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Abstract: An open reading fragment, SSU2099, encoding pilus gene from srtBCD pilus island was
identified based on bioinformatics analysis of the genome sequence of 05ZYH33 and alignment with
relative protein family. The target DNA fragment was amplified using a pair of primers specific to
SSU2099 gene. SSU2099 gene was cloned into prokaryotic expression plasmid pET32a subsequently,
and the recombinant protein was expressed and purified. The mice anti-SSU2099 serum was obtained
by immunizing mice with recombinant SSU2099 protein, and the titer of the serum was analyzed by
ELISA. Animal test showed that vaccinating mice with recombinant SSU2099 confer a significant pro-
tection, which indicated that SSU2099 can serve as a novel vaccine candidate. Further studying of the
localization and function of SSU2099 may adds novel insights into the role that srtBCD pilus island
plays in pathogenicity of Streptococcus suis 2.
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YaBEER TR 2 I (Streptococcus suis serotype 2, S.
suis 2)J&—FP B 1Y N BB IR R, EANETT
SURMME S . 98 . iR . Wi s LA 2Pk sE
ToAEZFIIG IR, 45t B3Rl ad i B R Y
20017 & O [ 11 RV P R SN L QT RS I 573N S
RGN, PRI ER KA T S, suis 2 5l
% B b 3 PE R 58 25 & iE (Streptococcal  toxic shock
syndrome, STSS), JiAE3Me i), X Ho A R 1 11
WESEUESE, WA BAE 0 40 R o 2 A B B 454, 740
4 Kl B RN 452 28 O TS o S B T, B0 a3k A v
B RS R e Y 8 ) R U i K E
LB LR T % 5 IR K TR, 7F PR AR 3R 1T & BAEAE
WEMZH, HEREEHR 3 nm-14 nm, KEA]
ik 20 pml, TR BRELGETE S, suis 2 BURHLH
W VR T AN TS A, A B STl A W X o b, B
WRBTE S. suis 2 0SZYH33 FRILF L 77 7E 2 4]
HE S i R BFEZS AR, 735128 srtBCD Fil srtF
By, HE5H R fE AT 4% B BR 7 M T LA R P
M3 B S SR AR LT Ho, B 6 B 7 3 4 1
FEH SSU2099 i F srtBCD W E & b, RSO
SSU2099 #ATFElE | ik, FEHTIT R, L
ARV iR BRELSHIAE S, suis 2 50 3¢ R I ECRAE
AR S5 i A 158 731 i AT RE

1 MRS TE

1.1 ##
S. suis 2 05ZYH33 F RSB H 2005 4F P41 3% FH

PRI S ER BN, AR, 16 EW E. coli
DHSa fl1 E. coli BL21, ARSI 2= 0-1F; ik Fokr
pET32a & Novage A H]™ &, Bkl pMDI18-T N
TaKaRa 7\ A7 il o 6 J&##% SPF ¢ BALB/c /)N A
s

PCR #4587 &, DNA #i mIGR 7] &, BRI
PEN VI BamH 1 M Hind 11, T4 E YA
TaKaRa A Fl =/ . DNA Marker f1% H Marker A
Fermentas A @] 7= i, Todd Hewitt Broth 3% 3% 3L T
Difco A w], 519 13 [ B I H R A R A A
G ISR . R IR 2R Sigma 77
i, BT A ALY EE(HRPYFRIC L AP R 1gG. JEY)
OPD, Iy [ B 5t RiGEM ARG R A . Anti-His
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v RPN A AL RARAEYH AR A F], DAB B
W A B A ) T AR FRA ]

1.2 A&E

1.2.1  SSU2099 &) [E R M L XT3 #7 B 3t (b B B9 45
#1: FIH NCBI #Y BLAST 2%, Xf SSU2099 %K it
FTTEL AT R A B, ARASAE UM 3 0 R R P 51, [+
BEFIFH ClustalX 4% i #6 [ I 7 1) 3647 L, If
T MEGA 4.0 #F2:1] SSU2099 [EFLAR

122 BEMERMTEAMEERIEHERHLE: R
P A58, LS9 5'-GGATCCC
AAGCACAAGATTCTTTT-3' (FRIZ#B5r } BamH 1
B UI0L5); FUFSI A 5-AAGCTTTTACACATT
TCCTGTATA-3' (FXIZ# 534 Hind T FEYI7 25)
PCR # ¥4 F2J¥: 95°C 5 min; 94°C 50 s, 52°C 1 min,
72°C 1 min, 30 ME¥F; 72°C 10 min, PCR =14
HIKEEFY pMDIS-T #ik, i E2EZE
DHS5a, MR & Bk, M), mik%Ee., &
4 5k AR A& pET32a 43 BIMGEYI, ik e
] Wi i) 8 T o [l ) T4 DNA 3 22 fiff 3% 42
Ji AL 2R Z 4 DHS0, B4 PCR K UE A B &
M e Uk, BEY), UK, B PH M
— WP,

1.23 EHREEABREMAL: FEHERTAEL
JZ A E. coli BL21, BiFJ5 PTG 5S35 4 h, UK
SRR B, B G R EiEL i, NiTTE R
FAZMr R4 bRl G 1, 12% SDS-PAGE Hi k%
E WA i

1.2.4 Western blotting: f4lifb.1#) SSU2099 H4H &
H#17 SDS-PAGE HLIK, RHIHLFZENE 8 %
ZBASTRA AN L, S% ATk 3P4 1 h; /R His
BTN (1:100), 4°C #27%; H HRP #Ric i=F40
1G (1:1000)#5 7 1 h; EAEHE M (DAB)E (.
1.2.5 ZiMEH & REERN: SSU2099 H 4
R Qo8 2 AR R 101 24k, /DEUET
ZEESE, WAHEN 100 pg/H; 1 REHEREAEA
FNEF AR IR R S8 A AT 2 R, 1 )5 I
FEOEIEATHS 3 Wede; o 4 R EAEA#TE
I g, 7 d JE AR BRAE Zh bk R I, 43 25 10T o 4 kAl
1) SSU2099 # A HIAL 9 22 Wil i B 1 me/L, H3fL
100 pL f4% ELISA #, 4°C i3 8; FH 1% BSA £1/4] 1 h;
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H5 B0 B i B 14 /N B 2 P I 3 I AFL AR, 100 uL/AL,
BEE 1h; MAEHLR IgG (1:5000), 100 uL/AL, WHE
1 h; OPD & {% 5 min, ¥R 1L W0, BEARIL
490 nm At HL OD fH .

1.2.6 EN4RIFMESELE : SPF 4% 6 JEi¥ BALB/c /)Ml
20 H, BN 2 4, LR AE R ELNEA
SSU2099, *}HEZHH PBS % i A48 S 41 2 1 3Lk,
e BB rg, R 28 d JE X/ BRI R AR
05ZYH33 A7, 2491 x 10° CFU/ A (LDso~ 4 x
10" CFU), FFWEE/IN U A58 FBET 15 1

2 iR

2.1 SSU2099 HIEMERF S

Wk X BB 1), S. suis 2 05ZYH33
SSU2099 H X 4 i 3 H 19 Z HE R 75155 GenBank
EZMEMEEARAGRFIEEE, S
Streptococcus pneumoniae [A)Ji 53%, 5 Streptococcus
pyogene [RIIR 52%, 5 Streptococcus equi [FIR 52%,
5 Enterococcus faecium [ Ii 50%, 5 Listeria
monocytogenes [F1 i 46%.

| Streptococcus suis 98HAH33 (YP_001201660)

[T Sy I el
Anuer‘ucuccm vaginaiey A1CC 011 /VU(4ar_vo4/517

Bacillus cereus Rock1-3 (ZP_04245460)

| Streptococcus suis SC84 (YP_003025882)

| Streptococcus suis 05ZYH33 (YP_001199465)

Listeria monocytogenes EGD-e (NP_466099)
Streptococcus pyogenes MGAS10750 (YP_601611)
Streptococcus equi subsp. zooepidemicus (YP_002745326)
Finegoldia magna ATCC 53516 (ZP_04018449)
Enterococcus faecium Coml5 (ZP_05677434)
Streptococcus pneumoniae TIGR4 (ZP_01408426)
Actinomyces coleocanis DSM 15436 (ZP_03925213

ATCC 51170 (ZP 05473199

N\
)

1 8. suis 2 05ZYH33 SSU2099 &y 1k #xt

Fig. 1

Phylogenetic trees of 12 representative isolates based on comparison of amino acid sequences

Note: Numbers in parentheses are GenBank accession numbers. Bar: Phyligenetic distance.
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PECR AT DHSo H B 4138 Bk, kT
BamH 1 BRI BamH 1/Hind 111 MY % E, H
VKA WoR (B 2)H B EER R/ 700 bp, 5 i)
—

bp
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Fig. 2 Identification of the recombinant plasmid by re-
striction enzymes

Note: 1: 1 kb DNA marker; 2: The plasmid digested by BamH I; 3:
The plasmid digested by BamH I and Hind 1.

23 EFEEPWFRIEMAEL

FHEE A BRI SZ S KIATF R, IPTG 5 5%
ik 4 hJE, HLUKAT LYY 50 kD AbA — Bk A A
(& 3), FH SSU2099 7% RGN HI KL, Nit*
B PR MENT R 4l fL B R =, HTk R glifl
7 Ry 2R (B 3),
2.4 Western blotting

Western blotting 453 .7~ (&l 4), SSU2099 & H
A LUFN His Bh0 & A g I g, 7E 50 kD A A7 ¢ 57
N 2&At, dE—2E g UE T H A A
2.5 NRIMIERYSUN T E

ELISA /NPT ISR, ik 1:1024000,
FW] SSU2099 REME /N B A= i K- b4
2.6 RIS

mE s frR, /AN 05ZYH33 B 3 bk B 1K
di )5, PBS XFHRAHAT 9 HAET:, i SSU2099 H4H &K
F s SR A 2 HAET:, WA HA B EER
(P < 0.001), &/~ SSU2099 41K 14 %}/ il EA 1
WA ERAEH]
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3 SDS-PAGE #ill & ARk

Fig. 3  Expression analysis of interested protein via
SDS-PAGE

Note: 1: Protein marker; 2: pET32a/BL21 uninduced with IPTG; 3:
pET32a/BL21 induced with IPTG; 4: pET32a::SSU2099/BL21
uninduced with IPTG; 5: pET32a::SSU2099/BL21 induced with
IPTG; 6: Purified recombinant.
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Fig. 4 Western blotting of the recombinant
Note: 1: Recombinant SSU2099; 2: Protein marker.
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Fig. 5 SSU2099 protection experiment
Note: 1: Immunifaction with PBS; 2: Immunifaction with
SSU2099.
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T BEBR TR 1 & AT, RS R AT
FF, (BT S R G R L S TR e
18 G 42 T e SR VAT SRR % 1) 3k S 1 S B A T M
AR, BRI ZRIER, REIE LA W
AT 2 AR B ST, MO REER R 4 e
JIM SR T AR R o TR R A R AR A
PSR o Fedln, 2 PG BH P A v B Y BOR LB
K B A R OIS A 3 P Bl
FAEXT B 4% BR A (Group B Streptococcus, GBS)LA
O A ) R AT o, SRR e 4 FhL R
HA WA, 2o 3 AP N B E AP,
I HLEUFSE Z i BR TR 0 TR B WL B TR
Hifg e 0,

AHIFGE I % C 58 I E 1Y) S, suis 2 HE R
Pk 05ZYH33 FEH AR Hr, KL S. suis 2 HIEE
AHEFEH 43 90 T srtBCD S5 H1 srtF 55 b, Hirr,
sttBCD & i B R 2L 8 H SSU2101 FlpE B4
B AL SSU2099., SSU2100 LA K sortase [ 52 J i)
srtBCD f4 A, 5 i R 55 EK T4 TIGR4 Tk rirA T4 E 5
ALY setF B4 B EE 5B SSU0474 Al
B RN 3 SSU0473, 5 GBS R ICHLAEER I H B 5 2b
 BEER . SR, AN EEAERT S, suis 2 P1/7 WF5E
AR, AN S. suis 2 F srtBCD & b A R 45
H (44 N sbp2) & A= 6 L5714 [ srtBCD 55 A
S HEEMIERGERE . T Eidadr, AT EE
PHEA P ERFOARES I STSS BYSR SO B A Al
FE 55 B B M BUR R T LA 1) sitBCD 1/ & 5 & 1
eSS . AR RY, TEHEMTE ERE
FErp, TR B4 BY W B i e A A 3 L R A0 ) 57 A 2
&, SR S E T, SRR AE, BRI
Frbe, A SFEANEREBHLD,

WX 05ZYH33 i srtBCD i & & i B4
FEgmL L] SSU2099 Fl SSU2100 E ¥ B2 2,
Z5R IR SSU2099 5 Z R A = T4 R,
1M SSU2100 Y [/ P AR X841, IF H SSU2099 & A7
WEEARAR E-box P, ZIEFERETEALH
FE A EEEM. Wik, RAO1HE CwERE
T E B w5 S SSU2099, 45 AR M
SSU2099 & 1 A] AR/ B A s i i B A, Hh
F ELISA F6: I 4% % R T v 147 6 5l B 0 i 2 1 e 8 /)N
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B 22 B L O R (8 ) PR A o AR R T, AR 1
BB, JokxHAEAT A, (AR5 T ELISA &
T A 4145 Bk B P HipA 25 (%% BALB/c /NRET, L
Rt A 2% 51 PRk aE sk A P 4SS A E A
FBPS4 FUIRZLAN Sk 1 x 10° U0, shi gk sc i 42
R, BT SSU2099 245 i i Ay Hi i 43
T, AT RAVE R S BR B 008 v e #0 R  3X 5 A
EBR B B B AR ) rrgB 2 — RO A I AR B B e
JogA—3U SSU2099 H4H 1 K i BT I
A X FIRAMESE srtBCD B B 7 Sk R RN FE R 22
TE1) %) R EL AR FE RS, DA % T B 7 40 T 0 T EO HIL
B AR A B R
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