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B v i 9K 5 (Vibrio parahaemolyticus , VP) & —
P B 2% G BT 1 0 EROINERT )2 A AE T VR g 7K R

B ey AR S R NATT R TR S R
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B F X1 P TR R ke AE FE L IR B (Vibrio

CAEMEL . AP, E-mail: zhongqp@ scau. edu. en; Ji] &/}, E-mail: dongshengzhoul977@ gmail. com
TEZ BN WA (1987 =) L, W g YR TlT N5 00 A9F 5 742 5 0 8 A = ) o 3 46 S 18 4 LSRRI 5

Y75 B #7:20134023 ;& 8] H £ :2014-01-27



BN VRAE I IR ToxR A 14 B 1 1 A 24k S DNA 25 453 k. /5 A4 2% 4 (2014) 54.(8) 957

cholerae, VC) #1, ToxR 5% — &G TepP J: 7] 44
& 2 toxT Ji )1 XS I 53205, ToxT P B #:3
I tep (G i 1 B oRG B IR 1) 1 cow (4 R 22 L 755 %) 48
WTFI s R0k Ve R A" . %4,
ToxR & fig i 1o B 32 G CRUFM ) Ah 2 4 OmpU
CRI OmpT) [ 35 K5 VC Xf 4h FL IR B 138 V. R
S A VP, B AT REST R B ToxR figd i CalR
i) T3SST JE (K g e ik ¥, (0 9F K b W] ToxR g
HHEEH T e B3 T X ToxR &A1
PR 75 H J& X TNAAA-NS-TNAAA 8¢ H 5 #h 7
IR B ER ™ o 1F calR B3 FIX A — B
5 bk T 527 B AR R A i 45 T3SST SE R (n
RN T HE IR VPL1687) 1 )3 3h 1 X 21847 K BLAR LI
741, 1% R W] ToxR % mJ §E & 8 1 B #2 B0E calR 1
B 3, T D)2 4 ) T3SST A S JE R (1) K35

VP ] ToxR 1 292 NS LM A B 3 1 -
176 S IR % I Rk X (N=Kut) » 5 177 - 196 %
FEMR R BE O B DX, 4 R 0 & R R AR Ak b A i IX
CHR) 9 http : / /phobius. shc. su. se/Ti m) o A HF
Fd, FATRI K AT B BL2INDE3 ff) ik & %8, LA
pET28a JJi ki Ay 344, 5 B R I& T VP ToxR £ 1111
N-K s DNA g5 & g i sk (35 1 - 176 S KLk I, ]
FR ToxR-N) , 3£ 1 BA calR FI VP1687 Sy ¥ P, i it
T 1 BHL i S 56 (EMSA) B64F ToxR-N ) DNA 45 454
P, 4 J5 S ToxR (1 ¥ 5% 1 4% ML BIF 7 35 5 & itk
fp Ja R LacZ 4% 4 DR il 52 30 F 58 ToxR X calR
HIVP1687 145 % 2 » 45 R & W] ToxR i 5 2 i ik
BT calR 1% 5% 5k 0] H2 400 ) T3SST AH 0 5E A
(VP1687) {143k .
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1.1 #

L1.1 BEHRF B R SE 50 B 0 fl i 9k B
RIMD2210633 ¥k (WT) & H toxR 5348 ¥k (AtoxR) K
J% FF % BL21NDE3 Fl DHS o, JFi ki pET28a (4 45 His
W2, F I ZPi) calR: : pHRP309 J% VP1687: :
pHRP309 (pHRP309 JFi i JC Ji 8l 1 X 1) 1= FL b 1
WG KL DR B3 43 ) v BN calR FI VPL687 [ 8 8 X
JEH KK B 2= bubE) S5 AR S 50 = R A7

L1.2 FZFERF S50 o - s e N D) s T4
DNA J% [ &) NEB 24 5] 7= it ; Tag DNA 3K 4 fiff Al

dNTPs & MBI Fermentas 2% @ 7= &% ; DNA marker
DL2000 4 TaKaRa Biotech 23 %] /™ i ; i KL 42 HCIA 7
A PCR ) 44 157 & O QTAGEN ™ i ; 8 H 73
T & AR UE N Thermo A &) 77 i ; Gel Shift Assay System
I B-Galactosidase Enzyme Assay System A Promega
23w 77 s B 2 8 I Ol Novagen 77 il o
1.2 ToxR-N g RIE
1.2.1 3[4 it 5 PCR ¥ 3&: Al Y = AT
Primer Premier 5. 0 ¥ 1484 toxR KR 1K) 5] 9%+ (L
F 1), JFLL WT (3 K41 DNA g B8, 47 PCR 4~
W,y #2804 95C 5 min; 94°C 40 s,54°C 40 s,
72°C 1 min, 3£ 30 MG ;72°C 5 mino
1.2.2 R 5EE itk 1.2. 1 ) PCR 724,
FFPE I pET28a JitHi, 1M1 J& 43 % H] Bam HI 2% Hind
I 5§ PCR 7™ ) A 5 28 47 5 il U)o I D) 46 R 4
HAi DNA F B SuL (4 200 ng/ul) , Bam HI &
Hind I 1 pL, 10 x 23 2 L, 100 x BSA (/52 1
THH ) 0.2 wh, #MINE 8 1K 52 20 L, 43 5915 A
W B Y PCR ™4 4l Ak 71 & 2l A [mT i

K BB BV W REAT R AR R T D) S
PCR 7= Al pET28a JE AL %% 1 wL (£ 100 ng) , T4
DNA YEBEG 1 Lo 10 x ZE003 1 Lo 4h 01 22 B 7K
ERABIY 10 wL,4°C FiER 8 - 12 he
1.2.3 ZF#HEFYRE AL IS0 pl 1 K A E
DHSo 3 40 I 2] 10 WL 3E 47 W) b, Uk
30 minjii T 42°C #h 5 90 s, B UK 3 min, Jo A
600 pLiY LB A%, & 37°C F 200 r/min %54k 1 h, B
100 pL B 53 1¥An 13 R 8 FZ Btk (50 pg/mL) [
LB P L, B 37°C T g B 55 7% 4 I AR e e

PRI O BE R A T 50wl & B KR Wk KR
/R 10 min, 12000 x g &0 5 min, B F 35 1E A
PCR Bt 45 1. 2.1 A R ) 51 9 %% > 24T PCR
S (T SHE L) S WA 1% 5 B R ik
XM BEE S B ) WK /N2 Oy 548 bp [ 457 o K
FHE o 9 36 b 0 19 32 4 R 3 O 8 A B 2 w000 5
J¥ 514 pET28a d ] 514 (T, /T,t, 4 1) .
1.2.4 His-ToxR-N B335 : I\ K #1 B DH5a H
PRI W P 56 UF 1) T 20 J5ORE » ) FH B o 0ok HL
AN RJWHTE BL2INDE3 H1. 4 PCR % 5 1E 1 ¥ 5 00
W e A 2 LB AR B IR 45, 37°C R 200 r/min 1557 &
0Dy =1.0, N IPTG 2K 1 mmol /L, 18°C T
100 r/min 7§ Kk 16 - 18 h, WAL B A4, 73 il IO
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PR ¥ B UhE [ 4z, 34T SDS-PAGE HiK 7y

M, %52 His-ToxRN [ RIEFHM .

®1. AXHASIYLCE

Table 1. Oligonucleotide primers used in this study
target sequences (5°—37) restriction site
protein expression
toxR AGCGGGATCCATGACTAACATCGGCACCAA/GCGAAGCTTTTAAGGATTCACAGCAGAAG Bam HI/Hind 1l
T, /T;t TAATACGACTCACTATAGGG/GCTAGTTATTGCTCAGCGG
EMSA
calR GTTTGTTTGCTCGGATTGTTTG/CAAAGTGCTTTCCATACGGTAG
VP1687 GCATTATTGACGCCAGTATCG/GGCAACGGTGAGCAAAATC
LacZ fusion
calR GCGGTCGACGTTTGTTTGCTCGGATTGTTTG/GCGTCTAGACAAAGTGCTTTCCATACGGTAG Sal 1/ Xba 1
VP1687 GCGCGTCGACGCATTATTGACGCCAGTATCG/GCGCTCTAGAGGCAACGGTGAGCAAAATC Sal 1/Xba 1

1.2.5 ToxR-N B4l % f % ik H 41 82 (1 19 1 2k
o BB Rl 45 200 mL LB A% 41,37°C F 200 r/min k7
24 0Dy, = 1.0, I A IPTG £ 43K 1 mmol /L,
18°C F 100 r/min ¥ 375 16 — 18 h, W B k. #
P RLR A, 4°C TR 12000 x g 0 30 min, B L
AR ILZE 18 19 4 Ni-NTA KR K, 40 %0 1 pH7. 4 (1
wash buffer A 1 B (kM yk BF 4 %1 & 20 mmol /L F
40 mmol /L) ¥t 2 44 1, Jb i His-ToxR-N {3 £7 45 T
Ni-NTA ¥ o H 1 mL Ji74 () 0. 02 mol /L PB 2% i
W (pH7. 4) Tt i) P ) 2% #5€ i, 6 T A 9 (3.6 U/mL) ,
% TAE W NN 45 & A His-ToxR-N f] Ni-NTA ¥
F,4°C FAEF] 14 16 h, Ik i His-ToxR-N | (1) His—
b 285 B % e S 1t DD Bk ToxR-N 2K 1 A pH7. 4 1)
PBS 2% pl It » 37 BT W 4 I 58 40 3 6 e B v
F£ 260 nm F1 280 nm (1R GAE, BLiE SR AL ( =
0D, x1.44 — 0D, x0.74) , 53 3 5, & - 60°C 1}
ffo W30 wL AT SDS-PAGE HL K 5347 o

1.3 BERMEERE™ (EMSA)

PCR 43 calR F1 VP1687 [¥] J3 5 T- X DNA J¥
(51N 1), I3 [y="P] ATP (10 mCi/mL) %}
H 5 OR U BEAT A ad» U] % EMSA 85t HRE 5
AN BE ) His-ToxR 7E 10 pL &5 & K MAR &R o, %
HALWEE 20 min Ji5, FEAT 4% 5T I BE i AR AR g
Jie LK, U B RS A AT A R
1.4 LacZ KR EXFMERE

PCR 4" 14 calR FI VP1687 [ 3 A )3 8 T X
DNA 3 %1, If 43 ) 5 B N pHRP309 J50 ki G 5 8 F
X B FURH T M 2 D5 1 137 A % LacZ 341 IR
5 0K T AL R N WT HI AtoxR i, 4 LacZ
Pko ¥ LacZ B kR 4 15 mL () HI Wiz (F
10 weg/mLI R K% %) ,37°C K 200 r/min 95 & F

£ 3], T ) 4% 1: 1000 i B 42 F 42 B0 6 (1) 15 mL HI
Wiz H,37°C T 200 r/min 55 0D, =0.3 - 0.4,
W 4 B 44, H| B-Galactosidase Enzyme Assay System
S0 K W WT ORI AroxR v (¥ B=Y- U B 1 By v% H
(Miller Units) , i i B4 Miller Units A8 1K) K 22
S B A] ) T ToxR ) #82 DR A i 42 ¢ R (LA ¢ K 36
(¥ P <0.01 Sy F5E b tfE) o

2 4

2.1 ToxR-N ByFRikshik

FIH 53 1 5 B (1) 757 2 0 3 08 ToxR-N [ 41
I A L S O R O B NS I T A NN 7R Sl
BL2INDE3 1, #% 1. 2. 4 [ )5 vE AT WR &, I F H
SDSPAGE HIyKJEAT 70 7, 45 R B 1A Pros: B
(¥ 1) e (JkiE 2) M4z w (v 3) F39h H
M A (B sk priefr &), H b Hi&E A%
7 52 BE JUF FTUE T i) — K 1K U B 7R %0 5 4

kDa M | 203 kDa M 4 5

40— - : () — —

B— e —— 35— i :
2 -

B S - T e

15— 15—

E 1. ToxR EAERMFRE (A 54/ (B) B 12%
SDS-PAGE H ik &

Figure 1. SDS-PAGE analysis of the cell lysates (A) and the
purified recombinant ToxR protein (B). M: Protein molecular
weight standard; Whole (lane 1), pellet (lane 2) and
supernatant (lane 3) of cell lysates; lane 4: His-ToxR-N; lane 5:
ToxR-N. The band of His-ToxR-N was indicated by arrows.
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T ATV A P b R s T BL A T R ) Al Ak
W T LB HisHr X ToxRN 7 ¥4 1 52 W, 3
ATT R PR o1 12k 8 i g 1) B T R 4 R Y HisR %8, I H
SDS-PAGE ik 7347, &5 R & 1B Jror - 41k His-
br% 5, ToxR-N £ [ 5 His-ToxR-N A bk, H 4> 1 &=
AR, HZ# 5HR — 8.  ToxRN & M1 K 45
Jei» AN 3 6O EE VI IR FE 2924 0.8 mg/mL.
2.2 ToxR-N Ef DNA &£&FH

FIH] EMSA 5256 56 Uk T 26 46 1) ToxR-N J2& 15
5 DNA &5 &35 P, L4 Rl 2 Jros s 2 ToxRN
HEHEIAF 0.6 pmol i (¥ki& 3) s calR i I T
IR 59 W B 17 M 8 A & 1A 3 0. 8 pmol K, calR

calR(-597-+-+39)

VP1687(-308++++34)

HELT 58 4 B I % (UK IE 4) 5 249 % I N K br il
M F4 2 T DNA J Bt (cold probe, 3k i 5) 1F K 35 4+
PERREN I, T ToxRN S8 5@ WE 4 &, it A
Ae M 5P 45 &5 Db BH A A 0 & 0D AR Nk
(¥ki& 5) » B in A 16S rDNA (negative probe, Jk i&
6) A5 g B k% B At e A 0 2N s 2 BN B
F1 $1 )it 85 (4 (un—related protein, Jki& 7) » 1 A
ToxR-N 8 » gt A WL BH ¥iF 47 o 170 75 T A7 ok 52 B T
T, VP1687 A1 B 5 % JE 168 tDNA 4 A i B BH ¥
ol o XSk R W] ToxR-N REHE 53 M 1 45 & 3
calR ) J3 3 - DNA L, 1y %F VP1687 [1] )38 & 1
DNA T4 &1 -

168 IDNA(+334++++152)

0 0.2 06 | 08 |08 | 0.8 0 | pmol ToxR-N

0 0 0 0 2 0 0 | pmol cold probe

0 0 0 0 0 2 0 | pmol negative probe

0 0 0 0 0 0 | 20 {pmol un-related protein

1 2 3 4 5 6 7

Lane
— s [ DNA-ToxR-N complex

| ] . . B | Frec target probe

E 2. ToxRN 4 EF ) EMSA ST B EH &R

Figure 2. EMSA assay of binding of ToxR-N to target promoter regions. The positive and minus numbers in the brackets indicated the nucleotide

sites upstream and downstream of the translation start ( +1) , respectively. Shown below was the schematic representation of the EMSA design.

2.3 ToxR BEIHIE calR 1 VP1687 By4t F R ik
FAHI A LacZ 5 B DA fil 4 52 56 SR A 5T ToxR

Xt calR FI VP1687 #1855 K & . 3-A J calR [y

LacZ SZG 25 e, v LLE e WT ok il it 1y =)

(A) (B)
36000 P<0.001 80000 P<0.001
g 27000 E 135000
5 18000 5 90000
£ 9000 E 45000 Ii_l
0T At';;:' OTWT ek

VP0O350(-597-+-+60) VP1687(-308++++52)

3. ToxR §EiF#% calR (A) F1 VP1687 (B) i3 R Kk

Figure 3. Transcription of calR and VP1687 was regulated by ToxR in V.
parahaemolyticus. The target promoter-proximal DNA region was cloned
into the lacZ fusion vector pHRP309, and then transformed into WT and
AtoxR, respectively, to determine the promoter activity (Miller units) in
the cellular extracts. The positive and minus numbers in the brackets
indicated the nucleotide sites upstream and downstream of the translation

start ( +1), respectively.

FUBE G %5 M (Miller Units) B & 5 T AtoxR 11,
HoH B S E 27 (P <0.001), 3% %W ToxR
BEWHTE calR () e 323k W B, NI 3Bt if DL
i ToxR HEAMH] VP1687 1%L 5% K ik

3 e

VC ] ToxR & [ 1 297 A% 3L MR #4 i o N-
RS 1482 H M AL T M %, & A wHTH 45
I (55 20 - 123 ZUE M) Al — A4 BE X Chinge, 55
139 - 181 % JEMR) » 82 X fig i ik ToxR 7 A 41 4 1
I B AL 5 183 - 198 R HE IR A 1 X ; C A 3 J
JRIX 55 210 —297 S LR 41 B, &0 i — A X X b
(199 -209 24 HE/R) 5 85 L X AH &, J8 it X LA KON
PS5 AEHE ToxR — B mzhae™ . B AE —
BEAK S5 10 ToxR A FLA 8 53 9 1535 1, {EL /2 306k DNA
Fr B 5 5 5 ¥ M 0 AR 5 O X A R X 1
255, 3% 4 ToxR 2K [ 10 W] 5 Pk 2 6 4844t T BB 4
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o AHTTC AR K% 18 BL2INDE3 [ %3k
ARG INFRIE T VP [#) ToxR #FEAE 1 (1 -176 &
FEMR ToxR-N) » % 8 (1 o il MRk o 1k i B AT DA
calR F1 VP1687 Jhj 1 3 K, K Hl EMSA 5 46 B 5T
ToxR-N [¥) DNA 25 43 P, 45 R 278 ToxR-N G4 &
F) calR 1)) ) 7 X, 1 AS GE 45 4 VP1687 1) )i 8l 1
X, X B VP B ToxR Xt DNA Fy Be (45 5 Pk 45 & 3%
PR AT Z P X RS X 2 5 .

ToxR /& VC B h ERFREKMER T, ©h5
TepP JL IR 45 & 2 toxT [ )5 2) 1 X I 4 8k 3L 3% 5%,
ToxT RS IV AL B (H tep #9079 B5) FIHE FL
Tl o BN T HAD) M RIL, = F %W BUR
PTG H R T R BR R NE S R ToxR
WAL B 454 B o (30T X OFHOE HRx™ .
e VP 1, AT HE G R W] ToxR HE 28 T3SST AH G Ik
B s I dh ™ R MBI E ompU P i R
I, W)L ToxR 7F VP # g 5 D8 3% 0 2 v ) #F i 25
FEAE R o A S, Fe AR A LacZ SE5TEB] T
ToxR XI calR 1) 55 B AT WO /E HL 1 6) VP1687 11
i S B A 0 HIE H

CalR & LysR KKk )% sk % 7, KL=
Ca" K3 " o CalR REHMHI VP T (¥ 4 BE 1 E 5)
e o AN calR 5T B ef I 6 LGN L 40 g
(CHO) 1 24 8 0 W1 S 9 T 95 2B ki ™ i T
T3SSI L2 HoA 40 M 75 1", X 3 W) CalR g 40 751
T3SS1 Ht A ) 4% 3% o Whitaker & ) F§ LacZ ) 45 &
DA il 25 S50 UF B CalR A 5K RE A0 I T3SST 356 A 1) 5%
SEEREY . ExsA & AraC F WK ST 04
S TR () ExsA R 45 & 40 T T3SS JE N H ) 1 X
) TNAAANA A AL 7 41, JF BiE T3SS J P ) %
B ZE VP R, ExsA R BB 45 4 5 T3SST &5 5
VP1668 F1%4 N - %& [ VP1687 ¥ )5 &) 1 X I i#%
WA " . Bk, VP ) ToxR % T3SS1 % A
U 3 T R 08 I B B0 calR R IE, CalR T H
AN H] exsA 1) K TE AT MR B ExsA X T3SS1 3 [A]
(0 5 SO A HI T S BLIR o R SRR AT b, 3K
T AR ) S 56 SR 50 F X — 1R 1 .
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Purification and DNA-binding of ToxR truncated protein
of Vibrio parahaemolyticus
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Abstract: [Objective] The DNA-binding domain of ToxR protein of Vibrio parahaemolyticus was expressed using the
Escherichia coli BL21NDE3 protein expression system, and its DNA-binding activity was characterized. [Methods] The
fragment of DNA-binding domain at N-terminal of ToxR (ToxR-N) was amplified by PCR from V. parahaemolyticus strain
RIMD2210633, and then cloned into the BamHI and Hind III sites of the vector pET28a. The recombinant plasmid pET28a
was transformed into BL21ADE3. Over-expression of His-ToxR-N in the LB medium was induced by adding 1 mmol /L IPTG
(isopropyl-b-D-thiogalactoside) . The over-expressed protein was purified under native conditions with nickel loaded HiTrap
Chelating Sepharose columns ( Amersham), and then the His-tag was removed by using restricted thrombin. The
electrophoretic mobility shift assay was used to analyze the DNA-binding activity of ToxR-N to the promoter-proximal DNA
regions of calR and VP1687, respectively. The promoter-proximal regions of calR and VP1687 were separately cloned into the
pHRP309 vector containing a promoterless lacZ gene. Then, each of the two recombinant LacZ reporter plasmids was
transformed into the wide-type strain (WT) and the toxR null mutant strain (AtoxR) , respectively, to measure the promoter
activity (the B-Galactosidase activity) of the target genes in WT and AtoxR by using the B-Galactosidase Enzyme Assay
System. [Results] The purified ToxR-N protein had the ability to bind to the upstream DNA regions of calR but not
VP1687. The LacZ fusion results showed that the transcription of calR and VP1687 was positively and negatively regulated by
ToxR in V. parahaemolyticus, respectively. [Coneclusion] The recombinant ToxR-N protein could be used for studying the
transcriptional regulation mechanism in V. parahaemolyticus. ToxR fulfills a mechanism of negative regulation of T3SSI
genes by activating the expression of calR through protein— proximal promoter DNA association.
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