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Abstract: [Objective] To study the transcriptional regulation of calR gene by the master quorum
sensing (QS) regulators AphA and OpaR in Vibrio parahaemolyticus, and to investigate the regulatory
actions of CalR on the transcription of type VI secretion system 1 (T6SS1) genes. [Methods] Total RNAs
were extracted from the wild-type (WT) strain and the regulatory gene mutants. Quantitative real-time
PCR was carried out to calculate the transcriptional variation of each target gene between WT and the
mutants. Primer extension assay was employed to detect the transcription start site and the expression
variation of each target gene between WT and the mutants. The promoter region of each target gene was
cloned into the restriction endonuclease sites of pHRP309, which harbors a gentamicin resistance gene
and a promoterless lacZ reporter gene. Thereafter, each recombinant pHRP309 plasmid was transferred
into WT and the mutants. The transformants were cultured and then lysed, and a p-Galactosidase Enzyme
Assay System (Promega) was used for quantifying the B-galactosidase activity in cell lysates. The
over-expressed His-recombinant regulatory proteins were purified under native conditions with nickel
loaded HiTrap Chelating Sepharose columns (Amersham). Electrophoretic mobility shift assay (EMSA)
and DNase I footprinting were adopted to analyze the binding activity of each His-recombinant protein to
its target promoter DNA region in vitro. [Results] The expression level of calR gene was up-regulated
gradiently with the increase in ODgo value from 0.05 to 1.20. AphA operating at a low cell density had no
regulatory activity on ca/R gene transcription, whereas OpaR operating at a high cell density indirectly
activated the transcription of calR gene. Moreover, CalR bound to the promoter regions of the T6SS1
operons vp1388—-1390, vp1393—-1406, vp1400-1406, and vpl1409—-1407 to activate their transcription
under the non-inducing growth condition. [Conclusion] The transcription of ca/R gene was indirectly
activated by OpaR. CalR was required for the basal transcription of T6SS1 genes under the non-inducing
growth condition.
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(2% NaCl fl 23-30 °C)FKiL/KF-, 1 T6SS2
AH G I R A6 A #0013 A N BR B 1 8 R AR
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FRSCSE A 1 5 St HL A B 2% b R s AR RO 21
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% BE W, AphA [a] B4 6l vpal027-1024 |
vpal(043—1028 Fl vpal044—1046 W55 3
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HTE ODgi=0.6-0.8 kAP, Hik, 78
ODgoo (H= T 0.6 B, ARATREAAAEHADAR A IS
TRILUMESE T6SS1 ik,

CalR (calcium-regulated regulator);& LysR
KR SRR YEF, X T3SS1 AH 3 A (155 5%
T2 T T 4 1R I B0 B 7 ¥ ELA I il R 242,
HXTEEMTEPERN tdh2 FE R %% S 2 P
FHROL 41, CalR X T6SS2 AH 35 H Al mfpABC
FEDR % s LA BB VE RS, BT I, CalR
SRV MR I — A S bR 1, B A
ZYMLE K . A B TR CalR RS 5
T6SS1 MGG 5, 45 RKY], TEMEAERK
B (ODgoo) A\ 0.05 HRKUIE N 1.20 B, CalR #Y
TR B ETH R FIE, {HJE AphA Xf calR %t
RIS SR AESAERT, 1 OpaR X HAFE S HA
[EHERROEEN . Ak, TR T, CalR
fE B 4455 3] wpil388-1390 . vpl393—1406 .
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A L, IR EANTEE . ik, CalR Z&IE
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S BT FH %) RIS 9T P B R RIMD2210633
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M 7 EE3%3£(3.74% Difco marine broth
2216)IJ H BD Bioscience; TRIzol Reagent Il F
Invitrogen /3 ] ; Primer Extension System , fmol®
DNA Cycle Sequencing System F B-Galactosidase
Enzyme Assay System & Promega j=}h; Tagq
DNA R4 i Al INTPs I [1 Fermentas 23 7] ; PCR
P aifbiR R & H QIAGEN /A7 ; FastKing
— B IEBRIL 4] cDNA 55— G B i 155
H R AR RO A RZA A ;s LightCycler®
480 SYBR Green Master IlJ H Roche 23 Fl .

1.2 HEEFRFE

1S L H s AR T 5 mL B9 M N7
Hri, 30°C. 200 r/min 5557 12-14 ho % 1: 50
BRI R 10 mL BiiER M P, 30 °C,
200 r/min 538 £ ODgoo=1.0, F-¥% 1: 1 000 Fi B¢
Hefh 2 10 mL B 9 M A7, 30 °C 200 r/min
B3R & ODgoo=1.0, BRI AT PR,
IR REERLWE N 50 pg/mL, AR HERLKEK
B4 100 pg/mL.

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

K i TRIzol TL4R B WT I 5 F 3 [K 58 A5
¥R(AaphA . AopaR 1 AcalR)HY E RNAR2T A
Fl FastKing — 2 BR FE I 41 ¢cDNA 2 —8E5 1
TR AR H 0 5% S ¢cDNA, /5 Roche
i) LightCycler system i#£17 qPCR 4-#. LA 16S
rRNA IRIE RN NS, R AR ME 205 o #E 5k
[ F kK P HEA TR i R AR S B A 5|
Pranse 1 Fizm.

1.4 5|4 {8 (primer extension)3L LG

SR TRIzol $54R B WT I #4 F J K 28745
Pk(AaphA Fl AopaR)H) 5. RNA, I 5L A
mRNA HAMYFERHES (R 1)5-A b [y-"P]-
ATP (5 000 Ci/mmol)iE 1 S PEARIEE, 4351 LA
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WT FIEFE B AR IS RNA SR (R
RNA A& 45 —20), M A Primer Extension
System IR GV 75 [P AE I SZ T 5] 4y 4 fif
FEY BN 7 2574 [fmol® DNA Cycle Sequencing
System (Promega) i 17 6% PN M It e 248 4 Jie
HLUK, O H SIS AT as R
1.5 LacZ HisEREMERE

P88 3L A 8 F X DNA A B B A
pHRP309 Jukirh B-2fZLBEH ML (i 3+
X)) b, FE Lacz AR, FHAFHEA
WT FE#EF R 28 bk, 3R1G LacZ 5255 ]
Wtke LacZ Wk 1.2 Mrdksssi)a, AR
&, KX B-Galactosidase Enzyme Assay System
HGr I AN [] Tk v Y B- 2 LR 8 35 1 (miller
units), 1 FEEL miller units Z0(E K /N H ] Wi
P X R IR A R s e R 2T,
1.6 5t BR PR 7% (electrophoretic mobility
shift assay, EMSA)35

PCR 43 16S rRNA 3 [H % i [X. DNA J7° 5]
ML E 37X DNA JFPAIGIILE 1), ™=
YAtk RS | H T4 Z R 2T TR X DNA
A B SR ThRic, il 4 DNA #4410, %
ik aifk His- 4186 (1122257 AR 19 His-
A HE M DNAREHE 10 pL 845G RO IR R
SEEEE, SR 20 min 5, PEAT 4%JRAEMER
PR T R BB J L Uk 43 AT, =20 °C iUl A B2 e
S aE R, WAL AR ICH DNA B His-
FAE LT, 28 6% A5k 3R V9 I ot e 358 fie
HLUK )5 , i ethidium bromide (EB)4Y 6 i1 77 W0
KEHE LGRS DNA 4545877,
1.7 DNase I EiE(DNase I footprinting)
A

| FHHFESE R ) DNase 1 footprinting 5| 4%
#AT PCR Y1, IS MR R, AR 5]
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YR hRic R4 . MI3F-FAM FI$E2E [ DNase I
footprinting S [n] 5| ¥ (reverse) e Xf 9 3% , FH il
7% 5'-FAM FRic () 4 5 5 (coding) ; #E 5L [ DNase
I footprinting 1F [1] 5|4 (forward)Fl M13R-HXE
Fexd§ 38, F Tl s S-HEX ric iR b b
(non-coding). PCR ”*# i )f5, S5A[RIMRE K

®1 KAXFASIMILCE

His-BHHEMEER FIHEHF 30 min J5, HHEE
W) DNase [ {HAbiE BT E](30-60 s)o TH
1L J5 B9 DNA #£5: F Beaver Beads™ PCR 4fifk,
A & (Beaven) it 47 [l i F] ABI 3500XL
DNA il F#{Y F1l GeneMarker %A% 2.2 43 1 i 4k 7=
W) R (L B4 000 e 4 SR 25200

Table 1  Oligonucleotide primers used in this study
Targets Primer sequences (5'—3")
qPCR
vpl388 CGTCCTTACACCTGATGAG/TGTCGAATAGCCGTTAG
hepl GGTCAACCTACTGGTCAACG/TAGTGCTCTTGCTTGCCTTG
vp1400 GTATTAGACACGTTGCCATC/ATCTGCTTGCCTCATTCG
vpl1409 TTCTGTGCTCGACTTGTG/TTCAGTGTACTCAACCATCC
calR ATGTAAAAAGAAAACCGTACA/AACACAGCAGAATGACCGTG
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
Primer extension
calR GCAAAATATCGGTACTTCA
LacZ fusion
calR ATGTAAAAAGAAAACCGTACA/AACACAGCAGAATGACCGTG
vp1388 AAAGTCGACCAATGGTGAATATGCCGTG/AAGGTACCGATAGCTCGTTGGAGGAAAG
hepl GCGCGTCGACGCTATCGGGTGTAGACGCTG/GCGCGAATTCGAGTTTCACCGTTGATAGAC
vp1400 GAGGTCGACTTTTGCCGAAGAAATAC/TATAGAATTCGCCAATCTTTGCTCGTTCAG
vp1409 ATATGTCGACAACACATGGCATAAATGAGTCC/CCCGAATTCTCTTCTTGTGAAGTCGCTGAA
EMSA
vp1388 CAATGGTGAATATGCCGTG/GATAGCTCGTTGGAGGAAAG
hepl GCTATCGGGTGTAGACGCTG/GAGTTTCACCGTTGATAGAC
vp1400 TTTTGCCGAAGAAATAC/GCCAATCTTTGCTCGTTCAG
vp1409 AACACATGGCATAAATGAGTCC/TCTTCTTGTGAAGTCGCTGAA
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC

DNase I footprinting

vpl388 GTAAAACGACGGCCAGTTTGAATTTGTTAACTTCTG/CAGGAAACAGCTATGACTGTAAGG
ACGTAGGATAG

hepl GTAAAACGACGGCCAGTGCTATCGGGTGTAGACGCTG/CAGGAAACAGCTATGACGAGTTT
CACCGTTGATAGAC

vpl1400 GTAAAACGACGGCCAGTGCTTATCAACGAGTTATG/CAGGAAACAGCTATGACCTGAAACA
TCCTTGTTTC

vp1409 GTAAAACGACGGCCAGTAGGACGATATCAATTACAC/CAGGAAACAGCTATGACCCAAATG
ACATGCAATGC

M13F-FAM GTAAAACGACGGCCAGT

MI3R-HEX CAGGAAACAGCTATGAC

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

qPCR fll LacZ LK £/ EE 3 Ik, BIRE
3 AR, R 2
(standard deviation, SD)FE/~, FIFXNEE ¢ kil
PTG 2R 22 200, P<0.01 gl oA 4eit
725 . EMSA . 51 4E 1 DNase I &2 5250
ZF/AELE 2K, IFRIGARIAEE R

2 BEREAW

2.1 calR EFERZERBERIE

¥ calR FEIR W LacZ B TR FEL A WT
., RH LacZ it LK A SRR AF5Y CalR 78
A E T RSB, 28R mE 1
7Nt calR PR I 2h 1106 1 6 25 40 it 28 ) 34
AR EEE N, LR A AN B B A, A7 AT A
B calR FEHNJR S FiEME, XEP CalR
AR KR R AR AR A
2.2 QS AL HI4% 0 AR F OpaR B #EHE
calR EFH B4R

CalR 1% BE ORI Rk 25 AR calR 1)
SR RESZ QS REGLMYIAYE . AphA il OpaR J&
RIVEMINE QS REEM 2 MELEET, 45

52000 -
39000 |

26 000 -

Miller units

13 000 H

O 1 I 1 1 I I 1
00 02 04 06 08 1.0 12 14
OD()DD

calR (-397--++60)

1 CalR B9 E R RIXFFE

Figure 1 Cell density-dependent expression of
CalR. The negative and positive numbers in the
brackets indicate the nucleotide positions upstream
and downstream of cal/R gene, respectively.
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TEAR S T R 2 = KRR IAPY S AR5 &
B ODgo=0.15 1 0.4-0.6 HIAN 5535729,
TEUIARR 22 B 0 1 %% B 2%, #89¢ AphA Fll OpaR
Xt calR W ETEHLEIEY, qPCR RIS 4 4E fif
ZEILRW], TE AopaR R E|H) calR mRNA
KV EEAIRT WT H 8y, {H Aaphd Fl WT Z
] B A B 25 S (8] 2A F1 2B). LacZ A5 5L
Rl & S i 45 R, 7 AopaR "R I 2 iy
calR JA N FIGVE R EVESS T WT o {HTE AaphA
A WT AR calR I3 3T X 36 M0 2 2 1k
25 (K 2C). EMSA 453 /8, His-AphA #ll
His-OpaR I AREHRE FEHLEE 55 calR JA 8T
X f¥) DNA 541 F(& 2D), {HHEARKE A&
A DL 5 P b 25 G B A L L (an e AT A 5 G
ML _E37 58 3 F X DNA ¢4 BP0 |
WL RL], RANpE % E T, AphA X} calR %%
SRBCH TRPEAE T, A = 4 25 2, OpaR Af
PATA] 235006 calR BY%E 5 o
2.3 CalR IEiF#Z T6SS1 HH X EFHI4E R
EA WS EW CalR Al DL B #4545 0
T6SS2 I H 5% 5 Y, A 7% E— 44 5¢
CalR J2 &A% T6SS1 A IR By 4% 5% . T6SS1
ST 34 AR, M2 7 A
EMERY T, B vp1386-1387. vpl1388-1390,
vp1392-1391 . vp1393-1406. vpl1400—1406 .
vp1409-1407 F1 vpl410—-1420M, A WF5E HEH
vp1388—1390. vpl1393—-1406. vpI400—1406 FI
vp1409-1407 W 5L HE D8 A%, W gE
ODgoo H 1.0 BF AR T 249, #R9T CalR X &
MTEHE P HLH . qPCR BILE R, 76 WT
ARSI B vpl1388. hepl(vpl393). vpl400 Fi
vpI1409 1) mRNA B ZVER T AcalR HE)(P<0.01)
(% 3A), XULH] CalR EETE AT 5; U
— KM LacZ 45 BE R S pF 98 CalR X F ik
SEH R B R R, SR WE 3B R, 1E
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(A) (D)
< 240 ns £ 11000 P<0.01
R ‘z 1
2 180 5 8250
5 2 0
5 120 5 5500 0
2 = 0
£ 60 £ 2750 0
—_— o
£ ~ 0
WT AaphA WT  AaphA
calR (-7---+175) calR (-7---+175)
B
" o o
GA TCOW GA TCLOW
3 T
= -156 1
-
1. 0
calR calR 0
0
©
80 000 180 000
§ 60 000 § 135 000
5 40000 5 90000
S 20000 S 45000
0
WT  AaphAd WT  AopaR

calR (-597---+60) calR (-597---+60)

El 2 AphA #1 OpaR ¥ calR BI4EF BT

3 4 5 6 7

2

9.5 29.339.0 39.039.0 0
0 0 0 2 0 0
0 0 0 o 2 0
0 0 0 0 0
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His-AphA (pmol)

Cold probe (pmol)
Negative probe (pmol)
Un-related protein (pmol)

1
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“W—F ree target DNA
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2 3 4 5 6 7 Lane
25 28 35 35 35 0 His-AphA (pmol)
0 0 0 2 0 0 Cold probe (pmol)
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0 0 0 0 0 20 Un-related protein (pmol)

Free target DNA

calR (=597 --+60)

Figure 2 Regulation of calR by AphA and OpaR. A: qPCR; B: primer extension; C: LacZ fusion; D: EMSA.
Lanes C, T, A, and G represent Sanger sequencing reactions. The negative and positive numbers represent the
nucleotide positions upstream and downstream of each target gene, respectively. The transcription start site

was indicated by the arrow with nucleotide and position.

WT K2 % vpl388. hepl. vpl400 F
vp 1409 J&i 346 B-2F FLIE i 1A K P8
BEST AcalR 11, Xilt— 308 CalR Al
% T6SS1 M CEE N e 5k . Bz, FRZERE
B CalR IE 8% T6SST A& K fl % 5%
2.4 His-CalR 88 HIZ45 S5 E T6SS1 #HKE
BB R 5I X

PCR ¥4 5L[K vpI1388. hepl. vpl400 Fi
vp1409 IS8T X DNA J741, K EMSA 3£
5% His-CalR fEFR5iXLE DNA JFHIMHEAE
F, 45940 4A FiR, His-CalR A LAIGS A B
I vp1388. hepl . vpl400 F1 vp1409 HIJE 51X

DNA J74I |, HA5G 58S His-CalR AYfii it
WAEEE, Jeief R T, His-CalR X BRI
16S rRNA JE[H Y DNA JF8C4s 51 - BlfE Y
DNase 1 &b SL5025 (K 4B) i ~, His-CalR X
vp1388 MR T IX. DNA FEHA 2 DNEsE0r A,

Ay B TFHE FE-170 2117 bp F1-90 20 bp
Z 18] B4 B 5 P 91 b (R R AR L O )

His-CalR XF 3K hepl . vpl1400 Fl vpl1409 35
PRI HA 1 DAL, ormIin T 5 i
—342 %F-275 bp. 193 £-121 bp D341 &
—232 bp ZIIMHEEFH) b, Bz, CalR B
TEIEH w1388 hepl . vp1400 Fl vp1409 W55 5%
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Figure 3 CalR activates the transcription of T6SS1 genes. A: qPCR; B: LacZ fusion. The negative and
positive numbers represent the nucleotide position upstream and downstream of each target gene, respectively.
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Figure 4 Binding of His-CalR to the target promoters. A: EMSA; B: DNase I footprinting. The negative and
positive numbers represent the nucleotide position upstream and downstream of each target gene, respectively.
The footprint regions were boxed and marked with positions. L-1, II, and III contains 0, 5.52, and 11.04 pmol

His-CalR, respectively.
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ABIF 5T e R A 20 % B R B L IR R
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(A)
A TTGAATTTGTTAACTTCTGCCCAAAAGTAAAAAACTGTTTTTGCTTAAAGCCTGCCTTTTGAGTTGGATTGAAGGGTAAT

AAGTTTGAATTGATAGTTAAAACAACCAAATAACCTGTGGTTTTGTTATTICTCCCGCATTTCGGTTTICT GGAAGTTTTC
—-35 element —10 element Pypisss
TATGTGATTGAAT|G

Translation start
_ACCATGTTTMTTGﬁ ranslation sta
SD sequence
(B)

GAAAAGAGGTGAGAGCTATTATACTAAAAGTGGTTACGCCATTTTTTTATCAAGATATTTTAACTATCGTTTTCTGGTGAT

TTGAATGGCTA T

AAAATGCCAGTGTTATTAACTTTATTTTGTTCTTTGTATATGGTTATTTTAACTTTTTAAAATTGAATCAATTTATTATTA

TCTGATTCCAATTTATTGGTTTTTTATCCAATAAATTGTACGAAATAAATTAACCTATAATGGGGTTTTATTGTAACTCAT

Ph‘71
—24 element —12 element

TGTTTTTGCTCTACTTTAAAAGTTGGCACGGAGTI TGATTATACCAAGTAGTCGCGGTGATAAGCGATTTGGTGATTTAAA

Translation start
CAAAACAGATTTTAGAAAAGGAAATAGC@
SD sequence
©

— nt

TAATTTCTA

—10 element LPig00
AAACAACGTAATITCAGGTAGTGAAAGCGTAAGTCAAAGAGTCTAATAACTTAGTAATTATAACTAAAATAATAGGCTTAC

G@'Translation start
TGTTCGTTTTAAATACTACCCTTGAAACAAG

SD sequence
(D)
AGGCGCATTATAGAACCTTGAT

PVP14{79

—35 element —10 element
CTAACAAAATGAATGAAAAATAGGATTT

TTCCTACACGCAAATTAGCCAATTGATATTAATATTAGGAACAAAGATCACACAAAATGGATTTTAATTAGATTTATCGGCT

TTTTATTGTCTAAAAATCTTTTTTTATCTATAAAATCAGAAAAAATGCATTGCATGTCATTTGGCATAGCAGGCGAATACAA

diﬁ' Translation start
TAAAAAAATCTATCTTTATTATTTTATTATCAACTCA

""" ToxR site == OpaR site BN CalR site

Bl 5 T6SS1HEXERBIHTXLEM

Figure 5 Organization of the promoters of T6SS1 genes. A: vp1388; B: hepl; C: vpl1400; D: vp1409. The
DNA sequence was derived from V. parahaemolyticus strain RIMD 221063. The transcription start sites were
indicated by bent arrows””!. SD sequence and —10/-35 elements were enclosed in boxes. The OpaR*,
ToxR*! and CalR binding sites were underlined with solid lines, dotted lines and shadow lines, respectively.
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B2, AW A calR H)FiE B A BEK
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fFF, CalR REEIEZEGF] T6SS1 AHICHRIN T
vp1388-1390 . vpl1393—1406. vpl400-1406 FI
vp1409-1407 L% X DNA J7 41 i fe it e
RSG5 o AHIFIE B 45 S A R T AT LA ) i
MLHRTR T6SS1 Ff) 2 38 48 I 45 .
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