[CERYEZ

Acta Microbiologica Snica

2019, 59(5): 832-840
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20180312

Research Article RIESE &=

ZiLIE ToxSERERMEEEE ToxR EEIHSE HERRRIE
Ehs, R, R, eHR, EXT, are”

VR AR KR A R AR, VLS BE R 210095
WL AR SRS 2 e, WRVE BLM 311300

BE: [ HAY ] MEHESLITE ToxR & SN EERIE A4 THLE . [ ik ) F 3 A/ 4 (thiol-trapping ) 1Y 7
2538 DsbA FH X ToxR i o1 25 [A] 45 A I8 e 2 R e Be i) S AR VR T 5 SR AT E U2 5 244 2 ToxR
24 b R 58728 M (ToxR ca361203s) 3 FI T2 5 3 TS PR A S 4125 3 AL 43 A1 ToxR 4 A (Tox R ) 1A I 22 R 58
AR R (ToXR 2362035175 57 1 Uie ik PR 2 38 ) 3% M 5 2 2 4 B A4 38 22 8 43 HT ToxR i Fll ToxRca36/203s 2 1 2 1]
ToxR 5 ToxS Z[H] LA K ToxS ZMIMAH T AT [ 454 1 ToxR Jl J5t 25 (A1 45 F4 a2 Jo 22 R B it 52 7T DA g
DsbA HEHA, H4 ToxR 55 ToxS HFKIKR;, ToxR i ctxAB ik HIG M B F 15 , FL7E dsbA
FER RS2 b ToxR 53 CIXAB F5 sk KR TGV s I A MR AR BLOINA ToxR e R 28 A8tk
(ToxRca362035) s TEEA ToxS FETEMIZAT T, ToxReasenoss s T 5% 1 3L Rk TGS ToxRy A2 ; B
WAL FR G5BT R B ToxR 5 ToxS e sk RKikmT, ToxS M KGR ToxR & 1 Z A1 HAE; 7E dsbA
PRI 2k, ToxS ZIRIMAREAE TR . [ 4518 ] ToxR 2 A S 1 FULARE XS HAF T35 )
R ZRIR G HE B M ;. ToxS ALY 3R ToxR T — RAKRYRE 1 A 3G 5 Foi% T 5 1 SE R 3Rk, 1
DsbA Xf ToxS & [ 2[RI AR EAEFT AT MHIVER], DsbA Sl 520 ToxS YEE 1 HAE I 0 ToxR
FIRIIRE . A SCRy i — 200 1 W R LB 57 ) 2k PR 3k 428 %) 1 BIL ) B2 48 i i R A 4

KB ERLIE, KK, ToxRS, FubRE, HEAEAE

A ALINE (Vibrio cholerae)@— g ALY 35— J7 I3 2 A0 N PR R GE il , o5 —
L RN . AR RLE AP e, r I BRSNS T RE S IR 2R
BB B AL TR BT IR E HUE R PR RAL T RIS PR | pHAE . AL L IR T
Z—, WREE 3 FMREERERN P EFRN AR TR EIROURIRIE S, WERLEE
FEE A R R R RN R AR R B iR AN A S C S AR L AN B 11

EE&WH: EFRARPAIE4 (31470244, 31770151); WITLRMIERIIF & JBEE4:(2013FRO12)
*iﬁﬁfﬁﬁo F I, Tel: +86-25-84396645 , E-mail : wanghui@njau.edu.cn; WA | Tel: +86-571-63754650, E-mail : yangmh@zafu.edu.cn
WS HER: 2018-07-13; {EEIHER: 2018-09-11; MK HER: 2018-12-01



TAIME | k9243, 2019, 59(5)

833

kDR Bt Sy R 4 1 e AR 1 R B 0 B TR
FAEHRZE, NTTFEAS [F] i A A7 PR35 i AN [+
M SER P23, DM S5 1 335 0 LB A7 R

ToxR 5 1 J2& 28 fL N P 51 22 1Y ik [ 3 SR R 48
EE, B TIEE S BRI oxT FEEH L
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C236 1 C293, HFAXMF IR IR HEAE ToxR
M A Reh R E AEREHYE? DsbA &
JE AT AR 22 TG B M A0 TR Y R 5T S T %) A A
WEE T, PrEh U3 JR 5T 2 [R] 5 A 2 IDE 24 1R Bk i
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1.1 #rgt

L1.1 k. BORCRAIBEFRAMF: EFLIKE C6706
EPARITAPR,  H R S ARl K2 A ZE 3 T S 25
M ASCIERAE) . toxRS 7KK . dsbA FE Rk
Je 585k (dsbA-) . E. coli DH5a., TEAJTUKE toxR::
pBAD24 #1 PctxAB:: pBBR-lux, PompT:: pBBR-lux
BIM AL Z R E. FrHEIMEKT 37 °C 7£ LB
B dkrp i, BUERMAWE S0 AN E
FHZE(Ap) 100 pg/mL, & ZE(Cm) 20 pug/mL, A
S SRR RS E, TGS
— | BRI R A A SRS B

1.1.2 FERXF: PCR ¥ HfF. KOD-Plus-Neo,
Taq W45, W H TOYOBO Al BREE I
Nco I-HF, Hind III-HF, EcoR I-HF, Pst1-HF, T4
HEHEMGSE , W B NEB 237 .DNA Ladder, Prestained
Protein ladder SE¥4IA B AW TR (KE) B RA
o TR /NG &, PCR Pl DGR £
W A RARAEY . 5190t 78N &R A Rl A . AMS
(4-Acetamido-4'-Maleimidylstilbene-2,2'-Disulfonic
Acid, Disodium Salt) [ #& 8k € /R 2\ ] (Thermo-

Fisher). ToxR HiiA& 1 4 ¥ w6 .
1.2 ToxR FHEHWEILRE T

FHSE AR )T G UE ToxR 2 1 5
23 [A] G5 R P E I PR AR SERE R 1 DsbA 4
RIE L —fi i . WA AT, 4 ToxR 2 B4 KA
kLR AT T BB RLIN A dsbA HE R Gk
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FLuf AT A 23 1 OB AR A TR S DN TR A
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Figure 1.

ToxR redox status assay. A: Expression of ToxR was induced before AMS trapping. Reduced ToxR

shows a 1 kDa upshift on SDS-PAGE. ToxR was detected by Western blotting using anti-ToxR antibody. Blot
shown is representative of at least three separate experiments. B: Quantification of band intensities from blot shown
in panel A was performed using ImageJ software. Graph represents percentages of reduced ToxR. Data shown are
averages of three independent experiments. R: reduced ToxR; O: oxidized ToxR.
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ToxR £ 11 LR A2 DsbA #1119 L fi
b, AT W5 ToxR 2 1Y SRS X A 1 T RE
I, 75K DHSo BT dsbA KR Bk
ZEAE PR PRI ToxR AR 1 X0 2 L NP 75 3% A
CtXAB M5 TR IhRE . 45K & B K AT B )
dsbA FER A 2825k, 7E ToxR 5 ToxS 3Rk
FI 25T, ToxR ¥if CtxAB (1) ik il 35 4 5
( 2). X FWLEA ToxS FFLEMIZ/F T, DsbA 2>
il ToxR 55 PSRk

2.3 ToxRcasseasB5F T UFEERE KRB DIRE T
A4 ToxR 7ERMHT I dsbA FEPI i AL R
5 CtxAB KB IG ISR (A 2), FRATHEN A
AR ToxR £ Al RERA B R AYIA FIGTE.
I, FIHE FRAL R T575 , 48 ToxR M H JH 5 %3 ]
LRI 2 PR MRS R A N 2 J R, 13
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Figure 2. CtxAB expression assay in E. coli activating
by ToxR. E. coli strains DH5a and dsbA- containing
PctxAB-lux transcriptional fusion plasmids and Pgap
vector control (vector) or Pgap-ToxRS (ToxRS) were
grown in LB with 0.01% arabinose at 37 °C until
ODgpp~0.2. Luminescence was measured and reported
as light units/ODggy. Data are the means+SD (n=3).
**% P<0.0001.

F| ToxReasenoss, TE5 ToxS HFEIAMELIT, H
T K ToxRcas6203s 15 T CEXAB A ;s K-, 2551
HIEIALE dsbA+F1 dsbA-TE K, ToxRcaz62035(M)
V53 CIXAB % St R IK M E M 5 ToxRwr(WT) G M
WA BEX A 3-A). EEFLINE A ToxR
Xt ompT WIEFEME R W E B RIFER R, 4
ToxR 5 ToxS Lk FIAmT, 7EAEFLINE dsbA
BLok AR, ToxR il ompT ik 176 14
B, SR ANE 2 WA DsbA fF7E, ToxRwr 5
ToxRca361203s ¥ ompT HAT AU TS (5] 3-B).

TEX SRS A R H, ToxR 5 ToxS &1kl —
AR E I SR IRE, BT A ERa
ToxS &1 ToxR ¥5F: ctxAB EikMTEME,
T R A ToxR & [ HALTURL, 2 T fE Ay
ToxS I T, ToxR %f CtxAB 4 5@ B G VE
Ao g5 REHLEEA ToxS BT, ToxR 5%
U R SRR TE M B E LA 3-C) . R
ToxRyr 7E dsbA+F1 dsbA-F bk it & B, 76
WA ToxS HIAFFEMISM T, DsbA XJ ToxR 1Y
IREJLT- WA (&l 3-D).

Xt B EEHH ToxS X ToxR 155 ctxAB JE[A
SR FRBHIEPE A LA, 1 ToxR HAALH
(8 AR A X LA VT RE I KRR, I
HAY ToxR 5 ToxS L[ EFIRMFMT,
DsbA 7R [ @3 520 ToxR 5 ToxS WA H.AEH,
MR ToxR BIIHE .

2.4 ToxR 5 ToxSZE [ [AIKIAHEAEFH

R T i — LRI DsbA A3 ) 50 ToxR
5 ToxS WIAHEAEH MMM ToxR FILIEE, &
T8 54 toxRS (VC0983-VC0984) A . B i
toxR (VC0984) %L [H L) J B i) toxS (VC0983) Y
DAL 28 R GE 2 ARl Bk il 2R3k, @ 2ot
£ dsbA+ Tl dsbA- B bk He il g 442 1) B->F FLBE T
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Figure 3. CtXAB or ompT expression assay activating by ToxRwr or ToxRca36093s. A and D: E. coli strains DH5a
and dsbA-containing PctxAB-lux transcriptional fusion plasmids and Pgap vector control (V) or Pgap-ToxRwr (WT)
or Peap-ToxRca362035 (M) were grown in LB with 0.01% arabinose at 37 °C until ODgp~0.2. Luminescence was
measured and reported as light units/ODggo. B: V. cholerae strains toxRS-or toxRS-/dsbA-containing PompT-lux
transcriptional fusion plasmids and Pgap vector control (V) or Pgap-ToxRSwt (WT) or Pgap-ToxRSc236/2035 (M)
were grown in LB with 0.01% arabinose at 37 °C until ODg(p~0.2. Luminescence was measured and reported as
light units/ODggo. C: E. coli strains DH5a. containing PctxAB-lux transcriptional fusion plasmids and Pgap vector
control (V) or Pgap-ToxRS (RS) or Pgap-ToxR (R) were grown in LB with 0.01% arabinose at 37 °C until
ODgpp~0.2. Luminescence was measured and reported as light units/ODgp. Data are the means+SD (n=3). NS,
non-significant; *** P<0.0001.

k), 1M H DsbA XF ToxR ) HAEFMA K, X
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P EAEE SR, AR, 4I%A ToxS & FALELEIM 4%
7 F, ToxR HEHZ B HEAFE 5515 £ (K 4-A K
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Figure 4. ToxR or ToxS protein interaction assay in bacterial two-hybrid system. Full length ToxR or ToxS was
fused with the T25 and T18 domains of adenylate cyclase (CyaA) from Bordetella pertussis, respectively, and the

T25, T18 fusion pairs were introduced into E. coli cyaA mutants

1 61 cyaA/dsbA double mutants*”). Cultures were

grown in LB medium with 0.5 mmol/L IPTG at 30 °C for 8 h without shaking and B-galactosidase activity was
measured and reported as Miller Units?!. Data are means+SD (n=3). *** P<0.0001. RS: ToxRwr and ToxRwr
interaction with co-transcribed ToxS; R: ToxRwr and ToxRwr interaction without ToxS; RccS: ToxRc2362935 and

ToxR 2362035 interaction with co-transcribed ToxS; Rcc: ToxR 2362035 and ToxR c236/2935 Interaction without ToxS;

S: ToxS and ToxS interaction; R-S: ToxRwt and ToxS interaction; Rcc-S: ToxR 2362935 and ToxS interaction.
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FAAH B FHAE dsbA-Z8 784k 5 dsbA+ B vk HF A 24
2 fEry 2R (& 4-B JKEAT), T ToxR AR
XF ToxR 5 ToxS M HAERA W5 MR . X 22l
RFEW], DsbA FEL@E TN ToxS #1220 (14
TAEM, Wi ToxR & Z B EAE, PEmE
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3 itk

ARWFFE R, ToxR 8 11 R 25 145 Hy B

2 ER SR L T 8 DsbA E A AL, SR, ToxR
A B B SRR AR SR AT T 85 1 3L ctxAB 195
FERBEA TN, ToxS &1l H#5% ToxR &1
TERL TR, A E ToxR 55 T i 2 1 3 (K 1)
ik, 1M DsbA 2 i ] ToxS 2 2Z 8] A AH
HAE AT RZ0 ToxR & F AN RE . BF5E & X
ToxR & IR E LYK h 5 5 2 Fh S Rk ) 5
BN T, AR SEUREA R S
AR G A DG B TR L AMIEEE T OmpT
OmpU HEP 21022231 - e AL IR toxR JLH ke
ARk, Ik S R Y R TR s R A B 3 AR AL
SRIMTAEFEFLIRE T, ToxR I 5 AN 2 B S 1 2
BB RIE, MRS H AL — 28 K 12 [F]
P TR ik . BIIE, ToxR & FAXT T ik
PR 3 4 ) RE7E 2 LB A R A2 20,
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ToxS homodimerization enhances ToxR acitivating virulence
gene expression in Vibrio cholerae

Xianghong Wang', Ting Zhang?, Fei Tu”, Mengting Shi', Hui Wang'", Menghua Yang®"

" College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
?College of Animal Science and Technology, Zhejiang Agricultural and Forestry University, Hangzhou 311300, Zhejiang Province,
China

Abstract: [Objective] In this study, we demonstrated the mechanism of ToxR activating virulence gene expression
by modifying its protein function in Vibrio cholerae. [M ethods] ToxR redox status assay with or without DsbA was
analyzed by thiol-trapping assay. ToxR cysteine mutant ToxRc263/293s Was obtained by site-directed mutagenesis.
Escherichia coli strains containing CtxAB promoter IlUXCDABE transcriptional fusion and a plasmid-coded ToxR
expressed under the control of arabinose were used to analyze the transcriptional level. ToxR and ToxS proteins
interaction was detected by the bacterial two-hybrid system. [Results] The two cysteines in the periplasmic domain
of ToxR could be oxidized by DsbA. When ToxR and ToxS were co-transcribed under the control of the same
promoter, ToxR activated CtxAB expression to a higher level in E. coli dsbA knock out mutant. However, when
ToxR was expressed alone without ToxS, the redox status of ToxR had no effect on its activation of CtxAB
expression in E. coli. Bacterial two-hybrid system assay showed that ToxS greatly enhanced ToxR
homodimerization regardless of the redox status of ToxR, and DsbA strongly repressed ToxS-ToxS interaction.
[Conclusion] The redox status of ToxR has no effect on its activating virulence gene expression and ToxS enhances
ToxR activity by promoting ToxR homodimerization. DsbA indirectly affects ToxR activating virulence genes

expression by repressing ToxS homodimerization.
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