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Knock-out Mutant of Streptococcus suis Serotype 2
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Abstract: Based on the principle of homologous recombination, we construct gene knock-out mutant of
the pilus backbone gene in Streptococcus suis serotype 2 virulent strain 05ZYH33. PCR analysis,
Southern hybridization and RT-PCR analysis showed that the target gene was replaced by Spc" cassette.
Analysis of biological characteristics showed that there were no differences in mycelial morphology,
hemolytic activity and dyeing properties between the mutant and the wild type strain 05ZYH33. Viru-
lence assays with murine model confirmed that the mutant is significantly less virulent than the wild
type strain. The results suggest pili plays an important role in the pathogenesis, which laid the founda-

tion for the study of the mechanisms of pilus assembly and biological function in the S. suis serotype 2.
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FEHEBRTA 2 T (Streptococcus suis serotype 2)/&
— o S B R A, AT B I
MUAE . BGRREAR . R 48 . DN R e 2bEsET, 1M
BT 3 1 LR AR, BN BB K FIAE
T, XF IR B S MOlk A B3 35 36 i ™ o gt 2
R (AR OCTE Y AL, 1998 4F 1 2005 4F & [F VL7545 Fl
VU4 0 500 B e KR S, suis 2 JYeedl,
B 4% BR T 3 P K 58 25 A AiE (Streptococcal toxic
shock syndrome, STSS), ¥ 15 XI K, %5 8 % &
(62.7%81.3%), EARERHLH] i ATEREC,

TR T A ARG B FE A L R AN K
HEl &mE EBURMN G —2, WEER IR
FEP s EREEM AR 28, R— 1 EHENE )
AN, IR, X A BEBEERE . B BFEERR A At
REEIK AT I I, AU B8 H BB H
YRR A S R E T, AR A 0 i
b, T EL A BAEREMT . 4228 A0 o 2 b i ) 5
RS,

WIS XA LI ERAFR S, suis 2 T ETREEAK
05ZYH33 MR NAHTERHr, A BAE SritBCD 2

A% EUrmE AR A R & 1 SSU2101 N-Kim B A F
ST, rhE R B A A R T B A R LT
(VYPKN)FI“E-boxf#~F 55, C-AR i H A7 IPXTG i
B SLY, KPP A R 5 20 B 2% BRI D B Y B R
HREARETE S8, NN S, suis 2 P IEREE
Pk 05ZYH33 SrtBCD [ & ¥ 42 & 1 (Backbone
protein, BP)*), AiWIWFE KW, W BRI ENA
SSU2101 HA RAFM R JitE, XF S suis 2 #REUR
PRI /INREA B3 g R e, AR A
FH I 58 i 2 D3, o) T B B R R 1 G A R PR R AT
BRI REARMRABP, Rk — S BAE S, suis 2
o LR b VR 28 E JE A

L E RS

1.1 E#. RR. 5149

ARSI T TR L TR B S Y WL 1, 519 h
R BRI AR AT PR F A A
1.2 FERTFNEE

Ex Tag DNA R4 . DNA RNV, T4
DNA %08 . JFki DNA 2 & . RNA Jf% ¢

F1 KEFAAMER. RAKSHY

Table 1
DERR . BURL 5|9

Bacterial strains,
plasmids and primers

Bacterial strains, plasmids and primers used in this study

BT R AN AR IR

Phenotypes and correlative characters

Sources

Bacterial Strains

05ZYH33 Virulent strain isolated from a dead patient with STSS Lab collection
ABP 05ZYH33 with replacement of BP with Spc® gene cassette This study
E. coli DH5a Cloning host for maintaining the recombinant plasmids Promega
Plasmids
pMD18-T TA cloning vector, Amp® TaKaRa
pUCI18 Cloning vector; Amp® Promega
pSET2 E. coli-S. suis shuttle vector, Spc® Takamatsu et al.(2001)
. A recombinant vector with the background of pUCI18, designed for .
OGS knockout of BP; Amp®; Spc® Ut Yy
Plasmids Sequence(5'-3") Restriction sites” Functions
L1 GAATTCTATAAAATCCCCTACATT EcoR 1
Upstream border of BP
L2 GGATCCTAATTATTACTAGAAAGG BamH 1
R1 CTGCAGTGTATACTCCTATTTTTA Pst 1
Downstream border of BP
R2 AAGCTTACAGTTGTTCCTACGGGA Hind 11T
SPC1 GGATCCGTTCGTGAATACATGTTATA BamH 1 n
Spc” gene cassette
SPC2 CTGCAGGTTTTCTAAAATCTGAT Pst 1
IN1 ACACGTACACCAGTTCCTTTTTCA /
Internal fragment of BP
IN2 GTCAGGAAATTGGTTACACTATTA /
OUT1 AAGGCTAGTTGACAACGGATAATT /
For PCR assay
OouT2 GACAACAGTATCACCTTCTCGAAC /

Note: Amp®: Ampicillin resistant; Spc®: Spectinomycin resistant. Unique restriction sites are underlined.

© PERFRHEDTRAATIESHEEIR http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



1178 g ER

2010, Vol.37, No.8

R G T TaKaRa A w5 B DGR & L4
M RNA # Bk ] & & Promega 723 &l 7= fh ;
Todd-Hewitt Broth (THB) }%33:F Difco 2 Hl;
North & South DNA BEHLE |94 ¥ Zbric Ml 24 &
JeAE I & 8 Pierce A Hl 7 i . Gene Pulser
Xeell™ AU 22 LAY R L AR5l BIO-RAD A Al 7™
fin; Ultrospec2000 #2850 53 5% B 1124 Pharmacia 2
il
1.3 SRz

BALB/c Mit4:/NE, SPF 2%, 4 J&#%, T A 42535 &
FREBE SR S G
14 ABPHIMIESXE
1.4.1 MEFLHRFRK pUCI8::BP: L) 05ZYH33
HEH4H DNA Ak, 45149 L1/L2, R1/R2 #
1T PCR 93 BP (W L. TlfHE L 1 R, [FAFLL
pSET2 Fukibtitk, M54 SPC1/SPC2 i#4T PCR,
P W EE Pk IE R (Spe® cassette) . 7EBRHI 1Y
VIBGH T4 DNA HHEAIENT, BRIk wrE
| pUC18 #AK 1Y EcoR 1, BamH 1, Pst 1l Hind 111
4 DTN L, B —A Spc” RN EA S
BP BN LT Ui [R5 51 Y 8 4 e GRSk pUC18::BP,
I3k 22 g ot 4 EUREAE RO A B W) AT I )
1.42 EEFBRETHRABP B95Fi%F PCR #1454
E: 2 Smith FPE L H % S, suis 05SZYH33 J&
YN, TE 2150 V/iem, 200 Q il 25 pF B S5
T, FHM B i 5 4 ok Bk 05ZYH33 8852 2540
M, BIRAT & 100 mg/L Spc® i THB “F-Ax ik
TRk, 37°C W55 48 h 5, GHE B3R T A 1B
WiE . JEHAT BP NS INT/IN2 #17 PCR
WK i vE, BERIPHM: i —2L 514 SPC1/SPC2.
OUT1/SPC2., SPC1/OUT2 #7204 PCR % &E .,
143 HERBRETHABP B Southern Z3I K
RT-PCR ¥ 7E: Fit— 0 B uk mg bR bk i IE o Pk, $2
UL A 4T Southern 2438, 73k /K bt B A=
A1 05ZYH33 FIRAZFRABP AT X8 o $HUET A AU A
ABP 15 RNA JEIFAT RSk, TEFE K7 BT
RT-PCR %}IE
1.5 S£YF4ESH
151 XIZiEFR: RS XRULE, Hdi RN
ZEAL R A 20 I B2 Fp T THB IR (7 5%43 -
M) b, 37°C JEFAMEE 24 h, ME —FHHBERES
TS I o
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1.5.2  Gram F: 555K 5 48 bR EF AR AU 42
THB 8537 5(% 10% a4 13E) T 37°C 5555 200
Borbo, HER ARSI TR R 1, AR
M 5 AT R R 22 R, T AR T AR TRV
B
1.6 NREGEII

M THB (% 5% 1) “F-h EPRHCR R, 5
T THB (% 10%K G /NE ML) WRAAE: 773 iR
Be % 248, BT mL I Ak 1 28 A8 B R AR 78 3 i) 1
TSN 10 H(2 10° CFU/R), Ffi% THB B Xt
HRZH 10 H(1 mL/H). & H 2 WS/ BUL S
KACT-IHH, MEE 1 JH
1.6.1 SitF o4 Geit# i SPSS15.0 48114k
%, 11 Kaplan-Meier 247 BRI M 715 FLA /N
RN RIS HIAFIR L, P<0.05 WEREBE,

2 i

2.1 ABPHIMIES5XLE

2.1.1 FEBBRFRAIpUCIS::BPRYLE: »FH4H At
B OB E T4 & PCR (1 1) K38 ARGV 56 0E (18] 2),
SR NN, AWM SESEAMEST . WP gs
IR 3 AR BT 91 Bt e I 1E A

1 2 3 4 5 6 7 38 bp

6000
3000

1000

500

1 EEFMBER pUCIS::BP 8948 & PCR

Fig. 1 Multiple-PCR analysis of the recombinant plasmid
pUC18::BP

Note: 1: PCR products with L1/L2; 2: PCR products with SPC1/
SPC2; 3: PCR products with R1/R2; 4: PCR products with L1/
SPC2; 5: PCR products with SPC1/R2; 6: PCR products with
L1/R2; 7: PCR products without any primer; 8: 1 kb DNA ladder
Marker.

2.1.2 FIBRRERTHRABP BITFiER PCR ¥ XEE:
B S uL M 2 A B 4 ok pUC8::BP HL% 1L S. suis
05ZYH33 [RZ S0, A b-FHzt 37°C 55% 48 h
Jei, DT M b R B VR B A R 3R, X TR
IN1/IN2 ) PCR =¥ B (K 3), % 1& BP 5K
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ENFETE, AR BRI MERR, SREUE R 4 17
ZH4 PCR BoiiE . NS & A= Xja) [R) 40, Spc® FEA
B0 BP, JHI51# SPC1/SPC2 #4T PCR Ay 14
Spc® FH, I INUIN2 REEY 3 B A B, 514
OUTI1/SPC2 #47 PCR fEd #H£4 2169 bp M H EX,
514 SPC1/OUT2 #4T PCR BEY 141 2184 bp By
Br. MiTE 05ZYH33 w1, LI L51¥iEfT PCR # 0
R BIPELER, MiHS 9 INVIN2 G851 1 478 bp
W H B R B, 5N 4 PR,

1 2 3 4 5 6 1 bp

— 6000
— 3000

— 1000

2 EAFMER pUCIS:BP I X B E

Fig. 2 Restriction enzyme digesting of the recombinant
plasmid pUC18::BP

Note: 1: Digested by EcoR I and BamH I; 2: Digested by BamH 1
and Pst 1; 3: Digested by Pst I and Hindlll; 4: Digested by EcoR 1

and Pst 1; 5: Digested by BamH 1 and HindIll; 6: Digested by
EcoR 1and HindIll; 7: 1 kb DNA ladder Marker.

123 45 67 8 91011 12 13 14 1516 17 bp

500

3 RTLHRABP BV TFik

Fig. 3 Preliminary PCR screening of gene knock-out mu-
tant of BP

Note: 1-14: Mutant 1-14; 15: Positive control; 16: Negtive control;
17: 1 kb DNA ladder marker.

213 BB T ¥k ABP B) Southern 3% K
RT-PCR ¥7E: Nt —LIWiEABP (WIEMHYE, il
Southern 2432 ¥ ABP FE K41 - il 5828 JE R 47 /€ or
G, AR BP B ) B o ARic BREr, S5R N
K5 s, FREFATLLS 05ZYH33 JER 4 Z4ess 24
8200 bp [ Spe 1 HffY) R B, 5 X m [A] 5 S 4L 1Y
ABP R BLAAL A, RWAEILFKTE BP H D
VAR, r B4R EL 05ZYH33 FIELER bEABP fY 5

RNA, VI 455)H cDNA At L IN1/IN2
FG1#E T PCR ¥, 455G 6 FoR, 7EEFAE#
05ZYH33 H BP JEFIE e ok, MITER ALk BP K&
PN RE IE 5 5f, AR RS sk/KPIESE T BP A
ENREZY 1117

1 2 3 4 5 6 7 8 9 bp

3000

1000
500

4 ABPHJAE PCR IIE

Fig. 4 Multiple-PCR analysis of ABP and 05ZYH33

Note: 1: IN1/IN2 PCR amplification using A BP genomic DNA as
template; 2: IN1/IN2 PCR amplification using 05ZYH33 genomic
DNA as template; 3: SPC1/SPC2 PCR amplification using A BP
genomic DNA as template; 4: SPC1/SPC2 PCR amplification using
05ZYH33 genomic DNA as template; 5: OUT1/SPC2 PCR ampli-
fication using ABP genomic DNA as template; 6: OUT1/SPC2
PCR amplification using 05ZYH33 genomic DNA as template; 7:
SPC1/0UT2 PCR amplification using A BP genomic DNA as

template; 8: SPC1/OUT2 PCR amplification using 05ZYH33 ge-
nomic DNA as template; 9: 1 kb DNA ladder marker.

Marker 1 2
kb

8 — -
6_
4_

Bl 5 ABP #j Southern %3 9} #f

Fig. 5 Southern hybridization analysis of ABP

Note: 1: ABP genome/Spe I; 2: Wild type strain 05ZYH33 ge-
nome/Spe 1.

bp 1 2 3

1000
500

6 ABP #J RT-PCR 4 #f

Fig. 6 RT-PCR analysis of ABP

Note: 1: 1 kb DNA ladder marker; 2: IN1/IN2 PCR amplification
using ¢cDNA of 05ZYH33; 3: INI/IN2 PCR amplification using
cDNA of ABP.
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22 HEMEHESHR
221 XIZEF: RS XRLE, Bl iR
RASKRABP 58P /E R 05ZYH33 #:F0 T THB I SEAR
(%7 5% F 1) |, 37°C JFAAMFH 24 h f5, AIL—
FER KA E BUEEE i . SREDEE R4
NETE(EAHR 1 mm-2 mm), B YA A
B-IAIMEF, FEREH 1 mm—2 mm, FU5EEHAMIL,
A RR B BRI T 25 RN I 36 P V8 A % A I AR AL
2.2.2 Gram F&: POFTBAKBRARABP FlF
BEAROSZYH33 M AT H 2 e i, WA T WA & AL,
TE YO LR E S BRPE B, RARTEZS R R s
FE, SR, Tl 2E 5.
2.3 PREGERL

Ry itk — 25 W 5% B R I R K R S 23 5 ) B R AR
05ZYH33 MEUKTE, FRATAEFZERD 05ZYH33 FI%E
AERRABP W) BE S HEAT T HGH B AR AVAH 10 HU/NERAE
BeiE 12 h WAHRFET:; SRS RRAAE I 12 h NAET:
21, A —HRRRE, AR, 48 h WL
T2, &7 H—JE RS B 47 THB B P X B4 W 28—
i, PITCM R R R R, A Kaplan-Meier 4
FERREUT BT 7 15 L3 /N BRI 32 01 2 1l A2 305 i 2k,
SERE 7 iR, RASRRA S AR R AEE R P AE
<0.05, VLBl SEPAERIAA L, ARG J) LB AR T

80

S 60 f
<
2
e
=
A 40 t
Group of 05ZYH33
. - Group of ABP
......... Group of THB

1 2 3 4 5 6 7
Day post-infection

7 NREFHLZ
Fig. 7 Survival curves for BALB/c mice infected with the
wild-type 05ZYH33, ABP and THB

3w

WREERRTE 2 T BARAYBOR LS i AR, X
T3 R A FE — ER AR, H T AR ARG
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F F B ¥ L M (Capsular polysaccharide,
CPS) . ¥ I B PEi 25 I (Muramidase-released protein,
MRP). Mfi#hH T (Extracellular factor, EF), ¥l %
(Suilysin, SLY)%5P101 Horp AT SE R 22 2 M — Bk
BRI B TR IR T, BRI S. suis 2 SR TERR S5 bk M G
BEVRHR A S Z bk, $R8 % T HERIE R S
suis 2 B —FLEFRE SIS, EHBUR SR AT
HAMKH T 25, B N7 MAa R,

B RE AR P B 20 B 2 40 1 7 i AR PR A
PR EE 2, BN PR R
16 EFM AR ZE, 2—AEEWNEIH . )L
AEAET 2 B B — I MEERIR AT 1 . JCFLBEERTE | 1k
WREEERTA . il 9 5 BR U AE B oE b, & LS BAEEK
AR AR . 225 LRE . YO
BRI 3 1 SR FEU Y ST A A T B 5 Al R
BEBR TR AR 5 B TR B I 3 DR A 4 B BR TR AR A L
A A% Ty 80 B T B B A0, PR A R /N
FUA B B I R TR, fEALLUEAE . SRR
VG I0LAE 75 1 b 58 AR AR TE B Sa il 5, JFReifs &
1 R JRE SR

KTHEEERRE T BN, F7E 1990 4EmE R
2 Jacques SFUVE I L BT A T R 2 1f A AL
HAEBEARKRA N 2 nm, K 250 nm BB BEEG Y A<
TR 3 3 X AR SR AR S, suis 2 HE R B
05ZYH33 mya R TR, A T ATESS 1
FRIE I 55 8 008 22 B A 0 g A B R o 4 — 30
LR #——SrtBCD I SrtF [ E 50, Hrox W £
2 R DA 0 TR R AR R 1 LA AR R SRR 4
FU—N-A G B (55 P81, e R B A 4
HE M 7 B 45 4 5 11 38 5 (VY PKIN) FT“E-box {5 3
J¥, C-KunE A IPXTG P4 & 2 ¥, SrtBCD % [H #%
AR B R T A 1 SSU2101 WA e ZS M4 E, Bk
A S, suis 2 F P E R K 05SZYH33 SrtBCD
EMEREA.

NTHENTHBIE S, suis 2 BIBUR SRS LR
VEFH, A5 ) P I) V5 2 21 35 TR it B O i b T o
FE 3 7 /R 0SZYH33 B BB 4R 48 1A g i 5 R B ok o
Southern %52 &% RT-PCR 45 % /R o1 16 L K 7K S
W RTERG SEKOF B TIalR T BP SR A2
Rk R, RASRRITRTEIE A © W I P DL R g £
P T A R 2 (R 4 TE S 25 5 /N RO S
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B R UL R AR AT ) LB AE R R R, T
R S, suis 2 B9 FIARIEGENE 1, ASLRAIEERIE
it 2ot — Al PR R DU IE . A TSR,
BIRFER B A HERR TR 19 B BB AL H D R A R
M i D TR ) B P, (ELR R AT 1 9 LT 114 2 4 i
PR BRE 1Y, TEAE S, suis 2 EUR AR R
Uy Ze AR TG, T ax A Ta) R, AR DRBTZE 4 7 20
5 N B A R B S AR 2R BE T . X B MR AR I R HT A
WEBE 3 . A MLAET AE T A B R BE T 40 TR R TR 2 4 1Y
AR R J5 it — A RATE

2 % XM
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WXPHIRIE, FFHEHLHE
PIFhRY SR RIS A . R (AR AR AT SCRME . BV E T RS, RN, 8

PAEHIRLT SCER . s —FHIER, B7HKRE,

BRAE VI B/ 3 S REHIRMA, J5 A RS E AT HE, B0 BamH 1, Msp 1., Sau3A 1%,
AR S AERAE 3 DTFRFORN, (UF 1 MTFHRE, KRG, 1B ik

W5 ARG IER
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