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Upgrading microbial strains for fermentation industry
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Abstract: Fermentation is a green, low-carbon and sustainable process for the production of food,
chemicals, fuels, and materials by using microbial strains as biocatalysts and renewable resources such
as starch and biomass as feedstocks. China has the world’s largest fermentation industry, the scale of
amino acids, vitamins, and some other fermentation products accounted for 60%—-80% of the global
market share. The development of fermentation industry is of great significance for the strategic goal of
“carbon neutralization and carbon peak” and the development of bioeconomy. Microbial strains are the
core of fermentation industry, which directly decide what kind of chemical can be produced from what
kind of feedstock at what cost. Innovating industrial strains to improve the conversion efficiency of raw
materials, increase the production level, and expand product portfolio is the key to the high-quality
development of fermentation industry. In recent years, the development of synthetic biology and systems
biology has further deepened the understanding of the physiological and metabolic mechanisms of
microbial chassis and accelerated the development of gene editing and other enabling technologies for
strain design and engineering. All these advances have provided new driving force for the upgrading of
industrial strains. This review focused on the representative fermentation products including amino
acids, B vitamins, citric acid, and bio-ethanol. The latest progress of strain development for fermentation
industry was reviewed from the perspective of basic research and technology innovation for industrial
microbial chassis. How the integration of artificial intelligence and automation with life science will
reshape the upgrading of industrial strains was also discussed.

Keywords: amino acid; citric acid; vitamin; fuel ethanol; Corynebacterium glutamicum; Bacillus subtilis;
Aspergillus niger; Saccharomyces cerevisiae
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1 AZAERIVE M LR
A

GASETR A AR B 1 BT ) SR A R G
PRSP0 8 SRR oy . A SRR S
T B TR B BEZ AR,
Horp, ekt B R g AR d ok, 5 T A
[ 50%—60%, HIRE dh 2 IEIR 2 i 3 103 B i)
30%, RO AT TR 7l
BER AL PP . L- B2 R L 2R & T
G R 2 DAL, s e B
P b B AR AR S IR, H AT SR A
BIRVEFFE (Corynebacterium glutamicum) (L-4%
BRI - BR) BRI (Escherichia coli)
(L-FREIR) KIEETER R o A5 WA T 2
VT LI F = SRR AR, BOA 2D
GRMAEY, EEAT L-BARM -2 RN
JIHE AT, A ] T AR 7 S 2 R A A
ZREIRR, DIEA 2R RN hF
A R PRNEAT DA 7E 2 SR & I 1ol v % 5122 0
Brfa, R Lok, AR AL AL
il S IR Y, DA E T EOR T & S A
AR 2R, AR, RS HE. &
i A T ROR B PR AR, B T
LR Tl R AP 1 s $2 5 ol Ak H
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B DR G e 2 A R st AR A A, SRR
BRI EA B R EHOR . AR
P BE RS AR S %, Qe afk GC Fram, Al
FEMER, FEOMNE DNA F AL 8L MO ARG
BAR, 3K B 2R Tl B A Ak A A 3 B
RZE ., BE, WFoEE RS2 A A M il o8 F s 5%
PR, DL 2 B RE S B A2 s PR T TRAT
i e A% 2 B PR AT TR Y Z 5 DNA A 503 VLR
K2 Ruan Z5 037 25 40 i i) 45 BT o ARG 5%
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o 2017 4, P EPLBE R Y AR BEAR SRS B
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acid production.
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. 2017 4, KREETAAEYA Liv e
H Y Cas9 1 gRNA HYRIB G T Cas9 Btk
M gRNA H BFE R4 F IR KRR E, B
WSEBLT IR BRI RRA ; 5 HUBE DNA F 414
RE5E, ARHE I LA DNA /NE 5,
UL B S BB CRGR 40% ), ST, 1% A1 BAaE
T - 2 R Cas9 Fikmy L FI R
iR, KIEHETE T 5T 0UE DNA R HE I i
BRAEA , H iR d 90%, 219 kb K
B bRacRilat 30%; Piib)a i RGaRE R,
ORI, N EERR Tl B Ak B TR T
S GO T Gt s o Na

A, BESE N G iRH: CRISPR/Cas9 R4t HY
SE AV T R B 56 0t 20 I A4 ) L e e / R W
AN REMZE AN, A TEMTA /s
FFUE B 200 i B g R B R o K Tolk A= 9 e
Wang %51 Fil nCas9 1AMz e I 2 B Aol 25 1
Hk T 20 A sk LR 2 9 )7k MACBETH,
27 A DNA B, AR IR E 4, A
FEAERUEE DNA WiZd, w]7E G @ AR A 5 S
COT M4, KRR OB 5 0 — 80 A 1) S
BT 4R BIRF] 100.0% . 87.2%F1 23.3%!1,
Bl 32 A AR R BIAS [7] PAM (1) Cas RASIA,
¥ PAM BRI NGG §7 /B NG, 7] Zw 5 51
RBCGER S T 3.9 ff; HAMEE T AR B
fitf, LT A>G 4", VIF K% Deng
SN LRI L g iR AR A S, A T O
%% T H TadA-dCas9-AID, AJ 7E$EAv 5[] i 52
W COT Ml ADG gk,

BRI Ah, Xt 56 DR ) ek K A A
0 L A AR ) S E R e R Y
KB AR T R TE B AL (ex-situ) FEE SR 3
F B BRGS0 5. (ribosome binding sites,
RBS) (BRI SCIE, Ak A TR IR T 0 1
A% 5 ™ 32 IR e B RCR F G fh ik,
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YT Wang SE5ET R & R g R HoR, JIF
BT — MBI Z BRI R R EROR , A
& BETTER (base editor-targeted and template-free
expression regulation), BETTER A9 T A 2
ey EER A5 1 B A L R4 AR E 03 35
RBS SERKREFCH, SR CRISPR 5] &
R AR e 1 8 XS SRR R T R T R, R
B ZREME, AR IR R T SO,
R H B R Rk K il AT E S
JEFIHE A DNA SCPE, AT M DNA 53
AR R E A, WA 4 N DNA K,
WHA S f, 18 B E RS e %
BARTERARBEHEPRIIER T 10 HEEE
() [ B FRAB R, A I 2% B g AR PR AL TR
AR TFB,
1.2 [EMEMHSBEEHRLSFE

B DR i 5 R R R AN W g A5 A5 005
N G EAS T XA S TR P T A0 B i RE ) o
(B A, AR B ) 58 AR B ARAT SR TE
AR I A R VE T . R, R
R T AP R T A A T 28 AR T AR R 32 B AR
SR Tz O . B RO B S
TR IR A AL s W AL I R . FE AR
Yy 55 M ERF} 2 B 5 BT I 9 H A A S B R A )
1R Al T E A A . Mustafi %57
A AR BEFT B3 s K Lp 52O0E N
eYFP A4t 1l Wil ;N -2 PR e E 1 A=
1R, I HZ A W A% JE s A BEAIL 98 7% SO
i B M AR RSB A B R (L-S TR | L-5E &
M. L-Sst 2 R) Mo A8pk!> 1, Binder %5 LA%¢
S eYFP AE et REGE, M AT R
VAT LysG W IE 2R (L-# 2R . L4
AR L-HAMR) YL RS, IR IS
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FACS) M Bl HLZEAS SCE ik 3545 T L-i
(732 SR 7 SAU ) S A i [ N s DR e e 7
5 IR R FE R & O B i LysC . ArgB.,
HisG DA B PO ffke [0 % 3 425 9 TN i) 1 382 Ak il a0E 1 7
TR, ARAS TR IR S G ] A A T
PETF Y AR RIS,

W, T EME I A AT & T T 8 5 R
PEOUF R B G R A AR s I L i ]
T B A 7 WA B AR I . dE B TR
Zheng FH K T —BHT A B 12 IR
A YR R s T L R e, H AR R RSO0
i & 5 I st A R B i g 41 R g LA
H AR IEIR 1 [F) UM A S -, 2B AR5
SESRAT, EAR HEEE BOL R S B SR P AR
R2hurk, FIHZRSE, WHEE IR 7
7 LRREIR . LA . LA R R, R
BT AV Sun 558 2 BL R I 5k FPE ek
EME (RNA G RUEGR AR, FFk T8
IR AL Gy, PRSI Rt AR =™
p AN B BRI G, Oy A S L R A 1% S
(0 FF 2 BT 3 1) S B Y

BR T 3 T AR W A% IR 1 v 3 Tk A O A
A, RET A AY T Chen S H T —FhEEF A
B SR B B TR R Y 2R 1 B e e e R T
AR . T EABREEAE 5 AR K% Y)
A, RS AT DLl A 3 H A 138 SR R R bk
AT M A KN A B A ER R, S
A AR B 11 B 1 5 28 720 A v e O k2 i L
B E 2 IR T Lk CoA H SR B FIA E IR P
MM E, DUAEE LR/ (non-oxidative
glycolysis, NOG) 4 fa 5 B T it 1 2% 1) it 1) o
kAL, i IR T B R G R AR A
HPRE T TS AL e

BT R AMAIE, RETAY
Fr A BAXT L-Hi2d R . L-4% 2 R 55 KR A AR T
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M EFP AT TSR T o R R A AE T
W A=y 2R S Tl AR R, BRCR 3RAS [
WA VR UE S R AR . E R
BeBkH e i Ak JEALSE4L ) . A OB WA E T
Mg A ek FHET N A, PR EE IR E] 230 g/L,
RETR B IAF] 6.8 g/(L-h), JUHE 52 m A4k P2 i A
B O B R A bR bR IR e 1k 3 A R TR MR AR
5%, K F] 73%, LI 10%, THE 15%,
BURRS 2020 4EN S8 A iR X B HOR D
— R,

2 BR&ELEF ThEMHRNAAHBAR

MR ETAEYLTFOEIEY, &
HAE Ry BRI SN A ATl o AR RN G P AT
DARRA ez, ATt
YIRAFAEAE R . B Wi R — R E WA
R, WAMBR4EER B (il R). fiAER
B, (%8 %), 4EE% Bs (ZMR). 445 B, (4
%%‘f)\ 42K Bo (H‘@ZL\I)\ H:HEK B, (%ﬁ%ﬂﬁ)
5. B RYEAE T T YR N ARLRER | TR KR YT
Z RPN EA B B E R E R A Rk
oo MR ZEUFT IR (Bacillus subtilis). KIHFF
W . BT P IENIE T (Sinorhizobium meliloti) 55
ZI AR AE Tl YA R #l
BRI R E L G PR B, R N A bt
2R, WO N RAEY L AMAEY, BAEK
P, 5 THEFREH, BHEi 2 nH T 2 Fh 4
A RN T il Y AR . (B, AT R
FETRSE R T, A B 2F R B 19 5 R R Gk
BERGH NRZ , R T B TR 2R AT R R
Tk wFh Y ek iE $E o
2.1 HEFAFRMNHEERRERZERS

L DRURS 24 % 28 11 458 W LA %001 il 240 B Ak K
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Prak BBt . DU R EhUAE R F S Y A A
BEEAEMISE, PR 7 HAEY KA A 7 v iy 52 B
IV iR

R TR E R A, REE T AE P T Fu 5§
TEMG R ZE AT R P I T BA A F R AL
FeT 22 2P SR B0 I R 1 (MalO) Ak
2 15 M #2 R 4. MATE (maltose-inducible
expression system, MATE), SZELT HArkEHE Y
R R SRR () 2). @R
A ZFWE A BT Poard R T 51 (MalO) AT
YoE . ARG R IR, RS T — R HA
ANIFSRE I 32748k, JEXT MalO J¥4I7E
Ja B TR L BRI R RAE, A AR
4 M N BE 98 S S 09 5 T 0SB /H R B R A

MATE-ON/OFF, iz Fl i 2L 4l il {iE B MATE
BFRGEHARY—EMEELE; A
UG HEIT B A 5 St -BR s oo, dE—2 42
RGN, TEORERR IR R B SR S
B 790 fi5 05 AR, ST RGuE R R 5™
HEPER AT T MalO 75 [R) B0 A B
XA 2R EE s, 8 A O MalO 7R S 3
TP A B AL B AT SN RS B0 AU 55
s g A M ER) MATE-ON/OFF 248,
PERG R 2FAUAT B 0 A AR S SERIR A, AT Ao
B RGERR, LT m g R By FE SR
B iR MATE 24456, il ENFRE iE
3B T Z AR I BE A A B 2E AT 1R 5L R 2R 58
PFERGE . Blan, LR RS Yu SF7EHG R 2R AT
B B T IR REOR) 2 R B R R R G
%G8 A FH R TR Wk T A v UL R B Sk IR 5
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Figure 2 Development of gene expression regulation system MATE and its application in vitamin

biosynthesis**.
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ZEARAR CT BETHIH T AS [R) 3876 T ) ik &R
4, JF454 CRISPR T4t (CRISPR interference,
CRISPRi) R %%, LB B 5 09 0] 18 0
PPN VTR KA X %58 3 T4 0 2E AT 12 P9 TR A9
FEAEN RS ComQXPA, FFE T —FRFIHH
5 B8 3 Y1 L S R B it o v A B 2 AR AT TR
HiASRB RGP R T AV Ye 10
FAEMAFE TR T BT T7 RNA RE MY &
MERIBRGE, BT 2R bR A S KR
KPS R R RGN &, MoK
F\ TR AT R AR E T HAE, g
Az A Tl R AP s P T 255 T ROR H A
22 BERESRSHERRITSHEE

U JLARRE N & BUBAS AR, DNA 413 H0R
PO R e, RO Em Y REE ARG
HEBORE R AT fE. 4B R B iR 24,
GRORRIRK, WAENZ, EEMERKS
BUERERS, Z R Z IR TR, #AH
XPigfE AT XA 5, ARG 0 & e e
JE o i ST IR T R D R R A R 2 ]
Y F IR, SR e AR e 2 ] (%) 2H 5 B AN
IEACE A KRBT A=) Fang 2538 1 % 4
AR B G R 430, A R 5 B
KHACB T E i 2 58 A e ek TR ms, 452
BREZLANE (Rhodobacter capsulatus). /R AR
E R (Brucella melitensis). H fa HAEARIE H
S5 PRANTE Y 28 A SR S R oy E B R W A TR
Qe ik 3 Aok b, i IPTG i3/ Py,
Pucy Pue FFR B THEHIIENRE (K 3)o #—
A3 A A BRAZ BRI OS], Do i R A
Juft, sRNA fHISE S ke SE kMG, ik T %
LD A 2 5 FC AL R, & SC T K
FER KA e % B,

AR, bl —AC TR A A e TR 4 F
SEURIER RIS . WAER . WS R
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P, AP E RS . ZEIBA#E L RBS
SCEEA G VAR A BB, RS SS Ak 41 3R
MPF ML REmFRL, #ETYHER B
[ A SR R g = B0 i — i I AR R A
HFE By, A EGERREHR T, R G HE A A
B HE . G, BRIR SR R A E A
W, RAT T8 AR B, TR, 45
B REE LA, S48 T T RIGFFRA e
B, B9, 5% 530.29 pg/(g DCW)PH,
ST A T AN B (o BB R B AN SR, 52
M AN AR RN AE R By, 7, R, 1%
PAT A S 57 T e €0 1A 7 R 22 DR e o O
W&, @i CRISPR /MM BER K R BrdE A HOR
¥ 28 MRIFEREN IR SR AL L, 155
TRk, faEt it — PR NgEA R B
“RTREREF . 4R By mflAEY 2
R PR 2 A, ISR BE Tl iy TR 4
4y 140 he LI E B HE4EAER TR F LA
il B A 56 AR 3 2020 4F K HETTRF# 3 AR E
H—SERA 2020 A EE TG SRH L
TR,

3 MBI E A E AR H R

PR e — M SRR A, FEAT
BTk, WNERM . BER . Zehal s, fr
BRI A A 0 i R A AL
iR, WERELEITWA I mZ—, 2Bk
FEHEIA 200 T3 t, FFLABREAE S% ek i 1 0
PR A R TR R A 2R B, SR E A Tl
KEEWCAEY), TEA VLIRS B ) ST AT
WA ] 1923 AR p kg TR R A
S HEFF R A = E R, R EAE A
BIRSFA MR A T A, HA—R5)M
FRORE, BIanfemssfit pH B 254 B w] (R4 HE
BRI 7, X5 2% OB ) B AL R FH BB 5%
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Figure 3 The biosynthesis pathway and modules of vitamin B;,*"".
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Figure 6 Adaptive evolution and genome editing for improving the stress tolerance of Saccharomyces

cerevisiae.
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Figure 7 Genome-wide omics analyses of Saccharomyces cerevisiae.
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