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Fig. S1 (A) Measurement of the biomass of the engineered strain Cys-4-2 cultivated
with different concentrations of Na,S,0s. (B) Determination of the L-cysteine tolerance

of the engineered strains. All data were the average of three independent experiments
with standard deviations. Cys-4-2, Cys-4-1, poxB :: Pys-cysK*e; Cys-5, Cys-4, ldh ::
Py7-eamA®*; Cys-6, Cys-5, A NCgl2463.
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Fig. S2 Screening the H,S,-responsive transcription factor for the construction of
genetic circuit in C. glutamicum. Determination of cell growth, intracellular H,S and
H,S, levels (A) and the escaped H,S (B) in C. glutamicum WT. (C) Schematic
representation of testing plasmids containing FisR, CstR, and BigR. (D) Investigation
of the function of three reporting systems in C. glutamicum. All data were the average
of three independent experiments with standard deviations. Cg-0, C. glutamicum W'T,
containing pXMJ20; Cg-1, C. glutamicum WT, containing pFisR-P},.-GFP; Cg-2, C.
glutamicum WT, containing pBigR-P,.-GFP; Cg-3, C. glutamicum WT, containing

pestR-Py,.-GFP.
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Fig. S3 Optimization of the H,S,-responsive genetic circuit in C. glutamicum. (A)
FACS screening of the CstR variants. The black pentagon refers to the top 0.01% of all
screened cells. (B) 96-well plate screening. The strains were screened using FACS, the
wide-type CstR was used as the control, and the sorted strains were cultivated in 96-
well plates. The fluorescence intensities were further analyzed by using a synergy neo2
multimode microplate reader. (C) FACS screening of the promoter library. The black
pentagon refers to the top 0.01% of all screened cells. (D) 96-well plate screening. The
strains were screened using FACS, the Py, strain was used as the control, and the sorted
strains were cultivated in 96-well plates. The fluorescence intensities were further

analyzed by using a synergy neo2 multimode microplate reader.
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Fig. S4 Effects of different concentrations of Na,S, on the biomass of C.glutamicum
WT. All data were the average of three independent experiments with standard

deviations.
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Fig. S5 Effects of different concentration of Na,S,0; on the biomass of BSGC and non
BSGC strains. All data were the average of three independent experiments with
standard deviations.Cys-8-1, Cys-6, containing pEC-mCh4 and pXMJ20; Cys-8-2,
Cys-7, containing pEC-mCh4 and PcstR-cstB.
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Fig. S6 Effects of the key genes of H,S utilization and transportation module on L-
cysteine production in C. glutamicum. (A) Determination of the role of different
glutaredoxin and thioredoxin in L-cysteine production. (B) Measurement of the
production of L-cysteine in different strains with overexpressing the H,S utilization
(thioredoxin, cysM, cysK) and transport module (bcr), respectively. All data were the
average of three independent experiments with standard deviations. The * indicated the
significant differences of P < 0.01 relative to the control. Cg-10, Cys-6 containing
pXMJ20; Cg-11, Cys-6 containing pXMJ-cg0964; Cg-12, Cys-6 containing pXMJ-
cgl244; Cg-13, Cys-6 containing pXMJ-cg2789; Cg-14, Cys-6 containing pXMIJ-
cg3299; Cg-15, Cys-6 containing pXMJ-cg3422; Cg-16, Cys-6 containing pXMIJ-
cg3423; Cg-17, Cys-6 containing pXMJ-Trx; Cg-18, Cys-6 containing pXMJ-cysM;
Cg-19, Cys-6 containing pXMJ-cysK; Cg-20, Cys-6 containing pXMJ-bcr.



>

B

20 —e—Cys-8-2—e—Cys-9-1 ——Cys-9-2 r,-_\-\_r.-l epsN |evsm
j —e— Cys-9-3 —& Cys-9-4 —o— Cys-9-5 PAFS SSC
=15 s 299
2 S0, §0:% 15422
m evsI | ©) ) ce3d23
210 ol 5l O
E S? L-cysteine
o 5 metB
o L-homocysteine
metH lm:'r!.'
0 . . ; . . ; ; S-adenosyl- mek L-methionin
0 12 24 36 48 60 72 methionine o TOn
Time (h) e
L-methanethiol
Cgs.: Cys-9-5 ©40,[_Cys95
o |[[cys-94 e o | Icys94
*k
S |us ! 530 T i
$4' I *ok ‘u‘; s
] *k ]
E. hkkk '5_20 1 s
5 : : E 7 i
2 * % * o woK
1 Y S e
B erootsotoorees & Voaitoinsatitill
2] 2)
DD &N D 0 o DI e aa w &0 o @ 6 DV o as g wy
SERORPITEEIEE SESESGITESESS
(4 (3

Fig. S7 (A) Determination of the cell growth in the L-cysteine biosynthetic network
rewired strains. (B) The Schematic diagram of sulfur cycling network, including L-
homocysteine, L-methionine, S-Adenosyl-L-methionine, Methanethiol pathways and
sulfur assimilation pathway. (C and D) Measurement of the transcription levels of the
key genes in L-homocysteine (metB), L-methionine (metH and metE), S-adenosyl-L-
methionine (metK), methanethiol (metY) pathways and sulfur assimilation pathway
(cysD, cysN, cysH, cysl, cysJ, cysK, cysM, cg3299, cg3422 and cg3423) in the BSGC
strain Cys-9-4 when cultivated at 24 h and 72 h, respectively. The static regulation
strain Cys-9-5 was used as the control. All data were the average of three independent
experiments with standard deviations. The * and ** indicated the significant differences
of P <0.05 and P < 0.01, respectively. cystathionine y-synthase, metB; homocysteine
methyltransferase, metH and metE; S-adenosylmethionine synthetase, metK; O-

acetylhomoserine (thiol)-lyase, metY; sulfate adenyltransferase subunit 1,2, cysD and



cysN; phosphoadenosine-phosphosulfate reductase, cysH, sulfite reductase, cys/ and
cysJ; cysteine synthase A, cysK; cysteine synthase B, cysM; thioredoxin-related genes,
cg3299, cg3422 and cg3423. Cys-8-2, Cys-7, containing pEC-mCh4 and PcstR-cstB;
Cys-9-1, Cys-7, containing pEC-mCh4 and pXMJ-cstR-cysK; Cys-9-2, Cys-7,
containing pEC-cys1 and pXMJ-cstR-cysK; Cys-9-3, Cys-7, containing pEC-cys1 and
pXMlJ-cstR-cys; Cys-9-4, Cys-7, containing pEC-cys2 and pXMJ-cstR-cys; Cys-9-5,
Cys-6, containing pEC-mCh4 and pXMJ-cys-C.
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Fig. S8 Measurement of fermentation profiles in the static regulation strain Cys-9-5.
Determination of biomass (A), L-cysteine production and SCR (B) under 5-20 g/L
Na,S,05 supply. All data were the average of three independent experiments with

standard deviations. Cys-9-5, Cys-6, containing pEC-mCh4 and pXMJ-cys-C
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Fig. S9 Enhancing NADPH pool to promote L-cysteine production. Measurement of
cell growth (A), L-cysteine production (B), SCR (C) and intracellular NADPH (D) in
the NADPH-enhanced strains. All data were the average of three independent
experiments with standard deviations. The * and ** indicated the significant differences
of P<0.05 and P <0.01, respectively. Cys-9-4, Cys-7, containing pEC-cys2 and pXMJ-
cstR-cys; Cys-10, Cys-9-4, P,¢ :: Pyy; Cys-11, pck :: Py;-pntAB



A B WTL

Cys-1-241
o Cys-2-3 ¥
. . . . Cys-AH®*
| Deleting L-serine degradation pathway, overexpressing phosphoglycerate dehydrogenase Cys-4-2— m#
Cys-1-2 Strains | Cys-5{_ &%
| Deleting L-cysteine degradation pathway, overexpressing serine acetyltransferase Cys-6 HH o+
Cys-2-3 Cys-1{—— ®
| Deleting glycine transeriptional activator, overexpressing cysteine synthase B 8;:'3‘%2' "
5 -9-20 HH
Cys:30 , _ o R —]
| Deleting pyruvate dehydrogenase, overexpressing cysteine synthase A Cys 10— #=
Catd S B N
| Deleting L-lactate dehydrogenase, overexpressing L-cysteine export o ;1 o ;oo om
Cys-5 L-cysteine titer (g/L)
| Deleting L-cysteine import
Lol C WT
| Replacing the native promoter of thiosulfate import with Py, Cys-1-29%
Cys-7 Cys-2-39 %
| Sequestration of H,S by BSGC Cys-3§ *
Cys-8-2 Cys-4-2p%
| Reprogramming H,S reuse pathway by BSGC Strains 8ys'g %i
Cys-9-2 C;:ZT 3
| Reprogramming H,S reuse pathway and transport by BSGC Cys-8-2{me: }
Cys-9-4 Cys-9-2 (-l
| Replacing the native promoter of glucose-6-phosphate dehydrogenase with Py Cys-9-4{ e
Cys-10 Cys-10{ H = —
e o 8 & g

“SCR(%)

Fig. S10 (A) Flow chart of constructing an L-cysteine-producing strain in C.
gluamicum. Determination of the L-cysteine production (B) and SCR (C) of the
engineered strains in each step. All data were the average of three independent
experiments with standard deviations. The * and ** indicated the significant differences
of P<0.05 and P <0.01, respectively. WT, C. glutamicum WT; Cys-1-2, Cys-1-1, sdaA
it Pyy-serA®197AA; Cys-2-3, Cys-2-1, aecD :: Pyr-cysE(M201R)-cysE(M201R); Cys-3,
Cys-2-3, glyR :: Pyy-cysMFe; Cys-4-2, Cys-4-1, poxB :: Pys-cysK®e; Cys-5, Cys-4, Idh ::
Py7-eamAFe; Cys-6, Cys-5, A NCgl2463; Cys-7, Cys-6, Peysu it Pracs Cys-8-2, Cys-7,
containing pEC-mCh4 and PcstR-cstB; Cys-9-2, Cys-7, containing pEC-cysl and
pXMJ-cstR-cysK; Cys-9-4, Cys-7, containing pEC-cys2 and pXMJ-cstR-cys; Cys-10,
Cys-9-4, P,yr 2 Pyy.



Table S1 Characteristics of strains used in this study

Strains Characteristics Source

E. coli DH5a  Host for plasmids construction Invitrogen

E. coli Host for genes cloning Laboratory stock
MG1655

C. glutamicum
WT

Wild-type, the parent strain

Laboratory stock

Cys-1-1 C. glutamicum WT, Pgp 22 Py This study
Cys-1-2 Cys-1-1, sdaA :: Pyj-serA~197AA This study
Cys-1-3 Cys-1-1, sdaA :: Pyj-serA~197AA gerA197AA This study
Cys-2-1 Cys-1-2, Peysg i: Py This study
Cys-2-2 Cys-2-1, aecD :: Py-cysE(M201R) This study
Cys-2-3 Cys-2-1, aecD Py7-cysE(M201R)- This study
cysE(M201R)
Cys-2-4 Cys-2-3, glyR :: Py7-cysE(M201R) This study
Cys-3 Cys-2-3, glyR :: Pys-cysMF* This study
Cys-4-1 Cys-3, Py i Py This study
Cys-4-2 Cys-4-1, poxB :: Py;-cysKEe This study
Cys-4-3 Cys-4-1, poxB :: Py;-cysKEe-cysKEe This study
Cys-5 Cys-4-2, ldh :: Pyr-eamAF* This study
Cys-6 Cys-5, A NCgl2463 This study
Cys-7 Cys-6, Peysu i: Prac This study
Cys-8-1 Cys-6, containing pEC-mCh4 and pXMJ20 This study
Cys-8-2 Cys-7, containing pEC-mCh4 and PcstR-cstB  This study
Cys-9-1 Cys-7, containing pEC-mCh4 and pXMJ-cstR- This study
cysK
Cys-9-2 Cys-7, containing pEC-cysl and pXMJ-cstR- This study
cysK
Cys-9-3 Cys-7, containing pEC-cysl and pXMJ-cstR- This study
cys
Cys-9-4 Cys-7, containing pEC-cys2 and pXMJ-cstR- This study
cys
Cys-9-5 Cys-6, containing pEC-mCh4 and pXMJ-cys-C  This study
Cys-10 Cys-9-4, P,ys:: Pyy This study
Cys-11 Cys-9-4, pck :: Py;-pntABEe This study
Strains used to verify gene function in this study
Cg-0 C. glutamicum WT, containing pXMJ20 This study
Cg-1 C. glutamicum WT, containing pFisR-P,.-GFP  This study
Cg-2 C. glutamicum WT, containing pBigR-P},.-GFP  This study
Cg-3 C. glutamicum WT, containing pcstR-Pj,.-GFP  This study
Cg-4 C. glutamicum WT, containing pXMJ-sqr®P This study
Cg-5 C. glutamicum WT, containing pXMJ-sqr®s This study
Cg-6 C. glutamicum WT, containing pXMJ-cstA This study
Cg-7 C. glutamicum WT, containing pXMJ-cstB This study



Cg-8
Cg-9

Cg-10
Cg-11
Cg-12
Cg-13
Cg-14
Cg-15
Cg-16
Cg-17
Cg-18
Cg-19
Cg-20

C. glutamicum WT, containing pXMJ-pdo
C. glutamicum WT, containing PcstR-sqr and
pEC-mCh4

Cys-6 containing pXMJ20

Cys-6 containing pXMJ-cg0964

Cys-6 containing pXMJ-cg1244

Cys-6 containing pXMJ-cg2789

Cys-6 containing pXMJ-cg3299

Cys-6 containing pXMJ-cg3422

Cys-6 containing pXMJ-cg3423

Cys-6 containing pXMJ-Trx

Cys-6 containing pXMJ-cysM

Cys-6 containing pXMJ-cysK

Cys-6 containing pXMJ-ber

This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

Ec: Escherichia coli

Sa: Staphylococcus aureus
Cp: Cupriavidus pinatubonensis JMP134
Ss: Synechococcus sp. strain PCC7002



Table S2 Plasmids used in this study

Plasmids Relevant characteristics Sources
pCRD206
: . (32)
pCRD206 Kan®, gene deletion plasmid
pCRD-Py-serA pCRD206 derivate, replacing native This study
promoter of ser4 by the promoter Py
pCRD-sdaA-Py;-serA  pCRD206 derivate, deleting sdad This study
gene > overexpressing ser4~197AA
pCRD-sdaA-Py;- pCRD206 derivate, deleting sdad gene, This study
serA-serA overexpressing two copies of serd 19744
pCRD-Py;-cysE pCRD206 derivate, replacing native This study
promoter of cysE by the promoter Py
pCRD-aecD-Py;-cysE  pCRD206  derivate, deleting aecD This study
gene > overexpressing cysE (M201R)
pCRD-aecD-Py;- pCRD206 derivate, deleting sdad gene, This study
cysE-cysE overexpressing two copies of cysE
(M201R)
pCRD-glyR-Py;-cysE  pCRD206 derivate, deleting sdad gene, This study
overexpressing cysE (M201R)
pCRD-glyR-Py;-cysM  pCRD206  derivate, deleting g/yR This study
gene > overexpressing cysMEe
pCRD-Py7-cysK pCRD206 derivate, replacing native This study
promoter of cysK by the promoter Py
pCRD-poxB-Py- pCRD206 derivate, deleting poxB This study
cysK gene ° overexpressing cysK®e
pCRD-poxB-Py- pCRD206 derivate, deleting poxB This study
cysK-cysK gene > overexpressing two copies of
cysKFe
pCRD-ldh-Py7-eamA  pCRD206 derivate, deleting /dh gene > This study
overexpressing eamA®e
pCRD-NCgl2463 pCRD206 derivate, deleting NCgl2463 This study
gene
pCRD-Py,.-cysU pCRD206 derivate, replacing native This study
promoter of cysU by the promoter Py,
pCRD-Pys-zwt pCRD206 derivate, replacing native This study
promoter of zwf by the promoter Py
pCRD-pck-Py;-pntAB pCRD206 derivate, deleting pck gene » This study
overexpressing pntABFe
pXMJ19
pXMIJ19 CmR, C. glutamicum-E. coli shuttle Invitrogen

vector



pXMJ20
pXMJ21

pXMIJ-Py,.-GFP
pestR-Py,.-GFP

pFisR-Py,.-GFP
pBigR-P},.-GFP
PcstRFE276G
PcstRS41G
PcstR V834

PCStRE27G/S4 1G

PCStRE27G/V83A

PCStRS41G/V83A

PCStRE27G/S4 1G/A64D

PCStRE27G/S4 1G/145T

PCStRE27G/S4 1G/A64D/145T

PcstR-P1
PcstR-P2
PcstR-P3
PcstR-sqr

PcstR-cstB

pXMJ-sqrcr
pXMJ-sqrss
pXMJ-cstA
pXMJ-cstB

pXMlJ-pdo
pXMJ-cg0964

pXMJ19 derivate,
recognition site
pXMJ 20 derivate, removing laclg and
Pt.c promoter and inserting GFP
pXMJ21 derivate, Pj,.-GFP
pXMIJ-P,.-GFP derivate, fused with
cstRS2-P r at the C-terminus of GFP
pXMIJ-P,.-GFP derivate, fused with
fisR-Pg;r at the C-terminus of GFP
pXMIJ-P,.-GFP derivate, fused with
bigR-Pgier at the C-terminus of GFP
pcstR-Pj,.-GFP derivate, CstR mutation
site E27G

pcstR-Pj,.-GFP derivate, CstR mutation
site S41G

pcstR-Pj,.-GFP derivate, CstR mutation
siteV83A

pcstR-Pj,.-GFP derivate, CstR mutation
site E27G/S41G

pcstR-Pj,.-GFP derivate, CstR mutation
site E27G/V83A

pcstR-Pj,.-GFP derivate, CstR mutation
site S41G/V83A

pcstR-Pj,.-GFP derivate, CstR mutation
site E27G/S41G/A64D

pcstR-Pj,.-GFP derivate, CstR mutation
site E27G/S41G/145T

pcstR-Pj,.-GFP derivate, CstR mutation
site E27G/S41G/A64D/145T
PcstRE27G/S41G/A64D derivate, ES6 (Pg;)
PcstRE27G/841G/A64D derivate, G28 (Pgy)
PcstRE27G/841G/A64D derivate, K72 (Pg3)
PcstR-P3 derivate, fused with Py;-sgrP
at the N-terminus of GFP

PcstR-sqr derivate, replacing GFP by
cstB

pXMJ 20 derivate, inserting sqr°P at
MCS

pXMJ 20 derivate, inserting sqrs at
MCS

pXMJ 20 derivate, inserting cst4 at MCS
pXMJ 20 derivate, inserting cstB at MCS
pXMJ 20 derivate, inserting pdo at MCS
pXMJ 20 derivate, inserting cg0964 at

removing Bsal

(33)
(33)

This study
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
This study



MCS

pXMJ-cgl244 pXMJ 20 derivate, inserting cg/244 at This study
MCS

pXMJ-cg2789 pXMJ 20 derivate, inserting cg2789 at This study
MCS

pXMIJ-cg3299 pXMJ 20 derivate, inserting ¢g3299 at This study
MCS

pXMJ-cg3422 pXMJ 20 derivate, inserting cg3422 at This study
MCS

pXMJ-cg3423 pXMJ 20 derivate, inserting cg3423 at This study
MCS

pXMIJ-Trx pXMJ 20 derivate, inserting cg3299- This study
3422-3423 at MCS

pXMJ-cysM pXMJ 20 derivate, inserting cysM at This study
MCS

pXMJ-cysK pXMJ 20 derivate, inserting cysK at This study
MCS

pXMJ-ber pXMJ 20 derivate, inserting ber at MCS  This study

pXMJ-cstR-cysK PcstR-cstB derivate, fused with cysK at  This study
the C-terminus of cstB

pXMIJ-cys-C pXMJ 20 derivate, inserting cysM- This study
cg3299-3422-3423-cysK-bcr at MCS

pXMJ-cstR-cys PcstR-cstB derivate, fused with cysK- This study
bcr at the C-terminus of cstB

pEC-XK99E

pEC-XK99E Kan®, C. glutamicum-E. coli shuttle Invitrogen
vector

pEC-mCh1 pEC-XK99E derivate, inserting This study
mCherry before MCS

pEC-mCh2 pEC-mChl derivate, replacing native This study
promoter of Lacl by the promoter Pg;

pEC-mCh3 pEC-mCh2 derivate, replacing Py, of This study
mCherry by the promoter Py,

pEC-mCh4 pEC-mCh2 derivate, replacing Py, of This study
mCherry by the promoter Py,

pEC-cysl pEC-mCh4 derivate, replacing mCherry This study
by Prs-cysM-Trx

pEC-cys2 pEC-cysl derivate, fused with DAS+8 This study

tag at the N-terminus of lacl




Table S3 Primers used in this study

Name Sequence (5°-3)
Primers for the pPCRD206
pCRD206-F tctagagtcgacctgcaggcatgcaaget

pCRD206-R ggatccececgggtaccgagetegaatte



H7-serA-1F
H7-serA-1R
H7-serA-2F
H7-serA-2R
H7-serA-3F
H7-serA-3R
sdaA-serA-1F
sdaA-serA-1R
sdaA-serA-2F
sdaA-serA-2R
sdaA-serA-3F
sdaA-serA-3R
sdaA-serA-4F
sdaA-serA-4R
serA-serA-1F
serA-serA-1R
serA-serA-2F
serA-serA-2R
serA-serA-3F
serA-serA-3R
serA-serA-4F
serA-serA-4R
serA-serA-5F
serA-serA-5R
H7-cysE-1F
H7-cysE-1R
H7-cysE-2F
H7-cysE-2R
H7-cysE-3F
H7-cysE-3R
aecD-cysE-1F
aecD-cysE-1R
aecD-cysE-2F
aecD-cysE-2R
aecD-cysE-3F
aecD-cysE-3R
aecD-cysE-4F
aecD-cysE-4R
cysE-cysE-1F
cysE-cysE-1R
cysE-cysE-2F
cysE-cysE-2R
cysE-cysE-3F
cysE-cysE-3R

cgaattcgagcteggtacccggggatccgatcaaatcaataccgatcacctggaac
gcagaatcaatagatcactcgagcaagttactcctggaaaaactagga
tcctagtttttccaggagtaacttgctcgagtgatctattgattetge
ctaccggacggccattctggcetcattatcttectttccagatcaatag
ctattgatctggaaaggaagataatgagccagaatggecgtecggtag
caagcttgcatgcctgeaggtcgactctagattagegagecagatccatccacaca
acgaattcgagctcggtacceggggatcegtccaccactcgetcegtggeggatcaa
agaatcaatagatcactcgagcggetgagggtgggccttttctatggtggtgtac
gaaaaggcccaccctcagecgcetegagtgatctattgattetgeg
accggacggccattctggcetcattatcttectttccagatcaatagagtt
gaaaggaagataatgagccagaatggecgtccggta
cgtgttaaagccgtaccgctaattagcgagecagatccatccacac
gtgtggatggatctggetcgetaattageggtacggctttaacacg
aagcttgcatgcctgecaggtegactctagaaggtgaatgeecctgtggtgatca
acgaattcgagctcggtacceggggatcegtccaccactcgetecegtggeggatcaa
agaatcaatagatcactcgagcggetgagggtgggccttttctatggtggtgtac
gaaaaggcccaccctcagecgcetegagtgatctattgattetgeg
accggacggccattctggctcattatcttectttccagatcaatagagtt
gaaaggaagataatgagccagaatggecgtceggta
gccattctggctcatatgtatatctecttcttattagcgagecagatccatccacac
tcgctaataagaaggagatatacatatgagccagaatggecgtceggtagt
cgtgttaaagccgtaccgctaattagcgagecagatccatccacac
gtgtggatggatctggetcgetaattageggtacggctttaacacg
aagcttgcatgcctgecaggtegactctagaaggtgaatgeecectgtggtgatca
ttacgaattcgagctcggtacccggggatcccaaactccgtcaaggaccegtat
gaatcaatagatcactcgagcgcaggcaagtctaacagegt
acgctgttagacttgecctgegetcgagtgatctattgatte
ggatcatttttattgtcgagagcattatcttcctttccagatcaa
ttgatctggaaaggaagataatgctctcgacaataaaaatgatce
aagcttgcatgcctgcaggtegactctagaggtegeeggttcgateccggetetgge
tacgaattcgagctcggtacccggggatectcagttgaaatgagecacgtacct
gaatcaatagatcactcgagccatctgccatagettecttcaa
ttgaaggaagctatggcagatggctcgagtgatctattgattc
gacaatttccagttcttcacacgacattatcttcctttccagatcaatagagt
actctattgatctggaaaggaagataatgtcgtgtgaagaactggaaattgtc
tgccagecgaagtccaaccacatcttagatcccatccecatactcaa
ttgagtatggggatgggatctaagatgtggttggacttcgetggea
aagcttgcatgcctgcaggtegactctagataatcactggagecgeaacggecaaca
tacgaattcgagctcggtacccggggatectcagttgaaatgagecacgtacct
gaatcaatagatcactcgagccatctgccatagettecttcaa
ttgaaggaagctatggcagatggctcgagtgatctattgattc
gacaatttccagttcttcacacgacattatcttcctttccagatcaatagagt
actctattgatctggaaaggaagataatgtcgtgtgaagaactggaaattgtc
cacacgacatatgtatatctccttcttattagatcccatccccatactcaa



cysE-cysE-4F
cysE-cysE-4R
cysE-cysE-5F
cysE-cysE-5R
glyR-cysE-1F
glyR-cysE-1R
glyR-cysE-2F
glyR-cysE-2R
glyR-cysE-3F
glyR-cysE-3R
glyR-cysE-4F
glyR-cysE-4R
glyR-cysM-1F
glyR-cysM-1R
glyR-cysM-2F
glyR-cysM-2R
glyR-cysM-3F
glyR-cysM-3R
glyR-cysM-4F
glyR-cysM-4R
H7-cysK-1F
H7-cysK-1R
H7-cysK-2F
H7-cysK-2R
H7-cysK-3F
H7-cysK-3R
poxB-cysK-1F
poxB-cysK-1R
poxB-cysK-2F
poxB-cysK-2R
poxB-cysK-3F
poxB-cysK-3R
poxB-cysK-4F
poxB-cysK-4R
cysK-cysK-1F
cysK-cysK-1R
cysK-cysK-2F
cysK-cysK-2R
cysK-cysK-3F
cysK-cysK-3R
cysK-cysK-4F
cysK-cysK-4R
cysK-cysK-5F
cysK-cysK-5R

tatggggatgggatctaataagaaggagatatacatatgtcgtgtgaagaactggaa
tgccagecgaagtccaaccacatcttagatcccatccecatactcaa

ttgagtatggggatgggatctaagatgtggttggacttcgetggea

aagcttgcatgcctgeaggtegactctagataatcactggagecgeaacggecaaca

acgaattcgagctcggtacceggggatccaacaacgecaccggeaaggateteate
tcactcgagcgatgggataacggaggtcattcact
tccgttatcccatcgetcgagtgatctattgattct
acaatttccagttcttcacacgacattatcttcctttccagatcaatagag
ctctattgatctggaaaggaagataatgtcgtgtgaagaactggaaattgt
gcattgttcacggttgaccaaattattagatcccatccccatactcaa
ttgagtatggggatgggatctaataatttggtcaaccgtgaacaatge
caagcttgcatgcctgcaggtcgactctagatggatttccegatcaacgecagaa
acgaattcgagctcggtacceggggatccaacaacgecaccggeaaggatetcate
tcactcgagcgatgggataacggaggtcattcact
tccgttatcccatcgetcgagtgatctattgattct
gttctaatgtactcattatcttcctttccagatcaatagagtt
gatctggaaaggaagataatgagtacattagaacaaacaataggc
ttcacggttgaccaaattattaaatccccgecccctggetaa
ggatttaataatttggtcaaccgtgaacaatge
caagcttgcatgcctgcaggtcgactctagatggatttccegatcaacgecagaa
ttacgaattcgagctcggtacccggggatccggaatgaaggecctcatcetgaat
gaatcaatagatcactcgagcgtcgggtggtectccaatca
tgattggagcaccaccecgacgctcgagtgatctattgatte
ttgttgtacacattgcccattatcttcctttccagatcaa
ttgatctggaaaggaagataatgggcaatgtgtacaacaa
aagcttgcatgcctgcaggtegactctagattagtcgeggatgtcttcgt
tacgaattcgagctcggtacccggggatccagttggageaaacgcageaccaag
atcaatagatcactcgagcgaatcataaagaccctgaatcaggtgtgt
acacacctgattcagggtctttatgattcgctcgagtgatctattgat
gagttatcttcaaaaatcttactcattatcttcctttccagatcaatagag
ctctattgatctggaaaggaagataatgagtaagatttttgaagataactc
gcagccgecgceaatetctgegaaattcactttactgttgeaattctttctcagt
actgagaaagaattgcaacagtaaagtgaatttcgcagagattgcggeggctge
caagcttgcatgcctgcaggtcgactctagagecatcaatccatgetggtttatcag
tacgaattcgagctcggtacccggggatccagttggageaaacgcageaccaag
atcaatagatcactcgagcgaatcataaagaccctgaatcaggtgtgt
acacacctgattcagggtctttatgattcgctcgagtgatctattgat
gagttatcttcaaaaatcttactcattatcttcctttccagatcaatagag
ctctattgatctggaaaggaagataatgagtaagatttttgaagataactc
aatcttactcatatgtatatctccttcttattactgttgcaattctttctcagt
tgcaacagtaataagaaggagatatacatatgagtaagatttttgaagata
gcagccgecgceaatetctgegaaattcactttactgttgeaattctttctcagt
actgagaaagaattgcaacagtaaagtgaatttcgcagagattgcggeggctge
caagcttgcatgcctgcaggtcgactctagagecatcaatccatgetggtttatcag



Idh-eamA-1F
Idh-eamA-1R
Idh-eamA-2F
Idh-eamA-2R
Idh-eamA-3F
Idh-eamA-3R
Idh-eamA-4F
Idh-eamA-4R
NCgl2463-1F
NCgl2463-1R
NCgl2463-2F
NCgl2463-2R
tac-cysU-1F
tac-cysU-1R
tac-cysU-2F
tac-cysU-2R
tac-cysU-3F
tac-cysU-3R
H7-zwf-1F
H7-zwf-1R
H7-zwf-2F
H7-zwf-2R
H7-zwf-3F
H7-zwf-3R
pck-H7-pntAB-1F
pck-H7-pntAB-1R
pck-H7-pntAB-2F
pck-H7-pntAB-2R
pck-H7-pntAB-3F
pck-H7-pntAB-3R
pck-H7-pntAB-4F
pck-H7-pntAB-4R
pck-H7-pntAB-5F
pck-H7-pntAB-5R

acgaattcgagctcggtacceggggatcctttcatacgaccacgggetaccegaacg
gaatcaatagatcactcgagctttcgatcccacttectgat
atcaggaagtgggatcgaaagctcgagtgatctattgattc
aacaccccatcttttcgcgacattatcttectttccagatcaat
attgatctggaaaggaagataatgtcgcgaaaagatggggtgtt
gtcgccaactaggegecaaagatttaacttccecacctttaccgettt
aaagcggtaaaggtgggaagttaaatctttggegectagttggegac
aagcttgcatgcctgcaggtegactctagaaaaaccctggtcacggtgaatgetcgge
ttacgaattcgagctcggtacccggggatcccagaccatcggegatatcga
gtcccatgtecgatgattggetegacgecgctaagaagace
ggtcttcttagcggegtcgagecaatcatcgacatgggac
aagcttgcatgcctgcaggtegactctagatgatcacggcecattcaccacegtaac
gaattcgagctcggtacccggggatccaaacaaggagegtttaatttcca
tgacgccagaagcattggtgcacagcaaaaataggtccaatgatca
tgatcattggacctatttttgctgtgcaccaatgettctggegtea
ccaggggatctgcaacagcaaatgtatatctecttcttaaaga
tctttaagaaggagatatacatttgctgttgcagatceectgg
agcttgcatgectgeaggtegactctagagtgtttttaggaaggegegeaccegtcat
attacgaattcgagctcggtacccggggatcccagagcetcaaggecgetggegeate
cgcagaatcaatagatcactcgagcgatggtagtgtcacgatcctttett
aagaaaggatcgtgacactaccatcgctcgagtgatctattgattctgeg
tggagggggotegtgtttgtgctcactatettectttccagatcaatag
ctattgatctggaaaggaagatagtgagcacaaacacgaccccctcca
gccaagcettgeatgectgecaggtegactctagagtacaagecgecaaaagtetcagt
ttacgaattcgagctcggtacccggggateccgatcactggtctagaccett
gcagaatcaatagatcactcgagccegcttttcctegttgagettgatg
catcaagctcaacgaggaaaagcggctegagtgatctattgattetge
gttetettggtatgecaattcgeattatcttectttccagatcaatagag
ctctattgatctggaaaggaagataatgcgaattggcataccaagagaac
agacatatgtatatctccttcttattaatttttgcggaacattttcage
aattaataagaaggagatatacatatgtctggaggattagttacagct
gcatcttgtcgccacccttgttacagagetttcaggattge
gcaatcctgaaagctctgtaacaagggtggcgacaagatge
aagcttgcatgcctgcaggtegactctagaatacgaacaaacccgacctgacat

Primers for the pXMJ19

pXMJ-F atggcgatgagtaaaggagaagaactt

pXMJ-R tacgacgataccgaagacagctcatgtt

lacI-GFP-F catgagctgtcttcggtatcgtcgtatatatggcgagegceaatgaccatt
lacI-GFP-R aagttcttctcctttactcatcgccatattcaccaccctgaattgactctct

lacl-BigR-1F
lacl-BigR-1R
lacl-BigR-2F
lacI-BigR-2R
lacl-BigR-3F

catgagctgtcttcggtatcgtcgtatatatggecgagegcaatgaccatt
tccagcgcgttttcctttaccatattcaccaccctgaattgac
gtcaattcagggtggtgaatatggtaaaggaaaacgegetgga
aagttcttctectttactcatcgecatctgggaaagegteggetggcggat
atccgccagcecgacgcetttcccagatggegatgagtaaaggagaagaactt



lacl-BigR-3R
lacl-FisR-1F
lacI-FisR-1R
lacI-FisR-2F
lacI-FisR-2R
lacl-FisR-3F
lacI-FisR-3R
lacI-cstR-1F
lacl-cstR-1R
lacI-cstR-2F
lacl-cstR-2R
lacI-cstR-3F
lacI-cstR-3R
Er-PcstR-1F
Er-PcstR-1R
Er-PcstR-2F
Er-PcstR-2R
PcstRE27G.F
PcstRE27G_R
PcstRS41G_F
PcstRS41G_R
PcstRV83AF
PcstRV83AR
PcstRA0D_F
PcstRA6D_R
PcstR43T-F
PcstRST-R
Ro-PcstR-F

Ro-PcstR-R
PcstR-P1-F
PcstR-P1-R
PcstR-P2-F
PcstR-P2-R
PcstR-P3-F
PcstR-P3-R
PcstR-sqr-1F
PcstR-sqr-1R
PcstR-sqr-2F
PcstR-sqr-2R
PcstR-sqr-3F
PcstR-sqr-3R

PcstR-cstB-1F

atggtcattgcgetcgecatatatacgacgataccgaagacagetcatg
catgagctgtcttcggtatcgtegtatatatggegagegeaatgaccatt
cttgaagtgtggctttacgatccatattcaccaccctgaattgact
agtcaattcagggtggtgaatatggatcgtaaagccacacttcaag
aagttcttctcctttactcatcgecatttgegaggggcttggcatggteggtgt
acaccgaccatgccaageccctcgcaaatggegatgagtaaaggagaagaactt
atggtcattgcgetcgecatatatacgacgataccgaagacagetcatg
catgagctgtcttcggtatcgtegtatatatggegagegeaatgaccatt
atcttcttgtcgtagtgcatattcaccaccctgaattgac
gtcaattcagggtggtgaatatgcactacgacaagaagat
aagttcttctcctttactcatcgecataataacctcetgttaaata
tatttaacaggaggttattatggcgatgagtaaaggagaagaactt
atggtcattgcgetcgecatatatacgacgataccgaagacagetcatg
taaagttatttcctccacttttaattga
catattcaccaccctgaattgactctcttc
gaagagagtcaattcagggtggtgaatatg
tcaattaaaagtggaggaaataacttta
tcatcaaaatgatggaaggggaaaaggattgcaa
ttgcaatccttttccecttecatcattttgatga
acccagatctcagcaggcaaaagtt

aacttttgcetgetgagatctgggt

aagttcgactcagcgectcatgggceatc
gatgcccatgaggegcetgagtegaactt
gtgtgtgaaaactgacgaagacaacggtg
caccgttgtcttcgtcagttttcacacac
tgtcaacctgetggetaagtccaagtaa
ttacttggacttagccagcaggttgaca
ccaggctcacgtannnnnnnnnnnnnnnnnnNnnnnnnnnngncnnnnnnn
nnnnnnnnnnnnntanantnnnnnnnnnnnnaaaggannnnnatgeactacg
acaagaagatgatc

ccaggtctcatacgacgataccgaagacagctca
tgagctgtcttcggtatcgtcgtactttaatttgtggattcacgg
catcttcttgtcgtagtgcatgttgtgtctcctctaaagattgt
gagctgtcttcggtatcgtcgtagegtgtcagtaggegegtagggtaa
catcttcttgtcgtagtgcattgtatgtectectggacttegtggtg
tgagctgtcttcggtatcgtcgtagetcgagtgatctattgatte
tettcttgtegtagtgcattatcttcctttccagatcaatagagt
ttgccaccccagagcettcaaggetaaggetgttttggcggatgagagaagatt
gaatcaatagatcactcgagcctatttgtatagttcatccat
atggatgaactatacaaataggctcgagtgatctattgattc
ggttagtgcacgaggetgcattatettectttccagatcaa
ttgatctggaaaggaagataatgcagcectegtgeactaace
aatcttctctcatccgecaaaacagecttagecttgaagetetggggtggcaa
ttataggtatttaacaggaggttattatgttcttcaagcagttctacgac



PcstR-cstB-1R
PcstR-cstB-2F
PcstR-cstB-2R
pXMJ-cstR-cys-1F
pXMJ-cstR-cys-1R
pXMJ-cstR-cys-2F
pXMJ-cstR-cys-2R
pXMJ-sqrr-F
pXMJ-sqrP-R
pXMJ-sqrss-F
pXMJ-sqrss-R
pXMJ-cstA-F
pXMJ-cstA-R
pXMJ-cstB-F
pXMIJ-cstB-R
pXMIJ-pdo-F
pXMJ-pdo-R
pXMJ-cg0964-F
pXMJ-cg0964-R
pXMJ-cgl1244-F
pXMJ-cgl1244-R
pXMJ-cg2789-F
pXMJ-cg2789-R
pXMJ-cg3299-F
pXMJ-cg3299-R
pXMJ-cg3422-F
pXMJ-cg3422-R
pXMJ-cg3423-F
pXMJ-cg3423-R
pXMJ-Trx-1F
pXMJ-Trx-1R
pXMJ-Trx-2F
pXMJ-Trx-2R
pXMJ-Trx-3F
pXMJ-Trx-3R
pXMIJ-cysM-F
pXMIJ-cysM-R
pXMIJ-cysK-F
pXMJ-cysK-R
pXMIJ-ber-F
pXMJ-ber-R
pXMJ-cys-C-1F
pXMIJ-cys-C-1R
pXMJ-cys-C-2F

cagaatcaatagatcactcgagcttacttcaggctttcggggaaatcct
atttccccgaaagcectgaagtaagctcgagtgatctattgattctg
gtcgtagaactgcttgaagaacataataacctcctgttaaatacctataagg
aggtatttaacaggaggttattAtgaccacccgacagcattcgtcg
cttgaagaacatatgtatatctccttcttatcaccgttttttcggccgactggegtac
aacggtgataagaaggagatatacatatgttcttcaagcagttctacgac
cgacgaatgctgtcgggtggtcaTaataacctectgttaaatacctat
ttgatctggaaaggaagataatgcagcectegtgcactaaccaac
cttctctcatccgecaaaacagecttagecttgaagetetggggtggca
tgatctggaaaggaagataatggctcatattgttgtaatcggt
tctcatccgecaaaacagcecttagtctggaggaaggggacgcacaaget
tattgatctggaaaggaagataatgaagcagtacggcgagaagttca
ctcatccgccaaaacagcecttaaataaacaggttgtggttggcgtt
gatctggaaaggaagataatgttcttcaagcagttctacgac
atccgccaaaacagccttacttcaggctttcggggaaatcctggta
ctggaaaggaagataatgactcccaccatgectagecctt
catccgccaaaacagcecttagagagcatttaatggaatcttcaggtag
ctggaaaggaagataatgagcaacgtaaccatttacgce
catccgccaaaacagcecttaggetaatgettcgattttggeg
ctggaaaggaagataatgaaagtcacgattttccataate
tccgecaaaacagectcacaagatgetgtcaatgacgte
attgatctggaaaggaagataatggcaatcaccgtttacaccaagccagettgeg
catccgccaaaacagcecttaggeagetgeggttgecatttcacgga
tggaaaggaagataatggcaaccatcgatgtaaccgaagaaacat
ctctcatccgecaaaacagecttatgectetgecagaaccectgetgcte
tattgatctggaaaggaagataatgtctgaagaacaatctgeegtageac
atccgccaaaacagccttaggecagagaagctaggtaatget
ctggaaaggaagataatgagcaatgttgttgcagtaaccgageag
catccgccaaaacagccctagaggtgcttctctagtttttccaca
tgatctggaaaggaagatatggcaaccatcgatgtaaccg
agacatatgtatatctccttcttattatgectctgecagaaccetgetge
gcataataagaaggagatatacatatgtctgaagaacaatctgecgtage
ttgctcatatgtatatctccttcttattaggecagagaagcetaggtaatg
cctaataagaaggagatatacatatgagcaatgttgttgcagtaaccga
tctcatccgecaaaacagecctagaggtgcttctctagtttttccacaa
tgatctggaaaggaagataatgagtacattagaacaaacaatagge
ctcatccgccaaaacagcecttaaatcceegeccectggetaa
attgatctggaaaggaagataatgagtaagatttttgaagataact
cttctctcatccgecaaaacagecttactgttgcaattetttctcagt
tgatctggaaaggaagataatgaccacccgacagcattcgtegtt
cttctctcatccgecaaaacagectcaccegttttttcggecgactggeg
cagtcggccgaaaaaacggtgaggctgttttggcggatgagagaaga
ttgtttgttctaatgtactcatatcttectttccagatcaatagagt
actctattgatctggaaaggaagatatgagtacattagaacaaacaa



pXMIJ-cys-C-2R
pXMJ-cys-C-3F
pXMJ-cys-C-3R
pXMJ-cstR-cys-1F
pXMJ-cstR-cys-1R
pXMJ-cstR-cys-2F
pXMJ-cstR-cys-2R

ctcatatgtatatctccttcttactagaggtgcttctctagtttttccaca
tctagtaagaaggagatatacatatgagtaagatttttgaagataact
cttctctcatccgecaaaacagectcaccegttttttcggecgactggegta
acggtgataagaaggagatatacatatgttcttcaagcagttctacgaca
agttatcttcaaaaatcttactcataataacctcctgttaaatacctata
tataggtatttaacaggaggttattatgagtaagatttttgaagataact
gaacatatgtatatctccttcttatcaccgttttttcggecgactgge

Primers for the pEC-XK99E

pEC-mChl-1F
pEC-mChl-1R
pEC-mChl1-2F
pEC-mCh1-2R
pEC-mCh2-1F
pEC-mCh2-1R
pEC-mCh2-2F
pEC-mCh2-2R
pEC-mCh3-1F
pEC-mCh3-1R
pEC-mCh3-2F
pEC-mCh3-2R
pEC-mCh4-1F
pEC-mCh4-1R
pEC-mCh4-2F
pEC-mCh4-2R
pEC-cysl-1F
pEC-cysl-1R
pEC-cys1-2F
pEC-cys1-2R
pEC-cys2-F

pEC-cys2-R

ttcacacaggaaacagaccatgatggtgagcaagggcgaggaggac
gatcccecgggtaccgagcetcgaattcttageeggecttgtacagetegt
acgagctgtacaaggccggctaagaattcgagetcggtacccggggate
gtectectegeccttgetcaccatcatggtetgtttcctgtgtgaa
aattcagggtggtgaatagttatttcctccacttttaattgaataaagtca
ataacgttactggtttcacaataacctcctgttaaatacctataagg
ttaacaggaggttattgtgaaaccagtaacgttatacgatg
attcaattaaaagtggaggaaataactattcaccaccctgaattgactctct
ctggcgtcaggcagecatcggaagetatatggcgagegcaatgaccatt
gtectectegeccttgetcaccatattcaccaccetgaattgactcte
gagagtcaattcagggtggtgaatatggtgagcaagggcgaggaggac
tcaatggtcattgcgetcgecatatagettccgatggetgectgacgecaga
aggcagccatcggaagcetgtggtgtgcaccaatgcettctggegtea
gttgtcctectegeccttgetcaccatatgtatatctecttcttaaagaagcet
agcttctttaagaaggagatatacatatggtgagcaagggcgaggaggacaac
tgacgccagaagcattggtgcacaccacagcettccgatggetgect
gtggaaaaactagagaagcacctctaggaattcgagcetcggtacccggggatce
tattgtttgttctaatgtactcataataacctcctgttaaatacctat
ataggtatttaacaggaggttattatgagtacattagaacaaacaata
ggatcccecgggtaccgagcetcgaattcctagaggtgcttetetagtttttccac
ctacgctgatgcttcctaagectgcaaacgacgaaaactacaactacgctgatgcettect
aagcgcaacgcaattaatgtgagttag
gtagttttcgtcgtttgcagcttaggaagceatcagegtagttttcgtegtttgcagectgece
cgctttccagtcgggaaacctgt

Primers for the RT-qPCR

cysD-F
cysD-R
cysN-F
cysN-R
cysH-F
cysH-R
cysl-F
cysl-R
cysJ-F
cysJ-R
cysK-F

aagtccaggactggatcgat
gcttcagtccagttggagat
atcaccatcgacgttgccta
ctgtgacatcaagtgcagat
catgctgctgegttgtatga
cttgaagtggtaaccggtgt
ccattgcaccggatgacatt
tacgaatccagtgcagctga
acgcatcaagggcatcgtta
gtcgtagaagccaacgaact
aactcgctgactatcggtca



cysK-R
cysM-F
cysM-R
cg3299-F
cg3299-R
cg3422-F
cg3422-R
cg3423-F
cg3423-R
metB-F
metB-R
metH-F
metH-R
metE-F
metE-R
metK-F
metK-R
metY-F
metY-R
16S-F
16S-R

gctacataggccagtgcaat
ctggtgaagttgcagcgaat
tgttgtcgggcatcagcaat
aaccatcgatgtaaccgaa
catcagagttgggatggact
tggctataccgcagcagtat
gacaagctccatgtgcatgt
caagccagtcatcgttgact
gaccgacaaattcctcgact
atgagccagacgactactac
gatgatgcggaacaggatgt
cctgatgtgttgaggcagat
gcaacgatcagcgatgtcat
gcgaagcegtgaactgaagtt
atcgagcattgcgtcgtagt
accagcgcttacgtagagat
actgctcaccgatggatact
caattccaatgctgaccagt
ctagatcctcaagtgcgaa
acctggagaagaagcaccg
tcaagttatgcccgtateg




