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Screening and characterization of cysteine responsive
promoters from Escherichia coli

LIU Xueqi, FU Yawen, LI Luhua, YANG Taowei*, RAO Zhiming

Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: [Objective] Cysteine is an important sulfur-containing amino acid. Biosynthesis of
cysteine has recently attracted increasing attention owing to its widespread application in
cosmetics, medicine, food and other industries. Development of an efficient biosensor is
indispensable for the screening of increased cysteine producers among a mutation library. In
this study, on the basis of comparative transcriptome analysis, we screened and characterized
some promoters from Escherichia coli that show significant response to changes in the cysteine
concentration. [Methods] E. coli W3110 was cultured in LB medium with different
concentrations of cysteine, and genes which showed significant improvement at the
transcription level were screened. Then, the promoter fragment was amplified and fused with
the fluorescent reporter gene egfp to construct a promoter library. Furthermore, the
fluorescence intensity of recombinant bacteria with different promoters under different cysteine
concentration was determined with a multi-functional microplate analyzer. [Results] A total of
27 genes, whose transcription levels increased significantly with the rise of cysteine
concentration, were screened out and identified. The promoter Pg, with specific response to
changes in cysteine concentration was singled out. Subsequently, random mutation of AAAT
was carried out in the Py, promoter —35 spacer region and we found that mutant promoter Pg;.33
had a higher specific response to the cysteine concentration range of 1-7 g/L. [Conclusion]
The obtained promoter Pg,.33 in this study is a cysteine-specific response promoter, which lays
a foundation for the construction of cysteine-specific biosensor and the high-throughput
screening of cysteine-producing bacteria.

Keywords: Escherichia coli; cysteine; promoter; response
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Table 1  Primers used in this study

Primers

Sequences (5'—3")

pET28a-F1/R1
pET28a-F2/R2
pET28a-F3/R3

pET28a-F4/R4
egfp-F
egfp-R
El-F
E1-R
E2-F
E2-R
E3-F
E3-R
E4-F
E4-R
KI1-F
KI1-R
K2-F
K2-R
RI1-F
RI-R
S1-F
S1-R
G1-F
G1-R
G2-F
G2-R
G3-F
G3-R
G4-F
G4-R
PI-F
P1-R
P2-F
P2-R
P3-F
P3-R
CI-F
CI-R
J1-F
J1-R
J2-F

GCCATCATCATCATCATCACAGCAG/GTTTAGAGGCCCCAAGGGGTTAT
CACTCGAGCACCACCACC/CATTATATCTCCTTCTTGGATCCGCGACCCATTTGC
GATCGAGATCGGAATTGTGAGCGGATAACAATTCCCCT/TCACAATTCCGATCTCGATCCTCTACG
CCGGAC

AAGAAGGAGATATAATGGGTAAGGGAGAAGA/ GGATCCGCGACCCATTTGC
AAGAAGGAGATATAATGGGTAAGGGAGAAGAACTTTTCACT
GTGGTGGTGGTGCTCGAGTGTTATTTGTATAGTTCATCCATGCCATGTGTAATCC
CAAATGGGTCGCGGATCCGCGTGGTGGTGACGATCATC
ACCCATTATATCTCCTTCTTTGTTATTCCTTTTTTTGGCAGGGTGATAAT
CAAATGGGTCGCGGATCCCCCGCAGAAATGGCGGAAGT
ACCCATTATATCTCCTTCTTGCAATAGAAAGATTCCTTTATTTGTCTATGTCG
CAAATGGGTCGCGGATCCAGCTTTTCATTCTGACTGCAACGG
ACCCATTATATCTCCTTCTTGGTTGTTACCTCGTTACCTTTGGTCG
CAAATGGGTCGCGGATCCTGGCGAAGCGAAAGATGACGACA
CCCATTATATCTCCTTCTTAGCATTTCCTTTTTTCTATCCACGGGA
GCAAATGGGTCGCGGATCCTATTAAGAGAGATAAACATTTGCCGCTGTTGG
ACCCATTATATCTCCTTCTTATTTTACTTCCTTCATTTTGGGCCTTTCG
CAAATGGGTCGCGGATCCGGAATGCTCACCAACATGCTCGG
CCCATTATATCTCCTTCTTAATTATTACCTTTTGAAGAAATTAGCCCTTGGG
CAAATGGGTCGCGGATCCACAAAATGCGCGGCACTGG
ACCCATTATATCTCCTTCTTCTTCTCTCCATTCACTGATAAGGCG
CAAATGGGTCGCGGATCCGCGAGATTAAACTTCCCGGCCA
CCCATTATATCTCCTTCTTTGGAATGATCTCCTCGAAAATTTATTTACATTACTG
CAAATGGGTCGCGGATCCTGTCAGCGTCGAGGCGGAG
CCCATTATATCTCCTTCTTGTTTTTTCCTTGTTAAATGGCAGGTGC
GCAAATGGGTCGCGGATCCCGGTGAAACTGACCTCAGCGATG
CCCATTATATCTCCTTCTTTTTCATATCCTGTCGTTTGTTTTCGATTTCA
GCAAATGGGTCGCGGATCCATCGGTTACTGGTGGAAACTGACT
CCCATTATATCTCCTTCTTAATTGAGAGTGCTCCTGAGTATGGG
GCAAATGGGTCGCGGATCCTGTTCATTTCGCGGGTTTGTAAATGG
CCCATTATATCTCCTTCTTTGAAATCCTTGCTAAATATGCCTGTAGATC
GCAAATGGGTCGCGGATCCGGTCGGCGAATAATTTTTGTTGGAGC
CCCATTATATCTCCTTCTTTGGTAACCCCTTAATGTAACGTTATGTAGG
GCAAATGGGTCGCGGATCCATTGCGGGCGATTTAACAATGC
CCCATTATATCTCCTTCTTAATGCGACCAATAATCGTAATGAATATGAGAAG
GCAAATGGGTCGCGGATCCTTTGCGGATTTCATCTGCGGTG
CCCATTATATCTCCTTCTTTTCGTCATTCAGACGCTGCCA
AGCAAATGGGTCGCGGATCCCCTTCAGCATATTTGTTGGTCAGCTG
CCCATTATATCTCCTTCTTATGGTCTTCCTTTTTTTGCATCTTAATTGATGT
GCAAATGGGTCGCGGATCCAGCTATGGGTGCTTTGGATAGTAAAAGC
CCCATTATATCTCCTTCTTGAGACCAGAGCTCCAATTATTTTATAAACGAAA
GCAAATGGGTCGCGGATCCAGCAGGTTCAATCTGAACCTCAGT
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Primers Sequences (5'—3")

J2-R CCCATTATATCTCCTTCTTTGTTTCAACCTCTCAATCGCTCAATGAC

M1-F GCAAATGGGTCGCGGATCCGGGTGTTGCTGACGCCATTAAG

MI1-R CCCATTATATCTCCTTCTTGTTGTTTGTTTTCCCTTGAAGTCCTTAACG

O1-F GCAAATGGGTCGCGGATCCGAGCCACCTGATCAGGATCATTTTG

O1-R CCCATTATATCTCCTTCTTCGTATTTCCTTTCTTAGGGTATAAAGTAGCG
0O2-F GCAAATGGGTCGCGGATCCCGTTGCTCTACCCTATCGCC

02-R CCCATTATATCTCCTTCTTTGACTCCTCCATTTGGCTGTCAG

O3-F AGCAAATGGGTCGCGGATCCCAGCCTCGAATCTGTATTGAAGTCC

03-R ACCCATTATATCTCCTTCTTGATTCGTATTTCCGTTTAAAATGAAGATACGGC
F1-F GCAAATGGGTCGCGGATCCGTTGCGTGCTCAGGGCTTTC

FI-R CCCATTATATCTCCTTCTTATTCGGTTACTCCTTTACGAACGTT

F2-F GCAAATGGGTCGCGGATCCGACACGCTGTGCACCGATGAC

F2-R CCCATTATATCTCCTTCTTGCGTCTTAAAACTCCTGTGGTGCA

F3-F GCAAATGGGTCGCGGATCCCCGTTCCAGCCTTCGATAGTTACT

F3-R CCCATTATATCTCCTTCTTTGCTTGGGTCCCCACGCGTTA

Ql1-F GCAAATGGGTCGCGGATCCCAGTGTATGTGTGCCACGGC

QI1-R CCCTTACCCATTATATCTCCTTCTTATCATCCTCCACAAAATGATAAAGGCT
DI1-F GCAAATGGGTCGCGGATCCGCAGGCGCTGGTCACACTG

DI-R CCCTTACCCATTATATCTCCTTCTTAGCTGATACCTCATTCTTAATAAGATAAGATGT
E2-N-F/R TTTATCACGCNNNNAATTTGTGGTGATCTACAC/TCACCACAAATTNNNNGCGTGATAAAAAGCTA

TTTG

1.3  FERERANF

H K E. coli W3110 B #ET 37 °C. 180 r/min
M FIEALRSE 10 h, DL 1%0EEMREER
FHEKE 50 mL LB ¥53735E0% 250 mL — i
1, 37 °C. 180 r/min 3% FEE ODeoo 1HZ N
0.4; BfJE A2k 0, 3. 6. 10 g/L
FI e, dREeRiF 6 h ek, I
WRR R, % ZE M MR LR A A A
HEAT HL A2 S 4 I e 43 AT
1.4 JRAADE

R 4[] 5 20 il v P iR e B A5, TR
Hi R B Sk Bk &R R . eI 5 415
PIVERTT, 37 CCOKIRSME T i%EH: 1 h, BUGEH:
5 WA R AU E. coli IM109 157
A, LL54¥ pET28a-F1 #l pET28a-R1 #4715
4 W5 =X )2V (polymerase chain reaction, PCR)
BSAIE, Pk PHPETRE, H% 88 1.2 Irik Oy i 3R

<l actamicro@im.ac.cn, & 010-64807516

JEORE 3 2 I8 4 ME R A R A BR 2N EL I
a1
1.5 FLiRIEFF

24 ARG FRAMRM RN 1%, KigR
%Ak 37 °C. 600 r/min, FMFLEAH 2.5 mL
LK LB Bi3R5E . 29K 50 ng/mL RABE
EX IV NGEAS/IES VRS =N
1.6 GFP XKIME

1 mL B 12 000 r/min #5.0> 1 min,
A AT R AL 2 R VR IR T 2 o, TR
ODgoo [HZ R 0.4, ] B0 hEGREAR B AL
JA 200 pL#E RS . R Z D RERFHR Y Biotek
VOEB AL BEK 485 nm, LK 528 nm T
DM E, HIME ODgsoo WA, DA
FLUGAE, LA AT 28 SEaR B .
1.7 MEBETREXE

PAFE I JFORL pE2-egfp VE MM, LIS



XEBLEE | AP, 2023, 63(3)

1209

E2-N-F fll E2-N-R #£17 PCR ¥ 3%, PCR j"¥J7E
Dpn TWAEHF 37 °CiHAL 1 h, ¥IHALE 079
AL E. coli W3110 Rz 540, ¥
ZH A MR A 7E LB AR 52 2 (7% 50 pg/mL -RIB
B R)E 37 CHIFERNKEFE 10 h, Y5 PCR
TG, B B2 sh FRAE O, Phik
7% 2 O A NI EE e IR ) LB ARG 5%
BE(F 50 pg/mL RAREFR)H, 78 96 fLAR 57
2 ODegoo [HZ M 0.5 J5 I E 5 HEoR B . B 1E 7] 58
AT ARY R SR PR BOTORL, 3% 2 IR e MER A
YR B2 w3 B E .

2 ZREM

2.1 LEEEEREA D

A A PR SR AL RR A, O B A B A [
4 DL 22 IR e EE T Je SR ST AR X T X B 4 4R T
20 fF LA 27 ANEEIN, A SRR 22 S A 1

Jim o %27 DR 5 E F E @SRz i 51X
. K SRR, R —RIIBEHN . S KA
fE. G KGR, P XHLE 1
Haa S5, C memE L, T BIE. M
gAML, O BHF/GIEMG . F AT ER s fin Anft
. Q WA G i ia Mo . D 4
JESAFE ], X0 R 5 3l LA I D RE 4R S
B P S5 44 (3 2).
22 RBEFXEMESFE

Pl pET28a AEZEER, ILBECAHM
egfp FEN B AR, LG9 egfp-F Fl egfp-R
#E4T PCR ¥4, WFTA T 1.4 ST ORI
L Pk PR s R SR BRI Y IE R fS @ atik
A TRl JEE 5 |49 pET28a-F3 Al pET28a-R3,
Pl pET28a-egfp MR 1] PCR Bk T7 i 5h
TP B, S REWEEE R v vk A Ak [ 2% =2
I A MER A MR A B w1 36

1.50
1.00
0.50
0.00
—-0.50
—-1.00

-1.50

1 AEEEEEKRET Escherichia coli W3110 2 R/KE R EIRSEE

Figure 1
concentrations.

The transcription level of Escherichia coli W3110 significantly increased under different cysteine

http://journals.im.ac.cn/actamicrocn
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T2 2T NERKFIRESER

Table 2 27 genes with elevated transcription levels

Code Gene name Function

El proX Amino acid transport and metabolism

E2 proV Amino acid transport and metabolism

E3 thrA Amino acid transport and metabolism

E4 glnH Amino acid transport and metabolism

K1 espG Transcription

K2 cspl Transcription

R1 tiak General function prediction

S1 yeeN Function unknown

Gl gatZ Carbohydrate transport and metabolism

G2 gatY Carbohydrate transport and metabolism

G3 ptsG Carbohydrate transport and metabolism

G4 ynfM Carbohydrate transport and metabolism

P1 modA Inorganic ion transport and metabolism

P2 znuA Inorganic ion transport and metabolism

P3 fes Inorganic ion transport and metabolism

Cl hmp Energy production and conversion

J1 rpsJ Translation

2 rplC Translation

M1 spr Membrane

(0} fkIB Posttranslational modification

02 grxB Posttranslational modification

03 nrdH Posttranslational modification

F1 nrdE Nucleotide transport and metabolism

F2 purE Nucleotide transport and metabolism

F3 purM Nucleotide transport and metabolism

Q1 entC Secondary metabolites biosynthesis,
transport and catabolism

D1 vifE Cell cycle control

3 KEGG FI Softberry £ i I i Il 4% 5% 7k
R R 27 A SRS T BT
500 bp J¥HI, BTN RIEE E1Y, L
E. coli W3110 SEE AU MR Y38 1 H i3 1 iE
500 bp JPFI R B, GnRTA TS 1.4 MEESH AR
Je ST B R . Bk B e B R SR BRSO, 3%
2 M A MER A RN AT B2 I B8 I 1 A
5, PRI E. coli W3110 &
ZAT, PAFT 27 MRS FRISCEAE 2).

<l actamicro@im.ac.cn, & 010-64807516

KRB FEARKSIES 0. 1,
2. 3 g/LKEBEERI 96 LA h HEF TR R . RS
2 ODgoo [EZI N 0.5, ¥ 2 96 FLEE M HEFFR
HEFT ORI , M E AR 3 R
XD i Bl 21 Ik 28 R vk B 5 AR G 0 i
PR M, LABIERBCRT 1 500 /BN
T EARIE . TRER] 6 A4 B AR X DR B
Bl M BRVE BE R =, 43O E2. P2 ML,
03, F3. S1, gk 3 fim.
23 Bl FiNYEpREEKE RS
S

K& 6 ARSI FIEAE E2.
P2, M1, 03, F3. SI HFkEFRE ODgoo (HZ
0.4, ZJE A AR E R 0.
1.2.3.5, 7 g/L, 4k&e55% 2.5 ho Al LI
3, MEE AR ES S, E2. P2, M1
Ja S FEARFEABRIEEER 4) BT
MR N & A LR, T2 b = R 2 0o M o A
MEAb A, 7R R S R SR N B o T
AR RCITTE I X HE 2 A A B € i R 4 R A
ARG, Bk, S T HEBR ARSI (A RSOk
T, SRAZIIReEER (U E GFP ¢ 68
DLt — 2510 Ja sh o BE (8 4). W TiE 3+
e RV FE 5 ' B HEA T A A [ A 43 4T
DL R EOR T 1 500 VE R Tk briE(R 3). ik
FJF s+ E2 Fl M1 AT FHA 4 A sh X1
O 2 T e R AR Ak o o7 BB S o DA S > f b
LIRVE R IR, R IR S IR 1 g/L B,
E2 M EIRE N 108.29%, M1 AHXT2¢ 608
JEH 108.19%; Mz BRIk B 2 g/L B,
E2 FIXFUEGIRE A 120.19%, M1 A958R
JER 112.77%; EBEEABR IS IR B R 3 g/L B,
E2 AXFTHGHREE N 137.76%, M1 MIXF 2GR
FER 125.63%; PRI N 5 g/L i,
E2 X HEGIREE A 152.46%, M1 AIXT ¢ 0GR
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1 400 bp

e W | ) e N e ) Y

2 EHBERITEE PCREIE

Figure 2 PCR validation of different promoter recombinant strains. A: PCR validation of E1-P2. Lane 1-14:
Result of recombinant strain E1, E2, E3, E4, K1, K2, R1, S1, G1, G2, G3, G4, P1, P2. B: PCR validation of
P3-D1. Lane 1-13: Result of recombinant strain P3, C1, J1, J2, M1, O1, 02, O3, F1, F2, F3, Q1, D1. M:
DL2000 Marker.

100 000

E0g/L mlg/L ®m2g/L =3g/lL
90 000

80 000

70 000

60 000 [

50000 ] L
" ]

40 000

a.u/ODy,,

30 000 . FE 1

20 000

10 000

0 -_— N N =

AN = = & N — N N o= =
A D PP 3 000 KEKERKOAW
Promoter

Control
El
E2
E3
E4
K1
K2
R1
Gl
G2
G3
G4
P

3 2T NBEFESEFMREBIRE THIRELR
Figure 3 Comparison of fluorescence intensity of 27 promoters at different cysteine concentrations. The
standard deviations of the data points were obtained from triplicate measurements and denoted by error bars.
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* 3 B FHNFRERKESHENRRER
e kil

Table 3 Correlation analysis of cysteine concentration
and fluorescence intensity of promoters

Code Cys (g/L)

Linear regression equation R’

E2 0-3 y=3 066.1x+32 934 0.929 3
P2 0-3 y=1 550.4x+79 860 0.430 6
M1 0-3 y=1642.2x+58 603 0.626 9
03 0-3 y=3 669.6x+20 913 0.980 6
F3 0-3 y=2 629.6x+21 078 0.944 6
S1 0-3 y=2 162.5x+25 431 0.994 6
E2 0-7 y=1813.7x+18 181 0.982 4
M1 0-7 y=2 174.1x+54 216 0.7872
E2-33 0-7 y=2 652.1x+24 367 0.9351

JEH 130.99%; ~FBEZBRAS IH B R 7 /L B,
E2 XGRS 168.60%, M1 AXTZ¢GiR
FEHR 127.75%.

17 P WA R CEM AR . 2R
NRAM . wAM. FeaAm. M ‘
M2, KNAR., BAR. OER. 24, &
AWM . AR . RATM ., Mk, Ba
M2 . HER) 7GR, WERIITFES
X2 B s R 5 A R SR N B B2 A1 ML
SRS PRI EAE, TEWIMREIN 1 g/L 15 g/L 1Y
17 Bl WA SRR LB R 3 h AT 1 9%, I
Al E GFP ZétseiE . E2 JashF Xkt

x4 FEHRHBERHEFRIEBRETN

FRFE S R W S i, ANRES N b s iR
WRE 1 /L B 5 o/L i, AR EsRE i
17 599.19 #41 % 29 848.76, 425 T 64.92%;
MAETI A 16 Pz LRV B 1 g/L G A 5 g/L
F, XSO nm B R AE A AR L, BB B2 8
Bl 2P 2R HAA R Sk by s f R 6 AL
F i M1 A 300 2 e 2 R B AR X 2 ' i B
B HA 16 PPz SR 22 F A B2, HEW M1 )5
B R AR 3h T
2.4 PBEHIRT BT E2 L0 R 3 ft | BL
it E2 A s X A R
A A ) R, AR AW IS sh F7E 4k
T T H. Softberry X E2 o sh—F 347, i
— e R s ootk . ARSI Fr
=35 X FI-10 X RIRSFIFH], J& RNA RA T
KL X AR RUEZ A -35 X
210 DX 2 [ [a] B DXl 17 1R Ay ke 72 2 5 i)
DR s il MR e AIG, Xo Tal B XS i —10 X
1 GC S RmIRASA Al RE 2 T 8UA 3 i %
YRR RIS IR TR B2 R shF
SEUT-35 DXAYIE] PR XU & AT Y X 47 bl
MLRAE (B 7), RAEJEILPRBE 500 A~ 50 V% i
Tt , A2k s) iE m) 5848 bk E2-31 1 E2-33
(#l 8), L E2-33 EARAHXT 2R AL E2 2

Table 4 The color of bacteria varies with cysteine concentration

Cys (g/L) Control E2 P2 03 F3 S1
0

1

2 g @ .
3 - F F » ~ d
5 - - @ '’ L - ©
7 - v s - - - “
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Figure 4 Comparison of fluorescence intensity of
6 promoters at different cysteine concentrations.
The standard deviations of the data points were
obtained from triplicate measurements and denoted
by error bars.
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Figure 5 Comparison of fluorescence intensity of recombinant bacteria with E2 promoter under different
common amino acids. The standard deviations of the data points were obtained from triplicate measurements
and denoted by error bars.

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



1214

LIU Xueqi et al. | Acta Microbiologica Sinica, 2023, 63(3)

100 000
90 000 [
80 000
70 000
60 000
50 000
40 000
30000 [
20 000 [
10 000 -

0

mlgl m5gL

a.u/ODy,,

Ile

%)
>~
Q

Control
Gly
Ala
Leu
Val

Pro

5 B 5 £ 5 5 £ B 2
A S £ & DO E £ 2 2 E

6 M1 EBEFEAHAEEANRENRER THEXNRALEE LR
Figure 6 Comparison of fluorescence intensity of recombinant bacteria with M1 promoter under different
common amino acids. The standard deviations of the data points were obtained from triplicate measurements

and denoted by error bars.
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Figure 7 Random mutations in the E2 promoter spacer region.
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Figure 8 Comparison of fluorescence intensity of
E2 mutants at different cysteine concentrations. The
standard deviations of the data points were obtained
from triplicate measurements and denoted by error bars.
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