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Abstract:  To explore the capacity of antigen presentation of the foreign B cell epitopes by virus-ike particles
( VLPs) of rabbit hemorrhagic disease virus ( RHDV) the sequences of multi-copy B—cell epitopes of foot-and-mouth dis—
ease virus ( FMDV)  FMDV VP1 GSH 200213 aa) -GSH 141460 as  were fused to N-terminal and C~+erminal and in—
serted between 306th and 307th amino acid of capsid protein of RHDV. The fused genes were cloned into the donor vector

pFastBac™ HTA and three recombinant baculoviruses ( rAc-VP602FB rAc-VP60-306FB rAc-VP60-578FB) were ob—

tained using Bac-to-Bac baculovirus expression system.

120150323 These chimeric proteins were expressed effectively in
(31070140) ; insect cells as confirmed by IFA  SDS-PAGE and Western

( CARS-44) blot. The immunogenicity of all chimeric proteins was e—

(19824 valuated in mice. The results showed that the chimeric

o ( Tel) 025- proteins could react with both anti-VP60 monoclonal anti—
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body and anti+*MDV polyclonal antibody. And all recom—

binant proteins could self-assemble into VLPs under elec—
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tron microscopy and were able to induce VP60-specific antibodies responses. The peptide-specific antibody maintained a

high level when the inserted foreign fragments were up to 126 bp. The length of the foreign genes carried by VP60-VLPs

was extended in this study which demonstrated the feasibility of VP60-VLPs serving as a presentation carrier for foreign B—

cell epitope.
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Table 1 The sequences of primers used in the study
( )
VP60F 5" TTTGAATTCATGGAGGGCAAAGCCCGCAC3 EcoR 1
VP60 R 5"-GCCGTCGACGACATAAGAAAAGCCATTGG3” Sal 1
VP602R 5" TTTGTCGACCCCAGAATAACTTGCACTGCCTC3 Sal 1
VP602F 5°-CACTCTAGAAACAACTCCACCAACGTGCT3” Xba 1
VP603R 5"-GCCAAGCTTTCAGACATAAGAAAAGCC3” Hind 1l
VP60-NF 5"TTTTCTAGAGAGGGCAAAGCCCGCAC3” Xba 1
1.4 VP60 | ] 579
1.4.1 VP60+  VP60- VP60-2FB W 1 619
1R pFastBacl VP60 VP60-306FB | | ] 619
PCR EcoR T Sal 1 VP60-378FB | . 619
pFastBac™ HTA 1 VP60-2FB.VP60-306FB  VPG0-578FB
pFastBac™ HTAH;  VP6O-NF  VP603R g 1 The schematic diagram of the chimeric constructs
pFastBacl VP60 (VP602FB VP60-306FB and VP60-578FB)
Xba 1 Hind 11T PCR
pFastBac™ HTA PCR
pFastBac™HTA2, VP60  VP602R BacmidVP60-
pFastBacl VP60 VP60 1 ~918 bp 578FB.BacmidVP602FB  Bacmid-VP60306FB .
EcoR'1  Sall pFastBac™ 1.5 VP60-VLPs
HTA pFastBac™ HTA3 . 1.5.1
VP602F  VP603R VP60 ( Bacmid¥P60-578FB . BacmidVP602FB Bacmid-
918 ~1 740 bp Xba 1 Hind 111 VP60-306FB) Lipofectamin™ 2000
pFastBac'"HTA-3 SO o 12 h 1
pFastBac™HTA<4. FMDV( O/China/5/99 strain)
B FB ( GSH 141460 aa) -GS+ 200213 4 °C o
aa) -GS FMDV-¥/FMDV-R rAcV-Bac578FB- rAcV-Bac306FB rAcV-Bac—
( Sal 1/Xba 1) T4 DNA Ligase 2FB. 1 3 1%
Sal 1/Xba 1 ( pFastBac™ HTAA . S 2 .
pFastBac™HTA2  pFastBac'" HTA4) 1.5.2 3 24
FMDV VP1 B DNA SO
3 pFastBac™ HTA-VP602FB. ( ) ( )
pFastBac™ HTA-VP60-57SFB pFastBac™ HTA- rAcV-Bac-VP60 o
VP60306FB . 1, S 24 h 4C 1
1.4.2 E. coli DH10 h; PBS 3 1: 200 RHDV
Bac 3 A3C 10 100 “0” FMDV
3 (50 pg/ml 7 37 C 1 h; PBS 3
pg/ml V10 pg/ml ) ~100 wg/ml X-gal FITC IeG  FITC
20 pg/ml IPTG LB 37 C 48 h IgG 37 C 1 h,

o M13/PUC
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1.5.3 SDS-PAGE  Western blot 1.7.2 7-8 ICR 36
6
( SDS-PAGE) VP60-2FB. VP60-306FB . VP60-578FB . VP60 . FM—
NC 1: 200 RHDV DV PBS 200 wl(40 pg) o
A3C  1:100 “0” FMDV 3 2
HRP IsG . PBS
HPR IsG DAB . VP60 VP60
1.6 FMDV B
Sf9 . 0.1.2.3.4.5 6
6 000 r/min 7 min 10 o VP60 ELISA &
2 min; VP60 ;
2% 2 min; 0 FMDV ELISA (
5min  HT650 ) FMDV VP1 B
1.7
1.7.1 3 2
Sf9 2.1
PBS( pH 7. 4) . 3 GenBank RHDV VP60
PBS ( FJ794180) pFastBacl VP60
400 pg/ml, . PCR PCR 1%
1: 1 o ( 2)s
M 1 2 3 M 4
2000 bp — 1737 bp 2000 bp — 1737bp
oot ] 918 bp 9%
500 bp — 822 bp 500 bp
250 bp —| 250 bp
100 bp — 100 bp
M: DNA ( DL2000) ; 1: VP60-£coR 1/Sal 1( EcoR 1/Sal 1 VP60 ) ;2: VP60 1 ~918 bp) ; 3: VP60« 918 ~
1 740 bp) ; 4: VP60-Xba 1/ Hind 11I( Xba 1/ Hind 111 VP60 ) o
2 VP60 PCR

Fig.2 PCR amplification of recombinant VP60 gene

2.2
pFastBac™HTA
DH5«x o

2 4 775
bp 1800 bp ( 3)
pFastBac " HTA

2.3
pUC/M13 . Bacmid
PCR 4 000 bp
Bacmid 300
bp; N Bacmid
PCR 1 800 bp
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M1 M2 1 Ml M2 2 Ml M2 3

5000 b 5000b 5000b
p 4775bp p 4775 bp P 4775bp
2 500 bp 2500 bp 2500 bp
2000 bp 1 863 bp 2000 bp 1851 bp 2000 bp 1851 bp
1 000 bp 1000 bp 1000 bp
750 bp 750 bp 750 bp
500 bp S00bp 500 bp
250 bp
250 bp 100 250 bp
M1: DNA ( DL15000) ; M2: DNA ( DL2000) ; 1: pFastBac™ HTA-VP60-306 FB ; 2 pFastBac™ HTA VP60~
2FB ; 3: pFastBac™HTAVP60-578FB
3

Fig.3 Identification of the recombinant plasmid by restriction endonuclease digestion

2.4 IgG o ( 4
rAcV-Bac578FB. rAcV-Bac— SO

306 FB.rAcV-Bac2FB rAcV-BacVP60 SO

SO rAcV-Bac-VP60 o o

24 h RHDV A3C FITC

100 pm 100 um

A: (WT) ( ) B: ( ); C: AcV-BacVP60 ; D rAcVBac2FB VE:
rAcV-Bac306FB VF AcV-Bac-578FB
4 (IFA) 3 VP60

Fig.4 Indirect immunofluorescence assay ( IFA) analysis of the expression of chimeric VP60 proteins
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rAcV-Bac578FB. rAcV-Bac— B o
306 FB.rAcV-Bac2FB rAcV-BacVP60 SDS-PAGE ~ Western blot ( 6)
S rAcV-BacVP60 o VP60 A3C NC 6.0 x 10*
24 h FMDV FITC
IgG o ( 3 i FMDV NC
rAcVBac578FB. rAcV-Bac306FB 6.0 x 10"
rAcV-Bac2FB SO FMDV B
AcV-BacVP60. SO o
VP1

100 pm

100 um -

A: (WT) ( ): B: ( ); C: AcV-BacVP60 ; D rAcV-Bac2F ; E:
rAcV-Bac306FB VF AcVBac578FB
5 TFA 3 B

Fig.5 IFA analysis of the expression of B cell epitope in chimeric proteins

M 1 2 3 4 5 2.5
L e B o
. —— —— : o W GO ma e
a 3 40 nm  VLPs
B 8.0% 10* — e RHDV VLPs (
6.0X10* — e BN G — — ) VP60
— VLPs .
8.0X10* —m—
€ 6.0x10' —— — 2.6
r VP60
A: SDSH0% PAGE; B: Western blot VP60 A3C ; G ELISA
Western blot ~ FMDV . M VP60
; 1D WT; 2: VP60; 3: VP602FB; 4: VP60-306FB; 5: VP60-578FB. FMDV B o
63 SDSPAGE  Western blot VP602FB . VP60-306FB VP60-578FB
Fig.6 SDS-PAGE and Western blot analysis of the chimeric VP60 FMDV

proteins
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A: RHDV VP60 ; B: VP602FB ; C: VP60-306FB ; D: VP60-578FB o
7 RHDYV VP60 3
Fig.7 RHDYV VP60 protein and chimeric VP60 VLPs under electron microscopy

PBS o 0.1.2.3. 3.0r
4 ~ 5 ~ 6 2.5
o : 4 -6 3 Qg 20
VP60 PBS SR
1.0
(P<0.05) ( 8);3 i
IeG VP60 o
(P<0.05) VP60
3 HRERTE (&)
O VP60; m FMDV; & PBS; O VP60-578FB;
( 9) °© VP60 B VP60-306FB; H VP60-2FB
FMDV
IgG VP60 9 ELISA  FMDV B
(P<0.05) ( 9) . Fig.9 The detection of anti-FMDV B cell epitope antibody lev—
el in the serum of mice by indirect ELISA
- 180
g . RNA( ssRNA) 2%,
VLPs
VLPs o
VLPs
O VP60; m FMDV; 1 PBS; B VP60-578FB; VLPs
B VP60-306FB; H VP60-2FB
VLPs
8 ELISA VP60 - RHDV
Fig.8 The detection of anti-VP60 antibody level in the serum
of mice by indirect ELISA RHDV VP60
VLPs RHDV VP60
VLPs

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



- RHDV VLPs

1369

( FMDV VPI B
) VP60 VP60
VP60
o 3
VLPs VP60
306 ~307 aa.C N 42 aa
VLPs VLPs
B GS-

(200 ~ 213 aa) -GS 141460 aa)

VP60 VLPs, IFA Western blot
VP60 VLPs
VP60 FMDV o
3
VP60
o VP60 VLPs
B
B
B 126 bp
VLPs
VP60-VLPs
42 aa o
VP60-VLPs VP60 N
\C 306 ~307 aa FMDV B
VLPs VP60 N
\C 306 ~307 aa
VLPs
42 aa o VP60

1 FERREIRA P G COSTA-E-SILVA A MONTEIRO E et al. Tran—
sient decrease in blood heterophils and sustained liver damage
caused by calicivirus infection of young rabbits that are naturally
resistant to rabbit haemorrhagic disease J . Res Vet Sci 2004
76(1) : 83-94.

2 XU Z]J CHEN W X. Viral haemorrhagic disease in rabbits: a re—
view J . Vet Res Commun 1989 13(3):205212.

3 ABRANTES J VAN DER LOO W LE PENDU J et al. Rabbit

haemorrhagic disease ( RHD) and rabbit haemorrhagic disease vi—

16

17

rus ( RHDV) :a review J . Vet Res 2012 10(43) : 12.
COOKE B D. Rabbit haemorrhagic disease: field epidemiology and
the management of wild rabbit populations J . Rev Sci Tech
2002 21(2) :347-358.
CHEN M SONG Y FAN Z et al. Immunogenicity of different re—
combinant rabbit hemorrhagic disease virusike particles carrying
CD8 + T cell epitope from chicken ovalbumin ( OVA) J . Virus
Res 2014 183:15-22.
CRISCI E ALMANZA H MENA I et al. Chimeric calicivirus-ike
particles elicit protective anti-viral cytotoxic responses without ad—
juvant J . Virology 2009 387(2) :303-312.
VALICEK L SMID B RODAK L et al. Electron and immuno—
electron microscopy of rabbit haemorrhagic disease virus ( RHDV)
J . Arch Virol 1990 112(34) :271-275.
VP60 T

I 2013 41(4):

186-188.

2008 39( 10) : 13824387.

PLANA-DURAN J BASTONS M RODRIGUEZ M J et al. Oral
immunization of rabbits with VP60 particles confers protection a—
gainst rabbit hemorrhagic disease J . Arch Virol 1996 141(8):
14234436.

FARNOS O RODRIGUEZ M CHIONG M et al. The recombi-
nant rabbit hemorrhagic disease virus VP60 protein obtained from
Pichia pastoris induces a strong humoral and cell-mediated immune
response following intranasal immunization in mice J . Vet Micro—
biol 2006 114(3-4):187-495.

FERNANDEZ-+FERNANDEZ M R MOURINO M RIVERA J et
al. Protection of rabbits against rabbit hemorrhagic disease virus by
immunization with the VP60 protein expressed in plants with a po—
tyvirus-based vector J . Virology 2001 280(2) :283-291.
LAURENT S KUT E REMY-DELAUNAY S et al. Folding of
the rabbit hemorrhagic disease virus capsid protein and delineation
of N-terminal domains dispensable for assembly J . Arch Virol
2002 147(8) : 15594571.

BARCENA J VERDAGUER N ROCA R et al. The coat pro—
tein of rabbit hemorrhagic disease virus contains a molecular switch
at the N-terminal region facing the inner surface of the capsid J .
Virology 2004 322( 1) : 118434.

DIMARCHI R BROOKE G GALE C et al. Protection of cattle
against foot-and-mouth disease by a synthetic peptide J . Sci-
ence 1986 232(4750) :639-641.

BAXTER R CRAIGMILE S C HALEY C et al. BoLA-DR pep-
tide binding pockets are fundamental for foot-and-mouth disease vi—
rus vaccine design in cattle J . Vaccine 2009 28( 1) :2837.
ZHANGHY SUNSH GUO Y J etal Immune response in
mice inoculated with plasmid DNAs containing multiple-epitopes of

Vaccine 2003 21 ( 32):

foot-and-mouth disease virus J



1370

31 6

18

19

20

21

22

23

4704-4707.

WONG HT CHENGSC CHANE W et al. Plasmids encoding
foot-and-mouth disease virus VP1 epitopes elicited immune respon—
ses in mice and swine and protected swine against viral infection

J . Virology 2000 278( 1) :2735.

J. 2012 43
(11) :1795-801.
I 2012 43(8):
12814286.
ELISA . 2010 26(3) : 546-550.

DI MARTINO B MARSILIO F ROY P. Assembly of feline cali—
civirusike particle and its immunogenicity J . Vet Microbiol
2007 120( 1-2) :173478.

NICOLLIER-JAMOT B OGIER A PIROTH L et al. Recombi-

nant virusike particles of a norovirus ( genogroup II strain) ad-

24

25

26

ministered intranasally and orally with mucosal adjuvants LT and
LT( R192G) in BALB/c mice induce specific humoral and cellular
Th1/Th24ike immune responses J . Vaccine 2004 22(9-0):
10794086.

HAN M G CHEETHAM S AZEVEDO M

et al. Immune re—

sponses to bovine norovirusike particles with various adjuvants

and analysis of protection in gnotobiotic calves J . Vaccine
2006 24(3) :317-326.
SOUZA M COSTANTINI V. AZEVEDO M S et al. A human

norovirus-ike particle vaccine adjuvanted with ISCOM or mLT in—

duces cytokine and antibody responses and protection to the homol-

ogous GII. 4 human norovirus in a gnotobiotic pig disease model
J . Vaccine 2007 25(50) : 8448-8459.

PEREZFILGUEIRA D M RESINO-TALAVAN P CUBILLOS

C et al. Development of a low—eost insect larvae-derived recom—

binant subunit vaccine against RHDV J . Virology 2007 364

(2) :422-430.



