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Abstract: Synthetic biomanufacturing is a paradigm for material processing and synthesis via synthetic biology. It is
expected to completely transform the traditional production mode for medicines, chemicals, food, energy, materials and
agriculture in the future, trigger new industrial revolution, lead to new economic growth and reshape carbon-based
civilization. In particular, the COVID-19 global spread that has accelerated the reshaping process of the world's
economic and social development. In the foreseeable future, human life and production patterns will undergo profound
changes in medicines and healthcare, food and agriculture, energy and materials, etc., during which demands for new
technologies will promote evolution in the field of biotechnology, and the biomanufacturing industry in the post
COVID-19 era is facing unprecedented opportunities for revitalization and new challenges. According to the analysis of

the research report from the Ministry of Economy, Trade and Industry of Japan, engineered biological cells and their

Wi HEA: 2020-06-07 {EEIHER: 2021-02-04

BB ERFBLIFIEAEZIN (20182X09711001-006-003); FERIZFREHZIRSMEEITY (STSIiHR) (KFJ-STS-ZDTP-065)

SIFANS: SKIERE, BiE, TR aREMTISHREII]. aE®MS, 2021, 2(2): 1456-160

Citation: ZHANG Yuanyuan, ZENG Yan, WANG Qinhong. Advances in synthetic biomanufacturing[J]. Synthetic Biology Journal, 2021, 2(2): 145-160




146 BRENE $2E

combination with information & artificial intelligence technologies will become the main driving force for the "post-
fourth industrial revolution". Synthetic biomanufacturing has the characteristics of cleanliness, efficiency and
renewableness that can reduce the impact of industrial economy on the ecological environment. Here, in this review, we
summarize the progress of synthetic biomanufacturing with respect to bulk fermentation products, fine and
pharmaceutical chemicals, renewable chemicals and bio-based polymeric materials, natural products, foods and the
utilization of C; raw materials. The technological progress, status and potential of industrial applications of many
important bio-based products via synthetic biomanufacturing are analyzed and discussed. The development of synthetic
biomanufacturing shows great potentials for building up the ecological route of industrial economy and addressing
current issues of economic sustainability in terms of limited substrate, high cost, and poor viability, and to form whole
new industry chain with sustainable growth. In the future, with the development of synthetic biology, and the
integration of new technologies such as artificial intelligence and big data, more and more bio-based products can be
produced via synthetic biomanufacturing. The formation of bioeconomy can be promoted, and the sustainable

development of human society will be better served.

Glucose, cellulose, syngas,
CH,, CO, etc.

— Bulk and commodity chemicals

Fine and pharmaceutical
chemicals

Biofuels

Natural products

= Future foods

Keywords: synthetic biology; biomanufacturing; renewable feedstock; bio-based product; bioeconomy

ERAEY RN AR BRI, B YRR, AR AR BTV R,

g S EEFT AR, HEER T AR A R
“NIEAmT . GRAEMERE TAME. TR
Fo B L HENESR, B EAK
Bt 5EARMES . SREMFBE 11654 &
BEECUE MR . MR AN ERI R, &
AN T E R . AT E Oy R R
L AR AR D9 % 0 T HL S S S — AU P AR
WEeAR, A B 9 N S Ak 2 T i ) B 5L R
REVR ey . f@ R4 AP S5 YU E KPR
EBERE S ) T S
ARG R LA R A TR, M

TH 2R 258 &b, EWIREIR. bR
TS EGRmES TR (D, BAEFHSE. &
R PTEA SRR A, RRES I T B 6 AR S IR BT
Rm, HHEMRTEARREL . &, BRI #
Bl ROl SEAE g, 5 R L i S R R AR
X AR F A AR RIS R A& E
Yol id v AR DAV FERERE . OFE, /D IR
WS A KLY, DA ORI FE B AR AR 77 i
A, TN SE S T Bl R A A A
RURGR1,3- TN ZBEA A, 50 % 2 A
L, CO,WHE63%, JFERHEA T I 37%, ReFEmD>



%2%  www.synbioj.com 147

s i
2k
Bl

A RETR
AR

B1 Sy r s

Fig.1 Schematic diagram for synthetic biomanufacturing
[Synthetic biomanufacturing is the new paradigm for material
processing and synthesis via synthetic biology. Many bulk and fine
chemicals, drugs, food, biofuels, and bio-based materials could be
produce from renewable feedstocks, such as sugar, starch, cellulose,
and even carbon-containing gases (CH, , CO and CO,), via synthetic
organisms as tools. Synthetic biomanufacturing is clean, efficient, and
renewable, which can significantly reduce the impacts of industrial
economy on the ecological environment. It is expected to revolutionize
traditional industry and reshape the development of carbon-based

civilization]
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Tab.1 Progress of synthetic biomanufacturing of aromatic chemicals

P A 15 40 R EI [F] RETT FrE 225 Uik
Ly EA E. coli 60 h AR A B 57 g/L [63]
2 LTk T E. coli 48 h PRI R I 169.2 g /L [64]
BEFIR E. coli 48 h PRI R % 1266.39 mg /L [65]

IK ¥R E. coli 48 h SrHERMRE A % 11.5g/L [66]
L-ZR N AR E. coli 48 h I3 HERMRE K % 729 ¢g/L [67]
KW E. coli 72 h RE R % 3.59¢g/L [68]

TR 2 E. coli 80 h PRI R % 1.7g/L [69]
L5 82 E. coli 42h I AMEER 8% 39.7g/L [70]
i E. coli 36 h RE R 240.69 mg /L [71]
T, M e 1R E. coli 72h SRR % 64.5 g /L [72]

(The creation of green biosynthetic processes based on high-efficiency biocatalysts and engineered strains has brought great

progress in synthetic biomanufacturing of aromatic compounds. This is expected to significantly reduce energy/material

consumption and waste emission, and facilitate green, low-carbon, and sustainable development.)
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Tab. 2 Progress of synthetic biomanufacturing of natural products in China
T RIRH) Dz LI SR Z2E 3k
WA pEIEE R BRI BB B-IIE b RANEE BURE, JF AT AR L AR AR Al A B A (93]
HE) R iR S E 2.1 g/L
FALE A RO BT e R AR A A B A LA TR R R A N LA, R ke [94]
M Ry IR, SE3.52 ¢/L 8 50.6 mg/g( L DCW 1) [ & , IEAEHEAT P kA S
FHZH Prsg b, PUw 1 WA SRR R CYPTOAH | (kAR I o = I B AR IR Ak, 45 5 T S i &5 [95-96]
iR S5 BRI Rl LA S PASO L[] , 3RAF WT [R] I AR 7= 2 SR T T S A AL & P I B LR A Ak
FECRIE UMY X RS P B AT 43 T O SR 4R T SR BUR BRI A B BRI, S & R Rk, e #esis [97]
L= FE (606.949.1) mg/L K35 (16.0+0.8) mg/g (LA DCW i) , it 2 R iiE 7.6 1%
HRERER PR ESTRESE TR TIG P R PR T TR H B R £ B AR, SEBIL P B IR R IR P (18.942.0) mg/L, ik [98]
Y1158 B- R RS VR B2 (108.144.6) mg/L
ENSIEEPN S 3 M M AR BR L E SRS DU AR Y JEORL G R R B 1 e N DA, KB 72 b, s [99]
ESN LR ATE 10 g/L, A T H DRI 1/200 b 56 i) 172, il SR E
LFRH USRS U . EIREVE TR R Y R S TR AR AR JEOR), A oA 2 iR [100]
EAREE IR 1/40 b 254 I 1710, Bogg 1 T AR RLFH 3 7
ITRCE T OMIARR BRI 8 2R G BRIk S EE N, DABR B B R AL A i i @ N T, &5 [101]
AR R B AR R A = S R, B AR LT R
FZER SEOMERR ST RS RS 5 IR AN R 5 IR R R RIS R [102]

5,087 /L, BA AR AT HT R

(Significant advances in synthetic biomanufacturing of plant natural products have been made in China. Many plant natural

products, including S -carotene, lycopene,

gastrodin, and salidroside, are under way for commerical production. Synthetic

biomanufacturing of plant natural products is definitely revolutionizing the traditional planting-and-extraction mode.)
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Fig.2 Schematic diagram for synthetic biomanufacturing of

future food
(With the help of sophisticated engineering strategies and tapping into
vast resources in engineered strains, novel solutions for producing
healthy sugar, animal-free milk, meat, and egg, synthetic starch and oil
have already been developed and are getting close to moving from
laboratory research to commercialization. Synthetic biomanufacturing
of future food is revolutionizing the traditional food acquisition,
processing and production mode, which is expected to provide
adequate nourishment to billions of people)
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