SO // I U - S EE /TSR RNEHERE 4019

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Nov. 25, 2022, 38(11): 4019-4026

DOI: 10.13345/j.¢jb.220717 ©2022 Chin J Biotech, All rights reserved
A3 . ';l_'
- KKK -

HE TEMHFRTEHZEHT A LGHELIFLR 2016 F TP EHF
WA A F PR A, G AERAED AL EXRRIESBHTTAE
Mok TAE, RIKF A GA 5 AR A BT B 2 TAE,

Tolb A= M4 R B BT RS

#wEL EAA S ORETLS

1 HEBEBERT R S HE R, JEa 100864
2 P EBREBE R T A YIE ARG, KE: 300308

WidE, TN, VR, gk T AR MRS RHE. A TREAA], 2022, 38(11): 4019-4026.
CHU X, WANG LW, XU H, ZHANG YF. Frontier science for industrial biotechnology. Chin J Biotech, 2022, 38(11): 4019-4026.

 E. MAELTREF N, AIEPME 308, Tk A I RBOA S LR G IRF R RAEL
AT AR, FNGETHELA RN EEZF G, FAETERRR, BATEFFAIL, T4y
BAREIEZZNT OAPHFZZHERK. $FHARKEL ILRREF = b B -F6 6 3 AU,
AXER KT T A MR RO LR ARBTFRBAFNEZRE, FRET LRELET 6.

KR T LAHER;, Rt AHh 14, TE2EYF

Frontier science for industrial biotechnology

CHU Xin', WANG Liwei', XU Hong’, ZHANG Yanfei’

1 Bureau of Frontier Sciences and Education, Chinese Academy of Sciences, Beijing 100864, China
2 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: With the increasing concerns on depletion of fossil resources and climate challenges,

Received: September 7, 2022; Accepted: September 22, 2022

Supported by: National Key Research and Development Program of China (2020YFA0908301); Tianjin Synthetic Biotechnology
Innovation Capacity Improvement Project (TSBICIP-CXRC-013)

Corresponding author: CHU Xin. E-mail: chux@cashg.ac.cn

HEWE: EEESMLITE (2020YFA0908301); FEHT-& AW ARCIHRE/H-T4T85 H (TSBICIP-CXRC-013)



4020 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

industrial biotechnology is considered a promising alternative to address the pressing issues including

energy and resource shortage as well as climate change, so as to achieve sustainable development of the

society. Owning to the theoretical advances, technological breakthroughs, and multidisciplinary

convergence, the past two decades have seen rapid development of industrial biotechnology driven by the

disruptive advances of life sciences, the merging of multidisciplinary technologies and concepts, and the

commercial and industrial demands. This article briefly illustrated the history and the recent breakthroughs

of industrial biotechnology and prospected a long-term perspective for its future direction.
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Tl A=A T A B A B s g dE . R E
Jor A AR TR A HE T HEAE] . DNA & i
A LB A BRI A W A 9 ) B A 4
AR, HREESEAZ T BREE S BB AUEE DNA 55K,

FEZH THAR. SRhER. EmlEsh
BN G L5 LB B, A 13Kl 1T Tl B9
EU RSB SR R ) K AN R 1 B ey G N S
G EEREAY, TEBUARA: 7 S 1 T AR S U Kk
FETEEAEM. 1985 4, Mullis &KW T RA 0
#E 2 V (polymerase chain reaction, PCR) £
APV @ RSN E DNA F B, SEBLT 1%
it DNA PIRBA sl a4, S Tolk A PrdoR
HE AT TR B E T R o i PR 2 A — b
WL BEXT A W AR R AL R H AR R E A T
A RN i A B R TR . Jefa A il Z A
T FWEELL (I r-Red) . ZELHE (40 TALEN,
CRISPR-Cas 55) (1{)HEDR AR, 38 3k X 2H 4
. EE PR Tl AR P B DR 2
B IS B T IS I AR LA

2 AMIREFFRANRXAFEE
BT IR ENBTANE R

BhinyTHAYre kg, BARMGRIERAEY)
T F# (Biological Engineering or Bioengineering)
VER—T LA MR~ T 20 T2 70 4R 00T R
PRI R, I kRt T AR TR
5 & WU Y 2F 5 IR BBl A 5 I RO RRAE
BT RE BT, R T AR EOR R £
50 AR SR AR . A TR AR
Wyoe 5 TR A SRR G B R AR
SRS TS (kT UK. 5L
GMARTREAR) #17RE, s HrTEY
FEHOR T B, o ) b Ui A= Py AR B8 M
Dhfeocl, Al b B s R R,
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W R TR B A T RO R B 37, DR
PR A W B R AR B RE

1986 4, Liao 5535 TF & Tl 53+ 1) D e
PEBFFE, 1993 4E, Arnold FIBARY TAFELE“E
HEAE” (directed evolution) & Rk AfEZM, %
AR B BEHLZEAS F DNA 5 41 il 1 K ) 8
MBS AR A, e RERE 8 TR K L E 25 T 6 4%
FEJ7, et B B R (Y S AR, SRR
A IEALTRN ) AR i T aRAA IR TR, 20 i
2¢ 90 4%, Bailey Al Stephanopoulos % LA A=
YA N 28 AR A2 g 52, B e AR
T (metabolic engineering) &, 5 1EF
JI DNA SEAHEAA B 1 2E A P 40 i)
Rfisste . fEILIIRE . iz R MIRIEIIRE,
N ORI N SV & (i i M B | & 1 = 7 |
FRL T AR AR S A G 0 e T M R K e o T B
W1, A 4k DNA W7 R H S AL B S R 2100
AL OB E v N BT S N D N =B = & R
Hd . AR BR R B e T REAY
2~ (Systems Biology), & & 1E RS 5% A i N 41
TSI EAE R, B 4E T A A 0 45 1
S g (e MR LA, inverse metabolic
engineering), 20 4t 90 FACKE, ZEHIE K
5«H LR (top-down) [ & Gt A 127 HAME
“H R E” (bottom-up) F-G R AE W24 45,
“H b5 1) PR Hb 3 T AR R AL AR 2 oo
(parts). 2% (devices) FIRLL (systems), B #H
XTI B A R ST E RGBT R T
BERUEY) A A MA:, A8 T3 If
B HA R R RE R AE I R G, I
RVAEZTE 7/ BN A e oINS 1% v S S AW Ay S S R
Prifil 4% . 2000 4%, Collins 55 JeiiiE T
— AN AT DA E A B S SEAm ] R ) 345 Rk
BFFE, AL TE =AM B AN RS S, FER
FhEEE RN Z 0] H U4, SC3E 1 x4k
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W Z SR, 2003 4F, Keasling 255
G A Y B S T HUE Y ETIAR T S IR TE
PR e Rk v A ST, 2013 4E, Amyris 2 R gE—
AW AR T AR FLAET O, 2010 4R, BK2EAL
SR A TR 5 G e W2 Oy ki KT
W, RIS LN R DA R R, W TR
AR AR =R HER . Al ZAERBER, KT
G IEYF BT T Ui+ - -2 >
(design-build-test-learn, DBTL) A4 {4 ) 41 fifd
T HRkmfE, 64 MEEAEE
(biofoundry, MJREfL$E DNA %1, DNA ZH%% |
DNA i . BL ke . mbRFE Ik . sofEdk
e FARBTREAA W . FRAIMNK . e R

AR . Bl b . T 2EHORE) BT,

R T A DA 1) ke s iE e

3 FNBRILAMEANFREMR
IRAENF

b E A E DTS R e f . TR RE
itk i, AR B R ER
A=) T AR R M DA S KRB A 1y 2 T 1Y)
RIBTT R, KR FTHE T BT i 2= R Al R 5
KR LB T A B LR . Hesh A
Frez Tl Ak . AR AR AL BB IR 3K .

AR ) TR PR ) S A
FFG BT B B Tl AR W) R 2 B BL Al 1) e AE FO
K. TRAEY)2# (Engineering Biology) +& 741
AR, X AEYIA R SR S D Re T
TR IS AR, B gm
e R AT TR . BeE e A sk
BEa, B ARA E3R TR R ) G
RE T 5008 . TRREY S AT IR AGA IR B AR ) i
b LR . ARG BT, HE R AN [ PR
SN AW S REDL -5 A= 047 R FLAE , HEAE B
N AWA=U7/E5 % NI £ 4= d X B W A
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B AR A 97 A ) AR A2 0 2 R B
fill ZERTUYIERE DT, TREY AR A
. RGAYE. TIUEAFRES . EYHENL
b2 EWIRE R . BT A,
h A AR R TS S s FE O T H Y
W, TREAYSEIETRAY GBS (EWd
). AEPEEERE (NTERE). A5
55 A ik (R A sh bk | i I Ak
SgmiRas) S, A T BAHTE B
D5 RS s TER IR T, TRVEY)¥ R R E
FUR TR Al A TR R BT AR
TR (IR . FIRE, MK
TS, BRERBETRE . A TR ),
S A= Wl ol & R T A AR S A

4 ThAEMBANERPAL RS

AR, TR iR SR 5 U T —
RYVEEGRE, Ao Tl AW R B i i 58
il b2 B BEE T RS, i MR > AT LA
T P AT R A SRR RS T AR
IR ARG M oo™, N T ReSE
TGN TR BREE 2 2T B 7 PR
P RpAZ O FURER U B IO RE HE R i
DNA & MHEARFE R U5 DNA S AR
T, o BT AR i A IR (terminal
transferase, TdT) RIEEE DNA & Widi RTES L
REEE . KB BUAS . ROREET T A AT LA B
A FIE K )24, CRISPR-Cas
FE DR 20 G AR Ay S B e 8 AR SAS B A iR ek
TRt T ESHOR S, ATE 2] DL s A
ZH RSP RIS AR | i ity i 2205 L
HLRS 27 >0 0] DS BHE 11 235 W PRt i =7 DA Sk
B e R U, LT RER
T AT LU TS 2 i iR SR | PR
R P BRI RS T D R s RS A 4 578 Y
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TR, gE—2E 0 SR P sh
AR S B S AR R e R S S 2
ARBSOT H af A SR AR LR, A i
SHERAR, AT A Tk AR P TR I I A
WA TR AR AT DL i 3 i A A 2B ag
Bl A BE-RNA 1A B 1) 2 (5 R AR
RIRBEEIR , WA aeRlegbtss SR etk |
R /22 K25 Wit e S5 40l ™ A= TR ZI A 52
TAREAY R P SE R A AR UE T A
s ) [l 7 55 5 A0 R FH S8 AR 2R 10 6 e AR il
SRARATIEME o B UK K AT B ORI L i B AR
Mg RE LA Sl B SR RUAE WIS, S AR
Tolk AW Ap R EEAE T AT 8 SR s KA AT i
AR BRI E AR, B RN v R R 1)
WAV T 2 3 16 i1 s 22 A U 0 — 2 4 3l T Rk
A Tk A E R R o TR E R 2 KA
br b kSl TN E AR BIE R N T2
B, FERE T DA AR h R TR i A A il
B, A AR RN b T i T Rk

e SISpIEE Sl
U]
Genome-to-

2R
Scale-up

it

Enzyme & pathway

S S
Omics data

Bl 1R PR
Kinetic & &) ek
T 1zE

production data

IS

BEE | ER A AR AR AT TR 2R
REfE (4. WLRE. JGAE. &EE. ARRAEYBREm
HABALBESF), S0 = 50 [ 400 i S AR )
e, WEDGRE. HBEEE B ANIE S S
JoE 15 OB, AR A Py il i 56 ] 512
Y BUE AL AR fE A A S Pk, O
A A= Wy Tt 5 R B 5 B Tl AR IR R e

AR W) 2 i S AR S R i A AT L
SCEEFIGEHE Tk A= Wi H AR BEr, e N T R
S HORGG, BT A A5 A o 2% A
BUAE SRR ROV . B s ny it , ek e
A RS Ay Wb R TN B 5 . I, TRRAE )
SRR ) DTN E E5 R0 Y3 = N
BAE. Ak, Sl EERTTEOR, KRS A
it . VG BB R AR5
S, DS T AEYEARIN R, s <iit-1
- k- - T2 K -2 2] (design-build-
screen-test-process-learn, D-B-S-T-P-L)” T\l 4=
YH ARV KGR & (B 2).

B FIRAR T

design

o @

Screening/Selection

B2 TSRS R R IT-HE-FE- K- TZRK-%3] (D-B-S-T-P-L)" B FER
Figure 2 Novel paradigm of “design-build-screen- test-process-learn (D-B-S-T-P-L)” cycle for industrial biotechnology.
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