a»

2 om0 O®B % W FERE % | SERBETEZHERSHNSRREINIZREA
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Sep. 25, 2024, 40(9): 3114-3126
DOI: 10.13345/j.cjb.240233 ©2024 Chin J Biotech, All rights reserved

- SREDEA -

BT E CE IR SEE R S ERIZIBIZ R M A

e 20, TaEY, Eammt AF L BETL RN, 3,

%ﬁI—S_TF_ 1,2,3*

1 KERH R A TRE2ERE, KHE 300457

2 R ERRAE G R E D AE VORISR T G B LR A Y2 A S R, R 300308
3 EREGRAEWHE A H ., K 300308

4 GYIBINREAEVRHEARAR, TR B 518000

4

ToEfl, TER, THidm, MBF, BT, BRAM, X, BV BT B ER A HE A Ak s RN 0], A4
Y TRE2# 4R, 2024, 40(9): 3114-3126.
QIAO Qiangian, NING Shuzhan, WANG Ruirui, ZHENG Yu, LU Fuping, CHEN Jiuzhou, LIU Jiao, ZHENG Ping. Efficient

expression regulation of acetohydroxyacid synthase for production of branched-chain amino acids in Corynebacterium
glutamicum([J]. Chinese Journal of Biotechnology, 2024, 40(9): 3114-3126.

W E: S RBRBEHARIERARI VA FEHE, LHLAEBRS B (acetohydroxyacid synthase,
AHAS)Z 4% BB A i R 48 B, 721t AHAS ¢ R A R RSB A KP o) k42 F 5. A B AL
ARFEIZH2AE AHAS, KR G RA T HAF LBl AL PERERL, A 6 MNARE R
BT ik LB B AT MR VBN ) SRk BT, RHIEIT Peoma BE T, RIARE
R Puan R KB HT 8 23315, FK, £ P B30T o b, AHE BTSRRI A I it
T 3 AP AT A RAZAE R 45 B 15 & (ribosome binding site, RBS)X B, K I RN AL H 89 K L L
B, @ittt *Féﬁw&;ﬁ RAFKAF 36 AR 695% F 3G 5% 49 RBS REAR, RSEBETERRA
3T Piven ) 62345, /G, B4 Pomar B3 T 4 #1404 3 #F RBS(BF A 4L, RBSI18 4= RBS36)#
#2 ilvBNY é%‘dii? L-SAB, L-SIAB T FHARAREAHREGHEARE, 2414
1.17. 1.38. 2.29 g/L. 4= RBS18 A4z ¢4 sk Lt — 204 ilvC i R ik, L-BRABR =2 T4 7.57g/L.
KB AT AHAS FA 32 A&, 7T 4 #id AHAS 4 7 L-B AR L4 SR B FF M,
F A ot KA B 6 R R RAE G A T R

KR S RBBTH, LHBRAR, LBAERSHE, ARAEEREIN T, ALSREEIRE S
B T

W H . B K E A A R(2021YFC2100900); K EHETT & BAE W H A G5 68 J13R THT 31 (TSBICIP-CXRC-058)

This work was supported by the National Key Research and Development Program of China (2021YFC2100900) and the
Tianjin Synthetic Biotechnology Innovation Capacity Improvement Project (TSBICIP-CXRC-058).

*Corresponding authors. E-mail: LIU Jiao, liu_j@tib.cas.cn; ZHENG Ping, zheng_p@tib.cas.cn

Received: 2024-03-16; Accepted: 2024-05-20; Published online: 2024-05-22



TERE F | AERENECHARSEBNS YT AERER 3115

Efficient expression regulation of acetohydroxyacid synthase
for production of branched-chain amino acids in
Corynebacterium glutamicum

QIAO Qiangian"**, NING Shuzhan'**, WANG Ruirui‘, ZHENG Yu', LU Fuping,
CHEN Jiuzhou®’, LIU Jiao™*", ZHENG Ping"**"

1 School of Biological Engineering, Tianjin University of Science and Technology, Tianjin 300457, China

2 Key Laboratory of Engineering Biology for Low-carbon Manufacturing, Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences, Tianjin 300308, China

3 National Center of Technology Innovation for Synthetic Biology, Tianjin 300308, China

4 Shenzhen Kexing Tianhe Biotechnology Co., Ltd., Shenzhen 518000, Guangdong, China

Abstract: Corynebacterium glutamicum is a major workhorse in the industrial production of
branched-chain amino acids (BCAAs). The acetohydroxyacid synthase (AHAS) encoded by
iIlvBN is a key enzyme in the biosynthesis of BCAAs. Enhancing AHAS expression is essential
for engineering BCAA producers. However, at present, the available studies only used limited
promoters to regulate AHAS expression, which is insufficient for achieving efficient regulation.
Herein, we first employed a previously developed reporter system to screen out a strong
constitutive promoter Pgpma» from six candidate promoters for expressing ilVBN. Pgpma
showcased the expression strength 23.3-fold that of the native promoter Pjgn. Moreover, three
synthetic RBS libraries based on the promoter Pgymar were constructed and evaluated by plate
fluorescence imaging. The results revealed that “R)N()” was the best mutant library. A total of
36 RBS mutants with enhanced strength were further screened by evaluation in 96-deep-well
plates, and the highest strength reached up to 62.3-fold that of Pjsn. Finally, the promoter
Pgpma* was combined with three RBS mutants (WT, RBS18, and RBS36) to fine-tune the
expression of ilVBN®'>F for L-valine biosynthesis, respectively. Increased expression strength
led to enhanced L-valine production, with titers of 1.17, 1.38, and 2.29 g/L, respectively. The
combination of RBS18 strain with the further overexpression of ilvC produced 7.57 g/L L-valine.
The regulatory elements obtained in this study can be utilized to modulate AHAS expression for
BCAA production in C. glutamicum. Additionally, this strategy can guide the efficient
expression regulation of other key enzymes.

Keywords: Corynebacterium glutamicum; branched-chain amino acids; acetohydroxyacid
synthase; strong constitutive promoter; synthetic ribosome binding site library
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Synthesis pathway of branched-chain amino acids and transcriptional regulation of ilVBNC operon.

A: Synthesis pathway of branched-chain amino acids. B: Transcriptional regulation of ilvBNC operon. AHAS

(encoded by ilvBN):

Acetohydroxyacid synthetase; AHAIR (encoded by ilvC):

Acetohydroxyacid

isomeroreductase; DHAD (encoded by ilvD): Dihydroxyacid dehydratase; TA (encoded by ilvE):

Transaminase.
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x1 KRB ERS B

Table 1  Strains and plasmids used in this study
Strains or plasmids Descriptions Sources
Escherichia coli
Trans1-T1 General cloning host TransGen
Biotech
Co., Ltd.
Corynebacterium
glutamicum ATCC 13032, wild-type strain ATCC
Plasmids
pEC-XK99E Expression vector of Corynebacterium glutamicum with promoter Py, Km® Lab store
pEC-XK99E-rfp-1 pEC-XK99E derivative carrying first ilvB 180, linker and rfp with P;ygy promoter  This study
pEC-XK99E-rfp-2 pEC-XKO99E derivative carrying first ilvB 180, linker and rfp with P,g promoter This study
pEC-XK99E-rfp-3 pEC-XK99E derivative carrying first ilvB 180, linker and rfp with Py, promoter This study
pEC-XK99E-rfp-4 pEC-XK99E derivative carrying first ilvB 180, linker and rfp with Pgoma promoter ~ This study
pEC-XK99E-rfp-5 pEC-XK99E derivative carrying first ilvB 180, linker and rfp with Py promoter This study
pEC-XK99E-rfp-6 pEC-XK99E derivative carrying first ilvB 180, linker and rfp with Py, promoter This study
pEC-XK99E-rfp-7 pEC-XKO99E derivative carrying first ilvB 180, linker and rfp with Pygna promoter This study
pEC-WT-ilvBNS'**F pEC-XK99E derivative carrying ilVBN®'**" with Pgpma: promoter and wild-type RBS This study
pEC-RBS18-ilvBN*'**"  pEC-XK99E derivative carrying ilVBN®'**F with Pgyma: promoter and RBS18 RBS  This study
pEC-RBS36-ilvBNS'**F  pEC-XK99E derivative carrying ilvBNS'>F with Pgomas promoter and RBS36 RBS ~ This study
pEC-RBS18-ilvBN®*'**"C pEC-XK99E derivative expressing ilVBN®'**"C with Pgyna- promoter and RBSI8 RBS  This study

MR R WERE IR . 80 o/L #iZgMl, 2 o/L BEEbES,
20 g/L (NH4),S0,, 5 g/L JRZ, 1 g/L KH,PO,,
1.3 g/L K,PO,-3H,0, 42 g/L MOPS, 0.01 g/L CaCl,,
0.01 g/L FeSO4 7H,0, 0.01 g/L MnSO,-H,0, 1 mg/L
ZnSO47H,0, 0.2 mg/L CuSO,, 0.02 mg/L
NiCl,-6H,0, 0.25 g/L MgSO,-7H,0, 0.03 g/L J&
JLASH2, 0.1 mg/L VB,, 0.2 mg/L =¥ % , NaOH
¥ pH £ 7.1-7.2, 121 °CK T 20 min,
1.2 FiE
1.2.1 AEBFRIEEKRGE

Pl pEC-XK99E [ hi Ry Bitk , {519
pEC-1 Fll pEC-2 #"# pEC-XK99E JFiki B 42 ; LA
C. glutamicum ATCC 13032 JE X 2H Jy ik , fdi ]
5149 iIVBN-F F1ilvBN-R 44 ilvBN 3 & )5 2l 7
RBS F1 ilvB £:[A N i 180 bp f) DNA B LU
£ 5 rip JEA A BORL AR, 15149 rfp-F 1
rfp-R 4 #8407 linker A1 rfp ZL[H (%) DNA A Bt
PLE 3 AR Bl — P s w00 & AT s
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A% pEC-XK99E-rfp-1 FAF AL, L% FRAE R
kiR, 514 pEC-2 Al pEC-3 ¥ 3 ik
B rfp F B A3 AL B X g sl B R
SRR, {8 F 514 pgi-F A1l pgi-R . fda-F #il fda-R
gpmA-F Fil gpmA-R ., gItA-F F gItA-R . mdh-F #l
mdh-R. odhA-F FiI odhA-R 4359 164 J2 sh 1 F
Bt arpliad i i B A TR, SRASXT R
FAEFTRL, FFdd %L E C. glutamicum ATCC
13032 T kK, FRAGXE N FRAE TR
1.2.2 RBS CEE#E & T4 K 7% 1k

L pEC-XK99E-rfp-4 FAL TR AR, HH
514 pEC-1 Fil RBS-NS ¥ 34 Frkis 28, (A5
RBS-N1. RBS-N2., RBS-N3 735554 RBS-N4
PIG OIS IR 3 M B DA EARRP A
A Bai e — RN &SR, FikE E coli
Trans1-T1 &2, FRRAMAESA 25 pg/mL R
AREERM LB AR, SRAFIR SO . il
FH 2 mL JEREZKICEE AR ER ik ib T, Jf4



TERE F | AERENECHARSEBNS YT AERER 3119

x2 FARFASY
Table 2 Primers used in this study

Primer name  Primer sequences (5'—3') Size (bp)
pEC-1 CTGCAGGCATGCAAGCTTGG 20
pEC-2 GGAGAAAATACCGCATCAGGC 21
pEC-3 ATGAATGTGGCAGCTTCTCAAC 22
pEC-4 GCGGTATCAGCTCACTCAAAGGCGG 25
rfp-F CCGGTGTATGACCCGCTCTATGGCGGTGGCTCTGGAGGTGGTG 85
GGTCCGGCGGTGGCTCTGCTTCCTCCGAAGACGTTATCAAAG
rfp-R CCAAGCTTGCATGCCTGCAGTTAAGCACCGGTGGAGTGACGAC 43
ilvBN-F GCCTGATGCGGTATTTTCTCCGCCTGCCTGAACTTTGTGAGA 42
ilvBN-R ATAGAGCGGGTCATACACCGG 21
pgi-F CCTGATGCGGTATTTTCTCCCCGGATGGCCACGTCG 36
pgi-R GTTGAGAAGCTGCCACATTCATGAAAACTCCTTTATTGTCGTTAAAT 47
fda-F CCTGATGCGGTATTTTCTCCCCCGATAGTGTATGTGCTGACCTG 44
fda-R GTTGAGAAGCTGCCACATTCATAAGGTGTCTCCTCCAAAAGGTG 44
gpmA-F CCTGATGCGGTATTTTCTCCCTGGGCCGACGCCTTA 36
gpmA-R GTTGAGAAGCTGCCACATTCATTTTTCCGTTAGTCATAGGTACTATC 47
gltA-F CCTGATGCGGTATTTTCTCCCCCAAACGATGAAAAACGCC 40
gltA-R GTTGAGAAGCTGCCACATTCATGATATCCCTTTCAAACATATTTGTTCG 49
mdh-F GCCTGATGCGGTATTTTCTCCCGATTCCCCATGATGCCC 39
mdh-R GTTGAGAAGCTGCCACATTCATTAAACAATCCTCAATCCTTGTAGGG 47
odhA-F CCTGATGCGGTATTTTCTCCCACGTTATTTTTAGGAGAACTGTCAAC 47
odhA-R GTTGAGAAGCTGCCACATTCATGGCAGGTACTCGCCTCTTTTC 43
RBS-N1 GGATAGTACCTATGACTAACRRRRRRNNNNATGAATGTGGCAGCTTCTCAAC 52
RBS-N2 GGATAGTACCTATGACTAACRRRRRRRRNNNNNNATGAATGTGGCAGCTTCTCAAC 56
RBS-N3 GGATAGTACCTATGACTAACRRRRRRRRRNNNNNNATGAATGTGGCAGCTTCTCAAC 57
RBS-N4 CCAAGCTTGCATGCCTGCAG 20
RBS-N5 GTTAGTCATAGGTACTATCCTATCAC 26
ilvBN-1 TTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCG 40
ilvBN-2 GGGAGTGGGCTGTTGAGAAGCTGC 24
ilvBN-3 CTTCTCAACAGCCCACTCCCGCCACGGTTGCAAGCCGTGGTC 42
ilvBN-4 CCAAGCTTGCATGCCTGCAGTTAGATCTTGGCCGGAGCC 39
ilvBNC-1 CCAAGCTTGCATGCCTGCAGTTAAGCGGTTTCTGCGCGAGCGTCAACCTTGACC 54
pEC-F TACGGTTCCTGGCCTTTTGC 20
pBV220R CTGCGTTCTGATTTAATCTG 20

BUSCRE JRORE . 5249 1 pg Y SCIE ok i L 3% Ak
S A C. glutamicum ATCC 13032 Hikk, I35
WA S AN 25 pg/mL RIFE R TSB [
Mo BAEAREKZ 500-1 000 4L,
PGB RGN s TOEAR IR, 2P
T e LIS, PR O 3SR 1) DR R R A T R o

&: 010-64807509

PR IR AT, T e 5 5 FE 1 5 Y s R
1.2.3 RB#F K RBS EIEIKAIGRE RIF

B RIEEMRIES A 25 pg/mL KIRE R
TSB AN H b s ik . 16 AL e B8 e o
PR 4L 5 200 uL TSB WK RE 3R 319 96 fL
B, 7E 30 °CHl 800 t/min Z514F Fid K555 . #%
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$ 10 uL 254 200 uL TSB 43535 5419 96 1L
Mob iR, AR E 3 AT, EfLREE
PR 30 °C. 800 r/min 535, HiFe 24 h )5, fifi
FHBEARA 3 51 I 3 OD oo FHE AR (BB A I
£ h 560 nm, KSR 607 nm), SR
P NGAH/ODgoo T TR
124 L-A8BEFEERSEE

L pEC-XK99E-rfp-4 Bk Mt , (514
pEC-1 #l pEC-4 " 4542, Ll pEC-XK99E-rfp-4
JOW IR RBS 2828 (K Bk R isiti, {514
ilVBN-1 F1 ilvBN-2 4" $8 % i i 8 45 oo 14 F B 5
) C. glutamicum ATCC 13032 1 ilvN 3[R Y S155F
P RAS R AR RS R AL AR, (S
ilVBN-3 #1 ilvBN-4 § 4 ilvBN®">F JL[8 B, fifi
FHS 149 ilVBN-3 il ilvVBNC-1 #"1 ilvBNS'55FC 2t [A]
FB, SR A o — A AR SR A i R B
HIRMATES:, 20 HXF BN, K 3 AS
Fir 54k %2 C. glutamicum ATCC 13032 FkkH,
BLIIARATREGE FH TN L4 R AE ™ I TR PR o
125 L-4mEE~mEiTEm

TE TSB [ 4P b idfbAE - bk, BlJS 42
FhEAEFL 7 800 uL TSB Ak #2561 24 FLAk P
K535 6 h, FFLIWILR ODgoo 29N 0.06 4% 2 A fL
800 pL i &R FR 3L, 30 °C, 800 r/min H5 5
24 h i, HUFEIZE ODego. Hi4THEFN L-41 2R ,
KR BRI 25 pg/mL FHFE R . K EEE
W R —E UG IR AT O
FESTERR K KB AR 10 min, SRIGHFATE O,
DIARREC, (R LIER. K5 T ECE
A 200 pL fiTA 22 obi . 300 pL AT I 40 uL
FRIAE S, IRAYWSEIRY 1 min FFFRE L
Bl J57E 65 °CHREEAAE T /KR 60 min, BHIR%E
TG AT O WG A 660 pL E &K Z% il 2
SRR 1.2 mL, RIS, A 0.2 um AL
REFSKUEAR AT R AL R . fir AR 2,4- A
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FFE . i Agilent 1260 15 808 AH (@35 &
L-B R 5, Wah A 5108 50 mmol/L 4R
BT S0%ZNE . M A KRl : 30 °C; IR
# 1 mL/min; #EFE 20 pL, WK . 360 nm,

2 BRS04

2.1 ARBEBEMERIFERIE VBN EER
58 3 B

BF 5% T BN BT 96 Xof 2 T AT T M T
FREETRAG IR . BRI IR 12 b 24 S ) B
T, ERITF-10 K KR TR AR,
GRS T 6 AN AT B i i 3l ot i 1 58 A
KB 2A) R T HiiESRIR iIVBN JEH 158 )5 8h
T, RS ERHIIE & W E LR Rk oo R
fERGE (K 2B) > Mg T 6 55 3h 7 J% ilvBN
FER KA sh IR AE kL, B I sh 738400
HEF AR RBS, 6 N33 o) F R AE TR B R 2%
T4 ATG, T ilvBN JE K K AR5 3 TRy A2 i
TN GTG KX RE TR pEC-XK99E K A4
B 7 ARAEECRL, 2 5l%ik % C. glutamicum
ATCC 13032 Bibk, 345X N i RAE WAk . 1718
1.2.3 Fridpy ik, RAELL LIS shF3&ik ilvBN
HRRE, AR 5 A F PR B Y AL
KRA 57 8w (E 20), HAEEIF Pgomar
B2 R B B iy, JE RIR)E 31T Piwen 9 23.3 £i%,
Ry W L AR A ) SR 5 Bl o
22 Pypma-sR BB FEAE RBS EAl £
EHIFIEA LS RBS 3E

RBS A] DL7E B A R B 3R, X
Mk iE RBS P31 A/G Bl 2H B RIS B, DA
55 T R B 5 22 18] 14 (8] B 5 510 7 4 B T 1)
ZH A, Y% RBS A6 VR 458 5 B HL AT 8 22 5 g (20281
Sk — A HESE iIVBN LAY, ABFEER
FH Pgomar 3 i3 2 F AU B 2L Y RBS JEhtk |, 4>
I T 3 4> RBS SUFE“R6)Nw)” “Re) N’
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A WT

P, GTTACAGTGGATAA
P, ACCGCATTTATCGGTATAGCGT  TTATTCGGGACAATGCIATACT
P+ TICTCTTTTAAGCGGGATAGCAT  ATTTTGGGCACTTAGTGTATTGT
GGCCACAAAAGCAAGCTAACCT ™ TGGTACCGCAATCTGATAATAT
P+ AMGTTGAGTGATGCAGGCATAAT  AGACGCGAGTCTTATGATAGICT
GTGGAACATAAAGTGGCAAACT  CTGAATAGTTTTGTGATAGGAT

Mutant
TTAGTGTATGATAA

gpmA*

B Promoter
ilvB 180 rfp
||
Linker
kan ~——ons repA
C

2 fRiERiE VBN 2EREEBIF A A
IR 37910 X AR FF 4. B: ik a8 119
R C: A A 3RO L

Figure 2 Screening strong promoters for ilvBN
expression. A: Extended —10 regions of different
promoters. B: A tailored reporter system for

screening promoters. C: Fluorescence intensities of
different promoters.

WT: TAACGGAAAATG

1 NNMNNTATRIATT

B3 RBS 3CPERIME RAG K TR 5t L& i ik
Bt g

“RoN)”, RLUGETh ATG (Kl 3A), #&18
1.2.2 TR 77k, /3t E RBS SO, #HX 4
Hovar , R 2OGEIG B RGE AT AR
WAL 09 5 BE S i T O A R Rk K
o 3 AN RT LSRR S5 BE R 1 Ak
T, RSCERA S RIEME ., SUFE 3 h
SRR AL LB R, RlE L s
SR T (E 3B). L, EFESCE 3 HHTR
ARG, HE— PR R e a5 B AL T
2.3 RBS RELRERFRIZRE RAE

XF RBS SCE 3 VARSI RS Ak
T, 1£ 96 FLARKEFRIFRALDO IR, 454 A8
PRI P25 R, AR S T 36 Dot EEHE
) RBS 2K (K 4) 0 5 Pooma 38 i3 213K
PEAH L, FEIZJA 3+ 87 A= Y RBS B Al Ay Y
RBS AR Rk E R e 1.2-2.7 155
Pinven KERJE B FRIBTCAAALL, £ Pgpmar 5
s FEFAEAL RBS JLaf FAEER RBS SCERIAH
XF e IRTR TR 28.1-62.3 1%, X4 RBS &
AR IE—RTE T ilvBN LR AR, %
HE G A AR X5 B K RBS 2878 (430 2 41, LU
Piven KA B FIOCMRE NS, h AR i
RBS (moderate RBS)ZE A5 /A (1) AH Xf 58 B2 4y 38 £
LI, €145 RBS1-RBS18; ki RBS (strong

Library 2

Library 3
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Figure 3 Construction strategy and fluorescence imaging of RBS libraries. A: Construction strategy of RBS
libraries. B: Fluorescence imaging of transformants from RBS libraries on agar plate.
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Figure 4 Fluorescence intensity of RBS library. pEC was the empty plasmid. Pjen and Pgpmar were as
control groups. Error bars represent the standard deviations obtained from three independent cultures.
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Moderate Strong

No. Sequence RI No. Sequence

RBS1  AGGAAAAGAGTAGTG 23.3  RBS19 AGAAAAAAACGCGAT
RBS2  AGAGAAAAACTTAAG 28.1  RBS20 GAGAAAGGAGGAAGG
RBS3  AGGAAAAAGGAGCAA 283  RBS21 AGAAAAAGAGAAGGA
RBS4  GAAAAAAGGCCACGT 29.5 RBS22  AAAGAGAAAGATTCG
RBS5  AAGAAGAGAACTTGG 30.3  RBS23  AAGGAAAGGATAATT
RBS6  AGGAAAGGAACTAAA 32.5 RBS24 AGAAGAGGAAAAAGA
RBS7 AAGAGAGAGACACCC 32.6  RBS25 GAAAAGAAACCTCGA
RBS8  GAGGAAGAAAGGTTT 32.6 RBS26 AGAAAAAAAGACAAA
RBS9  AAAAAGAAAGTCGGG 32.7  RBS27 AAAAAGAGACATAGA
RBS10 AGAAGGAAGGGGGAA 32.7 RBS28 AAGAAAGGTTTCTGA
RBSI1 GAAAGAAGGAGGCGA 32.8  RBS29 AGAAAGAAACCCCCA
RBS12 AGAAAAGAGTGCAAA 32.9 RBS30 AGAAGAGAGAGAAAG
RBS13 AGAAAGGAACTAAAA 33.6  RBS31 AGAGAAAGACAGAGA
RBS14 GAAGAAAGAATAAAT 34.0 RBS32 AAGGGAAAGGAAGTG
RBS15 AAAAAAGAAAGCATA 34.8  RBS33  AAAGAGAAGAGAAAG
RBS16 AGAGAGAGGATAGTG 34.9 RBS34 AAAGAAAAACGAAGA
RBS17 AGAAGGAGGGAAAGC 35.8  RBS35 AAGAGGAAAAGAAAA
RBS18 GAGAAGGAGGTATCG 36.9 RBS36 AGGAAGGAGAAAGGT

5

RI

38.2
38.6
38.6
38.6
39:1
39.2
39.2
40.1
40.7
42.0
42.5
43.1
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44.0
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51.6
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Figure 5 Sequences and conservative analysis of RBS mutants. A: Sequences of RBS mutants. RI: Relative
intensity (RI) of RBS mutants. The bases marked in red are potential start codons. B: Conservative analysis
of all RBS mutants. C: Conservative analysis of moderate RBS mutants. D: Conservative analysis of strong

RBS mutants.
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Figure 6 L-valine production with different expression
regulatory elements. A: Schematic diagram of strain

construction. B: L-valine production in 24-well plates.
**: P<0.01, ***: P<0.001, student’s two-tailed t-test.
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