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Welcome to YABEC 2014 
Dear Colleagues,  

The Symposium of Young Asian Biochemical Engineers' Community (YABEC) will mark its 

20th anniversary this year. On behalf of the YABEC 2014 Organizing Committee, it is my great 

pleasure to welcome you to the very meaningful 20th YABEC symposium, which will be held in 

National Chung Cheng University, Chiayi, on November 6-8, 2014.  

The YABEC symposium has been held annually without interruption ever since the very first 

YABEC in 1995. Nineteen years ago, the first YABEC was launched in Seoul National University, 

Korea, where young biochemical engineers gathered together to share their research and dreams of 

having a successful academic career. At that time, not many colleagues imagine that this 

symposium series would go this far. However, the YABECian Spirit upholds. This symposium 

series has now become a key annual event for young Asian colleagues in applied biotechnological 

areas.  

After so many years, the participants of previous YABEC symposiums have played an 

important role and made a tremendous contribution and impact in Asia and also global 

biotechnology academics and industries. We admire their achievements and appreciate their 

contributions, including promoting biotechnology education and industrialization of bioproducts, 

editing prestigious journals, organizing and hosting important international conferences, conducting 

academic societies, and so forth. We also witnessed the establishment and growth of Asian 

Federation of Biotechnology (AFOB), primarily due to efforts by enthusiastic YABECians. From 

2011, the YABEC meetings are organized under the auspices of AFOB. The YABEC 2014 is thus 

organized with the support of Biochemical Engineering Society of Taiwan (BEST), the collaborated 

partner of AFOB in Taiwan. There were four YABEC symposiums previously held in Taiwan in 

different cities: Haulan, Taipei, Kaohsiung and Taoyuan. This time, we sincerely hope you enjoy 

your stay in the beautiful Chiayi County.  

 

 

 

Wen-Chien Lee  

Chairman, Organizing Committee of YABEC 2014  

National Chung Cheng University, Chiayi, Taiwan 
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YABEC 2014 Key Contents 

<Plenary Lecture I> 

Diethard MATTANOVICH 

University of Natural Resources and Life Sciences, Vienna (BOKU) 

“Systems biotechnology of recombinant protein production: Cell design based on 

transcriptomics, proteomics and metabolic modelling” 

Chairperson: Liang-Jung CHIEN Ming Chi University of Technology 

 

<Plenary Lecture II-VI> 

Chairpersons: Steven S.-S. WANG National Taiwan University  

Jong In WON Hongik University 

II. Oliver M. MUELLER-CAJAR Nanyang Technological University 

“Exploring new possibilities to increase biomass production by engineering 

photosynthetic carbon dioxide fixation” 

III. Jungbae KIM Korea University 

“Nanobiocatalysis for Antifouling” 

IV. Hiroshi UEDA Tokyo Institute of Technology 

“How can we transform uni-functional proteins to sensors?” 

V. Wei WEI Chinese Academy of Sciences 

“Potential Pharmaceutical Applications of Uniform-sized Chitosan 

Micro/Nanoparticles with Autofluorescent Property” 

VI. Mei-Chin CHEN National Cheng Kung University 

“Fully Embeddable Chitosan Microneedles as a Sustained Release Depot for 

Intradermal Vaccination”  
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<Bio-Fun> 

Chairperson: Noriho KAMIYA Kyushu University 

Korea: 

Hyung Joon CHA Pohang University of Science and Technology 

“There's something about Mussel” 

Japan: 

Chiaki OGINO Kobe University 

“Gadget” 

Mainland China: 

Shuang LI Nanjing Tech University 

“A novel high-throughput screen method for surfactin producing strains” 

Taiwan: 

Hsiang-Yu WANG National Tsing Hua University 

“I hear you: do microorganisms respond to music?" 

<Invited Lecture> 

Special Session: YABEC Classic 

Chairpersons: Jung-Keug PARK (Dongguk University)  

Tzyy-Wen CHIOU (National Dong Hwa University) 

OS-1 Yoon-Mo KOO (Inha University) 

 “Retrospect and Prospect of YABEC” 

OS-2 Takeshi OMASA (The University of Tokushima) 

“YABEC-YABECian network for Biochemical Engineering and Biotechnology” 

OS-3 Jin-Ho SEO (Seoul National University) 

“Is fermentation technology old?” 

OS-4 Jian-Jiang ZHONG (Shanghai Jiao Tong University) 

“Signal transduction engineering meets synthetic biology: for hyper-production of 

bioactive metabolites” 

OS-5 Yew-Min TZENG (Chaoyang University of Technology) 

“Analytical methods for triterpenoids of Antrodia camphorate” 

OS-6 Yasuo YOSHIMI (Shibaura Institute of Technology) 

“Celebration, Gratitude and Encouragement for YABEC” 

OS-7 Tzyy-Wen CHIOU (National Dong Hwa University) 

“Local delivery of Z-butylidenephthalide by polymer wafers against malignant human 

gliomas” 

  

55



 

Session A: Biocatalysis and Nanobiotechnology 

Chairpersons: Jae-Chul PYUN (Yonsei University) 

Mei-Jywan SYU (National Cheng Kung University) 

 

OA-1 Joon Ho PARK (Amorepacific R&D Center) 

“Keratinolytic Activity of Enzymes from Lactobacillus plantarum APsulloc 331261 and 

its Application to Cosmetics” 

OA-2 Hui LUO (University of Science and Technology Beijing) 

“Monitoring and controlling intraparticle pH of the immobilized cephalosporin C acylase 

in reaction” 

OA-3 Mei-Jywan SYU (National Cheng Kung University) 

“Detection of Urea Concentration in Clinical Samples by the Electrode Fabricated of 

Urease Doped Conducting Copolymers” 

OA-4 Jae-Chul PYUN (Yonsei University) 

“Solid-matrix chips for small biomolecule analysis with MALDI-TOF mass 

spectrometry” 

OA-5 Yan-Yu CHEN (National Cheng Kung University) 

“Fabrication of conductive microparticles as the anode electrode in the air-cathode 

microbial fuel cell” 

OA-6 Yong-Cin CHEN (National Taiwan University of Science and Technology) 

“Investigation of Antibacterial Effects of Nanocubic Cu2O Nanoparticles” 

OA-7 Jheng-Long SIE (National Taiwan University of Science and Technology) 

“Preparation of nano-fibrous immunoisolation membrane by electrospinning” 

OA-8 Meng-Ran YU (University of Chinese Academy of Sciences) 

“Gigaporous Chromatographic: Enhancing Binding Capacity and Improving Stability of 

Virus-like Particles” 

 

Session B: Applied Microbiology and Systems Biology 

Chairpersons: Rong-Rong JIANG (Nanyang Tech University) 

Yoshihiro OJIMA (Osaka University) 

 

OB-1 Rong-Rong JIANG (Nanyang Technological University) 

“Transcriptional Engineering Tools for E. coli” 

OB-2 Kiyotaka Y. HARA (Kobe University) 

“Construction of energetic cell factories” 

OB-3 Hong-Juan LIU (Tsinghua University) 

“Progress on 1,3-propanediol research and its industrialization” 

OB-4 Hong-Wu MA (Chinese Academy of Sciences) 

“In vitro analysis of key enzymes in metabolic pathways” 

OB-5 Yoshihiro OJIMA (Osaka University) 

“Outer membrane vesicle production from different types of Escherichia coli strains” 
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OB-6 Zhimin LI (East China University of Science and Technology) 

“Biosynthesis of trans-4-hydroxyproline by recombinant strains of Corynebacterium 

glutamicum and Escherichia coli” 

OB-7 Ling JIANG (Nanjing Tech University) 

“Enhanced propionic acid production from whey lactose with immobilized 

Propionibacterium acidipropionici and role of trehalose synthesis in acid tolerance” 

OB-8 Yin-Hua WAN (Chinese Academy of Sciences) 

“Effect of membrane hydrophilicity on organic fouling behavior of UF membrane” 

 

Session C: Tissue Engineering and Biomaterials 

Chairpersons: Yung CHANG (Chung Yuan Christian University) 

Yoshinori KAWABE (Kyushu University) 

 

OC-1 Yung CHANG (Chung Yuan Christian University) 

“Biomimetic Blood-inert Interface via Surface Zwitterionization” 

OC-2 Masumi YAMADA (Chiba University) 

“Microfluidic Preparation of ECM Protein Particles and Fibers for 3D Cell Cultivation” 

OC-3 Ryuji KATO (Nagoya University) 

“Non-invasive cell quality evaluation by image-based morphological informatics for 

regenerative medicine” 

OC-4 Jia-Shing YU (National Taiwan University) 

“3-D Biomaterial-based microbubbles for cardiomyocyte culture” 

OC-5 Shinji SUGIURA (National Institute of Advanced Industrial Science and Technology) 

“Microscale Cell Manipulation by Photodegradable Hydrogel” 

OC-6 Jie WU (Chinese Academy of Sciences) 

“The application of chitosan thermal sensitive hydrogel as vaccine adjuvant both for 

nasal administration and injection” 

OC-7 Yoshinori KAWABE (Kyushu University) 

“Egg-based oral immunotherapy with genetically manipulated chickens producing T-cell 

epitopes against Japanese cedar pollinosis” 

OC-8 Chi-Hsien LIU (Chang Gung University) 

“Delivery of Quercetin to Porcine Eyes by Lipid Nanocarriers” 

 

Session D: Bioenergy, Biorefinery and Environmental Biotechnology 

Chairpersons: Min JIANG (Nanjing Tech University) 

Si-Yu LI (National Chung Hsing University) 

 

OD-1 Min JIANG (Nanjing Tech University) 

“Production of economic bio-butanol from renewable resources” 

OD-2 Ethan I LAN (National Chiao Tung University) 

“Metabolic Engineering of cyanobacteria for production of commodity chemicals” 

OD-3 Chiaki OGINO (Kobe University) 

“Microbial screening for biorefinery research” 
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OD-4 Hyunook KIM (University of Seoul) 

“pH and ORP based Odor Reduction Strategy for Alternating Aerobic and Anoxic 

Activated Sludge System” 

OD-5 Si-Yu LI (National Chung Hsing University) 

“The feasibility of mixotrophic Escherichia coli for biobased chemical production” 

OD-6 Yuanpeng WANG (Xiamen University) 

“Biosynthesis of polyhydroxyalkanoates from activated sludge by regulating the carbon 

substrate” 

OD-7 Meng WANG (Beijing University of Chemical Technology) 

“Improving the low temperature properties of biodiesel by synthesis of branched alcohol 

esters via enzymatic esterification” 

OD-8 Bor-Yann CHEN (National I-Lan University) 

“Exploring Electron-Shuttling Characteristics of Redox Mediators for Bioelectricity 

Generation and Reductive Decolorization” 

<YABEC Awards> 

YABEC Plaque of Appreciation 

Tong CHEN (Organizing Committee Chair of YABEC 2013) 

Tianwei TAN (Organizing Committee Chair of YABEC 2013) 

Guanghui MA (Organizing Committee Chair of YABEC 2013) 

Kai LOU (Organizing Committee Secretary General of YABEC 2013) 

 

Highest YABEC Attendance Awardees 

Jung-Keug PARK (Attendance, 19) 

Yoon-Mo KOO (19) 

Masahiro GOTO (16) 

Takeshi OMASA (16) 

Jau-Yann WU (15) 

Zhiguo SU (13) 

<Introduction of YABEC 2015> 

Presented by: Prof. Choul-Gyun LEE (Korea) 
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# PRESENTER POSTER 

Biocatalysis and Protein Engineering 

A-1 Yoon-Mo KOO 
[EMIM][Cl]-assisted Enhanced Refolding of Horseradish Peroxidase in the Presence of Ca2+ & Heme 

Cofactor 

A-2 Masahiro YASUDA Protein Conformation Change on Charged Monodisperse Nanopolymer Particle 

A-3 Chih-Kai CHANG 
Examining the Unfolding Pathway of Human γD-Crystallin under Acidic Conditions by Molecular Dynamics 

Simulations 

A-4 Teppei NIIDE Self-sacrificial display of an active protein on gold nanoparticles 

A-5 Daohua SUN Catalytic selective hydrogenation of biogenic Ag-Pd alloy nanoparticles 

A-6 Kosuke MINAMIHATA Horseradish peroxidase-mediated preparation of a hypermultivalent protein G polymer 

A-7 Jungbae KIM Nanobiocatalysis for Antifouling 

A-8 Hyung Joon CHA Biomimetic conversion of CO2 using biocatalysts 

A-9 Liang-Jung CHIEN Enzymatic carbon dioxide sequestration using a silicified carbonic anhydrase catalyst 

A-10 Dong-Myung KIM Incorporations of unnatural amino acids in a modified cell-free protein synthesis system 

A-11 Shinya IKENO Efficient protein expression system by co-expression with small peptide in Escherichia coli 

A-12 Shan-Yu CHEN Construction and expression of a nisin immunity gene nisI in Bacillus subtilis 

A-13 Li-Bo YANG 
Optimization of a low-cost medium and investigation of protein expression profiles of 

erythritol-producing Yarrowia lipolytica in response to osmotic pressure 

A-14 Noriko YAMANO The effect of chromosome number to antibody production in Chinese Hamster Ovary Cells 

A-15 Jana FRANK Chromosome rearrangements and instability in Chinese hamster ovary cell line 

A-16 Huilei YU Improving the potential of Pseudomonas putida esterase for efficient bioresolution of α-hydroxy acids 

A-17 Jingli XIE 
Cloning, characterization of a cold-adapted endo-1,5-α-L-arabinanase from Paenibacillus polymyxa and 

rational design for acidic applicability 

A-18 Yi HU Application of functional ionic liquids in lipases molecular modification 

A-19 Xia ZHANG 
Expression and Characterization of the Recombinant Azoreductase (SxAZR) from Shewanella xiamenensis 

BC01 

A-20 Po-Ting CHEN High-level expression of recombinant lipase in Bacillus subtilis 

A-21 Chen ZHEN Characterization of a glucosidase from bioflocculant-producing Bacillus licheniformis 

A-22 Li DENG Lipase Candida sp. 99-125 Catalyzed Synthesis of Human Milk Fat Substitutes 

Bioprocess Engineering 

B-1 Shiow-Ling LEE 
Enhancement of 2-Phenylethanol Production by Pichia Fermentans L-5 with in situ Product Recovery 

Technique 

B-2 Yong Hwan KIM 
Accelerated degradation of lignin by LiPH8 of Phanerochaete chrysosporium by engineered 

4-O-methyltransferase from Clarkia breweri 

B-3 Yucai HE 
Biosynthesis of ethyl (R)-4-chloro-3-hydroxybutanoate by NADH-dependent reductase (SsCR) discovered 

by genome data mining 

B-4 Xiangrong CHEN 
Recovery of High Value-Added Components from Soy Sauce Residue Using Ultrasonic-Assisted 

Technology 

B-5 Zheng-Xiong LIN Purification of succinic acid produced by the fermentation of Actinobacillus succinogenes 

B-6 Hu-Hu LIU 
Efficient arachidonic acid-rich oil production by Mortierella alpina through a repeated fed-batch 

fermentation strategy 

B-7 Yawei CHEN Increased NADPH availability for improvement of S-adenosylmethionine production in Escherichia coli 

B-8 Duen-Gang MOU Predictive scale up in micro and mini bioreactors 

B-9 Takaaki ISHIGAMI Asymmetric Recognition of L-/D-Amino Acid by Liposome Membrane 

B-10 Xuejun CAO Lincomycin Separation by Countercurrent Column with Aqueous Two-phase Systems 

B-11 Pei-Yu CHUNG Recovery of Phycobiliproteins from Spirulina platensis by Magnetic Polyethyleneimine Nanocomposite 

B-12 Meng LIN Production of reuterin with magnetically modified Lactobacillus reuteri in MAPB reactor 

B-13 Yu-Kaung CHANG 
Process design of enhanced green fluorescent protein purification by immobilized metal affinity 

chromatography 

B-14 Yongdong HUANG Preparation of dextran-grafted IMAC adsorbent and its application 

B-15 Lan ZHAO Preparation of Agarose Beads with a Controllable Pore Structure 

B-16 Fangling GONG Preparation of uniform agarose beads by employing novel rotating membrane emulsification 

B-17 Hidetaka KAWAKITA Modification of Membrane Pore with Dextran Produced by Dextransucrase’s Reaction 

B-18 Pei-Jyun LIOU 
An efficient strategy from high-throughput in-situ screening, efficient purification to large-scale 

preparation of chitooligosaccharides 

B-19 Xiao-Jun JI Omega-3 Biotechnology: with Focus on Algal DHA-rich Oil Production 

Poster Presentation 
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B-20 Shuang LI Production of Surfactin isoforms and its applicability to enhanced oil recovery 

B-21 Dinghua YU Hierarchy Porous NaY Microsphere: Efficient Solid Acid Catalyst for Lactic Acid Dehydration to Acrylic Acid 

B-22 Sung-Ho HA 
Effect of Operating Conditions on the Recovery of Ionic Liquids from Mixture through Ultrasound 

Atomization 

Applied Microbiology 

C-1 Yew-Min TZENG 
Destruxin B inhibits the Helicobacter pylori induced pathogenesis through attenuation of vacuolating 

cytotoxin-A activity 

C-2 Yong-Cin CHEN Investigation of Antibacterial Effects of Nanocubic Cu2O Nanoparticles 

C-3 Moon-Soo HEO Isolation and Culture Condition Optimization and Antibacterial Effect of Pediococcus acidilactici JFP-1 

C-4 Hsien-Cheng WU ZnO nanoparticles affect Bacillus subtilis cell division and biofilm formation 

C-5 Su-qin SONG 
Isolation and related characterization of the polysaccharides of the radiation-resistant bacterium with 

high-yielding polysaccharides 

C-6 Chengfeng XUE Hydroperoxide significantly stimulated production of exopolysaccharide from Lactobacillus rhamnosus 

C-7 Zeng-Chin LIANG 
Light intensity at various cultivation periods influences the production of fruiting body and bioactive 

compounds by Cordyceps militaris 

C-8 Fangyu CHENG 
Enhanced production of hyaluronic acid with distinct molecular weights by recombinant Corynebacterium 

glutamicum 

C-9 Fan-Chiang YANG Adding monoterpenes to enhance triterpenoid production in submerged cultures of A. cinnamomea 

C-10 Bo LYU Rational design of β-glucuronidase for improved substrate specificity in glycyrrhizin transformation 

C-11 Zeng-Chin LIANG 
Cultivation of a medicinal mushroom, Xylaria sp., from abandoned termite nest on the sawdust based 

substrate 

C-12 Jing ZHU 
The isolation, extraction and structure analysis of the melanin from radiation resistant Aureobacidium 

pullulans 

C-13 Yajuan PENG Effects of ionic strength and pH on the flocculation behavior of Bacillus licheniformis 

C-14 Yunli ZHOU Alcohols effect on Shewanella xiamenensis BC01and its applications 

Metabolic Engineering and Systems Biology 

D-1 Zhe LI Characterization of Saccharomyces cerevisiae Promoters and Application in Pathway Engineering 

D-2 Hui WU Odd straight-chain free fatty acid production by metabolically engineered E. coli strains 

D-3 Masaaki KONISHI Draft genome sequencing and metabolic engineering for a biosurfactant producing yeast 

D-4 Min CHU Gene cloning and bioinformatics analysis of the cold-adapted amylase from Aeromonas sp. 

D-5 Chao-Lin LIU Intact Band 3 Produced in Prokaryotic Expression System 

D-6 Hongwen CHEN 
Construction of brewing-wine Aspergillus oryzae pyrG mutant by pyrG gene deletion and its application 

in homology transformation 

D-7 Weiming LIU 
Coexpression of leucine dehydrogenase and formate dehydrogenase in recombinant E. coli and its 

application in the synthesis of L-tert-leucine 

D-8 Ryosuke YAMADA Combinatorial strategy for efficient enzyme cell surface display in yeast Pichia pastoris 

Biosensor and Nanotechnology 

E-1 Hiroshi UEDA How can we transform uni-functional proteins to sensors? 

E-2 Tai Hyun PARK Bioelectronic Tongue for the Detection of Sweeteners 

E-3 Hiroyuki IMANAKA 
Influence of Conformational Constraint and Spatial Arrangement of Ligand Peptide on the Detection of 

Peptide-Protein Interaction 

E-4 Sang-Myung LEE Biomimetic Nanoparticle-based FRET Biosensors 

E-5 Rie WAKABAYASHI 
Enzymatic Preparation of Protein Assemblies on a Polymer Scaffold for a Highly Sensitive Antigen 

Detection 

E-6 Chan-I CHUNG Development of antibody-FP fusion FRET probes for the detection of cellular antigens 

E-7 Jau-Yann WU 
A Disposable Hepatoma-derived Growth Factor Immunosensor Based on Imine-capped Gold 

Nanoparticles 

E-8 Man Bock GU The Shortest Octamer binding to Tetracyclins 

E-9 Zhaoshou WANG Study on the preparation of an estrogen aptasensor and its performances 

E-10 Moon-Soo HEO 
Rapid detection of fish pathogen Pseudomonas anguilliseptica with TaqMan fluorescent probes using 

real-time PCR 

E-11 Shun KAWAI Evaluation of Nerve Growth Factor regulatory molecules using cell image analysis 

E-12 Hideyuki MIZUMACHI Biological assay device of neural stem cells with ECM-modelized matrix gel 

E-13 Yanli YANG Dual Polarization Interferometry for Detection of Virus-like Particles Change at Ionic Surface 

E-14 Jeong-Woo CHOI Bioprocessing Device composed of Azurin/DNA/Nanoparticle Hybrid Material 

E-15 Xin-Yu LIN Preparation and In Vitro Evaluation of 5-Aminolevulinic Acid (ALA) Loaded Chitosan Electrosprayed 

Nanoparticles 

E-16 Tsung-Hua LEE Raman spectrometry for the detection of multiple microorganism compositions 

E-17 Fang LUO Dopamine surface modification process for NaYF4:Yb,Er upconversion nanoparticles 

E-18 Jheng-Long SIE Preparation of nano-fibrous immunoisolation membrane by electrospinning 
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Tissue Engineering and Biomaterials 

F-1 Duk Jae OH Development and evaluation of cell culture vessel with gas-permeable membrane bottom 

F-2 Ya-Tng LIN Application of the Different Processes of Polyhydroxyalkanoate on Vascular Tissue Engineering 

F-3 Shuhei YAMAMOTO 
Magnetic force-based 3D cell patterning for observation of invasive capacity of cancer cells co-cultured 

with vascular endothelial cell network 

F-4 Xin-Yu Lin Characterization of Cell Behaviors on PDMS Membranes with Dif-ferent Mechanical Properties 

F-5 Shinji SAKAI On-cell surface cross-linking of polymer molecules by horseradish peroxidase anchored to cell membrane 

F-6 Ya-Wen LIU 
Electrospun scaffolds of the blends of poly(3-hydroxybutyrate) and its derivatives: preparation, 

characterizations, and in vitro evaluation 

F-7 Nae Yoon LEE Poly(dimethylsiloxane)-like coating of thermoplastics for irreversible sealing of microdevice 

F-8 Wei-Chih KUAN Application of magnetic iron oxide nanoparticles coupled with protein-bound glutathione 

F-9 Jintae LEE Inhibition of Bacterial Biofilm Formation (Biofouling) and Virulence Using Thermoresponsive Polymers 

F-10 Jonghoon CHOI Probing the dynamic cytokine secretion profiles from individual human CD4+ T cells responding to antigen 

F-11 Jung-Keug PARK Pulsed Electromagnetic Field Promotes Cell Survival via Activation of Akt Signaling Pathway 

F-12 Xiangqin YANG The Development and Application of A Serum-Free Medium for Murine Intestinal Stem Cells 

F-13 Tai-Ju HSU 
Optimization of a Serum-Free Induction Medium for Human Neutrophils Derive From umbilical cord 

blood 

F-14 Kazunori SHIMIZU 
In vivo Tissue Suction-Mediated Transfection Method in Mice Using a Computer System for Controlling 

Suction Pressure Conditions 

F-15 Cheng-Ping JHENG The role of physiologically cleavaged fragment in amyloid fibril conversion 

F-16 Pi-Chao WANG In vitro formation of vasculature and tubules in developing kidney by type V collagen molecules and fibrils 

F-17 Fumiki YANAGAWA 
Fabrication of PDMS microfluidic device for three dimensional perfusion culture through patterned 

photodegradable hydrogel 

F-18 Keita HAYASHI 
Formulations and hydration structure of vesicles were controlled by the surface modification of poly 

ethylene glycol 

F-19 Jinkee HONG Ink-jet Printing Based High-throughput Layer-by-Layer Assembly for Biomedical Applications 

F-20 Chen-Yu KAO Preparation and Evaluation of the Drug Loaded Microparticles for Oral Drug Delivery 

F-21 Jong-In WON 
Synthesis and characterization of an ELP-conjugated liposomes with thermo-sensitivity as a smart drug 

carrier 

F-22 Su-Chun HOW 
Synthesis and Self-Assembly of Bioactive Saccharide-Conjugated Polypeptide Micelles for Acid-Triggered 

Drug Release 

F-23 Wai-Tao CHAN Toxic Studies of SiO2 Nanoparticles Modified with Self-assembled Monolayer in a Mouse Model 

F-24 Chia-Rui SHEN 
Effects of superparamagnetic iron oxide encapsulated with N-[(2-hydroxy-3-trimethylammonium) propyl] 

chitosan chloride on cell growth, differentiation and release of cytokines 

F-25 Liang-Yi WANG Preparation of Carboxymethyl Cellulose Membranes for the Applications in Biomedical Materials 

F-26 Wei-Shiou LEE The application of photodynamic therapy of curcumin with lipid vehicles 

F-27 Chih-Kai CHANG Investigation and characterizations of cell growth on the plasma-modified PHAs materials 

F-28 Yu-Chen LIN Synthesis and application of chitosan/γ-poly (glutamic acid) gel beads 

F-29 Ling-Wei CHOU Studies on thermosensitive polypeptide mPEG-PELG hydrogel for potential application of drug delivery 

F-30 Wei-Lun HUNG 
Gelation Studies and Encapsulation of Hydrophilic Anti-cancer Drug of Thermosensitive Polypeptide 

Hydrogel 

F-31 Xiang-Lin CHEN 
Differentiation of human mesenchymal stem cells toward chondrogenic phenotype after 3D co-culture for 

cartilage tissue engineering 

F-32 Chien-Chih CHIU 
Quinone-based compounds attenuates cellular growth in zebrafish hosting lung cancer xenografts via 

regulating Akt and ATM/ATR signaling pathways 

F-33 Hui-Min WANG 
Isophilippinolide A Arrests Cell Cycle Progression and Induces Apoptosis for Anticancer Inhibitory Agents 

in Human Melanoma Cells 

F-34 Yasuo YOSHIMI 
A Neural Network in Aplysia Central Nervous System for Taste Recognition Detected by Voltage Sensitive 

Dye Imaging 

F-35 Siao-Chen CHEN Design and Fabrication of Tunable Biodegradable Microfluidic Devices 

Bioenergy and Biorefinery 

G-1 Hiroshi TERAMURA Development of methods to assess the biomass property 

G-2 Choul-Gyun LEE Large-Scale Marine Microalgal Cultures using Floating Membrane Photobioreactors 

G-3 Si Wouk KIM 
Effect of carbon source and light intensity on microalgal growth and fatty acid (FAME) profiles under 

different culture modes 

G-4 Nan WANG 
Fusion of cellulase from Bacillus subtilis into synthetic circuit of lyase and overexpression in Escherichia 

coli 

G-5 Kenji OKANO 
In vitro metabolic engineering employing thermophilic enzymes – a novel, simple technology for 

designing a chimeric metabolic pathway 

G-6 Chun-Xiu LI 
Identification of a new thermo- and alkaline-tolerant α-carbonic anhydrase from Lactobacillus delbrueckii: 

Performance in CO2 biomineralization into vaterite 

G-7 Sung-Ok HAN Designing of Yeast for Conversion to Bioethanol from Biomass by Clostridium-derived Enzyme Complexes 
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with Improved Enzyme Activity  

G-8 Hikaru NAKAZAWA 
Synergy effect on cellulase activity between different hybrid nano-cellulosome designed from cellulose 

binding domain library 

G-9 Chi-Yang YU 
Towards an Efficient Conversion of Waste Cooking Oil to Biodiesel: Characterization of Candida rugosa 

Lipase Immobilized on Diaion HP-20 

G-10 Yang LI Study on the effect of phospholipids on free lipase catalyzed biodiesel production 

G-11 Changxia LIU 
Immobilization of lipase onto Fe3O4 sub-microsphere and its application to produce biodiesel from waste 

cooking oil 

G-12 Kevin HSUEH 
Comparison of PHB accumulation in a cadmium resistance Cupriavidus taiwanensis EJ02 and its 

cadmium-sensitive mutants 

G-13 Chiaki OGINO Microbial screening for biorefinery research 

G-14 Keun KIM 
Saccharomyces cerevisiae Strain Improvement Using Selection, Mutation, and Adaptation for 

Lignocellulose-Derived Fermentation Inhibitor Resistance for Ethanol Production 

G-15 Xia WANG 
Metabolic regulation analysis on biodegradation of furan compounds derived from lignocellulose 

pretreatment by Amorphotheca resinae 

G-16 Yu-Shen CHENG Developing biological processes for biorefinery of sea lettuce Ulva lactuca 

G-17 Xia YI 
Experimental and transcriptome analysis of biodegradation metabolism of phenolic aldehydes generated 

from lignocellulose pretreatment 

G-18 Ching-An LIN Ethanol Production from a-Cellulose Using Cellulase from Aspergillus niger 

G-19 Seung Wook KIM Effect of inhibitory compounds from lignocellulosic biomass on 2,3-butanediol production 

G-20 Hongbo ZHENG Hydrolysis of corn stover with citric acid production wastewater: feasibility study 

G-21 Ching-Yi LEE 
Production of Lactic Acid from Rice Straw via Microwave Assisted Alkali Pretreatment and Simultaneous 

Saccharification and Co-Fermentation 

G-22 Chan LI The study of hydrogen production through anaerobic fermentation by immobilized bacteria 

G-23 Jiumn-Yih WU Succinate Supplement for Muconic Acid Fed-batch Production 

G-24 Hong-Wei YEN The growth of oleaginous Rhodotorula glutinis in an internal-loop airlift bioreactor 

G-25 Dongsheng GUO Process Control in Docosahexaenoic Acid Production by Schizochytrium sp. Using Respiratory Quotient 

G-26 Li DENG 
The influence of Solvent Microenvironment on the Activity of deglycosylated Yarrowia lipolytica Lipase 2: 

experiment and simulated Insight 

G-27 Li DENG 
Additives improve Candida sp. 99-125 lipase catalysed synthesis of biodiesel from lard in solvent free 

system 

Environmental Biotechnology 

H-1 Liang SHEN Fate and Abundance of Tetracycline Resistant Bacteria in a Wastewater Treatment Plant 

H-2 Lian ZHOU 
Towards a minimum genome cell factory for the production of a newly registered biopesticide 

Shenqinmycin 

H-3 Huifang BAO Diversity of Cultivable Bacteria of Frozen Soil in Lake Issyk-Kul Basin, Kyrgyzstan 

H-4 Yan GAO Sample Pattern of soil methanotrophs on the natural vertical zones of the North Tianshan mountains 

H-5 Zefeng MA Preparation and application of biodegradable mulching films based on fermentation residue 

H-6 Si Wouk KIM Various conditions of HcRNAV34 virus-like particle dissociation and reassociation 

H-7 Hyunook KIM pH and ORP based Odor Reduction Strategy for Alternating Aerobic and Anoxic Activated Sludge System 

H-8 Shih-Feng WEI 
Biological removal of trinitrotoluene (TNT) by indigenous microorganisms isolated from TNT 

contaminated soil and their application in TNT bioremediation 

H-9 Zhiqiang CAI Biodegradation kinetics of novel pyrimidynyloxybenzoic herbicide ZJ0273 by a novel strain Bacillus sp. CY 

H-10 Xiao-Ting HUANG Humic acid-immobilized chitosan gel beads as an adsorbent for the removal of heavy metal Pb(II) ions 

H-11 Meiying GU Study on Pb(II) adsorption properties of radiation resistant fungi 

H-12 Hei Chan LEE LMO and Biosafety 

H-13 Li DENG Production of Fumaric Acid from Food Waste by Rhizopus arrhizus 

H-14 Shen-Long TSAI Direct synthesis of bactericidal bionanocomposites from wastewater 

Miscellaneous 

I-1 Hyun Jung KIM 
Asian Federation of Biotechnology (AFOB) as A Driving Force for Collaborative Growth of Biotechnology in 

Asia and Beyond 
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Retrospect and Prospect of YABEC 
 

 
Scene 1: A young Asian biochemical engineer at the reception of the European Congress on 

Biotechnology, Firenze in 1993, feeling tired due to the jet lag and shy partially due to his poor 

English, strolled around aimlessly again in the middle of his seniors having a hilarious time. His 

loneliness at international meetings was reminded to have been around since his PhD in 1985. 

Anyway, that evening, he happened to find some of his kind and managed to have a good time, 

communicating, sometimes through writing Chinese characters on the table tissue. 

Scene 2: That young man, attending the division meeting of Biochemical Engineering, Korean 

Institute of Chemical Engineers in the spring of 1994 talked about his idea of organizing a society of 

young Asian researchers in biochemical engineering. At the site, this proposal was accepted with a 

round of toast of makgolli in the rural dining room at the foot of greening mountain near Seoul. 

Scene 3: In 1994, on the 2nd floor of the Shangrila Hotel in Singapore at the 3rd APBioChEC (Asia 

Pacific Biochemical Engineering Conference), Yoon-Mo Koo contacted Yew-Min Tzeng, Teruyuki 

Nagamune, Zhi-Guo Su with the idea. These 4 biochemical engineers agreed heartily to begin the 

league of young biochemical engineers in Asia, YABEC (Young Asian Biochemical Engineers‟ 

Community). Seniors, Dr. Shih-Yow Huang and Dr. Isao Endo have been respectfully remembered for 

having introduced the founding members in their regions. 

Scene 4: In the early evening of June 22nd, 1995, two Chinese scholars, Yiru Gan and Yingjin Yuan 

reported with a grinning smile on their sweating faces, their arrival to Incheon after 17 hours on the 

boat all the way from Tianjin. That heralded the beginning of YABEC, the first one in Seoul. 

   

Since the first meeting, YABEC members have been sharing the own benefits of YABEC as 

intended. Young researchers from 4 major regions in East Asia within the reach of 3-4 hours 

of flight have been able to attend YABEC meeting during the weekends. Every year, 

YABECians enjoy meeting their young old friends sharing their common interests in culture, 

history and others in addition to researches on advanced topics. Actually, YABEC meetings 

have resulted in several successful researches and academic cooperation in institutional or 

individual levels. 

 

YABEC was given this name after discussion among the early members. The C in YABEC is 

not for the usual „conference‟ or „congress‟, but for „community‟ as one in EPCOT, 

„Experimental Prototype Community of Tomorrow.‟ EPCOT became the founding concept of 

Disney World, and has its own theme park in the Disney World Resort, Florida. The word 

„community‟ has the meaning of „a group of people who share the same religion, race, job 

etc.‟, which fits the notion of YABEC in a broader sense, like „culture, history, 

biotechnology,‟ respectively. The motto of YABEC is now generally accepted as „academic 

excellence built on close friendship‟. From the beginning, the sole complaint from seniors 

among their praises is the age restriction of 50 years old. However, most of them feel easier 

to hear that „Young‟ in YABEC refers people with „Young Heart.‟  

 

As the first round, annual YABEC meetings were held at Seoul National University (Seoul), 

Community Sagano (Kyoto), Tianjin University (Tianjin), National Dong Hwa University 

(Hualien) from 1995 in chronological order. Most rules of YABEC were set during this first 

round of meetings. Of all those memorable YABEC meetings, the 2
nd

 in Japan and the 5
th

 in 

Korea were remembered as most peculiar. The 2
nd

 YABEC was held in the community center 

at Sagano train station in Kyoto. Though it was not in a huge convention center or a luxurious 
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hotel, probably the tradition of singing and dancing together while shouldering with others 

started on the dadami mat in this train passing motel. The 5
th

 YABEC in Korea on the training 

ship of Pukyung National University showed how far YABEC meeting can go in diversity. 

Especially, the participants staying in the room next to engine room of the ship experienced 

by skin the real YABEC. The following morning, they were OK tuned to engine cycle all 

through the night, but felt vomiting tremble when they put the first step on the shore.  

 

There are several special features in YABEC compared to other conferences. One of them is 

the „Biofun‟ session. Some of the topics presented in the Biofun session were „Words in 

Biotechnology‟ and „Biotechnology in movies‟. „Words in Biotechnology‟ cited common 

terminologies shared by all 4 regions in YABEC, such as „葛藤‟, („Gal-Deung‟ in Korean 

pronunciation) named from the countercurrent winding habit of stems of two plants of rattan 

and arrowroot. „Biotechnology in movies‟ dealt with the biotechnology shown in movies such 

as „Jurassic Park‟, „Spiderman‟, to name a few. The best presentation may be the one by a 

Japanese member, from persevering observation of the growth of tomatoes at home through 

several months in summer. Though I feel sorry for not recalling the scientific conclusion of 

his work, the highlight of his presentation was that the best (fast) growing tomatoes were 

unexpectedly stolen by a wild monkey. 

 

For the YABEC members who have contributed much for its development, the contribution 

awards have been given from 2003. At the 13
th 

YABEC in Korea, Teruyuki Nagamune, Zhi-

Guo Su, Yew-Min Tzeng and Yoon-Mo Koo were awarded for their contribution, especially 

as the founding members. Afterwards, 12 additional members were given the contribution 

award in 3 separate YABEC meetings. At the delegates meeting in 2012, the contribution 

award was decided to be given every 3 years with an intention to distribute the awarding 

region evenly. Awarding every year was considered to be too much. 

 

Among the awarded members, two members awarded at the 14
th

 meeting in Japan need 

further comments. They were Jau-Yann Wu from Taiwan and Jung-Keug Park from Korea. 

Attending since the first YABEC, Jau-Yann was not standing big in the old and tarnished 

photo of YABEC, but proved herself to be big and graceful. Indeed, for many of us, one of 

the very reasons to attend YABEC is to see and feel sister of Jau-Yann. Nobody in YABEC 

would go against that Jung-Keug is the most famous and popular member in YABEC. In the 

middle of every group with big laughter, Jung-Keug is there. „Pun‟ (funny but not right; fun 

extracted from the words of same sound with different meanings) was happily borrowed and 

bloomed by Jung-Keug. Maybe his puns were clumsy in the early days, judging from the 

critique of his old friend. Toshihiko Yamagata, the current CEO of Marubishi Co. remembers 

his puns as “stupid Jokes, sometimes working”. But here in YABEC, his puns seem to be 

always working. Now, being with them for two decades, not many of us hesitate to call Jau-

Yann and Jung-Keug as „Queen‟ and „King‟ of YABEC.  

 

To promote and praise the participation in YABEC, „All-Time Faithful to YABEC‟ quartz 

plaque was awarded at the YABEC in 2003. Mikio Nakajima, Masaaki Terashima, Sung-Koo 

Kim, Jung-Keug Park and Yoon-Mo Koo had participated without absence from 1995, the 

first year, to 2002. 

 

As YABEC continues, the recollections related to the old meetings and people are becoming 

more memorable. At the most recent 19
th

 YABEC, Urumqi China, two stories came to mind 

as remnants of the past. In 1995, Dr. Isao Endo introduced Teruyuki Nagamune who has 

1515



played a critical role in developing YABEC from the very beginning. As a chemical engineer 

might be expected to, Dr. Endo has been involved in diverse researches and projects from 

bioseparation to nano/micro technology. Some time along the process of his project 

evolution, he worked at Urumqi, designing desert vehicle with big balloon-like tires as an aid 

to fight desertification. I guess Dr. Endo is still searching for new topics. In October 1997, 

Zheng Liu, a young faculty at the Tsinghua University, was seen working very busily, 

transporting participants from Beijing (4
th

 APBioChEC) to Tianjin (3
rd

 YABEC). While 

staying as one of the most faithful YABECians, he has been promoted to several positions in 

school, including the chair of the Department, and currently made a welcoming speech at the 

19
th

 YABEC as the Vice-president of the Xinjiang University, Urumqi. His hair style is still 

pleasantly unique as much as himself, unchanged since the first time. This kind of 

recollection of YABEC will get bigger and richer as time accumulates. 

 

While the spirit of YABEC has transferred from OABECian (Old Asian Biochemical 

Engineers‟ Community members, retired from YABEC due to the age limit of 50 years old) to 

young YABECian, the early members who initiated YABEC are currently devoted to 

founding AFOB (Asian Federation of Biotechnology). It is needless to say that the 

experiences and human networks built through the history of YABEC for two decades have 

assisted much. 

 

Though YABEC has been developed by young members, this success would not have been 

possible without the sincere support from the senior scholars of each region from the earlier 

phase. Dr. Ho Nam Chang put the basis of YABEC by founding APBioChEC. Dr. Shintaro 

Furusaki, the cofounder of APBioChEC, Dr. Isao Endo, Dr. Takeshi Kobayashi, Dr. Toshiomi 

Yoshida, Dr. Shih-Yow Huang and Dr. Zhu-An Cao have encouraged YABEC by willingly 

participating in YABEC when the meeting was held in their region. 

---------------------------------------------------------------------------------------------------- 

When YABEC became a sub-society of AFOB (Asian Federation of Biotechnology), founded 

in 2008, there have been discussions on the name of YABEC in the sense that AFOB is a 

society representing the whole scope of biotechnology, not only biochemical engineering. 

New name may be „Young Asian BioEngineers‟(or Biological Engineers‟) Community‟, still 

keeping the same abbreviation, „YABEC‟. We know that biotechnology with genetic 

manipulation is called „genetic engineering‟, where „engineering‟ does not mean traditional 

engineering. With this, we can continue enjoying the good old things that come with the 

name of YABEC. We may consider changing the name seriously when it becomes really 

serious. 

 

Another issue, occurred to YABEC by becoming a sub-society of AFOB is about the 

expansion of YABEC beyond the original 4 regions in East Asia. After disputes among 

members, two solutions seem to be focused for this pleasant problem. The first is to open 

YABEC to young scholars in all regions of AFOB. It is natural, but has a drawback of losing 

some of the own merits of YABEC, including short geographical distance, similar culture, 

etc. The second is to make communities like YABEC, such as YABEC-South (including 

Thailand, Vietnam), YABEC-West (including India, Pakistan) in addition to the original 

YABEC (YABEC-East). Its major intention is to keep the original YABEC. These YABECs 

may have a general meeting once in a while, for example every 2 year at ACB (Asian 

Congress on Biotechnology). Further discussions are needed for the best future of YABEC 

though the second solution gets much attention lately. 
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Probably the biggest issue YABEC encounters is about the status of members and promotion 

of their activities. The YABEC membership is entitled to young researcher in biotechnology 

with PhD degree in 4 regions. There has been a persisting request from the YABEC 

organizers to exclude the participation of graduate students. This should be observed to keep 

the unique characteristics of YABEC. Graduate and undergraduate students have their own 

academic communities, such as student chapters in AFOB. Some graduate students may be 

allowed restrictively in special occasions of advertising or recruiting.  The dispute also came 

from the other side of age range. It is believed that the YABEC depends on OABECian for its 

operation too much, although there exist restrictions on the activities of OABECian, such as 

the confinement of their presentation to poster presentation. YABEC should be run by 

YABECian with minimum advice from OABECian.   

 

Many achievements with valuable memories in different forms and levels have accumulated 

for every member of YABEC since the first meeting in 1995. No matter how the YABEC 

system may change in the future, I do wish a blessing to YABEC and its members who share 

the same culture. Finally, as a unique society unprecedented in any academic fields of any 

time, we dream of YABEC, devoting and standing high at the center of peaceful and 

prosperous Asia. 

 

2014.10.28 

Yoon-Mo Koo 

Inha University, Incheon, Korea 
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Systems biotechnology of recombinant protein production: Cell design 
based on transcriptomics, proteomics and metabolic modelling 

Diethard Mattanovich 
University of Natural Resources and Life Sciences Vienna, Austria 

Austrian Centre of Industrial Biotechnology, Vienna, Austria 

To enable more robust and cost-effective production processes for biopharmaceutical 
proteins and for industrial enzymes it is crucial to understand the molecular physiology of the 
host, and the specific limitations that the product may exert upon its production. Systems biology 
is a powerful tool to obtain a comprehensive knowledge base, leading to the identification of key 
limiting factors, which can subsequently be applied for the design and construction of improved 
production platforms.

Pichia pastoris is the most frequently used yeast system for heterologous protein production 
today; however, the toolbox of available genetic elements is rather limited. Instead of classical 
genetic approaches, we apply systems biology tools to improve several aspects of the P. pastoris
production platform. Combined transcriptomics, proteomics, metabolomics and flux data were 
used to investigate the interplay between protein production and cell metabolism. Thereby we 
gained insight in key regulatory effects exerted during heterologous protein production processes. 
These genome scale data were then further exploited for the identification of novel strong and 
regulated promoters and the prediction of cell engineering targets for improved productivity and 
robustness. Based on a genome scale metabolic model of P. pastoris which we developed in 
cooperation with colleagues from KAIST Korea we have predicted gene knockouts using MOMA, 
and gene overexpressions with FSEOF which were then validated experimentally to improve 
protein production.

This presentation will highlight different examples of knowledge driven cell design based on 
genome scale analysis on all systems levels, aiming to illustrate the value of complex cellular 
analysis for cell engineering in biotechnology.
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Exploring new possibilities to increase biomass production by 

engineering photosynthetic carbon dioxide fixation

Oliver M. Mueller-Cajar 

Division of Structural Biology & Biochemistry School of Biological Sciences College of 
Science, Nanyang Technological University, Singapore 

Increasing population pressure and competition between bioenergy and food crops call for a 

second green revolution to ensure global food security. Theoretical considerations suggest 

enhancing the low efficiency of photosynthesis will be critical to achieve this objective. I will 

discuss potential avenues towards this goal with a focus on the regulation of the rate-limiting 

enzyme of photosynthesis, the CO2-fixing enzyme Rubisco. The intrinsic propensity of 

Rubisco to become inhibited by its substrate and catalytic by-products requires molecular 

chaperones known as Rubisco activases to maintain CO2 uptake. Research in my laboratory is 

uncovering an unexpected diversity in Rubisco activases across the natural world as a result 

of convergent evolution. We envisage that the wide range of properties encountered can be 

exploited to enhance Rubisco function in organisms of agricultural or industrial interest. 
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Nanobiocatalysis for Antifouling 

Byoungsoo Lee1, Inseon Lee1, Kyung-Min Yeon2, Chung-Hak Lee2 and Jungbae Kim1* 
1Department of Chemical and Biological Engineering, Korea University,  

Seoul 136-701, Republic of Korea
2 School of Chemical and Biological Engineering, Seoul National University,  

Seoul 151-744, Republic of Korea
Email address: jbkim3@korea.ac.kr

Highly-effective antifouling was achieved by immobilizing and stabilizing an acylase, 
disrupting bacterial cell-to-cell communication, in the form of cross-linked enzymes in 
magnetically-separable mesoporous silica. This so-called ‘quorum-quenching’ acylase (AC) 
was adsorbed into spherical mesoporous silica (S-MPS) with magnetic nanoparticles 
(Mag-S-MPS), and further cross-linked for the preparation of nanoscale enzyme reactors of 
AC in Mag-S-MPS (NER-AC/Mag-S-MPS). NER-AC effectively stabilized the AC activity 
under rigorous shaking at 200 rpm for 1 month, while free and adsorbed AC lost more than 
90 % of their initial activities in the same condition within 1 and 10 days, respectively. When 
applied to the membrane filtration for advanced water treatment, NER-AC efficiently 
alleviated the biofilm maturation of Pseudomonas aeruginosa PAO1 on the membrane 
surface, thereby enhancing the filtration performance by preventing membrane fouling. 
Highly stable and magnetically-separable NER-AC, as an effective and sustainable 
antifouling material, has a great potential to be used in the membrane filtration for water 
reclamation. 

References 
1. Lee B, Yeon KM, Shim J, Kim SR, Lee CH, Lee J and Kim J, “Effective antifouling using 

quorum-quenching acylase stabilized in magnetically-separable mesoporous silica”
Biomacromolecules, 15, 1153 (2014). 
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How can we transform uni-functional proteins to sensors? 

Hiroshi Ueda* 

Chemical Resources Laboratory, Tokyo Institute of Technology 
*4259-R1-18, Nagatsuta-cho, Midori-ku, Yokoyama, Kanagawa 226-8503, Japan; 

E-Mail : ueda@res.titech.ac.jp 

In the areas of biological analysis and clinical diagnostics, rapid and specific quantification 
method for various molecules has become highly important. To achieve this goal, various biosensors 
have been developed based on the principle of, in most cases, hybridization of a biomolecule such as 
protein and nucleic acid, with a sensing device such as electrode and nanostructure as a signal 
transducer. Although this approach has its own merits, in nature, there are numerous receptor proteins 
that can convert the ligand-binding signal to other more common signals such as ion torrent, 
interaction with other proteins, and enzyme activity. These receptors are excellent examples that teach 
us the way to convert otherwise untrackable signals to a measurable one. Here I want to introduce our 
recent attempts to transform natural (uni-functional) proteins into optical biosensors.  

The first example is Quenchbody, which is a reagentless fluorescent biosensor based on the novel 
principle of antigen-dependent removal of a quenching effect on a fluorophore attached to antibody 
domains1. This was rather fortuitously discovered by analyzing the antibody single chain variable 
region (scFv) fluorolabeled at the N-terminal region, using a cell-free translation-mediated 
position-specific protein labeling system. At first we found a significant antigen-dependent 
fluorescence enhancement up to 7-fold, but later got more than 10-fold response using 
multi-fluorolabeled Fab fragments, probably due to enhanced quenching by H-dimer formation and/or 
energy transfer between the two dyes2. Due to its versatility, this “quenchbody” is expected to have a 
range of applications, from in vitro diagnostics to imaging of various targets in situ.

The second example is FlimPIA (firefly luminescent intermediate-based protein-protein 
interaction assay), which is a novel bioluminescence-based interaction assay based on the functional 
complementation of two mutant firefly luciferases (Flucs)3. The assay detects approximation of two 
mutant Flucs, namely, a “Donor” that catalyzes ATP-driven luciferin adenylation to produce a 
luciferyl-adenylate intermediate, and an “Acceptor” that catalyzes subsequent oxidative luminescent 
reaction. Compared with conventional PPI assays, it manifests stronger and more stable signal in vitro.
Recently, the signal/background (S/B) ratio of the assay was markedly improved by the mutagenesis 
of Acceptor and reaction condition optimization, which promises its wider use in in vitro diagnostics, 
drug discovery and also expanding our knowledge on various biological phenomena. 

References 
1. R. Abe, H. Ohashi, I. Iijima, M. Ihara, H. Takagi, T. Hohsaka, H. Ueda, J. Am. Chem. Soc. 133,

17386 (2011). 
2. R. Abe, H.J. Jeong, D. Arakawa, J.H. Dong, H. Ohashi, R. Kaigome, F. Saiki, K. Yamane, H. 

Takagi and H. Ueda, Sci. Rep. 4, 4640 (2014). 
3. Y. Ohmuro-Matsuyama, K. Nakano, A. Kimura, K. Ayabe, M. Ihara, T. Wada and H. Ueda Anal. 

Chem. 85, 7935 (2013). 
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Potential Pharmaceutical Applications of Uniform-sized Chitosan 
Micro/Nanoparticles with Autofluorescent Property 

Wei Wei1*, Piping Lv1, and Guanghui Ma1

1 National Key Laboratory of Biochemical Engineering, Institute of Process Engineering, 
Chinese Academy of Sciences. Beijing, China. 

Email : weiwei@home.ipe.ac.cn 

Chitosan has been adopted to have great potentials in pharmaceutical science due to its 
outstanding properties of nontoxicity, biocompatibility, biodegradability, and low cost. To 
cater to specific clinical requirements, we developed a series of novel chitosan-based 
mciro/nanospheres and testified their potentials in pharmaceutical applications. 

First, uniform-sized chitosan microspheres were prepared by porous membrane 
emulsification technique. These microspheres were found to be autofluorescent due to the 
crosslinking reaction. Their uniform size and autofluorescent property significantly facilitated 
our in vivo tracking. The microspheres with different size (2.1 μm, 7.2 μm, and 12.5 μm)
exhibited distinguishing fates in bioadhesion, absorption and distribution, while the 
biodegradation also varied due to the different RES (reticuloendothelial system) locations.  

The demands on drug release behavior vary from case to case in clinic. To solve this
problem, we developed a series of novel chitosan microspheres, which could exhibit different 
release profiles. The tunable ability of structural properties, such as surface charge, cavity size, 
and wall porosity, enabled the modification of these microspheres to cater to specific 
requirements in clinic. For verification, we next used hollow-porous chitosan microspheres 
for oral administration of insulin. The hollow structure could conserve the bioactivity of 
encapsulated insulin, the quaternized group in matrix could decrease drug leakage by steric 
hindrance and enhance bioadhesive ability by electrostatic interaction, and the wall porosity 
could promote the insulin release. As expected, in vivo evaluation saw an optimal reduction 
in blood glucose level after treatment with as-designed microspheres. 

We further developed premix membrane emulsification technique to prepare chitosan 
(CS) and its derivative N-trimethyl chitosan chloride (TMC) nanoparticles (NPs) and testified 
their feasibility as carrier for insoluble paclitaxel (PTX). Both NPs displayed narrow size 
distribution (~150nm), high encapsulation efficiency (>80%) and loading content (>30%). 
PTX-TMC NPs could be more readily taken up by LLC (Lewis Lung Cancer) cells due to the 
larger amount of positive charge on the surface of TMC NPs, thus leading to a better 
cytotoxicity than PTX-CS NPs and free drug (Taxol®). Moreover, PTX-TMC NPs could be 
absorbed more effectively by the gastrointestinal after orally administrated to LLC 
tumor-bearing mice, accumulated in tumor tissue to a larger extent, exhibited greater tumor 
growth inhibition effect, and caused lower side effects than PTX-CS NPs and Taxol®.  

All these results strongly supported that these uniform-sized autofluorescent chitosan 
micro/nanoparticles hold great potentials for oral delivery of protein and anticancer drugs. 
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Fully Embeddable Chitosan Microneedles as a Sustained Release 

Depot for Intradermal Vaccination 

Mei-Chin Chen*, Kuan-Ying Lai

Department of Chemical Engineering, National Cheng Kung University, Tainan, Taiwan 

This study presents a transdermal delivery system, composed of chitosan microneedles 
(MNs) with a dissolvable supporting array patch, for complete and sustained delivery of 
encapsulated antigens to the skin. Chitosan MNs were mounted to the top of a strong 
polyvinylpyrrolidone/polyvinyl alcohol (PVP/PVA) supporting array, providing mechanical 
strength to fully insert the microneedles into the skin. When inserted into rat skin in vivo, 
supporting array patch rapidly dissolved by the skin interstitial fluid and chitosan MNs were 
left within the skin for sustained drug delivery without requiring a transdermal patch. When 
the OVA-loaded MNs were embedded in rat skin, histological examination showed that the 
MNs gradually degraded and prolonged OVA exposure at the insertion sites for up to 21 days. 
Compared to traditional intramuscular (IM) immunization, rats immunized by a single 
microneedle dose of vaccine showed a significantly higher influenza virus-specific antibody 
response which lasted for at least 16 weeks. After immunization, mice were challenged with 
influenza virus. Microneedle vaccination conferred 100% protection while IM group only 
confers 40% protection. These results suggest that this device is promising and can serve as a 
sustained transdermal delivery system for vaccines or other protein drugs. 

 
Fig. 1. (a) embeddable chitosan microneedle system; (b) in vivo degradability and 
antigen release; (c) 3D confocal image of skin with embedded OVA-loaded microneedles; 
(d) influenza virus-specific IgG level of mice; (e) body weight and (f) survival rate of 
mice
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[EMIM][Cl]-assisted Enhanced Refolding of 

Horseradish Peroxidase in the Presence of Ca
2+

 & Heme Cofactor 

Sang-Woo Bae1 and Yoon-Mo Koo1* 

1Department of Biological Engineering, Inha University, Incheon, 402-751, Korea 
*ymkoo@inha.ac.kr 

 

The importance of microorganisms as a bio-factory for the production of recombinant 

protein has been emphasized in bioindustry. However, most of the over-expressed 

recombinant proteins are produced as inclusion bodies (IBs), and consequently, refolding 

process is needed to convert IBs to native structure of protein. 

Horseradish Peroxidase (HRP) is one of the representative metalloenzyme containing 

heme prosthetic group in their tertiary structure. Each HRP molecule contains four disulfide 

bonds, and two different type of metal centers, which are ferrous ion-containing heme group 

and two calcium ions providing a stabilizing effect on enzyme structure and function. It can 

be widely applied to the removal process of phenol and chlorophenol in waste water derived 

from pulp and paper industry. 

In this study, calcium, heme cofactors, and ionic liquid ([EMIM][Cl]) were employed to 

promote HRP refolding yield. By adding hemin and calcium chloride into refolding buffer, HRP 

refolding yield remarkably increased up to over three times compared to that in conventional 

urea-containing refolding buffer by adding hemin and calcium chloride into refolding buffer. 

Addition of [EMIM][Cl] into ferrous and calcium cofactor-containing refolding buffer resulted in 

a further increase in HRP refolding yield up to 80%. In temperature-dependent HRP refolding, a 

high refolding yield was observed at low refolding temperature of 4℃. 
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In 1994 June, Singapore. I attended Asian-Pacific Biochemical Engineering meeting 

(APBioChEC). I was just 30 years old (Young!) biochemical engineer (Assistant Professor) and just 

start my academic carrier at Osaka University. 

I think that on lunch time or coffee break in Hotel, suddenly, Prof. Shirai and Prof. Nagamune 

told me that YABEC will start next year and « I » should attend YABEC meeting at Korea! I cannot 

understand the meaning but I remember that I said “yes”. This is just start time for YABEC meeting. 

This 20th meeting is my first time meeting as an old-YABECian (OBEC?). Thank you very much 

for last 20 years and congratulations for the start of new 20 years! 

Sep 16, YABEC 1996 at Kyoto 

(Nagamune, Yoshimi) 

(Omasa, Katakura, Nakajima,       Yamamoto, Terashima) 
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Engineering of Saccharomyces cerevisiae for enhanced production of 

biochemicals from cellulosic biomass 

 

Jin-Ho Seo1 

Department of Agricultural Biotechnology and Center for Food and Bioconvergence,  

Seoul National University, Seoul, Korea 

 

 

The hydrolysis of cellulosic biomass such as energy crops and woods generates a mixture of various 

ssugars, typically 60 ~ 70% glucose and 30 ~ 40% xylose. Efficient and rapid fermentation of all 

sugars including glucose and xylose in cellulosic hydrolysates is essential for economics conversion 

of renewable biomass into chemicals and fuels. 

S. cerevisiae, the most widely used microorganisms for industrial production of ethanol from corn and 

sugarcane cannot utilize xylose as a carbon source since the baker's yeast does not possess the xylose 

assimilating pathway. 

This presentation will cover the production of 2,3 butanediol (BDO) and xylitol from cellulosic 

biomass by engineered S. cerevisiae. 2,3 BDO is a platform chemical with wide applications 

including a precursor chemical to 1,3-butadiene, a monomer for synthetic rubber. Xylitol, a five-

carbon sugar alcohol, has been chosen as one of the top value-added chemicals produced from 

biomass by U.S. Department of Energy. 

Special emphasis will be placed on metabolic engineering of S. cerevisiae for enhanced metabolic 

activity of xylose utilization and improved production of the biochemicals from a mixture of glucose 

and xylose. 

 

 

OS-3

27



 

 

Signal transduction engineering meets synthetic biology: for 

hyper-production of bioactive metabolites 
 

Jian-Jiang Zhong, Yi-Ning Xu, Gao-Yi Tan, Tan-Che Zhou, Linquan Bai, Xiao-Xia Xia 

State Key Lab. of Microbial Metabolism, and Lab. of Molecular Biochemical Engineering, 

School of Life Sciences & Biotechnology, Shanghai Jiao Tong University, 800 Dong-Chuan 

Road, Shanghai 200240, Mainland China   E-mail: jjzhong@sjtu.edu.cn 

 

Engineering of signal transduction is the utilization of signal transduction mechanism 

from an engineering point of view, which concerns the manipulation of signals, receptors, and 

transduction pathways to achieve desirable biological functions of cells such as improved 

biosynthesis of target secondary metabolites. This presentation demonstrates that signal 

transduction engineering and synthetic biology work together to improve bioactive compound 

production by Streptomycetes and higher fungi. 

Ganoderic acids (GAs) produced by Ganoderma lucidum, a higher fungus, have 

significant anti-tumor and anti-metastasis activities. Validamycin, an anti-fungal antibiotic 

produced by Streptomyces hygroscopicus 5008, is an efficient rice sheath blight controller, 

and can be used as the source for chemical synthesis of voglibos, an antidiabetic drug. 

Calcineurin signaling transduction was found to be significant to GA biosynthesis, and 

extracellular addition of Ca2+, Na+ and Mn2+ could trigger the calcineurin signals. 

Manipulation of signaling system was demonstrated to be an efficient strategy for 

hyperproduction of GAs, and metabolic engineering also contributed greatly to the GA 

overproduction. 

For the validamycin biosynthesis, our previous study indicated the involvement of 

A-factor-like cascade. A recent genome-wide analysis reveals three pairs of afsA-arpA in S. 

hygroscopicus 5008. This work aimed to decipher the regulatory role of the multiple 

afsA-arpA homologs in the A-factor-like cascade, and to improve the validamycin production 

by engineering the regulatory cascade. By double deletion of shbR1/R3, the transcriptions of 

adpA-H and the validamycin biosynthetic genes were up-regulated, and the validamycin 

production and productivity were enhanced significantly for both the wide-type and 

high-producing industrial strains. The transcriptomic analysis revealed that the engineering of 

A-factor-like signaling cascade caused a shift from primary to secondary metabolism. In 

addition, metabolic engineering of S. hygroscopicus 5008 by tandem amplification of multiple 

val gene clusters also led to hyper-production of validamycin. 
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Analytical methods for triterpenoids of Antrodia camphorata 

 

Yew-Min Tzeng 

Department of Applied Chemistry 

Chaoyang University of Technology 

Taichung, Taiwan 

 

Antrodia camphorata (AC) (Syn: A. cinnamomea), named “Niu-chang-chih” in Chinese, is a 

medicinal mushroom being widely used in Taiwan as folk medicine as well as healthy food. 

Previous investigations on AC have found that triterpenoids are the main bioactive compounds, 

responsible for its pharmacological activities and therapeutic efficacy. Therefore, triterpenoids are 

ideal marker compounds for standardization of AC. In our serial studies, a continuous online 

technique based on electric cell-substrate impedance sensing was used for probing inhibitory 

effects on Spodoptera frugiperda Sf9 insect cells exposed to structurally similar triterpenoids 

isolated and purified from the fruiting bodies of AC. A slight change in their chemical structures 

resulted in significant effects on inhibition as probed by impedance spectroscopy. This 

noninvasive measurement in combination with Sf9 insect cells has been proven as a simple and 

reliable tool for screening inhibition/cytotoxicity and designing steroid-related compounds. In 

2009, a capillary electrophoretic method has been developed for achiral and chiral analysis of 

ergostane triterpenoids isolated from the fruiting body of AC, which was the first report on the 

existence of AC triterpenoids epimers. Furthermore, a simple gradient high-performance liquid 

chromatography (HPLC) with diode array detection method was developed for the simultaneous 

determination of triterpenoids in AC. Until recently, a fast, sensitive and environmental friendly 

analysis method by MALDI-TOF MS was applied to determine triterpenoids of AC in this 

laboratory. The results were confirmed by the previously developed HPLC method.  

 

References 

1. Qiao X, An R, Huang Y, Ji S, Li L, Tzeng YM, Guo DA, and Ye M, 2014, Separation of 
25R/S-ergostane triterpenoids in the medicinal mushroom Antrodia camphorata using 
analytical supercritical-fluid chromatography. Journal of Chromatography A, 1358: 
252-260. 

2. Huang Y, Lin X, Qiao X, Ji S, Liu K, Yeh CT, Tzeng YM, Guo D, and Ye M, 2014, 
Antcamphins A-L, Ergostanoids from Antrodia camphorata. Journal of Natural Products, 
77(1): 118-124. 

3. Rao YK, Geethangili M, and Tzeng YM, 2013, Development of a high performance liquid 
chromatography method for the quantitative determination of bioactive triterpenoids in the 
extracts of Antrodia camphorata. Analytical Methods, 5(20): 5724-5730. 

4. Geethangili M and Tzeng YM, 2011, Review of pharmacological effects of Antrodia 
camphorata and its bioactive compounds. Evidence-based Complementary and Alternative 
Medicine, Volume 2011, Article ID 212641, 17 pages. 

5. Majid E, Male KB, Tzeng YM, Omamogho JO, Glennon JD, and Luong JHT, 2009, 
Cyclodextrin modified capillary electrophoresis for achiral and chiral separation of 
ergostane and lanostane compounds extracted from the fruiting body of Antrodia 
camphorata. Electrophoresis, 30(11): 1967-1975. 

6. Male KB, Rao YK, Tzeng YM, Montes J, Kamen A, and Luong JHT, 2008, Probing 
inhibitory effects of Antrodia camphorata isolates using insect cell-based impedance 
spectroscopy: inhibition vs chemical structure. Chemical Research in Toxicology, 21(11): 
2127-2133. 

OS-5

29



 

 

Celebration, Gratitude and Encouragement for YABEC 

 

Yasuo Yoshimi 

Dept. Applied Chemistry, Shibaura Institute of Technology 

 

One young postdoctoral fellow took part in the first symposium of YABEC in June 1995. That 

was just a few months after he has completed his PhD, in his country and he was with complete 

self-confidence. Timely, he discussed with some participants about his research, and he realized that 

there are many potential scientists in Asia and he was still a beginner as a scientist. The chance to meet 

with Asian researchers at YABEC affects his attitude. Several years later, he started running his own 

laboratory, but he has never forgotten to be grateful to YABEC after that. He became the Secretary 

General of the 14 th symposium YABEC, the speaker of BioFun of the 18 th and the Plenary Speaker 

of the 19 th. He truly celebrates the YABEC symposium has been continued to the 20 th without 

suspension. He sincerely hopes that YABEC would continue to be the place where young bioengineers 

are trained by unlimited discussion in the Asian scientific society, but he expects that YABEC at no 

time becomes only an alumni association. 

June 24, YABEC 1995 at Seoul (The “slide projector” reflects a certain historical age….) 
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Local delivery of Z-butylidenephthalide by polymer wafers against 

malignant human gliomas 

 

Tzyy-Wen Chiou1*, Horng-Jyh Harn2, and Shinn-Zong Lin3  

1Department of Life Science and Graduate Institute of Biotechnology, National Dong Hwa University, 

Hualien, Taiwan, ROC (twchiou@mail.ndhu.edu.tw); 2Department of Pathology, China Medical 

University & Hospital, Taichung, Taiwan, ROC; 3Center for Neuropsychiatry, China Medical 

University & Hospital and Beigang Hospital, Taichung and Yun-Lin, Taiwan, ROC 

 

Malignant brain glioma is a highly invasive disease with a very high death rate. The 

effective treatment method for this disease is still an unmet medical need. A pure compound 

Z-butylidenephthalide (Z-BP) has been shown the activities to arrest the growth and initiate 

apoptosis of malignant brain glioma in our previous reports. To overcome the limitation of the 

blood-brain barrier, a local-release system with Z-BP incorporated into a biodegradable 

polyanhydride material, p(CPP-SA), was developed and named as Z-BP-Wafer. The in vitro 

and the in vivo release kinetics of the Z-BP-Wafers were characterized. The in situ therapeutic 

effects of the Z-BP-Wafer on brain gliomas were demonstrated by FGF-SV40 transgenic mice 

and orthotopic brain tumor F344 rat models. Significant effects on the inhibition of tumor 

growth and the increase on survival rate by Z-BP-Wafer implantations were observed, with no 

significant adverse effects on the rodents. Mechanisms involved in the antitumor effect of Z-BP, 

including the up-regulation of Nurr77 by PKC, the repression of human telomerase reverse 

transcriptase (hTERT) transcriptional activity via down-regulating Sp1 expression, and the 

down-regulation of the S-phase kinase-associated protein 2 (Skp2) which resulted in the brain 

tumor senescence, were also investigated in the study. 
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Keratinolytic Activity of Enzymes from Lactobacillus plantarum 

APsulloc 331261 and its Application to Cosmetics 
 

Joon Ho Park
1
, Jinseob Shin

1
, Minah Kim

1
, Jun Seong Park

1
, and Jon-Hwan Lee

1
* 

1Amorepacific R&D Center, Republic of Korea 

 

There have been attempts to use enzymes as active ingredients in cosmetics, especially 

for skin exfoliation products since various proteases have been studied extensively. Among 

those proteases, enzymes with keratinoltic activities hold potential as natural exfoliation agent 

since keratin is a major constituent in dead skin cells. In cosmetic industry, chemical 

exfoliation agents such as AHA (alpha-hydroxy acids) or physical exfoliation by scrubbing 

micro-particles against the dead skin cells are widely used conventional exfoliation methods. 1 

However, since such methods are non-specific and can cause irritation, more specific and 

bio-friendly exfoliation agents are sought.  

Since keratinolytic enzymes are believed to be the suitable alternative, keratinolytic 

enzymes from Lactobacillus plantarum APsulloc 331261 were extracted and utilized as active 

ingredients for exfoliation products. The enzymes extracted from Lactobacillus plantarum 

APsulloc 331261 were found to have stronger keratinolytic activity compared to papain 

which is a popular protease used in exfoliation products in cosmetic industry. The enzyme 

mixture was found to have anti-inflammatory effect against retinoic acid and help increase the 

turnover rate of stratum corneum. Despite its strong activity towards keratin degradation, the 

bare enzyme cannot be applied to cosmetic products due to stability issues. In order to 

minimize the activity loss of the enzymes in cosmetic products, the enzymes were first 

adsorbed to alkyl acrylate crosspolymer in 1,3-butyleneglycole environment. After the 

adsorption, the enzymes were dispersed in a pH 5.0 buffer solution which is the optimum pH 

for the enzymes. The stabilized enzyme maintained its activity more than a month in 40°C 

while non-stabilized enzymes lost most of its activity within a day. The stabilized enzymes 

were dispersed in silicone creating a W/S formula for cosmetic purposes. A clinical trial was 

done using this formula and the result showed significant decrease in stratum corneum on 

human skin. For further application, we tested the effects of various basic cosmetic 

ingredients, such as plant extracts, chelating agents, and preservatives, on the activity of the 

enzymes. 
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cephalosporin C acylase in reaction 
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In the catalysis with immobilized enzyme, mass transfer limitations often play important 

but negative roles on the catalyzing efficiency and even the operational stability. For the 

enzyme producing proton in the catalysis, dramatic changes of pH in the microenvironment of 

immobilisate are supposed to be formed1. In our previous work, cephalosporin C acylase, 

directly hydrolyzing cephalosporin C to 7-amino cephalosporin (7-ACA), is a 

proton-producing enzyme and has poor stability at low pH value1,2.  

In this work, intraparticle pH of the 

immobilized cephalosporin C acylase was 

monitored and controlled with the help of 

fluorescent non-invasive pH measuring 

technique (Fig. 1). Shorter catalysis duration 

was needed when the catalysis was 

performed at higher temperature, while the 

more severe pH gradient was formed in 

particle and the immobilized enzyme was 

quickly deactivated. The enzyme was found 

much stable at low temperature or at high 

temperature in presence of product. Then, a 

two-stage catalysis strategy, the low-high 

temperature shifting approach, was 

proposed to improve both efficiency and 

stability. 

 

 

Fig. 1. Assembly for the intraparticle pH 

measurement and control in the catalysis of 

immobilized cephalosporin C acylase. 
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Detection of Urea Concentration in Clinical Samples by the Electrode 

Fabricated of Urease Doped Conducting Copolymers 
 

Mei-Jywan Syu* and Shih-Hsun Lin 

 

Department of Chemical Engineering, National Cheng Kung University, Tainan, Taiwan 701 

*Email:  syumj@mail.ncku.edu.tw   syumei2014@gmail.com 

 

The urea concentration in serum is considered to be an essential indicator of the renal functions. 

In this work, the electrode for the sensing of urea was prepared by the electro-polymerization of 

pyrrole and pyrrole derivative with urease onto a carbon paper. Via which, the urease immobilized 

electro-conducting copolymer film was fabricated into a thin film on the surface of the electrode. In 

addition to the electro-conductivity, the copolymer can create sufficient bridge and branch for the 

entrapment and fixation of urease into the polymeric matrix. Thus, the linear calibration curve, the 

response open-circuit potential change versus the logarithm of urea concentration in serum, was 

established within the clinical range with high reproducibility and precision. Therefore, by the 

as-prepared carbon paper layered with the urease doped copolymer film, the potentiometric detection 

of urea concentration was carried out in the serum clinical samples. The calibrated urea concentrations 

from the patients' serum samples were compared with the measured urea values from NCKU hospital 

(Fig. 1). Consequently, the signal corresponding to urea concentration is confirmed to be calibrated 

and measured for clinical applications in this work. 

 

Keywords: urea; urease; potentiometric detection; 

reproducibility; serum 
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Fig. 1.  BUNs measured from the prepared 
sensor against those from NCKU hospital. 
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Solid-matrix chips for small biomolecule analysis with MALDI-TOF mass spectrometry 

 

Jae-Chul Pyun1,*, Jo-Il Kim1, Jong-Min Kim1 
1Dept. Materials Science & Eng / Yonsei University,  

 

In MALDI-TOF mass spectrometry, analyte molecules are known to be ionized by 

mixing with organic matrix molecules. As the organic matrix molecules are ionized, they 

generate unreproducible mass peaks such that MALDI-TOF mass spectrometry is nearly 

impossible in the low mass-to-charge (m/z) range (< 1000). In this work, we aimed to develop 

three kinds of solid-matrix chips for the detection of small biomolecules in the low m/z range 

by using MALDI-TOF mass spectrometry: (1) Top-down synthesized TiO2 nanowires were 

synthesized as arrays using a modified hydrothermal process directly on the surface of a Ti 

plate1; (2) The nylon nanoweb with TiO2 particles was prepared by the simultaneously 

electrospinning a nylon nanoweb and electrospraying TiO2 nanoparticles2; (3) The 

parylene-matrix chip was fabricated by the deposition of a partially porous parylene-N thin 

film on a dried organic matrix array3. The mass spectrometry of multiple analytes was 

demonstrated in the low molecular weight range using eight amino acids. Additionally, model 

peptides of leucine-enkephaline (555.6 g/mol) and cyclic citrullinated peptide (1,668 g/mol) 

were used as model analytes to test the feasibility of solid-matrix chips for MALDI-TOF mass 

spectrometry. 
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Microbial fuel cell (MFC) is a device which can convert wastewater into electrical 

energy. Microorganisms growing in the wastewater serve as the catalyst in the anode of MFC 

to digest organic substrates and generate electric power for driving external compartments. 

The organic substrates can be converted by microorganism into cleaner products like H2O or 

valuable products like polyhydroxybutyrate, one of biodegradable plastics1. However, the low 

electricity output of MFC is still the main challenge in promoting it as a commercial product. 

Therefore, many strategies for enhancing the performance of MFC were studied, including 

acquiring highly electro-active microorganisms, optimizing the culture strategies, and 

decreasing the internal resistance of electron transfer between microorganism and electrode2, 

3. 

In this research, a microscale microbial fuel cell (μMFC) is built and conductive 

microparticles are fabricated as the anodal electrode for reducing the internal resistance. The 

μMFC assembly contains an air-cathode without proton exchange membrane (PEM) for 

straightforward construction. Conductive microparticles fabricated by droplet microfluidic 

system have uniform size and high specific surface area, which increases the rate of substrate 

transport into the microparticles for cultivation of microorganism encapsulated in the particles. 

The results from microorganism suspended in the anode and encapsulated in the conductive 

microparticle show that the conductive microparticle decreases the internal resistance of MFC 

and increases the limiting current considerably (about 452%). Additionally, concentrating the 

microorganisms into conductive particles enables prompt analysis. In conclusion, the 

microparticle-based air-cathode MFC has great potential for applying as a rapid screening 

tool for high electro-active microorganisms as well as a sustainable power source for 

lab-on-a-chip or other miniature devices. 
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The failure of the antibiotic was reported in many countries which was mostly owing to the 

adaptation of the antibiotic resistance in bacteria. In recent years, increasing attention was drawn on the 

inorganic micro- and nano- crystals because of their outstanding properties on versatile applications. 

The ability of copper ions to resist bacteria growth was reported due to the denature or oxidation 

mechanisms. Therefore, the preparations of copper and copper oxides have been extensively 

investigated [1, 2]. 

In addition, the integration properties of 

nanoparticles including the high specific surface area 

and catalytic effects result in different degree of 

antimicrobial activities. In the present study, the 

cuprous oxides (Cu2O) with nano- and micro- scaled 

size ranging from 165 to 1200 nm and different 

shape such as cubic, sphere, octahedral, and star-like 

were prepared for evaluating the antimicrobial 

activities. The dimension and morphology of Cu2O 

particles were controlled by applying two different 

surfactants, CTAB (cetyltrimethylammonium 

bromide) and SDS (dodecyl sulfate sodium), 

respectively. Moreover, the pH values of the 

synthesis environment were adjusted by adding aqueous ammonia for controlling the shape of particles 

[3, 4] (Figure 1).  

The antimicrobial effects were examined by directly cultivating both Gram positive and negative 

bacteria, E. coli and S. aureus, on the samples containing Cu2O particles. The resistance to bacterial 

growth was evaluated by zone of inhibition qualitatively and by the detection of optical density 

quantitatively. The results showed that Cu2O particles revealed better inhibition on the growth of S. 

aureus than on E. coli, which was most probably due to the existence of the outer membrane on E. coli 

that the multilateral Cu2O particles revealed better antimicrobial activity with larger zone of inhibition 

under the initial concentration of S. aureus of 0.05 OD after culturing for 16 hours at 37 oC. 
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Fig. 1. The morphology of prepared micro- Cu2O NCs 

prepared using different concentrations of CTAB: 

(a) 0.04 M, pH=5; (b) 0.04 M, pH=7; (c) 0.04 M., 

pH=11; (d) 0.5 M, pH=5. 

(a) (b) 

(c) (d) 
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The immunoisolation membrane is designed to protect implanted cells or tissues from 

attacks of immune-systems, but allow the mass transfer to maintain the viability and 

functionality of implantations. In this study, the potential of electrospun nano-fibers asan 

immune isolation membrane was evaluated. First, poly-L-lactide (PLLA) nano-fibers were 

prepared by electrospinning, where the main parameters, including applied voltage, solvent 

composition, PLLA concentration, flow rate and tip-to-collector distance, were investigated to 

prepare nano-fibrous membrane with high uniformity. The uniformity was basically enhanced 

by increasing applied voltage and PLA concentration. The decrease in tip-to-collector distance 

and flow rate were also beneficial for the preparation of nano-fibers with uniform structures. 

Besides, the optimized co-solvent ratioof DCM to1,4-dioxane was determined to be 4:6. After 

optimization, the nano-fibers with thinnest diameter of 400±95nm were obtained without any 

agglomeration or bead-in-string structures. Moreover, the thickness of electrospun membrane 

was proportional to the period of electrospinning. 

 After obtaining PLLA nano-fibers, we tested the biocompatibility and coverage 

efficiency of the nano-fibers by directly depositing electrospun nano-fibers onto culturedat 

osteo-sarcoma cells (UMR106).  The SEM results suggest that nano-fibers have completely 

covered the cell monolayer after the electrospinning for 6 hours. The results from MTT assay 

indicate that the cell viability was not decreased by the nano-fiber covering. The cell 

viabilities with and without nano-fiber coverage was almost the same, revealing that the 

nano-fibers as well as electrospinning process were highly biocompatible. More important, 

with the coverage of nano-fibrous membranes, the cells were able to be continuously cultured, 

where the cell viability was not suppressed before cultured cells reach the confluent state. 

These findings support that the diffusion of oxygen, nutrients, and wastes between cells and 

medium was not retarded by the electrospun barrier.  The immunoisolation efficiency of 

nano-fibrous membrane was analyzed by isolating the bovine serum albumin (BSA) which 

was used to model the immune proteins. The results indicate that with the barrier of 

electrospun nano-fibers, the penetration of BSA was reduced to almost zero in the first 2 

hours and kept to a quite low level after the incubation for 6 hours. The outcomes identify the 

potential of electrospun nano-fibrous membrane as an immunoisolation barrier. 
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Now more and more biotechnology products need to solve separation and purification 

problems, traditional chromatography based on cross-linked agarose could not meet the 

requirement, such as purification of vaccines, virus-like particles, and PEGylated proteins that 

have much larger hydrodynamic radius than proteins of corresponding molecular weights. In 

this case, the pore size influence of four anion exchange media including DEAE-FF, 

DEAE-Capto, gigaporous DEAE-AP-120 nm and DEAE-AP-280 nm with average pore 

diameters of 32 nm, 20 nm, 120 nm and 280 nm, has attracted attention. Pore size effects of 

media on the HB-VLPs adsorption equilibrium, adsorption kinetics, dynamic binding capacity 

(DBC), and recovery were investigated in detail. According to the confocal laser scanning 

microscopy observation, adsorption of the VLPs in DEAE-FF and DEAE-Capto was mostly 

confined to a thin shell on the outer surface of the beads, leaving the underlying pore space 

and the binding sites inaccessibly, while the large pores in gigaporous media enabled the 

VLPs to access to the interior pore spaces by diffusion transport efficiently. Compared to the 

most widely used DEAE-FF, gigaporous media DEAE-AP-280 nm gained about 12.9 times 

increase in static adsorption capacity, 8.0 times increase in DBC, and 11.4 times increase in 

effective pore diffusivity2. Beyond increasing the binding capacity and enhancing the mass 

transfer, the gigaporous structure also significantly improved the stability of the VLPs during 

intensive adsorption-desorption process by lowing the multi-point interaction between the 

VLPs and binding sites in the pores. At 2.0 mg/mL media loading quantity, about 85.5% 

VLPs were correctly self-assembled after the chromatography with DEAE-AP-280 nm media; 

oppositely about 85.2% VLPs lost their normal assembly with DEAE-FF due to irreversible 

disassembly. For VLPs purification from recombinant Hansenula polymorpha, 

DEAE-AP-280 nm media were demonstrated the best results showing the highest recovery of 

68.33% and purification fold of 3.47, at 2.98 mg protein/mL-media loading quantity and a 

flow rate of 240 cm/h. 
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Transcriptional Engineering Tools for E. coli 

Rongrong Jiang 
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Breeding microorganisms with desired properties has often been achieved by classical strain 

engineering methods, which includes spontaneous adaptation and use of UV/chemical mutagens, 

and metabolic engineering approach. However, classical strain engineering methods are usually 

time-consuming and labor-intensive, whereas metabolic engineering approach requires detailed 

metabolic information. 

In recent years, transcriptional engineering has started to attract attention in strain 

engineering. Here, we try to improve strain performance under stress by manipulating its 

transcription profile. Our target is the global regulator cAMP receptor protein (CRP), which can 

regulate over 400 genes in E. coli. Directed evolution methods were employed to introduce 

modifications to CRP and the mutant library was subjected to selection based on cell growth 

under various stresses. With this approach, we have successfully isolated E. coli variants with 

improved oxidative stress tolerance1, osmotolerance2, biofuel tolerance (1-butanol3, isobutanol4, 

ethanol5), organic solvent tolerance6, acetate stress tolerance7 and low pH tolerance8.  
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Construction of energetic cell factories 

 

Kiyotaka Y. Hara1* 
1Kobe University 

 

Adenosine-5′-triphosphate (ATP) is used as an energy source and consumed by many 

intracellular reactions. Intracellular ATP is supplied by three main pathways: glycolysis, the 

respiratory chain and photosynthesis. Balancing ATP supply and consumption is equally as 

important as balancing cellular redox. Microbial cell factories, which are microorganisms that 

have been engineered to increase production of an intracellular target, often have reduced cell 

growth. This reduction is problematic because it decreases the volumetric product 

concentration. One of the main reasons for this decrease is ATP shortage caused by an 

increase in ATP consumption spurred by target production. ATP supply often becomes the 

rate-limiting factor for target biosynthesis and export in microbial cell factories. Several 

recent our studies have shown that balancing ATP supply and consumption plays a critical 

role in improving product yields with no decrease in cell growth. In this presentation, I will 

repot the recent our challenges in the development of engineered microbial cell factories, 

including the maintenance of a large ATP supply, and the production of so-called “Energetic 

Cell Factories”.  
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Progress on 1,3-propanediol research and its industrialization 
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1,3-propanediol (PDO) production with the byproduct glycerol of biodiesel production 

has become an important way to increase the economy of biodiesel industry. The most 

important application of PDO is to form the new polyester---polytrimethylene terephthalate 

(PTT) which can be used in many areas, such as carpet and textile fibers, monofilaments, 

films, and so on. Responding to the environmental and sustainability factors, Bio-based PDO 

production has attracted people’s attention. 

A novel flexible process for PDO production by using aerobic fermentation from 

glycerol or glucose has been developed by Tsinghua University, which is different from the 

technology of DuPont’s. Three international patents have been applied and authorized by 

seven countries. In addition, fifteen Chinese patents have been applied and eight have been 

authorized. For PDO production, Klebsiella pneumoniae HR526 was selected and it can 

produce PDO and 2.3-butanediol (BDO) in a high productivity with the byproduct glycerol of 

biodisel production. To eliminate the effect of lactic acid on the fermentation and PDO 

purification, ldhA gene of Klebsiella pneumoniae HR526 was knocked out. With the 

optimized fermentation condition, the average PDO concentration of Klebsiella pneumoniae 

HR526 was above 90g/l. The average PDO yield and total diols (PDO and BDO) yield 

reached 60% and 70%, respectively. An efficient downstream process of PDO extraction has 

been set up and the final PDO yield and PDO purity reached 87% and 99.8%. 

 This PDO production process has been demonstrated with a facility capacity of 4000 

t/year in a pilot plant in Hunan, China. This is the biggest PDO production line with the crude 

glycerol as the substrate. It has produced polymeric PDO successfully. Another new plant 

with capacity of 20,000t/y PDO is being constructed in Jiangsu, China. 

Since the bio-process of PDO production consumes less energy and reduces greenhouse 

gas emissions versus petroleum based PDO, the bio-based PTT is more environmentally 

friendly and sustainable compared with the fossil fuel-based polymers, which made PTT more 

attractive with good prospects for the future. 
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In vitro analysis of key enzymes in metabolic pathways 
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Rational design of metabolic pathways with the guidance of computational models is a 

key topic in Synthetic Biology. However, the lack of data often makes it difficult to build 

correct models for reliable predictions. Here we present a method to obtain pathway kinetics 

data and determine key control enzymes through in vitro metabolic pathway construction. 

Using the threonine synthesis pathway as an example, all the enzymes in the pathway were 

purified and mixed in various ratios to create an in vitro pathway. To determine the key 

enzymes which have the greatest impact on the pathway flux, we acquired crude enzyme 

extracts from engineered threonine producing E coli cells in a bioreactor at the fast production 

phase and determined the absolute enzyme concentrations using Label-free proteomics 

measurement combined with APEX Quantitative Proteomics Tool. Then we measured the 

steady state pathway fluxes by adding different purified enzymes at different amounts using a 

continuous operated in vitro multi-enzyme reaction system. Based on these flux data at 

different enzyme concentrations, we calculated the flux control coefficients of enzymes in the 

pathway. The enzyme LysC showed the largest flux control coefficient, followed by that of 

ThrA, ThrB, ThrC. ASD showed the minimum influence on the threonine synthesis flux. 

LysC and ThrA are the key enzymes for threonine synthesis and the pathway flux could be 

greatly increased if these two enzymes are overexpressed. To test it, we constructed a LysC 

overexpression strain by introducing a plasmid with lysC gene. The new strain showed 

improved yield and productivity in comparison with the original strain. This result indicates 

that the key enzymes identified through in vitro pathway analysis can also have great impact 

on pathway fluxes in vivo and they could be used as gene overexpression targets for strain 

improvement.    
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Outer membrane vesicle production from different types of Escherichia  

coli strains 

Yoshihiro Ojima*, Reiki Yajima, Asep Suparman, Masahito Taya 
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E-mail: ojima@cheng.es.osaka-u.ac.jp 

Outer membrane vesicles (OMVs) are nano-sized (20-250 nm diameter), bilayer, spherical 

proteoliposomes that are normally discharged from the surface of gram-negative bacteria including 

Escherichia coli. OMVs contain components derived from the bacterial outer membrane and 

periplasm, as demonstrated by many researchers. Recently, it is reported that the bioengineered OMVs 

from E. coli have great a potential as cell-specific drug-delivery vehicles for treating various cancers 

(1).  However, the nature and function of OMVs remains unclear. In this study, we compared the 

production of OMVs among different types of E. coli strains. 

According to the previous report (1), OMVs of E. coli were isolated from different types of strains 

(K-12 and O strains) by ultracentrifugation of cell-removed culture broth. The isolated OMVs were 

confirmed by the TEM observation with negative stain. And then, the amount of OMVs was estimated 

by Coomassie blue-stained SDS-PAGE assay, basing on the intensities of the major vesicle protein 

bands OmpF, C and A (2). As a result, E. coli O strain showed the stronger band of major vesicle 

proteins compared with K-12 strain, indicating the possibility that O strain actively produced OMVs. 

Thus, our results suggest that the amount of OMVs produced is dependent on the type of E. coli strains. 
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Trans-4-hydroxy-L-proline (trans-Hyp), one of the hydroxyproline (Hyp) isomers, is a useful 

chiral building block in the production of many pharmaceuticals (1). Although there are some natural 

biosynthetic pathways of trans-Hyp existing in microorganisms, the yield is still too low to be scaled 

up for industrial applications (2, 3). Until now the production of trans-Hyp is mainly from the acid 

hydrolysis of collagen. Due to the increasing environmental concerns on those severe chemical 

processes and complicated downstream separation, it is essential to explore some environment friendly 

processes such as constructing new recombinant strains to develop efficient process for trans-Hyp 

production (4). Additionally, Corynebacterium glutamicum is one of the most important industrial 

microorganisms and widely used in amino acids, vitamins and nucleic acids production (5). In this 

study, the genes of trans-proline-4-hydroxylase (trans-P4H) from diverse resources were cloned and 

expressed in C. glutamicum and Escherichia coli, respectively. The trans-Hyp production by these 

recombinant strains was investigated. The results showed that all the genes from different resources 

had been expressed actively. Both the recombinant C. glutamicum and E. coli strains could produce 

trans-Hyp in the absence of proline and 2-oxoglutarate. The whole cell microbial systems for 

trans-Hyp production have been successfully constructed by introducing trans-P4H into C. 

glutamicum and E. coli. Although the highest yield was obtained in recombinant E. coli, using 

recombinant C. glutamicum strains to produce trans-Hyp was a new attempt. 
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Whey lactose is a major by-product of the cheese and casein manufacturing industry. 

Utilization of this cheap and renewable resource is an area of interest among biotechnologists 

and bulk chemists. The objective of the present work was to determine the suitability of whey 

lactose for propionic acid production by a food microbe, Propionibacterium acidipropionici. 

Batch and fed-batch fermentations of whey lactose with both free cells and immobilized cells 

in a fibrous bed bioreactor (FBB) were examined and compared. It was observed that cells 

immobilized on polyethylenimine-treated Poraver (PEI-Poraver) in FBB favored higher 

productivity and yield of propionic acid as compared to the free-cell fermentation. 

Interestingly, P. acidipropionici accumulated high levels of trehalose, especially in response 

to acid stress. An analysis of the P. acidipropionici genome sequence revealed the presence of 

two putative trehalose biosynthesis pathways (OtsA-OtsB and TreY-TreZ), and their 

functions in response to acid stress were followed studied. To further improve propionic acid 

production, enhanced trehalose synthesis mutant by over-expression of otsA gene encoding 

enzyme belonging to OtsA-OtsB pathway was conducted. In this mutant, the maximum 

concentration of propionic acid reached 135 ± 6.5 g/L in a fed-batch fermentation approach, 

which to our knowledge is among the highest propionic acid concentration ever produced in 

the traditional fermentation process. In view of these results it was concluded that the FBB 

fed-batch fermentation with enhanced trehalose synthesis mutant from whey lactose is 

therefore considered as a good candidate for the large-scale production of propionic acid in 

the near future.   
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Recently, ultrafiltration (UF) has been used extensively in concentration, 

clarification, purification and fractionation of biomacromolecules due to its 

advantages of low energy requirements, continuous flow operation, and ability to be 

scaled-up. However, Membrane fouling caused by the intrinsic hydrophobic character 

of polymeric membranes has been considered as a major obstacle for their industrial 

applications. There are three key factors responsible for membrane fouling, including 

solution chemistry, foulant characteristics and membrane properties [1]. But little 

information is available in the literature on the effect of membrane hydrophilicity on 

organic fouling behavior of UF membrane. 

As an effective modifier with superior protein adsorption resistance, PEO-like 

copolymers have been devoted to the preparation of hydrophilic membranes, and 

showed good antifouling ability for protein. However, it is very difficult to understand 

completely the antifouling behavior of the PEG-modified membranes in complex 

actual feed. Therefore, our goal was to assess the antifouling ability of the 

PEG-modified membranes in various potential organic foulants, including humic 

substances, protein, polysaccharide, and bacteria. The results showed that the 

hydrophilic modification of UF membrane contributed to the fouling control in bovine 

serum albumin (BSA) and Escherichia coli (E. coli) bacteria filtration. The 

antifouling ability of the membranes increased with the PEO content increasing. The 

pure water flux could recover completely after filtering BSA and bacteria when the 

PEO content attained 25.2% and 8.5%, respectively. While the chain length of PEO 

had little effect on the hydrophilicity and antifouling ability of the modified 

membranes [2]. In contract, the increase of membrane hydrophilicity had a negative 

effect on the humic acid (HA) and sodium alginate (SA) filtration. The membrane 

permeability of the PAN membrane unexpectedly increased after HA or SA filtration, 

while the flux recovery ratio of PEO-modified membranes reduced with the PEO 

content increasing. The differences in fouling behavior of the various organic foulants 

on hydrophobic or hydrophilic membrane were attributed to the nature of organic 

foulants and their interaction with membrane. The results may provide fundamental 

information for a better understanding of the antifouling ability of PEO-modified 

membrane. On this basis, strategies for membrane fouling control via hydrophilic 

modification of membrane material can be properly developed. 
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Abstract 

Zwitterionic polymeric interface resisting the adsorption of plasma proteins is important 
in the development of blood-contacting biomaterials in such applications as blood collection 
devices, antithrombogenic implants, hemodialysis membranes, drug-delivery carriers, and 
diagnostic biosensors. Previous studies showed that the control of surface charge neutrality is 
important for a zwitterionic surface with effective protein-resistant properties. Importantly, it 
was further reported that the mixed-charge formulation in self-assembled monolayers, 
copolymer hydrogels, and polymeric brushes provide a new avenue to achieve nonfouling 
surfaces with the prevention of nonspecific protein adsorption if the charge balance can be 
well controlled. This talk will cover three major studies: 
(1) Bio-inert nature of biomimetic zwitterionic/pseudozwitterionic structures  
(2) Blood-Inert Surfaces via ion-pair anchoring of zwitterionic copolymer brushes in human 

whole blood  
(3) Surface zwitterionization of membrenaes in novel biomedical applications 
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Microfluidic Preparation of ECM Protein Particles and Fibers 

for 3D Cell Cultivation 

 

Masumi Yamada*, Ayaka Hori, Yuya Yajima, Yu Hirai, Sari Sugaya, and Minoru Seki 

Chiba University 

 

Organization of mammalian cells into 3D tissues is a useful technique to preserve cell 

viability and functions and provide microenvironments resembling in vivo tissues.  Various 

techniques have been proposed for 3D cell cultivation, including spheroid formation, cell 

encapsulation into hydrogels, and stacking of monolayer cell sheets.  However, it is still 

challenging to reconstitute extracellular matrix (ECM) components in such 3D cell culture 

platforms.  In this study, we present two strategies to produce ECM protein-based 

micromaterials, including cell-sized microparticles and microfibers, which can be employed 

as particulate scaffolds in 3D cell cultivation.   

To produce protein microparticles, microfluidic devices or membrane emulsification 

techniques were employed.  First, droplets of aqueous solution of proteins were generated in 

a continuous phase of polar organic solvent [1].  Because the solvent (ex. methyl acetate) 

can dissolve water in it, the formed droplets rapidly shrunk because of dehydration.  After 

the shrinkage and concentration of protein molecules, proteins were chemically closslinked, 

resulting in the formation of protein particles with sizes of several micrometers.  To produce 

protein microfibers, microfluidic devices with multiple inlets were employed [2].  First, 

Ca-alginate hydrogel fibers with protein molecules were continuously formed.  After 

crosslinking protein molecules and enzymatically digesting alginate polymers, protein 

microfibers with a diameter of 10~50 μm were obtained.  

We successfully prepared microparticles and fibers using collagen, gelatin, elastin, 

laminin as ECM-protein molecules.  The shape of the particles was controllable by changing 

the interfacial tension.  As biological applications, we prepared spheroids of primary rat 

hepatocytes using collagen microparticles by introducing and culturing cells in 

non-cell-adhesive microwells with the particles.  As a result, we confirmed that 

hepatocyte-specific functions were upregulated when collagen particles were incorporated in 

the spheroids.  As the application of the protein microfibers, we encapsulated cells into a 

hydrogel matrix with the crosslinked gelatin microfibers, and cultured.  Cells were able to 

adhere the on the surface of the encapsulated gelatin fibers, indicating that the fibers worked 

as a fibrous scaffolds to support the physical strength of the formed tissues.   
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Non-invasive cell quality evaluation by image-based morphological 

informatics for regenerative medicine 
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In regenerative medicine, although cell is a “live material” which delicately changes their 

quality by the effects of culture processes, the product quality is required to be controlled 

strictly for safety and effectiveness of cell therapy. The classical cell culture production 

techniques had been supported such cell production for cell therapy in regenerative medicine, 

however very much limited with their applicability because of their “invasiveness”. Such 

invasiveness is one of the most critical reasons which have been making the regenerative 

medicine difficult to be industrialized. Since such invasive assay techniques can only evaluate 

partial cells with limited timing of cell culture, such evaluation method never fulfilled the 

actual requirement in the process of cell production in regenerative medicine; that is “cell 

quality should be monitored and evaluated all the time for assuring maximum safety”. In 

practical, such “quality monitoring of cells” are only governed by “microscopic observation”. 

To observe and evaluate the morphology of cells had been supported the practical cell 

production from the very beginning of cell culture history. Therefore, our objective was to 

combine the most advanced skills of “image processing”, “bioinformatics analysis” and 

“automatic image acquisition system” together to develop the cell quality evaluation system 

for regenerative medicine.  

For such objective, we have been studying the possibility of using “microscopic image of 

culturing cells” as the “profile of cellular status” to quantitatively evaluate the on-going 

condition, or even quantitatively predict the future condition of cells. We succeeded in 

predicting (1) future osteogenic differentiation potential [1], (2) future multi-lineage 

differentiation potential, (3) irregularity [2], in mesenchymal stem cells and pluripotent stem 

cells only by using cell culture images combined with bioinformatics. This presentation will 

introduce successful cell quality evaluations to discuss this concept’s effectiveness. 
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3-D Biomaterial-based microbubbles for cardiomyocyte culture 

 

Jiashing Yu1*, Jeng-Chun Mei2 
1Department of Chemical Engineering, National Taiwan University, Taipei 106, Taiwan 

 

Creating three-dimensional cell culture systems to mimic physiological-relevant 

environments have recently attracted a lot of attentions in a variety of scientific and industrial 

communities such as cell biology, biomaterials, as well as tissue engineering. To date, we 

commonly  cultured and observed cells on a two-dimensional system such as Petri dish or 

coverslip with a relative high stiffness (~GPa).;however, the mechanical properties, and the 

condition for nutrients transfer for single cells of a two-dimensional culture system are quite 

different from a physiological environment.. In order to construct a physiological-relevant 

microenvironment, we created gelatin-based microbubbles for mimicking 3-D cell culture 

environment via using microfluidics. In this study, gelatin, one of the common used 

extracellular matrix mimic materials, was selected as the scaffolding material for cell seeding, 

The procedure for preparing biological microbubbles via microfluidics was built in the 

following; (i)the gelation, such as pH , and the working temperature was determined; and, (ii)  

gelatin-based microbubbles were then fabricated via microfluidics To examine our 3-D 

gelatin-based culture system,  neonatal mouse cardiomyocytes were cultured on our system 

(cells cultured in the tissue culture plate as the control in our study). The cell morphology, 

apoptosis assay, cell proliferation and actin cytoskeleton of both systems (our 3-D system 

versus a culture plate) were examined .These results, we believe, have a wide range of 

applications such as biomaterials, gelatin-based biosystems for cell culture, as well as tissue 

engineering and allow us to gain a better understanding of cardiomyocyte behaviors in a 3-D 

culture system.  

 

 

 

 

 

 

 

 

Figure1. Cardiomyocytes cultured in microbubbles 

scaffolds. F-actin grew along with the wall of scaffolds. 
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  Microscale Cell Manipulation by Photodegradable Hydrogel 
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Hrofumi Matsui2, and Toshiyuki Kanamori1 
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Photodegradable hydrogels have emerged as 

a powerful platform for studying and directing 

cell behavior in a spatiotemporally controlled 

manner. Several research groups have previously 

reported the formation of photodegradable 

hydrogels by redox-mediated radical 

polymerizations1, Michael-type addition 

reactions2, and orthogonal click reactions3. In 

this work, we synthesized a photocleavable 

crosslinker with an ester activated by 

N-hydroxysuccinimide (NHS), and we prepared 

photodegradable hydrogels by reaction of the 

crosslinker and a biocompatible polymer 

containing amino moieties (amino-terminated 

tetra-arm poly(ethylene glycol) or gelatin) (Figure 

1)4. 

We have demonstrated micropatterned 

degradation of the prepared photodegradable hydrogels by micropatterned light irradiation 

through photomasks. Micropatterns corresponding to the photomasks were created, and the 

resolution varied from 20 to 500 μm. The degradation depth of the micropatterns could be 

varied by altering the light exposure. Structure and physicochemical property of 

photodegradable hydrogels could be controllable by means of micropatterned and local light 

irradiation. Currently, we are applying this spatiotemporal control technique on variety of 

bioprocesses including 2D and 3D cell manipulation.  

The approach presented herein is potentially useful for manipulating cells on and within 

the hydrogels to form engineered tissue constructs, owing to its versatility in chemical 

composition and the simplicity of the hydrogel preparation procedure. 
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Fig. 1 Schematic diagrams of NHS-PC-4armPEG (a), 

crosslinking and photocleavage reaction (b), and 

hydrogel formation and photodegradation process (c). 
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adjuvant both for nasal administration and injection 
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To prevent the potential outbreaks of infectious diseases in the population, the most 

effective and economic method is vaccination. However, in order to achieve proper immune 

response, for some types of vaccines with relatively weak immunogenicity, such as slit 

vaccines, the addition of adjuvant is necessary. In our study, a thermal sensitive hydrogel 

based on quaternized chitosan was developed and formulated into hydrogel and particle 

formulations for nasal administration and injection, respectively. The thermal-sensitive 

hydrogel was in free-flowing solution state under or below room temperature and could be 

dropped or sprayed easily onto nasal surface and spread on the nasal mucosa, while it would 

transform to hydrogel state at physical temperature. This feature is helpful for decreasing 

nasal mucociliary clearance rate and prolonging the residence time of antigen in the nasal 

cavity. For H5N1 split antigens, this hydrogel showed high potential as nasal vaccine 

adjuvant.  

Furthermore, we developed hydrogel particles based on this thermal sensitive hydrogel. 

The formed particles were high water content, pH sensitive and positive charged. We studied 

their application as potential H5N1 split vaccine adjuvant by intramuscular injection. The 

particles group elicited highest antigen-specific IgG in serum along with pronounced T cell 

mediated immune responses in comparison to aluminium salts and lipopolysaccharide. These 

findings provided positive contributions to the rational design and development of efficient 

and safe antigen adjuvants. 

We thank the financial support provided by National Science and Technology Major 

Project (No. 2014ZX09102045), National High Technology Research and Development 

Program of China (No. 2014AA093604, No. 2012AA02A406). 
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Egg-based oral immunotherapy with genetically manipulated 

chickens producing T-cell epitopes against Japanese cedar pollinosis  
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Japanese cedar (Cryptomeria japonica; Cj) pollinosis is one of the most common allergic 

diseases in Japan. Hyposensitization therapy may be a promising therapeutic treatment for Cj 

pollinosis. In particular, peptide immunotherapy using allergen-specific T-cell epitope 

peptides has attracted attention as a convenient and curative alternative to using a crude 

allergen extracts. 

Transgenic chicken has possessed attractive potential and been expected as living 

bioreactor for the next generation platform of recombinant biopharmaceutical proteins. We 

have succeeded in generating genetically manipulated (GM) avians, which can produce 

various recombinant proteins such as antibodies and hormones in their eggs and serum (1). In 

general, such therapeutic proteins are required for the purification from eggs prior to their use. 

To aim the direct oral feeding of eggs containing therapeutic protein of interest, we generated 

GM chickens producing fusion proteins including T-cell epitopes peptides derived from Cj 

pollinosis.  

Retroviral vectors were constructed for the expression of fusion proteins encoding T-cell 

epitopes of Cj allergens. GM chickens were generated by retroviral injection into developing 

chicken embryo as described previously (2). Transgenes derived from retroviral vector were 

detectable into all chickens hatched. Western blotting revealed that target proteins were 

produced in the egg white of GM hens. Egg white laid by GM hens was orally administered 

into model mice induced to develop allergic rhinitis by Cj allergens. The number of sneezing, 

total IgE amount, and allergen-specific IgE level were significantly decreased in allergic mice 

fed with GM egg white, compared with those mice fed with normal egg white. Moreover, 

there was a significant decrease of inflammatory cell infiltration in lungs of the allergic mice 

fed with GM egg white. These results suggest that eggs derived from GM chickens can be 

served as edible pharmaceuticals for allergy immunotherapy. 
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Delivery of Quercetin to Porcine Eyes by Lipid Nanocarriers 

Yun-Chun Huang, Yu-Jui Chen, and Chi-Hsien Liu
* 

Graduate Institute of Biochemical and Biomedical Engineering, Chang Gung University 

 

Quercetin is a flavonoid having a strong antioxidant capacity. Recent studies indicate 

that quercetin can protect eye cells from oxidative damage. Lipid carriers can protect the 

lipophilic drugs, achieving greater physical and chemical stability and controlling the 

release.1,2 We evaluate two lipid nano-carriers including nanoemulsions (NE) and solid lipid 

nanoparticles (SLN) as vehicles for quercetin encapsulation. Hydrophilic surfactant (Tween 

40) and lipophilic surfactants (Span 40) were combined to develop an appropriate interface to 

stabilize the quercetin. The size distribution of lipid carriers was around 150~345 nm by using 

dynamic light scattering analysis or electric microscopy. The radical scavenging ability of 

quercetin was still preserved after the encapsulation of nanocarriers. The transocular quercetin 

delivery was confirmed by using confocal microscopy since the quercetin could be found at 

the depth of 75 μm. The quercetin loaded solid lipid nanoparticles had the highest flux of 158 

μg/cm2 on cornea after 24 hours. In addition, quercetin loaded SLN had the lowest 

cytotoxicity for cornea cells (SIRC) and retinal ganglion cells (RGC), and the value of half 

maximal inhibitory concentration were 268.85 and 211.3 μg/ml, respectively. Quercetin 

loaded SLN had 5-times ability to protect cornea and retinal ganglion cells from 

H2O2-induced oxidative damages as compared to non-capsulated quercetin. Our results 

demonstrated that the quercetin loaded SLN are potent for the transocular delivery. 
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Production of economic bio-butanol from renewable resources 

 

Ai-yong He, Min Jiang*, Xiang-ping Kong 

Department of Biotechnology and Pharmaceutical Engineering, Nanjing Tech University, 

Jiangsu, China 

E-mail：jiangmin@njtech.edu.cn 

 

Biomass has been an important contributor to world economy for its sustainability and 

universality. In China, there is abundant agricultural biomass, such as, corn stalks, wheat 

straw, bagasse, and cassava. Using renewable biomass as substrate is an attractive proposition 

for introducing an economically competitive biological process. The biological production of 

acetone/butanol/ethanol (ABE) has prompted a great deal of interest in the light of 

diminishing oil resources worldwide and unpredictable fluctuations in petroleum price. 

Currently, however, no microorganism can produce butanol efficiently from lignocellulosic 

biomass because of a range of toxic compounds. Weak acids, furan derivatives, and phenolic 

compounds, are generated during the hydrolysis of lignocellulosic materials. 

A high inhibitor-tolerance Clostridium beijerinckii IT66 was obtained by low-energy ion 

implantation and metabolic evolution. When non-detoxified hemicellulosic hydrolysate of 

corn fiber treated with dilute sulfuric acid (SAHHC) was used as substrate, applying one 

two-stage controlled-pH fed-batch with the optimum composition, the ABE titer, yield, and 

productivity reached 13.9 g/L(3.4 g/L acetone, 10.1 g/L butanol and 0.4 g/L ethanol), 0.38 g/g 

sugar and 0.23 g/l·h, respectively.  

In addition, Clostridia species were known as classical acid producers and usually 

ferment glucose to solvents production, butyrate, acetate, carbon dioxide, and molecular 

hydrogen, but little is known about their ability to produce hydrogen. In this study, hydrogen 

production performance of this high inhibitor-tolerance mutant was obtained by H2scan 

(HY-OPTIMA™700). Besides, the off-gases from the pure culture of C.beijerinckii IT66 

were used for co-production of succinic acid by Actinobacillus succinogenes NJ113. The 

results of by-production and co-production appear promising for economic-ABE production 

from lignocellulosic materials. 

Keywords 

Butanol; Clostridium; Biological process; Lignocelluloses; CO2 fixation 
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Metabolic Engineering of cyanobacteria for production of 

commodity chemicals 
 

Ethan I Lan 
1 Department of Biological Science and Technology, National Chiao Tung University 

 

Chemical and fuel production from photoautotrophs such as cyanobacteria is an 

attractive approach to solving both energy and environmental problems as it bypasses 

the difficulty of plant biomass deconstruction. 1-Butanol is a chemical feedstock used 

in various industries and is a potential fuel substitute due to its higher energy density 

and lower hygroscopicity. 1-Butanol production pathway naturally exist in some 

Clostridium species. However, the Clostridium 1-butanol production pathway is 

difficult to functionally express in cyanobacteria due to the lack of driving force and 

oxygen sensitivity of its enzymes. We individually tackled and solved these 

difficulties and achieved production of 1-butanol directly using light energy and 

carbon dioxide. We first increased the thermodynamic driving force for 1-butanol 

pathway by utilizing an ATP driving force module. Then we substituted the oxygen 

sensitive aldehyde dehydrogenase from Clostridium with an oxygen tolerant aldehyde 

dehydrogenase from Salmonella. The resulting cyanobacteria strain achieved 

1-butanol effective titer of 400 mg/L. 
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Microbial screening for biorefinery research 
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Saccharomyces cerevisiae is a traditional yeast used for industrial ethanol production, 

but susceptible to aforementioned inhibitors and other stress conditions related to 

lignocellulosic biomass conversion. Yeast strains tolerant to single and combined inhibitors of 

furfural and 5-HMF were recently developed based on the metabolic engineering strategy. A 

dose-dependent response of yeast to furfural and HMF has been characterized and a lag phase 

used to measure levels of strain tolerance. Furfural and HMF can be reduced to 

2-furanmethanol and furan-2,5-dimethanol, respectively. They can further breakdown to 

related organic acids. Under the inhibitor challenged conditions, once furfural and HMF fell 

to a certain lower level of concentrations, fermentation as indicated by glucose consumption 

by yeast can be accelerated at a faster rate than would normally occur. Genomic adaptation is 

likely to happen at this stage. Glycolysis and pentose phosphate pathway are major routes for 

glucose metabolism that provide energy and important intermediate metabolites for 

biosynthesis and ethanol production. Unfortunately, important enzymes of glycolysis were 

inhibited by furfural. On the other hand, numerous genes and enzymes were reported to be 

associated with enhanced tolerance to furfural or HMF, as reported that multiple gene 

involved NAD(P)H-dependent aldehyde reductions is an important mechanism of the 

detoxification of furfural and HMF. 

We believe they are many broad candidates available in nature, which can move beyond 

difficulties to out boundary so that the good platform for fermentation of lignocellulosic 

biomass could be built without too much genetic modification. However, it is not easy to 

achieve the candidates due to the unique adaptation possessed by many yeasts upon the 

environmental stress.  

In this study, we have developed the simultaneous method for screening the candidate 

yeasts, which capable to grow and ferment lignocellulosic lysate into ethanol and fine 

chemicals such as lactate. In this report, first screening on the yeast capable of growing and 

fermentation in the medium containing fermentation inhibitors was conducted. 
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Odor complaints have become a familiar subject to wastewater treatment plant (WWTP) 

operators. Nowadays they are not only expected to manage their WWTPs efficiently, but also 

to reduce plant odor emissions1.  When sulfur-containing compounds are biodegraded in 

anaerobic condition, volatile sulfur compounds (VSCs) including H2S, methyl mercaptan, and 

dimethyl sulfide (DMS) are generated. The odor can be reduced if the emission of these VRSs 

from WWTPs could be controlled, since these are the major odorants.   

In this study, pH and ORP of an alternating aerobic and anoxic (AAA) activated sludge 

system for nitrogen removal and VSCs from the system headspace were continuously 

monitored; VSCs were monitored as whole using an on-line total reduced sulfur (TRS) 

analyzer. The pH, and ORP profiles observed during both air-on and air-off cycle of the AAA 

system clearly showed the well-known inflection points, signifying the initiation/termination 

of nitrification and denitrification2. In addition, the observed TRS profile revealed that a large 

amount of reduced sulfurs would come off from the AAA system at the initiation of aeration 

and the sulfur emission begin to drop through the remaining air-on cycle. Most importantly, 

during air-off cycles, TRS emission remained at a low level in the beginning and increased at 

a constant rate after nitrate apex and nitrate knee were observed in pH and ORP profiles, 

respectively.  These observations indicate that the condition in the biological process is 

changing from anoxic to complete anaerobic one and that the reduction of oxidized sulfurs 

occurred, and that proper control of the aerobic and anoxic cycle durations of an AAA system 

would result in significant reduction of odor emission. In other words, controlling air on/off 

cycle duration of an AAA system based on the significant points on the pH and ORP profiles 

would result in not only good nitrogen removal efficiency but also reduced odor emission. 

More discussion on the control strategy for the reduction of the odors from an AAA system 

will be presented in the conference. 
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production 
 

Si-Yu Li 

Department of Chemical Engineering, National Chung Hsing University 

250 Kuo Kuang Road, Taichung City 402, Taiwan 

syli@dragon.nchu.edu.tw 

 

Carbon dioxide is a ubiquitous molecule produced by most industrial activities. With the 

evident CO2 accumulation in the atmospheric layer over the past few decades, more and more 

research attentions have been paid to reduce the CO2 emission or to recover emitted CO2. CO2 

emission is also a problem for the fermentation process. For example, 1 mole of bioethanol 

being produced is equivalent to 1 mole-CO2 emitted, considering the microbial fermentation 

process as a whole. Meanwhile, 1 mole of biobutanol is roughly 4-mole CO2 equivalent using 

Clostridium acetobutylicum. Although the concept of biofuels is to reach carbon neutral by 

using biomass as the feedstock, it is desirable to take one step further to reduce the CO2 

emission during fermentation. One potential way is to metabolically turn industrial bacteria 

from heterotrophs to mixotrophs, where mixtrophs can use both carbohydrates and CO2 as 

carbon sources. In this manner, the CO2 emission can be recycled by bacteria itself while 

those recycled CO2 can be used to make more fermentation products. In this study, the 

feasibility of mixotrophic Escherichia coli will be discussed. The mixotrophic Escherichia 

coli is constructed based on the Calvin cycle, where two key genes encoding  

ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) and phosphoribulokinase (PrkA) 

was cloned and overexpressed in E. coli. By further appropriate metabolic engineering on the 

central metabolism, Rubisco-based engineered E. coli can recycle CO2 during the metabolism 

of not only pentoses but also hexoses.   
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Polyhydroxyalkanoates (PHAs), a group of biodegradable biopolymers, have 

physichemical properties similar to petrochemical plastics and good biocompatibility. PHAs 

are produced by many different bacterial cultures, in which the open mixed cultures, such as 

activated sludge, have attracted a wide attention due to the low cost [1]. Unlike the pure 

culture, the activated sludge contains diverse microbial strains, which means that the activated 

sludge can use a variety of carbon substrate to accumulate PHAs and thereafter alter the type 

and ratio of the monomers in the final copolymer. To date, information is plentiful about the 

quantity of PHAs produced in the activated sludge system, but limited about their quality as a 

consequence of the composition alteration. Therefore, this study aimed to investigate the role 

of carbon substrates in the synthesis of two newly developed heteropolymer PHAs, namely, 

poly(hydroxybutyrate-hydroxyvalerate) (P(HB/HV)) and 

poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (P(HB/HHx)), from activated sludge, in 

view of the substrate type and quantity as well.  

For this purpose, short-chain volatile fatty acids (VFAs), as a combination of acetic acid 

(HAc), propionic acid (HPr), isobutyric acid (i-HBu), n-butyric acid (HBu), isovaleric acid 

(i-HVa) and n-valeric acid (HVa) were obtained through the anaerobic fermentation of 

organic wastes and fed to the 

P(HB/HV) producing activated 

sludge. The content of two 

monomers, i.e., HB and HV were 

correlated with VFAs in different 

cases. Statistic results showed that 

HB linearly increases with 

even-number carbon VFAs, and 

ditto to HV and odd-number VFAs (Fig. 1). Meanwhile, P(HB/HHx) was only produced 

successfully from activated sludge by using sodium laurate as the sole carbon substrate. In 

this situation, sodium laurate concentration and feeding mode on P(HB/HHx) accumulation 

by activated sludge appeared the determinate factors. Specifically, P(HB/HHx)  achieved the 

maximal productivity of 505.5 mg/L when fed on 0.5 g/L sodium laurate every 4 hours, with 

463.8 mg/L HB and 41.7 mg/L HHx. These results imply that the regulation of carbon 

substrates should be a prospective strategy to obtain the desired PHA from activated sludge. 
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Fig. 1 Correlation between VFAs and P(HB/HV) composition 
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Biodiesel, usually considered as mono alkyl esters of long chain fatty acids derived from 

renewable feedstock and short chain alcohols, was widely used in the world. However, 

biodiesel also meet problems in some application cases because of the traditional biodiesel’s 

composition. Among these problems, the poor cold flow property is a critical defect of 

biodiesel. To solve this problem, adding additives seemed to be a simple way. As most 

additives were developed for fossil diesel and not changed the molecular structure of 

biodiesel, it was not easy to find suitable additives for biodiesel. In this reseach, different 

branched alcohol esters were synthesed via enzymatic esterification using waste cooking oil 

and branched alcohols. The optimal conditions, such as enzyme loading, water content, 

temperature, stirring speed, and alcohols’s feeding times, for enzymatic esterafication was 

investigated. Furthermore, the CFPP of branched alcohol esters was detected and the low 

temperature was relatively increased. 
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This study provided conclusive remarks for serial inspection on redox mediators for electron 

transport in energy recycling and wastewater treatment.  Prior studies [1-4] indicated that 

biodecolorized intermediates of azo dye(s) could act as electron shuttles to stimulate reductive 

decolorization and bioelectricity generation (RD&BG) in microbial fuel cells (MFCs).  In 

addition, –OH and/or – NH2 substitute-containing auxochrome compounds (e.g., 2-aminophenol 

and 1,2-dihydroxybenzene) could effectively mediate electron transfer in MFCs.  Moreover, 

non-azo textile dyes (i.e., thionine and malachite green (MG)) and derived intermediates could 

also own such redox-mediating capabilities for RD&BG[5,6].  Electrochemical impedance 

evaluation, cyclic voltammetric analysis and Tafel-plot analysis quantitatively suggested thionine 

and MG as redox mediators to stimulate RD&BG.  Inevitably, chemical-structure effect played a 

crucial role for the possibility of candidate chemicals to be electron shuttles.  However, for 

biomass-based energy applications, toxicity potency of plausible mediators to receptor microbes 

still controlled the feasibility to be electron shuttles for RD&BG in MFCs.  
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 [EMIM][Cl]-assisted Enhanced Refolding of 
Horseradish Peroxidase in the Presence of Ca2+ & Heme Cofactor 
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The importance of microorganisms as a bio-factory for the production of recombinant 

protein has been emphasized in bioindustry. However, most of the over-expressed recombinant 

proteins are produced as inclusion bodies (IBs), and consequently, refolding process is needed 

to convert IBs to native structure of protein. 

Horseradish Peroxidase (HRP) is one of the representative metalloenzyme containing 

heme prosthetic group in their tertiary structure. Each HRP molecule contains four disulfide 

bonds, and two different type of metal centers, which are ferrous ion-containing heme group 

and two calcium ions providing a stabilizing effect on enzyme structure and function. It can be 

widely applied to the removal process of phenol and chlorophenol in waste water derived from 

pulp and paper industry. 

In this study, calcium, heme cofactors, and ionic liquid ([EMIM][Cl]) were employed to 

promote HRP refolding yield. By adding hemin and calcium chloride into refolding buffer, HRP 

refolding yield remarkably increased up to over three times compared to that in conventional urea-

containing refolding buffer by adding hemin and calcium chloride into refolding buffer. Addition of 

[EMIM][Cl] into ferrous and calcium cofactor-containing refolding buffer resulted in a further 

increase in HRP refolding yield up to 80%. In temperature-dependent HRP refolding, a high 

refolding yield was observed at low refolding temperature of 4℃. 
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Nanopolymer Particle 
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1. Introduction 

Enzyme immobilization is one of a solution to use enzyme repeatedly and to enhance 

enzyme stability. During conjugation and adsorption of protein, conformation changes of 

protein proceeds partly. This function loss prevents by the interaction between some 

functional group and protein1). The objective of my study is to clarify the mechanism of 

protein adsorption and immobilization in the presence of charged functional group. 

2. Experimental 

Three kinds of charged polymer particles having not only anionic (Anionic PP), cationic 

(Cationic PP), or both ionic groups (Zwitterionic PP) but also epoxy group were synthesized2). 

Bovine serum albumin (BSA), -lactalbumin (-LA), and hen egg lysozyme (Lyz) were 

selected as model proteins. 10 mM buffer solution containing protein and polymer particle 

were incubated at 4 oC. Unbound protein in supernatant was measured by Bradford method. 

Activity of Lyz was measured by the digestion rate of cell wall of Micrococuss lysodeikticus. 

3. Result 

Protein adsorption was found to be strongly affected by pH and matching of charges 

between protein and polymer particle. Table 1 summarizes maximum adsorption amount of 

three proteins on three kinds of charged polymer particles. When pH was below isoelectric 

point (pI) of either protein, Anionic PP was best of all. Especially, the percent of surface 

coverage on Anionic PP was more 100 % at the maximum adsorption amount of BSA and Lyz. 

This result indicates that protein adsorption requires electrostatic interaction between protein 

and particle. Zeta potential of BSA and Lyz on Anionic PP suggested that upper to 100 % 

surface coverage, BSA and Lyz could shield the surface charge of Anionic PP, because 

adsorbed BSA and Lyz had about the same zeta potential as free BSA and Lyz. Figure 1 

compares Lyz activity at various Lyz adsorption amount. The decreasing in the tubity 

indicates the activity. At maximum adsorprion amount, adsorbed Lyz has about the same 

activity as free Lyz and the activity decreases at lower adsorprion amount. This was because 

conformation change of immobilized Lyz proceeded at lower adsorprion amount. Therefore, 

this result was suggested that Lyz activity loss prevented by the most packing state of Lyz. 
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Cataract is a well-known disease of the eye lens related to protein aggregation. The 

human eye lens is mainly composed of well-ordered crystallin proteins that retain the 

transparency of the lens. Unfortunately, several factors including UV irradiation and, possibly, 

acidic condition may cause the protein to unfold and/or aggregate, eventually leading to lens 

opacification. Human γD-crystallin (HγDC), abundant in the human eye lens, is composed of 

173 residues and two structurally homologous domains (N-terminal and C-terminal domains). 

While the detailed mechanism of fibril formation remains unknown, previous studies have 

shown that acidic conditions might induce the formation of amyloid fibrils in HγDC and that 

this aggregation pathway may be related to the initiation of age-related nuclear cataract. In 

this study, molecular dynamics (MD) simulations were implemented to explore the unfolding 

pathway of HγDC under acidic conditions. The results suggest that HγDC exhibits a 

significant structural fluctuation under acidic conditions, and further analyses demonstrate 

that the initiation of the unfolding pathway of HγDC involves inter-domain rotation and a 

greater dynamic fluctuation of the C-terminal domain. Moreover, the native salt-bridge 

interaction between Asp96-Arg151 on the C-terminal domain is lost under the acidic 

condition due to the protonation of Asp96. We believe that the outcome from this work 

provides detailed insights into the unfolding pathway of HγDC and a better understanding of 

HγDC aggregation behavior under acidic pH. 
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In natural biological systems, proteins often form well-organized higher-order structures 

that associate unique functions, which cannot be accessed by a single protein unit alone. 

Interestingly, enzymatic post-translational modification of protein building blocks plays an 

important role in the formation of multi-subunit macromolecular structures.  

Inspired by nature’s strategy, we are interested in configuring biocatalysis for creating 

new functional biomaterials. Herein, we report a new enzymatic approach of one-step 

bio-fabrication of protein decorated gold nanoparticles (AuNPs) by using a glycerol 

dehydrogenase (GLD) enzyme and its natural electron-donating cofactor, nicotinamide 

adenine dinucleotide (NADH). We designed a trifunctional GLD fused with protein G (as an 

antibody-binding domain) and an affinity peptide for AuNPs. Following the incubation of the 

recombinant fusion protein in the presence of gold ions, NADH and glycerol, the enzymatic 

reaction automatically fabricated AuNPs decorated with the fusion protein (the average mean 

particle size was ca. 45 nm). The resulting protein-decorated AuNPs maintained their IgG 

binding capabilities, and showed excellent stability in aqueous media. The enzymatic one-pot, 

one-protein-component approach demonstrated here has potential for the efficient production 

of organic–inorganic materials under physiological conditions. 
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Development of nontoxic, environmentally friendly, and inexpensive methods to fabricate 

bimetallic nanomaterials is one of the hotspots in the field of nanoscience. Biological 

approach has emerged as a novel one for the synthesis of various metal nanostructures from 

nature factory, namely plants and microorgannisms. Hence, Ag-Pd bimetallic nanoparticles 

(NPs) were successfully prepared using Cacumen platycladi leaves extract. During the 

synthesis, the biomass served as both reducing agent and stabilizing agent, no other reductant 

and stabilizer were added. UV-Vis spectroscopy, X-ray diffraction and Transmission electron 

microscopy confirmed the alloy nature of the bimetallic NPs. FTIR spectra of the extract 

before and after the bioreduction were applied for identifying the possible functional groups 

responsible for the reduction and capping of NPs. Bimolecular like saccharedes, polyphenols 

or carbonyl compounds are responsible to the reduction process, while the (NH) C=O groups 

are related to the stabilization of the NPs. Furthermore, after supported on γ-Al2O3, the 

as-synthesized Ag-Pd alloy NPs were employed as the catalysts toward hydrogenation of 1, 

3-butadiene at low temperature. Ag1Pd3/γ-Al2O3 bimetallic catalyst exhibited remarkably 

enhanced butene yield of 84.9% at 35
 o

C, when comparing with their monometallic 

counterparts. In addition, time on stream plot of 1, 3-butadiene conversion and butene 

selectivity showed that the performance of the catalysts was maintained stable during 12 h.  

Keywords: Biosynthesis; Ag-Pd nanoparticles; Alloy; Cacumen platycladi 
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Conjugating a number of proteins into one molecule can create so called “protein 

polymers”. Such protein polymers are attractive nano-materials since the functional domains 

of each protein molecule are in a concentrated state, i.e. in one macromolecule; therefore 

protein polymers possess great potentials to be used as scaffolds, high-functional enzyme 

complexes. Each component protein of the protein polymers should be conjugated by 

covalent bonding with site-specific manner in order to obtain stability and functions. We have 

developed a cross-linking method for proteins using an enzymatic reaction of horseradish 

peroxidase (HRP)1. Briefly, by introducing peptide tags containing tyrosines (hereafter called 

Y-tag) to the C-terminus of target proteins, the Tyr residues in the Y-tag are selectively 

recognized by HRP and form tyrosyl radicals. The generated tyrosyl radicals then react with 

each other to form protein conjugates. So far, we have successfully managed to prepare 

protein polymers of multimeric proteins by using this methodology, however in the case of 

monomeric protein, the cross-linking degree was low, limited to at most tetramer. 

In this context, we have examined the effect of the number of Y-tags introduced to 

monomeric proteins on the cross-linking degree upon HRP treatment. We selected protein G 

(pG) as a model monomeric protein and introduced Y-tags to both its N- and C-termini and 

evaluated the reactivity against HRP treatment (Fig. 1). The pG with two Y-tags (Y-pG-Y) 

formed polymers possessing extremely high molecular weights upon HRP treatment (Fig. 2a). 

The molecular weights of the resultant pG polymers were measured using FFF-MALS 

(Fig.2b). The maximum molecular weight of the pG polymer was approximately 1,600 kDa 

and the average molecular weight was 760 kDa, which were equivalent to 150 mers and 70 

mers of pG unit, respectively, indicating the successful formation of protein polymers of 

monomeric protein.  
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Fig.1 Preparation of pG polymer by HRP reaction. Fig.2 Analyses on cross-linking degree of pG polymer, 
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Highly-effective antifouling was achieved by immobilizing and stabilizing an acylase, 

disrupting bacterial cell-to-cell communication, in the form of cross-linked enzymes in 

magnetically-separable mesoporous silica. This so-called „quorum-quenching‟ acylase (AC) 

was adsorbed into spherical mesoporous silica (S-MPS) with magnetic nanoparticles 

(Mag-S-MPS), and further cross-linked for the preparation of nanoscale enzyme reactors of 

AC in Mag-S-MPS (NER-AC/Mag-S-MPS). NER-AC effectively stabilized the AC activity 

under rigorous shaking at 200 rpm for 1 month, while free and adsorbed AC lost more than 

90 % of their initial activities in the same condition within 1 and 10 days, respectively. When 

applied to the membrane filtration for advanced water treatment, NER-AC efficiently 

alleviated the biofilm maturation of Pseudomonas aeruginosa PAO1 on the membrane 

surface, thereby enhancing the filtration performance by preventing membrane fouling. 

Highly stable and magnetically-separable NER-AC, as an effective and sustainable 

antifouling material, has a great potential to be used in the membrane filtration for water 

reclamation. 
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Carbonic anhydrase (CA) is an enzyme that reversibly catalyzes the hydration of CO2. It 

has been suggested recently that this remarkably fast enzyme can be used for sequestration of 

CO2, a major greenhouse gas, making this a promising alternative for chemical CO2 

mitigation. Previously, we expressed recombinant CA in Escherichia coli. The purified 

recombinant CA showed high biological activity. In addition, calcium carbonate precipitation 

was successfully observed in carbon dioxide-saturated water solution by addition of calcium 

chloride. We found that kinetics for forming crystal morphology was much faster than the 

case without enzyme. To promote the economical use of enzymes, we engineered the CA in 

the periplasm of E. coli, thereby creating a bacterial whole-cell catalyst. We then investigated 

the application of this system to CO2 sequestration by mineral carbonation, a process with the 

potential to store large quantities of CO2. CA was highly expressed in the periplasm of E. coli 

in a soluble form, and the recombinant bacterial cell displayed the distinct ability to hydrate 

CO2 when compared with its cytoplasmic-CA counterpart and previously reported whole-cell 

CA systems. The expression of CA in the periplasm of E. coli greatly accelerated the rate of 

calcium carbonate formation and exerted a striking impact on the maximal amount of CaCO3 

produced under conditions of relatively low pH. In addition, we also developed immobilized 

CA catalysts systems. Here, we demonstrate that the engineered bacterial cells with 

periplasmic CA and immobilized CA can successfully serve as efficient biocatalysts for CO2 

conversion. 
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According to recent reports, the rapid increase in environmental CO2 levels during 

recent years is widely being considered as one of the main driving force for a gradual increase 

in the earth’s average temperature, serious damage to the polar ecosystem, and imbalance in 

environmental temperatures. The severity of damaging human-induced climate change and 

the significance of reduction in environmental CO2 concentrations has become an important 

research topic. Although numerous techniques are being employed to reduce atmospheric 

CO2, economically feasible new technology and/or methods to achieve this target are 

essential. In this study, we constructed a dual fusion gene expression plasmid, pRCAH-30, 

encoding carbonic anhydrase (CA) from the cyanobacterium Synechocystis sp. PCC6803, an 

R5 peptide sequence, and an affinity (His)6 tag, to allow the simultaneous purification and 

immobilization of the encoded fusion enzyme, termed RCAH. The expressed fusion protein 

was approximately 30 kDa, and could be rapidly purified using affinity resins. To enhance 

enzyme activity, the R5 peptide facilitated immobilization by means of silicification with 

tetramethoxysilane; the aggregated particles were approximately 300 nm in diameter. Activity 

tests revealed that the enzyme functioned optimally between pH 7.0 and 7.5; maximum 

stability was achieved between 25 and 45oC, at pH 6.0 ~ 8.0. Activity of the fusion 

enzymepersisted, even after encapsulation by biomimetic silicification. In fact, silicone 

embedding stabilized the enzyme structure, thereby increasing its stability and reusability rate 

under different environmental conditions. In addition, the silicified enzyme reduced waste 

CO2 gas from 800 to 42 ppm, resulting in a gas capture rate of 94.7% after conversion. Thus, 

the construct developed in this study can be effectively utilized for the sequestration of 

industrial waste CO2 gas. 
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Genetic incorporation of unnatural amino acids (UAAs) can engineer proteins to 

acquire new structures and functions that cannot be attained with natural set of 20 amino 

acids. Several methods have been described for the incorporation of UAAs into proteins 

during cell-based expression of recombinant proteins. Many codons can be decoded with 

UAAs when they are added to the media in place of their isosteric canonical amino acids. 

This approach relies on the relaxed substrate specificity of aminoacyl-tRNA synthetases 

(AARSs) and is particularly suitable for global modification of proteins. However, 

cell-based incorporation of UAAs is limited by intrinsic cellular regulation mechanisms. 

Owing to inefficient transport through the cell membrane, most UAAs do not accumulate 

inside the cell at concentrations high enough to drive sufficient aminoacylation. In the 

present work, we describe cell-free protein synthesis as a means to achieve high-yield 

synthesis of UAA-containing proteins. We designed a cell-free protein synthesis system 

derived from the extract of Escherichia coli cells to avoid contamination by residual 

amino acids in the cell extract and to kinetically overcome the low affinity of 

aminoacyl-tRNA synthetases towards UAAs. 
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The production of recombinant proteins is a key technology in various fields of research 

and development. Almost recombinant protein are produced by cell systems. In this 

production process, intracellular protein aggregations become shackles for efficient protein 

expression. Hence high-yield production of recombinant protein is required in above fields. 

Late embryogenesis abundant (LEA) proteins are a group of the hydrophilic proteins that 

has a protection function for exogenous stress such as osmotic stress and dry stress [1]. The 

LEA proteins are found among the families of proteins that are expressed for anhydrobiosis 

both in plants, and in animals [2]. We focus on the protective property of the LEA protein for 

efficient protein expression in cell. Then, we have designed LEA peptide (11AA) from LEA 

protein sequences, and the protein expression system was constructed to co-express objective 

protein with the LEA peptide in E.coli [3].  

The expression of target proteins were effectively increased only when LEA peptide was 

co-expressed in the E.coli. Then, we have studied the transcription level (mRNA) of the target 

protein by the Real-time PCR method. The transcript levels was the same with or without 

co-expression of LEA peptide. These results indicate that the LEA peptide functions after 

transcription. From these results, we have the hypothesis that the co-expressed LEA peptide 

effectively inhibits the aggregation of the unfolding target protein or enhancement of protein 

folding in the cell body. We have been investigating the function of LEA peptide and 

developing the more effective LEA peptide. 

This system is very simple method for efficient protein expression because it needs only 

co-expression with an 11-amino acid peptide in cell. In addition, the separation process of 

expressed protein is extremely simple, because the LEA peptide is very small. Therefore, this 

co-expression system is a new methodology for high-yield production of recombinant protein. 
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Nisin is a small cationic lanthionine antibiotic produced by certain strain of 

Lactoccus lactis subsp. lactis, is the only Food and Drug Administration (FDA) approved 

bacteriocin for food applications. It has been used as a biopreservative and a potential in 

pharmaceutical and health care products. However, the major limitation of nisin application is 

the high cost of production due to low nisin productivity during fermentation of L. lactis. In 

order to achieve higher productivity and avoid lactic acid inhibition of L. lactis, the 

construction of nisin- production strain is an option for large-scale nisin production. 

Derivatives of Bacillus subtilis have been widely exploited for industrial production of 

biological materials. Being a gram-positive bacteria and not producing an endotoxin are other 

great advantages of this organism for nisin gene transfer and expression. We are particularly 

interested in expressing nisin in hosts that are suitable for industrial production. In this study, 

a nisin resistance potential for nisin in recombinant B. subtilis as a host will be constructed to 

overcome the nisin sensitivity of B. subtilis by introducing the nisin resistance genes nisI from 

L. lactis. The results demonstrated that the recombinant B. subtilis 168 has the ability to 

sustain nisin in the medium by introducing the nisin resistance genes nisI. The nisin tolerance 

was found in the recombinant B. subtilis 168/pHY300-NisI, which showed a 3-fold increase 

in the nisin resistance level compared to that of wild-type B. subtilis 168. It was not inhibited 

the cell growth when the nisin concentration was 0.5 ppm within the culture medium. This 

nisin resistance level did not succeed to allow commercial production by using B. subtilis 168 

as a host, we will attempt in increase nisin resistance of B. subtilis 168 by introducing the 

other nisin resistance genes nisFEG. 
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Erythritol is a biological sweetener widely used in the food and pharmaceutical 

industries [1]. The fermentation medium for production of erythritol by Yarrowia lipolytica 

using low-cost substitutable substrates for high yield was optimized. Plackett-Burman design 

revealed that glycerol, urea and NaCl were the most significant medium factors. Artificial 

neural network (ANN) model involving the significant factors was developed using 

experimental data. Genetic algorithm (GA) was used to search the optimal input space of the 

ANN model and determined the corresponding erythritol yield [2]. The optimum composition 

was found to be: 232.39 g/L glycerol, 1.57g/L urea and 31.03 g/L NaCl, and the predictive 

maximum erythritol yield reached 110.7 g/L. Erythritol yield was improved from 50.4 g/L to 

109.2 g/L with the optimized medium after confirmatory experiments. Protein expression 

patterns of Y. lipolytica were analyzed to identify differentially expressed proteins under the 

initial and optimized culture conditions. Y. lipolytica was harvested at post-exponential phase 

which was the erythritol production phase. In order to analyze intracellular protein 

abundances quantitatively, two-dimensional gel electrophoresis (2-DE) was performed to 

separate and visualize the differential expression of the intracellular proteins extracted from Y. 

lipolytica. Proteomic analyses allow identification of 50 differentially expressed proteins were 

found to be within the range of pI 3-10 and molecular weights 14.4-97.4 kDa under the 

culture conditions. The proteins correspond to the Saccharomyces cerevisiae homologues of 

Ssa4p, Tdh1p, Sol3p, Tkl1p, Por1p, Pgk1p, Mdh1, Sdh1p, Qcr2p, Idh1, Cdc19p. Most 

proteins are involved in stress response, cell rescue, energy and protein synthesis, and 

metabolic pathway of the yeast. This is the first report of 2-DE analysis of expression 

differences of the Y. lipolytica intracellular soluble proteins affected by osmotic pressure. 

Key-words: Erythritol, Optimization, Yarrowia lipolytica, Osmotic pressure, Proteomics 
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Demand for bio-pharmaceutical products represented by therapeutic antibodies is 

increasing in pharmaceutical industries. Chinese hamster ovary (CHO) cell lines are widely 

used in the field of biotechnology to produce therapeutic antibody production. Since 

chromosome of CHO cell is unstable, distribution of the chromosome number is occurs in the 

CHO cells. In this study, we focused on the chromosome aneuploidy of the CHO cells to 

establish high-producing CHO cell line. 

CHO DG44 cell line is dihydrofolate reductase (DHFR)-deficient CHO cell line, which 

is frequently used as a host cell for gene amplification method. Here, we analyzed the changes 

in chromosome number of CHO DG44 cell line and investigated the effect of chromosome 

number on antibody production. From parental CHO DG44 cells, we established two 

sub-clone CHO cell lines,  designated CHO DG44-SC20 and DG44-SC39, which mean peak 

numbers of chromosomes are 20 (normal) and 39, respectively. Increased chromosome in 

DG44-SC39 was analyzed using bacterial artificial chromosome-fluorescence in situ 

hybridization (BAC-FISH) analysis 1. Both cells were stably transfected with an expression 

vector containing IgG3 and Dhfr gene, and CHO IgG3-SC20 and CHO IgG-SC39 cell lines 

were constructed. Specific antibody production rate was increased 3.7-fold in CHO 

IgG3-SC39 cells as compared with that in CHO-IgG3-SC20 cells. 

For further analysis, we compared the gene expression profiles among these CHO cells 

(DG44-SC20, DG44-SC39, IgG3-SC20, IgG3-SC39) using High Coverage Expression 

Profiling (HiCEP) method. HiCEP is the comprehensive gene expression analysis based on 

amplified fragment length polymorphisms (AFLP). In total, 42,231 expression products were 

observed in 4 samples. We are now going to identify these expression products and classify 

them by gene ontology analysis to investigate the specific gene expression in productive cell 

lines. 
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Chinese hamster ovary (CHO) cell lines are highly productive industrial cell lines for production 

of therapeutic antibodies and also known for their high genome instability (Cao et al., 2012). 

Folate sensitive fragile sites have been induced in primary Chinese hamster cell lines and breaks 

in the pericentromeric regions of chromosomes 1, 3, 4, 6 and 7 and in a band 1q22 have been 

observed (Simi et al., 1990). In comparison to a Chinese hamster primary cell line, most of the 

genomic rearrangements in CHO DG44 and K1 cell lines occur at centromeres (Cao et al., 2012). 

Rearrangements in the vicinity of a telomere on in a mid of a chromosome arm are less frequent 

and are more common in DG44 than in K1 cell line. 

Fragile sites are specific chromosomal loci that exhibit DNA gaps or breaks on metaphase 

chromosomes following a partial inhibition of DNA synthesis. They span hundreds of kilobases 

long chromosomal regions often harboring oncogenes and miRNA genes either within or in their 

vicinity. We used aphidicolin to induce common fragile sites (CFSs) in a previously transformed 

DG44 cell line. Preliminary results indicate high incidence of chromosomal breaks at the 

centromeres and telomeres and less frequent breaks on the chromosome arms. This will allow us 

to research the influence of the genomic environment, such as chromosomal location and 

presence of the nearby genes (oncogenes and miRNAs) on the transgene expression.  

Cao, Y., Kimura, S., Itoi, T., Honda, K., Ohtake, H., & Omasa, T. (2012). Construction of BAC-

based physical map and analysis of chromosome rearrangement in Chinese hamster ovary 

cell lines. Biotechnology and Bioengineering, 109(6), 1357–67. doi:10.1002/bit.24347 

Coquelle, a, Pipiras, E., Toledo, F., Buttin, G., & Debatisse, M. (1997). Expression of fragile sites 

triggers intrachromosomal mammalian gene amplification and sets boundaries to early 

amplicons. Cell, 89(2), 215–25. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/9108477 
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Enantiopure α-hydroxy acids and their derivatives are versatile chiral synthons in 

cosmetics and pharmaceutical industries. Esterase-catalyzed hydrolysis of O-acetylated 

hydroxy acids represents a practicable and universal method for the preparation of optically 

pure α-hydroxy acids. In our previous work, we have isolated and identified Pseudomonas sp. 

ECU1011 for selective deacylation of (S)-α-acetoxyphenylacetic acid [1].  

The esterase rPPE01 (recombinant Pseudomonas putida esterase No. 01 was selected as 

the best candidate from 16 putative esterases in Pseudomonas putida ECU1011 for selective 

deacylation of α-acetoxyphenylacetic acid. rPPE01 serves as a versatile biocatalyst with a 

broad substrate spectrum towards O-acetylated α-hydroxy acids. With 0.5% (g/g) enzyme 

loads, substrates of 100 mM were converted in approximately 50% yields within merely 4 

hours, giving satisfactory enantiomeric excesses of the product (eep) and the substrate (ees) [2]. 

Furthermore, semi-rational design based on the homologous modeling and molecular docking 

yielded a superior mutant, W187H, whose Kcat/KM was increased by 100-fold, from 61.1 to 

6198 M
−1

∙s
−1

, retaining the excellent enantioselectivity. Overexpression of rPPE01 in E. coli 

increased the enzyme production and the further modification by protein engineering 

approaches enhanced the specific activity dramatically.  

To be more practical and economical, the esterase rPPE01W187H was covalently 

immobilized to the resin ESR-1 to enhance the operational stability and the reusability, and a 

packed bed reactor was constructed to avoid the enzyme activity processing loss from the 

agitation, separation between the batches, etc. The space-time-yield of the packed bed reactor 

for the kinetic resolution of AcO-CPA reached as much as 140 g L−1 h−1 (3.36 kg L−1 d−1). 

Further investigation on the operational stability indicated that it could operate stably for 1000 

h (42 d) without obvious deactivation, indicating the total productivity of the reactor would be 

more than 141 kg L−1. 
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In the plant primary cell wall, arabinans are concentrated on rhamnogalacturonan I 

regions of pectin and play as a vital neutral sugar side chain of pectin which connect pectin to 

cellulose.1,2 The arabinan is soluble in the water while debranched arabinan produced by 

α-L-arabinofuranosidases (AFs) is insoluble in cold water. Therefore, in the fruit and 

vegetable juice processing, if AFs in the enzyme preparations cause haze formation due to the 

precipitation of polymeric branched arabinans, endo-arabinanases (Abn) can be applied to 

prevent haze formation by degrading polymeric debranched arabinan.3,4 Besides, 

endo-arabinanases have potential application in enzymatic extraction of pectin, and can 

promote the solubilization of protopectin through cleaving the link between protopectin and 

cellulose.5,6 However, the raw material used for industrial juice processing and pectin 

extraction, is usually with lower pH than the optimal pH for most natural endo-arabinanases. 

Such issue can be resolved by modification of the enzyme molecule through site-directed 

mutagenesis based on rational design to improve the protein stability and catalytic efficiency 

under acidic conditions. 

AbnZ1, with optimal pH of 6.0 and optimal temperature of 40 °C, is a cold-adapted 

endo-1,5-L-arabinanaseencoded by the gene abnZ1 from Paenibacillus polymyxa Z6. The 

specific activity of AbnZ1 remained 54.1% of maximum at 5 °C. To apply AbnZ1 in acidic 

conditions, three basic hsitidine (His) residues, His48, His218, and His297, around the 

catalytic domain were selected as mutation sites, which were replaced with Asp, Glu, Arg, 

and Lys, respectively, to yield 12 mutants, H48D/E/R/K, H218D/E/R/K, and H297D/E/R/K. 

The optimum pH of mutant H218D shifted toward the acidic direction by 0.5 unit, and the 

relative activity was enhanced from 20.4 to 55.7% at pH 5.0. Furthermore, the specific 

activity of H218D in optimal conditions was 82.6 U/mg versus that of wild type, 73.4 U/mg, 

and the Km decreased from 11.9 to 7.1 mg/mL. This work provided an arabinanase candidate 

for juice clarification and pectin extraction. 
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Chemical modification is an important approach to improve the catalytic performance of 

lipases. The design of novel and efficient modifiers has now been a hot research topic in this 

filed. In our studies, various functional ionic liquids (ILs) were rationally designed and 

applied in the chemical modification of porcine pancreas lipase (PPL), Candida antarctica 

lipase B (CALB) and Candida rugosa lipase (CRL)1-3. Simultaneously significant 

enhancements of activity, thermal stability, selectivity and organic solvent tolerance were 

obtained after being chemically modified with the functional ILs. Conformation changes were 

confirmed by UV、FS、CD and MALDI-TOF-MS and modification mechanism were 

reasonably analyzed. As a result, a novel, efficient and practical method to enhance the 

catalytic performance of lipases was developed4. The developed methodology extends the 

application of ILs in the field of enzyme engineering. Moreover, this research item exhibits 

high scientific research value and potential application prospect. 

 

Fig. 1 Chemical modification of lipases using functional ionic liquids 
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Various flavor esters were obtained by esterification of lipase from combinations of fatty 

acid and alcohols. The lipase GehC from Staphylococcus epidermidis is a potential enzyme 

in food industry as a catalyst for esterification in an aqueous environment. To mass 

production, Bacillus subtilis, the GRAS model strain was chosen to heterologous secret the S. 

epidermidis lipase GehC. This study, two step strategy was approached to develop this 

system. First, the varies kind of signal peptides and the different forms of lipase were 

selected to evaluate the amount of secretion. The recombinant B. subtilis expressed the best 

combination for lipase GehC secretion and this strain was used to development the stable 

production of recombinant mature form lipase. Second, the design of Plackett-Burman and 

Box-Behnken were used in turn to develop the optimum production medium for high 

secretion of lipase. With optimum medium formulation, the producer strain could secret the 

highest yield reaching 315 mg/L in shake flask.  
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Characterization of a glucosidase from bioflocculant-producing 

Bacillus licheniformis 
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Bacillus licheniformis CGMCC 2876, an aerobic spore-forming bacterium, produced a 

polysaccharide flocculating agent, which was biodegradable and harmless. The paper found 

out that the activity of β-glucosidase played a negative role on the flocculating activity during 

the process of fermentation. Furthermore, the gene encoding β-glucosidase was cloned and 

expressed in Escherichia coli BL 21. The structural gene for the β-glucosidase consists of 

1437 bp encoding 478 amino acid residues. Recombinant β-glucosidase protein was purified 

and showed a molecular mass of 53.4 kDa by SDSPAGE. The expression conditions of 

β-glucosidase gene were optimized, the activity of β-glucosidase reached a maximum of 

30.04 U mL-1 with p-nitrophenyl-β-D-glucopyranoside. The optimal temperature and pH 

value for the enzyme were 60°C and 7.0 respectively. The enzyme was easily promoted by 

Mg2+、Zn2+、Mn2+, but was notably inhibited by Cu2+ and Ca2+. Glucose obviously inhibited 

the activity of β-glucosidase. The purified recombinant β-glucosidase showed hydrolysis of 

polysaccharide-bioflocculant in vitro, and had additive effect with other cellase. The 

β-glucosidase was deemed to decrease the flocculating activity of bioflocculant produced by 

Bacillus licheniformis CGMCC 2876 as to the degradation of polysaccharide-bioflocculant. 

Results of this paper suggest that recombinant β-glucosidase may be applicable in the process 

of polysaccharide degradation. 
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Structured lipid rich in palmitic acid at the sn-2 position is a mimic of human milk fat, which 

has been used as human milk fat substitute (HMFS). The aim of this work was to optimize the 

production of HMFS from blends of lard and palmitic acid by applying an enzymatic 

synthesis. A cheap lipase Candida sp. 99-125 was introduced. High incorporation of 1, 

3-dioleoyl-2-palmitoylglycerol (OPO) was obtained through optimization of substrate ratio, 

reaction time, enzyme dosage, water content and temperature. The results indicated that the 

yield of OPO could reach up to 40.2%. 
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Enhancement of 2-Phenylethanol Production by Pichia Fermentans 

L-5 with in situ Product Recovery Technique 
 

Yu-An Huang, Chi-Yang Yu, I-Ching Kuan, and
 
Shiow-Ling Lee*  

Department of Bioengineering, Tatung University, Taipei, Taiwan 

 

2-Phenylethanol (2-PE) with a rose-like flavour is widely used in foodstuffs, perfumes 

and cosmetics. Flavours produced from microbial processes with precursors of natural origins 

are regarded as natural. Microbial transformation process is an alternative approach to 

produce natural flavours. In previous study, we have used response surface methodology to 

obtain the optimum condition (optimized group) in fermentors for maximum production of 

2-PE by Pichia fermentans L-5. IC50 of 2-PE to the test organism, i.e. 3.12 g/L, was also 

noted, indicating the growth of P. fermentans L-5 was inhibited by 2-PE. In this work, a 

non-polar resin HP-20 with high adsorption capacity for 2-PE but not L-phenylalanine was 

used. Through in situ product recovery (ISPR) technique with HP-20, 2-PE produced could be 

removed efficiently from the broth which alleviated the product inhibition and enhanced the 

biotransformation of L-phenylalanine to 2-PE. 

 

 During the cultivation, the change in cell 

growth and media pH in broth under optimized 

and ISPR conditions were similar. However, 

consumption of L-phenylalanine by Pichia 

fermentans L-5 in ISPR condition was higher 

than that in optimized one, which increased by 

1.3 fold.  After 24 h of cultivation, the total 

2-PE concentration achieved was 676.0 mg/L, 

resulting in a 1.48 and 1.37 fold increase to 

those under control and optimized conditions, 

respectively. The molar yield of 2-PE with 

ISPR technique of 0.88 was noted, compared 

to 0.80 of control and 0.83 of optimized 

condition. The molar yield of 2-phenylethyl 

derivatives after 24 h of cultivation reached 

0.94 with ISPR technique.  
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Accelerated degradation of lignin by LiPH8 of Phanerochaete 

chrysosporium by engineered 4-O-methyltransferase from Clarkia 

breweri 
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1Dept. of Chem. Eng., Kwangwoon University, Seoul, Korea 

 

 

The free-hydroxyl phenolic units can reduce or even stop the catalytic activity of lignin 

peroxidase H8 from Phanerochaete chrysosporium in oxidation of veratryl alcohol, model 

lignin dimer, which resulted in slow and inefficient lignin degradation [1]. In this study, we 

applied engineered 4-O-methyltransferase from Clarkia breweri in the detoxifying the 

inhibiting OH group by converting free-hydroxyl phenolic group into methylated phenolic 

group. Multistep enzyme-catalyzed process which is combination of 4-O-methyltransferase 

and lignin peroxidase H8 can accelerate the efficiency of lignin-degrading. Furthermore, 

achievement this study also can set the basic approach for field of multienzyme in vitro 

systems from isolated enzymes or synthetic complex in microbial biorefinery for efficient 

lignin biodegradation in order to improve utilization of plant biomass in biorefinery.  
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NADH-dependent reductase (SsCR) discovered by genome data 
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Optically active ethyl (R)-4-chloro-3-hydroxybutanoate ester (CHBE) is an important 

precursor for the production of (R)-carnitine, (R)-4-amino-3-hydroxybutyric acid, 

(R)-4-hydroxy-2-pyrrolidone, and other fine chemicals. Compared with conventional 

chemical synthesis, asymmetric bioreduction of prochiral ketone has been used as an 

economical way for the synthesis of highly optically active alcohols. Although several 

reductases for synthesizing (R)-CHBE have been found that required NADPH for catalysis, 

few studies have addressed reductases that need the cofactor NADH as an electron donor.  

In this study, it is the first report that one high-throughput assay strategy for the 

screening of β-carbonyl reductase was proposed based on the spectrophotometry at room 

temperature. Furthermore, an NADH-dependent reductase (SsCR) was discovered by genome 

data mining. After SsCR was overexpressed in E. coli BL21, a high activity of 

reductase–producing strain, recombinant E. coli CCZU-A13, was employed for the efficient 

synthesis of ethyl (R)-CHBE (> 99% ee) from the reduction of COBE. The highly 

stereoselective bioreduction of COBE into (R)-CHBE with the whole cells of E. coli 

CCZU-A13 was successfully demonstrated in monophasic system. After the further 

optimization, the optimum reaction tempetature, reaction pH, cosubstrate, NAD+ and cell 

dosage were 30 °C, 6.5, glucose (1.0 mmol/mmol COBE), 0.1 μmol/(mmol COBE) and 0.1 g 

(wet weight)/mL, repectively. Biotransformation of 600 mM COBE for 16 h, (R)-CHBE (> 

99% ee) could be obtained in the yield of 100%. Significantly, E. coli CCZU-A13 shows high 

potential in the industrial production of (R)-CHBE (> 99% ee) and its derivatives. 

Acknowledgments. This work was financially supported by the National Natural Science 

Foundation of China (No. 21102011) and the Natural Science Foundation of Jiangsu Province 

(No. BK20141172). 
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Recovery of High Value-Added Components from Soy Sauce Residue 

Using Ultrasonic-Assisted Technology 
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As the birthland of soy sauce, China produced approximately 6 million tons of soy sauce 

per year, accounting for over 65% of the total world production. With the rapid development 

of soy sauce industry, however, the treatment and utilization of soy sauce residue (SSR) has 

been paid many attentions because of the environmental problems. Though SSR is generally 

regarded as a waste, it is actually rich in cellulose, oil, soy isoflavones, protein, as well as a 

number of other useful components. Therefore, SSR is also considered as a potential cheap 

biomass resource. Recently, there have been a number of investigations on extracting high 

value-added components from SSR, including oil used as the alternative of edible oil for 

biodiesel, and soy isoflavones and protein hydrolysates used as antioxidant ingredients. But 

the traditional extraction techniques suffer from long extraction time, low yield, relatively 

large quantities of solvent and poor extraction efficiency. Therefore, the ultrasonic-assisted 

extraction has been developed to replace the traditional extraction techniques due to its high 

reproducibility in shorter time, simplified manipulation, significant reduction in organic 

solvent consumption and temperature, and lower energy input [1-2]. 

The objective of this study was to investigate the feasible and efficiency of 

ultrasonic-assisted two-phase solvent extraction (UTSE) and enzymatic hydrolysis 

technologies in recovery processes of oil, soy isoflavones and protein hydrolysates, in order to 

provide an economic and effective path for utilization of SSR. The ultrasound mechanism 

was studied by SEM and enzyme activity test. And the extraction or enzymatic hydrolysis 

process was optimized using response surface methodology (RSM). The results showed that 

ultrasound could distinctly improved the extraction and hydrolysis efficiencies, which was 

mainly ascribed to disruption of cell walls, particle size reduction, and enhanced mass transfer 

across cell membranes caused by the mechanical, cavitation, and thermal effects of ultrasound. 

The quality analysis of the extracted oil, soy isoflavones and protein hydrolysates showed that 

the oil with high acid value could be a potential raw material for biodiesel production instead 

of cooking. The soy isoflavones existed mainly in aglycones form, which might afford higher 

bioactivity than that from the other soybean products. The protein hydrolysates had a good 

antioxidant ability.  
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Purification of succinic acid produced by the fermentation of 

Actinobacillus succinogenes  
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Succinic acid can be produced by the fermentation of Actinobacillus succinogens 

on a diversity of carbon sources.  In addition to glucose, glycerol and hydrolysate of 

lignocellulosic biomass can also be used as the substrate for effective production of 

succinic acid.  Lignocellulosic biomass including sugarcane bagasse, elephant grass, 

and Miscanthus floridulus were pretreated and then enzymatically hydrolyzed before 

using as the fermentation substrate.  Succinic acid could also be produced with a 

yield greater than 80%, w/w by the simultaneous saccharification and fermentation of 

A. succinogens on alkaline-pretreated lignocellulosic biomass.  A method for 

separation and purification of succinic acid from the fermentation broth using 

electrodialysis as the major step was established.  After the removal of cells and 

solid components, the clarified broth was directed to an electrodialysis apparatus with 

four streams of recycling.  Using the electrodialysis system, not only succinic acid 

with high purity could be obtained, but also the components in fermentation broth 

could be fully utilized as electrolyte salts.  This electrodialysis took advantages of 

water recycling and saving and reuse of fermentation residues. The purity of succinic 

acid could reach 99.5% by an integrated electrodialysis process with activated carbon 

adsorption, concentration and crystallization. 
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Arachidonic acid (ARA)-rich oil production by Mortierella alpina is a long fermentation 

period needed process due to the low growth rate of the filamentous fungus used. This causes 

the low productivity of ARA-rich oil and hinders its industrial mass scale production. 

In the present study, different fed-batch strategies were conducted to shorten the 

fermentation period. The result showed that compared with the batch culture, the fermentation 

period was shortened from 7 days to 5 days with the productivity of ARA-rich oil increased 

from 0.93 g/(L·d) to 1.33 g/(L·d) by using the fed-batch fermentation strategy. Furthermore, 

repeated fed-batch fermentation strategy was adopted to shorten the time of seed cultivation 

and achieve the purpose of continuous production. By using this strategy, the fermentation 

period was shortened from 40 days to 26 days in a four cycle repeated fed-batch fermentation. 

This strategy proved to be convenient and economical for ARA-rich oil commercial process. 
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Fig. 1. Time course of ARA-rich oil batch fermentation 

Fig. 2. Time course of ARA-rich oil fed-batch fermentation. 

Fig. 3. Time course of ARA-rich oil repeated fed-batch fermentation. 
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Increased NADPH availability for improvement of 

S-adenosylmethionine production in Escherichia coli 
 

Yawei Chen, Xu-Zhang*, Tianwei Tan* 
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S-adenosyl methionine (SAM) is a key active compound in many biological reactions of 

organisms that serves to improve biological activity of cells metabolism. And also SAM is 

related closely to the detoxification process inside human body which makes it become a 

necessary substance to keep human’s metabolism process and cell membrane functioning. 

SAM is very effective and widely utilized for the treatment of arthritis, depression and liver 

disease in clinic. Recently, SAM is also added into cosmetics and health care products as an 

essential part. 

Mostly, intermediates of metabolism are not balanced with respect to their redox and/or 

energy content. A small change in the concentration of these cofactors is likely to propagate 

to widespread aspects of metabolism. Unfortunately, the importance of NADPH is not 

considered during the production of SAM.  

In this study, the NADPH regeneration strategy was employed to promote the production. 

We constructed plasmids of overexpression of NADH kinase and co-expression of 

transhydrogenase and NAD kinase to increase the availability of NADPH supply in SAM 

biosynthesis. The strategy led to a titer of 5 mg/L SAM which corresponded to a 200 % 

enhancement compared with the control strain. The NADPH level and NADPH/NADP+ ratio 

both have positive correlations with SAM yields in mutant strains. The results indicated that 

increased concentration of NADPH could improve the SAM production in Escherichia coli 

efficiently. This cofactor strategy is potentially applicable to a variety of processes for the 

bio-production of value-added products. 
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Predictive scale up in micro and mini bioreactors 
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One well known drawback of shake flask (often conical Erlenmeyer flasks) 

culture is its limited surface aeration and atmospheric gas exchange.  Ultimate 

enhancement of oxygen transfer in shaker culture relies on atmospheric oxygen 

enrichment or culture volume reduction or both.  The same applies to success in 

micro-titer-plate like of micro-bioreactors cultures.  Hence, like shake flask, their 

shortcoming in scale up is still the unrealistic surface aeration, and cannot be resolved 

simply by a matching kLa – mass transfer coefficient kL, multiplied by total gas-liquid 

interfacial area, a.  However, impeller dispersed line gas sparging in larger scale 

stirred tank reactor (STR) is not easily scale down to or reproduced in mini and micro 

scale vessels like shake flask or micro titer plate without compromising their 

advantage in simplicity and economy.  As success of combinatorial DNA 

reconstruction and its subsequent massive phenotype screen and validation spreads in 

recent decade, predictive scale up, like realistic up-scale stirring, gas-liquid mixing 

and gas phase oxygen partial pressure, in mini or micro scale reaction vessels has 

driven the high throughput fermentation screening device market ever since.  This 

presentation will go over pros and cons of recent mini and micro bioreactor in 

gas-liquid mixing design and how they may be employed in successful process 

validation and scale up. 

 

Keywords: oxygen transfer coefficient, shake flask, micro scale bioreactor, mini jar 

fermentor, fermentation scale up 
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Asymmetric Recognition of L-/D-Amino Acid by Liposome Membrane 

 

Takaaki Ishigami, Kazuma Sugita, Keishi Suga, Yukihiro Okamoto and Hiroshi Umakoshi* 
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 Osaka University, Toyonaka, Osaka 560-8531 

 

Several kinds of enantiomers exist in biological system, such as amino acids and 

phospholipids. A liposome is a self-assembly of the phospholipid molecules, prepared in an 

aqueous solution, and can be regarded as a model biomembrane. Recent research shows the 

possibility of the chiral recognition function of the liposome membrane through the binding 

of the dipeptide on the liposome membrane1). It was also reported that liposome membrane 

induce the function of recognition of some biomolecules; polypeptides, enzymes and RNA2). 

The purpose of this study is development of new optical resolution method by liposome 

membrane. As compared with conventional method, this method has advantages in terms of 

simplicity of preparation, process and arrangement. In this research, we investigated chiral 

recognition function of liposome membrane by observing the adsorption of amino acids that 

have different chirality (Figure 1). We also investigated the ability of optical resolution by 

using equilibrium dialysis method with hydrogel embedded liposome membrane. 

The adsorption of L-Tryptophan (Trp) on the DPPC liposome membrane was increased 

in more than 48 hours, while that of D-Trp was retained at almost zero. The adsorption 

selectivity of chirality in liposome membrane was further studied by investigating the 

adsorption of other amino acids. Polar or charged amino acids (Histidine, Aspartic acid, etc.) 

show the higher adsorption behavior. From several investigations, it was proposed that there 

were adsorption sites at the surface of liposome membrane, which formed multiple 

interactions such as electrostatic interactions, hydrophobic interactions and hydrogen bonds 

with at least 2 phospholipid molecules. For the application of this function, optical resolution 

of racemic Trp was demonstrated by the polyacrylamide hydrogel embedded liposome 

membrane. It is observed that the change of the ratio between L-Trp and D-Trp was occurred 

from racemic to D-Trp excess because of the specific adsorption of L-Trp in the racemic 

solution. These results indicate the possibility of novel of new optical resolution method using 

liposome immobilized device. 
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Lincomycin is a kind of efficient broad-spectrum antibiotics clinically used for the 

treatment of diseases caused by Gram-positive bacteria. In current production process of 

lincomycin, organic solvent extraction is an important procedure, which produces air 

pollution, toxicity and safety production problems. This study focuses on the extraction of 

lincomycin by continuous countercurrent aqueous two-phase systems (PEG/citrate) to replace 

organic solvent extraction. The result shows that the continuous countercurrent operation 

obtain extraction recovery of 91.3% of lincomycin in the citrate-rich phase, and this value is 

higher 57% than that of one-step extraction with 0.41 partition coefficient. This study 

indicates that there is feasibility of the lincomycin extraction from fermentation broth using 

continuous countercurrent aqueous two-phase systems in industry. The study may lay a 

foundation for the further application of ATPS in the continuous operation. 
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Conventionally, the separation of phycobiliproteins from blue algae consists of 

homogenization of algae cells, isolation of phycobiliprotein by precipitation or ultrafiltration, 

and one or more chromatographic methods.  These methods involve complex and 

time-consuming operations, such as centrifugation, dialysis, and ultrafiltration, resulting in 

difficult to scale-up, and a low product yield.  Therefore, a phycobiliprotein recovering 

method without centrifugation and filtration would be favorable for large scale production.  

In view of this, the use of magnetic silica composites as the adsorbents to adsorb and recover 

phycobiliproteins from crude extract is worthy of investigation. 

Typically, amino groups-modified magnetic silica particles are widely reported for 

adsorbing proteins.  Most of the published papers modified the surface of magnetic silica 

particles (Fe3O4@SiO2) through the silanol condensation reaction between 3-aminopropyl 

triethoxysilane (APTES) and Si-OH of silica surface.  However, the amino groups offered by 

the resultant particles (Fe3O4@SiO2-NH2) are usually limited and the adsorption capacity is 

restricted.  Accordingly, to enhance the adsorption capacity of amino groups-modified 

magnetic adsorbent, the surface of Fe3O4 nanoparticles were covered with a composite layer 

which was cross-linked by N-[3-(trimethoxysilyl)propyl] polyethyleneimine (TMS-PEI) and 

tetraethyl orthosilicate (TEOS).  The obtained magnetic PEI composite (Fe3O4@SiO2/PEI) 

was characterized by transmission electron microscopy (TEM), Fourier transform infrared 

spectrum (FTIR), and zeta potential analysis.  Our results showed that the adsorption of 

C-phycocyanin (C-PC) and allophycocyanin (APC) by Fe3O4@SiO2/PEI followed Langmuir 

isotherm and could be correlated by the pseudo-second-order model, indicating the adsorption 

mechanism is dominated by chemical adsorption.  The value of pH affects the adsorption 

capacity of Fe3O4@PEI/SiO2 significantly.  As a result, C-PC and APC could be adsorbed 

and desorbed at pH 6 and 8, respectively.  In addition, The Fe3O4@SiO2/PEI composite was 

able to adsorb and recover C-PC and APC from Spirulina platensis cells homogenate directly.  

Our results showed that the phycobiliproteins recovery and purification fold could reach to 

80% and around 1.5, indicating the Fe3O4@PEI/SiO2 composite has an affinity for C-PC and 

APC.  The novel Fe3O4@PEI/SiO2 composite can be applied to concentrate and purify 

phycobiliproteins from cell crude homogenate. 
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Magnetic modification of cell is a new type of immobilization method to obtain active 

cell with magnetic response by attaching magnetic nanoparticles to cell surface. Magnetically 

fixed bed ( MFB ) is able to retain magnetically modified cell ( MNP@Cell ) by 

ferromagnetic material packed under extra magnetic field, when activity of retained 

MNP@Cell is remained.An improved MFB reactor was used to retain magnetically modified 

L. reuteri and convert glycerol to 3-Hydroxypropionaldehyde ( 3-HPA ). Batch conversion 

conditions ( glycerol concentration, circulation rate and pH ), reactivation conditions 

( reactivation substrate, first conversion time and circulation rate ) and reutilization of 

MNP@Cell were investigated in detail. In batch conversion, the concentration of 3-HPA 

reached 180.3 mmol/L, molar yield of 3-HPA to glycerol reached 75.1% when 240 mmol/L 

glycerol was converted with circulation rate of 10 h-1 for 2h at pH 7. The MNP@Cell used 

for 1 h conversion of glycerol was sequentially reactivated in reactivation medium 

( containing 10 g/L glucose, 20 g/L yeast extract, pH=7 ) with circulation rate of 10 h-1 for 8 

h to recover its highest activity. 3-HPA concentration after 1 h conversion decreased from 

113.1 mmol/L to 10.6 mmol/L with 5 batch reutilization. Glycerol conversion yield remained 

70% of its previous batch. The results showed that: 1) glycerol of excessive concentration 

reduce the activity of GDHt; 2) 3-HPA of high concentration make MNP@Cell inactivated 

during bio-conversion, bio-conversion ability of inactivated cell could be partially recovered 

by cell reactivation. 
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Process design for purification of His-enhanced green fluorescent protein (His-EGFP) 

from recombinant E. coli by immobilized metal affinity chromatography (IMAC) was 

investigated in a packed bed. A large amount of genetically engineered bacteria were cultured 

in a 5 L fermenter. Subsequently, the collected cells were suspended with buffer and disrupted 

by sonication method at 40 watts and 4℃. The maximal release activity of His-EGFP from 

25% (w/v) disrupted cells was found to be 8.39×105 (AU/mL). The commercial matrix of 

STREAMLINE Chelating (GE Healthcare) was used to immobilize Ni2+ metal ion. The 

immobilized metal chelating adsorbent was employed to evaluate the dynamic binding 

capacity 5% breakthrough point for His-EGFP under four different parameters (i.e., pH, 

operating flow rate, packed bed height, and cell concentration). The results showed that the 

dynamic binding capacity was strongly dependent on the liquid velocity, inlet concentration 

of cell suspension, and adsorption pH. Two-level factorial design was employed to confirm 

the important parameters. Moreover, the method of steepest ascent and central composite 

design were applied to find the optimal adsorption conditions. The optimal adsorption 

condition was found to be pH of 7.6, flow rate of 9.0 mL/min, disrupted cell concentration of 

64.7% (w/v), and packed bed height of 15.4 cm. The optimal conditions for the elution of 

adsorbed His-EGFP were further investigated in packed bed experiments and the optimal 

elution conditions were found to be 3 column volumes (30 ml) of 300 mM imidazole 

containing 500 mM NaCl at a flow rate of 300 cm/h. Finally, the optimal adsorption and 

elution conditions were employed for the purification of His-EGFP in packed beds. The 

results showed that the activity of His-EGFP was recovered in a high yield of 97.21% with a 

purification factor 3.2. 
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Recently, dextran-grafted ion-exchange chromatography (IEC) adsorbents based on agarose 

microspheres have been considered as one of the most competitive candidates for process scale 

bioseparation. Such a novel class of adsorbents possessed the advantage of high dynamic binding 

capacity (DBC) and rapid protein mass transport kinetics. However, most of previous studies were 

focused on IEC adsorbents and their adsorption isotherms, uptake kinetics and purification efficiency. 

The rule and regulation of dextran grafting have rarely been involved. In this work, the method and 

process of dextran grafting were systemically studied, and the chromatographic properties of 

dextran-grafted immobilized metal affinity chromatography (IMAC) adsorbents were also examined. 

First, the effects of activating method (allyl activation with alkyl glycidyl ether and epoxy 

activating with epichlorohydrin) of agarose microsphers (Sepharose 6FF), content of activating group, 

molecular weight (5, 20, 40 and 150 kDa) of dextran, amount of dextran added on the dextran grafting 

were studied, respectively. The amount of dextran grafted to the allyl activated agarose microspheres 

increased from 0.84 to 12.69 mg/ml with the increment of the molecular weight of dextran from 5 to 

150 kDa. The coupling efficiency of dextran using epoxy activated agarose was higher than that of allyl 

activated agarose. The amount of dextran (40 kDa) grafted to the epoxy activated agarose microspheres 

increased from 10.15 to 16.03 mg/ml when the epoxy group increased from 44.7 to 135.7 μmol/ml . 

Laser scanning confocal microscopy images showed that all the linear molecules of dextran with a 

molecular weight from 5 to 150 kDa could permeate and graft to the inner pore of agarose 

microspheres. 

Second, the properties of dextran-grafted IMAC adsorbent were further studied. Compared with 

Sepharose 6FF microspheres, the mechanical strength of dextran-grafted agarose microspheres 

increased about 25%. The capacities of His-tagged lactate dehydrogenase (LDH) and His-tagged 

cytokine for different dextran-grafted IMAC adsorbents were also examined. The results indicated that 

the capacities increased firstly and then decreased with the increment of the molecular weight of 

dextran and the increment of the amount of dextran grafted. Such a phenomenon may due to that the 

adsorption sites will increase with a proper amount of dextran grafted, but too much of dextran grafted 

will reduce the accessible pore size and adsorption sites. In the optimized grafting condition (10.15 mg 

dextran (40 kDa)/ml agarose microsphere, epoxy activating), the capacity of dextran-grafted IMAC 

adsorbent for His-tagged lactate dehydrogenase (LDH) increased from 15.3 to 19.4 mg/ml adsorbent, 

and the capacity of dextran-grafted IMAC adsorbent for His-tagged cytokine increased from 26.8 to 

42.9 mg/ml. 
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The pore structure is of vital importance for beads used for bioseparation1. Agarose 

beads with a controllable pore structure were prepared by varying agarose types and 

crosslinking degrees. The beads had a perfectly spherical shape and SEM showed that pores 

were distributed homogeneously at the surface of the beads. Larger pores were formed in the 

beads using agarose with a lower molecular weight. Increasing the crosslinking degree more 

pores were formed but a too higher crosslinking degree led to a denser pore structure and 

hence a smaller pore size. The effects of agarose types and crosslinking degrees on the pore 

structure of the beads were also studied by gel filtration chromatography. Kd values of 

samples loaded on the column packed with the beads from agarose with a lower molecular 

weight were higher indicating the pore structure was looser, and the fitting results showed that 

the mean pore size was from 21 to 62 nm with an decrease of the molecular weight of agarose. 

Also, Kd values of samples increased with an increase of the crosslinking degree and the mean 

pore size was from 19 to 59 nm. 

 

Fig.1. Scheme of agarose beads with a controllable pore structure 

 

 

(a) Biowest agarose (2nd crosslinking-4h, 21 nm) 

 

(b) Oxoid agarose (2nd crosslinking-4 h, 41 nm) 

 

(c) Promega agarose (2nd crosslinking-4 h, 62 nm) 

 

(d) Oxoid agarose (1st crosslinking, 19 nm) 

 

(e) Oxoid agarose (2nd crosslinking-24 h, 59 nm) 

Fig.2. SEM images of agarose beads (The mean pore size was determined by ISEC) 
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Many high value-added polysaccharide beads made from agarose, especially, large-sized 

beads (around or more than 100 μm), have many important applications in the sort bacteria [1], 

chromatographic separation and purification of macromolecules [2], etc. However, the 

large-sized agarose beads prepared by traditional methods, such as mechanical mixing 

method and injection method, are mostly non-uniform, uncontrollable and need sieving before 

used, which will waste resources. 

In this study, a novel rotating membrane emulsification technology was presented to 

prepare large-sized highly uniform agarose beads using a stainless steel membrane. The size 

uniformity of agarose beads was found to be affected by: membrane rotational speed, agarose 

concentration and oil phase composition. The obtained optimal conditions for preparing 

large-sized uniform agarose beads were an agarose solution of 3 wt%, a mixture of liquid 

paraffin and petroleum ether in 11:1 (v/v), and a membrane rotational speed of 900 rpm, 

under which the average droplet diameter was 220 μm and the size distribution was narrow 

with a Span value less than 0.76. The obtained agarose beads had commendable 

thermostability, column efficiency. Furthermore a droplet formation model was built to 

predict droplet size under a certain condition and the predicted results were well fit with the 

experimental results.  

These obtained results demonstrate that the rotating membrane emulsification is an 

attractive technique for its capability to produce large-sized uniform agarose beads. 
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Colloidal separation process is very crucial for food processing, water treatment, and 

bioprocess. The membrane technique is widely used for colloidal separation, especially with 

microfiltration. To attend the functionality to the membrane, some modification techniques 

have been proposed. Polymer containing functional group is introduced to the membrane pore 

via chemical reaction and then the solution including separation target is flowed through the 

membrane, resulting that some targets are captured by the membrane.  

Dextranscurase reacts with sucrose to produce dextran and fructose 1). Produced dextran 

forms the complex with the active site of dextranscurase. This characteristic enables us to 

modify the membrane pore as follows; firstly dextransucrase is immobilized on the membrane 

pore, and then sucrose solution is flowed through the dextransucrase-immobilized membrane. 

Because the produced dextran was on the membrane pore, the diameter of the membrane is 

gradually changed. The amount of dextran and the pressure loss during the permeation of 

sucrose solution is shown in Figure 1. In flowing sucrose solution, dextran is produced and 

then the pressure loss was exponentially increased due to the occupation of the pore with 

dextran.  

This modified membrane is applicable for the colloidal separation. Latex-beads (100 

nm)-containing solution was flowed through dextran-produced membrane having the various 

amounts of dextran, as shown in Figure 2. With increasing the amount dextran, filtration 

percentage of latex beads increased. Dextran is a kind of polysaccharides and has the potential 

application for medical and analytical engineering. If dextransucrase is active after the 

immobilization on the material, dextran possibly covers the surface of the material. 

  

 

 

 

 

 

 

 

 

 

 
Fig. 2 Filtration of latex beads 

through dextran-produced 

membrane. 

Fig. 1 Amount of dextran and pressure 

loss in permeating sucrose solution 

through dextransucrase-immobilized 

membrane. 
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Bacillus circulans MH-K1 chitosanase is an endo-splicing glycoside hydrolase with a 

(+2) (+1) (-1) (-2) (-3) (-4) substrate-binding pattern.  In order to change its major 

hydroylsate, several residues around (-2) (-3) (-4) subsites were mutated by saturation 

mutagenesis and an efficient strategy (as figure 1) for bacteria screening, enzyme purification 

and oligosaccharides preparation was developed.  Mutant libraries were obtained by 

site-directed mutagenesis with primers containing saturation bases N (N=A, T, G or C).  

Hundreds colonies and their hydrolysate were analyzed by in-situ screening on a 

hydrolysate-detection plate.  It was designed to recognize the hydrolysis ability by a clear 

zone size and provide a tissue which could be dug out for the hydrolysate identification by 

TLC.  Mutants producing various hydrolysates were over-expressed in LB-Ampicillin 

medium.  After an optimized batch culture with IPTG-induction and cell harvesting, 

recombinant chitosanase were purified to >60% homogeneity by a single step of selective 

precipitation within 300 mM sodium dihydrogen phosphate.  Their precise hydrolysates of 

enzymatic hydrolysis in 1% chitosan were confirmed by TLC.  Three mutants and wild type 

were choice to large-scale preparation of chitooligosaccharides.  When 10 L of 5% chitosan 

was hydrolyzed by adding about 2500 units of purified chitosanase at room temperature for 

24 hours, about 500 g hydrolysate products with different hydrolysate distributions 

(3/2mer=0.5-1.5) were obtained.  

 

 

 

Figure 1 An efficient strategy from screening to large-scale preparation of 

chitooligosaccharides. 
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Omega-3 fatty acids are known as essential fatty acids because they are important for 

good health. They have many positive effects to human beings, such as anti-inflammatory and 

anti-blood clotting actions, lowering triglyceride level, reducing blood pressure, reducing the 

risks of diabetes, some cancers, etc. [1]. 

The human body cannot make these fatty acids on its own. Therefore, the omega-3 fatty 

acids must be obtained from diet. Eicosapentaenoic acid (EPA, C20:5) and docosahexaenoic 

acid (DHA, C22:6) are two typical omega-3 fatty acids. The traditional sources of them are 

derived from the cold-water fish oils. However, the product quality derived from fish oil is 

dependent on season and position, and is able to be affected by the ocean pollution. 

Alternatively, the novel source of omega-3 fatty acids can be obtained from the marine algal 

oils. The oils derived from the algae could discard the above shortcomings of the fish oils. We 

define the process of culturing the algae to accumulate the oil rich in omega-3 fatty acids as 

“Omega-3 Biotechnology” [1]. 

In this presentation, we will focus on the omega-3 DHA, to elucidate the omega-3 

biotechnological process to produce this most typical omega-3 fatty acid, including the algae 

breeding, fermentation, oil extraction, oil refining, and industrial mass scale production [2-5]. 

Acknowledgements: The authors would like to thank the National 863 Program of China (No. 

2014AA021701) for financial support. 
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Natural surfactin is a mixture of cyclic lipopeptides built from variants of a heptapeptide 

and a β-hydroxy fatty acid with chain lengths of 13-15 carbon atoms[1]. The dynamic surface 

properties of surfactin were found to depend on both bulk concentration and hydrophobic 

character of the alkyl chain [2]. Bacillus subtilis BS-37 was a high-yield surfactin producing 

strain; its surfactin contained four main isoforms with molecular masses of 1008 

(C13-surfactin), 1022 (C14-surfactin), 1022 (C14-surfactin) and 1036 (C15-surfactin) [3], 

respectively. Although there were lots of reports about properties of surfactin and its potential 

use in MEOR; the lack of detailed report about the surfactin isoforms composition and its 

applicability to MEOR prompted us to evaluate the potential use of the strain. 

 Strain BS-37 could produce surfactin variants mainly containing C15 content; the content 

profile of surfactin variants was C15>C14>C13. In glucose medium, the total surfactin titer 

was 580±25.7mg/l; among them C15-surfactin was about 300 mg/l, account for 51.6 % of 

products. In LB broth, the yield of total surfactin was 413.7±17.3mg/l; among them 

C15-surfactin was about 307mg/l, account for 74.2 % of products. The surfactin products had 

a low critical micelle concentration (CMC) of 20 mg/l (20μM), and showed nice stability 

under strong alkali environment, high concentration of minerals and high temperature. The 

emulsification activity of surfactin products were excellent, agreed with the chemical 

surfactant (such as SDS, polyethylene glycol monododecyl ether). In addition, the more 

C15-surfactin in products, the better oil-washing efficiency and oil displacement efficiency 

was. At the concentration of 30mg/l, surfactin(LB) showed higher oil-washing efficiency than 

surfactin(G). Surfactin(LB) could remove 88.5±1.59% of oil, comparable with chemical 

surfactant PGME. After injecting 3 PV of 300mg/l biosurfactant solution, Surfactin(LB) and 

surfatin(G) solution flooding could recover 14.21% and 14.13% extra crude oil at 

second-stage recovery process, respectively, suggesting its promising application in 

enhancing oil recovery. 
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Catalytic dehydration could provide facile process selection for bio-based chemicals 

transformation. Lactic acid, the bulk fermented products, could be transformed into acrylic 

acid through chemical catalytic dehydration. However, the typical molecules properties such 

as viscous, low volatile, high reactivity, could strangle the solid catalyst development. Many 

efforts have devoted into the development of catalysts for lactic acid dehydration to acrylic 

acid. 

In this paper, hierarchy porous NaY zeolites have been synthesized with the carbon 

microsphere as templates. The carbon microsphere could be synthesized through 

hydrothermal treatment with starch as reactants. The acquired hierarchy porous zeolites have 

been characterized by several physico-chemical methods such as SEM, N2 sorption, 

NH3-TPD, CO2-TPD and XRD. The catalytic performance have been demonstrated through 

lactic acid dehydration reaction. The results showed that the conversion ratio of lactic acid 

and selectivity ratio of acrylic acid upon synthetic porous NaY could be attained 100% and 

56.3% respectively. This catalytic performance is much better than the commercial NaY, 

whose best catalytic performance of lactic acid conversion and acrylic acid selectivity were 

100% and 15.4%. 

Fig.1 SEM images of hierarchical porous NaY 
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Room temperature ionic liquids (ILs) have recently been very popular as green solvents 

due to their unique physicochemical properties of negligible vapor pressure, non-flammability, 

excellent thermal stability and a strong ability to dissolve a wide range of organic and 

inorganic compounds1. As a result, they have gained wide popularity in recent years as 

desirable substituents for volatile, toxic and flammable organic solvents in many applications 

such as extraction solvent, cosolvents and media for catalytic reactions2. However, the big 

challenge for the industrial applications of ILs resides in the economics of using ILs. The 

economic feasibility of ILs can be achieved by recycling them. Evaporation is the easiest 

method but it is energy-intensive. Therefore, ultrasonic atomization was investigated to 

recover ionic liquids from ionic liquids/water mixture 

Ultrasonic atomization is a phenomenon in which a fountain jet is formed on the liquid 

surface and the atomization occurs from the surface on the fountain jet when liquids solution 

is irradiated by ultrasound with high frequency3. In this study ultrasonic atomization was 

investigated to recover ILs from ILs/water mixture. The effects of operating conditions such 

as ultrasonic atomization power, ILs initial concentration, carrier gas velocity, and solution 

temperature on the recovery of ILs from ILs/water mixtures were investigated. The result 

showed that efficiency of IL recovery increased with a decrease in ultrasonic power, carrier 

gas velocity, and solution temperature. [Bmim][BF4], one of the commonly used hydrophilic 

ILs, was successfully recovered with more than 95% recovery from 50% [Bmim][BF4] 

aqueous solution after ultrasonic atomization of the mixture. Our results demonstrated that 

ultrasonic atomization can be efficiently used to recover ILs from its aqueous solution.   
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Destruxin B inhibits the Helicobacter pylori induced pathogenesis 

through attenuation of vacuolating cytotoxin-A activity 
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Vacuolating cytotoxin A (VacA) was an important bacterial virulence factor and was 

closely associated with H. pylori-induced pathogenesis. Upon H. pylori infection, the VacA 

can be transferred directly from bacteria into the host cells where can stimulate vacuolar-type 

ATPase (V-ATPase) proton pump and induce the formation of vacuoles in gastric epithelial 

cells followed by intoxication of cells. Infection with Helicobacter pylori in the gastric 

mucosa is thought to be increased the risk of peptic ulcer disease and gastric cancer. 

Destruxin B (Dtx-B), a cyclodepsipeptide from the fungus Metarhizium anisopliae bearing 

insecticidal and anticancer effects. In this study, Dtx-B demonstrated inhibitory effects 

against H. pylori VacA-induced vacuolization in gastric epithelial cells. Our data further 

showed that attenuation of H. pylori-induced vacuolization in gastric epithelial cells by Dtx-B 

is mediated through inhibition of V-ATPase activity rather than VacA expression levels. The 

results from this study reveal a novel role for Dtx-B in the modulation of H. pylori 

VacA-induced pathogenesis. 
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The failure of the antibiotic was reported in many countries which was mostly owing to 

the adaptation of the antibiotic resistance in bacteria. In recent years, increasing attention was 

drawn on the inorganic micro- and nano- crystals because of their outstanding properties on 

versatile applications. The ability of copper ions to resist bacteria growth was reported due to 

the denature or oxidation mechanisms. 

Therefore, the preparations of copper and 

copper oxides have been extensively 

investigated [1, 2]. 

In addition, the integration properties of 

nanoparticles including the high specific surface 

area and catalytic effects result in different 

degree of antimicrobial activities. In the present 

study, the cuprous oxides (Cu2O) with nano- and 

micro- scaled size ranging from 165 to 1200 nm 

and different shape such as cubic, sphere, 

octahedral, and star-like were prepared for 

evaluating the antimicrobial activities. The 

dimension and morphology of Cu2O particles 

were controlled by applying two different 

surfactants, CTAB (cetyltrimethylammonium 

bromide) and SDS (dodecyl sulfate sodium), respectively. Moreover, the pH values of the 

synthesis environment were adjusted by adding aqueous ammonia for controlling the shape of 

particles [3, 4] (Figure 1).  

The antimicrobial effects were examined by directly cultivating both Gram positive and 

negative bacteria, E. coli and S. aureus, on the samples containing Cu2O particles. The 

resistance to bacterial growth was evaluated by zone of inhibition qualitatively and by the 

detection of optical density quantitatively. The results showed that Cu2O particles revealed 

better inhibition on the growth of S. aureus than on E. coli, which was most probably due to 

the existence of the outer membrane on E. coli that the multilateral Cu2O particles revealed 

better antimicrobial activity with larger zone of inhibition under the initial concentration of S. 

aureus of 0.05 OD after culturing for 16 hours at 37 oC. 
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Fig. 1. The morphology of prepared micro- 

Cu2O NCs prepared using different 

concentrations of CTAB: (a) 0.04 M, 

pH=5; (b) 0.04 M, pH=7; (c) 0.04 M., 

pH=11; (d) 0.5 M, pH=5. 

(a) (b) 

(c) (d) 
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Isolation and Culture Condition Optimization and Antibacterial 

Effect of  

Pediococcus acidilactici JFP-1  
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Jeju fermented foods were used in the isolation of Pediococcus acidilactici, designated 

as JFP-1. Morphological identification was done with Scanning Electron Microscope (SEM), 

which reveals the length and width of single coccus as 0.7µm and 0.7µm respectively. 

Biochemical studies confirmed that the isolated strain as Gram positive bacteria. Optimal 

culture conditions such as temperature and pH of JFP-1 ranged from 35 to 40°C and 7 to 9 

respectively; added MgSO4.7H2O serve as mineral salts, yeast extract for nitrogen and 

dextrine as carbon source. Antibiotic sensitivity assay shows that JFP-1 was susceptible to 

eight antibiotics. Antibacterial assay confirm that JFP-1 has significant antibacterial effect 

when used against four fish pathogens namely Photobacterium damselase sub sp., 

Edwardsiella tarda, Streptococcus parauberis, Photobacterium phosphoreum. Hence, the 

isolated P. acidilactici (JFP-1) could be effectively used in the aquatic diseases management. 

Kewords : Pediococcus acidilactici, Antibiotics , Probiotics, Immune Response, paralichthys 

olivaceus 
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Zinc oxide nanoparticles (ZnO NPs) are an important antimicrobial additive in many 

industrial applications. However, mass-produced ZnO NPs are ultimately disposed of in the 

environment, which can threaten soil-dwelling microorganisms that play important roles in 

biodegradation, nutrient recycling, and ecological balance. This study sought to understand 

how ZnO NPs affect Bacillus subtilis, a bacterium that is ubiquitous in soil. The impact of 

ZnO NPs on B. subtilis growth, division, cytosolic protein activity, and biofilm formation are 

assessed, and our results show that B. subtilis growth is inhibited by high concentrations of 

ZnO NPs (≥ 50 ppm), with cells exhibiting a prolonged lag phase and delayed medial FtsZ 

ring formation. RedoxSensor and Phag-GFP fluorescence data further show that at ZnO-NP 

concentrations above 50 ppm, B. subtilis reductase activity, membrane stability, and protein 

expression all decrease. FT-IR data also find that ZnO NPs negatively affect 

exopolysaccharide production. Moreover, assays reveal that biofilm surface structures 

become smooth under ZnO-NP concentrations of only 5-10 ppm, with concentrations of 25 

ppm or less significantly reducing biofilm formation activity. Together, these results 

demonstrate that ZnO NPs can affect B. subtilis viability through the inhibition of cell 

division, cytosolic protein expression, and biofilm formation, and suggest that future ZnO-NP 

waste management strategies would do well to mitigate the potential environmental impact 

engendered by the disposal of these nanoparticles. 
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radiation-resistant bacterium with high-yielding polysaccharides 
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To identify the strain of and investigate its characters of anti-oxidation, flocculation 

characteristics and tolerance of heavy metal ions ， which was isolated from the 

radia-tion-polluted soil of Xinjiang. [Methods] The colony morphology and bacterial cell size 

of isolates was observed, and phylogenetic tree was constructed based on16S rRNA 

sequences with NJ method. And then, the isolates resistance to 60Co γ rays, using 

phenol-sulfuric acid method for the determination of its polysaccharide content, determined 

hydroxyl radical (• OH) removal using Fenton method,and flocculation of kaolin as well 

heavy metal ions tolerance test were accomplished [Results] The results showed that the 

strain was Bacillus sp.,and its homology with Bacillus tequilensisKM30 (JF411311) was 

99.1%, and its polysaccharide content was 69.26%, polysaccharide concentration 13.47μg/ml 

could remove 50% of the hydroxyl radical (• OH), The maximum flocculating rate is 84.73% 

in the 30mg/ml concentration of the polysaccharide.and the strain to Pb2+、Cu2+、Co2+、

Hg2+、Zn2+ metal ions had a higher tolerance.  [Conclusion] This paper provides important 

materials to investigate the mechanism of radiation-resistant bacteria with high-yielding 

polysaccharides . 

Keywords: Radiation-resistant bacteria, polysaccharides , Identified, antioxidant, Heavy 

metal ion tolerance 
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Table 1 Free radical scavenging capacities and reducing power of different EPSs. 

Figure 1 H2O2 effect on the inhibitory activity 

of Lactobacillus rhamnosus ZY against 

pathogen strains. 
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Hydroperoxide significantly stimulated production of 

exopolysaccharide from Lactobacillus rhamnosus 
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Over the years, the studies of exopolysaccharides (EPS) are more and more attractive as 

the special physiological activity and nutritional function of EPS. Microbial EPS are 

extracellular polysaccharides mainly involved in cell adhesion and protection, which are 

either associated with, and often covalently bound to, the cell surface in the form of capsules, 

or secreted into the extracellular environment in the form of slime. EPS from LAB are 

considered not only play an important role in improving the rheology, texture and mouthful of 

fermented products, but also provide beneficial physiological effects on human health, such as 

anti-tumor activity, immune-modulating, bioactivity and anti-mutagenicity [1]. 

 To our best knowledge, Lactobacillus rhamnosus is one of the most common, 

widely-applied and model probiotics. Our strain, L. rhamnosus ZY is a homo-fermentative 

L-(+)-lactic acid bacterium (LAB) was used in this study. Herein, the optimal production of 

EPS is applied by addition of 1.5 mM hydrogen peroxide in de Man, Rogosa and Sharpe 

medium (MRS) for 12 hours at 37°C. EPS fractions were separated from the MRS by 

removing proteins, ethanol precipitation, anion-exchange and gel filtration chromatography. 

As a result, crude exopolysaccharides (CEPS) were fractionated into four fractions (EPS1, 

EPS2, EPS3 and EPS4) with the ratios of 33.90%, 15.71%, 9.88% and 12.23% (w/w) based 

on CEPS, respectively. The inhibition zone diameter (IZD, cm) represented the ability to 

antagonize pathogens were ranking as E. coli > B. subtilis > S. aureus. Besides, EPS would 

stimulate the antagonize pathogens of L. rhamnosus, especially in B. subtilis which inhibition 

zone diameter extended from 0.78 cm to 0.95 cm. The concentrations of CEPS required to 

scavenge 50% of the initial radical for DPPH•, OH• and O2•
− radicals were 1.89, 1.28, and 

3.27 mg/mL, respectively. The reducing power (A700 nm) was 0.172 at 2 mg/mL. 

 

 

    Our study provides a theoretical foundation for the comprehensive utilization of lactic 

acid bacteria EPS, which could result not only for application in food field but also for 

pharmaceutical industries.  
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DPPH 

radical 

Superoxide 

radical 

Hydroxyl 

radical 

Reducing 

power 

CEPS 1.89±0.05 3.27±0.02  1.28±0.01 0.172±0.002 

EPS-1 4.02±0.07 2.91±0.05  1.13±0.03 0.047±0.001 

EPS-2 4.42±0.04 >10.00 1.47±0.02 0.047±0.001 

EPS-3 ＞5.00 4.50±0.01 ＞5.00 0.051±0.001 

EPS-4 1.03±0.02 >10.00 2.06±0.04 0.101±0.001 

Vc 0.046±0.01 1.78±0.06  0.34±0.01 0.543±0.022 
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Light intensity at various cultivation periods influences the 

production of fruiting body and bioactive compounds by Cordyceps 

militaris 
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The effect of light intensity at the various periods on the production of fruiting body and 

bioactive compounds by C. militaris was investigated in this study.  There were three 

periods during the cultivation of C. militaris fruiting bodies.  First stage, to make mycelia 

covered over the surface of substrates, the inoculated substrates were kept in a spawn running 

room under 23 oC.  Second stage, C. militaris was grown at 18 oC and luminesced for 12 h 

every day.  Finally, the temperature was re-adjusted to 23 oC and the luminescence was still 

maintained every day, which was for the development of fruiting body.  The result showed 

that the highest yield of the fruiting body was obtained at 4.06g dry weight/ bottle, the 

biological efficiency was equal to 86.83 % when the light intensity was set at 1,500-2,000 lux 

during the second and third stages.  The highest content of cordycepin was obtained at 0.96 

g/100g dry weight of fruiting body when the light intensity was set at 1,000-1,500 lux during 

the second and third stages.  The highest contents of cordycepic acid and polysaccharide 

were 4.04 and 3.04 g/100g dry weight of fruiting body, respectively, under 1,000-1,500 lux of 

light intensity at the second stage and 1,500-2,000 lux of light intensity at the third stage.  

The total phenolic content was between 4.57 and 6.00 mg of gallic acid equivalents/ g of dry 

fruiting body.  In conclusion, the results were demonstrated that C. militaris can be 

cultivated in a mere rice-water medium by controlling light intensity without optimized 

medium during cultivation to obtain the higher production of fruiting body and bioactive 

compounds. 
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Hyaluronic acid (HA), comprising crosslinked D-glucuronic acid (GlcA) and 

N-acetyl-D-glucosamine (GlcNAc), plays an important role in connective tissue system, 

which has been applied in cosmetics, surgery, medicine, food industry, etc, according to its 

molecular weight. With the development of bioengineering, microbial fermentation by 

Streptococcus or genetically engineered Bacillus has developed to prepare HA.  

Corynebacterium glutamicum is considered as a highly safe alternative host for HA 

production. In this report, we cloned the coding DNA sequence of HA synthase (HasA) by 

assembly PCR specifically for Corynebacterium glutamicum. The UDP-glucose 

dehydrogenase (CghasB) and UDP-glucose pyrophosphorylase (CghasC) from 

Corynebacterium glutamicum were also cloned to enhance the synthesis of HA. All of these 

genes were subcloned into the C.Glutamicum - E.coli shuttle plasmid PXMJ19. 

The fermentation results illustrated that the strain with HasA and CghasB showed the 

highest yield of HA up to 5-6 g/L. GPC analysis revealed the product was comprised of two 

forms of HA, one with a higher Mw of 779 kDa (PDI=1.05), and the other with a lower Mw of 

224 kDa (PDI=1.17). Each of them contains 27.4% and 58.7% in total product, respectively. 

 

Key words: Hyaluronic acid, Corynebacterium glutamicum, bioengineering, molecular 

weight. 
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In recent years, Antrodia cinnamomea has become a well-known medicinal 

mushroom in Taiwan. Some researchers have demonstrated that the addition of bark 

extract or wood chips of C. kanehirai Hay is favorable for the growth of A. 

cinnamomea in mycelial cultures. Because the bark of C. kanehirai Hay is 

well-known for being rich in essential oils, the components in these essential oils are 

recognized as affecting growth and metabolism. Triterpenoids are considered one of 

the most biologically active components found in A. cinnamomea. The aim of this 

research was, therefore, to investigate the feasibility of enhancing triterpenoid 

production in shake flask cultures of A. cinnamomea by adding various types of 

monoterpenes.  

The results demonstrated that monoterpene ethanol solution was inhibitory to 

mycelia growth and the appropriate adding time is also determined to be on day 7. Of 

the various monoterpenes tested, limonene proves to be the most effective in 

enhancing polyphenol and triterpenoid production. A 1 % addition of limonene 

ethanol solution was found to be the most appropriate level, at which the content of 

crude triterpenoid rose to the highest level of 33.93 mg/g DW, for a threefold increase. 

In addition, total polyphenol content achieved the highest concentration of 11.02 mg/g 

DW at an adding level of 2 %, representing a nearly two-fold increase compared with 

the control group.  
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Rational design of β-glucuronidase for improved substrate specificity 

in glycyrrhizin transformation 
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A noval β-glucuronidase from Penicillium purpurogenum (PGUS) could catalyze 

glycosidic bond to release non-reducing terminal β-glucuronic acid residues from 

glycyrrhizin (GL) into -mono-glucuronide-glycyrrhizin (GAMG) directly. Previously, we 

cloned the gene pgus and overexpressed it in Escherichia coli BL21 for high production of 

β-glucuronidase(PGUS-E). Although a large amount of PGUS-E was produced, the substrate 

specificity was much lower than that of the corresponding wild strain,  the main product was 

Glycyrrhetinic Acid (GA).In order to improve substrate binding specificity and catalysis of 

glycyrrhizin (GL) transformation, here the PGUS-E was subjected to direction evolution and 

saturation mutagenesis.   

A high efficiency screening system is often a prerequisite for sampling the enzyme 

variants, and Protein expression and disruption of cell membrane are often required in many 

cases, which can be tedious, time-consuming, and costly. Here, a constitutive and heat-

inducible autolytic expression vector pEAS-HCE-gus was constructed , the  Pgus-E gene 

used the HCE constitutive promoter , and the SRRz lysis gene cassette from bacteriophage λ 

was placed downstream of heat-inducible promoters, λcI857/pR. In parallel, the libraries (～
10000 clones )were screened for increasing substrate binding specificity.  Pgus variant M37 

was screened, the substrate-specificity (Scb) of GAMG production was improved to 96% and 

the conversion of GL was reached to 90%. respectively. Structural and functional reveal that 

the key mutant sites were located on bacterial loop and TIM barrel domain, some acidic 

amino acid were replaced by nonpolar amino acids. The result shows that hydrophobic 

interaction has a significant influence of the substrate specificity of these enzymes. 

 

Keywords: β-glucuronidase, saturation mutagenesis, substrate specificity,  

Biocatalysis 
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termite nest on the sawdust based substrate 
 

Zeng-Chin Liang*1, Ching-Hua  Yeh2, Wai-Jane Ho2, Chang-Wei Hsieh2, Tai-Hao Hsu2 
1Department of Bioresources, Da-Yeh University, Datsuen, Changhua, 51591, Taiwan; 

2Department of Medicinal Botanicals and Healthcare, Da-Yeh University, Datsuen, Changhua, 

51591, Taiwan.   

Email: zcliang@mail.dyu.edu.tw 
NSC #: 101-2632-E-212 -001 -MY3 

 

Xylaria nigripes have several physiological effects, such as Immunomodulatory effects, 

antioxidant activity, antitumor activity and Protective effect of carbon tetrachloride-induced 

hepatotoxicity. A strain of Xylaria which grown in abandoned termite nest from vegetable 

garden in Wuta, Pingtung, Taiwan, was isolated and identified as Xylaria sp. by Bioresource 

Collection and Research Center, Food Industry Research and Development Institute, Hsinchu, 

Taiwan. The aim of this study was to investigate the suitable sawdust based substrate for the 

cultivation of Xylaria sp..  

The experimental substrates formulation (all ingredients based on dry substrate weight, 

w/w) consisted of 90% sawdust, 10% rice bran, oat powder and soybean powder, respectively. 

Among four substrates, the suitable substrate for mycelial growth of Xylaria sp. was the 

substrate of 90% sawdust and 10% soybean powder, followed by the substrate of 100% 

sawdust (control), the corresponding mycelial growth rate being 8.33 and 7.86 mm/day, 

respectively. And the rhizomorph of Xylaria sp. was formed on all the four substrates after 2 

weeks of incubation time under 25 ℃. The suitable substrate for rhizomorph formation of 

Xylaria sp. was the substrate of 90% sawdust and 10% soybean powder, followed by the 

substrate of 90% sawdust and 10% oat powder. In conclusion, the results can be an important 

information for cultivation of a wild strain of Xylaria during cultivation to obtain the higher 

production of fruiting body and bioactive compounds in the future. 
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The isolation, extraction and structure analysis of the melanin from 

radiation resistant Aureobacidium pullulans 

Jing ZHU, Zhi-Dong ZHANG, Wei WANG, Yu-Qing XIE, Mei-Ying GU, Su-Qin SONG, 

Qi-Yong TANG, Li-Juan ZHANG 

Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumqi, Xinjiang 

830091, China 

The melanin is a kind of heterogenous polymeric compound，It could act as intrinsic 

semiconductors and may de-excite certain biological molecules by converting electronic 

energy into heat, it certainly plays a major role in the quenching for flee radicals produced by 

ultraviolet radiation, and it has the capacity to bind substantial amount of metal ions. It is 

applied to numerous fields about cosmetic, foodstuff, pharmacy and agriculture. In order to 

make the strain produce natural melanin, in this thesis methods for extracting melanin from 

radiation resistant Aureobasidium pullulans was optimize, physicochemical and structural 

analysis by means of spectra, media components and conditions for Aureobasidium pullulans 

were studied．The results in detail were stated as follows： 

1. Fermentation conditions on the melanin yield  

By single factor experiment, the studies showed that under the condition of temperature 

30℃, shaker rotation speeds 180 rpm and fermentation time 120h, the optimum charge 

quantity, the appropriate initial pH and the inoculum size was 60ml culture medium in 500ml 

flask, pH7 and 1.5％(v/v). And the optimal concentration of glucose, (NH4)2SO4, NaCl Was 

10％, 0.06％and 0.03％ respectively. Besides, when 1μmol/L cooper ions was added, the 

production of melanin Increased. Two-level factorials designs of Plackett-Burman by 

Design-expert soft were constructed to select fermentation conditions, then the optimized 

level of these factors were determined by response surface analysis，three important factors 

were filled amount is 100ml, the optimal glucose concentration was 10.3g/L, inoculation 

amount was 2.2mL respectively. 

2. Isolation and extraction 

The optimum conditions of extraction were obtained by single factor experiment, that is 

NaOH 1mol/L, temperature 30℃, the volume ratio to fermentation fluid and NaOH solution 

1:1, the appropriate pH of precipitation 4. 480mg melanin yield could be extracted from 

ferment fluid volume of 100ml. 

3. Phsico-chemical properties of the melanin 

The natural pigment produced by fermentation possessed basic chacteristics of melanins. 

The melanin had strong absorption in the ultraviolet spectrum and a good thermal stability 

and light stability, In particular, had a strong anti-UV property. The compatibility of the the 

pigment solution with the E.coli could improve the survival of E.coli under UV radiation. And 

it was not sensitive to H2O2, Na2S2O3, starch, glucose, sucrose and potassium sorbate. Metal 

ions in the range of food rules had no effect on the melanin. However, the melanin should be 

avoided contacting with benzoate sodium. 

4. Structural analysis 

The characteristic peaks of the melanin sample were found in IR and the result showed 

the sample possess primary amide and primary alcohol structure. 
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Effects of ionic strength and pH on the flocculation behavior  

of Bacillus licheniformis  
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     Flocculation is a desirable property in many microorganism. It has been used in the 

continuous fermentation process because of its simplicity and the fact that it reduces the costs 

of the separation procedure. In recent years a great progress has been achieved in the 

flocculation mechanism of yeasts, however the reports on the reasons for the poor 

flocculation ability of B. licheniformis are seldom. 

The flocculation behavior of B. licheniformis was investigated over a wide range of ionic 

strength and pH by the Derjaguin-Landau-Venvey- Overbeek (DLVO) theory. The surface 

properties (zeta potential and contact angles) and flocculation ability of this strain were 

measured. The water, formamide and 1-bromonaphthalene contact angles were 45.6°, 58.0° 

and 48.4°, respectively. The calculated free energy of adhesion between bacterium was 1.9 

mJ/m2. One of the attractive LW force was -1.4 mJ/m2 and another repulsive AB interfacial 

free energy was 3.32 mJ/m2. The total interaction energy (VT) which is the sum of the van der 

Waals attractive energy (VA) and the electrostatic repulsive energy (VR) between two 

bacterium in different ionic strength (Fig. 1) and pH (Fig. 2) were calculated based on the 

DLVO theory. The appropriate ionic strength and pH were found to be 0.03 M NaCl 

electrolyte solution and pH 7.0, respectively. The effective Hamaker constant between B. 

Licheniformis and water was only 1.32×10-21 J, indicating the VA had less contribution to the 

VT. From the thermodynamic view, we can also get further interpretation why the 

flocculability of B. licheniformis suspension was no more than 30%. Its flocculability was 

effected and controlled by both ionic strength and pH. Compressing the double electric layer 

could effectively decrease the energy barrier. It is noteworthy that the DLVO theory can only 

describe the flocculability of B. licheniformis qualitatively, which suggests that many other 

interaction forces need to be considered, such as hydrodynamic and short-range forces.  
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Alcohols effect on Shewanella xiamenensis BC01and its applications 

Yunli Zhou 1, I-Son Ng 1,2* 
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Shewanella is aquatic algae, and a rod-shaped gram-negative microorganism with 

worldwide distribution. Nowadays more than 40 Shewanella had been reported, and our 

research involves Shewanella xiamenensis BC01 (SXM), which isolated from Xiamen, China. 

Regarding to the phylogenetic analyses based on 16S rRNA and gyrB gene sequences, it was 

most closely related to Shewanella oneidensis and related species [1].  

Shewanella has been extensively studied for its response to various environmental 

stresses [2]. However, seldom study has been made towards to alcohols stress on Shewanella. 

Thus, we investigated the effects of different alcohols on SXM and its potential application. 

The maximal tolerance of alcohol for SXM at 24 h was up to 2% (v/v). As a result, the cell 

growth rate is ranking from methanol, ethanol, propanol, tert-butanol and n-butanol. 

According to morphology and cell size distribution analysis, methanol and ethanol were 

found that no obvious effects on SXM, whereas tert-butanol and n-butanol made cells become 

shorter. Interestingly, propanol lengthened the cell about 2-10 times at 24 h (Fig. 1), and cell 

deformation occurred in the exponential growth-phase. FT-IR absorption spectra and 

zeta-potential were in similar results for the original cells and cells inoculated in 2% alcohols.  

 By utilized 1D SDS-PAGE and 

Tandem MS/MS, several major 

different proteins were explored 

between original cells and bacterial 

cells under 2% propanol (Fig. 2). 

Most of differentially expressed 

proteins are outer membrane protein 

and enzymes participated in TCA 

cycle. They seem to play a key role in 

cell growth and permeability of cell 

membrane. Moreover, ferric putrebactin siderophore receptor, 

as a differentially expressed protein, has been identified to 

correspond to the Fe reductase activities.  

Further studies of absorption of 300 mg/L Cu2+ and Zn2+ to original cells and alcohols 

adapted cells were investigated. In conclusion, Shewanella xiamenensis showed metabolic 

versatility; including ability to reduce metals and the physiological tolerance make it a 

promising microorganism for bioremediation applications.   
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Characterization of Saccharomyces cerevisiae Promoters and 

Application in Pathway Engineering 
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Synthetic biology is considered as an emerging research field that will bring new 

opportunities to biotechnology. Among the microbial platforms in synthetic biology, 

Saccharomyces cerevisiae is one of the most widely used organisms due to its 

well-characterized physiology and genetics, fast cell growth rate, and availability of abundant 

genetic tools. 

Intracellular metabolic flux is regulated by a series of distinct levels of regulatory control 

– occurring at the transcriptional, translational, and protein levels. One of the fundamental 

access points to alter this metabolic flux is to control transcript production at the promoter 

level. Hence, metabolic engineering applications have long relied on effective promoter 

discovery and characterization. Here we report the cloning of eleven constitutive promoters 

employing eGFP and LacZ as reporters from the S. cerevisiae genome and the comparison of 

their strengths. Five of them come from glycolysis pathway genes, the rest come from 

amino-acyl tRNA synthetase genes. To our knowledge, this is the first time report about the 

promoters that come from amino-acyl tRNA synthetase genes. By analyzing the sequence of 

the promoters, we observed that the Rap1/Gcr1/Gcr2 complex could activate the strength of 

the glycolysis promoters. These transcription factor binding sites could be used as enhancing 

elements to modify the strength of promoters. Importantly the promoters characterized in this 

study can be highly useful in engineering recombinant yeast strain, with high-copy number 

plasmid, the selection of promoters would be more rigid, the low-copy number plasmid was 

more flexible to choose promoter. In addition, the strain with high-copy number plasmid was 

more sensitive to the change of fermentation processes; the strain containing low-copy 

number plasmid was more robust to different fermentation processes. 
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Microbial biosynthesis of free fatty acids (FFAs) like chemicals from renewable carbon 

sources has attracted significant attention in recent years. FFAs can be used as precursors for 

the production of agricultural chemicals, flavor and fragrance intermediates, pharmaceuticals, 

cosmetics, plasticizers, coatings, and industrial chemicals (1). Free fatty acids are naturally 

accumulated with a significant quantity in most oleaginous microorganisms or plants (2). 

However, E. coli normally produce FFAs mainly for the biosynthesis of lipids and cell 

membranes, and it does not accumulate FFAs (3). It can be produced by introducing the 

acyl-acyl carrier protein thioesterase genes from different sources into E. coli. The engineered 

E. coli usually produces even chain FFAs. In this study, propionyl-CoA synthase (prpE) from 

Salmonella enterica was overexpressed in two efficient even chain FFAs producers, ML103 

(pXZM12) strain carrying an acyl-ACP thioesterase gene from Umbellularia californica and 

ML103 (pXZ18) strain carrying the acyl-ACP thioesterase gene from Ricinus communis 

combined with supplementation of extracellular propionate. Reasonable amount of C11, C13 

and C15 odd chain FFAs could be produced from glucose and propionate by these 

metabolically engineered E. coli strains. In order to further increase the production of odd 

chain FFAs we manipulated the initialization step of the fatty acid synthesis cycle. The 

β-ketoacyl-acyl carrier protein synthase III (KAS III, fabH) from various sources, such as 

Bacillus subtilis (bsfabH1), Bacillus subtilis (bsfabH2), Staphylococcus aureus (SafabH) and 

Streptomyces peucetius (spdpsC), were coexpressed with the propionyl-CoA synthase, in the 

ML103 strain without its native fabH. With these genetic manipulations, the highest total 

amount of odd straight chain FFAs reached 1200 mg/l, and the highest percentage of odd 

straight chain FFAs reached 85.1%. 
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To aim efficient and specific producing designable biosurfactants, metabolic engineering 

for a biosurfactant producing yeast, Pseudozyma hubeiensis SY62, are developed in our 

research group. The yeast is capable of producing abundant amount of a glycolipid 

biosurfactant, mannosylerythritol lipid (1,2). The material shows excellent surface active 

properties, and biochemical functions, including anti-microbial activities, and binding to 

immnogroblines and lectins. To apply the material for broad ranges of applications and to 

investigate their structure-function relationship, enhancing the variety of molecular structures 

and functions are important. Draft genome sequencing of genome DNA of SY62 was 

performed Illumina HiSeq system with a total of 62,228,521 reads with paired-end library 

(400 bp). The sequences was assembled into 160 contigs and 74 scaffolds. The contigs 

included a total genome size of approximately 18 Mb, and G+C contents are 56.5%. The 

genes, mac1, mac2, mat1, emt1 and mmf1 as the cluster genes for MEL synthetic pathway 

were observed in the assembled sequence corresponding to the other MEL producing fungi, 

Ustilago maydis and Pseudozyma antarctica (3). Furthermore, we are investigating 

transformation for SY62 by electroporation method. Gene of green fluorescent protein 

(emGFP) was amplified from pRSET-emGFP by PCR amplification, and ligated into single 

cloning site, BamHI, in a Ustilago-Escherichia shuttle vector pUXV1. The constructed 

plasmid (pUXV1emGFP) was used for optimization of electroporation. The best competency 

of 30 colonies / g-plasmid for SY62 are obtained when the voltage and resistance parameters 

of electropolater were set at 1,850-2,250 V and 800-1,000 , respectively. Based on 

fluorescent microscopy, green fluorescent were observed from the obtained mutants. 

We further prepared gene disruption conjugate by a convenient In Fusion®  reaction. We 

are investigating gene disruption mutants for selective and efficient production of 

intermediates in the MEL synthesis. 
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To get cold-adapted amylase gene from a cold-adapted bacterium and the coded protein 

bioinformatics, the strain LA77 was identified by 16S rDNA sequence analysis, and then 

specific primers were designed and the gene was amplified by PCR. Furthermore, the gene 

and coded protein were analyzed on the website or by the software.  

   The strain LA77 belonged to genus Aeromonas, and the sequence of PCR products 

included an open reading frame which coded for a protein with 702 amino acid residues. 

Bioinformatics analysis indicated that molecular weight and isoelectric point of the protein 

were 77.9 kD and 6.16, respectively. It was a hydrophilic protein with a signal peptide, which 

contained eight phosphorylation sites and one N- glycosylation site. The secondary structure 

was mainly constituted by theα-helix and random coil．The analysis of domains and 

phylogenetic tree according to amino acid sequence revealed the protein belonged to the 

family of α-amylase, and the gene would code for cold-adapted amylase.  

All of these would help to explain cold adaption mechanism of the amylase and further 

research on genetic modification and expression.  
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Band 3 protein is an anion channel protein located in the cell membrane. It is 

also called as anion exchanger 1 (AE1) or solute carrier family 4 member 1 (SLC4A1). 

In human, Band 3 can usually be found abundently in erythrocytes and kidney cells. 

Though, there are isoforms in the different tissues. Physiologically, Band 3 plays a 

role in anion transportation. In some of polycythemia, the defect of Band 3 was 

detected. In fact, it has been reported that Band 3 is also served as one of the 

autoantigens in some autoimmune diseases, including autoimmune hemolytic anemia. 

In the current work, a polypeptide containing 291 amino acids, representing the 

sequence of Band3, was aimed to be generated in the pTWIN expression system. 

After a serial induction and purification processes with the chaotropic agents such as 

urea, the intact protein was obtained and characterized via mass spectrum.  
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pyrG host cells are indispensible for pyrG–based transformation system. Isolations of 

pyrG host cells by random mutations are limited by time-consuming, unclear genetic 

background and potential interferences of homogenous recombination. The purpose of this 

study was to construct brewing-wine Aspergillus oryzae pyrG mutant by site-directed 

mutation of pyrG gene deletion and used it as host for further transformation. pMD-pyrGAB, 

a vector carrying pyrG deletion cassette, was used to construct pyrG mutant of A. oryzae. 

Three stable pyrG deletion mutants of A. oryzae were isolated by resistant to 5-fluoroorotic 

acid and confirmed by polymerase chain reaction analysis indicating that pyrG was 

completely excised. The ∆pyrG mutants were applied as pyrG  host cells to disrupt xdh gene 

encoding xylitol dehydrogenase, which involved in xylitol production of A. oryzae. The xdh 

disruption mutants were efficiently constructed by transforming a pMD-pyrG-xdh disruption 

plasmid carrying pyrG, and the produced xylitol concentration of the ∆xdh mutant was three 

times as much as that of the ∆pyrG recipient. Site-directed pyrG gene deletion is thus an 

effective way for isolation of pyrG host cells and the established host-vector system could be 

applicable for further functional genomics analysis and molecular breeding of A. oryzae.  
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L-tert-leucine (L-Tle) is a nonproteinogenic amino acid and is widely used in the 

preparation of anticancer drugs, anti-AIDS drugs, chiral auxiliaries and ligands. Recombinant 

E. coli was constructed to coexpress leucine dehydrogenase (LeuDH) from 

Lysinibacillus sphaericus CGMCC 1.1677 and formate dehydrogenase (FDH) from Candida 

boidinii. L-Tle was synthesized through reductive amination of TMP catalyzed by cell-free 

extracts of recombinant E. coli containing both LeuDH and FDH (Scheme 1). Under the 

optimized reaction conditions, L-Tle was obtained in >99% ee with conversion and 

space-time yield of >99% and 157 g L-1 d-1, respectively. Substrate feeding strategy was 

addressed to increase the substrate concentration and thus improve the reaction efficiency. 

The continuous process was conducted at an overall TMP concentration of 1.5 M, with both 

conversion and ee of >99% and space-time yield of 786 g L-1 d-1, which was 2.1 to 7.2-fold as 

that of the previously described procedures 1-2. Furthermore, the preparation was successfully 

operated on a 1 L scale, demonstrating the developed procedure showed a great industrial 

potential for the production of L-Tle. 

COOH

O

COOH

NH2

LeuDH

NAD+NADH+H+

CO2 HCOONH4
FDH

TMP L-Tle

Substrate continuous feeding

Overall concentration: 1.5 M

>99% conversion, >99% ee

786 g L-1 d-1 space-time yield

water phase, pH 8.5

 30 oC, 6 h

 

Scheme 1 Reductive amination of TMP to enantipure L-Tle using cell-free extract of recombinant E. coli 

coexpressing LeuDH and FDH. 
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Combinatorial strategy for efficient enzyme cell surface display in 

yeast Pichia pastoris 
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The cell-surface display technique allows for the expression of a target enzyme or 

peptide on the cell surface by anchoring protein. Microbial cell surface displays are used for 

many applications such as whole-cell biocatalyst, vaccine, and biosensor. For efficient 

enzyme cell surface display, the combination of promoter, signal sequence, and anchor 

protein is an important consideration. Although, the methylotrophic yeast Pichia pastoris is 

recognized as a promising host strain to produce large amount of recombinant protein, 

utilization of the yeast as a host strain for cell surface display is limited. In this study, the 

combinatorial strategy for efficient enzyme cell surface display in P. pastoris was developed. 

Then, thermostable BTL2 lipase from Bacillus thermocatenulatus was displayed on the P. 

pastoris cell surface by combinatorial strategy. 

The combinatorial DNA library including 15 kinds of promoter, signal sequence, and 

anchor protein gene from various kinds of yeast species for displaying BTL2 lipase was 

constructed (Fig. 1). Approximately 500 transformants were constructed by using the 

combinatorial DNA library. Among them, promising transformants named A58, C86, and 

D90 were selected. Transformants A58, C86, and D90 showed 1.8-, 3.9-, and 5.0-fold higher 

relative lipase specific activity than control strain, which had GAP promoter from P. pastoris, 

alpha-factor signal sequence and alpha-agglutinin anchor gene from S. cerevisiae (Fig. 2). 

Consequently, the combinatorial strategy for efficient enzyme cell surface display in P. 

pastoris was developed, and BTL2 lipase was successfully displayed on P. pastoris cell 

surface. This system could be a promising strategy for displaying enzymes on P. pastoris cell 

surface efficiently. 
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Fig. 2 Cell surface displayed BTL2 lipase 

 specific activity. 

Fig. 1 Combinatorial DNA library for 

 BTL2 lipase display on cell surface. 

PD-8

134130



 

 

 

 

 

 

 

 

 

Poster Presentation  

Session E:  

Biosensor and 

Nanotechnology 

 

 

 

 

 

YABEC 2014 

  





 

 

How can we transform uni-functional proteins to sensors? 
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In the areas of biological analysis and clinical diagnostics, rapid and specific 

quantification method for various molecules has become highly important. To achieve this 

goal, various biosensors have been developed based on the principle of, in most cases, 

hybridization of a biomolecule such as protein and nucleic acid, with a sensing device such as 

electrode and nanostructure as a signal transducer. Although this approach has its own merits, 

in nature, there are numerous receptor proteins that can convert the ligand-binding signal to 

other more common signals such as ion torrent, interaction with other proteins, and enzyme 

activity. These receptors are excellent examples that teach us the way to convert otherwise 

untrackable signals to a measurable one. Here I want to introduce our recent attempts to 

transform natural (uni-functional) proteins into optical biosensors.  

The first example is Quenchbody, which is a reagentless fluorescent biosensor based on 

the novel principle of antigen-dependent removal of a quenching effect on a fluorophore 

attached to antibody domains1. This was rather fortuitously discovered by analyzing the 

antibody single chain variable region (scFv) fluorolabeled at the N-terminal region, using a 

cell-free translation-mediated position-specific protein labeling system. At first we found a 

significant antigen-dependent fluorescence enhancement up to 7-fold, but later got more than 

10-fold response using multi-fluorolabeled Fab fragments, probably due to enhanced 

quenching by H-dimer formation and/or energy transfer between the two dyes2. Due to its 

versatility, this “quenchbody” is expected to have a range of applications, from in vitro 

diagnostics to imaging of various targets in situ.  

The second example is FlimPIA (firefly luminescent intermediate-based protein-protein 

interaction assay), which is a novel bioluminescence-based interaction assay based on the 

functional complementation of two mutant firefly luciferases (Flucs)3. The assay detects 

approximation of two mutant Flucs, namely, a “Donor” that catalyzes ATP-driven luciferin 

adenylation to produce a luciferyl-adenylate intermediate, and an “Acceptor” that catalyzes 

subsequent oxidative luminescent reaction. Compared with conventional PPI assays, it 

manifests stronger and more stable signal in vitro. Recently, the signal/background (S/B) ratio 

of the assay was markedly improved by the mutagenesis of Acceptor and reaction condition 

optimization, which promises its wider use in in vitro diagnostics, drug discovery and also 

expanding our knowledge on various biological phenomena. 
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The sense of taste helps humans to obtain information and form a picture of the 

world by recognizing chemicals in their environments. Over the last decade, large 

advances have been made in understanding the mechanisms of taste detection and 

mimicking its capability using artificial sensor devices. However, the detection 

capability of previous artificial taste sensors has been far inferior to that of animal 

tongues, in terms of its sensitivity and selectivity. Herein, we developed a 

bioelectronic tongue using heterodimeric human sweet taste receptors for the 

detection and discrimination of sweeteners with human-like performance, where 

single-walled carbon nanotube (swCNT)-field effect transistors (FETs) were 

functionalized with nanovesicles containing human sweet taste receptors and used to 

detect the binding of sweeteners to the taste receptors. The receptors are 

heterodimeric G-protein coupled receptors (GPCRs) composed of hTAS1R2 and 

hTAS1R3 which have multiple binding sites and allow a human tongue-like broad 

selectivity for the detection of sweeteners. This nanovesicle-based bioelectronic 

tongue (NBT) can be a powerful tool for the detection of sweeteners as an alternative 

to labor-intensive and time-consuming cell-based assays and the sensory evaluation 

panels used in the food and beverage industry. Furthermore, this study also allows the 

novel tool to exam the functional activity of dimeric GPCRs. 
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Various biomolecular interaction detection systems have been widely used as the 

infrastructure technology of microanalysis in the field of biotechnology, medicine, drug 

discovery, food science and so on. And the demand for the development of highly sensitive 

system that enables detection of weaker interactions with smaller amount of biomolecules is 

still high. Basically, in these systems, ligand molecules are immobilized on the solid surface 

in any way and affinities are evaluated through the addition of analyte molecules. In such 

situations, our group has developed the functional peptide/protein immobilization method 

utilizing the surface affinity peptide tag (e.g. PS-tag for hydrophilic polystyrene (phi-PS) [1]) 

with maintaining its orientation and conformation for the high interaction detection system. In 

this research, to improve the detection sensitivity, we focused on peptide-protein interaction 

as the model and investigated the influence of conformational constraint of ligand peptide 

followed by the design of ligand peptide inserted biomolecules for optimum spatial 

arrangement. 

We first prepared ligand peptide (StrepTagII: STII) constrained in artificial coiled-coil 

(EK coil [2]) at C-terminus of structurally robust monomeric ribonuclease HII (HII) [3]with 

the conjugation of PS-tag at its N-terminus (PS-HII-EK coil-STII). After the immobilization 

of this molecule on phi-PS, the amount of protein interacted were analyzed by 

HRP-conjugated streptavidin (SA) or streptactin (ST). In comparison with the case where 

C-terminally free STII (PS-HII-STII) was immobilized, the detection sensitivity was 

significantly increased with reflecting the affinity of STII to SA and ST. In addition, to 

optimize the spatial location of STII for interaction, STII was inserted into quintuple EK coil 

and furthermore designed to be sandwiched between surface exposed residues of trimeric 

CutA1 [4] from a hyperthermophilic archaeon. As the results, detection sensitivity was further 

increased. Therefore, it was suggested that the maintenance of spatial arrangement to avoid 

steric hindrance in addition to the decrease in entropy by constraint of ligand peptide would 

be the key to design highly sensitive biomolecular interaction detection system.  
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Various combinations of diagnostic tools with nanotechnology have helped them for 

expanding the applications in biomedical field. Recently, FRET (fluorescence resonance 

energy transfer) phenomenon that was applied to the nanoparticles became one of the 

commonest biosensor platforms for detecting biomolecules. Here, we present the 

fluorescence-on biosensor platform based on gold nanoparticles-decorated peptide 

self-assembled nanostructures for the biomolecular detections. Specific peptide substrates 

with different fluorescent dyes for MMP2 and urokinase-type plasminogen activator (uPA) 

were conjugated on the Peptide substrate an Peptide Nanoassembly (POP) platform. The 

amount of Cy3-pepetide conjugates to fully cover the POP, optimized conjugation time, etc 

were decided by observing fluorescence quenching. Thereafter, fluorescence recovery time 

and buffers (pH and concentration) were optimized by protease assays. Quantitative assays 

for MMP2 and uPA were performed respectively and finally they were applied to the 

multiplex cancer marker detection. 
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Protein assembly is attracting an increasing attention in biomedical and biotechnological 

research areas. We previously reported that assembled enzymes on a nucleic acid could be 

used for a highly sensitive mRNA detection1 and an efficient hydrolysis of a cellulose 

substrate.2 To expand the versatility of this approach, in this study we used synthetic 

polymers as a novel scaffold for protein assembly. To assemble proteins on a polymer 

scaffold, microbial transglutaminase (MTG), which catalyzes the acyl-transfer between a 

primary amine and the γ-carboxyamide of Gln in peptides/proteins, was employed for a 

site-specific conjugation (Figure 1). 

 Benzyloxycarbonyl-L-glutaminylglycine (Z-QG)-modified polymer (Z-QG polymer) 

was synthesized by a random radical copolymerization of an acrylamide and a methacrylated 

Z-QG. The site-specific MTG reaction of the Z-QG polymer was confirmed using an 

MTG-recognizable Lys-tagged (K-tag: MRHKGS) enhanced green fluorescence protein 

(K-tag EGFP). By investigating the reaction conditions, an efficient conjugation of K-tag 

EGFP on the Z-QG polymer while retaining its fluorescence properties was achieved. In the 

presentation, the detailed investigation on the reaction conditions and the application of the 

protein assembly for the highly sensitive antigen detection will be discussed. 

Figure 1. Schematic representation of enzymatic preparation of protein 

assemblies on a polymer scaffold used in this study. 

References 

1. M. Kitaoka and N. Kamiya et al., Anal. Chem, 84, 5885 (2012). 

2. Y. Mori and N. Kamiya et al., Chem. Commun, 49, 6971 (2013). 

PE-5

139135



 

 

Development of antibody-FP fusion FRET probes for the detection of 

cellular antigens 
 

Chan-I Chung1, Ryoji Makino1, and Hiroshi Ueda2* 
1School of Engineering, The University of Tokyo, 2Chemical Resources Laboratory, Tokyo 

Institute of Technology 
*4259-R1-18, Nagatsuta-cho, Midori-ku, Yokoyama, Kanagawa 226-8503, Japan; 

E-Mail:ueda@res.titech.ac.jp 

Fluorescence-based probes, especially those utilize Forster resonance energy transfer 

(FRET) between fluorescent protein (FP) variants, are widely used to monitor biological 

phenomena. As a sensor domain, antibody provides a fertile resource for detecting various 

biomolecules and their modifications. The objective of this study is to establish a universal 

method to detect any protein biomarkers by an FP-based immunosensor.  

Here we demonstrate two simple methods that allow detection of cellular biomarkers of 

different molecular weights, namely, osteocalcin, also known as bone Gla protein BGP, and 

serum albumin SA. Currently, the concentrations of both proteins in blood are used for the 

diagnosis of bone metabolism and hepatic diseases, respectively. 

In the case of BGP probe, the VH and VL domains of the antibody interact with each 

other in the presence of antigen. Therefore, the antigen was detected as an increase in FRET 

efficiency. On the contrary, in the case of SA probe whose interaction between VH and VL is 

strong enough1 to give high FRET efficiency, we further stabilized the complex by 

introducing two cysteine residues at the interface of VH and VL
2. The VH-fused donor and 

VL-fused acceptor could form a stable complex through a disulfide bond, and this resulted in 

extremely high FRET efficiency between the two FPs. However, once the SA was added, the 

FRET between CFP and YFP tethered to the V region was successfully weakened by the 

disruption of FP dimerization due to steric hindrance. Hence, for the both cases, we could 

obtain good dose-dependent FRET efficiency change. 

These probes have a great potential as a diagnostic reagent and for detecting the secreted 

protein from living cells directly. It will provide a simple approach to monitor, for example, 

cellular differentiation by live cell imaging.  

References 

1. Aburatani T, Ueda H, Nagamune T: Importance of a CDR H3 basal residue in VH/VL 

interaction of human antibodies. J. Biochem., 132(5):775-782 (2002).  

2. Brinkmann U, Reiter Y, Sun-Hee J, Byungkook L, Pastan I : A recombinant immunotoxin 

containing a disulfide-stabilized Fv fragment. Proc. Natl. Acad. Sci. USA. , 

90(16):7538-7542 (1993).  

PE-6

140136



 

 

A Disposable Hepatoma-derived Growth Factor Immunosensor 

Based on Imine-capped Gold Nanoparticles 
 

Fu-Jie Tsai, Jau-Yann Wu* 

Institute of Biotechnology and Chemical Engineering, I-Shou University 

No.1, Sec.1, Syuecheng Rd., Dashu District, Kaohsiung City 84001, Taiwan 

 

Overexpression of hepatoma-derived growth factor (HDGF), originally isolated from the 

cultured media of human hepatoma HuH-7 cells, has been proved to be related to the 

transformation of human hepatoma, lung cancer and melanoma. Many researches have 

demonstrated there is a close relationship between the concentration of HDGF and the 

malignant tumor metastasis recovery. However, the measurement of HDGF is still a tedious 

and challenging task.  

Herein, we present a disposable immunosensor for HDGF detection based on a 

(poly)imine-capped gold nanoparticles (PIM-AuNP) modified screen-printed carbon electrode 

(SPCE). The PIM-AuNP was first prepared through a straightforward, one-pot process, 

followed by mixing with polyethyleneimine to form a nanocomposite (PIM-AuNP/PEI). The 

SPCE was modified by PIM-AuNP/PEI, in which PIM-AuNP was used to increase the 

stability and sensitivity of the sensor, while PEI was used to provide the amino groups for the 

bioconjugation of anti-HDGF. The 

electrochemical response of the 

fabricated electrode as a function 

of HDGF concentrations exhibits 

a linear range from 1 ng/mL to 35 

ng/mL and a sensitivity of 102.7 

μA(ng/mL)-1 cm-2 at a regression 

coefficient of 0.996. The obtained 

immunosensor displays a wide 

range of linear response, good 

reproducibility and stability with a 

very cost effective way, indicating 

its promising potential for clinical 

immunoassays. 

  

References 

1. J. A.Olive and Q. Al-Awqati, “An endothelial growth factor involved in rat renal 

development,” J. Clin. Invest., 102, 1208 (1998). 

2. A. Zhang et al, “Development and clinical evaluation of a multi-purpose mAb and a 

sandwich ELISA test for hepatoma-derived growth factor in lung cancer patients,” J. 

Immunol. Methods, 355, 61 (2010). 

 

PE-7

141137



 

 

The Shortest Octamer binding to Tetracyclins 

 

Young Seop Kwon, Nurul Hanun Ahmad Raston, and Man Bock Gu* 

Department of Biotechnology, Korea University 

 

 The production of aptamers from the well-known Systematic Evolution of Ligands by 

Exponential Enrichment (SELEX) method has some inevitable shortcomings that restrict the 

maximum interactions between the single-stranded DNA or RNA molecules with targets 

during the selection process. In efforts to increase the aptamer affinity to its target, only a few 

simple or heuristic approaches towards the truncation of aptamers were reported, in addition 

to an effort to optimize the length of the random library used in the SELEX process.  

 We have heuristically truncated the 76-mer ssDNA aptamers that bind to the OTC, to 8 

mer, by utilizing the conserved sequences with high homogeneity that exist in the selected 

aptamers.  Therefore, a shorten 8-mer ssDNA aptamer, Octamer, was successfully truncated 

for four different tetracyclines with high affinity.  The conformational role of each base of 

the Octamer suggested by using Molecular Dynamic simulation were elucidated by adopting 

both gold nanoparticle-based colorimetry and isothermal calorimetry (ITC) assays.  

 The ultrasensitive colorimetric detection of oxytetracycline using this shorten Octamer 

was possible, which was about 500-fold enhanced compared to that obtained using the 

original 76-mer aptamer. 
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Food quality and safety have become of greater importance and attracted more public concern at 

present. Concerning food safety, there are a large number of food contaminants and residues present 

nowadays, such as pesticides, veterinary drugs and growth-promoting agents, environmental 

contaminants, and contaminants arising during food processing and from packaging materials. 

Inadequate estrogen can have a negative impact on human reproduction and development: 

interference of neuroendocrine system, leading to the clinical symptoms of nervous system damage, 

and causing children precocious puberty and obesity problems. In recent decades, scientific and 

legislative interest in both natural and synthetic endocrine-disrupting compounds (EDCs), has 

increased, because of their widespread presence in the environment and their ability to interfere with 

the hormonal systems of the organisms through different mechanisms. 

In recent years, estrogen residues in food and environment pollution problem has aroused extensive 

attention of the world. Food contaminated with estrogen including man-made pollution and 

environmental pollution. For example, estrogens are administered artificially to dairy animals so as to 

increase milk production. Therefore the eggs, dairy products, and meat deriving from pigs, poultry and 

cattle that have been given exogenous hormones contain a comparatively high concentration of 

estrogens[1]. Also some industrial synthetic chemicals, such as pesticides, plasticizers, surfactants and 

detergents, have an estrogen-like activity and can contaminate environment and food. 

Biosensors are devices, ideally small and portable, that allow the selective quantitation of chemical 

compounds. The need for rapid monitoring of food contaminants and residues has led to extensive 

activity in biosensor research. And electrochemical biosensors are of particular importance because 

they allow real-time measurements. Due to their reagent-free, fast-detection ability, these biosensors 

have a great potential for contaminant detection.  

DNA aptamers are synthetic single-strand oligonucleotides obtained through a strategy called 

“Systematic Evolution of Ligands by Exponential Enrichment” (SELEX). They have the advantage of 

high selectivity and affinity, excellent chemical stability, simple modifiability, and high flexibility in 

biosensor design for analyte detection[2]. Nowadays, aptamers have been extensively applied as 

recognition elements for biosensor design, and analytical and diagnostic applications. The amplified 

detection of biorecognition events is a very important factor in developing aptasensores. Recent 

progress in developing methods based on a combination of aptamers with a various number of 

nanomaterials shows that these novel bionanomaterials can be used as highly sensitive electrochemical 

markers for the detection of different analytes in electrochemical systems. 

Food safety challenges are constantly changing and require new approaches and tools. A rapid 

detection method for identification and quantification of estrogens from different chemical classes has 

been developed by using aptamer electrochemical biosensor. The method was optimised for detection 

of estrogens in milk. In this paper we report the preparation of an estrogen aptasensor and its 

performance optimization. Highly specific aptamers were selected to build into a nanoparticle system 

with the matrix skeleton by self-assembly techniques and to study the self-assembly process of the 

aptamers on a gold electrode surface, the structure and regulation rules and to explore the relationship 

between the structure of the self-assembly and chemical signals. It promises to provide technical 

support for the protection of food and environmental safety.  
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Pseudomonas anguilliseptica is ubiquitous in marine ecosystem, infects olive flounder fish 

at low rearing water temperature in several flounder farms located around the world. The ability 

to detect P. anguilliseptica in a rapid, sensitive and species specific way is more significant to 

method of controlling fish pathogens and to prevent huge economic loss. The objective of this 

study was to optimize a rapid detection method for fish pathogen P. anguilliseptica, based on 

real-time polymerase chain reaction (PCR) technology and to compare with the conventional 

detection methods. Primers and TaqMan Fluoresent probes were custom designed with the 

conserved gene sequences to detect the presence of P. anguilliseptica in cultured fish stock. In 

vitro infectivity assay and the pathogenic titration and immune gene expression in different 

organs of flounder fishes were assayed. Results show that the Taqman Fluoresent qPCR had 

100% sensitivity and specificity. Standard curve using the threshold cycle (CT) values was 

constructed with the R2 value of 0.99. The detection limit was found be 300 pg of purified P. 

anguilliseptica DNA. Hence, the real-time PCR could be successfully used for the detection of 

fish pathogen, P. anguilliseptica. 

Key words: TaqMan probe, Pseudomonas anguilliseptica, Paralichthys olivaceus, Real-time PCR 
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Currently, demand for “phenotypic screening” using human cells in safety tests and drug 

screenings are rapidly growing. Especially with the recent advances in cell technology, 

human cells have been recognized as new genre of evaluation material for examining side 

effects and human-specific diseases. Phenotypic screening is also known to function as the 

screening which contributes the most to discover “First-in-class” drugs [1]. However, 

phenotypic screening still holds disadvantages to overcome: (1) limitation of throughput 

compared to target-based screenings, (2) high cost in consumptions and experiment expansion, 

and (3) troubles related to the complexity and unstable nature of cells. Moreover, most of the 

phenotypic screening in cell-based assays had been limited in using end-point assays for 

maximizing the throughput.  

In this research, we tried to conquer such disadvantages in cell-based phenotypic screenings 

by introducing “image-based cell morphology analysis”. Our group had been developing 

various application of image-based cell morphology analysis for rapid and cost-effective 

non-invasive cell-based assays, such as “prediction of cellular quality of cells produced for 

cell therapy” [2]. Briefly, the image-based cell morphology analysis quantitatively converts 

the microscopic images of cells into multiple numeric parameters that forms “fingerprint” of 

cellular condition.  

In this work, we applied the image-based cell morphology analysis in the cell-based 

phenotypic screening of Nerve Growth Factor (NGF) inducing chemical compound screening. 

By setting Lyconadin B, a NGF expression inducer, as model chemical compound, we show 

that we can greatly shorten the screening process only by introducing time-lapse cell image 

analysis scheme. 
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In recent years, neurologic cell culture is performed as the alternative of animal experiments 

which evaluate influences on central nervous system (CNS) of various chemical agents. Culture system 

which mimics CNS is desirable for the reliable in vitro evaluation, but neurologic cells are generally 

cultured in non-physiological monolayer condition. This is likely to produce a false-negative result 

because of the difference of cell behavior. Therefore, we developed heparin-crosslinked collagen gel 

which was inspired by extracellular matrix (ECM) composition of CNS1, 2. Furthermore, we aimed to 

construct a novel 3D culture system which enables in situ observation.  

Heparin was chemically cross-linked to collagen, and ECM-modelized matrix gel (EM-gel) was 

developed. Basic fibroblast growth factor (bFGF) was added to the EM-gel, and immobilization density 

of bFGF by cross-linked heparin was measured with ELISA. Next, neural stem cells (NSCs) were 

embedded into EM-gel and cultured with bFGF. The response of cell to pentobarbital was compared 

with that in monolayer. Furthermore, NSCs were embedded into the thin-layered EM-gel of about 0.1 

mm in thickness, and induced differentiation into neuron. The cell response to L-glutamic acid was 

observed by using Ca2+ imaging method. 

EM-gel immobilized bFGF at least 550 ng/ml-gel. NSCs in EM-gel are more sensitive to 

pentobarbital than those in monolayer (Fig. 1). This result indicated that EM-gel made in vivo-like 

culture environment3. Thin-layered EM-gel makes much easier to observe embedded cells and neural 

network than conventional gel culture of 2 mm in thickness. In addition, glutamate-induced 

intracellular Ca2+ increase was able to be evaluated without confocal laser microscopy (Fig. 2). These 

results suggest that NSCs cultured in EM-gel differentiated into glutamatergic neurons, and 

thin-layered gel culture system enabled in situ live cell imaging. In conclusion, constructing of 

bioassay device with in situ observable 3D culture system composed of ECM-modelized matrix was 

expected. 
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A B C 

Fig. 2. Ca2+ imaging of neural differentiated cell embedded in thin-layered 

ECM-modelized matrix gel. Fluorescence micrographs of cells showing changes 

of intracellular Ca2+ concentration following addition of L-glutamic acid. (A) 

Before addition, (B) immediately after addition, (C) 60 seconds after addition. Bar 
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Virus-like particles (VLPs) are a highly effective type of subunit vaccine that mimic the 

overall structure of virus particles without the genome of the virus. The assemble structure of 

VLPs like the hepatitis B virus surface antigen (HBsAg) are vulnerable to change during 

downstream process, which will result in low production quality and high cost. During the 

DEAE ion exchange chromatography (IEC) of HBsAg, the particles undergone 

conformational changes resulted in aggregation and disassociation as indicated by high 

performance size exclusion chromatography combined with multi-angle laser light scattering 

(HPSEC-MALLS), and companied by significant loss in antigenic activity. This result was 

proved mainly due to the interaction between HBsAg and the chromatography media, since 

the change of mobile phase and flowing past the media without adsorption didn’t cause 

obvious change of HBsAg. However, what happened to these VLPs after adsorbed to the 

chromatography media is seldom known but interesting. So the dual polarization 

interferometry (DPI) was employed to detect the conformation of HBsAg at DEAE IEC 

media surface. To simulate a DEAE IEC surface, the sensorchip of DPI was modified with 

DEAE-agarose, and then HBsAg was allowed to adsorb to the surface freely. It has 

successfully revealed the aggregation and disassociation at different pH. At pH5, a pH close 

to HBsAg isoelectronic point, the particles formed a multilayer of about 33 nm at the surface. 

The electrostatic repulsion between the weakly charged HBsAg particles may not strong 

enough to suppress more aggregation on the surface. While at neutral and alkaline conditions, 

a monolayer was observed, and the electrostatic interaction between the surface and HBsAg 

distort the assemble structure since the thickness detected by DPI was much lower than the 

native diameter of 20 nm (15.6 nm at pH7, and 8.2 nm at pH9). The highly compressed 

thickness means disassociation was possibly occurred and thus explains the peak of small 

proteins observed after chromatography. And when eluted from the surface, the strong 

intermolecular interaction may easily cause destruction of the particles. This information is 

quite important, because proteins are assumed to change conformation upon association to 

hydrophobic interaction chromatography media surfaces, but the adverse effects of IEC 

surfaces are easily to ignore.  
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Hybrid material composed of recombinant azurin and single strand DNA (ssDNA) was 

conjugated for development of bioprocessing system which can modulate electrochemical 

signal. First, ssDNA was conjugated with recombinant azurin by chemical ligation method 

(CLM) using sulfo-SMCC. And then, for realization of bioprocessing system, recombinant 

azurin/ssDNA complex was self-assembled on Au substrate via cysteine-residue of 

recombinant azurin as a processing platform. In this system, sulfo-SMCC was used as a 

connector between recombinant azurin and the thiol-modified ssDNA which acted as a 

bioprocessing signal receptor. To operating bioprocessing functions, various input materials 

including nanoparticles and metal ions were introduced. As a result, three kinds of 

bioprocessing functions of information reinforcement, information regulation, and 

information amplification were confirmed. 

The formation of bioconjugate composed of recombinant azurin, sulfo-SMCC and 

ssDNA was investigated by UV-VIS spectroscopy and SDS-PAGE. To verify the 

immobilization of bioconjugate on Au substrate by self-assembly, atomic force microscopy 

(AFM) and raman spectroscopy were operated to investigate the bioprocessing layer 

formation on Au substrate. Bioprocessing functions of bioconjugate were investigated by 

cyclic voltamemmtry (CV). From experimental results, fabricated bioprocessing device 

composed of hybrid material can provide a new conceptual bioelectronic device which can be 

applied to biocomputing system. 
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 Photodynamic therapy is a promising treatment for variety of diseases. The irradiat-

edform of thephotosensitizer is toxic at the site of action. Among variousphotosensitizers, 5-

aminolevulinic acid (ALA) is a precursorof a strong photosensitizing agentdue to its safety, 

feasibility as an effectiveendogenous photosensitizer for fluorescence diagnosis, andits efficacy 

in photodynamic therapy. However, the poor penetrationof ALA often restricts its efficiency in 

photodynamics. To overcome this limitation, photosensitizers have been associated with colloi-

dal carriers such as liposomes, emulsions, microparticles or nanoparticles. Among various pol-

ymeric nanoparticles, chitosan have been demonstrated as excellent carriersfor imaging and 

targeting of tumor cells and for carryinganti-tumor drugs to tumor cells, due to their unique 

featuresincluding biocompatibility, biodegradability and tailor-madefunctionality. In previous 

researches, nevertheless, chitosan nanoparticles were usually prepared by emulsion or ionic 

gelation process which was not able to be operated continuously. In this study, we prepared 

chitosan nanoparticles by a continuous process, electrospraying, and investigated the possibility 

of chitosan nanoparticles as drug carriers by usingALA as a model of photosensitizer. The size, 

morphologies and physicochemical properties of chitosan nanoparticles were identifiedafter 

ALAwas adsorbedonto nanoparticles. The biocompatibility of ALA-chitosan nanoparticles were 

identified, followed by the tests of cyctotoxicity induced by ALA adsorbed on nanoparticles 

with LED irradiation. 

Fig. 1 represents the morphologies of chitosan electrosprayed particles before and after 

ALA immobilization. The results indicate that the shape, uniformity and size of nanoparticles 

were not changed after ALA adsorption. By using image analysis, averaged particles size kept 

as 320nm in both of Figs. 1(a) and 1(b).  

 

  
(a) (b) 

Fig. 1Chitosan nanoparticles before (a) and after (b) ALA immobilization 

 

The variation of IR spectrum (data not shown) was increasedin the region of 1680-1750 

cm-1 due to ALA immobilization. These peaks were corresponded to the appearance of carboxyl 

and ester groups of ALA. This result supports ALA was successfully immobilized on chitosan 

nanoparticles. 

 The results from MTT assays (data not shown) indicate that chitosan nanoparticles were 

biocompatible. From images of fluorescence microscope, cellular uptake of chitosan nanoparti-

cles would happen after incubation for 4-24 hours. Under LED irradiation, ALA-chitosan nano-

particles showed significant cytotoxicity to osteosarcoma cells, while chitosan nanoparticles 

were still biocompatible. 

Chitosan nanoparticles with uniform sizes were continuously prepared by electrospray-

ing and ALA was adsorbed onto nanoparticles in this study. The results from cell viability 

proves that chitosan nanoparticles were biocompatible and ALA-chitosan nanoparticles would 

successfully induce the cytotoxicity in osteosarcoma cells. 
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Microorganisms are considered as promising feedstock for producing bioenergy to 

alleviate global warming and energy shortage. Strain selection and cultivation optimization of 

microorganism are important to facilitate the efficient production of bioenergy. However, 

conventional methods for examining microorganism cellular compositions are 

time-consuming and labor-intensive. In our previously study, a high-throughput Raman 

analysis platform for microorganism cellular contents is established1. In order to extend the 

application of our analysis platform, several kinds of microorganisms are analyzed in this 

report.  

Microalgae suspension, including Chlorella sp. and Scenedesmus sp., were directly 

analyzed by Raman spectrometry. Their Raman spectra show that these microalgae contain 

plentiful carotenoids and lipid. The microalgal lipids produce signals at 1265 cm-1, 1302 cm-1, 

1440 cm-1, 1660 cm-1, 1749 cm-1 and a broad peak between 2845 and 3100 cm-1. The 

microalgal carotenoids produce signals at 1009 cm-1, 1157 cm-1and 1524 cm-1. A transfected 

yeast for the purpose of lipid production were also analyzed using Raman spectrometry. The 

Raman signal of lipids and pigments were also identified with good sensitivity. These results 

show that our Raman analysis platform can provide information for initial evaluation of 

microorganism composition. We are currently developing quantification methods for different 

types of samples as well as cell kinds.  
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Up-conversion rare-earth nanoparticles (UCNPs) are the generation of higher energy 

light from lower energy radiation, usually near-infrared (NIR)-to-visible, through the 

use of transition metal, lanthanide, or actinide ions doped into a solid-state host 
[1]

. 

Recently, the synthesis and modification of UCNPs have attracted more and more 

attention due to their great potential application in bioimaging, biolabels, FRET-based 

biosensors and biological assays
[2]

. And the prerequisite for bio-applications is to give 

UNCPs’ surface hydrophilicity and physiological stability[3]. 

In this study, we demonstrated a facile and versatile approach to transfer hydrophobic 

NaYF4:Yb,Er UCNPs to hydrophilic ones by using a commercially available chemicals 

dopamine (DA). The UCNPs dispersed in organic phase were linked to DAs forming 

UCNPs@DA conjugates at room temperature. The study found the key to avoiding the 

aggregation of modified UCNPs was the dropping speed of dopamine aqueous solution. 

Individually dispersed UCNPs were obtained with a low dropping speed(1.25 ml/min). The 

modified nanoparticles showed good hydrophilicity and stability in water and 70% 

up-conversion luminescence emission was preserved for 40 days of incubation in water. The 

modified UCNPs could act as a useful label in biological detection due to advantages 

including biocompatibility and stability of UCNPs@DA. 
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The immunoisolation membrane is designed to protect implanted cells or tissues from 

attacks of immune-systems, but allow the mass transfer to maintain the viability and 

functionality of implantations. In this study, the potential of electrospun nano-fibers asan 

immune isolation membrane was evaluated. First, poly-L-lactide (PLLA) nano-fibers were 

prepared by electrospinning, where the main parameters, including applied voltage, solvent 

composition, PLLA concentration, flow rate and tip-to-collector distance, were investigated to 

prepare nano-fibrous membrane with high uniformity. The uniformity was basically enhanced 

by increasing applied voltage and PLA concentration. The decrease in tip-to-collector distance 

and flow rate were also beneficial for the preparation of nano-fibers with uniform structures. 

Besides, the optimized co-solvent ratioof DCM to1,4-dioxane was determined to be 4:6. After 

optimization, the nano-fibers with thinnest diameter of 400±95nm were obtained without any 

agglomeration or bead-in-string structures. Moreover, the thickness of electrospun membrane 

was proportional to the period of electrospinning. 

 After obtaining PLLA nano-fibers, we tested the biocompatibility and coverage 

efficiency of the nano-fibers by directly depositing electrospun nano-fibers onto culturedat 

osteo-sarcoma cells (UMR106).  The SEM results suggest that nano-fibers have completely 

covered the cell monolayer after the electrospinning for 6 hours. The results from MTT assay 

indicate that the cell viability was not decreased by the nano-fiber covering. The cell 

viabilities with and without nano-fiber coverage was almost the same, revealing that the 

nano-fibers as well as electrospinning process were highly biocompatible. More important, 

with the coverage of nano-fibrous membranes, the cells were able to be continuously cultured, 

where the cell viability was not suppressed before cultured cells reach the confluent state. 

These findings support that the diffusion of oxygen, nutrients, and wastes between cells and 

medium was not retarded by the electrospun barrier.  The immunoisolation efficiency of 

nano-fibrous membrane was analyzed by isolating the bovine serum albumin (BSA) which 

was used to model the immune proteins. The results indicate that with the barrier of 

electrospun nano-fibers, the penetration of BSA was reduced to almost zero in the first 2 

hours and kept to a quite low level after the incubation for 6 hours. The outcomes identify the 

potential of electrospun nano-fibrous membrane as an immunoisolation barrier. 
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In cell/tissue engineering research, flat plastic culturewares are commonly used for two 

dimensional cell cultures. However, cell cultures on non-gas-permeable plastic cultureware 

and absence of medium flow may cause rapid exhaustion of dissolved oxygen. To overcome 

these issues, special containers utilizing gas permeable membrane are developed.  

Gas-permeable membranes bottom allow rapid equilibration between partial pressures of 

gases in the atmosphere and at the pericellular level (1). Because the diffusion gradients 

across gas permeable membranes are not steep, dissolved oxygen in cultureware is slightly 

less than atmospheric O2, while respired CO2 rapidly diffuses away from the cells, preventing 

a drop in pH (2). 

Focusing on this point, we made gas-permeable culture systems using gas-permeable 

membrane and well-known cells of CHO-DG44 and HEK293 were cultured in this gas-

permeable culture systems at different atmospheric oxygen levels (20% and 5%). 

When the oxygen level in culture environment was low, gas-permeable membrane 

offered positive effects on cell adhesion, and cell growth. In particular, it was found that 

lactate accumulation was dramatically reduced. 
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Recently, cardiovascular diseases are considered as a main reason of mortality in Taiwan. 

Tissue engineering for the repair and regeneration of vascular is important research for 

biomedical engineering and regenerative medicine. The elements of tissue engineering are 

scaffold, cells and signals. In this study, we investigated the effect of relationship between 

endothelial progenitor cells (EPCs) and biodegradable polymers which is promising for the 

clinical applications in vascular tissue engineering. The biodegradable polymer 

poly(3-hydroxybutyrate) (PHB) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) 

both belonged poly(hydroxylalkanoates) (PHAs) family were used in this study. PHAs films 

with various surface characteristics were prepared by solution-casting (surface roughness) and 

electrospinning (mesh-like structure). Firstly, the PHAs films were examined for cytotoxicity 

and cell compatibility using 3T3 and L929 cell lines. Then, human umbilical vein endothelial 

cells (HUVECs) were used as a control and were compared with EPCs for cell viability and 

proliferation. The morphology was observed by fluorescence microscope and scanning electron 

microscopy. In addition, cultured EPCs on various PHA films were analyzed whether cells 

maintain the ability of Ac-LDL uptaking and specific gene expressions (VEGF, vWF, CD133, 

CD34 and CD31). The results of immunohistochemistry showed that the PHAs films performed 

excellent cell compatibility. After 7 days of culture on various PHA files, the relative cell 

numbers of Cast-PHB, Cast-PHBV, Electrosping-PHB and Electrosping-PHBV compared to 

tissue culture plates (TCPs) were 104%, 98%, 110% and 112%, respectively. In addition, the 

cells cultured on all film types showed the UEA-1 expression and Dil-Ac-LDL uptaking ability. 

Importantly, cultured cells on all film types expressed CD34 stem cell gene marker, and the 

relative CD34 gene expression of cells on Cast-PHB, Cast-PHBV, Electrosping-PHB, 

Electrosping-PHBV compared to TCPS were 0.7, 4.3, 4.2 and 3.2, respectively. After 

completion of the 72 hours culture under each flow conditions, EPCs and HUVECs on PHAs 

films was exposed to 3 hours continuous steady laminar shear stress at 20 dyne/cm2 which is the 

peak shear stress, Subsequently, EPCs and HUVECs remained on PHAs films were stained with 

F-actin compared aspect ratio by an inverted fluorescence microscope.Taken together, the 

preliminary data demonstrated that PHAs is a good candidate for biomaterials. In order to 

confirm the application potential of PHAs for tissue engineering, the CD31 and CD34 protein 

expression , tube formation ability , migration ability , thrombogenic resistance of cells cultured 

on various PHA films will be analyzed in the near future. 

Keywords: Poly(hydroxylalkanoates),Biomaterials, Endothelial progenitor cells, Human 

umbilical vein endothelial cells 
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Fig. 1. Schematic diagram for fabrication of the 

magnetic force-based 3D cell spheroid array. 

Magnetic force-based 3D cell patterning for observation of invasive 

capacity of cancer cells co-cultured with vascular endothelial cell 

network 
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Invasion and metastasis are important targets for cancer treatment. The interaction between cancer 

cell and vascular endothelial cell in tumor especially plays a key role in metastatic process. However, the 

conventional in vitro 3D cell culture models are difficult for visualization of invasion events in real-time, 

precise control of cell-cell distance, and single cell manipulation. The cellular micropatterning method 

can provide useful systems to investigate intercellular interaction for understanding metastatic process, 

since this method can arbitrarily design spatial positions of the cancer and the coexistence cells. To 

construct an effective and practical technique for understanding cellular interaction, we have developed in 

vitro 3D cell patterning method using magnetic force and magnetic nanoparticles in extracellular matrix 

[1]. Magnetite nanoparticles in cationic liposomes (MCLs) are used for labeling cells, and magnetically 

labelled cells can then be arranged by magnetic force. We had succeeded in analyzing the invasion 

capacity of cancer cells.  

In the present study, the biomimetic 3D culture array was utilized to observe the effect on invasive 

behavior of cancer cells co-cultured with network-formed human umbilical vein epithelial cells (HUVEC) 

[2]. Since this patterning method was able to regulate the cell-cell distance between the cancer cell 

spheroid and HUVEC network, our model would be suitable for observation of intercellular interaction 

during cancer cell invasion. To construct the 3D biomimetic co-culture array, HUVEC were plated on 

tissue culture dishes coated with Matrigel and allowed to network at 24 h, and then magnetically labeled 

B16F1 cells were arrayed over-top in networked HUVEC and set in type-I collagen gel using a pin-holder 

device (Fig.1). In order to analyze the gene expression, we collected the cells using a micromanipulator. 

One spheroid collected by a micromanipulator was suspended into a lysis buffer directly, and the genetic 

expression related to invasion in each spheroid was analyzed. 

As a result, the B16F1 spheroids within 80 µm distance of HUVEC showed invasive morphology 

and migration along to the HUVEC network in co-culture, while B16F1 over 80 µm distance from 

HUVEC remain in a compact spheroid shape. In 

addition, the genetic expressions related to invasion in 

B16F1 spheroids were enhanced along with the 

distance from HUVEC. These results show that 

malignancy of tumor cells is enhanced in proximity to 

vascular endothelial cells and leads to intravasation. 

Therefore, the cancer spheroid arrays co-cultured with 

vascular endothelial network was suitable for 

evaluation of invasive cell behaviors in a simple manner, 

and would be a highly applicable tumor model for 

diagnostics or drug screening.  
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 Surface characteristics of materials, including their topography, chemistry or mechanical properties, 

play essential parts in osteoblast adhesion, proliferation and differentiation on biomaterials. For bone tissues, 

the mechanical properties of substrates would be especially important because the nature of bones which is 

the possession of high mechanical strength in human body. However, the relative researches in the previous 

papers are mostly contradictory. Meanwhile, the basic mechanism for the effect of mechanical properties on 

osteoblast attachment has not been clearly known yet. In this research, PDMS substrates with different me-

chanical strength were applied for the culture of osteoblastic cells. To study the basic mechanism which 

would affect the attachment and proliferation of osteoblasts, the hydrophilicityof PDMS substrate was also 

controlled by ozone treatment. From the culture of osteoblasts, the cell attachment and protein deposition 

were also analyzed to realize the effects of mechanical properties. 

By adjusting the ratio of curing agent, the mechanical properties of PDMS can be well controlled. In this 

study, the highest and lowest Young’s modulus we applied was respectivelyliquid silicon rubber baseand 

curing agent ratio in 10: 1.0 and ratio in 10: 0.2which were closed to the mechanical strength of bone ma-

trixand human kneearticular cartilagevivo. 

From the IR spectra, the characteristic peaks of PDMS were all the same with different amount of cross-

linker and afterozone treatment. This outcome would support the exclusion of chemistry effects in the follow-

ing discussion.The contact angle measurement suggests that the plasma treatment process successfully de-

crease the contact angle. However, the hydrophilicity was almost the same for PDMS substrates with different 

amount of cross-linker, proving that the addition of cross-linker would not cause significant variation in wet-

tability.  From the IR spectra and contact angle measurement, the result would indicate the change resulted 

from plasma treatment can effectively change the hydrophilicity of PDMS substrates, but the change would be 

not sufficient to create any significant peak newly formed in the IR spectra.With the decrease in the added 

amount of cross-linker, the tensile strength would be clearly decreased. Oppositely, the ozone treatment 

would not result in significant difference in the mechanical strength of PDMS substrates. 

Thecell viabilities and behaviors were analyzed by using MTT assay and SEM in this study. For 7F2 

cells, the mechanical strength did not affect cell adhesion on both of hydrophilic and hydrophobic PDMS. On 

the other hand,attachment of DPSCs was not influenced by mechanical properties on hydrophobic surfaces 

but enhanced by stiff PDMS on hydrophilic surfaces. The results indicated that DPSCs would be more sensi-

tive to mechanical cues of substrates, compared with mature osteoblasts.On hydrophobic surfaces, 7F2 pre-

ferred to proliferate on the stiffPDMS. However, there was no significant difference caused by mechanical 

properties on the hydrophilic surfaces. This was probably due to the large amount of extracellular matrix 

secreted by 7F2 retarded cells to recognize substrates’ mechanical properties. 

On the other hand, DPSCs proliferation presented opposite tendencies on hydrophilic and hydrophobic 

PDMS. On hydrophobic surfaces, DPSCs proliferate better on softer PDMS. On hydrophilic surfaces, prolif-

eration of DPSCs was promoted by stiff PDMS. This was probably caused the differences in protein accumu-

lation on hydrophilic and hydrophobic surfaces. The other possibility was that the difference in DPSCs sub-

groups was induced by surface hydrophilicity in attachment, and these subgroups would be tended to prolifer-

ate on surfaces with different mechanical strength. 

In this study, the viability, morphologies and differentiation of 7F2 and DPSCs were analyzed on 

PDMS which with adjustable mechanical properties. The increase in hydrophilicity of PDMS enhanced the 

attachment of 7F2. However, the effect of mechanical properties on cell attachment would be more significant 

on hydrophobic PDMS; that was, cells preferred to attach on harder PDMS substrates. Comparing 7F2 and 

DPSCs, DPSCs was more sensitive to the mechanical strength of PDMS. The osteogenic differentiation was 

also influenced by the mechanical properties of substrates. 
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Cell encapsulation technology has advanced, increasing its application in a variety of 

fields including research tools for fundamental studies in cell biology, production of 

biomolecules, and cell therapies. A recent direction for this technology has been the 

development of methods for encapsulating individual cells. While a number of methods have 

been reported, the challenge remains to develop a method that is cytocompatible with 

mammalian cells and that enables the sheath to be made from a variety of materials with 

different properties, such as electrostatic charge, cell adhesiveness, biodegradability, 

biocompatibility, and mechanical toughness.  

In this study, we developed a method that enables the encapsulation of individual 

mammalian cells within thin hydrogel sheaths made from a variety of polymers. The method 

uses a horseradish peroxidase (HRP)-catalyzed reaction for the formation of the hydrogel 

sheath. The enzyme is immobilized on the cell surface to confine the formation of hydrogel 

only on the surface of the individual cells (Fig. 1). For the immobilization, we used a 

conjugate of HRP and a biocompatible anchor molecule (BAM) for cell membranes (BAM–

HRP). The hydrogel sheath of about 1 m thickness was obtained by soaking mouse 

embryonic fibroblast cell line STO cells in a solution containing BAM-HRP (12 g/mL) for 

10 min and then a solution containing 1.0% derivative of alginate possessing phenolic 

hydroxyl moieties and fluorescein moieties (Flu-Alg-Ph)1) and 0.1 mM H2O2. 

Cytocompatibility of the method was confirmed from the viability of the enclosed cells (ca. 

90%) and growth of them after removal of the hydrogel sheath.  

Figure 1. a) Hydrogel sheath formation on cell surface, and b) HRP-catalyzed cross-linking of Ph moieties. 
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The purpose of this study is to evaluate the properties of the electrospun scaffolds of 

the blends of poly(3-hydroxybutyrate) (PHB) and its derivatives for biomedical applications. 

PHB has been used extensively in tissue engineering, but it is somewhat restricted, due to its 

brittleness1,2. In this study, the flexibility and biocompatibility of PHB is improved by 

blending with its derivatives. Tri-block poly(PHB/mPEG urethane) (BGU) were synthesized 

from hydroxy-terminated poly(3-hydroxybutyrate) (PHB-diol) and methoxy poly(ethylene 

glycol) (mPEG) with 1,6-hexamethylene diisocyanate (HMDI) as a coupling agent. Fibrous 

mats of PHB/BGU, PHB/poly(PHB-diol), and PHB/poly(PHB-diamine) blends were prepared 

by electrospinning.  The morphology of the mats was observed by scanning electron 

microscopy (SEM), and the measured average diameter of the fibers was about 1 µm. The 

fibrous mats were characterized by Fourier transform infrared spectrometry (FTIR), 

differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), and X-ray 

diffraction (XRD). The results indicated that the introduction of PHB derivatives disturbed 

the regularity of PHB chains, intensified the interaction among the chains, and greatly 

hindered their crystallization. The wettability and mechanical properties of blended 

electrospun mats were measured by water contact angle measurement and universal testing 

machine, respectively. The cytotoxicity and cell compatibility of the scaffolds were examined 

by using 3T3 cell lines. The mechanical properties of the scaffolds were significantly 

improved by the introduction of the derivatives in PHB matrix. The elongation at break was 

increased and the elastic modulus was decreased with the increase of the content of PHB 

derivatives. Wettability, cell adhesion and proliferation of mouse fibroblasts cells (3T3 cells) 

on the blended PHB scaffolds were better than or sometimes similar to that on neat PHB 

scaffolds. All results demonstrated that the electrospun fibrous scaffolds of PHB blends with 

its derivatives were suitable for use as biomaterials in construction of artificial blood vessels.  
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Here, we present a simple one-step strategy for bonding various thermoplastics with 

poly(dimethylsiloxane) (PDMS) at room temperature. This was realized by coating the 

surface of thermoplastics with poly[dimethylsiloxane-co-(3-aminopropyl)methylsiloxane] 

(amine-PDMS linker), a chemical composed of a PDMS backbone incorporating an amine 

side group. The amine-PDMS linker was anchored on the surface of thermoplastics via a 

chemical reaction between the amine functionality of the linker and the carbon backbone of 

the thermoplastics, thereby producing urethane linkage. This resulted in the PDMS 

functionality being exposed on the thermoplastic surface, mimicking the surface properties of 

PDMS. Following surface oxidation of the PDMS-modified thermoplastic and a sheet of 

PDMS by corona treatment, the two surfaces were placed in contact with each other and 

heated at 80C for 1 h. This resulted in permanent bonding between the PDMS and 

thermoplastics. Polycarbonate (PC), poly(ethylene terephthalate) (PET), poly(vinylchloride) 

(PVC), and polyimide (PI) were bonded successfully to PDMS using this method, with 

bond strengths of PC, PET, and PVC with PDMS measured to be approximately 428.5  

17.9, 361.7  31.2, and 430.0  14.9 kPa, respectively. The bond strength of a PC–PC 

homogeneous assembly, also realized using the proposed method, was measured to be 

approximately 343.9  7.4 kPa. 
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Not only glutathione alone, but also glutathione bound with GST-tagged protein via 

affinity interaction was able to immobilize on the iron oxide nanoparticles.  The coupling of 

glutathione on iron oxide nanoparticles was due to the complexion of cysteine groups of 

glutathione and hydroxyl group of iron oxide.  Glutathione bound with GST-tagged Notch-1 

intracellular domain was immobilized on iron oxide nanoparticles and the resultant complexes 

were incubated with human mesenchymal stem cells (hMSC) derived from adult bone 

marrow.  These cells can be cultured long-term, expanded in proper conditions, and show 

the ability to differentiate into neuronal cells in vitro.  The introduction of the truncated form 

of Notch-1 protein into the differentiating hMSC via the use magnetic iron oxide 

nanoparticles as the carrier was intended to promote cell survival.  Results suggest that 

Notch-1 protein could rescue the apoptosis of neuronally differentiated hMSC by a 

BDNF-independent pathway. 
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Thermoresponsive polymers have potential biomedical applications for drug delivery and 

tissue engineering. Here, we synthesized two thermoresponsive oligomers, 

oligo(N-isopropylacrylamide) (ONIPAM) and oligo(N-vinylcaprolactam) (OVCL), and 

investigated their antibiofilm abilities against  enterohemorrhagic Escherichia coli O157:H7, 

which produces Shiga-like toxins and forms biofilms. Biofilm formation is closely related to 

E. coli O157:H7 infection and constitutes a major mechanism of antimicrobial resistance.  

Our synthetic OVCL (MW 679) and three commercial OVCLs (up to MW 54,000) at 30 

μg/mL were found to inhibit biofilm by E. coli O157:H7 at 37 °C by more than 80% without 

adversely affecting bacterial growth. The antibiofilm activity of ONIPAM was weaker than 

that of OVCL. However, at 25 °C, ONIPAM and OVCL did not affect E. coli O157:H7 

biofilm formation. Transcriptional analysis showed that OVCL temperature-dependently 

down-regulated genes of curli and the Shiga-like toxin, stx1 and stx2 in E. coli O157:H7. Also, 

it was found surface coatings containing OVCL effectively controlled E. coli O157:H7 

biofilm formation on solid glass surfaces. In addition, OVCL attenuated the virulence of E. 

coli O157:H7 in the nematode Caenorhabditis elegans. These results suggest that OVCL has 

potential use in antivirulence strategies against persistent E. coli O157:H7 infection. 
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CD4+ T helper cells play a central role in the immune response by adopting distinct 

functional patterns of cytokine release upon antigenic exposure. Exogenous factors such as 

cytokines modulate these patterns of functional response, suggesting that populations of cells 

can exhibit specific responses. However, since single-cell technologies have previously 

resolved only integrated measures of function, it remains unclear if the population-level 

response might arise in part from the dynamic modulation of responses by individual cells. 

Here, we used a single-cell co-culture assay to temporally resolve antigen-dependent cytokine 

responses exhibited by human CD4+ T cells ex vivo. Monocyte-derived human dendritic cells 

pulsed with peptides from common antigens (influenza, tetanus toxoid, cytomegalovirus, and 

Epstein-Barr virus) were co-incubated in microwell arrays with individual autologous human 

CD4+ T cells and the secretory responses were measured for three different analytes at two 

time points (6 h and 24 h). The results demonstrate that the reported single cell assay can 

probe the profile of functional responses from individual antigen-reactive T cells persistently 

stimulated by antigen-presenting cells. 
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Researchers have reported that Bone-Marrow derived Mesenchymal Stem Cell (BM-MSC) 

have ability to differentiate into neuron cells. There is specific frequency of pulsed 

electromagnetic field (PEMF) that promotes neuronal differentiation. Although several 

mechanisms are known to regulate PEMF induced neuronal differentiation, but underlying 

mechanisms are largely unknown. In this study we examined the signaling molecules in terms 

of cell survival properties by PEMF in vitro and the change of molecular level in vivo animal 

model. We examined the potential of PEMF treatment in cell transplantation experiment for 

neurological diseases. Our experiment showed the increase of cell viability through neuronal 

differentiation process in hBM-MSCs at 60Hz, 10mT PEMF exposure. Also we investigated 

the mechanism by which PEMF suppressed neuron differentiation medium induced BM-

MSCs death related genes in vitro. Treatment of BM-MSCs with differentiation medium 

greatly increased the cell survival exposed by PEMF. PEMF effectively reduces apoptosis of 

cells and induced a significant effect on the BM-MSC differentiation of neuron. PEMF 

increased the expression of phosphorylated AKT level, and phosphorylated AKT play an 

important role in regulating BAD function. BAD is known as pro-apoptotic protein that 

protein phosphorylation was significant increased. Furthermore, PEMF could play a role in 

regulating Bcl-2, Bcl-xL and BAX. And in animal model, the size of ischemic region was 

reduced by PEMF. Our result suggest that AKT signaling pathway may be possible 

mechanism involved in the cell survival effect of PEMF.  
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Intestinal stem cells (ISCs) are located at the base of the intestinal crypts and have the 

abilities of self-renewal and differentiation into mature epithelial cells. Recently, ISCs have 

received much attention for the treatment of many intestinal diseases. However, many 

challenges face those studying ISCs because of insufficient ISC numbers. Thus, the 

development of a culture medium for ISC expansion will be an important issue for basic 

research and clinical application. In this study, we described the technique used to develop a 

serum-free medium for expanding ISCs in vitro. Furthermore, five serum substitutes, 

ethanolamine, ascorbic acid phosphate, transferrin, glutathione and sodium selenite, were 

selected and optimized that could maintain the ability of ISCs in long-term proliferation and 

enteroid-formation ability. Analysis of the gene expressions, including Lgr5, Bmi1, Msi1 and 

PTEN, demonstrated that our serum-free medium sustained the ISC-related gene expressions 

of the expanded ISCs. Additionally, the expression intensity of surface markers, including 

Lgr5, CD24 and CD44 of serum-free expanded cells in crypts were greatly increased. Taken 

together, our results demonstrated that ISCs could be expanded functionally in our serum-free 

medium and this serum-free expansion medium can be employed in basic research and 

clinical application in the future. 
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In recent years, due to the rising rates of cancer, the number of people receiving 

chemotherapy has also increased. After chemotherapy, cancer patients generally need 

hematopoietic stem cells (HSCs) transplantation for treatment, but the treatment is often faced 

with the problem of the patient’s neutrophils and platelets recovering too slowly. Previous 

research has shown that the number of fully functional neutrophils can be increased by a 

serum containing medium in vitro. However, using fetal bovine serum (FBS) has many 

problems, such as unknown infectious pathogens and composition. The purpose of our study 

is to increase the number of neutrophils by developing a serum-free medium in vitro, and to 

overcome limitations on clinical transplantation in the hope that it can accelerate the recovery 

of patients’ innate immune system after surgery in the future. We selected the serum 

substitutes with the serum-containing neutrophil medium based on our previous research, 

selected 22 common serum substitutes from references and used factorial design and path 

steepest ascent method to identify the optimal factor and concentration. Then, we used cell 

surface antigen (CD66+, MPO+) to make sure that the culture cells were neutrophils after 

induction. In addition, phagocytosis assay, chemotaxis assay, cellular reactive oxygen species 

(ROS), enzyme-linked immunosorbent assay (ELISA), production assay, colony-forming unit 

(CFU) assay, animal experiment and quantitative real time polymerase chain reaction (Q-PCR) 

were used to do the functional analysis, we confirmed the neutrophils induced from HSCs that 

have abilities of phagocytic, migration, generation of reactive oxide and its related gene 

expression. In addition, the total cell number and neutrophil number after 7-day culture in our 

developed serum-free neutrophil medium can increase 10- and 250-time, increase 150- 

3500-time after 21-day, respectively. Presently, our research has shown the ability to develop 

a neutrophil-induced serum-free medium, and to induce and differentiate HSCs into 

neutrophils in a serum-free system, which has normal neutrophil function. In the future work, 

we will do the Q-PCR assay, ELISA and animal experiments which will provide a reliable 

and stable source of neutrophils for basic research and clinical treatment. 

Key words ： Neutrophils、Hematopoietic Stem Cells、Serum-Free 

 

References 

1. Martelli M, Reisner Y. Bone marrow transplantation. US Patent 5,806,529; 1998. 

2. Dick EP, Prince LR, Sabroe I. Ex Vivo‐Expanded Bone Marrow CD34+ Derived 

Neutrophils Have Limited Bactericidal Ability. Stem Cells. 2008;26:2552-63. 

3. Haylock D, To L, Dowse T, Juttner C, Simmons P. Ex vivo expansion and maturation of 

peripheral blood CD34+ cells into the myeloid lineage. Blood. 1992;80:1405-12. 

PF-13

161



 

 

Figure 1 Procedure of the tissue suction method. 
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In vivo transfection methods can be used for biological research and therapies that use 

nucleic acids. Although the methods using reconbinant viral vectors or nonviral carriers, such 

as cationic polymers and liposomes, have been investigated widely, the methods that transfect 

naked nucleic acids using physical stimuli are considered the most straightforward in point of 

easiness and safeness. We previously developed an in vivo tissue suction-mediated 

transfection method (denoted as the tissue suction method) for naked nucleic acids, such as 

plasmid DNA (pDNA) and small interfering RNA (siRNA), in mice (Fig. 1) [1]. However, it 

remains unclear whether the suction pressure conditions affect the results of this method.  

In the present study, we aimed to investigate the effects of the suction pressure 

conditions on the efficiency of the liver suction transfection of naked pDNA that encodes 

luciferase in mice [2]. We assembled a computer system to control the suction pressure and 

examined the effects of the minimum magnitude of the suction pressure, suction pressure 

waveform, and suction times of the 

luciferase expression level in mice livers. 

As a results, we determined that the liver 

suction method at −5 kPa was not only 

effective but also caused the lowest 

hepatic toxicity in mice. Additionally, the 

results indicated that the suction pressure 

waveform affects the luciferase 

expression levels, and a single period of 

suction on the targeted portion of the 

liver is sufficient for transfection.  
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Infection of prion diseases is caused by misfolding and aggregation of prion protein 

(PrP). In neutral and acidic conditions, the abnormal prion protein, PrPSc, can interact with 

PrP23~89 containing copper binding sites. Therefore, we are interested to know how PrP23~89 

fragment interact with full-length PrP in fibril conversion. In order to find out the role of 

PrP23~89, we measured the kinetics of fibril conversion of PrP in the presence of PrP23~89 based 

on fluorescence of thioflavin-T reflecting the content of cross-beta structure. Furthermore, we 

have characterized the structure, morphology and stability of fibrils by conventional CD and 

synchrotron radiation-CD spectroscopy and transmission electron microscopy (TEM). This 

work will help us to recognize the role of PrP23~89 and copper ions in fibril formation, and to 

develop possible treatments of prion-related neurodegenerative diseases. 
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Our previous research showed that type V collagen fibril could improve cell migration 

and spreading when culturing adult renal glomerular cells on type V collagen. This discovery 

explores a new concept that the function of collagen does not always reside on cell 

stabilization. In order to elucidate the further function of type V collagen, we focus on the 

research on its role in the developing kidney (i.e. metanephroi).  In vivo and in vitro 

experiments were conducted to investigate both the expression and the localization of type V 

collagen and its effect on the developing tissues in metanephroi. 

The results showed as following: (1) In vivo fluorescent immunology experiment and 

confocal microscopy observation indicated that type V collagen appeared around the 

immature tissues such as tip of ureteric buds and glomeruli, but it disappeared when these 

tissues became mature. RT-PCR experiments showed that type V collagen gene appeared 

during E11.5~E17.5 with the same tendency as the results observed by fluorescent 

immunology. siRNA knockdown experiment revealed that the growth of ureteric bud was 

inhibited and no vasculature formation. (2) In vitro experiments contain 3 types of tissue 

culture: (a) RNA knock-down of type V collagen gene in metanephroi. (b) uptake of type V 

collagen molecules and fibrils by metanephroi, and (c) air-liquid phase culture of metanephroi 

on type V collagen molecule and fibrils.  RNAi experiment showed that knock down of type 

V collagen inhibited the growth of ureteric bud and no vasculature formed. Uptake 

experiment by culturing metanephroi in the media added with fluorescent labelled type V 

collagen molecules and fibrils showed significant collagen uptake into metanephroi.  

The above results imply that both collagen molecule and fibril are prerequisite to 

metanephroi development. Air-liquid phase culture showed that collagen V molecule 

elongated tubule branching while V fibril balanced tubule morphology. Interestingly, only V 

fibril can induce vasculature formation while V molecule scattered the endothelial cells.  In 

conclusion, V molecule and fibril play individual roles in the tubulogenesis and 

vasculogenesis in the developing kidney, respectively. 
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To perform long-term cultivation of three dimensional (3D) engineered tissue, perfusion 

of culture medium through the 3D tissue is important for supplying oxygen, nutrients, and 

other soluble factors for cell growth [1]. To date, a host of research groups have reported 

fabrication of perfusable 3D tissue structure within biocompatible hydrogels such as gelatin 

[2]. Also, photodegradable hydrogels have attracted significant attention because of their 

tunable material properties [3]. 

We recently developed an 

activated-ester-type 

photocleavable crosslinker, 

NHS-PC-4armPEG, which is 

convenient material to prepare 

photodegradable hydrogels by 

simple two-component mixing 

reaction using a biocompatible 

polymer containing amino 

moieties [4]. In this work, we 

demonstrated 3D perfusion 

culture through gelatin-based 

photodegradable hydrogels to 

construct biomimetic 3D liver 

tissue in a microfluidics device by photolithography. A microfluidic device was fabricated out 

of polydimethylsiloxane (PDMS) by softlithography (Figure 1). The microfluidic device 

consisted of PDMS perfusion layer, two reservoirs, and PDMS lid (Figure 1a) and the device 

was assembled with steal and acrylate holders (Figure 1b). The culture medium was perfused 

into the assembled device using a pressure control system (Figure 1c). The perfusion layer 

had four cell culture chambers, which corresponded to the on the four square block on the 

PDMS lid (Figure 1d). The micropatterned hydrogels with different geometries were 

successfully loaded into the PDMS perfusion culture device and homogeneous medium flow 

through the micropatterned hydrogels was observed. This platform presented is potentially 

useful for fabrication of perfusable tissues with designed geometry in a microfluidic device. 
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Figure 1. PDMS device (a), assembled device (b), 

pressure control system (c), and microfluidic network 

design of the perfusion layer (d). 
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Phase separation of vesicles was induced by the difference of not only acyl chain 

structure, but also headgroup structure (with or without polyethylene glycol (PEG)). Tween 

surfactant was PEG modified Span surfactant (sorbitan monoester). 50 wt% Tween 40 

(polyoxoethylen (20) sorbitan monopalmitate) was mixed with 50 wt% Span 40 (sorbitan 

monopalmitate), followed by preparation of Span 40/Tween 40 vesicle. The diameter of Span 

40/Tween 40 vesicle was regulated at 100 nm by extruder, resulting in formulation of lens 

like vesicle (Fig. 1). A lens like vesicle had dual curvatures. Small curvature was mainly 

formed by Span 40 (cylinder structure), and large curvature was mainly formed by Tween 40 

(reverse cone structure), respectively. The region of large curvature formed hydration layer by 

PEG which were modified to the headgroup of Tween 40. PEG of Tween surfactant perturbed 

hydrogen bond network, resulting in the alteration more hydrophilic environment. PEG of 

Tween surfactant not only affected a neighbor water molecule but also perturbed hydro bond 

network gradiently for several nm from PEG layer. These nonionic surfactant based vesicle, 

so called niosome, was investigated for the application of biomaterials, especially drug carrier 
1. However, it has not been clarified about 

the behavior of molecules which formed 

self-assembled complexes, the difference as 

compared with phospholipid vesicle 

(liposome), the PEG steric structure on the 

vesicular membrane, and the formulation 

(micelle, vesicle, or emulsion) dependent 

interaction mechanism with biological cells. 

These investigations of self-assembled 

complexes contributed to the design of drug 

carrier in order to achieve high drug delivery 

efficiency and free of side effects. 
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Fig. 1. (a) Cryo-TEM image of Span 40/Tween 40 

vesicle. (b) Schematic image of Span 40/Tween 

40 vesicle. Tween 40 formed large curvature on 

the vesicular membrane, resulting in being lens 

like vesicle. 
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Layer-by-layer (LbL) assembly has been widely used as a versatile method for 

fabricating multilayer thin films with controlled structure and composition. It is typically 

based on sequential adsorption of materials with complementary functional groups employing 

electrostatic interactions, hydrogen bonding, or covalent interactions. Due to their facile, 

inexpensive, and environmentally friendly nature, LbL-assembled multilayer thin films find 

broad applications ranging from energy and electrochemical devices to biological materials. 

However, a laborious fabrication process needs to be improved to high-throughput production 

and controlling various factors simultaneously.  

Here we suggested the ink-jet printing for a mass production of LbL multilayer films 

with functional materials. In addition, we anticipate that this high-throughput Ink-Jet LbL 

approach will provide a general means to produce mass production of nano film for 

biomedical applications by therapeutic surface coatings with controllable release properties. 

 

Figure 1.  Scheme of fabrication of printing LbL multilayer films. 
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The aim of this research is to develop a novel oral drug delivery system and study its 

inhibitory effect on Candida Albicans formation. This multifunctional drug delivery system is 

composed of a tissue conditioner based on PEMA polymer, an anti-inflammatory drug 

(Flubiprofen, FB) and anti-fungal drug(Itraconazole, ITZ). The PEMA tissue conditioner (TC) 

plays two important roles: 1) reduce the damage of unfit denture by cushioning the hard 

denture base against the healing extraction sites, and 2) served as a depot for drugs. This 

novel polymeric device creates a synergistic effect of physical/chemical therapy for treating 

the denture related stomatitis. 

Four different tissue conditioners: blank tissue conditioner(Blank TC), FB-loaded tissue 

conditioner (FB-TC), ITZ-loaded tissue conditioners (ITZ-TC), and FB-ITZ-loaded tissue 

conditioner (FB-ITZ-TC)) were prepared in this study. Results showed that the drug 

incorporated tissue conditioner exhibited a dual-phase release kinetics. The hydrophilic 

anti-inflammatory drug was rapidly released (96% of FB was released in a 7 day period) and 

the hydrophobic anti-fungal drug was released at a relatively slow pattern (30% of ITZ was 

released within 7 days, and 33% released within 14 days). We also observed a similar release 

kinetics of FB and ITZ from FB-ITZ-TCs.  Although, there is no significant difference 

between the release kinetics of ITZ from ITZ-TC and FB-ITZ-TC, the FB-ITZ-TC exhibited 

higher inhibitory effects on C. Albicans than ITZ-TC. We expected this drug incorporated 

tissue conditioner will create a synergistic effect of physical/chemical therapy for treating 

denture related stomatitis  
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A liposome complex has been studied as a promise drug carrier, which is sensitive to an 

environmental stimulus such as pH, electricity, temperature, magnet, or light. Among them, a 

liposome complex, which is conjugated with a chemically synthesized 

poly(N-isopropylacrylamide, NIPAM), has been actively investigated as a 

temperature-sensitive drug carrier. In this study, biologically produced elastin-like 

polypeptide (ELP) was used to give thermo sensitization to a liposome instead of NIPAM. 

Elastin-like polypeptides (ELPs) are a class of polypeptides, inspired by the amino acid 

sequence of natural elastin, which are composed of oligomeric repeats of the pentapeptide 

sequence Val-Pro-Gly-Xaa-Gly (VPGXG) (Xaa is any amino acid except Pro). They undergo 

phase transition at the transition temperature, and the transition temperature can be controlled 

by alteration of amino acid sequence, molecular weight, ELP concentration, ionic strength, 

and pH. In this study, a drug was encapsulated in the ELP-conjugated liposomes and the 

release pattern of a drug was investigated by the liposome disruption due to the aggregation of 

ELPs, which were conjugated to the liposome surface. 

1,2-dioleoyl-sn-glycero-3-phosphoethanol-amine-N-[poly(ethylene-glycol)]-hydroxy 

succinamide (DSPE-PEG-NHS) was used for conjugated with ELPs. The conjugation of 

liposome with ELP was identified by FT-IR as well as SEM, and the amount of released drug 

was measured by fluorescence spectrophotometer. These results suggest that more effective 

drug treatment would be possible when ELP-conjugated liposome was used as a drug carrier. 
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 In this study, synthesis and self-assembly of a lactobionolactone-g-poly(L-glutamic 

acid)-b-poly(L-phenylalanine) amphiphilic polypeptide (Lac-PGA-b-PPhe) have been  

conducted and its ability for use as drug carriers has been evaluated. A bioactive saccharide, 

lactobionolactone, was functionalized with an azide group and successfully conjugated with a 

terminal alkyne group on the polypeptide through a click chemistry reaction. The amphiphilic 

glycopolypeptide was self-assembled into pH-responsive micelles in an aqueous solution. The 

conformation and structure of the obtained glycopolypeptide was first characterized by gel 

permeation chromatography (GPC), Fourier transform-infrared spectroscopy (FT-IR), 

wide-angle X-ray scattering (WAXS) and proton nuclear magnetic resonance (1H NMR) 

spectroscopy. The particle size, morphology, and chain conformation of the aggregates in the 

aqueous solution were determined by transmission electron microscopy (TEM), dynamic light 

scattering (DLS), and circular dichroism (CD), respectively. Next, Lac-PGA-b-PPhe micelles 

was used as a carrier for encapsulating an anticancer drug, doxorubicin (DOX), to evaluate 

the ability of the carrier. The drug release from the carrier was evaluated by UV-Vis 

spectroscopy. Finally, the cytotoxicity of Lac-PGA-b-PPhe micelles and DOX-loaded 

Lac-PGA-b-PPhe micelles against HepG2 liver cancer cells was evaluated by 3- 

(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) reduction assay. Also, 

the cellular uptake behavior of DOX-loaded Lac-PGA-b-PPhe micelles was further analyzed 

by flow cytometry. 
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Background 

Nanoparticles (NPs) are studied for their potential applications on bioassay, diagnosis, 

therapy in recent decade. For examples, nanogold and gold-shell NPs have been applied in 

drug delivery and photothermal therapy, respectively. However, few research focuses on NPs 

of non-gold materials in vivo. In this study, SiO2 NPs modified with self-assembled 

monolayer is utilized in an animal model.  

Aim 

To investigate the toxicity of SiO2 NPs in mice by bio-safety experiment and LD50 

toxicity test. 

Material and methods 

The modified NP has a size of 150 nm. LD50 toxicity test is determined by serial doses 

(0, 1, 2, 2.5, 5, 10, 100, 200 and 300 mg/kg body weight) of SiO2 NPs. Male BALB/c mice 

received SiO2 NPs by a single dose of tail intravenous injection and were sacrificed 14 days 

later. 

Results 

Body Weight 

The body weight was not significantly different in each group after 14 days. 

Serum Biochemistry 

BUN was significantly decreased at all concentration groups to control, except the 

2.5mg/kg group. GPT, CPK were mostly higher than control. GOT, CRE and T-BIL were 

mostly lower than control. TP and ALB were similar to control. However, those serum levels 

were within normal limits. 

Histopathologic Analysis 

Liver, brain, heart, lung, kidney and spleen were examined under microscopy with no 

histopathologic lesions seen. 

Conclusion: 

All mice survived until sacrificed. Various organs were found no nanoparticles-related 

pathological reactions. SiO2 nanoparticles caused no apparent toxicity under the present 

experimental conditions. 
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Chitosan is the deacetylated form of chitin and applied widely due to its non-toxicity, 

biocompatibility, and biodegradability. Recent works done by our group and others have 

demonstrated that superparamagnetic iron oxide (SPIO) nanoparticles encapsulated with 

chitosan as a great contrast agent for cell tracking in magnetic resonance (MR) imaging.  

However, the question remains whether SPIO nanoparticles affect the cell function of labeled 

cells.  

In this study, the effects of SPIO nanoparticles, 

particularly the quaternized chitosan-stabilized iron 

oxide nanoparticles with N-[(2-hydroxy- 

3-trimethylammonium) propyl] chitosan chloride 

(HTCC) as well as the commercial available 

dextran-coated iron oxide, on the cell survival, 

differentiation and cytokine release in vitro were 

investigated. It is shown that the chitosan 

encapsulated SPIO was uptaken, and the 

SPIO-labeled cells could be determined on 

dose-dependent manners by MR imaging. Such SPIO 

loading appears to have no effect on the cell survival of a variety of cell types. Subsequently, 

we studied the effect of SPIO on cell differentiation; it showed no or little manipulation for 

K562 to differentiate into megakaryocytes and THP-1 monocytes into macrophages.  Also, 

cytokine release assays in both THP-1 and RAW cells showed no deleterious effect in the 

cells loaded with SPIO, indicating that the SPIO encapsulated HTCC appears to have the 

great potency as a cell tracking agent.  
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Sodium carboxymethyl cellulose (CMCNa), a water-soluble polysaccharide derive from 

cellulose, is biodegradable, biocompatible, and low cost material that it is often used for 

biomedical applications.1,2 CMCNa was reported to be used as an adsorbent and reducing 

agent because of its carboxyl and hydroxyl functional groups.3 For example, Hebeish and 

coworkers have prepared reduced silver nanoparticles by directly applying CMCNa without 

using reducing agents or heat treatments.1 The present study reported a simple, cost-effective, 

and environmental friendly approach to prepare insoluble membranes by acidifying CMCNa 

to form CMCH. Moreover, the composites of CMCH and silver (CMCH/Ag) membranes 

were also prepared for the applications in antibacterial membranes (Figure 1). Furthermore, 

the parameters for preparing the CMCH/Ag composites including the temperature and the 

applied concentration of AgNO3 were discussed. The morphology of the synthesized 

composite films with reduced silver was examined by scanning electron microscopy (SEM). 

The amount of reduced silver on CMCH membranes was evaluated by electron spectroscopy 

for chemical analysis (ESCA) and inductively coupled plasma (ICP) analyses. The prepared 

CMCH/Ag composite membranes were applied to grow against E. coli. The results displayed 

that the pristine CMCH did not reveal any resistance to the growth of E. coli that no zone of 

inhibition was observed (Figure 2). On the other hand, all CMCH/Ag composite membranes 

showed good antibacterial effects that the zone of inhibition was larger than 20 mm. The 

present study indicated that CMCH incorporated with silver particles possesses great potential 

for the applications in wound dressing and biomedical engineering. 
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Figure 1. Surface morphology of reduced 

Ag on CMCH membranes 

(inset: pictures of CMCH/Ag 

membranes). 

Figure 2. Zone of inhibition of 

CMCH/Ag composite 

membranes against E. coli 

(d=12 mm, N:3, bacterial 

culture time: 12 h). 
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Abstract —Curcumin, a polyphenol compound, is extracted from rhizomes of Curcuma 

longa. This natural dye after irradiated by blue light can generate singlet electrons and reactive 

oxygen species (ROS) and then inhibit the bacterial growth. However, the disadvantages such as 

low water solubility, easy degradation under a basic condition and aggregation limit it 

photodynamic applications. In this study, the bacteria we used were Staphylococcus epidermidis, 

Staphylococcus aureus, pseudomonas aeruginosa and Escherichia coli were chosen to evaluate 

the photodynamic effect of curcumin under the irradiation of blue light emitting diodes. Four 

kinds of lipid nanocarriers including solid lipid nanoparticle (SLN), nano-lipid carrier (NLC) 

nanoemulsion (NE) and micelle (MC) were used as the vehicles to encapsulate the curcumin. 

The major ingredients of the lipid nanocarriers were composed of Tween40, Sapn40, Tween80, 

Sapn20, Estasan, compritol 888 and decanoic acid. The result showed that T80S40 system had 

better stability according to the absorbance after 3 days storage, and the turbidity was 

determined with 600 nm by using spectrophotometer. Curcumin in DMSO solution (10mg/L) 

had 75.3±3.5% of inhibition, and our results indicated curcumin laden NLC, SLN, NE, and MC 

at 10 mg/L level inhibited 91.6±2%, 84.7±1.9%, 82.2±1.9% and 88.1±1.7% of bacterial 

inhibition after 3-day storage, respectively. The cell viability of each samples was all above 

80%. According to confocal images, our formations showed better accumulation in swine ear 

skin model. Our experiments confirmed that curcumin laden NLC may be a potent agent for 

nosocomial infections for the photodynamic therapy. 

Keyword: Curcumin, photodynamic therapy, lipid nanocarriers. 
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Polyhydroxyalkonoates (PHAs), a type of biological polyester, are alternative substances 

for conversional petrochemical plastics because of its excellent biocompatibility and 

biodegradation. Many microorganisms in nature can accumulate PHAs as intracellular 

granules which serve as carbon source and energy source under limited condition.  

PHAs films prepared by solvent casting were treated with plasma-modified. The analysis 

by Fourier transform infrared spectroscopy (FTIR) and water contact angle of modified 

surfaces showed an increase of functional groups, contact angle degree and compared with 

unmodified surfaces. Cellular experiments of adipose-derived stem cell showed a better cell 

adhesion and growth on the plasma-modified surface. The stem cells were well attached on 

plasma-modified surface. These results illustrate the importance of a detailed characterization 

of the surface physic chemistry in plasma-modified substrates designed as part of a strategy to 

optimize specific cell biomaterials . 
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Figure 1 (a) chitosan (b) γ-poly (glutamic acid) gel (c) chitosan/γ-poly (glutamic acid) gel 

Synthesis and application of chitosan/γ-poly (glutamic acid) gel beads 
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Taiwan. 

 

Biopolymers have recently received increased attention because they can be used to 

produce effective biosorbents for removing heavy metals from water. Chitosan and γ-poly 

glutamic acid (γ-PGA) are both biodegradable and environmental-friendly biopolymers. In 

this study, chitosan/γ-PGA complex gel beads were prepared by ionotropic gelation of 

chitosan/γ-PGA blend droplets with tripolyphosphate counterions. The chemical structure and 

morphology of chitosan/γ-PGA beads were characterized by Fourier transform infrared 

spectrometry (FTIR) and scanning electron microscopy (SEM). The prepared chitosan/γ-poly 

glutamic acid beads were used to investigate the adsorption properties of copper (II) and 

mercury (II) ions, respectively. Equilibrium studies showed that the data of copper (II) and 

mercury (II) adsorption respectively followed the Freundlich and Langmuir isotherm model. 

In addition, the adsorption data fitted the pseudo-second order kinetic model well, indicating 

that chemical sorption is the rate-limiting step. The thermodynamic parameter such as Gibbs 

free energy change (ΔG°), enthalpy change (ΔH°), and entropy change (ΔS°) estimated from 

the experimental sorption data suggested that the adsorption of copper (II) and mercury (II) 

ion onto chitosan/γ-poly glutamic acid beads was occurred through a spontaneous and 

exothermic adsorption process. 
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    It had already known hydrogel been used extensively in the development of the smart 

drug delivery systems.The objective of this study is to discuss the thermosensitive hydrogel 

based on mPEG and poly(L-glutamate)s with different length of hydrophobic side chains .A 

series of amphiphilic diblock copolymer were synthesized by ring-opening polymerization 

(ROP) of γ-ethyl-L-glutamate N-carboxyanhydrides with different ratio, using mPEG-NH2 as 

macroinitiator. The copolymer were characterized by 1H-NMR,FT-IR and determined 

successfully synthesized .Through temperature changed in response to observe material 

diversification, we could know the polypeptides containing more ethyl groups showed 

significantly low critical gelation temperatures (CGTs). That also indicated the polypeptide 

hydrogels had lower critical gelation concentration than traditional polymer hydrogels. We 

believed the thermosenstive polypeptide hydrogels has potential for biomedical applications 

due to its good biodegradability, biocompatibility, and in situ gelation behavior. 

 

References: 

1. Yong Qiu, Kinam Park⁎ , “Environment-sensitive hydrogels for drug delivery.”, Advanced 

Drug Delivery Reviews ,64 (2012), 49–60. 

2. Yilong Cheng, Chaoliang He,Chunsheng Xiao, Jianxun Ding,Xiuli Zhuang,Yubin 

Huang,and Xuesi Chen*, “Decisive Role of Hydrophobic Side Groups of Polypeptides in 

Thermosensitive Gelation”, Biomacromolecules, 13(2012), 2053−2059. 

PF-29

177

mailto:imchu@che.nthu.edu.tw


 

 

Gelation Studies and Encapsulation of Hydrophilic Anti-cancer Drug 

of Thermosensitive Polypeptide Hydrogel 

Wei-Lun Hung, Sydney Peng, Ping-Rui Chiang, I-Ming Chu
*
 

Department of Chemical Engineering, National Tsing Hua University, Hsinchu, Taiwan 

E-mail: imchu@che.nthu.edu.tw 

 

    The controlling of poly(L-alanine) (L-PA) molecular weight in Poly(ethylene glycol) 

methyl ether-conjugated L-PA hydrogels (mPEG-L-PA) is important in that it affects the 

secondary structure of the polypeptide, the nanoassembled morphology, and the 

thermosensitivity of the polymer. We synthesized a series of mPEG-L-PA diblock copolymers 

and investigated the hydrophobic block length effect on the secondary structure influencing 

the nanostructure of the self-assembled amphiphilic copolymers, the thermosensitivity of the 

hydrogels in aqueous solution. 

    Poly(ethylene glycol) methyl ether-peptide (mPEG-peptide) hydrogels consist of a 

mPEG and peptide block, both of which have been shown to exhibit excellent cell 

compatibility and low toxicity alone and as a block copolymer. Taken together, 

thermosensitive mPEG-peptide hydrogels are attractive candidates for drug delivery 

applications.  

    In this study, we propose the use of a thermosensitive mPEG-peptide hydrogel for drug 

delivery with encapsulating 5-Fluorouracil (5-FU). Incorporation and release of these 

molecules will be evaluated in vitro as proof of concept for drug encapsulation. Future work 

will involve the injection of hydrogel stereotaxically for the evaluation of toxicity and 

compatibility. 
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Cartilage has very limited self-regeneration capacity due to lack of blood vessels and 

lymphatic tissue. The cell based therapy is attractive for the cartilage lesions due to chances 

for cartilage tissue regeneration by autologous chondrocytes transplantation. But since the 

source of the chondrocytes is limited harvesting, mesenchymal stem cells (MSCs) provide an 

attractive substitute to replace it because of the multi-lineage differentiation ability of MSCs. 

 

In order to promote chondrocyte re-differentiation without dedifferentiation as well as to 

prevent the cell hypertrophy while promoting the chondrogenic differentiation of MSCs, 

co-culture strategies were used. In this study, we aim to set up an optimal culture platform to 

enhance chondrogenesis of MSCs by the xenogeneic co culture (2D direct cell-cell contact 

and 3D non-contact co-culture) system with different cell ratios for the application of 

cartilage tissue engineering, and evaluate whether the MSCs could be induced by detect the 

cellularity, biochemical contents and the chondrocyte marker gene expression. 
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Quinone-based compounds attenuates cellular growth in zebrafish 

hosting lung cancer xenografts via regulating Akt and ATM/ATR 

signaling pathways 
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Lung cancer is the leading cause of cancer death in males and females worldwide. Akt, a 

serine/threonine kinase, which regulates various physiologies in cells, especially cellular 

survival, proliferation, migration. Overexpression and constitutive activation of Akt are 

observed in lung cancer cells frequently. Quinone compounds such as benzene or naphthalene 

have been reported to exert the anti-tumor activity. Therefore, we used bioinformatics 

approaches to screen a panel of quinone-based compounds which may exhibit Akt-targeting 

potential. Our results found that the Akt-targeting compounds quinone X, exerts a 

cytotoxicity towards human lung cancer H1299 cells. Concomitantly, the Akt-targeting 

compound quinone X causes the polyploidy by inducing DNA double strand breaks in H1299 

cells. A significant apoptotic population was observed in quinone X-treated H1299 cells. 

Besides, quinone X inhibits both the invasiveness and colony formation of H1299 cells. The 

zebrafish xenograft assay also validates the anti-lung cancer effects of quinone X. Our present 

results suggests that Akt-targeted compound quinone x may be a promising candidate for lung 

cancer treatment in the future.  
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Isophilippinolide A Arrests Cell Cycle Progression and Induces 

Apoptosis for Anticancer Inhibitory Agents in Human Melanoma 

Cells 
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Three new butanolides, isophilippinolide A, philippinolide A, and philippinolide B, and 

an amide, cinnaretamine were isolated from the roots of Cinnamomum philippinense. Four 

compounds were screened to examine their radical-scavenging ability, metal-chelating power, 

and ferric-reducing antioxidant power assay. Cinnaretamine showed powerful anti-oxidative 

properties in the DPPH assay and a reducing activity. The effects of anti-tyrosinase of C. 

philippinense constituents were determined by the level of the suppression of hydroxylation 

that turned from L-tyrosine to L-dopa through an in vitro mushroom tyrosinase assay, and all 

testing samples illustrated slight mushroom tyrosinase inhibitory properties. Isophilippinolide 

A exhibited inhibitory effectiveness against apoptotic proteins to trigger correlated pathway 

mechanisms according to Western blotting results. Finally, isophilippinolide A displayed only 

low cytotoxicities to human normal epidermal the A375.S2 melanoma cell line in a cell 

viability assay. Propidium iodide staining and flow cytometry analyses were applied to assess 

cell cycle accumulative distribution. It was discovered that isophilippinolide A caused sub-G1 

phase accumulation for apoptosis to inhibit cell growth. Further investigation revealed that 

isophilippinolide A induced A375.S2 cells with an increase of caspase-dependent. Altogether, 

the results implied C. philippinense compounds could be considered functional ingredients in 

cosmetics, foods, and pharmaceutical products, particularly for their anticancer ability on 

human skin melanoma cells. 

KEYWORDS: Cinnamomum philippinense, melanoma, antiproliferation, cell cycle arrest, 

caspase-dependent apoptosis 
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A Neural Network in Aplysia Central Nervous System for Taste 

Recognition Detected by Voltage Sensitive Dye Imaging 
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Taste is sensed by small number of chemoreceptor types but identified by a sophisticated 

neural network. Analysis of the neural network concerning taste will contribute to further 

understanding of informational processing in the central nervous system. A marine gastropod 

Aplysia shows clear food preferences. We attempted to analyze the neural network which 

generates ingestive or rejective response by using fluorescent voltage dye imaging. 

Buccal mass and buccal ganglia of Aplysia californica were isolated with keeping their 

connection by buccal nerves. The neurons in the ganglia were stained with voltage sensitive 

dye (Di-4-ANEPPS) in the presence of tetraethylammonium (TEA) chloride. Then the 

responses of the stained neurons were explored after administration of 1 mM solution of 

L-asparagine or L-aspartic acid to radula inside the buccal mass.  

The administration of L-aspartic acid induced the firing in S1 and S2 clusters with shorter 

time lag than that of L-asparagine as shown in Table. This phenomenon was also observed by 

electrophysiological experiments using a glass microelectrode. Then, L-asparagine induces 

ingestive response of the jaws and radula, while L-aspartic acid induces rejective response of 

them. Then, the result is consistent with the fact that an animal must reject wrong food 

immediately for survival. Furthermore, the staining and TEA treatment of neurons which are 

necessary to voltage imaging would not affect seriously neural response because the time lag 

of firing from the administration of amino acids were almost same whether these treatments 

were performed or not. The results suggest that voltage sensitive dye imaging is useful for an 

analysis of neural network for taste recognition because this method can detect neural signals 

in response to taste stimulation in large numbers of neurons simultaneously. A clarification of 

the neural network concerning taste will be achieved by the further analysis of spike activity 

in these clusters using this method. 

 

Table: The time lag of firing from administration of amino acids in S clusters neurons (n=6) 

cluster L-Asn L-Asp 

S1 4.52 ± 1.40 s 2.16 ± 0.31 s 

S2 4.47 ± 1.37 s 2.15 ± 0.31 s 
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Microfluidic systems are critical toward vasculature regeneration for the purpose of full organ 
regeneration. Biodegradable polymers with high mechanical strength, flexibility and optical 
transparency, optimal degradation properties and biocompatibility are critical to the success of 
fabrication of biodegradable microfluidic devices. In this work, microfluidic devices have been 
fabricated from elastomeric scaffolds via two different methods: replica molding and laser ablation. 
Most biodegradable polymers suffer from non-ideal half life resulting from rapid/slow degradation  
and poorly controlled degradation upon implantation, exceedingly high stiffness, and inflamation 
inducing degradation by products. Here we report on the construction of biodegradable microfluidic 
devices constructed from a recently developed class of biodegradable elastomeric poly(ester 
amide)s, poly(1,3-diamino-2-hydroxypropane-co-polyol sebacate)s (APS), showing a much longer 
and highly tunable in vivo degradation half-life comparing to many other commonly used 
biodegradable polymer, and the bonded microfluidic channels are shown to be capable of 
supporting physiologic levels of flow and pressure. A novel fabrication technique using laser ablation 
is also reported with micro- and nano-fabrication capabilities. This devices are with high resolution 
and are fully biodegradable; the fabrication process is fast, inexpensive, reproducible, and scalable, 
making the approach ideal for both rapid prototyping and manufacturing of tissue engineering 
scaffolds and vasculature and tissue and organ replacements. 
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Development of methods to assess the biomass property 
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Utilization of bioresource is required to curtail our dependence on fossil resources and to 

reduce net CO2 emissions. One of the candidates of the bioresource is lignocellulosic biomass, 

mainly composed of cell wall components, such as cellulose, hemicellulose and lignin. It is 

crucial to efficiently hydrolyze these polysaccharides to fermentable sugars for 

microorganisms. To achieve a high saccharification efficiency, pretreatment is needed to 

break down the biomass structure for the hydrolysis with enzymes. A slurry is obtained after 

dilute acid pretreatment, and can be separated into acid–insoluble residue and liquid 

hydrolysate. Previous study reported that various rice cultivar shows different biomass 

property (sugar concentration in liquid hydrolysate and weight of acid insoluble residue) after 

pretreatment.1,2 But, difference of enzymatic hydrolysis have been still unknown. Our aim in 

this study is to find biomasses easily hydrolyzed by enzymes. 

We established the assessment method of enzyme hydrolysis efficiency using rice straw 

of 15 cultivars. Row rice straw was pretreated with dilute acid at different temperature 

conditions (130○C and 180○C). After the pretreatment, each pretreated rice straws were 

subjected to enzymatic hydrolysis with different enzyme dosage (7 and 66 FPU/g of biomass), 

and glucose yield after enzymatic hydrolysis was measured. Pretreated condition at 180○C 

with low cellulolytic enzyme dosage (7 FPU/ g of biomass) showed the largest variation 

among these 4 conditions.  
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Despite all the advantages of microalgal biofuels, there are quite a number of challenges 

to overcome before economic production of microalgal biofuel can be achieved: (i) 

finding/constructing algae strain(s) suitable for mass culture and for wide range of climate; (ii) 

maximizing solar conversion efficiency in mass culture; (iii) achieving both high oil content 

and high productivity in mass culture; (iv) designing and engineering of cost effective 

sustainable mass culture systems; (v) harvesting microalgae and extracting microalgal oils 

with minimal use of energy; (vi) finding cheap (and renewable) sources for methanol and 

nutrients (such as phosphate and nitrate). Most of the culture systems and bioprocesses 

available today would be suitable for the products that cost over $10 USD/kg.  

Bioenergy must be produced much cheaper than most of the biologically-driven products. 

One of the possible solutions for some of these challenges is mass culturing microalgal in 

large ocean area. A large-scale floating ocean cultures have several benefits: (i) lower 

CAPEX; (ii) no freshwater usage; (iii) relatively abundant seawater; (iv) ability to exploit the 

lower nutrient concentration in seawater; (v) no need to worry about evaporation; (vi) larger 

area to deploy; and so on. 

All the opportunities and challenges of microalgal biofuels will be discussed based on 

our experience in Korea. The feasibility of marine bioenergy production technologies with 

other biofuels generation systems will be compared and discussed. 

  

[Keywords] marine microalgae, ocean culture, photobioreactor, microalgal biodiesel, ocean 

power plant complex 
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Effect of carbon source and light intensity on microalgal growth and 

fatty acid (FAME) profiles under different culture modes 
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In the present study, we attempted to enhance the biomass and lipid production of three 

microalgal species, Isochrysis galbana LB987, Nannochloropsis oculata CCAP849/1 and 

Dunaliella salina. Among the different carbon sources tested, the maximum biomass 

production was observed in glucose as the sole carbon source. Higher biomasses and total 

lipid contents of I. galbana LB987 and N. oculata CCAP849/1 were observed with 0.02 M 

glucose and a light intensity of 80 μmol m-2 s-1. However, those of D. salina were obtained 

with 0.05 M glucose concentration and a light intensity of 100 μmol m-2 s-1. The biomass and 

lipid production of all tested species in mixotrophic culture were remarkably enhanced in 

comparison with photoautotrophic and heterotrophic cultures. Additionally, the effect of light 

intensity on FAME concentration was tested. It was noted that the saturated fatty acid (C16.0 

and C18.0) concentration increased with increasing light intensity. In particular, the light 

intensity significantly influenced D. 

salina; specifically, a dramatic 

increase of D. salina FAME 

concentration was observed with 

increasing light intensity. The 

maximum FAME concentration 

was observed at 20.77 mg ml-1 with 

a light intensity of 150 μmol m-2 s-1. 

However, the FAME concentrations of I. galbana LB987 and N. oculata CCAP849/1 were 

50.59 mg ml-1 and 64.68 mg ml-1, respectively. The experimental growth data were used to fit 

the Monod, Modified Gombertz and Peeters and Eilers kinetic models. 
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There is a major international effort to develop renewable alternatives to fossil fuels. One 

approach is to produce a liquid fuel by enzymatically hydrolyzing carbohydrate polymers (i.e. 

cellulose) in biomass to sugars and fermenting them to ethanol. Recently, producing 

recombinant protein with microbial cells plays a very important role in commercial 

production. Among those microorganisms, Escherichia coli are the prior choice due to its 

characteristics. In spite of many advantages of E. coli, such as overexpression of insulin [1] 

and bio-polymers [2], the use of E. coli is partly restricted by its incapability to secretion of 

products to extracellular. In order to solve this problem, we constructed a synthetic circuit 

which contained cellulases from Bacillus subtilis and lyase from E. coli. 

Cel5 gene is cloned from B. subtilis 

strain 168 and constructed to pET28a plasmid 

using simple cloning technique. The 

pBAD-RBS-lysis-TT sequence was added into 

a suitable site after the cellulase gene to form 

a chimeric plasmid (Fig. 1). The presence of 

arabinose in the environment would induce 

the promoter pBAD, and breakdown the host 

membrane to release cellulase inside.  

From SDS-PAGE analysis and enzyme 

assay (Table 1) showed that cellulase was 

successfully expressed and released after the 

induction of arabinose.  

Table 1.  Enzymatic activity of pET28a-cel5-lysis in E. coli BL21 

 8h ES 8h IS 12h ES 12h IS 24h ES 24h IS 

CMCase (U/mL) 0.18 0.37 0.38 0.39 0.30 0.26 

Total Unit (U) 9.00 6.99 19.0 4.13 15.0 3.81 

The strain was cultured and induced with 0.1 mM arabinose at 8h, ES means the extracellular supernatant of 

culture; IS means the intracellular supernatant of culture. 

This designation is especially suitable for producing cellulases without high purity 

requirement, like the production of livestock feed additives, and can help solve the problem of 

food shortages. 
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In vitro metabolic engineering employing thermophilic enzymes – a 

novel, simple technology for designing a chimeric metabolic pathway 
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The integration of biotechnology into chemical manufacturing has been recognized as a 

key technology to build a sustainable society. However, the practical applications of 

biocatalytic chemical conversions are often restricted due to their complexities involving the 

unpredictability of product yield ant the troublesome controls in fermentation processes. One 

of the possible strategies to overcome these limitations is to eliminate the use of living 

microorganisms and to use only enzymes involved in the metabolic pathway. Use of 

recombinant mesophiles producing thermophilic enzymes at high temperature results in 

denaturation of indigenous proteins and elimination of undesired side reactions; consequently, 

highly selective and stable biocatalytic modules can be readily prepared. By rationally 

combining those modules together, artificial synthetic pathways specialized for chemical 

manufacturing could be designed and constructed. 

To demonstrate the feasibility of this strategy, we have constructed an in vitro 

non-ATP-forming Embden-Meyerhof (EM) pathway using a mixture of nine different 

recombinant Escherichia coli strains and a NADH-dependent malate/lactate dehydrogenase 

was employed to achieve the redox balance of the cofactor. As a result, glucose was 

converted to lactate with a nearly 100% molar yield [1]. Direct conversion of glucose to 

malate was also achieved by coupling the chimeric EM pathway with carboxylation of 

pyruvate catalyzed by malic enzyme [2]. Moreover, a non-natural, oxygen-insensitive 

pathway for the direct conversion of glucose to n-butanol was constructed by assembling 16 

thermotolerant biocatalytic modules. Through this pathway, n-butanol could be produced 

from glucose with a molar yield of 82% [3]. Our approach would be widely applicable to the 

in vitro production of value-added biomolecules. 
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Carbonic anhydrase (CA, EC 4.2.1.1), an ancient enzyme and the fastest among many 

enzymes, is a feasible and useful biocatalyst for carbon capture use and storage (CCUS). The use 

of alkaline buffers and high temperatures are favorable for biomineralization, which shows great 

potential to stow CO2 to produce vaterite that is not naturally available. Hence, the stability of CA 

under such harsh conditions is extremely important for its practical application. Herein, a new 

thermostable and alkaline-tolerant α-CA (designated as LdCA), with 26% identity to bovine CA 

(BCA), was identified by genomic data mining from Lactobacillus delbrueckii CGMCC 8137. It 

was overexpressed in Escherichia coli in a soluble form and purified to electrophoretic 

homogeneity by His-Trap affinity chromatography. The dimer protein had a sub-unit molecular 

weight of 23.8 kDa and showed extremely high stability at pH 6.0–11.0 and 30–60°C. Its activity 

was maintained even after incubation at 90°C for 15 min. The half-lives of the enzyme measured 

at 30, 40, and 50°C were 630, 370, and 177 h, respectively. At pH 9.0, 10.0, and 11.0, half-lives 

were 105, 65, and 41 min, respectively. LdCA was applied to accelerate the formation of calcium 

carbonate under high pH values and temperatures. At 50°C, carbonate formed as the vaterite phase 

of calcium carbonate. In this paper, a new CA with excellent thermal and alkaline stability was 

identified from a general bacterium for the first time, demonstrating a useful strategy for the 

fabrication of novel inorganic biomaterials. 

Keywords: Lactobacillus delbrueckii; α-carbonic anhydrase; stability; biomineralization; vaterite  
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Fig. 1. Bioethanol Production from Biomass. Time 

course of ethanol production from cellulolytic yeast. 

The standard deviations are indicated by the error 

bars. 

Designing of Yeast for Conversion to Bioethanol from Biomass 

by Clostridium-derived Enzyme Complexes with Improved Enzyme 

Activity 
 

Jeong Eun Hyeon1, Sang Kyu Shin1, Dae Hee Kang1, Seung Kyou You1and Sung Ok Han1* 
1Department of Biotechnology, Korea University 

 

Cellulosic materials of plant origin are the most abundant utilizable biomass resource. 

But prior to fermentative production of ethanol from the cellulose by yeast strains, the 

polymeric substrates are hydrolyzed to release monomeric sugars. The use of complexed 

enzyme systems is one of the strategies for effective lignocellulosic biomass hydrolysis and 

offers considerably greater degradative potential through a highly ordered structural 

organization that enables enzyme proximity synergy1. In this study, we expressed 

minicellulosome subunits and assembled designer cellulosome in yeast Saccharomyces 

cerevisiae for utilizing of cellulose as the substrate. For utilizing of cellulose part in 

lignocellulosic biomass, S. cerevisiae was engineered for simultaneous saccharification and 

fermentation of cellulose by the assembly of minicellulosome containing a recombinant 

scaffolding protein from Clostridium 

cellulovorans and a chimeric 

endoglucanase E from Clostridium 

thermocellum. The resulting strain was 

able to ferment cellulose part in 

pretreated barley straw into ethanol with 

the aid of beta-glucosidase A from C. 

thermocellum. In the fermentation assay 

at 10 g/L initial substrate, approximately 

2.1-folds higher ethanol than that of wild 

type was produced. This demonstrates the 

feasibility of developing cellulolytic yeast 

strains by introducing the cellulosome 

system for degrading of recalcitrant materials in lignocellulosic biomass. 
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Recently, enormous information of X-ray structures is being stocked as free data such as 

Protein Data Bank (PDB). Cellulase is an enzyme hydrolyzing cellulose to water-soluble 

sugar units with low energetic and environmental loads, and there are 1017 kinds reported. 

About 33% of these cellulases have modular structures with independent catalytic domains 

(CDs) and cellulose binding domains (CBDs). CDs are concentrated on the surface of solid 

substrate, by the specific binding of CBD on the substrate. Further, on some rumen bacteria, 

CDs with different functions are clustered on a giant scaffold protein containing a CBD, via 

cohesin-dockerin interaction, so called cellulosome, to efficiently degrade cellulose.  

So far, we have proposed a new design of artificial cellulosome to drastically enhance 

cellulase activity by clustering recombinant CDs and CBDs on streptavidin or 

streptavidin-modified CdSe quantum dot via biotin-avidin interaction. [1] For designing the 

hybrid nano-cellulosome (HyNaC), we have constructed the libraries comprised containing of 

50 kinds of biotinylated CDs and 20 kinds of biotinylated CBDs from database to screen high 

performance HyNaC. As present result demonstrated the HyNaC showed the enhancement of 

cellulase activity by designing multivalency of CBMs and heterocluster of different type 

CDs.[2,3]  

In this study, we designed an efficient HyNaC from the view point of CBD by screening 

appropriate CBDs for HyNaC with CD of endoglucanase E2 from Thermobifida fusca YX. 

The approach indicated that the CBD from the endoglucanases of the CD used here is not the 

module that must enhanced HyNaC. Further, we mixed two kinds of HyNaC with different 

CBD. The mixed HyNaC showed higher activity than each HyNaC. This described the 

synergistic effect between CBDs observed on HyNaC.  
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Biodiesel (BD) is commonly produced by alkali-catalyzed transesterification of edible 

oils that are expensive. Using waste cooking oil (WCO) as a feedstock for BD production is 

more economical than edible oils. Unfortunately, WCO usually leads to saponification during 

alkali-catalyzed process because of its high level of free fatty acids. 

Talukder et al.[1] reported a yield of 99% for BD with a two-step process: WCO was 

hydrolyzed to fatty acids with Candida rugosa lipase (CRL) followed by chemical 

esterification using Amberlyst 15. Our long-term goal is to produce BD with continuous 

bioreactors using the process described. 

In this study, CRL was adsorbed onto Diaion HP-20 (a polystyrene-divinylbenzene 

support). The optimal conditions for immobilization were determined and the biochemical 

properties were characterized. After immobilization, the Tm was increased from 35℃of the 

free CRL to 40℃. The optimum pH of the free and immobilized CRL was 8 and 7, 

respectively. The immobilized CRL displayed a stable pH range from 5 to 7, whereas the free 

CRL was only stable around pH 8. There was no considerable loss in the enzyme activity after 

reused for 7 times. The residual activity of the immobilized CRL was 95% after 10 d when 

stored at 4℃, comparing to 46% of the free CRL. The immobilized form retained 81% of its 

initial activity after 28 d. Overall, the adsorption process enhanced the stability of CRL 

significantly. 

Furthermore, 2k factorial design, method of steepest ascent, and response surface 

methodology (RSM) was employed to optimize the hydrolysis of WCO.  

 

1. M. M. R. Talukder, J. C. Wu and L. P.-L. Chua. "Conversion of waste cooking oil to 

biodiesel via enzymatic hydrolysis followed by chemical esterification." Energy & Fuels, 

24, 3 (2010). 

  

PG-9

197193



 

 

Study on the effect of phospholipids on free lipase catalyzed biodiesel 
production 

Yang Li, Wei Du*, Dehua Liu* 

Department of Chemical Engineering, Tsinghua University 

Beijing 100084, China 

Tel:+86-10-62782654 E-mail: lyang0926@gmail.com 

 

In recent years，free lipase catalyzed biodiesel production has been drawing great 

attentions due to its merits of faster reaction rate and lower preparation cost. However, at 

present, large-scale development of biodiesel is still limited by the high cost of raw materials, 

which account for a major part of the total operating cost. Therefore, further promoting the 

application of free lipase in converting low quality oils with lower price is of great 

significance. However, low quality oils such as crude vegetable oils and microbial oils usually 

contain a certain amount of phospholipids, typically with content varying from 2% to 10%. It 

is reported that the presence of phospholipids can affect the catalytic performance of lipase. In 

addition, according to EN 14214 standard, the phosphorus content in biodiesel product is 

mandatory to be below 4ppm.Thereby, in this work, the effect of phospholipids on free lipase 

NS81006 catalyzed biodiesel production as well as the related mechanism were studied 

systematically. It was found that within 2% phospholipids contained in the oil feedstock, the 

catalytic activity and reuse stability of NS81006 were both improved. Further study on the 

distribution of phosphorous showed that within 2% phospholipids, only less than 4ppm 

phosphorus can be detected in the biodiesel phase, which can well satisfy the requirement of 

EN standard. However, the effect of phospholipids would be totally different when further 

increasing the phospholipids content. 10% phospholipids contained in the oil feedstock could 

result in lower biodiesel yield and poor reuse stability of free lipase NS81006. Exploration on 

the related influence mechanism revealed that this inhibitory effect was mainly resulted from 

the co-existence of phospholipids and methanol in the reaction system, which was further 

found to be associated with the concentration of methanol. 
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The superparamagnetic supporter has been paid much attention to act as supporting 

material for enzyme immobilization, due to easy separation from reaction medium by 

magnetic field[1]. In this paper, the main works are as follows: 

Sub-microspheres of Fe3O4 were synthesized via solvothermal method[2]. As shown 

Figure 1, the diameter of Fe3O4 sub-microspheres is about 220 nm, consisting of 3 to 4 nm 

Fe3O4 nanoparticles (Figure 1a and b). The magnetic properties of Fe3O4 sub-microspheres 

were characterized using VSM at room temperature. The saturation magnetization is 74 emu 

g-1, with strong response to an external magnetic field. Therefore, the sub-microspheres could 

be easily dispersed in water to form a black suspension and drawn from the solution to the 

sidewall of the vial by an external magnetic field (Figure 1c). 

 

Figure 1 (a) SEM and (b) TEM images of Fe3O4 magnetic sub-microspheres respectively; (c) the curves of 

magnetic saturation and images in magnetic field (right) and without magnetic field (left). 

 

The lipase Candida 99-125 could be effectively immobilized onto the surface of Fe3O4 

sub-microspheres, which were modified by epoxy group, and produced biodiesel from 

acidifying waste cooking oil. The yield of fatty acid methyl ester (biodiesel) reached 99% 

under the optimized condition and maintained 84% after 6 batches.  
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  Polyhydroxyalkanoates (PHAs) are polyesters accumulated by various bacteria under 

unbalanced growth conditions when the carbon substrate is in excess of other nutrients such 

as nitrogen, sulfur, phosphorus or oxygen. Bacteria belonging to the genus Cupriavidus 

including C. necator and C. taiwanensis are well known polyhydroxybutyrate (PHB) 

producers.   C. taiwanensis EJ02 was isolated from sediments of Er-Jen River, a heavily 

polluted river in southern Taiwan, and was able to tolerate high concentrations of cadmium in 

the growth medium.   C. taiwanensis EJ02 is also able to accumulate significant amount of 

PHB.  Our previous report suggested that the resistance of C. taiwanensis EJ02 to cadmium 

stress might stem from its ability to synthesize PHB.  In the present study, we generate 

cadmium-sensitive mutants of C. taiwanensis EJ02 by transposon mutagenesis.  Biofilm 

formation of the cadmium-sensitive mutant (strains K33 and K93) was less apparent 

compared to the wildtype strain EJ02.  However, the mutant strains were still able to 

synthesize significant amount of PHB.  Genes disrupted in strains K33 and K93 are currently 

underinvestigated.  Bioaccumulation of PHB by wildtype (strain EJ02) and the 

cadmium-sensitive mutants (strains K33 and K93) will also be evaluated and compared to 

each other. 
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Saccharomyces cerevisiae is a traditional yeast used for industrial ethanol production, 

but susceptible to aforementioned inhibitors and other stress conditions related to 

lignocellulosic biomass conversion. Yeast strains tolerant to single and combined inhibitors of 

furfural and 5-HMF were recently developed based on the metabolic engineering strategy. A 

dose-dependent response of yeast to furfural and HMF has been characterized and a lag phase 

used to measure levels of strain tolerance. Furfural and HMF can be reduced to 

2-furanmethanol and furan-2,5-dimethanol, respectively. They can further breakdown to 

related organic acids. Under the inhibitor challenged conditions, once furfural and HMF fell 

to a certain lower level of concentrations, fermentation as indicated by glucose consumption 

by yeast can be accelerated at a faster rate than would normally occur. Genomic adaptation is 

likely to happen at this stage. Glycolysis and pentose phosphate pathway are major routes for 

glucose metabolism that provide energy and important intermediate metabolites for 

biosynthesis and ethanol production. Unfortunately, important enzymes of glycolysis were 

inhibited by furfural. On the other hand, numerous genes and enzymes were reported to be 

associated with enhanced tolerance to furfural or HMF, as reported that multiple gene 

involved NAD(P)H-dependent aldehyde reductions is an important mechanism of the 

detoxification of furfural and HMF. 

We believe they are many broad candidates available in nature, which can move beyond 

difficulties to out boundary so that the good platform for fermentation of lignocellulosic 

biomass could be built without too much genetic modification. However, it is not easy to 

achieve the candidates due to the unique adaptation possessed by many yeasts upon the 

environmental stress.  

In this study, we have developed the simultaneous method for screening the candidate 

yeasts, which capable to grow and ferment lignocellulosic lysate into ethanol and fine 

chemicals such as lactate. In this report, first screening on the yeast capable of growing and 

fermentation in the medium containing fermentation inhibitors was conducted. 
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    Twenty five Saccharomyces cerevisiae strains were screened for the highest 

sugar-tolerance, ethanol-tolerance, ethanol production, and inhibitor resistance, and S. 

cerevisiae KL5 was selected as the best strain. Inhibitor cocktail (100%) was composed of 75 

mM formic acid, 75 mM of acetic acid, 30 mM furfural, 30 mM hydroxymethyl furfural 

(HMF) and 2.7 mM vanillin. The cells of KL5 strain were treated with γ-irradiation and 

among the survivals KL5-G2 with improved inhibitor resistance and the highest ethanol yield 

in the presence of inhibitor cocktail was selected.  

    The KL5-G2 strain was adapted to inhibitor cocktail by sequential transfer of cultures to 

a minimal YNB medium containing increasing concentrations of inhibitor cocktail. After 10 

times of adaptation, most of the isolated colonies could grow in YNB with 80% inhibitor 

cocktail, whereas the parental KL5 strain could not grow at all. Among the various adapted 

strains, the best strain KL5-G2-A9 strain producing the highest ethanol yield in the presence 

of inhibitor cocktail was selected.  

    In a complex YP medium containing 60% inhibitor cocktail and 5% glucose, the 

theoretical yield and productivity (at 48 h) of KL5-G2-A9 were 81.3% and 0.304 g/l/h, 

respectively, while those of KL5 were 20.8% and 0.072 g/l/h, respectively. The KL5-G2-A9 

decreased the concentrations of HMF, furfural, vanillin in the medium in much faster rates 

than KL5.  
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The two furan aldehydes, 2-furaldehyde (furfural) and 5-hydroxymethyl furfural (HMF), 

generated from lignocellulose pretreatment perform the detrimental effects on microbial cell 

growth and metabolism [1]. A newly isolated biological detoxification fungus Amorphotheca 

resinae ZN1 was found to quickly biodegrade furfural and HMF into their corresponding 

alcohols, furfuryl alcohol and furan dimethanol, or even further convert to furoic acid and 

2,5-furan dicarboxylic acid (FDCA) at aerobic condition [2].  

In present study, 177 directly relevant genes involved in furan aldehydes conversion have 

been selected based on the whole genome sequencing of A. resinae ZN1 completed by our 

group recently and the functional annotation information analysis. The genes selected include 

85 alcohol dehydrogenase genes (adh), 14 aldo-keto reductase or aldehyde reductase genes 

(akr/ari), 23 aldehyde reductase genes (aldh), 14 alcohol or aldehyde oxidase, and 41 relevant 

genes from central carbon metabolism designed as ccm. The gene transcription and 

expression level of these genes were investigated using real-time quantitative PCR (qRT-PCR) 

method under aerobic condition with the tolerance of furfural, HMF or furfuryl alcohol, furan 

dimethanol. The previous studies on the yeast strains showed that the mechanism of furfural 

and HMF biodegradation was due to the NAD(P)H dependent oxidation-reduction reactions 

catalyzed by multiple oxidoreductases [3]. In this study, two Zn-dependent alcohol 

dehydrogenase genes, SsA00807 and SsA03381, and six aryl-alcohol dehydrogenase genes 

were found to be the genes responsible for furfural or HMF conversion to their corresponding 

alcohols. The conversion of furan alcohols to the corresponding acids can be either catalyzed 

by NAD(P)+-depending alcohol dehydrogenase and aldehyde dehydrogenase, or by 

corresponding oxidase with free oxygen as substrate under aerobic condition. These results 

provided a way for in situ detoxification of pretreated-lignocellulose, which is the major step 

for efficient biofuel production with lignocellulose biomass. 
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Aquatic biomasses have been considered as potential feedstock for bio-refinery due to 

their productivity, possibility of additional services and high value coproducts. Presently the 

major focus in the field has been on algae; however, in comparison to the research on 

microalgae, less attention has been paid to macroalgae, their properties and the associated 

biological processes required to utilize them. The groups of sea lettuce are belonging to the 

family of green macroalgae Ulvaceae which are commonly existed in the littoral zone of the 

coast worldwild. Because of their capabilities of rapid nutrient uptake, promote biomass 

reproduction and wide range salinity tolerance, Ulva lactuca has been suggested as a 

renewable feedstock for biorefinery. In the present work, the additions of cell wall digesting 

enzyme and lactic acid bacteria (LAB) were investigated for their effects and optimal loading 

amount on the ensilage of sea lettuce. The objective was to increase water soluble 

carbohydrates which can be consumed by LAB to produce enough organic acid to preserve 

the biomass of sea lettuce.  The results showed that only enzyme addition had significant 

effect on the reduction of pH value and the lactic acid content of the silage.  The inoculum of 

LAB had no effect on the silage quality which inferred that the silage acids might produce by 

some native microorganism. The results also showed that the Ulva silage were relatively 

easier to be hydrolyzed by diluted acid than raw Ulva biomass.  Furthermore, a bio-refinery 

process was proposed and tested to produce ulvan and microbial oil from sea lettuce. 

Keywords : Ulva lactuca, biorefinery, pretreatment, ensilage, enzymatic hydrolysis  
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Phenolic compounds in pretreated lignocellulose are lignin derivatives from pretreatment 

operation. These phenolics, including phenolic aldehydes and phenolic acids, are strong 

inhibitors to enzymatic hydrolysis and ethanol fermentation [1]. Biodegradation of phenolics 

using specific microorganisms is an important and efficient way for its advantages of less 

cellulose loss and water usage.  

In our previous study, a newly isolated fungus strain, Amorphotheca resinae ZN1, was 

used to quickly degrade various inhibitors generated from pretreatment into harmless 

compounds [2]. In this study, the transcriptome of A. resinae ZN1 under the stress of typical 

phenolic compounds was sequenced and investigated. Three model compounds representing 

the three lignin derivatives were selected, 4-hydroxybenzaldehyde for hydroxyphenyl group 

(H group), vanillin for guaiacyl group (G group), and syringaldehyde for syringyl group (S 

group). The biodegradation experiment showed that 4-hydroxybenzaldehyde was degraded 

into 4-hydroxybenzoate and 4-hydroxybenzalcohol when 4-hydroxybenzaldehyde was used 

as the sole carbon in aerobic condition, in which 4-hydroxybenzoate was the major metabolite. 

At the similar culture conditions, vanillin was completely converted into vanillate and vanillyl 

alcohol, but vanillyl alcohol was the major metabolite when glucose was added in both 

aerobic and anerobic conditions. Syringaldehyde was degraded slowly in anaerobic culture 

when syringaldehyde was used as the sole carbon. With glucose addition and air aeration, 

syringaldehyde was quickly degraded and syringate was increased with the decrease of 

syringaldehyde, but less syringic alcohol was detected. It was predicted both syringaldehyde 

and syringic alcohol were oxidized into syringate in aerobic condition. Transcriptome data 

showed that the genes corresponding to the degradations of 4-hydroxybenzaldehyde，vanillin 

and syringaldehyde belonged to oxidation reductive pathway by GO functional analysis. The 

genes encoding alcohol dehydrogenase and laccase were expressed dominantly and 

differentially. The results suggested that the oxidative reductive enzymes are important for the 

biodegradation of phenolic aldehydes.  
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Wheat bran was used as substrate for Aspergillus niger TU-17 to produce cellulase. A 

circular bamboo steamer (9 cm ID) was used in the solid culturing process under the 

following culture condition: initial substrate pH 4.8; temperature 30°C; 40% moisture content, 

incubation time 6 days. 10% (v/w) of liquid seed culture was inoculated to the wheat bran. 

The maximum cellulase activity was 26 FPU/g-DS on the 4th day, and -glucosidase 130 

U/g-DS, CMCase 62.3 U/g-DS, xylanase 250.8 U/g-DS were concurrently obtained after 4-6 

days of cultivation. The cellulase was extracted from the solid substrate and concentrated, the 

specific activity of FPU, -glucosidase, CMCase, and xylanase were 17.7 U/mg, 87.8 U/mg, 

42.1 U/mg, 169.5 U/mg respectively. The individual specific activity of cellulase in this study 

was compared to some commercial cellulases. 

The cellulase of this study was employed to produce ethanol from -cellulose. This 

process was carried out by simultaneous saccharification and fermentation (SSF) using a 

thermotolerant Kluyveromyces marxianus at 40C. A 112.5 FPU cellulase from Asp. niger was 

added to 100 ml medium with 7.5, 5, and 2.5 % (w/v) -cellulose (Sigma). The theoretical 

yields of ethanol production were 56, 42, 24 % from 2.5, 5.0, and 7.5% (w/v) -cellulose 

respectively. The supplement of commercial cellulase of 5 FPU/g--cellulose increased the 

ethanol conversion yield to 82 % in 7.5% -cellulose. The results indicated that cellulase 

produced from Asp. niger in this study can be used in ethanol production using the 

lignocellulose of agricultural wastes. Ethanol production was performed using simultaneous 

saccharification and fermentation process from -cellulose as substrate and cellulase 

produced in this study.  
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During the hydrolysis of lignocellulosic biomass, various byproducts can inhibit 

production of main product. In this process, inhibitors can be classified into three main groups: 

weak acids, furan derivatives and phenolic compounds. 

In this study, the effects of inhibitors on Enterobacter earogenes ATCC 29007 and 

2,3-butanediol production (2,3-BDO) were evaluated. The significant effects were not 

observed in the presence of less than 10 g/L of acetic acid and formic acid. However, the 

2,3-BDO production decreased in the presence of over 7 g/L levulinic acid. Among furan 

derivatives and phenolic compounds, phenolic compounds showed the most toxic effects on 

cell growth and 2,3-BDO production, followed by furfural, 5-HMF. 2,3-BDO production was 

evaluated using Miscanthus hydrolysate and 2,3-BDO production was inhibited by total 

phenolic compounds in the hydrolysate.  
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Dilute sulfuric acid hydrolysis has been proven to be an inexpensive, effective and 

near-commercial method for producing sugars from lignocellulose1. Organic acids have 

similar hydrolysis principle and process as inorganic acids, although they are less severe. 

They have superior selectivity for the hydrolysis of polymers of β-(1, 4)-glycosidic bonds, 

due to the decreased ability to cause sugar degradation2,3. Pretreatment with organic acids 

would improve the quality of the by-product stream compared with inorganic aids4. Several 

different organic acids were applied for the hydrolysis of hemicellulose in corn stover. The 

results showed that maleic acid, formic acid, and citric acid had some effect on the 

hemicellulose hydrolysis at 100 °C. There is plentiful and cheap citric acid production 

wastewater available. Its application for the hydrolysis of corn stover achieved 8.47 g/L 

xylose for hemicellulose hydrolysis and 20.4 g/L glucose for enzymatic hydrolysis. It also 

served as a buffer to regulate the pH value for the benefit of cellulase hydrolysis. The 

established kinetic model can better reflect the acid hydrolysis process, and the activation 

energies of xylose formation and degradation were 84.0 kJ/mol, 63.0 kJ/mol and the 

pre-exponential factors were 1.97×108 min-1, 4.17×105 min-1, respectively. The results 

showed that citric acid production wastewater could be used not only for pretreatment but 

also as a buffer in the enzymatic hydrolysis of corn stover for cellulosic ethanol production. 
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Production of Lactic Acid from Rice Straw via Microwave Assisted 

Alkali Pretreatment and Simultaneous Saccharification and 

Co-Fermentation 
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Technology 

Lignocellulose is the most abundant biomass on earth, composed of cellulose, 

hemicelluloses and lignin.  Among these three major components, cellulose can be 

hydrolyzed into glucose and hemicelluloses can be disintegrated to release xylose, arabinose, 

glucose and galactose.  These simple sugars can be utilized in microbial fermentation as 

carbon source to produce a variety of chemicals.  Therefore, lignocelluose is an important 

feedstock for biomass energy and biorefinery. 

In this study, rice straw, the lignocellulosic biomass from waste, was chosen as the 

feedstock in lactic acid production by fermentation.  Rice straw was pretreated with sodium 

hydroxide solution in a microwave reactor, followed by simultaneous saccharification and 

co-fermentation (SSCF) using cellulase as catalyst and Lactobacillus rhamnosus as lactic acid 

production strain.  Experimental parameters including the concentration of sodium 

hydroxide solution (1 %, 2 %, 3 %), pretreatment temperature (60 °C, 80 °C, 100 °C, 120 °C), 

pretreatment time (5 min, 10 min, 15 min),  fermentation temperature (43 °C, 46 °C, 49 °C), 

enzyme loading, and nutrient supply during SSCF were investigated to understand their 

influences to lactic acid production.  

Among the experimental conditions studied, the pretreatment parameters did not exhibit 

significant effects on lactic acid production.  The initial production rate and the amount of 

lactic acid produced decreased with the increase of fermentation temperature.  The increase 

in enzyme loading and nutrient supply significantly helped the production of lactic acid.  

The amount of lactic acid produced was the highest when rice straw was pretreated with 1% 

NaOH in a 100 °C microwave reactor for 10 minutes, followed by saccharification and 

co-fermentation at 43 °C with extra nutrient supply. 
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The study of hydrogen production through anaerobic fermentation 

by immobilized bacteria 
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Immobilized microorganism technique with high concentration, fast reaction rate, less 

loss of microorganism and easy control has become the focus researched. [1] At present, 

immobilized microorganism technique is widely used in water pollution control research. 
[2]This subject focus on producing hydrogen with biomass through anaerobic fermentation by 

immobilized bacteria. 

The microorganisms used (A and B) were screened and separated from sludge, obtained 

from an anaerobic digestion reactor. [3] In the experiment we choose cornstalk as the carrier 

for immobilization, with starch biomass as a substrate for anaerobic fermentation to produce 

hydrogen. The cornstalk absorbing microorganisms have experimented 10 batches 

fermentation. The average hydrogen production quantity is 182% of free fermentation. The 

average substrate utilization increased by 18% than that of free fermentation. The average H2 

yield is about 163 percent of free fermentation. Hydrogen production from xylose by 

immobilized microorganisms under dark conditions was studied in batch experiments. The 

fermentation time of immobilized microorganisms is 1/2 shorter than that of free 

fermentation. 

The results showed that the immobilized continuous hydrogen production compared with 

suspension fermentation has a good advantage and prospects, which laid a foundation for 

immobilized for hydrogen production. 

Keywords: immobilization, hydrogen production, mixed bacterial cultures 
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Succinate Supplement for Muconic Acid Fed-batch Production 
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Bio-based manufacture of commodity chemicals including organic acids, solvents and 

special chemicals attracts global interest recently. Biological production of organic acids, such 

as citric, lactic, succinic, gluconic, and itaconic acid, are developed instead of conventional 

petrochemical processes because of environmentally friendly consideration. Muconic acid 

(MA) is an unsaturated dicarboxylic acid and an alternate precursor of adipic acid that is 

conventionally derived from benzoate degradation. This diacid could be used in the synthesis 

of anti-UV compound, manufacture of antimicrobial material and preparation of functional 

resin in the future. We have screened a MA-accumulating strain, which has a high tolerance of 

benzoate treatment, from industrial sewage. It was identified by BCRC as Pseudomonas sp.. 

After undergoing several auxotrophic mutations and orchestrated screening, the mutated 

microbe has the capability to transform benzoate to muconate and achieve 70% yield. To 

enhance the production of MA, fed-batch cultivation was applied to the system. Several 

succinate feeding strategies are carried out in the fed-batch fermentation and its effect on the 

microbial activity is examined in this study. 

The mutated Pseudomonas sp. is able to co-metabolize benzoate to muconate in the 

presence of glucose, succinic acid and yeast extract together as the growth substrate. 

Pseudomonas’s cell density and cellular benzoate-transforming activity are important to the 

microbial efficiency of converting benzoate to muconate. An appropriate amount of succinate 

supplement with yeast extract feeding during the period of the cells with high 

benzoate-transforming activity in fed-batch process is good for cell growth and its 

MA-productivity can improve 50% over that the other succinate-adding operations. Cellular 

tolerance ability of benzoate and its productivity are also increasing under the condition of 

adding succinate in fed-batch stage. To get higher muconate concentration and productivity, 

more cells with stable and effective cellular transformation activity play an important role in 

fed-batch cultivation. 
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The growth of oleaginous Rhodotorula glutinis in an internal-loop 

airlift bioreactor  
 

Hong-Wei Yen* and Jung-Tzu Chang  
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The argument of land usage and the cost consideration had turned the use of microbial 

lipids in replace of vegetable oils into a competitive alternative for the production of biodiesel 

fuel. The use of abundant lignocellulosic biomass (LCB) for the growth of oleaginous 

microorganism has become a very 

attractive idea recently. This 

study successfully used 

lignocellulosic biomass (LCB) 

hydrolysate as a carbon source for 

the cultivation of oleaginous 

yeast-Rhodotorula glutinis in an 

airlift bioreactor, and obtained the 

highest lipid content of 34.3±0.6% 

at a 2 vvm aeration rate with 60 g reducing sugars/L of LCB 

hydrolysate. The lipid yield is estimated to be 0.12 g lipids/ g of 

reducing sugar consumed. While using LCB hydrolysate as the 

carbon source, oleic acid (C18:1) and linoleic acid (C18:2) were 

the predominant fatty acids of the microbial lipids. Despite the 

lipid content of the batch using LCB hydrolysate is not very 

high, this low cost feedstock has the potential of being adopted 

for the production of β-carotene to have the highest content of 1.243±0.168 mg/g obtained 

was observed. 
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Docosahexaenoic acid (DHA, C22:6), a primary ω-3 structural fatty acid, exists in most 

of the highly active human neural and retina tissues. It is believed that DHA plays important 

roles in human health. At present, DHA production by microalgae such as Crypthecodinium 

cohnii, Schizochytrium sp. etc. isolated from the ocean has attracted increasing attention. 

Although the industrial production of DHA has been achieved at large scale, there is no an 

effective on-line parameter to optimize DHA fermentation process, especially, to guide the 

scale-up of DHA production.  

In the present work, the on-line gas analysis device was applied in DHA fermentation to 

monitor the values of oxygen uptake rate (OUR), CO2 evolution rate (CER) and respiratory 

quotient (RQ) by real-line date collection software. The variation characteristic of RQ in the 

DHA production by schizochytrinm sp. was investigated in a 50-L bioreactor to evaluate and 

define the optimal harvesting time. At lipid accumulation stage and DHA reduction stage, the 

real-time measured RQ linearly correlated very well with ex situ measured DHA percentage 

in total fatty acids, R2 was 0.8266 and 0.9096, respectively. These results proved RQ was a 

useful on-line parameter to monitor DHA percentage in total fatty acids and define the 

optimum harvesting time of DHA production. 
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Fig. 1 Online RQ profile (A) and (B) the linearity 

between RQ and DHA percentage in total fatty acids 
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The influence of Solvent Microenvironment on the Activity of 

deglycosylated Yarrowia lipolytica Lipase 2: experiment and 
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In order to understand the effect of organic solvent on the activity of deglycosylated Yarrowia 

lipolytica Lipase 2 (YLLIP2), the present work was done by interpreting experimental results 

with theoretical molecular modeling of the enzyme structure by using molecular dynamic 

(MD) simulation. After pretreatment with organic solvent, the relationship between residual 

activity of deglycosylated YLLIP2 and solvent polarity was well agreement with the Laane 

model [1]. Subsequently, the results of MD revealed partial and subtle changes providing the 

structural basis for experimental phenomenon. Further, the proton transport from Ser162 to 

His289 was more easily disrupted in the polar solvent molecule (acetone and ethanol) than 

that in non-polar solvent molecule (n-hexane, toluene, trichloromethane). The results 

provided an optimized simulative model to choose better solvent for YLLIP2 in enzymic 

catalytic reaction. 
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Recently, lipase-catalyzed biodiesel production has become more attractive, since the process 

can be carried out under mild conditions and is environmentally friendly. In this research, 

biodiesel production from lard by Candida sp. 99-125 lipase assisted with cyclodextrin as 

additive was investigated. The optimum reaction conditions was determined towards lipase 

dosage, agitation speed, cyclodextrin loading, water content and reuse ability of free lipase. A 

certain dosage of cyclodextrin showed a significant improvement of the reactions. Under 

optimal conditions which methanol was added 30 times at 1/30 molar equivalent each hour, 

the yield of FAMEs achieved 90%. After 5 cycles of reuse, no significant decrease in FAMEs 

yield was observed.  
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Fate and Abundance of Tetracycline Resistant Bacteria in a 

Wastewater Treatment Plant 
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The increasing application of antibiotics in both humans and animals has led to the 

extensive occurrence of antibiotics in environment, raising an important issue that the 

development of antibiotic resistant bacteria (ARB) may pose a threat on public health. 

Wastewater treatment plans (WWTPs) receive wastewaters from various sources and 

discharge the effluent in the natural water through the three-stage treatment process. Up to 

date, the role of WWTPs in transferring ARB is still debatable among researchers. Like other 

water-carried hazardous wastes, ARB is supposed to be removed by physical and chemical 

(unit) operations in WWTPs. Meanwhile, the secondary biological process, e.g., activated 

sludge (AS), suggests a potential hot spot for promoting the spread of ARB because of the 

high microbial biomass and emergent antibiotic residues1. Apart from the demand for the 

fundamental data of ARB in WWTPs, Tetracycline (TC) is one of the most widely used 

antibiotics in the world, owing to its broad-spectrum activity and low toxicity. Therefore, this 

study aims to identify the representative Tetracycline resistant bacteria (TRB) in a WWTP 

and investigate the fate and abundance of these TRB along with the treatment process. 

 Water samples were collected at three 

different compartments in a local WWTP, 

i.e. the raw influent, the effluent from the 

secondary AS clarifier and the final effluent 

after UV disinfection. TRB strains in each 

water sample were isolated by the spread 

plate method and characterized by the 16S 

rDNA sequence. Enumeration of the 

identified TRB was carried out through 

viable plate count with TC concentrations 

of 5, 20 and 30 mg/L. Results showed that 

the removal rates of the total heterotrophs and TRB for AS process were 72.8% and 30.0%, 

and these values for UV process were 99.8% and 97.0%, respectively. Ratio of TRB in the 

total heterotrophs increased as the water passing through the treatment process (Fig. 1). It 

implicates that AS and UV disinfection are inefficient to eliminate TRB in the WWTP. 
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Fig. 1 Ratio of TRB in water samples from the WWTP. 
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The phenazines are nitrogen-containing, aromatic, redox-active secondary metabolites 

produced by many bacterial species. These compounds have long been recognized for their 

broad-spectrum antibiotic activity. Due to the increasing concerns about the use of chemical 

pesticides in recent years, scientists have been making unremitting efforts to study the 

properties of these naturally produced antifungal reagents, phenazines, as well as their 

potential applications. The green pesticide Shenqinmycin developed by Shanghai Jiao Tong 

University, using the Pseudomonas–originated secondary metabolite product, 

phenazine-1-carboxylic acid (PCA), as the anti-fungal ingredient, was registered in China in 

2011, and it has become one of the milestones in the phenazine R&D field.  

Although Shenqinmycin has been industrialized and commercialized, the productivity of 

Shenqinmycin fermentation is not as high as that of those well-developed biopesticides, such 

as validamycin. To overcome this problem, we started a slimming-down program on the 

Shenqinmycin producing strain. By deleting the restriction-modification systems on the 

chromosome, we managed to increase the conjugation efficiency, which facilitates further 

genetic modification efficiency. A fast genetic manipulation method was then established 

using the broad-host-range recombination vector pK18mobsacB. Based on this method, the 

virulence related genes or gene clusters were deleted in tandem in the bacterial chromosome, 

and the resulting engineered strain showed significantly reduced cytotoxicity towards 

mammalian cell lines as well as insects. Thus, an environmental-friendly strain (safe to be 

used commercially) was obtained for Shenqinmycin production. To further boost 

Shenqinmycin productivity, several regulatory elements showing negative effects on the 

expression of Shenqinmycin biosynthetic gene clusters, as well as the genes involved in the 

Shenqinmycin metabolic pathway, have been deleted. In this way, the fermentation yield of 

Shenqinmycin has been increased by 50~60 times.  
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Microbial ecology studied on frozen soils in Lake Issyk-Kul basin, Kyrgyzstan, has not 

yet been reported. With the aim of identifying the pure culture of bacteria in this less known 

earth, five culture media, PYGV, R2A, 1/4TSB, TSB, and 1/4NA, were employed to isolate 

the soil bacteria from four samples in this region. The numbers of the cultivable bacterial 

community were 1.17 × 104 ~ 1.38 × 105 CFU/g, which decreased with the reduction of the 

environmental biomass. According to colonial morphology, 173 bacterial strains were 

isolated. On the basis of 16S rRNA gene sequences, the bacterial strains were belonged to 4 

phyla, including Actinobacteria (52.60%), Firmicutes (18.50%), Proteobacteria (22.54%), and 

Bacteroidetes (6.36%). As the dominant genera, Arthrobacter, Planococcus, and 

Pseudomonas were found in all the frozen soil samples. The similarities of the 16S rRNA 

gene sequence with the corresponding type species were lower than 97.00% for 5 strains(N-2, 

N-3, N-13,R-19 and P-11). The presence of potentially new species reinforces the need for 

new studies in the permafrost environments of the Lake Issyk-Kul basin. 

Keywords cultivable bacteria, frozen soil, 16S rRNA gene, diversity 
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Methane is one of the most important greenhouse gases and plays an essential role in atmospheric 

chemistry. Knowledge about methanotrophs and their diversity is important to understand the microbial 

mediation of the greenhouse gas CH4 under climate chang. The methanotrophs is one of main 

functional microbial groups in soil mediating methane cycles of terrestrial ecosystem. The purpose of 

this study was to explore spatial distribution pattern of methanotrophs diversity and the major factors 

affecting soil methanotrophs diversity along an elevation gradient on vertical natural belt of the North 

Tianshan Mountains, soil samples were collected at six sites in 2010, which were desert grassland belt 

(H1), Mountain grassland belt (H2), Mountain forest belt (H3), sub-alpine cushion belt (H4), alpine 

cushion belt (H5), alpine tundra vegetation (H6). Methanotrophs diversity in six sites from the North 

Tianshan mountains were assessed with terminal restriction fragment length polymorphism (T-RFLP).  

The carbon-nitrogen ratio was significant difference under different vertical natural belt, ranged 

from 10.34 to 20.10, soil organic carbon were lowest in alpine tundra vegetation and highest in 

Mountain forest belt, those numbers of belts ranging from H1 to H3 were increased, with increasing 

elevation, then H3 to H6 were decreased. The total number of Terminal Restriction Fragments (T-RFs) 

derived from all those soil samples was 233, indicating high genetic diversity of methanotrophs on 

vertical natural belt of the North Tianshan Mountains. Microbial communities of T-RFs 55 bp, 242 bp, 

376 bp represented the dominant species in sampling sites. Howere, some of the T-RFs were more 

sensitive to environment, such as 79 bp 176 bp and 250 bp. Methanotrophs diversity index and T-RFs 

numbers were lowest in mountain forest belt and highest in subalpine cushion belt. Along the elevation 

gradient, the trendency of those numbers are as follows, H1>H2>H3<H4>H5>H6. Cluster analysis 

revealed that the samples could be separated into two groups, H4, H5 and H6 clustered into one group, 

while H2 and H3 clustered into other group.  

The community shifts were further investigated by Principle component analysis (PCA). The first 

PCA axis, which is related to the main compositional variation, separated the communities of the 

different sites. The main variation was mainly caused by changes in the relative abundance of the 58 bp, 

87 bp, 137 bp, 243 bp and 248 bp T-RFs. 

Based on canonical correspondence analysis (CCA), shannon index of methanotrophs was 

positively correlated with soil pH and C/N ratio and negatively correlated with elevation, content of 

total nitrogen and total phosphorus; and Simpson index(D) and Evenness(E) were positively correlated 

with soils’ C/N ratio, soil surface temperature, pH and organic carbon, and negatively with elevation, 

total nitrogen and total phosphorus; indicating that plant communities and soil nutrients influence the 

soil microbial structure.  

Our research showed that soil methanotrophs was high genetic diversity along the elevation 

gradient on vertical natural belt in the North Tianshan Mountain. Soil microorganisms were positively 

correlated with vegetation, soils pH, C/N ratio, and soil moisture, total nitrogen, these parameters might 

be the main factors controlling soil methanotrophs diversity. 
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With the increasing use of plastic film, the environmental pollution caused by its residue 

has become a serious issue [1-2]. Polyethylene is petroleum-based and non-renewable.While 

some sustainable alternatives, including degradable and/or biodegradable polymer materials, 

are expensive and notavailable,which will actually increase the cost of film production for 

agricultural application. Therefore, inexpensive and alternative resources like biomass waste 

from fermentation industries have been taken into consideration for film preparation [3]. With 

fermentation residue as raw material, such as citric acid fermentation residue, biodegradable 

films with excellent mechanical properties and the function of soil temperature preservation, 

moisture maintenance and fertilizer release of NPK were manufactured and modified in our 

work to avoid waste of bioresources and plastic film pollution. 

By using the appropriate chemical method, the reaction between film forming molecules 

can react more effectively in a short time, which can greatly improve the mechanical 

properties of the films. The result of agricultural research showed that biodegradable films 

can keep the soil temperature 5~7°C higher than unmulched one. Besides, the moisture 

maintenance of our biodegradable films is as good as commercial films. Compared with 

unmulched group, the ground mulched with modified fermentation residue composite films 

increased yield of corn, peanut and cotton by 8%,7.7%,12.4% respectively. Hence, 

biodegradable fermentation residue composite films showed great potential advantages in 

agriculture on promoting eco-sustainable cultivation, protecting soil against pollution and 

reducing the use of non-renewable petroleum-based raw material. 
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Virus-like particles (VLPs) are non-infectious and immunogenic, virus-mimicking 

protein assemblies (including host specific binding abilities), the research on this area 

increasing rapidly towards drug delivery system (DDS), lipoparticle technology and vaccine 

candidates. The process conditions is played a major role during VLP formation and also it is 

important in development of VLP to DDS. In the present study, we developed a host specific 

algicide delivery system using an algae virus called Heterocapsa circularisquama RNA Virus 

(HcRNAV). The HcRNAV34 is a single-stranded RNA virus specifically infect the 

bivalve-killing dinoflagellate H. circularisquama HU9433. The optimized HcRNAV34 gene 

was cloned into pTXB1 expression system in E.coli BL21(DE3) as a host. The HcRNAV34 

was purified by chitin bead affinity column chromatography. After purification, the optimum 

conditions required for the HcRNAV34 formation by dissociation and reassociation process 

was performed with various concentrations of NaCl, CaCl2, MgSO4, DTT and EDTA. For 

dissociation, reassociation and elution the pH was varied from 6 to 11. From the observed 

results, the optimum conditions for better dissociation was obtained with NaCl (~500 mM), 

reducing agent DTT (~50 mM) and chelating agent EDTA (~50 mM) at pH 11. In this 

condition, higher concentration of VLP dissociation was observed by dynamic laser scattering 

(DLS) analysis and TEM. On the other hand, the optimum conditions for reassociation of 

HcRNAV was 500 mM NaCl and 100 mM of divalent metal cation such as Ca2+ and Mg2+ at 

pH 11.0. Higher reassociation of VLPs was observed by dynamic laser scattering (DLS) 

analysis and TEM. The optimum conditions of the elution buffer was estimated as 500 mM 

NaCl, 5 mM DTT and 1 mM EDTA at pH 11.0. 
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Odor complaints have become a familiar subject to wastewater treatment plant (WWTP) 

operators. Nowadays they are not only expected to manage their WWTPs efficiently, but also 

to reduce plant odor emissions1.  When sulfur-containing compounds are biodegraded in 

anaerobic condition, volatile sulfur compounds (VSCs) including H2S, methyl mercaptan, and 

dimethyl sulfide (DMS) are generated. The odor can be reduced if the emission of these VRSs 

from WWTPs could be controlled, since these are the major odorants.   

In this study, pH and ORP of an alternating aerobic and anoxic (AAA) activated sludge 

system for nitrogen removal and VSCs from the system headspace were continuously 

monitored; VSCs were monitored as whole using an on-line total reduced sulfur (TRS) 

analyzer. The pH, and ORP profiles observed during both air-on and air-off cycle of the AAA 

system clearly showed the well-known inflection points, signifying the initiation/termination 

of nitrification and denitrification2. In addition, the observed TRS profile revealed that a large 

amount of reduced sulfurs would come off from the AAA system at the initiation of aeration 

and the sulfur emission begin to drop through the remaining air-on cycle. Most importantly, 

during air-off cycles, TRS emission remained at a low level in the beginning and increased at 

a constant rate after nitrate apex and nitrate knee were observed in pH and ORP profiles, 

respectively.  These observations indicate that the condition in the biological process is 

changing from anoxic to complete anaerobic one and that the reduction of oxidized sulfurs 

occurred, and that proper control of the aerobic and anoxic cycle durations of an AAA system 

would result in significant reduction of odor emission. In other words, controlling air on/off 

cycle duration of an AAA system based on the significant points on the pH and ORP profiles 

would result in not only good nitrogen removal efficiency but also reduced odor emission. 

More discussion on the control strategy for the reduction of the odors from an AAA system 

will be presented in the conference. 
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The compound 2,4,6-trinitrotoluene (TNT) is a secondary explosive widely used for 

both military and civil purposes all over the world.  As a result, residual TNT has been 

detected as an environmental pollutant both in soil and groundwater.   TNT is considered as 

highly toxic and carcinogenic, therefore, control and remediation of TNT contamination is a 

very critical environmental issue.  In this study, bacterial strains BC09 and YC4 were 

isolated from TNT contaminated soil and were studied for their application in TNT 

bioremediation.  Strain BC09 was isolated by enrichment culture with TNT as sole source as 

carbon and nitrogen while strain YC4 utilized TNT as sole nitrogen bur not carbon source.  

Initial identification of strain BC09 and YC4indicated the bacteria belong to the genera of 

Achromobacter and Citrobacter, respectively.  The efficacy of degradation of TNT by these 

indigenous microorganisms in the contaminated soil without any modification appeared to be 

insufficient in the lab-scale pilot experiments.  The addition of pure cultures of 

TNT-degrading microorganisms in the contaminated soil did not accelerate the degradation 

rate.  However, the addition of extra nutrient supplement such as a carbon source (e.g. 

sucrose) could significantly increase the bioremediation efficiency.  Overall, the results 

suggested that combination of biostimulation and bioaugmentation using these indigenous 

isolates is a feasible approach for development of bioremediation of TNT pollution. 
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Propyl 4-(2-(4,6-demethoxypyrimidin-2-yloxy)benzylamino) benzoate, 

(development code is ZJ0273), is a novel pyrimidynyloxybenzoic herbicide, 

developed from 2-pyrimidyloxy-N-arylbenzylamin derivatives by Shanghai Institute 

of Organic Chemistry and Zhejiang Institute of Chemical Industry in China. In recent 

years, ZJ0273 and its 10% emulsifiable concentration have been widely applied for 

pre- and post-emergence weed control in oil rape fields in China because it can 

eradicate many monocogyledonous and dicotyledonous weeds with eradication 

efficiency of 80-90%. Area of ZJ0273 application reached 533,000 ha in 2007 in 

China. With large amounts of ZJ0273 application and spraying area increasing, 

considerable amounts of ZJ0273 will be accumulated in field and lead to water and 

soil contamination and decrease crop yield. Therefore ZJ0273’s behavior and its 

degradation characteristics in environment should be studied. 

Sixteen bacteria capable of utilizing ZJ0273 as the sole carbon source were 

isolated from soils. One of the isolates was designated as Bacillus sp. CY based on its 

physiological, biochemical characteristics and phylogenetic analysis of 16S rDNA 

sequences. The present study aimed to investigate the ZJ0273 degradation 

characteristics and kinetics by Bacillus sp. CY which has ability to utilize ZJ0273 as 

the sole source of carbon and energy under aerobic conditions. The optimum 

biodegradation temperature, pH and ZJ0273 initial concentration were 20-40 
o
C, 

5.0-9.0 and 50-400 mg/l, respectively. Strain CY degraded 65% of ZJ0273 (initial 

concentration of 50 mg/l) during 30 days of incubation in basal mineral medium at pH 

8.0 and 35
 o
C. DT50 (half-life value), k (degradation rate constant of ZJ0273) and R

2
 

are 19.20 d, 0.0361 d
-1

 and 0.9464, respectively.  
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Figure 1. FTIR spectra of (a) CTPP (b) HA-CTPP FTIR 

Humic acid-immobilized chitosan gel beads as an adsorbent for the 

removal of heavy metal Pb(II) ions 
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Humic acid-immobilized chitosan-tripolyphosphate (HA-CTPP) beads were used for the 

adsorption of Pb(II) ions. The HA adsorption capacity of unseasoned CTPP and freeze-dried 

CTPP are 228.31 mg/g and 54 mg/g respectively. The results showed that unseasoned CTPP 

beads have better HA adsorption capacity and the adsorption isothermal data correlated well 

with Langmuir and Freundlich isothermal models, with a maximum adsorption capacity qmax 

of 200 mg/g. The adsorption kinetics were well described by the pseudo-first order equation. 

The thermodynamic parameters analyses were performed to discuss ΔH°,ΔS°,ΔG°. 

The unseasoned HA-CTPP beads and freeze-dried HA-CTPP beads have same Pb(II) 

adsorption, therefore freeze-drying method was selected due to its simplicity. FTIR was used 

to verify functional groups, and SEM was used to observe the surface of the prepared beads. 

The adsorption isotherms fitted Langmuir isotherm well, with a maximum Pb(II) capacity of 

qmax= 90.99 mg/g for freeze-dried HA-CTPP beads, and the adsorption kinetics were well 

described by the pseudo-first order equation. 
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Four lead-adsorption strains were isolated from more than 50 strains radiation 

resistant fungi. Four strains could grow in nutrient solution containing 100–3000 mg/L 

Pb(II).The morphological features, biochemical and physiological and 18S rRNA sequences 

of four strains were studied. Results indicated that four strains belonged to Haploangium, 

Alternaria, Penicillum, Nectria. The biosorption experimental results of four strains to Pb(II) 

showed when initial Pb2+concentration was 100 mg/L, biomass was 10g/L, and pH was 7, the 

adsorption rates and adsorption capacity of four strains to Pb(II) were 79.12%、71.94%、69.26% 

and 84.85% respectively, at 30℃,180 r/min with 60 min. Study showed that the removal 

mechanism of Pb(II) removal was mainly cellular surface adsorption. The adsorption models 

of four strains to Pb(II) at 30℃ were described with Langmuir and Freundlich isotherm. 
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Recent development of biotechnology makes every part of human life involved with the 

products utilizing recombinant DNA technology and this poses different questions on the 

safety side of all kind human activities. Of all the cases, people handling dangerous biological 

agents in the laboratories are in highly possible danger of encounters with pathogenic 

microbes and toxins. These biohazardous agents are categorized into four levels and all the 

agents need to be handled by properly trained people under appropriate environments 

according to the agent’s biosafety level.     

 General requirements for the facilities and equipments are well documented in BMBL 

and other safety guidelines. However, detailed conditions and precautions depends on many 

factors including human factors and environments. 
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Fumaric acid is a four-carbon unsaturated dicarboxylic acid that is widely used in the 

food and polymer industry. Food waste rich in carbohydrates and protein are potential 

feedstock for production of renewable bio-based chemicals. This research investigated the 

capability of Rhizopus arrhizus RH7-13 for the production of fumaric acid from Food Waste 

(FW). Improved methods of using FW for fumatic acid production were investigated. At the 

optimal conditions, the highest yield of fumaric acid reached 31.26g/L. Moreover, the COD 

value of FW, S-FW and L-FW had been reduced by 60.7%, 66.3%, 71%. Efficient production 

of fumaricacid from food waste by Rhizopus arrhizus RH7-13 can not only relieve the 

environmental pollution of food waste but also provide an important biomass resource. 
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Owing to their specific physical and chemical properties, precious metals have been widely 

used in many industries, including chemical synthesis, electronics and electroplating 

industries. However, due to the quick evolution of electronic devices and the limited quantity 

of precious metals, prices of those metals have been drastically increased each year. Therefore, 

issues on how to effectively recover those precious metals from a wastewater stream to reduce 

production costs have become a timely sensitive problem. Here a novel protein module was 

developed for direct and selective recovery of precious metals from wastewater. This protein 

module mainly contains two domains, one is a capture domain and the other one is a 

precipitate domain. The capture domain contains a silver binding peptide for direct silver 

chelation while the precipitate domain contains a cellulose binding domain (CBD) for 

efficient protein precipitation and metals collection. In addition, this bi-functional 

biomolecule was able to adsorb silver with high capacity, broad pH tolerance and good 

selectivity. Furthermore, the fabricated bionanocomposies exhibited a desirable bactericidal 

activity against both Escherichia coli and Staphylococcus aureus. This is the first research 

demonstrating this rapid, green and eco-friendly concept for one-pot silver recovery and 

antimicrobial material synthesis. This method offers great flexibility as a wide range of metal 

binding peptides and ligands can be used. Ongoing work is focused on further 

characterization of the kinetics and specificities of more protein modules over a range of 

operation conditions and their potential application. 
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Asian Federation of Biotechnology (AFOB) is a non-profit organization established in 

2008. Currently, there are 13 Asian regions, 3,150 individuals and 10 institutions joined as 

AFOB members.  

Following the mission of AFOB to promote and build network between academia and 

industry of biotechnology, AFOB holds various congresses and symposia for scientists and 

engineers in all areas of biotechnology. Especially, AFOB has established a tradition in Asian 

Congress on Biotechnology (ACB) since 1990 when APBioChEC was its predecessor, Young 

Asian Biochemical Engineers’ Community (YABEC) since 1995, AFOB International 

Symposium since 2010 and AFOB Regional Symposium (ARS) since 2011. Also, as a step to 

future collaborations with European Federation of Biotechnology (EFB), AFOB signed an 

MOU with EFB in 16th European Congress on Biotechnology (ECB) in July, 2014. 

In addition to those activities, AFOB publishes special issues of Biotechnology Journal 

twice a year through an official partnership between AFOB and publisher Wiley, enhancing 

the international status of Asian regions in biotechnology and exhibiting top achievements 

from member regions and institutions to the world beyond Asia. 

All members of AFOB are working hard for innovative and practical biotechnology for 

better life of human beings, clean environment and sustainable development of the world‘s 

society. 
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Find out more

伯昂興業有限公司 BERTEC ENTERPRISE Co. LTD.

台北 : (02) 2228-1234 台中 : (04) 2406-3131

高雄 : (07) 696-3666 花蓮 : (03) 846-3888
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