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A EME, WMLEREYE, =£/54 %K Truncated-CIfB Fode & FAR M 5L 1: 640 000; 5 % 5 AT % ik o
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Abstract: Staphylococcus aureus is a major cause of hospital-acquired infection. Because the bacteria are very easy to
become resistant to antibiotics, vaccination is a main method against S. aureus infection. Clumping factor B (CIfB) is an
adhesion molecule essential for S. aureus to colonize in the host mucosa and is regarded as an important target antigen. In
this study, we successfully used Escherichia coli to express a segment encoding the N1-N3 regions of CIfB protein
(Truncated-C1fB) cloned from S. aureus. The protein was purified by affinity and ion exchange chromatographies and gel
filtration. Rabbits were immunized three times with purified Truncated-CIfB. After that, blood was collected to prepare
serum which were then used for measurement of antibody level. Phagocytosis of S. aureus opsonized by the serum was
determined by a flow cytometry. Results show that the serum IgG titer reached 1:640 000. Phagocytosed S. aureus by
polymorphonuclear leukocytes were significantly more when the bacteria were opsonized by the serum from
Truncated-CIfB immunized rabbits than those from no immunized group (P<0.01). Therefore, the results indicated that

Truncated-CIfB could be a promising vaccine candidate against S. aureus infection.
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MR T A X, WS A B RE A AL S0 L A A RS A 37
FHT IE L far (9 B ST R A5 R B (&1 1), FHirp,
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Fig. 1 Domain organization of CIfB.

N T NEE KSR CIB BEATESE, FAT
i AE K FF IR 235 T AT A CIfB N1-N3 45
¥ 38 25 11 (Truncated-CIfB), I H.#| H & 1 )2
BT B S48 TR el B H AR X H A7 T 4l
VA BRI S0 2 B, S IR Truncated-CIfB $T ML7E
AEME 1N PMIN X 4 B €00 35 20 BR 08 A0 7 1
1 Me5x7%
1.1 #R

AR MEE RS 22 R R (2 2 kg) W BT
LA LR s YO, KstFie DH5o 1 BL21
(DE3). JF k% Rk s 1A pET28a . 4x B (031 % BR B

FR&IPE PN PIEE Nne I . Xho I 1 T4 DNA %

0G0 B TaKaRa EAY) TR (KiE) fARA
F); DNA [RSNGB RAAEY) TRA RA
A3 FEPife IgG-HRP W H Earthox /A r]; TMB
AR AL R #FE A H] s FITC W H Sigma
OS]y A E I H AR A AL A3 A H TBD A
Fl; HBSS. D-HBSS Iy { Gibco /Al
1.2 Truncated-CIfB EHEAXBITFE P AR
B, S AEE
121 £HEEHEHKREEERA DNA KRR

WA 8 AT AT ER AL AN B AR b, 37 C
WEE 10 ho MIF- il b BRI 75 0 P 1 BRI Vs
AT 5 mL R SR AR P O AR . O
FRE AR Z B OB E, BUTEEE T 467 pL
f TE 2% (1 mol/L Tris-HCI, 0.1 mol/L
EDTA, pH 8.0), I A 30 pL ) 10%F4 SDS H13 uL
f) 20 mg/mL B I K, 78oMRE], 37 CIFdE
3 h, FMIFEMAE (500 uL) &8 505 5 m
(25 : 24 : 1), 12000 x g &5.0> 10 min, /NCrWEHL
FRWARRR R EOE D, R, A
50 pL (S NEETIE DNA, 12 000 x g 5.0 5 min,
FESHE. HELKCEFRE 1 BE, A
10 mmol/L Tris-HCI (pH 8.0) ¥%fi%# DNA, (%7 T
20 C,
1.2.2 BHHARBBEHHE

5 GenBank H 4 ¥ {4 % Bk I CIfB
N1-N3 S5 50 % B8R e A Bt R vk 5 1 4
RS 55435 I Nhe T L Xho T 1)
i 5l1WH FigRREREG K. 519)F5
F: Forward: 5'-GCGCTAGCTCAGAACAATCG
AACGATACAA-3' (FXIZH Nhe T FigHI{7 50);
Reverse: 5'-GCCTCGAGCTAATAACGTACAAC
ATTCTCATTA-3" (FXIZN Xho I EEYI £)o
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PCR R AEFRE514 4 - 98 'C WiAE Yk 3055 98 C
10s, 46 °C 15s, 72 °C 4 min, 30 MEH; 72 C
JEAH 10 min, 1% BASHEEEIR LUK 53 BT PCR
Y. H Nhel F1 Xho I B 5k 244 pET28a Fil
Mgy PCR P24, BUSEEYT ™, H T4
DNA 50 16 CRIFIEZEK, b BIRZE
Ml DHSa H, FRAGIEAZ KR H A Bkiar 44 h
pET28a-Truncated-CIfB. HA1ii ki Nhe I il
Xho T #EATEEEI %, I ¥Rk .
1.2.3 BHEAOWREMLAL

W W IE B A BB R 4K R B FF T BL21
(DE3), 1l IPTG 55 X85 A K 4R 3 R34 S IPTG
LN 1 mmol/L, 5 H Sl 4 ho B0
P E AR, AL (50 mmol/L NaH,PO,,
500 mmol/L NaCl, pH 8.0) FE A, {5
FERE ORI, S0 26 e o 50 A5 B Y 37 W R
SR I

P45 21 BOHLEE 11 B Ni-NTA His Tag Kit
vt A4k, HASFEVREEDKIE (50, 100, 150,
200 mmol/L) 436 i AR YK e B Ni-NTA £, 1k
AR AR AR R VR AR 4 12% SDS-PAGE
SrEJE, FE AT

20 FEFZ M 4i4b ) Truncated-CIfB H4H
B Rl Ay N R ok () = TEL Y O =T S ¥
Resource Q 1 mL (GE). Z ¥ : A buffer:
10 mmol/L Tris (pH 7.4); B buffer: 10 mmol/L
Tris, 500 mmol/L NaCl (pH 7.4), WAERIFESL 2
12% SDS-PAGE 43 & )5, % Sl ik e 07 .

Gl BT AR Ak R A E i
My F gk . ZEHr A% ] Hiload 16/600
Superdex200 prepgrade (GE). 2% ¥ : 10 mmol/L
Tris, 150 mmol/L NaCl (pH 7.4), WAERIFESLZ
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12% SDS-PAGE 4r & )5, 2% Silise i g a4,
$eA8 4 BF = 1Y) Truncated-CIfB

1.3 Truncated-CIfB $i0;& HE &M% SLI8
1.3.1 Truncated-CIfB ¥l ¥ 5l &

4lifk#Y Truncated-CIfB % [ 1 mg 585 K 5¢
2R (Simga AH]) #HE 1 1 AKFFLE R
REZ) 2 kg BRI K A% 2 X, W
JJE, FRBaifeEN 0.2 mg 5 RATE &K
| (Simga /A w]) %1 VIRFIRLLIE #4756 1
YIRS, [BRE 1R S A 2 WOmsR ey . 5 3
WS 10 d, FRFIRME, ORI, W
M, fEfF7E-80 C.
1.3.2 [A]¥& ELISA B# Truncated-CIfB $i Ifi
HRM

¥4 Truncated-CIfB 25 1% 1 ng/mL ¥ & £ 9%
bRtk , 100 uL/AL, F 37 CHF 30 min J7,
B4 Cib, Wb PR (PBST: 0.5 mL
Tween-20, 137 mmol/L NaCl, 2.7 mmol/L KCl,
10 mmol/L Na,HPO,, 2 mmol/L KH,PO4) P 3
W, RS min, BT, BLIMA 100 L &5
W (& 5%BIEFLAY PBST), 37 CHM 1 h, &
Je K R A L AT 125 000 THUG A% Kok
FoJE I ABEAR#R, 100 uL/AL, S8 1h, %
B3W, T, IMAL D 10000 £t IgG-HRP,
100 pL/AL, ZiHRIN 30 min, LR TR,
HIA TMB & 4% 100 pL/fL,37 “CJ2 )% 10 min,
BJE A 100 pL 2 mol/L AR ERZ 1k 1 , FH BiAR
AL ODyso H o
1.3.3 FITC RAMICE B EHERE

ISR R B A A I 4 ot R A R R B AR,
PBS ®EE 5, F Counterstar 40 e itE{1E 41
PR, AR T2 SR SR R T PBS TR
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| 1x10° CFU/mL B 1 mL ¥k 1x10° CFU/mL
AR, A 100 pL 1 mol/L ) NaHCOs /AT ,
HREITR A o 4 2 AN FITC % (200 pg/mL),
BIMA 5 pL, FEIA 10 pL FEAH L F)
2 pg/mL, BN A JG BEIR 5] o, B F 37 C
¥ E 1 he A 5EMU5, 10 000 r/min 0> 5 min,
7 EW . BEIA 1 mLPBS YEI 2 3, 2.0k
SRS A HBSS Hk, Il ai i@ vk R =
2x10’ CFU/mL, 4 ‘CHEIGIRAE
1.3.4 PMN HJRE

A+ 0.5 mL 100 mmol/L EDTA (pH 7.5) Y
50 mL .08 08 10 mL 778 22 K (A S sh A i
A AT D-HBSS ke, 44 6 B /0 in
22 mL4r B B2 A I N A BRTR 5
24 °C . 500xg B> 25 min, IR ILHTNIZ5 N 4
JZ: IS BAAZANM)ZE . 43 B PR A
HARM T B LU AR TVE)Z o 56 3. 4 JRIUE
FE 15 mL B0, L0 2 24 2 Ik
J& , P D-HBSS {E R4 2 Ik (B0 BHELEE
4 °C), fixJm FHl HBSS H A PMN FH6 4i fa vk 1 14
% 3x10° 4 /mL, BTk b,
1.3.5 PMN FHELLK

B 200 uL ¥ J¥h 2x10” CFU/mL 1 FITC b
LAY A B AT ER A AR S 25 pL ME 7E 250
EHRS), 37 CHEOLMFE 30 min, WHEE R,
10 000 r/min #.(> 5 min, & F¥, ] 200 pL HBSS
FOEEM, A 100 uL ¥JE A 3x10° 4~/mL
PMN, ®&RA)G, k(e 37 CROLIBEE
15 min, $ SR RBAEVK EL&OEFTE, 2k
JBER 15 pg/mL (9 5 W i VA K B A Bl e M 11 4 1
AR AT ER TR Y FITC 25, i =240 i UKl PMIN
FESR, LIER 41K,

14 ZitESih

XF 22 0T 52 BUHE DA B AR R 25 X+ s TR
3Rk, N GraphPad Prism 6 #4453 #7, K H
BCXT t frdw b i ml 25 5%, P<0.05 NERAS

U2

2 BRE54%
21 BHEBEAFREBMEHEE

P g (Y 2R Ak H AR BRI P VIR Nhe T Al
Xho I EPI4%EE , YIH0 B R Bk R B S
PR/ N—2, 7351257 1 500 bp F15 000 bp
(Kl 2). WP 254 R P51 5 NCBI $8
i i) CIfB N1-N3 Z5 A% IR 7 41 (k5
AJ938182.1)—H, I RBIIATBLINRAT T 0]
* 35 W Histag #An & B &E A B OM
pET28a-Truncated-CIfB. & F&#K 4t T 509
ANEIERR , AR SrF BN 55.4 kDa,

kDa M 1 2

5000

1500

[E 2 pET 28a-Truncated-CIfB B WES ] 4

Fig. 2 Identification of pET28a-Truncated-CIfB by
restriction endonuclease digestion. M: DNA marker; 1,
2: pET28a-Truncated-CIfB digested with Nhel and
Xho T .
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22 EHFAWEL
O B % 4k 85 41 JiT kb pET28a-Truncated-

CIfB i1 BL21 (DE3) £ 1 mmol/L (] IPTG %%,
WA 2 LR, 1 I , SDS-PAGE /R 7E 66.2 kDa
KA —FEEW (B 3A). M EREA
HEHANZ N 55.4 kDa, JR[H W] BE/Z His-tag 7]
DA ] % 3K 35 11 78 2R DN Tk fre 6 e v R S 7%
Y VLR ) 1 25 SR 5 B B RN — 2P
223t Ni-NTA #1453 s4lifl, BEl" W2 12%1
SDS-PAGE 43 #r, #2411 32 24 rp 7
100 mmol/L WK 8 IR Ak , I 5 196 1 0k ik J32 34
e, BEUE Y B D

R T R4S = 2 1) Truncated-CIB 11, %
Ni-NTA #E2iA0 5 & A & H 8 0 0 E a1,
FIH GE 7> H]f#) Resource Q 1mL & 52 2 Hr
#1 Hiload 16/600 Superdex 200 prepgrade 43T
JENTAE E— A alifk  1E FPLC A MEZ 4l ik 7= 4 1)

kDa M

97.4—
66.2—

43.0—

<Truncated-CIfB

31.0—

3 BEMERNRESHK

HUEN B, 45 58 & P Truncated-CIfB R H 1A B
fE 69 mL, {H I 0407 B XN A 4r F i 29 h
120 kDa (¥l 3B), 292 AHM 9 EAR 53 R 3%,
$##/R Truncated-CIfB DA —RIKHIE 77, &
FPLC 4> ¥-0)2#8r & SDS-PAGE % & itk A
A RTF 95%. ik Fkaniiide, /ot
SEREETHIN A B &l 18 mg, F Tris-HCI
(10 mmol/L Tris, 150 mmol/L NaCl, pH 8.0),
10% HIM R A7
2.3 PMN HIEZR&EN

T ME SRR, AR ELISA 1)
T, Vi—EW R (100 ng) fuf ELISA
#e, LA S 000-640 000 f5FERRIIPLIA S Z 454,
ELISA Ht4l 45 5 22 WA G 2 BB 78 22 K 1 S i I
i ' Truncated-CIfB HiAAZM KT 1 5000, =
%5 10 d B IMILE ' Truncated-CIfB HLARL M
F 1: 640 000,

kDa M Truncated-CIfB
75y Truncated-CIfB
2%% wwse ---=--- Standard curve
~so}>° 75kDa }
= [310
& 158
2 20.1 S |
< 25¢
A 14.4
0
0 30 60 90 120

Volume (mL)

Fig. 3 Expression (A) and purification (B) of target protein. M: protein marker; 1: total protein before induction; 2:

total protein in 4 hours after induction.
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N T K Truncated-CIfB HiTiE X PMN 7 W
TiRenyszm, FRATH S i g F1 =465 10 d
Truncated-CIfB $T L iE 43515 FITC bric iY 4 15
A ER A 37 CHUMEE 30 min, JIA PMN J5
YRZEPE 37 CHFE 15 min, LI WAL BEL] PMN
BWERN 5.04%+0.33% (& 4B), HBERi i il
AFRZH PMN W Hy 32.26%+4.54% (& 4C),
Truncated-CIfB $i L7 FAL FLZH PMN A IR N
41.27%%6.65% (&l 4D), #5022 R4 51t
2 (P<0.05).

B 1000 F BIOOO
o 800

600 |
moiif
200 fp
& X 0 L n
AN P 10° 10" 10> 10° 10*
C FSC-H 5 FLI-H
1000
800 |
600 |
400

200 fig

SSC-H

SSC-H
SSC-H

e

Yoo e o 0T T T T
FLI-H FLI-H

B4 RAMAEAREN PMN FhER

Fig. 4 Test of the phagocytic rate of PMN by flow
cytometry. (A) PMN population selected on the basis of
forward and side light scatter. (B) Fluorescence
intensity for control PMN incubated with FITC
positive S. aureus. (C) Fluorescence intensity for PMN
incubated with FITC positive S aureus Reynolds
opsonized with preimmune serum. (D) Fluorescence
intensity for PMN incubated with FITC positive
S. aureus Reynolds opsonized with immune serum.

3 Wit
B L AR ER I 2 TR 9010 25 P

YL P 5 BR BE Be N IR R L DR, LT
HPIR LR GIET R EEY . SO
) BR T AF AR R S AR BT 25 PEBL A, i T
i ZHA T R A gy ve ) R P2tk
BRI R R IR T R R, 4 0 ) 28 BR R X R
ST AR R RO e B e H Rl
TN T BT 4 B 60 R 28 K A R Y B AT A
B, AR 4 B 00 4 BR 0 i UE R A B
FU gy R R AT RE R 4 B AT BRI S —
Z 8 ST, A IR R R A
ARAE AP HLAAR I 4 38 (A ek R 5
A, 4 B0 7 BK DR A AE 22 D S g R AL
AP 0 22 B LB AT R, AR A BRGR
Pl N 4 8 €0 3 25 R R A (R AR 22 9 7 TR
FE Y — a3 LR R A M B s R T
HI1, MSCRAMM 431 2y B 2 40 Ji b i kA7
AR, e Dhaifbny s CIfA g /Nls RE
% MR R &R L FnBP A 1474k
BEASEHEN RN, RBEA R 4
(0 A T BR A B 5 R A FL I R B

CIfB J&—/> MSCRAMM % T, BEMS 45 4 4T
Y35 15 DA KN A I R TR Y T B AN A BT 2R
G K10, 24 i TR 7E S RGBS b il 1Y) R
K. CIB EMH 8 Maittkal i, H N1-3
ZitE 25 CUB 15 4 MLANEE B 4+ 1 4
A, & CUB M EZINEEX . AW HhF Tk
T CIfB NI-N3 5t . R fZENT . 2
TR MR AN S B i uE AR Al Ak ik, ARAR T 4k
B KT 95%HKy Truncated-CIfB & [ . 1 X
Truncated-CIfB 8 H 170 i gfifbis, |ATAL
BUZEE A B IEA B RN 69 mL 4k, lid 5
b A 0 AL B AT AR, FRAT AR B
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Truncated-CIfB & [T &V “RIKMIE X FE. A
SCHRARIE , 1 CIB 21/ N2 5 N3 45tz
)77 76 F B ) Ay U, RS N2N3 2544 I
T 2H 25 ol [ 058 — SR AAC DT el JH B o 4 ] b 25 5
HMMIAEET o> o EEHERT, KIGHF R KA 1Y
Truncated-C1fB RERS PR 5 IE B 1 904544, AT L
R R IR, HAEMEY#E .

T R AR R A AR TS 18 E e A
7 20 K DR R ) AL, R I ot 3 Y
PRI B AR WA o R DA 4 v 00 % BR T
ARER — BRI, OB R A
0 2 BR T 1Y) % TP D R R 4 R T e ] T
A/B (IsdA/B) FIi% 2 IR -22 % 1R & #8111 D/E
(SArD/E) HL LYK REAS W50 PMN A5 45
ORI ERTR Y RE T, XU SR T AE 4 8 0 %
ERTERE W PR B R 112 AR50
4alifJ5 %) Truncated-CIfB & FH #1822 K H
1, W4 R R Truncated-CIfB 25 [ REMS M
BUAT AR 8 i RS SR (> 12 640 000).
FIAH LI A XS Truncated-CIfB & H L MLIE
() VR WA FH AT AN, R A S
N: M T2 HIMW, Truncated-CIfB $T ML BE
i @ 251G PMIN 0T 4 8 40 7] 24 35K T 1) A I
K, B Truncated-CIfB W LIE Hy 4 85 0 55 4 BR
DRRE T AT . A PR i — 25 i 1E 4 8
A0 ) 7 R TR B B R BT B T S ARl
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