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Bacterial strains and plasmids used in this study

Table 1

FEHE. P bU R B OWE o b o W E
100 pg/mL; & X & % % 100 wg/mL; U 3R
10 Mg/mL;%L%% 17 pwg/mL,

Bacterial strains/plasmids

Characteristics / function

Source

S. suis 05ZYH33
S. suis AvirBI 89K
S. suis CvirBI 89K

Virulent strain of SS2 isolated from patients with a toxic shockdike syndrome
The deletion mutant of virB/ 89K with background of 05ZYH33, Spc”
Complemented strain of virBI-89K; Spc"; Cm"

E. coli DH5«a Cloning host for maintaining the recombinant plasmids
pMD19-T Cloning vector; Amp"
pUC18 Cloning vector; Amp"
A recombinant vector with the background of pUC18, designed for knockout of virBI-
pUCI8-LARA
89K; Amp"; Spe’
pSETI E. coli-S. suis shuttle vector; Cm'
pSET1-irBI 89K pSET1 inserted with the intact virBI 89K gene and the upstream promoter; Cm"; Spe’
pSET2 E. coli-S. suis shuttle vector; Spc”

Collected in our laboratory
In this study

In this study

Collected in our laboratory
TaKaRa

TaKaRa

In this study

Collected in our laboratory
In this study

Collected in our laboratory

Note: Amp", ampicillin resistant;

Cm", chloromycetin resistant; Spc", spectinomycin resistant

R2 KAXBFASY

Table 2 Primers used in this study

Primers Sequence of primers (5°—37) Restriction sites
spe+ GGATCCGTTTTCTAAAATCTGATT BamH 1
speR CTGCAGGTTCGTGAATACATGTTA Pst 1
LAF GAATTCCTATGGGAAACGAGGTA EcoR 1
LAR GGATCCAAAAAGGATATGCTAACAA BamH 1
RA-F CTGCAGACTTGCGATTAACTACCTGT Pst 1
RAR AAGCTTATCCGAATTTCTCTTGTCT Hind TII
inside¥ TAGGCATACCCCATACCGTCAC

inside-R AGGGCTGGCTCTCACTCAATG

out¥ GACTACGACGAATACTACTT

out-R TTTGGTGGGGAGAGTATTGA

sly-F CTGCAGGAAGCTAGTCGGGG Pst 1
slyR GGATCCGTTTTATCCTTTCAT BamH 1
virB1 ¥ GGATCCTTGAAGGCAACAGGGCCGCT BamH 1
virBI R GAATTCTTGCGGACCTCCTTGATTTA EcoR 1
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GINEES KW HARAF B o (National
Center of Biotechnology Information, NCBI) |- it #2 fi
AR 15 AR L PE L 6k T2 H (basic local alignment
search tool, BLAST) %} 89K # 71 & I VirB1-89K
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F Pfam # 44 (http : / /pfam. sanger. ac. uk /) Fii il H 1
RE -
1.3 ERAWBRKRREAFKBEE
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Sper
RA

BamHI Pst | Hindlll

EcoRI

B 1 virBI-89K £ F &k Bkl pUCIS-LARA R E [
Fig. 1  Construction of the gene knockout vector pUCI8L.ARA.
Strategy for deletion mutagenesis of virBI-89K by allelic replacement

LA and RA

with a spectinomycin resistance cassette ( spe” ).
represent the upstream and downstream region of the virBI 89K gene

respectively.
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Table 3

The homologous components of T4SS in A. tumefaciens and S. suis 2

The components of T4SS in A. tumefaciens

The components of T4SSike in S. suis 2

Similarity (aa)

VirB1 VirB1-89K 10.3%
VirB4 VirB4-89K 9.64%
VirB6 VirB6-89K 13.62%
VirD4 VirD4 89K 41.67%
VirB1-89K
2 VirB1-89K &R £ #H 5 1
Fig.2 The analysis of the domain of VirBI 89K. The transmembrane region and the functional domain of VirB1-89K are
shown in red and blue respectively.
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48 hjE, = I A A A AT, AR K A 7 O TG
BEZER(E4C) . 2R MG, =5 B3
RO, QMR R RS . YA T, 4l
TRT TR R S YR AT 0, S 43 G pl 17 e s 1, = 2 ()
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(10 T 7 T2 25 FH IR R/ 4 o A W) Wl 22 s =
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89K i [K 55 41 B 1 5 I 1P O B ARG &R o



280 Qiu Zhong et al. /Acta Microbiologica Sinica (2013) 53 (3)

(A) out-F = inside-F =
LA RA
------------------- =| 055500968 R 052YH33
~ < inside-R \\\ € out-R
e

spe-F = P

a/‘

AvirB1-89K

(B)

B3 BRI A virBISIK MHMEREE
Fig. 3 Construction and confirmation analysis of the knockout mutant strain AvirBI-89K. A: Strategy for deletion
mutagenesis of virB1-89K by allelic replacement with a spectinomycin resistance cassette (spc’) ; B: Confirmatory PCRs
of the virBI 89K mutant. The primer pairs used in the multiplePCR analysis are indicated above the lanes. Genomic
DNAs from the mutant virBI-89K strain (lanes 1, 3, 5, 7) and the wild-type strain, 05ZYH33 (lanes 2, 4, 6, 8) ,

were used as templates. The Gene Ruler Mix DNA ladder marker is shown to the left (M) .

05ZYH33

4 HEK BEERBRERRENMFEREYFHFELR

Fig.4 The basic biological characteristics of indicated S. suis 2 strains. A: The hemolytic characteristic of indicated S.

suis 2 strains; B: The capsule staining of indicated S. suis 2 strains; C: The growth curve of indicated S. suis 2 strains.

2.4 HYRBE A ATAT R AR - T A BE CoirBI-89K 11 45 i 55 B
WIS FE R PSRRI BT 2R bR 0SZYH33 B0 Rk R AW &,24 h GBI St % b

/N 12 h RS 10 SN RAT R BE T TR AR R S A Bk e A1 5 B K e L 1 A R AT

R R AR AvirBI 89K Bradi N L 12 h 5 M A AT 225 (P <0.05) , & W virBI-89K 15 41 B 1 0% 1+

24 b EAIAT 8 LU IE T 48 h L RT3 L k.

W7 R AEE N B G E T RS ge £ U 3R R
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Fig.5 Survival curves of mice infected with indicated S. suis 2

strains.
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Construction and virulence evaluation of the virBI-89K
gene knockout mutant of type IV-ike secretion system of
Streptococcus suis serotype 2

Qiu Zhong, Ming Li, Yan Zhao, Tian Chen, Supeng Yin, Min Wang, Xiancai Rao,

Yinling Tan, Fuquan Hu
Department of Microbiology, Third Military Medical University, Chongqing 400038, China

Abstract: [Objective] To construct the virB1 89K gene knockout mutant and its complementary strain of Streptococcus
suis serotype 2 (SS2) highly virulent strain 05ZYH33 and evaluate the role of virBI-89K in the pathogenesis of SS2.
[Methods] The virBI-89K gene was knocked out by homologous recombination, then multiplePCR and sequence
analysis were used to identify the knockout strain AvirBI 89K. The virBI-89K gene and its upstream promoter were cloned
into the E. coli-S. suis shuttle vector pSET1, and the recombinant plasmid was electrotransformed into the AwirB1-89K
mutant to generate the complementary strain CvirBI-89K. The effects of virBI1-89K deletion on the basic biological
characteristics and virulence of SS2 were then determined in this study. [Results] The isogenic mutant AvirBI-89K and
its complementary strain CoirB1-89K were successfully constructed. No significant differences in biological characteristics
were found among the three strains. However, the virulence of the AvirBI 89K mutant was reduced to 30% of the wild-
type level and functional complementation of virBI-89K restored its pathogenicity. [Conclusion] The virBI-89K gene
plays an important role in the pathogenesis of S. suis 2 infection.

Keywords: Streptococcus suis serotype 2, type IV-ike secretion system, virBl gene, knockout

(ARIC T3 9 5K R

Supported by the National Natural Science Foundation of China (30901282)
" Corresponding author. Tel/Fax: +8623-68752834 ;E-mail: hufuquan2009@ yahoo. cn
Received: 19 November 2012 /Revised: 26 December 2012

GED AR K TE A

203 A v A A BRSO A R AR S SO dn RO AR s A ) A VIR AT AR B L B W R AN T AR ) 22
RAR AP AW, 5 AN REAE AL SR IR E B O A A AR AT 10 0 L I H AR R TR AR5 R A PR A A .
i AE 2 6 i A TR 50 Chtp: / /journals. im. ac. en/actamicroen) , 76 50N “HE B EIRR " A BoR, AT AU “B &7 M A
A 119 0 AN 0 BT
(1) 73 AL 5 A4 WG 5 22 R T8 0 2 7 J B i (R e B8 28 44 B L) IR WA > Ul W) P % Ji 28 44 DI — B3 3% 44 DI
Fp— i 5

(2) W AR SEAR 3 B A4 M > T B AR R B — AR 3 [ R 28 AR W o GIE W N A R 2 A RO 18 B S A
2k 44 P o

(3) H e TE W 3 [0 ¢ 46 20 COb8 2 S A U5 E-mail 2 346D 5 7 119 38 B IV ) AR 2





