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PUEE B RIF 9% 45 5 22 W, FaBPS I CIFA ) 4 14 1
A — 5 R P BH T 4 3 €5 7 25 2K B 0 LR 41 2L &
B Erie 2N BT T OER 6 4 B €0 2 BR 1 A
B2 B 42 A1 (CIfA) ¥ DNA i, s N4 T
FF 55 FL RO AR i 1R 0 A S E I s B0 B3 I 0 R B it
e . JUFESK FnBPA-D 5 CIA-A JEAT H LR
2, U T A B A R AR R A b T Rk, B
SN ARk Y R RN 2 P Nk
B DR B T R A il B HR R R OA, HUAR T Rk IR
FB E A — o 1 G 5 sk (Bt A7 7E 25 B R A
J5 3B BUR A B IL , BUJR 45 8 0T 8 AR A i A
A A 66 B R 3 o A% R TA I SRS R AT 1A T A
T 4 B2 LA T 20 7 L 0 D P R S 92 AR 4 A S A 1
FLOY Bk T A Y5 4 o (4 5] 45 BR 1A CIfA, FnBPA-A
5 FnBPA-BCD # 41 & 1 Jf 5 0 sl I 5 e S 50 3))
P K55 G A G I R S P BT AR KT S B AR B
(PR 3 BE 77 ~ P AN v R B AE ) DL R BORE R ) S
PR FE T 4 0 10 1 25 3R VA 22 2 P 25 1) e 0 SR
REL T < o €60 5 26 BR TR 0 40 1) % B sk 2 5 T 7 ek

| O R IR

L1 ##y
11,1 BEAR SRk 300 & o (8 0 % Bk e

PR H1 8T 88 Ak K 2% B W) R 2 2 B i AR ) SE S =
NEVEEIRAAE. KEH # (Escherichia coli)
DH5«.BL21 (DE3) , Jf 1% & I& & & pET28a i A
S = ARAT

1L.1.2 FEMNEFFET: K kA DYY-
31A RIFS AR A vk A (b BTN — A% %)) s e
HFE R DNP9272 B ( L iig b 7% S0 W & A IR A
a]) s PCR 4 1 4 #E 8 1A% A Geldoc2000 (5
BioRad 24 7]) ; fE A ¥ 850 WL« A% R 2 I A
BRSPS (5 [EH Eppendorf 24 #]) 5 Hi #H 7 7K
WA (g —1E AT DYY31A) ;T4 4 5 « BR ) v
WU Xho 1 EcoR T (KIE xR AY) 24 F) ; BM2000
DNA Marker.BM5000 DNA Marker (8 33 4 2= 4 45 BE
Ad) B (LR ARG R 2 ) ; pfu Tag
Master Mix (b 5t JE4E 22 A=W IR A &) ; DNA i
(IR 7 5~ 2 R 4 8 R A A (R AR 2B Ak b 5t &
A RAT) ; 30 A7) (Sigma 28 ) 5 i 4 5 4
i 2 1R 4 1 2 pr (el 4 €0 4 2 3RO S R R S
Hl#5) P 4B AR (Fg) (Sigma 2 A, 4 & 65%-
85% ) A Yk i%E ;% (Fn) (Sigma A 7,1 mg/mL) »
1L1.3 RKEan¥: VI EL 2.5 kg Bt = MK
M4 8 H,6 J& I IETE CS7TBL/6 /R 50 K, Il [ 5
i BLR S LB S rh o
1.2 BEWEEMN=ESHAEE

R4 GenBank & & Aii 19 2 X 5 41, A1
Primer 5. 0 # 4 ¥ i+ CIfA. FnBPA-A. FnBPA-BCD
PCR 51#, Jf 4 LR 51 ¥ b Xho T EcoR 1
BEOIAE i B A T AR TR R A W &k (R
1) o H HU 4 B €07 2 3K AT 120 B 6 TR A O R, B
CIfA.FnBPA-A 5 FnBPA-BCD K:[K . ¥4l /5 iF
f) PCR ) lig U] JF 55 pET-28a #4434, ¥ 4L 2 K
i #FH DHS«. 4 PCR 5 [ V) % 5@ J5 1) 55 41 5 ki
WA T A TREARAT .

1. PCRy A

Table 1. PCR primer sequences used in this study

Genes Primer sequence (5°—3") Restriction site T,/C Size of amplification/bp
F:GCGGAATTCGCAAGTGAAAATAGTGTTACGC EcoR 1

ClfA 58.0 1600
R:TATTCTCGAGTAATTTCACCAGGCTCATCAG Xho 1
F:GCGGAATTCACTAACGTTAATCATAT EcoR 1

FnBPAA 59.0 1600
R:TATTCTCGAGTTTCAATGTATCCGTC Xho 1
F:GCGGAATTCGAGGAATCAAATCCAATT EcoR 1

FnBPA-BCD 55.0 800
R:TATTCTCGAGTTGTATCTTCTTCAATCG Xho 1

1.3 EHEAMRESHANL

e W P TE A 6 B VE T 2H 5RL, B A K AT R
BL21 (DE3) , b B BH 1 v e RE AT 15 & Rk - K [ 1
BL21 (DE3) B Ff % 1% #7015 mL & R85 5 10

WAR LB B 77 3, DL pET28a 1 [ ¥4 % 4, 37 C
200 r/min ¥ B R o 1% 1% B T 5 K IRH
F AR LB 5535k rh 37 CHR G B TR R 0D fH N
0.6 -0.8, MAZESH IPTG &4 E H1 mmol /L,
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37 CH G T F7 5 ho 43 LTS 3 3808 B B xT AT
WHREAT SDS-PAGE 73 #r -

JH HisTrap™ i 71 2 {6 % 4148 (1. 45 % 52 B
PE B 4B 5 3 O WS WA, L PBS g P vE B R
B P AR AR 10 min s B A S BV 4 U0 ) A 2R AT Al
. AR B I BRI 54T SDSPAGE 4317
1.4 =E4HZEH Western blot 44

aifh 5 A E A, 4 15% SDSPAGE J5 ¥ Bl
PAIRR TR ML, LR bie i (U & BRI 2 W 2 hih
— P10, HRP Frid i 1gG #3E4T Western-blot 7347 o
1.5 EHEAN Fgf Fn &SN

M5 pg/mL Fg &5 pg/mL Fn 73 5 £ 4 1 b5
B, 100 wL/4L, 4 C ik % & 5L 0 5% IR W5 %
200 pL,37 CHHp 2 h; n 200 pL 3K &R 0.1 pg/mL
aifiE .4 Cid R B AL 100 pL bt 4 0 5
EERV P S W E 1 b hn HRP FRd 19 2F H1 %
1gG,37 °C 1 h; i 100 pL TMB, 37 C & £ 10 -
20 min; 4 100 wL 1 mol/L H,S0, £ il Jx N, W &
0D, fi -

1.6 FHERGRNREERKRRIMNEN

6 UL MEYE CSTBL/6 /NELBE ML K 5 41, & 41
10 5, 4y 5l b CHA % % 2. FnBPA-A i % 4.
FnBPA-BCD %9 41 . CIfA + FnBPA-A + FnBPA-BCD
Ay S 4, LA & PBS Xf B 4L . i alifh )5 1) &
HEA SO ng 59K B2 A ER 0 ARG,
XPSE BN 2 v e 2 S S R AR
15 SRR I 2 56 4 e 0 78 49 LA S 3R AT 58 — Ik
o5, PBS X B4 B T vk R Be Al 0.
14.30 KR I I 43 & 13 » B4l 4k 1f) CIfA . FnBPA-
A.FnBPA-BCD % [ 2 A Bl 0 J&, $4 i) 2 ELISA #
I I 37 BCAAR B
L7 NREERLBEMNEECEHHKE IR G
B4 46 )

H 5% 1R — T W5 WAL BE B bR B, 200 WL/ 4L,
37 CAEHI 2 hy 2585 F oK ¥E S 4 I 1 B 97 1) 43 0
R FER R 1% $ePh T ¥ LB o 37 C #5597 8 -
12 h;4000 r/min 8.0 15 min, JIiE TR TS 1
x 10 CFU/mL; ¥¢ i B¢ J (¥) B B 100 L/ 4L (2 bk
T WAL B Y B AR AR .37 C 18 24 h £
B 5% S 3L 37 C A 2 =3 hy I AN FE R fh 92 13
37 CWEH 1 h, HRP Axid (1 1l 2F 40 B IgG o — ik
17 ELISA £33l .

B

1.8 FEHEARRFRIFAEN

4 40 d s A6 A SEB )y B HE E U 4
B R 4 BR B BEIR 2 X CHA fu % 41 . FnBPA-A %
F£ 41 \FnBPA-BCD %% 41 CIfA + FnBPA-A + FnBPA-
BCD It A % 41, LA Je PBS X M2 Be#%, 7 & 4 1
MLD (2 x 10° CFU) ,7 d M EZIFAC 5/ BAET 500 -

2 RN

2.1 BHERNHHWESETE

DA HY P 4 i £ i 45 B S R 21 DNA O AR, X
3 M H R EER 23 AT PCR 734, 4 1 7 W 4 i s
B Bk S L VK 28 5 > 13 21 CUA S FnBPA-A LR Jv BUK /N
5 1600 bp, FrBPA-BCD LK} Bf 800 bp, 4 15 i #
K/NARFF o B 7 1E 1 1) PCR P29 & EcoR 1
Xho 1 UG V)W IT 44 J5 5 pET28a #fAE#, &
1 JORE [ U) B D 3 1E A
2.2 EHEAWRERGHER

I 1 A 1 5 20 0K 4k K i #F 5 BL21 (DE3)
i G % ik, SDSPAGE &7k 41 4K [ CIfA.FnBPA-
A.FnBPA-BCD, 4} I {F 94.80 F1 60 kDa &bt 4 47
FCORVN 5 TR A » 1 25 28 HE5 3 T 5 W AT IR
Zor L. Sk 1 4L (14 SDSPAGE %52 /7 il
75 9480 F1 60 kDa &b A5 ¥t M () 4515
2.3 EHE [ /Y Western-blot 4 #f

B4k )5 i E 4 K 1 CIfA . FnBPA-BCD ] % it
G T EA A 2 BR A 9% ILYE 8 — B adE AT Western-blot
K, 43 I AE 94,80 F1 60 kDa &b w] WL HH & (1 4% 77
M 25 B AR G 4y (B 1), RIAIX 3 F 4l O
A R VR

1. £44% B CIfA.FnBPA-A.FnBPA-BCD Hj %
¥% BN 75 5 #f7
Figure 1. Western-blot analysis of His-CIfA, His¥nBPA-A

and His¥nBPA-BCD recombinant protein. M, protein marker;
lanel, CIfA; lane 23,6, pET28a; lane 4, FnBPA-A; lane 5,
FnBPA-BCD.
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2.4 ZEHEH CIfA.FnBPA-A.FnBPA-BCD ¥} Fg
M Fn WEESRENENER

EY & A CIfA.FnBPA-A.FnBPA-BCD 73 % 5
Fg.Fn g5 550 &5 Rk W) (| 2) ,3 Bl 41 & (1 x5t
Fg.Fn 47 — & &5 G 6 ), 5 PBS Xf AL HH L 2=
S (P<0.01) . WALE [ CUHA X} Fg ¥ 45 4 it

[

= T T
CIfA FnBPA-A FnBPA-BCD Control
Group

JiW) & = T FnBPA-A 5 FnBPA-BCD (P<0.01),
FnBPA-BCD 54 Fg &5 & f8 199, mAIE A Y Fn
[ AR Ah 2 45 45 52 5 7, FnBPA-A \FnBPA-BCD & Fn
8 fe B B AL T CIfA (P<0.01), 1f T 41 & A
FnBPA-A.FnBPA-BCD &5 Fn 4ifit ) 2 % AN B 3
(P>0.05) .

054 B

[

L] L T
CIfA FnBPA-A FnBPA-BCD Control
Group

2. RixEBX Fg(A) .Fn(B) £ 5 HRYLLEL

Figure 2. Binding ability of recombinant proteins to Fg (A) and /or Fn (B) .

2.5 NRMLEIUARN B9

XA [) 4 3 2 0 AR (0 RS 45 R B o (1] 3) 53
Tt e 5 L PR K B AR T AR & s 4l
(P<0.01) , IfiL ¥ FUARZL A AT A 121215000 FL )5 H K
Sy ML FUAR M Sk 1: 40500 [¥) FnBPA-A 41 fil CIfA
41 \FnBPA-BCD 41 L& HT A& ¥ 4 1: 4500, FnBPA-
BCD 21 75 #& /> 4 g 1k B2 v o A4 58 I AS B X, AN B v
T PBS x4l

259 -e-CIfA = FnBPA-BCD
- FnBPA-A =¥ CIfA+FnBPA-A+FnBPA-BCD
204 - PBS
_ 154
= 1.04
0.5

:\:\‘\‘ e
+

4
il v Ll fnad

T T T T T T
1:500  1:1500 1:4500 1:13500 1:40500 1:121500
Dilution

3. ZREB/DRMER SR M AN
Figure 3. Antibody

detection  after immunized  with

recombinant proteins.

2.6 NR%EMEN2EIRAENNE
AN 1) G e 2 S M L 97 50 < € A 4 3K T R
e Ty AT I 45 R s (B 4) 5 55 PBS X I4LAR LE

A 95 2H BT ML O <6 R 00 A BRI S AT R R
A8 7753 P ER IS S 5 41 I35 55 4 0 60 5 2 Bk R
MU BE B R T AL R & 4l (P<0.01) , Hkh
CIfA 4195 40 \FnBPA-A #9540 .FnBPA-BCD %5 4 .
CIA H 9 20 0] 1 A4 1 U0 e O T FnBPA-A 4 i
Z1 A1 FnBPA-BCD Hujpdt G 4, FnBPA-BCD 4 3% 41
XoF 4 B 00 7 BR T (1) U B ) B 59 o

=3 CIfA O CIfA+FnBPA-A+FnBPA-BCD
15+ E= FnBPA-A A PBS
’ E=3FnBPA-BCD _

-
&

E|E

1L
30

4. MRREMBNECHECHERE 2 EIR A
BE 148

Figure 4. Detection of binding ability to Staphylococcus aureus
of serum after immunized mice with recombinant proteins.

t/d: Day post primary immunization.

2.7 EHRHEHGRERPAEDN
ARG 40 d AR5 4 0 00 2 BR R B bR B
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MENRIET G Bl 45 R o (B 5), CHA Fuyzdl
53 R BB S S 4R R 0k 3] 100% ,
FnBPA-A 41 5 FnBPA-BCD 41 & (1 {49 K 2 5 K
80% Fl1 50% , X} AL AL T KB CUA Ho s 41 F1
3 FiiE A A e A A BRI S AR AR T

150 5

1004

Immunoprotective rate/%

5. BEAERRERFOEDN
Figure 5. Detection of immunoprotective rate after immunized

with recombinant proteins.

3 itig

CIfA 5 FnBPA [d] J& T 4 i 8 W %4 B @
MSCRAMMs, 2 55 4 B (4 4 49 Bk 14 5 7 2 160 6 B A
T PR B 4 F (P T . CUA T 7E 4 9 €0 7 %5 BR
R B A Y B3k, Hot 933 AN SRR A, & A
XA R [X. CUHA e 55 2T 4 & (1 5 (Fg) 2T 4 3%
P (Fn) 4569

FnBPA g 1018 MR B4 Ak, & AB.C A1 D
DX, G P8 e 2 F AL T RIS 4 D X, FnBPA
) A B — Aty AR 525 91 21 R 1) AR A g I, L
L4 Fe E o ARFSE b £ R34 1 T ik X K
FnBPA ] A X &z BCD [X .

X T 1R 1 S /N BT B I T p A I 4 R
7> CHA B 41 8 1350 — kA% Ja 1 I Vs 280t A 1
FnBPA-BCD % (1, % W] CUA & (11 % % 2% 3 ) g
Pt T FaBPA-BCD & . CUA 7£ % 3 Pk 77 1 & s
H LR 5 43 SR T BE 2 CUEA R TR A X BT & 1
PURRALZ 4y TR, X 45 R 5 DL RATF
PR B AR X CUA 0 IR VR (0 T 453 1y CUA B A3
BT i B R Y R R S

Fh T 4 B4 € 0 24 Bk TR 10 286 PR A PO 0l i 2 Bl A
i 2% S L) 5 2 S B L 80 PR AT W S AT 2 ZE [
I AN 7] 28 B 2% 70 440 110 0 26 B A8 0 1R AT SR N 40 35000
P S0P AT . DAAE IR 560 ik 98 th 28 W1, 76 X6 S 56 3h 4
HEAT G B (00 700 BR B B0k I B B A R AN fE
o A i 3 1Y o 2 R R A 0t 4 00 R A Bk
CIfA [f) A X FE AT T v e R0k, JF X 338 7= 4 itk
AT T e Fe HE R BE 5, UE B 7 EE X CHA B difk v —
5 I B 0T 6 9 (o R A BRI B AE Y . ik
i %% FnBPB-D JE R B AT T R IXJFHF 5 T HH il
HER PR R RTINS IR % 11 I S Aol (U A 7 R N
s TR I BEL DR 4 €0 3 7 BK B A B B4R Y
B4R Shkreta 2 ¥ 1 T &1 %) 4 8 (0 8 4 BR 14 CIfA
(221 =550 aa) il FnBP (D1 21 -34;D3 20 -33) {
TR e A T A AR T AR R )
EHE A MR — K UE W H G512 95 4 8 B Y
N R R r A LR R AR (= P b e 373
HR ¥4y 2R K e 32 Ji 10 6 B4 5 0 il A ARG

TEATRS th J A1 40 ) K 75 CIAFnBPA-BCD J¢
FnBPA-BCD H 20 & (1 JF b AT B A S0 » PEAL JF LL R
T A R % BT S PR 0 A R G
Je VR0 o 4 4 € T 8 R A AT 10 VL0 B PR R
G J5 IR B o G SR A T 45 SRR W) 3 B i
YUEE (1 h CIA, FnBPA-A 1) 4 38 i o 488 4 » 1 16 &
Gugie 3 Bl I 41 B (10 B 65 7 AR KT RE
o " ] FaBPA-D 2K (4 % 5 K fe o I35 1 4
R Al IA 1:256000. & M DL FnBPA [ D [X 2 [
PSRRI R R, R L A 103200, A S
5 (10T 45 L K W] FnBPA-BCD 1) %3 J5 M 7 3 Fh
HEAE AP R, A UAE TS, FoBP th Fn 255
A7 PR G R A A T — R B R IR A T
ML Fn RARE RS S 5 A RIS 2 10 R K
GRS N P A B AR K R S AR
2 535 5 AT 5%, IR I FE 414 (1 FnBPA-BCD W] fig 77
T G 58 3 v A A5 5 AR T 3 B0 B4 L) FnBPA -
BCD [ 7

CUA FE i 45 3 FhiE (A S s AL IR 4 )
#IK H 100% » {1 /2 B A S s 21 T8 18 A FU AR R ik
TR ARG ARG T Y R A T 3 R (A
Bedlo RN, & b (o A BRI A I R E AL K A
I g% T RE LA B 2 109 A A A
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Characterization of antiserum after co-immunized with
adhesins expressing CIfA, FnBPA-A and FnBPA-BCD of
Staphylococus aureus

Huijiao Jiang', Yan Su'" , Yu Shen’

'Veterinary Medicine College of Xinjiang Agricultural University , Urumgqi 830052, Xinjiang Uygur Autonomous Region,
China

®Jiaji (Xinjiang) Feed Co. Ltd., Changji 831100, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] To compare the antigenicity, adhesion inhibition activity and immune protection of the serum
immunized with recombinant adhesins Clumping factor A (CIfA) , Fibronection binding protein A-A (FnBPA-A) and
Fibronection binding protein A-BCD (FnBPA-BCD) of Staphylococcus aureus. [Methods] CIfA, FnBPA-A and FnBPA-
BCD genes were expressed and the resulting recombinant proteins were induced and purified. After immunizing mice with
these purified proteins in combination or alone, the serum antibodies of mice were analyzed and compared for their
antigenicity, adhesion inhibition activity and immune protection. [Results] The recombinant FnBPA-BCD protein had
better fibronection (Fn) binding ability than that of fibrinogen (Fg) binding and CIfA. FnBPA-A had better binding
capacity to Fg than that of FnBPA-BCD. The antibody titer induced by CIfA and FnBPA-A were better than that of
FnBPA-BCD, and three proteins co-immunization group had better antibody titer and adhesion inhibition to Staphylococcus
aureus than those of single recombinant protein immunization group (P<0.05). The immune protection rate for both CIfA
and three proteins co-immunization group were 100% and for FnBPA-A and FnBPA-BCD immunization group the immune
protection rate were 80% and 50% , respectively. [Conclusion] Our data suggest that coimmunization with these 3
recombinant proteins helps to achieve better immune effect.
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