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Construction and characterization of a two-component signal transduction
system ciaR gene knock-out mutant of Streptococcus suis serotype 2

FENG Xiao-dan,CHENG Gong, WANG Jing, WANG Chang-jun,PAN Xiu-zhen, TANG Jia-qi

(Department of Pathogenic Biology of Basic Medical Sciences, Nanjing Medical University, Nanjing 210029 ,China)

ABSTRACT ; To construct ciaR gene deletion strain(AciaR) which encodes the response regulator of the two-component sig-
nal transduction system 1094HK/1095RR in Streprococcus suis serotype 2 virulent strain 05ZYH33,and to investigate biological
functions of the AciaR. Recombinant gene knock-out vector was constructed consisting of Spc® cassette with flanking homology
regions to the ciaR gene,and the ciaR gene deletion mutant was screened by homologous recombination. The AciaR mutant was
confirmed by PCR analysis and Southern hybridization. The AciaR mutant was found to grow more slowly than the wild type
strain at 37°C and 40°C ,as judged by ODss. The sensitivity of cells to peroxide was test by the exposure of aliquots of cultures
to 40mmol/L H, O, for 15min. Viable cells were counted by plating them onto THB agar plates and the results were expressed
as percentage of survival, The AciaR strain was significantly more sensitive to peroxide than the wild type. No obvious differ-
ences were observed at different pHs except at pHS5. 0, in which the AciaR mutant presented growth and survival defects, Nine
of ten mice infected with the wild type or mutant(1X10° CFU/mouse) died at 16hours post-infection. It is evident that lack of
the ciaR gene reduces the proliferative ability of S. suis 2 05ZYH33, tolerance to the oxidative stresses and survival at acid en-
vironment in vitro, but no differences of virulence to mice.

KEY WORDS: Streptococcus suis serotype 2; two-component signal transduction system; gene knock-out; biological char-
acteristics
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(Streptococcal toxic shock syndrome, STSS), %%
DX, S L2 15 (62. 7% ~81. 3% ™, LA SR HL#
MAERE., —IUE 5% R RS (two-component sig-
nal transduction systems, TCSTS) &) 2 F#7E T 4
PR TR ¥ 5T, B B L Y 2H & BR B8 Chistidine
kinase, HK) F1 il PI 89 )2 5 38 17 A F (response reg-
ulator, RR) P #B 43 20 B » 76 B0 B R L 18 F 19 72
HRE T A £ R O B T R Rk L 5 AR BoR
B, AEBATERT S. suis 2 B8 B
98HAHI12,05ZYH33 (¥ 7 B H STSS i A) &
HEFEMAWTF, P ERFEHFATERES . HRER,
05ZYH33 P fELE 11 A~ TCSTS f1 5 PR JL S R 18
P T, AR L 4 A Ak B8] B A B B AHE A B, e UL
Fr— A~ TCSTS, fin & 8 1094HK/1095RR, [A] ¥& 1
FeXt % 81 1095RR 5 £ FhiE 2R (i 4 4 2K L 1k Bk

BERRE I AEBRE 5 M CiaR EEMBIF 5 — B0k
=ik 80 LA . BLE UESLAE Al R 85 BR B # » CiaRH
AR SRR REZN BN FA AR
EEAE RS . 4 U5 B LSS 6 2R 5 5E BUME B
05ZYH33 N *F 5, i@/ # ciaR L F R R R,
BT H AR SE, i — PR R AR
JGFE S. suis 2 BRIBURHE T EWIE S E AR,

1 #HEfAE

1.1 #p

LT EHURR. I REREY ALK A
IR R ARSI P E 1,5 s E RERN
BEARERAFESH. BALB/c SA/NRMW A S E A
RBREEFEFR ¥ LB Y PO E. 4 F
% ,SPF %,

®1 ZXREAAMER. RBRESY

Table 1 Bacterial strains, plasmids and primers used in this study

Strains/plasmids Characteristics/function * Source/Reference
Strains
05ZYH33 Virulent strain isolated from a dead patient with STSS Lab collection
AciaR 05ZYH33 with replacement of ciaR with Spc® gene cassette This study
single cross-over mutant with pUC: :ciaR integrated into the chromosome
mutantl This study
of 05ZYH33
E. coli DH5a Cloning host for maintaining the recombinant plasmids Promega
Pasmids
pMD18-T TA cloning vector, Amp® TaKaRa
pUC18 Cloning vector; AmpR Promega
pSET?2 E. coli-S. suis shuttle vector, Spc® [7]
A recombinant vector with the background of pUCI18, designed for
pUC: :ciaR
knockout of ciaR; AmpR;
SpcR This study
Primers Sequence(5-3") Restriction sites” Functions
LA-F GAATTCGGGTTGGACATCGATCAT EcoR 1 Upstream border of ciaR
LA-R GGATCCCTAAGCGAATCGGAAAAT BamH 1
RA-F CTGCAGACACTTCCTTACGTTTCG Pst 1 Downstream border of ciaR
RA-R AAGCTTTGAACTTGCCTTACTCAC Hind I
SPC-F GGATCCGTTCGTGAATACATGTTATA BamH 1 SpcR gene cassette
SPC-R CTGCAGGTTTTCTAAAATCTGAT Pst 1
IN-F TGTAGTATCACTGTCAAAGCCCCA / an internal fragment of ciaR
IN-R GCGGAAACAGGCGTTTATGATTTG /
OUT-F GACGTGTTCTAGCCTTGTCAACTC / For PCR assay
OUT-R CTAGAAAAGTTTGGAGACGGCGAG /

1.1.2 FERFAMNE FExr Tag DNA BE5H.
& Rl BR &1 M A ST B . T4 DNA & $20E . Ok DNA #h
BRA ST TaKaRa 228 B EIWRF & KR

HARBGR 7 & 4 Promega /> ) 55 s Todd-Hewitt
Broth( THB) £ 3 2 W F Difco 43 d] ; North& South
DNA FE#L5 | oY Rinic ffb % 267 &



+ = =1

o

I B ¥ R
216 Chinese Journal of Zoonoses 2009, 25 (3)
3 Pierce /> Al ™ &b . Gene Pulser Xcell™ 24 f1 28 L, =R AR ST A BR A M %% TF pH 4.5.6.6. 5,

X X W % ¥ BIO-RAD 24 &) ™ fh; Ultro-
spec2000 B 22 41 41 5% 56 B 3t & Pharmacia /A H]
b
1.2 AciaR B S5%E
1.2.1 & EMFREKM pUC:: ciaR DX
05ZYH33 2 FH 41 DNA H#R, 43 3 514 LA-F/
LA-R.RA-F/RA-R #4F PCR, ¥ # ciaR § + . F
% A Bt LA F1 RA; [E)Bt 2L pSET2 kL A AR , HI 5
¥ SPC-F/SPC-R #1y PCR, # W E K Hi th 5
B (Spc® cassette) . TEPR I N VIBEF T4 DNA %
BEEMERAT. B EMKKIEED pUCIS KR
EcoR I.BamH 1.Pst 1 f1 Hind M4 % 5B 5
EJEHR—A Sp REFHMEA S ciaR LT Uif[H
F AR B A mBR R pUC: i ciaR,
1.2.2 FiskEH MR EB R AciaR  TE 2150V/
cm.200Q f 25, F % S HT , HEH K pUC.: .
ciaR WL¥6 4k O5ZYH33 BZRMEW, BT T &
100pg/mL Spc® B THB F AR b #E 17 81 4 5 ik,
TCHE 48h 5 WA R M A W B %, SN
F ciaR WEPW B4 IN-F/IN-R # 17 PCR ¥ Ik i
¥, BE A PR PR — 2 A 5149 SPC-F/SPC-R,OUT-
F/SPC-R.SPC-F/OUT-R f1 OUT-F/OUT-R i# 4T
#H4& PCR X¥5E.

SRt — 2 B TIE A R B Y IE A 0, BRI R A
1T Southern 2438431, LIRS A ciaR FEH B
fa] B Bt (5149 IN-F/IN-R & PCR F=#1), % BB
ST AEWERRIC. H&ERY DNA A
Hind [l BEYIE RS 0. 8 Y0 B W UGE 5 W K 20 B8 4%
HEHEME R EE T DNA $#ED 2 JE Jp jE .
8OCHEEE 2h [l E . W3 . Uh g BB O B %2 19 ™ k%
BB B R RESRHLT.
1.3 EYFIRER
1.3.1 37CH40CAKSEK HTXMHHERKS
WAKEEFRRSWREFEFKREGEEZR . 2
MEBAHFRIREMNHEE T THB WA FH 3 (4
10°CFU/mL)37C K 40CH % 555, SR 1h 1
B ODgoo {E, EHE LK 3 RALHFEKMLE.
1.3.2 SHEASHRLE HABmERkRE L
¥4y 815 40mmol/L # H, O, (ZH B i ODgyo >>0. 4)
ZERFHAEM 15min, 2.0 W EHHBAKEE 1
K.ERBRR(BHERS H.O.ERIMEK),37C
JBE 6~48h FiH it E AR ERAMFEMT
BIFFIE 3
1.3.3 Al pH{A THB iy KL B [E £k

7.5.8.8.5.9.12 iy THB 1 37 C ¥ 3% ¥4 3¢, 6h.8h,
12h.24h J5EAEM ODsgo {8 .

1.4 /PMRESSSHE M THBGE 5% ¥ FHR E
PRI B 7%, 56 3 F THB(H 10% K iE /N i)
RS R E PR F 1 5F 2 0, B ImL 3510 B9 BB R
MBS M EEES /DR & 10 R(4 1X10°
CFU/R), 3% THB [ 4 10 R (ImL/H).
5 H R E L R/ AR RIETE B .

2 # B

2.1 ciaR R2ETE 05ZYH33 & HAFH R AR
R4 4 & P9 B Ak 05ZYH33 5 98HAHI12 #
HAFHEH ClaR IHUFF], HEERT I -
R 100%,3H 5 GenBank F B S. mutants UA159
(GENE ID. 1028441).S. pneumoniae R6 (GENE
ID: 934251).S. agalactiae 2603V/R(GENE ID;
901338) & R ¥ 5 — B M 4 51 R 90%.88%.,
87%.82% . H Clustal W #k{43#7 CiaR E 2B F
IR R ERILA 1,

O5ZYH33
E S.mutans
S.agalactiae
S gordonii
{ E $.sanguinis
S .thermophilus
S.pyogenes
Lactococcus
D | E
1
t
l; O

S.pneumoniae
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Fig. 1 Phylogenetic analysis of the response regulator CiaR,

with some related members known at the level of ami-

no acids

2.2 AciaR RIS % E

2.2.1 EHMB K pUC: iciaR % E X EHA
FEBR Bk AT 44 PCR R XM E I KL, 45 R I
Bl ZA 2B, B 4w AN ERISEEST. MFEER
IR 3 AN R BoPF 4 R i 20U IE .

2.2.2 BFWBEAH AciaR I PCR X2 X T34
IN-F/IN-R ff§ PCR =4y B %, % & ciaR % H
EAANTELE AR R R PH AR R BUE AP TA
# PCR BiiE. MR KA W FEEH, Spc #EH
¥ 18 ciaR , Fi5|4 SPC-F/SPC-R #47 PCR 84"
K SpcRILH L, B1H OUT-F/SPC-R # 47 PCR
P gy 2. 2kp MR B, 519 SPC-F/OUT-R i#17
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Fig. 5 Growth curves of AciaR at 37°C and 40C
A total of 10®* CFU/mL of each strain was used to in-
oculate THB broth prewarmed at the indicated tem-
peratures, and samples were withdrawn at 1-h inter-

vals to measure the ODgo, values.
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Fig, 6 H, O, sensitivity assay for 0SZYH33 and AciaR
H, O, (40mmol/L) was added to 1-mL aliquots of
culture(ODgg >>0. 4). Viable counts were performed
on THB plates before and after the addition of perox-
ide, and the survival rates were calculated., Values
are expressed as the means plus SEM of the experi-
ment. * , P<C0. 05 for lower survival rate of AciaR
than that of the wild type 05ZYH33.

2.4 pRBRGPELE BRYJE 16h UL & Bk 4 EF
HEHB/NRA RS 9 AFET,20h JF 2L T Bt
PR ME—FE, A FRY . WHBBRK AcaR 5
P A #k 05ZYH33 %f BALB/c NREBEH T LR,

ph5. 0

mmm 05ZYH33
A AciaR

0. 084

0. 064

0. 041

0. 024

0. 00-
24h

Time (hours)

B7 pH5.04KXR

Fig. 7 Growth at pHS. 0 of 05ZYH33 and AciaR
Both of the mutant and wild type (about 10 CFU/
mL) were incubation in the THB broth adjusted to
pH5. 0, and samples were withdrawn toc measure the
ODggo values. Data presented are means = standard
deviations (error bars) from two independent experi-

ments. * ,P<C 0.05;Student’s ¢ test.
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MEEUR SRR 518 FAHEERNE 2
R, FERFEZENERGDAESN. ERIBES,
BHREHKEERTEENGES RERZ (L F W
N AN R ER B B A8 Ak, 2 T R T AR N A B B R GEEE
EMERNER NS . KEFFZTEY, _TE85HR
ROAREHAETHAR PN —FBERGFSH I
i, BT AR E 5 P 0L 550 TR 18 3 iR
AR ZE  BOw a3 A 5 L RO R A X 3R 8 B AR i ks
N, IR IR RV BHIE MBS L, B E RN
PR, Bt Al ES . ELER LK
HERR AR E EN RS, LRSEHENIFE
RIELHEHTZHENEFHES MEI S BESP
TCSTS A HEEENFEMEN L EREBURTE .

CiaRH BIEMREREPE - EHW
TCSTS™™, LT — R 5 MR R ) 3 5% B A
5| 0 B R BE () 2 R JF R B R T R RE R 1Y
a3 YER AR R e B A EEAE L AT AT 2L
A ZHE T (RR A AEN . B&EES . pH #E
AL LA RERS WEMERCTY IFERRD
MELKPUELRE—MEENFHRANTE T, SHHE
AR MR BRWEIT AR, &F
R &AM CiaRH M AT BURZ S B h g
T, MERZESREXNAERE - EHHFEES,&
ERE A CiaRH 7E P31 £ F 8 42 5T 14 5% 8 fo 12k
ARG M EE R, I BB E R RZ
SHE©.

KT 3% TCSTS £ S. suis 2 BRI B PR
EMER ARB B IIME T 052YH33 i ciaR
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g R Ak, FUEB M BR T ciaR 2, & 5124
B AE KR RE I 855 , ol BR BE J1 T B, W 41k B KRB
AT EHMNROEIHNTHB M. 55
CiaR #ib W R, SRR ERBEFEZ R R R, L
W TR BRE G REEERTE . #EW CiaRH 7£ S.
suis 2 BUP AT RE R B K RIATE HERRE A A
AR L SR T MR A 9 Hod s herA 2
B R R R R IR R AR RS T A IE
WARKS, WELR P AciaR BT F B 1 # T BR 68
J10R B T B, HE U BT BB 40 7E Bl R EERR B R B A 2
BT BB ciaR Sk B 40 B8 38 4 3 2k T X A K #
ComE M S EBHM AP M EREENTHRE
wRY, BRI 3 — B3I
ARBETRIVEEAFEBEMBET 052YH33
ciaR X R FR ¥k, BF3T CiaRH #E S. suis 2
RIEH P R ENE AL T8 — %, A 5 al 3R
iT# Bt — @ BT CiaR 258 DNA 8 ¥ 51, 43 #r
ABHEEENEAER, UERERLE MR EXE
BEREWEYX¥IIE.
B % Uk
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