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About the Second ITC-ISB

Background

Synthetic biology is widely regarded as a forward-looking and disruptive technology. The industrial applica-
tion of synthetic biology is expected to provide new solutions to the major challenges on resources, health

and environment faced by human beings.

Previously in 2019, TIB hosted the first International Training Course on Industrial Synthetic Biotechnology
(ITC-ISB), whereby over 20 young S&T scholars from 10 countries were trained in China.
Introduction

To encourage more young researchers to extend their career to synthetic biology, the COMSATS Joint Center
for Industrial Biotechnology (CCIB), Tianjin Institute of Industrial Biotechnology (TIB), Chinese Academy
of Sciences (CAS) is organizing the second ITC-ISB via online and offline in December 2021. Over 110

researchers from nearly 20 developing countries have applied to attend the training course in due time.

Contents

The training course will focus on the theory, practice and application of the Industrial Synthetic Biotechnol-

ogy. The main contents include:

@ Technical courses: senior experts and scholars will be invited to introduce the progress in frontier tech-
nologies in various areas including biomedicine, bio-agriculture, future food, bio-chemicals, bio-based

materials, bioenergy, etc.

€ Experimental courses: demonstration experiments of enabling technologies will be presented, including
High Throughput Genome Editing, Systems Biotechnology, Protein Structure Analysis, DNA Synthesis,
Bio-design and Intelligent Fermentation Technology.

€ Discussions: panel discussion will be arranged to further learn about each other and discuss for future

collaboration.
@ Test: a test would be arranged at the end of the course to evaluate the effects on the for the trainees.

& Questionnaires: a questionnaires will be designed for trainees to give suggestions for the course thus for

the improvement of the next trainings.

Objectives

@ To accelerate the capacity building of the areas of industrial biotechnology and synthetic biology;

€ To provide a platform for interaction and future collaboration among researchers between China and the

other developing countries.
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Organizing Committee

Chairman of the Organizing Committee

@ Prof. Jibin Sun
CCIB Director and the Deputy Director-General of TIB, CAS
sun_jb@tib.cas.cn

Members of the Organizing Committee

€ Prof. Huifeng Jiang
Coordinator of CCIB Joint R&D Group on Biomedicine, TIB-CAS
jiang hf@tib.cas.cn

€ Prof. Zhiyong Huang
Coordinator of CCIB Joint R&D Group on Bio-agriculture, TIB-CAS
huang zy@tib.cas.cn

¢ Dr. Demao Li
Coordinator of CCIB Joint R&D Group on Bioenergy, TIB-CAS
li_dm@tib.cas.cn

€ Prof. Wengin Bai
Coordinator of CCIB Joint R&D Group on Bio-based Materials, TIB-CAS
baiwq@tib.cas.cn

€ Dr. Yu Wang
Coordinator of CCIB Joint R&D Group on Bio-chemicals, TIB-CAS
wang_y@tib.cas.cn

€ Dr. Ting Shi
Coordinator of CCIB Joint R&D Group on Future Food, TIB-CAS
shi_ting@tib.cas.cn

General Secretary and Coordinator

€ Ms. Qiangian Chai
CCIB Coordinator and the International Cooperation Officer, TIB-CAS
chai_qq@tib.cas.cn

Supporters

Alliance of International Science Organizations (ANSO)

Department of International Cooperation, Ministry of Science and Technology, PRC
Commission on Science and Technology for Sustainable Development in the South (COMSATS)
United Nations Educational, Scientific and Cultural Organization (UNESCO)

CAS-TWAS Center of Excellence for Biotechnology

Innovation Cooperation Center (Bangkok), CAS
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Virtual Platform

VooV Meeting (download from its official website:https://voovmeeting.com), ID: 608 6508 9263
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Notice and Tips for Trainees

1.Please follow the related arrangements during the training course.

2.Please keep an eye on your email, since the organizing committee may send related news or updated

arrangements during the course.
3.Please attend the training course on time, or else you may not get the graduation certificate.
4.Please inform the conference staff in advance in case that you will be absent to the course.

5.Please turn on the camera and be kindly to turn off the microphone during the lecture, and turn on the

microphone when necessary during the Q&A session.

6.To protect the intellectual properties of the training course, please do not record the video privately

and share it on the Internet.

7.To save the time, it is encoraged to type your questions into the chat area in advance during the Q&A

session.

8.To make a complete group photo, please take a screenshot of yourself on your computer during group

photo session and send it to ccib@tib.cas.cn after the opening ceremony.

9.Please be free to contact the organizing committee staff if you need any help:
Ms. Qiangian Chai 86-22-84861925, chai_qq@tib.cac.cn
Ms. Zhihong Xiao 86-18340815670, ccib@tib.cas.cn
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Schedule

Date Week Time Contents
14:00-15:00 Trainee check-in and device tuning
15:00-16:00 Opening Ceremony
Dec. 20" Mon.

Keynote Speech: Introduction to the
16:00-17:30 Industrial Synthetic Biotechnology
17:30-18:30 Cloud Excursion to TIB

Dec. 21" Tue. 14:00-18:30 Technical Session 1: Frontier Technology on Biomedicine
Dec. 22® Wed. 14:00-18:30 Technical Session 2: Frontier Technology on Bio-agriculture
Dec. 23t Thu. 14:00-18:30 Technical Session 3: Frontier Technology on Future Food
Dec. 24t Fri. 14:00-18:30 Technical Session 4: Frontier Technology on Bio-chemicals
Dec. 26 Sun. 14:00-18:30 Technical Session 5: Frontier Technology
on Bio-based Materials
Dec. 27" Mon. 14:00-18:30 Technical Session 6: Frontier Technology on Bioenergy
Experimental Session 1-3 (High-Throughput and Auto-
Dec. 28™ Tue. 14:00-18:30 mated Genome Engineering, Systems Biotechnology and
Cell Factory, Protein Structure Analysis)
Experimental Session 4-6 (Introduction to DNA Synthe-
Dec. 29t Wed. 14:00-18:30 sis, Metabolic Pathway Design for Chemical Synthesis,

Intelligent Fermentation Technology)

14:00-15:30 Group Discussion
Dec. 30 Thu. 15:30-17:00 Test and Questionnaire Survey
17:00-17:30 Graduation Ceremony
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Agenda

December 20th-30th, 2021 [Beijing time, UTC/GMT+8]

Date Week Time Contents Speaker Organization
14:00-15:00 Trainee check-in and device tuning
15:00-16:00 Opening Ceremony
o Tianjin Institute of Indus-
Keynote Speech: Introduction to th Jibin Sun trial Biotechnology (TIB)
Dec. 20% | Mon. | 16:00-17:30 | orore SPeech . Itroduetion 10 Me | pepyry pirector- | 114 Blotechnolosy (1UB),
Industrial Synthetic Biotechnology General Chinese Academy of
Sciences (CAS)
Jibin Sun
17:30-18:30 Cloud Excursion to TIB Deputy Director- TIB, CAS
General
Technical Session 1: Frontier Tech
14:00-15:30 Biosynthesis of Plant-derived Tao Liu Professor TIB, CAS
Natural Products
Engineering the Plant Cell Factory . .
th
Dec. 21 Tue. 15:30-17:00 | for the Production of Plant Natural Zhichao Li TIB, CAS
Professor
Products.
Green Biomanufacturing of Fine Dunming Zhu
.00-1%- TIB, CAS
17:00-18:30 Chemicals Including Pharmaceuticals Professor
Technical Session 2: Frontier Technology on Bio-agric
14:00-15:30 Biomass Degradatlon and‘Blobased Chaoguang Tian TIB, CAS
Chemicals Production Professor
. . Synthetic Microbiome and Its Zhiyong Huang
Dec. 22t | Wed. 15:30-17:00 Application in Agriculture Professor TIB, CAS
Intelligent Design of Artificial . Blotechnology Research
) ] . . . o Yongliang Yan Institute, Chinese
17:00-18:30 | Biological Nitrogen Fixation System .
N . Professor Academy of Agricultural
and Its Application in Agriculture .
Sciences
Technical Session 3: Frontier Technology on Future
Progress in Production Technology
. . .. . . . He Huang .. . .
14:00-15:30 | and Industrialization of Microbial Nanjing Tech University
Polyunsaturated Fatty Acids Professor
Dec. 23" | Thu. 15:30-17-00 Technology Development of Jlaigang. \iang
R Carbohydrate Engineering ssoctate TIB, CAS
Professor
17:00-18:30 | Biomanufacture of Artificial Meat Jingwen Zhou Jiangnan University
Professor
Technical Session 4: Frontier Technology on Bio-che
Biochemical Industry Wuyuan Zhang
14:00-15:30 Using Biocatalysis Professor TIB, CAS
Challenges and Opportunities for . . . .
Dec. 24™ | Fri. [15:30-17:00 | Bioconversion of Low-cost Biomass Qiang Fei X an Jlao’tong
. . Professor University
into Biofuels
) ) ) Peng Xu Guangdong Technion
17:00-18:30 | Biomanufacturing and Intelligent Assistant Israel Institute of
Control Systems Professor Technology

-5-
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Bio-based Production of
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) Xueli Zhang

14:00-15:30 Material Monomers Professor TIB, CAS
Synthesis of Biodegradable Plastic . . .
. S Institute of Microbiology,
Dec. 260 | gy | 15:30-17:00 Polylactic Acid in the Bf; Yu PR e
’ ' era of SynBiotech Professor
Key Technologies for Strengthening Dan Wang
17:00-18:30 | the Synthesis Process of Bio-based Associate Chonggqing University
Materials Professor
[11) d C Ol O 01 0No010¢g Il:l'l"
. . Liang Yu .
Progress of Anaerobic Digestion . Washington State
14:00-15:30 Technology for Biogas Production Assistant Uni it
gy g Professor niversity
Dec. 27" | Mon. Construction of Bioelectrochemical | . =
15:30-17:00 Systems for Bioelectricity suane TIB, CAS
. Professor
Conversion
Application of Synthetic Microbial Fenoxue Xin
17:00-18:30 | Consortia for Biofuels and Natural Pr%)fessor Nanjing Tech University
Products Production
Experimental Session 1-3
Yu Wang
) Associate
14:00-15:30 | High-throughput apd Al'ltomated Professor TIB, CAS
Genome Engineering Yanmei Guo
Senior Engineer
Jibin Sun
Dec. 28" | Tue. . . Professor
15:30-17:00 | lechnology of Systems Biology in Qichen Cao TIB, CAS
Metabolic Engineering .
Associate
Professor
17:00-18:30 X-ray Protein C.rystgl Structure Weidong Liu TIB. CAS
Determination Professor ’
Experimental Session 4-6
Miao Feng
14:00-15:30 Introduction to DNA Synthesis Associate TIB, CAS
Professor
Dec. 29" | Wed. . . Design of Metabolic Pathways Qianqian. Yuan
15:30-17:00 Based on the Genome-Scale Associate TIB, CAS
Metabolic Network Professor
17:00-18:30 | Intelligent Fermentation Technology Jianye Xia TIB. CAS
Professor ’
14:00-15:30 Group Discussion
Dec. 30" | Thu. |15:30-17:00 Test and Questionnaire Survey
17:00-17:30 Graduation Ceremony

Note: The program on Dec. 30 is only for the trainees.
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Introduction to the Lecturers

FHmfE

(* shown according to the lecturers’ sequence)

FNRE

Dr. Jibin SUN obtained his PhD degree in Biotechnology at Technical University Braunschweig/Ger-
man Research Center for Biotechnology, Germany in 2004, and joined TIB as a full professor in 2008. He
is the winner of State Council Special Allowance, member of China Biotech Fermentation Industry Associa-

tion, member of Chinese Society for Microbiology, Vice Chairman of Tianjin Society for Microbiology.

His research interest is to establish methodological toolbox useful for understanding and engineering
industrial working horses such as E. coli, C. glutamicum or A. niger, and to develop or rebuild industrial
superbugs hyperproducing bulk or fine chemicals such as amino acid, organic acid or its derivatives. He did
substantial contributions to the foundation of the institutional core facility and the National Center of Tech-

nology Innovation for Synthetic Biology.

In the past years, he published more than 100 peer-reviewed papers in leading international journals
and applied 90 patents. He sequenced more than 100 Chinese industrial strains and developed efficient cell

factories producing diverse amino acids, organic acids and transferred to the industry successfully.

INRE, ARR, BTESIH, 2004FEFEERCHR LI AE, WEFERFRXEIIWE
MRARRRAEIK, RRENZHOEE. EZESHRERENER, FEEVREF IR,
FEMENFEER, RETHMEVFREIERK. AROUEEMNTITUVMENREENS, HHOTRE

WHERTHARTE, NI HEYNS RS FEM, RITHeERE T WHEKOME
¥, EFMSETERRKYE. B8, BE2F. REHFZNEERARE., ENature Communi-
cation, Trends in Biotechnology. Metabolic Engineering. ACS Synthetic Biology&E#&E £k
RTRIVNEXMAONRHEX100RE, HISFERBPEFIORI, REFRIJER. BINBRFTIH
KERHRRE, HEHAR[UER. mﬂﬁﬂﬂfﬁﬁgﬁ“ﬁ SUHRARE T A L BV TH LI = WAL R A
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Tao Liu is professor at the Tianjin Institute of Industrial of Biotechnology (TIB). Dr. Liu's research is
focused on natural product biosynthesis. It includes the elucidation of complex multi-step biosynthetic
pathways, carried out by bacteria or plants, generation of modified natural product drugs through genetic
engineering, microbial synthesis of plant derived natural products through metabolic engineering and
synthetic biology. Dr. Liu has published more than 30 papers, which can be found in ACS Synth. Biol.,
Metab. Eng., Org. Lett., etc.

XiE, PERZERREIWVEMRARRFAARR. XERRRIIKBNERADED SRR,
FEORE: MEVMRAFMEDSHRERENT, EORADENSHRERENT, MEDSREYIRX
RFYD;, RAFYMNASEMSHE S EMAR. EMetab. Eng., ACS Synth. Biol,, PNAS, J. Am.
Chem. Soc., Org. Lett., PhytochemistryZEHiFI & FRIE X 30R5.

Selected publications
1. Yang, Y., et al., Discovery of glycosyltransferases involved in the biosynthesis of ligupurpuroside B.
Organic Letters, 23(20):7851-7854. (2021)

2. Song, W., et al., CYP82AR subfamily proteins catalyze C-1' hydroxylations of deoxyshikonin in the
biosynthesis of shikonin and alkannin. Organic Letters, 23(7):2455-2459. (2021)

3. Bi,H., et al., Biosynthesis of a rosavin natural product in Escherichia coli by glycosyltransferase

rational design and artificial pathway construction. Metabolic Engineering, 69:15-25. (2021)

4. Bi,H., et al., Producing gram-scale unnatural rosavin analogues from glucose by engineered Esche-
richia coli, ACS Synthetic Biology, 8(8), 1931-1940. (2019)

-10-
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Biosynthesis of Plant-derived Natural Products

lant natural products are currently widely used in the pharmaceutical, health food, and cosmetics indus-
tries. The natural supply of these compounds is very limited due to the limited availability and yield from
plants. Chemical synthesis suffers from low yield, using expensive intermediates and causing serious pollu-
tion. Recent developments in functional genomics and high-throughput analytical techniques have led to
discovery of genes involved in the biosynthesis of plant natural products. The knowledge thus derived has
been successfully utilized to produce target specialized plant origin by metabolic engineering and synthetic
biology approaches. Herein, we discuss biosynthetic pathway elucidation and microbial synthesis of plant

natural products, especially polyphenols.

ME S RAEIRIA=H

BYMRAFMER ZNATHE., By FWE. BRiEMX AW EZRREBRTNEY PR
B, XHEFLAZRTENRIR, DA#HE. KZERNRREFRR, E£ABRATEIRMELT.
Bk, MENRERNEAZRSBEE SR ANAR, BRESEMRATNEN SRNERMEBR A
W AXWARERAT BINBLEMSREMRAREFBRTRBMIRERATY. X8, &i)iTie
BYMRAFNNEN G RIEREBIMEDCRN, iR SIMRATY.

-11-
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FEE

Zhichao Li, professor in Tianjin institute of industrial biotechnology, Chinese academy of sciences. His
research topic is to study the mechanism of horizontal gene transfer (natural transgene) by experimental
evolution strategy. The aim is to develop the new technology of transgene delivery, genome fusion and cell
fusion. We also work on developing the plant enabling technologies and constructing the plant cell factories
to produce the plant natural products, which are hard to be synthesized in microbe. Our latest research work
is published on Nature Communications, Nucleic Acids Research , Plant Physiology, Journal of Experimen-

tal Botany and so on.

ZE8, PERNFERKXEIWVEMRARAR, ARR, 5, TENEFRAIWHEFER, BT
IKFERER (RALRER) #USHNDFIE, SRARHENERSBERA. ERAMSNAR
REaRA, BRSO TFHREYERERA. WEEVAERT T, MHMEDSHREENEZERAENEY
FHITEYEIES K. EEARIEA*&RFNature Communications. Nucleic Acids Research,
Plant Physiology. Journal of Experimental Botany%,

Engineering the Plant Cell Factory for the Production of Plant Natural Products.

Plant natural products (PNPs) are the main sources of drugs, food additives or new biofuels and have
become the hotspot in synthetic biology. In the past two decades, the engineered biosynthesis of many PNPs
have been achieved by constructing the microbial cell factories. Along with rapid development of plant phys-
iology, genetics and plant genetic modification technique, the host has now expanded to complex plant
system from initial single-celled microbes. Plant synthetic biology is an emerging field that combines engi-
neering principles with plant biology. In this technical lecture, we will focus on plant-specific genetic and
metabolic engineering technologies and introduce the recent advances of identification of PNPs biosynthetic

pathway and summarized the progress of engineered PNPs biosynthesis in plant.

FIBEYHR T SeEMXATY

BMRAFY(PNP)RSERY. BERFIFEFEEMRHNEERR, SRAGHENZNRR
AR B -5k, BEREMEMMERI), IMTIHFSPNPRIECEYSRK. BEENEES. &
EEMEYERMERANREL R, BEXEHEVNRARMEDNT REISRNEVMRS. EVEK
EYMZERBIRERESENRFRESHITNER. ERREARES, BMNBESNBEVERNE
EMRBIRERAK, AEERFBEYHRPNPENSRERR TRUEFNHEHITNBMNEE,

-12-
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Dunming Zhu, Ph.D. Director of Tianjin Engineering Research Center of Biocatalytic Technology. He
got his BS from the University of Science & Technology of China and his Ph.D. from Shanghai Institute of
Organic Chemistry, Chinese Academy of Sciences (CAS). Before joining TIB, he held several positions in
academia and industry in the United States. He has co-authored more than 150 peer-reviewed articles in
core international journals including Nature Catalysis, JACS, Angewandte Chemie, Chemical Science, ACS
Catalysis. He authored a book “Chemo-Enzymatic Cascade Reactions” published by Wiley. His team has
transferred 4 bioprocesses which are applied at annually 100 to 10000 ton scale. He serves an Editorial
Board Member of several scientific journals and committee member of several Chinese professional organi-
zations. He gave invited talks at various international conferences such as Gordon Research Conferences
Biocatalysis and Green Chemistry, and Engineering Conference International Enzyme Engineering confer-
ences. His research interests focus on the interface of synthetic biology and synthetic chemistry, and range
from discovery of novel industrial enzymes to understanding of biocatalytic reaction mechanisms, and the

integration of biocatalysis into complex organic synthesis.

KHE, BLESN, FERFRREIVEMRARRRAARR. KEHEDEXEARIEHSD
FE, 1987FENFHERERAKREZEs FUFET, 1993F W FHERZFR LBETICERR
Fr, SRENMHWEEUELTZEN., HRABASKHUFSERENFNRIWE, FRERAREMENIRS
MEARGENAR, FREEEMEMBAREECZTWHNNA, REEMECZSMKREZELR
RNNEBRESEWFIA. £Nature Catalysis, JACS, Angewandte Chemie, ACS Catalysis,
Chemical ScienceZHTMEARMARICN 1588, HIRENEEZ1Z (Chemo-Enzymatic Cascade
Reactions,Wiley) ; ENAMRALTE, XM TI4WMARIKAREL, £FAEDIXEESE
100-10000MERIFE, EESHETINREZMNSNEWERRER,; NETEGordon Research Con-
ferences NEBHZITSIEWRILIFITS, LIKEngineering Conference International B &8
TITEMTSFEMREZFASMERSEIBRS.

-13-
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Green Biomanufacturing of Fine Chemicals Including Pharmaceuticals

Given the importance of fine chemical industry including pharmaceutical industry to our daily life and
the impacts of fine chemical industry on the environment, it is highly desired to develop technologies that
could enable the sustainable development of fine chemical industry. This short course will discuss the recent
advances in biocatalysis and its advantages in the green production of biocatalysis. Retro-biosynthesis based
on biotransformation will be introduced using some examples. Recently developed bioprocesses for the
production of pharmaceutical intermediates in our laboratory and their application at industrial scale will be
presented to demonstrate that combination of biocatalysis and chemical synthesis can enable us to address
the challenges in the green biomanufacturing of fine chemicals, thus benefiting our society in a sustainable

way.

ESREFHEFREEDHISHEAR

MHBTWEFREUZE TN TAREFNEEMNERR. AMREFHE T ROBKE L, I5HE
MUFREBHENEENE, NEAEVECHNERERR, FI2ENENERSANEREEHIEP AN
HEAIAE, NEFBEN SIS IRREDECRBHITSIUZENAS SRBELNIRIT, &
FEI—E£EAEMN (BR-LELTWHNANES) BRATHEERNEDECINSERS LN
B RAFHAUFREBENHIE, (EHAXM NI FEERNLFRABEZ.

-14-
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Dr. Chaoguang Tian, PI, Tianjin Institute of Industrial Biotechnology, CAS, since 2010. PhD graduated
from Institute of Genetics and Developmental Biology, CAS at 2004. postdoc study at U.C. Berkeley,
2005-2009. The current research mainly focuses on study of chassis cell genetics and engineering using
filamentous fungi and mammalian cell as working system. Developing the cell factory for biobased chemi-

cals and industrial proteins, and the new synthetic biotechnology for biotherapy.

B, Bx, ARR. 2004FE BN THERFREELBAH, 2005-200900M KFHTF]
IRIBELEHAR, 2009.12E%5, dRIERETWEPRKARARAIE. EEULKEREMBA Y
HMPAINR, FRERZEEAPEELERR, ARTBTARUERN TV ERAREFRMERI L
RABTEMBTHNERENZHRAK, TEEFEEERERARITHIFSFSERAES 208, &
Science. PNASEFERERITIAFRIENA0RRE, BIFEF20RIN.

Biomass Degradation and Biobased Chemicals Production

Biomanufacturing is one the major output of synthetics biology, biorefinery is the core component of
biomanufacturing. This lecture will focuses on biorefinery, the study including the mechanism of biomass
degradation, cell factory construction using genome editing tools for biobased chemicals production will be

discussed then.

EYIERPERECSF M

EYHERERENFEELD, EMEHREVHENRORE, PREEATETERRED IS
HEF @R LREREERFBIEFERBFENEAR, URANBEREBRERAUNEENENFE R
MBI &,

-15-
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Dr. Zhiyong Huang, PI, Professor of Tianjin Institute of Industrial Biotechnology, Chinese Academy of
Sciences, Deputy Director of Tianjin Key Lab of "Industrial Biosystems and Process Engineering". He used
to study and work in the University of Tokyo (Japan), the University of Missouri (USA), and the University
of Georgia, Savannah River Ecological Laboratory (USA) for many years. In 2008, he joined in Tianjin
Institute of industrial biotechnology, Chinese Academy of Sciences. Prof. Huang kept focus on Microbial
Ecology, Environmental Microbiology, Microbiome, and developed a series of engineered microbial tech-

niques in the Environment, and Agriculture fields.

BEE, B, BEREA, PERNZEXREZIVEYRARRAARR, XiEm "TUENRSE
SERIR" ERIRERERE. SEEAFRRRAZE. XEBEHEXRZE. XEERTAFFRATE
SLBWEZITESZE, 2008FNMAFERZEXZTWEMFRAHRRET. KEARMEVESE. ]
BHMENZ. MENMEE, URIEMNBARANNRR, FARVIMEHMEMRANABTREGE, £
SR F4hsE,

The Construction Method and Application in Agriculture of the Synthetic Microbiome

The microbiome plays a vital role in human health, agriculture, and the environment. This course mainly
introduces the definition, connotation and technical methods of the microbiome, focusing on the important
role of the microbiome in agricultural production (promoting growth, preventing disease, resisting stress,
repairing, etc.). In addition, the advantages of the engineered microbiome are introduced, and the design
principles and best practices of the "top-down" and "bottom-up" of the engineered microbiome are empha-
sized. The construction method of the microbiome was demonstrated in combination with typical cases.
Finally, the technical development route of the future engineering microbiome and its specific application in

the agricultural field are discussed.

BRREYAIEES RN

MEMBEARER. Kl ARELEYAEEEXRERNER. FREETENATHMEMEAR
EX. FRRERRNEARAG L, ERERTHEMAEERWE S (BRE. k. Y. BE%) NEE
fEA. WHNENET TIEMENENNS, AERERT TEMEMER "BELEMT" M "B TFmL" ARt
RUFIRESLE. SRR ENENEEGTZRIT TR &E, WETRRIEMENENR
A& RIS EIARER A B IR A,
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Dr. Yongliang Yan, Professor at Biotechnology Research Institute, Chinese Academy of Agricultural

Sciences.

His research focuses on signal transduction cascades that regulate nitrogen fixation genes in response
to environmental clues in the root-associated nitrogen-fixing bacterium Pseudomonas stutzeri A1501. He
also engages in the design and optimization of artificial nitrogen fixation system through synthetic biology.
Through functional genomics platform, his team analyzed the regulatory mechanism of nif gene, and identi-
fied multiple functional elements involved in nitrogen signal transduction in A1501. Furthermore, they
reported the first described case of a bacterial small RNA involved in the regulation of optimal nitrogen
fixation via a direct baseparing interaction in A1501. They have designed a series of functional elements
and constructed several engineering strains with ammonium secretion ability, which have important appli-

cation potential in reducing chemical fertilizer application and increasing crop productivity.

Foxk=, PERIVEZREVRARARFAARR, RUMEDZHARFPOEE, MEDEERITS
BREIFTEAITER, 2016FNIEPEAME "SFRT" itdl. TENSMENDEERABSEK
EMFRT, REBRTKRGEREMNSFENSHTRALBSARRIHLATIE. BT T kEE/REA
RENSMERIE, BXIRETIFRERNAEZSSERERFRANERGRAENSG, RITFEET
—RIERTHMINERR, AATIERARNEEZERNNCEET TEEM. ERFERERFRITL.
973it¥l. 863itkl. ERBEARFEEFRI20RI,; EPNASFEHRTIMIARSCHENA0RRE, 3%
EZRABEFIRNT0RIL.
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Artificial Nitrogen Fixation System and Application in Agriculture

Biological nitrogen fixation, carried out by prokaryotes, leads to the reduction of molecular nitrogen to
ammonia, subsequently assimilated in amino acids, and provides Earth's ecosystems with about 200 million
tons N per year. The use of biological nitrogen fixation to reduce chemical nitrogen fertilizer is one of the
most potential technical ways to promote the high-quality development of agriculture. However, the natural
nitrogen fixation system has the defects of narrow host range or low nitrogen fixation activity, which greatly
limits the wide application of biological nitrogen fixation in agriculture. Enhancing the efficiency of crop
root-associated nitrogen fixation, developing root nodule symbioses strategies in cereals and creating artifi-
cial nitrogen-fixing eukaryotes are not only the frontiers of biological nitrogen fixation research, but also a
worldwide challenge of agricultural science and technology. The synthetic biology emerging in this century
will provide a revolutionary solution for the agricultural application of biological nitrogen fixation. In this
report, I will systematically review the latest progress in the synthetic biology of biological nitrogen fixation
systems, and briefly discuss our attempts to develop an efficient artificial non-legume associative nitrogen

fixation system.

ATEEFRIEERTSRILNA

BRAAD, RERZMENERESPHNARENIR, X—EERAEYESR. Wk LEYERE
FRENARERA1ZM, AHLKENFRER3/4. FAEYEEREAUEZAR, RERARIEES
REAXREENBENNRARRZRZ—. BR, RARKFRFEBI CEEHEREHESFRE, AKX
BIRTEMERER PRI ZN A, NAERRRKSEENE, T AREBRBEEEE, HEEEE
FEERMEY, BRERERENBERARORNGS R, BEHFER WA EER ., NREBFICHREX®
HERRANGRR, BN SZFRRAAEIFSRERKESER S ERGHRRER.
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He Huang is the professor at Nanjing Tech University and the dean of the School of Pharmaceutical
Sciences. He received his undergraduate education from Zhejiang University, P.R. China (1993-1997), and
obtained a PhD degree in Chemical Engineering from Purdue University (2002). His research was focused
on mining and utilization of industrial microbial resources. Through the establishment of metabolic engi-
neering and synthetic biology-based strain targeted construction technologies, as well as system integra-
tion-based process optimization technology, a variety of fermentation products were produced on an indus-
trial level, including a new generation of food sour agent (L-malic acid), functional nutritional chemicals
(docosahexaenoic acid, arachidonic acid), plant growth regulators (gibberellins) and so on. Until now, he
has published more than 160 papers in the international journals and obtained more than 87 granted patents.
In this year, he was re-elected in the list of Most Cited Chinese Researchers by Elsevier, this is the seventh
time that Professor He Huang has been selected in the list since 2014. Based on the above outstanding
achievements, he has won the second prize of National Technology Invention Award (ranks first) in 2013
and 2018.

B, R BEESIN, WERRT W AREHZERRER. 1997F AR BT RS, 200251
EWVFEEFERZHUZEIRER. ARLTAATIHENRREFLSFBARR, BEEZETAEIE
SEREMFNEMERERSNESNMERA, EEETRASEMHTEMUTRA, LT H—AERIK
# CERR) . DEMEFNFR (CTTTRNVEER. EIGR) ( BYWHER (RBERGA4L, KRBEGA3)
FEMAEFRI T AEER, BXERUB—RKBARERLPER7H, KRSCIIEX160R:E,
2014-2020FE L N ikElsevierf(t Z TIERESHEIFEE R, HUAS—TRARKRERRAKB-EFR
210 (20134, 2018%) .
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Progress in Production Technology and Industrialization of Microbial
Polyunsaturated Fatty Acids

Microbial lipid is emerging as a new developed edible lipid after vegetable oils and animal fats. Due to
the advantages of short production cycle, less land occupation, less impact of climate change and more abun-
dant raw material sources comparing with lipids from plants and animals, microbial lipid production has
attracted much attention from academic and industrial circles in recent years. Polyunsaturated fatty acids are
the most typical microbial lipids, which has an extremely important relationship with human health. Howev-
er, there are still many limitations on the large-scale production of microbial lipids, including low lipid
content, difficult control of lipid components and fermentation processes. Our group has been engaged in the
research of polyunsaturated fatty acids for many years and accumulated quite a lot of experience from Labo-
ratory to Industrialization. This report takes the industrial production of polyunsaturated fatty acid docosa-
hexaenoic acid (DHA) as an example. The main content includes (1) Screening of DHA high-producing
strains; (2) Development of the high cell-density fermentation technology (3) Development of a green

solvent-free DHA extraction technology, and looking forward to the future development direction.

MEYEFZ A B ASEHELMISAT R AT R R ALK

MEYMAE R4 EYHIE. sIimiEZ ENN—RBHENRRIR, BEREFARE. Aid XS
TN FHKREESFNS, EFREIFZARNFUREN. EPREMERRIBESAMKAINEERES
EREEENXR, EREHBNMEYBE. A, MEDRENFIAKRATEIREES ik, S15H
FEF 21K, HEED . RBIERERES, MRBASFRKENEZS MR R IIE,
ERAFRE IR ATERITTRNAR. AREUSHEMIERR-—+RNIEER (DHA) £57
7B, IRERTEIE (1) HiEEFDHANER, (2) FASEEARBNASLIDHAREENESHIRR (3)
FREBERBFRIHFLZ, ANREAKRTRHITTRE,
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He is the associate professor from Tianjin Institute of Industrial Biotechnology, Chinese Academy of
Sciences. His research focuses on biomanufacturing functional sugars and natural products. The detail
research area contains: i) discovery and engineering of enzymes such as aldolases, phosphatases and glyco-
syltransferases to improve their catalytic efficiency and thermostability; artificial pathway design and
multi-enzyme system construction to manufacture value-added carbohydrates; biosynthesis of chemicals
based on C-C bond formation using metabolic engineering and synthetic biology strategies. He developed
low-cost routes for producing rare sugars from starch and one-carbon compound and has successfully
synthesized many nutrient chemicals such as mannose, glycosylglycerol, mannosyl-oligosaccharides, and
so on. He published more than fifteen papers in internationally magazines like ACS catalysis and Biotech-

nology advance. Also, he applied many patents for his work.

WER, FERZRRETWERARRE, BIf KRR, TEMRRDEANEERERRAFE IR
EYHE, MBEEYMEER. BIRREREMERAFR, AEBRVEMINEEREZLEKR—RIIX
REBIISHE. £EMERERBITRMENRS IRERR, HETHPE. 5. EmEAREMER AR D
WEBIERARRKEZE, AR 7T HERE. HEEaREYE. HEERSFERNFRRELSFREREEKTTIE. A
F—IEEHBINIEETACS catalysis, Biotechnology advanceZFEHRMBRELERZNE1SE. HiF
EF20I0 (BPCTEF2IN) , RIEBNEFI4IN,

-21-



The Second International Training Course on Industrial Synthetic Biotechnology Program Book

Technology Development of Carbohydrate Engineering

This report would present the concept of carbohydrate science and engineering. It would also talk about
the technology development of carbohydrate engineering and its application in food and medicine area. The
manufacturing technology for carbohydrate would contain enzymatic transformation, multienzyme cascade
reaction, microbial fermentation technologies. This report would mainly focus on the biosynthesis of sugar
and sugar alcohol based on isomerization and oxidation-reduction reactions and the application of aldol reac-
tions in synthesis of deoxysugars. It would also discuss the method for production of new functional oligo-
saccharides based on transglycosylation reactions. Finally, the future trends of technology development in
synthesis of sugars with high structural diversity are presented and evaluated.

R LIZtRHRER

ARENBERZIELERR, BNAWEETREIRARRR. EAFWERNNA, I8
EHERABMEBEALRAK, SBERELERAK, MEVMABRASHIEBTRE, ERNBETEN
RNFARNMBEREHOE ETRAMERRRNGEEE, BETRESSRNEIFREE. ETES
RMNHEINREEESH TR, HE— TR ARRDRERE IR AR TITE.
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Jingwen Zhou received his Ph.D in Fermentation Engineering, at Jiangnan University in 2009, his M.S.
in Microbiology at Huazhong Agricultural University in 2006 and a B.A. in Food Science and Technology
at Huazhong Agricultural University in 2003. He is the vice dean of Science Center for Future Foods, and
a Professor of School of Biotechnology at Jiangnan University. His research areas include metabolic engi-
neering of microorganisms for the efficient production of plant natural products and vitamins, development
of strategies related to carbon-nitrogen balance regulation, fine-tuning of metabolic pathway and
high-throughput screening. He has over 160 peer reviewed publications and invited reviews, and awarded
with National Award for Technological Invention 2nd Prize, WIPO-SIPO Award for Chinese Outstanding

Patented Invention, and ACS membership award.

BARX, TERZEMIEZRLE, RRREHMZFOREIERE, T009FEIEAFRERE
TREEBLTFM, 2006FELPRIKNFREMENFMIFEN, 2003FELFRIKZREREMZF
SIEFIZEM. MIORRAUESEMENRE TESREMENKATDIHEERS. iHE1602
REATIFX HRAIMEBITIE, FREERTAKBPR_EFR, hERBERERFTRE.
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Biomanufacture of Artificial Meat

The so-called "artificial meat" can be generally divided into "plant protein meat" and "cell culture
meat". At present, a large number of researches on artificial meat have been carried out all over the world.
The key problems to be solved include the rational design and transformation of plant protein structure,
flavor and nutrition, the large-scale acquisition of animal muscle cells and the large-scale low-cost culture
of muscle tissue, as well as the foodization of plant protein meat and animal protein meat. Biotechnology
can produce various food enzymes, protein scaffolds, nutrients, pigments, and flavor substances, which can
realize the color, aroma, taste and shape of artificial meat, effectively improve the quality of artificial meat
and reduce the production cost. In recent years, new resource proteins from more plants, the production of
more proteins by microalgae and microorganisms, and the design and synthesis of functional proteins to
improve food performance have provided more solutions to improve the quality of artificial meat and

reduce production costs.

ASHRYEYIHIS

BERA AER", —REUUSA "ENEER" 1 "ARERR" AKX, BRittRSEEL TR
TREAEANBXAR, REHERNOXEEORLEENELLEH. KNk, EFAFHEMRITSHE, o
YA BRI A ERBFNLAE RN AR AT, URENEBRTNMNYMEBRNRALSE. A
EMRA, TUEFSEMIRAERE. &, K. FHERE. EAXR. EFYE. 8K NKYURS,
MRFAANERAN M. BEREFKRAE., EFE, KRETESENNFRIRES. MBRENMEDE
EZHEH. RIFTIEMRARMEENINEERS, ARFAAERNRER. BREFKT, REHTESHE
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Dr.Wuyuan Zhang studied at the Delft University of Technology (TU Delft) and obtained his PhD degree
in 2016 under the supervision of Prof. Isabel Arends and Dr Kristina Djanashvili. Later he spent four years
as postdoctoral researcher with Prof. Frank Hollmann at TU Delft. In 2019 he joined Xi’an Jiaotong Univer-
sity as a principal investigator. In 2020, he moved to Tianjin Institute of Industrial Biotechnology, Chinese
Academy of Sciences (CAS). Currently he is leading the group of biocatalysis, with research interest focus-
ing on photobiocatalysis, redox biocatalysis and their industrial applications. He has published more than 30
publications in peer-reviewed journals such as Nature Catalysis, Angewandte Chemie, Journal of the Ameri-
can Chemical Society, Nature Communications, etc.

SKETT, 2016 FFE TN FRI=R/REGE T RFWNRENRAT A, TN FT=ERZATR FEEER
+ Isabel W.C.E. Arends, Z/EEIZREMENRRANEELEHR, G1ESIHA Frank Hollmann £
B, EERFRNABEACEANRESHR TN ABRR. BRI, E7E Nature Catalysis, Angewandte
Chemie, Journal of the American Chemical Society, Nature Communications EERZERZET) £
K3 30 ZHEILN, KBRS Springer ANEEZEED 1 &, FIET=/ MNEF 3 I WAHREERKEL
WAEMRAARAAR R, LS, EENFETEWERREBRICEBECRARELSYRAEY. 73
MRERRIENHAR.

Biochemical Industry Using Biocatalysis

Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences.

According to the principles and metrics of green chemistry and sustainable development, biocatalysis is
both a green and sustainable technology. In this rather short section, we will have a discussion on the recent
advances of biocatalytic redox reactions. Along with this, we will also outline the important factors in
designing a biocatalytic process for chemical synthesis.

BEFISERNFeEYET

RIBFBUFANTFEARNORVMNER, EMECE—MEEMTFEHECRA. EXIERE
RRRES, HIMBTIEENECEMERRNNENHE. SWEN, HONOEBEHAERIHLESRE
EYMECTIZHFELZBNEERER.
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Prof. Fei earned his Ph.D. in Biochem Eng at KAIST in 2011 under the supervision of Prof. Ho Nam
Chang. From 2011-2016, he was serving as a postdoc and staff engineer at MIT and the National Renewable
Energy Laboratory (NREL) respectively. Prof. Fei joined Xi’an Jiaotong University as a Pl in 2016 working
on the construction and development of biocatalysts for biofuel production including lipids, biodiesel,
isobutanol, and single cell protein. His group has been funded by more than ten projects, including National
Key R&D Programs of China, NSFC, Key R&D Program of Shaanxi Province and etc. Prof. Fei has
published more than 40 peer-reviewed research papers in Biotechnol Adv, Biotechnol Biofuel, Bioresour
Technol, Energ Convers Manage, etc. Currently, he is focusing on developing fermentation processes using
C1 gaseous substrates and lignocellulosic biomass for the production of lipids, chemicals and nutrients as

well as related techno-economic analysis (TEA) and life cycle analysis (LCA).

#ig, IFEL, ATRBRFNIZREUR. BLESIH, CIFTAMNREA, EMHUITEARTELA,
BRAAESIEER, RAEEREATEAT. 2011 FTFHERFH AR (KAIST) BREELTZM, ITNEE
EYUTEIBA Ho Nam Chang Bz1.2011-2016 S5 /GEMABIE TH k. ExRELW=EMNEHALTIE,
2016 FLREEEATRBAZERNES. UE—FEHBEIRIEEE Biotechnol Adv, Biotechnol
Biofuel, Bioresour Technol . Energ Convers Manage, 4 TEZREERPFARZERICNINEXE
Z 40 RB. WAEEREAARITY. EREARZES BFAEERRRITHIS T REOEREHBHRE
HImE. REFEEVIEZFE—REVRAEZRWBK. PEHNIZSEMHUIEZREZR. PER
EMFREBMENEZFEZRZRURSPIERIMNEZABHEEZ. AR EZURR. BRE—K
SHARRNR, BEESRENFNESEERBRAGES#ITENEMRACHABRABESD(FR). BES
R, RAFEED F M EREEMET R, AELEM EXNEBU M T2 ITRARZFTITY
R4 amREB o Em.
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Challenges and Opportunities for Bioconversion of Low-cost Biomass into Biofuels
School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an, China.

Email: feiqgiang@xjtu.edu.cn

The current crisis of global warming is primarily attributed to CO2 production from the excessive use
of fossil fuels during recent decades and has increased demand for renewable biofuels tremendously. Lipids
are drawing considerable attention in relation to the production potential of biodiesel on the basis of their
nontoxic, sustainable, and energy efficient proprieties. However, the high cost of microbial lipid produced
by oleaginous microorganisms mainly stems from the high cost of glucose, which is estimated to be about
80% of the total medium cost. Therefore, considerable efforts have been directed toward minimizing the
carbon source cost and finding new alternative carbon sources. Therefore, attention has begun to turn to
oleaginous yeast, microalgae, and methanotrophic bacteria for biofuel production using abundant and
low-cost carbon sources. In this study, several strains were investigated to obtain high cell density cultures
(HCDC) using food waste, lignocellulosic biomass or natural gas as the sole carbon source. The cell growth
and lipid production from different strains were studied and compared in order to elucidate the influence of
culture conditions on lipid production in terms of titer, yield, content, and productivity in different culture
systems. Both fermentation technologies and genetic engineering skills were applied to achieve an enhanced
carbon flux toward desired products and better utilization efficiency of low-cost substrates. The fatty acid
composition of lipids was analyzed and characterized for diesel fuel production. Finally, a techno-economic
analysis (TEA) was projected based on the process of bioconversion of natural gas into liquid fuel (BioGTL)

in order to provide the sensitivity analysis results.

EMEREE MRS REDRERNE ST

FALRBEBAFZITFE #BFE: feigiang@xjtu.edu.cn
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KRR SRS MR AR E DA R S M NE AT R, BRSPS KNE AT EERRERE
VIR R ML, BTESAENEIER, EFURNESENREAATHBTEFEWRETRR
—MEENEYR. BTG EMREABETZ, BANEFMIRATRECARRTERE. ERIEE
ROERFNIAS . M, BRIAERESABEZIMERVARFBNE, XAKERESHMNE. ELHE
EREBENRFENAIEN, FREERRNESNSHFBREIFAHT BHNHR. BREEE—
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BB BRI S 2 SR B AR R e R BTN EY G k. BELUSBERRSHRENE" R
FRZEEHITHRAREFNBULNEF SR BERR, NARF A HESENERREFNRE
Mg, BIMMREEZEERE. SREFNERTINECABERESRE, £8 3 FREDDHERNEA,
RETRAEEENRDERFAER, BRETEFUIRREABIEFEFNEREERRES &R
BESFHNRRSMEDERAEYHIE. ARRAZIEMRHE RSB MEFIRIEETAMN
RIFWF RIRE T HRIAR B,
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Peng Xu, associate professor of Chemical Engineering at Technion-Guangdong, Israel Institute of Tech-
nology, co-founder and the chief scientific advisor of YaliBio (a Sanfrancisco-based synthetic biology com-
pany), He obtained his PhD in Chemical and Biological Engineering from Rensselaer Polytechnic Institute,
completed his postdoc training in the Stephanopoulos lab at MIT, was an Assistant Professor (independent
PI) at University of Maryland from 2106 to 2020. He has received the 2012 Chinese Government Award for
Outstanding Self-financed Students Aboard, 2018 Bill & Melinda Gates Foundation Award, 2020 Biotech-
nology & Bioengineering Daniel IC Wang Award and 2021 Biochemical Engineering Journal Young Investi-
gator Award. He served on the editorial board for the journal Current Opinion in Biotechnology and Meta-
bolic Engineering. His research fields include metabolic engineering, synthetic biology, intelligent control,

green manufacturing and biochemical engineering et al.

s, IRUSeNETZRUCFTIERABE, BILEMRRABAFMZEE. 2016-2020548
ESE=ZAZUEZEEMTERPERZ. BTF2013FRNCHHNEBETIEZRUCEEEMIEEL, HE
MEBETZRNE=FNELTEME, ARG IES}Stephanopoulos#iE, ARIFIMEIHENF
TREAZFEYIEZR. thHARTORBEFANE, #5I137005KRX. BRIEEEMRMEREMeta-
bolic Engineering®1Current Opinion in BiotechnologyfRZ. BE3k15 2012F "ERMNFEHEF
ERZE" , 2018F "ER-BMAEESR", 2020F"EXBEM T ESEYFAR", ARMWHEIE
B TIE. GAEYZ. Bt EMo FERetEMENIES.
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Biomanufacturing and Intelligent Control Systems

Department of Chemical Engineering, Guangdong - Technion, Israel Institute of Technology,
Shantou, China 510063

Food, energy, drugs are all derived from chemistry and biology. With increasing world population and
growing resource demand, our overexploitation of nature has led to climate changes and rapid loss of
ecological diversity. Metabolic engineering and synthetic biology are enabling technologies to produce the
essential chemicals and drugs we use on the daily basis. Recent achievement in chemistry and biology allows
us to repurpose the genetic and biocatalytic modules inside a living cell. To meet our sustainable goals, [ will
present our effort to reprogram biology for manufacturing applications. This effort allows us to optimize the
cellular reaction networks to produce high value natural products and pharmaceuticals from low-cost feed-
stocks. This effort also led us to harness genetically encoded biosensors to detect environmental pollutants
and probe cellular states. Guided by intelligent design principles, I will also present our recent effort to
rewire transcriptional regulation to improve and stabilize long-term cellular performance. By integrating
negative autoregulation with growth addiction strategies, the engineered cell will autonomously mitigate
carbon flux competition and reduce gene-expression induced strain degeneration. Engineering genetic,
biocatalytic and feedback control modules in living cells will present us feasible solutions to address the

most pressing challenges in health, energy and environment in the 21st century.

CFmEMHISRIE e
FRUESE THRE S TRER

BY). B8R, [YEHRBUZNENZ. BEHFRAOMBRFRAOER, RIMNYEROTEFLS
HTRERZUNESSHEMERORERL, VB TEMSRENFEIIIEBERFBARRREENE
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Zhang Xueli, PhD, Professor. He works at Tianjin Institute of Industrial Biotechnology, Chinese Acad-
emy of Sciences. His researches mainly focus on three aspects, including substance metabolism, energy
metabolism, and physiological metabolism, which systematically analyze the mechanism of the metabolic
regulation in engineered microorganism for efficient production of compounds and provide a theoretical
foundation for the construction of microbial cell factory. More than 70 SCI papers have been published. The
research about novel gene editing was published in Nature Biotechnology.25 Chinese patents and 10 inter-
national patents were authorized. As the first winner, he won the first prize of China Light Industry Federa-
tion, China Patent Excellence Award, the second prize of Anhui Science and Technology Progress Award,
and the second prize of Science and Technology Progress Award of China Petroleum and Chemical Industry

Federation.

On the basis of theoretical researches, nearly 20 engineered strains, including L-alanine, succinic acid,
D-lactic acid, valine have been developed, and 4 engineered strains have been successfully industrialized
and 9 strains have completed technology transfer or entrusted development. The new output value of 2.93
billion yuan was generated, making an important contribution to the development of China's biotechnology

strategic emerging industries.

sKFAL, L, FERFERREZLVEMRARRAMARRD. TENDERRS. 2N HEHNEENH
ZHEARRR, REBTTHEDSHESHAS YRR EENG, ANEMEDHERT BETE
ICE, HXAREAFEENature BiotechnologyZSCINE70RE, FIENFEEF2SWAERE
101, AE—ZTRARPERTUHKESKARA—SR FEEFNER. RHERRBES "SR,
FEABHICIRSSREIA LR "ER,

FIEICHAREME, FRHL-REER. TR, D-IBKR. SERFF20NTIEM, HPI4P
NSEIFALAE, 9N TERIARREILEERIEF &, FIEF-E29.3127T, AEREEWHIE SR XA
KEME T EETM.
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Bio-based Production of Material Monomers

Content: The key points of the course are given on the construction and optimization of biosynthesis
pathway of material monomers, including succinate, 1,4-butanediol, and adipic acid, which involve the strat-
egies, optimization methods and the development of new technologies.1) The significance of bio-based
synthetic material monomer ; 2) International demands for bio-based material monomer; 3) Case studies of
succinic acid, 1,4-butanediol and adipic acid; 4) Strategies and principles for creating synthetic pathways, 5)
calculation of maximum molar conversion of pathways and screening of the optimum pathways; 6) Approach-

es for pathway optimization and development of new technologies; 7) Future development needs, etc.

L ESI=2l: B 2y =107

BB HERNSEIR: ERBRRAL, BFT IR, 14T 8. S-REEMBENIED
fite. 1) EMARMHEENEERY; 2) BRI BRNERSR; 3) TR 14T 8. SR
SRBIHH; 4) ARBRURRBSRN, 5) REBAERELNLE, RERRNHE; 6) RERK
FREFMBANIFE 7) RRORRERE.
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Dr. Bo Yu obtained his academic training at Shandong University, China. After completion of his PhD
thesis in 2006, he moved to Institute of Microbiology, Chinese Academy of Sciences (IMCAS). In 2008, he
started his post-doc research for two years in Germany, funded by German Alexander von Humboldt
Fellowship. From Oct. 2010, Dr. Bo Yu returned to IMCAS and leaded the research group. His research
interests are in industrial biotechnology, especially in the aspect of metabolic engineering of strains for
production of bio-based products via synthetic biotechnology, focusing on pharmaceutical chiral intermedi-
ates and high-value functional nutrients. In 2016, he was promoted to be the full professor in IMCAS. From
2014, Dr. Bo Yu served as the Deputy Director and later as Executive Director of CAS-TWAS Centre of
Excellence for Biotechnology (CoEBio), which the center is focusing on strategic intelligence and interna-
tional collaboration on bioeconomy as well as industrial biotechnology, both for developing and developed
countries. Till now, he authored more than 60 scientific (peer reviewed) papers and 17 issued China patents

in the fields of protein engineering, metabolic engineering and fermentation.

TR B, FERZERHMEDARAARR. HAREARK. PREHMENERSRBEIEERSIRE
BEE REFERZER-ARTFERMFREDEAEMLPL (CAS-TWAS Center of Excellence
for Biotechnology, CoEBio) EIE(E, EENETWENTRANHEHNNAEMAR, FREREDF
STWMEMBFFRAT L, MNETESFEFEFRSEINEEFmNFEEN SRR
{£. #ETrends in Microbiology, Metabolic Engineering, Bioresource Technology, ACS Synthet-
ic Biology, Applied and Environmental Microbiology, Applied Microbiology and Biotechnol-
ogy, Microbial Cell Factories&E TV AW AMIGERERBTIRRRHEZ60RE, BNFEAH
EZR1710,
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Synthesis of Biodegradable Plastic Polylactic Acid in the era of SynBiotech

Polylactic acid (PLA) is a biodegradable polymer, which has recently increased in global demand due to
its increasing application as a bioplastic. PLA is traditionally synthesized by bio-chemical hybrid process,
in which optical pure L-lactic acid or D-lactic acid as the monomer of PLA firstly is produced by microbial
fermentation from renewable resources such as wheat, straw, corn, and sorghum, and then PLA is synthesized
via the chemical polymerization. PLA can be completely degraded by microorganisms in nature, and finally
mineralized into carbon dioxide and water. This report describes the current research progress of relevant
technologies for the synthesis of PLA, including fermentative production of high optical purity lactic acid
monomer as well as the PLA synthesis. The technology for the next generation of clean fermentation of lactic
acid monomer and the development of polylactic acid biosynthesis will also be prospected in the coming era

of synthetic biology.

EMEFEAHRIABERRRHRREAES

RE: RABRE—MEEREEME, RESRKRTIER. B FERFENSR, MEEYIRERE
RYF, EAGEKBARTNMEDTEER, REER_SMNENK, NESRHE. RAKREBERYTF
NEMRBSEMEDTEREYE, CEENRAIM-WHHNEMERRER . NREHEERIARS
FREIERBRARTHRE, BESICFHARBALKBNRIAREN, FERESHRENZHANT—K
AEBRBIREE R EBIRIABR S ABARRNKE,
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Wang Dan is an associate professor at School of Chemistry and Chemical Engineering in Chongqing
University, who has gotten Chongqing outstanding youth fund. She obtained her Ph. D. degree in the Insti-
tute of Process Engineering, Chinese Academy of Sciences. She also had been a postdoctoral fellow of Rice
University and a visiting scholar of Massachusetts Institute of Technology. She is the secretary general of
Chongqing Strategic Alliance for Technological Innovation of New Chemical Engineering Materials, and a
standing member of Biochemical Engineering Professional Committee of Chinese Chemical Engineering
Society. She has long been engaged in the research of chemical process of biosynthetic chemicals and new
materials, published more than 90 SCI papers, which has been cited more than 1500 times with a h-index
24. She has participated in the preparation of 5 Chinese and English books. 21 invention patents have been
authorized. She serves as the editorial board of two international journals. She has won the Young Scientist
Award of the World Federation of Pure and Applied Chemistry, the third prize of the science and technology
progress award of the Chinese Chemical Engineering Society, the best report award of the 9th biochemical
engineering technology innovation and industrial development seminar, the excellent paper award of the
Sth Sino-US Chemical Engineering Conference, the excellent performance award of the president of the

Chinese Academy of Sciences, etc.

I, ERXFUENTIZRAIZR, ERATAETFERIKEE, TERZEREELEMRRFAE
T, XFRFELE, REBIZERINEYE, ERMUIHEHRACIFTSBREKERBK, FEAXT
FLEPUTITUWERLESZTER. RENSEMSRUZREFMHOCTIIRERR, HARSCIHE
X90%f, SCIZ5[15005%R, H-index 24; S5REPRXBFESE; BRNLKBEH214. BER
PMNEFRSTREZ. REFRAFESNAUFREGSBTFHERR, TENIZSMERAREIR=FK,
BNEEVMUIZARFRF I REFISRERSR, FAEPEUISWAFTIENR, PERFR
BRRILFERE.
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Key Technologies for Strengthening the Synthesis Process of Bio-based Materials

Consumers' attention to the environment and the change of values, as well as the international double
carbon policy, have given birth to the germination and development of new bio-based materials industry,
which is also a major demand in the field of chemistry and materials. As a subversive technology, synthetic
biotechnology provides technical guarantee for the development and growth of bio-based materials on the
supply side of the technology end. This course summarizes the technical progress related to bio-based mate-
rials in the field of chemistry and materials, especially the technical progress of synthetic biotechnology and
microenvironment enhanced chemical processes. Taking the strain construction and process enhancement of
bio-based PBS (polybutylene succinate) and bio-based nylon (polycaprolactam, polyglutaric diamine adipic
acid) as examples, this report introduces 1) a new method of synergistic catalysis of biomass hydrolysis by
imidazole ionic liquid and chitosan based solid acid based on the new mechanism of structure-activity regu-
lation of green solvent ionic liquid; 2) The construction of multi enzyme system can improve the biosynthe-
sis ability of compounds and feedback extracellular and intracellular metabolic engineering methods; 3)
Application of reaction and separation coupling technology in the synthesis of bio-based materials. Through
the course, students' ability to use the industrial synthesis technology to produce chemical materials will be

improved, and the development of bio-based materials industry in the world will be guided.

EMEMH SRS IERL KRR

HEEWRBENEMNNENR T UARE RGBSR EEEMPEMRFIYNBEFIIRRE, XBE
HESHHMENERT R, SREMRAENMBEERAN, ERANREENAENEFHIRREILX
BMRARE, RRNREGATUZSMHROENSEDEMRBXNRARHER, FIREMEMHE
FITAE BRI A, LAEYIEPBS (BT ZBRT —EEfR) MEMERE (RCRBR. RIX KRS ZR)
REMAZMIRERMUNAG, NET) ETEREFENBFHRARZBERINMIE, KRIOKBEFRIKS
FRERE AR REMEMBUKBRIFGIE, 2) SEBARMREFTUSYEND SREED, BINRIRE
R TRESE 3) REDBEBERATEEDEMRSHTNNA., BEY LA RRE, BEFRIEAT
WEBKAREFUERINUE D, SISENEMHFULEHFEERNRE.
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Dr. Liang Yu is an assistant professor in the Department of Biological System Engineering at Washing-
ton State University (WSU). He earned a PhD in Biological and Agricultural Engineering at WSU in 2012
and a PhD in Chemical Engineering at the Institute of Process Engineering of the Chinese Academy of
Sciences in 2008. He is also a licensed Professional Engineer (PE) in the state of Washington. Before he
came to WSU, Dr. Yu worked in the chemical industry at the China National Petroleum Corporation
(CNPC) for nine years and thus is well acquainted with most forms of petrochemical processing and related
equipment. His research focuses on the development, scale-up, and integration of thermochemical and
biochemical processes for biofuel production and organic waste treatment, with special emphasis on
multi-scale and multi-phase process modeling via coupling of hydrodynamics, mass and heat transfer, and
biochemical kinetics. Specifically, he is currently working on the development of an advanced anaerobic
digestion-based biorefinery with hydrothermal pretreatment to convert animal manure, food waste, biosol-
ids and other organic wastes into renewable natural gas (RNG), organic fertilizer, clean water and other
high value bioproducts. Dr. Yu has published more than 50 papers in high-quality peer reviewed scientific
journals such as Applied Energy, Bioresource Technology, Chemical Engineering Science, AIChE Journal

etc. and 5 patents have been granted.

MEBETZERMMNZRFENRE TRERELR, EETMIEID. BEPEHELFHRE
—HEFRAUITFIF, RETFENTEMEFLELR. KEREERTER FREETEMRRA
R AU FE T FMUMERLETNZ KZED SR TREETF N, AEXEERINZ KFHRENS
B HEMIEFRIE. TENETEVRESRRERUEZREFRARAROER, BIIEFOL
BRADEWRARRNERE, REST R, MUEHNBRA, SRESMENSEEBEABON. T2
Bl T ERAMADFEN D FENE. BXHARNREAFTEERANBHT LA ARSORBXERSTF
ES 1N
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Progress of Anaerobic Digestion Technology for Biogas Production

This course will be taught to the students who intend to learn advanced progresses of anaerobic digestion
(AD) to produce biogas based renewable energy. The major content will include introduction of anaerobic
digestion and circular economy, process chemistry, microbiology, process parameters and reactor types,
mathematical modeling. The biogas plant plays a very important role in the future circular economy. Streams
of organic wastes, from industrial processes, agriculture and other human activity can be treated in biogas
digesters and converted to useful renewable energy, nutrient-rich organic fertilizer and value-added chemi-
cals. An in-depth analysis of the chemistry of anaerobic digestion will be presented and process chemistry
can be used to optimize AD performance through methods that can accelerate syntrophic interactions of
different microorganisms. Microbiology and molecular biology tools for AD process diagnosis and control
will be reviewed. A summary of the processes underlying anaerobic digestion will be provided including
commonly used measurements of anaerobic sludge, operating parameters of anaerobic digesters, and methods
of acceleration and optimization used to improve process efficiency. Mathematical modelling of anaerobic
digestion has a long and notable history, with eminent contributions for models including anaerobic digestion
pathways and reactions, bio-chemical kinetics, black box models and phenomenological models etc. In the
future bio-economy, organic wastes will be transformed to value-added chemicals, polymers, fuels, electrici-
ty and organic fertilizer etc. AD facilities will play a vital role in this development for biorefinery as the first

and most basic step to decompose complex organic compounds.

REEVBSEEFERHERIEHE

XITRERXTREEMBSERLTENHE. TERBTEENBREAERATNBERZF, HFT
2 MENBEERR, IESHENRMNGERE, URSFRBELR. EMRAS] ERREARZLFPAE
BREZEA. NTIWEE, RIVHECARENFRFE—EGNERY, XEGNMEFWILA
REKREBELE, EF-IBEER. SRFENETEANSHIMECER. RERKEBHIUZZHLBEK
NE, XETEUFEATLUARINERRMENZBEFXR, NTINHURELESE. EREMATH,
EMEES TN —ED FENTERAR. —EEANREIENNES . BERMG. LURIEMK
UHERBERATREIENER, REABINHFRECERRINLE, XERRGEREAENR N
B2, EPUHFENNFE. BREEENTNEBEASRESE, EARRKNENZSTP, BNEFIBHRECASH
NEXZER. REY. KE. BH. BIEEE. REABRERSERRNENMER NEKRTIENS
— N REANSR, BTORERNBIHEREY.
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Zhiguang Zhu, Professor at Tianjin Institute of Industrial Biotechnology, Chinese Academy of Scienc-
es. He graduated from Huazhong University of Science and Technology as a undergraduate and obtained his
PhD in Biosystems Engineering from Virginia Tech on 2013. Since 2016, he has joined Tianjin Institute and
started his own career. His research focuses on biocatalysis and synthetic biology. He constructs several
bioelectrochemical systems including biofuel cells, biosensors, and bioelectrochemical synthesis cells. He
has published more than 50 papers in journals such as Chem Rev, Nat Commun, Angew Chemie. He also

takes charge of several projects and serves as guest editor and committee member in some organizations.

K2, FERFRREBIWVEMRARRFAARR, BLESIH, 2007FEELHRIRKFIREE
MRARZLTZA, 203 FAEHATBT BT RAFREBEVRFTRELFNM, 2016 FREFERFRX
ETWEMBRARRARAMIE, RPRBRAZITZE. EERRSTOREMERBICSEREYF, BiD
RREMEFEBNEIARBICKEE, MEEWRRIED, £WERSE EMEERSFENRRR. BEF
Chem Rev, Nat Commun, Angew Chemie, Metab Engin, Biosens BioelectronZEFr & T¥
KRZRSCIEX50%2M, 51A20008%, RIERBEF10RIE. EHFBEERERHRITY (MEERE) .
BARFES PRREERFEFI0RIME. BEERTI4¥Frontiers in Bioengineering and Bio-
technology/RZ%E. £MIREFREFERSER. RESTFRKTEEDSEIRBRKEFRS.
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Construction of Bioelectrochemical Systems for Bioelectricity Conversion

Enzymatic biofuel cells generate electricity as a final product from the enzymatic oxidoreduction reac-
tions occurring at two electrodes. They are regarded as the next-generation power sources for clean electric
energy, with the potential of powering multiple portable, wearable or implantable electronic devices. Chal-
lenges in such systems include how to expedite the bidirectional electron transfer between an electrode and
an enzyme, the lack of “bioparts” or “bioblocks” with high catalytic efficiency and high stability, and the
difficulties in assembling applicable devices.

Our group has developed several enzymatic biofuel cells based on the tool of in vitro synthetic biology
and achieved the fully oxidation of multiple sugar fuels via various enzymatic pathways. Our work enables
biofuel cells to have a high energy storage density and opens a door for these cells to numerous applications
in powering portable/wearable/implantable electronic devices. Additionally, we have made progresses on
enzyme engineering of bioparts, construction of better electron transfer module, and development of novel
electrode materials, in order to further increase the power and the stability of our biofuel cells. More recently,
we have further studied the interaction at the enzyme-electrode interface for appropriate enzyme immobiliza-
tion and characterized the electron transfer in a hydrogenase-mediated biofuel cell.

EYRIECRREREEY BRI

MR R IS AL S (L SRR (L N B EB L R B, AN R T—RIBEBAERIRIE,
WEES. FE. MARNET R, BRMkSEBQENTNREREZ BNRNEETEE,
R AN BRI, MRS TN B E.

HAISEETHRIMEREN S, FRT—RIIEEMIRE BRI, BSHERDELAHBEE. FNNIME
EEMRHEBRLN T SEERE, NEELNAEE TEM. Wit RMNEBIHEIRE. WEEFEBE
R, FRFEBRMEESE #— LIRS TRIBNRMNRES. T8, RMNERARTE-BRFENER
fER, XY SEERR LRERBEEM TRANRIT,
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Dr. Fengxue Xin is a full professor in college of biotechnology and pharmaceutical engineering,
Nanjing Tech University. He obtained his PhD degree from National University of Singapore. Currently, his
research is mainly focusing on the bioconversion of waste organic sources into value added bio-products
and construction of synthetic microbial consortia for bio-manufacturing. He has chaired more than 10
research funding supported by the National Key R&D Program of China, National Natural Science Founda-
tion of China, Jiangsu Province Natural Science Foundation, and Jiangsu Synergetic Innovation Center for
Advanced Bio-Manufacture et al. By now, he has published 67 SCI papers with first or correspondence
authors in some reputational journals, including ACS Synthetic Biology, Biotechnology and Bioengineer-
ing, Trends in Biotechnology, Biotechnology Advances et al. He has also authorized 12 Chinese patents,
and published 2 English book chapters. He is also the editorial member of Biotechnology for Biofuels,
BioDesign Research, Frontiers in Bioengineering, and Biotechnology, Frontiers in Energy Research.

BFF, B, L, &, 2015FEHMKEZRNFRELFA; 2008-2016F5/FHEFMIK N
LB T2 INEE KB ERR TRIFFIELEIRM; 2016FMABERIWAZR., K "REFK
TITRZERAR" | IHE "WEEL" |, IH8 ""NAAZABESERAS, IHE "£MERANES
FHE" ., $B{EFrontiers in Bioengineering and Biotechnology&lE%Ff1%%Z, Biotechnology
for Biofuels, BioDesign Research, Frontiers in Energy Researchfl {(£E¥F &) ®"E. FEM
HRSEVRIEDERE. BRUCERERMALRERRNRT. WESIEERERE., BRKR68KE—/
BIREESCHEY,; UE—RBARBTERBPEN 14, #HRAM; UE—/BIFEREINELEE
E7. IRFEREARFEsE L. §F, BxXERMA "ERENE" ERETIIMBFRE, IHe
BARMFESFI0RMERMEBRRR, ERFHE-BEKFLASBBMBF)ERSIERE 1IN, £
e S{FERITE 310,
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Application of Synthetic Microbial Consortia for Biofuels and Natural Products Production

The development of synthetic biology is moving from optimization of genetic elements and modules to
design complex metabolic circuits and complete complex tasks. The artificial mixed bacteria system can play
an irreplaceable role in the fields of medicine and chemical industry because it can realize the division of
metabolic functions, the utilization of complex substrates and multiple components, and the tolerance of
complex environments. It has become a new direction for the development of synthetic biology. Compared
with single bacteria, the research on mixed bacteria system is still in its infancy, and there are still many
challenges in rational design and construction of artificial mixed bacteria system, and analysis of the interac-
tion mechanism between microbial members. The research team realized the efficient bioconversion of
lignocellulose to valuable chemicals by constructing artificial mixed bacteria systems with complementary
functions. This will provide a reference for guiding the construction of a robust and stable artificial multicel-

lular system that degrades and transforms inferior biomass.

AT REFRESREIREIRIA= 1R A

BREVMZNRBENANCERTHSEREBDMLRITERNEELRMTRERTIE. ATRE
HREETLMABNES L. EREDZEADFRARMRERMRS, EEA. HIFAEHLKEATE
RRER, AERAGREMZRENFTR. SRERLL, BEARARELTELSHMER, BRit
SHWEZATREGRR. BTEFEEFNGISHEEEIRES kL. ARBANBTHENEEIIAL
BEAR, TUWTIAARFERIERUERNEHK, FARNESHERSKER. RENMERELRS
EMROAT SRR RIRM T EEMZE.
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Dr. Yu Wang received his Ph.D. degree in Biology from Shanghai Jiao Tong University in 2016.
Currently, he is an associate professor and master supervisor of Tianjin Institute of Industrial Biotechnolo-
gy, Chinese Academy of Sciences. He also serves as the Deputy Director of Key Laboratory of Systems
Microbial Biotechnology, Chinese Academy of Sciences and the coordinator of the Joint R&D Group on
Biochemicals of COMSATS Joint Center for Industrial Biotechnology. Dr. Wang’s research interest
includes development of enabling technologies for industrial synthetic biology and bioconversion of
one-carbon feedstocks. He has published more than 30 papers in Nature Communications, Metabolic Engi-
neering, Biosensor and Bioelectronics, Trends in Biotechnology, etc as the first or corresponding author

and filed more than 20 patents.

Fi%, BL, 2016FF LEBRBAFREBENFELTFM, WEEPERNFZRREBTUWEDREA
WRAEIARR, MTESIH, FERFRERHNEN TEERLRERFE, COMSATS T4
AREREFOEMUITEDAAN. EBNFTWESREDNFEERATF LN —KRIREEME LT BH
R, UE—a@iffE&EENature Communications, Metabolic Engineering, Biosensor and Bio-
electronics. Trends in Biotechnology&Z i AFRIC30RE, HIFEF20RIA,
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Yanmei Guo graduated from JiLin University and obtained her master degree. Currently, she is a Senior
Engineer of Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences. From 2012.01, she
worked as leader of high-throughput screening laboratory responsible for high-throughput gene editing and
screening laboratory devices. She has rich experience in high-throughput screening equipment and
high-throughput gene editing and screening technology. She participated in most of the high-throughput
screening work of the institute, assisted the project team to successfully transfer and transform several
high-yield strains, established many high-throughput screening models and applied them effectively in the
institute. Up to now, she has published more than 10 papers about high-throughput screening with research

group together.

ZRIEME, 2008 FFTEMKRFEREMLZN, WHTEMZRKET U EDZAHA TSR ITIZND.
2021FFIEEATSRERARESHIEFEARERFEITER, RS M ARARETNR
BIEENR, AZL TSI EREERISEE, BHEARZS5KRIENI0RRE.
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High-throughput and Automated Genome Engineering

CRISPR/Cas systems have recently been repurposed for genetic manipulation, revolutionizing the field
of genome engineering due to the simplicity and efficiency. The double-stranded DNA breaks (DSBs) gener-
ated by CRISPR/Cas can be repaired through homologous recombination (HR) with DNA templates to intro-
duce specific mutations. Base editing combines the targeted specificity of CRISPR/Cas and the catalytic
activity of nucleobase deaminase to install point mutations at target loci without introducing DSBs, adding
exogenous DNA, or depending on HR. Considering no editing template is required, construction and deliv-
ery of the base editor plasmid into microorganisms would be easier than methods requiring DNA templates.
Therefore, base editing is more desirable for high-throughput or automatic genome engineering, which
would allow researchers to systematically modify DNA in genome-scale and test large-scale genetic designs.
A typical workflow of automated microbial base editing starts with gRNA design, followed by oligonucle-
otide synthesis, plasmid construction, transformation, strain cultivation, and genetic verification. These

standardized and modular methods will be easily designed and achieved with automated biofoundries.

miEE it EEERE

CRISPR/CasRACEW AR NFRNSMNERERETR, IiZNBFZAUEMEERIE.
CRISPR/CasA] fESEDNAZ = XUEDNART S, BT R EADNASINEDNARIRMNEIREAREE, 5IA
BENRT, HEREBE—FINEMNETFCRISPR/CasEEARIBTE, HESTCRISPR/CashyiBr4E
SR EN SRR ENIEYE, T EBARASINBERT, ZIBEREXGEDNAKRE, THEHFMI
JEDNAER, B AEKBTFENRNEIREAEE. ERIFHEREAFLTEREER, HBIERNADEN
BUHAMEDBEE TR EDNARIRNGZEAEZ. B, HEREEESHTEBEEMENE
HATRE, XEFEHRRAREBEERANE L RFIEHDNA, HH T A MERIBUE IR ITHITIRE
WIE, BENMEYHESNRIERECTEIRNARIT. SIMERK. RAMNE. RAREWE. BikEFRN
R, XERENIERUNGIEERE St EbiofoundryFELI B,
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Qichen Cao, Ph.D., Associate researcher, Systems Biology Centre, Tianjin Institute of Industrial
Biotechnology, Chinese Academy of Sciences. From 2007 to 2014, he worked as phase I clinical trial phar-
macokinetic researcher at the National Drug Clinical Trial Institute of the Affiliated Hospital of Liaoning
University of Traditional Chinese Medicine. He mainly conducted the detection of clinical drugs and their
metabolites from human plasma, based on the MRM/SRM technology of mass spectrometry. From 2011 to
2014, he studied at Beijing Proteomics Research Center for his Ph.D. He worked for the projects of
"Large-scale identification of core-fucosylated proteome" and "Large-scale identification of 2-Hydroxy-
isobutyrylation from Saccharomyces cerevisiae". He joined Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences in 2014. His main research are focused on the large-scale quantitative
research of industrial microbial proteome based on SWATH/DIA technology and the study of dynamic

change of industrial strains' proteome during the fermentation process.

BHR, L, PERZERXEZIWVENRATARTS, ZRREWNZH0, BIARR. 2004FF2014
FFITHEZAEZMEERERSYIGARALINENE IBIGRARBDERR. TEFRETRE
MRM/SRM73iERIM 3K 254 B EACEHR0G U THE, 2011-20174FFItRERARAF AR OBIELE
TEM, TERRAEEAR "ROSEEUENRERENKAIEEE" & "BE2-RER T BWEID
BARA" FHAR. 2014FMAPRERRZTERN, TEFRETHRIESWATH/DIAK AR T MEY
BARAARNEEERR. FAERREFFRET T EKRREITRE.
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Technology of Systems Biology in Metabolic Engineering

Understanding life and measuring life activities are the prerequisite and basis for the transformation and
utilization of life. Systems biology is the discipline that studies the composition and interrelationship of all
components in a biological system, including genes, proteins, metabolites, etc. Using the technology of
systems biology to understand industrial lives and exploring the structure and operating principles of the
molecular machines will play an important role in improving the development capabilities of industrial
strains! Through this course, you will learn about systems biology, and learn the principles and basic experi-

mental operations of genomics, transcriptomics, proteomics, metabolomics, and interactomics.

REIEFNRRENFEZEAR

NRER. WRESE, RXENNAESWEIRMNEY. RAENFERARENDRAFFEE
DHMERAEEXRNER. ERRREEE. B0, ASNSENES NFAEEEXR. RARAE
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Weidong Liu got his Ph.D. degree from Nanjing Agricultural University in 2010 and joined TIB since
then. Now he is a Professor of Tianjin Institute of Industrial Biotechnology (TIB), Chinese Academy of
Sciences (CAS), responsible for Structural Biology Platform Laboratory. Currently, he is mainly engaged
in the study of the structure and function of enzyme that are useful in biocatalysts by X-ray crystallography.

XIBR, 2010F M Frammk kK%, SRIET M, 2010FIMAFERFBRRE T W EARHARAT,
RAFERZEREXRETWENRARRAARR, ERENFFELRERIA. BRIEEFRFBX-
SRR FE AN B R E BB SE TSI R S EAI TR,

X-ray Protein Crystal Structure Determination

Protein plays a very important role in various activities of life, and the study of its structure and function
is the core of life science research. The protein structure biology platform of Tianjin Institute of industrial
biotechnology, Chinese Academy of Sciences, focuses on the study of protein structure and function. Using
X-ray crystallography as core technique, we carries out protein expression, purification, crystal screening,
X-ray diffraction and structure determine studies on important proteins, to understand their catalytic mecha-
nism and characteristics, and provide important structural basis for rational and semi rational design for
improvement of their characters such as expanding substrate spectrum, improving enzyme activity and
temperature resistance.

X-gieEA RIS

EARTEESNIENTRIIFEFEENFR, WEEWINEARRERARNZL. FERZF
BrRETWENZAMRAEARGEENZFE, EEX-FFLRBERZRAMZD, BHITMRIE, &1L,
RIRTHEE. XS5 SERELE, TREXECHINNIELUREE, MEEEHTELE. FEMERITN
HESRIRIEE, WIRRIRYDIE. RSEEE. MR FRHEEICKIE.
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Miao Feng, Ph.D., Associate investigator, Tianjin Institute of Industrial Biotechnology, CAS. She
received her Ph.D. in polymer science from Nankai University in 2011. In the same year, she joined Tianjin
Institute of Industrial Biotechnology. Her team in technology support center works on the development and

application of DNA synthesis technology.

Bk, BE, FERZERXEIURAFRTE, BIARR. 20115, REEFRFELZEM, BF
HENPERZRXE T EMRATFTA T, AENRRARASHER OB EEZMNSEDNAGARA
RYFFRFIRA.

Introduction to DNA synthesis
DNA synthesis is the most basic and most widely used technology in synthetic biology. Synthetic DNA is

applied to a broad range of applications in metabolic engineering, gene circuit design and genome synthesis.

This section will provide a brief introduction to DNA synthesis through demonstration experiments in TIB.

DNASRBARE T

DNAGREREFREM. HREANIRAK, GRDNAZRMEREREZ. EEEE. GRERSA
RIRM R AL REBENADNAGEITEZAR SRR R LW EM AR FTADNAGHFETIF
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Qianqgian Yuan, female, associate researcher, leader of the metabolic network reconstruction and path-
way design team of the BioDesign Center. She joined the Tianjin Institute of Industrial Biotechnology of the
Chinese Academy of Sciences in 2017, undertook one National Natural Science Foundation project, partici-
pated in two national key research and development programs as the backbone of the subject, and published

12 papers in international journals such as Nature Biotechnology and Metabolic engineering.

=ERE T BARR, EWRIT P OB NSEERZERERIRITTENER, 2017FIMANPR X
RTAWAMRAARR, HEEREARNFESMBE TR, (FAREE TS 5ERER/ARITLI2M, £
Nature Biotechnology, Metabolic engineeringZEfrTIM AT 125,

Design of Metabolic Pathways Based on the Genome-Scale Metabolic Network

The goal of industrial strain construction is to maximize the conversion of substrates to target products,
but the process of strain evolution does not aim at maximization of product. Therefore, many natural path-
ways are not optimal, and there are defects such as multiple reaction steps and high energy consumption.
Therefore, pathway design is needed to obtain new pathways to avoid the defects of natural pathways. The
reconstruction of genome-scale metabolic network model (GEM) is becoming a powerful tool for pathway
design. GEM can be built based on reaction stoichiometry matrix and mass balance equations. It does not
require complex data such as regulatory information and enzyme kinetics information and it is relatively
easy to obtain. This course will introduce how to construct GEM, and conduct pathway calculation analysis

through rational pathway design based on GEM.

BEFEEREARERSHMESREN Rl SRS Em

TAVE SISO BIFRE RN B AN LN BIRTY, EEEHRELIRFTREUTREA
HBIF. Bit, SEREXAREHTERANER, FERRER. HRBSHRE. i, BEHT
BERISHBHMBR AR ERBOFIER. MERAURMELBRROAENEEEERA—BE
RItEH TR, ERAMERBMBEEE (genome-scale metabolic network, GEM) £if#Zigit
MENIE, GEMRZREETRU RXANERRFEAERTURE, FAEERRERUREHNIY
SRSERNIE, RIS BHE. ZRBEEEN BNTHRGEM, FEISBIER IR i%HT
BETTEDH.
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Jianye Xia, Ph.D. Professor, Director of Intelligent Biomanufacturing Center. He got PhD degree on
Bioengineering from East China University of Science and Technology in 2008, from 2018 to 2021, he
worked at ECUST, School of Biotechnology, National Center of Bio-Engineering & Technology (Shang-
hai). In 2016, he got the grant from the government as one year visiting scholar to be work at Chalmers
University of Technology. July, 2021 he officially moved to TIB as PI. His research work mainly focus on
development of theory and application techniques for bioprocess optimization and scale up. He have been
in charge of several research project of Chinese Ministry of Science and Technology, and research projects
of National Natural Science Foundation of China. He also has cooperated with several big bio-pharmaceuti-
cal corporations in China to do real application research work, and has applied the research of flow field in
bioreactors to carry out modification and optimization of industrial bioreactors, which have been success-
fully applied in more than 10 fermentation factories. He was therefore awarded the 2011 National Prize for
Progress in Science and Technology and several other Science and Technology awards. And he published

more than 30 SCI papers on the bioprocess field.

B, #Lf, ARR, SetYHEFaLREFE, 2008FEW FHRERET AFREE LS
i, 2008F-2021 FMIMFEFEBTRFEYTREF R, BERECTIERAARSO(LSE), 20165
R EAE/RBEIIE T KEARIFAZE—F, 2021F7BEXHRFRIERE TV EMRARARFR. =
B RARAEMIRNUERARIRICENBRARR, FEHEBI7TIMAE. 863iTHIME. RHXED
XEHYIME. EREANFZESZEFESTHLESNA. FBEYHEERAAITHIREEFSM
ERFRAME; TREEASRABEYH G EWHTEERERRASIE, RINNBEYRNERZHR
AT T AR R M ERRI BSOS, EERT10RRREEWIREMAIINA, %5201 FERRHHL
“ERRZMEBRRHZRI, KERSCIARIEX30RRE.
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Intelligent Fermentation Technology

This course will focus on the key common technologies of the biological manufacturing process, and the
basic principles of the fermentation process and the cutting-edge research fields for bioprocess optimization
and scale up are mainly introduced, including the basic steps in a standard fermentation process, three
typical operation modes of the fermentation process, and fermentation reaction kinetics, the flow field of the
bioreactor and the bioprocess scale up, the scale-down-based fermentation process scale up researches, etc.
After the brief introduction of the above basic principles, an actual fermentation process will be demonstrat-
ed: the activation of the bacteria to the seed culture, the sterilization of the fermentation medium, and the
basic operation of the shake flask culture, the fermentor structure, installation and usage, the operation
modes, followed finally by a quick demonstration of operations carried out for scaling up from laboratory
scale to the pilot scale bioreactor in an fully automated bioreactor system. Finally, a simple principle intro-
duction and practical demonstration of operation of the preliminary tubular centrifugal separation of the
intracellular metabolites of the microbial cells and the high-pressure homogenizer for concentrated bacterial

liquid are given.

BeEREEHEA

ALGFEBESEYHETROXBEEMEAR, ERHBRABIENERARESEMTRERLSH
ABRAWBLEAARMNE, BRABIENERRE, KBIEN=FARNRESR, KBIERNND
2, EVMRBRIDESEMIERAKR, EFscale-downNABEEBRAARE. GRENBZULERR
B fSBYXMRABEENERERFBNEMELIRFIER. REBEFEXE, REREFNE
REBE. REBENAR. RERER. RBIENEESR. URNLE=ERER PR ERKSEFRY
Bt KRB RORELZER. REFNHMENAERBERIRE=INNLHNEXB O BRIRERR
NS E R AREMERNRENBS IR RIEETR.
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Introduction to TIB

Tianjin Institute of Industrial Biotechnology (TIB) is jointly established by the Chinese Academy of
Sciences (CAS) and Tianjin Municipal Government in 2012, committed to promoting eco-friendly develop-
ment in industrial sectors by innovative biotechnology. TIB has set up its mission to substitute renewable
carbon resources for fossil resources, to replace traditional chemical processing with green bioprocessing,
and to upgrade traditional industries through modern biotechnology. Accordingly, the industrial protein
science and biocatalytic engineering, synthetic biology and microbial manufacturing engineering, biological

systems and bioprocess engineering, are defined as TIB’s core research areas.

Presently, over 400 employees including over 100 senior professionals are working at TIB supported by
state-of-the-art core facilities such as high-throughput screening, systems biotechnology, genome synthesis,
fermentation process optimization and scaling-up. Targeting at the global and regional challenges on energy,
resource and environment, numerous cutting-edge cell factories and green bioprocesses were developed here
and industrialized. TIB is one of the leading institutes in China, pioneering the cost-efficient microbial
production of bulk chemicals, pharmaceuticals, food/feed and materials. TIB is well-connected to the indus-
try. Over 200 enterprises from all over China have built partnership with TIB. In addition, TIB has estab-
lished a national professional incubator, named BIOINN Maker Space, which is the home for dozens of

start-up companies.

Currently, as the lead Institute, TIB is putting great efforts to build the “National Center of Technology
Innovation for Synthetic Biology”, which is intended to build a bridge connecting scientific research of
synthetic biology with the development of synthetic biotechnology, and promoting the industrialization of
scientific and technological achievements by converging the talents of CAS and the academia, political and
financial support of the central and local government, the public and private capitals and the industry via

open and innovative mechanisms.

TIB is recognized as the National Base for International S&T Cooperation. It has established partner-
ships with over 50 world renowned organizations via versatile manners such as international joint centers,
R&D projects, international conferences/workshops, academic exchange and training programs, and etc. We
are looking forward to working together with more organizations and talent individuals worldwide to

welcome the arrival of bioeconomy era for a greener, healthier and more prosperous world.
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HRERZEBRXZETT A E DR AR EATE 5T

FEMZERXE T EMRARARE (ATERKRIWEYRFR) RETPERZRIDIXEHARK
FFtE. NSEMRARCIF R TR E SR RIBFANG, 2012F3FKPRNARHEZRSE
B3z, 2012F11B29A @IS U, IENA AT ER Z R R,

RETIWEYFFBEREZHE T W AEMRARCIFER., BH T W SREFRHLER, HARE
U2 BRERZFEMT, UFENZEAEM, LUATEY" RiteIEMzd, KREGRZE, SIFHE
PR, SIS E T EMRREE, METIEFERNESRE, TTERKEIFNER, RS THS
ZFTFERR. RETWEMRUXEHTREELSEFEROEAT R AR, BR "LIATBER
REEAUCARE. ILEEEMNIHABERERHZNIIE . UIKREMRARRFA I IKE" 9=
REEBER, ERAR "TIVEARMZSEMERTRE. SREYNZESHEMHETR. EVRESE
MIZIR" =AM RNEMARNNBEMAR, REMEVFESTHIVEARMZ. T
Rz TUEMEYZ. TUABRZEZRAR, B2 "RIZWR. fRelH. FUEs. ARE
HE" OU—ARRRRERN, 17 "HRE—LFAREB—FaLih=" 4R EEIS, S "HA
R HAZ, HERE" BABR R,

RETIWEYFFEETIBERTELRE. FERNZRAFMEVIEER/ILRE, KT
EMEREIRIEERLRE, REMEMERURARAILESROFOHFE, EESBEREFE. R
FEMRAFE, REIEAUSPHAFESHENRRREERR, EEERRERRHREFEEM
EYEABRRE WA AREIZE" BIOINN, 20195118, HFERNZRSXEHBALE, KiEITWEY
FrEesk iRl "EREMEMRACFFL" FRIGRHREHE.

BZE2021108, R TA YT EMEIMESSTA, EhERIRTA35A, FRE422A; HRA
85%3REIES, FIETEERNFAMBLT00, AEYER . AT, HR, ABERE528 M am211
REWEBIFE, B, SESMN31T7H, SRASTMEIR12.9257T, Bis/BNERIEEES5126%.
48.3%, BIRIEFEFEFAIEIFRRE. PERE IR R SR SRR RO — SR E &1
BRI LR FT0RIA,

RETWAMFRLZERBRENRBEBFXEZBEFX, —HRIREBEH M4 370 KR A
AESH0ERINEKX. ARAISRIRTERAFM, FERARIREIFEEDMEENEES, LLIEDRK
AR T, Tk &l U ERY, BARAERAAE T W EDRIATHEERAE RS
FANMEBEZ WA, FEEHE. ATERNRCUHARET, SHERVERCIFHIRENLAE. EREFIK
RERPREFEERFEA.
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Introduction to CCIB

Nowadays, with the great challenge of global economic and social development, sustainable develop-
ment has become the call of the times. Industrial biotechnology is one of the most important routes for
green, low-carbon and sustainable development with brand-new solutions to the major issues in resources,

human health, energy, environment and security.

On April 14, 2021, TIB and COMSATS jointly established the “COMSATS Joint Center for Industrial
Biotechnology” abbreviated as CCIB, under the framework of the National Center of Technology Innovation
for Synthetic Biology (NC SynBio) to build an open, shared, and innovative cooperation platform thus to
promote the development of biotechnology and bioindustry in COMSATS member states and the “Belt and
Road” countries.

Currently, CCIB has made some progress in joint R&D, academic exchanges, talent training, strategic
consulting and tech transfer. Six Joint R&D Groups on biomedicine, bio-agriculture, future food, biochemi-
cal, bio-based materials and bioenergy have been set up for further promoting the exchange and cooperation,
and some Joint R&D programs are being conducted. The first workshop focused on ‘Technical Innovation in
Traditional Plant Medicine’ has been hosted in this October. Besides, Over 10 young scholars from member
states and the “Belt and Road” countries are funded to work at TIB for a period of 2 months to 2 years. More-
over, 5 organizations from Pakistan, Egypt, Iran, Belarus, Kazakhstan have joined the network of Biomanu-
facturing Industry (Talent) Alliance in the platform of CCIB.

In the next three years, CCIB is expected to be a hub for “industry-university-research” cooperation
platform preliminarily, and become the benchmark and flagship for cooperation among the COMSATS
member states and the “Belt and Road” countries by 2030.

We welcome scientists to carry on collaborations in the platform of CCIB. Contact: Ms. Qiangian Chai,
CCIB Coordinator and the International Cooperation Officer, TIB-CAS, chai_qq@tib.cas.cn, ccib@tib.-
cas.cn

To join the Joint R&D Groups, contact the coordinators:

Joint R&D Group Coordinator E-mail
Biomedicine Prof. Huifeng Jiang jiang_ hf@tib.cas.cn
Bio-agriculture Prof. Zhiyong Huang huang zy@tib.cas.cn
Future Food Dr. Ting Shi shi_ting@tib.cas.cn
Bio-chemicals Dr. Yu Wang wang_y@tib.cas.cn
?/}Z;:raiijg Prof. Wenqin Bai baiwq@tib.cas.cn
Bioenergy Dr. Demao Li li_dm@tib.cas.cn
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COMSATS Tl & M R BEX & AR E 9t

S, EXEFEHSEIRE AR, TRFEAKRMARCHIER, TUERZARTLUAALES
REAIRIOTIR. #R. 8R. AEHREFEANTRHUEFBRL R, SLNEZBRETFELE.
B NEA S E2030E LN EERZ.

2021548148, ERHRER. KiEHH PRSI T, K2 T AV E RHER AT FEA
RER% (COMSATS) H£RERE T WEMKAKEH L (ATER "BREFL0") . REFOEERSM
REZFHSTREERER, CEREGREMHRAREFHOERT, BR—IMFREZN. E51FH
K. FARZM. AAEFR. RRECMEER SO —RN T EWRAREFHFEIEFS, MNFECOMSATSH
RENRRENE, HEHNAREE "—H—K" EREWRAELSNLRE.

Bl BMEFLEEARKSHA. FREFAZR. ATEF. BhEEZREFSEBIGRARER.
EEMESR. EPRIL. REER. EMUT. EWEMH. EMERESTEEEANKESHARE, HE
REMRATYRIFEER. BNEFYRELEFEEN T ZRURTEEFTERKERREZMUBN
MIFRRKESHASI T, L ERENMANRAREFT AEE, BFTEMTEZEARTR, HHEE
BYMRAFMITRRKRESAREN. FREKFEKEMREE T RIFEM, IRIERXFEHEREDRAEH
BENRFHT "—H— " BRAZKEDR, B+ REKEMREE "—H—K" BEERNETFER
RARKARSPEENBERFRIGERR, WEIREEELE, R, FiE. BESH. 1855 R B
FATERVLBTNEIMANEDHIE (AF) BKE, ZREATHRRIETIWEMRAKRIVK, HE
TRIRAZLE, FIEERFRRERREBELER, AARFRSANKEHL. HENEBKA "EH
=" RHZIE.

BIE3FEEE, KRaPOEVISEEE—NRECOMSATSHRE. B "—F—" BRN™ZF
REEFE, AR, SKF. IRENERRREGFEREEMEGFEXSSENHN e, A
(R A R EEM AN & R AIFEFRIRIER. TUEAZI2030F, REFORBEEMANFTENEMKRE
TAERRAZREFNEND, £RERRESE "—%—R" BEREVRAMNT W KRS ERFEEEF
A, B —H K" BREZRMMREFHERKMEHERRE.

MBERER "—H—K" BERERARARSSREFOER. BRAA: BEFOMBEABEXRE
T AYAERRE1EEELRE RS, chai_ qq@tib.cas.cn, ccib@tib.cas.cn

RISIMABRSHORXEKSHRE, BERKSHRAMBARKR,

BRatikdE HHEAA BX R HBFE
EYED I8 jiang_hf@tib.cas.cn
=7/ b\l ot huang zy@tib.cas.cn
XEKER A= shi_ting@tib.cas.cn
£ T FiE wang_y@tib.cas.cn

EYER R HME baiwq@tib.cas.cn
YRR FEX li_dm@tib.cas.cn

-55-



The Second International Training Course on Industrial Synthetic Biotechnology
Introduction to ANSO

ANSO is a non-profit and non-government international scientific organization founded in 2018 by 37

international science and education institutions from around the world. ANSO came into being under the
principles of joint consultation, joint effort and shared benefits championed by the “Belt and Road Initia-
tive”. ANSO is committed to promoting shared sustainable development and the advancement of the UN
Sustainable Development Goals (SDGs) through catalyzing and implementing concrete international coop-
erative initiatives in Science, Technology, Innovation and Capacity Building (STIC). ANSO focuses on the
most urgent regional and global challenges through STIC. This focus includes addressing needs and support-
ing scientific capacity building, particularly of the Global South, through partnerships and cooperation with
member countries and institutions. ANSO is an international organization designed to gain global recogni-
tion and support through sound scientific programs and actions, continuous activities, and success in
addressing global needs and challenges. There are 30 newly endorsed members by the GB Meeting at the end
of 2021.

'—E—i BRRRIFARKE (LATEIRANSO) pizF2018F1184H, 2% "—#—K" &
WIEZRT, B H "W IBEERMFG. XESERERERAKEMZNGEME. SREERR
XAR, EREEREMAVIFBAGE. IFEFMERELERIEZA. ANSORER "—H—K" HXREX
HEZFARHEARIORING, BEMNTESHAERZ, 5K, SIFNEHERGENERSEF
8, TEREEEERFRENRNEGHFENEFFaRSHAXZPERTMR. BRI IRIF
8. ANSOBIERR37%R, IEMFWEIBORFBMPE, FHBCETESZELHY, BRIANSOEEIX
HBEOTRMR B
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