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Abstract: As a branched chain amino acid, L-valine is widely used in the medicine and feed
sectors. In this study, a microbial cell factory for efficient production of L-valine was constructed
by combining various metabolic engineering strategies. First, precursor supply for L-valine
biosynthesis was enhanced by strengthening the glycolysis pathway and weakening the metabolic
pathway of by-products. Subsequently, the key enzyme in the L-valine synthesis pathway,
acetylhydroxylate synthase, was engineered by site-directed mutation to relieve the feedback
inhibition of the engineered strain. Moreover, promoter engineering was used to optimize the gene
expression level of key enzymes in L-valine biosynthetic pathway. Furthermore, cofactor
engineering was adopted to change the cofactor preference of acetohydroxyacid isomeroreductase
and branched-chain amino acid aminotransferase from NADPH to NADH. The engineered strain
C. glutamicum K020 showed a significant increase in L-valine titer, yield and productivity in 5 L
fed-batch bioreactor, up to 110 g/L, 0.51 g/g and 2.29 g/(L-h), respectively.
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B4 2 Fh. KRIAFT I (Escherichia coli) FI7S &R
¥ ¥F B (Corynebacterium glutamicum)!'”'*)
E. coli /AR, HA BAEH S5, 70+
PR LAEP0, Ea88 AT LA
iR . L-H & IRE 2R EmR" Y, Ak, i
R TR E E coli, KRG T —2b4g =
L-4 2R 1 T RE B RR 2, AR R E. colli
A7 L R N SR M A R SR A P
SERAL A B AR 20 Jd DR R R Ak
R p U2 el vt S is R P20 . LA
W R % i 55 B F K (atmospheric pressure room
temperature plasma, ARTP)i%EAE 151 E. coli
VALO3 YEN IR SR, i1 B4t ilVCDE 15 3l
TRMBAE LIRS . RIK brnFE SRANEE ™)
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s R M5 | AR Entner-Doudoroff iR #2 fL )3
R TSR TROR, ST mAE e LA
RIR, WL RIRE 92 g/L, 135N 0.34 g/g't,

HARIE S T A MGE E coli AT RASERE L-SE
PRI A, ABJE LSRRI A 7 K FATE R AN
M H E. coli &= N#FRP, C. glutamicum A~
AN S 8 A ) 28 4 T B (generally recognised as
safe, GRAS), T HALZ AL G 2 MR A 7 T
BRI S340 e E. coli W RIS T AR SR s
7] DA % Tk C. glutamicum73%3% ) fi]
W, LA C. glutamicum ATCC 13869 4 i & Hikk,

B Seid ek Irp Al brnFE 25 1 L-8R & R4 18 5L
R HIRHEER T aceE. alaT il ilvA Jd/b T &I
PIFE | B IR IIVBNC s ik T A S, I
LK LA RAT] 51.2 g/L, 153 0.32 g/gl';
LI C. glutamicum R R & HE Mk, et ik
iIVBNCE g S R fb A iU A% | ffBR TIVBN (1)

F=1 R ILIESEREIEF” -
Table 1

SR A ms, AR WP R LS T
L-AR R U 7, PRk El 227 /LR, AR
EACH TR C. glutamicum A XERETF T L4541
PRI A K-, (EJR R B T 2AX i i 4, A
REAR LT 2 Tl A AE P 7R (3 1),

A5 LA C. glutamicum FMME446 A %
BRR, (B Z R TR SRS AR 25 A i ik, 5K
W L-EER A (). |5k, ddk
RIS, BT LA A BT A TN R
BRI B Hk, 4% L-BaE R & AR ¢
SR T AR R T IR TR R e
71, IR s+ LR, Jifb T AR S H
PFRIKAK s Iefa, R TRER NS, oo
T A U AR SRR B R TR AT, RS T L-
AR A NAE T 78 S L RBEED, Fetl TN
Pk C. glutamicum K020 fY L-#RZIR it . 1R
FESREE M HIIAE] T 110 g/L.0.51 g/g F12.29 g/(L-h).

Metabolic engineering of microorganisms for L-valine production

Microorganisms Titer (g/L)  Yield (g/g) Productivity (g/(L-h)) Cultivation References

C. glutamicumilvNM 13 15.2 NA 0.32 Shake flask; Supplement [37]
L-isoleucine and D-pantothenate

C. glutamicum AaceE 24.5 0.40 1.17 Fed-batch; Supplement [38]
potassium acetate

C. glutamicum ATCC 13032 31.2 0.17 0.43 Fed-batch [30]

MPilvAAavtA

C. glutamicum 48.0 0.49 0.53 Fed-batch; Supplement acetate  [39]

AaceEApgoApgi

C. glutamicum WCC003 51.2 0.32 0.53 Fed-batch; Supplement [17]
L-isoleucine, potassium acetate,
and sodium pyruvate

C. glutamicum aceE A16 86.5 0.23 1.57 Fed-batch; Supplement acetate  [35]

ApgoAppc

C. glutamicum 227.0 0.35 4.73 Two-steps [36]

BN*C™DLD/ALDH

C. glutamicum K020 110.0 0.51 2.29 Fed-batch; One-step This study

E. coli VAL38 92.0 0.34 1.92 Fed-batch [18]

E. coli VHY18 84.0 0.41 2.33 Fed-batch [25]

E. coli WLA 60.7 0.22 2.06 Fed-batch [26]

NA: Not available.
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Figure 1 Metabolic engineering of
Corynebacterium  glutamicum  for  L-valine
production. pfkA encoding 6-phosphofructokinase,
pyk encoding pyruvate kinase, Idh encoding lactate
dehydrogenase, pta encoding phosphotransacetylase,
pgo encoding pyruvare:quinone oxidoreductase,
ackA encoding acetate kinase, alaT encoding alanine
transaminase, avtA encoding valine-pyruvate
transaminase, PpPC encoding phosphoenolpyruvate
carboxylase, pyc encoding pyruvate carboxylase,
ilvBN encoding acetohydroxyacid synthase (AHAS),
ilvC encoding acetohydroxyacid isomeroreductase
(AHAIR), ilvD encoding dihydroxyacid dehydratase
(DHAD), ilVE encoding transaminase B (TA); TCA:
Tricarboxylic acid cycle; PEP: Phosphoenolpyruvate;
OAA: Oxaloacetate; Suc: Succinate.
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1.1 #
1.1.1  E#k. BRAAS4
A 55 1 AT /) K % #F B (Escherichia coli)

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

IM109 F1 %4 2 MR ¥ # % (Corynebacterium
glutamicum) FMME446 (SC5 2 (R m Ay, LA
C. glutamicum R JCM 18229 H N K Hitk, &i%
AR E AR A 1 AR MR ER B I RB IS A2 77 L-A 2
BRI E MR, C. glutamicum KO000)43: 51 FH T4 2
FARBARAAE PR, b 0 0% R 4 Bk
W2 2, 5190 E R RE YRR s G
Z: NMDCX0000178), A TRREIWLE 3, T
PR MR R DL 2,

1.1.2 FENEEMIRF

PCR ¥ 34, @ AMBER ML ARG . %
1. BEERHLIKIY, Bio-Rad ZSw]77 4 ; fHIREE 3
Fi, RIERUEBRITERM) A RN Ao
FEETE, SEVAFEE A SBA AEWIMEIEREE, 1l
KB BE AWV ™ s K% pH 1T,
METTLER /A7 8k ; UltiMate 3000 ¥ AH (233
10, FEBRCHERBHE A BR A F =0 RO
ML, Eppendorf 22w/ ; 2.4 L /R P47
AW R A, AR AR TR () A R A
wl; S LA AR EERE, B RMA YR
& TRABR A,

FELARIPE N VI . PrimeSTAR {5 B . Taq
DNA R4 . T4 DNA 440§ . T4PNK, Dpnl,
DNA marker %5, W HFAEY TROGE)GRA
Al — L RIEEAN, WA M ERAYRH
BIRAR Bk RBOAR & . B RO &
T Ei e . IR R E R, WHATA
Py TR () 0 A PR | At R R PR 4 4 B
A, W E KRR AR ABRAF; L-
AR . L-INARR, WA BT T A ek
IO ATBRZAE ;. PCR 519 IRk AR (1)
A BRAFE G A AR [ 1 24 4 k2t
FIATBRAF
1.1.3 EHHE

LB 55 3E: 10 g/L NaCl, 5 g/L feEk$2H
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Y1, 10 g/L E K.

LBGB 555 5L: 10 g/L NaCl, 5 g/L EEH4z
B, 10 g/LEAN, 5g/LH% R, 18.5 o/LK
DR

LBHIS i #: 4. 5 g/L NaCl, 2.5 g/L ftk$z
By, 5g/L &AM, 18.5 g/L ORI, 91 g/L
D-11 AL

Epo 537 %E: 10 g/L NaCl, 5 g/L [EERREL

Y1, 10 g/L B AR, 1 g/L kil 80, 25 g/L HEA
MR, 0.4 g/L S,

FHEREIEEE: 25 gL JRK, 5 g/L (NH,),S0;,
0.5 gL KH,PO,, 0.5 gL K,HPO,, 05 gL
MgSO, 7TH,O, 1.8 g/L EEEHEH#, 5 gL &M
%, 6 mg/L FeSO,7H,0, 4 mg/L MnSO4 H,0,
02 mg/L 4EWZE, 0.2 mg/L 4% B1, 50 mg/L F
bR, 40 /L A%, 15 o/L Biligk .

® 2 ARHSFRER B BR

Table 2 Plasmids used in this study

Plasmids Descriptions Sources
pK000 E. coli-C. glutamicum shuttle vector, Kan® This lab

pJYS3-AcrtYf
targeting crtYf, Kan®

E. coli-C. glutamicum shuttle vector, Pjaou-FnCpfl, Pjyzi0-ctrRNA Addgene

pJYS3-JX Modification in pJYS3-AcrtYf, Kan® This study
pJYS3-JX-pfkA Piac-pfkA This study
pJYS3-JX-pyk Piac-pyk This study
pJYS3-JX-Aldh Deleting ldh This study
pJYS3-JX-Apta Deleting pta This study
pJYS3-JX-AalaT Deleting alaT This study
pJYS3-JX-Appc Deleting ppc This study
pJYS3-JX-Apyc Deleting pyc This study
pJYS3-JX-AilvE Deleting ilVE and inserting Pyyc-l€UDH This study
pKO001 Piiven-ilvBN, Kan® This study
pK002 Piiven-cco-ilvBN, Kan® This study
pKO003 Pjjven-bsu-alsS Kan® This study
pK004 Piiven-cgl-ilvBN, Kan® This study
pK005 Piven-ilvVBNY, Kan® This study
pK006 Piven-ilVBNMC, Kan® This study
pK007-1 Ppg-mKate, Kan® This study
pK007-2 Peo-mKate, Kan® This study
pK007-3 Pe-mKate, Kan® This study
pK007-4 Piven-mKate, Kan® This study
pK007-5 Puap-MKate, Kan® This study
pK007-6 Pgapa-MKate, Kan® This study
pK007-7 Ppgr-MKate, Kan® This study
pK007-8 Py, -mKate, Kan® This study
pK008 Pee-iVBNMC, Kan® This study
pK009 Pgapa-ilVBNY'C, Kan® This study
pKO010 Peoq-il VBNMC, Kan® This study
pKoO11 Pgapa-ilVBNYCM, Kan® This study

&: 010-64807509
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®3 AARFAERNEM

Table 3  Strains used in this study

Strains Descriptions Sources

E. coli IM109 General cloning host This lab

C. glutamicum K000 C. glutamicum FMME446 This lab

C. glutamicum K001 Pac-pfkA This study
C. glutamicum K002 Piac-pyk This study
C. glutamicum K003 Pac-PfKA-Pyac-pyk This study
C. glutamicum K004 K003Aldh This study
C. glutamicum K005 K003AldhApta This study
C. glutamicum K006 K003AldhAptaAalaT This study
C. glutamicum K007 K006Appc This study
C. glutamicum K008 KO006Apyc This study
C. glutamicum K009 KO006AppcApyc This study
C. glutamicum K010 K007-ilvBN, Kan® This study
C. glutamicumKO011 K007-eco-ilvBN, Kan® This study
C. glutamicum K012 K007-bsu-alsS, Kan® This study
C. glutamicum K013 K007-cgl-ilvBN, Kan® This study
C. glutamicum K014 ilvBN™, Kan® This study
C. glutamicum K015 ilvBNMC, Kan® This study
C. glutamicumK015-1 Ppg-mKate This study
C. glutamicumKO015-2 Psog-mKate This study
C. glutamicumKO015-3 Perry-mKate This study
C. glutamicumKO015-4 Pien-mKate This study
C. glutamicumKO015-5 Pap-mKate This study
C. glutamicumKO015-6 Pgapa-mKate This study
C. glutamicumK015-7 Ppgm-mKate This study
C. glutamicumKO015-8 Py -mKate This study
C. glutamicum K016 Peo-ilVBNMC, Kan® This study
C. glutamicum K017 Pgapa-ilVBNY'C, Kan® This study
C. glutamicum K018 Peite-ilVBNMC, Kan® This study
C. glutamicum K019 Pgapa-ilVBNVCM, Kan® This study
C. glutamicum K020 K019-ilVE::Pye-leuDH, Kan® This study

— TR IR A

25 g/L JRE, 5 g/L

(NH,),SO,, 0.5 g/L KH,PO,, 0.5 g/L K,HPO,,
0.5 g/L MgSO,-7H,0, 1.8 g/L k& Hiky,
5 g/lL M, 6 mg/L FeSO,7H,0, 4 mg/L
MnSO,-H,O, 0.2 mg/L A¥ZE, 0.2 mg/L 4i4
% B1, 50 mg/L RIFE R, 40 g/L #H%aH.

T Fh TR RIE . 8 g/L (NH,),SO,4, 0.8 g/L
KH,PO,, 0.8 g/L K,HPO,, 0.5 g/L MgSO,4-7H,0,

1.8 gL ‘& H FM902

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

10 mg/L

FeSO4-7H,0, 4 mg/L MnSO,-H,0, 0.02 mg/L
HEIE, 2 mg/L 4i4EEK Bl, 50 mg/L RIRE
R, 40 g/L Hj%pE.

KR F I . 8 g/L (NHy),S0,, 1 gL
KH,PO;, 1 g/L K;HPO,, 0.5 g/ MgSO47H,0,
2.5 g/L 3L FMO02 BEERKY, 10 mg/L FeSO,7H,0,
4 mg/L MnSO,4-H,0, 0.02 mg/L *E¥E, 2 mg/L 4
HE By, 30 mg/L 4i4%K By, 50 mg/L RAPAEER,
90 g/L #i%b%, IR 1 mL/L,
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1.2.1 CRISPR-Cpfl HiARHEFE 4iE

VEWIA DR ST A 2L D pBR g A (1) B SEAITS

C. glutamicum AL BIBRFIAE I BA T L Wy P1 AN P2 O3S W UG AR TR, pJY S3-AcrtYT,
Hi CRISPR-Cpfl JEPHAIEH AR SERY, FHAEME B o R R 4 FA A R IR (X, /N B A/
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24k pJYS3-1X; (2) LA pJYS3-IX Jikr Ay
M. P3 1 P4 M5l ¥, Bk B crRNA

(5-TTCCTGCCCTATGGTTGCCTGATCTACAA
CAGTAGAAATTC-3") 1 #f i, alaT ) crRNA

(5'-AACATGGCATGGACGAAACTATCTACAA
CAGTAGAAATTC-3"), FFFIHZI4) P5 F1 P6 £k

Pk EiR#EA, LA C. glutamicum 3[R 20 hy Ak
M, P7FAIPS, POFIPIO 5|4y, P HbalaT |,
U R, 3 R B[R] R AR A R B SR
pJYS3-JX-AalaT; (3) ¥ pJYS3-JX-AalaT Hi%%
A C. glutamicum 1, %14 F LBGB -t _E 47
SRR AR, S19 P1L AT P12 BE I F IE
AR R T bR alaT; (4) bR ok A R
R, 34 °C ARG SR THBR AR Bk, 1551
w4 alaT # C. glutamicum. 514 P13-P22 T
Hih pfkA B8+, P23-P32 FITH 4 pyk f53h
-, P33-P42 JHT#i%: Idh, P43-P52 Ttk
pta, P53-P62 FHTril% ppc, P63-P72 FF milk
pyc , PI11-P122 H T @t B& ilvVE JFf # A
Piac-leuDH,
1.2.2 EEFRNFMEAREROEE

BT AT SR B ) 2 440 308 1o b v 43 F v B PR AR
S A AR e v, Hih— 25 [a) 5 8 41 1k AR I
H i A B 5 3Rk ik 2 0] HA AR [ 3 91 3 42 1
J7ik: . P73 F1 P74 938 AR ilvBN Jf-i% 422 81| Ze
1k pK000 Bt 1535k pK0o01, P75 #1 P76
P4 E. coli MG1655 SRR ilvBN F-3% #2221 26 14
1k pK000 F Bt L4%2| Bk pK002, P77 Fl1 P78
P14 B 2 AT 7 (Bacillus subtilis) 163 S iE )
alsS JfE Rk b pK000 H Bt 75 3| FkL
pK003, P79 Fil P80 1% C. glutamicum ATCC
13032 S5 1IvBN Jfi% #5312 M1k pK000 F Bt
FA5F]Fk pKo04, P81 Al P82 FT IIVN [:E
ARARR SR pK005, P83 il P84 T Hhlk
ilvC 75 %] i ki pKO006, P85-P86 . P87-P88 .
P89-P90 . P91-P92 . P93-P94 . P95-P96 .
P97-P98 Fll P99-P100 43 51| KA 14 3 2+ Ppgic

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

Pood+ Peftus Pivens Potans Pgapas Ppgm Fll P, 77
AR 9 R B R pK007-1, pK007-2,
pK007-3 . pK007-4 . pK007-5 . pK007-6 .
pK007-7 F1 pK007-8, P101 Fll P84 FH T4 £ i kir
pK008, P103 FI P84 HFHy &Ik pKO009,
P105 F1 P84 FFHETK. pKO10, P107-P110
MT IvC 1 %€ /%2215 3 i kL pKoO1l .
C. glutamicum (%% bR AL 1A,

123 KEEEH

RIS R HWE PR E AR LS T
FHAREIREE, 30 °CIHIRE;FE 24 he

— R TR SR . IO K UE T R Ry 57
FRRE, % 1% MR TS 100 mL £
FRIEM) 500 mL =AM, 120 r/min., 30 °CHEIE
Fi3% 6-8 h, ODgio7E 6.0-10.0 Z Ja],

TYRTEEE . RIR 2% R — PR
Pl T84 100 mL b FE555 3509 500 mL
—fAfiH, 120 r/min, 30 °CHEEFE 6-8 h,
ODgyo 7E 8.0—12.0 ZJd]

PRI . %I 10%M R B0 U
PR T34 100 mL & BEREFEIEAY 500 mL =
faiR, 120 r/min, 30 °CIHIRAME, THEAEKR
P b 5 FE A RN 20 g/L CaCOs LA4ESS pH.,

2.4 Ll W RSEAT ROV A KT R BERERI IR
B EN 1.2 L, W Ml SAR 10%
(AR B3P R 2 R e R dk b, TR
30 °C, WIHRESE 1 vwm, REGIFEHRINE
K¥EH pH (7.3+02), KRR EAMET
20%. P TIOA LI, WA EREE] 0.2 vvm,
BE AR E] 100-200 r/min.,

5 L PRMEBEGE : K IFHEW) U6 5 W it
2.5 L, WA SR 10% (IRFR5r40)
(R R B R R SR, RE 30 °C,
WIS 1 vvm, PR AR A I 2K 5
pH (7.3+0.2), & B j A% 6 & i S AT
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20%. IR LT, I ACRFEIRE] 0.2 vvm,
BEH A F] 100200 r/min.,
1.3 SthE*E
1.3.1  ZHPEIRE N E

HGE 7k B B, (R 240 ot T
FEPE A 610 nm 454 Tl 2 i) ODg1o 771 o
132 HEERENE

FIH SBA-40E A= P15 1843 AN & o
1.3.3  BSENAEEEFNE

L THE 72 B 30 )it S5 ) Tl 1) TS DU 2 T vk 2 7%
SCHR[36], F Xl 16 SCEAT T 38 Mgk,
H i) NADPH H 2 %5 /K NADPH
NADH. %A NADH F1 NAD"AY M & %
NADH il ) & (WST-8 #:)dE4 7 1 (5 24
= RAEYBHA R
1.3.4 SEBE N E

BUA TR 12 000 r/min B.0> 10 min, B EiE
i B — e A, RO €3 (high performance
liquid chromatography, HPLC)l & L-%i Z g Fl L-
WA BRI & B . HPLC K &4 . @ikt
Aglient ZORBAX SB-Aq (250 mmx4.6 mm,
5 pm), R AVHEHTAE LA AR AR I R
B AT A R AR ZE — H B (o-phthalaldehyde,
OPA), ¥izhtH A 4 0.01 mol/L KH,PO,, izhtH
B H NG s A A=5:3:1, pHIHES.3,
WA 1.0 mL/min, BREEVENL, #EER 35 °C,
R 25 R MG A, Pl 254 nmo #5)7
IR BV B BRTAT D0 AT A v s
i R
1.3.5 BHLEGE N E
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TR R — A5 EL, R AORAH 5 (HPLC)I & N
iz . BEHRR . FLBRAMZBRA & & . HPLC Al
M. A3EH K Aminex HPX-87H (300 mmx
7.8 mm), WA 5 mmol/L Fmilg, #EiE
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52°C, Fpgs A LA gs, JK A 210 nm,
PEFERE 10 uL, ¥ 0.6 mL/min,

2 EREQM

2.1 L-AREEAREBENGE

TR LA R G AT AR ——N B R Y
FLZ, A C. glutamicum FMME446 Jy i & ik
(C. glutamicum K000), HEA 7 HHE A 1% S HE i
HyrtFik, Wd7E C. glutamicum K000 Fhid 3%
5 6~ R AR (pfkA) FIT DS R R S it (pyk) , 3
BTRE C. glutamicum K001 (Puc-pfkA) .
C. glutamicum K002 (Pwc-pyk)F1 C. glutamicum
K003 (Piac-pfkA-Piac-pyk), H: 1 C. glutamicum
K003 BN IR Rt fw iy, A58 T 5.6 ¢/L, [k
X B B Ak C. glutamicum K000 3255 1 86.67% (/&
3B). RGN, ik RIS A0 G S
ATDACA RSN IR LR . S4h, TEN TR
MR PR R I [FEE, 8RBT — LA R
YRR, FERIMR. LR, L-NARMIE
R, BRI M55, 6.2, 9.3F114.2 g/L,
R, 5 R SR 0 R AR DGR B, i —
AU HE TN ON R R AR R

T — 0 B N R R B2, R
CRISPR-Cpfl HA f 5 Il 7= W AH 3¢ & s 5L
T TR &R . B8, XNEER T
W EARAC R Y, FLER . SR L-NZA
MR, W AHSCEE, anFLig i S B (1dh) . B
PR £ BEFE I (pta) M N 24 R 5 X i (alaT), #EFT
BN R bR, KA TR E MR C. glutamicum
K004 (KO003Aldh) . C.
(K003AldhApta) #1  C.
(K003AldhAptaAalaT). Ffi# Idh, pta #1 alaT &
PRI AR e B3, P BRR 7 122 3G &) 1 6.7
7.9 #1103 g/L, MILME. LR L-INEARR R
WM T 74.55%. 46.77%F1 65.59% ([

glutamicum K005
glutamicum K006
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B2 R AL (ppo) AN B2 ¥R fL g (pyc), #EATAH G a3 17 1130 11.6 1 9.4 g/L, BEH]
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C D E
" [ 16[Ryruvate B0 =00, 1% 1%
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3 AR L-AaRERBRENMEE A HIRHEMBEEENSGERL L. B: iR
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Figure 3 Accumulation of precursor pyruvate and construction of L-valine synthesis pathway. A: Engineering
targets for precursor accumulation and pathway construction. B: Effect of overexpression of glycolytic key
enzymes on pyruvate accumulation. C: Effect of knocking out Idh, pta and alaT genes on the accumulation of
lactate, acetate, L-alanine and pyruvate. D: Effect of knocking out ppc and pyc genes on the accumulation of
succinate and pyruvate. E: Effects of overexpression of the original ilvBN gene on L-valine production. pfkA
encodes 6-phosphofructokinase, pyk encodes pyruvate kinase, Idh encodes lactate dehydrogenase, pta encodes
phosphotransacetylase, pgo encodes pyruvare:quinone oxidoreductase, ackA encodes acetate kinase, alaT
encodes alanine transaminase, avtA encodes valine-pyruvate transaminase, ppc encodes phosphoenolpyruvate
carboxylase, pyc encodes pyruvate carboxylase, ilVBN encodes acetohydroxyacid synthase (AHAS), ilvC
encodes acetohydroxyacid isomeroreductase (AHAIR), ilvD encodes dihydroxyacid dehydratase (DHAD), ilvE

encodes transaminase B (TA). F-6-P: Fructose-6-phosphate; F-1,6-BP: Fructose-1,6-bisphosphate; PEP:
Phosphoenolpyruvate; TCA: Tricarboxylic acid cycle.
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(Kl 3D). RS HREH], R Rl P A O
HMEE, AT LA RO DR R R,
PRI R ) 77 1 o 27575 1B B IR TR 1) TN Bl 7R N B
R R, wEH TRRE M C. glutamicum K007
YE R 5 Sam 5 R AR

i C. glutamicum A J5 () — F2 FEmR I 7K il
(DHAD, ilvD)F 3 5 2 JE PR ¥% 2 i (TA, iIVE)FR
RS, AR A M (AHAS, ilvBN)Z
-2 2 R A A v B PR >0 (R,
i LR FRE B AHAS, 0] LU Y Bl R 5 A
AR S AR A R, T, 1
C. glutamicum K007 Hid FIAA I ilvBN FEH
S T FEFF C. glutamicum K010 (K007-ilvBN),
L- 40 2 TR - AR s8] T 6.8 gL M
0.049 g/g, 43I HFAR C. glutamicum K000 42 &
T 1260%H1 390%, {HZFE AR A K ODgo
Fo kR C. glutamicum K000 F&{E T 10% (& 3E).
IREE R LR, FEE C. glutamicum K010 A] X
HFAE™ -8R, B2 -8 E7 K
BRI, e AR S AT O AR s ik — 25
Pem LA 5.
22 L-AERRE RERE XA RIZK AL

TR R O WEFR RS AHAS
(ilvBN), fE C. glutamicum K010 3¢k If0rik
TARFKIER AHAS, {245 E. coli MG1655 K5
f) ilvBN . B. subtilis 163 £ J§ iy alsS A
C. glutamicum ATCC 13032 I8 ilvBN, 435
wAF LB W Otk C
(K007-eco-ilvBN) |, C.
(K007-bsu-alsS) #1 C. glutamicum KO013
(K007-cgl-ilvBN), 4k C. glutamicum K013 [
PRI L-80 218 ™ & A2 3L F C. glutamicum
K011 1 C. glutamicum K012, {HZH4EET
C. glutamicum K010, FEitt, FikAUE ilvBN [
C. glutamicum K010 {558 2 e LTtk , #Ahok ik

glutamicum KO11
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& C. glutamicum K010 ¥E47 )5 22058 (K 4B).

1E LR A AL B, -8 R X A I
KHENE AHAS fAAeE Uil . AHAS i ilvB
SR PR AR T BT (TN 2 e 0 37814 7 B
AT HE TIVN A 156 £ Gly & 52875 K Glu 1]
DIFER AHAS BIBLRCBRIDHIaE 04, i,
K E M AR RS, $+ C. glutamicum K010 H
IIvN 27 156 i Gly € M. RE M, Glu, K15 THREH
¥k C. glutamicum K014 (ilvBNY), L-4i% %"
MARRFH5% T 108 g/L F1 0.1 g/g,
C. glutamicum K010 4352 T 58.82%7FH 104.08%
(¥ 4B)., FIRZERED], &M% AHAS, A
k3% T C. glutamicum K014 HIHE 5 5 il BE
J1, MRS T -4 R B - fE %,

H T RS AR A SR e
YW, {F C. glutamicumKO014 f) AHAS (ilvBNY)
ZJa RS R R IR L TR RIA IR A (IVC),
A3 TR C. glutamicum K015 (ilvBNYC),
L-Z R i A it — DR T &2 14.04 g/L #l
0.135 g/g, H C. glutamicum K014 235425 T
30%F1 35% (K 4B), IRE5RERH], SBEGEE
ik IVBNM AT ilve, A F4 5 C. glutamicum )
L-4R AR R T

e b, R B s TR RS, ifk
T ilVBNY A IIVC (36 P R B R K-, E—2F
P T L-AEmR i, B, Pl mKate /Eh
& r, WK T 8 MAFJE ST Ppgk Psods
Peus Piven. Poap Pgapas Ppgm il Py, 3R1S T 4 F
ARG shoi B2 a3, H o 2 55 09T R
Petus Pgapas Psod F Piven (K1 4C); HiR, SRAE
WHEER 4 ARG SRR sh -, lad
Pk —AHEDLRY IVBNMC JEPR, RIS TREEBE
C. glutamicum K016 (Psg-ilVBNY'C). C. glutamicum
K017 (Pgapa-ilVBNYC) . C. glutamicum KO18
(Pesu-ilVBNMC) A1 C. glutamicum K015 (ilvBNYC).,
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Figure 4 Optimization of the expression levels of key enzymes in L-valine synthesis pathway. A: Targets of
pathway key enzymes for engineering. B: Effect of the modification and tandem expression of ilvBN and ilvC
on L-valine production. C: Evaluation of promoter strength. D: Effect of gene tandem expression level on

L-valine production. ilvBN encodes acetohydroxyacid synthase (AHAS), ilvC encodes acetohydroxyacid
isomeroreductase (AHAIR), ilvD encodes dihydroxyacid dehydratase (DHAD), ilVE encodes transaminase B (TA).
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H.#p, C. glutamicum K016 ., C. glutamicum
K017 #1 C. glutamicum K018 [ L-%i 2/ 7> f 4%
MEE T 18.03 g/L. 26.87 g/L 120.51 g/L, 43
M C. glutamicum KO15 #&% & T 28.42% .
91.38%7146.08% (K14D)., FIiRZERFEHT, Gk
PAFEIR BT Pgapa BEMSTILSE SCHEERG 1IVBNYC 1
TR g BRTIA, Wi LA R A AR
KA F kKPR, C. glutamicum K017 1)
L-%51 24 R 7 e FAS 2853 35 3 T 26.87 /L Al
0.233 g/g, HILILETAEERE C. glutamicum K010
AR T 2.95 f5F0 3.76 1%
23 L-HREREKEENEEFEERL
7E C. glutamicum F¥) L-% % /R & & 18
o, BN TR AE RS A EA AT 1 mol
HIZIME G R 1 mol L-B BRI, MRS
774 2 mol NADH, {H /2 L-4 2R A )™ o #2
HIEIHE 2 mol NADPH, HJi: ZWERIRAE R
SER (VO 2-Z I FLRRTE Y, 2,3- —F 3 R
JY TR I S B s B IR A B (IVEYHEAL 2- i 5k 5 1
FRTE AN L-30 2R 04, kb IR A R #E
PP, 30T AR A2 42 iU NADH 3
JERE, #EALT NADH WRMIR T, A5k
TR E. 2T LSRR A o
WL R, WX Ive EILRRTR LT &
SRR A DL R R R, D A
NADPH %75 il NADHES, g T AL H A
TR AL TRV, SR SR AR R
IIvC, ¥ S34G., L48E Fil R49F iX 3 2 FEfR5%
HRAGIA Ve, 3R T 2R Tive™, M
¥ IvC % B W 47 44 N NADPH #5745
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(Pgapa-ilVBNVCM) | L4510 R 1) 7 it A 5 49 31l
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Ab, FEAME TIvC il PR e 1 e5eas s ) T
W, KRPEREERT IIvC L NADPH M R 11
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fitii 1o 0375 U/mg, #id)s 1ive™ L NADH
S kH R RO EES 1o 0.389 U/mg (K 5C), FiR
ZiRRY], IvC ByE RE, AT L4
AR T3,
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P A P 5 G g (TIVE )t ] DL S B DR~ Jht 4 19
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i, $&exF NADH BYFI &R, X T IVE fifk
) NADPH VHAER Y, RTIA ST =X
AT ST F WA Al o 3 K BROE 6 2 R 25
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R T RS LEREIR A R, X C. glutamicum
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VR TR R SN R R 4E R R B3R
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Figure 5 The optimization of cofactor level increased the titer and yield of L-valine. A: Targets to be
engineered for cofactor level optimization. B: Effect of cofactor level optimization on L-valine production. C:
AHAIR activity after modification of [lvC cofactors. D: Glucose consumption rate after LeuDH introduction. E:
Level of cofactors in different strains. ilvBN encodes acetohydroxyacid synthase (AHAS), ilvC encodes

acetohydroxyacid isomeroreductase (AHAIR), ilvD encodes dihydroxyacid dehydratase (DHAD), ilVE encodes
transaminase B (TA), leuDH encodes leucine dehydrogenase.
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Figure 6 Fermentation optimization of L-valine production. A: Effect of vitamin B3 on L-valine production. B:
Effect of different fermentation methods on the production of L-valine. C: L-valine production of C. glutamicum
K020 in 5 L fermenter. D: Byproducts during the fermentation of C. glutamicum K020. E: Changes of
fermentation broth during fermentation of C. glutamicum K020. Method 1: Aerobic fermentation; Method 2:
Two-stage fermentation (aerobic first, microaerobic at 9 h); Method 3: Two-stage fermentation (aerobic first,
microaerobic at 12 h); Method 4: Two-stage fermentation (aerobic first, microaerobic at 15 h).
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82.3%, HARIEILT NADPH fufit4y, (HRIFR
Sl R A S ) RS SR T A R Al TR T
AN TR) ARG A A S AR SR, 1K
3T IvC MR FHRERE, M4 NADPH #%
A5 Fp il NADH, JfFIFSME NADH K675
LeuDH ¥4 NADPH {K#i% 1IVE, 4%
ik T % [N 7 H 5l NADH/NADY) , T 72 & £k
C. glutamicum K020 F -4 %2 R ™ & e LAk mif 4
1 101.56%, iK% T 54.16 g/L. HEHKF
TRERME, fRO T G R R NADH YR 2% i A
R, SEBLT LSRR A BB AR e T R R R
A, RS T AR L, R R R
T L-fE R A A, R T R
L-4 AR G BB T

KA e Xt T4 = H ARk & i &
AR E AT ERER . Flan, FxC
TRESE AT B SRR FE R AR C. glutamicum
WCC003 (AilvAAaceE)HEAT % W 2 DAk (4045
L-SHe MM ORI, i L4
PET 39.89%, k%] T 512 g/ EFXFIEA
AR O RS A B R R T bR C. glutamicum
AaceEApqoApgi 1T L REE U IS AL AL, K
LA RIS E T 48 LB R, Bk
WF AN X 7 55 Bl B T AR BT T MG B 2
RN A, AR X R R T2 AT AR
k. #3%F TR F R C. glutamicum BN“EC™DLD/
ALDH, FIHIWX LB, . 55— Hks
RIS, BEOBERRAKIFEERET 50 mL #
R BT WIRIR AL, B RS
) 227 /LB BARFERZ R FEA RS, H

&: 010-64807509

R W KB ROVAR RN RARTT R E R
HHLH B OEENRE, TEMMhERR,
AFTF Tl A: 7= . AR TR EHE C.
glutamicum K020, 7£ 5 L &P Wi B
KW, ARG EOERSLE, R L4
RIRr-HIAF) 110 g/L, 2 HHiaEF A A
— e R EL A T LA R G e i K

4 Hik

AR Z A TR, A T Ak
M) LB A BGsE, JA8 T @t e
MR AR I, IS SR BE R I 1.5
ST L-SERN A . He, R
W T AR A A A 5 B P A B AR AR 4G 6 s b
T LA RS TR BN R ks s ok, A
FHE RS REmE, 420 T R BT w40 il ae
71, I8 R s TRERRS, ik 16 g ie e
SRR, SmAE T LSRRI A AR T 5
RO, AR TARESRNS , o T4 gk ierh
NADH R 28 iyIa) 8, Ak 78R AKr,
B T AR R R, ik
FEACAL, 76 5 L A EEREH T2 F#& C. glutamicum
K020 i L-Z 2™ & . 4538 F1AE 75 B 43 )6
F|T 110 g/L. 0.51 g/g F12.29 g/(Lh). FiRHEmE Ny
LS PR A PR A s A T A =B T AL,
A CRRGE A 7 HA Rt T
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