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Abstract: To approach the relationship between the sr¢F gene and the high pathogenicity of S. suis 2
05ZYH33, an isogenic knockout mutant of sr¢F was generated based on the principle of homologous re-
combination and confirmed by PCR, restriction analysis and reverse transcription polymerase chain reac-
tion. The resulting mutant strain exhibited growth kinetics equivalent to those of the WT parent strain
upon cultivation in standard laboratory used in our in vitro assays. A similar absence of difference between
parent strain and mutant was observed when competition infection mice by the WT and mutant strains was
evaluated. Taken together, these results suggest that sr#F might in fact not critical for the full virulence

of S. suis 2. It is to expect that future study carried out with S. suis 2 to verification the conclusions.
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Yo NFEEC ) B B LB L AL A
BR B P B K 5 £5 A 4iE (Streptococcus  toxic shock
syndrome, STSS), Ji1H XIF, WIEREM m, 71Kk
TN B e

Sortase (srf) i A7 7E T4 =2 [CBH PR TR, i
e 2 17 2 P LA G 2 A0 RE L A — 2 R
A Dramsi 55 A4t 9 UHEN, sortase 734 A B C.
D 4 2%, Hrh C 2 sortase Zii K, fF7ET 2T
o) 3= B B O i 1k 40 TR 2 T B B 5 1 A
H 5 RE )5 . BRI, IR EESK I C 28
sortase (srtB . srtC. srtD)LA M B dEEERE H sr¢Cl |
srtC2, srtC3 | srtC4 WS, 4 W] 5200 I B 4544
R N € 2 N N N A R (1] 1K
ARS8, BRI, T C 2K sortase 7F S, suis 2
rH O A 3 R DL E o AS PR 2 58 8 1998 4
SREUE KR 98HAHI2 1 2005 4F3RBUMHE 05ZYH33
()4 SN P RN T e B, RIS, suis 2 by
H srB. srtC. srD. sriF 3 4 Fff C 2% sortase,

srtF 5B G FESC R B VO AR ST L) b 5%
R 05SZYH33 MWFFE X 4, EZMLLIFILATT
T XF sreF AT (1) srF 2828 RRINAGEE; (2) sreF
RASRRINZ TEIAE; (3) sriF SRR TIBFST .

1 MBEFHA

1.1 Bk, FRAFI514

ARSI B B AR Bk B 519 W3R 1, 51 H
A BRI R AR A FR A F A o
1.2 FZERAFIRE

Ex Tag DNA R4Hf . DNA BREIVENDIEE . T4
DNA H4 5 FORE DNA il 5210 & & RNA S 5
IR G448 TaKaRa 2R 77 i e RIS & | FE
4 K RNA $2 UK & 4 Promega 24 A ™ il ;
Todd-Hewitt Broth (THB); ¥ &4 F Difco 2 H];
Gene Pulser Xcell ™ 7 f1 25 FLAY K HLE4 AR Bio-Rad
28 ] F7 il ; Ultrospec2000 Y 28 40 43 5% 6 B 3T

Pharmacia 23 & 7= & o

R1 KEFAAREN. BRI

Table 1
WRE. Bk K51

Bacterial strains, plasmids and primers used in this study

FI R AHSRAFAE HIH

Strains, plasmids and primers Phenotypes and correlative characters Sources

Witk Strains

05ZYH33 M5 R 2 B, SREBOR R A = ARAT

AsrtF I35 %Y 2 Y, Spe” ENEAR AR

E. coli DH5a deoR, recA, endA, hsdR, supE, thi, gyrd, rel4 ARE AT
J5ki Plasmids

pMDI18-T T Z&, lacZ, Amp' TaKaRa

puUC18 E. coli TR, lacZ, Amp" PINEY Y

pSET2 E. coli-S. suis ZEIRITRL, Spct Takamatsu et al. (2001)

LSR-pUC18 sriF FE KRR UKL, Amp', Spc” AT G AL 7
5|4 Primers

L1 GAATTCAAAACACTACTAATCCAA (FRIZ A 5| A EcoR T VI )

L2 GGATCCTTCCGAAGATAGATTCTA ( FXIZ k5] AMY BamH 1 BYIA5)

R1 CTGCAGTTTATATTTTTATAACAA (FXIZ N5 AW Pst 1 B 55)

R2 AAGCTTATAACACTGTCTTATTTT ( N R4k 51 A K Hind TIEGFYI L)

Spel GGATCCGTTCGTGAATACATGTTATA ( FXIZ& K51 AH BamH T D14 )

Spc2 CTGCAGGTTTTCTAAAATCTGAT (N XIZ k51 AW Pst T BN 25)

IN1 TTGGGGATTGGACTATTGGCTTAT

IN2 TCAGAAAACAGACGGGCAGATG

OUT1 CACCAA ATGCAACTGTTA TCGATA

OUT2 TATCTAGTAGACGGGCTGCAGATT
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1.3 SRz

BALB/c /NEL(SPF %), MfEE, 4 AW, WA H [E
NS 3@ A o R TS M ow) LY/ SN
1.4 05ZYH33 srF E AR RTHRMWENET
141 EFEEPRRAAIEE: LIS suis 2 05Z2YH33
FLIKZH DNA MfsaR, 4059 3G srF BEP Y FiF LA
(1000 bp)A FiiF RA (700 bp) DNA H Bk, [A]i}LI
pSET2 Gk MR, FHSI4 Spcl/2 ¥ Bk W5 2 Hit
PEIL A (Spc” cassette, 1130 bp). KX 3 MH B (LA,
RA . Spe)va [ % pMDI18-T #hfAk |, 4K J5 76 BR il 1k iy
DI Al T4 DNA M M/ER T, MR 5 B 2
pUC18 #AKAY EcoR 1 . BamH 1 | Pst 1 Fl Hind III
4 NErEbEN s b, T —A Sp FHEPIMAA 5
srtF bR U [RR 5 0 B 2 R B Bk pUC::sreF, i
THEFTR .

pUC::sreF

(5516 bn)
2218 8p)

LA Spc' RA

EcoR 1 BamH 1 Pst 1 Hind 1M

1 pUC::srF EHERRWEREE

Fig. 1 Construction of plasmid Puc::srtF

142 EFEBBRRTENFEMDTLEE: X
Smith 2P 5 thmgE Rk 3, Hl & 05ZYH33 B4
T . 78 2150 Viem, 200 Q f1 25 uF HESHCT,
A H L R R pUC:wsreF LA 3] 05Z2YH33 Jisz
At AALT seF S8 IN-1/IN-2 #E47
PCR WK fiE, 7 H L GRIC, X 5E (0L BH 4w
5% SPC-1/SPC-2, OUT-1/SPC-2, SPC-1/OUT-2 I
OUT-1/OUT-2 #4741 4 PCR ¥iiE, IR iR Ha vk
8145 PCR =4 5 BB K/NE R —B,

1.4.3 RT-PCRIE: HGE & 09 EF A48 05ZYH33 il
GALRR AsrtF (ODgpo=0.6) B I FEHL RNA, KUY
RNA S5 cDNA, il IR A 51 ¥ F1 Checkinl/2
SINHE B RNA . cDNA #7545,

1.5 EYF45ESH

1.5.1 WEEMFRIMIFENMSE: T AR
TR Z B AERRESHILER, RIS XL E, K
SRR SR AR AP T THB PR (S 5%458 2 10)
b, 37°C Bi AR 24 h, W HHIRIE MR
I 3 P A JC T 2550

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

1.5.2 FE=RFEE: MRS A AU4% R THB 55
I (T 10%06 24 MLE ) T37°C K37 20 80 1,
FHEEF AR A1 00 A0 THEIE R b, ARBT 5
F1H g 2 [RYe e, T i NIRRT TR
1.5.3 HKIERBLLE: A 17X R AR S B A A
P AERRSA T2 5, BOM R U (ODs0=0.008) 1
Y E T THB WARIG AR, 37°C IR bE 9%, B0]
B% 1 hiW I ODgoofE, 5 S0 3 YTF il A K th £k
1.5.4 DEBUREW: SPF 4 4 A BALB/c /MR
30 K, BEALAY A 3 2, 3 SR s S B A A R 5 A
PR 1 mL (29 1 x 10 CFU/H), Jfi% THB %}
HRZL(1 mL/ ), KB Mg st /INR & BB T 1% B .
1.5.5 FTHEEESTI: A L0 B 2 bk R 28 A8 Bk
(% 5 x 10" CFU)IR A W s i 55 10 UM, St
MBI AR TR DL, M3l I AR, AN R |
FRHR . B4 TAEREAR, BENLAMI 3 5, JEE T . M
W HFRE . EE . WLEREAR SRS, FRE SRR, X
BIR A 5IAE 10 (5 20/ R, B — s i A E00 TR
100 pL ¥4 F THB A (538 & 100 g/L H: W8
ZRA M), 37°C IE 48 h it FHit
H R 7 32 T 22 4% A 4 29 e B A ORI 5% A Bk
F14) 24 TR 0 Sk (5 78 B 10 440 R 850 i 5 Tt UL R otk
SR K 1R TR A R, T R AR 1) A R R A
i THB P - 0% B % 50k 2 H W 2 R Btk P-4l |
) TR 75 550

2 i

2.1 EHFIFRBRL pUC::srF BIETE

R EURE) A G %) R OB, X T 4 R BORL A T
2H A PCR F 28 AU VI HAIE, 2558 WL 2 fiiEl 3, 4%
et KN S NS EANSY, M2 RIRER 3 AR
B 1) B 5 42 Mt e 1 o

2 ELEFIRR R pUC::srF BI¢EE& PCR

Fig. 2 Multiple-PCR analysis of the recombinant plasmid
pUC18::srtF

Note: 1: PCR products with L1/L2 (1000 bp); 2: PCR products with
SPC1/SPC2 (1130 bp); 3: PCR products with R1/R2 (700 bp); 4:
PCR products with L1/SPC2 (2130 bp); 5: PCR products with
SPC1/R2 (1830 bp); 6: PCR products with L1/R2 (2830 bp); 7: 1 kb
DNA ladder marker.
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3 EHBRRBRRL pUCIS::srF IR XEEIEE

Fig. 3 Restriction enzyme digesting of the recombinant
plasmid pUC18::sreF

Note: 1: Digested by EcoR I and BamH I; 2: Digested by BamH 1
and Pst I; 3: Digested by Pst | and Hind III; 4: Digested by EcoR 1
and Pst I; 5: Digested by BamH I and Hind III; 6: Digested by
EcoR I and Hind IlI; 7: 1 kb DNA ladder marker.

BiFR =T Hk AsrfF B9 PCR £ 7F

WK 4 i, 514 IN-1/IN-2 (%) PCR 7410 B
PR, BN BERIETERR, o 11 JKIE N BE I AR
B, dE—BARICGE A UEA T4 A PCR S0iF . WHR %
X al RN EE 2, Spe” FEPDKE AL sreF JEH, 519

2.2

bp 1 2 3 4 5 6 7 8 9 10 11

1000 —
500 —
250 —

H 4

12

SPC-1/SPC-2 PCR ¥ fEH ¥ 11 Spc” HEH, 5149
OUT-1/SPC-2 PCR BEY M 12y 2.2 kb B, 5|9
SPC-1/0OUT-2 PCR RE# ¥4 2 kb F B, MifE
05ZYH33 , HILL 51k T PCR AR A5 3 B PEZS
J, M54 IN-F/IN-R GEP 3411 416 bp HBL. 45
R s s, KNS5 E 3.
2.3 RT-PCR I&iF

H TR R AR, FIE A 51 5 Bk
05ZYH33 FIZAEkk AsrtF 1Y) RNA Fl cDNA #EATH"
W, SEARRIIRAG T4l RNACK DNA i53),
If B h % 57 ) cDNA; Checkinl/2 51143 5% —
H LSRRI cDNA #E479 31, BF4E# 05ZYH33
gk ROl B, UL seF IE O BESR, AE 2848 BR
AsrtF FoR B, G SEOKSEUESE sreF R () B
(1 6).

13 14 15 16 17 18 19 20 21 22 23 24

R ¥RAsrF BI#1 45 15 1%

Fig. 4 Preliminary PCR screening of gene knock-out mutant of srtF
Note: 1: 1 kb DNA ladder marker; 2: Positive control; 3: Negtive control; 4—24: Mutants.

1 2 3 4 5 6 7 8 9 10 11 bp
3000

1000
500

5 AsrtF B94HE PCR Wik

Fig. 5 Multiple-PCR analysis of 05ZYH33 and AsrtF

Note: 1: Mixture primers amplification of 05ZYH33; 2: Mixture
primers amplification of 05Z2YH33; 3: IN1/IN2 PCR amplification
of 05ZYH33; 4: IN1/IN2 PCR amplification of Asr¢F; 5: Spcl/Spc2
PCR amplification of 05ZYH33; 6: Spcl/Spc2 PCR amplification
using AsrtF genomic DNA as template; 7: OUT1/Spc2 PCR ampli-
fication using 05ZYH33 genomic DNA as template; 8: OUT1/Spc2
PCR amplification using AsrtF genomic DNA as template; 9:
Spcl/OUT2 PCR amplification using 05ZYH33 genomic DNA as
template; 10: Spc1l/OUT2 PCR amplification using Asr¢F genomic
DNA as template; 11: 1 kb DNA ladder marker.

© HERF RS DR TIEL S B ER

1 2 3 4 5 6 7 bp

1000
750
500
250

El6 R¥RPCRETE

Fig. 6 RT-PCR analysis of AsrtF

Note: 1: IN1/IN2 PCR amplification using cDNA of AsrtF; 2:
IN1/IN2 PCR amplification using cDNA of 05ZYH33; 3: Mixture
primers PCR amplification using cDNA of AsrtF; 4: PCR amplifi-
cation using RNA of Asr#F; 5: PCR amplification using cDNA of
05ZYH33; 6: PCR amplification using RNA of 05ZYH33; 7:
250 bp DNA ladder marker.

2.4 BEEESFAMEMER LR

B RAFRR AsreF FNEF AR 0SZYH33 43 5l 3 Fp T
A, 37°C HFE 48 h, Al ULKHG . RIS
WYL MR . FREDGIE /N TR, BV A P
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M IR (E 7). SRR L, 2R BT TE A
FVE MUTE WA B ARk, [AIRE, 22 e )5 2R
T 05ZYH33 FIZAE Rk AsreF 2 R B, HIKE SN
I sk B, S e HES (& 8).

B 7 HAER 05SZYH33 FIREH AsrtF IEER SR
&%

Fig. 7 Sheep blood THB plates of 05ZYH33 and Asr¢F
A B4R 05ZYH33; B: 28745 Hk AsreF.

Note: A: The WT strain 05ZYH33; B: The AsrtF mutant.

Bl 8 EF4 A 05ZYH33 AR T Hk AsrF IS M S
(x 1000)

Fig. 8 Garm's stain of 05ZYH33 and AsrtF (x 1000)

A B 05ZYH33; B: ARk AsreF.

Note: A: The WT strain 05Z2YH33; B: The AsrtF mutant.

25 HEKERXRLE

TEMF PIG SR AT, sk B A7 05ZYH33 Fl
FRABPR AsrtF () ODeoo H, iilA 2k, 455
Kl 9 iR o WEIH AT LAE Hh, 78 K AsreF LT A 7Y
05ZYH33 X ¥ Ko s R, —F ARG

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

10 h JE#EASEE M, ODgoo le KA T I 3 257
2.6 NRERELIG

FA IR 4550 5 0SZY H33 BF A RUF AsreF 78RR
W /NS, THB BT B84 sh 435 Jo I 8 % 9
s R IE AL, 05SZYH33 B4 Y 48 h (N &FRIETS; i
AsrtF 754k 20 h INFET- 8 H, Fafrih 1 H, Wig
48 h G Ak, WA RV AR A 22 AR A G
P (P > 0.05), $#78 srF BE AR 1R
ST

14 r

—=— (05ZYH33
I —— AsrfF

OD, 600

1 23 456 7 8 91011 1213
t(h)
B9 HERARTHRERRRILE

Fig. 9 Growth rate of the parent strains and mutant Asr¢F

(1T 1)

>48 — N/ soeee

= - . (1) (T

g 20 eccce

T: e = asaasa

2 16 [ 1) e®e VYT

5 (T 1)
wn

12 - eeecee [YYYY Lddddd

(TTTT)

g (11} o0 (T

4 | oceee (T 1) [T

(I 1) (T 1) [T

05ZYH33 AsriF THB

B 10 NEREHNLESE

Fig. 10 Virulence experiment

Note: 1: Injection with 05ZYH33; 2: Injection with AsrtF; 3: Injec-
tion with THB.

2.7 THERELIE

05ZYH33 BFAE BRI AsreF S8 AR MR TR A 1 TR I T
BN, BUIE 2% A SR T o R, 45 SR
Bl 11 B 4541200 2% o 34 RE 43 2 2] Y A= A0 0
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AsreF ZE7ERRANE, o DALY | JFF IR B A 40 i
ZHDNE P B R E B 2T AsrtF AR RR, H
A Gt (P < 0.05),

271 05ZYH33 B2 AsrtF

*

N

=

Vo

(lg CFU/g, mL tissue)
S = N W kR AN 0O
AN
ANNNNNN\N
SIS

R
RN
NNNNNNNY

Level of S$2 colonization

~:

Blood Kidney  Spleen Liver Heart

11 =HLW

Fig. 11 Competition experiment
3

Sortase Al E M AH N Kii & A F 5K,
C K5 A LPXTG (Leu-Pro-X-Thr-Gry)J& ¥ 55 H it
B AR e R 7R AMRPEIRFT R, C
2% Sortase AL E A A HBER B BAARGS FE N T
B HI AR e A T A R, e MR S BRI E
THEAD MRS, HES Sortase 454, TS i
HRIA, Pk SE it v R R AL R B R L S R 1T 40T
545, IR BN FME Sortase BUEIL T, A B HAE
BIE R HE BLE, YEEL5 I H Sortase 5% 5% 2 40 iy
BERCRBE®ERR 11 2070, BWEG RGdRsE 1R, Hrp
HEM EZLEME N SpaA MH EMZET, SpaB
I DA B A ] Bl 22 () PE 43 A, SpaC EEE AL TR E
AR TR0 B A T A0 B RE 1 R ) 7 200 B R BT
MR 2800 £ L A i p i 3 R EA, I
HEUFS W € i hHF, 2 54EWine
R,

ARBFFEXS S suis 2 05ZYH33 KPR 2H TE R34,
KIS, suis 2 FIEA 6 Fh Sortase ki, H &
F C 2% Sortase KK srF 5B SSU0473 Fl
SSU0474 fi F A —AFEH#% L, FE, % E&EA
SSU0473 Fl SSU0474 47 Sortase b AR M
LPSTG A, it — 4 3l i A SR X sreF 2
A1 VR LT oA, %8 A Z P EEER B Y Sortase
HA AR N BRI LA H, S, suis
2 FEASHBAMAER C 3 Sortase srF, HiZ
B DR TG A DR 4 i R R FVR M |, 35 He b

FRE C 2 sortase FH1LL .

FEBLEERE [, FRATHIEE srF AOREBR SRR, Jf
Xof JH: A PR 7K UG s K-SR A T 3 o 38 AR
HRESLK, FATRIL 05ZYH33 BFAE TR AsreF 5878
PRAE B 75 8 285 R0 I35 1 7 ¥ 6 e 22 5%, (H
AsrtF 578 f HC T A AU A X B0 307 19 A K G R 1Y
PRt H, X 5ARRBE LT RN A KRR
seyp2a S {HE M Fittipaldi 88 AXT S suis P1/7 B #E
1 srtF B BRI BT 25 5 — 2 /N4 05ZYH33
PPAERVR AsrF SRR G, BREESARSA
Geitegam X, HEN S, suis 2 FRIE B IEAEEA
Xt HEOw 1R FH 2 3 1 U ARSI 5 4 K
St 25 A ) SR A R B BRaO eSS, BEEE
PRAN R AR IR B ) To 25 5 o AsrtF RABFRTE L
JIE 19 5 9 0 T S LG R R RGO PR AR R A IR
g S, suis 2 PHAVREAR, $EOR srF S 5B R
05ZYH33 7.0k (1 7 i S, B A 232 4R
Y TR BC A T TR TR ABESE, RS, suis2 BURHLEI
THF 55 R e A P2

B2, AL R T S suis2 srF 3R
I, XA B B EE T AN B, 35 i AR % K TR R
B A ER B & T sortase WF 5T 45 A SE 22—,
e, KXF S suis 2 B sreF BIIIRE, 75 A AR
2. RMELEHE—LRUE, Bk, S. suis 2 PHE
JUFl C 2 sortase /& B2 5 BN & M fE, WA FF
AT LT

2 % XM
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iE #= & W

34 FHEGEE BRI
3.4.1  FESCHHE

1) SIS — AFR, LABLAT X 400 58 45 SR 02 5 | SOkl AR B A 5 2) @BUT EBES, B RbHEh
BB, KR, SXRERT LUBE el 2 K m), IR BTSN, 3) iUt 2wt 4, BRI IER, A7, 4) 33
FRIP AN 5 SO E B, HT A SO E R, 5 8R4 W S SR HL L ML MR A L 5 R R R AR B
G 5) BN A S, BRAER AN AR, W DNA, ATP %5; 6) e SCHi Bivh, A oo SO I br i 4
o
3.4.2  CHEER. NIEAEG . BAK, —SeROR . BHEMIERAH, MR, Kk
4 530 AER
4.1 XTFWMFLIBL

JFL¥S Bl F DNA (RNA 82 740 (016 3¢, 15 56 i [E Brdt F )2 EMBL (BRI )3k GenBank (3% )3k DDBJ(H 4%),
FHE 15 321 [ PRk R PR 2 555 (Accession No.) & B8k,
42 CTFRRAL
421 AP REZRATF R RN CE, G0 —FF#.
422 JNFEATIESHR . BRSO SCE, BrAaBRn (R4 RhSCE . 2SR ) R JE A T g 48 8 T A . AE#
A, MOEESERHE
4.2.3 X s AR PR g A RGHEAT SCFE N T, (BN RN A KR s, $iEfEE S H .
424 XEAM, EEBHRIER SRS, W22 ES . FRIEBRET IR N—UER, mEH AT,
43 HEFT KEEET R R
43.1 KMTBS5EHFRESREFE SAFHOFME, —BAERER 2 ~HZ W83 E-mail SRR, fEEFERHEK
TRGWTEF . M w s LA S, 1EF R ARR PR R AT BB 5t, SR5 DL P 44
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