post-translational 
modifications (PTMs) such as phosphorylation and hydroxylation. Thus, achieving PTMs to fp-5 has great 
meaning regarding to understanding on underwater mussel adhesion mechanism. While the hydroxylation, 
which contributes strong adhesion of mussel, has been greatly reported and applied, the phosphorylation is not 
well known yet [4]. However, the phosphorylation in protein has important roles such as regulating a function, 
binding metal ions, and being recognition domain. Furthermore, it is also known that phosphoserines in 
sequences strikingly reminiscent of acidic mineral-binding motifs, which indicates the phosphorylation may 
contribute to underwater mussel adhesion [5]. In this study, we tried to incorporate phosphoserines by using 
mimetic chemical mutation, aiming to phosphorylate serine residues of fp-5 and investigate its functions and 
properties. 
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The purpose of this study was to produce functional peptides with activities including improving blood 
circulation of various adult diseases such as high blood sugar, triglycerides, and total cholesterol through 
hydrolysis of mealworm proteins. To obtain peptides from mealworm proteins, the enzymatic hydrolyse was 
carried out using a proteolytic enzyme from chungkukjang. The produced mealworm peptide was fed to a six-
week-old male Sprague-Dawley white rats with a total of 32 and were classified as follows: CDs (controllable 
diet, n=8) group, CD+MP (controll diet + mealworm peptide, n=8) group, HFD (high fat diet, n=8) group, 
HFD+MP (high fat diet + mealworm peptide, n= 8). The protein concentration process produced defatted 
mealworm with 75.8% protein content and the enzymatic hydrolysis of defatted mealworm using 
microorganism from chungkukjang produced peptide with a molecular weight of 0.7-1.3 kDa. When evaluation 
of the effect of improving blood circulation in mealworm feed, blood sugar, insulin, HDL, triglycerides, and 
total cholesterol levels decreased by about 3.4%, insulin levels by 9.4%, HDL concentrations by 24.5%, and 
neutral fat concentrations by 71.%, and total cholesterol levels by 19.7%. The amount of fat and sugar transfer 
proteins, FABPpm, PGC-1α and PPAR-δ, present in muscles was investigated to reveal the mechanism of 
improvement of blood circulation. The muscle protein expressions of FABPpm, PGC-1α, and PPAR-δ in 
HFD+MP group were significantly higher than that of the HFD. From these results, mealworm supplementation 
improves blood circulation and attenuates lipogenic effect via stimulation of FABPpm, PGC-1α and PPAR-δ in 
skeletal muslce of high-fat dieted rat (HFD). 
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Wild rice has long been used as a medical herb since it has been known to be effective in diseases such as 
diabetes, hypertension, obesity and arteriosclerosis. However, wild rice has a lower utilization rate than the 
population, which is problematic for disposal and incurs significant costs. Therefore, this study aimed to 
improve the value of wild rice as a functional food for wild rice reuses. We measured the antioxidative effects 
by biodegradation of the three kinds of microorganisms isolated from wild rice. In order to improve the 
biodegradation efficiency, we investigated the optimal pretreatment conditions and measured the antioxidative 
effect of the biodegradation using the optimum condition. The biodegraded wild rice extract showed higher 
antioxidative effects than the non-biodegraded extract. This means the action of three microorganisms has an 
effect on the antioxidant activity promotion. Therefore, wild rice is a food containing natural antioxidants and it 
can increase its value as a functional food material by promoting its antioxidative effect through biodegradation. 
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Coffee residue wastes (CRW), a type of waste biomass after coffee powder extraction, is an industrial wastes. In 
this study, the potential availability of CRW as a cryoprotective agent was evaluated to increase the viability of 
freeze-dried lactic acid bacteria (LAB), i.e., Weissella cibaria WiKim28, Lactobacillus sakei WiKim31, 
Leuconostoc mesenteroides WiKim32, L. curvatus WiKim38 and L. brevis WK0069. Among LAB tested, L. 
sakei WiKim31 showed the highest viability of 83% during freeze-dried process. When 20% CRW was used as 
a protective agent, the viability of L. sakei WiKim31 increased by 1.5 times compared to the other 
concentrations. These results indicated that CRW could be used as a cryoprotective agent for freeze-dried L. 
sakei WiKim31. 
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The agricultural waste accounts for over 30% of the world’s agricultural products. It can be recognized to the 
promising resources and converted into bio-based products by biotransformation processes. In this study, the 
potential availability of cabbage (Brassica oleracea var. capitate) waste was evaluated for bio-sugar production. 
Cabbage waste (CW) contains approximately 65% high mono-sugar content including glucose, fructose, and 
sucrose. CW (1% substrate loading, w/v) can produce bio-sugar (0.586 g/g CW) when cellulase (10.4 mg/g CW) 
and pectinase (5.4 mg/g CW) was used. According to the transmission electron microscopy, the cell wall of CW 
was hydrolyzed in a series of order; primary cell wall swelling, primary cell wall degradation, middle lamella 
swelling, and middle lamella degradation. These results indicate that CW could be used as a resource of bio-
sugar production for the future bio-refinery process.  
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Methylomonas sp. DH-1 is a type I methanotroph that uses methane as a carbon source. This bacterium is one of 
the brightest and most promising strains near future in that it can use methane gas, one of the harmful green-
house gases that cause global warming. 
In this study, Methylomonas sp. DH-1 was cultivated in chemostat culture system which is continuous culture 
method that constantly regulates productivity of microorganisms for investigating methane assimilation 
characteristics. Prior to chemostat culture, DH-1 cells were pre-cultured until proper cell concentration and 
chemostat culture were performed using peristaltic pump. After changing agitation speed or dilution rate, cells 
were harvested for bioconversion from methane to methanol when cell growth reached equilibrium that optical 
density remained constant for a certain time. The difference in methanol production by biomass productivity 
(g/L/h) was confirmed. Biomass productivity was similar under all agitation speed conditions, but it was higher 
slightly with faster agitation speed. Likewise, methanol production also similar in all agitation speed conditions, 
but it was higher slightly with lower agitation speed. On the other hand, dilution rate had a significant effect on 
the biomass productivity and methanol production. These results demonstrate the importance of determining the 
value of factors that affect substrate assimilation characteristics considering the maximum concentration and 
activity of cell. 
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1,2-Propanediol, also known as propylene glycol, is building blocks with a broad range of applications such as 
antifreeze, heat‐transfer fluids, polyester resins, thermoset plastics, industrial solvents and medicines.[1] 1,2-
Propanediol is commonly produced by petrochemical process. However, it does not only produce toxic 
intermediates and co-products, but also requires high temperature and pressure. To solve these disadvantages of 
petrochemical process, bio-based process, eco-friendly and operated at low-temperature and low-pressure, has 
been spotlighted.[1,2] In this study, we optimized culture conditions for the production of 1,2-propanediol from 
methanol by using engineered Methylobacterium extorquens AM1, a strain previously constructed. To increase 
the 1,2-propanediol productivity, we investigated effects of culture conditions including temperature, agitation 
rate and initial pH in flask-scale. Finally, enhanced production of 1,2-propanediol is confirmed. 
 
,2-Propanediol, bio-based process, optimized culture conditions, Methylobacterium extorquens AM1 
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Recently, agar has attracted attention as a new biomass because it composes red algae, the third generation 
biomass. Agarose can be hydrolyzed into neoagarobioses when β-1,4-glycosidic bond is cleaved by activated β-
agarase. Neoagarobioses can be utilized in the cosmetics, food, and medical industries. Here, we isolated a novel 
exotype β-agarase (EXB3) from Gilvimarinus chinensis based on sequence homology analysis, and confirmed it 
has putative glycoside hydrolase (GH) 50 domain. At pH 7.0 and 30℃, EXB3 showed the highest activity 
produced neoagarobiose (NA2) as a major product directly from agarose. We also developed a Corynebacterium 
glutamicum platform for the secretory production of EXB3. By the fed-batch cultivation in 2 L-scale bioreactor, 
EXB3 was successfully produced as high as 0.5 g/L in the culture medium, and EXB3 was purified from the 
culture supernatant with high purity and recovery yield. 
 
Keywords : β-agarase, Gilvimarinus chinensis, Corynebacterium glutamicum, secretion, fed-batch cultivation 
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Methanotroph is a microorganism using methane as a sole carbon source in aerobic condition. Recently it is 
carried out for researches to convert methane to high-value chemicals and fuels. However due to low growth 
rate of methanotroph and limited genetic tools for methanotrophs, methane bioconversion studies using 
methanotrophs have been constrained at an early stage till now. In this study, we have observed that cell growth 
was stimulated by addition of tungsten (W) without formate production in Methylomicrobium alcaliphilum 20Z 
at a flask scale. Unlike previous studies, which mentioned improving only 10% biomass yield with W, we 
confirmed that biomass yield increased 11.5-folds comparing normally cultured Methylomicrobium alcaliphilum 
20Z without W. As well as an increase of biomass yield, carbon yield for total product (biomass + formate) was 
also increased up to 1.5-fold compared to samples without tungsten, indicating that W might have affected the 
activity of certain enzymes involved in carbon assimilation as well as formate dehydrogenase (FDH) activity. 
The results in this study demonstrated the feasibility of using M.alcaliphilum 20Z as a promising biocatalyst for 
methane bioconversion. 
 
Keywords : Methanotroph, Methane, tungsten 
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Nanospike on Micro-Gap/PCB System for Detecting Troponin I in Human Serum  
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For the rapid and early detection of cardiac troponin I (cTnI), a kind of cardiac specific biomarker for AMI this 
study devised a label-free electrochemical biosensor consisted of a 3WJ-DNA structure on Au nanospike (AuNS) 
with micro-gap/PCB system. As a bioprobe, the DNA 3 way-junction (3WJ) functioned recognition section, EC 
signal generation section and immobilization section was assembled cTnI aptamer, MB (Methylene blue)-
ssDNA, Thiol group ssDNA respectively. Moreover, AuNS was prepared to increase the electrochemical signal 
sensitivity. In order to control micro-gap electrode panel selectively to detect low volumes of cTnI, printed 
circuit board (PCB) chip was devised. The modified-surface was investigated FE-SEM and AFM. Confirmation 
the cTnI binding to DNA 3WJ-modified electrode in the HEPES solution and human serum was used the cyclic 
voltammetry (CV). Then, Limit of detection (LOD) was determined using 10-fold dilutions of Troponin I. 
respectively. The LOD result showed 1 pM in HEPES solution and 1 pM in human serum. 
 
Acknowledgements: This research was supported by Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Education (2018R1D1A1B07049407), and by 
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), and by 「the Competency 
Development Program for Industry Specialists」 of the Korean Ministry of Trade, Industry and Energy 
(MOTIE), operated by Korea Institute for Advancement of Technology (KIAT). (No. P0002397, HRD program 
for Industrial Convergence of Wearable Smart Devices) 
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Colorectal cancer is one of the most severe cancers because of their malignant tumors. Therefore early detection 
for colon cancer is very important. Recently, we developed an electrochemical protein biosensor utilizing 
affinity peptides obtained by phage display. Their binding affinity for target protein is comparable, however, the 
performance of the sensor will be further optimized in point-of-care testing. So, Re-designed a series of 
synthetic peptides by results of molecular docking was performed. 
In this study, we attempt to new method for more sensitive electrochemical sensor. Gold electrode was 
immersed by 1,6-hexanedithiol(HDT) with p-benzoquinone(BQ) and then BQ was activated for binding to 
cysteine-incorporated peptides. Peptide immobilization sensor was reacted with LRG1 protein. The binding 
affinity of the detection performance was observed using electrochemical detection methods (SWV). Further 
detailed of results will be presenting. 
 
Keywords : Electrochemical, LRG1, Colon cancer, Diagnosis 
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PSP19 Enzyme-Inorganic Hybrid Nanoflowers Entrapping Magnetic Nanoparticles for Efficient Glucose 
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Organic-inorganic hybrid nanostructures with flower-like structure, termed nanoflowers, have received an 
increasing attention owing to their capability to greatly enhance the activity, and durability of entrapped organic 
biomolecules. [1,2] The successful integration of inorganic components such as nanoparticles can make it 
possible to develop much more versatile nanoflowers due to their exceptionally unique characteristics including 
optical, catalytic, electronic, and magnetic properties. [3,4] 
Herein, we report that glucose oxidase (GOx)-copper hybrid nanoflowers embedded with embedded with Fe3O4 
magnetic nanoparticles (MNPs) exhibit superior peroxidase-mimicking activity as well as substrate channeling 
for glucose detection. The preperation of MNPS-embedded GOx-copper hybrid nanoflowers (MNPs-GOx-NFs) 
begins with the simple conjugation of amine-fuctionalized MNPs with GOx molecules via electrostatic 
attraction of amine-functionalized MNPs with GOx molecules via electrostatic attraction at an optimal pH, 
followed by the addition of copper sulphate that leads to full blooming of the hybrid nanoflowers. In the 
presence of target glucose, the catalytic action of GOx entrapped in the nanoflowers generates H2O2, which is 
subsequently used by peroxidase-mimicking MNPS and copper phosphate crystals, located close to GOx 
molecules, to convert Amplex UltraRed (AUR) substrate into a highly fluorescent product. Such novel MNPs-
embedded enzyme-inorganic hybrid nanoflowers have a great potential to be expanded to any oxidases, which 
will be highly beneficial for the detection of various other clinically important target molecules. 
 
Keywords : Nanoflowers, Glucose biosensing, Peroxidase activity, Substrate channeling 
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The CRISPR/Cas9 system has recently received a great attention as a promising genome editing tool by cutting 
exact region in genome sequence. In the case of CRISPR/Cas9 delivery, a lot of viral and non-viral vectors have 
been developed, but they have several challenges such as toxicity, immunogenicity, and/or poor delivery 
efficiency. Here, we propose mussel-inspired protein nanoparticles (NPs) for CRISPR/Cas9 delivery to reduce 
safety concern and achieve effective genome editing. Bioengineered mussel adhesive protein (MAP) has been 
considered as a promising biomaterial with potential advantages of biocompatibility, biodegradability, and high 
portion of basic amino acids which can electrostatically interact with negatively charged genes. We fabricated 
MAPs contained with several cell penetrate peptides (CPPs) to improve cellular uptake efficiency. The CPP-
fused MAP (MAP-CPP) showed guide RNA (gRNA) binding affinity and gRNA-loaded MAP-CPP NPs (MAP-
CPP@gRNA NPs) were formed by electrospraying process. We expect that the MAP NPs can be successfully 
utilized as a potential CRISPR/Cas9 vector for therapeutic application and provide the foundation of protein-
based vector for clinical genome editing.  
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PSP21 Photothermal-activated mussel adhesive protein nanoparticles for synergistic cancer therapy 
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Photothermal nanotherapy has been developed for localized cancer therapy due to minimal invasiveness, high 
selectivity, and remote controllability [1]. However, most of near-infrared (NIR) photothermal agent (PTAs) 
have challenges in the clinical translation due to their poor biodegradation and long-term toxicity. Therefore, 
bio-inspired PTAs would be a breakthrough for clinical applications with excellent biocompatibility and 
biodegradability. Herein, we proposed a photothermal-activated nanoparticles (NPs) based on mussel adhesive 
protein (MAP) for synergistic cancer therapy. The MAP NPs successfully generated heat, elevating temperature 
of 60 ℃ upon NIR exposure. In addition, the DOX-loaded MAP NPs (MAP@DOX NPs) efficiently released 
DOX upon laser irradiation through photothermal-induced swelling of NPs. Upon laser irradiation, the MAP 
NPs exhibited significant photocytotoxicity, while they showed negligible toxicity on the cancer cells without 
laser exposure. Compared to the photothermal therapy alone, the MAP@DOX NPs showed higher cytotoxic 
effects on cancer cells, demonstrating the synergistic efficacy of combination therapy. The bioinspired protein 
NPs-based light-responsive nanotherapy had potential for cancer-specific combined therapy with 
biocompatibility and high photocytotoxic effects. 
 
Keywords : Photothermal therapy, combined therapy, nanoparticle, mussel adhesive protein 
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Relying on structural and energetic changes, DNA bases allow canonical (Watson-Crick base pairings) and non-
canonical interactions, and these unique interactions significantly influence on DNA nanotechnology. 
Unfortunately, experimentation is not suitable for analyzing slight energy differences and absolute values of the 
interactions. In this work, we investigate which factor strongly affects the interaction energies of each structure 
via simulation tools based on density functional theory. While the formation energy order of base pairings is 
unconventional at vacuum (GC>GT>AT), the order at water phase is as expected (GC>AT>GT). Moreover, the 
aqueous phase alters entire bonding networks from bifurcated hydrogen bonds to Hoogsteen bonds when a G-
quartet is formed. From these observations, we conclude structural changes by solvent effects can be a key 
feature for us to calculate bonding energies reliably. Furthermore, our calculation of two-layer Watson-Crick 
base pairings is well matched with the experimental energy measurement of macromolecular sized DNAs.1 
From our further calculations, we envision possibilities of designing novel strands and even controlling their 
properties. 
 
Keywords : DNA base interactions, Watson-Crick base pairings, non-canonical base interactions, simulation, 
density functional theory 
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Organophosphorus pesticides, including fenitrothion, have been widely used in agriculture to protect crops from 
insect by paralyzing the insect's nervous system. But their accumulation in the human body is known to cause 
various side effects, ranging from various diseases to even cancer. Thus, methods for detecting 
organophosphorus pesticide residues in crops have been developed last decades. However, the use of 
conventional methods are limited as they rely on expensive equipment and specialists in operation. Whole-cell-
based biosensors have been investigated to take advantages of simple and inexpensive ways in monitoring 
hazardous compounds. However, they suffer from poor low detection limit (LOD). In this study, we introduce 
sub-ppm detectable organic phosphorus detection biosensor which is efficiently constructed using bio-part 
library. The library containing various strength of promoters, Ribosome binding sites (RBSs), terminators and 
coding genes such as dmpR, mpd, sfgfp was used and the parts were assembled by using GoldenBraid technique. 
Fluorescence activated cell sorting machine rapidly screened the best combination of sensor circuit from the 
library. The selected sensor successfully detected approximately 0.5 ppm fenitrothion which is one of the widely 
used organophosphorus pesticides. We anticipate that the bio-part library based screening technique can be 
effectively used for constructing high performance whole-cell biosensor with high sensitivity and low LOD by 
easily optimizing conditions for genetic circuit. 
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Capillary electrophoresis on microchip-based genetic analysis systems are very useful because of rapid analysis, 
tiny sample/reagent consumption, and portability. Among the many other electrophoretic techniques, capillary 
electrophoresis-single strand conformation polymorphism (CE-SSCP) analysis is one of promising genotyping 
method due to its simplicity and versatility. The electrophoretic mobility variation comes from sequence-
induced folded conformation difference of single strand DNA. Therefore, any DNA sequence variation 
theoretically cause shift in the mobility and can be detected upon electrophoresis in non-denaturing condition. 
However, the most critical limitation of CE-SSCP on microchip is low separation resolution resulting from short 
separation channel length, thus its application had been limited. To develop high-resolution microchip CE-SSCP 
analysis system, we investigated the relationship between the resolution of SSCP and the channel width. In this 
study, we translated CE-SSCP system into a microchip format and improved separation resolution via 
microchannel width control. A high-resolution microchip CE-SSCP system was demonstrated by using an 
optimum condition (300μm channel width with PEO-PPO-PEO triblock copolymer). This analysis system was 
successfully applied to the various genetic analyses including food-borne pathogen detection and single 
nucleotide polymorphism marker detection. 
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P0001 Development and Application of fiber type sorbents to Control Harmful Alga, Microcystis 
aeruginosa 
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Harmful algal bloom (HAB) has become a seriouswater pollution, since some microalgae secrete toxic 
compounds such as microcystin-LR from Microcystisspecies, anatoxin-a from Anabaenaspecies and so on. So, 
it is urgently necessary to find a way suppressing HAB. There have been many different methods to suppress 
HAB including sedimentation, filtration, oxidizing agent/algicide treatment and UV sterilization and so on. 
However, these methods have only temporary effects causing additional secondary problems in water ecosystem. 
So, in this study, we attempted to develop ‘adsorption’ technique, directly suppressing HAB in freshwater.  
Our adsorption technique has unique advantages over traditional adsorption technique. First, we designed a 
novel ‘sorbents’made from synthetic polymer, PVC(Polyvinyl Chloride). In addition, further 
PEI(polyethyleneimine) modifications of functional groups on the surface of sorbent were performed to enhance 
the capability of ‘PEI-PVC fiber’. Consequently, newly designed and generated ‘sorbents’ were applied to 
control Microcystis aeruginosa bloom, demonstrating the possibility of our strategy against HAB. 
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The keto carotenoid astaxanthin (3, 3’- dihydroxy - β, β – carotene - 4, 4’- dione) is a biologically active 
material useful for many applications and also exhibits higher antioxidant activity than that of β -carotene or 
vitamin E. Haematococcus pluvilais., the green alga, is known for its ability to accumulate keto carotenoid, 
astaxanthin in high concentrations under stress conditions. But in Korea, it is not easy to cultivate due to various 
climatic conditions. Haematococcus pluvilais be mutated by γ-ray irradiation to promte the astaxanthin yield and 
change to character for suitible culturing in korea. However, inducing the desired trait is a very difficult task. 
Therefore, in this study, we confirmed the incidence of high astaxanthin content in the Haematococcus pluvilais 
of gamma - irradiated cells. As a result, the highest astaxanthin content was found on average in the green cell 
state with flagella. This is because the small cell size of the moving green cells is affected by the gamma ray, 
resulting in a high probability of mutation. These results demonstrate the highest mortality rate in moving green 
cells. These results indicate that the results of mutation induction for astaxanthin may be different depending on 
the cell status 
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Human mesenchymal stem cells (hMSCs) are multipotent stem cells which could differentiate into various 
mesodermal lineage cells including osteoblasts. Recently, many studies have been concentrated on inducing 
osteogenesis of hMSCs for bone regeneration. Runt-related transcription factor 2 (Runx2) could be a candidate 
for osteo-inductive factors because of its role as a master transcription factor in osteogenesis. However, some 
limitations existed in utilization of Runx2 as a recombinant protein due to its inability to penetrate cell 
membrane, and its insoluble expression. Herein, we linked Runx2 with 30Kc19α, which is a cell-penetrating 
protein and known to improve solubility of cargo proteins by conjugation. A portion of 30Kc19α-Runx2 was 
expressed as soluble form in E. coli. After observing low cytotoxicity and cell-penetration ability of 30Kc19α-
Runx2, we confirmed the effect of 30Kc19α-Runx2 on in vitro osteogenesis of hMSCs by various assays (ALP 
& ARS staining and immunocytochemistry). Therefore, we propose that recombinant 30Kc19α-Runx2 protein 
would be utilized as a osteoinductive material for stem cell therapy and tissue engineering. 
 
Keywords : stem cell differentiation, mesenchymal stem cell, osteogenesis, transcriptional factor, Runx2, cell-
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Human pluripotent stem cells (hPSCs), such as and human embryonic stem cells (hESCs) and human induced 
pluripotent stem cells (hiPSCs), are widely used in stem cell research. hPSCs form colonies in culture dishes 
and are passaged as clumps. However, during dissociation into single cells, epithelial structures are disrupted, 
and rapid apoptosis is induced. The low viability of single cells restricts the passaging and expansion of hPSCs. 
Here, in order to enhance the single cell viability of hPSCs, we adopted 30Kc6 gene to inhibit dissociation-
induced apoptosis. After introduction and expression of the 30Kc6 gene in hiPSCs, no issues related to 
pluripotency or differentiation occurred. The hiPSC-30Kc6 showed increased viability in the apoptosis-induced 
hiPSCs compared with the control hiPSCs. This study demonstrates that the 30Kc6 gene could potentially be 
used to reduce the dissociation-induced apoptosis of single hPSCs. 
 
Keywords : hiPSC, hiPSC-30Kc6, dissociation-induced apoptosis, single cell viability 
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Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin, is well recognized for its 
physiological roles in bone formation and tissue remodeling, as well as in cancer pathology; however, essential 
evidence regarding its function in adipocytes is lacking. In the present study, we explored the physiological role 
of SPARC in cultured white adipocytes. Expression levels of marker proteins involved in thermogenesis and 
related lipid metabolism were investigated by exogenous SPARC induction, while deficiency of SPARC was 
investigated by immunoblot analysis. Core fat-browning marker proteins (PGC-1α, PRDM16, and UCP1) and 
beige-specific genes (Cd137, Cidea, Cited1, Tbx1 and Tmem26) in 3T3-L1 white adipocytes were upregulated 
in response to treatment with exogeneous SPARC. Conversely, we observed a marked reduction in these genes 
and proteins in cells after knocking down the Sparc gene. In addition, SPARC inhibited adipogenesis and 
lipogenesis while it activated lipolysis and fatty acid oxidation in the cells. In conclusion, the results of the 
present study indicate that SPARC acts as a regulatory protein in white adipocytes by controlling thermogenesis 
and is thus regarded as a possible therapeutic target for treatment of obesity. 
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The non-steroidal anti-inflammatory drug (NSAID), ketoprofen has been used as a pain reliever, but its role in 
mediating energy metabolism remains unclear. Here, we report for the first time that ketoprofen that has a strong 
browning effect in white adipocytes. Recently, the conversion of white to beige adipocytes has postulated 
improved lipid metabolism and considered as a strategic method against obesity. Ketoprofen induced browning 
in cultured 3T3-L1 white adipocyte by increasing the expression of core fat browning marker proteins (PGC-1α, 
PRDM16 and UCP1) as well as beige-specific marker genes (Cd137, Cited1, Ppargc1a, Prdm16, Tbx1, 
Tmem26, and Ucp1) through COX2 signaling pathway. Ketoprofen enhanced adipogenesis and elevated 
expression of fat oxidation marker proteins (ACOX1 and CPT1) by promoting the process of mitochondrial 
biogenesis. In addition, ketoprofen also significantly increased expression of lipolytic markers (ATGL and 
pHSL) and upregulated the fatty acid metabolism by elevating the lipogenesis. These data implicate a unique 
role of ketoprofen in controlling thermogenesis and indicates its potential as an anti-obesity drug. 
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Interventions aiming to treat obesity and its related metabolic disorders with naturally abundant compounds 
have been a feasible way over the past decades in order to avoid the unnecessary side effects of the synthetic 
drugs. In our previous study, we found that theobromine (TB), the methylxanthine in cocoa bean, induces 
thermogenic activity in both cultured white and brown adipocytes. In this study, we investigated the anti-obesity 
effect of TB in obese mice model fed a high fat diet. A daily oral treatment of TB for 12 weeks significantly 
reduced body weight gain of obese mice fed a high fat diet up to about 20% when compared to the wild type 
littermates on a regular chow diet. Although TB did not affect the glucose tolerance levels, we observed a 
significant increase in the expression of beige-fat specific markers proteins (PGC-1α, PRDM16 and UCP1) in 
white adipose tissue depots. In addition, TB also exhibited active thermogenic mechanism of brown adipose 
tissue by enhancing mitochondrial biogenesis and excessive lipid clearance. In summary, these results reveal the 
anti-obesity activity of TB in animal model, indicating its potential therapeutic implications as a promising 
agent against treatment of obesity. 
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Euglena gracilis is a species of unicellular phytoflagellated protozoan found in freshwater. Since E. gracilis 
produces a paramylon (β-1,3-glucan polysaccharide) predominantly in heterotrophic cultures. To improve the 
paramylon production by E. gracilis, we investigated the effect of electrical treatment on E. gracilis. We 
founded that the electrical treatment enhanced the paramylon production by E. gracilis while the treatment did 
not influence on survival ratio of E. gracilis. Interestingly, the effects of increasing paramylon production were 
different according to the electrode materials and current intensities. However, when we used carbon clothes as 
electrodes, paramylon production was not enhanced. The morphological changes of E. gracilis caused by 
electrical treatment were also observed. As a result, electrical treatment has elicited the changes in cell shapes of 
E. gracilis. Our results are expected to greatly contribute to the production of valuable materials by E. gracilis. 
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Recently, there have been attempts to evaluate productivity as the proportion of production of 
biopharmaceuticals using mammalian cells has increased. One of them is to add an antioxidants to reduce the 
oxidative stress in cell culture. Naturally accumulating reactive oxygen spiecies(ROS) increases oxidative stress 
in the cell and disturb the endoplasmic reticulum(ER) functions. Because ER has a responsibility on the protein 
synthesis and quality control of the secreted proteins, ER homeostasis has to be well maintained. It is known 
that decreasing oxidative stress during cell culture for antibody production increases productivity and quality. 
To test an effective antioxidant for rCHO cell cultures, seven antioxidants (Gallic acid, Galloyl-LVH, Caffeic 
acid, Caffeoyl-GHK, Ferulic acid, Ramalin -12b, sodium butyrate) with two different temperature conditions are 
performed individually using design of experiment. 
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P0010 Electrical stimulation affects cellular activity, permeability, and calcium influx in nasal epithelial 
cells 
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The nasal route drug administration for local and systemic delivery of many therapeutics is a convenient drug 
delivery route. Because it has a large surface area and can avoid enzymatic digestion in the liver or stomach that 
happen due to the degradation of drug by metabolic reaction. [1]. Although nasal drug delivery is highly 
efficient for hydrophobic molecules, delivery efficiency for hydrophilic molecules is much lower than for other 
drug delivery methods. Therefore, it is necessary to develop a novel strategy to overcome limited permeability 
of hydrophilic molecules. In this study, we designed a system for improving absorption efficiency of polar drugs 
by applying electrical stimulation to cells using a function generator and adherent cell electrodes. RPMI 2650 
cells were exposed to 1min, 10 VPP, Frequency from 1 Hz to 100 Hz. The applied electrical stimulation did not 
affect cell viability. We are analyzing the effects of electrical stimulations on cellular activity, transepithelial 
electrical resistance (TEER), and substance permeability, calcium influx depends on frequency ranges. This 
study could be used as a new strategy for enhancing the efficiency of drug absorption via the nasal route. This 
study was funded by the Korea Ministry of Environment (MOE), as the Environmental Health Action Program 
(2016001360005). 
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Direct conversion of fibroblasts to other lineages without pluripotent state has emerged as a feasible technique 
for effective medical therapy. Among various studies, the approach using chemical induction have been focused 
because of easy to use. A previous study have reported that human dermal fibroblasts (HDFs) can be directly 
converted into osteoblasts by treatment of activin-like kinase 5 inhibitor II (ALK5i II). Here we investigated the 
effect of valproic acid (VPA) on osteoblast-conversion because VPA has been reported to increase efficiency for 
reprogramming of somatic cells to induced pluripotent stem cells (iPSCs). VPA was treated to HDFs for 24 days 
in composition of osteogenic media with ALK5i II. The function of chemically induced osteoblast-like cells was 
evaluated with alkaline phosphatase (ALP) staining and alizarin red s (ARS) staining, also characterized with 
RT-PCR and immunocytochemistry using osteocalcin antibody. VPA induced the osteogenesis of HDFs with 
ALK5i II effectively but also induced partially conversion with only VPA. As a results, this study suggest high 
applicability in transplantation to bone disorder. 
 
Keywords : Direct converion, Osteoblast-like cells, Chemical induction, Small molecules, Transplantation, 
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Nematode bioassays are extensively conducted worldwide, either for screening anthelmintic drugs or for 
assessing the toxicity of drug candidates. Recently, the US Environmental Protection Agency mandated the use 
of invertebrate models including nematodes especially Caenorhabditis elegans, for toxicity testing as an 
alternative to rodent models. The significance of nematode bioassays in the biological sciences is escalating, but 
no standardized protocol is available to assess nematode mortality in a liquid medium. Manual counting under 
white light is the only approach currently practiced, which exhibit large variabilities and false positive results. 
Here, we describe an innovative counting strategy that employs light-emitting diode (LED) technology. We 
found that the nematodes stopped moving under white light (360-760 nm) when administered with sub-lethal 
dosage (LC50) of a toxic drug, whereas they responded rapidly to blue (450-490 nm) and ultraviolet (UV) (100-
400 nm) LED lights. Furthermore, paralyzed nematodes responded in less than 5 seconds to a LED pulse. The 
response to the LED stimulus was distinctively noted in C. elegans dauers, which squirmed away from 
illuminated sites within seconds. LED produced an incoherent beam, and uniformly distributed light across the 
sampling area. In conclusion, this method is more accurate than the conventional counting techniques, and 
enables us to differentiate paralyzed and dead nematodes virtually in real-time. Furthermore, this technique 
would appear to be suitable for incorporating a motion-sensor based automated system. 
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The cell therapeutics using mesenchymal stem cells (MSCs) have been considered effective treatments that can 
repair or replace the biological functions of damaged tissues or organs. [1] However, mass production of MSCs 
for these treatments is extremely limited because of their long doubling time and difficulties controlling 
differentiation during the culture period. Thus, it is necessary to develop efficient MSCs production methods to 
treat more patients. Although static culture in T-flask is the simplest method to produce cells, this method is 
difficult to scale-up. On the other hand, dynamic culture in bioreactor facilitates mass production of MSCs. 
However, various parameters such as pH, oxygen tension and nutrient level should be considered for the 
management of proliferation and differentiation [2]. In this study, we are trying to find the optimum agitation 
speed by adjusting the revolutions per minute (RPM) of spinner flask. The diameter of the MSC aggregate 
varies with RPM, which can affect the characteristics of the cells. We are also evaluating cell density, viability, 
and differentiation potential of MSCs produced in spinner flask, comparing with those of produced in static 
culture. This study will provide the fundamental knowledges of culture conditions for producing large amounts 
of MSCs. This study was funded by the Korea Ministry of Environment (MOE), as the Environmental Health 
Action Program (2016001360005). 
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Psoriasis is a chronic autoimmune disease. Keratinocytes play an important role in the regulation of skin 
immune response to environmental stimuli. Interleukin IL-17 is a proinflammatory cytokine produced by 
activated T cells. High levels of this cytokine are associated with several chronic inflammatory diseases 
including psoriasis. Once pathogenic T cells enter the skin, they become activated and release cytokines and 
chemokines to attract other immune cells to perpetuate the inflammatory cascade. Pulsed electromagnetic field 
therapy is a noninvasive approach for reducing inflammation. An anti-inflammatory mechanism of action is 
based on the in vitro capability of PEMF to increase the number of A2A adenosine receptors in human 
neutrophils. In this report, we identified the genes expressed in human keratinocyte cell lines subjected to 
interleukin -17A treatment. Bcl-2, CXCL1, CXCL3, CXCL5, and CXCL6 expression was more enhanced in the 
IL-17A-treated human keratinocyte cell lines, than in the non-treated cell lines. After treating the cell lines with 
IL-17A for 3 days to induce psoriatic genes, we exposed the IL-17A-treated cells to PEMF for 3 days. In 
particular, CXCL5 expression was decreased by PEMF. CXCL5 is a proangiogenic chemokine related to 
psoriatic redness. Although, we did not find activation of protease-activating receptor-1 and ERK 
dephosphorylation caused by PEMF, we confirmed that PEMFs can reduce skin redness occurring during skin 
immune diseases including psoriasis. 
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Insulin resistance (IR) is considered as important pathological features of type 2 diabetes (T2D). IR can induce 
several alterations such as imbalance in glucose metabolism and oxidative stress and causes an inflammatory 
response that lead to cell damage. Recently, mesenchymal stem cells (MSCs) therapies have been proven to 
have potential for improvement of insulin sensitivity through their paracrine effects. However, the action 
mechanism of MSCs in enhancing insulin sensitivity is still uncertain. In this study, we prepared a model of 
insulin resistance by treating palmitic acid (PA) in mouse skeletal muscle cell line (C2C12). Then, C2C12 cells 
were treated with umbilical cord stem cell-derived conditioned medium (UC-CM) to investigate changes in 
insulin resistance. Induction of IR was verified by glucose assay kit and then the generation of oxidative stress 
by PA treatment was observed. The expression of insulin signaling proteins (IRS-AKT-Glut4) were also 
analyzed to confirm the effect of UC-CM. As a results, UC-CM regulated oxidative stress and the expression of 
IRS-AKT-Glu4 on PA-induced IR in C2C12 cells. Furthermore, UC-CM stimulated Glut4 translocation as well 
as IRS-AKT phosphorylation. Interestingly, UC-CM significantly ameliorated insulin sensitivity in IR-induced 
cells through regulating mitochondrial homeostasis-related functions. Our results indicated that UC-CM could 
attenuate insulin resistance. Therefore, UC-CM could be used as an alternative to stem cell therapy for insulin 
resistance and T2D. 
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Aptamers are short single-strand nucleic acids which can be isolated from a large combinatorial nucleic acid 
library by a process known as systematic evolution of ligands by exponential enrichment (SELEX). Aptamers 
bind to the given targets with high affinity and specificity. Due to several advantages of SELEX using live cells, 
or Cell-SELEX, varieties of live cells have been chosen as targets. Aptamers have been generated for a 
significant number of different cell membrane receptors including glucagon and protein tyrosine kinase-7 
(PTK7). Here, we have successfully screened out new aptamer candidates for a cell membrane receptor 
expressed on Human Embryonic Kidney (HEK) cells transiently. Once successfully characterized by using 
different analytical methods, including surface plasmon resonance (SPR), flow cytometry, confocal microscopy, 
and so on, they will be used to identify the molecules inhibiting the receptor binding for pharmaceutical usages. 
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Lactic acid bacteria (LAB) produces β-glucosidase that catalyze major ginsenoside to miner ginsenoside. In 
ginseng, minor ginsenosides (Rg3, Rh2, Rh1, F2, CK, etc.) are known to have greater pharmaceutical potential 
than major ginsenosides. In this study, we investigated the effects of three LAB (Lactobacillus rhamnosus, 
Lactobacillus sanfranciscensis, Leuconostoc citreum) and compare to non-transgenic and transgenic 
Leuconostoc citreum on ginsenoside production by co-culture with ginseng adventitious root (AR) culture. After 
one-week of co-culture, the biomass of AR was investigated, and total saponin and 12 ginsenoside contents 
were also analyzed. In three kinds of LABs treatment, there was no significant difference in biomass (FW and 
DW) production among treatments except Lc 0.2% treatment. Total saponin content was higher in all treatments, 
especially in Lr 0.2% treatment (35 mg·g-1 DW), than that of control. β-glucosidase activity was lower in all 
treatments than non-treatment. In ginsenoside content analyzed by HPLC, the content of total ginsenoside was 
the highest in Lc 0.02% (v/v) treatment (4.5 mg·g-1 DW) and the productivity was also high in the treatment. 
The highest content of minor ginsenoside was achieved in Ls 0.02% treatment (0.11 mg·g-1 DW). In compare to 
non-transgenic (WLc) and transgenic Leuconostoc citreum (TLc), the AR biomass and total saponin contents 
were slightly increase in WLc 0.2% treatments than that of control. Ginsenoside content was decreased in all 
treatments, but minor ginsenoside content was increased in TLc 0.2% (0.14 mg·g-1 DW). This study could 
provide the methods to increase minor ginsenosides by co-culture with the LABs in adventitious root cultures of 
Panax ginseng. 
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Phosphatase and tensin homolog-induced kinase 1 (PINK1) selectively locates to the outer membrane of 
impaired mitochondria and promotes their autophagy. PINK1 regulates mitochondrial dynamics through 
promoting mitochondrial fission in Drosophila and has a role Parkinson’s disease. Mitochondrion is an 
important organelle in mammalian preimplantation embryos, but few studies focus on the mitochondrial 
dynamics during preimplantation embryo development. To investigate whether PINK1 are required for 
mitochondrial dynamics in porcine preimplantation embryos, gene knockdown were engaged in the present 
study. After injection of PINK1 dsRNA, the parthenotes was cultred in vitro to blastocyst stage. 
Immunofluorescence and qPCR were used to observe the changes in mitochondrial quality and oxidative stress. 
The results showed that the blastocyst formation was compromised significantly after PINK1 knockdown. 
Furthermore, knockdown of PINK1 induced mitochondrial elongation and mitochondrial copy number reduce. 
The total ROS and mitochondrial derived ROS was observably increase, but the mitochondria were seriously 
depolarized. In addition, both of the autophagy and apoptosis were significantly increase after mitochondrial 
elongation. In conclusion, these data suggest that PINK1 promotes mitochondrial fission in porcine 
preimplantation embryos. 
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Receptor tyrosine kinases (RTKs) play key roles in cellular signal transduction, cell cycle regulation, cell 
division, and cell differentiation. Dysregulation of RTK-activated pathways, often by receptor overexpression, 
gene amplification, or genetic mutation, is a causal factor underlying numerous cancers. In this study, we have 
developed a parallel reaction monitoring-based assay for quantitative profiling of 54 RTKs. This assay detects 
202 proteotypic peptides from 54 receptor tyrosine kinases in a single run. Quantitative comparisons were based 
on the labeled reference peptide method. We implemented this assay for the two human cololectal cancer cell 
lines, which are SW480 and SW480/Beva (Bevacizumab resistance cell lines). We observed distinct RTK 
expression changes in SW480 and SW480/Beva cell lines by using this assay. EGFR was significantly increased 
in SW480/Beva cell lines, which was compared to the EGFR expression in SW480 cell lines. Migration efficacy 
for the SW480/Beva cell lines was significantly increased, which was compared to the migration efficacy for the 
SW480 cell lines. EGFR inhibitors significantly suppressed migration efficacy for the SW480/Beva cell lines. In 
conclusion, this assay is expected to the useful experimental tool for the identification of biomarkers and for the 
cancer therpy. 
 
Keywords : Mass spectrometry-based receptor tyrosine kinase high throughput screening platform technology, 
Biomarker, Cancer therapy 
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of Korea., 3Systems Metabolic Engineering and Systems Healthcare Cross-Generation Collaborative 
Laboratory, KAIST, Daejeon 34141, Republic of Korea.  
Corresponding Author Email : leesy@kaist.ac.kr 
 
Much effort has been exerted to reduce one carbon (C1) gas emission to address climate change. As one 
promising way to more conveniently utilize C1 gas, several technologies have been developed to convert C1 gas 
into useful chemicals such as formic acid (FA). In this study, systems metabolic engineering was utilized to 
engineer Mannheimia succiniciproducens to efficiently utilize FA. 13C isotope analysis of M. 
succiniciproducens showed that FA could be utilized through formate dehydrogenase (FDH) reaction and/or the 
reverse reaction of pyruvate formate lyase (PFL). However, the naturally favored forward reaction of PFL was 
found to lower the SA yield from FA. In addition, FA assimilation via FDH was found to be more efficient than 
the reverse reaction of PFL. Thus, the M. succiniciproducens LPK7 strain, which lacks in pfl, ldh, pta, and ack 
genes, was selected as a base strain. In silico metabolic analysis confirmed that utilization of FA would be 
beneficial for the enhanced production of SA and suggested FDH as an amplification target. To find a suitable 
FDH, four different FDHs from M. succiniciproducens, Methylobacterium extorquens, and Candida boidinii 
were amplified in the LPK7 strain to enhance FA assimilation. High-inoculum density cultivation using 13C 
labelled sodium formate was performed to evaluate FA assimilation efficiency. Fed-batch fermentations of the 
LPK7 (pMS3-fdh2meq) strain was carried out using glucose, sucrose, or glycerol as a primary carbon source 
and FA as a secondary carbon source. As a result, this strain produced 76.11 g/L SA with the yield and 
productivity of 1.28 mol/mol and 4.08 g/L/h, respectively, using sucrose and FA as dual carbon sources. The 
strategy employed here will be similarly applicable in developing microorganisms to utilize FA and to produce 
valuable chemicals and materials from FA. This work was supported by the C1 Gas Refinery Program through 
the National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning 
(NRF-2016M3D3A1A01913250) 
 
Keywords : Succinic acid, Mannheimia succiniciproducens, C1 gas refinery, Formic acid 
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Succinic acid (SA) is a four carbon dicarboxylic acid of great industrial interest that can be produced by 
microbial fermentation. Here we report development of a high-yield homo-SA producing Mannheimia 
succiniciproducens strain by metabolic engineering. The PALFK strain (ldhA-, pta-, ackA-, fruA-) was developed 
based on optimization of carbon flux towards SA production while minimizing byproducts formation through 
the integrated application of in silico genome-scale metabolic flux analysis, omics analyses, and reconstruction 
of central carbon metabolism. Fed-batch fermentations of PALFK with low- and medium-density (OD600 of 0.4 
and 9.0, respectively) inocula produced 69.2 and 78.41 g/L of homo-SA with yields of 1.56 and 1.64 mol/mol 
glucose equivalent and overall volumetric SA productivities of 2.50 and 6.02 g/L/h, respectively, using sucrose 
and glycerol as dual carbon sources. The SA productivity could be further increased to 38.6 g/L/h by employing 
a membrane cell recycle bioreactor system. The systems metabolic engineering strategies employed here for 
achieving homo-SA production with the highest overall performance indices reported to date will be generally 
applicable for developing superior industrial microorganisms and competitive processes for the bio-based 
production of other chemicals as well. This work was supported by the Technology Development Program to 
Solve Climate Changes on Systems Metabolic Engineering for Biorefineries (Grants NRF-
2012M1A2A2026556 and NRF2012M1A2A2026557) from the Ministry of Science and ICT through the 
National Research Foundation (NRF) of Korea. 
 
Keywords : Succinic acid, Mannheimia succiniciproducens, Biorefinery, Bioprocess engineering 
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The increased use of fossil fuels causes environmental problem and resource exhaustion. The development of 
sustainable and renewable energy sources, such as biofuel, has been a major focus in scientific research. The use 
of gaseous substrates (such as industrial waste gases and synthesis gas) for the biofuel production has some 
advantages; the reduction of the atmospheric greenhouse effect and economical procedure. Anaerobic 
acetogenic bacteria such as Clostridium autoethanogenum and Clostridium ljungdahlii can convert synthesis gas 
composed of CO, CO2, and H2 to ethanol and acetic acid.  
In this study, we used Clostridium ljungdahlii as biocatalyst for conversion from synthesis gas to bioethanol. 
And we investigated to the effect of culture medium components such as D-Ca-pantothenate (a water soluble 
vitamin) and Na2S∙9H20 on growth and product formation. We concentrate to evaluate ethanol productivity , 
acetic acid productivity, and ethanol to acetic acid ratio according to individual factor of medium. 
Acknowledement 
This research was supported by C1 Gas Refinery Program through the National Research Foundation of 
Korea(NRF) funded by the Ministry of Science and ICT(NRF-2018M3D3A1A01017994) and by the Basic 
Science Research program through the National Research Foundation of Korea(NRF) funded by the Ministry of 
Education(NRf-2018R1D1A1B07043323) 
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P0104 Minimization of yeast artificial chromosome for selective overexpression of recombinant genes in 
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To manipulate large DNA fragments cloned into yeast artificial chromosome (YAC), various YAC splitting 
methods have been developed. While YACs have versatile applications, they are limited as single-copy artificial 
chromosomes. If an effective amplification system for YACs is available, the physical mapping and functional 
analysis of the genome will be simplified, resulting in the ability to increase the copy number of various genes 
on the YAC. In this study, we attempted overproduction of recombinant enzymes and an increase in the 
expression level of genes in YAC by introducing the amplification system into a mini-YAC. Several enzymes 
requiring xylan/xylose metabolism were used as model enzymes, and a mini-YAC harboring four genes 
expression cassette was constructed. The four genes were stably integrated into yeast chromosome VII. The 
chromosome VII (1,105 kb) was successfully split to 887 kb, 44 kb containing the element for copy number 
amplification, and 184 kb split-YAC. The 44 kb split-mini YAC was amplified maximum 9 folds, and the 
activity of the reporter enzymes integrated into the split-mini YAC increased about 5 to 7 folds. These results 
demonstrate that the mini-YAC containing a targeted chromosome region can be readily amplified, and the 
specific genes in the mini-YAC could be overexpressed by increasing the copy number. This system will 
provide not only simultaneous overproduction of several enzymes, but also novel strain breeding by allowing 
transplantation of mini-YACs into industrial strains. 
 
Keywords : Yeast artificial chromosome (YAC), PCR-mediated chromosome splitting (PCS), copy number 
amplification, simultaneous overexpression 
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Saccharomyces cerevisiae plays a key role in industries ranging from pharmaceutical production to ethanol and 
is an important industrial microorganism. In all of these applications, the ability to introduce and maintain stable 
foreign genes is extremely important because large-scale production of foreign genes in recombinant yeast often 
uses complex medium. Therefore, direct integration of a target gene into the host chromosome is an effective 
method for stable expression of foreign genes in S. cerevisiae. In this study, we used δ-sequences which is 
repetitive chromosomal DNA sequences, for increase the integration copies of a target gene and Cre/loxP site-
specific recombination system for marker rescue. Using this system, we attempted introduction of a reusable 
selective marker system for sequential and/or simultaneous integration of multiple genes by δ-sequence 
mediated integration. To allow repeated integrations, the reusable CgMARKER carrying loxP sequences was 
used, and the integrated CgMARKER was efficiently removed by inducing Cre recombinase. The XYLP and 
XYLB genes encoding endoxylanase and β-xylosidase, respectively, were used as model genes for xylan 
metabolism in this system, and the copy number of these genes was increased to 15.8 and 16.9 copies/cell, 
respectively, by repeated integration. This integration system is a promising approach for easy construction of 
yeast strains with enhanced metabolic pathways through multicopy gene expression. 

 
Keywords : δ-sequence integration, Cre/loxP system, Candida glabrata MARKER, simultaneous multiple 
integration 
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To convert microalgae into biofuels, the mass production and lipid extraction are necessary. In this study, we 
investigated the optimal conditions for microalgae growth and lipid accumulation under heterotropic culture. 
The tested factors are sea salts concentration, carbon source and nitrogen source. Also, the growth temperature 
were investigated under the temperature at 24-34℃. Moreover, 7L-scale fermenter is applied for mass 
production of cell and lipid. 
 
Keywords : heterotropic culture, lipid extraction, mass production 
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Interest in the biodiesel produced from vegetable oils as an alternative fuel for diesel engines has been 
increasing due to rising environmental concerns about global warming. There has been a great deal of research 
into biodiesel production using microalgae as an oil source. Some microalgae have very high oil productivity 
compared with plant oils, and offer the advantage of not competing with food crops. For the production of 
microalgae, waste water or sea water can be used instead of fresh water, providing greater environmental and 
economic feasibility. There are four steps involved in producing biodiesel from microalgae, including 
microalgae cultivation, harvesting, oil extraction, and biodiesel conversion. Microalgal oil contains both 
triglyceride and FFA. In this study, several heterogenous catalysts were tested for transesterification and/or 
esterification of microalgal oil. FAME content and acid value were measured to examine biodiesel conversion 
efficiency by catalysts. 
 
Keywords : Mcroalgal biodiesel, esterification, free fatty acid, FAME 
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In this study, we introduced chitosan recovered from crustacean shells as a food waste of aquatic organisms for 
production of platform chemicals by hydrothermal acid-catalyzed conversion process. Also, sulfamic acid was 
applied as catalyst. As a result of optimization, 21.48% HMF yield was achieved under 200 °C, 3% chitosan, 0.7 
M sulfamic acid and 2 min condition. This work represents the potentials of sulfamic acid as green catalyst and 
chitosan derived from food waste of aquatic organisms as bioresources [1]. 
 
Keywords : chitosan, HMF, sulfamic acid 
 
References   
1. Energy Technol. 2018, 6, 1747 – 1754 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

233 

 

P0109 Conversion of glucosamine into levulinic acid by zirconium salt catalyst 
 
Mi-Ra PARK, Sung-Koo KIM, Gwi-Taek JEONG 
Department of Biotechnology, Pukyong National University, Busan 48513, Republic of Korea 
Corresponding Author Email : gtjeong@pknu.ac.kr 
 
Recently, several homogeneous Lewis acidic metal salt catalysts have been applied to convert into platform 
chemicals such as HMF and LA. In this work, the potential of Zr-salt catalyst under hydrothermal conversion 
was investigated to produce levulinic acid from glucosamine. The effects of reaction factors including 
temperature, catalyst concentration, substrate concentration, and time were investigated. In conclusion, Zr-salt 
catalyst can be available a valuable alternative approach for the production of LA from glucosamine[1]. 
 
Keywords : Glucosamine, Levulinic acid, Zr-salt catalyst 
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The use of different types of wastewater for the cultivation of microalgae and cyanobacteria during recent 
decades has provided important economic and environmental benefits [1]. However, when using wastewater 
directly, unwanted pollutants other than nutrients are concentrated in biomass, which limits the application area. 
In the present study, nitrate and phosphate were selectively separated using Drinking Water Treatment Residuals 
(DWTRs)-Chitosan granular adsorbent and the separated nutrients were used for the cultivation of microalgae, 
Spirulina platensis. The cyanobacterial cultures efficiently assimilated the nutrients from medium prepared 
using regenerated wastewater, and growth and nutrient uptake were similar to those in a synthetic medium. In 
addition, cell viability test using RAW264.7 cells was performed with hot-water extract from S. platensis 
cultivated in regeneration medium. The cell viability test showed similar results compared with control. The 
results indicate that the recovery and utilization of nutrients from wastewater for microalgae cultivation can be 
considered as a good approach to produce contamination-free biomass. 
 
Keywords : Microalgae, Wastewater nutrient, Cytotoxicity test 
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Chlorella ellipsoidea is a microalgae that found in seawater and fresh water, and it has been widely used as a 
food and health supplements, because it contains various nutrients, especially proteins, soluble lipid compounds, 
glycolipids, sulfolipids and vitamin [1]. Cell harvesting is a central process in all methods currently used for the 
production of microalgal biomass. Because harvesting cost of biomass is about 20~30% of total production cost, 
a proper harvesting method is necessary to reduce the cost. In previous study, we found optimal condition for 
harvesting of microalgae using alpha-Poly-l-lysine and epsilon-Poly-l-lysine. Using the established conditions, 
high harvesting efficiency of biomass was confirmed, and the contamination of biomass during long term 
storage was reduced by anti-microbial activity. In this study, Chlorella ellipsoidea was harvested using an 
optimized microalgae harvesting method, and cell viability test using RAW264.7 cells was performed to 
evaluate the toxicity of microalgae extract. The extract was obtained from harvested biomass using a hot-water 
extraction. The cell viability up to 50 mg/L of extract was similar with control. The results suggest that the 
harvesting method used in this study could be applicable to produce non-toxic microalgal biomass as well as 
reduction of its production cost. 
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Direct use of wastewater on microalgae cultivation can negatively affect to the biomass quality due to an 
accumulation of toxic substances persisted in wastewater [1]. The recovery and use of nitrate and phosphate 
from wastewater can be a promising technology to prevent toxic effect on microalgae growth and contamination 
problem. We preliminary tested the possibility of drinking water treatment residuals (DTWRs)-chitosan granular 
adsorbent as a flocculant for nutrient recovery from wastewater, and it can be applicable to recover the nutrients 
and produce regenerated medium for microalgae cultivation. This study was designed to evaluate the potential 
use of microalgal extracts obtained from regenerated medium in high-value products, such as medicine and 
cosmetics. Microalga, Spirulina platensis, was cultivated in synthetic and regenerated medium, and hot-water 
and ethanol extracts were used for the cytotoxic effect on mouse RAW264.7 cell line. The toxicity of the 
extracts was evaluated by the MTT assay, and the concentration of extracts was 5, 10, 50, 100, and 200 μg mL-1. 
The results showed that both hot-water and ethanol extracts showed no cytotoxic activity, and the cell viability 
of the extracts obtained from regenerated medium was similar with that of the control. In conclusion, both hot-
water and ethanol extracts of Spirulina platensis produced from regenerated medium can be used as a source to 
produce high-value products. 
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Since increased demand for chemical-based products poses a serious threat to the environment, bio-refinery 
process is widely recognized as the most feasible solution to environmental sustainability and economic growth. 
In this study, a highly efficient and robust process was developed for the production of destruxins from 
Miscanthusv sinensis. The acetic acid–sodium chloride pretreatment for Miscanthus (AASC-MCT) is shown to 
improve the soluble sugar production. Metarhizium anisopliae efficiently produced various small molecules, 
including destruxins (dtx A, B and E), from 1% (w/v) AASC-MCT by simultaneous saccharification and 
cultivation processes. These metabolites showed an insecticidal activity against Monochamus alternatus 
(Japanese pine sawyer). These results suggest that Miscanthus can be used as a major resource for the bio-
refinery process.  
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Abstract 
In this study, we investigated the kinetics and thermodynamics of microwave-assisted drying of amorphous 
paclitaxel for the removal of residual solvent, acetonitrile. The efficiency of microwave-assisted drying 
increased with increasing drying temperature (35-55℃). When the experimental data were applied to various 
kinetic models (Newton, Page, modified Page, Henderson and Pabis, and Geometric models), the Page model 
was determined to be the most suitable. The activation energy Ea of microwave-assisted drying was found to be 
76.87 kJ/mol. The Gibbs free energy change (-9.3381 ~ -11.283 kJ/mol at 35-55℃) was negative, while the 
enthalpy change (+19.883 kJ/mol) and entropy change (+94.97 J/mol·K) were positive. These results indicate 
that this drying process was spontaneous and endothermic in nature. 
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Abstract 
The adsorption characteristics of paclitaxel from extracts of Taxus chinensis cell cultures by the commercial 
adsorbent Sylopute were investigated using different parameters such as initial paclitaxel concentration, 
adsorption temperature, and contact time. The equilibrium adsorption data were best represented with the 
highest accuracy (r2>0.984, RMSD<0.0009) by the Langmuir isotherm. 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. The isosteric heat of adsorption, DHx (20-25 kJ/mol), was nearly a constant, 
even with variations in surface loading (qe: 3-9 mg/g), indicating a homogeneous surface.  
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The present study investigated the effects of symbiotic bacteria on microalgal growth and fatty acids production. 
The three microalgal strains (i.e., Chlorella vulgaris, Spirogyra sp., and Uronema sp.) in a photo-bioreactor 
were cultivated to evaluate the microalgal biomass production with various ratios of bacterial strain (i.e., 
Microbacterium sp.) which isolated from the microalgae cultivation (e.g., Chlorella vulgaris). During the 
microalgal cultivation with symbiotic bacteria, the three microalgal growth in the ratio of microalgal and 
bacterial concentration (1:0.25) were remarkably increased compared to other conditions. Furthermore, FAMEs 
(Fassy Acid Methyl Esters) extracted from microalgal cell were mainly consisted of C16 and C18 which could 
be used for biofuel. These results suggest that the presence and inoculm volume of symbiotic bacteria in 
microalgal cultivation has synergetic effects on microalgal biomass production. Thus, this approach as 
alternative technique has high potential for increasing of microalgal biomass production in microalgal 
cultivation using symbiotic bacteria. 
 
Keywords : Microalgae, Symbiotic, Fatty acids, Microbacterium sp. 
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Abstract 
In this study, we investigated the kinetics and thermodynamics of vacuum drying and dehydration of plant cell 
Taxus chinensis. At all the temperatures (45, 50, 55, 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 (3.6602 
× 10-14 ~ 1.0981× 10-13 m2/s) and mass transfer coefficient (4.3507 × 10-11~2.0871 × 10-10 m/s) increased with 
increasing drying temperature. The small Biot number (0.0505~0.0808) indicated that the process of mass 
transfer was externally controlled. The activation energy Ea of vacuum drying was found to be 73.07 kJ/mol. 
Thermodynamic parameters revealed the endothermic and spontaneous nature of drying.  
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Abstract 
Batch experiment studies were carried out on the adsorption of anticancer agent 7-epi-10-deacetylpaclitaxel 
using Sylopute. The experimental data were fitted to the Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich isotherm models. Comparison of results revealed that the Langmuir isotherm model could 
account for the adsorption isotherm data with the highest accuracy among the four isotherm models considered. 
From the analysis of adsorption isotherms, it was found that adsorption capacity decreased with increasing 
temperature and the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute was favorable. The obtained 
kinetics data for 7-epi-10-deacetylpaclitaxel adsorption onto Sylopute agreed well with the pseudo-second-order 
model. Thermodynamic parameters, such as standard enthalpy (H°), standard entropy (S°) and standard 
Gibbs free energy (G°) change, were investigated. The results indicated that the process of 7-epi-10-
deacetylpaclitaxel adsorption onto Sylopute was exothermic and nonspontaneous.  
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To improve the industrial applicability and potential merits of the fucose production process based on Klebsiella 
oxytoca fermentation, we aimed to develop an efficient simulated-moving-bed (SMB) process for continuous-
mode separation of fucose and 2,3-butanediol (BD) while ensuring high product purities and high recoveries. As 
a firs step for this work, an effective adsorbent for the targeted separation was selected through a series of pulse 
tests for several potential resins that are commercially available. Based on the selected adsorbent, the 
chromatographic separation parameters of fucose and BD were estimated. The resultant parameters from such 
estimation were used in the optimal design of the fucose-BD separation SMB, whose separation performances 
were then verified through both computer simulations and the relevant SMB experiment. Finally, several SMB 
operation strategies based on partial extract-collection, partial extract-recycle, and partial desorbent-port closing 
were proposed to increase the product concentrations and/or reduce the desorbent usage while causing no 
adverse effect on the purities and yields of fucose and BD products. 
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Bioenergy has been developed as an alternative energy source for fossil fuels (especially transport fuels) and is 
being used commercially. Recently, in order to overcome the disadvantages possessed by the production process 
of bioenergy using existing grain and lignocellulosic biomass, syngas (or waste gas) fermentation to produce 
bioenergy has been widely conducted. In such bioenergy production processes, the cost of the culture medium 
exerts a great influence on the economics of the whole biological process. In particular, yeast extract accounts 
for a large portion of the culture cost of the culture medium. 
In this study, Clostridium ljungdahlii was utilized as a strain producing bioethanol from syngas, and substances 
capable of replacing expensive yeast extract were examined and the influence on culture performance was 
analyzed. 
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Abstract 
In this study, we investigated the kinetics and thermodynamics of microwave-assisted drying and dehydration of 
plant cell Taxus chinensis. The efficiency of microwave-assisted drying increased with increasing drying 
temperature. When the experimental data were fitted to five empirical drying kinetic models of Newton, Page, 
Modified Page, Geometric, and Henderson-Pabis, the Page model was the most appropriate. The effective 
diffusion coefficient (3.445 × 10-9 ~ 7.613 × 10-7 m2/s) and mass transfer coefficient (4.701 × 10-7~8.792 × 10-4 
m/s) increased with increasing drying temperature. The small Biot number (0.0058~0.0491) indicated that the 
process of mass transfer was externally controlled. The activation energy Ea of vacuum drying was found to be 
281.971 kJ/mol. Thermodynamic parameters revealed the endothermic, irreversible and spontaneous nature of 
drying.  
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Abstract 
The adsorption characteristics of the major tar compound, acenaphthene, derived from the plant cell cultures of 
Taxus chinensis by the commercial adsorbent Sylopute were investigated using different parameters such as 
initial acenaphthene concentration, adsorption temperature, and contact time. The experimental data were fitted 
to the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models. The kinetic data were then 
fitted using the pseudo-first-order, pseudo-second-order and intraparticle diffusion models. Thermodynamic 
parameters, such as activation energy (Ea), standard enthalpy (H°), standard entropy (S°) and standard Gibbs 
free energy (G°) change, were also investigated. 
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Abstract 
In this study, we developed an improved fractional precipitation method by ultrasound treatment for the 
purification of poorly water-soluble anticancer agent paclitaxel. Ultrasound was applied to liquid antisolvent 
precipitation using distilled water as antisolvent at room temperature. The effects of ultrasound power (80, 180, 
and 250 W) and sample purity (27.6, 63.6, and 92.7%) 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 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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In this study, double staining method using two fluorescent dyes, Calcein AM and Propidium Iodide, was 
applied on Daphnia magna exposed to Salmonella spp. and Shigella spp. to assess their toxicity. Results showed 
that these bacteria caused disparate infectious ability on daphnia depending on age of this organism, bacteria 
concentration and exposure time. In detailed, S. dublin and S. sonnei are the most harmful strains to daphnia. 
Interestingly, older daphnia can give responses to nearly 10 CFU/ml of some bacteria strains. Besides, the 
proteomic profile of the treated D. magna was investigated using 2-DE method and then analyzed to explore the 
differentially expressed proteins. The identified DEPs is involved in energy metabolism, oxidative stress 
response and dynamic structure of cytoskeleton filaments. Moreover, special DEPs can be used as novel 
sensitive biomarkers to detect these pathogens. This work was carried out with the support of “Cooperative 
Research Program for Agriculture Science & Technology Development (Project No:PJ01267701)’ Rural 
Development Administration, Republic of Korea. 
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Hydrothermal liquefaction (HTL) is a process that is mainly used for conversion of microalgae having high 
water content into liquid fuels. In this study, we investigated the effect of aqueous phase generated by HTL 
reaction on microalgae growth. Tetraselmis sp. and lipid extracted algae (LEA) were used as HTL feedstocks, 
and HTL reaction was performed in a small batch reactor with a salt bath at 300℃. To investigate the catalyst 
effect, the product yield was compared and analyzed by adding acetic acid. The change of microalgae growth 
according to the type of added aqueous phase was monitored, and it was found that aqueous phase gives a 
significant influence on the microalgae growth. In addition, we found that the growth of microalgae was 
depending on the source of the aqueous phase and was affected by the catalyst. The growth of microalgae 
increased in proportion to the amount of the aqueous phase. However, because of ammonium ions, the growth 
of microalgae was inhibited when the added aqueous phase exceeded a certain amount. 
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Targeted drug delivery system is a means of transfer medicine to target cells. However, delivering drug to 
specific target is a major challenge in therapeutic applications because of ineffective carrier systems. The use of 
nanoparticles (NPs) to overcome this challenge is now well established. Herein, a new hybrid material that 
contains silica-coated ferritin cage was developed. By gene technologies, the heavy chain of ferritin (FT) was 
genetically modified to insert the R5 silaffin peptide (SP) sequence to N-terminus of ferritin, resulting in 
presenting SFP moieties on the surface of ferritin (SP-FT). This caged protein is used as a template in SP-
mediated biosilicification reaction to fabricate inorganic-organic hybrid particles (SiO2/SP-FT). Doxorubicin 
(Dox), the model drug, was loaded into cage interior by re-assembly of SP-FT, then was coated additionally 
with silica matrix by SP-mediated silicification. The release of loaded doxorubicin was controlled and retarded 
by the silica-coated matrix. As a result, SiO2/SP-FT, new organic-inorganic hybrid particles hold promise for 
applications in biological and medical fields 
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Among the several solid inorganic materials, silica-based materials have been the most used solid supports for 
enzyme immobilization in a wide range of biomedical and biotechnological applications. Several silica-binding 
proteins and peptides were used to direct the enzyme immobilization onto the silica matrices, cost-effectively. 
Herein, the affinity of cationic EctP1 peptide toward unmodified solid surfaces, silica and titania was 
investigated. A fusion of EctP1 with bovine carbonic anhydrase (BCA) was employed to investigate the optimal 
binding conditions that the nonspecific binding of E. coli proteins could be diminished. While the stable binding 
of BCA-EctP1 on titania was observed over pH 2-9, that of silica was in pH range 6-9. Then, we demonstrated 
the merits of the noncovalently immobilization of EctP1 fusion proteins to silica and titania in the recovery of 
the bound enzymes and reuse of the solid materials. Interestingly, protein aggregation suppressor, monomeric 
arginine, showed better recovery yield of EctP1 fusion proteins, compared with the other salts (NaCl and 
MgCl2). Using BCA and monomeric red fluorescent protein as model proteins, the EctP1 fusion proteins were 
released in a biological active form with about 80% recovery and 93% purity. We believed that direct oriented 
immobilization of recombinant proteins from crude extracts on silica and titania solid supports will have various 
applications in biotechnological and biomedical fields. 
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Biomimetic silica has gained growing interest over the last decade due to the promising mild synthesis 
conditions. Inspired by biological silicification, silaffin R5 peptide was utilized as a silica-precipitating agent to 
protein auto-encapsulation in biomimetic silica. However, the controlled release of the entrapped protein from 
silica is still a challenge. Here, novel silica-forming peptides (SFPs), Salp1 and Volp1, have been addressed to 
generate silica nanospheres in vitro. Both peptides genetically fused with model fluorescent proteins to enhance 
their auto-encapsulation via biomimetic silicification. Interestingly, the silicification process becomes 
switchable enabling self-immobilization of recombinant proteins in two different silica formulations, 
precipitated silica particles or wet silica gel, prepared at ambient conditions. The sustained release of 
Volp1/Salp1-tagged proteins from these silica formulations was significantly more efficient than that of R5-
tagged proteins. Moreover, the multiple proteins that homogenously entrapped in the silica matrix were 
dynamically released in a separated manner. The results gained here to provide a rational basis for utilizing new 
silica tags as powerful tools for controlling silica precipitation as well as enhancing entrapment and the 
controlled release of recombinant proteins 
 
Keywords : Silica forming peptide, Controlled release, Protein immobilization 
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Unstable oil price volatility, global warming and population growth are driving new and sustainable energy 
development. The energy production process using microorganisms is more environmental friendly than the 
other processes, and has the advantage of less secondary toxic by-products than chemical processes. Especially, 
in the case of gas fermentation, utilization of waste plant gas from various industries is very useful and attractive. 
Synthesis gas (syngas) is a fuel type of gas mixture consisting primarily of hydrogen, carbon monoxide and 
carbon dioxide. The biofuels and chemical can be produced from syngas by various microorganisms. 
Eubacterium limosum KIST612 strain is a promising microorganism that is able to produce acetate and butyrate 
by the consumption of syngas component, CO as sole carbon and energy source through Wood-Lijungdahl 
pathway. To produce acetate as a main product, the producing butyrate is less attractive in term of downstream 
process of product purification step. The mutant strain of E.limosum KIST612 was constructed by deletion of 
target gene that can highly produce acetate instead of butyrate formation. During the reactor operation, E. 
limosum KIST 612 wild type and mutant strain were cultivated on carbonate-buffered basal medium (CBBM) 
with gaseous mixture (CO/CO2:4/1) in bubble column reactor (BCR). The gas was supplied by 10 liter gasbag 
by changing of every 12 hr at a constant flow speed of 10 rpm to 150 rpm. The reactor was operated under fed-
batch mode conditions at the start of the operation, and later converted to continuous mode in gas- and cell-
recycling. 
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Microalgae have recently attracted considerable interest worldwide, due to their extensive application potential 
in the renewable energy, biopharmaceutical, and nutraceutical industries. Astaxanthin the carotenoid pigment, is 
one of the most valuable algal compounds with a wide range of applications in the food, feed, cosmetics and 
pharmaceutical sector due to its strong antioxidant activities. Haematococcus pluvialis is the considerable rich 
source of astaxanthin, however the microalga does not produce astaxanthin under normal conditions and the 
viable and feasible biomass production of H. pluvialis with higher quantities of astaxanthin required 
improvements, developments and optimization for commercialization. In current study we investigated effects 
of various culture conditions on H. pluvialis biomass and astaxanthin productivity. Also, the extraction of 
astaxanthin was made efficiently using an optimized process of extraction. our newly developed culture media 
(mix media) promoted repaid growth of H. pluvialis as compared to BG11 culture media. Similarly, high growth 
rate was observed at pH 8 and temperature 20°C for the used strain of H. pluvialis. The growth rate was higher 
of the culture grown in red LED light as compared to blue LED and fluorescent light and astaxanthin induction 
and synthesis was found maximum in blue LED light. Increasing light intensity and CO2 concentration 
astaxanthin quantities were increased. Similar effect of astaxanthin induction and synthesis was observed after 
subjecting the culture to UV radiation for specified period under high light intensity and CO2 supply. A final 
yield of 25μg/ ml of astaxanthin was obtained from H. pluvialis culture grown under UV doses, blue LED light 
of intensity 160 μE/m2/s and 6% CO2.  
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Hydroxyapatite (HA) has been widely used for restoring bone defects and bone tissue engineering in osteopathy 
and dentistry. However, HA has some disadvantages such as slow biodegradation and slow bioresorbility. 
Calcium carbonate can be an alternative material because it degrades and resorbs faster than HA but still provide 
calcium precursor. Calcium precursor can be converted to bone structure along with polyphosphate. Silica plays 
important role in bone formation. NF-kB and inflammatory factors change the pre-osteoblast to macrophage, 
and then macrophage differentiate into osteoclast. Silica inhibit the NF-kB pathway and inflammatory effect and 
help to differentiation of pre-osteoblast. We fabricate the surface modified scaffold with inorganic minerals. 
Well disperse mineral help to cell growth and cell differentiation. Biological properties were determined by 
growing mouse bone cell line over the scaffolds. Cell adhesion and proliferation were observed by MTT assay 
and DAPI staining. The surface modified scaffold was made from natural polymer, calcium carbonate, and silica. 
In this study, we could find for application in bone tissue engineering. 
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DNA modification enzymes (i.g. polymerase, ligase) give a great opportunity to DNA materials in a novel 
sensor and catalyst developments. The enzymes often merge into a group for chain reaction in combination with 
DNA labelling, primer extension and ligation. There is another robust post-DNA modification method that is 
operated in template-free mode based on a specialized polymerase, Terminal deoxynucletidyl Transferase (TdT). 
One limitation is that it is difficult to control the number of labelled NTs, which can present a problem in the 
downstream applications. Herein, we uncovered an interesting inhibitory effect on TdT when ribose-type 
substrates (rNTPs) were employed in a borate buffer. On the basis of unique inhibitory effects of the ribose–
borate complex, we developed a novel enzymatic method for single-NT labeling of a DNA oligomer with a 
modified rNTP (rMTPs) by TdT. The “rNTP-borate with TdT” method is quite simple and efficient for 
preparing a single-NT modified DNA oligomer, which is useful for the design of functional DNA-based systems. 
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Bacterial cellulose (BC) is biopolymer formed by linear chain of D-glucose. It can be synthesized by bacteria 
such as Gluconacetobacter xylinus, and secreted outside of the cell. During synthesis, nano-sized fibrils 
aggregated form of nano-ribbon. Due to this nanostructure, BC possesses unique physical properties, high 
moisture content and biocompatibility. In the static fermentation, it can be produced in a form of gel sheet on the 
surface of medium. Therefore, BC has wide application fields such as dietary food, biosensor, biomaterial, and 
facial mask pack. However, because of high production cost, industrial manufacturing of BC is limited. In order 
to reduce the production cost, researchers attempted to find cost effective substrates. Lignocellulose, containing 
70% carbohydrates, has considered as cheap feedstock for producing value-added products. Hydrolysis process 
is necessary to obtain fermentable sugars such as glucose and xylose. During pretreatment processes, inhibitory 
compounds are produced due to severe conditions of pretreatments. In this study, the inhibitory effect of 
phenolic compounds on BC production was investigated. 
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Short-chain esters have a characteristic flavor depending on the type and are widely used in fragrance and flavor 
industries. Octyl formate (an orange and rose flavor ester) is an important substance used in the perfume 
industry. Octyl formate is mostly synthesized using chemical catalysts. The process using chemical catalysts 
needs a high temperature and high pressure, and produces by-products. Recently, the concern about biological 
synthesis using enzyme, an environment-friendly catalyst, has grown as increasing awareness of environmental 
issues. In this study, we intended to synthesize formate ester from formic acid and alcohol by enzymatic 
esterification. We investigated the effects of type of enzyme, enzyme concentration and molar ratio of reactants 
on the production of octyl formate and the conversion was about 80%. 
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Being aquatic species, marine algae requires enormous amounts of water for cultivation. Using seawater can 
substantially decrease consumption of freshwater in microalgal cultivation. Seawater contains various 
substances that could inhibit microalgal cell growth. Tetraselmis sp. are group of marine microalgae that often 
exhibit resistance to high level of salinity at which growth of other organisms is prohibited. In this study, the 
effects of salinity manipulation on biomass and fatty acid productivity, Tetraselmis sp. MBEyh04Gc from 
Youngheung Island, were investigated. The growth rate of microalgae started to decline at salinities higher than 
55 PSU, but fatty acid content of the microalgae was highest at 80 PSU after which it decreased. The highest 
fatty acid productivity was achieved at 80 PSU. Microscopic observation was revealed that at salinities of 80 
PSU and above, contamination was prevented and the cultures mostly consisted of Tetraselmis sp. Decreasing 
salinity to 30 PSU after cultivation at 80 PSU, combined with nitrogen starvation condition was able to increase 
fatty acid content of the algal biomass up to 19.4% whereas nitrogen starvation stress alone at 80 PSU increased 
fatty acid content to 12.9%, from 9%. The results of this study indicate that contamination from natural seawater 
can be controlled by increasing salinity, and salinity manipulation also could improve fatty acid productivity of 
Tetraselmis sp. MBEyh04Gc. 
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Supplying carbon dioxide as the carbon source in microalgal cultivation is very important in order to produce 
algal biomass successfully, but supplying carbon dioxide in a gas form to pilot-scale open culture systems is 
costly and has low carbon utilization efficiency because of relatively low solubility in culture media. 
Appropriate carbon sources suitable for microalgal cultivation need to have high water solubility to achieve high 
carbon utilization efficiency in microalgal culture. In this study, we cultivated Tetraselmis sp. MBEyh01L, 
using sodium bicarbonate instead of conventionally used aeration with CO2 gas in 5 L continuously stirred tank 
reactors with modified f/2-Si medium. As sodium bicarbonate has advantages of high water solubility, higher 
carbon utilization efficiency in the cultivation was anticipated in contrast to CO2 aerated cultures in which most 
CO2 escapes. As the results, 0.60 g/L/d of highest overall biomass productivity was obtained at 20 mM 
bicarbonate fed-batch cultivation, and 81% of high carbon utilization efficiency in 20 mM fed-batch culture 
could be attained by pH control whereas 0.6 g/L/d of biomass productivity was achieved in CO2 aerated culture. 
This result indicates that algal biomass productivity using bicarbonate as carbon source can be enhanced to 
conventional CO2 bubbling culture with high carbon utilization efficiency by controlling pH and fed-batch 
culture mode. 
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Lignocellulosic biomass is the most abundant and renewable resource for producing high value biofuels and 
chemicals. However, practical utilization has been limited due to the recalcitrant structure of lignocellulose. To 
overcome this, many pretreatment methods of lignocellulose have been developed. In this study, twenty-five 
kinds of choline chloride (ChCl)-based deep eutectic solvents (DESs) were synthesized and evaluated for 
pretreatment of wood flour. DESs containing acid hydrogen bond donor (HBD) showed the good ability to 
selectively extract lignin and hemicelluloses from recalcitrant biomass. Especially, ChCl:lactic acid:formic acid 
(molar ratio of 1:1:1) was the most effective DES to extract lignin from wood flour with the highest extraction 
efficiency of 72%. The enzymatic saccharification yield was greatly improved by pretreatment process using 
DES. Wood flour pretreated with ChCl:lactic acid:formic acid (1:1:1) showed 2.8 times enhanced enzymatic 
saccharification yield. The relationship between solvatochromic parameters of DESs and pretreatment efficiency 
was also investigated. Pretreatment efficiency increased with increasing hydrogen bonding acidity of DES. 
 
Keywords : Deep Eutectic Solvent, lignin, lignocellulosic biomass, pretreatment, solvatochromic parameter 
 
References   
1. Y. L. Loow, T. Y., G. H. Yang, L. Y. Ang, E. K. New, L. F. Siow, J. M. Jahim, A. W. Mohammad, and W. H. 
Teoh, Bioresour. Technol. 249, 818 (2018).  
2. A. Procentese, E. Johnson, W. Orr, A. G. Campanile, J. A. Wood, A. Marzocchella, L. Rehmann, Bioresour. 
Technol. 192, 31 (2015). 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

262 

 

P0138 Cultivation of Tetraselmis sp. MBEyh01L using Serial Tubular Photobioreactors for mass culture 
in the ocean  
 
Yonghee CHO1, Ki-Hyun KIM1, Dong-Woo SHIN1, Sang-Min LIM1,2, Choul-Gyun LEE1,2 
1National Marine Bioenergy R&D Consortium, Inha University,Incheon 22212, Korea, 2Department of Marine 
Science & Biological Engineering, Inha University, Incheon 22212, Korea 
Corresponding Author Email : rkdlsem4021@naver.com 
 
Culturing has several advantages in the ocean, mixing from restless waves, relatively stable temperature and not 
using industrial water. Photobioreactors (PBRs) might be designed for successful offshore cultivation of 
microalgae. In this study, serial tubular photobioreactors (ST-PBRs), closed tubular marine photobioreactors 
made with polyethylene, were used for cultivating a green microalga, Tetraselmis sp. MBEyh01L, in the coastal 
water of Young-Heung Island, Incheon, Korea. The seawater temperature was relatively stable at 13.6±1.ºC 
while atmospheric temperature was 19.5±8.3ºC during culture periods. The maximum biomass concentration 
and productivity were 6.1 g/L and 11.2 g/m2/day for 19 days, respectively. These results suggest that ST-PBRs 
are suitable for producing microalgae biomass with high productivity without additional input energy such as 
electricity to mix and control the culture temperature.  
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It was necessary to develop the new fuel because of oil depletion. As one of alternatives, the biodiesel process 
using microalgae which has higher productivity than crop was designed. However, in the process of producing 
biodiesel, glycerol is produced as a by-product. As the biodiesel production has increased, the glycerol 
production also has increased, which causes glycerol to be industrial waste. To solve this problem, two 
processes were designed for the production of biodiesel by microalgae and the production of value-added 
materials by crude glycerol. The process for the production of bacterial cellulose (BC) was combined with the 
process for the production of biodiesel to improve the economics of the process. Two processes were compared 
to evaluate the economic efficiency. Economic indicators include gross margin, ROI, and payback time.  
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Environmental problems such as air pollution and global warming caused by extensive use of fossil fuels can be 
alleviated through the production and use of biofuels using microalgae. Marine culture of microalgae has 
advantages such as relatively stable temperature, culture mixing from ocean waves, large area, structural support 
by buoyancy from seawater, etc. compared to land-based microalgae cultures. In this study, a green microalga 
Tetraselmis sp. MBEyh04Gc was cultivated, and the effects of CO2 filling frequency on the algal biomass 
productivity in offshore cultivation using tubular module photobioreactors (TM-PBRs) was investigated. The 
TM-PBRs were closed marine PBRs made of polyethylene and were filled with CO2 every 3 or and 6 days. The 
biomass concentration and biomass productivity of the PBRs with 3-day gas filling frequency were 0.78 g L-1 
and 6.8 g m-2 d-1, respectively. In the PBRs with 6-day gas filling frequency, biomass concentration and biomass 
productivity were significantly increased to 3.18 g L-1 and 12.6 g m-2 d-1, respectively. When the CO2 gas filling 
frequency was shorter, the culture pH rapidly decreased to 7, inhibiting microalgal growth. According to the 
results of the study, the frequency of CO2 charging should be considered to maintain the culture pH within the 
optimum pH range for maximum biomass productivity and to increase biomass concentration in the TM-PBRs. 
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In microalgae cultivation at laboratory scale, CO2-enriched air is often supplied as a carbon source. In offshore 
cultivation of microalgae, continuously supplying CO2 gas is difficult because of high cost for transportation of 
CO2 gas via pipelines or compressed gas tanks. NaHCO3 is an effective carbon source alternative to CO2 gas for 
offshore microalgal culture. This study investigated the effect of NaHCO3 concentrations on the microalgal 
biomass productivity of Tetraselmis sp. MBEyh04Gc in floating cube photobioreactors (FC-PBRs) deployed in 
the Young-Heung Island, Incheon, Korea. FC-PBRs were closed PBRs in a cube shape made of high-density 
polyethylene. Initially, 4.0 g/L of NaHCO3 was added to the cultures, and after 11 days of cultivation, when the 
cultures entered the stationary phase, 0, 2.0 and 4.0 g/L of NaHCO3 were supplemented additionally. The 
biomass productivities were 0.19, 0.28 and 0.38 g/L/day in 0, 2.0 and 4.0 g/L of NaHCO3 supplemented groups, 
respectively. Maximum biomass productivity was attained by additionally supplying 4.0 g/L NaHCO3. The 
results indicate that NaHCO3 could be used as a carbon source alternative to CO2 gas for offshore biomass 
production in FC-PBRs. 
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Syngas fermentation is an attractive process to produce bioethanol. For commercial success, mass production of 
ethanol is important. And for the mass production, high cell density culture of acetogen, a biological catalyst for 
ethanol production, is given priority. However, difficulties of high density culture have been reported. In batch 
mode, no cases where culture density of Clostridium autoethanogenum is over 5 of OD600 has reported. [1, 2] In 
this research, for high density culture of C. autoethanogenum, we setup anaerobic cell-recycle system. 
Experiments were performed on serum vials and continuous stirred tank bioreactor(CSTR). Cell-recycle 
operation in serum vial was conducted using centrifuge and showed that C. autoethanogenum’s cell density 
reaches 16(0.89) of OD600 in 22 days. The same strategy was adapted to the bioreactor. Cell-recycle system in 
bioreactor was configured through 2.5L scale CSTR and hollow fiber membrane module. Cell density reaches 
18.942 of OD600 in 10 days. After 10 days, cell-recycle through hollow fiber membrane module was stoped for 
ethanol production. The reactor was eventually operated for 38 days, and the total amount of ethanol produced 
by high-density C. autoethanogenum was 25.1 g/L. 
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Fast-spreading HABs (HAB: Harmful Algal Blooms) on major rivers are threats to the environment public 
health. Naphthoquinone (NQ) derivatives have been shown to be effective, selective, and ecologically safe 
algicides for controlling HABs. This study was conducted to investigate the extent of algicidal activity of NQ 
against cyanobacteria (Microcystis aeruginosa) and eukaryotic microalgae (Selenastrum gracile) which were 
treated with NQ at concentrations of 1, 3.5, 5 μM. M. aeruginosa and S. gracile were cultured in Photobiobox 
for 7 days under various light intensity ranges. As the light intensity increases (in the range between 0-700 
μE/m2 /s), the algicidal activity of NQ against microalgae were increased. Especially, the algicidal activity on M. 
aeruginosa was 85.3% with 1 μM NQ treatment at the light intensity of 700 μE/m2/s within 72 hrs. However, 
the algicidal activity on S. gracile was less than 50% with 1 μM NQ treatment at overall light intensity. This 
suggest that high light intensity could contribute to effective algicidal of microalgae even when treated with 
trace amounts of NQ. Therefore, Treatment of Nq-3i at a low concentration of 1 μM under high light intensity 
conditions can selectively treat Microcystis aeruginosa 
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Sea buckthorn is known to contain a lot of ascorbic acid, tocopherols, carotenoids, flavonols and catechins. In 
addition, the nutritional value of Sea buckthorn has attracted attention in food industries due to the various role 
of antioxidant, immunomodulatory, anti-atherogenic, anti-stress, hepatoprotective and radioprotective. 
In this study, in order to extract the antioxidant compounds from Mongolian Sea buckthorn, dried sample was 
extracted at 50℃ using 50% ethanol and shaking speed of 150 rpm for 24 hours. In addition, the remained solid 
fraction (carbohydrates, lignin and ash) was collected and the structural carbohydrates were determined by 
NREL biomass analysis method.  
As a result, Mongolian Sea buckthorn contained approximately 84% moisture. After the extraction, phenolic 
compounds were determined about 2.3 mg/mL and DPPH radical scavenging activity (IC50) was achieved about 
0.88 mg/mL, however, anthocyanin was not detected. The carbohydrate determination was carried out by using 
HPLC, and the result shows that Mongolian Sea buckthorn contains about 6.7% glucose and 8.2% arabinose.  
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The high production cost of heterotrophic microalgae oils can be reduced by developing efficient strategy of 
fermentation and decreasing production cost. We isolated a novel oleaginous Schizochytrium sp. containing a 
high content of docosahexaenoic acid (DHA). To improve the efficiency of bio-oil, microbubble sparger was 
equipped on 5 L fermentor. The oxygen transfer rate was increased approximately 8.6-fold in the same 
condition. Along with optimized fermentation conditions, the best bio-oil yield and productivity (38.9 g/L and 
405.2 mg/L/h) were obtained via fed-batch fermentation. Additionally, to reduce the bio-oil production cost, 
corn steep liquor (CSL) was used a sole nitrogen source for replacement of yeast extract. In fed-batch 
fermentation using CSL, the best bio-oil yield and productivity (38.5 g/L and 401.0 mg/L/h) were similar with 
the experiment using yeast extract as a nitrogen source. Thus, the production cost of bio-oil can be reduced. It 
was possible that CSL is successful substitution of nitrogen source. This study presents an efficient strategy for 
the production of bio-oil by heterotrophic microalgae. 
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1,3-Propanediol (1,3-PDO) is important building blocks for the bio-based chemical industry, Klebsiella 
pneumoniae can be an attractive candidate for their production. However, 1,3-PDO production is high but 
productivity is generally low by K. pneumoniae. The optimal conditions for repeated fed-batch fermentation of a 
DldhA mutant defective for lactate formation due to deletion of the lactate dehydrogenase gene (ldhA) were 
determined. Maximal 1,3-PDO production level and productivity obtained by repeated fed-batch fermentation 
under optimized conditions were 81. g/L and 3.8 g/L/h, respectively, and these values were successfully 
maintained for five cycles of fermentation without any loss of fermentation capacity. This results were much 
higher than that of the normal fed-batch fermentation. This repeated fed-batch fermentation may be useful for 
reducing the cost of 1,3-PDO production and may be promising industrialization prospect for the 1,3-PDO 
production.  
 
,3-propanediol, Klebsiella pneumoniae, repeated fed-batch fermentation  
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This study aims to develop a continuous production process of bioethanol from sugars extracted from 
Nannochloropsis gaditana. In order to improve the algal sugars production, the reaction conditions of acid-
thermal hydrolysis were investigated based on five different types of acid and their concentrations (1-4%), and 
loading ratio of solid/liquid. The maximum hydrolysis efficiency of N. gaditana was achieved about 92.8% 
under 2% hydrochloric acid with 100 g/L biomass loading at 121°C for 15 min. The microalgal hydrolysates 
were applied to the main medium of Bretthanomyces custersii H1-603 for bioethanol fermentation. The 
maximum production of bioethanol and yield were found to be 4.84 g/L and 0.37 g/g, respectively. In addition, 
B. custersii H1-603 was immobilized with sodium alginate, and the immobilized and free cells were utilized in 
the continuous stirred tank reactor (1L) for continuous bioethanol production. Bioethanol production and yields 
of the two experimental groups were similar (about 90%) at dilution rates of 0.04/h and 0.06/h. 
 
Keywords : Nannochloropsis , Bretthanomyces, bioethanol 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

272 

 

P0148 Seasonal Assessment of Marine microalgal biomass and Fatty Acid Productivity in the Ocean 
Using Semi-Permeable Membrane Photobioreactors 
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A green microalga, Tetraselmis sp., was cultivated in the coastal seawater of Young-Heung 
Island using semi-permeable membrane photobioreactors (SPM-PBRs) in different seasons. 
The microalgae in the SPM-PBRs were able to grow on nutrients diffused into the PBRs from the surrounding 
seawater through SPMs. The biomass productivity varied depending on the ion permeabilities of the SPMs and 
environmental conditions, whereas the quality and quantity of fatty acids were constant. The temperature of 
seawater had a greater influence than solar radiation did on productivity of Tetraselmis sp. in SPM-PBRs. SPM-
PBRs could provide technologies for concurrent algal biomass and fatty acids production, and eutrophication 
reduction in the ocean. 
 
Keywords : microalgae, ocean cultivation, fatty acid 
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Three stage methane fermentation system developed in this lab consisted of semi-anaerobic hydrolysis, 
anaerobic acidogenesis and strictly anaerobic methanogenesis stages. High molecular food waste was 
decomposed to low molecular sugar, lipids, and amino acids in the first hydrolysis reactor. This study focused 
on the acidogenesis from the hydrolysates at the second reactor depending on the presence of Clostridium 
perfringens. The working volume was 3L and HRT was two days. Without C. pkerfringens, the concentrations 
of lactic and acetic acid were 5.0 and 0.5 g/L, respectively. However, the acids production significantly 
increased in the presence of C. perfringens, and then the concentrations of lactic, acetic, and butyric acid were 
16.0, 2.8 and 3.5 g/L, respectively. The composition (v/v) of biogas generated from the third methanogenic 
reactor was 78% methane, 22% carbon dioxide and trace amount of hydrogen sulfide (<0.05%), respectively. 
And the yields of biogas and methane were 193.6 and 151.0 m3/kg COD, respectively. A novel methanotrophic 
bacterium, Methylosinus trichosporium JH, was isolated from rice paddy field soil and cultivated in the 70mL 
gas tightly sealed vials containing NMS medium under an atmosphere of pure methane or biogas. Growth rates 
of the isolate with pure methane and biogas were 0.054 h-1 and 0.042 h-1, respectively. Optimal gas mixing ratios 
between methane and oxygen or between biogas and oxygen from cell growth were 6:10 or 5:10, respectively. It 
indicates that oxygen concentration is very critical for methane oxidation by methanotrophic bacterium. 
 
Keywords : Fermentation, Biogas, Acidogenesis, Methanotroph 
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Lignocellulosic biomass chemicals are a valuable candidate to replace petroleum chemicals in some industry. To 
achieve these object, efficient lignin depolymerization will be required that can convert lignin enriched 
polyphenolic into products of enough value. Above all, base catalyzed depolymerization was studied to convert 
lignin into monophenolic compounds focusing in preventing repolymerization in order to improve oil yield. An 
isolated, Organosolv lignin from Miscanthus was subjected to depolymerization in the presence of supercritical 
water, using NaOH solution. The hydrothermal conversion of organosolv lignin (6 wt.%) in the presence of 
NaOH (0-10 wt.%) was studied as a condition of temperature (280–320℃) and reaction time (30–120min). 
Obtained products (oil, coke, and residual lignin) were measured and analyzed investigating their chemical 
composition and yield in order to study the shifts of the depolymerization process for organosolv lignin. For this 
purpose, different analytical methods were used (GC-MS, MALDI-TOF, EA, FT-IR and NMR). Overall, this 
study shows that lignin extracted from conversion processes of biochemistry can be depolymerized with NaOH 
to produce sufficient yields of low molecular weight aromatic compounds that potentially can be upgraded to 
chemicals or fuels. 
 
Keywords : Phenolic Compounds, Lignin, Light Oil, Hydrothermal liquefaction, Depolymerization 
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Carbonic anhydrase (CA) is a trustful biocatalyst used for the enzymatic CO2 capture process. For industrial 
applications, the immobilization of enzyme on a matrix support is a useful technique for stabilizing the enzyme 
and improving its reusability. Although there have been several trials for immobilization of CA, there is no 
rational study to improve about site-specific immobilization is more effective for stabilization of CA. In this 
study, we chose α-type carbonic anhydrase of Bovine (bCAII), a widely-used model CA, to investigate the 
effect of the immobilization position on the stability of bCAII. Six candidate residues were selected via a protein 
domain analysis and applied for the site-specific immobilization on the silica-coated magnetic beads to 
investigate the effects of immobilization on the thermal and long-term stability of the enzyme. Interestingly, the 
immobilized sites are located close to the N-terminus of bCAII, showed 4.0- and 9.8-fold enhanced 
thermostability, respectively, at 58 °C. They also maintained 60.6 % and 55.5 % of activity, respectively, at 
45 °C for 20 days, when the wild-type bCAII completely lost its activity. These results indicated that the site-
specific immobilization of the flexible residues on the N-terminal region could be an effective strategy for the 
stabilization of bCAII, which would be useful guidelines for the immobilization of other CAs in a site-specific 
manner. 
 
Keywords : bCAII, Rational Design, Immobilization 
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This study aims to investigate the effect of column diameter (D), height/diameter (H/D) ratio, and gas flow rate 
on microalgae culturing, Haematococcus pluvialis. Bubble column reactors with various D and H/D ratio were 
tested to assess the hydrodynamic properties and biomass production performance. Then, H. pluvialis was 
cultured under outdoor autotrophic conditions using industrial flue gas. Reactor volume increased to 354% with 
minimized biomass loss by optimizing the reactor module. Compared to the control, developed module showed 
biomass and astaxanthin productivity of 0.052 versus 0.053 g/L/day, and 1.48 versus 1.47 mg/L/day, 
respectively. Consequently, biomass productivity was retained with increased reactor scale, and the result is 
appropriate for the scale up of overall microalgae cultivation process. 
 
Keywords : Haematococcus pluvialis, Autotrophic, Bubble column photobioreactor, Scale-up, Hydrodynamic 
property 
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Photoautotrophic mass cultivation of microalgae is the most promising strategy for reducing CO2 from an 
industrial flue gas with the production of high value compounds including colorants, cosmetics, healthfunctional 
materials, and pharmaceuticals among the various carbon dioxide (CO2) capture and utilization (CCU) systems. 
Herein, we suggest a cost-effective and energy-efficient CCU process using the unicellular green microalga, 
Haematococcus pluvialis, which is considered as the richest source of natural astaxanthin, the highest value 
ketocarotenoid (up to 4–5% of its dry mass). In order to establish economic H. pluvialis mass culture system, the 
industrial flue gases containing 3–5% CO2 from the combustion of Liquefied Natural Gas (LNG) in combined 
heat and power plants was directly used as carbon-feedstock to produce astaxanthin in H. pluvialis using a two-
stage process which was successfully installed near the LNG combustion stack of the Korea District Heating 
Corporation (KDHC). The two-stage process of microalgal production is comprised of a culturing stage ("first" 
stage) in which rapid growth is accomplished and an induction stage ("second" stage) in which antioxidant 
material is accumulated. In the present system, natural solar radiation and hot water that has been heated without 
consuming any electric power were also used to improve the economic feasibility of CO2 capture from the flue 
gas using microalgae. In addition, we developed a low-cost thin-film photobioreactor (PBR) system with a 
vertical bubble column, which can provide a viable option for direct capture and utilization of concentrated CO2 
emitted from power plants due to ease of scale-up and efficient capture of CO2. In the near future, we will 
expand the culture capacity based on closed PBR system to a 10 ton with the prospective effects of securing up 
to 50 tons of Certified Emission Reductions (CERs) a year, producing 6,000 kg of an antioxidant carotenoid 
astaxanthin yearly. 
 
Keywords : Urban-area-focused CO2 removal, , Biological CCU process, Microalgae, High value compounds 
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Yarrowia lipolytica is emerging non-conventional yeast for biodiesel and oleochemical production from 
lignocellulosic biomass [1, 2]. Yet, native strain of Y. lipolytica is not able to convert xylose, the second most 
abundant sugar in lignocellulosic biomass, into lipids limiting the overall conversion yield during lignocellulosic 
biodiesel production [3]. Here, we developed a xylose-utilizing strain of Y. lipolytica harboring cofactor-free 
isomerase-based pathway for high yield lipid production from xylose. Through adaptive evolution and 
metabolic engineering, a newly developed strain of Y. lipolytica, YSXAK, efficiently converted xylose into 
lipid with among the highest yields. Moreover, isomerase-based xylose utilizing Y. lipolytica simultaneously 
utilized both glucose and xylose during co-fermentation suggesting economic feasibility of lignocellulosic 
biodiesel production. To further improve lipid production during co-fermentation of glucose and xylose, 
downstream engineering and bioreactor operation condition optimization were conducted resulting in 
significantly increased lipid titer, yield, and productivity. Consequently, this study demonstrated an isomerase-
based xylose utilizing Y. lipolytica could be a promising host for lignocellulosic biodiesel and oleochemical 
productions. 
 
Keywords : Yarrowia lipolytica, Xylose, Biodiesel, Lignocellulosic biomass 
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Lignocellulosic biomass is a renewable resource for production of fuels and chemical. To improve economic 
feasibility of lignocellulosic biorefinery, Saccharomyces cerevisiae has been developed to efficiently convert 
xylose into ethanol, the most common biofuel. To expand the product profiles of lignocellulosic biorefinery, we 
engineered an efficient xylose utilizing strain of S. cerevisiae to produce 1-butanol, a promising gasoline 
substitution with high energy density and low corrosivity [1, 2]. Specifically, optimal gene combination for 1-
butanol synthesis pathway was introduced in one of the most efficient xylose utilizing strain of S. cerevisiae, 
XUSEA [3]. XUSEAB strain, XUSEA with a butanol pathway, produced 1-butanol (8.42mg/L) from xylose as 
sole carbon source for the first time. During mixed sugar fermentation with glucose and xylose, XUSEAB 
produced three times more butanol compared to the glucose fermenting wild type strain harboring the same 
butanol pathway. This shows the potential of XUSEAB as a platform strain for 1-butanol production from 
lignocellulosic hydrolysates. Consequently, this study demonstrates a xylose utilizing S. cerevisiae could be 
served as a promising platform strain for expanding product profiles of lignocellulosic biorefinery. 
 
-Butanol, Xylose, Saccharomyces cerevisiae, XUSEA 
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Particle Display (PD) is a powerful approach to discovery process of high-affinity aptamer via high-throughput 
screening system. More specifically in PD, emulsion PCR(ePCR) facilitate amplifying of only a single sequence 
of the oligonucleotide on the microsize magnetic particles in the water in oil emulsion to generation 
“monoclonal aptamer particles(mAPs).” The unique sequence displayed mAPs are enabled capture to the 
fluorescence labeled-target specifically. Through the fluorescence-activated cell sorting(FACS), the mAPs are 
not only measured the relative binding affinities of each particle individually but also are sorted them out in a 
high-throughput manner. In compare with conventional SELEX process, PD of only five rounds is enough to the 
discovery of best aptamer for a specific target. Our group has perfectly set up the PD technology, and also we 
have focused on novel function DNA aptamer discovery of the difficult target which has the structurally low 
complexity or previously selection failed targets. 
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Chlorella sorokiniana UTEX 2805, a heat-tolerant microalga, was cultured autotrophically in outdoor tubular 
photobioreactor in spring and summer. Particularly, an industrial flue gas generated by combustion of liquefied 
natural gas (LNG) and a natural sunlight were used for the economic production of biodiesel from the 
microalgal biomass. After performing a primary assessment of the biomass production under two temperature 
conditions (23℃, 36℃) in laboratory-scale, the cells were cultured in outdoor conditions under 
photoautotrophic condition in spring(March, 2014) and summer(July, 2014). As a result, C. sorokiniana showed 
high tolerance to flue gas and high temperature. In summer, the cell exhibited the remarkable lipid content (>35% 
of dry biomass) under N-starvation conditions to accelerate an intercellular oil accumulation. C. sorokiniana 
will improve microalgal biodiesel production under high temperature in outdoor conditions. 
 
Keywords : Chlorella sorokiniana, High temperature conditions, Photoautotrophic biodiesel production, 
Closed-photobioreactor, LNG-based flue gas, natural sunlight 
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The cosmetics market has maintained a steady growth rate unlike other manufacturing industries despite the 
global economic crisis. Although the market for cosmetics in South Korea continues to grow each year most raw 
materials required in their manufacture are imported. Therefore, locally available raw materials need to be 
urgently identified to reduce the dependence on imports and to enhance the competitiveness of the products. 
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 
petrochemical products, which are harmful to human skin upon direct contact. In addition, crude glycerol, a 
byproduct in biodiesel production, is expected to be used for microbial production of natural propanediol and 
could, therefore, result in a virtuous cycling of by-products and in the elimination of environmentally harmful 
effects of propanediol production. In this study, we investigated different strains that have high stability in 
industrial processes as well as the optimization of microbial fermentation of crude glycerol for production of 
1,3-propanediol for use as a raw material for cosmetics. 
 
Keywords : Propandiol, cosmetic moisturizer, crude glycerol 
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Cis,cis-muconic acid (CCM, C6H6O4), a precursor of important bulk chemicals, can be used for producing 
plastics and polymers1. CCM can be biosynthesized via the redesigned aromatic amino acid biosynthetic 
pathways found in most microorganisms. Frost and Draths successfully biosynthesized MA from glucose for the 
first time using Escherichia coli2. Corynebacterium glutamicum, a Gram-positive soil bacterium that can 
produce amino acids on an industrial scale, is currently being used widely in the field of biorefinery. We have 
attempted to generate CCM by introducing a newly developed protocatechuate (PCA) decarboxylase and 
synthetic pathways in C. glutamicum 13032, which is capable of producing CCM in culture. In this study, we 
developed a non-PTS(phosphotransferase system) strain to enhance PEP availability and increase carbon flux 
into the CCM pathway to improve CCM production. In addition, we aimed to characterize the non-PTS strain as 
a CCM-producing strain. 
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Itaconic acid biosynthesis using carbon sources is accomplished through the conversion of cis-aconitate, a 
tricarboxylic acid intermediate, by cis-aconitate decarboxylase (CAD). Itaconic acid is primarily produced by 
Aspergillus terreus; however, it is difficult to control fermentation conditions and to improve the productivity of 
itaconic acid through gene manipulation. Recent studies have been reported in the development of technology 
for itaconic acid biosynthesis using bacterial strains such as Escherichia coli and Corynebacterium spp., and it is 
relatively easy to develop a strain via metabolic engineering. This study aimed to synthesize itaconic acid using 
genetically manipulated Corynebacterium glutamicum ATCC 13032 with cad gene derived from A. terreus. Cis-
aconitate, a precursor of itaconic acid, is further converted to α-ketoglutarate by isocitrate dehydrogenase (ICD). 
In particular, we attempted to increase itaconic acid production by attenuating icd expression and by reducing 
the flux to the next pathway. Furthermore, we attempted to directly increase itaconic acid production by 
increasing the copy number of the cad gene. Further studies are intended through two methods: optimizing 
biomass-derived medium composition and reducing byproduct production. 
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Macroalgae Saccharina japonica, which is a third-generation biomass, was liquefied to produce biopolyol using 
a crude glycerol and polyethylene glycol 300 (PEG300) solvent mixture and sulfuric acid catalyst. The reaction 
parameters, including catalyst loading, reaction time, and reaction temperature, were optimized to obtain high 
biomass conversion by applying response surface methodology (RSM). The optimal conditions for Saccharina 
japonica solvothermal liquefaction were determined at 4.25 % catalyst loading, a reaction time of 65 min, and a 
reaction temperature of 160 oC, with a corresponding biomass conversion of 82.63 %. Finally, biopolyurethane 
foam with a closed cell structure and polyhedral cell shapes with a similar cell wall thickness was successfully 
produced. Additionally, biopolyurethane foam derived from macroalgae also exhibited comparable thermal 
properties to neat polyurethane foam. 
 
Keywords : Macroalgae, Solvothermal liquefaction, Biopolyol, Optimization, Response surface methodology, 
Biopolyurethane foam 
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P0162 Increased productivity of recombinant human interferon-beta from mammalian cells through 
signal peptide modification and stable transfection  
 
Hyanghee CHO 
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Corresponding Author Email : duley0428@naver.com 
 
Recently, recombinant DNA research has been used to study signal peptide and it is understood that native 
signal peptides are not optimal for producing corresponding target proteins. In this study, the native signal 
peptide of interferon-beta and the signal peptide of IL-2 were modified in their hydrophobic region and were 
evaluated for enhanced production of interferon-beta. Additionally, the most effective form of signal peptide 
was applied in stable transfection to further enhance productivity of interferon-beta. The productivity of 
interferon-beta with augmented hydrophobicity was slightly higher than that of the wild-type. Besides, 
extracellular level of interferon-beta mediated by modified human IL-2 signal peptide was higher than that 
mediated by native signal peptide of interferon-beta. Finally, when the signal peptide-modified interferon-beta 
was used for the stable transfection in a CHO cell line, the productivity of interferon-beta was largely 
augmented compared to in transient gene expression. In addition, by applying the signal peptide-modified 
interferon-beta in stable transfection in CHO cells, further enhancement in the productivity of interferon-beta 
could be achieved. These findings indicate that increased hydrophobicity in their respective domain augments 
productivity of recombinant proteins, and this can be applied to develop cell lines producing recombinant 
therapeutic proteins which are important in biopharmaceutical industries. CHO cells 
 
Keywords : Signal peptides, Interferon-beta, CHO cells 
 
References   
1. L. Zhang, Q. Leng and A. J. Mixson. Alteration in the IL-2 signal peptide affects secretion of proteins in vitro 
and in vivo, J Gene Med. 7, 354365 (2004). 
2. B. Stern, L. C. Olsen, C. Tröße, H. Ravneberg and I. F. Pryme. Improving mammalian cell factories: The 
selection of signal peptide has a major impact on recombinant protein synthesis and secretion in mammalian 
cells, Trends in Cell & Molecular Biology, review (2007) 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

287 

 

P0163 Hyperosmotic Resistant Recombinant Cells Show Extended Viability in Hyperosmotic media 
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When exposed to extraordinarily high osmolality, cells undergo numerous perturbations like increased DNA 
strand breaks, inhibited DNA replication and elevated reactive oxygen species (ROS). However, when osmotic 
stress increases, cells spontaneously accumulate organic osmolytes such as sorbitol as a self-defense mechanism. 
Sorbitol is synthesized from glucose, catalyzed by aldose reductase (AR), and is metabolized to fructose by 
sorbitol dehydrogenase. The AR serves as an osmoregulatory role because its transcription level is increased to 
maintain intracellular osmolality under hypertonicity condition. During fed-batch and continuous culture which 
are widely used to enhance the productivity of biologics in the biopharmaceutical industry, there would be 
issues caused by high osmotic pressure in cell culture environments such as cell growth inhibition and the cell 
death. Increase of high osmotic pressure resistance might help to solve these problems. In this study, we have 
generated recombinant cells producing AR and confirmed that AR producing cells have hyperosmotic resistance. 
The AR producing cells have survived longer than wild-type mammalian cells in high osmotic media. These 
results may attribute to improve productivity of therapeutic proteins during fed-batch or continuous culture. 
 
Keywords : Hyperosmotic media, Aldose reductase, Mammalian cells, Sorbitol 
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P0164 Extraction and stabilization of astaxanthin from microalgae Haematococcus pluvialis via 
biological/physical and ionic liquid assisted chemical treatment 
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Corresponding Author Email : simsj@korea.ac.kr 
 
Haematococcus pluvialis is the richest source of natural astaxanthin, but the rigid cell wall of mature red cyst 
complicates the efficient extraction of astaxanthin from the strain. Herein, the cyst germination method was 
developed by using nitrate and light for practical application for an efficient astaxanthin extraction from 
Haematococcus cells cultured in outdoor condition. Energy efficiency for extraction process was highly 
increased with cyst germination by 1 mM KNO3-150 μE/m2/s. Also, chemical extraction method was developed 
to produce stability increased astaxanthin extracts with soybean oil. In this developed ionic liquid assisted 
sequential extraction method, astaxanthin recovery showed as 74 % for 2nd, 62 % for 3rd, and 56 % for 4th 
extraction process with re-use of solvent.  
 
Keywords : Haematococcus pluvialis, astaxanthin, ionic liquid, downstream process 
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P0165 Study on cultivation of novel species Haematocuccus pluvialis Y0519 in ICT-based container 
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The keto carotenoid astaxanthin (3, 3’- dihydroxy - β, β – carotene - 4, 4’- dione) is a biologically active 
material useful for many applications and also exhibits higher antioxidant activity than that of β -carotene or 
vitamin E. Green algae haematococcus pluvialis(H. pluvialis was recently synonymized with H. lacsutris), the 
natural source of astaxanthin, has great industrial value. We obtained a novel species Haematocuccus pluvialis 
Y0519 having an astaxanthin content of about 5% from Domestic species having about 2%. H. pluvialis requires 
a suitable environment for the production efficiency of astaxanthin. In order to use H. pluvialis in industry, it is 
necessary to secure mass production system. Management equipment is needed to adjust the optimal growth 
range of various environmental conditions such as temperature, pH and light. Typical tubular incubators 
produce laminar flow inside the tube, but our equipment can convert laminar flow to turbulent flow, which can 
deliver temperature and light evenly. Especially for induction, it is very important that the light is evenly 
distributed to the cells. Our equipment are able to induction efficiently and it is possible to mass-produce 5% of 
astaxanthin product. By constructing this culture system in a container, it can be produced anywhere, anytime 
without being affected by the external environment. 
 
Keywords : astaxanthin, haematococcus, PBR 
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Recently, plant factories are being developed for lower cost and safer food production. The systems can provide 
some advantages including high yield of crop and efficient use of resources. What is needed for the plant factory 
industry to be revitalized is the improvement of economic efficiency. The light used to grow crops is easily 
exposed to the outside, and nutrients are also contained in abandoned nutrients. Therefore, microalgae and crops 
can be cultivated simultaneously if these light and nutrients are utilized. In this study, the arrangement of 
effective microalgae culture was analyzed by measuring the light that is exposed to the outside when cultivating 
the crops, and the arrangement which does not affect the growth of the crops was analyzed. Next, the nutrient 
solution after cultivation of the crops was analyzed to confirm the possibility of microalgae cultivation, and the 
growth efficiency was compared with that of the medium. As a result, we obtained the result of cultivating crops 
and microalgae at the same time by utilizing the plant factory infrastructure. By doing so, we could reduce 
microalgae production cost by 40% through 100% reduction of media and light source cost. 
 
Keywords : plant factory, haematococcus, nutrients, LED 
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P0167 Production of environment-friendly bio-insulating oil from cottonseed oil 
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Insulating oil is widely used for electrical transformers, allowing the safe and reliable transmission of electrical 
energy. Although petroleum derived mineral oil has been used for a long time, interest in the development of 
non-toxic, biodegradable, and environmentally friendly insulating oil is increasing due to recent increase of 
leakage of insulating oil cause environmental pollution. In this study, In this study, we tried to produce bio-
insulating oil with low viscosity and improved pour point at low temperature from cottonseed oil. For this 
purpose, branch alcohol was screened as acyl acceptor for transesterification of the cottonseed oil and the pour 
point of bio-insulating oil was the best when IPA was used as acyl accepter. The reaction conditions were 
optimized and conversion of bio-insulating oil from cottonseed oil was around 93%. The physical and electrical 
properties of the produced cottonseed oil-based insulating oil were evaluated and the viscosity and pour point 
were improved compared to the conventional vegetable oil based insulating oil.. 
 
Keywords : bio-insulating oil, cottonseed oil, branch alcohol, viscosity, pour point  
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P0168 Acidic cultivation of Haematococcus pluvialis to prevent contamination of a lethal fungus, 
Paraphysoderma sedebokerensis, with improved astaxanthin production 
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KWAK2, Won Seok CHANG3, Sang Jun SIM1 
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Corresponding Author Email : simsj@korea.ac.kr 
 
Astaxanthin (3,3′-dihydroxy-β, β′-carotene-4,4′-dione) is a xanthophyll carotenoid, which is well known for its 
superior antioxidant capability. An acidic cultivation strategy was developed to prevent contamination of a 
lethal fungus Paraphysoderma sedebokerensis in Haematococcus pluvialis culture for astaxanthin production. 
Instead of generally used neutral pH, an acidic condition (pH 4) was applied to the cultivation, resulting in a 
significant inhibition of the fungal contamination. This could be ascribed to the acidity-associated denaturation 
of a surface protein of P. sedebokerensis, which plays an important role in recognition of H. pluvialis. Stress 
relief strategies including stepwise light irradiation and naturally occurring nitrogen deficiency were employed 
in the induction stage to minimize the reduction of astaxanthin production caused by acidic pH. Accordingly, an 
astaxanthin titer of 84.8 mg L−1 was obtained, which is 141-fold of that from the completely contaminated 
culture and double of that without the stress relief methods. This strategy provides a persistent contamination 
control method that can be used for practical astaxanthin production by H. pluvialis. 
 
Keywords : Haematococcus pluvialis, Paraphysoderma sedebokerenses, contamination, pH, astaxanthin 
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P0169 Heterologous expression of plant plasma membrane H+-ATPase in Chlamydomonas reinhardtii for 
an enhancement of acid tolerance 
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Acid tolerant algae and acidophilic algae are known to be able to maintain their internal pH close to neutral 
while external pH is in acidic condition. Therefore, in order to survive at an acidic environment, maintaining 
intracellular pH to neutral could be a main issue. To keep the internal pH close to neutral, protons have to be re-
exported into the outer environment by the plasma membrane H+-ATPase at the expense of one molecule of 
ATP per one proton. While little is known about algae’s plasma membrane ATPases, plant ATPases are 
relatively well-known. Among the identified plant ATPases, Nicotiana plumbagnifolia PMA4 shows superior 
ATPase activity compared to other identified pumps. In this study, Nicotiana plumbagnifolia PMA4 gene was 
heterologously expressed in model microalgae, Chlamydomonas reinhardtii, using pChlamy_4 protein 
expression system to make pH tolerance. We believe the proposed idea may contribute to further study to make 
the algal strains survive in acidic environment, such as the environment generated by utilizing CO2-rich coal-
fired flue gas with SOX and NOX included.  
 
Keywords : Chlamydomonas reinhardtii, acid tolerance, plasma membrane H+-ATPase, heterologous 
expression, Nicotiana plumbagnifolia, PMA4 
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P0170 Optimization of Threshold Values for Cesium on the Growth of Pseudomonas aeruginosa PAO1 
and Their Potential Environmental Applications 
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Radioactive isotopes have attracted considerable attention because of their long lasting significant damage to the 
health of humans and other organisms. This study shown the toxicity and accumulation behavior of cesium 
towards P. aeruginosa PAO1. Interestingly, the programmed bacterial growth inhibition occurred according to 
the cesium contamination environment. The influence of cesium was analyzed using several optical methods for 
quantitative evaluation. The toxicity of P. aeruginosa PAO1 increases as the concentration of cesium is 
increased in concentration-dependent manner. As a result, P. aeruginosa PAO1 shows excellent Cs removal 
efficiency of 76.1% from the contaminated water. Finally, the removal of cesium from wastewater using P. 
aeruginosa PAO1 as a potential biosorbent and the blocking of competitive interactions of other monovalent 
cation, such as potassium, were assessed. We believe that P. aeruginosa PAO1 can be used as a high efficient 
biomaterial in the field of radioactive waste disposal and management. 
 
Keywords : P. aeruginosa PAO1 , Cs, Radioactive isotopes  
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P0171 Development of an engineered Saccharomyces cerevisiae harboring xylose-isomerase pathway for 
efficient co-fermentation of glucose and xylose from lignocellulosic biomass. 
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Economically feasible ethanol production from lignocellulosic biomass by Saccharomyces cerevisiae requires 
efficient co-fermentation of glucose and xylose. However, sequential fermentation of xylose with low 
conversion rate has been remaining challenge in industrial lignocellulosic bioethanol production [1]. In this 
study, we developed an efficient glucose and xylose co-fermentation strain of S. cerevisiae, XUSEA. XUSEA 
represented simultaneous consumption of both sugars with superior xylose consumption rate (2.5 fold increase) 
and ethanol productivity (1. fold increase) compared to those of XUSE, one of the best xylose fermenting strains 
[2]. Especially, during a high-sugar fermentation with 76g/L of glucose and 46g/L of xylose, XUSEA produced 
56g/L of ethanol with a yield of 0.5g/g at 72h, verifying the superior co-fermentation performance over 
previously reported representative strains [3,4] and its potential as a platform host for biofuels and biochemical 
production in industrially relevant processes. Consequently, this study demonstrated a highly promising strain of 
S. cerevisiae harboring xylose isomerase pathway for industrial-scale lignocellulosic biorefinery. 
 
Keywords : co-fermentation, xylose-utilizing strain, bioethanol, lignocellulosic biorefinery, Saccharomyces 
cerevisiae 
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P0201 Assimilation of formic acid and CO2 by engineered Escherichia coli equipped with reconstructed 
one-carbon assimilation pathways 
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One-carbon (C1) compounds can be an attractive raw material for bio-based chemicals. Here, we report 
development of Escherichia coli strains assimilating FA and CO2 through the reconstructed tetrahydrofolate 
(THF) cycle and reverse glycine cleavage pathway. The Methylobacterium extorquens formate-THF ligase, 
methenyl-THF cyclohydrolase and methylene-THF dehydrogenase genes were expressed to allow FA 
assimilation. The glycine cleavage (gcv) reaction was reversed by knocking out the repressor gene (gcvR) and 
overexpressing the gcvTHP genes. The final engineered strain resulted 14.9% of forming flux from FA and CO2. 
To reduce glucose usage required for energy and redox generation, the Candida boidinii formate dehydrogenase 
(Fdh) gene was expressed. The resulting strain showed the specific glucose, FA and CO2 consumption rates of 
370.2, 145.6 and 14.9 mg gDCW-1 h-1, respectively. Furthermore, cells sustained slight growth only using FA 
and CO2 after glucose depletion. [This work was supported by C1 Gas Refinery Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Science and ICT (NRF-
2016M3D3A1A01913250) is appreciated] 
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Formic acid (FA) is a one-carbon material, which can be used as a carbon source in microbial production of 
value added chemicals. Here in this study, an engineered E. coli strain capable of growing only from FA and 
CO2 was developed by modifying metabolic pathways of the engineered E. coli strain to be suitable to 
formatotrophic growth. First, phosphoenolpyruvate synthase gene (ppsA) was overexpressed by changing the 
native promoter to a strong trc promoter and the regulator ppsR gene was deleted to improve the conversion of 
pyruvate to phosphoenolpyruvate, which enhances E. coli growth on pyruvate. Also, the Arabidopsis thaliana 
formate dehydrogenase mutant was overexpressed to regenerate NADPH necessary for the FA assimilation. In 
addition, cell growth on FA and CO2 was further improved by knocking out the purT gene. The final strain grew 
from optical density (OD600) of 0.046 to OD600 of 0.501 in 188 h from M9 minimal medium utilizing FA and 
CO2 only. [This work was supported by C1 Gas Refinery Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Science and ICT (NRF-2016M3D3A1A01913250) is appreciated] 
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P0203 Metabolic Engineering of Corynebacterium glutamicum through CRISPR/Cas9-based Genome 
Editing 
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Genome editing in Corynebacterium glutamicum currently relies on random mutagenesis and rather inefficient 
double crossover events. Here, we report a rapid genome engineering strategy to scarlessly knock out one or 
more genes in C. glutamicum in sequential and iterative manner. Recombinase RecT is used to incorporate 
synthetic single-stranded oligodeoxyribonucleotides into the genome and CRISPR/Cas9 to counter-select 
negative mutants. We completed the system by engineering the respective plasmids harboring CRISPR/Cas9 
and RecT for efficient curing such that multiple gene targets can be done iteratively and final strains will be free 
of plasmids. Seven different mutants were constructed within two weeks. This genome engineering strategy will 
expedite metabolic engineering of C. glutamicum. [This work was supported by the Technology Development 
Program to Solve Climate Changes on Systems Metabolic Engineering for Biorefineries from the Ministry of 
Science and ICT through the National Research Foundation of Korea [NRF-2012M1A2A2026556 and NRF-
2012M1A2A2026557]. This work was further supported by Hanwha Chemical through KAIST-Hanwha 
Chemical Future Technology Institute.] 
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Non-biodegradability of plastics causes the major problem on environment. With the recently found PET-
degrading bacterium, Ideonella sakaiensis, its possible use in degradation and/or recycling of PET becomes 
considerable. Here we firstly report the crystal structure of I. sakaiensis PETase (IsPETase) with high resolution. 
This crystal structure helps to confirm that IsPETase has a Ser-His-Asp catalytic triad at its active site and 
contains an optimal substrate binding site to accommodate four monohydroxyethyl terephthalate (MHET) 
moieties of PET. Furthermore, we succeeded in developing the variant for IsPETase with more enhanced PET-
degrading activity than its wild type using structural-based protein engineering. The detailed process of PET 
degradation into MHET, terephthalic acid, and ethylene glycol is also revealed with structural and site-directed 
mutagenesis experiments. [This work was supported by the Technology Development Program to Solve Climate 
Changes on Systems Metabolic Engineering for Biorefineries from the Ministry of Science and ICT (MSIT) 
through the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-
2012M1A2A2026557).] 
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P0205 Mass production of succinic acid from Mannheimia succiniciproducens using elementary mode 
analysis with clustering 
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Elementary modes (EMs) generated from the central carbon metabolic network of M. succiniciproducens were 
clustered to systematically analyze SA production routes. Based on the results of EMC analysis, zwf gene was 
identified as a novel overexpression target for the improved SA production. This gene was overexpressed in SA-
overproducing M. succiniciproducens LPK7 strain. Heterologous NADPH-dependent mdh was selected for 
overexpression to synergistically improve SA production by utilizing abundant NADPH pool mediated by the 
overexpressed zwf. The LPK7 strains co-expressing mdh alone and both zwf and mdh genes were subjected to 
fed-batch fermentation to examine their SA production performances. Strategies of EMC analysis will be useful 
for further metabolic engineering of M. succiniciproducens and other microorganisms to improve production of 
SA and other chemicals of interest. This work was supported by the C1 Gas Refinery Program through the 
National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning 
(NRF-2016M3D3A1A01913250) 
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Hee LEE1, Sang Yup LEE1,3 
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(KRIBB), 56212 Jeongeup, 3The Novo Nordisk Foundation Center for Biosustainability, Technical University of 
Denmark, Kogle Alle 6, Hørsholm, Denmark 
Corresponding Author Email : leesy@kaist.ac.kr 
 
We report development of a colorimetric malonyl-CoA biosensor applicable in various industrially important 
bacteria including Escherichia coli, Pseudomonas putida and Corynebacterium glutamicum. A type III 
polyketide synthase producing red-colored flaviolin, RppA, was repurposed as a malonyl-CoA biosensor in E. 
coli. Strains with enhanced malonyl-CoA accumulation were identifiable by the colorimetric screening of cells 
showing increased red color. Other type III polyketide synthases could also be repurposed as malonyl-CoA 
biosensors. To screen beneficial knockdown targets, 1,858 synthetic small regulatory RNA library was 
constructed and applied to find 14 knockdown gene targets that generally enhanced malonyl-CoA level in E. 
coli. These knockdown targets were applied to produce two polyketide (6-methylsalicylic acid and aloesone) 
and two phenylpropanoid (resveratrol and naringenin) compounds. Knocking down these genes allowed rapid 
development of engineered strains capable of enhanced production of 6-methylsalicylic acid, aloesone, 
resveratrol and naringenin to 440.3, 30.9, 51.8 and 103.8 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); 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; Commercialization Promotion Agency for R&D Outcomes 
(COMPA-2015K000365) of MSIT; and also by Novo Nordisk Foundation grant NNF16OC0021746.] 
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P0207 Biosynthesis of terephthalic acid from p-xylene by engineered Escherichia coli 
 
Jong An LEE1, Zi Wei LUO1, Sang Yup LEE1,2,3 
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Terephthalic acid (TPA) is an important industrial chemical currently produced by energy intensive and 
potentially hazardous p-xylene (pX) oxidation process. Here we report the development of metabolically 
engineered Escherichia coli for production of TPA from pX. The engineered E. coli strain harbors a synthetic 
TPA pathway optimized through manipulation of expression levels of upstream and downstream modules. The 
upstream pathway converts pX to p-toluic acid (pTA) and the downstream pathway transforms pTA to TPA. In 
a two-phase partitioning fermentation, the engineered strain converts 8.8 g pX into 13. g TPA, which 
corresponds to a conversion yield of 96.7 mol%. These results suggest that the E. coli system presented here 
might be a promising alternative for the large-scale biotechnological production of TPA and lays the 
foundations for the future development of sustainable approaches for TPA production. [This work was 
supported by the Intelligent Synthetic Biology Center through the Global Frontier Project (2011-0031963) of the 
Ministry of Science, ICT & Future Planning through the National Research Foundation of Korea.] 
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P0208 Novel metabolic pathway for the microbial production of four-, five- and six-carbon lactams 
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We report construction of platform metabolic pathway that is new and efficient for the microbial production of 
four-carbon (butyrolactam), five-carbon (valerolactam) and six-carbon (caprolactam) lactams. This pathway 
uses ω-amino acids as precursors and comprises two steps. Activation of ω-amino acids catalyzed by the 
Clostridium propionicum β-alanine CoA transferase (Act) followed by spontaneous cyclization. The pathway 
operation was validated both in vitro and in vivo. Three metabolically engineered Escherichia coli strains were 
developed by introducing the newly constructed metabolic pathway followed by systems-level optimization, 
which resulted in the production of butyrolactam, valerolactam and caprolactam from renewable carbon source. 
Especially, fed-batch fermentation of the final engineered E. coli strain produced 54.14 g/L of butyrolactam in a 
glucose minimal medium. These results demonstrate the high efficiency of the novel lactam pathway developed 
in this study. [This work was supported by the Technology Development Program to Solve Climate Changes on 
Systems Metabolic Engineering for Biorefineries from the Ministry of Science, ICT and Future Planning (MSIP) 
through the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-
2012M1A2A2026557)] 
 
Keywords : Butyrolactam, Caprolactam, Lactams, Metabolic engineering, Valerolactam, β-alanine CoA 
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P0209 Engineered Escherichia coli strains for the one-step Production of Aromatic Polyesters from 
Glucose. 
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Hyuk LEE4, Jihoon SHIN5, Sang Yup LEE1 
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Biomolecular Engineering (BK21 plus Program), BioProcess Engineering Research Center, KAIST, Daejeon 
341, 2Division of Chemical Engineering and Materials Science, Ewha Womans University, Seoul 03760, 
Republic of Korea., 3Polymer and Nano Electronics Laboratory, Department of Chemical and Biomolecular 
Engineering (BK21 Plus Program), Institute for the BioCentury, KAIST, Daejeon 34141, Republic of Korea, 
4Division of Drug Discovery Research, Korea Research Institute of Chemical Technology, Daejeon, Republic of 
Korea , 5Center for Bio-based Chemistry, Green Chemistry & Engineering Division, Korea Research Institute of 
Chemical Technology, Daejeon 34114, Republic of Korea.  
Corresponding Author Email : leesy@kaist.ac.kr 
 
Many of widely used commodity plastics are aromatic polyesters from petroleum industries. However, depletion 
of fossil resource threatens the production of the necessary plastics. An Escherichia coli strain was engineered 
to produce aromatic polyesters from glucose through one-step fermentation. In addition, Clostridium difficile 
isocaprenoyl-CoA:2-hydroxyisocaproate CoA-transferase (HadA) and evolved polyhydroxyalkanoate (PHA) 
synthase genes are overexpressed in the engineered D-phenyllactate-producing E. coli strain, poly(52.3 mol% 3-
hydroxybutyrate (3HB)-co-47.7 mol% d-phenyllactate) was produced from glucose and sodium 3HB. In order 
to produce various grade of aromatic polyesters, various poly(3HB-co-d-phenyllactate) polymers from 11.0, 
15.8, 20.0, 70.8, to 84.5 mol% of d-phenyllactate is produced from glucose as a sole carbon source through 
additional expression of Ralstonia eutropha β-ketothiolase (phaA) and reductase (phaB) genes. The engineered 
bacterial system is the first attempt on the one-step fermentative production of aromatic polyesters from 
renewable resources. [This work was supported by the Intelligent Synthetic Biology Center through the Global 
Frontier Project (2011-0031963) and also by the Technology Development Program to Solve Climate Changes 
on Systems Metabolic Engineering for Biorefineries (NRF2012M1A2A2026556 and NRF-
2012M1A2A2026557) from the Ministry of Science and ICT through the National Research Foundation of 
Korea.] 
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P0210 Production of Poly(2-hydroxyisovalerate-co-lactate) through engineered Escherichia coli. 
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Biomolecular Engineering (BK21 plus Program), BioProcess Engineering Research Center, KAIST, Daejeon 
341, 2Center for Bio-based Chemistry, Division of Convergence Chemistry, Korea Research Institute of 
Chemical Technology, Daejeon, Republic of Korea , 3Division of Drug Discovery Research, Korea Research 
Institute of Chemical Technology, Daejeon, Republic of Korea , 4Division of Chemical Engineering and 
Materials Science, Ewha Womans University, Seoul, Republic of Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Recently, development of metabolic engineering have enabled the production of non-natural 
polyhydroxyalkanoates (PHAs), containing 2-hydroxyacids such as lactate (LA) and 2-hydroxybutyrate (2HB). 
An E. coli strain was genetically engineered to produce PHAs containing 2-hydroxyisovalerate (2HIV) by 
deleting several genes and expressing heterologous enzymes. E. coli strain expressing ilvBNmut (feedback 
resistant mutant), ilvCD, panE along with pct540 gene encoding evolved propionyl-CoA transferase and 
phaC1437 gene encoding evolved PHA synthase was able to produce a new polymer, poly(13.2 mol% 2HIV-co-
7.5 mol% 2HB-co-42.5 mol% 3HB-co-36.8 mol% LA). Increased 2HIV fraction was achieved by further 
deletion of poxB, pflB, adhE and frdB genes encoding enzymes involved in competing pathways and byproduct 
formation. The engineered strain could produce poly(20 mol% 2HIV-co-80 mol% LA), with the polymer 
content of 9.6% w/w. These results suggest novel PHAs containing 2HIV can be produced by engineering 
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 
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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P0211 Structural and functional analysis of N-terminal domain of Ralstonia eutropha 
polyhydroxyalkanoate synthase, with the proposed structure and mechanisms of the whole enzyme. 
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Polyhydroxyalkanoates (PHAs) are natural polyesters that are produced from numerous microorganisms as 
energy and reducing power storage material. They have attracted much attention as substitutes for petroleum-
based plastics. Although biosynthetic pathways for the production of PHAs were widely studied, the molecular 
mechanism of this process were not fully elucidated. This is due to lack of structural information of PHA 
synthase, known to be the key enzyme for PHA synthesis. Here, we reported the crystal structure of Class I 
PHA synthase (PhaC) of Cupriavidus necator (also known as Ralstonia eutropha). The revealed crystal 
structure of C-terminal domain of PhaC1 shows catalytic domain with the substrate-binding mode based on the 
docking simulation. Also, we present the 3D reconstructed models of C. necator PhaC1 (PhaC1CD) and the 
complex with other PHA granule-associated protein, PhaM. In the model, PhaC1CD dimer is located at the 
center, while N-terminal domain (PhaC1ND) is located opposite the dimerization subdomain of C-terminal 
domain. Based on the models and related biochemical studies, the structural information and functional roles of 
N-terminal domain have been suggested. This work will provide new insights for rational engineering of PHA 
synthases toward efficient production of biopolymers. [This work was supported by the Technology 
Development Program to Solve Climate Changes on Systems Metabolic Engineering for Biorefineries from the 
Ministry of Science, ICT and Future Planning (MSIP) through the National Research Foundation (NRF) of 
Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)] 
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P0212 Biosynthesis of 3-hydroxypropionic acid in high-level by metabolically engineered Escherichia coli 
from pure/crude glycerol as a sole carbon source 
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3-hydroxypropionic acid (3-HP), an industrially important C3 chemical, was overproduced in a high level from 
glycerol/crude glycerol as a sole carbon source by metabolically engineered Escherichia coli with a potential for 
an industrial scale production. A glycerol-dependent 3-HP biosynthetic pathway was constructed with the 
introduction of heterologous genes and subsequent screening of those genes combinations was performed. 
Through a fed-batch fermentation, 49.9 g/L of 3-HP was produced. Further improvement in 3-HP production 
was succeeded by manipulating fermentation condition leading to produce 71.9 g/L of 3-HP with a yield of 
0.466 g 3-HP/g glycerol and with a productivity of 1.94 g/L. This strain also produced 61.0 g/L of 3-HP with a 
yield of 0.594 g 3-HP/g crude glycerol and with a productivity of 2.8 g/L/h when taking crude glycerol as its 
sole carbon source. (The work on was supported by the Technology Development Program to Solve Climate 
Changes on Systems Metabolic Engineering for Biorefineries from the Ministry of Science, ICT and Future 
Planning (MSIP) through the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and 
NRF-2012M1A2A2026557) and by Hanwha Chemical). 
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P0213 Metabolic engineering of Escherichia coli for the production of 3-HP and malonic acid production 
via β-alanine route 
 
Je Woong KIM1,3, Chan Woo SONG4, In Jin CHO1,3, Sang Yup LEE1,2,3 
1Metabolic and Biomolecular Engineering National Research Laboratory, Systems Metabolic Engineering and 
Systems Healthcare (SMESH) Laboratory, Department of Chemical and Biomolecular Engineering (BK21 , 
2BioProcess Engineering Research Center, KAIST, Daejeon, Republic of Korea, 3BioInformatics Research 
Center, KAIST, Daejeon, Republic of Korea, 4GS Caltex, Daejeon, Republic of Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Escherichia coli was metabolically engineered for the production of industrially valuable C3 chemicals, 3-
hydroxypropionic acid (3-HP) and malonic acid (MA). To produce those chemicals, downstream enzymes were 
screened for the efficient production of malonic semialdehyde (MSA) from β-alanine (BA) and pa0132 from P. 
aeruginosa was chosen to generate MSA from BA. To reduce this MSA into 3-HP, ydfG from E. coli was 
introduced to this base strain. Additionally, sdhC gene was strengthened by replacing with the strong trc 
promoter in the genome leading to yield 3.69 g/L of 3-HP in shake flask culture. To produce MA, yneI gene 
from E. coli was overexpressed in MSA producing strain to oxidize MSA to MA. ydfG gene was further deleted 
for blocking the flux toward 3-HP, giving the titer of 0.450 g/L in shake flask culture. Fed-batch cultures of 
these final engineered strains resulted in production of 31. g/L 3-HP or 3.60 g/L MA from glucose. (This work 
was supported by the Technology Development Program to Solve Climate Changes on Systems Metabolic 
Engineering for Biorefineries from the Ministry of Science and ICT through the National Research Foundation 
(NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)). 
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P0214 Biosynthesis of various single- and multi-element nanomaterials through employing recombinant 
Escherichia coli strain. 
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We present the biosynthesis of 60 different nanomaterials from recombinant Escherichia coli that co-expresses 
metallothionein, a metal-binding protein, and phytochelatin synthase that synthesizes a metal-binding peptide 
phytochelatin. Both in vivo method employing live cells and in vitro method employing the cell extract were 
used to synthesize nanomaterials. Total 35 suitable elements were selected by scanning the periodic table, and 
their nanomaterials were biosynthesized. Nine crystalline single-element nanomaterials were synthesized, while 
the other 16 elements resulted in the biosynthesis of amorphous nanomaterial or no nanomaterial synthesis. 
Producibility and crystallinity of the nanomaterials were analyzed using the Pourbaix diagram that predicts 
stable chemical species of each element for nanomaterial biosynthesis by varying reduction potential (Eh) and 
pH. Based on the analyses, the initial reaction pH was altered from 6.5 to 7.5, resulting in the biosynthesis of 
crystalline nanomaterials of those previously amorphous or not synthesized ones. This strategy was extended to 
biosynthesize 11 multi-element nanomaterials. The strategy described in this study have allowed the 
biosynthesis of nanomaterials with various properties, providing a new platform for manufacturing diverse 
nanomaterials in environmentally friendly manner. [This work was supported by the Technology Development 
Program to Solve Climate Changes on Systems Metabolic Engineering for Biorefineries from the Ministry of 
Science and ICT through the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and 
NRF-2012M1A2A2026557).] 
 
Keywords : Nanomaterial, Escherichia coli, Pourbaix diagram 
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Escherichia coli strain was metabolically engineered to produce 3-aminopropionic acid (3-AP), a precursor for 
nylon-3. To convert L-aspartate to 3-AP, a previously constructed fumaric acid producing E. coli strain was 
chosen to be a base strain and C. glutamicum panD gene was overexpressed in this base strain. Then, to 
strengthen the asparatase-catalyzed reaction, the native promoter of the aspA gene in genome was replaced with 
the strong trc promoter and also aspA and ppc genes from E. coli were overexpressed on plasmid level. When 
supplemented with ammonium sulfate, 3.49 g/L of 3-AP was produced. Next, various combinations for PPC 
expression level were screened for its optimal expression level, increasing the titer up to 3.94 g/L. Native 
promoter of the acs gene was also replaced with strong trc promoter and the fed-batch culture of this final strain 
produced 32.3 g/L of 3-AP with an overall yield and productivity of 0.135 g 3-AP/g glucose and 0.828 g/L/h, 
respectively. (This work was supported by the Technology Development Program to Solve Climate Changes on 
Systems Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National 
Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)). 
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Poly(lactate-co-glycolate) (PLGA) is a widely used synthetic polymer due its strength in biodegradability and 
biocompatibility. Here Escherichia coli strain was metabolically engineered for the one-step fermentative 
production of PLGA by introducing evolved polyhydroxyalkanoate (PHA) synthase that polymerizes d-lactyl-
CoA and glycolyl-CoA into PLGA. Introduction of the Dahms pathway allowed to convert xylose into and an 
evolved propionyl-CoA transferase converts d-lactate and glycolate to d-lactyl-CoA and glycolyl-CoA, 
respectively. Deletion of adhE, frdB, pflB and poxB prevents from byproduct being accumulated. Also 
monomer fractions in PLGA were modulated, either increasing the proportion of d-lactate by overexpressing 
ldhA and deleting dld, or increasing the proportion of glycolate by deleting aceB and glcDEFGB. Incorporation 
of 2-hydroxybutyrate is prevented by deleting ilvA or feeding strains with l-isoleucine. [This work was 
supported by the Technology Development Program to Solve Climate Changes on Systems Metabolic 
Engineering for Biorefineries from the Ministry of Science, ICT and Future Planning (MSIP) through the 
National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)]. 
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Fine-tuning of gene expression is essential for optimization of metabolic and genetic networks, but conventional 
methods are time-consuming and laborious. Here, we report development of a fine-tunable knockdown system 
by modulating synthetic small RNA (sRNA) expression levels in Escherichia coli. A library of 75 synthetic 
sRNAs-promoter combinations was constructed for the enhanced production of putrescine, an engineering 
plastic monomer. Optimal repression of argF and glnA using sRNAs led to rapid development of an engineered 
E. coli strain capable of producing 43.0 g/L of putrescine by fed-batch cultivation. Similarly, through fine-tuned 
repression of argF and glnA by applying 25 sRNAs-promoter combinations, an engineered E. coli strain capable 
of producing 32.7 g/L of L-proline by fed-batch culture could be developed. The fine-tuning system of 
modulating synthetic sRNA expression levels reported here will be useful for optimal and rapid design of 
microbial strains through simultaneous optimization of multiple gene expression levels at systems level. This 
strategy will serve as a good complementing alternative to individually re-designing sRNAs in sRNA-based 
gene expression knockdown system. [This work was supported by MSIT (Grant Nos. 2011-0031963; NRF-
2012M1A2A2026556 and NRF-2012M1A2A2026557)]. 
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Pseudomonas putida has gained much interest among metabolic engineers as a workhorse for producing 
valuable natural products. While a few gene knockout tools for P. putida have been reported, integration of 
heterologous genes into the chromosome of P. putida, an essential strategy to develop stable industrial strains 
producing heterologous bioproducts, requires development of a more efficient method. Current methods rely on 
timeconsuming homologous recombination techniques and transposon-mediated random insertions. Here we 
report a RecET recombineering system for markerless integration of heterologous genes into the P. putida 
chromosome. The efficiency and capacity of the recombineering system were first demonstrated by knocking 
out various genetic loci on the P. putida chromosome with knockout lengths widely spanning 0.6–101.7 kb. The 
RecET recombineering system developed here allowed successful integration of biosynthetic gene clusters for 
four proof-of-concept bioproducts, including protein, polyketide, isoprenoid, and amino acid derivative, into the 
target genetic locus of P. putida chromosome. The markerless recombineering system was completed by 
combining Cre/lox system and developing efficient plasmid curing systems, generating final strains free of 
antibiotic markers and plasmids. This markerless recombineering system for efficient gene knockout and 
integration will expedite metabolic engineering of P. putida, a bacterial host strain of increasing academic and 
industrial interest. [This work was supported by the Novo Nordisk Foundation (CFB core funding and NNF 
160C0021746) and further supported by Technology Development Program to Solve Climate Changes on 
Systems Metabolic Engineering for Biorefineries (Grants NRF-2012M1A2A2026556 and NRF-
2012M1A2A2026557) from the Ministry of Science and ICT through the National Research Foundation (NRF) 
of Korea] 
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Heme has widespread applications in healthcare and food supplement industries. Escherichia coli has previously 
been engineered to produce a small amount of heme intracellularly through the C4 pathway, requiring extraction 
for applications. Here we report secretory production of free heme by engineered E. coli strains, using the C5 
pathway and the optimized downstream pathway for heme biosynthesis. Furthermore, knocking out ldhA, pta 
and also yfeX—encoding a putative heme-degrading enzyme—results in 7.88 mg l-1 of total heme with 1.26 mg 
l-1 of extracellular heme in flask cultivation. Fed-batch fermentations of the engineered strain overexpressing a 
heme exporter CcmABC from glucose only and glucose supplemented with l-glutamate secrete 73.4 and 151.4 
mg l-1 of heme, respectively, which are 63.5% of 115.5 mg l-1 and 63.% of 239.2 mg l-1 of total heme produced. 
The engineered E. coli strain reported here will be useful for microbial production of free heme. [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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Over 30% of proteins in living organisms possess metal ions or organic compounds as a cofactor. Cofactors in 
proteins participate mainly in biological activities that include oxygen transport, electron transfer, and catalysis. 
Beside these activities, cofactors play a role in protein folding. Amicyanin has a single copper in their active site 
as a cofactor and mediates the electron transfer reaction between methylamine dehydrogenase (MADH) and 
cytochrome c-551i for energy production in Paracoccus denitrificans. In this study, the rates of copper 
incorporation into two different folding states of amicyanin; fully folded apo-amicyanin and partially folded 
apo-amicyanin, were measured to propose the overall kinetic mechanism for amicyanin biogenesis. When the 
incorporating copper into partially folded apo-amicyanin, bi-phasic kinetics was observed unlike copper 
addition to fully folded apo-amicyanin. The rate for the incorporation of copper into fully folded apo-amicyanin 
was almost 9-fold slower than that for the initial phase of copper addition to partially folded apo-amicyanin. 
However, it was almost similar to the rate for the second phase of that. These results demonstrate that during 
amicyanin biogenesis copper rapidly binds to apo-amicyanin before protein folding and then influences the 
remaining optimization for the completion of the protein folding reaction. 
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We demonstrate that rebalancing of metabolic fluxes at acetyl-CoA can substantially improve the titer and 
productivity of hexanoic acid. First, a hexanoic acid-producing E. coli strain was constructed by expressing the 
genes coding β-ketothiolase (BktB) from Cupriavidus necator and acetyl-CoA transferase (ACT) from 
Megasphaera sp. MH in a butyric acid producer strain. Expression of mhact coding ACT increased hexanoic 
acid production by 47% compared to that with an E. coli thioesterase, TesB. Next, metabolic flux was optimized 
at the acetyl-CoA branch point by fine-tuning the expression level of the gene for acetyl-CoA acetyltransferase 
(AtoB). Five different synthetic 5′-untranslated regions (5′-UTRs) were designed for atoB using UTR Designer 
to modulate the expression level of the gene. The flux-optimized variant produced 528 mg/L hexanoic acid in 36 
h, and this titer represents an 8.7-fold increase compared to that of the non-optimized parental strain. 
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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. 
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RNA-guided genome engineering technologies have been developed for the metabolic engineering of microbial 
cells to improve the production of beneficial chemicals. In this study, the RNA-guided CRISPR interference 
(CRISPRi) was applied to rapidly identify genes which have carboxyl esterase activity in Corynebacterium 
glutamicum, well-known as industrial production host. Combining with the carboxyl esterase (MekB) protein 
sequence alignment, two target genes (cg0961 and cg0754) were selected to investigate the possible native 
esterase in C. glutamicumfor the CRISPRi application. The cg0961 repression in engineered strain showed a 
limitation of carboxyl esterase activity, which is similar to the cg0961 gene deletion mutant. From the results, it 
can be concluded that native carboxyl esterase activity is significantly controlled by cg0961 gene in C. 
glutamicum. Obviously, CRISPRi is the suitable and desirable genetic tool for gene identification and its 
function in C. glutamicum. 
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We engineered robust Escherichia coli to accomplish high production of n-butanol from galactose–glucose 
mixtures via the design of modular pathway, an efficient and systematic way, to reconstruct the entire metabolic 
pathway with many target genes. Three modular pathways designed using the predictable genetic elements were 
assembled for efficient galactose utilization, n-butanol production, and redox re-balancing to robustly produce 
n-butanol from a mixture of galactose and glucose. Specifically, the engineered strain showed dramatically 
increased n-butanol production (3.-fold increased to 6.2 g/L after 48-h fermentation) compared to the parental 
strain (1.9 g/L) in galactose-supplemented medium. Moreover, fermentation with mixtures of galactose and 
glucose at various ratios from 2:1 to 1:2 confirmed that our engineered strain was able to robustly produce n-
butanol regardless of sugar composition with simultaneous utilization of galactose and glucose. 
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Microbial production of squalene has driven caused 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. In this study, we 
metabolically engineered Corynebacterium glutamicum to produce squalene from glucose by over-expressing 
key enzymes (dxs, idi, and ispA) of MEP pathway and expressing truncated squalene synthase. To enhance 
squalene production, combinatorial target genes (gapA, gdh, and idsA) were repressed by CRISPR interference 
for precursor rebalancing, redox balancing, and blocking the competing pathway. 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. Thus, this study shows 
cost-effective and rapid strain development of metabolic engineering to build efficient microbial cell factories 
for industry.  
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Manipulating the expression levels of an essential gene plays a significant role for metabolic engineering to 
improve desired products. Here, we established two strategies to produce homo-butyrate in Corynebacterium 
glutamicum. We introduce heterologous butyrate biosynthesis pathway and repress acn essential gene encoding 
aconitase hydratase using CRISPRi which induces targeted blocking of transcription using RNA-protein 
complex to increase the acetyl-CoA pool. By practicing these strategies on additional engineered C. glutamicum 
which includes deletion of a few genes related to by-product forming reactions named strain BOL-1, it results in 
butyrate production of 0.52 ± 0.02 g/L. In addition, promoting biotin limitation in minimal medium during 
culture lead to improvement of butyrate production up to 0.58 ± 0.01 g/L. This research proves the possibility of 
engineered C. glutamicum as a butyrate producing strain. Moreover, it can be the background for developing 
new engineered strain under specific purpose. 
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Gamma-aminobutyric acid is a precursor of nylon-4, which is a promising heat-resistant biopolymer. GABA can 
be produced from the decarboxylation of glutamate by glutamate decarboxylase. In this study, a synthetic 
scaffold complex strategy was employed involving the Neurospora crassa glutamate decarboxylase (GadB) and 
Escherichia coli GABA antiporter (GadC) to improve GABA production. To construct the complex, the SH3 
domain was attached to the N. crassa GadB, and the SH3 ligand was attached to the N-terminus, middle, and C-
terminus of E. coli GadC. In the C-terminus model, 5.8 g/l of GABA concentration was obtained from 10 g/l 
glutamate. When a competing pathway engineered strain was used, the final GABA concentration was further 
increased to 5.94 g/l, which corresponds to 97.5% of GABA yield. With the introduction of the scaffold 
complex, the GABA productivity increased by 2.9 folds during the initial culture period. This research was 
supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Education (2017R1D1A1B03032046). 
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In a cell-surface display (CSD) system, successful display of a protein or peptide is highly dependent on the 
anchoring motif and the position of the display in that anchoring motif. In this study, a recombinant bacterial 
CSD system for manganese (Mn) and cobalt (Co) recovery was developed by employing OmpC as an anchoring 
motif on three different external loops. A portion of Cap43 protein (TRSRSHTSEG)3 was employed as a 
manganese and cobalt binding peptide (MCBP), which was fused with OmpC at three different external loops. 
The fusions were made at the loop 2 [fusion protein-2 (FP2)], loop 6 (FP6), and loop 8 (FP8) of OmpC, 
respectively. The efficacy of the three recombinant strains in the recovery of Mn and Co was evaluated by 
varying the concentration of the respective metal. Molecular modeling studies showed that the short trimeric 
repeats of peptide probably form a secondary structure with OmpC, thereby giving rise to a difference in metal 
recovery among the three recombinant strains. Among the three recombinant strains, FP6 showed increased 
metal recovery with both Mn and Co, at 1235.14 (1 mM) and 379.68 (0.2 mM) μmol/g dry cell weight (DCW), 
respectively.This research was supported by Basic Science Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education (2017R1D1A1B03032046). 
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The Potential of riboswitch that adopts cis-regulatory mechanism has been highlighted for monitoring various 
intracellular molecules. Several parameters of riboswitch should meet the requirements to be applied in user-
defined condition. However, tuning parameters of riboswitch such as dynamic range, fold activation, and 
operational range requires detailed information of sequence-function relationship. Thereby, engineering the 
sensor based on the intention of user is not straightforward, which necessitates alternative simple tuning options. 
Here, we demonstrate three strategies to optimize functional parameters with an example of artificial L-
tryptophan riboswitch. We modulated the strength of the promoter and the copy number of the plasmid to 
optimize dynamic range and fold activation. Then we applied tetA gene to amplify the response by tetracycline 
supplementation. Finally, we constructed riboswitch variant using an aptamer that shows lower affinity to L-
tryptophan than control to adjust the operational range. All strategies could be easily applied to optimization of 
other riboswitches owing to their simplicity.  
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Species distribution modeling is a methodology which predicts potential distribution of a specific species based 
on environmental conditions such as air temperature, precipitation, and relative humidity. Among the above 
conditions, temperature is the most important independent variable to ensure a model reliability because its 
effect on sensitivity is the largest. In most species distribution models (SDMs), air temperature is basically 
employed, but soil temperature would be more suitable for some species having a life cycle in soil, necessitating 
estimation of soil temperature for accurate SDM results. This study used regression analysis to predict by depth 
in 19 sites based on data of monthly air temperature and soil temperature of 0~1 m depth provided by Korea 
Meteorological Administration (KMA). Regression equations in all sites showed coefficient of determination of 
0.8 ~ 0.9, and average error was about 0.7~0.9°C. The developed model is expected to be used in SDMs for a 
species exposed to soil environment rather than a species on the ground. 
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Potato tuber moth is a major pest causing worldwide damage on potato production. It has been known to be 
originated from the Andean region of South America and has now expanded its habitat with climate change. 
This study estimated the global distribution of potato tuber moths and predicted its future dispersion in response 
to climate change scenarios. A species distribution modeling software named CLIMEX was used to evaluate 
changes in potential distribution of potato tuber moth in terms of Ecoclimatic Index (EI) according to SRES 
A1B climate change scenario. The simulation predicted that EI were mostly high in North America, South 
Africa, Europe, Australia and Southeast Asia under current climate. The overall global distribution of potato 
tuber moths was predicted to decreased with climate change, suggesting there will be no further introduction 
into a new area. 
 
Keywords : CLIMEX, climate change scenario, potato tuber moth, potential distribution 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

328 

 

P0232 Production of 2,3-Butanediol in Eubacterium limosum KIST612 via Metabolic Engineering 
 
Soyoung OH, Minseok CHA, Byeongchan KANG, 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 
 
Recently, the bioenergy production from syngas which is mainly composed of hydrogen, carbon monoxide (CO) 
and carbon dioxide (CO2) has become a matter of interest worldwide in anticipation of the exhaustion of fossil 
fuels, the increased costs of fossil fuels and their negative environmental impacts. The Gram-positive, obligately 
anaerobic, and acetogenic bacterium, Eubacterium limosum KIST612, has special advantages in syngas 
fermentation due to its high rates of syngas components (CO and CO2) utilization and production of valuable 
compounds such as acetate as well as L-/ D-lactate and butyrate. The 2,3-butanediol (BDO) is a useful chemical 
with a variety of applications for industrial needs that can be used as a precursor in manufactures for various 
chemical products including methyl ethyl ketone, butadiene etc. Although KIST612 is able to utilize syngas 
components effectively, based on the genomic sequence analysis, there is a missing enzyme to produce the BDO 
that is a 2,3-butanediol dehydrogenase (BDH). To construct the complete metabolic pathway for BDO 
production, three putative BDH-encoding genes from Clostridium sp. were heterologously expressed in 
KIST612, respectively. Three mutant strains of KIST612 for BDO production have been successfully 
constructed, and four strains including the wild-type were grown heterotrophically and autotrophically on 
glucose and CO, and tested to compare the BDO production. 
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Microbial fermentation of 5-aminolevulinic acid (ALA) has received much attention because of its potential in 
clinical applications. Overexpression of the related enzymes and an analogue transporter yielded remarkable 
achievements in ALA production, accompanying with deciphering its regulation. In spite of this, there is still 
significant room for carbon flux optimization to improve ALA production. This study aimed for precise carbon 
flux optimization for high ALA production in Escherichia coli expressing the ALA biosynthetic pathway. 
Initially. genes hemA and hemL were overexpressed with strong promoters and synthetic 5'-untranslated regions 
(5'-UTR). Then, the tricarboxylic acid (TCA) cycle was knocked-out for re-distribution of carbon flux toward 
the ALA production, additional precise tuning of carbon flux to the glyoxylate shunt by varying the 
transcriptional strength of aceA led to substantially improved cell growth and ALA production. Thus, this 
precise tuning of the glyoxylate cycle in a quantitative manner should also enable efficient production of other 
valuable products derived from the TCA cycle.  
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Corynebacterium glutamicum, which is a generally recognized as safe (GRAS) strain, is an industrial strain used 
for the production of valuable chemicals such as L-lysine and L-glutamate. The discovery or creation of a new 
vector system and evaluation of its capability for tunable protein expression in a target host strain are important 
factors in developing recombinant strains for the production of biochemicals in biorefineries. In this study, we 
developed a novel tunable promoter system based on repeats of the Vitreoscilla hemoglobin promoter (Pvgb). 
The Pvgb promoter-based expression system constructed was capable of tunable expression of green fluorescent 
protein in recombinant C. glutamcium strains, when the repeats of Pvgb promoter increased from one (Pvgb) to 
four (Pvgb4) to eight (Pvgb8). Furthermore, GABA and 5-AVA production by recombinant C. glutamicum strains 
expressing of key proteins such as DavBA and GadBmut were increased as the Pvgb number increased from 
single (4.81-5.31 g/L) to 8 repeats (4.94-5.58 g/L). 
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As depletion of petroleum comes up to the surface, researches to find new alternative resources have been 
conducted actively. And as part of efforts, acetate has been attracted attention. Because it has lots of sources to 
obtained, it is potential source to be utilized. We engineered the Escherichia coli strain to produce L-tyrosine 
from acetate. We selected SCK1 as production host which was developed through previous study. SCK1 has 
linear production pathway of L-tyrosine by overexpressing genes on the chromosome with the synthetic 5’- 
untranslated regions (5’-UTR) and constitutive promoter. Using acetate as a carbon sources, we designed the 
SCK1 to improve acetate uptake and conversion oxaloacetate to phosphoenolpyruvate by overexpression of the 
genes acs and pck through using strong promoter J23100 and 5’UTR. Then, fine tuning of glyoxylate cycle for 
redistribution of carbon flux by utilization of various promoter strength of aceA led to substantially improved 
cell growth and tyrosine production. 
 
Keywords : Glyoxylate cycle, acetate, tyrosine, 5'-untranslated region 
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While a variety of kitchen detergents have been widely used for a long time, few systematic toxicity studies 
have been conducted on a large-scale using animals. This may be because the kitchen detergents are made up of 
several interacting chemicals that can affect overall toxicity. In this study, a high-throughput imaging system 
and multigeneration population fitness assay were used for a large-scale toxicity study using small animals. 
More than 14 kitchen detergents and component surfactants were tested at different test concentrations using C. 
elegans and zebrafish. By analyzing collected images, multiple behavioral parameters were extracted by 
computing locomotion activity and tracking individual animals. The relative degree of toxicity of chemicals 
were then determined based on the locomotion features and fitness.  
 
Keywords : Zebrafish, Imaging system, Detergent toxicity 
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Interest of biofuel produced by photosynthesis microorganism increase with the increasing of negative 
environmental effect of fossil fuels. Microalgae are considered as feedstocks for advanced biodiesel with higher 
productivity and better sustainability than conventional energy crops. High lipid contents is one of desired traits 
of microalgae for improving economic feasibility of algal biodiesel, but many microalgae accumulate other 
compounds such as carbohydrates. In this study, increasing lipid contents in microalgae by redirecting carbon 
flux from carbohydrate or cyanophycin synthesis to lipid synthesis with genetic engineering was investigated. A 
cyanobacterium, Synechocystis sp. PCC6803, a model microalga for genetic modification studies, was used to 
study the effects of deletion of genes and introducing an exogenous gene. In Synechocystis, glycogen and 
cyanophycin are a main intracellular storage for carbon, which is accumulated in the absence of nitrogen sources. 
Genes for enzymes involved in cyanophycin or glycogen synthesis were knocked out to block cyanophycin or 
glycogen synthesis and increase carbon pool for lipid synthesis. Blocking cyanophycin synthesis did not have 
significant differences on the biochemicals composition. Blocking glycogen synthesis by deleting ADP-glucose 
pyrophosphorylase decreased carbohydrate contents by up to 71% and increased fatty acid (FA) contents by up 
to 24%, compared with wild-type under nitrogen-deficient conditions. The results from this study could be used 
for further genetic engineering of microalgae to increase fatty acid productivity. 
 
Keywords : cyanophycin, glycogen, cyanobacteria 
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Synechocystis sp. PCC 7338 is an unicellular eukaryotic cell that is suitable for culturing on a large scale and 
contains phychobiliprotein. This material is useful as a dye or fluorescent marker. Experiments were conducted 
to establish the condition of culture optimization where phycobiliprotein is most abundant for the mass 
production of this high value added material. Changes in the composition of the medium were selected using 
various nitrogen sources and the temperature and light intensity of the remaining culture conditions were 
selected. In addition to the deformation conditions, the culture conditions were as follows: initial inoculation 
concentration of 0.1 g / L in a 250 ml flask and incubation at 130 rpm for about 2 weeks. Then, chlorophyll a 
concentration and phycobiliprotein were measured. When cells were cultured under the condition of N and P 
source deficiency, cell growth did not occur when there was neither N nor P deficiency. In the case of 
phcobiliprotein, the highest amount of phcobiliprotein was measured in the presence of both n and p, similar to 
the result of cell growth. As a result of culturing at different temperatures, except for the condition cultured at 
10°C, the initial growth rate was different but the fresh cell weight was similar in the lag phase. The 
phycobiliprotein had the highest phycobiliprotein concentration at about 0.2 mg / ml when cultured at 30°C than 
other temperature conditions. Light intensity showed high growth at 20 and 100 μE / m2 / s, but phycobiliprotein 
was about 2 times higher when cultured at 20 μE /m2 / s than when cultured at 100 μE / m2 / s. In the case of 
using nitrogen source other than nitrate, similar growth was observed in the early stage. However, the cell with 
nitrate showed the highest fresh cell weight and the concentration of phycobiliprotein with nitrate was 0.008 mg 
/ ml. About twice as high. Based on the above experimental results, we will design the optimal conditions for 
the Box-Benken design considering that each element affects culture. Through this result, we establishing the 
optimal culture condition has a positive effect on cell growth as well as increased production of useful 
substances 
 
Keywords : Cyanobacteria, Phycobiliprotein, Culture condition, Optimazation 
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In ecological environments, some of the various microalgae coexist and grow with bacteria. In productivity 
terms of biomass, the above characteristic is promising that can be used to increase the growth rate of 
microalgae. Therefore, we have conducted research toward maximizing the productivity of biomass using 
coexisting bacteria. Three strains of bacteria from MBEgh01L were co-cultured with Tetraselmis sp. 
MBEyh04Gc and compared with the growth rate of monoculture. Results of the research are briefly explained 
that total biomass yields of co-cultured microalgae with AGP bacteria stains A, B, C were 0.23, 0.21, and 0.30 
gFCW/L/day, show a clearly increased trend relative to mono-cultured microalgae that was 0.17 gFCW/L/day. 
These results can be used to develop various research methods to create added value of biomass 
 
Keywords : microalgae , biomass, MBEgh01L 
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Light-sensitive photoreceptors, the rod and cone cells in the human retina, allow color perception and light-dark 
discrimination. The photoreceptors in the eye adsorb light with spectral-sensitivities by photoreceptor proteins 
combined with retinal photopigments. Comprehending the spectral responsive property of human photoreceptor 
proteins is necessary for future application in visual restoration technology such as development of artificial 
retinas. Among four different photoreceptor proteins, rhodopsin and longwave sensitive opsin 1 were produced 
in Escherichia coli. Purified proteins were reassembled into nanodiscs (NDs). NDs enable photoreceptors to 
function with high stability due to the native cell membrane-like environment. Purified proteins were confirmed 
with SDS-PAGE analysis. NDs including photoreceptors were obtained by size exclusion chromatography. The 
size of NDs were confirmed with dynamic light scattering spectrophotometer and field-emission scanning 
electron microscopy. The NDs will further be tested with different spectrum of light by observing the 
conformational change of cis-retinal to trans-retinal for verifying functionality of human photoreceptors.  
 
Keywords : photoreceptors, rhodopsin, longwave sensitive opsin 1, nanodiscs 
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Acetate is emerging as a promising carbon feedstock in biochemicals production. It is cheap and abundant, and 
can be converted to various metabolites. This study demonstrates the production of 3-hydroxypropionic acid (3-
HP) from acetate via malonyl-CoA reductase (MCR) pathway in recombinant E. coli. To efficiently produce 3-
HP from acetate, MCR and/or acetyl-Co carboxylase (ACC) were (over)expressed in the multi-copy plasmid 
pCDFDuet-1 and pACYCDuet-1, respectively, and the enzymes leading to such unwanted byproducts as alcohol 
dehydrogenase (adhE), lactate dehydrogenase (ldhA), and pyruvate oxidase (poxB) were disrupted. Moreover, 
the glyoxylate shunt (GS) was altered to examine the carbon distribution at the isocitrate node where the TCA 
cycle and GS are competing. The gluconeogenesis was also alleviated to promote the operation of TCA cycle 
and/or GS. One resultant recombinant strain produced 22.5 mM 3-HP in 48 h on the flask scale with pH 
controlled cultivation.  
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Acetate is a cheap and abundantly-available carbon source. The use of acetate can enhance sustainability and 
economics of the current bio-production processes. In this study, we engineered Pseudomonas denitrficans to 
produce 3-hydroxypropionic acid (3-HP) from acetate. A heterologous mcrN and mcrC (encoding malonyl-CoA 
reductase) from Chloroflexus aurantiacus were introduced, and endogenous accADBC (encoding acetyl-CoA 
carboxylase) was co-overexpressed. Furthermore, carbon distribution at the malonyl-CoA node was modified by 
either addition of cerulenin or reduction of fatty acid synthesis by deletion of the fabF gene. Both the addition of 
cerulenin (20.2 mM with the yield 0.23 mol/mol acetate) and the deletion of fabF (14.9 mM with the yield of 
0.16 mol/mol acetate) greatly increased 3-HP production and yield (from ~10 mM and 0.10 mol/mol acetate). 
Carbon distribution at acetyl-CoA node was also investigated in the fabF mutant strains under growing and non-
growing conditions. The study shows that the metabolically-engineered P. denitrificans strain has a great 
potential to produce 3-HP from acetate. 
 
Keywords : 3-hydroxypropionic acid, acetic acid, Pseudomonas denitrificans 
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Acetate is a major undesirable byproduct of industrial biological production, but has a great potential as cost-
effective and alternative carbon source in the production of various platform chemicals [1, 2]. This study 
presents development and engineering of Escherichia coli strain for 3-hydroxypropionic acid (3-HP) production 
from acetate. Integrative strategies of metabolic engineering including the disruption of acetyl-CoA competing 
pathways, alleviation of glyoxylate shunt flux, improvement of cofactor (i.e., NADPH) supply through the TCA 
cycle, and redirection of the gluconeogenesis pathway were employed. Both growing and resting cells could 
produce 3-HP from acetate with the highest yield 0.16 mol/mol, about 32% of the theoretical maximum. 
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Klebsiella oxytoca fermented glucose from biomass hydrolysate and accumulated rest of the sugars, mainly 
xylose, mannose, arabinose etc,. The bacterial strain utilized each sugar when supplied individually, and in the 
mixed conditions faces carbon catabolite repression (CCR). To overcome CCR, native xylose catabolizing genes, 
xylA (xylose isomerase) and xylB (xylulokinase), were overexpressed in K. oxytoca (pACYCDuet_tacM_xylAB) 
under tac promoter. The developed strain has utilized both glucose and xylose simultaneously at the ratio of 6:4 
that simulate the biomass composition. Under batch fermentation, during the time when the residual glucose 
concentration was still 11.3 g/L, half of the xylose (17 g/L) was consumed by the recombinant. By fed-batch 
fermentation of the 6:4 ratio mix of glucose and xylose the strain produced the maximum of 123.5 g/L of 2,3-
BD and it was 73.3 g/L with cellulosic biomass hydrolysate. The results proved the removal of CCR in K. 
oxytoca. 
[This work was supported by the Biochemical Industry Promoting Technology Development Project (No. 
10050407) funded by the Ministry of Trade, Industry & Energy 
(MOTIE, Korea).] 
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Microbial assimilation of C1 gas has been interested and studied. C1 chemicals derived from C1 gas are 
promising substrates for bio-synthesis of valuable chemicals by their oxidation or C-C bonding reaction, and its 
assimilation study has much attention. The C1 gas assimilation pathways and various key-enzymes have been 
studied, extensively. However, the efficient strains or enzymes for C1 assimilation have achieved only limited 
success due to lack of efficient enzymes for C1 chemical converting enzymes. The biosensor based screening 
system is one of the most powerful tools for the engineering of the desiring enzyme activities or discovery of 
new enzymes or strains, would be a good choice to overcome this limitation. Here, we developed the various C1 
chemical detectible biosensors, FA-GESS, Frm-GESS, and MeOH-GESS that can detect formate, formaldehyde 
and methanol, respectively. The FA-GESS, Frm-GESS, and MeOH-GESS display a linear response to formate 
(1.0-250mM), formaldehyde (1.0-50μM) and methanol (25-400mM), respectively. Here, these simple and 
accurate C1 chemical detecting biosensors to have wide-ranging applications for screening or engineering of C1 
chemical converting enzymes and regulated metabolic engineering for C1 gas assimilation. 
 
Keywords : Biosensor, Formate, Formaldehyde, Methanol, C1 assimilation 
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3-Hydroxypropionic acid (3HP), a three carbon non-chiral carboxylic acid, is considered as a bio-based platform 
for the synthesis of many commercially important compounds. Methane-utilized methanotrophs are fascinating 
systems for methane bioconversion. The biosynthesis of 3HP by methanotrophs is an effective method with 
simpler operation and friendly-environmental processes that can minimize environmental loads due to the 
abundance of methane. In this study, we constructed the malonyl-CoA pathway to 3HP in Methylosinus 
trichosporium OB3b through heterologous expression of Chloroflexus aurantiacus malonyl-CoA reductase 
(MCR), the bi-functional enzyme. We further engineered the supply of malonyl-CoA precursor by 
overexpression of endogenous acetyl-CoA carboxylase (ACC) and methylmalonyl-CoA carboxyltransferase 
(MMC) of Propionibacterium freudenreichii, hereby substantially increased the production of 3HP. This work 
demonstrates 3HP production for the first time in methanotrophs and opens the door for using methanotrophs as 
a cell factory for biosynthesis of 3HP as well as its derivatives in future. 
 
Keywords : 3-Hydroxypropionic acid, methanotrophs, malonyl-CoA , malonyl-CoA reductase 
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Urinary mRNAs are the biomarker for the diagnosis of acute rejection in the kidney transplant recipients. 
Quantitative PCR and droplet digital PCR were used as non-invasive methods for quantifying the level of signal 
mRNAs CD3ɛ and IP-10 from urine samples. Despite the sensitivity and accuracy of the PCR method, a point-
of-care (POC) testing method is required for the rapid and low-cost diagnosis of urinary mRNA. Here, we report 
the utilization of the RNA toehold switch for the cell-free system-based diagnosis of urinary mRNA IP-10. For 
the POC application, the colorimetric output was developed for direct recognition by naked eyes. A total of 5 
switches was screened from over 100 putative toehold switches. Among these, the toehold switch 1 illustrated 
the highest fold change after a 45-min incubation with relatively high specificity. We also demonstrated the 
sensitivity of the toehold switch 1 with the cognate trigger mRNA. These results provide the premise for the 
utility of the RNA toehold switch in combination with the cell-free system for the POC diagnosis of the urinary 
mRNA from kidney transplant recipients. 
 
Keywords : Cell-free system, RNA toehold switch, urinary mRNA, point-of-care diagnosis 
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We designed a recombinant neurotoxin miniature. Domains in a botulinum neurotoxin A-type (BoNT/A) for 
synaptic membrane binding and endosomal membrane translocation were substituted with peptide A2 and 
aurein 1.2. Molecular weight of the recombinant neurotoxin miniature is ~70kDa, in this 1/2 of full length 
BoNT/A. The miniature BoNT/A could be produced in E.coli BL12 (DE3). The recombinant neurotoxins 
fabricated had a desirable affinity to synaptic vesicle glycoprotein 2C, suggesting the good ability in synaptic 
membrane binding, and were translocatable into the cytosol of differentiated PC12 cells after the endocytosis. 
Consequently, this recombinant neurotoxin produced with a good yield rdjzdtnfxvmight be transferable to the 
site of forming SNARE complex in neurons. In conclusion, like the BoNT, if the in vivo enzymatic activity can 
be guaranteed, the recombinant neurotoxin miniature designed in this study can be widely used in neuronal 
disorder treatments and cosmetics due to the simpleness for production. 
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Methanotroph-based biorefinery is promising scenario for production of various high-value compounds from 
methane, which has been considered as next generation feedstock. In this presentation, we have engineered 
Methylomicrobium alcaliphilum 20Z for 2,3-butanediol (2,3-BDO) production from methane. The engineered 
strain 20Z/pBudK.p, harboring the 2,3-BDO synthesis gene cluster (budABC) from Klebsiella pneumoniae, 
accumulated 2,3-BDO in methane-fed shake flask cultures with a titer of 35.66 mg/L. Expression of the most 
efficient gene cluster was optimized using selection of promoters, translation initiation rates (TIR), and the 
combination of 2,3-BDO synthesis genes from different sources. A higher 2,3-BDO titer of 57.7 mg/L was 
measured in the 20Z/pNBM-Re strain with budA of K. pneumoniae and budB of Bacillus subtilis under the 
control of the Tac promoter. The genome-scale metabolic network reconstruction of M. alcaliphilum 20Z 
enabled in silico gene knockout predictions using an evolutionary programming method to couple growth and 
2,3-BDO production. The ldh, ack, and mdh genes in M. alcaliphilum 20Z were identified as potential knockout 
targets. Pursuing these targets, a triple-mutant strain ∆ldh ∆ack ∆mdh was constructed, resulting in a further 
increase of the 2,3-BDO titer to 68.8 mg/L. The productivity of this optimized strain was then tested in a fed-
batch stirred tank bioreactor, where final product concentrations of up to 86.2 mg/L with a yield of 0.0318 g-
(2,3-BDO) /g-CH4 were obtained under O2-limited conditions. This study first demonstrates the strategy of in 
silico simulation-guided metabolic engineering and represents a proof-of-concept for the production of value-
added compounds using systematic approaches from engineered methanotrophs. 
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Methane is the primary component of natural gas and biogas, due to its great potential such as: huge abundance 
and low price, methane is considered as a promising alternative carbon source for industrial biotechnology. 
Herein, we report production of putrescine from methane by an industrially promising methanotroph 
Methylomicrobium alcaliphilum 20Z. We conducted adaptive evolution to improve putrescine tolerance of wild 
type strain M. alcaliphilum 20Z, from WT-20Z, which was unable to grow in 50 mM of putrescine 
dihydrochloride to evolved strain 20ZE, which was able to grow in 400 mM of putrescine dihydrochloride. 
Heterologous expression of linear pathway ornithine decarboxylase genes from various sources allowed the 
engineered strain to synthesize putrescine. The strain 20ZE-pACO with ornithine decarboxylase from 
Methylosinus trichosporium OB3b had the highest enzymatic activity with putrescine titer of 12.44 mg/L. 
Putrescine utilization pathway was eliminated by knocking out spermidine synthase gene (MEALZ_3408), 
resulted in no spermidine formation in the strain 20ZES1-pACO with a putrescine titer of 18.43 mg/L. To 
further improve the productivity, in silico simulation based on the genome-scale metabolic model was employed. 
Acetate kinase and subsequently lactate dehydrogenase were selected as knockout target genes. The resulting 
engineered strain 20ZE3-pACO was able to produce putrescine up to 26.69 mg/L. Overexpression of key genes 
in ornithine biosynthesis pathway under control of pTac promoter improved putrescine titer to 39.04 mg/L. 
Additionally, by evaluating effect of ammonia in production of putrescine, an amine-derived product, suitable 
nitrogen sources were optimized with the supplement of 2 mM ammonium chloride to nitrate mineral salts 
medium led to 98.08 mg/L of putrescine. This study represents methane could be converted into high value-
added diamine compound such as putrescine from low-priced methane. 
 
Keywords : Putrescine, Metabolic engineering, Methane, Methanotroph 
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There is great interest in manipulating protein-protein interactions related to cell function that can cause a 
variety of diseases.  
 
Keywords : antibody, High-throuput screening, Cell-free protein synthesis 
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Fossils fuels have been used to generate power and heating for decades. Nevertheless, they release waste gas 
mixtures called syngas that may pollute environment and contribute to the global warming. The syngas, which 
includes CO, can be used as a potential feedstock for the production of high value-added products via microbial 
fermentation processes. Clostridium autoethanogenum is a representative acetogen, a group of microorganisms 
that utilize energetically-efficient Wood-Ljungahl pathway for CO fixation into cell biomass and the production 
of various high-value added products such as ethanol.In order to understand metabolism and physiology of 
acetogens, the genome-scale metabolic model of Clostridium autoethanogenum was comprehensively 
reconstructed based on reactions related to the core CO metabolism and its constraints. In addition, in silico 
simulations based on previous experimental data were also conducted. This all has helped to understand crucial 
metabolic changes and optimal culture conditions for increased bioconversion of CO into ethanol. 
 
Keywords : syngas, bioethanol production, genome-scale metabolic model 
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Mussels secrete a variety of adhesive proteins, which are considered as potential water-resistant bioglue. The 
key for strong adhesion of mussel adhesive protein (MAP) is the amino acid analogue with a reactive catechol 
group called 3,4 –Dihydroxyphenylalanine (DOPA). The catechol group not only forms hydrogen bond to 
silicon or metal ions, also oxidized to DOPA-Quinone so the proteins cross-link each other. As MAPs are 
harmless and do not cause immunological responses to human, they could be applied for medical glue.  
Although the tyrosinase in mussels transforms tyrosine to DOPA under natural condition, extracting the proteins 
from mussels is labor-intensive and needs high production cost. Therefore, many research groups have been 
studied the recombinant MAP (rMAP) in bacteria or yeast. Yang and their colleagues showed that rMAP 
production in auxotrophic Escherichia coli (E. coli) under minimal condition had high incorporation yield of 
DOPA over 90% by endogenous tyrosyl-tRNA synthetase1. However, the yield of purified rMAP was low.  
In order to commercialize the rMAP as a bioglue, it is necessary to improve the yield of purified rMAP in E. 
coli. In this study, the translational machinery evolved from Methanocaldococcus jannaschii Tyrosyl tRNA 
synthetase (Mj TyrRS) as well as E.coli TyrRS were introduced to improve the production yield of rMAP with 
high DOPA content. As a result, we could achieve a noticeable increase in yield of the DOPA - containing 
rMAP that is enough to be commercialized as a bioglue. Also, our study provides useful information for 
application of the orthogonal translational system. 
 
Keywords : mussel adhesive protein, 3,4 –Dihydroxyphenylalanine , tyrosyl-tRNA synthetase 
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The intestinal microbiota has been associated with host health by aiding colonic fermentation, improving energy 
harvesting capacity, and coping with pathogenic bacteria. In the swine industry, understanding the relationship 
between intestinal microbiota and growth stage is essential because growth stage is directly related to the 
feeding system of pigs. 
In this study, we report the fecal microbiota of Jeju Black-Swine at seven different growth stages by analyzing 
bacterial 16S rRNA gene sequences. Our results showed that swine fecal bacterial composition varied at each 
growth stage. The relative abundance of two phyla and genera were significaltly different between growth 
stages. Bacteriodetes (Prevotella copri) decreased, and while Firmicutes (Ruminococcus alactolyticus) increased 
at later growth stages. Principal component analysis (PCA) showed that the communities of the top 20 bacterial 
species were also significantly different at the growth stages of between 9 months and older. Although functions 
of these bacteria are yet to be identified, understanding differences in fecal microbiota between each growth 
stage will provide additional insights for further studies related to swine gut microbiota. 
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Conjugation of antibody has expanded its applications in a variety of applications from therapeutics to 
diagnostics, and various methods have been developed based on chemical or enzymatic reactions. However, 
current methods developed in controlled ways for site-specific conjugation suffer from limitations. In this 
presentation, we describe a PEptide-DIrected Photocrosslinking (PEDIP) reaction for site-specific conjugation 
of IgG using an Fc-binding peptide and a photoreactive amino acid analogue, and demonstrate this method by 
developing 
an immunotoxin composed of a Her2-targeting IgG and an engineered Pseudomonas exotoxin A. This 
conjugation method can also be applied for many other types of cargo with slight modifications of the method. 
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Microalgae has the potential to produce useful substances that are widely used in bioenergy, food and 
pharmaceutical industries. In order to mass-produce useful substances derived from microalgae, it is necessary 
to understand the cell growth and metabolic processes. This requires the development of recombinant 
microalgae strains, but genetic modification is difficult due to the very low transformation efficiency of 
eukaryotic microalgae. 
We used a cell-free synthesis system derived from Escherichia coli to search for more efficient microalgae 
metabolism pathways. The Escherichia coli cell-free synthesis system is useful for the expression of 
recombinant proteins and has advantages of easy manipulation of synthesis conditions. Phycoerythrin, one of 
the light-harvesting antenna proteins of the microalgae, was selected as the target protein, and the genetic 
information of the enzymes required for synthesis was obtained and confirmed to be soluble expression by 
applying to the cell-free protein synthesis system. During the incubation of the cell-free synthesis reaction 
mixture, we were able to confirm the activities of these enzymes determined by the changes in absorbance. 
 
Keywords : Cell-free synthesis, Biosynthesis system, Recombinant protein production 
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A goal of synthetic biology is the design and quantitative characterization of molecular networks composed of 
informational biopolymers, such as, DNA, RNA, or proteins. The design of the synthetic circuits is, however, 
limited by the complexity and uncertainty of the genetic components and their variable interactions with host 
cells. As a complementary to the design of in vivo synthetic circuits, there has been many attempts to create 
complex genetic circuitry in cell-free system. Here, we built a statistical model of a simple genetic circuit 
capable of expressing green fluorescence signal. A simple transcription-translation system with sfGFP with 
commercially available cell-free solution were used to measure time-course data which was applied to estimate 
the model parameters describing transcription and translation processes of the system. The model consists of 48 
biochemical reaction equations with 7 unknown parameters which were estimated with parallel computation 
technique. All other parameters were assumed with fixed constants from published resources. The inferred 
model successfully simulated the gene circuit behavior including sfGFP expression with different concentrations 
of circuit DNA. We anticipate that this research will help to characterize a genetic circuit consisting of various 
DNA parts in a specific host cells and fill the gap between in vivo and in vitro systems of the artificially 
designed biochemical networks, which eventually promote to establish design rationale of genetic circuits in the 
field of synthetic biology. 
 
Keywords : synthetic biology, genetic circuit, statistical modeling 
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Shelf-life extension of freeze-dried Lactobacillus brevis WiKim0069 using supercooling pretreatment 
In Seong Choi1, Seung Hee Ko1, Ho Myeong Kim1, Jung Eun Yang1, Seulgi Jeong1, Ho Hyun Chun1, Hae 
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Shelf-life extension of freeze-dried lactic acid bacteria is important for reducing distribution costs. We tested 
supercooling pretreatment prior to freeze drying for enhancing storability of Lactobacillus brevis WiKim0069, a 
kimchi starter. Cold adaptation caused an increase in surface layer protein and improved cell viability. The 
surface layer of cold-adapted cells was thicker than that of non-adapted cells, with supercooling inducing the 
strongest effect. Cold adaptation increased the viability of L. brevis WiKim0069 during and after 56-day storage. 
After 56 days storage, the highest viability was observed with supercooling pretreatment. The addition of 
surface layer protein during cold adaptation further promoted viability, supporting the role of surface layer 
protein. These results suggest that supercooling pretreatment can be useful for extending the shelf-life of L. 
brevis WiKim0069. 
 
Keywords : Lactic acid bacteria, Lactobacillus brevis, supercooling pretreatment, shelf-life extension, surface 
layer protein 
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The utilization of marine algae has many advantages for food additives production, compared with the use of 
starch based or lignocellulosic biomaterials. Among of them, agar is a major component in the cell walls of red 
algae and has been used in a variety of industrial applications. Complete hydrolysis of agar yields its monomeric 
sugars, such as D-galactose and 3,6-anhydro-L-galactose. In addition, the LsAraA gene encoding an L-arabinose 
isomerase from the psychrotrophic and food grade Lactobacillus sakei has a high efficiency in producing D-
tagatose from D-galactose. This work characterizes the biological functions of L-arabinose isomerase in the 
substrate derived from degradation of algal polysaccharides. In this study, the L-arabinose isomerase LsAraA 
was fused with the dockerin module of a cellulosome system for assembly with agarolytic complexes 
comprising of chimeric beta-agarase (cAgaB) and anhydro-galactosidase (cAhgA). The assembly of chimeric L-
arabinose isomerase caused an indicative enhancement in isomerization activity. The enzymatic activities on 
agar substrate were 3.1-fold higher than that of L-arabinose isomerase as a single enzyme. Thus, these results 
demonstrated the possibility of advancing efficient strategies for utilizing agar as biomass source to produce D-
tagatose in the industrial food field that uses marine biomass as feedstock. 
 
Keywords : marine algae, enzyme complex, tagatose 
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This study aimed to evaluate fatty acid composition in human milk from China, Korea, Vietnam and Pakistan 
which is valuable for baby care as well as setting up formula milk. Breast milk fatty acid composition was 
analyzed by gas chromatography-mass spectrometry. Palmitic acid and linoleic acid were the two most abundant 
in human milk. Among the four tested countries, Pakistan sample had the highest saturated fatty acid (55%) 
while those in other countries varied from 38-45%. It indicates that unsaturated fatty acid, including omega-3 
and omega–6 fatty acids were significantly low in Pakistan milk. It is noteworthy that docosahexaenoic acid 
(DHA) which is known to impact on the early brain development of the baby, was highest in breast milk of 
Vietnamese and Korean mothers, followed by China sample and lowest in Pakistan sample (0.79, 0.66, 0.48 and 
0.27%, respectively). Omega-3, omega-6, monounsaturated and saturated were strongly correlated to alpha-
linolenic acid, cis-linoleic acid, oleic acid, and palmitic acid, respectively. The results of this study might 
provide valuable information for formula milk establishment, especially for Asian babies. 
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Glycolipid is functional lipids that bioglycans such as hexose, N-actylhexoseamine, fucose, or sialic acid 
attached on the ceramide lipid. Glycolipids are found in mammalian fluids, tissues, or particularly on cell 
surface. It plays an important biological role in protection of intestinal disease, immune response, infant brain 
development and antibacterial. Full profiling of glycolipids is extremely difficult due the diversity of fatty acid 
and the glycan residue. From the milk, in particular, wide range of hydrophobicity of each glycolipids and the 
huge amount of neutral lipids makes the extraction and purification of glycolipid difficult. In the study, we 
optimized method of glycolipid extraction from milk sample and analyzed their quantitative profiles using MS. 
The glycolipids were separated by methanol-chloroform-water mixture according to solubility, and purified 
using solid phase extraction cartridge. UPLC/Q-TOF provides information on the glycan and ceramide lipids in 
the glycolipids containing different fatty acid chains. Each glycolipid was quantified by the addition of internal 
standard and by UPLC/QQQ through the MRM and EIC in scan mode. 
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Red ginseng residue is a residual waste from the red ginseng extraction process. However, a considerable 
amount of ginsenosides was still remains. To increase the recovery of ginsenoside and add values to the 
agricultural wastes, bioconversion reaction by glycolytic enzyme and fermentation by lactic acid bacteria has 
been examined. Fermentation process and conversion of ginsenosides were analyzed by HPLC and mass 
spectrometry (UPLC/UV/QQQ), respectively. Preliminary data indicated the L. plantarum and L. lactis were 
best stains for the fermentation and bioconversion reaction. For the evaluation of commercial production, impact 
of MRS on the bioconversion also monitored. During enzymatic reaction and following fermentation, the 
relative abundance of ginsenosides Rb1, Rc, Rb2, Rd, Rg3, and Rf decreased while that of the rare ginsenosides 
XVII, C-Mc1, C-O, F2, Rh2 and Rh1 was significantly increased. These results were more evident in MRS 
containing group. Minor ginsenosides, those have low amounts of ginseng, are known to have greater 
pharmaceutical activity and bioavailability than major ginsenosides. Bioconversion of residual red ginseng may 
open a new direction to produce the rare but effective ginsenoside productions.  
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As a major intestinal microbiota of breast-fed infant, Bifidobacterium sp. is gradually increased its utilization in 
food industry [1, 2]. To achieve the purpose as an industrial probiotic strains, Bifidobacterium sp. should stably 
be cultivated in high cell density, which is currently problematic [3]. Further, due to quorum sensing, their 
viability was not maintained after the tipping point even though the optical density of the cell stays constant. To 
maximize the probiotic effect, it is crucial to deliver the viable probiotics to the consumer [4]. In this study, we 
investigated the effects of environmental factors on the growth of B. infantis and B. bifidum and the changes of 
cell viability during the long term fed-batch fermentation. To find the optimum conditions of the fermentation, 
initial glucose concentration, lactic acid concentration, pH, and temperature were evaluated. In addition, it has 
been observed that the viable microbe count were significantly affected by quorum sensing during fed-batch 
fermentation. It seems to be appropriate that fermentation has to be ceased within 40~50 hours for B. infantis 
and 20~30 hours for B. bifidum to get high cell viability and cell concentration. 
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The aim of the present study is to determine the anti-obesity activities coupled with anti-angiogenic activities of 
anthocyanins rich fraction obtained from ethanolic leaf extract of Cornus kousa (ELECk). Dried plants leaves 
were extracted with 70% ethanol and anthocyanin fraction (AnT Fr) was obtained by eluting the ethanolic 
extract through non-polar macroporous resin and further purification by HPLC. Antiangiogenic activities were 
determined by antiproliferative effect of AnT Fr on HUVECs. In the presence of various concentrations of AnT 
Fr, 3T3-L1 preadipocytes were induced to differentiate. Lipid accumulation in differentiated adipocytes were 
quantified by Oil-Red O staining. AnT Fr significantly suppressed angiogenesis by inhibiting proliferation and 
tube formation of HUVECs via downregulating VEGRF 2, PI3K, β‐catenin, NF‐kB, and Akt1 in a dose 
dependent manner. AnT Fr inhibited lipid accumulation by down-regulating adipogenesis and lipogenesis 
promoting signaling proteins and gens, PPARγ, CCAAT, C/EBPα, aP2, FAS, and LPL, however enhanced 
AMPK activation to p-AMPK in 3T3 cells quantified and expressed by western blotting. The anti-obesity 
activities exerted by Cornus kousa are associated with antiangiogenic activities of anthocyanins rich fraction of 
Cornus kousa. Hence the presence of bioactive anthocyanins presents the Cornus kosa, with profound value for 
nutraceutical and pharmaceutical formulation to treat or control obesity and related disorders. 
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The root of Platycodon grandiflorum, Platycodi radix, contains glycosylated saponins (platycosides) and has 
been used as food health supplements and food items. Deglycosylated saponins, which have higher biological 
activity than glycosylated saponins, have been converted from glycosylated saponins by enzymes. In this study, 
β-glucosidase from Dictyoglomus turgidum, which specifically hydrolyzes the glucoses at C-3 in platycosides, 
completely converted 0.65 mM platycoside E (PE), 0.03 mM platycodin D3 (PD3), and 0.22 mM platycodin D 
(PD) in Platycodi radix extract into 0.9 mM deglucosylated platycodin D (deglu PD), which was first identified 
by nuclear magnetic resonance via the hydrolytic pathway of PE (platycoside with three glucose residues) → 
PD3 (two glucose) → PD (one glucose) → deglu PD (no glucose). The anti-inflammatory activity of deglu PD 
and deglucosylated Platycodi radix extract were higher than that of PE, PD3, PD, Platycodi radix extract, and 
baicalein, an anti-inflammatory agent. This is the first study on quantitative enzymatic production of deglu PD 
and deglucosylated Platycodi radix extract is expected to be used as improved functional food supplements. 
 
Keywords : Platycodi radix, deglucosylated platycodin D, Dictyoglomus turgidum, β-glucosidase, 
biotransformation, anti-inflammatory activity, functional food supplements 
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P0309 Biotransformation of Platycodin D in platycodi radix into 3-O-β-D-glucopyranosylplatycodigenin 
by Pectinex ultra SP-L 
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Corresponding Author Email : joojh91@naver.com 
 
The saponins (platycosides) from Platycodi radix, the roots of Platycodon grandiflorum, have been reported to 
have a wide range of health benefits such as anti-obesity, anti-inflammation, anti-allergy, and anti-tumor. 
Platycodi radix saponins are composed of pentacyclic triterpenes with two side chains. One side chain is the β-
glucose residue that is linked by the glycosidic bond at C-3 in the aglycon and the other is an oligosaccharide 
moiety of arabinose, rhamnose, xylose, and apiose that are sequentially attached to the ester linkage at C-28. 
In this study, the oligosaccharide in C-28 of platycoside was hydrolyzed for the first time by Pectinex ultra SP-L, 
which is the commercial enzyme of pectinase (Novozyme). The enzyme converted platycodin D, polygalacin D, 
and platyconic acid A into 3-O-β-D-glucopyranosyl platycodigenin, 3-O-β-D-glucopyranosyl polygalacic acid, 
and 3-O-β-D-glucopyranosyl platyconic acid, respectively. These biotransformed platycosides were identified 
by LC/MS and nuclear magnetic resonance. 

 
Keywords : Biotransformation, Platycosides, Pectinase 
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P0310 Rapid and Ultrasensitive Electrochemical Detection of Quercetin in Green tea Based on 
Nanostructured Porous aromatic frameworks Supported Au Nanoparticles 
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Corresponding Author Email : yunsuk.huh@inha.ac.kr 
 
In the present work, Gold nanoparticles (Au NPs) were decorated on porous aromatic framework (Au-PAF-6) 
using a simple reduction method. The obtained Au-PAF-6 offered a remarkable analytical performance in the 
electrocatalytic oxidation of quercetin (QC) at reduced potential. The modified Au-PAF-6 electrode exhibited a 
good differential pulse voltammetric response in the QC concentration of 1 × 10−12 − 6 × 10−10 M with the 
detection limit of 2 × 10−13 M. The designed sensor platform was also implemented directly to determine the 
QC in apple juice and green tea samples. 
 
Keywords : Cyclicvoltammetry, Electrochemical sensor, Au nanoparticle, porous organic polymers, quercetin 
detection 
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P0311 Development of Hybrid Food and Pharmaceutical Products Safety Control Circuit for Safety 
Packaging and Labeling for Applied Business: 
A Case Study in the Vietnamese Food and Pharmaceutical 
 
Eunsung KIM1, Hoyeon WON2 
1Graduate School of Business and Law, RMIT University, Australia , 2Daejin Corporation, 36, kyunggido, South 
Korea 
Corresponding Author Email : casio947@gmail.com 
 
Development of Hybrid Food and Pharmaceutical Products Safety Control Circuit technologies are becoming 
more and more essential embodiment in the food and pharmaceutical products safety standards management. 
Furthermore, this study has an insight into the importance of Green Supply Chain Management (GSCM), how 
the management system has been applied in the developing country. Also, GSCM comprehensively considers 
sustainable development as a new approach to hybrid food and pharmaceutical products safety control circuit in 
order to protect effectively of food and pharmaceutical products against risks by means of safe packaging and 
labeling. The hybrid food and pharmaceutical products safety technology involves the regulation of inputs such 
as the embodiment of food safety technology and the embodiment of a food safety information development 
process need to be identified. The Hybrid Food Safety Standards framework was identified two embodiment 
that are relevant to this development that enables organizations to perform GSCM practices in the highly 
competitive. To contribute to the improvement of food and pharmaceutical products and bio-engineering in 
applied business by implementation the Hybrid Food and Pharmaceutical Products Safety Control Circuit to 
easily packaging and labeling in GSCM. 
 

 
Keywords : Embodiment of Food Safety Technology, Embodiment of Food Safety Information, Green Supply 
Chain Management, Indicator, Safety Risk Management 
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To make nutrients more accessible and further increase biological activity, edible insect (Protaetia brevitarsis) 
was inoculated with LABs, Lactobacillus sp and Weissella sp (HePbLpWp), and fermented at 30 – 37 ℃ for 24- 
48h. The change in physiochemical properties of HePbLpWp were investigated. The antibacterial, antioxidant 
and potential enzyme activity was significantly enhanced and noxious heavy metal decreased by fermenting. 
Therefore, this study showed that Fermented Pb by LAB can induced reduction of off-flavor and spoil by 
microorganism compared th the non-fermented Pb. This is the first report describing the processing method, 
effect and characterization of edible insect fermented by LAB.  
*This work was suppoted by IPET through Agri-Bio industry Technology Development Project, funded by 
MAFRA (818011-2). 
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Amino acids are involved in a wide variety of biological processes. The amino acid is a compound that has both 
a basic amino group (-NH2) and the acidic carboxyl group (-COOH). Recent, analysis of trace amino acid in 
physiological have received more attention. Because the analysis of these compounds could provide 
fundamental and important information for medical, biological, and clinical fields. According to the pre-
treatment analysis method, 17 kinds (Aspartic acid, serine, glutamic acid, glycine, histidine, threonine, arginine, 
alanine, proline, tyrosine, valine, methionine, lysine, isoleucine, leucine, phenylalanine) of amino acid were 
analyzed. The purposed of this study was to determine the structural amino acids. The analysis method was 
analyzed by different time (4, 8, 22hr) and temperature (110, 70, 40℃) of hydrolysis. To determine the linearity 
of 17 kinds structural amino acids, five different concentration (Approximately 12.5, 25, 50, 100, 250nM) of 
standards. Precision and reproducibility of assay value were expressed with %RSD(relative standard deviation). 
As a result of the analysis, the temperature should be set at 110°C and the decomposition time was not different 
compared to 8 hours and 4 hours for 22 years. 
 
Keywords : amino acid, hydrolysis, pre-treatment 
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P0314 Content of Benzo(a)pyran in Medicinal Herbs and their Transfer Ratios in Extracts 
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Both of the concentration of benzo(a)pyrene in 5 species (total 50 samples) of medicinal herbs and their transfer 
ratios in the preparation steps of water extract(decoction) and soft extract, were analyzed by HPLC/FLD. The 
detected benzo(a)pyrene concentrations from the medicinal herbs ranged from non-detection to 37.54 μg/kg, and 
their average was 6.73 μg/kg. In particular, the concentration of benzo(a)pyrene in Coptidis Rhizome was turned 
out to be the highest of 37.54 μg/kg. The detected benzo(a)pyrene concentrations from water extract(decoction), 
soft extract and remnant after boiling, ranged from non-detection to 2.31 μg/kg, non-detection to 2.8 μg/kg, and 
2.18 to 21.91 μg/kg, respectively. In preparation of water extract(decoction) and soft extract, transferred 
benzo(a)pyrene was not detected or, if transferred, the maximal transfer ratios of benzo(a)pyrene were shown to 
be 8.9% and 9.8%, respectively. Therefore, the content of benzo(a)pyrene in the samples of herbal medicine 
used in this study, were reduced by more than 90% in preparation steps of water extract (decoction) and soft 
extract.  
 
Keywords : Medicinal herbs, Benzo(a)pyrene, Transfer ratio, Water extract, Soft extract, HPLC 
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Alcoholic fatty liver disease (AFLD) is the earliest and the most common form of liver injury among the heavy 
alcohol users. And AFLD is also one of the precursor for severe forms of liver injury ranging from steatosis, 
inflammation and necrosis (steatohepatitis), to fibrosis and cirrhosis, and eventually hepatocellular carcinoma 
(HCC) in some cases. Shiikwasa (citrus depressa Hayata) is a fruit type citrus cultivar which grows in the sub-
tropical regions of Northeast Asia of Taiwan, Japan and Korea. The fruit contain numerous bioactive flavonoid 
and vitamin substances contributing to their potent antioxidant, antiinflammatory, and antitumor activities. Also, 
studies on citrus fruit compounds had exhibited a wide range of efficacy on diseased models such as different 
cancer cell types, neurodegeneration, obesity, anti-inflammation, adipogenesis, anti-allergy etc and also high 
nutritional value. In this study, we investigated the prevention of alcoholic fatty liver damage using Shiikwasa. 
The extracts of Shiikwasa and nobiletin isolated from the extracts were administered to C57BL / 6 mice (N = 6 / 
group) for 8 weeks with Decarli Ethanol diet. Blood chemistry and western blotting showed that ingestion of the 
extract and nobiletin on continuous alcohol consumption significantly reduced liver-induced inflammation and 
oxidative stress. In addition, through immunohistochemistry and H & E, the extract and nobiletin inhibited lipid 
deposition and inflammation in the liver. In conclusion, the results of this study show that extracts and nobiletin 
administration are effective in preventing damage to liver tissue by ingestion of alcohol. In addition, through 
immunohistochemical staining analysis and H & E staining analysis, the extract and nobiletin inhibited lipid 
deposition and inflammation in the liver. In conclusion, the results of this study show that extracts and nobiletin 
administration are effective in preventing damage to liver tissue by Continuous alcohol consumption. 
 
Keywords : alcoholic fatty liver, inflammation, liver disease , nobiletin, Okinawa citrus , Shiikwasa, steatosis 
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DAD-TOF/MS Combined with Pre-Column Derivatization by 1-phenyl-3-methyl-5-pyrazolone (PMP) 
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Sargassum horneri (Turner) C. Agardh is a species widely distributed in Korea, Japan and China, and it is 
infecting the domestic fish stocks in the south coast and Jeju region in Korea along the currents in the ocean 
current and the northwest sea monsoon. Sargassum horneri ( S. horneri) is a phaeophyta and Sargassaceae 
belonging to edible seaweed, which contains a large amount of phytochemicals such as fucosterol and alginic 
acid. Recently, a variety of physiological activities have been revealed and efforts have been made to develop 
functional foods useful for the human body. In particular, the functional polysaccharide fucoidan, which is a 
water-soluble active ingredient, is a sulfated polysaccharide having a structure in which fucose is a basic 
constituent sugar and monosaccharides such as mannose are complexly combined. The structure of fucoidan 
from S. horneri has not been studied sufficiently. We are developed a method of fucoidan for the functional 
food industry of extracted S. horneri and lipid soluble components. It is confirmed the composition of fucoidan 
monosaccharide by the supercritical extraction residue. Derivatization was carried out under mild conditions 
using the 1-phenyl-3-methyl-5-pyrazolone (PMP) and UPLC-DAD-TOF/MS analysis was applied. In order to 
analyze PMP-Sugar derivative, ODS column and mobile phase showed the best resolution at pH 5 and reliability 
was verified by linearity, precision, and recovery rate. Fucose, galactose, mannose, glucose, galactose, xylose, 
glucuronic acid and rhamnose monosaccharides were analyzed by fucoidan. The content of fucose in 
monosaccharides of fucoidan was more than 50%. The fucoidan content of the dry matter and the supercritical 
extract of Hornsby were 54.63 mg/g and 63 mg/g, respectively. In this study, the analytical method is 
established to contribute the development of functional foods using seaweeds. 
 
Keywords : Sargassum horneri , Seaweed, Fucoidan, PMP, UPLC-Tof/Ms 
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The prebiotic effect of human milk oligosaccharides has been shown already, yet only two HMOs, 2'-
Fucosyllactose (2FL) and 3'-Sialyllactose (3SL), were currently produced in industrial scale. The key effect of 
HMO is known to drive the infant microbiota to Bifidobacerium population. To assess the bifidogenic impact of 
2FL and 3SL, we investigated growth of 16 different intestinal bacteria and the their consumption of 2FL, 3SL 
and fucose and sialic acid. Both B. infantis and B. bifidum were able to grow and consume the 2FL and 3SL. In 
addition, they could grow on fucose and sialic acid as well. Five of industrial LAB strains could not use 2FL and 
3SL, fucose and sialic acid at all. While the most of pathogenic bacterial could not grow on 2FL and 3SL, E. 
coli O157: H7, S. typhimurium, and C. perfrigens could grow by consuming 3SL and sialic acid as carbon 
substrate. In addition, we investigated the effects of 2FL and 3SL on the metabolic network of B. infantis via 
Shotgun proteomics. We observed specific overexpression of proteins in 3SL that were different from those in 
lactose and 2FL. The data suggested that the specific sets of protein might be involved in the transportation and 
catabolism of sialic residue in 3SL. 
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Superfood is a marketing term for food with supposed health benefits as a result of some part of its nutritional 
analysis or its overall nutrient density [1]. Cacao nibs, flaxseed, hemp seed, maca and maqui berries are rich in 
bioactive compounds with various biological activities and therefore these are considered to be superfoods [2-6]. 
The objective of this study was to evaluate the antioxidant properties of methanol extracts of five kinds of 
superfoods the dark chocolates containing these superfoods. The methanol extracts of cacao nibs showed 
relatively high antioxidant activities compared with those of other superfoods. The five kinds of superfoods 
were subsequently added to dark chocolate and the superfoods - mixed chocolates were examined for 
antioxidant properties. Total polyphenol contents (TPC) and total flavonoid contents (TFC) of the chocolates 
mixed with superfoods were higher than the control. Interestingly, the chocolate mixed with maqui berries 
showed significantly higher phenolic contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH)- and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS)- radical scavenging activities than the chocolates with other 
superfoods. Our results suggest that chocolate with superfoods can be excellent targets for the development of 
functional foods in the food industry. 
 
Keywords : Antioxidant efficacy, Chocolates, Superfoods 
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Tartary buckwheat is an important and popular healthy product in Northeast Asia, and European countries. It is 
rich in phenolic compounds, vitamins and essential nutrients [1]. In this study, the effects of the brewing 
methods and the roasting on the antioxidant activities of bioactive compounds of Tartary buckwheat were 
investigated. Two brew methods were applied at high temperature for short time (HTST;85~90℃, 3 min) and 
room temperature for long time (RTLT, 24 hrs), and roasting was performed at 210℃, 10 min. Total polyphenol 
content (TPC) and total flavonoid content (TFC) were highest in HTST brew of roasted Tartary buckwheat 
(11.07±0.55 mg gallic acid equivalent/g dry weight, 6.25±0.85 mg rutin equivalent/g dry weight). RTLT brew 
of Tartary buckwheat showed higher Fe2+ chelating activity than that of HTST brew counterpart regardless of 
the roasting. RTLT-brew extracts of roasted Tartary buckwheat showed significantly higher 2,2-diphenyl-1-
picrylhydrazyl (DPPH)-, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)- and Alkyl- 
scavenging activities and this result are in line with the results of TPC and TFC. HPLC-DAD analysis was 
performed to identify the responsible compounds that contribute to its antioxidant activities of Tartary 
buckwheat. On the whole, our results suggest that the antioxidant activities of aqueous extract of the roasted 
Tartary buckwheat are predominantly improved by RTLT-brew. 
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To identify the amount of starter Leuconostoc mesenteroides A in kimchi prepared using a starter, we developed 
a DNAzyme-based colorimetric detection method. A primer set for loop-mediated isothermal amplification 
(LAMP) assay and target specific DNAzyme sequences were designed based on the nucleotide sequence in 
strain A. With addition of hemin, free DNAzyme fragments that does not bind with the target amplicon were 
formed into G-quadruplex-hemin conjugates that generating visible green colored product by oxidizing 2,2'-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt. However, in the presence of target amplicon, 
DNAzyme bind with the target amplicon and showed negligible green colored product. Consequentially, under 
the optimum conditions, this method could detect the target sequence quantitatively in the kimchi samples 
highly specifically. The results showed had no cross-reaction to other strains and excellent detection sensitivity 
and quantification in kimchi samples without DNA isolation. This strategy demonstrated rapid, sensitive, simple 
and reliable detection compare to other PCR-based analyses may use for industrial fields. 
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Bacterial soft rot, caused by Pectobacterium carotovorum subsp. carotovorum (PCC), is one of the most 
devastating diseases in Kimchi cabbage worldwide. To date, the rapid detection of PCC is mainly achieved by 
DNA amplification methods, but the inability of these techniques to distinguish between live and dead cells 
might lead to an overestimation of plant pathogenic living cells. This study was conducted to evaluate a real-
time quantitative PCR (RT-qPCR) based method using propidium monoazide (PMA) dye for detecting viable 
PCC cells in contaminated kimchi cabbage. The quantification data of RT-qPCR with the addition of optimum 
concentrations of PMA (16 μM) showed significantly different amplification curves from viable and nonviable 
cells. As the proportion of viable cells decreased, threshold cycle values significantly (P < 0.05) increased. 
These results suggest that the PMA/RT-qPCR method is suitable for the selective detection of viable PCC cells, 
which could be effectively used to monitor the quality of kimchi cabbage. 
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Alginate, a linear copolymer with homopolymeric blocks of (1,4)-linked β-D-mannuronate (M) and its C-5 
epimer α-L-guluronate (G), is refined from the cell walls of brown seaweeds. Alginate is used as an ingredient 
in various food and pharmaceutical preparation and its sodium and calcium form is used as an industrial 
ingredient and an encapsulation agent. In this study, a composition, block distribution, and monosaccharide 
contents of sodium alginates prepared from three Sargassum species was investigated: S. fulvellum, S. fusiforme, 
and S. horenrei. Alginate yields ranged from 30.88±1.51 to 37.84±0.48 and M/G ratios from 0.64 to 1.38. For 
the enhancement of β-glucan contents of medicinal mushroom Sparassis latilolia, oligosaccharides were 
prepared by acid hydrolysis, and three oligosaccharide fractions (designated as SF, LF, and EF) were analyzed 
by FT-IR and HPAEC-PAD. A fraction containing uronic acid induced growth and β-glucan production of S. 
latifolia. Effects of β-glucan spray were different, the stalk had the highest β-glucan content of 56.01±3.45%% 
(by SF) and 59.74±4.49% (by LF) compared to control of 21.65% (no spray). Thus, alginate extracted from 
three seaweed: SF, LF and EF is a useful elicitor that increase the content of β-glucan. 
 
Keywords : Sparassis latifolia, β-glucan, alginate-derived oligosaccharides 
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Agricultural products have a different quality even growing in the same farm. Non-uniformity in the quality, 
such as sugar content and firmness, is the cause of consumer complain. The agricultural product quality control 
(A-QC) has used random sampling method and destructive technique for harvested agricultural products. 
Therefore, A-QC has limitations to ensure the intact condition of the sample to measure quality uniformity. In 
order to solve these problems, non-destructive technique (NDT) is developing for the A-QC. Energy sources 
such as X-ray, NIR, acoustic and ultrasound are emitted on the surface of the agricultural product, and then a 
computer is converted correcting energy to response signal for final decision of the quality. NDT apparatus 
(sensor and others) could be set up on the conveyor belt line, so continuous measurement and sample treatment 
would be possible. The data about the A-QC is recorded, allowing long-term data to be stored and analyzed. 
Data accumulation and development of analysis method is necessary because of data reliability for accurate and 
versatile NDT. The sweet potato industry is developing in Korea, but the technique of quality control is not 
satisfactory. In this study, therefore, the acoustic techniques were applied for quality assurance of sweet potato 
and some R&D considerations will be discussed focused on sweet potato industry. 
 
Keywords : Non-destructive techique, Quality measurement, Sweet potato 
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Bacterial glycogen is the homogeneous polysaccharide of glucose that exhibits the prebiotic activity. 
Saccharomyces cerevisiae is classified as GRAST and able to synthesize and accumulate the glycogen in cell. 
For the industrial application as a food addictive, mass production of glycogen by S. cerevisiae fermentation has 
been carried out. To maximize the glycogen production, the impact of glucose concentrations, fermentation 
temperature and maltose syrup as carbon source have been examined. The fermentation at 30℃ was determined 
the optimization of temperature. Optimal specific growth rate was achieved when the glucose concentration was 
40g/L, however, the maximum cell O.D and the specific glycogen production rate were obtained at 300g/L and 
120g/L of glucose, respectively. When maltose syrup was applied, lag phase due to residual glucose was 
observed, which hampers the overall productivity and substrate consumption significantly. As results, the 
specific growth rate and the specific glycogen production rate were decreased 23% and 10%, respectively 
compared to the optimum condition. 
 
Keywords : Saccharomyces cerevisiae , glycogen, environmental factors , optimization 
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Odor of elderly body consists of various kinds of odor components. One of these, trans-2-nonenal is fatty 
aldehyde with nine carbons. It was known that trans-2-nonenal is a cause of the odor associated with aging. In 
this study, we suggested to find trans-2-nonenal specific binding peptide using phage display. 12-mer peptide 
library was utilized to investigate specific binding peptides. To select the phages against trans-2-nonenal, 
biopanning was performed for 5 rounds and confirmed that specific binding phages were sorted. Also, 20 
individual phages were analyzed their sequences, and binding affinity test was performed using phages. To 
confirm high affinity peptides, magnetic beads were conjugated to use for peptide affinity test and were 
confirmed by decrease of trans-2-nonenal concentration. As a result, affinity of positive peptide was higher than 
other and to optimize their efficiency, concentration reduction tests were conducted by peptide concentration 
difference. This work was carried out with the support of “Cooperative Research Program for agriculture 
Science & Technology Development (Project No: PJ01267701)’ Rural Development Administration, Republic 
of Korea. 
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Even though the saps have been consumed as beverage in Korea, however a little research has been conducted 
on the chemical composition. We determined free sugars, mineral in the sap from Juglans mandshurica Maxim. 
collected from BongHwa region. The contents of glucose, sucrose, and fructose in the sap from J. mandshurica 
were 0.15, 2.73, and 0.09%, respectively. The prominent minerals in the sap from J. mandshurica were calcium 
and potassium. The contents of Ca, K, Mg, Fe, and Mn of sap from J. mandshurica were 0.61, 0.57, 0.12, 0.002, 
and 0.014 ppm, respectively. The sap from J. mandshurica show inhibitory effect on elastase. And real-time 
RT-PCR showed that sap from J. mandshurica increased mRNA level of AQP3 and HAS2 gene and increased 
hyaluronic acid production in HaCaT cells. These results indicated that the sap from J. mandshurica can 
potentially be used for developing cosmetic ingredient for skin moisturizing and anti-aging. 
 
Keywords : Sap, Juglans mandshurica, Free sugar, Mineral, Hyaluronic acid 
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P0403 Chemical modification of flavonoid for improved physicochemical properties  
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Phenolic compounds are secondary metabolites produced in plants by the shikimic acid pathway. It has already 
been demonstrated that phenolic compounds have a wide range of bioactivities including antioxidative, 
anticarcinogenic, anti-inflammatory properties which are mostly related to the potential health-promoting 
benefits against human health risks such as hypertension, obesity, cardiovascular diseases, diabetes and cancer. 
Furthermore, phenolic compounds are multi-active components used in common cosmetics primarily for 
antioxidant and soothing actions. However, some phenolic compounds have poor solvent solubility, weak 
stability to pH and light, too strong colors to apply for cosmetics. In our previous study, we have shown that 
several plant-derived small molecules inhibit neuroexocytosis by wedging into the inner layer of SNARE 
complex, and molecular mechanism of how they regulate SNARE-driven membrane fusion was elucidated. 
Here, we modified the chemicals to make them oil-soluble, colorless and more permeable to cell membrane. The 
modified chemicals more potently inhibited SNARE complex formation in the neuron and reduced 
neurotransmitter release. We demonstrate that the modified chemicals are “chemical Botox”.  
 
Keywords : Phenolic compounds, SNARE, flavonoids 
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Toxin-like Activity 
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Cosmetic and therapeutic applications of Clostridium botulinum neurotoxin (BoNT) are associated with muscle 
paralysis caused by cleavage of the Soluble N-ethylmaleimide-sensitive fusion protein-attachment protein 
receptor (SNARE) protein and blocking neurotransmitter releases. SNARE proteins mediate neurotransmitter 
release by mediating the fusion of synaptic vesicles with the presynaptic plasma membrane in the neuron. 
SNARE zippering is known to be modulated in the midways by myricetin. Myricetin is a plant-derived 
flavonoid and has BoNT-like activity. Myricetin intercalates into the middle of the SNARE complex, thereby 
preventing SNARE complex formation. However, penetration of myricetin through the cell membrane is 
hindered by its hydrophilicity. Here, we synthesized myricetin propionates (MPs) and myricetin octanoates 
(MOs) to enhance the lipophilicity of myricetin. We observed that MPs and MOs better inhibited 
neurotransmitter releases by inhibiting SNARE complex formation in neuronal PC12 cells than myricetin. Also, 
they were converted into myricetin after entering PC12 cells. We confirmed that MPs and MOs were more 
stable than myricetin by determining the effect of pH and temperature on the rate of degradation. These results 
demonstrate that inhibition of the SNARE zippering in PC12 cells was enhanced by improving the lipophilicity 
of myricetin. Thus, MPs and MOs are better botulinum toxin-like molecules. 
 
Keywords : BoNT, SNARE, flavonoid, myricetin, neurotransmission, transesterification 
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P0405 2,3-butanediol production via eco-friendly process and its safety and efficacy evaluation as a 
cosmetic ingredient 
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Republic of Korea 
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The colorless, odorless, and transparent chemical, 2,3-butanediol (2,3-BDO, C4H10O2), synthesized as one of the 
fermentation products, is a promising chemical owing to its wide industrial application. It has potential 
applicability in a broad range of industries for cosmetics, agricultures, food additives, plasticizers, fumigants, 
pharmaceuticals, and etc.. We developed microorganisms by mutation method and eco-friendly process for 2,3-
BDO production (Especially, (2R,3S)-BDO) as a cosmetic ingredient. To evaluate the applicability and 
functionality of (2R,3S)-BDO for a cosmetic ingredient, we carried out several tests such as patch response test, 
MIC test, and etc.. (2R,3S)-BDO has non-skin irritation and excellent antiseptic, antimicrobial, and moisturizing 
properties. [This work was supported by the Biochemical Industry Promoting Technology Development Project 
(No. 10050407) funded by the Ministry of Trade, Industry & Energy (MOTIE, Korea).] 
 
Keywords : (2R,3S)-butanediol, cosmetics, fermentation 
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P0406 Skin-whitening effect of Jeju Island Torreya nucifera seed oil through nuclear factor of activated T 
cell c1 (NFAT2) regulation 
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Torreya nucifera is found in Jeju island of South Korea and is reported to have anti-oxidative, anti-inflammatory 
and anti-bacterial activities [1]. Based on these activities, Torreya nucifera has recently been used as a cosmetic 
ingredient. However, it is not well known whether Torreya nucifera is effective on skin-whitening. 
Although many skin-whitening agents have been developed so far, problems of safety and stability are 
controversial. For this reason, nature-derived skin-whitening ingredients are getting attention in cosmetic 
industry. Melanogenesis is modulated by multiple signaling pathways and several transcription factors 
contribute to melanogenesis. Among them, tyrosinase catalyzes oxidation of L-tyrosine which is a rate-limiting 
step of melanin synthesis. In addition, it was demonstrated that the expression of NFAT2 was associated with 
melanin formation in B16 melanoma cells [2]. 
In this study, it is investigated that Torreya nucifera seed oil shows tyrosinase inhibition. Furthermore, to make 
clear a role of NFAT2 in melanogenesis, an activity change of NFAT2 is determined in B16F10 cells. The 
results suggest that Torreya nucifera seed oil shows skin-whitening activity by modulating NFAT2 activation. 
 
Keywords : Torreya nucifera, skin-whitening, NFAT2 
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P0408 Cell Migration and Differentiation Effect of Melanoblasts Treated with Ricinus Communis Extract 
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Vitiligo is a decolorizing disease in which skin pigment disappears due to the disappearance of melanocytes in 
the epidermis and mucosa. The pathogenesis of vitiligo is still unclear and there is no obvious treatment method. 
It is known that the migration of the melanocyte precursors from the outer root sheath of the hair follicle to the 
clinically depigmented epidermis plays a crucial role in the re-pigmentation of the vitiliginous skin. An effective 
therapeutic agent is a substance that promotes the differentiation, proliferation, and migration of an inactive 
melanoblast according to the surface of the outer root sheath of hair follicle present near the epidermis. To 
evaluate the potential of Ricinus communis extract in the treatment of vitiligo, we studied its effects on the 
inducing hyperpigmentation of melanoblast cells. The effect of methanol extract of Ricinus communis extract on 
differentiation, proliferation, and migration in melanoblast cell was investigated. The results showed that extract 
could induce the differentiation and migration in melanoblast cell. Extracts did not exhibit the cell toxicity to the 
melanoblast cell. The findings of the present study may be important in developing safer strategies for vitiligo 
treatment. 
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This study was performed to establish optimization of Ultrasound-assisted extraction (UAE) conditions for the 
production of bioactive materials with antioxidant, skin-whitening and skin-regeneration activities from garlic 
byproduct. The main variables of UAE including extraction time (X1), extraction temperature (X2) and ethanol 
concentration (X3) were optimized using response surface methodology (RSM). Among the conditions applied 
to the optimization, it was found that ethanol concentration had the most significant effect on the extraction of 
skin whitening and regeneration. DPPH radical scavenging activity was more significant affected by extraction 
temperature than by extraction time or ethanol concentration. When a condition satisfying the maximum value 
of all variables was predicted and maximum antioxidant activity (DPPH scavenge) of 39.0%, tyrosinase 
inhibition of 68.2%, and collagenase inhibition of 80.2% were obtained under the following conditions, 
respectively: 93.7 ℃ of extraction temperature, 16.4 minute of extraction time, and 88.5% of ethanol 
concentrations. It was concluded that UAE was found to be a suitable process for commercializing the 
extraction of useful substances from garlic byproduct and the extract from garlic byproduct could be considered 
as effective whitening and anti-aging cosmetic ingredients. 
 
Keywords : Ultrasound-assisted Extraction, Skin Whitening, Skin Regeneration, Garlic Byproduct, 
Optimization 
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P0410 Anti-tyrosinase activity of lignin fraction from domestic bamboo (Phyllostachys nigra var. henonis) 
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Lignin is the most abundant aromatic biopolymer in nature. Owing to the polyphenol structure, lignin presents 
several bioactivities relevant to natural polyphenol and many efforts have been dedicated to exploring the 
valorization strategies of lignin based on its bioactivities. In this study, we have confirmed the anti-tyrosinase 
activity of the lignin fraction (ethyl acetate, methanol, acetone, and non-soluble fraction) extracted from 
domestic bamboo stems. The lignin fraction molecular weight and chemical structure was characterized by 
composition determination, FT-IR, GPC, 2D-NMR, and Py-GCMS analyses. Among the fractions, MeOH 
fraction showed the highest anti-thyrosinase activity. The inhibitory kinetics suggested that the lignin MeOH 
fraction was a kind of reversible mixed-type inhibitor. Consequently, these results suggest that lignin possesses 
anti-tyrosinase activity and can be potentially used as an anti-melanogenesis cosmetics ingredient. 
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The nature-inspired fabrication of tissue adhesive and hemostatic hydrogels holds great potential for restoring 
damaged tissue in regenerative medicine. However, feeble adhesion, multifaceted systems, prohibitive costs, 
and toxicity impede their applications in the medical field. In order to solve this problem, we fabricated 
chitosan-based wet tissue adhesive with hemostatic functions inspired by the self-healing mechanism of the 
tunicate. In order to introduce pyrogallol moiety, gallic acids, which are broadly distributed in nature, were 
incorporated into chitosan backbone, a key residue for the self-healing process of tunichrome in tunicates. The 
in vitro adhesion test results of the tunicate-inspired hydrogel exhibited two-fold greater adhesion ability in wet 
condition than did fibrin glue, a commercially available surgical glue. Further, the tunicate-inspired hydrogel 
exhibited significantly more platelet adhesion and blood clotting ability than the parent polymer. We also 
demonstrated the ability of the derivative to completely mimic the tunicate’s fibrous structure by fabricating an 
electrospun mat. The hemostatic function vis-à-vis the wet adhesiveness of the synthesized chitosan-based 
material may be useful for facilitating the shortcomings of the current limitations of restorative tissue medicine. 
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Skin damages from dermal injuries are severe problem. However, approved surgical tissue glues have 
limitations due to cytotoxicity and low adhesion abilities in wet conditions, and poor understanding of wound 
curing mechanism in current therapies still leaves scars [1, 2]. As a promising solution, new light-activated 
mussel adhesive protein-based bioadhesive (LAMBA) system was recently proposed for tissue adhesive and 
scar curing. LAMBA was inspired by mussel adhesion and insect dityrosine crosslinking. LAMBA showed 
superior adhesion to commercially available fibrin glue in wet condition. Also, it showed good biocompatibility 
in in vivo and in vitro studies. LAMBA even has advantage in tunable crosslinking by light-activation for 
wound closure and healing [3]. Furthermore, collagen-targeting LAMBA can be a solution for scar prevention. 
Combination of collagen-binding mussel adhesive protein and a specific glycosaminoglycan, collagen-targeting 
LAMBA was proposed through inspiration of collagen remodeling protein, decorin. This glue regulates the rate 
and degree of fibrillogenesis which was revealed as the main factor of scar [4]. Also, it showed regeneration of 
initial skin wound and rapid collagen synthesis in vivo [5]. In this presentation, LAMBA and collagen-targeting 
LAMBA will be reviewed as promising therapeutic options for skin injury healing and scar prevention. 
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Recently, drug release scaffold for specific target sites using various methods has become a hot topic, especially 
the study of prolonged-release scaffold. Prolonged-release scaffold usually consists of an outer layer and an 
inner layer or more than two layers scaffold, so that drug emission is controlled by differences in the dissolution 
time of each layer. Thus Prolonged-release system is suitable for the areas where continuous drug release is 
required. 
Air Jet Spinning (AJS) is a method of fiber fabrication that sprays a solution only by the pressure of the air, 
evaporating the solvent and leaving only the material into the fiber before the solution is deposited on collector. 
poly (ɛ-caprolactone) (PCL) is widely used due to their properties such as biodegradability, drug permeability 
and biocompatibility. Also, gelatin is a natural polymer with a high biocompatibility and stability. 
In this study, using AJS technique, multi layered prolonged-release scaffold was fabricated based on poly PCL 
and gelatin. Gelatin was wrapped by PCL which controls the amount and pattern of the drug release because of 
its slow degradation rate. 
The gelatin scaffold of 5wt% was made using the freeze-drying method and wrapped over it with 5wt%, 7wt% 
and 8wt% PCL respectively by air jet spinning technique. The characteristics of multi layered scaffold were 
observed on its surface by scanning electron microscope (SEM), and Fourier Transform Infrared Spectroscopy 
(FTIR). S. epidermidis and K. pneumoniae bacteria were used to evaluate the ability of the antibacterial effect of 
epocelin.  
A scaffold of 5wt% gelatin and dual layered scaffold wrapped around with 7wt% PCL was fabricated, and the 
multi layered scaffold effectively released the drug for a longer period of time. Based on these results, a gelatin-
PCL multi layers scaffold by air jet spinning was developed that can be applied to medical and pharmaceutical 
fields which require prolonged drug release. 
 
Keywords : air jet spinning, prolonged drug release scaffold, antibiotics, 3d saffold, multi layered scaffold 
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Staphylococcus aureus is a human pathogen causing health care-associated infections. Here, we provided a 
novel system that is available to detect and kill S. aureus specifically based on the conjugation of phage display 
and yeast vacuoles. A phage clone displaying peptide able of specific binding to S. aureus whole cell was 
selected from a 12-mer phage peptide library. The ability of selected phage to bind specifically with S. aureus 
was confirmed using enzyme linked immune-sorbent assay, and then the chosen peptide was synthesized and 
assessed its specificity with S. aureus. The results showed that the synthesized peptides displayed high affinity 
with S. aureus but low binding ability with other bacteria strains. After that, the peptide was conjugated with 
yeast vacuoles, which was proved in previous studies that possess antimicrobial activity. Finally, our system 
containing specific peptides for S. aureus and yeast vacuoles showed the high ability to recognize and kill S. 
aureus. This work was carried out with the support of “Cooperative Research Program for Agriculture Science 
& Technology Development (Project No:PJ01267701)’ Rural Development Administration, Republic of Korea. 
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We tried to develop a reporter gene assay which can confirm the potency of mAbs more quickly and accurately. 
In particular, we set up the test conditions using NF-κB-RE-luc2P HEK293 cells to evaluate the activity of the 
anti-TNFα antibody. From the validation study, accuracy results of the method about adalimumab and 
infliximab were 94.5~101.9% and 102.7~114.2%, respectively. And the relative standard deviation value was 
less than 4.8%(adalimumab) and 8.2%(infliximab) for precision test. Our test method takes only within a single 
day. It means that it took less time than the normal cell death/proliferation assay. When we compared the 
reporter gene assay with the cell proliferation assay using degraded mAbs samples which have various potency, 
the reporter gene assay are able to detect temperature stress-induced change of mAbs. In addition to the reporter 
gene assay development, we performed size exclusion chromatography as described in USP General Chapters 
<129>. Also we suggested the minimal system suitability parameter for reporter gene assay. Through this 
research project, we developed a new potency test method and revalidated the applicability of the general-
purpose test method, thus securing scientific validity against the introduction of an efficient and reasonable 
quality control test platform for antibody drugs. 
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The mesenchymal stem cells(MSCs) are highly used for stem cell treatment due to the diversity of tissues to be 
harvested. But it is difficult to evaluate the quality and generalization because they are separated from various 
tissues. Recently, it has been reported that the secretome, paracrine factors, from MSCs are more effective for 
therapeutic treatment than the transplantation function of MSC. Secretome has potential to be used as an 
alternative treatment to complement limitations such as immune side effects. Hence, many researches have been 
carried out to clarify the characteristics of secretome through proteomic analysis. In this study, we investigated 
Xeno-free conditioned MSC secretome analysis to supplement the limitations of MSC characteristic evaluation 
index through conventional target-based analysis by LC-MS/MS. we induced differentiation from mesenchymal 
stem cells to osteoblasts, and recovered cell culture medium and subjected to proteomic analysis using LC-
MS/MS. We identified several indicators that differed in expression level before and after differentiation. 
Moreover, we confirmed the possibility of evaluating stem cell characteristics using cell culture medium. 
Further studies should be conducted to establish a validated method for quality evaluation of stem cell treatment 
drugs. 
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The cardiomyocytes differentiation method was established using induced pluripotent stem cells. The expression 
of markers by differentiation stages were. Using the marigel and feeder free culture method, the differentiation 
of cardiomyocytes was induced for 43 days (about six weeks).  
The qPCR analysis showed that OCT4, an indicator of an undifferentiated cell, decreased rapidly from 1st week 
after differentiation, while ISL-1, the marker of cardiac progenitor cell was the highest at 1 week which seems 
to be cardiac progeitor stage. Cardiomyocyte indicators, cTnT, MLC2, and MHC appear to be the highest at the 
differentiation stage . Western blot analysis shows that the expression level of OCT4 was the highest at iPSCs 
and was decreased as the differentiation progresses. The cardiac progenitor cell indicators, IST1 and TBX5, tend 
to be the highest of the 1st week of differentiation and then gradually decrease as the differentiation progresses. 
OCT4 and SOX2 was highly expressed at the iPSC stage, but their expression were decreased in 1st week cells. 
ISL1 was the most common in the 1ST week. For cTnT and MHC, cTnT high and MHC high population were 
elevated as the differentiation progressed. Further analysis will be conducted to present the cardiomyocyte 
markers as a quality control of differentiated cardiomyocytes.  
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Direct (lineage) reprogramming is the use of differentiated cells to differentiate into other specific cells 
bypassing unstable intermediate pluripotent state. Research is actively underway to develop cell therapeutics 
using direct reprogramming technologies because it reduces the risk of tumorigenecity. In this study, a direct 
reprogramming technology was introduced to induce neural stem cells using human fibroblast. Oct4, Sox2, Klf4, 
c-Myc was introduced using sendai viral vectors and induced neural stem cells by adjusting environmental 
factors such as media and growth factors. To identify the characteristics of induced neural stem cells, we 
analyzed cell morphology, gene expression analysis through RT-PCR, and related marker expression through 
immunocytochemistry. And we confirmed genetic stability through karyotyping analysis. We will analyze 
differentiation ability of neural stem cell to neuron, astrocyte, oligodendrocyte. Based on this study, we will 
provide basic data and considerations on the quality assessment of cell therapy products based on the direct 
reprogramming technology. 
 
Keywords : neural stem cell, fibroblast , Direct reprogramming 
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Complex coacervation is a liquid-liquid phase separation that is occurred by the involvement of two oppositely 
charged polyelectrolytes in aqueous solution, which causes separation of a dense coacervate phase and a dilute 
equilibrium phase. Most of discovered mussel adhesive proteins (MAPs) are known to be polyelectrolytes that 
are highly soluble, lack of secondary structures, and contain hydrophilic primary sequences with high charge 
densities. This may seem to be a drawback to underwater adhesion. However, oppositely charged 
polyelectrolyte can go through a liquid-liquid phase separation at certain pH and the adhesive in coacervate 
remains as a condensed liquid that does not disperse in water. Coacervation of MAPs is a strategy that mussel 
may use during the secretion due to characteristics and advantages of coacervate. Recently, underwater 
adhesives using complex coacervates based on bioengineered MAPs have been proposed thanks to water-
immiscibility of complex coacervate and strong adhesiveness of MAPs. Coacervates have been utilized in many 
fields such as pharmaceuticals, cosmetics, and food industries due to their unique interfacial and bulk material 
properties. In this presentation, characterization and diverse applications of MAP-based complex coacervated 
underwater glue will be reviewed.  
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To develop a new secretion vector system for producing G-CSF protein in Pleurotus ostreatus an expression 
host, the pPEVPlyPS secretion vector was constructed by introduction of the promoter(PlyP) and signal 
sequence of Pleurotolysin A to pPEV vector, resulting in new recombinant vector(pPEVPlyPSCSF, 11.32 kb). 
The recombinant vector was transferred into the fruiting body explant of Pleurotus ostreatus using 
Agrobacterium-mediated transformation(ATMT method). From the right transformant harboring the 
pPEVPlyPSCSF vector, secretional expression of G-CSF was invesgated in SDS-PAGE and Western blot and 
optimiged under various culture conditions(incubation time, culture volume, medium and temperature). High 
level expression of G-CSF was obtained in 14 days culture at 25℃ using MCM medium (28 ug of G-CSF/g of 
mycelium). Finally, the biological activity was measured in insulinoma RINm5F cells by MTT assay. The 
mitogenic activity was increased to 5-10% in proportion to the amount of G-CSF, indicating that the G-CSF was 
expressed as active form with the biological activity in Pleurotus ostreatus. 
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P0511 Designed Protein-based Hydrogel using Intrinsically Disordered Protein with PEG Cross-linkers. 
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Hydrogels have considerably attracted interests due to their wide range of appliance in the biomedical field in 
terms of their formulations and applications. Here we report a hybrid hydrogel composed of an intrinsically 
disordered protein (IDP) which is a protein that lacks a fixed or ordered three-dimensional structure with human 
ferritin crosslinked by polyethylene glycol (PEG). As a result, the self-assembling ability of a human ferritin, 
assembling to a globular form, was still verified in the IDP-connected human ferritin. Also, by the cross-linkage 
of PEG, each of the spherical particles of human ferritin with the arms consist of IDP was linked intimately to 
each other (causing gelation) eventually forming a hydrogel. This new hydrogel is expected to maintain superior 
mechanical and physical properties and have biocompatibility as well as the potential to contain and deliver 
drugs due to the features of ferritin. We expect that it could be applied to a drug delivery system functioning as a 
structured tissue engineering scaffold. 
 
Keywords : biomedical , hydrogel , ferritin, intrinsically disordered protein , polyethylene glycol, drug delivery, 
tissue engineering  
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TNF-related Apoptosis inducing ligand(TRAIL) is the member of TNF-superfamily discovered in 1995. It has 
attracted considerable attention as an anti-cancer agent due to its characteristic of inducing apoptosis only in 
cancer cells, not in normal cells. However TRAIL has limitations such as low stability, low apoptosis ability of 
soluble monomer TRAIL, and the presence of cancer with resistance to use for cancer cell therapy. In this study, 
We designed protein nanoparticles for use as a platform for the co-delivery of natural trimer forms of TRAIL 
and doxorubicin, a chemical drug that can overcome TRAIL resistance. The ecto-domain of TRAIL is 
genetically fused to the 3-axis of ferritin N-terminus, which can bind in the form of the trimer TRAIL. The 
recombinant protein was expressed and self-assembled into nanoparticles with a diameter of ~23 nm in 
Escherichia coli. Also, using iron storage ability of the ferritin, doxorubicin was successfully loaded into inner 
cavity of ferritin nanoparticle with Cu(II). In conclusion, Doxorubicin-TRAIL-Ferritin complex can induce 
apoptosis in TRAIL-resistant cancer cells in vitro. This designed protein nanoparticles could be a drug delivery 
platform that can improve TRAIL therapeutics by mimicking its native trimeric form and overcoming TRAIL 
resistance of various cancer cells. 
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Saponins are natural compounds of plant sources having a diverse range of applications. In present study we 
investigated the in vitro and in vivo antibacterial activities of green tea seed extracted saponins. Green tea seeds 
crude extract was prepared in 70% ethanol by continuous reflux in heating mantel for 5 hours. Crude saponins 
were extracted from the crude ethanolic extract of green tea seed by column chromatography using macroporous 
resin (D101). Saponin mixture in fraction 1 (Fr1) was obtained from crude saponins extract via column 
chromatography. Fr2 and Fr3 were isolated from saponins mixture by preparative HPLC. Antibacterial activities 
of the isolated saponins fractions were investigated against Escherichia coli (ATCC 25922), Streptococcus 
aureus (ATCC 12600), and six serovars of Salmonella. In vitro antibacterial activities were determined by disc-
diffusion method and growth inhibition in liquid culture using 96-well plate. Results showed that the green tea 
isolated saponins fractions possess antibacterial effects in the following order Fr1>Fr2>Fr3. Antibacterial 
mechanism of saponins was elucidated by cell wall and membrane damaging potential of saponins determined 
by measuring AKP and soluble proteins levels. Fr1 was further used for in vivo antibacterial activities. Five-
week grown chickens were selected for in vivo work, divided into three groups as control, infected, and 
treatment groups. Infected and treatment groups chickens were infected with bacteria and only treatment group 
chickens were treated with saponins. The qRT- PCR analysis of the blood and feces samples of the different 
groups’ animals shows the presence of bacteria only in infected group while reduced expression levels of the 
bacterial pathogens were found in the samples of treatment group. Our results demonstrated that the green tea 
seed saponins used in this study possess strong antibacterial activities. 
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Obesity the metabolic disorder and a risk factor for several life-threatening diseases, such as diabetes, cancer, 
arthritis, and cardiovascular diseases, characterized by the excessive accumulation of fats in the body. 
Angiogenesis nourishes adipose tissues and contributes in the promotion of adipogenesis, lipogenesis and 
obesity. Obesity can be control or prevent by suppressing the expression of angiogenesis, adipogenesis and 
lipogenesis related genes and associated signaling molecules. Natural products have garnered attention owing to 
their safety and efficacy in treating several diseases, including obesity. In present study crude Microcystins were 
extracted from the blooming Microcystis aeruginosa, by ultrasonication and solvent extraction. The microcystin 
extract was evaluated for its potential to inhibit angiogenesis and adipogenesis. The antiangiogenic activity of 
the extract was investigated using human umbilical vein endothelial cells (HUVECs) and its anti-obesity activity 
was determined in vitro by Oil Red O staining in mouse 3T3-L1 cells. Results obtained revealed the suppression 
of tube formation of HUVECs in Matrigel by microcystin extract in a dose-dependent manner. RT-PCR analysis 
showed that it downregulated the expression of angiogenesis-related signaling molecules, such as PI3K, β-
catenin, vascular endothelial growth factor receptor-2 (VEGFR-2), vascular endothelial cadherin, Akt1, and NF-
B. Additionally, it inhibited the differentiation of premature 3T3 cells and lipid accumulation in a dose-
dependent manner. It suppressed adipogenesis and lipogenesis by reducing the expression of peroxisome 
proliferator-activated receptor γ, CCAAT/enhancer binding protein α, and sterol regulatory element-binding 
protein. Our results demonstrate that the microcystin extract exerts antiangiogenic and anti-obesity effects by 
inhibiting the expression of associated signaling molecules.  
 
Keywords : Metabolic disorder, Adipogenesis, Microcystin, Microcystis aeruginosa, VEGFR-2, Oil Red O 
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Biotechnology-produced 2,3-butanediol (2,3-BDO) is currently a potential starting material for industrial bulk 
chemicals such as butadiene or methyl ethyl ketone produced from fossil feedstocks. Among three types of 
isomers (R,R), (R,S), and (S,S), it is reported that (R,R)-2,3-BDO has great potential uses as biopesticide, 
growth stimulator, drought resistane material, etc. So far the highest 2,3-BDO concentrations have been 
obtained by the Dangerous Group 2 microorganisms. In this study, Bacillus cereus, a previously unknown risk 
group 1 microorganism, has been presented for the efficient production of 2,3-BDO. In order to optimize 2,3-
BDO production of Bacillus cereus, microorganisms were evaluated for their ability to produce 2,3-BDO 
concentrations under various conditions of air condition, pH condition, and nitrogen source. Within 55 h of fed-
batch incubation, a maximum 2,3-BDO concentration of 51.2 g / L was reached at an initial glucose 
concentration of 100 g / L. Bacillus cereus is a very promising candidate for 2,3-BDO production due to 
selectively produces certain isomeric (R,R)-2,3-BDO. [This work was supported by the Biochemical Industry 
Promoting Technology Development Project (No. 10050407) funded by the Ministry of Trade, Industry & 
Energy (MOTIE, Korea).] 
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Hepatitis is one of the major global health problems has been caused by hepatitis B virus (HBV). The most 
effective prevention method is immunization with hepatitis B vaccine. The second generation vaccine has 
contained the virus-like particles structure with majority of surface proteins and it was delivered through the 
intramuscular (IM) administration. Recently, the intradermal (ID) vaccination has been increasing attention as 
the alternative administration route for IM because of antigen presenting cells in epidermis and dermis layer of 
the skin. However, the inaccurate delivery of antigen by of conventional ID injection and needle phobia give a 
negative effect on the coverage of vaccination. The current vaccine products need a cold chain system for the 
delivery and the storage. 
Microneedle delivery system has been promising solution for these limitations by supplying easy to-use, 
painlessness and administration depth control. There are 5 types of microneedles of hollow microneedle, solid 
microneedle, dissolving microneedle, coated microneedle and hydrogel microneedle. The coated microneedles 
have been developed for the delivery of biopharmaceutical drugs. Solid state of biopharmaceutical drugs in 
microneedles could provide the improved stability and improved storage ability.  
In this study, the hepatitis B microneedle was fabricated using micro-fabrication method. Tip coated layer with 
antigen was observed by using microscopy and scanning electronic machine. The mechanical strength of 
microneedle was investigated. The immune response was carried out with mouse model to show efficient and 
sufficient vaccine administration by microneedle system 
HBsAg microneedles could provide improved stability and improved immune response compared to 
intramuscular injection of existing vaccine formaulation. 
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Herein, we developed a novel electrochemical method to monitor polymerase chain reaction utilizing silver ion 
(Ag+)-mediated aptamer-modified primer. In this research, we designed a new primer that has Ag+ aptamer 
sequence at the 5’ end, which initially forms a hairpin structure entrapping Ag+. The bound Ag+ cannot actively 
participate in the redox reaction on the surface of the electrode because of the low diffusivity, resulting in the 
low electrochemical signal. However, in the presence of the target DNA, the Ag+ is released from the aptamer 
sequence as the opposite DNA strand is synthesized during the polymerase chain reaction process. Since the 
released free Ag+ has much higher diffusivity than the bound one, the Ag+ are actively participate in the redox 
reaction, so that the electrochemical signal dramatically increases in accordance with the number of PCR cycles. 
With this principle, we successfully detected the Enterococcus faecium genomic DNA with high sensitivity 
down to 3.085 × 102 copies/μl with excellent selectivity against non-target DNAs. Finally, we expect that this 
method would have a great potential to serve as a core technology to develop an electrochemical detection 
system for a point-of-care testing (POCT) purpose. 
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The programmed death 1 (PD‐1) is an immune checkpoint receptor which regulates T‐cell activation and is a 
promising target for immunotherapy. When PD‐1 binds to its ligands, programmed death ligand 1 (PD‐L1), PD‐
1 signaling pathway downregulates T‐cell activation by inhibiting T‐cell proliferation, cytokine production and 
T‐cell receptor (TCR) signaling1,2. In various tumor types, as one of the immune-surveillance evasion 
mechanisms, tumor cells express PD‐L1 on their surface to make T‐cell “exhausted”3. In this study, we 
developed human PD‐1 specific scaffold binder, termed repebody, to prevent PD‐1 on T-cells from interacting 
to PD‐L1. After random mutation of repebody in a module‐by‐module manner, a repebody which specifically 
binds to extracellular domain of PD‐1 was selected by phage display and bio-panning. After affinity maturation, 
the repebody had higher binding affinity toward PD-1 than PD-L1. Selected repebody could block the 
interaction between PD-1 and effectively restored T-cell function in vitro. This results suggest that the 
developed repebody can be used as a cancer immunotherapeutics. 
 

 
Keywords : Programmed death 1, PD-1, PD-L1, immune checkpoint inhibitor, immunotherapy, non antibody 
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Mesenchymal stem cells (MSCs) can differentiate into osteoblasts, adipocytes and chondrocytes, and diminish 
histoincompatibility mediated immune response. In addition, the MSCs demonstrate much greater proliferation 
and self-renewal capacity than bone marrow (BM)-MSCs. In order to use MSCs in clinical applications, it is 
important to understand how the surface chemistry in fluence the osteogenic differentiation of MSCs. The 
surface of a substrate plays a key role in modulating the stem cell fate as well as osteoblast cells. It has been 
demonstrated that the surface chemistry can affect protein adsorption and the binding of different integrins [1, 2]. 
The purpose of this study is to investigate the role of amine plasma-polymerized surface to modulate 
osteogenesis of MSCs.  
Amine plasma-polymerization was carried out in a custom-made low pressure RF plasma system. Allylamine 
and 1,2-diaminocyclohexane (DACH) were used as precursor in plasma-polymerization. Petri dish was used as 
substrate in this study. Pristine Petri dish and gelatin coated Petri dish was used as control group. After plasma 
treatment, surface was analyzed by, water contact angle and attenuated total reflection Fourier transform 
infrared spectroscopy (ATR-FTIR). The plasma treatment resulted in reduction of the contact angles on Petri 
dish surface. The ATR-FTIR spectra showed presence of amine group on Petri dish surface.  
The MSCs adhesion was observed by cytoskeleton staining. Cell proliferation and differentiation were 
examined by MTT assay and alkaline phosphatase activity. Cell mineralization was analyzed by Alizarin red S 
staining. In addition, osteogenic differentiation proteins were examined by western blot. The MSCs affinity of 
amine plasma-polymerized Petri dish surface was higher than pristine and gelatin coated surface. Especially, 
DACH plasma-polymerized surface promote the adhesion, proliferation of MSCs. The osteogenic differentiation 
of DACH plasma-polymerized group was highest compared to other groups. The DACH plasma-polymerization 
can be useful technique for surface modification of scaffolds used in MSCs clinical applications. 
Acknowledgment: This research was supported by Basic Science Research Program (NRF-
2017R1A2B4009203).  
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Acetic acid is the major short chain fatty acid produced in intestines and is absorbed into the blood vessels. It 
has been reported that acetic acid promotes fatty acid oxidation and decreases triglyceride accumulation in liver. 
[1] However, the effect of acetic acid on lipogenesis and fat oxidation in 3T3-L1 adipocytes is not well known. 
The AMP-activated protein kinase (AMPK) is a master switch that plays a key role in energy balance and lipid 
metabolism by regulating several transcription factors. [2] For example, AMPK activation inhibits steroid 
regulatory element-binding protein 1c (SREBP-1c) and cAMP response element-binding protein (CREB) and 
regulates the expression of peroxisome proliferator-activated receptor gamma (PPARγ). [3] 
In this study, we investigate the effect of acetic acid on fat accumulation during 3T3-L1 adipocyte 
differentiation. Furthermore, we measure activity changes of key transcription factors (e.g., SREBP-1c) which 
are important both in AMPK signaling pathway and in adipogenesis. The results suggest that treatment of acetic 
acid alleviates lipogenesis and simultaneously increases fat oxidation in 3T3-L1 adipocytes. 
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Over decades, many types of therapeutics for cancer have been developed, and they mostly targeted receptors on 
cell surface or kinases by chemical drugs with low specificities. However, there are numerous intracellular 
proteins that are connected in cellular signaling processes, and the proteins are fundamentally related with 
cellular functions such as cell proliferation. Bruton’s tyrosine kinase (Btk) is one of intracellular protein kinases, 
and it is an important regulator in B cell receptor (BCR) signaling pathway, in which plays a key role in 
processes such as cell proliferation. We developed a Btk-specific protein binder, rF10, which is a designed 
repebody to target the SH2 domain of human Btk (hBtk). Also, we present an approach to deliver a Btk-specific 
protein binder to B-cell lymphoma in a highly efficient and versatile way. The hBtk-specific protein binder, 
rF10, was genetically fused with a cell-penetrating peptide and intracellularly delivered. We observed that the 
repebody effectively inhibits the activity of hBtk in B-cell lymphoma, leading a down-regulation of BCR-
mediated signaling pathway, showing its potent strategy for therapeutic proteins. This approach will generally 
be applicable to intracellular protein kinases, enabling the emergence of new therapeutic targets. 
 
Keywords : Kinase, Oncogenic kinase, Protein engineering, Protein binder, Phage display, Therapeutics, 
Malignancy, Signaling modulation, Cancer therapy 
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Albumin for Long Acting Drug Delivery (SCALADE) Technique 
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Diabetes mellitus is a critical disease. Contemporary people are suffering from diabetes. Thus developing its 
therapies has been issues from the past. Glucagon like peptide-1 (GLP-1) is a prospect diabetic drug. It can 
control the blood glucose level as well as regenerate the β-cell function[1]. GLP-1 has an extremely short half-
life in the blood plasma by rapid clearance due to its small size. Although human serum albumin (HSA) has 
been used to prolong the serum life-time, it could cause extremely lowered potency if albumin makes steric 
hindrance with GLP-1R. In this study, HSA is site-specifically linked to GLP-1 using site-specific conjugation 
of albumin for long acting drug delivery (SCALADE) technique. We chose the conjugation site of GLP-1 with 
not interrupting the interaction between GLP-1 and its receptor. It results in significantly extended half-life and 
it is also being confirmed that whether the original potency is preserved. 
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3D bioprinting has been regarded as a powerful tool for mimicking natural structure, because it can fabricate 
demanded hierarchical artificial tissues. Alginate, one of the most frequently used biomaterial for bioprinting, 
can be crosslinked with calcium ions. However, this ionically crosslinked hydrogel is noticeably impoverished 
under a physiological, aqueous conditions due to easy loss of calcium ions. Barium or copper ions can increase 
its stability, however, these also increase cytotoxic effects. In this work, we propose a new visible light activated 
crosslinkable alginate-based bioink, showing fast and non-cytotoxic gelation. We will present the light/ionic 
double crosslinked alginate hydrogel with increased mechanical properties and dimensional stability. Further, 
we printed this alginate-based bioink to cell-laden hydrogel with high accuracy, and cell viability was examined. 
For the additional biofunctionality, bio-inspired proteins were incorporated. Further development of this novel 
alginate-based bioink may facilitate not only production of transplantable human tissues but also many other 
applications, including organic transistors and integrated circuit.  
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Seung-Hyun KIM1, Slgirim LEE1,2, Heehyung LEE1, Mira CHO1, Jae-Hyung JANG1 
1Department of Chemical and Biomolecular Engineering, Yonsei University, Seoul, Korea, 120-749, 2Simpson 
Querrey Institute for BioNanotechnology, Northwestern University, Chicago, IL, USA, 60611 
Corresponding Author Email : j-jang@yonsei.ac.kr 
 
Recently, the adeno-associated viral vector (AAV) based commercial gene therapies were approved the efficacy 
and safety issues. Functional biomaterials conducted gene delivery systems could be utilized to advanced gene 
therapy (i.e. programmed stimulation). Herein, we developed the AAV specific interfaces tuning technique for 
advanced gene therapies with AAV. The recombinant protein which could be interacting with universal AAV 
serotypes was produced for thiol-maleimide click reactions on the biomaterial’s interfaces. The AAV specific 
tuning interfaces showed that efficient universal AAV capture efficiency with any surface morphologies (e.g., 
microspheres, nanofibrous structure) and sustained AAV release kinetics in vitro/in vivo conditions. This AAV 
specific surface modification platform technique could be used to advance gene delivery systems with 
minimizing side-effects (i.e. off-target).  
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Effects 
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Therapeutic proteins received attention for clinical purpose, because of high selectivity, efficiency and 
biocompatibility. By this reasons, improving efficiency of therapeutic proteins have been studied for treatment. 
For the improving therapeutic proteins, application of cascade system can be a promising strategy. Therefore, 
we investigate cascade system composed urate oxidase (UOX) and catalase-mimic gold nanoparticle (AuNP). 
UOX degrades hyperuricemia-causing uric acid, and generates hydrogen peroxide. AuNP is enzyme mimic 
nanoparticle called nanozyme and degrades hydrogen peroxide. Because nanozyme is more stable and cost-
effective than enzyme, it is good alternative compared with enzyme. Through enzyme-nanozyme cascade 
system, we demonstrated that UOX-AuNP system degrade uric acid more than UOX alone by eliminating 
intermediate of UOX. By this result, we further demonstrate in vivo application of UOX-AuNP cascade system 
for treatment hyperuricemic mice. 
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Macrophages release iron into bloodstream via the membrane-bound iron export protein, ferroportin (FPN). The 
hepatic iron-regulatory hormone hepcidin controls FPN internalization and degradation in response to bacterial 
infection. Salmonella typhimurium is capable of invading macrophages and proliferating in the Salmonella-
containing vacuole (SCV). Hepcidin is reported to increase the mortality of Salmonella-infected animals by 
increasing the bacterial load in macrophages. Here, we assess the iron levels and find that hepcidin increases 
iron content in the cytosol but decreases it in the SCV through FPN on the SCV membrane. Loss of FPN from 
the SCV via the action of hepcidin impairs the generation of bactericidal reactive oxygen species (ROS) as the 
iron content decreases. We conclude that FPN is required to provide sufficient iron to the SCV, where it serves 
as a cofactor for the generation of antimicrobial ROS rather than a nutrient for Salmonella 
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Iron oxide nanoparticles (IONPs) are one of the famous nanomaterials which have been utilized in various 
biomedical applications including gene, drug delivery, hyperthermal therapy, separation process, and contrast 
agents for magnetic resonance imaging (MRI). [1][2][3] Many favorable characteristics of IONPs, such as 
biocompatibility, low toxicity, easy fabrication process, and especially unique magnetic property, called 
‘superparamagnetism’ have attracted much attention to IONPs. However, since the single iron oxide 
nanoparticles have low reactivity to external magnetic fields, their utilization has been limited. [4] In this work, 
magnetic nanocomplexes composed of IONPs and polymers (IPNs) were synthesized by simple emulsion-
solvent evaporation method. Magnetic properties such as magnetization and magnetic reactivity of fabricated 
IPNs could be controlled by varying the amounts of contained IONPs in the complexes. On the other hand, 
when nanomaterials are utilized in biomedical field, especially in vivo, size of the nanomaterials has a 
significant effect on the efficiency of the entire system. Magnetic nanocomplexes demonstrated in this work had 
constant size of ~100 nm, which is maintained when the magnetic properties were changed. Based on the size 
and controllable magnetic properties, we hope that the magnetic nanocomplexes will be adapted to many 
applications where single IONPs have been used and overcome the limitations. 
 
Keywords : Iron oxide nanoparticle, polymer, magnetization, emulsion-solvent evaporation method 
 
References   
1. Molday, R. S., Mackenzie, D., J. Immunol. Methods 52(3), 353-367 (1982) 
2. Liberti, P. A., Rao, C. G., Terstappen, L. W., J. Magn. Magn. Mater. 225(1), 301-307 (2001) 
3. Quinto, C. A., Mohindra, P., Tong, S., Bao, G., Nanoscale 7, 12728-12736 (2015) 
4. Lu, Y., Dong, L., Zhang, L. C., Su, Y. D., Yu, S. H., Nano Today 7(4), 297-315 (2012) 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

417 

 

P0528 Development of Single Process Method of Apatite Coating Using Nanosecond Laser 
 
Seung-Hoon UM, Yong-Woo CHUNG, Youngmin SEO, Hojeong JEON 
Center for Biomaterials, Biomedical Research Institute, Korea Institute of Science and Technology (KIST) 
Corresponding Author Email : jeonhj@kist.re.kr 
 
Titanium is one of the most commonly used materials for body implants and external fixator when a bone 
fracture occurs[1-3], due to its mechanical properties and biocompatibility. However, titanium itself has weak 
bone conduction and new bone formation ability compared with autogenous bone[4, 5]. To overcome this 
disadvantage, titanium is coated with hydroxyapatite, which is an inorganic component of bone[6, 7]. There are 
lots of methods to coat apatite on titanium[8, 9]. But most of the conventional methods require multistep 
processing, energy and time[10]. We have developed a method to coat apatite in a single process on titanium 
surface using calcium and phosphoric acid solution and nanosecond laser. Conventional apatite coating process 
which took more than 24 hours, we were able to shorten the processing time to several ten to hundreds of 
seconds. Also the thickness of the apatite layer can be controlled by adjusting laser parameters. In addition, by 
using the features of the laser that can be micromachined, apatite can be created and removed at the desired part. 
Using these techniques, we implemented micropatterning such as text and graphics. The result of this study is 
expected to be a new breakthrough to reduce manufacture processing time, precise control of coating area which 
was not capable with conventional methods. 
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The use of Subunit vaccines has been advanced as its merit of safety. But there is still remaining problems to 
commercialize the subunit vaccine because of struct delivery and immune-response of which by human immune 
system. So it is continues issue to promote the immune-inducing ability of vaccines by using adjuvants. Particle-
based vaccine delivery can enhance delivery and immune-response efficiencies through preventing antigen 
degradation and uptake to antigen presenting cells. In this study, chitosan nanoparticles were produced by the 
precipitation-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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Active hemostatic agents can work crucial hemostatic effect in saving patients' lives during surgery. Active 
hemostatic agents have several advantages including utilization of natural blood coagulation and 
biocompatibility. Here, we newly identified a partial peptide (HNP-F) promoting hemostasis originated from 
human neutrophil peptide 1 by blood coagulation ability test. The HNP-F showed the best hemostatic effect 
among whole human neutrophil peptide (HNP) and partial human neutrophil peptide (HNP-F and HNP-R). 
Moreover, An inverted optical microscope showed platelet aggregation images supporting platelet activation by 
HNP-F. Thromboelastography(TEG) indicated decreased clotting time and increased physical properties of 
blood clotting. Mouse liver hemorrhage model demonstrated improved hemostatic effect by treatment of peptide 
solution. Cell viability and hemolysis assays confirmed the HNP-F’s biosafety. Collectively, because the HNP-F 
as an active peptide hemostat has many advantages, it could be expected to become a potent hemostatic 
biomaterial, additive or pharmaceutical candidate for various hemostatic applications. 
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Tendon rupture is a painful musculoskeletal disorder that leads to an inflammatory response by pro-
inflammatory cytokine secretion, such as tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), which 
further cause cellular damage and extracellular matrix degradation. Especially, TNF-α signaling activates the 
mitochondrial apoptotic pathway and induces tendon injury. Recently, mitochondrial function has been reported 
to play a key role in the healing of damaged tenocytes. However, the mechanism of healing function of 
mitochondria in damaged tenocytes is not yet clear. Here, we investigated changes in intracellular mitochondrial 
function and changes in tenocytes-specific markers after treatment of TNF-α in tenocytes. In addition, healthy 
mitochondria isolated from umbilical cord stem cells were transferred to tenocytes to observe changes in 
apoptotic signals. Consequently, healthy mitochondria delivered into the tenocyte dose-dependently reduced 
reactive oxygen species production and lowered apoptotic signaling. In addition, expression of tenogenic genes 
such as scleraxis, tenomodulin, and collagen 1 was increased and expression of matrix metalloproteinase 1 
(MMP-1) was decreased. Based on these results, we believe that mitochondrial transplantation could be a new 
treatment to restore the environment and function of musculoskeletal systems. 
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Adeno-associated virus (AAV) is safe and known for a promising method for gene therapy. However, there are 
still concerns about limitation on AAV capacity and irregular transduction tendency when two or more different 
viruses are infected. Here, we demonstrated tannic acid modified AAV complex to enhance dual gene delivery 
efficiency. Tannic acid is a nontoxic molecule which can be easily extracted from plant. OH- functional group 
of tannic acid works as a connector of viral vectors to form a viral vector complex. As tannic acid modified 
compound enters a cell, it regulates enhancement of dual gene delivery efficiency and steady tendency on dual 
infection. Furthermore, by using tannic acid’s adhesion property, it can establish positive effect on delivery 
system. 
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Pulmonary arterial hypertension (PAH) is a rare and serious disease, but the cause of this condition is unknown. 
The main pathogenesis of PAH is increase of blood pressure and pulmonary vascular resistance with structural 
narrowing of blood vessels due to excessive proliferation of vascular smooth muscle cells. Herein, we studied 
Adeno-Associated Viral (AAV) vectors, novel tools for tissue-specific gene therapy in potential applicability to 
PAH treatment. Because of their size (25 nm), AAV vectors can penetrate high-density extracellular matrix 
(ECM). For developing AAV vectors that have a specific tropism in the pulmonary arterial tissue, AAV 
serotype that is specific to pulmonary artery smooth muscle cells was selected with in vivo screening. The 
aerosolizer is effective device that can improve efficiency of delivering AAV vectors to the lungs. Aerosolized 
AAV vectors with luciferase as transgenic was inhaled into the mouse respiratory tract, and we selected AAV 
serotypes which are specific to pulmonary artery smooth muscle cells. In conclusion, these AAV vectors will be 
available for PAH treatment through further studies. 
 
Keywords : Adeno-associated virus, Pulmonary artery smooth muscle cell, Aerosolizer 
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P0534 Simultaneous multiplexed detection of exosomal microRNAs and surface proteins for prostate 
cancer diagnosis 
 
Seongcheol CHO, Su Jin KANG, Won Jong RHEE 
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Since 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. However, 
currently available exosomal miRNA and protein detection methods are time consuming, expensive, and 
laborious. Meanwhile, simultaneous detection of an exosomal 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 exosomal 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. Exosomal 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 exosomal reaction. Overall, 
simultaneous multiplexed in situ detection of exosomal miRNAs and surface proteins can be developed as a 
simple, cost-effective, non-invasive liquid biopsy method for diagnosing PCa. 
 
Keywords : Exosome, Diagnosis, Molecular beacon, Multiplexed detection 
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P0535 Providing a Fibrous Structure through the Fusion of Poly(Vinylpyrrolidone) with Other Materials 
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The adhesion properties of scaffolds are an important key to how long the scaffold remains attached to the tissue 
and how many cells it can hold. Adhesive scaffolds are cell / gene transferable self-stickers that can enhance 
wound healing or tissue regeneration. The Poly(Vinylpyrrolidone) PVP used in this study reacts with water to 
cause gelation when used alone, and thus requires a support. The support is an important factor in that the cell 
acts as a pillar that can grow. Here, it was designed by coaxial electrospinning with PVP using Poly(Styrene) 
(PS), Poly(Caprolactone) (PCL), and Poly(Sulfone) (PSF) as sheaths to provide a variety of structures. We used 
a variety of biocompatible materials and reacted with water to get a sticky fiber. It is confirmed that when the 
defect is given, the internal PVP reacts with water and reacts with it. The scaffold production conditions were 
optimized and the applicability for tissue regeneration was examined by analyzing the physical properties of the 
scaffold. 
 
Keywords : Electrospun, Poly(Vinylpyrrolidone), Adherence, Biomaterial, Fiber 
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P0536 Influence of Fiber Structures on in vitro Osteogenic Differentiation of Hyman Mesenchymal Stem 
Cells in Electrospun Fibrous Scaffolds 
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In this study we used PLLA fibrous scaffold with either nano-size (nPLLA) or micro-size (mPLLA) of fiber 
diameter and coated via coacervate (Coa) by simple mixing of PEAD, heparin, and GFs (i.e., BMP2 and PDGF). 
Coa coated nPLLA (Coa-nPLLA) exhibited high coating efficacy while, Coa-mPLLA exhibited low coating 
efficacy by large mesh hole area. Consequently, loaded GFs were continuously released in nPLLA groups, 
whereas the releases were very low in mPLLA groups. In-vitro osteogenesis studies showed that GFs treated 
nPLLA groups showed increased ALP activity than only nPLLA. Moreover, BMP2 and PDGF loaded Coa-
nPLLA (B+P-Coa-nPLLA) group revealed synergistically enhanced ALP activity by dual delivery of BMP2 and 
PDGF than B-nPLLA and B-Coa-nPLLA groups, indicating that our GFs loaded Coa-nPLLA could protect and 
maintain biological activity of cargo GFs. However, significantly increased ALP activity was observed in all 
mPLLA groups including only mPLLA than GFs administrated nPLLA groups. Calcium was promoted in B+P-
Coa-nPLLA than other nPLLA groups by synergistic effect of GFs, while there was no significant difference 
between mPLLA groups. Therefore, our results demonstrated that early osteogenesis of hMSCs could be 
modulated by structural influences, and insisted osteogesis could be modulated by biological influences of 
synergistic effects of released GFs.  
 
Keywords : fibrous scaffold, coacervate, osteogenic differentiation, BMP-2, PDGF, growth factor delivery 
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P0537 Coacervate-mediated Exogenous Growth Factor Delivery for Scarless Skin Regeneration 
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The exogenous delivery of growth factors (GFs) is one of the engineering strategies for skin regeneration. This 
study presents an exogenous GF delivery platform developed using coacervates (Coa), a tertiary complex of 
poly(ethylene argininyl aspartate diglyceride) (PEAD) polycation, heparin, and cargo GFs. Coa encompasses the 
advantage of high biocompatibility, facile preparation, protection of cargo GFs, and sustained GF release. We 
therefore speculated that Coa-mediated dual delivery of Transforming growth factor beta 3/Interleukin-10 would 
exhibit synergistic effects for the reduction of scar formation during wound healing. Our results indicate that the 
administration of dual GF via Coa enhances the proliferation and migration of skin cells. Gene expression 
profiles revealed up-regulation of ECM formation at early stage of wound healing and down-regulation of scar-
related genes at later stages. Furthermore, direct injection of the dual GF Coa into the rat skin wound defect 
model demonstrated accelerated wound closure and skin regeneration after 3 weeks. Histological evaluation and 
immunohistochemical staining also revealed enhanced formation of the epidermal layer along with facilitated. 
Based on these results, we conclude that polycation-mediated Coa fabrication and exogenous dual GF delivery 
via Coa platform effectively augments both the quantity and quality of regenerated skin tissues without scar 
formation 
 
Keywords : coacervate, skin scar reduction, wound healing, polycation, growth factor delivery 
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P0538 Development of Cationic Polyester-Co-Polypropylene Glycol Di-Block Copolymer by One-Pot 
Anionic Ring Opening Polymerization 
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In this present, a cationic polyester-co-neutral poly propylene glycol (CPE-PPG) di-block copolymer has been 
synthesized. First step, anionic ring opening polymerization of 3-(t-BOC amino) 1,2 propylene oxide and 
succinic anhydride was carried out for 24 h to get poly(t-BOC amino propylene succinate) with reactive anion at 
end group. Second step, propylene oxide was injected to build poly propylene glycol block on the reactive 
anionic site produced in the step-1 to get poly(t-BOC amino propylene succinate)-co-polypropylene glycol 
diblock copolymer. Then, t-BOC group was deprotected, and arginine was attached with free amine group of 
polyester backbone to obtain a CPE-PPG diblock copolymer. The MW of the polymer chain before arginine 
conjugation was determined by GPC. The CPE-PPG diblock copolymer exhibited +21 mV of zeta-potential, and 
it confirmed the higher cationic property of the CPE-PPG diblock copolymer. The CPE-PPG cationic di-block 
copolymer was mixed with anionic heparin (HEP) at different weight ratio to prepare CPE-PPG/HEP coacervate 
microparticles (MPs). The zeta-potential measurements showed that the CPE-PPG formed coacervate MPs with 
HEP at a weight ratio of 17:1 (CPE-PPG:HEP). The colloidal stability of CPE-PPG/HEP coacervates was 
determined by DLS size. The developed diblock polycation can be used to various growth factor delivery 
platforms.  
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P0539 Development of Coacervate using mPEGylated Poly(ethylene arginylaspartate diglyceride) 
Cationic Polymer for Protein Delivery 
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Incheon National University 
Corresponding Author Email : kyobum.kim@inu.ac.kr 
 
Coacervate particles, which were the result of neutralization between cation and anion molecules, have been 
developed and received attention as protein delivery vehicles. Among them, poly(ethylene arginylaspartate 
diglyceride)(PEAD), polycation was widely used to prepare coacervate-microparticles with the anionic heparin 
in tissue engineering. However, although PEAD/heparin coacervate particles have benefits such as easy to 
preparation and protection of cargo, coacervate need to overcome their low stability under aqueous environment. 
Herein, we synthesized mPEG-PEAD by introducing the PEG moiety into PEAD to enhance stability of 
coacervate particles. Surface charge of mPEG-PEAD/Hep were measured and isoelectric point ratio of them was 
60 : 1 (v/v). Compared non-PEGylated coacervate group, PEGylated coacervate group maintained their initial 
spherical morphology and size over the time in aqueous environment and also exhibited improving their stability 
in presence of competing ion (i.e., 0.15 M NaCl). In addition, bone-morphogenetic protein-2 (BMP-2) were 
incoporated in our platform with high loading efficiency (96-99 %) and showed sustained release pattern up to 
28 days. In addition, released BMP-2 from coacervate effectively promoted osteogenic differentiation of MSCs. 
Overall, we expected that mPEG-PEAD/Hep coacervate could be used as effective growth factor delivery 
platform in tissue engineering. 
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P0540 Ethyl Alcohol Extract of Hizikia Fusiforme Synergistically Enhances Apoptosis In TRAIL-
Administrated Hep3B Cells 
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37242, Republic of Korea 
Corresponding Author Email : ckdgml3735@nnibr.re.kr 
 
Edible brown algae, Hizikia fusiforme has been used as traditional medicinal herbs for a long time in East Asian 
countries. Ethyl alcohol extract of H. fusiforme (EAHF) possesses cancer invasion and metastasis; however, 
whether EAHF enhances tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)-induced apoptosis is 
not still understood. Therefore, we investigated the molecular mechanism by which EAHF triggers TRAIL-
induced apoptosis. High dosages (40 μg/ml and 50 μg/ml) of EAHF significantly downregulated cell 
proliferation, and increased DNA fragmentation, sub-G1 phase, and annexin V+-cell populations in response to 
TRAIL. The combined treatment with EAHF and TRAIL also increased apoptotic protein expression such as 
caspases and poly (ADP-ribose) polymerase, and suppressed anti-apoptotic proteins such as X-linked inhibitor 
protein, the inhibitor of apoptosis proteins, and Bcl-2. Intriguingly, combined treatment-induced apoptosis was 
completely inhibited by a pan-caspase inhibitor and chimeric antibody against death receptor 5 (DR5) which is a 
specific receptor of TRAIL, suggesting that combined treatment enhances the DR5-induced death signal 
pathway by activing caspases and consequently promotes apoptosis. Additionally, EAHF increased stabilization 
of DR5 protein, but not DR5 mRNA, and also stimulated ROS generation; ROS inhibitors partially inhibited 
combined treatment-induced apoptosis. Taken together, EAHF enhances TRAIL-induced apoptosis by 
stabilizing of DR5 protein and increasing ROS generation, and caspase activation. 

 
Keywords : Ethyl alcohol extract of H. fusiforme (EAHF), TRAIL-induced apoptosis, DR5 protein, ROS 
generation 
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P0601 Bio-organic-inorganic hybrid catalyst for enhancing antibacterial performance in aqueous 
environments containing glucose  
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Field water containing high organic compounds contains carbon sources such as glucose that is the most 
favorable for the growth of heterotrophic bacteria. The bacteria use glucose dominantly for their blooming. The 
glucose oxidase (GOx) can oxidize glucose and produce H2O2 and gluconic acid in aqueous environments. 
During the production of H2O2 by GOx as catalyzing glucose, superoxide is also generated. Thus, we 
hypothesized that the use of glucose that may be existed in field water make ROS such as H2O2 or superoxide 
by GOx and these ROS can be used for disinfection reagents additionally along with TiO2-UV irradiation 
system. 
 
TiO2-UV photocatalytic systems have been widely studied and applied for removing pathogenic bacteria in 
water treatment. We created a hybrid catalyst (TiO2-GOx) by combining the inorganic photocatalyst (TiO2) and 
the organic biocatalyst, glucose oxidase (GOx) that can be activated using UV radiation and glucose to generate 
a reactive oxygen species (ROS). More rapid disinfection of bacteria in the presence of UV and glucose was 
observed using the hybrid catalyst (TiO2-GOx) than using TiO2 particles. GOx generates H2O2 and superoxide 
under glucose-rich conditions in which heterotrophic bacteria grow quickly, this H2O2 and superoxide can act as 
disinfection agents along with the ROS (such as OH radicals) generated from the photocatalytic activation 
resulting from the interaction between UV radiation and TiO2. Therefore, the rapid disinfection activity of TiO2-
GOx can be attributed to the enhancement of ROS generation due to the high catalytic activity of TiO2-GOx in 
the combined glucose–UV rich environment. Since field water or wastewater is suspected to have high carbon 
sources for blooming microorganisms in an aqueous environment, we believe that inorganic-organic hybrid 
catalysts such as TiO2-GOx will be useful for either efficient disinfection or the degradation of pollutants.  
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P0602 The length-dependent antifungal activity and mechanism of repeated peptides 
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The histidine-lysine-lysine (HKK) n peptides with motif repetition (n=1, 2, 3, 4, 6 and 8) were designed without 
hydrophobic amino acid and amphipathic structure unlike conventional antifungal peptides. These peptides 
showed a length-dependent antifungal activity and different action mechanism against drug-susceptible and 
drug-resistant fungi. The short length peptides, (HKK)1, (HKK)2, (HKK)3 and (HKK)4, were directly 
translocated in fungal cytosol and reacted with mitochondria, resulted in apoptosis. However, the long length 
peptides, (HKK)6 and (HKK)8, were permeabilized membrane and were able to transfer to the cytosol, after all, 
these peptides induced reactive oxygen species. Our results suggested that randomly coiled HKK peptides may 
penetrate easily across the fungal cell wall and membrane and bind to the mitochondrial membrane, due to 
strong electrostatic interactions. The bound peptides induced mitochondrial damage, mitochondrial ROS, and 
cell apoptosis. (NRF-2017R1A2B4010831) 
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P0603 A Novel Antifungal activity of a plant UGT proteins  
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The antifungal activity of two proteins, UDP-glycosyltransferase 71C2 (UGT71C2), UDP-glycosyltransferase 
72B1(UGT72B1) proteins possessed the functions of glycosyltransferase and transferase in plant, were tested 
against several molds and yeast fungal strains. Recombinant UGT71C2 and UGT 72B1 proteins, expressed in 
Escherichia coli, significantly inhibited the cell growth of various pathogenic fungi containing filamentous and 
the yeast fungi at concentrations ranging from 0.78 to 3.125 μg/mL, via damaging the membrane envelope. They 
may play a critical role as antifungal proteins in the Arabidopsis defense system against fungal pathogen attacks. 
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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Bacteria biofilms are associated with several infections. The formation of a biofilm begins with the attachment 
of free-floating microorganisms to a surface. Bacterial biofilm formation on optical devices such as contact 
lenses, optical glasses, endoscopic devices, and microscopic slides are major concerns in the field of medicine 
and biomedical engineering. To solve these problems, we present super-hydrophilic transparent nanoneedle 
quartz surfaces with bactericidal properties. To construct bactericidal surfaces, we imitated a topological 
mechanism found in nature in which nanopillar-structured surfaces cause a mechanical disruption of the outer 
cell membranes of bacteria, resulting in bacterial cell death. We used nanosphere lithography to fabricate 
nanoneedles with various sharpness and heights on a quartz substrate. Water contact angle and light reflectance 
measurements revealed super-hydrophilic, anti-fogging and anti-reflective properties, which are important for 
use in optical devices. To determine bactericidal efficiency, the fabricated surfaces were incubated and tested 
against bacteria associated with biofilm formation and various diseases in humans. In this study, we checked its 
bactericidal properties with gram-negative bacterial species. The highest bactericidal activity was achieved with 
nanoneedles that measured 300 nm in height and 10 nm in apex diameter. Thus, the newly designed nanoneedle-
structured bactericidal surfaces are suitable for use in the development of super-hydrophilic and transparent 
optical devices. Our results demonstrate that the multi-functionality of nanopillar-structured surfaces, including 
bactericidal, super-hydrophilic, antifogging, and antireflection properties, could provide definite advantages for 
optical bio-medical devices. 
 
Keywords : nanoneedle, nanopillar, quartz, biofilm, antibacterial surface, optical device, superhydrophilic 
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P0605 Antifungal Action of the Oryza sativa Trx-like Protein 
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As plants grow, they constantly face a variety of biotic and abiotic stresses and prevent by evolved and regulated 
responses. Among them, reactive oxygen species (ROS) are regulated as a signal molecule in plant development 
and pathogen defense. Present study demonstrates the possible antifungal action of Oryza sativa 
Tetratricopeptide Domain-containing thioredoxin (OsTDX) protein in itself against various fungal pathogens. 
OsTDX protein showed a potent antifungal activity, ranging between 1.56 to 6.25 and 50 to 100 µg/mL of MICs 
against yeast and filamentous fungi, respectively. The uptake of SYTOX Green into fungal cells and efflux of 
calcein from artificial fungus-like liposomes suggest its killing mechanism via membrane permeabilization and 
damage. In addition, irregular blebs and holes apparent on the surfaces of OsTDX-treated fungal cells indicate 
its membranolytic action. Our results suggest that OsTDX protein might be a potentially useful lead for the 
development of pathogen-resistant plant (NRF-2016R1D1A3A03918533). 
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The need for new-concept antibiotics is increasing with the increased emergence of antibiotic resistance among 
pathogens. One class of new antibiotics that is promising is the group of antimicrobial peptides (AMPs). In this 
study, we designed a series of novel peptides and tested its efficacy against several pathogenic microorganisms, 
including those that are known to be drug-resistant. Designed peptides displayed a potent antibacterial activity 
via membranolytic action and high therapeutic index (toxic dose/minimum inhibitory concentration) in vitro. 
Moreover, in vivo experiments using bacterial ear-skin infection models verified that these peptides have the 
potential to be powerful and safe antibiotics. Inhibition of biofilm formation and reduction of preformed biofilm 
of them can provide a basic information in clinical applications of AMPs. We believe our study significantly 
contributes towards our understanding of AMP structure-function relationship and also provides a basis for 
future designing of novel potent AMPs (NRF-2016R1D1A3A03918533). 
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Although antimicrobial peptides (AMPs) have emerged as a potential alternative to conventional antibiotics, 
their clinical applications were limited due to proteolytic degradation and side effects. This study was focused to 
target and diagnose bacterial infection site in body. We synthesized 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine conjugated AMP, which is able to form self-assemble micelles with (poly(lactic-co-
glycolic acid)-polyethylene glycol. It was hypothesized that PEG could serve as safeguard of AMP from 
proteolytic degradation in blood stream and biological environments and AMP displayed on the surface of 
micelles could help micelles cell-selectively bind bacteria in vitro and in vivo. Micelles showed potent 
antibacterial effects toward various strains of drug-resistant bacteria and non-cytotoxic effects in rat erythrocytes 
and human keratinocytes. Bacterial infection and biofilms were clearly detected by IR820-encapsulated micelles. 
The results demonstrate that AMP could serve as antimicrobial agents as well as bacteria targeting ligand (NRF-
2017R1A2B4010831). 
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Nanoscale delivery vehicles, including liposomes, micelles, polymeric nanoparticles, and caged proteins, has 
been developed to effectively deliver therapeutic and diagnostic materials to the tumor sites. In particular, the 
exterior surfaces of caged proteins can present various types of molecules such as antibodies, fluorophores, 
carbohydrates, and targeting molecules and peptides by chemical conjugation and genetic addition/substitution. 
Herein, we cloned and expressed three-typed recombinant caged proteins from plant and archaea, and 
investigated the structural alternations upon salt concentrations, oxidative stresses, and heat elevations. Ni-NTA 
Nanogold (1.8 nm) attached that aldehyde group of doxorubicin formed pH-sensitive hydrazone bond with 
hydrazine group of hexahistidine peptide (AuDox). We examined encapsulation of AuDox in N-terminal 
histidine tag of caged proteins (CP-AuDox) and assayed anti-tumor activity with CP-AuDox against various 
tumor cells. This work provides evidences that the self-assembled drug encapsulation and stimuli-sensitive drug 
release of nano-caged proteins have the potential to be exploited in cancer therapy and diagnosis (NRF-
2017R1A2B4010831). 
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In this study, bismuth selenide (Bi2Se3) nanoparticle is core-shelled with gold (Au@Bi2Se3) for selective 
treatment of neuroblastoma SH-SY5Y cells. The encapsulation of Bi2Se3 with Au resulted in accurate 
bioimaging in the NIR region and significantly increased biocompatibility. Also, dispersibility of Au@Bi2Se3 in 
water is increased, and the surface is functionalized through providing gold-thiol bonding. OncomiRNA-152 
detection, inhibition and photothermal therapy are performed by using AntagomiRNA-152 treated 
neuroblastoma SH-SY5Y cells. In contrast to the conventional siRNA/miRNA delivery methods, the strand 
displacement strategy for antagomiRNA-152 delivery offers several benefits, in which the antagomiRNA-152 is 
replaced by oncomiRNA-152 and SERS signal is dropped. This method enables determination of the relative 
microRNA expression levels inside the living cells, cancer cell diagnosis, and therapy by upregulation of the 
pro-apoptotic CHUK gene. Therefore, this selective photothermal therapy nanoparticle can efficiently target 
solid tumor cells. 
 
Keywords : Au@Bi2Se3, Core–Shell Nanoparticle, SH-SY5Y blastoma, Photothermal therapy, SERS 
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Due to instability and low membrane permeability, numerous potent lipophilic drugs show low bioavailability. 
In this study, we fabricated magnetic oleosomes functionalized with recombinant proteins as a lipophilic drug 
carrier. The bioengineered oleosome is composed of phospholipid monolayer with embedded oleosin fusion 
proteins. The oleosin is fused to green fluorescent protein (GFP) nanobody and then immunoglobulin-binding 
protein LG is bounded to GFP sequentially forming recombinant protein. This recombinant protein is used to 
couple the oleosome to an antibody for targeting. The core of oleosome consists of magnetic nanoparticles 
(ZnFe2O4) and carmustine. Therefore, magnetic oleosomes show high selectivity toward cancer cells with a high 
anticancer activity due to the ability of magnetic hyperthermia to improve drug release. Moreover, the in vivo 
animal study supports the efficacy of the magnetic oleosome delivery. Consequently, the bioengineered 
lipophilic drug-loaded magnetic oleosome can be an effective method for oil-based drug delivery agent for 
cancer treatment. 
 
Keywords : oleosome, lipophilic drug delivery, magnetic hyperthermia, cancer therapy, carmustine 
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Immunoassay refers to a biochemical analysis that determines the presence and amounts of specific target 
molecules using antibodies [1]. Enzymes are generally linked to antibodies to detect trace amounts of samples in 
complex biological samples.  
In this study, a novel recombinant secondary antibody mimic was constructed by genetically fusing nano-
luciferase (Nluc) and antibody-binding domain (ABD) [2,3]. The fusion protein, Nluc-ABD, was overexpressed 
in a bacterial overexpression system and simply purified in tenth of mg quantities using the simple principle of 
affinity chromatography. The binding capability of Nluc-ABD to various types of IgGs originated from rabbit 
and rat was confirmed with quartz crystal microbalance (QCM) [4,5] and surface plasmon resonance (SPR) 
analyses and the excellent bioluminescent activity of Nluc-ABD was verified by treating with its substrate, 
furimazine. Nluc-ABD exhibited both signal amplifying ability and strong binding capability to the target-
specific primary antibodies simultaneously [6,7].  
Utilizing these dual functions, we applied Nluc-ABD as an alternative of enzyme-linked secondary antibody to 
two different immunoassays; ELISA and western blot. Therefore, Nluc-ABD could be used as a universal 
target-independent signal amplifier combining with various target-specific primary antibodies in many types of 
immunoassays. Our approach here may provide new opportunities to develop a simple and inexpensive 
immunoassay platform. 
 
Keywords : Immunoassay, luciferase, secondary antibody, ELISA, Western blot 
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Recently, there have been many trials to encode odor using various techniques because the definition of odor is 
highly difficult. Human olfactory receptors (hORs) play an important role in odorant detection. Odorant binding 
pattern analysis of the hORs is essential for understanding of human olfaction. However, several limitations, 
including labor-intensive and time-consuming experimental steps, have made it difficult to classify and 
standardize odors. Herein, we produced myristoylated G protein α-subunit (Gα) from E. coli by co-expressing 
N-myristoyltransferase with Gα in a single vector system. Gα plays a pivotal role in the signal-transduction 
pathways initiated by hOR activation. The modification of Gα with myristic acid enables the Gα to target cellular 
membrane. In addition, hOR was expressed from E. coli and reconstituted in phospholipid bilayer nanodiscs to 
mimic membrane environment and make it have a native structure. When the hORs bind with odorants, it causes 
GDP-to-GTP exchange of the Gα. We anticipate that the interaction between various hORs and Gα subunits 
produced from E. coli can be utilized to develop a high-throughput odor-encoding tool via simple incubation of 
them. 
 
Keywords : odor detection, G protein α-subunit, myristoylation, human olfactory receptor, nanodisc 
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Novel fluorescent carbon dots (CDs) for bone imaging were prepared via a facile hydrothermal method using 
alendronate in the absence of a nitrogen-doping precursor to enhance bone affinity. One-step synthesized 
alendronate-based CDs (Alen-CDs) had strong binding activity for calcium deficient hydroxyaptite (CDHA, the 
mineral component of bone) scaffold, rat femur and bone structures of live zebrafish; this was attributed to the 
bisphosphonate group present on the CD surface, even after carbonization. For comparison, the surface effects 
of nitrogen-doped CDs obtained using ethylenediamine (EDA), i.e., Alen-EDA-CDs, were also investigated, 
with a focus on the targeting ability of distinct surface functional groups as compared with Alen-CDs. An in-
vivo study to assess the impact on bone affinity revealed that Alen-CDs effectively accumulated in bone 
structures of live zebrafish larvae after microinjection, as well as in the bone tissues of femur extracted from rat. 
Moreover, Alen-CD-treated zebrafish larvae had the superior toleration, retaining skeletal fluorescence for 7 
days post-injection (dpi). The sustainable capability, surpassing that of Alizarin Red S, suggests that Alen-CDs 
have the potential for targeted drug delivery to damaged bone tissue and provides motivation for additional in-
vivo investigations. To our knowledge, this is the first in-vitro, ex-vivo, and in-vivo demonstration of direct 
bone-targeted delivery supporting the use of fluorescent CDs in the treatment of various bone diseases such as 
osteoporosis, Paget’s disease, and metastatic bone cancer. 
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Silica nanorods have received significant attention as nanocarrier in biomedical applications because they have 
high surface area and multiple attachment points compared to spherical nanoparticles, resulting to better cellular 
uptake and enhanced capacity for payload delivery. However, conventional methods have several problems in 
synthesis process, including the use of harsh condition and complex synthetic processes, and the need of 
complicated re-filling step for encapsulation of bioactive molecules. Furthermore, silica nanorods synthesized 
by conventional methods have shown to be low biodegradability, resulting to nanoparticles accumulation in the 
body. In this study, we proposed bioinspired synthesis strategy based on controlled silica mineralization of 
diatom and unique filamentous structure of potato virus Y (PVY) for development of silica nanorods. We 
expected this bioinspired silica nanorods synthesis strategy has great potential to be used in development of 
effective and biocompatible nanocarrier for successful biomedical application. 
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A new method has been developed for the preparation of brightly fluorescent and stable DNA-silver 
nanoclusters (DNA-AgNCs). The approach takes advantage of specific interactions occurring between 
melamine and thymine residues in a DNA template. These interactions cause formation of a melamine-DNA-
AgNCs complex (Mel-DNA-AgNCs), in which a change in the environment of the DNA template causes 
binding of additional Ag+ and an enhancement in the fluorescence efficiency and stability. The effects of the 
nature of the template DNA, DNA:Ag+:NaBH4 ratio, pH and temperature were systematically assessed in order 
to maximize the melamine-promoted fluorescence enhancement. The results show that the Mel-DNA-AgNCs, 
generated using the optimal conditions exhibits a ca. 3-fold larger fluorescence efficiency and long-term 
stability (70 d) in contrast to those of DNA-AgNCs in the absence of melamine. Importantly, the bright and 
stable Mel-DNA-AgNCs displays antimicrobial activities against gram-positive and gram-negative bacteria that 
are superior to those of DNA-AgNCs alone. To the best of our knowledge, this is the first report describing 
thesynthesis of DNA-AgNCs that have improved fluorescence efficiencies and that function as effective 
antimicrobial agents. 
 
Keywords : Silver nanocluster, Melamine, antibacterial activity 
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DNA-templated copper nanoparticles (DNA-CuNPs) have attracted considerable interest due to their high 
fluorescence and eco-friendly synthesis conditions. However, low fluorescence stability limits their widespread 
applications, especially in bioimaging. In this work, we developed a simple, cost-effective method to generate 
DNA-CuNPs with more stable fluorescence. Oxygen in the natural environment not only oxidizes Cu(0) to 
Cu(II) but also produces the hydroxyl radical, thereby reducing the perdurance of DNA-CuNPs’ fluorescence. 
By optimizing the reaction conditions so as to minimize the deleterious effects of oxygen, we increased the 
fluorescence lifetime by 780%. DNA-CuNPs synthesized in this manner were used effectively for cell imaging. 
Importantly, this method does not involve any reagents besides a copper ion source and ascorbate as a reducing 
agent. This new approach for generating DNA-CuNPs with more stable fluorescence can improve the 
monitoring of various biological processes and provides a basis for developing other types of DNA-templated 
nanomaterials. 
 
Keywords : Nucleic acid, Nanocluster, Cell stainng 
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Exosomes are membrane-bound phospholipid vesicles actively secreted by all cells. As they carry specific 
markers expressed by their parental cells, exosomes are utilized to identify specific cells via liquid biopsy. To 
facilitate exosome-based clinical diagnosis, a fast and reliable method to count exosomes is critical. We 
developed a method for rapid and cost-effective quantification of exosomes which relies on the fluorescence 
polarization (FP) detection of lipophilic fluorescein probe, 5-dodecanoylamino fluorescein (C12-FAM). The 
alkyl tail of C12-FAM is specifically incorporated into the exosomes, producing high FP values due to a slow 
diffusional motion. We quantified exosomes derived from two cell lines, HT29 and TCMK1 using the new 
strategy, with good sensitivity that was at par with the commercial method. The new method involves minimal 
complexity and hands-on time. In addition, FP signaling is inherently ratiometric and is robust against 
environmental noise. 
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The aim of this study was to find the immediate-release formulation of dissolving microneedle patch system for 
delivery of the peptide parathyroid hormone 1-34, or PTH (1-34) and to observe the effect of the formulation in 
animal studies. 
A double-layer microneedle patch is prepared by adding various additives to the PTH (1-34) in hyaluronic acid 
solution and using droplet-born air blowing (DAB) methods. After this, in vitro screening using stability test at 
room temperature and releasing test with gelatin blocks is carried out. In vivo rat experiment with double-layer 
microneedle patch with PTH (1-34) was performed through the above experiments. 
In manufaturing sutdy with DAB method, trehalose and polyvinylpyrrolidone (PVP) were selected as proper 
additives. In releasing experiment using gelatin blocks, the formulation including PVP showed the fastest 
release of PTH (1-34). Furthermore, that formulation elicited the highest blood concentration and area under the 
curve (AUC) value in rat study. All three formulations were stable during 1 month at room temperature. 
This study indicated that the additives affected to releasing profile of PTH (1-34) in double-layer microneedle 
patch by DAB method. Furthermore, faster releasing of PTH (1-34) elicited higher AUC level in animal study. 
 
Keywords : peptide, parathyroid hormone 1-34, dissolving microneedle patch, transdermal delivery, , droplet-
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Determination of biothiols, the naturally occurring thiol-containing compounds including 

homocysteine (Hcy), cysteine (Cys), and glutathione (GSH) plays a vital role in the clinical 
diagnosis of many disorders and diseases.1 The abnormal level of Hcy is associated with an 
increased risk of developing occlusive vascular diseases and it is also considered to be an 
independent risk factor for major pathologies among which dementia, such as Alzheimer’s 
disease, and osteoporosis.1 Cys is the most abundant low-molecular-weight thiol in blood 
plasma which is recognized as a potential neurotoxin and a biomarker in human body which 
is involved in numerous biological functions inside human bodies, such as protein synthesis2, 
cell metabolism3, and detoxification4, 5. The deficiency of Cys is closely related with the 
depigmentation of hair, liver damage, skin lesions, and edema.1 GSH, the most abundant low 
molecular weight thiol compound synthesized in cells which places critical roles in protecting 
cells from oxidative damage and toxicity of xenobiotic electrophiles, and maintaining redox 
homeostasis.6 

In this study, we employed silver nanoprims (AgNPRs) as the signaling materials and 
fabricated an easy and cost-effective colorimetric sensing platform for distinguishing Hcy, 
Cys and GSH in human serum. Due to the difference in molecular weight and structure, Hcy 
(~135 Da), Cys (~121 Da) and GSH (~307 Da) showed different behavior towards the 
AgNPRs surface under different reaction conditions. We designed three different kinds of 
reaction buffers by tuning the salt and pH conditions for the selective detection of Hcy, Cys 
and GSH. At last, we successfully determined biothiols in human serum by utilizing this 
sensing platform. We suppose this colorimetric sensing platform is suitable for biothiols 
detection in POCT applications.  
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The detection of DNA is important in the area of clinical diagnostics, biomedicine and forensic science. Since 
all of organisms have their own unique genetic information, the specific DNA sequences can serve as a potential 
identification marker. Until now, different methods such as electrochemistry, colorimetry and fluorometry have 
been developed to detect DNA. Among them, fluorometry has received the special attention because of its 
simplicity and high sensitivity. [1]. 
A simple, sequence-specific DNA detection method, utilizing a fluorescent 2-aminopurine (2-AP) nucleobase 
analogue-containing split G-quadruplex as the key detection component, is described. In the sensor, the 2-AP-
containing G-quadruplex is split into two segments and linked to a target-specific overhang sequence. The 
separate G-quadruplex sequences form an active G-quadruplex structure only in the presence of a 
complementary target DNA, which leads to a significant increase in the intensity of fluorescence from the 2-AP 
fluorophore. [2]. This simple, one-step, homogenous assay was successfully employed to detect target DNA 
with a high selectivity. [3]. In addition, the practical applicability of the detection method was demonstrated by 
its use in analyzing target DNAs in human serum. [4]. To the best of our knowledge, this is the first time that an 
investigation was carried out in which a fluorescent nucleobase analogue was incorporated into a split G-
quadruplex structure and this structure was utilized as the foundation for a specific DNA sensor. 
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Cancer is a common and terrifying disease that ranks high in the cause of death worldwide. The earlier the 
discovery, the greater the likelihood of treatment. One commonly used diagnostic method is the ELISA assay, 
which measures the biomarker concentration. However, the ELISA method has a disadvantage that it is 
cumbersome and takes a long time. To overcome these advantages, an immunosensor chip was designed and it 
is different from other chips using a strip or an external pump for a fluid flow By using glass as a substrate, non-
specific binding is minimized and capillary phenomenon eliminates the need for additional equipment. Aslo, by 
replacing the antibody with an aptamer, the shelf life of the chip was extended by increasing the stability for 
temperature. The prostate-specific antigen (PSA) concentration, which is a biomarker of prostate cancer, was 
measured by cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The peak height of the graph 
was also risen with increasing PSA concentration in the range from 1 ng/mL to 10 ng/mL. In addition, to 
increase the sensitivity and accuracy of the chip, gold nanoparticles adhered to the surface of aptamer were 
applied instead of aptamer to reduce the limit of detection (LOD) to 0.1 ng/mL and to increase the difference in 
signal size according to the concentration. Therefore, this study complements the disadvantages of existing 
chips and improves convenience and performance. If miniaturization of measuring instruments is made, it will 
bring about a breakthrough change in related fields by eliminating the restriction of diagnosis place 
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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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Nanoemulsion-based synthesis enhances the bioavailability of natural compounds at target sites for their various 
biomedical applications. In this study, we synthesized carvacrol nanoemulsion (CN) an oil-in-water (O/W) as a 
nano-emulsion vehicle system by using ultrasonication emulsification for anti-angiogenesis therapy called 
carvacrol encapsulated nanoemulsion (CEN). The diameter of CEN determined by TEM analysis was 105.32 
nm with a -39.38-mV zeta potential. We evaluated the role of CEN on angiogenesis in lung adenocarcinoma 
A549 cells in vitro in a dose-dependent manner. Exposure to CEN decreased the activation of MAPK p38 as 
well as ERK. Moreover, we found that CEN reduced the expression of VEGF and CD31 in A549 cells. Our in-
silico study also indicated the binding of carvacrol to COX-2 and VEGF at the active and allosteric sites of 
CD31 with low binding energy. Overall, CEN induced anti-angiogenic effects in A549 cells in vitro, and in 
silico, thereby establishing its potential as targeted drug delivery vehicle against angiogenesis. 
 
Keywords : Carvacrol encapsulated nanoemulsion, Angiogenesis, A549, in silico 
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P0624 One-pot synthesized nitrogen/phosphorous-doped carbon nanodots diminish Listeria 
monocytogenes via nano-microbe interaction and surface-linked food wrap in real food matrices 
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This study reports the development of a facile one-step green thermal treatment method for the effective 
synthesis of biocompatible, fluorescent nitrogen/phosphorous-doped carbon nanodots (NPCDs) as 
multifunctional agents for the in-vitro and in-vivo inhibition of the hazardous foodborne pathogen Listeria 
monocytogenes. This study finds that NPCDs are highly toxic for L. monocytogenes at MIC of 10 μL/mL, as 
illustrated by fluorescent live-dead cell staining, the disruption of membrane permeability, changes in the 
membrane potential, and elevated levels of potassium ions, 260-nm cellular material, and protein. The NPCDs 
also altered membrane permeability, as evidenced by Rhodamine 123 staining and crystal violet uptake results, 
and caused intracellular production of reactive oxygen species. Using Raman spectroscopy, the tryptophan and 
protein peaks released in NPCDs treated cells contributed to indole ring breathing and correlated with induced 
cell death as also evidenced by scanning electron microscopy analysis. Moreover, NPCDs significantly inhibited 
L. monocytogenes biofilm formation on a solid substrate. Furthermore, low-density polyethylene (LDPE) film 
crosslinked with 1% APTES via silane-hydroxyl linking and coated with NPCDs as a food-grade wrap 
significantly reduced bacterial counts in a raw chicken food model, thus validating the practical role of NPCDs 
to reduce the environmental health risks associated with hazardous pathogens. 
 
Keywords : Carbon nanodots, L. monocytogenes, Biofilm inhibition, Surface-linked food wraps, Chicken 
matrix food model 
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P0625 Fluorescence, turn-on detection of melamine based on its dual functions as fluorescence enhancer 
of DNA-AgNCs and Hg(II)-scavenger 
 
Ji Min KIM, Se Han JEONG, Woo Young KWON, Seong Hyun HWANG, Seok Jun KIM, Byeong Seok CHA, 
Ki Soo PARK 
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A new method has been developed for the simple, fluorescence, turn-on detection of melamine, which utilizes 
DNA-templated silver nanoclusters (DNA-AgNCs) as a key component. In the sensor, melamine exhibits the 
dual functions: one is to enhance the fluorescence signal of DNA-AgNCs by its specific interaction with 
thymine residues in DNA template, and the other is to prevent Hg(II)-induced fluorescence quenching of DNA-
AgNCs via its strong coordination with Hg(II). These consequently enable the sensitive and selective detection 
of melamine. By exploiting such novel features of melamine, we significantly increased the fluorescence 
response up to 360%, compared to the previous counterpart that relies on DNA-AgNCs only, and successfully 
determined melamine down to ca. 49 nM, a value that is 400 times lower than the safety level of 20 μM set by 
the US Food and Drug Administration. In addition, it was confirmed that the proposed approach works fine even 
in the real milk samples without any additional pre-treatment steps.  
 
Keywords : melamine, DNA-AgNCs, Biosensor, Fluorescence, Hg(II)-scavenger 
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P0626 Nanosized and tunable design of biosilica particles using novel silica-forming peptide-modified 
chimeric ferritin templates 
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Biosilica materials can be generated by biomolecules under physiological or mild/ambient conditions. However, 
nanosized and tunable design method of biosilica particles has not yet been set up. Here, Kps, a silica forming 
peptide (KPSHHHHHTGAN) was introduced to N-terminus of ferritin via protein fusion method to generate 
new Kps-modified ferritin (Kps-Fn) for reliable formation of biosilica particles. Then, novel chimeric Kps-Fn 
was designed for controllable generation of biosilica nanoparticles (NPs). By changing the ratios of Kps-Fn and 
Fn subunits in the chimeric Kps-Fn templates, desired size of biosilica NPs (100~500 nm) can be achieved. The 
low surface density of Kps on the chimeric template could lead to the small-sized biosilica NPs with the 
increased surface area/amount. The biosilica NPs developed here showed better DNA adsorption/elution 
performance than the commercially available silica NPs. This work is a new way to generate desirable biosilica 
NPs, which can be applied for the design of various biohybrid nanomaterials. 
 
Keywords : silica-forming peptide, ferritin; biosilica nanoparticle, biosilicification 
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P0627 Nano-reaction cluster formation by the Fabrication of the post-translationally functionalized 
Protein Cage Nanobuilding Blocks 
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Fabrication of functional nanostructures is a prominent issue in nanotechnology, because they often exhibit 
unique properties that are different from the individual building blocks. Protein cage nanoparticles are attractive 
nanobuilding blocks for constructing nanostructures due to their well-defined symmetric spherical structures, 
polyvalent nature, and functional plasticity. Here, a lumazine synthase protein cage nanoparticle is genetically 
modified to be used as a template to generate functional nanobuilding blocks and covalently display enzymes (β-
lactamase) and protein ligands (FKBP12/FRB) on its surface, making dual-functional nanobuilding blocks. 
Nanoreaction clusters are subsequently created by ligand-mediated alternate deposition of two complementary 
building blocks using layer-by-layer (LbL) assemblies. 3D nanoreaction clusters provide enhanced enzymatic 
activity compared with monolayered building block arrays. The approaches described here may provide new 
opportunities for fabricating functional nanostructures and nanoreaction clusters, leading to the development of 
new protein nanoparticle-based nanostructured biosensor devices. 
 
Keywords : bacterial superglue, layer-by-layer assembly, lumazine synthase, nanobuilding blocks, nanoclusters 
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P0628 Signal amplification of label-free biosensor using EIS and QCM 
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Detection of specific DNA has become important in many fields. Especially, label-free DNA sensing can be 
performed with electrochemical impedance spectroscopy(EIS) and quartz crystal microbalance(QCM). We 
proceed to amplify the signal of detection of the target DNA. For this purpose, we tried to control the 
concentration of probe DNA to maximize the difference between only probe DNA and target DNA. In this case, 
Q-sense electrochemistry module(QEM) which can perform QCM and EIS simultaneously is used. However, 
ferro/ferricyanide used in redox had a problem of decomposing Au, so we had to find an environment that did 
not dissolve Au. As a result of experiment, the probe DNA concentration was associated with signal 
amplification and was found to be in efficient when it was too low or too high. 
 
Keywords : biosensor, QCM, EIS 
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P0629 Synthesis and Characterization of Complex Coacervate Core Micelles (C3Ms) Using Elastin-Like 
Polypeptide (ELP) Copolymers 
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Development of environmentally responsive carriers requires a new method for assembling stimuli-responsive 
hydrogel. Recent progress suggests that short peptide motifs can be engineered into biopolymers with specific 
temperature-dependent behavior. 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 drug carrier by formation of micelles. Physical properties of these 
C3Ms were observed by lower critical solution temperature (LCST), dynamic light scattering (DLS), and small 
angle X-ray scattering (SAXS) analyses. 
 
Keywords : elastin-like polypeptide (ELP), biopolymer, complex coacervate core micelles (C3Ms) 
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P0630 Conceptual Model of PTX-loaded Gelatin-nanoparticles Slowly Releasing Hardly-water soluble 
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The conceptual model of the designed PTX-loaded gelatin nanoparticle(NP) was introduced, which were 
prepared by novel O/W/O emulsion with a single-step emulsion process accompanying solvent diffusion. SEM 
images of PTX-loaded gelatin NPs redispersed in ethanol upon centrifugation, showed a gelatin–micelle-like 
cluster. Thus, it was observed that those NPs are composed of particles such as gelatin–micelle. The size of the 
particles such as gelatin–micelle seems to be almost identical to that of gelatin–micelle (i.e., 42 nm) reported by 
Hwang and Gi. 
 
Keywords : Albumin, Curcumin, nab-curcumin 
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The photo-active green fluorescent protein (GFP) variants have been used for protein-based memory system. 
Most photo-switchable variants are based on cis-trans conversion or proton transfer. However, those state 
transitions in molecular level are sometimes unstable and often attribute short life time of memory unit. We 
have applied peptide-level state transition by using split GFP carrying two types of strand 10 (s10T and s10Y). 
This protein can form either one or the other s10, and the ratio of the two folded forms, absorbance and 
fluorescence profile, and switching behavior was analyzed. The photodissociation of s10 from GFP can be 
modulated by mutating the residues on s10, and the pI gap of two states was engineered. Observations in dark 
and bright form could also be observed through binding and dissociation of the 10th strand to proteins using a 
protein called split GFP. This study shows possibility of a new concept of protein-based memory with yet-to-be-
achieved lifetime. 
 
Keywords : GFP, sGFP, Photoswitching 
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P0632 Developing a High- affinity Nanobody for the Detection of Foot and Mouth Disease Virus Non-
structural Protein (FMDV-NSP) 
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Foot and Mouth Disease Virus(FMDV) is a highly contagious fatal animal disease with significant economic 
impacts. Therefore, FMDV diagnostics based on the antibodies has been developed, yet the specificity and 
sensitivity are still required to be further improved. Here, we developed high-affinity nanobody, VHH(variable 
heavy chain only antibody find in camelids) with high stability and engineerability, against non-structural 
proteins (NSPs) of FMDV [1]. Specifically, we used yeast surface display for high-throughput screening of 
nanobody with high-affinity to FMDV NSPs of 3B [2]. After four rounds of screening and further affinity 
maturation by random mutagenesis with subsequent biopanning by flow cytometry [3], 3B specific nanobody 
with high affinity and specificity was obtained suggesting the potential of the selected nanobody as an effective 
bioreceptor for FMDV. Consequently, this study provides a synthetic nanobody that can be used as a rapid and 
accurate diagnosis tool for effective control of FMDV. 
 
Keywords : Yeast surface display, FMDV, Saccharomyces cerevisiae, Antibody 
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Short interfering RNA (siRNA) acts as a mediator of the RNA interference pathway and specifically inhibits the 
expression of the target gene. However, since naked siRNAs are limited to penetrate across the biological 
membranes, a carrier system for efficient and stable siRNA delivery is needed. Herein, novel fusion peptides in 
this study were designed to enhance the intracellular permeability by increasing the interaction with siRNA to 
form a self-assembly complex. The results of the gel retardation assay and DLS analysis showed that the fusion 
peptides formed a more homogeneous and condensed self-assembly complex by increasing the interaction with 
the siRNA than the single peptides. Gene knockdown screening of siRNA targeting Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) in HeLa cells confirmed the inhibition of about 40% GAPDH expression in 
specific fusion peptide-mediated complex. In addition, we confirmed that the gene expression was inhibited by 
increasing the N/P ratio of fusion peptide/siRNA and final siRNA concentration. These novel fusion peptides 
showed no significant cytotoxicity even at high concentrations in primary cells. Also, siRNA/fusion peptide 
complexes were stable for up to 48 hours in the presence of the serum compared to naked siRNA. Thus, fusion 
peptides are promising carriers that can be utilized with excellent potential in siRNA delivery systems.  
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Gene therapy is a method that uses genes as therapeutic substances and has great potential for treatment of 
incurable diseases. In order for gene therapy to work, genes usually have to infiltrate into cells. However, since 
the genes have negatively charged phosphate groups and are large, it is challenging to permeate the cell and 
nuclear membranes. Therefore, for successful gene therapy, a vector is needed to deliver the genes into cells. 
Gene delivery systems include viral vector and non-viral vector. Viral vector has a very high transfection 
efficiency by using the cell penetration mechanism of the virus, but there are risks such as high cost, activation 
of oncogenes and induction of immunogenicity. On the other hand, the non-viral vector is safe, inexpensive, and 
easily synthesizable, but has poor transfection efficiency. Here, we have developed a synergistic nano-assembly 
to overcome the drawbacks of the non-viral vector. Nano-assembly composed of plasmid DNAs, divalent ions, 
and fusion peptides which include cell penetrating and nuclear localizing parts. Transfection results of 
synergistic nano-assembly showed more efficient than that of Lipofectamine® 2000 into HEK293T cells. Also, 
nano-assembly showed little cytotoxicity. Consequently, synergistic nano-assembly can be expected as a 
promising candidate for a successful gene transfection vector. 
 
Keywords : Nano-assembly, Cell penetration, Nuclear localization, plasmid DNA, Gene delivery, Transfection , 
Gene therapy 
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Over the past few years, NGAL protein is emerging as a promising biomarker for AKI diagnosis possibly 
because of its high selectivity and reliability. In this study, a novel label-free electrochemical biosensor for 
neutrophil gelatinase-associated lipocalin (NGAL) protein was developed.  
A series of amino acid-substituted and cysteine-incorporated peptides isolated from evolutionary phage display 
technique was chemically synthesized and covalently immobilized to a gold sensor layer using EDC/NHS 
coupling agents. And the detection performance of gold-immobilized synthetic peptide-based electrochemical 
biosensor system was assessed using SWV and EIS. Further detailed of results will be presenting into our poster. 
 
Keywords : Electrochemical, NGAL, AKI, Diagnosis 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

467 

 

P0636 Flanking lysine effect on cation-pi interaction in Biological system 
 
Mincheol SHIN1, Yeonju PARK2, Kyeonghak KIM1, Jeong Woo HAN1, Young Mee JUNG2, Hyung Joon 
CHA1 
1Department of Chemical Engineering, POSTECH, Pohang 37673, Korea, 2Department of Chemistry, Institute 
for Molecular Science and Fusion Technology, Kangwon National University, Chunchon 24341, Korea 
Corresponding Author Email : hjcha@postech.ac.kr 
 
Mussel adhesion is the most well-known system for underwater adhesion and 3,4-dihydroxyphenylalanine 
(Dopa) has been considered as the key molecule in underwater adhesion through the intensive studies. Dopa can 
participated in both surface adhesion and cohesion in various ways. For surface adhesion, Dopa is available of 
bidentate hydrogen bonding and metal oxide bonding. For cohesion, Dopa is available of oxidative cross-linking, 
metal-Dopa chelation, cation-π interaction, and π-π stacking. However, little is known about how mussels 
control surface adhesion and cohesion in early phase (at low pH). Among the various methods, bidentate 
hydrogen bonding and cation-π interaction can be the candidates for early surface adhesion and cohesion 
methods in low pH, respectively. In this work, we focused on lysine (Lys) which is also a major building block 
of interfacial mussel proteins, but has acquired less attention compared to Dopa. We first designed peptides 
inspired by foot protein type 3 fast variant of Mytilus californianus (Mcfp-3F) to investigate how flanking Lys 
affects early underwater adhesion of Dopa. Nano-scale surface adhesion and cohesion forces were measured 
using surface forces apparatus (SFA) with the designed peptides, and resonance Raman spectroscopy analyses 
were performed to verify cation-π interaction in our system. We also redesigned two biased proteins from Mcfp-
3F and biosynthesized in bacterial expression system. Sequentially, same nanomechanic measurements and 
spectroscopy studies were performed to confirm our findings from the peptide study. Lastly, we used 
computational calculations to support our findings in thermodynamic view. We expect that this study could 
suggest how mussel controls the surface adhesion and cohesion in early phase, and could also give insights in 
designing biomaterials exploit catechol for underwater adhesion. 
 
Keywords : Dopa, cation-pi interaction, flanking lysine 
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P0637 Label-free Electrochemical Biosensor based on Multi-functional DNA Structure/porous Au 
Nanoparticle for Avian Influenza Virus (H5N1) 
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Avian influenza is one of the most harmful pathogens to organisms on account of its fast infection, various 
mutations, and fatal symptoms. A label-free avian influenza virus (H5N1) biosensor fabricated by this study was 
composed of multi-functional DNA structure on a porous Au nanoparticle (pAuNP) and measured by using the 
electrochemical (EC) technique. The DNA 3WJ was introduced as a multi-functional bioprobe. Each fragment 
of DNA 3WJ consisted of recognition part (HA protein detection aptamer), EC signal transduction part (HRP-
DNAzyme), and immobilization part (Thiol group). We assembled each fragment in order to form the DNA 
3WJ nanostructure for AI detection, which was proved by Native-TBM PAGE. Furthermore, pAuNP was 
synthesized as to increase the electrochemical signal sensitivity. We investigated the property of pAuNP with 
FE-SEM, TEM, UV-VIS, and zeta potential analysis. The DNA 3WJ on pAuNP-modified Au electrode was 
prepared using the layer-by-layer (LbL) assembly method and inspected the surface morphology by FE-SEM 
and AFM. Confirmation of the HA protein binding to DNA 3WJ-modified electrode was carried out by Cyclic 
voltammetry. The lowest concentration of detection HA protein was 10 pM in HEPES solution and 10 pM in 
chicken serum. Additory experimentations were conducted with various proteins. This proposed biosensor was 
label-free, simple fabrication, and had optimized detection elements for AI virus. The suggested study is 
expected to be helpful for various virus detection platforms. 
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Polypyrrole nanoparticles (PPy NPs) with excellent near-infrared (NIR) absorption have been commonly used 
as phototherapy (PTT) agents. However, PTT using PPy NPs has limitations in that it is difficult to accurately 
identify treatment effects. In this study, to overcome these limitations, amine-terminated carbon dots (CDs) with 
bright green fluorescence properties (Ex= 370 nm; Em= 530 nm)are combined with the carboxylated PPy NPs 
by EDC/NHS coupling reaction to make a novel PTT-imaging agent. The CD/PPy NP complexes have excellent 
hydrophilicity and photostability as well as exhibits sufficient photothermal conversion efficiency (η = 42.4 %) 
to induce apoptosis in tumor. Therefore, the CDs/PPy NP complex can be utilized as theranostic agents by 
monitoring therapeutic effects in real time. 
 
Keywords : Carbon dot, Polypyrrole nanoparticle, Photothermal therapy, Bioimaging, theranostic 
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Overexpression of collagenase by external factors such as ultraviolet exposure and stress can cause collagen 
decomposition. These results cause loss skin elasticity, eventually leading to wrinkle formation, which are 
typical symptoms of aging. Recently, the elderly population increases and the demand for preventing aging 
increases. Accordingly, the development of anti-aging substances in highly required. In this investigation, we 
successfully synthesized new carbon quantum dots using tannic acid as a carbon source through the microwave-
assisted pyrolysis. After this, we analyzed the general properties of carbon quantum dots, such as morphology, 
crystallinity and fluorescence. Anti-aging ability by inhibition the expression of collagenase. Moreover, their 
anti-aging properties are analyzed the level of collagen production in fibroblasts. The result of experiments 
indicates that the new carbon quantum dots have the potential to be applied as the anti-aging materials. 
 
Keywords : Nanomaterials, Carbon Quantum Dots, Anti-Aging, Collagen, Fibroblasts 
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Stem cell therapy is promising therapeutic method that is thought to be capable of causing innovation in all 
areas of cardiovascular, nervous, blood and immune, bone and cartilage, and medicine from inherent 
regenerative abilities. [1] Besides, considerable research attention has highly focused on the stem cell therapy 
due to the increase in the number of patients with cancer, degenerative disease, chronic diseases, and so on. A in 
vivo monitoring system of stem cell is also extremely needed for the validation of differentiation and therapeutic 
efficacy. Traditionally, direct labeling methods were used for the stem cell tracking. In these methods, labeling 
agents such as quantum dots or fluorescent dyes are directly introduced into cells. However, these methods can 
lead to cell metabolism destruction and cell death.[2] To overcome this limitation, we developed a polymer 
nanoparticle for cell surface labeling. These particles consist of biodegradable polymers poly(lactic-co-glycolic 
acid) (PLGA) and Indocyanine green (ICG). The particles are chemically bonded to the cell's surface functional 
groups. It was observed that these particles did not affect the biochemical function of the cells. In addition, the 
use of ICG, a fluorescent dye in the near-infrared region, enabled more effective monitoring in vivo. The stem 
cell whose surface was decorated by the polymer nanoparticles was monitored up to 14 days in vivo. We believe 
that this technique provides a methodology for advanced cell tracking since it can be traced without affecting 
cell behavior. 
 
Keywords : Stem cell, PLGA nanoparticle, Non-invasive monitoring 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

472 
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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. Thus, urinary exosomes However, major barriers in 
urinary exosome application to liquid biopsy are the high variability and lack of standarization 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. The 
comparative evaluation of a urinary exosome isolation method contributes to the acceleration of the discovery of 
exosome-associated biomarkers and the development of exosome-based diagnostics using human urine. 
 
Keywords : Urinary exosome, isolation, strategies, Size exclusion chromatography 
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Pre-detection of the pathogenic bacteria in food matrixes is very important to prevent the personal illness and 
enormous national loss. Although most of the researches focus on biosensor development, the field detection 
still needs more time and efforts for the sample pretreatment. Here, we suggest the combinatorial technique of 
the sample pretreatment which is separation and concentration of the pathogen using Antibody-Immobilized 
Magnetite (AIM). A His-tag fused BC domain of Protein A immobilized Salmonella-specific antibody on the 
copper iron oxide nanoparticle. For the detection of food samples, cookies and milk were cultured in LB 
medium and then Salmonella was isolated using magnetic force with AIM. Next, real-time PCR detected 
Salmonella DNAs by heat lysis sensitively and quantitatively. The AIM technique could rapidly detect 
Salmonella species less than 12 hours including enrichment culture. The detection limits were measured in pure 
culture and food sample. As a result, it could be widely applied to food poisoning pre-inspection or diseases 
diagnosis caused by pathogenic bacteria. 
 
Keywords : Magnetic nanoparticles, Copper iron oxide, Food, Separation, Detection, Pathogenic bacteria, 
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Detection of DNA using real-time PCR for pathogen detection is currently a widely used technique because it is 
very specific and sensitive. However, the real time PCR method requires expensive machine and skilled 
personnel which limit in use of point-of-care detection. Therefore, there is a need to develop cheaper, simpler 
and specific genetic target detection methods. 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 presence in sample, DNAzyme is activated and cleaves 
Linker strand. because linker strand hybridize with strand on gold nanoparticles and forming an aggregate 
network of GNPs, cleaved linker do not aggregate between gold nanoparticles. 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 within 2h. 
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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 applied to the nucleic acid detection, the use of 
hybridization chain reaction (HCR) can improve sensitivity because it can amplify a small amount of nucleic 
acid without changing temperature conditions. Herein, 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 conventional fusion strategy. Therefore, this method can be readily applied to a wide range of diagnostic 
applications due to its simplicity, sensitivity, and universality. 
 
Keywords : Hybridization chain reaction, Universal hairpin, G-quadruplex, Nucleic acid detection 
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Nanoparticle-based cell differentiation therapy is increasing research interest as it is a promising substitute for 
traditional cancer treatments. From this, the topological insulator bismuth selenide nanoparticle (Bi2Se3 NP) 
was core-shelled with silver (Ag@Bi2Se3) to represent remarkable biocompatibility and plasmonic properties. 
(ca. 2.3 times higher than those of Ag nanoparticle). In addition, a newly developed RNA three-way junction 
(3WJ) structure was designed for the quad-functionalization of any kind of nanoparticle and surface. One of the 
3WJ was attached to the Ag@Bi2Se3, and the other leg harbored a cell-penetrating RNA and a florescence tag. 
The third leg was planed to control micro-RNA-17 (miR-17) and to more release retinoic acid (RA). For the 
sustained release of RA, a new drug delivery mechanism was developed in the cytoplasm based on the 
preconditioning inhibition of miR-17 using a strand movement strategy. In this paper, we report a method of 
binding to RNA strand (RA/R) through an irritant reactive cross-linker to solve the hydrophobicity problem of 
RA. The developed material was able to stop the growth of SH-SY5Y cancer cells in six days without sequential 
treatment and separate completely from the neurons. A surface-enhanced Raman spectroscopy technique was 
used for non-destructive and real-time monitoring of RA transmission and the cell differentiation. The fabricated 
nanobiohybrid materials produced can be a new starting point for the production of various diagnostic / 
therapeutic agents. 
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Recently, Nano pattern structured materials have been used for biomelecules immobilization studies. In 
particular, nanostructured materials with high surfaced volume ratio, which are used as a biosensor, because it 
can be fabricated with small particles. This highly surface-enhanced nanostructured material can enhance 
sensing such as signal detection and transducer. So we have integrated aptamers with nanostructured materials 
with large surface area to study biosensors. We used a nature-derived three-dimensional porous nanostructured 
material to attach gold nanoparticles, and aptamers were immobilized on the gold nanoparticles. In addition, the 
aptamers were hybridized with the fluorescent reporter. The fluorescent signal is not turned on without the target 
because the aptamer-complementary sequence is quenched with gold nanoparticle. However, in presence of 
target, the target induces structural change of aptamer and the hybridized aptamer-complementary sequence is 
released from nanostructure showing the fluorescent signal. These optical transducers can be applied into 
nanobiosensors such as high throughput assays and sensing platforms. 

 
Keywords : gold nanoparticle, optical sensors, nanostructured material 
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Electrospun polystyrene-poly(styrene-co-maleic anhydride) (PS-PSMA) nanofibers (NFs) were used as an 
integrative platform for selective capture and culture of EpCAM-positive cells in liquid samples of cell culture 
medium and whole blood. The NFs were treated with streptavidin to facilitate bond formation between the 
amino groups of streptavidin and the maleic anhydride groups of the NFs. A biotinylated anti-EpCAM 
monoclonal antibody (mAb) was attached to the streptavidin-conjugated NFs via the selective binding of 
streptavidin and biotin. Upon simple mixing with EpCAM positive cells in solution under shaking, mAb-
attached NFs (mAb-NFs) could efficiently capture the target cells in a wide concentration range from 10 to 
1,000,000 cells per 10 mL. Captured cells could be directly cultured in the NF matrix, to ensure the cell 
proliferation and analysis. This antibody-loaded NFs can be employed for the selection and analysis of very rare 
EpCAM positive circulating cancer cells even from highly concentrated cell suspensions. 
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Biodiesel industry generates glycerol as a main by-product, and the conversion of glycerol to value-added 
products is an important issue. An enzyme, called glycerol dehydrogenase (GDH), can catalyze the conversion 
of glycerol to dihydroxyacetone (DHA), which is used as a tanning agent in cosmetics and much more 
expensive than glycerol. In this study, GDH was adsorbed (ADS) into magnetically-separable mesoporous silica 
with 38 nm mesocellular pores connected via 18 nm window mesopores (ADS), and further crosslinked via a 
simple glutaraldehyde treatment to prepare ‘nanoscale enzyme reactors’ of GDH (NER). When the stabilities of 
free and immobilized GDHs were checked in aqueous buffer under shaking (200 rpm), the residual activities of 
free GDH and ADS could not be measured due to the inactivation of GDH after 8 days and 22 days, respectively, 
while NER maintained 64% of initial activity even after 24-day incubation. Free and immobilized GDHs (ADS 
and NER) were measured for time-dependent conversion of glycerol to DHA not only by analyzing the 
generation of NADH spectrophotometrically (340 nm) but also by checking the increase of DHA peak via 
HPLC analysis. Magnetically-separable NER maintained 39% of initial activity after seven cycles of repeated 
uses while the residual activity of ADS dropped to 13% of initial activity only after two recycled uses. 
 
Keywords : glycerol dehydrogenase, glycerol, dihydroxyacetone, nanoscale enzyme reactor 
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Immunosensor based on a change in a fluorescent property when an antigen binds to antibody has been 
extensively studied by virtue of its ease of use, yet with high specificity and sensitivity. We developed unique 
and powerful fluoroimmunosensor named Q-body that works on the novel principle of antigen-dependent 
removal of quenching effect on fluorophores. The outstanding advantage of Q-body assay is its simplicity, 
which can be carried out by just mixing the Q-body with antigen and measuring its fluorescence, while almost 
all the traditional immunoassays require several incubation and washing steps. Using this convenient method, 
we have successfully quantified various target antigens including phosphorylated serine residues in vimentin, 
narcotics such as morphine, influenza hemagglutinin, and hen egg lysozyme. Moreover, using this Q-body, 
cellular imaging of osteocalcin produced by differentiated osteoblast cells or claudin proteins on tumor cells was 
successfully accomplished.  
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Cytokine-based therapies for cancer have not achieved widespread clinical success because of inherent toxicities. 
Treatment for pancreatic cancer is limited by the dense stroma that surrounds tumors and by an 
immunosuppressive tumor microenvironment. To overcome these barriers, we developed constructs of single-
domain antibodies (VHHs) against PD-L1 fused with IL-2 and IFNγ. Targeting cytokine delivery in this manner 
reduced pancreatic tumor burden by 50%, whereas cytokines fused to an irrelevant VHH, or blockade of PD-L1 
alone, showed little effect.  
 
Keywords : Antibody, Cytokine, Microenvironment, PD-L1, Pancreatic cancer 
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Claudins (CLs) are membrane proteins found in tight junctions and play a major role in establishing the 
intercellular barrier. However, some CLs are abnormally overexpressed on tumor cells and are valid clinical 
biomarkers for cancer diagnosis. Here, we constructed antibody Fab fragment-based Quenchbodies (Q-bodies) 
as effective and reliable fluorescent sensors for detecting and visualizing CLs on live tumor cells. The variable 
region genes for anti-CL1 and anti-CL4 antibodies were used to express recombinant Fab fragments, and clones 
recognizing CL4 with high affinity were selected for making Q-bodies. When two fluorescent dyes were 
conjugated to the N-terminal tags attached to the Fab, the fluorescent signal was significantly increased after 
adding nanomolar-levels of purified CL4. Moreover, addition of the Q-body to CL4-expressing cells including 
CL4-positive cancer cells led to a clear fluorescence signal with low background, even without washing steps. 
Our findings suggested that such Q-bodies would serve as a potent tool for specifically illuminating membrane 
targets expressed on cancer cells, both in vitro and in vivo. 
 
Keywords : Claudin, Antibody, Imaging, Cancer cell, Tight junction 
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Influenza, an acute respiratory disease that is induced by the influenza virus, has caused global outbreaks, with 
severe consequences for human health. We have successfully generated a Quenchbody that enables the detection 
of the influenza virus hemagglutinin (HA), in a simple and convenient manner. By two-site labeling of the 
bacterially-produced anti-HA Fab with ATTO520, its fluorescence intensity was increased to 4.4-fold, in the 
presence of a nanomolar concentration of H1N1 HA. Our results indicate the potential use of this Quenchbody, 
as a sensor for the simple in situ detection of influenza A virus. 
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The chronic diseases caused by bacterial infections are challenging to be treated because of their inherent 
resistance to antibiotics. The biofilm is a polymeric conglomeration of extracellular polysaccharides, proteins, 
lipids and DNA of bacteria provides a rigid barrier that the external anti-bacterial reagents cannot easily 
penetrate into. Synergy effect of antibiotic resistant bacteria and biofilm make them more resistant to chemicals 
and antibiotics. In order to overcome the problems of bacterial resistance and biofilm formation, we aimed to 
prepare diverse metal nanoparticles synthesized on graphene oxide (GO) nanosheets. Copper, silver, platinum 
and/or their bi-metallic nanoparticle are prepared on GO nanosheets that may be able to synergistically increase 
the efficacy of killing bacteria and destroying biofilms with the minimum amount of them to be biocompatible 
to mammalian cells. Prepared metal nanoparticle on GO nanosheets were characterized by X-ray diffraction 
(XRD), transmission electron microscopy (TEM), and Fourier Transform Infrared (FT-IR) Spectrometer. The 
antibacterial activity was evaluated by colony counting assay, live/dead assay and minimum inhibitory 
concentration (MIC) against common bacteria samples. The anti-biofilm property of nanocomposites was tested 
in a microfluidic channel that has biofilm formed along the channel walls. Reported work showed the potential 
of metal nanoparticles on GO nanosheets in prohibiting the infectious bacteria and their biofilm. 
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Pancreatic cancer has the highest mortality rate among all major cancers and the 5-year survival rate is less than 
4%. The biggest reason for the high mortality rate is that early diagnosis is difficult. In order to overcome this 
problem, cancer diagnosis and treatment through tumor-derived exosome detection has attracted attention 
recently. In this study, focusing on the hypothesis that exosome secreted by pancreatic cancer cells provides 
information on mother cancer cells, we developed a method to detect pancreatic cancer by detecting exosome. 
Antibodies are commonly used to bind to proteins on the cell surface and capture exosomes. However, surface 
proteins targeted by antibodies will change constantly due to proliferation of pancreatic cancer cells, and can be 
changed while circulating blood and body. Therefore, in this study, we screened lectin proteins that bind to 
glycans on the surface of pancreatic cancer cells and developed the exosome capture technology based on lectin-
sugar binding capacity instead of antibodies. Exosomes secreted by pancreatic cancer cells have sugar chain 
signatures such as their mother cancer cells so they could be captured using lectin proteins. Lectin-immobilized 
Janus nanoparticles were produced, and reacted with the target exosome in either tubes or microchannels. It is 
confirmed that Lectin-Janus nanoparticles can capture exosomes qualitatively, providing a important 
information for the diagnosis of pancreatic cancer. 
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Drug release at an appropriate rate is an important factor in drug delivery. The use of stimulus responsive 
polymers in drug delivery systems is a method of controlling drug release rate. Poly (N-isopropylacrylamide) 
(PNIPAM) is one of the extensively studied temperature-responsive polymers that changes hydrophobic or 
hydrophilic properties depending on lower critical solution temperature (LCST) (at 32°C). We synthesized the 
PNIPAM by adapting the reversible addition-fragmentation chain transfer (RAFT) polymerization method that 
can control the length of the polymer and can have a fast reaction rate. The synthesized PNIPAM contains a 
thiol group providing moieties to rod-shaped gold nanoparticles (AuNPs), which have strong absorbance in the 
near-infrared light. The polymer-nanoparticle complexes contain anti-tumor drug molecules (e.g. doxorubicin) 
through noncovalent conjugations. The successful preparation of polymer-nanoparticle-drug molecule was 
confirmed through the series of physicochemical characterizations, including Fourier transform infrared (FTIR) 
spectroscopy, nuclear magnetic resonance (NMR), ultraviolet-visible (UV-vis) spectroscopy, transmission 
electron microscopy (TEM), and dynamic light scattering (DLS). Irradiation on PNIPAM/AuNPs/Doxorubicin 
with near IR increased the temperature of solution over LCST. Simultaneously, PNIPAM aggregates as it 
became hydrophobic and released doxorubicin molecules, which were bound to the surface of AuNPs/PNIPAM 
electrostatically. Reported work demonstrates the triggered drug release upon controlling the temperature of 
microenvironments by preparing the photothermally responsive polymer-nanoparticle complexes in response to 
light irradiation 
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Engineering of microorganisms to produce desired bio-products with high titer, yield, and productivity is often 
limited by product toxicity. This is also true for succinic acid (SA), a four carbon dicarboxylic acid of industrial 
importance. Acid products often cause product toxicity to cells through several different factors, membrane 
damage being one of the primary factors. In this study, cis-trans isomerase from Pseudomonas aeruginosa was 
expressed in Mannheimia succiniciproducens to produce trans-unsaturated fatty acid (TUFA) and to reinforce 
the cell membrane of M. succiniciproducens. The engineered strain showed significant decrease in membrane 
fluidity as production of TUFA enabled tight packing of fatty acids, which made cells to possess more rigid cell 
membrane. As a result, the membrane-engineered M. succiniciproducens strain showed higher tolerance toward 
SA and increased production of SA compared with the control strain without membrane engineering. The 
membrane engineering approach employed in this study will be useful for increasing tolerance to, and 
consequently enhancing production of acid products. This work was supported by the C1 Gas Refinery Program 
through the National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future 
Planning (NRF-2016M3D3A1A01913250). 
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Deinococcus radiodurans DR1558 and PprM genes were known to confer high tolerance to pH and osmotic 
shock in Escherichia coli. D. radiodurans dr1558 and pprM genes were expressed in C. glutamicum by using 6 
synthetic promoters of different strengths and evaluate the effect of expression efficiency on lysine production. 
The expression of PprM under the I64 and L26 promoters showed a higher lysine yield than the other promoters, 
producing up to 12.65 g / l lysine. 
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We have developed a method for purifying the protease derived from the polar microorganism, 
Janthinobacterium sp. PAMC25641 strain. Purification was performed by first precipitating ammonium sulfate 
at a concentration of 30 to 80%, and then removing ammonium sulfate through dialysis. The first purified 
proteins were bound using a DEAE-Sepharose column. Protease activity was measured in each fraction. At 
optimal conditions (precipitation with 70% ammonium sulphate, pH 8.5, flow rate 30 ml / h DEAE-Sepharose 
loading conditions), the recovery yield of protease was 29%. The purification method used in this experiment 
can be effectively used for protein purification of polar microorganisms. 
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Synthetic environmental toxins are widely distributed with adverse effect on human health. Persistent organic 
pollutants(POPs) are synthetic chemicals that are resistant to degradation through chemical, biological and 
photolytic process. [1] Meanwhile, several animal models like mouse or rats are used to study the effect of toxic 
materials. Zebrafish, well-known vertebrate organism, has strength as novel animal model in research of disease 
or toxicology due to its rapid ontogeny process and easier genetic and proteinic manipulation than other animal 
models. Also, it is beneficial to examine several exposure-effect from its water-survival nature. Here, 5 kinds of 
persistent organic pollutants mixture (β-HCH, Heptachlor, Hexachlorobenzene, 4, 4’-DDT and Chlordane) are 
directly treated to isolated mitochondria of zebrafish’s liver to analyze its effect on mitochondrial activity. After 
adding POPs mixture, activity of each mitochondrial complex I, II, III and IV was measured immediately to 
examine the short-term exposing effect by spectrophotometric method. [2] As a result, higher concentration of 
POPs treated mitochondria exhibited much more enhanced enzymatic activity than non-treated one except 
complex III. In the case of complex III, conversion of hexachlorobenzene contained in POPs into redox-active 
form as tetrachloro-1,4-benzoquinone in oxidative condition is competitively able to inhibit the Q binding site of 
mitochondrial complex III resulting in decreased enzymatic activity. Competitive inhibitory action was 
confirmed by steady-state kinetic analysis of complex III with different concentrations of substrate and POPs 
mixture. Accordingly, production of ATP was decreased in POPs treated mitochondria compare to non-treated 
one. The results of this study suggest in-vitro effects of POPs on mitochondrial OXPHOS system and suitability 
of zebrafish as toxicological risk-assessment model to analyze function of mitochondria with toxins. 
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Women in menopause experience physical and mental changes such as weight gain and depression because of 
reduced estrogen caused by ovarian dysfunction. Hormone replacement therapy and administration of estrogen 
relieve the menopause symptoms, but they have side effects such as breast cancer by long-term administration. 
In this study, we examined 4 groups of ovary removed mice including normal, high fat, high fat + estradiol, high 
fat + rice extracts diet to know how rice extracts affect to mitochondria function in brain isolated because 
mitochondria is a key organelle playing a vital role in energy metabolism, fatty acid oxidation and control 
various signals and hormones in a cell. The result represents that the high fat + rice extracts diet group increased 
amount of mitochondrial protein and enzyme activities of OXPHOS complex I, IV , and decreased oxidative 
stress compared to high fat diet group. These effects were even greater than high fat + estradiol diet group. It 
implies that rice extracts has a positive effect on mouse brain mitochondrial function and it might be used as 
alternative substance to alleviate the symptoms of menopause. 
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Methane gas is the main ingredient of shale gas. Therefore, this gas triggers global warming through 
accumulated amount. Many researcher wish solve this problem. For this reason, there has been interest in 
methanotrophic bacteria. These strains utilize the methane monooxygenase (MMO) and change the methane to 
methanol. However, this enzyme is difficult to heterogeneous expression. Based on variety study, we suggested 
the presence of inhibitor to heterologous expression in Escherichia coli and found the inhibitor of impede 
supplementation factor. Confirmation the effect of supplementation factor for improving the expression rate of 
mRNA at α subunit as a core subunit and affirmed the protein expression by SDS-PAGE and western blotting. 
Confirmation of sizes the respective subunits are α (61 kDa), β (46 kDa), γ (21 kDa), B (16 kDa) and C (40 
kDa). We sustained that detected bands are correlative the expected size of sMMO. Finally, the activity affirmed 
indirectly through the naphthol assay. This study is look forward to reduce methane by MMO and utilizing 
decomposes methane for making high value-added compound. 
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Leghemoglobin (LHb), a plant derived hemoglobin is used in food industries and has the potential to be used in 
pharmaceutics as iron substitutes or artificial blood. LHb is produced by genetically engineered bacteria and 
yeasts. However, when it comes to bacteria, the lack of heme prevents the LHb to form the holoprotein that 
contains heme as the cofactor. This study focuses on how to maximize the proportion of heme attached to the 
apoprotein by introducing both heme and leghemoglobin producing genes into the pColdII plasmid. 
Aminolevulinic acid synthase gene was from Rhodobacter capsulatus to support the production of the cofactor 
heme by increasing its precursor aminolevulinic acid. Leghemoglobin gene was derived from Glycine max and 
was codon-optimized. Recombinant strain pCL showed that increasing the ALA amount improved the final 
heme content, which concludes that existence of leghemoglobin is beneficial to the production of heme. 
Recombinant strains pCAL and pCLA showed difference in both heme and LHb content, concluding that gene 
order influences the production of heme and hemoproteins. This indicated that strain pCLA holds industrial 
application potential for the future. 
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Direct degradation of melanin in pigment was less researched due to its possibility of chemical methods’ 
toxification. Laccase from Escherichia coli and dye-decolorizing peroxidase from Bacillus subtilis are usually 
used for oxidation decomposing of lignin. This enzyme complex can degrade melanin directly with less addition 
of hydrogen peroxide. When laccase oxidative degrade melanin compound using oxygen in water, hydrogen 
peroxide is produced that melanin has oxidized. The produced hydrogen peroxide used for peroxidase to 
complete hydrogen peroxide circulation. These processes are combined to get higher synergic degradation 
effects. Melanin binding peptide (4B4) has 64 % higher bound activity to melanin than cellulose binding module. 
Laccase and peroxidase are fused with dockerin module from Clostridium cellulovorans using fusion PCR. 
Assembled complex caused a significant increase of melanin degradation with a 1.9-fold enhanced synergic 
effects comparison with laccase alone. Furthermore, we had skin experiment for confirmation through confocal 
laser microscope. Based on these results, this recombinant enzyme complex is suitable for next whitening agent 
in skin cosmetic industries. 
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Heme, which is one of organic based iron supplement, has attracted attention as a promising substitution for 
dietary iron supplementation. However, heme is mainly synthesized by chemical reaction and organic extraction 
of plant biomass and animal blood, which are low-yielding, complex and eco-unfriendly. In this study, 
Corynebacterium glutamicum was engineered based on push and pull module for the enhanced heme 
biosynthesis. First, one of glutamate producer C. glutamicum strains was selected as a biosystem for heme 
production, which shows the highest heme production when activating natural pathway as a push part. And then, 
the push part was reinforced by consolidating natural pathway with unnatural pathway derived from other 
phylum. This engineered strain showed increased production of heme in C. glutamicum, corresponding to 7.5-
fold increase compared to wild type strain. In order to pull metabolic flux to heme production, the enzyme 
involved in the final step was overexpressed. This final strain integrating push and pull module showed the 
heme production 9.5-fold higher than that of wild type. Thus, this study indicates a biotechnological model for 
heme bio-based production. 
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Itaconic acid (IA), a petroleum-alternative monomer, is known as one of the bio-based top 12 building block 
chemicals, mainly used in industry for synthesis of rubbers, resins, plasticizers, and lattices. Thus, designing 
microbial whole cell catalyst for IA production from biomass waste is a key biotechnology for reducing the 
production process and cost. For bio-based production of IA, Corynebacterium glutamicum was metabolically 
engineered through heterologous overexpression of cis-aconitic acid decarboxylase (CadA) from Aspergillus 
terreus. In addition, overexpression of transcriptional regulator RamA also induced the IA production by 
enhancing the metabolic flux of TCA cycle toward cis-aconitic acid. For direct degradation of biomass waste 
into a carbon source, amylase was secreted, and cellulase complex was displayed on cell surface of C. 
glutamicum. This engineered strain converted biomass waste to reducing sugars. Finally, the engineered strain 
successfully produced IA and Its derivative from amylase-pretreated biomass waste. Microbial whole cell 
biocatalyst will provide reducing reaction steps in a single strain, which result in lowering the cost and 
increasing the production yield. 
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Robustness of industrial microbe is essential because environmental factors like temperature and aeration are 
not perfectly balanced in large scale culture, which can largely affect production of target material and 
byproducts. Recent studies show that reactive oxygen stress (ROS) is widely relevant to environmental stress 
and toxicity. In this study, we tested ROS level depending on alcohol toxicity and temperature in Yarrowia 
lipolytica. Also, we show that ROS chelating material can reduce effect of those environmental factors. By 
introducing superoxide dismutase (SOD) gene, we made Y. lipolytica overcome ROS stress by itself. 
Heterologous expression of SOD in Y. lipolytica resulted in decrease of ROS level and recovery of growth 
toward environmental stresses. Also, tolerance toward alcohol makes possible production of fatty acid ethyl or 
methyl ester in Y. lipolytica. This study can be helpful for robust industrial microbe construction and culture 
system development. 
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CO2 is recognized as one of the most important air pollutants as a major source of greenhouse effect. So, 
Research to reduce atmospheric CO2 using photosynthetic organisms that use CO2 for growth has attracted 
much attention recently. Chlorella vulgaris, which can use carbon dioxide as a carbon source, has been studied 
to use carbon dioxide more efficiently in a variety of ways. In this study, an enzyme complex is formed by using 
carbonic anhydrase, an enzyme that converts carbon dioxide to bicarbonate, so that C. vulgaris can utilize 
carbon source more efficiently. Carbonic anhydrase is fused with dockerin protein to form a complex by cohesin 
of scaffolding protein. The enzymatic activity of the enzyme complex was 1.5-folds higher than that of single 
enzyme. Then, 5 % carbon dioxide was supplied to the C. vulgaris with enzyme complex and cultured for 7 
days. The C. vulgaris with enzyme complexes grew to OD600=4.0 which is higher than that of wild type C. 
vulgaris (OD600=2.7). The results of this study showed that the carbonic anhydrase complex was able to rapidly 
convert carbon dioxide to bicarbonate, which enabled rapid growth of photosynthetic microalgae, C. vulgaris. 
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In mammals, olfaction starts with selective binding of odorants to olfactory receptors (ORs) in nasal mucus. The 
combinations of ORs stimulated by odorants are believed to decide the odor perception [1]. The affinity between 
an OR and a molecule is defined by their various molecular properties and other chemical aspects in a 
complicated manner. Thus, it is genuinely difficult to define which ORs an odorant will bind, and what smell it 
will be perceived as simply by considering their properties. Instead of examination of molecular properties of an 
odorant, analysis of the overall combinatorial response pattern of the human ORs can give the insight for the 
further understanding of olfaction on the olfactory receptor level. To stimulate 388 human ORs for a pattern 
determination, we chose indole whose smell is perceived differently by its concentration. ORs were 
heterologously expressed on Hana3A cells respectively, and the OR activation by indole was measured using 
the luciferase assay [2]. The results were arranged and visualized with heatmaps. This visualization will allow 
easier analysis of the overall pattern of OR responses and further comparison with patterns with other odorants. 
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Clostridium cellulovorans displays enzyme complexes called cellulosomes that usually break cellulosic biomass 
on their cell wall. In our study, a novel cellulosomal enzyme component, chitinolysis supporting exo-
glycosidase (CSE) was detected by fluorescent cohesin marker in broth of cultured C. cellulovorans with 
insoluble substrates. First, the CSE was composed of signal peptide, F5/8 type C domain as N-acetyl 
glucosamine binding domain, chitobiase/ beta-hexosaminidase C-terminal domain as catalytic domain, and 
double repeated dockerin through Signal P and BLAST sequence analysis. Second, in degradation test, the CSE 
performed exo-type hydrolysis by producing monosaccharide such as glucose and glucosamine. Third, in 
adherabilty test, the CSE demonstrated 89% binding ability to insoluble chitin remarkably. Last, in application 
test, the CSE could degrade fungi producing 8.2-fold glucosamine. Taken together, these results suggest that the 
CSE might be a candidate as a novel chitinolysis supporting exo-glycosidase with multifunction and its 
application could be versatile in further research. 

 
Keywords : Cellulosome, Chitinolysis supporting exo-glycosidase, Clostridium cellulovorans  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

502 

 

P0715 Encapsulation of Daunorubicin into Yeast-Derived Lysosomes as Drug Delivery vehicles for Acute 
Myeloid Leukemia (AML) Treatment 
 
Wooil CHOI1,1, Mi Young HEO1,1, Yang-Hoon KIM2,2, Jiho MIN1,1 
1Graduate School of Semiconductor and Chemical Engineering, Chonbuk National University, 567 Baekje-
daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, South Korea, 2School of Biological Sciences, Chungbuk 
National University, 1 Chungdae-Ro, Seowon-Gu, Cheongju 28644, South Korea 
Corresponding Author Email : jihomin@jbnu.ac.kr 
 
Saccharomyces cerevisiae contain vacuoles corresponding to lysosomes that have similar lipid composition 
membrane to mammalian cell membrane. The lysosomes are an intracellular organelle in eukaryotic cells with 
an acid pH in the range of pH 4.5-6, which contains acidic hydrolases and specific membrane proteins. More 
than 60 kinds of hydrolytic enzymes degrade and digest substances inside and outside of the cell. The 
anthracycline antibiotics daunorubicin is widely used in the treatment of acute leukemia. Daunorubicin, weakly 
basic anticancer drug, is sequestered in the lysosomal compartment via a pH partitioning mechanism. Taking 
advantage of these structural similarities and bio-derived strengths, we describe how to encapsulate 
daunorubicin into lysosome derived from yeast as drug delivery vehicles. We identified the appropriate time and 
concentration to encapsulate the drug. In addition, we confirmed the retention time and the effect of drug in 
lysosomes. According to this study, a more accurate lysosomal encapsulation method could be optimized, and it 
could confirm to the use of Saccharomyces cerevisiae derived lysosomes as drug delivery vehicles. This 
research was supported by Basic Science Research Program through the National Research Foundation of 
Korea(NRF) funded by the Ministry of Science, ICT & Future Planning(2017R1A2B4009775). 
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Hydroponic cultures have gained worldwide popularity and are increasingly used for various purposes in 
different geographic areas. Hydroponic cultures offer a number of benefits, including: the ability to reuse water 
and nutrients, easy environmental control, and prevention of soil-borne diseases and pests. Majority of the 
research focused on promoting growth of plants, managing nutrients, pathogens, heavy metal, salts, and etc. 
Meanwhile, lettuce is one of the most consumed vegetables in Korea. For its production and satisfactory quality, 
it is necessary to have an adequate supply of nutrients and water availability. Withal, fish and seaweed wastes 
are steadily generated as their consumption is increased. It has been known that they are novel resources for 
production of high content of amino acids and plant-growth-promoting bioactive compounds. Furthermore, 
production of biofertilizer from these fishery wastes has been demonstrated as a means of complete reuse. 
For this reason, biodegradation of mixed fishery wastewater was performed using mixed microbes for 72 h. The 
mixing ratio of fish to seaweed at 10:1 in the mixed wastewater resulted in most abundant amino acids content 
(4585.2 mg/L). The total contents of N, P and K exceeded the standards and those of heavy metals were much 
less than the standards.  
According to the basic results, hydroponic culture of lettuce was carried out in a two-layer cultivation system for 
30 days. The biofertilizer (9.8±0.35) enhanced the growth of lettuce 1.5-fold in comparison with the control 
solution (8.5±0.2). During the hydroponics, pathogens were not detected. 
 
Keywords : Hydroponic Lettuce Production , biofertilizer, Biodegradation, Mixed Fishery Wastewater 
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Although brown macroalgae has an enormous potential as an alternative feedstock, its utilization by 
conventional microbial platforms has been limited due to the inability to metabolize one of the major 
carbohydrate, alginate. Here, we isolated Vibrio sp. dhg, a novel, fast-growing bacterium that can efficiently 
assimilate alginate. Based on systematic characterization of the genomic information of Vibrio sp. dhg, we were 
able to develop a genetic toolbox for its engineering, and successfully demonstrated its ability to rapidly produce 
a broad spectrum of chemicals (ethanol, 2,3-butanediol, and lycopene) from brown macroalgae sugar mixtures 
with a high productivity and yield. Collectively, the Vibrio sp. dhg strain is a powerful platform for the 
conversion of brown macroalgae sugars whose usage will dramatically accelerate the production of value-added 
biochemicals. 
 
Keywords : Brown-macroalgae, Algae, Alginate, Vibrio, Productivity, Ethanol, 2,3-Butanediol, Lycopene 
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P0718 Activity of Peptides Derived from Phage Library against Shigella flexneri and Salmonella 
enteritidis 
 
Bit-Na KIM1, Yang-Hoon KIM2, Jiho MIN1 
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Microbial infections caused by bacteria have become a growing threat to public health. Hence, the growing 
problem of microbial infections call for the development of new methods for the detection and specific 
inhibition of such pathogenic bacteria. We screened peptides capable of specific binding to outer membrane 
protein of S. flexneri and S. enteritidis, which are the most prevalent bacterial foodborn pathogen, from a phage 
display library. The characteristics of selected peptides for specific binding to each strain and growth inhibition 
of bacterial cells were determined. After 3 rounds of panning, two specific peptides, which revealed common 
and Salmonella-specific peptide, were selected that exhibited higher binding affinity and specificity for two 
strains. It was indirectly confirmed that each of the peptides adhered to the cell surface by immunofluorescence. 
Due to that, common and Salmonella-specific peptide, inhibited the growth of S. flexneri and S. enteritidis, 
respectively. This research was supported by Basic Science Research Program through the National Research 
Foundation of Korea(NRF) funded by the Ministry of Science, ICT & Future Planning(2017R1A2B4009775). 
 
Keywords : Shigella flexneri, Salmonella enteritidis, specific peptide, inhibition 
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Public health demands the exact evaluation of microorganisms in drinking water and in raw and processed foods 
to prevent outbreaks of microbial contamination. A expansive variety of waterborne and foodborne pathogens 
exist at extremely low concentrations. Therefore, these pathogens are difficult to detect. Most of the reported 
outbreaks were caused by bacterial pathogens, especially pathogen Escherichia coli, Salmonella enteritidis and 
Shigella flexneri. However, because important fraction of essential Escherichia coli genes are conserved 
throughout the bacterial kingdom, oligonucleotide primers for specific Escherichia coli detection are difficultly 
identified. This study was used to design oligonucleotide primers with differing levels of specificity for the 
simultaneous detection of Salmonella enteritidis, Shigella flexneri and Escherichia coli by PCR. The specific 
primers were able to detect mixed pathogens. 
This research was supported by Basic Science Research Program through the National Research Foundation of 
Korea(NRF) funded by the Ministry of Science, ICT & Future Planning(2017R1A2B4009775). 
 
Keywords : PCR, Escherichia coli, Salmonella enteritidis, Shigella flexneri 
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Melanin compounds, the most important factor to determine skin color, protect the dermis by blocking harmful 
ultraviolet radiation, however can make skin dark and unclean, cause a hyperpigmentation like a melisma. so 
many researches are underway to eliminate this. However, most of existing skin whitening cosmetics only 
inhibit melanin synthesis but do not remove existing melanin compounds. 
In this study, melanin color reduction by lysosomal-related extracts (LOE) was confirmed. Lysosome, the 
organelle that contain hydrolytic enzymes that can break down many kinds of biomolecules, was isolated from 
Egg white of hen. 100ppm melanin solution was treated by enzyme of LOE extracted with lysis buffer and 
Melanin contents were assayed by absorbance at 450 nm. Melanin reduction efficiency according to 1,2,4 mg / 
ml LOE concentration was confirmed and the results of treatment with 100 µg of enzyme each day were also 
confirmed. Therefore, the LOE can be a novel cosmeceutical source expected to care skin in innovative way. 
 
 
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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Application to Isoquercitrin Production from Rutin 
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This study was conducted to characterize recombinant a-L-rhamnosidase from Chloroflexus aurantiacus and 
apply the enzyme in the production of isoquercitrin from rutin. The a-L-rhamnosidase from C. aurantiacus was 
cloned and expressed in Escherichia coli BL21 and purified as a soluble enzyme. a-L-rhamnosidase purified 
from C. aurantiacus has a molecular mass of approximately 105 kDa and is predicted to exist as a homodimer 
with a native enzyme of 200 kDa. The purified enzyme exhibited the highest specific activity for rutin among 
the reported isoquercitrin producing a-L-rhamnosidases and was applied in the production of isoquercitrin from 
rutin. Under the optimized conditions of pH 6.0, 50℃, 0.6 U mL-1 a-L-rhamnosidase, and 30 mM rutin, a-L-
rhamnosidase from C. aurantiacus produced 30 mM isoquercitrin after 2 h with a 100% conversion yield and 
productivity of 15 mM h-1. We achieved a high productivity of isoquercitrin from rutin. Moreover, these results 
suggest that a-L-rhamnosidase from C. aurantiacus is an effective isoquercitrin producer. 
 
Keywords : Chloroflexus aurantiacus, Rutin, Isoquercitrin, a-L-Rhamnosidase, Enzymatic 
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Olfactory receptors are not only specialized in their main function in olfaction, also contributing metabolic 
functions in tissues other than olfactory tissue. These ectopically expressed olfactory receptors are considered as 
therapeutic targets for drug discovery, and identification of olfactory receptors and their ligands provides a far-
reaching impact on understanding the physiological interaction between them. Recent study demonstrated that 
one of their ligands, azelaic acid (AzA), binds to Olfr544, a mouse olfactory receptor, and their binding 
interaction induces antiobesogenic effects [1]. Here we apply luciferase assay to observe specific human 
olfactory receptors similar to that of mouse responding to AzA. 388 known human olfactory receptors are 
treated with 100uM of AzA to measure binding activity through normalized value between firefly and renilla 
luciferase signals. Putative hOR candidates present active signals to AzA. Ongoing work focuses on 
deorphanizing potential AzA-hOR pairs which facilitates subsequent research on the relationship between 
ectopic human olfactory receptors and obesity. 
 
Keywords : Human olfactory receptor, Luciferase assay, Azelaic acid, Obesity 
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Cell-penetrating peptide (CPP) is a biomolecule which has the ability to cross cell-membrane and penetrate into 
cells. CPP has been considered as potential drug delivery system due to its unique capabilities of delivering 
drugs, antibodies, and enzymes into cells. 30Kc19, found in insect hemolymph, is the cell-penetrating protein 
which has properties of increasing solubility and stability of biomolecules fused with 30Kc19. In addition, 
previous studies of 30Kc19 revealed that it has anti-apoptotic effect against cells into which 30Kc19 is 
penetrated. However, all of the previous studies regarding 30Kc19 have focused on its cell penetration 
properties. Here, we report for the first time that 30Kc19 has the ability to escape out of cells. When 30Kc19 
was treated onto HUVECs, which compose human blood vessel barriers, 30Kc19 was able to freely move in and 
out of HUVECs. If extrinsic biomolecule is injected into the blood vessels, it is normally destined to be 
degraded rapidly by proteases and immune cells. However, due to its ability to move in and out of HUVECs 
freely, 30Kc19 is expected to increase the half-life in the blood vessels by avoiding proteases and immune cells 
in vivo. 
 
Keywords : cell penetrationg protein, drug delivery system, half-life in vivo 
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Coacervation is the one of liquid-liquid phase separation phenomena in colloidal system. Simple coacervation 
can be normally induced by the addition of alcohols and salts via the self-charge neutralization of one type of 
polyelectrolyte macromolecule. In our previous studies, we revealed that our synthetic acidic protein “GG1234” 
could effectively combine with calcium ions and form simple coacervates in various salts at pH 3~4. In this 
study, the effect of GG1234 and its coacervates was investigated in in vitro calcium carbonate crystallization. 
Turbidity measurements, microscopic morphological observations suggested that both the acidic protein 
GG1234 and the GG1234-induced coacervates phase can affect the morphological control in calcium carbonate 
biomineralization processes. The detailed results and discussion will be presented. 
 
Keywords : Simple coacervation, coacervation, CaCO3, biomineralization 
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MgtC, MgtB and MgtA contribute to accumulation of the sigma factor RpoS in Salmonella enterica 
Myung-Seo Park1,2 , Dongwoo Shin2 and Dae-Hyuk Kweon1  
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Bioengineering, Sungkyunkwan University 
2Molecular Bacteriology, Department of Molecular Cell Biology, Sungkyunkwan University School of 
Medicine 
 
The sigma factor RpoS controls expression of many genes, which enables bacteria to survive under stationary 
phase and to endure various stresses. Regulation of RpoS accumulation occurs at the levels of transcription, 
translation and degradation. It was previously reported that Mg2+ starvation induces RpoS accumulation in 
logarithmically growing Salmonella. This could be ascribed to the finding that the response regulator PhoP 
directly activates expression of the iraP gene encoding an antiadaptor protein that hinders RpoS degradation. 
However, lowered level of RpoS protein was still remained in iraP deleted strain. In the present study, we report 
that other PhoP-activated genes mgtC, mgtB and mgtA contribute to RpoS accumulation in Salmonella growing 
at low Mg2+. mgtC encodes the F1Fo ATP synthase inhibitory protein MgtC and magnesium transporter mgtB, 
mgtA are important for magnesium homeostasis. In contrast to wild-type Salmonella, the mgtC deletion strain 
failed to accumulate RpoS in low Mg2+ conditions, which was complemented by plasmid expression of the 
mgtC gene. MgtC contributed to RpoS accumulation at the post-translational level, acting against RpoS 
degradation. Consistent with this notion, the mgtC mutant carrying an rssB or clpX deletion was able to 
accumulate RpoS. MgtC also promoted rpoS translation as evidenced by the finding that levels of the RpoS-
GFP hybrid protein bypassing RssB-ClpXP-mediated proteolysis were much lower in the absence of mgtC than 
in its presence. Given that overproduction of the ATPase from plasmid enabled the mgtC mutant to accumulate 
RpoS, the defective RpoS accumulation in the mgtC mutant was likely to be associated with the increase of 
cellular ATP levels. we found that plasmid expression of the Salmonella mgtC gene promoted RpoS 
accumulation in E. coli growing at low Mg2+. 
 
Keywords : RpoS, Salmonella, magnesium homeostasis 
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2’-Fucosyllactose (2’-FL) is one of the oligosaccharides which highly benefits human health. Producing 2’-FL 
from engineered microorganisms has many industrial and economic advantages. Alpha-1,2-Fucosyltransferase 
originated from Helicobacter pylori (FucT2) is the key enzyme which participates in producing 2’-FL in the E. 
coli. However, FucT2 is expressed insoluble in E. coli, which is considered to be one of the major causes of low 
2’-FL productivity. The crystal structure of 1,2-FT has not yet been identified, which makes rational protein 
engineering difficult. In this study, FucT2 was engineered to improve solubility through directed evolution using 
kanamycin resistance gene as a reporter gene. Mutant library of FucT2 created by error-prone PCR and DNA 
shuffling was inserted into N-terminal of kanamycin resistance gene (KanR) to form fusion protein, FucT2-
KanR. Soluble FucT2 mutant was selected by treating kanamycin to FucT2 mutant library-KanR. After 5 cycles 
of directed evolution with kanamycin resistant gene, minimal inhibitory concentration (MIC) of mutant FucT2-
KanR was increased 20 times and solubility of mutant FucT2-KanR was also increased 3 times. From the FucT2 
soluble mutant, specific amino acid sequences of V72, G123, D159 are thought to affect the solubility of FucT2. 
Finally, production of 2’-FL in the E. coli was greatly improved by the FucT2 mutants. The results demonstrate 
a compromising method to engineer the solubility of fucosyltransferase which structure is not identified in E. 
coli.  
 
Keywords : human milk oligosaccharide, 2'-Fucosyllactose, fucosyltransferase 
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2′-Fucosyllactose (2′-FL) is the most abundant milk oligosaccharide in human breast milk and it has several 
benefitsfor infant health. The quantification of 2′-FL in breast milk or from other sources generally requires 
lengthy analyses.These methods cannot be used to simultaneously detect 2′-FL in numerous samples, which 
would be more time- efficient. In this study, two genes, namely α1,2-fucosidase from Xanthomonas manihotis 
and L-fucose dehydrogenase from Pseudomonas sp. no. 1143, were identified, cloned and overexpressed in E. 
coli. The recombinant enzymeswere produced as 6×His-tagged proteins and were purified to homogeneity using 
Ni2+ affinity chromatography. Thepurified α1,2-fucosidase and L-fucose dehydrogenase are monomers with 
molecular masses of 63 kDa and 36 kDa, respectively. Both enzymes have sufficiently high activities in 
phosphate-buffered saline (pH 7.0) at 37°C, making itpossible to develop a coupled enzyme reaction in a single 
buffer system for the quantitative determination of 2′-FL in alarge number of samples simultaneously. This 
method can be used to quantify 2′-FL breast milks and in samples collected from different phases of the 
biotechnological production of this oligosaccharide. Furthermore, the method isapplicable for the rapid 
screening of active variants during the development of microbial strains producing 2′-FL. 
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한국생물공학회, 생물공학의 동향 : 2019.04 

 

515 

 

P0728 Construction and enzyme assay of sucrose phosphate synthase/phosphatase fusion proteins for 
enhancing sucrose production in Synechocystis sp. PCC 6803 

 
Jeongwoo KIM1, Hyunuk CHO2, Gyuhyun KIM3, Jongmoon PARK1,2,3 
1School of Interdisciplinary Bioscience and Bioengineering, POSTECH, 37637, 77 Cheongam-ro Nam-gu, 
Pohang, Korea, 2Dept. of Chemical Engineering, POSTECH, 37637, 77 Cheongam-ro Nam-gu, Pohang, Korea, 
3Division of Advanced Nuclear Engineering, POSTECH, 37637, 77 Cheongam-ro Nam-gu, Pohang, Korea 
Corresponding Author Email : jwkim1222@postech.ac.kr 
 
Since cyanobacteria are fast-growing photosynthetic microorganisms that can produce a variety of useful 
products through light energy and CO2, they’ve become promising producers of biofuels and chemicals. Under 
high salt conditions, many cyanobacteria synthesize compatible solutes such as sucrose or glucosylglycerol for 
salt acclimation. In this study, we chose sucrose as the target molecule, because it could be a good source of 
many other commodity chemicals like ethanol, glucaric acid, etc. To enhance sucrose productivity in 
Synechocystis sp. PCC 6803, we are doing the overexpression of the enzymes like sucrose phosphate synthase 
and sucrose phosphate phosphatase which are involved in the sucrose production pathway. Also, we’re doing 
the knockout of ggpS which is in competitive glucosylglycerol production pathway. Simultaneously, we’re 
constructing bifunctional enzymes composed of sucrose phosphate synthase and sucrose phosphate phosphatase. 
By doing so, we’re expecting that we can achieve further improved productivity by a substrate channeling effect. 
The fusion enzymes were designed to have several kinds of linkers, but first of all, we chose the most common 
flexible linkers (GGGGS)2 first. After the construction, their activities were measured in vitro before 
transformation into cyanobacteria. We inserted the fusion genes into pTrcHis C expression vector and expressed 
them in E. coli. After that, we purified them and performed the enzyme assays. 
 
Keywords : Cyanobacteria, Sucrose, Enzyme assay 
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The appearance of drug-resistant strains of influenza A virus (IAV) has boosted research for new antiviral 
agents. To supplement or replace existing drugs, interest in peptide-based antivirals has been resurged. There 
have been various studies of antiviral peptides, especially amphipathic alpha-helices, which have both 
hydrophilic and hydrophobic faces in their structures. In previous studies, the amphipathicity and charge were 
focused to be responsible for antiviral activity. Here, we report on anti-influenza effect of M2 amphipathic helix 
(M2 AH) which is cytoplasmic tail of M2 proton ion channel of IAV, and novel derivatives of it (M2 MH).We 
evaluated the antiviral activity of these peptides using in vitro plaque reduction assay, and found that M2 MH 
with increased hydrophobic moment exhibited improved antiviral effects against A/PR/8/34 strain. We also 
confirmed that M2 MH showed great selective index (SI) value of 359.69, which is greater than that of other 
antiviral peptides. To reveal whether these synthetic peptides interact with viral protein or membrane,several in 
vitro assays were performed. From results of DLS and TEM, we figured out that these peptides directly 
influence on viral membrane, rather than proteins. These data suggest that M2 AH and MH inhibit viral 
infection by remodeling and rupturing viral membrane directly, and have great potential as antiviral agents. 
 
Keywords : Antiviral peptide, influenza virus, amphipathic helix, hydrophobic moment 
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Eubacterium limosum (Elm) KCTC13266BP is an acetogenic bacterium which is able to produce acetate and 
butyrate from carbon monoxide (CO). Like other acetogens, Elm KCTC13266BP strain fixes carbon via Wood-
Ljungdahl pathway (WLP) by the oxidation of CO, and Acetyl-CoA as a reduced intermediate is either 
converted to acetate or incorporated into the cellular biomass. CO Dehydrogenase (CODH), as a key enzyme in 
WLP, mainly acts as the way of reducing power conservation by the oxidation of CO, and this key enzyme 
initiates the metabolic pathway of energy required for the cellular metabolism in autotrophic condition. Since 
bioconversion of CO to valuable chemicals using acetogens has an attractiveness due to cost efficiency 
compared to the process using chemical catalyst, this study has focused on the ways how to improve the rate of 
CO bioconversion and productivity of desired product using the strain. Here, KCTC13266BP strains were tested 
to see whether CO utilizing ability is increased or not by homologously overexpression of CODH coding gene. 
Following batch culture tests also performed to see the levels of acetate production and CO consumption. In this 
presentation, construction of expression vectors including CODH and related genes, and overall experimental 
processes for transformation, productivity and CODH activity tests were described. On this study, it is revealed 
that approximately 3.1-fold and 1.6-fold increased respectively in CODH activity and specific growth rate of 
mutant strain compared to wild type KCTC13266BP strain. It is finally posited that the overexpression of 
CODH and related genes in KCTC13266BP strain is able to increase CO-oxidation ability and eventually 
bioconversion of CO to acetate production. 
 
Keywords : CODH, Eubacterium limosum, syngas, CO 
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Brown algae wastes, such as Sargassaceae inflow from large outbreak or abandoned sea mustard from the farm, 
have caused environmental problem like stink and landscape destruction in Korean beaches. However, the 
wastes are usually unattended after collection because there is insufficient treatment plan. Nevertheless, brown 
algae have a wide range of application potential. They have various useful substances such as minerals, 
phytohormones, amino acids, etc. For maximizing utilization efficiency of brown algae, research on degrading 
alginate, which makes up cell wall of brown algae, is widespread. Alginate consists of 1,4 linked α-l-guluronic 
acid and its C5 epimer, β-d-mannuronic acid. The only known alginate-degrading enzyme is lyases 
(transeliminase) [1]. Therefore, the separation and identification of microorganisms degrading alginate can be 
time-consuming, due to rarity of the microorganisms. 
Thus, this study separated and identified new alginate-degrading microorganisms from functional microbial 
groups, such as commercial effective microorganisms (EM), food wastewater, and rhizobacteria at the farm. 
This was intended to facilitate application of identified alginate-degrading microorganisms for other process 
with further purpose. 
In this study, subject groups were cultivated in selection liquid broth, which contained alginate as sole carbon 
source. After that, enzyme assay was performed on 184 of selected microorganisms and high-ability 
microorganisms were identified by 16s rRNA gene sequencing. 
 
Keywords : Alginate, Alginate lyase, separation, identification, brown algae 
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Serial femtosecond crystallography (SFX) provides opportunities to observe the dynamics of macromolecules 
without causing radiation damage at room temperature. Although SFX provides a biologically more reliable 
crystal structure than provided by the existing synchrotron sources, there are limitations due to the consumption 
of many crystal samples. A viscous medium as a carrier matrix reduces the flow rate of the crystal sample from 
the injector, thereby dramatically reducing sample consumption. However, the currently available media cannot 
be applied to specific crystal samples owing to reactions between the viscous medium and crystal sample. The 
discovery and characterization of a new delivery medium for SFX can further expand its use. Herein, we report 
the preparation of a polyacrylamide (PAM) injection matrix to determine the crystal structure with an X-ray 
free-electron laser (XFEL). We obtained 11,936 and 22,213 indexed images using 0.5 mg lysozyme and 1.0 mg 
thermolysin, respectively. We determined the crystal structures of lysozyme and thermolysin delivered in PAM 
at 1.7 Å and 1.8 Å resolutions. The background scattering from PAM was eight times lower than monoolein, a 
commonly used viscous medium. Our results show that PAM can be used as a sample delivery media in SFX 
studies. 
 
Keywords : Serial femtosecond crystallography, X-ray free electron laser, polyacrylamide, sample delivery, 
crystal structure 
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Recent years, aquaculture is expanding and environment problem is more exposed. The aquaculture has formed 
either using fresh water or saline water. However, saline wastewater is hard to treat by microbe since saline have 
effect negatively on microbe metabolisms. Because of this, treatment of saline wastewater was attempted using 
appropriate microbes isolated from rockworm. The strains were isolated and showed halo-tolerance in a range of 
0-35 psu salinity. The treatment ability was tested in a 1-L fermenter using a real aquaculture wastewater (35 
psu seawater). During the aerobic treatment, there were change in TN, COD, pH, and cell density. Cell density 
was maximum after 9h, as COD and TN decreased from 1350 to 440 mg/l and from 118 to 100 mg/l, 
respectively. The pH increased from 6.5 to 7.9. As a results, the isolated strains were able to treat the real-
aquaculture wastewater and it is possible application to aerobic treatment system. 
 
Keywords : Aerobic Treatment , Aquaculture Wastewater , Mixed Halotolerant Microbe 
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Chryseobacterium nepalense strain. 
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Here, we present bioproduction and characterization of bacterial yellow pigment from Chryseobacterium 
nepalense sp. isolated from soil source. The Chryseobacterium sp. are well known for its yellow pigment of 
Flexirubin, which was reported to have biological functions of an antibacterial, anicancer, and UV protection 
activities. In this study, the flexirubin-type pigment was isolated and its physiochemcial properties were 
characterized. First, the production of flexirubin-type pigment was measured and the isolated strain could 
produce 13.2 ± 1.6 g/L of the pigment. Next, antibacterial activity, radical scavenging capacity, and UV-
resistance capacity were determined. Finally, its chemical structure was identified by H-NMR and LC/MS 
analysis and prosed. Environmental pigments are emerging these days to replace chemically synthesized 
pigments. This yellow pigment synthesized from microbes could replace chemical pigments and be applied for 
various dyeing processes as functional materials. 
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One-pot biosyntheis of antibacterial indigoid dyes using CYP102G4 and halogenase PrnA 
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Various indole derivatives, chloro (Cl-), nitro (NO2-), hydroxy (HO-), methoxy (CH3O-), methyl (CH3-), 
carboxy (COOH-), amino (NH3-), and cyano (CN-) ,were biotransformed through Escherichia coli(E.coli) cells 
expressing CYP102G4, which transform indigo from indole. Interestingly color of final products were 
dramatically different from indigo blue. Characteristics of synthesized dyes were investigated. Unlike 
conventional indigo, some of indigoids were well stained to cotton without reducing agent such as sodium 
dithionite (SDT), which lead to environmental problem. Furthermore, indigoids such as 5-chloro, 6-chloro, 7-
chloro, and 5-nitroindigo have considerable antibacterial activity, and such characteristics remain when stained 
in cotton. Finally, 7,7-dichloroindigo one-pot producing E.coli which expressing genes encoding CYP102G4 
and tryptophan-7- halogenase PrnA was constructed. The strain produced 15.4 ± 1.4mg/L of 7,7-dichloroindigo 
from L-tryptophan. The recombinant strain having L-tryptophan as substrate will overcome economical problem 
of semi-synthetic process using indole derivatives by using L-tryptophan. 

 
Keywords : indigoid, CYP102G4, Prna, dye 
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P0736 Purification and identification of a novel algicidal substance from fish hydrolysate 
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Harmful Algal Blooms (HABs) did negative damage to the fish farm over the world. However, identification of 
algicidal substances has not been sufficiently studied and it has been challenging. An algicidal substance 
previously observed to be present in fish hydrolysate. Crude extract was obtained by organic solvent 
precipitation. Through SDS PAGE, the algicidal substance was determined to be small molecular weight 
substances. As the results, purification was performed reverse phase high-performance liquid chromatography. 
Then, the active algicidal fraction was applied to mass spectrometry system to identify the mass and sequence. 
The LC50 values on harmful algal blooming species were 0.7, 0.9, 1.3 mg/ml. There was no coincidence in the 
sequence of the identified substances in the databases. Above all, this algicidal substance originating from fish 
hydrolysate was deduced to be a novel algicidal substance that could usefully be applied to treat harmful algal 
blooms. 
 
Keywords : algicidal substance , fish hydrolysate, Harmful Algal Blooms (HABs)  
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Bioactive substances from fish wastewater were biodegraded and tested for algal inhibitory activity on harmful 
algae. The supernatant from a 50-h culture of fish wastewater had a half-maximal inhibitory concentration of 
0.6―0.7 mg/ml for the tested harmful algae. The algal inhibitory effect was not show form 50-h biodegraded 
nutrient broth culture supernatant. The estimation of molecular weight using ultrafiltration indicated that the 
algal inhibitory substance was less than 5 kDa, and it did not inhibit the non-harmful organisms. Also, this 
inhibitory effect against harmful algae was not show for biodegraded culture supernatants of other wastewater 
hydrolysate, indicating that the algal inhibitory substances were originated from a source present only in fish 
wastewater. It is the first report describing the selective inhibitory effects of the culture supernatant of fish 
wastewater on harmful algae. 
 
Keywords : fish wastewater , selective inhibitory, harmful algae 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

525 

 

P0738 Decolorization of Melanin by Laccase-Natural Mediator System 
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LEE 
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Laccase has been known to decolorize and degrade melanin which is the main pigment responsible for human 
skin color. However, low decolorization activity of laccase for melanin limited the commercial application of 
laccase as a whitening cosmetic ingredient which can directly decolorize melanin. In this work, laccase-natural 
mediator system was developed to efficiently decolorize melanin. Among tested eight natural mediator, 
acetosyringone and acetovanillone were proved as the optimal mediator for melanin decolorization by Trametes 
versicolor laccase and Aspergillus sp. laccase. The decolorization activity of laccase could be 4 times enhanced 
by using acetovanillone as a mediator. The optimal pH values of Trametes versicolor laccase and Aspergillus sp. 
laccase were 6 and 7, respectively. In addition, the cellulose/melanin film as a skin model system was prepared 
using 1-ethyl-3-methylimidazolium acetate, in order to test the decolorization efficiency of laccase. The 
decolorization efficiency of laccase-mediator system could be simply measured by spectrophotometer. 
 
Keywords : Laccase, mediator, decolorization, melanin 
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P0739 Production of Compound K from Ginseng Root Extract by Whole Recombinant Cells Expressing 
β-Glucosidase from Caldicellulosiruptor bescii 
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Department of Bioscience and Biotechnology, Konkuk University, Seoul 05029, Republic of Korea 
Corresponding Author Email : deokkun@konkuk.ac.kr 
 
One of the active ingredients of ginseng, compound K, has many pharmacological effects on liver protection, 
anti-inflammation, anti-diabetic, and anti-aging. Recombinant Escherichia coli expressing β-glucosidase from 
Caldicellulosiruptor bescii was used to produce compound K. Maximal enzyme activity was observed at pH 5.5 
and 70 °C using ginsenoside Rb1. However, enzyme stability significantly decreased above 70 °C. Thus, 50 °C 
was used for compound K production. The optimal strain of E. coli host for compound K production was 
ER2566. Compound K production increased 2-fold by pGro7 chaperone co-expression and cell permeabilization. 
The conversion yield of protopanaxadiol (PPD)-type ginsenosides into compound K increased from 62 % (w/v) 
using non-treated cells to 90 % (w/v) using permeabilized cells with pGro7. The optimal concentrations of PPD-
type ginsenosides in ginseng root extract and cells were 3 mg/ml and 60 mg/ml, respectively. Under the 
optimized conditions, compound K was produced at 1.6 mg/ml after 30 h, with a specific and volumetric 
productivities of 0.9 mg/g/h and 56 mg/l/h, respectively. To the best of our knowledge, this is the highest 
reported specific and volumetric productivities of compound K using whole cell conversion thus far.  
 
Keywords : compound K, whole recombinant E. coli conversion, chaperone co-expression, cell 
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P0740 Biotransformation of polyunsaturated fatty acids to new type of hepoxilins and trioxilins by 
bacterial enzymes 
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Hepoxilins and trioxilins, known as human signaling compounds, are known to be involved in physiological 
processes such as insulin secretion, inflammation, and pain perception. They are difficult to synthesize 
biologically and their analogues have been synthesized by chemical methods, which have disadvantages such as 
low yield, byproduct formation, and use of toxic chemical reagents. In this study, we identify new eight types of 
hepoxilins and trioxilins using lipoxygenase (LOX) from Burkholderia thailandensis without and with epoxide 
hydrolase (EH) from Myxococcus xanthus. With the exception of the products produced from arachidonic acid, 
hepoxilins and trioxilins originated from three polyunsaturated fatty acids, such as eicosapentaenoic acid, 
docosahexaenoic acid and adrenic acid, are important because biosynthetic pathways have been not reported. 
The LOX without and with the EH produced up to 45 mM of 14,15-hepoxilin B3 and 30 mM of 13,14,15-
trioxilin B3 from 50 mM of arachidonic acid which showed the highest substrate specificity. This study may 
contribute to physiological studies through the supply of new types of hepoxilins and trioxilins. 
 
Keywords : biotransformation, polyunsaturated fatty acid, hepoxilin, trioxilin, microbial synthesis, 15-
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Lipid mediators regulate diverse physiological processes in humans. Among them, dihydroxy unsaturated fatty 
acids are important compounds for inflammation resolution produced by the enzymatic oxidation of 
polyunsaturated fatty acids (PUFAs). Hepoxilins and trioxilins are involved in host defense against infection by 
attracting neutrophils, insulin secretion at low level of glucose, and reduction of oxidative stress in humans. 
They are human endogenous metabolites of PUFAs, including arachidonic acid (ARA), eicosapentaenoic acid 
(EPA), docosahexaenoic acid (DHA), formed by lipoxygenase. Here, we identified new pathways to form 
dihydroxy fatty acids and hepoxilins from PUFAs. E. coli expressing lipoxygenase from the prokaryote 
Archangium violaceum converted ARA, EPA, and DHA into 5,15-dihydroxy-eicosatetraenoic acid (5,15-
diHETE), 5,15-dihydroxy-eicosapentaenoic acid (5,15-diHEPE), and 7,17-dihydroxy-docosahexaenoic acid 
(Resolvin D5), respectively. Under the optimized conditions, A. violaceum lipoxygenase produced 1.87 mM 
5,15-diHETE after 20 min, with a 62.5 % conversion yield. The screening assay of cyclooxygenase-2 (COX-2) 
inhibitor confirmed that 5,15-diHETE was inhibited with increasing the concentration. Our results indicate that 
dihydroxy unsaturated fatty acids may be used to be potent anticancer drugs and nonsteroidal anti-inflammatory 
drugs (NSAIDs) that inhibit COX-2 enzyme. 
 

 
Keywords : Lipid mediator, Lipoxygenase, 5,15-diHETE, 5,15-diHEPE, Resolvin D5, NSAIDs, 
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biosynthetic pathway in Methanotrophs 
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Methane, a potent greenhouse gas (GHG), is an inexpensive carbon substrate for methanotrophs to produce 
various value-added chemicals and biofuels. 4-Hydroxyburyric acid (4-HB) is an important platform chemical, 
serving as a precursor for a wide range of industrial applications, such as the production of γ-butyrolactone and 
1-4 butanediol. In this study, methanotrophic bacteria were metabolically engineered to assess the possibility of 
producing 4-HB from methane. The 4-HB biosynthetic pathway was constructed in type I Methylomicrobium 
alcaliphilum 20Z and type II Methylosinus trichosporium OB3b by expression of sucD and 4hbD relevant genes 
to convert methane to 4-HB via the TCA cycle. The engineered M. trichosporium OB3b of 4-HB production is 
higher than M. alcaliphilum 20Z. This study demonstrated that engineered methanotrophs could produce 4-HB 
from methane by reconstruction of the metabolic pathway of 4HB. 
 
Keywords : methane, methanotroph, Methylomicrobium alcaliphilum 20Z, Methylosinus trichosporium OB3b, 
4-hydroxyburyric acid 
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P0743 CRISPR-based Genome Editing System for Syngas-utilizing Acetogen, Eubacterium limosum 
KIST612 
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Increasing interest in acetogen for the production of such valuable products (e.g., butanol, ethanol, and 2,3-
butanediol) requires the development of new genetic tools for these atypical production organisms. Herein, we 
develop CRISPR (clustered regularly interspaced short palindromic repeats) system for the acetogen, 
Eubacterium limosum KIST612 that can metabolize synthesis gas (syn-gas) components, H2, CO, and CO2 via 
Wood-Ljungdahl pathway, producing acetate and butyrate as end-products. In this study, Cas9 and Cas9 nickase 
(Cas9n) were used for the CRISPR system. To confirm the efficiency of the new genetic engineering system, 
pyrF was selected as the target deletion gene. As a result, CRISPR-based genome editing was faster and more 
efficient than a classical homologous recombination-based method. This study not only makes an efficient way 
of metabolic engineering for producing biochemical and biofuels but also provides valuable guidance and 
essential  

References  for genome editing in the use of E. limosum KIST612 strain that has not been reported on genes 
editing toolbox. 

 
Keywords : CRISPR/Cas9, Genome editing, Acetogen, Eubacterium limosum KIST612 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

531 
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Biomolecule labeling is one way of using non-natural amino acids. Bio-orthogonal reactions for labeling 
biomolecules have been limited by their slow reaction and low selectivity. Therefore, we used the Inverse 
Electron-demand Diels Alder (IEDDA) reaction as a fast reaction to conduct bio-conjugation between non-
natural amino acid tetrazine and trans-cyclooctene (TCO). We demonstrated that the protein is expressed when 
the non-natural acid methyl tetrazine (Me-Tz) is introduced. The fluorescence that is detected from TCO-Cy3 
could demonstrate the conjugation was successful. After the incorporation of Me-Tz into sfGFP, now we tried to 
optimize the conditions of IEDDA reaction. As the TCO is conjugated, the quenched sfGFP-Me-Tz recovers the 
fluorescence. The reaction rate was obtained by dividing the change of fluorescence during the initial 30 
seconds by the maximum value of RFU and 30 seconds, then multiplying by the molarity of sfGFP-Me-Tz. As a 
result, both pH and salt appeared to affect the kinetics of the IEDDA reaction, and salt was the major factor. 
Optimization of the IEDDA reaction is expected to increase the efficiency of experiments using IEDDA reaction 
because it allows the reaction to occur rapidly in the same reaction. 
 
Keywords : IEDDA, sfGFP, bioconjugation, fluorescence recovery 
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P0745 The NT11, a novel fusion tag for enhancing protein expression 
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The Escherichia coli (E. coli) expression system has been widely used to produce recombinant proteins. 
However, in some heterologous expressions, there are still difficulties in large-scale production. The use of 
fusion partners is one of the strategies for improving the expression levels of proteins in E.coli host. Here, we 
demonstrate a novel fusion element, the NT11-tag, that enhances protein expression. The NT11-tag was derived 
from the first 11 amino acid residues within the N-terminal N-half domain of a duplicated carbonic anhydrase 
(dCA) from Dunaliella species. Previously, we have found that the tag improves expression of the C-half 
domain of dCA when linked to its N-terminus. To verify its use as a protein production enhancer tag, two kinds 
of CAs derived from Hahella chejuensis (Hc-CA) and Thermovibrio ammonifican (Ta-CA), and the yellow 
fluorescent protein (YFP) were used as model proteins to measure their increased expression upon fusion with 
the NT11-tag. The NT11-tag amplified protein expression in E. coli by 6.9- and 7.6-fold for Ta-CA and YFP, 
respectively. Moreover, the tag also enhanced the soluble expression of Hc-CA, Ta-CA, and YFP by 1.7-, 5.0-, 
and 3.2-fold, respectively. Furthermore, protein yield was increased without inhibiting protein function. These 
results indicate that the use of the NT11-tag is a promising method for improving protein production in E.coli. 
 
Keywords : fusion partner, solubility enhancement tag, esterase activity, CO2 hydration 
 
References   
1. T.K.M. Nguyen, M.R. Ki, R.G. Son and S.P. Pack, Appl. Microbiol. Biotechnol. (2019), in press.  
2. M.R.Ki, T.K.M. Nguyen, S.H. Kim, I. Kwon, and S.P. Pack, Process Biochem. 51, 1222 (2016) 
3. M.R. Ki, B.K. Kanth, K.H. Min, J. Lee, and S.P. Pack,Process Biochem. 47, 1423 (2012). 
  



한국생물공학회, 생물공학의 동향 : 2019.04 

 

533 

 

P0746 Kinetic Analysis of Engineered Tabacco Etch Virus(TEV) Protease to Improve Its Activity 
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Tobacco Etch Virus (TEV) protease has widely used to cleave recombinant fusion protein. TEV protease is a 49 
kDa nuclear inclusion A protein containing 27 kDa of catalytic domain. This catalytic domain of TEV protease 
is commercially purchased but its usage has been limited due to its auto-inactivation and cost. In here, we have 
isolated newly generated 6xhis-tagged S219V mutant catalytic domain of TEV protease in the background of 
T17S, N68D and I77V mutation engineered to improve soluble protein yield, and then measured its activity 
using 5-FAM fluorescence as a substrate. We found that vmax for the isolated S219V mutant TEV protease was 
1.38±0.20 nM·min-1 which is 3 fold faster than that for commercially purchased one. Furthermore, new TEV 
protease did clearly cut off recombinant protein containing its cleavage site without self-inactivation.  
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Amicyanin is a type 1 copper protein mediating electron transfer between methylamine dehydrogenase (MADH) 
and cytochrome c-551i for energy production. [1] We present in here what kind of residues in amicyanin affect 
to the size of room for active site belonging copper of amicyanin. The method that we applied is the 
measurement and calculation of angles and distance among 4 lignads for copper; His 53, Cys 92, His 95 and 
Met 98 in all published mutant amicyanins mathematically. [2] The results demonstrated 3 things that volume of 
active site is larger in reduced form of amicyanin than in oxidized form, His 95 play a major role in deciding 
room size, and the residues on a turn and loop not ligands of copper influence distance change between His 95 
and copper resulting in volume change of active site. 
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Soil erosion becomes serious problem especially in coastal area. MICP (microbially induced calcite 
precipitation) has been studied for bio-consolidation of loose soil. In this study, we examined applying MICP to 
mitigation of coastal soil erosion. First, we isolated 9 calcite-forming bacteria from soil samples of coastal area 
in Taean, Korea. For application in the marine environment, calcite production was measured under stress 
conditions similar to marine coast such as salt stress (3%) and low temperature stress (8 ℃). Five strains 
showed high calcite production (>14 mg/ml) without salt and temperature stress. However, under both salt (3%) 
and low temperature (8 ℃) stresses, only TS2 and TS8 strains maintained high calcite production of 17.5 mg/ml 
and 17.0 mg/ml, respectively. When urease activity was measured, TS2 and TS8 maintained higher activity than 
other strains under the same stress conditions. TS2 and TS8 were identified as Sporosarcina globispora and 
Bacillus depressus by 16S rRNA gene sequencing, respectively. Potential applicability of these 2 strains is 
expected for mitigation of coastal soil erosion. 
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Aliphatic polyamide materials are commonly used in textiles, automotive applications and sportswear industries 
due to their high durability and strength. Thereby, we were interested in biosynthesis of ω-aminononanoic acid, 
which is a potential monomer of Nylon-9 and difficult to produce by chemical methods [1]. We have 
investigated multi-step biosynthesis of ω-aminononanoic acid from renewable long chain fatty acids (e.g., oleic 
acid) via recombinant Escherichia coli-based biocatalysis. ω-Hydroxynonanoic acid, which had been produced 
from oleic acid via hydration of fatty acids, oxidation of the hydroxyl group to ketones, Baeyer-Villiger (BVMO) 
oxidation to ester, and hydrolysis of the ester bonds [2-5], were converted into ω-aminononanoic acid by the 
ChnD from Acinetobacter sp. and ω-transaminase from Silicibacter pomeroyi or Agarobacterium fabrum [6,7]. 
To produce ω-aminononanoic acid efficiently, two ω-transaminases which are 3HMU and ATU3300 were 
implemented [8]. This study will contribute to biocatalyst engineering for the production of industrially relevant 
ω-aminocarboxylic acids. 
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D-Ribose is a five-carbon sugar and generally used as an energy source to improve athletic performance and the 
ability. The levels of ribose in culture media or samples from other sources can be quantified by high-
performance liquid chromatography. However, this method cannot be used for simultaneous detection of the 
target compound in numerous samples. Here, we developed a screening method for quantifying ribose-
producing strain development. This sensor was engineered by flanking the ribose binding protein with two green 
fluorescence protein variants. Fluorescence resonance energy transfer (FRET)-based sensors transduced ribose 
recognition into a change in the fluorophore spectrum as ribose binding altered the distance between and 
orientation of two fluorescent proteins. Following ribose binding, FRET signal increased proportional to ribose 
concentration. This sensor enabled measurement of up to 38.6uM using a 96- well microplate. The efficiency 
and simplicity of the proposed method would make it suitable for the analyses of a large number of samples 
simultaneously. 
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Staphylococcus aureus is notorious for its ability to become resistant to antibiotics and biofilms play a critical 
role in antibiotic tolerance. S. aureus is also capable of secreting several exotoxins associated with the 
pathogenesis of sepsis and pneumonia. Thus, the objectives of the study were to examine S. aureus biofilm 
formation in vitro, and the effects of herring oil and its main components, omega fatty acids (cis-
4,7,10,13,16,19-docosahexaenoic acid (DHA) and cis-5,8,11,14,17-eicosapentaenoic acid (EPA)), on virulence 
factor production and transcriptional changes in S. aureus. Herring oil decreased biofilm formation by two S. 
aureus strains. GC-MS analysis revealed the presence of several polyunsaturated fatty acids in herring oil, and 
of these, two omega-3 fatty acids, DHA and EPA, significantly inhibited S. aureus biofilm formation. In 
addition, herring oil, DHA, and EPA at 20 μg/ml significantly decreased the hemolytic effect of S. aureus on 
human red blood cells, and when pre-treated to S. aureus, the bacterium was more easily killed by human whole 
blood. Transcriptional analysis showed that herring oil, DHA, and EPA repressed the expression of the α-
hemolysin hla gene. Furthermore, in a C. elegans nematode model, all three prolonged nematode survival in the 
presence of S. aureus. These findings suggest that herring oil, DHA, and EPA are potentially useful for 
controlling persistent S. aureus infection. 
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Candida albicans is an opportunistic pathogen and responsible for candidiasis. C. albicans readily forms 
biofouling on various biotic and abiotic surfaces, and these biofoulings can cause local and systemic infections. 
C. albicans biofilms are more resistant than its free yeast to antifungal agents and less affected by host immune 
responses. Transition of yeast cells to hyphal cells is required for biofouling and is believed to be a crucial 
virulence factor. In this study, six components of ginger were investigated for anti-biofouling and anti-virulence 
activities against a fluconazole-resistant C. albicans strain. It was found 6-gingerol, 8-gingerol, and 6-shogaol 
effectively inhibited biofouling. In particular, 6-shogaol at 10 µg/ml significantly reduced C. albicans biofouling 
but had no effect on planktonic cell growth. Also, 6-gingerol and 6-shogaol inhibited hyphal growth in 
embedded colonies and free-living planktonic cells, and prevented cell aggregation. Furthermore, 6-gingerol and 
6-shogaol reduced C. albicans virulence in a nematode infection model without causing toxicity at the tested 
concentrations. These results highlight the anti-biofouling and anti-virulence activities of the ginger components, 
6-gingerol and 6-shogaol, against a drug resistant C. albicans strain. 
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Acinetobacter baumannii is well adapted to hospital environments, and the persistence of its chronic infections 
is mainly due to its biofouling ability resistant to conventional antibiotics and host immune systems. Hence, the 
inhibitions of biofouling provide other means of addressing infections. In this study, the anti-biofouling 
activities of twelve flavonoids were initially investigated. Three most active flavonoids, namely, fisetin, 
phloretin, and curcumin, dose-dependently inhibited biofouling by a reference A. baumannii strain and by 
several clinical isolates, including four multidrug-resistant isolates. Furthermore, the anti-biofouling activity of 
curcumin (the most active flavonoid) was greater than that of the well-known biofouling inhibitor gallium 
nitrate. Curcumin inhibited pellicle formation by and the surface motility of A. baumannii. Interestingly, 
curcumin also showed anti-biofouling activity against Candida albicans and mixed cultures of C. albicans and 
A. baumannii. In addition, curcumin treatment diminished A. baumannii virulence in an in vivo Caenorhabditis 
elegans model without cytotoxicity. The study shows curcumin and other flavonoids have potential for 
controlling biofouling and the virulence of A. baumannii. 
 
Keywords : Acinetobacter baumannii, biofouling, curcumin, flavonoids, mixed cultures, motility 
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P0754 Glutaric Acid Production from 5-Aminovaleric Acid using Aminobutyrate Aminotransferase and 
Semialdehyde Dehydrogenase in Escherichia Coli as Whole Cell Biocatalyst 
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Due to the increasing concerns on the environment, the market demands for bio-based chemicals are 
dramatically increasing. Glutaric acid, an intermediate in amino acid pathways in cell, is becoming a promising 
C5 diacid chemical as a monomer for polymer and a plasticizer to substitute phthalate plasticizers. Currently, 
glutaric acid can be produced using butyrolactone with potassium cyanide which is highly toxic. Since 
microorganisms have been used as the biocatalysts to produce various chemicals to replace the materials from 
petrochemical industry, the biological conversion of 5-aminovaleric acid into glutaric acid was studied by using 
4-aminobutyrate aminotransferase (gabT from Escherichia coli) and succinate semialdehyde dehydrogenase 
(gabD from E. coli). Recombinant E. coli strains expressing gabT and gabD genes were developed to convert 5-
AVA into glutaric acid. The effects of cofactors, α-ketoglutarate and NAD+, on glutaric acid production were 
investigated. 
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P0755 Overexpression of Xylose Metabolic Pathway into Kluyveromyces marxianus for Improved Xylitol 
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Kluyveromyces marxianus 17555∆URA3 strain was engineered by random integration of xylose metabolic 
pathway. Dual expression cassettes (KmXYL1-KmXYL2, KmXYL1-KmXYL3 and KmXYL2-KmXYL3) for xylose 
utilization were constructed using pJSKm316-GPD vector. Fermentation experiments were performed under 
different aeration conditions (micro aerobic or high aerobic) by engineered K. marxianus strains (17555-DC12, 
17555-DC13 and 17555-DC23) at 30oC. The parental strain consumed 26.13 g/L xylose and produced 7.36 g/L 
xylitol and 2.05 g/L ethanol at micro aerobic conditions. In contrast, K. marxianus 17555-DC12 strain 
consumed 44.39 g/L xylose and produced 19.73 g/L xylitol and 5.72 g/L ethanol for 96 h. At high aerobic 
conditions, the parental strain consumed 31.01 g/L xylose and produced 9.62 g/L xylitol and 1.86 g/L ethanol. 
On the other hand, K. marxianus 17555-DC12 consumed 38.52 g/L xylose and produced 15.52 g/L xylitol and 
5.10 g/L and ethanol for 72 h. Xylose consumption rate, xylitol production and ethanol production rates from K. 
marxianus 17555-DC12 were improved by 24%, 61% and 174%, respectively as compared to those from the 
parental strain at high aerobic conditions. 
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Acinetobacter baumannii is a nosocomial pathogen that can survive unfavorable conditions, such as, 
desiccation, nutrient starvation, and antimicrobial treatment, and this is primarily due to its ability to cause 
biofouling on biotic and abiotic surfaces like tissues and medical devices. In this study, honokiol and magnolol 
were investigated for antibiofouling activity against A. baumannii ATCC 17978. Both were found to inhibit 
biofouling dose-dependently and to disperse matured biofilms. Honokiol and magnolol were found to inhibit 
biofouling by five and four of eight additional clinical A. baumannii isolates, respectively. Furthermore, 
honokiol and magnolol effectively suppressed pellicle formation and the surface motilities of the A. baumannii 
and prolonged the survival of infected nematode Caenorhabditis elegans. These results demonstrate that 
honokiol and magnolol may be useful for controlling A. baumannii infections. 
 
Keywords : Acinetobacter baumannii, biofouling, honokiol, magnolol, motility, pellicle 
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P0757 Isolation of Lactobacillus plantarum BG0001 Producing Bacteriocin and Evaluation of 
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Generally, bacteriocins are known as antimicrobial proteins produced from lactic acid bacteria. Bacteriocins 
induce the cell death of bacteria through several mechanisms such as forming holes in the cell membrane. These 
bacteriocins are considered as substitutes for conventional antibiotics causing antibiotic resistance problems. We 
isolated a lactic acid bacteria showing antimicrobial activity, and identified this strain as Lactobacillus 
plantarum BG0001 through 16S RNA sequencing. After L. plantarum BG0001 was cultured in MRS medium 
for 24 hours, culture broth was separated by centrifugation and concentrated to 20-fold by freeze drying. Using 
this concentrated culture broth, disk diffusion test and minimal inhibition concentration (MIC) test were 
performed with Bacillus cereus for verifying antimicrobial activity. According to disk diffusion test, the sizes of 
clear zone were gradually and proportionally increased as increase as the concentration of concentrated culture 
broth. As a result of MIC test, the growth of B. cereus was highly inhibited from the concentration of 12.79 
mg/mL bacteriocin produced by L. plantarum BG0001. 
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C9 to C12 dicarboxylic acids are widely used for the production of polyesters and polyamides. They are also 
used as antimicrobial agents because of high antimicrobial activities. Thereby, we have investigated 
alcohol/aldehyde dehydrogenase-based whole-cell biocatalysts for the biosynthesis of C9 to C12 dicarboxylic 
acids from renewable fatty acids [1-3]. For instance, a recombinant Escherichia coli, expressing the 
alcohol/aldehyde dehydrogenases (ChnDE) of Acinetobacter sp. NCIMB 9871 [4], was constructed for the 
production of 1,9-nonanedioic acid (i.e., azelaic acid) from 9-hydroxynonanoic acid, which had been produced 
from oleic acid [1-3]. The recombinant E. coli cells were able to produce azelaic acid from 9-hydroxynonanoic 
acid to a rather high rate with a high yield. However, final concentration of the target product was limited by 
toxic effect of the dicarboxylic acid to E. coli cells. Therefore, we have examined potential of Corynebacterium 
glutamicum, which is more tolerant to azelaic acid than E. coli as a biocatalyst. We will present 
biotransformation activities of E. coli- and C. glutamicum-based biocatalysts with respect to oxidation of ω-
hydroxycarboxylic acids into α,ω-dicarboxylic acids.  
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The production of biodiesel has become an important strategy to address the fading petroleum reservoirs and 
environmental issues, and the rapid growth of biodiesel production has considerably reduced the price of crude 
glycerol. Recently biological processes to produce high-value products from glycerol have drawn much 
attention. The first step of such processes is the dehydration from glycerol to form 3-hydroxypropanal (3-HPA), 
which can be catalyzed by glycerol dehydratase (GDHt), and the intermediate can be converted into 1,3-
propandiol or 3-hydroxypropionic acid. Homology modeling techniques was used to model the fused KpGDHt 
through linker. Molecular Dynamic simulation were carried of both wild and fused structure to the study the 
effect of fusion on the structure. CoB12 binding pocket and α/β interface were focused through extensive 
computation tools. We expect that the information about KpGDHt will be valuable sources to engineer GDHt 
and to develop biological processes to covert glycerol into valuable products.  
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Several strains of Bacillus genus are potential biocontrol agents against wide range of fungal pathogens and are 
reported for their production of antifungal secondary metabolites. Understanding the factors affecting the 
production of antifungal metabolites is very important to stabilize the biocontrol efficacy. Light is one of the 
important parameters for the microbial growth and several studies have revealed that presence or absence of 
light affects metabolic pathways of organisms. In our previous study, B. amyloliquefaciens NBC241(NBC241) 
was proved to produce antifungal compounds against Metarhizium anosoploae and Beauveria bassiana, which 
are the causative pathogens for green and white muscardine, respectively, of Protaetia brevitarsis. To 
investigate further the effect of light quality on the antagonistic properties of the strain NBC241 at molecular 
level, we analyzed the production of major antifungal metabolites under different light wavelength using reverse 
phase high performance liquid chromatography. Production of higher quantity of iturin A, identified at retention 
time (RT) 28 min, fengycin A (RT - 38 min) and surfactin (RT - 65 min) was observed in the culture 
supernatants grown with exposure to green and red light (240 PPFD) than other light sources (blue, white and 
dark). Hence, this study indicates that light quality affects the production of antifungal metabolites significantly. 
The expression pattern of genes, responsible for the production of these antifungal compounds, under different 
light wavelength is also being analyzed.  
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Tyrosinases, copper-containing monooxygenases, are widely used enzymes for industrial, medical, and 
environmental applications. We report the first functional surface display of Bacillus megaterium tyrosinaseon 
Bacillus subtilis spores using CotE as an anchor protein. Flow Cytometry was used to verify surface expression 
of tyrosinase on the purified spores. Moreover, tyrosinase activity of the displayed enzyme on B. subtilis spores 
was monitored in the presence of L-tyrosine (substrate) and CuSO4 (inducer). The stability of the spore-
displayed Tyrosinase was then evaluated after15days maintenance of the spores at room temperature, and no 
significant decrease in the enzymatic activity was observed. In addition, the tyrosinase-expressing spores could 
be repeatedly used with 62% retained enzymatic activity after six times washing with Tris-HCl buffer. Using 
this method, a simple, rapid and inexpensive diagnostic paper based kit was developed to detect tyrosine in urine 
samples of human and animals at homes or laboratories. Different concentration of tyrosine was detected from 
0.0001 nM to 1 mM in urine after formation of color spectrums from bright brownish-gray to dark brownish-
gray during 1 hour. Study on the patient groups also showed that the kit can screen three groups of patients 
(diabetics, diabetics/ chronic kidney disease, chronic kidney disease) from the healthy persons. To our 
knowledge, this is the first diagnostic kit that has potential to rapidly diagnose various diseases exhibiting 
tyrosine in biological samples. 
 
Keywords : Tyrosinases, Bacillus, CotE 



한국생물공학회, 생물공학의 동향 : 2019.04 

 

549 

 

P0762 Expression of phospholipase A2 from Streptomyces violaceoruber in Escherichia coli and Pichia 
pastoris  
 
Ara CHO1, Yeji HWANG1, Su-ah CHOI1, Hyun-Jae LEE2, Sun-Ki KIM2, Jin-Byung PARK1 
1Dept. of Food Science and Engineering, Ewha Womans University, Seoul, South Korea, 2School of Food 
Science and Technology, Chung-Ang University, Anseong, Gyeonggi-do, South Korea 
Corresponding Author Email : jbpark06@ewha.ac.kr 
 
Phospholipase A2 (PLA2, EC 3.1..4) catalyzes hydrolysis of the 2-ester bond of 1,2-diacyl-3-sn-
phosphoglycerides (e.g., lecithin), generating free fatty acids and lysophospholipids [1]. Since the products are 
widely used for food and cosmetic applications, we were interested in the production of the enzymes by using 
microbial cells. The secretory PLA2s (sPLA2s), which are highly active with soybean or egg lecithin, have 
generally six to eight disulfide bonds and Ca2+ as a prosthetic group. Thereby, microbial sPLA2s that possess 
only two disulfide bonds were targeted for the overproduction [2]. In this presentation, we will report 
construction of Escherichia coli- and Pichia pastoris-based microbial cell factory for overproduction of the 
sPLA2 from Streptomyces violaceoruber. To investigate the effects of codon optimization on sPLA2 expression, 
wild type and codon optimized synthetic sPLA2 genes from S. violaceoruber were cloned and expressed in E. 
coli using a pelB signal sequence for protein export. The recombinant enzymes were expressed in a soluble form 
from the native gene sequence, while little expressed from the codon-optimized synthetic gene. Of the eight 
different E. coli strains examined, E .coli BL21 star (DE3) resulted in the best expression and secretion of the 
enzyme. The sPLA2 was also expressed in Pichia pastoris X-33 under the control of AOX1 promotor. The codon 
optimized PLA2 gene was cloned into pPICZαA, which contains Saccharomyces cerevisiae α-mating factor pre-
pro leader sequence (α-MF). The recombinant enzymes, which had been harvested from culture both, were able 
to hydrolyze lecithin into free fatty acids (e.g., palmitic acid, linoleic acid) and lysolecithin. 
 
Keywords : Phospholipase, Pichia pastoris, Extracellular production, Streptomyces violaceoruber, Recombinant 
Escherichia coli 
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We studied removing heavy metal using Bacillus subtilis spore surface display system. We used cot E protein as 
an anchoring motif because of its high abundance in coat layer and inserted varying length of histidine tag at the 
C-terminal end of anchoring motif. We checked the surface expression of histidine tag using flow cytometry 
with FITC labelled anti-his6-antibody. Histogram of flow cytometry showed higher fluorescence intensity, 
possibly due to their outer location on Bacillus subtilis spore. We tried heavy metal adsorption with three kind 
of recombinant spore and DB104(wild type). 
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In this study, we report the functional surface display of laccase, cotA of B. subtilis, which could be applied to 
decompose industrial dyes. CotA spore coat protein is known to have multi-copper oxidase (laccase) activity. 
First, we confirmed the decolorization rate of Acid green 25, anthraquinone dye by 20 % in 5 hrs using a wild-
type Bacillus subtilis spore which containing original copy of CotA. To express CotA protein on the surface of 
the spores, anchoring motives CotE was used. And we confirmed improved decolorization rate of Acid green 25 
by 50% in 5 hrs using a recombinant Bacillus subtilis spore. His6-tag was added at the C-terminal of target 
protein, CotA. Exact expression of CotE-CotA fusion protein was confirmed by SDS-PAGE and Western 
analysis of spore extracted protein. The spore surface expression of fusion, CotE-CotA, was confirmed by flow 
cytometry using FITC labelled anti-His6 antibody. 
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When a poultry epidemic occurs, not only the infected poultry but also the nearby poultry must be slaughtered. 
Leakage of leachate due to poor management of the landfill of poultry carcasses has caused secondary 
environmental pollution problems such as soil pollution and underground water pollution, outflow of pathogens, 
and landfill collapse. Therefore, the poultry carcasses are treated as a rendering method in which a poultry 
carcass is buried in a glass fiber reinforced plastic tank, and then the microorganism additive is added and 
degraded microbiologically. However, it has been found that the poultry carcass treated with the rendering 
method of degradation in the FRP tank does not decay in the tank even after a long period of time. In this study, 
four microbial strains are isolated finally from environments which are elucidated to be very effective in 
degradation of chicken carcass. Culture condition, media composition, culture process and stability of microbial 
product are developed and optimized. It was studied that microbial agents degraded chicken carcass in pilot 
scale similar to the landfill of poultry carcasses. 
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Yarrowia lipolytica is a non-conventional oleaginous yeast that is generally regarded as safe(GRAS). The 
oleaginous yeast have 12 endogenous cytochrome P450 monooxygenases, 10 alcohol dehydrogenases, and 4 
aldehyde dehydrogenases that assimilate alkane and fatty acids. In this study, we engineered Y. lipolytica as a 
novel strain to produce 12-aminododecanoate, which is a monomer of nylons, from 12-hydroxydodecanoate. 
We introduced ω-transaminase from Silicobacterium pomeroyi which was previously reported to convert 12-
oxododecanoate into 12-aminododecanoate using benzylamine[1], into Y. lipolytica. However, due to 
degradation of substrate via β-oxidation and overoxidation of intermediate 12-oxododecanoate to corresponding 
diacid, we could not obtain 12-aminododecanoate. We used CRISPR/Cas9 system to knock out 
Mfe1[Yali0E15378g] and Faa1[Yali0D17864g] genes that are involved in β-oxidation, and 4 FALDH genes 
that contributes to the oxidation of the intermediate. By knocking out β-oxidation pathways, there was a 
dramatic decrease in the consumption of the substrate. In addition, by knocking out FALDHs we could observe 
the decrease in the production of 1,12-dodecanedicarboxylic acid.  
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D-Threonine aldolase (DTA) is a pyridoxal 5’-phosphate (PLP) dependent enzyme which catalyzes the 
interconversion of glycine and acetaldehyde to D-threonine and/or D-allo-threonine. D-Threonine and D-allo-
threonine are useful as the intermediate in the synthesis of chiral compounds such as antibiotics. In this study, 
we isolated a new DTA by homology sequence identify analysis that has 49% of sequence identity compare to 
that from Alcaligenes xylosoxidans. The new DTA was overexpressed in Escherichia coli C2566 and purified 
by his-tag chromatography with a final specific activity of 260 U/mg. The new DTA has a high specific activity 
10-fold better than the reported DTA so far. The activity for aldol condensation of glycine and acetaldehyde for 
D-threonine production was 1000 mM and 100 mM, respectively. D-Threonine and D-allo-threonine were 
converted from 1000 mM glycine and 100 mM acetaldehyde by DTA with 46% conversion yields in the ratio of 
7:3, respectively. In consequence, the new DTA would be a promising biocatalyst for synthesis of valuable 
chiral chemicals. 
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Matrix metalloproteinases-1 (MMP-1), as other MMPs, is a zinc- dependent protease and is activity involved in 
degrading extracellular matrix proteins. More specifically, the isoform MMP-1 has a function in degrading 
collagens, which is necessary in proper wound healing. On the other hand, MMP-1 is also involved in the 
damage/aging of skins and in certain forms of cancer. Thus, detecting MMP-1 activity and developing its 
inhibitors would be a significant achievement in the field of related researches. To this end, we have developed 
an assay system using a circularly permutated fusion of β-lactamase and its inhibitory protein through an MMP-
1-sensitive linker. This established concept was further applied to initial screens of MMP-1 inhibitor peptides. 
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Heart failure (HF) is a coronary disease that the heart is unable to pump sufficient, and has a high mortality rate. 
The biomarker of the HF is the N-terminal- prohormone brain natriuretic peptide (NT-proBNP) from the 
proBNP. In this study, a Fh8 tag with six histidines was fused to the N terminal of NT-proBNP via the 
recognition site of tobacco etch virus protease and S5N10 linker; the 6HFh8-NT-proBNP fusion peptide was 
soluble expressed in tested temperatures of E. coli cultures. The final yield of purified rNT-proBNP with high 
purity (97.5 mg/l of bacteria culture; ≥ 98%) was 55-fold higher than that reported in previous studies. 
Furthermore, the high cell density E. coli fed-batch culture enabled high-level production of rNT-proBNP. The 
purified rNT-proBNP was detected by enzyme-linked immunosorbent assay and chemiluminescence enzyme 
immunoassay using commercial monoclonal antibodies recognizing different epitopes, showing a linear dose-
response relationship in the range of tested concentrations (slope =3.58 and r2 = 0.995). These results 
demonstrate the efficiency of our process for mass producing gram-to-liter levels of rNT-proBNP with 
acceptable analytical performance. 
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Proteins containing non-proteinogenic amino acids (nAAs) have achieved noteworthy successes in the field of 
research and development. Even though several strategies have been reported for incorporating nAAs into a 
protein during elongation, few researches have been conducted on initiating translation with nAA. We first 
reassigned the AUG initiation codon to nAA in a cell-free protein synthesis system (CFSS). Reassignment of 
initiation codon was simply done by supplying the system with in-vitro prepared initiator tRNA charged with N-
biotinylated phenylalanine. Since this approach resulted in severe competition with endogenous initiator tRNA 
charged with N-formyl methionine, we revised the initiation code to CGG or CCG. Using enhanced green 
fluorescent protein and beta-lactamase as target proteins, we show that the protein synthesis can be efficiently 
initiated with a non-AUG codon and nAA. 
 
Keywords : Cell-free protein synthesis, eGFP, beta-lactamase, initiator tRNA 
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Chiral unnatural amino acids are important substances used as chiral medicines or their precursors. Contrary to 
chemical synthesis whose products are typically a mixture of L- and D-forms, biocatalytic synthesis allows the 
production of optically pure amino acids in single step. In this study, we used L-lysine as a smart cosubstrate to 
solve the unfavorable reaction equilibrium (Keq= 7 between L-arginine and pyruvate), which was an obstacle to 
the production of chiral amino acids using transaminase. The deamination product of L-lysine was removed by 
spontaneous cyclization to 1-piperidine-2-carboxylic acid[1] and the reaction equilibrium shifted to the product 
side (Keq=174.5 between L-lysine and pyruvate). By the developed process, enantiopure unnatural amino acids 
(i.e., L-2-aminobutyric acid, L-norvaline, L-norleucine and L-aminooctanoic acid) were produced from 10 mM 
keto acids with> 99% conversion. For L-norvaline, a fed-batch reaction was also performed and the optically 
pure L-norvaline was prepared with 98.7% yield. 
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Vanillic acid is a precursor of vanillin which is widely used in food, cosmetics, and pharmaceuticals industries. 
The supply of methyl group via S-adenosylmethionine is seemed to be a rate-limiting step in vanillic acid 
production from protocatechuate (PCA). To this end, we cloned glyA, metF, metE, metK, and sahH encoding 
glycine hydroxymethyltransferase, 5,10-methylenetetrahydrofolate reductase, homocysteine methyltransferase, 
s-adenosylmethionine synthetase, and adenosylhomocysteinase, respectively, in the expression vector pCXE50 
and pCXI43. The resulting plasmids, respectively, were expressed in PCA-producing MA303. As a result, 
MA303 overexpressing metE and comt (encoding catechol O-methyltransferase) genes under control of the 
ilvC-M1 and tuf promoter led to production of 520 mg/L of vanillic acid, whereas the control strain expressing 
comt produced 380 mg/L vanillic acid in flask cultures supplemented with 500 mg/L methionine. 
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Tryptophan is one of the essential amino acids and has been produced by direct fermentation by 
Corynebacterium glutamicum and Escherichia coli. To construct tryptophan-producing C. glutamicum, first, 
genes involved in the shikimate pathway including aroCKB operon and aroE were overexpressed into genome 
of TP722 strain producing tryptophan and anthranilate. Second, to increase the supply of serine pool, we 
introduced truncated form of serA gene and deleted sdaA encoding serine deaminase, respectively, in genome of 
TP679. As a result TP718 deleted sdaA gene showed 23% increase of tryptophan titer compared to the control 
strain TP679 expressing trpAB and trpD genes in plasmids. This result showed the increase of serine pool by 
deletion of sdaA led to the increase of tryptophan production in C. glutamicum. 
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Methane (CH4) is a valuable resource in itself as a chemical precursor or reducing agent. But the resource has 
some issues hard to use. It exists as a gas at ambient temperatures making it expensive to transport to remote 
locations. Another issue is that methane is a potent greenhouse gas. It has global warming potential more than 
20 times that of carbon dioxide. To overcome these issues, methane should be hydroxylated to methanol. 
Methane monooxygenases (MMOs) are enzymes that catalyze of methane to methanol in methanotrophic 
bacteria. Through these enzymes, methane can be selectively converted to methanol in mild condition. But the 
conversion rate of the enzymes are pretty low (3.7s-1). So they should be engineered to satisfy an industrially 
viable level. The inability to express soluble MMOH (Hydroxylase) in a heterologous host like E.coli limits 
their utilization in engineering. In our work, to manipulate sMMOH from Methylosinus trichosporium OB3b in 
E.coli strains, we chose a method called cell-free protein synthesis system. And then we focused on developing 
enzymatic assay for screening to measure concentration of methanol which is converted by sMMO clones. Here, 
enzymatic assay using Alcohol Oxidase and MBTH is shown. Nowadays, we are concentrating on enhancing 
methanol production via enhancing amount of functional sMMOH in terms of cell-free expression and 
optimizing condition of AO-MBTH assay from interferences such as cofactors and unexpected reacted 
compounds. 
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Initial concentrations of substrates determine the amount of products in biocatalysis. For asymmetric synthesis 
of chiral amines using transaminase, ketones and amino donors are used as substrates. However, most of ketones 
show low solubility in water, contrary to amino donors carrying a hydrophilic amino group. Therefore, organic 
co-solvent has been usually employed for asymmetric synthesis of chiral amines to solubilize ketones with the 
high concentration. The key drawback on usage of organic co-solvent in biocatalysis is the inactivation of 
enzymes at high concentration of organic co-solvent. In this study, we observed the different effects of buffers 
on activity of transaminase in dimethyl sulfoxide (DMSO). Five transaminases (i.e., 2 S-selective and 3 R-
selective ones) were tested, and a phosphate buffer showed the protection of enzyme activity, even activation for 
some transaminases, in high concentration of DMSO. 
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White-rot basidiomycetes have been extensively studied in the field of lignin degradation and have been 
successfully listed as the most effective organism for delignification. The white rot fungi (WRF) excretes 
several oxidative enzymes, which as a result aids in the lignin degradation. The ligninolytic enzymes can be 
classified into phenol oxidases (laccases) and heme peroxidases including manganese peroxidase (MnP) and 
lignin peroxidase (LiP). LiP helps in catalyzing hydrogen-peroxide-dependent oxidative degradation of lignin. 
In the current study, 6 strains of WRF were considered (three strains of Trametes versicolor, one strain of 
Bjerkandera adusta and two strains of Ganoderma lingzhi). All the six strains have noteworthy reputations in the 
production of LiP. The strains were cultivated in submerged fermentation in four different types of media 
supplements and incubated for 16 days to witness the production of LiP. Out of all the strains, Bjerkandera 
adusta was evidenced to have a greater biomass with an enhanced LiP production in Kirk’s media. The purpose 
of this study is the prospective applications of LiP that spans a wide arena of human endeavor including 
bioremediation, bio refinery, textile, cosmetology and dermatology 
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Blood generated during slaughter is treated as waste water and it has a great impact on water pollution. In 
general, swine blood is very useful because it contains 75-80% water, 15-17% high-quality protein and minerals 
such as iron and fat, but it is problematic to be recycled due to its color and odor. The purpose of this study, 
therefore, is to utilize slaughtered swine blood by enzymatic treatment using proteases such as Alcalase and 
Flavourzyme under various conditions for feed additive source. Experiments were performed with single, 
complex enzyme treatment and hydrolysis at 3 and 6 h at 50℃. As a result, the degree of hydrolysis (DH, %) of 
the hydrolysate treated with the complex enzyme was higher than that of the single enzyme hydrolysate, and the 
treatment was the highest at the concentration of 2.5% (v/w) for 6 h. Bovine serum albumin (BSA) protein 
levels were reduced by more than half compared to the untreated group, but there was no significant difference 
between the 2.5% treated group and the 5% treated one. The complex enzyme treatment is more efficient than 
the single enzyme treatment, and it is possible to make use of the protein as a feed additive by lowering the 
molecular weight. 
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In this study, solvent-mediated method (SMM) was used to prepare supersaturated sugar solution in ionic 
liquids (ILs). In this method, sugars were first solubilized in a mixture of organic solvent and water (i.e. 
methanol;water, 1:1 v/v), and sugar solution was then dissolved in IL media. The supersaturated sugar solution 
in IL was obtained after removal of organic solvent and water by evaporation. Higher sugar solubility in IL, 
especially in hydrophobic IL and IL mixture containing hydrophobic IL prepared by SMM compared to that 
prepared by water-mediated method (WMM) where only water was used to solubilize sugar before dissolving in 
ILs indicated the solvating role of organic solvents in hydrophobic media. The interaction between glucose 
molecules as well as between glucose and solvents involved in the sugar dissolution were also investigated by 
all atomic molecular dynamic (MD) simulation. The MD simulation results showed that initial water or 
water/methanol molecules around glucose were gradually replaced by IL anions in the dissolution process. In 
addition, the higher hydrogen bonding interaction between IL anion and glucose in glucose-IL system prepared 
by SMM compared to those prepared by WMM might result in the higher solubility of sugar in IL prepared by 
SMM than those prepared by WMM. As a result, the productivity of the lipase catalyzed synthesis of sugar fatty 
acid ester in IL mixture prepared by SMM was enhanced by at least 1.76 times comparing to that of ILs mixture 
prepared by WMM. 
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Salinity stress is of great importance in reclaimed or greenhouse areas due to its impact in reducing crop growth 
and yield. Salinity also affect negatively on the survival of beneficial microorganisms in the plant rhizosphere. 
To increase salt tolerance and consequently promote plant growth by the treatment of rhizobacteria, we 
collected freshwater samples from Sangju-si, Gyeongsangbuk-do province, and isolated salt tolerant bacteria. 
The isolated bacteria were primarily tested for the induction of salt tolerance and plant growth promotion with 
MS media in salt solution at 100 mM and Sporosarcina globispora NBC126 was selected. The NBC126 
significaltly increased germination rate and growth of chinese cabbage (Brassica rapa) in salt stress conditions. 
For the parctical use, optimal concentrations and treatment methods were also assayed. The bacterium produced 
auxin and solubilized phosphate. However, the precise mechanism for the induction of salt tolerance needs more 
investigation. 
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The significant disadvantage of a conventional half-adder is that it neglects the possible ‘carry’, leaving the 
calculation incomplete. In an attempt to deal with the problem, we devised a decoding strategy, which coverts 
outputs from a half-adder into binary numbers along with carry. Then, by utilizing the unique properties of 
transaminase and alcohol dehydrogenase, we designed two logic gates, AND and XOR gates, that together 
behave as a half-adder. By applying the decoding strategy to the half-adder, thus, we constructed an enzyme-
based half-adder that does not leave out the ‘carry’. To take a step further, we tested our circuit in a 96-well 
plate, considering each well represents a bit, and the successful results we obtained revealed the potential of 
enzyme-based logic system to implement a higher complexity of functions.  
 
Keywords : half-adder, enzyme-based half-adder, transaminase, alcohol dehydrogenase, logic gates, AND gate, 
XOR gate, logic system 
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Enzymatic CO2 conversion and utilization has gathered a growing attention as a potential approach for the 
reduction of atmospheric CO2. The fast kinetics of an enzyme, carbonic anhydrase (CA), for converting CO2 to 
bicarbonate (HCO3

-) is beneficial for CO2 reduction. However, successful application of CA requires the 
stabilization of CA activity and the development of CA-based bioprocess. In the present work, we developed the 
protocol of one-pot CO2 conversion and utilization by using the crosslinking-based nanocomposites of CA and 
carboxylated polyaniline nanofibers (cPANFs). The nanocomposites were prepared by the approach of 
magnetically separable enzyme precipitate coatings (Mag-EPC), which consists of covalent enzyme attachment 
on cPANF, enzyme precipitation, and crosslinking with magnetic nanoparticles. The CA activity could be 
stabilized with Mag-EPC approach and showed the half-life of 236 days under the shaking condition. One-pot 
bioprocess for enzymatic CO2 conversion and utilization was demonstrated with Mag-EPC. Atmospheric CO2 
was converted to HCO3

- by Mag-EPC and the HCO3
- was simultaneously used as a carbon source for the 

accelerated growth of photosynthetic microorganism in the one-pot bioreactor. The growth of photosynthetic 
microorganism was increased by 1.8-folds in the presence of Mag-EPC. Highly stable Mag-EPC approach is 
expected to be applied for various types of photosynthetic microorganisms, which produces valuable chemicals 
including biodiesels. 
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A chemico-physical transformation method that combines rubidium chloride (RbCl) based chemical method and 
sepiolite-based physical method has been reported to widely apply with bacterial species. The sepiolite 
concentration utilized in this method has been optimized with Escherichia coli (DH5a). The transformants also 
can be obtained from Bacillus subtilis, Bacillus megaterium, Lactococcus lactis subsp. lactis, Lactococcus lactis 
subsp. cremoris, Bacillus sp. Enterococcus faecalis, Enterococcus malodoratus and Enterococcus mundtii by 
chemico-physical transformation method. Furthermore, to accelerate the advance of bacteria biotechnology we 
optimize our method by evaluating chemical compounds (rubidium chloride, lithium acetate, dimethyl 
Sulfoxide , magnesium chloride and cesium chloride) for increasing membrane permeability and physical 
materials (sepiolite, gold(III) chloride, multi-walled carbon nanotube, and chitosan) for piercing membranes 
with Lactococcus lactis subsp. Lactis, Enterococcus faecalis, and Bacillus subtilis. The industrially attractive 
bacterial species Ralstonia eutropha and Methylomonas sp. DH-1 can also be obtained transformants by optimal 
chemico-physical transformation method with reliable efficiency. Based on five chemicals at three different 
concentrations and four nanomaterials, the 60 combinations were investigated to identify the optimal conditions 
for a higher transformation efficiency. The best transformation efficiencies were achieved as follows; 2.84×104 
CFU/μg in Lactococcus lactis subsp. Lactis (0.1M CsCl and gold(III) chloride), 3.60×104 CFU/μg in 
Enterococcus faecalis (1M Li-acetate and MWCNT), 2.41×104 CFU/μg in Bacillus subtilis (0.01M RbCl and 
sepiolite), 3.49×104 CFU/μg (0.1M RbCl and gold(III) chloride) in Ralstonia eutropha and 8.78×104 CFU/μg 
(1M RbCl and chitosan) in Methylomonas sp. DH-1. The efficiencies are 100-fold higher than those without 
optimization. Consequently, our chemico-physical transformation with chemicals-materials optimization allows 
efficient DNA entry into various bacterial cells with high efficiency.  
 
Keywords : Bacterial transformation, Chemical compounds, nano-particles, physical transformation, bacteria, 
transformation 
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In this study, a gas chromatography–mass spectrometry (GC–MS) analysis method was developed and validated 
for the quantitative analysis of limonene that was attempted to be industrially mass‐produced from genetically 
engineered Saccharomyces cerevisiae (S. cerevisiae). Owing to the high potential economic value of limonene, 
(e.g., for biofuels, fragrant additives, pharmaceuticals, or organic solvents), it is important to develop and 
validate a readily available quantitative analysis method for limonene produced from genetically engineered 
yeast or microorganisms. The engineered S. cerevisiae was cultured using two‐phase extractive fermentation 
with n‐dodecane, which is known to alleviate monoterpene toxicity, used as an extractive solvent. The 
quantitative GC–MS analysis of the n‐dodecane overlay that contained limonene produced from the engineered 
S. cerevisiae was validated to be in accord with the international standards set forth by the Food and Drug 
Administration. 
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