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i E: IS RBRBATE R TZNAARAE = AR, RFA4 T SigE &5 ZAS K% & @ CseE
A0 EAE A AH BATIR R AR, EE45H CseE REKF LG SigE 44 eymusl. [5 %1 K#F
RiLFLRERABEATE ATCC 13032 kIR 69 SigE 4= CseE & @ AF R B A%, AH 4L F 7 =k FiT
RAW FHSRBBBAE, @id RT-qPCR #tA SigE 442 SigE 4= cseE #94: K tF L. Fat, A A
ITC #= His pull-down 52 3364 ZAS K% 49 CseE & @ 5 Zn® & SigE #9454t 0. Z 53t CseE &
BT AR B F I AT, AR AR KA RIABRL 24T SigE 44 %n. kAT
SigE #= CseE & & #4749 T afd&EFash /) FAEM, ST XEBRABR T m L 25004, [4R] 54
BAHATH SigE 42 L B SigE #= cseE #9448 k- B E M % CseE H A 424].CseE & & 4 ZAS Kk
8, BA Zn* 4 A48 . CseEuissias CseEysgra #7 CseEoysoon R XA R 2F05 SigE 6944667,
1 CseEcgra.cooa 77 CseEnissa.cara.cooa B ZARE SigE 694568 WA T, T3 H FAEMEI
SigE-CseEcg7a-cooa #7 SigB-CseEyisgsa-cs7a-cooa Z 18] 49 45 &~ & & 4 —17.23 kcal/mol #2—14.06 kcal/mol,
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AR R TAR R 458 T IR 22.8% & 36.9%. (456 ] B REAEATH SigE @i £ £ RNA 4

B k42 2L B SIgE #= cseE #9 & ik . CseE & 8 B T ZAS Rk, BH Zn* 't b 4t HR iti@it 5 S

%@ TAE kA7) SigE F M. CseEcgra.cooa & CseEnisssa.cara.cooa X XMW FEF w5 SigE 48947,

WA SigE & M54 KA R T A 0 = e s A Fe A 09 BORBR K AR AL B A B AR R SR BRARAT
# SigE F= CseE " i IR0 /R /) Auh| 3-4% T 2 e A mh.
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Interaction of anti-c factor CseE and its mutants with ¢ factor
SigE from Corynebacterium glutamicum

SHANGGUAN Chunyu, XU Meijuan*, XTIA Boya, YANG Taowei, ZHANG Xian,
RAO Zhiming

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

Abstract: [Objective] Corynebacterium glutamicum is an important amino acid producer. In this
study, we explored the mechanisms of interaction between SigE and ZAS family protein CseE,
particularly the interaction between CseE mutants and SigE. [Methods] SigE and CseE proteins from
C. glutamicum ATCC 13032 were used. The sigE-overexpressing and CSeE-overexpressing strains were
developed with the genetics method. Through RT-qPCR, we explored the influence of SigE on the
transcription of SIgE and cseE. At the same time, we tested the binding of CseE proteins to Zn*" and
SigE through isothermal titration calorimetry (ITC) and His pull-down experiments, followed by
functional domain analysis and multiple sequence alignment of CseE protein to study the effect of key
amino acid sites in the domain on the binding ability of SigE. Then, we conducted molecular docking
and molecular dynamic simulation of SigE and CseE proteins to analyze the mechanisms of key amino
acids affecting their binding. [Results] SigE of ATCC 13032 regulated the transcription of SigE and
cseE and its activity was regulated by the CseE protein. CseE, a ZAS family protein, bound to Zn*".
CseEnisgza, CseEcysgra, and CseEcys0a mutants did not affect the binding ability to SigE, while the
binding ability of CseEcg7a.cooa and CseEpyisg3a-cs7a-cooa mutants to SigE decreased slightly. Molecular
dynamic simulation showed that the SigE-CseEcgsa.cooa binding energy and SigE-CseEy;sss.cs7a-cooa
binding energy were —17.23 kcal/mol and —14.06 kcal/mol, respectively, 22.8% and 36.9% lower than
the binding energy between SigE and CseE, respectively. [Conclusion] SigE regulates the expression of
SigE and cseE by aggregating RNA polymerase, and its protein activity is regulated by CseE. CseE
protein belongs to the ZAS family, which binds to Zn®" and inhibits SigE activity by interacting with
SigE protein. CseEcgra.cooa and CseEpqiss3a.cs7a-cooa affect the ability to bind to SigE and weaken the

control of SigE activity. The three-dimensional structures and the identified key amino acid sites in this

http://journals.im.ac.cn/actamicrocn
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study lay a theoretical basis for further exploring the mechanism of SigE and CseE in C. glutamicum in

response to environmental stresses.

Keywords: SigE; CseE; anti-c factor; ZAS family; Corynebacterium glutamicm
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RsrA (anti-c®)F I H B KM O RS & of, B
1R RNAP AL, I HAE A 4EH5 1l 25
NEEYPREZOERT, Y RsrtA LA
MR ik BE AL S5 T8 I i S LA Rk, Rk
HBEEM o HNTF5 RNAP 454, MM o
HF. [AJET ZAS FKIE A 2 A RsiW
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PE%Z anti-o 17 4 RshA (SigH)!'"! . CseE
(SigE)!"HI RsdA (SigD)"* ECF o [H¥HY SigE
S5 & Fba S, MERFEMIUR A" 53
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KBF Il (R i 210, 5 sigH-rshA #9012
), SigE 5%ifth anti-c" KT cseE A 7] fE
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U 4t anti-o 1) cseE ZERA7 T sigE At
IR, PIHE5 RIS A HisXXXCysXXCys
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il SigE MOTE P R4S CseE A 4 MEST
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H L A R 0 O TR o IS
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o I T IR 7 AT SR A FE A
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1.1 E¥RSRH

K W% ¥F 1 (Escherichia coli) BL21(DE3) M
2% & W& ¥ #T 7 (Corynebacterium glutamicum)
ATCC 13032 Hi 3L 50 = ("™ o & 41 Jii ki
pXMI19-sigE-Flag . pXMJ19-cseE. pGEX-6P-1-
SigE SFEM AR E . AR ER . T
KLAIG | W 1 FIER 2.
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R 1 RSCLEFR A R B AR R R
Table 1  Strains and plasmids used in this study

Strains/plasmids Characteristics Sources

Strains
Escherichia coli BL21(DE3)  Host for gene expression Our lab
Corynebacterium glutamicum A paradigm strain of amino acid production Our lab
ATCC 13032

Plasmids
pXMJ19 Shuttle vector, ChI® Our lab
pXMJ19-sigE-Flag Shuttle vector, Flag-tag, ChI® This study
pXMIJ19-cseE A derivative of pXMIJ19, harboring the wild-type CSeE gene This study
pXMJ19-cseEygsa A derivative of pXMJ19, harboring the mutant cSeEygs 4 gene This study
pXMIJ19-cseEcgra A derivative of pXMJ19, harboring the mutant CSeEcg;5 gene This study
pXMIJ19-CcseEcgga A derivative of pXMJ19, harboring the mutant CSeEcg5 gene This study
pXMI19-cseEcgra-cooa A derivative of pXMIJ19, harboring the mutant cSeEcgra_cooa gene This study
pXMI19-cseEygsa-cs7a-cooa A derivative of pXMJ19, harboring the mutant CSeEygsa-cs7a-cooa gene This study
pGEX-6p-1 Expression vector, GST-tag, Amp® Our lab
pGEX-6p-1-sigE A derivative of pGEX-6P-1, harboring the C. glutamicum SigE gene, respectively ~ This study

ChI® indicates resistance to chloromycetin; Amp" indicates resistance to ampicillin.

x2 AARFAAY
Table 2 Primers used in this study

Primers name DNA sequences (5'—3") Primer usage

P6p-F CATGGACCCAATGTGCCTGGATG Universal primer

Pé6p-R CTATCGCTACGTGACTGGGTC Universal primer

pXMJ19-F AGCTGATCCGGGCTTATCGA Universal primer

pXMJ19-R GCATGGGGAGACCCCAC Universal primer

P19-sige-F AAACAGAATTAATTAAGCTTAAAGGAGGAAAATCATGAAAAAGAAGT Gene amplification
CCCGAGATGACG

P19-sigE-R CAAAACAGCCAAGCTGAATTCTTACTTATCGTCGTCATCCTTGTAATCG Gene amplification
TGGGTTGGAACCAACAAAGAAAC

SigE-RT-F ACGCACCCGTCGTAATC RT-qPCR

SigE-RT-R GGCGGTAAACGCTATCTG RT-qPCR

CseE-RT-F CGACACCACCGCGAATC RT-qPCR

CseE-RT-R CGGCGTCTGCTGAAAGG RT-qPCR

16s rRNA-F GCCCAGGTAAGGTTCTTC RT-qPCR

16s rRNA-R GGTGTAGCGGTGAAATGC RT-qPCR

P6p-1-sigE-F TCCAGGGGCCCCTGGGATCCATGAAAAAGAAGTCCCGAGATGACG Gene amplification

P6p-1-sige-R TCACGATGCGGCCGCTCGAGTTAGTGGGTTGGAACCAACAAAGAAAC Gene amplification

P19-cseE-F AAACAGAATTAAGCTTAAAGGAGGAAAATCATGTTCAATTCCGACAC Gene amplification
CACCG

P19-cseE-R AAAACGCACAAGCTGAATTCTTAATGATGATGATGATGATGGCGGCCT Gene amplification
TGGTTCTTACGAAC

P19-cseE-H83A-F CGCCAGGCTGGCCATTGTGCACTGCGCTGAATGTA Mutant plasmid construction

P19-cseE-H83A-R  GCACAATGGCCAGCCTGGCGCGATGCATGGCGCCAC Mutant plasmid construction

P19-cseE-C87A-F CATTGTGCACGCCGCTGAATGTAGGGAAGAGATTAACCGTCAGC Mutant plasmid construction

P19-cseE-C87A-R  GCACAATGGCCAGCCTGGCGCGATGCATGGCGCCAC Mutant plasmid construction

P19-cseE-C90A-F GCGCTGAAGCTAGGGAAGAGATTAACCGTCAGCGGGAAACC Mutant plasmid construction

P19-cseE-C90A-R CTCTTCCCTAGCTTCAGCGCAGTGCACAATGTGCAGCC Mutant plasmid construction

P19-cseE-C87A-C9 CCGCTGAAGCTAGGGAAGAGATTAACCGTCAGCGGGAAACC Mutant plasmid construction

0A-F

P19-cseE-C87A-C9 CTCTTCCCTAGCTTCAGCGCAGTGCACAATGGCCAGCCT Mutant plasmid construction

0A-R

P19-cseE-H83A-C CGCCAGGCTGGCCATTGTGCACGCCGCTGAAGCTA Mutant plasmid construction

87A-C90A-F

P19-cseE-H83A-C GCACAATGGCCAGCCTGGCGCGATGCATGGCGCCAC Mutant plasmid construction

87A-C90A-R

Restriction sites are shown in underlined parts.

http://journals.im.ac.cn/actamicrocn
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1.2 ik F

R LN 4] DNA $2HGLH & . ok DNA
P& B ) £ A0 e RS &5 A1 RNAprep Pure
Cell/Bacteria Kit (DP430)H1 KAREALRME AL
A RS w2 ; RT-qPCR 5256 pir fiff FH A9 70 62
ClonExpress® II One Step Cloning Kit ., 2x
Phanta® Max Master Mix . HiScript®lIQ RT
SuperMix for qPCR (+gDNA) wiper (R323-01)#1
ChamQTM Universal SYBR® qPCR Master Mix
(Q711-02/03) 24 ry 1 5t i MEBE AR WY BHBAT BR 2
Al P2t His pull-down 5255 fF 5 . His
MagBeads F1 Glutathione MagBeads Hi Fg it 4 7
Jiig AR RO BR A vl it s BR A oA U0 R T
gn XhoI . EcoR I . BamH I . HindIl #1 Dpn
[ &85 H BRAEYIHOR A0 A R "R 4 Bt
ARMEFER . A VERF N LR T R4k
FHCA R w4t s HAh iR 34 By [ 25 B A Ak
2RARA A AL, Flag Fa%diikmg A4 T
Y TR A RA W GST FRZdiik
4 H Proteintech,
1.3 ERESERENY

LB #i 3¢ dk(g/L): A 10, BEEHRIRY)
5, @ALEN 100 ZIESRE T RIG IR 5%,
B3 420 37 °C . 180 r/min. LBG 1595 5 (g/L):
BN 10, MR 5, SAEN 10, A8
7o BIEFRE T A @R W 95, B 560
s 30°C. 180 r/min, RT-qPCR 358 FH A% 1%
FrHEN CGXIN FEALE IR I (g/L): HuhE 50,
FeSO4-7H,0 0.01, JK%E 5, MnSO,4-H,0 0.01,
KH,PO4 1, K,HPO, 1, ZnSO4 7H,0 0.001, J5t
JLZER 0.000 3, CuSO, 0.000 2, MgSO,-7H,0
0.25, 3- N 42, NiCl,»7H,O 0.000 2,
(NH,4),SO, 0.04, A% 0.000 2, CaCl, 0.01,
pH 7.0,
1.4 KBEA# & SigE i3 RIEFHRMIE

PEIAS Z R FF A ATCC 13032 JHE[R 41

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

DNA, f§i/f514) P6p-1-sigE-F/R 414 B Ar 5L H
SIgE (3 2). X SigE F BE B 3k pGEX-6p-1 fii
FHBR I Y0 BamH T F1 Hind T 37 °C [iff
Y11 h, SRJ5 R [R5 o 4 R DI sigE A
Bt 5 pGEX-6p-1 # &+ 37 °C W§i% 1 h 444k
E. coli BL21 J&AZ M 3555 2 he AT
FRFER 100 mg/mL 1Y LB {53736 b FRRH
WG Pop-F/R WAEE, JXT& 47 IE# %%
WA Y% 1 mmol/L IPTG 15 5381k sigE, i
i 12%%E F K IE SIgE #1845 5 LI E. coli-
SigE Fik W .
1.5 KA E CseE i RIAFEIE

g 15 | 1%} P19-cseE-F/R M\ & MR HE AT 14
ATCC 132032 JEPRZH 4 3 HAR LA cseE (&
2). X cseE F B R # AR pXMI19 i HIFR i ¥ 4
VIl EcoR I Al Hind IIF 37 °C gV 1 h, #R)5
1) T 05 2 2 Jfr 1A 1 cseE i Be S pXMI19
FAMTF 37 °C % 1 h 31k E. coli BL21 J&%
SHMIIFEEFR 2 he AT H ARG R 50 mg/mL 1)
LB 5323k, K A A 514 pXMI19-F/R BiiE
W%, RS AE RS E RN 1 mmol/L
IPTG 5 5335 CseE. il 1t 12%% (15 UE cseE
PR 45 F LI E. coli-CseE # &3 .
1.6 ARBEMEITRIE SigE FEHRGE

RO 15 B SR TE R I v Ay iy
Flag #7251 BB 3R i85 SigE A9 it BL pXMJ19-
SIgE-Flag, AR J5#0 7y 16 0 1 JSkE 5% 31 45 2
FREFFE R, FIHSIH%T pXMI19-F/R X 1 7%
PEATERAIE . %5 SigE 454 BB 75 1 mmol/L
IPTG, 30 °C fEF3Rik, If 4 °C B.Oa 4,
B3 #E4T Western blotting I iF 12 6 3k SigE LA
TEBA Bk Cg-SigE Mg ol .
1.7 RT-qPCR 323§

WA BRI SigE i ik Cg-SigE #
SRR TR ATCC 13032 43 5350 T CGXIL F A4
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3 30 °C. 180 r/min 5535 % ODgoo M 2,
T IPTG 55 SigE FE 3535 12 he B2 mL #
an, 8 Tiangen 4423 ) RNAprep PureCell/
Bacteria Kit (DP430)if 5 & $2 B0 &L RNA,
SR J5 85 e 8 2 W] A9 HiScript® 1I Q RT
SuperMix for qPCR (+gDNA wiper) (R323-01)ix
F &7 % 5%, P ChamQTM Universal
SYBR"™ qPCR Master Mix (Q711-02/03) #Ff1#E
mm RS . SRR 62 & PCR {X (Applied
Biosystems)i#f RT-qPCR 73#7, 3F 10 16s rRNA
FERE NS BRI T E R . AR
AT T 3 WAEYEES, HHRCFH AN .
T Ji il 2 R SR X 2 R K o AR5
WY RT-gPCR 5#1 0% 2 Fiis .
1.8 ITCUNEERS Zn”'% &

fdi Fil Micro VP-ITC (Malvern, UK)% 5% &
HHYUNE CseE 5 Zn* 454 P28 fk . #raf
fLJF Y CseE TR EEHAR ] 50 pmol/L. Zn* I
W H 1 mmol/L DTT, 0.5 mmol/L tris-HCI (pH
8.0)LL & 1 mmol/L B ZnCl, 4 )i, M M
Zn” W — B0, HHBEASENTEN . B
P A+ 1 mmol/L DTT. 0.5 mmol/L tris-HCI
(pH 8.0)Z it . ¥ CseE 2 AfLgs, SR H]
T EET IR Zn® VR, 7E 25 °C ., 394xg Fhi,
£iBE 210 s EE 10 pL () Zn™ 50, B3 E
28 . FIH Micro VP-ITC ¥ ff(Malvern, UK)
A3 0 S IE B L5 45 G S T
1.9 EHRKINES His pull-down

05 WA BB SCHR 20 BTk . 1 5l 4
Fi GST Wk ¥k S His B4R 3 5 Ak & GST AnZs il
His #2511 GST-SigE F1 His-CseE & [1. 4 °C it
375 BT 2 11 H A R R RS S 2 IO T IR . PR
FAAEY TAR (W) A FR /2w Bradford 8K
5T A o A I3k R0 & o8 i 4l ik GST-SigE
His-CseE £ [ BE 90 2 o4 50 pg %) His-CseE

H A S WAL LT 100 pL /9 His fEERIE A 5
BTEERAMET 4 °CHE 2 ho MEMA
50 pg 1Y GST-SigE HA4RLIFE 2 h. W E 45
JE Ve B AR 4 &, BCE His fEER
Ve ZZ G TR . CseE 28B1K1Y SigE 45
G RE T R & B Y 200 pg.
1.10 Western blotting 323G

B 40 uL His pull-down JERE 5 10 pL 5x
HH EFEZE MRS Z W4T SDS-PAGE, %A
JE LUK R A A TBST R 5 min
Ye iR 4y, PR Western blotting HLF4 YT
120 V {KiREEBE 90 min, B PVDF JEJ5 A
TBST 2% thf 3% ¥E 10 min, A 50 mL 5 5%/
BRI TBST W E IR B A . AL R
J5 F TBST Zz opifii vk PVDF i 3 7K, FHIIA
GST FRZPUIAIFE 7-8 ho Z5H 5L 500 uL Ay
BeyoECL Plus Reagment A Fl 500 uL Plus
Reagment B ¥ IR IR& 1 S BC il 80 TAR W, FHEE
L AG A A 4 B
111 REFRAMEE

K H S PCR 5 ik Al %R AR JBORE
(CseEnssa« CseEcgra . CseEcooa « CseEcsra-cooa
e CseEngaa-cs7a-cooa) o WA HZH JiTkE pXMJ19-cseE
MASEH, B4 P19-cseE-H83-F/R #4172 7l
PCR AR, FEIIA 1 pL Dpn 137 °C {4 LA
B2 1 h, F53)5848 Bk pXMJI19-CSeBugsao 144
U ok 2 I P s S AL B A BL21 Bdk
GRAR J kL pXMIJ19-CseEcsra « pXMJI19-csebcooa
pXMIJ19-cseEcgra-coo 0 pXMIJ19-cseEyig3a-cs7a-co0a
R ALY S8 SR FHRR [) #0647
1.12  CseE ERFr 55 th R EIRF 5 EL3F

HEIE I ORAY FP 41 73 1 MEME Suit (http:/
meme.ncbr.net/meme4-6-1/intro.html) LI & H
PREDetector (http://predetector.fsc.ulg.ac.be/) %k
5. ZJ5FHH NCBI BLASTp (https://
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www.ncbi.nlm.nih.gov/) 2 $& CseE {9 [F] 5 751 ,
SR 5 FIH Clustal X 24 (http://www.clustal.org/)
AT Z P I X .
1.13 SFRESSFHNZRUS AL
S Modeller 4 %K {F (https://salilab.org/
modeller/)%} SigE & CseE 25 1777 [F] Y5 a4,
HAIH Swiss ¥4 (https://spdbv.unil.ch/gallery.
html/)3FA SigE 1 CseE AU & 22 )5 i
Pymol {4 (https://pymol.org/2/) A T 45 H5) 53 BT -
SRIGE S Rosetta £ {4 (http://robetta.bakerlab.org/)
HEAT A0 . BRI . F I Se 52 (0 1
A7 2 IR FR B IE L — - Yu K Box,
SR G AR 6 R S 1R R E AT 4, 1t
G SR o AR XS ACARTE Box YU NS
SME, BRI ARFEMEE . . A
B RER AT IESr, AN S R AT HET .
3SR 50 X HEALAE , PRt H AR R AR
ZRK, 1ERSIRREAEER . X o1 X445
HHIH Amberl4 # {4 (http://ambermd.org/)#E1T
S F iz . 3 F B Ji2EitE] . 50 ns, T
JE IR T B 12 A PR R AR
gaff fil ff14SB J13%, L&A M40, 1 nm
WIS K& T, I Na' ik R EE P, {47
FINFIARPREEAE , SR HFATREADL, B AR AN
T PiREER/ME: SBREIER, EMEK
SrFRER, AEBOTER, BMARNRERE
/b B — KRB e/ ME—3E 5 000 IRTEFR,
ek R P REIL AT 1 500 IRTEHA, 55 K
e m/ME—3E 5 000 TG, SR Hm#E T
FEREAT 2 000 RGN, IRZRPAl: SRIEBZ T
PR 2P 100 pso SRS #E AT THEP At 3 #
— P 100 ps, SR 11 [FIP4AY Berendsen 5
R sh 1l o B i B, 5
T vk S AT — B Bof R, JufE A Re A AR
P RERIRITIE S 10 A, RA PME Jrikit
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KRG
2 #REik

2.1 sSigE-cseE (8 RiFIE N H
KSR SRR AR 1R H SIgE 5 cseE 2 [R] 1)
P RR, AUGRAE T %Rk sige FEH A
HAMPEF T Cg-SigE. WK 1A-C iR, FIH
Flag FR2E 5t 1A s DN 7046 U5 FE AT 1 vh A D SigE 28
14547, Ui Cg-SigE WM. Z )5,
PR D7 1.7 HLAE SigE 3o 28 3K T bk A B 04 T bk
H SigE il CseE MYRINIENL . 45 R WE 1D fr
N, HEMWERA L, 7R FIBE M Ce-SigE
i SigE I CseE KA HIHER T 13.5 51 6.4
%, Ui sigE Ml cseE ik SigE Ji#5 .,
2.2 SigE 5 CseE &5 85
W5 K F His pull-down 25 [ HAE ) s
PRINIIE T 45 Z B A FT 147 SigE 5 CseE 4545 .
WK 2A-C i, FEEAL E. coli-SigE HAa il
F|3FHE M 50 kDa 24y AR 5500, BEAH 4
W E. coli-SigE fy &2 . W& 2D-E Pros, i
A His tr28 1) CseE & M 7E R T i sl o i 3=
ik. BEJERIAE GST tr&bifk, #aH GST #n
2 1) pGEX-6p-1 75 Z AR f4lifb i1 SigE & F1E
RFRE . WKl 2F FroR, @il His pull-down &
P His-CseE % [1HE5 GST-SigE & 147 4%
4, UL CseE #isEn] Ll 5 SigE 456k

¥ SigE TE 1k,
2.3 CseE EAFY motif ZEIRMEFT
DT

J T EIFHL AR CseE RKIEIHRERY 7=,
ARWFFER CseE #EA7UREI BLAST . LM ¥
B IR L X o 5 4% S PR FF 1 Cg_CseE 25 1111
RILMR T 95 HoAh 6 FiAS[F] Sk 5 anti-o KT
Clustal X ZXfF#E17 EEXT . H4r 6 Ff anti-o A
43 WISk 5 Bacillus subtilis i Bcub RsiW .



FEAEWNSE | MEY2E, 2022, 62(9)

3549

7 000
4000
2 000
1 000

500

i sighl
250

(C)
kDa M 1 2
55—

40 —

35— & @ < Flag-SigE

2]

(B)
bp
7 000
4 000
2 000
1 000 pXMI19-sigE-Flag
500
200
(D)
16
B C .
E - = Cg-SigE
2§ 12
g N
5= -
1]
2
£z 4
e
0 . - - —
sigk csek

1 RT-PCR %#iE & sigE #A cseE 7£ C. glutamicum F1 Cg-SigE #8 33 %% F 7k F

Figure 1

RT-PCR analysis of the relative transcription levels of SIgE and cseE in C. glutamicum and

Cg-SigE. A: PCR results of SigE gene amplification; M: DNA Marker; B: identification of pXMJ19-sigE-E.
coli BL21 by colony PCR; M: DNA Marker C: Western blotting to verify the expression of SigE in C.
glutamicum; M:Protein Marker; D: RT-PCR analysis of the relative transcription levels of SigE and cseE in C.
glutamicum and Cg-SigE. The standard deviations of the data points were obtained from triplicate

measurements and denoted by error bars.
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Figure 2 Detection of the interaction between SigE and CseE by His pull-down assays. A: PCR results of
SigE gene amplification; B: identification of pGEX-6p-1-sigE-E. coli BL21 by colony PCR; C: SDS-PAGE
analysis of crude proteins and GST-SigE purification; D: identification of pXMJ19-cseE-E. coli BL21 by
colony PCR; E: SDS-PAGE analysis of crude proteins and His-CseE purification; F: direct binding of SigE to
CseE detected via Western blotting. The left panel indicated the detection of SigE and CseE in the eluent of
the His pull-down assays; the middle panel indicated the detection of SigE purified control in the His
pull-down assays; the right panel indicated the detection of pGEX-6p-1 control in the eluent of the His

pull-down assays.
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Figure 3 CseE protein redox response domain prediction analysis and anti-c factor amino acid sequence
alignment of different sources. A: motif analysis of CseE protein sequence; B: anti-c factor amino acid
sequence homology from different sources.

(A) (B)
t/min
0 10 20 30 40 50 60 70 80 90100 12l Z
Of o = :
\” ({FFFEIH r'l EN |
- = -15¢ .
) _5- \ rll r ’ E .-
< - -
| _20 - I.
-10 ¢ ----"'.-.

0.05 0.10 0.15 0.20
Molar ratio

0

4 ITC NZE CseE 1 Zn* " EA MM NF T U
Figure 4 Thermodynamic changes of CseE binding to Zn>" detected by ITC. A: titration curve of Zn**
binding to CseE; B: Zn*" and CseE binding process during thermodynamic change curve.

RELS X, REEAI Zn® . )5, R SigE-CseE iGN, MZ5E G GIESE

Rosetta 4%} SigE il CseE #1743+ %4251
Amberl4 #1780 154k, A S E ARG
KRR, K 6C. 6D, HZRM TR

TR AN 6E-H /K. 7EK] 6E H, Zn™ JE Fl & IERR
His83 , Cys87 fil Cys90 5 Zn™ Z [AJE i 4 IR #4
YEFT, Xz 25 1 5 A ] 2 485 ) ke 3 A 1

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



3552

Shangguan Chunyu et al. | Acta Microbiologica Sinica, 2022, 62(9)

S estern blotting Y1 seE 3 SigE V45 5 8e
E5 W blotting & iF CseE 5 SigE HI%E S 8EN

1y

60 —

45—‘

35__ —

Lane |

Lane 4

-

Lane 5 Lane 6 Lane7

Figure 5 Western blotting verifies the binding ability of CseE mutants to SigE. lane 1: marker; lane 2:
Western blotting was used to detect the positive control of CseE and SigE; lane 3: the direct combination of
CseEpgsa and SigE was detected by Western blotting; lane 4: the direct combination of CseEcg74 and SigE
was detected by Western blotting; lane 5: the direct combination of CseEcgos and SigE was detected by
Western blotting; lane 6: the direct combination of CseEcg7a.cooa and SigE was detected by Western blotting;
lane 7: the direct combination of CseEygs3a.cs7a-co0a and SigE was detected by Western blotting.
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Figure 6 Three-dimensional model of the SigE-CseE complex. A: modelled 3D structure of SigE. B:
three-dimensional model of monomeric CseE shown as cartoon form; Amino acids around Zn*" are His83,
Cys87, Cys90 in the CseE protein. C: overall structures of the simulated SigE-CseE complex shown as
surfaces. D: overall structures of the simulated SigE-CseE complex shown as cartoon. E: amino acid sites
involved in metal chelation in the interaction mode of SigE and CseE. F: amino acids involved in the
interaction of SigE and CseE. G: amino acids involved in the interaction of SigE and CseE. H: amino acids

involved in the interaction of SigE and CseE.
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Figure 7 SigE-CseE and CseE mutants interaction model diagram. A: key residues of the binding interface.
Residues of SigE and CseE are shown as stick models and colored in blue and green, respectively; B: key
residues of the binding interface. Residues of SigE and CseEcg7a.cooa are shown as stick models and colored
in blue and green, respectively; C: key residues of the binding interface. Residues of SigE and
CseEnqisss-cs7a-cooa are shown as stick models and colored in blue and green, respectively. SigE protein: blue;
amino acids involved in the role of polar salt bridge: sticks, black underlined alphanumeric identification;
CseE protein: light cyan, polar salt bridge function; Amino acid: sticks, black alphanumeric logo.
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