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Preparation and immune evaluation of recombinant rabbit
hemorrhagic disease virus like particles expressed in baculovirus

DENG Jun-hua'#,LIU Wei*, WANG Tong-yan'*, HAN Shui-zhong'?,SONG Huan-huan'?, BAI Chen-yu'*,
CHEN Ling-yan"?, WU Hong-chao'*,SHI Jing’, XI Xiang-feng'** , TIAN Ke-gong'**
(1. National Research Center for Veterinary Medicine ,Luoyang 471003, China;2. Pulike Biological Engineering,Inc. ,
Luoyang 471003, China; 3. Changchun Sino Biotechnology Company Limited , Changchun 130012, China)

Abstract: To evaluate the immunity efficiency of the recombinant baculovirus RHDV-VP60 strain,
the recombinant VP60 protein was prepared by inoculation of Sf9 cells with RHDV-VP60 strain and then
mixed with aluminum gel adjuvant to make inactivated vaccine. The optimal usage,safety and duration of
the vaccine was investigated further. In result,the expression level of RHDV-VP60 strain could reach to
1:2%to1:2%HAU. The optimal immune dose of the vaccine was 0. 5 mL per rabbit. The serum hemagglutina—
tion inhibition titer of rabbits immunized with the vaccine could reach to 1 :16—1 : 64 on day 14 post—
immunization and rabbits could confer 5/5 protection after challenge.No adverse reactions were ob—
served on rabbits immunized with 4 mL vaccine. Duration of the vaccine was 210 days for the protection of
rabbits against RHDV. These data suggest that a high yield of VP60 protein could be gained by the recom—

binant baculovirus RHDV-VP60 strain and showed good immune effect against rabbit hemorrhagic disease
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FIA BRI H LI (SUPR SR ) A2 i 2 ARt
i J% B (rabbit hemorrhagic disease virus,RHDV) 5|
1S R R ) — T 2 e g R 2 1 A% i, A5 4 B P
PRI R 2 BUERE . A 1984 4F H IRTEFR
B bR R AR, L T E 55 4 ) R R 46 HHE A4 L 4
FrAll i E KA G AR LT A B S TR AR
R R R, R EE IE 1 AR ST R B
TCHERERTRE Bt IE o 2 2= PR IE 4 RNA J 8E
M 7437 DX TR, & A AT EEAE , ORF 1
) VP60 AKX 5E 2 1 (65 ku ) 4 A0 B kL 7 Al 228
GhikE RS S AR A B AR bR ) R
P00 S B 1 M I0E o B O 28 B 4 A R AT B
P o KLU, 8 B G G 2 2 ) 48 110 35 8 1 AE B
I P Y INRE (0 T h R HE T A (A
B L IR E VT A0 S R L R R S W Dy
AEAEVRAE 1 A 0 2 4 S R 8 0 s ) 1] L VP60
EEAAERBIT R R LRGP RIE HIZRGEH T
i WE LA X ER RN PR T R R S0
ARG B R IE R H A BB (H R A EAE
P S AN i, A2 il 2 RS A 7 SR R 22— i
Xof B AL FF R B R 1A R HEAT A B AR Ak sl A AR
B Ry L VI AT 7= A s e S R S R NS4
5 % 6 A 2 1 W] = Ak R ik RHDV VP60 4 1 Y E 41
FFAR G 5 RHDV-VP60 k19 58 SR A7 74, &
RN AEWT

1 MBR57FE

1.1 FEMMEE

FE 35 % H ILE 6 75 VP60 25 11 B 31 240 AT 25
RHDV-VP60 ¥k (Sf 9 4 g | G th i AE 5 75 HN ki
B, B ST AR ) T AR A AT BRA BIARAE
12 FERHA

SF-SFM B H 4 if 7 ifn ¥ &5 5% 528 7 75 M i
RFEAEDBARA R A AR 75 P 0] &
(BacPAK Baculovirus Rapid Titer Kit) % A SEEBIO
N, VP60 FiikIl [ PL Laboratories 23], F ¥
W [ E 255 Bk A A PR A | BRI H
P AR A PR A T o S bR Il A s P
P LY LSS0 R M 101 024, % H i dE i 2% B
LY M B8 0 AN /N 104, ¥ i Sed 2B 4 T

TR A B FRAE
1.3 LY

1.5~3.0 kg fd B¢ % &% f (RHDV HI TR0
KT 1:4), 0 B A BRI sh WA BRA .
1.4 VP60 ZEAMGI & 5K
141 A& RAAEGHE  REHAFREE RHDV-
VP60 #Fh 45 I MOI=1 MK =25 2.0 X 10°/mL
() SE9 4 g ,27 'C 120 r/min 2514 T 15 5% 96 h, Yk
PIRTEW,VE N A AR, —20 CIRAE
1.4.2 A FRA#FHER
1.4.2.1 JHEETE CBEAFPREE RHDV-VP60 f
FH AT PR 258 DR 8 i 17 3 0 e L B 7
1.4.2.2 VP60 Fe[A %5 ] PCR J7 i % d 20 #4R
J% 7 RHDV-VP60 £k i) VP60 J& [H JF 17 % % ,PCR
JTEEANR (PCR 51910 VP60-F . 5'-AACATGGAGG-
GCAAAGCCCGCACAG-3' ;VP60-R:5'-TCAGAC-
ATAAGAAAAGCCATTG-3', PCR WA % (25 uL)
Hi: BS54 VP60-F 1 L, Fi#F514 VP60-R 1 1L,
2 x EasyTaq PCR SuperMix 12.5 pL.,ddH,0 9.5 pL.,
Bitlk DNA1 pL, PCR ¥ 187 .95 ‘CHiZE M 10 min;
94 ‘CAE M 50 5,55 ‘Cil k 50 5,72 “CZEfH 1 min, 3t
30 MIEYS ; fiefm 72 ‘CHEAH 10 min, HLVK=HIH 1%
BN U e FL VK
1.4.2.3 fetE¥w B ERAFREE RHDV-VP60
PREERIK 2 52 SFO AN AY 96 LA S 77 6 fL,
AL 50 pL, A5 IE 5 40 M T 8 3 L, & 27 CHy
FEFE R 72 h, 37 B3, PBS(0.01 mol/L,pH=
T.2)Pk% 2 K, BEALINA 80% AT 100 nL.,2~8 C
[t % 30 min,PBS (0.01 mol/L,pH=7.2)¥E ¥ 3 X,
TEH 20 T BE LR B 4 FhFL 45 3 L4 i A Aty
LA 975 2 PEAE ML 3 50 pe L, 55 3 FLAG B4 A FL I A
B L 5 B PR 1L 50 11,37 CHEMH 1 h; 3% |
W, BILINA FITC i 25T K R 1gG 50 pL,
37T CHEM 1 h, PRSI A SO =2 g 6 i 4 % | Uk
B, BUO6 B T gL
1424 FRFREEE  BUEREAFPRES RHDV-
VP60 FkH5 7% 96 h 1) SFO A8 77 L3, Il AR Y
MR IR EWE WO 1% N O 20 40 g i I BERL A
B4R 5 3% EE L 3.5 x 10 r/min 8.0 2 hilf ¥ 300
TE H] PBS W5, 2212 I 286 B2 RS (10%6—30% —
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50% (w/v)) I 2 I, SR 5 4622 L) 3.5 x 10" r/min
B0 2 h I U B 3096 ~50 % FERE U IfT A) 1Y S
fi##E PBS o, R BREERE AR 4R )5 A H &, I
Xt H 897 H 74T SDS-PAGE HL ik % 5E
1.4.2.5 HBWE RABGH—LHEREINH
B8 2/ IE M RHDV VLPs, ik 1 E 4 VP60
T M % A Y RHDV BF 4 230 B8 e L3 4% 1.4.2.4
D7 ¥ AT A A R B0 Al SR IS R R B EAT
WEL, 4l AL i TR 41 VP60 HE 1 W B2 42 s 0 L T
YeIE, A 1: 150 7 BERY VP60 2 FPiid 37 CHiE
H 30 min, EVESE A S BURLAR IE B B A (AR
12 nm),37 ‘CHFE 30 min, )5, F 196 B 43 iR e
4 2~3 min , F HL BRI 5 430 H7
1.4.3 VP60 % & 654 & 5 4 3h
1.4.3.1 VP60 & H A6l £ ¥ ST9 4t g I TG il i
R EER B R 0.75x 10°~1.5 % 10°/mL,27°C .60~
80 r/min \DO=40% ~60% .pH=6.2~6.5 £ ¥F% & B
Bi g%, SO 4 ik %) 2.0 x 10°~2.5 x 10%/mL
I, B 25 08 B R 1 J 41AF RO 3 RHDV-VP60 #k 4%
MOI=1 Ay Fh,27 °C 80 r/min .DO=50% .pH
{H 6.5 TH:F% 96 h J WK AN MI R 324, —20 CHRATF .
1.4.3.2 VP60 & Ak ge  H o e 5k 56 ) o i 4R
B VP60 X 1% A O BILT 40 i f4 i e A . 0
SEJTIEANT AR ROV AR Y 1~24 FLITIIA 25 pl
PBS(0.015mol/L,pH=7.0), Wi VP60 & 1 25 1L
TGS 1FL RS, IS 1 FLIHR 25 L IRA WM A
552 FLIRAE WL 25 pL 2055 3 FL KK 2 15 Z 5
TR A5 23 L, NS 23 LI 25 L 37,56 24 4L
LIANMNT G ) BEFLIA 1% A O BIZE 4N S 25 pl,
PRHIRA),37 ‘CHER 30 min 2% & VE ] 45 min, ¥
S ARAARE 45 °C |, 21 20 H XoF HE FL2T 40 B b7 5¢ 4 A 5E
£, LU BT 40 M 100 %6 #5846 1 B D S5 s 7 % 52 A
Sk R A 5 ) I LAY
1.5 EHFHE

W WK ) 40 B 3% F2 W Rl S L LA 5 000 r/min
B0 10 min DA R BRANMAE R, BT A2k
0.05 % H i V3 0 K 3% 24 he B K36 IR 359 10 15 F
BeJ5 HFP EIE B R A 52 19 ST9 40 25 em® L,
FEASRWGRE S HE A 4 0, R FR 1 mL, 27 “C WLt
Lh J5 55 20008, I AT i 55 52 5L 27 "CH5 5% T2 h,
MREZ R TCAN AL, B A 1 AR, 4kEE R 3% 72 h, B G
L 728 ) Sy I A A o I A o SRR DN
HXF 196 N O RULT 20174 M 58550 ¢, AR 4 it 8 54411, HH
PBS(0.015 mol/L,pH="7.0) i & & M #E & 1 : 2°,
¥ 9 1 VP60 R 1 I AL IRIR ARG

A 1% (BRI oR |l LAk B R 0.01% , 78 70 4 41
RA G4
1.6 BEHNREKK

W A5 0 3 b 40 AR 2.0 mL (Y )
3 N A R o ik A FE A SR T d L,
HOWEZ2 G RS ol R ROK M IRIRSE Rl S
55T REKS W EE APl Aor 2 5 1 PR AE T
1.7 BEENSRMEEFENE

W 3 T 4 L R 0.25.,0.5,1.0 mL 1 5
2N F RS 1.5~3.0 kg #4d 5 5 &4 | 7] i
WAR Xt IR a5 14 R, i A syl i B
G KR ML, 425 M3, (5 R 8 A4 it 358 54 e JAE D)
L3 PP et LEE R 7 HT BTy . [EIE K s
B R ML) e 28 00 R i 7 X, 45 2 R T B G H I RE
# HN ¥k 1.0 mL(LDs=1 000), M%< 7 d, 4i it 4 40
BRI
1.8 BEMEEFEEHNE

W 1 £ W E DL AE 1.0 mL f R R 2 F 1
B2 RS 1.5~3.0 kg MM B 5 K e, 3 5l T s
Ja%5 0.14.21 .30 .60 .90 120 150,180,210 K, A& il
G LT BT St IR 9 EE HI SRR . R
210 K, 528 4 19 R G TR BELH () 5 5 0 ) 42 3015
R R A g IURE R B HIN BR LA H 1.0 mL(LDsy=
1000), ZC# Ja H L MEE 7 d, G it Ry s o,

2 HR

21 EAFRAMBNEE

i 20 FF R 95 5 RHDV-VP60 #% 4 95 5 & & >
3.2 x 10" IFU/mL, H] PCR J5 ¥ AT 4 H £ 1 740 bp
() DNA R Bt (ULIE 1), BUSF9 4 f % 3% Ll e
MLEESH J 1 28, SDS-PAGE J& T 60 ku Bz H 9
— U AR P AR (LI 2) IR SR 9O 1 M
& 20 FFIR% 3 RHDV-VP60 Bk £ Fh SF9 40 M i , 48
JELPA S BRI B AR e O (LI 3) , FLBE N R, AT
UL #0955 2 4 WOk, LB 28 K/ 5 RHDV — 2, Haf
5 VP60 & F BTk s (WLIE 4)
22 VP60 EAMEHI & ERE

PG 06 A% B B FE R STO A0, 7 A= W
il g T 3 4tk VP60 1, A 1% AN O RIZL 4 g
B ML EER Y R 10218 1029 1: 28,
23 BEMHES5RE

¥ VP60 ZE 1 K% I, 3 P XA O 21 41
PR I A 1 : 217 1028 1 0 28 B KI5
F& 10 3 LT i & BE T, 45 43 i o 20130601 ~
20130603,
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1 EAFRHEE RADV-VP60 # VP60 & E PCR £7E

Figure 1 Polymerase chain reaction of the recombinant ba—
culovirus RHDV-VP60 strain VP60 gene

M:DNA %F R E4r ;1. T 2. F 2047 K% & RHDV-VP60 #&

M.DL5000 DNA Marker; 1 :Negative control ;2 ; Recombinant baculovi—

rus RHDV-VP60 strain.

1 2 M
A 250 ku

S 130 ku
S 100 ku
S 70 ku
S 55 ku

—
- 5

N 05 ku

- 5

B2 Z=AMTIRFES RHDV-VP60 #: % iz VP60 & H SDS-
PAGE # il

Figure 2 Polyacrylamide gel electrophoresis of the VP60
protein expressed by the recombinant baculovirus
RHDV-VP60 strain

M: % & marker;1:Sf9 %o fe 3 B ;2. & 4 AF 4R 5% & RHDV-VP60 #k .

M. Protein molecular weight marker;1.:Sf9 cells control;2:Recombi-

nant baculovirus RHDV-VP60 strain.

24 REWRE

3 At E 1 A ) 22 S R R MR B A 1.5~
3.0 kg MURERE S B H e 4 B H 2.0 mL, 05 W
2T d MR R OK R RS TC R A
Ji W Z 8 SR 57 351 TC 45 19 T8 ok, 8 v T AL R e
25 BEMRMREFNENE

3 HERE W LA HE 14 K, X &A1l i RHDV HI
HMI<1:4,4H 0.25 mL ] HI i 1: 8~
1:16,8 5 0.5 mL fREdl HI &Mk 1:16~1:64,
fH 1.0 mL A &4 HI &M R 1:16~1:128( I
K 5), [B, MG 14 RICEE, K H X id g
5/5%E 1,4 H 0.25 mL g2l 3/5~4/5 4, [ 1

3 [EEEERS (IFA)K N FR (200x)

Figure 3 Indirect immunofluorescence detection result

A: A R Im & RHDV-VP60 #k & 4 a4 SO 4 ;B = & x BB S
s C o PR P 3 T PR

A SM cells infected with recombinant baculovirus RHDV-VP60 strain

incubated with RHDV positive serum ;B :Sf9 cells control;C:Sf9 cells
infected with recombinant baculovirus RHDV-VP60 strain incubated

with RHDV negative serum.

0.5mL A H 1.0 mL fyg 4134 5/5 fRIF (I3 1),
26 HREFHEH

SHEEE R LI B 1.0 mL A9 ) B R S AN ]
[ 72 S 1L 78 FF RHDV HI $TR3 . i Jn & 14
KT HI R A 1:16~1: 128 452 )5 45 60 K,
MG HI Rk s 1:64~1:512; 258 T, &
SRR A 210 K I HI B 1:16~1:32( W
K 6), WEEE, GPEL 5/5 i, X HR4L 4/5%6T

3 itie

T8 ] RHDV J8 G 41 211 4 K % B8 1 A7 7F
TRAE 0 A 22 4 RV, T 2% S0 BALAE 88 14 1T A5 3ol e
PE AL S B P A R A KU . VP60 B AR
RHDV A 76 11 2= B 44 Ji B 43 7T FH S0 B 328 1 11 )
w, HEERBERGERIEHEA, HTZRS
B BEEAL BHIE S B AE D hE (A R IR E AT
TG PE L AFTE B IR 0 A S I A
¥ VP60 HeH 58— 2 FL B il SUMO 45 335K Af
PR R Ik B K BR bR 28 T7 2 2o i D) A 2tifk
ANFN T RIS i B AT IR 9 25
FIRFEY VP60 1, (H 0] et T8 Bk sk £ ik R
GEANIR], B A B R TR B A R AR
FERE ) AR EE RHDV-VP60 #2235 VP60
F L E 4 P AT AT B B B A UKL, R R T W5
I 785 [) Ji o 2 AL, AT e K PR B8 PR 41 I 2 119 A
Yridi b, FFR O 2R I AL AR A R ARG, 2
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Figure 4 Electron micrograph of RHDV VLPS

A:RHDV R 2 % I 2022 & ik L B, & 447 4k 9% & RHDV-VP60 #k & 3 SO #m #e L% ;C. & 447 4k % & RHDV-VP60 #k & % SO #m fe £ & Am A

VP60 4tk .

A:RHDV from infected rabbit liver ;B:VLPs from supernatant of S cells infected with recombinant baculovirus RHDV-VP60 strain ; C:VLPs from

supernatant of Sf9 cells infected with recombinant baculovirus RHDV-VP60 strain and incubated with VP60 antibody.

20130601 T
20130602,
20130603
Blank
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BS5 AANEEERREREEESE 4 RMLiER % HME
5 5 HI ;i

Figure 5 Hemagglutination inhibition antibody titer of ra—
bbits immunized with vaccine in different doses

on 14 day post-immunization

F1 =HEEABFERERUASRIPER
Tablel Protection rates of rabbits immunized with three

batches of vaccine after challenge

5 £100.25mL HHO0.5mL  RHH1.0nL
Batches 0. 25 mL each 0.5 mL each 1.0 mL each
20130601 4/5 5/5 5/5
20130602 3/5 5/5 5/5
20130603 3/5 5/5 5/5
X} 18 Control 0/5 0/5 0/5

29 H AR N A B P 22— 3 A T AR B
R R W R AR5 AR HALE AR,
(U TT RE A7 78 o i 42 ) 55 ) 25, H A A DR Ak A=
Jr IS ] P A T A R Y RO B R AR
VP60 & H & Ay 10 2%~1 2809200 ARSI 58 5 iod
3 AT IR BE S T 1, R M E 4 VP60 & 1
THRAKT 1:2% 530 iE AL, ik 20

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.
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Figure 6 Dynastic of hemagglutination inhibition antibody

titer of rabbits immunized with vaccine

T 32 R, B AR BAF WA T AR R AR T
B 7=

A5 X5 48 8 1) B 4 2% 5K St ILAE A B VP60
BRI 3 RHDV-VP60 R 4T % 58 I % Ho 22
S RO IEAT T UM, B R s S XA
PERARPEROR R AT, RO T S 4 8K IS P A A
(1) A 1 2 4 RS A 7 [ i
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