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

Strain, plasmid,

Description® or sequence”

Source or PCR product

or primer

E. coli DH5«a Host for cloning vector In this lab

05ZYH33 Virulent Chinese S. suis 2 isolate In this lab

AVirD4 Gene VirD4 knockout mutant strain; Cm"® This study

pMDI18T TA cloning vector, lacZ, Amp" TaKaRa

pSET1 S. suis—£. coli shuttle vector, Cm" Takamatsu et al. (2001)
pSET4s Gene replacement vector with MCS of pUC19, Spc® Takamatsu et al. (2001)

pSET4s :: VirD4
VirD4 KOPI

The gene VirD4 knockout plasmid, Spc® Cm"®
GCAGGATCCCTAGGCAAGCCTTAGCTC

This study

VirD4 gene and its upstream flanking region

Chloramphenicol resistant gene

VirD4 gene and its downstream flanking region

Spectinomycin resistant gene

VirD4 KOP2 CCTCGGAACCCATCGAATTACAAATCGTTCCATAGGTG
CM-F TAATTCGATGGGTTCCGAGG

CMR CACCGAACTAGAGCTTGATG

VirD4 KOPS CATCAAGCTCTAGTTCGGTGGAAATGGCTTGCGGATAA
VirD4 KOP6 GCGGAATTCTGGCGGTCGATTCTAAAT

SPCF GTGTTCGTGAATACATGTTATA

SPCR GTTTTCTAAAATCTGATTACCA

mrp+ GGAGCTGAAGTTGATGCCT

mrp-R GGTCGTTCTCCACAATTTCACG

A fragment of mrp gene

a Amp R

1.1.2 T #EEREIRF: Taqg M. W& AN D)
BamH I.EcoR 1.T4 DNA % 8:# 5 TAKARA A #] p=
mi s DNA B8 B IR 3k ) 4~ 0RE /s 4 IO ) & 4
ARy ) s DR A e O ) & R AR A R 4
L) Pl ZR (Spe) , & 8 3% (Cm) ) SIGMA
AH| F7 i THB 5597 4 Bacto 28 w) 7 i s 51 4 Bl
¥ invitrogen 2y w) A5 s S5 560 FHON A I R R T 4
AR R 20 22 35 2, PR AN R SR T FE e
1.2 VirD4 EEREYMERF N

FJ H Interproscan 4. 0 B3] 55 BEEK P 2 T ik 75
PR OSZYH33 89 K % Jy &y L i IV 24 7p Wb 2 48 41 73
VirD4 58 3 18 17 41 45 1 S5l 3E AT F50 43 4 o
1.3 MEEF

W BFAEBE OSZYH33 (1) T i 1o 73 X Rl 46 vk

, ampicillin resistant; Cm", chloromycetin resistant; Spc", spectinomycin resistant; "Underlined sequences are the restriction digestion sites.

Tl F- A L M B IR P B, 37°C 5%  CO, K5 7% 47 3%
F7 18 =24 ho BK 5 B HU SR 50 % 1 V4 B2 FPF THB W
PRRR R, 1597 18 h AR K AR W, 1 4% 1% 1) Lkl
FERz, R 9R 8 h AR WInT WIOFH TR 4k se i, 58
Pk AVirD4 [/ 35 9% J7 i 5 B AR AR A R] HRF R 365 5
mg/L & % %o KATHE DHSa 55 9% T LB WA K
FRHE, 3TCREG R 77 CRMWH 548 LB Br 37 J ik
J5 ok 100 mg/L) o
1.4 EERKRIKOHE

FH 5 DR A 2 R 5] S $ B 05 ZYH33 LR 4, JF
DAL A 4854, L VieD4 KOP 172 S5 51454 1 1 i [F)
Y5 S LL VieD4 KOP 5/6 2 51404 34 R Uit [A) 5 5 5 LA
pSETL # 44k 4 LA, CMF/R 2 51 ) 4 18 & 55 5= 41
Ve LLUD I R i B3k 3 A A B BERR, VielD4
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Figure 1. Plasmid profile of pSET4s and construction diagram of gene knock-out vector.
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301 10 £ 7 B (1) BT 2 Bk 0SZYH33 . 48 #k AVirD4
WORIC A PBS, A v 45 1.0 mL, JR¥ % B R 4G
W I PBS M Re & 10 ¥t BS 55 1 B. 0
S5 B AR EE CD /AN B 55 R 30 5 00 -

2 4R

2.1 VirD4 EEEMERFN

) F] Interprosan # ff (http://www. ebi. ac. uk/
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R 3A Pros. RAES PCR jk#d b3
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WSS T 4R, ik P ¥ 54 BamH 1 Fil EcoR
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T4 DNA 3% # i 3% $2 bk XUEg U1 7= 4 » %% 4k DH5 s
W Ve PCR g B4 45 R OF g U0 30 1k &5 R & 3D
JIT 7 » g Ji o S AL IOREI Y » 25 B OR 3 AN i BOE R
DT B P 30 56 4 TE A » 1t W) 56 DR i Bk 48044 pSET4s <
VirD4 #4952 % 3 .

InterPro Match Query Seq

1PROD36ES | Ti-type conjugative transfer system, TraG-like
PFO2534»

1PRO27417 | P-loop containing nucleoside triphosphate hydrolase
SSF52540»

nolPR | unintegrated
3.40.50.300»
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Figure 2. Amino acid sequence prediction analysis of VirD4.
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Figure 3. Construction of gene knock-out vector pSET4s :: VirD4. A: M, DL2000 DNA Marker; lane 1 —3: PCR products with VirD4 KOP
1/2, PCR products with KOP 5/6, Cm gene cassette. B: M, DL2000 DNA Marker; lane 1: Products of overlap extension PCR. C: M, DL-
5000 DNA Marker; lane 1: VirD4-pMDI8T digested by EcoR I and BamH 1. D: M1, DL-5000 DNA Marker; M2: DL-2000 DNA Marker;

lane 2: pSET4s :: VirD4 digested by EcoR T and BamH 1.

2.3 EEMMBERTHBNETE

FEMR A R AVirD4-89K it DA 41 VR BEAR, 43 il ¢
5 X%t 5|4 MRP F/R,CM F/R, SPCF/R, VirD4 KOP
3/4,VirD4 KOP 1/6 #t 47 PCR % 5, 45 R un & 4 fr
71> MRP 4y 88 B BR T R A7 ik DXL 1 2 A1 R R v %
SPC I W] 58 A8 B 2 XUAZ e 111y F B4 4, CM ¢ ] Cm
RN B IE ] VirD4 Jzf, VirD4 KOP 3/4 33t A
P VirD4 1) 520 bp H /9 )7 B, VirD4 KOP 1/6 1%

2083 bp J B, MK VirD4 A & 4K 714 bp, [6] I}
X AVirD4 B DA 41 14T 55 I Y > 45 R o AR IR VieD4
SEAE Cm JE PR T AR UF 1A 578 fA 4 2 A 2 o
2.4 BRTEEYFHEBSH

FBY 42 bk 05ZYH33 5 5848 bk AVirD4 3 A T 1fi.
PR, T 37°C 5% CO, TR A K597 18 h J5 M 82 1
FERFAE R ILPE TC 18 A T T8 T A 38 2 5 1L FR K/ 6
B IX 5. S48 Bk AVirD4 1S 2E bk 05ZYH33 f2F
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Kb &t S fros, il WL = F AR K B — 2
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bp bp

2083

1741
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4. EEBIBREETH AVirD4 fy PCR 11E

Figure 4. PCR identification of knock-out mutant AVirD4.
M: DL-5000 DNA Marker; lane 1 —5: PCR products with
MRP F/R, CM F/R, SPC F/R, VirD4 KOP 3/4, VirD4
KOP 1/6 using AVirD4 genomic DNA; lane 6: Negative

control; lane 7: Positive control.
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Figure 5. The growth curve of mutant strain against wild strain.

2.5 mMFHEE

#4574 Bk 05ZYH33 FISAL Kk AVirD4 4351l 5 A
A E 1 h J5, MR EOT o5 R w5 45 LK
6 Ii7m. 5B 2L #k 0SZYH33 (1 4% B % 32.97%
Eb, A8 Kk AVirD4 )2 60. 75% (3 43 A 4> I 1 33
) . WHEERHAEG %2 L (P <0.01), ¥ 8
AVirD4 78 N B4 i wf %A 3 R AR S s i i
R Z K AN M (Polymorphonuclear Leukocytes,
PMN) (1) 45 Wit Bl 7 B RE 0 A BT ok 55
2.6 CD1/NRESRERKERH

)6 H CD1 /N BUEAT 58 4 S G 5 56, /1y BB IR
T T B AR Bk 0SZYH33 Rl 58 AR Bk AVirD4 [f)
OD oo 73 ) 24 1.062 Fl 1. 106, B ¥ i1 2 73 0 A
2.35x10° CFU/mL+2. 46 x 10’ CFU/mL (% ¥t THB
W) « VES G 6 h B BREC M ¥ 7 4R, 3w % 3
B, i B g g fe B, 45 o 0.6976 0. 0936, CI
H/ANT 1.0, E 7-A frox. CD1 /N R A#SEg
N BRI SR R B B 0SZYH33 I 8 AR Bk

80 *

£ 60 -

E=}

2

= 40 -

=

2

2

£ 204

0 - T
05ZYH33 AVirD4
Strains

El6. 2mMMEFEMMREHKOFERNLER
(™:P<0.01)
Figure 6. The capacity of whole blood killing of wild strain

against mutant strain (™ : P <0.01) .
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Figure 7. The competitive index (A) and survival

curve of CD1 (B) of wild type strain against mutant

strain with CD1 mice.
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3 itk

WA E 2 e X, 05ZYH33 £f T4SS f7 F
89 K PAT 111 5 %, 3ot 15 8O R AT 1 IV 40 W 5 4
VirB/VirD 5 & 1k 5 Sy A 4 A R . @
T4 () T4SS T LL iy 2% — e A= 4 % k2R 4, i 4
T R 0 T F 4 M A FET T B, AT R 3 G
Howi " o A RE AR B, AE — e 2 G
T4SS 2 b 5 K 4 P (0 8 45 0 AL ¢ 40 i B T R
WMo A, 7E N B AR G T4SS T
T 5 K2 558 R G e, — & 1 8 5| 40 1 2N 4 T
{1 TR I BT 0 R 4K 9 32 R 95 R 5 R T A A A
T T 00 45 WA 5 0 G P R D) K L AR B O
PRy 5 3 G 5 S A E R s DT A A I 0k
e 4 1 R R A

WF5E % L 75 BALB/C /N B S Ik e S e o
R T IV OB 4y AR G WA O b B Y (VilD4 5
VirB4) [ B BR B 2 50 58 A8 Bk, AN (H /N B e 5
B 22 W] R AIG, T L 3G 51 R N B 8 I 5 11 g )
KA o AT T, FATRA CD1 A FLA
TR AR h 35 DI e B R R . AR WESTIA A [
o L N RN S R T NG O E N g
g1 S735 754 D F LA LR T 7 A5 /N SR A H1 R0
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Correlation between Type IV secretion system component
VirD4 and virulence for Streptococcus suis 2

. 1# . 1# . 1 . 2 2 . . 1%
Junping Wang *, Yuling Zheng *, Yaya Pian , Jie Guo”, Huaijie Hao", Yongqgiang Jiang
' State Key Laboratory of Pathogen and Biosecurity, Institute of Microbiology and Epidemiology, Academy of Military
Medical Sciences, Beijing 100071, China

* Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

Abstract: [Objective] In order to study the role of SS2 Type IV Secretion System VirD4 in evasion of the host innate
immune killing, we constructed a knockout mutant AVirD4. Then we studied its biological activity and virulence.
[Methods] The two VirD4 flanking DNA sequences were amplified using genome of 05ZYH33 as template. We also
amplified the Cm sequence of shuttle vector pSET1, and through overlap extension PCR we connected the three fragments
together. Using suicide vector pSET4s, we constructed the recombinant gene knockout vector pSET4s :: VirD4. The
mutant AVirD4 was successfully constructed by allelic replacement. Virulence of mutant strain was compared with wild
type strain 05ZYH33 through in vitro bactericidal assays, competitive infection and challenge experiment of CD1 mice.
[Results] Mutant strain AVirD4 was constructed successfully, ils virulence attenuated compared to the wild type strain.
[Conclusion] These findings indicated that Type IV Secretion System component VirD4 contributed to the virulence of S.
suis with important functions in evading innate immunocyte killing.

Keywords: Sireptococcus suis serotype 2, pathogenicity island 89K, Type IV Secretion System, virulence
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