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Abstract; To explore the capacity of antigen presentation of the foreign B-cell epitopes by virus-like particles
(VLPs) of rabbit hemorrhagic (RHDV) ,the VLPs of RHDV displaying B-cell epitope of foot-and-mouth disease
virus (FMDV') were constructed. The sequences of a FMDV B-cell epitope were fused to the N-terminal , C-terminal
and inserted between 306th and 307th aa of capsid protein of RHDV. The fused genes were cloned into the donor
vector pFastBac™ HTA and three recombinant baculoviruses (rAc-VP60-2F, rAc-VP60-306F , rAc-VP60-578F)
were constructed using Bac-to-Bac baculovirus expression system. These recombinant proteins were expressed effec-
tively in insect cells as confirmed by IFA ,SDS-PAGE and Western Blot. The immunogenicity of all chimeric VLPs

was examined in mice. The results indicated the recombinant proteins could react with both anti-VP60 monoclonal
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antibody and anti-FMDYV polyclonal antibody. And all recombinant proteins could self-assemble into VLPs by elec-

tron microscopy analysis. Furthermore, all chimeric VLPs were able to induce strong VP60-specific antibodies re-

sponses. In addition, there were significant differences of peptide-specific IgG antibodies induced by chimeric pro-

teins , compared to that of VP60 group. The significant levels of serum antibodies against B-cell epitopes of FMDV

demonstrated the feasibility of RHDV-VLP serving as a presentation carrier for foreign B-cell epitopes.
Key words: RHDV ; Virus-like particles ; FMDV ; B-cell epitope ; Vector
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FARAE 20 R RE ORE (14 i 48 W8S 1E H-7650 11
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5.0 BAAFE 19 (H Invitrogen AR (1),
1.3.2 &R FMDV B g% FMDV VP1 B 4f
93457 (200 ~213aa;: RHKQEIVAPVKQKL , H:XJ 1 f)
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CCAGTAAAACAGAAGTTG-3") Hi Invitrogen 7Y W) &
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Tab.1 The sequences of primers used in the study

519 41 LRI PE R U 0
Primer Sequence Restriction site

VP60-F 5"-TTTGAATTCATGGAGGGCAAAGCCCGCAC-3’ EcoR 1
VP60-1R 5'-GCCGTCGACGACATAAGAAAAGCCATTGG-3' Sal 1
VP60-2R 5"-TTTGTCGACCCCAGAATAACTTGCACTGCCTC -3’ Sal 1
VP60-2F 5'- CACTCTAGAAACAACTCCACCAACGTGCT-3’ Xba 1
VP60-3R 5'-GCCAAGCTTTCAGACATAAGAAAAGCC-3' Hind I
VP60-NF 5'-TTTTCTAGAGAGGGCAAAGCCCGCAC-3’ Xba 1

TE: TR h BRI, K2 [,

Note ; The restrict enzyme sites were underlined. The same as Tab. 2.

®2 KRB PERNBEZERRFS

Tab.2 The sequences of synthesized soligonucleotides used in the study

Kl B 3
Sequence Restriction site

FMDV-F:5’-CTAGACGTCACAAACAGGAAATCGTAGCTCCAGTAAAACAGAAGTTGTGAA-3’ Xba 1
FMDV-R:3’-TGCAGTGTTTGTCCTTTAGCATCGAGGTCATTTTGTCTTCAACACTTTCGA-5’ Hind 1l

1.4 BEAFHRHAEHHE VP60 ] 579
1.4.1 FEAHBEREWEE HIRE 3 Fhik Gk

B, HEFTLLF PCR ., FFY) FIE BE4R 0F « LR pFast- oo A -
Bacl-VP60 MR , VP60-F F1 VP60-1R R5| ¥ 1 VP60-306F | T | 598
H ) H Bt ,PCR 212 EcoR 1 1 Sal 1 BV )5 vEkE VPEO-578F | ¥ 59

% pFastBac "'HTA 1 MY %€ J5 , 13 B A 5475 48
A4~ pFastBac ™ HTA-1, >R HIAH R 09 7732, LA
VP60-NF F1 VP60-3R A5 ¥, ¥ 3 & H Xba 1
Hind MBI 5 PCR 724, 3 7i e & pFastBac™
HTA ", 15 2 8 2 55 B 2K, v 44 N pFastBac™
HTA-2,

DL ki pFastBacl-VP60 A 15 #t, VP60-F i
VP60-2R R 51, ¥ 34845 VP60 1 ~918 bp FEL,
2 EcoR 1 Ml Sal 1 B§YIJ5 7% & pFastBac'™ HTA
o 1SR A R K, Ay 44 8 pFastBac™ HTA-3,
[, LA VP60-2F F1 VP60-3R N5 #y, ¥ 1 3k 15
VP60 918 ~1 740 bp kB, % Xba 1 F1 Hind M Y]
J5 v 2 A AR AR pFastBac™ HTA-3 753 3 S 41
FERGIRAR A5 4l pFastBacTMHTA-4O

FMDV ( O/China/5/99 strain) B ZH it {7 ( F.
200 ~213aa) WFEH AN TS (% 2), FMDV-F/
FMDV-R £81R KA 3R 5 B A% (Sal 1 /Xba 1),
JH T4 DNA ZEFHEBRE Sal 1 /Xba 1 BV AL A B2
A pFastBac“1 HTA-1 . pFastBac"vM HTA-2 A0 pFast-
Bac™MHTA-4 53 518 kK B R fk 4b ) FMDV VP1
B AR XUE DNA 4% | e 24815 3 Fhl gl i% 58
#H AR pFastBac™ HTA-VP60-578F | pFastBac™ HTA-
VP60-2F i pFastBac™ HTA-VP60-306F , #3414
FERES I 1 B,

E 1 #&1K VP60-2F,VP60-306F F1 VP60-578F "R &
Fig.1 The schematic diagram of the chimeric constructs
( VP60-2F ,VP60-306F and VP60-578F)

1.4.2 HAFREKNE 3 Fhid %388k
WAL S A ZER AR Bacmid B E. coli DH10 Bac &%
AN AL TR T A 3 R AE R (50 pg/mL
FIREER 7 pg/mL OREER (10 pg/mL WUIHRER) |
X-gal (100 pg/mL) F1IPTG (20 wg/ mL) i) LB F-H
37 CHFR48 h J5 PRk LI RE B IR TS i 4 2
WAL, LUl 519 pUC/M13 55 51 9 k17
PCR %858 300 1, Gk W 5% e i ) J5 % BH P 2 4 o
i3 94 44 4 Bacmid-VP60-578F  Bacmid-VP60-2F

F1 Bacmid-VP60-306F

1.5 RHDV-VLPs IR iEFEE

1.5.1 40jE%EYe LA Lipofectamin™2000 Shy3L%5 e
TR % BRI o 20 SR AR 2R AR A3 i e SO HRLR
YN, B UL IS 12 h LSRR, A ML A8 W s e
SR AR N B IE W A S ARG R R 4 CARAT
A5 H Y S PR Y 1 AR 998 B 20l iy 44 R rAcV-
Bac-578F .rAcV-Bac-306F Fll rAcV-Bac-2F, W5 1
FOIRTERR D 2 YT L 1% PRFR L3R SO 40 Jifd 1%
5505 2 [REHELIHREE

1.5.2  [AHESREESOCRMN 3 Fh d 20 05 25 50 1)k
Yy SO A, [ B LA A AT bR s i S g 1) 44 e A
SHBAPERT BR TEH SO 4HMIAE Ry 25 X B S0 2 )
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FE rAcV-Bac-VP60 1ER BHMEXT B FEJEY SO 41
224 h 5, LA 1:200 &R RHDV B3¢ A3C R —
Pi,1:200 Fi BERY FITC Fric i =i B 1eG o =9,
AT 5O, Kl A VP60 & H IRk,

3 FlvE 4H s 75 40 VB UL SO AT, [ st LA S A 7Y
FER 9 7 8% e 1) 4t LA Ry B o) B TR SO 4 g
YRR 25 R BR S50 % PR AE 1Y rAceV-Bac-VP60 /£
FRPEXTRE, 7R SO 4 A 24 h f5, LA 1: 100 #i B
A4« 0" 8 FMDV Z40 5 A —PH,1:5 000 FkEm
FITC #RiC W04 1eG oA 4T, PEA7 IR) 2 fo 8 ¢
S, K FMDV B 4 i e () 63k
1.5.3 SDS-PAGE #ll Western Blot 4387 Wt 52 By
HAHETE R MRS FR Y, VR A AL BRS A B AR 2
W AT 4 1 T HL K (SDS-PAGE ) 5 ) 1: 200 6 B 1)
VP60 Hifr A3C h—Hi,1:5 000 i BEAY HRP Fric
H Pt B IgG i 9T, ¥E1T Western Blot, & I #x &
VP60 fZRIA

W IR Y F A T I 20 S SR, R AL B S
P _ERF 28 i 547 25 11 5T FRL UK ( SDS-PAGE) 5 LA
1: 100F BBy 4= Y« 07 1 FMDV £ 4L I3 N — i,
1:5 000#3 B HRP il i FE 404 1eG o — i, i#F
1T Western Blot, £:ll FMDV B 20 it =7 1Y 263k .
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WA R E AR R S TR A LG 7R, O Ul
B0 RBRANIE A B I R A A TR 4R, BRR
6 000 r/min .07 min, ¥ 45 10 755 2 H Bk i
AR AR R T ARE R I L R 2 min, O 4R
B AR IRIEHE 2% BB IR UL B0HE TR M 1
B2 2 min, 55 BR 25 2 RIS IR YL WL, = R T8
5 min, F H-7650 B3 G L8 b EAT005%

1.7 HREEARRHERR

1.7.1 PRSI 537 SO 40 2= x5 K30,
Gy RN 3 B ARG 6 ~ 7 d S5 40 B
WAEAE K R B IR $h 2% v (PBS ,pH {E 7. 4) &
BN, SO R 3 Uk, B BRI A, B4
RN Alifb R A B 1, FIJCTR PBS #i Bk 400
pe/mL, FEHUE G A 1: LR LIR A

1.7.2 sz F 36 H 7 ~8 I ICR /b
ERBEBL 73 1 6 21, 43 5 I8 B 1 4 VP60-2F | VP60-
306F . VP60-578F . VP60 . FMDV #l PBS, 200 pL/H
(PRI R 40 pe/ H) MR 3 I, BRI R PG 2
Ja, o PBS 4R BIPEXTRRZH , VP60 41 M4SN VP60
R SRR AN (Y BH A X BE 4, FMDV A S 46 0 41
U8B 4N 2 57 07 24 /Y PHAE X IR 2 4090 F 8 e )m
%0,1,2,3,4,5,6 FRGE/NRILGG . RAATRE

HEAT Y A% ELISA J53% 00 K45 4 g /N s
PP VP60 R [ RE S Pk AR B K P [H] #% ELISA
(“O” &I FMDV ELISA kil i3 & B 23R A
Yyl i A R STAEA D) K2l FMDV VPL B 41 il 3243
FEF SRR,

1.7.3 a3 [ Graph Pad PRISM CV5.02,
www. graphpad. com ) FM4 , X BUE GE 11534, LL 4%
HES,P<0.05 FmEFBE,

2 R 547

2.1 HHEENKBRHEERE

DI SE6 2 AR AE ) pFastBacl -VP60 A AR , F]
Primer 5.0 3519, #E4T PCR §784 | P2 W145 1% Bifig
FEEERS HL VK, FRAAT A B R BRI AT (B 2)

M 1 2 3 M1

2 000 bp— —1 740 bp? 90 PP =1 740 bp
%50 bp— —oi8 b ' 950 b

500 bp— 822 bp 500 bp—

250 bp__, 250 bp—

100 bp— 100 bp—

A. PCRI 53 ;M. DNA 4TS brifE( DI2000) ;1. VP60-EcoR 1/Sal 1
(%F EcoR 1/Sal TEEVI A S Y VP60 F:1K ) ;2. VP60-(1 ~918 bp) ;
3. VP60-(918 ~1 740 bp) ; B. PCR2 %5 5 & ; M. DNA 43 5t An i
(DL2000) ;1. VP60-Xba 1 /Hind M (&4 Xba 1/ Hind T EEVINA 15
By VP60 FEH)

A. Result of PCR1; M. DNA Marker ( DL.2000) ;1. VP60-EcoR 1/Sal 1 ;
2.VP60-(1 =918 bp) ;3. VP60-(918 —1 740 bp) ; B. Result of PCR2;
M. DNA Marker ( D1.2000) ;1. VP60-Xba 1/Hind 1II.

B2 =48 VP60 EEF PCR &R

Fig.2 PCR results of recombinant VP60 gene
2.2 EHAEBHENETE

HAEYFEH S pFastBac™ HTA #3554k DHS o Ji&
AU, PR TR ORI T A D) 48, FHRR il
VIl EcoR 1 /Xba 1 Sal 1 /Hind AN EcoR 1 /Xba 1
A3t 3 b e 4H BH M SR R AT XU, 28 B s e
JEHLTK AT DL 2 25K/ ING3 il ol 4 856 ,1 788 bp ZE A7 Y
27 (K 3-A B), LL K 4 856,972 bp (& 3-C) A 5%
LR B S A R B O v B 2R LA 3R GA B pFast-
Bac™HTA
2.3 EAFRBENETE

FHBRZEPEEL Bacmid , 28 PCR %55 H 3L F2
B A E] Bacmid Fikirf, L puC/M13 | RS
YT A BRI TY G RN R 4 000 bp, T
VATRIRE 51 90 %55 R 4 A SR8 38 IR B Y 28 1R 2 AR
Bacmid FURLHEATY 3, 7= W) KN 2R 300 bp; pUC/
M13 S 90 An B R R WS 109 38 3R Ny
3000 bp /=4 LLE LA B R ES Y 3RS
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FHREA/ NG H BIEEIN, 735041 788 ,1 794,1 788 bp,  IEMIEZE M), EATFPIRG RERE IR SE L (1 4) o

M1 M2 1 Ml M2 1

g % :p* 4 856 bp
5 000 p—
ok 56 by 7 509 g £56 b0 80 by~
5 000 by 1788 bp | 00 R 972 bp
1 000 bp— 750 P~

750 bp— 500 500 bp—

250 bp—
100 bp—~

MI1. DNA 4> ¥ i bRifE ( DL15000) ; M2. DNA 43 -5 ft 475 i ( DL2000 ) 5 A. pFastBac™ HTA-VP60-578 F-1ii 1] % 5 . 1. pFastBac™ HTA-VP60-578F
EVIZE R B. pFastBac™ HTA-VP60-2F B I%E 52 . 1. pFastBac™ HTA-VP60-2F i Y455 ; C. pFastBac™ HTA-VP60-306 F Y] % 5F : 1. pFastBac™
HTA-VP60-306 F B4

MI. DNA Marker DL15000; M2. DNA Marker DI2000; A. Identification of pFastBac™ HTA-VP60-578F ;1. Digestion of pFastBac™ HTA-VP60-578F ; B.
Identification of pFaslBacTM HTA-VP60-2F ; 1. Digestion of pFastBacTM HTA-VP60-2F ; C. Identification of pFastBacTM HTA-VP60-306F ; 1. Digestion of
pFastBac™ HTA-VP60-306F .

B3 EARNEBIIEE

Fig.3 Identification of the recombinant plasmids

Ml M2 1 2 3 4 Ml M2 1 2 3 4

«—4 218 bp
«—3 000 bp
~1 794 bp

+300 bp

MI1. DNA 43> ¥ it brifE ( DL15000) ; M2. DNA 437 Jfi AR/ (DI2000) ; A. 40 ki PCR % 5E 1. ZP R 4K Bacmid;2,3. F4H 994 3 4A Bacmid-
VP60-2F % ELE S B. AL TR PCR % 5E . 1. PR UK Bacmid ;2 ~ 4. WL FHR AR Bacmid-VP60-306F Y 7E 455, C. T4k PCR % 7E 1. 5F
PR Bacmid;2 ~4. A ZFH AR Bacmid-VP60-578F % 4558 .

M1. DNA Marker ( DL15000) ;M2. DNA Marker ( DL2000) ; A. Identification of the recombinant Bacmid-VP60-2F ;1. Bacmid ;2 ,3. Identification of Bac-
mid-VP60-2F ; B. Identification of the recombinant Bacmid-VP60-306F ;1. Bacmid;2 —4. Identification of the Bacmid-VP60-306F ; C. Identification of the
recombinant Bacmid-VP60-578F ;1. Bacmid ;2 —4. Identification of the Bacmid-VP60-578F.

B4 =46 Bacmid FHIAY PCR £
Fig.4 Identification of the recombinant bacmid plasmids by PCR

: S
100 pm D 4100 pm A

A IS AR RR (WT) IR (SIS IR s B IEF A (25 XTI 5 C. /%3 rAcV-Bac-VPOO Y4 I ;
D. J&Zt rAcV-Bac-2F (AU E. Y% rtAcV-Bac-306F (WA ; F. /&Y rAcV-Bac-578F M4,
A. Cells infected with rAcV-WT (negative control) ; B. Normal cellsblank control ; C. Cells infected with rAcV-Bac-VP60;
D. Cells infected with rAcV-Bac-2F;E. Cells infected with rAcV-Bac-306F';F. Cells infected with rAcV-Bac-578F.

Bl 5 IFA#&il 3 #ia VP60 ZRHIRIL
Fig.5 IFA analysis of the expression of the chimeric VP60 proteins
2.4 BAEANREMERE SO 4iifitl 24 h J5, LA RHDV Bt A3C —4t, FITC
2.4.1  [HHERPESOLINE (TFA)  HARRERG  PRCRITR 1gG o8 —9t, s A7 M R R 9Ot g o,
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g LR | YL R BE Y SO 40 (1] 5-A)
7S 1 0k PR AL (18] 5-B) o 52 92010, I rAcV-
Bac-VP60 . rAcV-Bac-2F ., rAcV-Bac-306F . rAcV-Bac-
578F 1) SI9 il (K 5C ~ F) AR A S50,
LA A R A R AR

AR AR SO 4 24 h 5, LIZE 2P
J—HT,1:5 000 Fi BEAY FITC FRic EHid 1gG N —

A. r‘zrh%ﬁiﬁﬁi(m)ﬂ’]fﬁiﬂ@( BN AR ) s B. IE W A0 (=5
rAcV-Bac-306 F BY4ifl Blank control ;F. JA& YL

D. J&Y rAcV-Bac-2F (40 ; E. e

BOREALI-SINICA

PO, BEAT R4 e ot e o, BRI IR, rAcV-
Bac-VP60 (&1 6-A) B A BIFFIRGGFE R SO 41 i (&
6-B) Fl%s [ X5 B4 L (18] 6-C) To s 7 900, Il g
rAcV-Bac-578F  rAcV-Bac-306F Fl1 rAcV-Bac-2F 11
SO A (P 6-D~ F) FATAR 3 A ¢ 57 Pk ¢ e, 1 A

WAE TR VPL B i R AL 153 5 T A R

100 pm

S XTI 5 C. B rAcV-Bac-VP60 HI4HI ;

rAcV-Bac-578F B4 ,

A. Cells infected with rAcV-WT( Negative control) ;B. Normal cells( Blank control) ;C. Cells infected with rAcV-Bac-VP60;
D. Cells infected with rAcV-Bac-2F;E. Cells infected with rAcV-Bac-306F ;F. Cells infected with rAcV-Bac-578F.

E6 IFA#N3FiHxEERS B ABRAAKRE

Fig.6 IFA analysis of the expression of B-cell epitope in chimeric proteins

2.4.2 SDS-PAGE Hil Western Blot L VP60 BiPL
A3C J—¥t, HPR #ric bt B 1gG b Pt , fa I ik
SEENFEIE, YL FMDV 4 ZH 3% I —4$, HPR
FRICEPLA 1eC 8 80, &l FMDV B 401 3R 7 1Y
FRMEN, S5H R . B AR A R R4 Rk
T R/ANZR 60 kDa BYFES A5, HEENIE 5
Uk B B 2l AL B ARAT (B 7-A) U A VP60
FEAMEIFRIL (K 7-B) , H FMDV B 4l =4 115
N THBMEL(ET7-C),

A. SDS-10% PAGE: 1. WT; 2. VP60; 3. VP60-2F; 4. VP60-306F; 5.
VP60-578F. B, C. Western Blot:1. WT;2. VP60;3. VP60-2F;4. VP60-
306F;5. VP60-578F.

El7 Z=##x&EBH SDS-PAGE 71 Western Blot 43445 R
Fig.7 Analysis result of SDS-PAGE and Western Blot

of the chimeric proteins fused with epitope
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Fig.8 Analysis result of RHDV VP60 and three
chimeric VP60 VLPs by electron microscopy
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The different letters (a,b,c,d) indicated the
significant difference( P <0.05). The same as Fig. 10.
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Fig.9 Detection of anti-VP60 antibody in

serum of mice by indirect ELISA
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Fig. 10 Detection of anti-FMDYV B-cell epitope
antibody in serum of mice by indirect ELISA
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