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# E: WA -F FnbpA (4% & 4 4% 4@ A, Fibronectin binding protein A) 22 # EH HHRA LD ES
s, REZRHBETFHREZNHARA T, TRELSFEIALRGRN, 2K BN AR, B4
HLRAEFERHEEH Y FnBPA AR 69 A DR LEEZABEKEBAR T, 25 HHE 4L Kozak F §)F» 4 Kozak
%169 FnBPA-A AR AAZ R X B, TUARMEZLEZNF EH)G, %k CSTBL/6 s A Atk K -F Foitk €20
Re3g 7N DL, FRt &R s REEAT K F 5. A 84 45 R R 9 Kozak 1545 89 % 20 DNA fE fo i Fu Ak A (P <0.05)
Fo o B AR B 7 &K T A4 Kozak 57169 240 DNA, £ MO E i3858 7 @ Kozak 154549 £ 40 DNA #9
RMEFEBERLE T REGMEL DNA, 22 2ZFREF (P>0.05). 1RIEEIRG LEKXRERE, Kozak F
) %F 3 5% FnBPA 9 € 40 DNA Y& G55 69 & B B4 T R ZALGER .
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Effect of Kozak sequence on mice DNA vaccine
immunization of Staphylococcus aureus adhesion
fibronectin-binding protein FnBPA-A

Yan Su, Shimin Wang, Jungao Shao, Baojiang Zhang, and Haina Wei
College of Veterinary Medicine, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China

Abstract:

during early stage of infection. FnBPA was capable of promoting Staphylococcus aureus to invade cells and was viewed as

Fibronectin-binding protein (FnBPA) is a protein that expresses on cell surface of Staphylococcus aureus

a potential immune target. Based on the FnBPA-A gene two recombinant expression vectors with or without Kozak
sequence were constructed. After identified and confirmed by restriction enzyme digestion and sequencing they were used
to immunize C57BL/6 mice. Then induced antibody titer, T lymphocyte proliferative response and experiment mice
challenge test were measured. Our result indicates that humoral immune responses and challenge experiment induced by
recombinant DNA with Kozak sequence were better than those without Kozak sequence (P<0.05). For T lymphocyte
proliferative response the induced effect of recombinant DNA with Kozak sequence was higher than that without Kozak
sequence, but there was no significant difference (P>0.05). We conclude that Kozak sequence could play an important role
in immune response induced by FnBPA-A recombinant DNA.

Keywords: Staphylococcus aureus, adhesion fibronectin-binding protein A, Kozak sequence, recombinant DNA vaccine,

immune response

HH 45 v 00 4 3K R 5 R 1 5 A4 FLIR R 2 51
AT Z 260, HREDHZE ML, 4
B (03 A BRI R T ) Rk — SR e MR, R
ZEFTR -, BEfE S E AN . AR AR B AT
VIR R R L AR A A R
(Fibronectin-binding proteins, FnBPA) J& %L
N2, fEEA S e MR ERE L S
TANRMALTAEIE S R, JL-F A 04 5 0
HIERB AR L5 45 5 8 1 FaBPAY, difI L
TP IS AT U4 v €0 B iR R R ©
AWFFEUEDT, S22 0 R B 2 RE TR P 1l
B ST 4 B O AT ERE 1 H %
O3 5N A R B B (0 2 BROEDRG B AR FLIR
AL B ST, R RO, R —
ARG S e A, TR A B B SR G

I7HERE T AW AE A,

HHJ FnBPA M2 M IIREX 24
A X5 D KX, A KXREBESHLIRLT4EE 1 IR
(Fibrinogen , Fg)® . D [X & fit f1 £F i% & 11
(Fibronectin, Fn) 454K 11 8 12 HHEFHP),
AHFFEHEIT FaBPA A X N2, N3 WA 1,
2 W25 G T E R P50 H W R Bef s pe
T EZ RN, TR TE SR N Y
FIRFGRRERE, PEAEHAE R DNA S0 1Y)
AN

Kozak J7 51| 2 AR 22 0t L 20 ) 4t e v e vy 2
ik B —A B oot DU B &
B, 325 9% 348 5 A1 U 5 DR A 200 B P 2 R /KA
FEAMEAY, DNA BERE BN b iR
K FBZ S . BRI EE, g
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FnBPA-A JE R 7E FUZ A i 3Rah 6, 42 H A
PEG M IEROR , AT T 5T FnBPA-A 2
N A Kozak JFAIFIANH %75 I FE 4] DNA H
Bk, IR C57BL/6 /N T S, M3
AR . Ik L 200 B /K ST R G 8 DR AP R0 T
FOAE T P ORI 7 A B I 2 I S P AR A
R LS

1 HHEF®
1.1 #8
111 ik, R EZERH

4 FnBPA-A JE[H 1) PV-SFn H g8 £ b K
RS R S E A IR AE s LA Tag
DNA R4 . pMD 18-T /& . DNA Marker, 1
S Marker W T REFEAY TG
B Bk HE U &1 T Omega 231 5
Jiok R e HE G & GoldHi EndoFree Plasmid
Maxi Kit, PM Western Midview Western 14T &
1 Marker W FAbnt B2 A WRHE A R
5 e S A A Y iR I T b T R o A
ARARAF; TMB AR IR REER
A FRAF] s HRP pRic £ht R = dile T Az 4
W AW HORA R R 5 90 2 4 53 2 0 T R
HPE A D] i B BR TR A
1.1.2 EHERRE Y

W RE Staphylococcus sp. GW-1 H AR S0 2 A
FUIR AR YIRE P 4 BT %08 , KIBHTIE DHSa HA
SIS ARAT, 5~7 JERR ) CSTBL/6 /ML (18~20g)
WA BT R R 2 SR s bt .
1.2 A&
1.2.1 EXFEEFBME PV-KFn 5 PV-SFn H1E

HRAE FnBPA-A JEH T 5 HI Kozak J3 51 I HE
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MBEIY, HE L THSIWIMA BamH 1 1
Xho 1 WilOIE A5, HEE FLIZ R IR A PV-KFn,
HAKJ . koF (5'-3"): CGG GAT CCG GAA ATG
GCT AAC GTT AAT CAT AT, koR (5'-3): GCG
CTC GAG CTA TTC AAT GTA TCC GTC AAC.,
FZ AR ZR AR 0.5 ul, 10xLA PCR 22 /i 5 L,
dNTP Mixture (2.5 mmol/L) 5 pL, LF5|4
(50 pmol/uL) 0.5 pL, FI#514% (50 pmol/uL)
0.5 puL, Tag DNA R4 0.3 pL, K EE 7K
#h% 50 uL, PCR W FEF : 95 CHIZAEME 5 min;
94 °C 30s, 57°C30s, 72 °C 1 min, 30 PMEH;
72 ‘CHEA# 7 min, 7 1EH8 5 I Kozak 73 FIA
HNZ T 91 (%) 8 20 3Rk 88K 53 il i 44 4 PV-KFn Fll
PV-SFn,
1.2.2 EAEHKRAKI

A iy 1 T 2 A S e BHK-21 4, Kl
FE AT TR 5xSDS ZE MRIR & 2 Wi b B
glifb B FE N FE X R 2E1T SDS-PAGE HLJK , #%
% PVDF . SUr M 2% AR Wik 4 “C ot
PR, FHHE N 12 800 f—Pt 37 CHFRE 2 h,
PBST V&M 5 ¥, Fl HRP #7ic 1 : 500 BIFEHi
IgG 37 ‘CiHE 1 h, PBST & 57k, DAB {4
M RTASN SN RE et
1.2.3  R%/PEE DNA 5B

X5 /N R T 4 (X504 PV-KFn 12
H, 884 PV-SFn 12 K, a5 #fiikd] 12 Hfnzs
HIXTRRZE 12 H), SRRk IE I, 20 ok
DNA {B5], JERRALAES 100 ng/H . 3 JE )5
FT50 2 AR, BRSNS 2 JER I3 25 L3
I I Y A i B BTN
1.2.4  RE/N BB TR S B2 Rl

FHIEIEE ELISA 73kt o /N B g HEA T3t
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RRH ARSI, BARERAE QN . HI4lifk FnBPA
EAEOEDR, 4 Capadr., R
1 100 f5M RS, BEISHEATAE LR B ARV B
PR B B IS E—$T 37 CHRE 2 h, PBST ik
WS LA 1 4000 B HRP bric B9E4L R 1gG
YE =¥, 37 CIRE 1 hJm, PBST #Ei4% 5 %X, TMB
BARKEM 30 min, 2 mol/L BifRZ 1L,
ODyso fH
125 XN EEOAHAEREFNTERSS
GSROEN b

H 50 uL 10 pg/mL £F4EE H )5 (Fibrinogen,
Fg) Mg 4 Capidni, PRKTER 4 e
AR GW-1 B IRk B IR 2x10° 4~/mL,
5% AR B B0 S e UL (12 100 & 1 : 800)
SRR 100 L, 37 CHHE 1 he HAFEMBE 3
AEE, WIREL 2 K. AT 96 FLARd ]
JEIMASHUAR SN 3 AR, 37 CIRE 2 he
RPTE M E GW-1 113 (1 : 700) fE—H137 Cilit
H 2h, LI 14000 #ikE HRP ARic EPi R 1gG
YE—¥t, 37 CiRE 1 hJ5, PBST ¥k 3k, it
17 TMB {8 S A5 ODaso {8 -
1.2.6 Ik 40 g fhse s

XF R GgE 90 d R /NS B UL, S
TR /1 BRI S 200 o ok B Rl 2¢10°
A mL, F 96 fLB I 100 pL/AL, & H/ANE N
9 fL, H:ip 3 L4 ConA HlF44H, ConA Lk E N
10 pg/mL, 3 L&A FnBPA-A Hl# 4, fnA
FnBPA-A H [, 3 fLWIEH IMAIMEL . 37 CHEFF
S2h ZEf, A MTT Z96)% 1 g/L, TG4 L
RA, dREeii5R 6 h J5, JA 150 uL DMSO £ 11
RNL, FEARAT, WERGH S ODso fE, 11

BRNEFEESD, THEAKA: SI=A/B, A Ffl%
20 ODsyo {5, B MIEH A4 ODsyofH -
1.2.7 G/ BB RERPRE

C57BL/6 /N A 90 d Ja Xt/ Btk 7 14 B
R, DL/ NEOE R 7x10° CFU 145 2 (6.3 4 5k
w GW-1 IS/, B 6 B, RN AR
PERZS AR AL, WG HEME 7 d, idsk
FEALIR I A R AL T IE 0L, T S pe R

2 &R

2.1 EHRFAEBEYIEE

F MR BamH 1 F1 Xho 1 WY 5 ,
1 %IFNEEBE S LUK S R A& 1 o, Uk
T, £ 1 700 bp Z£4715%] I DNA F Bt (i
I/ INHETT)

2.2 Western blotting S EHER

Western blotting FIZ5 SRR (& 2), 2 Ff
4 ORI FE g« BHK-21 40U f5 HIRER A 40+l
63 kDa /471 FnBPA-A [ .

bp M 1 2 3

15 000 —

5000 —
2500 —

1 000 —

1 PV-KFn #1 PV-SFn E 40 RH 801 4 E
Fig. 1 Identification of recombinant plasmid PV-KFn
and PV-SFn by enzyme digestion. M: DL15000 marker;
1: PVAX-1 vector; 2: PV-KFn; 3: PV-SFn.
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kDa 1

120 —
85—

60—

40— —

22— -

2 Western blotting % #f BHK-21 4 f1 3R % 89 B Ay

4=

Fig. 2 Western blotting analysis of expressed target
protein in BHK-21 cell. M: marker; 1: PV-SFn
recombinant plasmid; 2: PV-KFn recombinant plasmid;
3: PVAX-1 empty vector.

2.3 EEFNRE/NREBUKRSMN

HA PR/ NS, E PR AR
R 3, 575 AR IR, WK RE S5
PV-SFn H4H JUkE4H 5 25 2 AT JEZH i e A4 7K -
JUFHF, PV-KFn EAFR AT AR, —
WGP G PV-KFn 541 00RE 4134 bh2s 2R B2l
HIFAIK B BT (P<0.01), H PV-KFn #i
{KIKF- 35 F PV-SFn 4RI (P<0.05), &M
Kozak JEHXFZE 4 DNA 7E1K P 223547 1E %
PERIPERT, 3BT MR AE S AR s AR 1B
AT o £5AL 5250/ NBRBTIER ODaso K5 I 5
G2 LA 3,
2.4 IR A 4EE B R R RO H0 HI4E A

Sk U6 UIE SR E ST B I T 4 0 7 Bk 1 2
FMEHRER MR, FA PR Sy fa 1T 5 PR TR Y T
AR FH JE A T P ARG BT S RE s e . An ] 4
Fi7R, 5o 8RR Es (o IR A LIS A e, AR A TH)
(4 L5 7% B BE R, FnBPA-A s 5 1) BRUIALIS 7T 4%
A3 4 8 R AR B GW-1 X 4R 4 8 R B Fh
BEEAE FH o B I 375 5 R R A3 o, 00 o 1 FH 320 ¥
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09 r o Vector x
ns
0.8  @PV-SFn
0.7F  =aPV-KFn *
0.6
205¢
S 04t
03 [
02
0.1 [
0
Preimmune Post 1st Post 2nd
immune immune

B 3 PV-KFn % PV-SFn |4 FH%E /R ILER
RN BT L

Fig. 3 Serum antibody level of mouse immunized with
PV-KFn and PV-SFn recombinant plasmid. ns: P>0.05;
*: P<0.05; **: P<0.01.

o PV-KFn post immune

2.0 @ PV-SFn post immune
= Empty vector control *
o Blank control
1.5
8 1.0~
0.5
0 -

1:100 1:200 1:400 1:800
Serum dilution

4 PV-KFn #1 PV-SFn %% 5 B9/)\BR ML & f A 3o
SEBEEIRE GW-1 FHMERRMEIZE R

Fig. 4 Inhibition of bacterial GW-1 adhesion by
antibodies after immunizing mice with PV-KFn and
PV-SFn recombinant plasmids. ns: P>0.05; *: P<0.05;
**: P<0.01.

55, PV-KFn 5 B MIE PO £ 4E 8 1 4

BEHPE P A4 RIE IR T PV-SFn, (HERARRE .

25 FHRMRE/NRER K BB LIR
WEER

JH AT ) S A 25 S ) o A Ok S /N R 2
W, ZH90d 5, XMENE T kAR MTT £
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T I 75- AR FE £ (Stimulation index, SI) 1A
5 ¥, MTT 5 45 5 278 PV-KFn [t PV-SFn
T TR ZH 5 RE LA PN Ik X 41 Y B8 A

*%

| =

25 ¢ ‘ ns

201

SI value

05 F

PV-SFn  PV-KFn

Blank Empty
control vector

B 5 PV-KFn 1 PV-SFn %/&/afRRE T kA
MTT £ R
Fig. 5 MTT analysis of spleen T lymphocyte after

immunizing with PV-KFn and PV-SFn recombinant
plasmids. ns: P>0.05; *: P<0.05; **: P<0.01.

2.6 AREIEAFEGE DR RRIRIPE

TRGIE ARG 90 d, FRAFI A FLIE 4
AR GW-1 TR, 49t 7 d
(IWLEE, PV-SFn 7 Wb 2l s R %R 40% ;
PV-KFn ¥ RPBELRI N 60% 5 25 A FD IR
/N 24 h 2FFET . FRI] PV-KFn 41 fuyse f
PR T PV-SFn JM 54
3 d#

FnBPA (Fibronectin binding protein A) /&4
O AT ER T R # I —, ST
AR RS BRAIL il B9 Fr) 470 48 20 €0, 3 4 K T A%
mRpE Y, A AT RS TR R,
] R ok L DRI 46 A 0 7 7 35K T X 3 4 LR B
Yook A e P ST EAN TS e S S ¥ ]

PL FnBPA R #TRE DR ] A A% BR P 1 B — E Y
ROR T 2 22 5 1k $it i A IR TE T e e K
OO H T E PG FnBPA 35355 R 60 )7 T
PIBFR ZE T D IXJF5], FKATHEXT FnBPA 11y
A XJFHIN (FABPA-A) [ SR LN THRR .

HAZA Y E A RGBT — 28 F R
TR — SN2 540, AiZE A RB%MNF
AUG [ IR EER R WARAKOCR . KEY¥H
Kozak il X} 699 L HHESNY cDNA 5'4EZAS X
4 BRI A R I T2 5 3 A A5
THELE “Kozak L™ U218 Y AJE PR G
WL JE B E AT & Kozak #EINak T 58738 |
A T DR Bl AR T 454 Kozak MU, 1% 86 A #%35
oA AN B, FERTURSEH] EGFP /R X401
W5 4 U 1 a1

MRS DR T A A0 L v 1 3R 5K 2 A7 B
S BRI AKOE I o 7 S AR Y LA
KRR R Z 2R FTEGR I E 3 1, A SRk o7
32 FIALTR R o X T IRATTH LR SR A B A
() SRR 1, &R A1 I 3L PRI s 1 i B 12K -3k
SR AR JC R AT T R B Ak
11T MR YIS B2 ™, Fe LR A s
Bt B B S R R 1R A A 1 R L B 22 Kozak #iL
WEHE, I EE PV-KFn ELIZ A ok, H1E
FERPEFEFZ DNA S 5 v R KO- $2
FnBPA 133K I3 M 42 2 Zh W ML i b i 7K 7
TR R,

ARASCEG A XA Kozak 41 ) B 4H ook
PV-KFn JkL FIANT 1T 5 () E 20 Bkl PV-SFn
FRE IR AR LG, A& BLE SR AN Kozak JF
SR E A TR PV-SFn ELA — % P IAIE A BE
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71, A5 PV-KFn dAHLL, TCIREPiAKT . %
TR RIT IR 22—, BFFEIEI Y Kozak
FPO T AR R SRR AR R A i A ik, ml i
R = A R A B 1 R KT B 2w H AR 1
M VEBTFIPIRE o BT 5T 45 Rt — 20 G sse sh i f
JEUED], Kozak J¥HIX R AL T FnBPA By 2
JETRL S T O VAV B 8 5 T SRR AR T T TR
SIS G RXT T4 5 DNA SRt
L m H e R BRI AA —ENS%
UINIERS
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