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Abstract: [Objective] To study the transcriptional regulation of type VI secretion system 1
(T6SS1) genes by QsvR in Vibrio parahaemolyticus. [Methods] Total RNA was extracted from
the wild type (WT) and gsvR mutant (AQsvR). Quantitative real-time PCR (qPCR) was
employed to investigate the transcriptional regulation of target genes by QsvR. Primer
extension was carried out to detect the transcription initiation site and core promoter for each
target gene and calculate the transcriptional variations between WT and AqsvR. The regulatory
DNA region of each target gene was cloned into the restriction endonuclease sites of pHRP309
harboring a promoterless gene lacZ, and then each recombinant plasmid was transferred into
WT and AgsvR, respectively. A B-Galactosidase Enzyme Assay System (Promega) was used to
measure the P-galactosidase activity in cell lysates. The recombinant pHRP309 vector
containing the regulatory DNA region of one of the target gene was transferred into
Escherichia coli 100Apir harboring an empty pBAD33 or pPBAD33-qsvR to test whether QsvR
can regulate the target genes in a heterologous host. The regulatory DNA region of each target
gene was amplified by PCR, and His-QsvR was over-expressed and then purified under native
conditions with nickel loaded HiTrap Chelating Sepharose columns (Amersham).
Electrophoretic mobility shift assay (EMSA) was employed to determine the DNA-binding
activity of His-QsvR to each target DNA fragment in vitro. [Results] The mRNA levels of
T6SS1-associated genes, VP1388 (the first gene of VP1388—1390 operon) and hcpl (the first
gene of VP1393-1406 operon), were significantly up-regulated in AQSVR relative to those in
WT, indicating that QsvR activated the transcription of VP1388 and hcpl. Only one
transcription initiation site was detected for VP1388 or hcpl, locating at 64 bp upstream of
VP1388 and 62 bp upstream of hcpl, respectively, and their transcriptional activities were all
repressed by QsvR. QsvR repressed the promoter activities of VP1388 and hcpl in both V.
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parahaemolyticus and E. coli 100ipir. His-QsvR was able to bind to the regulatory DNA
regions of VP1388 and hcpl. [Conclusion] QsvR directly repressed the transcription of
T6SS1-associated operons, VP1388-1390 and VP1393-1406, in V. parahaemolyticus.

Keywords: Vibrio parahaemolyticus; QsvR; type VI secretion system 1 (T6SS1); transcriptional

regulation

Bl % 1L 9K 7 (Mibrio  parahaemolyticus) & —
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I ML SR RE I8 Z2 Rl B I [N, e P B
#5275 1l % (thermostable direct hemolysin, TDH),
TDH #H 2<% 1l % (TDH-related hemolysin, TRH),
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VI #1532 % (type VI secretion system, T6SS)
M o, T6SS R A1 T4 22 [RBIPE B
R — R ERIREE PSR, RER SN T8
RN (AR AZ A N, SR 20 B A= T
P, I MIRERERIE 2 F2ERIY T6SS, 4
BIFRK T6SS1 (VP1386-1420)1 T6SS2 (VPA1024—
1046)1°), T6SS1 fA7E FEUR bR, EZHAM
PRE P, 5 R I B A PRI e A e T AR D
T6SS2 FA7E T I Wbk , T2 HAT A i B K
M, 5 R ARG P EORPEAR TS, sk, A
WFFEE AR TR B T —Fiogi il Tess,
FIER LA AL T Bk b, 5 T6SST 2T 4%F1 A
b, (R RIRE A S B i P,

QsvR & AraC FJENFE FIHET, h#EH
T VPA0607-gsvR 4 i3 1'%, QsvR B 43 41 i
VPA0607-qsvR (5% 5%, 1 VPA0607 &5 &1k
PE RNase II, AEH:%/niil QsvR Ay kI,
QsvR BRI 22 4 (quorum sensing, QS)
L EEF AphA il OpaR Z 8] HoA A1 B HEAE
H, FEWrIRIJR s EE ) FE P (40 TDH JE ) )
# sl QsvR 5 OpaR sl i HhAEH 24~ 5
A= 5 TR R 5 35 DR 1 % S5 St 0 o] ) 5 1 3K
AP Y. QsvR A AE B HENIH toxR
Al calR %5 5%, HXF cpsQ-mfpABC., mfpABC il
T6SS2 AHSCIEH (4% it HA B RS R M,
IEAh, QsvR XAl i 6 3 M () st 1A B
MHVERY, AR T QsvR XF T6SS1 #
KFEK(VP1388-1390 Al VP1393-1406) %% 5%
PHPEVER .
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1.1 ##

1.1.1  ERFARAL
B M 9N B RIMD2210633 [ 4= B (wild

type, WT)] S H: gsvR R4k (AgsVR) . His-QsvR

FHEFFIAE . pHRP309 [k 45 g 18 T 46

=N REE B K2 B e i A — R e g

PAFMN, FEZRTRBESEH, EER AgsvR RE

R PR JE AR AR , DRI Ay [T MR 1 A A R 25 T A G
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1.1.2 EERF
TRIzol & 5,

Extension System # B-Galactosidase Enzyme

Invitrogen 7\ H) ; Primer
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Assay System a{jfl| £, Promega /A F] ; AccuPower
& Top DNA Sequencing Kit, Bioneer /A r]; 5[]
J¥ B3 (tryptone) I i £): £ U4 (yeast extract) ,
OXOID A#l; EALHI(NaCl), A4 TAY TH(E
YRy A BR A w] 3 2xTag PCR MasterMix .
SuperReal #¢ )t & & il 1 i 5 & & i (SYBR
Green). FastKing —PkBRFE 4 cDNA 5 —4i%
A R R Al DNA P alifb i) & 55,
RARH ) AR
1.2 HEEST

XoF ) s M B A B 22 07 R R < B 20 pL
MEMEEF T 5 mL A marine Luria-Bertani
(MLB) A 7 (1% [ I . 0.5%BEEHER I 3%
NaCDH', 30 °C. 200 r/min §55% 12 h, £F5H;
B = E i MLB W7 FE 2 ODgoo M 0.5,
W25 uL ii%hnde MLB Pl b, 30 °C # & i
4 hJFOZA&MT T6SS1 HA AR HES )AL B
1A X R 14 (Escherichia coli, EC)RY 5537 J7 12
R B 20 uL HMEFEERNT S mL A9 LB A
(1 %EAM . 0.5%BE RN 1% NaCl)H,
37 °C. 200 r/min ¥55% 12 h; % 1:1 000 BG4
5 mL B LB N, 37 °C. 200 r/min

x1 KHRFIASIY

Fi % X B I(ODgoo 2 1.2), WAERA, K
SAELUR, TSI L-BIRA BRI R, TRk
JEQUT s L-BTRAARE Y 0.1% . S8 ZE N 20 pg/mL .
RKEZE N 100 pg/mL,

1.3 AE= PCR (quantitative real-time
PCR, qPCR)

KH TRIzol RAFIHEH WT F1 AgsvR
RNA., H( 1 pg HJ5 RNA, FM FastKing —A%
BRI ZH cDNA 55— A B F TR i8] 6 i &
cDNA, HEiMiRH SuperReal 7é)G5E fEHIRIRFIF
B (SYBR Green)#1T qPCR 43#H7. LA 16S rRNA
FN RIS, RAZIL 274 kX
DRy 2 SR A A e O S [ L3 1
1.4 S|4 I {H(primer extension)

BEE S EL N mRNA H AR SS9
(F DAY 5K 5w [y-*P]-ATP (5 000 Ci/mmol)it
it tEbRict s RIS WT il AgsvR
& RNA WAt , FH Primer Extension System
AT YA, KRR 1) mRNA % 5%
%, cDNA. Wik r=Wlcfh Sanger I3 2540 i
1T 6%R A T e A8 M BE RS FRL DK, —20 °C Tl
HEEIE, Srpra s,

Table 1 Oligonucleotide primers used in this study
Gene Sequences (forward/reverse, 5'—3")
qPCR
VP1388 CGTCCTTACACCTGATGAG/TGTCGAATAGCCGTTAG
hcpl GGTCAACCTACTGGTCAACG/TAGTGCTCTTGCTTGCCTTG
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
Primer extension
VP1388 /GATAGCTCGTTGGAGGAAAG
hcpl /GAGTTTCACCGTTGATAGAC
LacZ fusion
VP1388 AAAGTCGACCAATGGTGAATATGCCGTG/AAGGTACCGATAGCTCGTTGGAGGAAAG
hcpl GCGCGTCGACGCTATCGGGTGTAGACGCTG/GCGCGAATTCGAGTTTCACCGTTGATAGAC
EMSA
VP1388 CAATGGTGAATATGCCGTG/GATAGCTCGTTGGAGGAAAG
hcpl GCTATCGGGTGTAGACGCTG/GAGTTTCACCGTTGATAGAC
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
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1.5 LacZ IREEFMEG IR

pHRP309 Fki & — A BB S FIK A p-2Fk
FLWEH BB D A — A PR R B, T2
FIRZA Y LacZ 453 M a4t e 0 K
LA 271X DNA ¥4l ik A pHRP309 Jit
AL Sb/ SY= B) Rl S B S I 1 SN ) A
LacZ ks, FH¥HELELA WT Fil AgsvR 1, 3R
1% LacZ With. LacZ Wtk 1.2 Wy kdisia,
K H B-Galactosidase Enzyme Assay System 7]
SRR p-2FRUBE T A IS (] Miller
units &/R8), 3 A Miller units Z0E R /NEI AT
HIHT QsvR X HIIEA 42 5 R/ U,

1.6 ¢ PEHIR LS (electrophoresis mobility
shift assay, EMSA)

PCR " H{#EIE N JE 311X DNA F51(5 1490
1), I T4 ZRZATIRIEIEFI[y-°P]-ATP %I
SAIIEA TR ERRE, 4 EMSA BREH, 3%
kIt4ifk His-QsvR EHHE M, KA Y
His-QsvR 5 EMSA #4F7E 10 uL 554K R
(1 mmol/L MgCl,, 0.5 mmol/L EDTA, 0.5 mmol/L
DTT, 50 mmol/L NaCl, 10 mmol/L pH 7.5 fJ Tris-HCI,
0.05 mg/mL Ak DNA, EMSA #R41)htms s
20 min (FIRAEMET), RIGIAT 4% LR NG

9 P<0.01 6
P<0.01
=} 8 l: - [ =R IV 1
v v
WT AgsvR WT AgsvR

VP1388 (+64---+190) hepl (+169---+329)

1 QsvR %133 VP1388 # hcpl RYEE R
Figure 1

*
S &
CT A G W

BEREEERS HL K, —20 °C FCT B S5 5 e gt .
1.7 HirESHHZE

SIPEEMRF EMSA 2=/0ER 2 K, JHakAE
AR EAR A BB 45 R . qPCR Ml LacZ iz 5 &
a2/ 0 ER 3 ), BREDS 34
Y EERE, 45 R E 45 1 2 (standard
deviation, SD)F/R~, AR t K 74t i12#
1T, P<0.01 Fn A REMES

2 BRS04

2.1 QsvR f7iA#Z T6SS1 HHXEF I F
5T, QsvR X T6SS2 HH K KL K 4 5% H.
B HZMEEERY, AR5 AREE S T6SS1
AR AR SRR ™, U miA,
F5E QsvR XF VP1388-1390 F1l VP1393-1406 #:4\
T E R RHE LR . qPCR 45 R B (B
1A), AgsvR H1f VP1388 Fil hcpl (VP1393)
mRNA FEHAE WT iy 4 500, HEA
it X (P<0.01), PiB QsvR XF VP1388 Al
hepl Hy4% sk A MHIVER s #E— 2R M5 Wik
R IGBFSE VP1388 F hepl 4% S I o7 5 LA
J QsvR X EATHEFERER, WE 1B FR,
VP1388 Fll hepl #5471 Mg sbR A A, 535

VP1388 ' hepl

Negative regulation of VP1388 and hcpl by QsvR. The negative and positive numbers represent the

nucleotide positions upstream and downstream of each target gene, respectively. A: qPCR. The relative mRNA
levels of each target gene were compared between AQsvR and WT. P<0.01 was considered significant based on
paired Student’s t-test. B: Primer extension. Lanes G, A, T, and C represent the Sanger sequencing reactions.
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JE T RIGEL T ATG FH55 64 (L C
M 62 M EEy T, H —F7E AgsvR H Y H: 5%
FERERTAEWT Ty, Xif—2FH QsvR
fH$E VP1388 Fll hepl 4%k, Bz, ik
0] QavR 1A A T6SS1 AH G L BH i 57
2.2 QsvR faiF#= VP1388 #1 hepl BB 3 F
X &4

435K VP1388 Fl hepl b5 X DNA J¥
3 vE A pHRP309 JFHr H G 3 11 B FLbE
TR IE N Y 3%, 15 LacZ B4 Fk, JHf®E
TR LA WT F AgsvR H, SR Lacz
et B A A R — LY QsvR X T6SSI
FHOCTE R B s G R, 455 NIE 2 o 5
WT I, AgsvR 1% VP1388 Fil hepl Ji 811X
IR B2 FLWE T il I (5 2 1k /K P35 S 2 T
#5(P<0.01), X 1B QsvR ¥ VP1388 Fl hepl
(1) 20 DX A S 1 o
2.3 7£ EC & QsvR ## VP1388 #0 hcpl
By FRix

435 pBAD33 1 pBAD33-gsvR 1L A
EC100Apir H, F4EE0SUTTRLHR 45 356 PR 06 i 37 14

A

20000p 20 18000 Iﬂ
15000 E 13500
= 10000 [ = 9000 [
= =
5000 f 4500 f
0 0
WT  AgsvR WT  AgsvR

VP1388 (=551---+71) hepl (=504++++40)
& 2 QsvR £1i84% VP1388 (A)F0 hepl (B)BY /B F
FEREMS

Figure 2 QsvR inhibited the promoter activities of
VP1388 (A) and hepl (B). The negative and positive
numbers represent the nucleotide positions upstream
and downstream of each target gene, respectively.
P<0.01 was considered significant based on paired
Student’s t-test.
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HrAEC N EC100/pBAD33 #il EC100/pBAD33-
qsvR) . & 0.1% L-FIHi A kA S )5, EC100/
pBAD33-gsvR H1 1 qsvR A B K54 55, M i
#ik QsvR E [, 1M EC100/pBAD33 MIAfE &KL
QsvR (& 3A) KL K (VP1388 il hepl)i LacZ
A TR %46 A EC100/pBAD33 #1 EC100/
pBAD33-gsVR ', K] LacZ i i 5% 5 s+
HRIK QsvR JE TR RETA TS HE L K s X 7
P, WKl 3B, 3C 7R . 5 EC100/pBAD33 AL,
1£ EC100/pBAD33-gsvR F G £ B-2f FLBHTF
Tl 3 1 . 3 A (P<0.01), 3% 8 B 78 S 5 1
Hi, QsvR BYid Rkt a] IPP | VP1388 Fl hepl
FE s F X6, 3680 QsvR XF VP1388 Fil hepl
(1)) 37X DNA J35I HA B4 A6 .
2.4 His-QsvR X VP1388 #0 hcpl B9 i i8
=X DNA FIIEBEEE N

PCR ¥4 VP1388 Fil hcpl Ay LiiFiE#EIX
DNA £41, 3H[y->>P]-ATP (5 000 Ci/mmol)%t
S ASRIEA TR RS, SEMR A EMSA it
ISHESEARAN 5T His-QsvR & 15 % H B A 1E
., Z5RNE 4 Fis . His-QsvR AREFI K1
HiZ54 %] VP1388 Fil hepl i+ [X. DNA 4
b MERATA 2 pmol FARICHIAH IR DNA F B
YE R 3E 4 DNA (56 5 UkiE)Rf, F His-QsvR
Je 5354 DNA 54 2 BURNRE 5 EMSA £
e, RIRH A 59 50 2% s MEERT A
2 pmol RFRICH) 16S rDNA 1E K HMREFCE 6
VKE)IE, X His-QsvR 5 EMSA 54145470
TEfarim s SRR F1 PURME RN EEN
(55 7 TKiB )L His-QsvR HIAFI i Ak & v
W A S BT Aoy B 25l o X SE 45 SRR B
His-QsvR REFRF b4 A 5] VP1388 Fl hepl |
R ¥ X DNA J¥4 . 7T 0L, QsvR Xf VP1388
1 hepl e st AT HLEE M TRREVE R
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Q"a &3” Q’B &3‘ Q": 0‘%&
%?V A;,), Q)Yv 0;5, Q)Y* ,\)")’
¥ 9 R RN
Nad Nad Nad
Y ® Q
0 0 _x
qsvR (+58---+214) VP1388 (-551---+71) hepl (-504---+40)

3 QsvRiFEFIRTE £+ VP1388 #1 hcpl RYFRix

Figure 3 Regulation of VP1388 and hcpl by QsvR in a heterologous host. The negative and positive numbers
represent the nucleotide positions upstream and downstream of each target gene, respectively. P<0.01 was
considered significant based on paired Student’s t-test. A: qPCR. The relative mRNA levels of gsvR were
compared between EC100/pBAD33 and EC100/pBAD33-gsvR. B and C: Two-plasmid lacZ reporter assay.

LAVIOL Y ULOIELL

0 2.4 3 36 | 36 | 36 0 | pmol His-QsvR
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
— I DNA-His-QsvR complex
I S ] I | Free target DNA

4 His-QsvR X} VP1388 #0 hcpl 4= X DNA FHIRESIER 27
Figure 4 Binding of His-QsvR to the regulatory DNA regions of VP1388 and hcpl. The negative and positive
numbers represent the nucleotide positions upstream and downstream of each target gene, respectively.

3 it s glﬂj:ﬁ,} RIGFARITET QsvR X EAM T R EHLH] .
qPCR 5[ ¥IEM 25 B 7R, VP1388 Fl hepl 45
R LI ToSSTHEH G R (VPI386-1420)  pigy | At RIARE . 2010 C (—64)FI T

AT TAEENRI T, B VPI386-1387.  (_g2), B H MK RIEEZ QsvR FIIIEI(E 1);
VP1388-1390. VP1392-1391, VP1393-1406. W5 (19 LacZ 5 4 3 R il A i e 45 5L 71, QsvR
VP1400-1406 . VP1409-1407 Fl VP1410-1420" . gt VP1388 1 hepl HJs sl ik (A 2);

AHHFELL VP1388—1390 1 VP1393-1406 #5241 XUBTRIRA5 L Rl Al g6 45 SRR B, 76 BC Hhad
R AT S, FIH— R 2 MR RKiAB QsvR AI LIS 53] VP1388 Fl hepl
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(49 ) 2 DT B0 e AT S (B 3) s IR AR
EMSA X545 KM His-QsvR X} VP1388 Al
hcpl [)1H#: X DNA J¥ 5| HA L5 GVERE 4).
2, QsvR H M VP1388 il hepl A% 5%,

WFFEaE R, T6SS1 ZEMLIIE VPR EE 1 15
FRFP R OK-R, M T6SS2 ZERIAE FAAN
AR FRILP R IOKFES, QS R
57 AphA Fl OpaR % T6SS1 il T6SS2 H &Ik
DR Ay 7 SR B HAT TR VR 1220 (R v 2 B
AphA REVRFEIEA, [BEMH] T6SS1 A1 T6SS2
FSEIE L % T AN 2 BERE, OpaR &2 iH
FEVERT, 000 B A R 0E  TeSS1 Al
T6SS2 AHICIER A 4% 52122, [HIk, T6SS1 Al
T6SS2 AH I 5 Rl 114 7 Si 35 ELA 240 U7 %% A i
FRAER22 0 B R4 T ToxR L A B RE 44l
T6SS1 AHSEIEH AyFE P, (T T6SST FEH &
S VP1391 Fil VP1407, LI VP1028 4itid
P RYE I, BTN T6SST AHICHE A
(A S B HA IE AR, CalR XF T6SS1
H T6SS2 AH I [N (17 s 351 FLAT T 482 1y e s
PEVEFRRC? H-NS X% T6SS1 Fl T6SS2 HH 5L
(5% S35 B MR /E P52, RpoN BB BB
18 T6SS2 AHICHE R A% 5%, rpoN 228 #k rh T6SS2
SO SR pl 2 RO AN, R I N RE
FERE TR C I B Y 2Z ) A & . AT b4
TG R R & b, A% T T6SS1
1 T6SS2 Ay kKP4 25 FRE. o & B,
QsvR HLAE B 42454 %) T6SS1 F1 T6SS2 AH 3 A
R shF XA EATEE SR, SN, QsvR B
B4 calR. toxR Fl aphA AYFE %, 1 EEIE
opaR i 45 U4 [E F, AphA ] 42 9 I
VPA0607-qsvR %555, T OpaR B 34 il Hig
SO AL, RIS M ANE T6SS MR QS &
i@t AphA FI OpaR) M HAl AR & 4%+ (n
QsvR . ToxR %5)ZH il i 4 D 2% 1 ' 35 % .
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