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Preface for special issue on the 30th anniversary of metabolic
engineering (2021)

Qinhong Wang*?

1 CAS Key Laboratory of Systems Microbial Biotechnology, Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences,
Tianjin 300308, China
2 National Technology Innovation Center of Synthetic Biology, Tianjin 300308, China

Abstract: Metabolic engineering is the use of recombinant DNA technology, synthetic biology and genome editing to
modify the cellular networks including metabolic, gene regulatory, and signaling networks of an organism. It can achieve the
desirable goals such as enhanced production of metabolites, and improve the capability of biomanufacturing pharmaceuticals,
biofuels and biochemicals as well as other biotechnology products. In order to comprehend the status of metabolic engineering
in past 30 years, we published this special issue to review the progress and trends of metabolic engineering from the four
aspects of overall development, key technologies, host engineering and product engineering, respectively, for laying the
foundation for the further development of metabolic engineering.

Keywords: metabolic engineering, cellular networks, synthetic biology, genome editing, biomanufacturing

g TR FHEL4 DNA HA . FEEFE A
MR EH A, XTAnw . BRSO Y A YR
R FEREEE . 55 W48 25 47 40 o X 25 22 )

A LATESE ALK EE B M R 2%, X5 e A )
B IR SRR AL R g S A S B T AL
i RS A R A R P X A T 2207 R

A . B AR AL A 1A A= A s g AR gt
W, I ASMEREHER, HEAHEARANT
FER IR, SR Sc PR a0 . AL
TR iER . iR b2 R 2 DL A
AW F AR = S R A A S L RE . R AR
X — W A B IZ U R SR . SEE 22 James
Bailey F 1991 4E#2H M, Righ T RE4IR S — %
SEUK  Metabolic Engineering 2458111 32 4% Gregory
Stephanopoulos Z#255\k, Ll T2 —Fh$e
o A A e A 7 e e B A T P
R TR 20 20 90 450w B, )%
KEBHESE T A H AR S EY L kR . FenlE
LARSR S A A . SRR A g . RV
3] B HEAR T AT A Pk &, i —
AR T AR AT 1) TR A R s T AR
TR O 20 DA AT FA S R 44 K R 1) 2 S R A Ak
MU A, DRI SR R TR 2 ) 4 PR 2H R 1)
Wit RS RZg bk R (B 1), @ ke
K. 20 EM 2 ERNA A ShuGE FRAR,

http://journals.im.ac.cn/cjbcn

A M. BRI, PRARRTIR (k) &
IR | AR =4 S S L R SRR B R AL |
ZEAL . TR DA B AR A S5 4 5 A ARt
AP A AR W OB, AT R B X
AR RGEEATEM R UGR, AR AL I 5 28 7

4+ Genome-scale design
and modification
Multiplex genetic
) i modification )
Simple genetic .
modification )
3 -4 g z L[]
Y. e 3 o o'
E ; o o¥e
E ry 'V.
L ]
o Synthetic biology
Systems biology
Molecular biology
1991 2001 2011 2021

1 RFTIIE0ELEBLE
Fig. 1 Roadmap of metabolic engineering in the past
30 years.



FREMBTE 0 FEEFFE (2021) 1473

gite, HESGHGIAARENFENNGED, 4
A e N AR B A RN A
Wi AU W] LA R ORI FE A 0 5 0 DR e A A e 3k
il b2, IR RE G R R ANEE H AR A S A ik
= he Bk, ¥R B FHRLURITFEZ RS
gt T MoRME T, BZHEk A
AL PR JEORE A il 7 SRR, A P
IR AR A Tl H iy DA LA AT 5% 05 A SE Atk i) D
RHZE, STE A TR i Bk Ak &9 M R T
FIEAA 11 228 5% 5 4 1) BT P A 1 Bk K AL 597 1Y
G a3

LA TR A 30 F4EZ bR, R T i
30 4R TR A & TR K4 , A0 dE 2 O H AR I |
TR I & K A= 07l Mk (8 5 i AN Bk, € AR
V) TR ) LSV IR T AR TR 30 45
L), A AAREE, 185, il T —HetE i
TR S — B, A BN B K R
(BRGR) . EPEEOR (FRE) DR 4%E &
(15 F£h) Tttt 25 (7 aE) 55 4 D7 R
BRIZ ATk i & SR sh A kA H, AR TR SR Y
E—2 R R R L S R

30 4ok, M TRERE S0 FAYY: . 24
EYFERG AR R AR RS LG, A
PEIER FARMS T KRR, WORHENE T AR
AR R 7= b T T 5 R AR T AR A
TR R R 2= IR VE AT BN (1477-1493 1),
T ENIMCSE T RS SRR, 4%
R MNFRG TR SRR S, RGNS
TACHE TR 30 ARy B R & R, U H R i 1 [
B SCIiE 3 & 2615 Il 4 30 4E S AR TR 24 R A5
PHAR 5 ) A 12 40 38 %) i 457 A0 B i h BEAT T 43
Br, (RIS A5 45 1O 10 4Rk RGO A A
B B P2 1) 32 B AR B AR AR ARG TR 4 T
S, WA T HArA s TR A R AR ) R B
[ A J5 I R SR # . B2 AN I AS T TR %1
O3 P AR EH AR S K R AR T &

% : 010-64807509

P TR S HLER 7 ) B2 QT , i TR 4 A
IR RO, AU LARTE 30 4R #E Ak i A2 Hh R
37T ERBYBEE, H ERE B A BEAE S
T EHHEIBA (1494-1509 B1) MARHIETT (AR
PR AR) I ANERSRZhA) L TR (A
FER BB R) DL ALas 2=~ (MBS )0
k) 4 M, RENH T LR L RPN
WrOIHT R IE 5 07 RN L 258 N DR RER &
fE, B TABICRA S, BRI LR .

R AR R SR A I TR S P T R Y
BEFBro AR 0 AT A i g AN TR A
AR AR 5 A ] S5 SRR R B T % 5 B8
R TR TR 2B . RNA L . S
AR 3 5E 22K, AR MU 4 #r 48
AR, IF L Oy BE Al ot — 2530 B I E AL 40
J o AR 53 BT AT LATR A S BT AR R 2 B
PEALTI B AR Wy i ekl O 2, AR
SN Y2 B NN E R T 7/ ke o R o E P (5 3/ S U]
KW IR EA B (1510-1525 T1) 2Rk TCHHR
ST R SIS, B T A A e R R TE T
b A= Py B AR A A Py B 24 5 i e 4R v g 1
B, IR A AR AL L R R DA S
RIZERUEER °C AR o B 25 R ke 2 8yl ik
TP, JTAE R, BE DR 2H H0 A A g 2 A 1Y
(Genome Scale Metabolic network Model, GSMM)
EBCH A TR B2 T 7Rl GSMM
BEAUELA b, RS RN Feokd . A
FOR 2250, AT LA T & A 29 GSMM
PR Ry FH o AR 2R 3T R A T e 4/ 5 il AT A
(1526-1540 1) RGMiHE T FHLA R . HEAY
A5 AR T2 GSMM FRIR S Al | 44
ik BTG, oA AR S 2 A e R
B 45 , I 3L 20 ) GSMM Ay S J% v T i ¢
AT T RE, WM Z SIS R IEL R, N
BT AP R R R Rt T 2% R
BRI TR s i 2R T-Be . JUHIE R

. cjb@im.ac.cn



1474 ISSN 1000-3061 CN 11-1998/Q A¥T#E2:4k  Chin J Biotech

A Y 2ERWT S, 3248 AN T3 =
TR ICAE KR B ST 1 X 240 i 0 285 A A
b R Bl A P BT T AT BA (1541-1563 11)
NG SRR . BRI . BRI R R R 2
RGNS T AR T 58 MBI R ) A R 4 3]
RGK R REAG B B A AR A R RRDL L A
FEMARSE, AR R R A AR — 2 % e e
PR T ARSI N R T 5%

16 R (WARCHREAE) 2R T
MR M EE R, UHX AR, A6
R A B A0 E AN [ 2= i A 7= Bl
AN R AR . S AN B AR A TG T
FEAFSY, HUE B ATE 2 0918 5 408 2 ek A
Jf o AR A Y —— R R R R, 3%
FRfATE | AR | e TR E Hase s R
FRE 2N . (HIRIEok, Ffi#F CRISPR/Cas
FIRMNMBHARNERE, SERBEFE . M2
FIAFE . 2RI . ARAE SRR A5 Ok M2 1 L
AR R, A A R T A TR AT
FEHTE R KT B — PR Tl
AEwEE, FEEZ ., LT RAEF T 2N
s v ERF2E BE R Tolk A W 3 AR 5% T sk 24 4L
HIBA (1564-1577 1) MKWt izt G
wRAES . iRk 3 A, Xk
JAT B A el e E A S VR B AR T R 4
S IEXF KM R AR DGR R Y
AT T R, BRI EEREE R 5 — P B E AR T
WA rE B, B I N T R R SRk A
B TR v B o A 4 1 o ) A i 5 TR
FHAEKHIBN (1578-1602 11) 4548 LY .
AT B 2 DA L8 2 2T S5 R G R 1 &
i, REET 2SR TR E R O AR, LU
JAE IR 1 % F o i R Ge ARl T AR A ik
VeI s A TR R, IF B85 A st &
R, TR T AR R R TR R R A
Tl o ARk EEH TR MR

http://journals.im.ac.cn/cjbcn

7, RJEREE S TR AR, FULER . L TEE.
A VAR T UTE A R AT B P S B v s
77 R E Rk B R Tl AR W R 5T R
FAEAIBA (1603-1618 T1) £k T i A £ X 43 &
R PR FT B I & AR TR RE R R R, &
ENY TIHT CRISPR HyILR A g . SRk
PEF A AR AR A B SR AR I I & RN
FH o AR ZEAUAT BRAE R —FP S 2 R,
HLA AN b 2 1 RE 7758 DA K TG W S 1 5 R i
T MRS WA )12 N AR TR T
T, TR REXJEAIBA (1619-1636 11) M
S TR, EFEgE . EFEERE ., SETF TRU
T 383 75 Tl 2 2 45y 1T 48 Ay o 2E A TR AE AR T
PRSI AT AR, R 25 H A AR Wyl 2B e v
FYFE OGN, o Ja X LR SR 5 1 i A7 e B
R BV B T HEY, AR, &
P95 B Uk G AR 7 40 S5 S e AR W L i A 7 T
RWEEEEM,; PEPFEG A T A HE AR
WFoE Fr s BA (1637-1658 1) RENA T
AR R B TR AR AR, RHEEA
Y3 Ab A A T A N, e T 220k
R U TR R 1 S B ) R e B R Sk R R
fERGER G R: . E ey | BROREET: | (22
B BUaEh i B S A AL G e B R L BT AR 14 A 2
RS, WistE AR . ZIRWAIH . Mra i
ZER A, TEACH TRRSUIARE Tz ok
B b 2 5 R Ml A 4 B AR BIF 5 T 9 5 S AT BA
(1659-1676 T1) LZ5 T ARfE Gtk vh L R g 4 T
H &R, AR TR oo o m # B2 A5 T )
FAEL G BE AT 7= S A B S R, e T
AL G T REAE = A 77 I8 18T 38 3 A Bk R A A
RMIBFIE T o ASCHE AR IR & R S5k, fili
FATIER XS AR 18 £ AR AR R, ol
XS T = A0 2R T A A R A 5 RN O & ) B
KU A

AR TREAF AT A 3 2 H A0 R 1 el g e At



FREMBTE 0 FEEFFE (2021) 1475

T2, A G H AR i . 30 AESRIE T IZ
AR TR 51 &, AR A (it
M. AHLR ., 4ER . BiAER). EWBE (e
BE). AWML (N RFZIENG IR R . R AR )
SEHR AT A LA AT B A= 0 SRR g e i AR 7 SR
R AT e NS Tk 2 9% R SRk A—A 8
I B . R A R TR Al Tl A S ATl
Bl 2 A TR A D &, SRR A TR E D
PR s RHPHE R BR T BN (1677-1696 1)
RS TG A TR . ST A=
BRI B 1 AR TRE, DA R % A SRR
PIHEAACE TR SEREmE, ARG 0N T R
BEWR . oy HEIERR . YA R E LR R IR S R
PR TR R JRAR DL S R 1 R TR, Sl i Xf
H 25 LT 3758 4 . TF K v R0 22 3L 188 i ol
U TR T 2% 0 DURRA PR 1E Ry 55 22 (1) °F-
G, TN AFER . T Rk B
FAE Wb S 400, ) AR ) A T 2 7 I B A
HLER LA S A IR, sl R IR PR L 3
B Z 00 AT 5 e et ol KA 220 A BA
(1697-1720 1) Sh&5 1 VA HLER 1 A W& s
BARIHLE], B EIHE T KRR WikA
BILER LA K 35 T 5 Pk 75 R I 17 o SR ik 41 o5
DUBk A MLER A B AE 1 BT 7% 00 e e Bk %, b DO
AR 0 A Y6 AR RS % . =
R A T CEE LTS R RR . Rk A Rt
(A EE BN T, I B AR 0 D AT A A A 0 o D
REEAT R R A A 7 T ] s 8 it X4 i ) BB IR 5 2R
BfaHl, © kgt A il i B ROk SR U 1
JEE BT R ERBRIA N (1721-1736 171) 454
HEA R TR ANES— | B2
KW TERETIRE, BT s i S IR E A
B B AR, MRl e | ik
SRR | R AR | P AR S 2 Ty AT
Torbr g, B E R A TR A &
M2 BEAE AU TR 24Pk [n) BBk B g i, 38

% : 010-64807509

VI B0 K T BB AR ZOR N T 245 0, SR
O TR P T R B R AR [ B 2B B
= 25 4= W AR 9 BBk 3 A (1737-1747 1)
GEACEH R 14-16 LI KR NEE R LA R
(Macrolide antibiotics, MA) I % , X Fl FACET
TR GE MA (YA ik Rk RS 3T 1
MA 17 A= 91 LA A TR R 7 42 i MA )™
WHET T RS, RN A T RE A B R
B PN TR 0B 24 1T R 5 2% A0 o SR AR TR
AR A LR, O IRATAE T B A £
B SR04 KR N BR 2R AL W R HRAH 5 0 A 2 R
PR R AL T 15 % . 4 2E R de R R AL T 5
DI —XG0 R, B ZNATEZ .. 8
NG ERRAS N L At i ARG, ARk R
ERAEHRER, AR TEW L s e
IRERAET . RN, WE LR T ER
2 e R Tk AR W B R BIF 5 BT ik K 1 BA
(1748-17705T) [1Ji 13T 30 4 A A TREAE 4 A=
RO R IR, RN R T KR
% (4i4:-% B1. B2, B3, B5, B6, B7. B9, B12
YA R CIITTIR) MR TEAEA R (HEER A,
H4erE R D WETA . iR E M4EE R K) B4
BB FE AR, IE X R WA 7 R ST TR
T, IR XA A P B AR ) A AR 28 A TR R
TFTIRE, Nk —B ik g A: ARG TR & 2
FE A, DA G YR — AT DLE o R R
M =ik 2E i, TN TR B Tk
AR SE U, AR A TR T B 28 iR A oy
F AR A s R UE TR i, SR W A
AT DA 1) bR o R AT 2 10 45 D O & e Ak &
Y1, SEFEFBN (1771-1793 T1) XF 30 4F 3K [ 4
AR T2 el A B LS R 5 B AL & 0 i F
FERMEAVEY) A BGRAIEAT T RIS, DA
R FRAH KGR PR S % . R R LR Wi R MR
(Polyhydroxyalkanoate, PHA) J2& ¥4 i 1wl
REfg o> T AR, RS PEREZ AR, N F 5

. cjb@im.ac.cn



1476 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

W, SR LR AE 7= 2 i B o e B i A
B ; WEHE R BRI SR AT A (1794-1811 1) 454
H & 30 4R IRGUI M EE AL, RENA T
R AR R PHA 2R . il PHA A%
G . P25 PHA SRR . 4T PHA B
BLAS A 7R A LA T N R, EE S g R
BRI BT — ATk A W R I
MANAEFE PHA BT 5 4 ) Ak JL Rk Ak
R TEESE

R TR S AW AR 5 Ak )
FEAN . M — A SRV, AR TR
WX A A YRS L PR R TR R
EAVEMRRE, R38R T A AR B
G 5B, ZFRRE B ESERLHT
BRI A TR R TR ) o A SEAS ) T
L PR TR A RN AR BN S
B, A EE AR TR ST bR e B R
FERCGHT B A7, B AR e SR | e
THENRE . TREENE XSG, AN TR
i AWRH, AWk REEge e, o —R_:
W AR AR s ol B B R, R R TR
B BN T = AR R 48 7l ) s
F NZETH G A RETR . GEUR R R (] IR 1L R e it
R WA, RLTRINE FIARRMALEZ
b, A R TR R HE S IE

REFERENCES

[1] Bailey JE. Toward a science of metabolic
engineering. Science, 1991, 252(5013): 1668-1675.

[2] Stephanopoulos G, Vallino JJ. Network rigidity and
metabolic engineering in metabolite overproduction.
Science, 1991, 252(5013): 1675-1681.

[3] Koffas M, Roberge C, Lee K, et al. Metabolic
engineering. Annu Rev Biomed Eng, 1999, 1(1):

http://journals.im.ac.cn/cjbcn

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

535-557.

Woolston BM, Edgar S, Stephanopoulos G.
Metabolic engineering: past and future. Annu Rev
Chem Biomol Eng, 2013, 4: 259-288.

Nielsen J, Keasling JD. Engineering cellular
metabolism. Cell, 2016, 164(6): 1185-1197.

Liu Y, Nielsen J. Recent trends in metabolic
engineering of microbial chemical factories. Curr
Opin Biotechnol, 2019, 60: 188-197.

Ko YS, Kim JW, Lee JA, et al. Tools and strategies
of systems metabolic engineering for the
development of microbial cell factories for chemical
production. Chem Soc Rev, 2020, 49(14):
4615-4636.

Kwon MS, Lee BT, Lee SY, et al. Modeling
regulatory networks using machine learning for
systems metabolic engineering. Curr  Opin
Biotechnol, 2020, 65: 163-170.

Lee SY, Kim HU. Systems strategies for developing
industrial microbial strains. Nat Biotechnol, 2015,
33(10): 1061-1072.

Hanczyc MM. Engineering life: a review of
synthetic biology. Artif Life, 2020, 26(2): 260-273.
Clomburg JM, Crumbley AM, Gonzalez R.
Industrial biomanufacturing: The future of chemical
production. Science, 2017, 355(6320): aag0804.
Zhang YP, Sun JB, Ma YH. Biomanufacturing:
history and perspective. J Ind Microbiol Biotechnol,
2017, 44(4/5): 773-784.

WERAR, BRabsi, sKoxmE, 5. fnbREdEak @4 Y
Wil B scElmp A, fb TikRE, 2021, 40(3):
1137-1141.

Tan TW, Chen BQ, Zhang HL, et al. Accelerate
promotion of green bio-manufacturing to help
achieve “carbon neutrality”. Chem Ind Eng Prog,
2021, 40(3): 1137-1141 (in Chinese).

Liu J, Wu X, Yao M, et al. Chassis engineering for
microbial production of chemicals: from natural
microbes to synthetic organisms. Opin
Biotechnol, 2020, 66: 105-112.

Curr

(ATt BT



