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Abstract:
effect on rabbit breeding and population decline of European rabbits in their native range, causing rabbit haemorrhagic disease

Rabbit haemorrhagic disease virus (RHDV) and myxoma virus (MY XYV), are two pathogens that have harmful

(rabbit fever) and myxomatosis, respectively. The capsid protein VP60 of the RHDV represents the major antigenic protein.
To develop a recombinant bivalent vaccine candidate that can simultaneously prevent these two diseases, we used the
nonessential gene TK (thymidine kinase) of MYXV as the insertion site to construct a recombinant shuttle vector
p7.5-VP60-GFP expressing the RHDV major capsid protein (VP60) and the selectable marker GFP. Then the shuttle vector
p7.5-VP60-GFP was transfected into rabbit kidney cell line RK13 which was previously infected with MYXV. After
homologous recombination, the recombinant virus expressing GFP was screened under a fluorescence microscope and named
as rMV-VP60-GFP. Finally, the specific gene-knock in and expression verification of the vp60 and gfp genes of the
recombinant virus was confirmed by PCR and Western blotting. The results showed that these two genes were readily knocked
into the MY XV genome and also successfully expressed, indicating that the recombinant MYXV expressing the vp60 of
RHDV was generated. Protection against MY XV challenge showed that the recombinant virus induced detectable antibodies
against MY XV which would shed light on development of the effective vaccine.
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2 H IMLSE #% 5  (Rabbit hemorrhagic disease
virus, RHDV) FIfukiE i s: (Myxomavirus,
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(S. brasiliensis) FI#kf (S. bachmani) XJi%Jk 7%
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Gt , XPRE TS KR I R o (AR, ETXT
RHDV Ak — 544 2 11 3 R vp60 1) S BLA7 82 1 A
TIRE B AR RE R IO R BUS T AR A 0, A
FEHLHE SR YRR o 7 H A I B R A, R
i B e B DR TR A Ay (] 058 o 2 ) R R A A 7 o
IR B R AR A, HE T N IS SR A & S
SRR AT MYXV R TK LA 1 ke
D, EAEME AT TK E IR . MYXV 53
p7.5 Ji g+ . RHDV A 5EHE [ VP60 L Kz GFP fii
VEFRICHY R EAA p7.5-VP6O-GFP; [M]i}, s
JIEER) MYXV SRR R A 1 e AR o 35 57 1
RK13 4iiff, 4ki%% Y 2842 Bki p7.5-VP60-GFP,
FIAFIEE A B, P AR MYXV 5
TK REH 5 R A TK JEHR P T RIEE A,
Ja DA ofp S Rifivedsic, ) 2 Bk
P, ETOLE MR FIE AR RKL3 4 b ik
GFP [ & 205 £ rMV-VP60-GFP, £ PCR ¥ 14l
Western blotting 75 X} 5 4 R A 710 48 2 R B,
vp60 L LI A MYXV EFEA, Ff By
Y RT LA IS VP60,

1 MREFE

1.1 ##l

AR RK13, KB DH5a FlBTHL
pEGFP-N1. pMAL-VP60 (vp60 %X PCR H Bk,
2 EcoR I /Hind TIRE§EVIS , 5k A pMAL-c2X %k
&) . pBluescript 1l SK(+)¥ AL E (14 14E;
KSR FS98/Lau #1 RHDVCDNA 172 [# Bio
Espace /A m)#E4t; CsCI#6 B0 5 10 VP60 2
A SCI B Sy H A KE A4y B #de
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High Pure Viral Nucleic Acid Kit I [ Hi 1
Roche /Al ; % 4«iX %] Lipofectamine™ 41 T
Invitrogen A5 BRIIVENUIEEIE A NEB 23] 5
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Proteintech /A w]; 1 K I H Roche 23] .
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PL 1100 i AGHTE LB B9, JRET 37 C.
220 r/min 482255352 2 h, A IPTG ELMEH
0.5 mmol/L, 37 C#k&:55% 4 h, 1§ SDS-PAGE
KEMAEEAMRRGEOGE, T KIS SR
ik, A P REEE , 12 000 r/min B0 5 WEE FIE R,
0.4 pm JEMEERZR, AmyloseeBind ™A 5585 7 I ik
TTEFENT

1.3 BEE&EH MBP-VP60 % &R & &

B2y 1.5 mg 4 5 11 MBP-VP60 il A id & 5¢
SRR E 45 mL, B IR%sE (500 ng A H
F1) SRS bk e R G Bve 22 R, AR5,
A3 AF 2 JEA 4 G R T 2 A A
5 g% — IR (500 png HEAE FIAR), H 5 2 ke
P28 e T , R FH AR SE B0 & AR A7 19 CsCI A B 5004l
1L VP60 & I #E4T Western blotting %5, %5E
WE A JE — JE P S sh Bk ELL, 43250 F-80 CH-AT,
IRyl % 2 e REPLA

1.4  ZFHRIRKL p7.5-VP60-GFP #y ¥ 3 ik

P4 pBluescript SK H(+) “Azdk, FIH BamH I |
Eagl . Kpn1 . Sacl . Smal F1 Xho I jxX4&[i1]]
fiai, AR B E A T R E A M TK
up Ml TK down VARG & a0l s+ p7.5 Al
RHDV #5425 11 VP60 B 41 78 ik p7.5-VP60,
W BV 56 I S5 7 TR 2% e T 4 e A B A PR
/i D5 S o (T O oy o £ == S 1 (P R
p7.5-GFP JE[A, FIHIEGYIALA Sac I, 7EHZH %
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BR S B 35 AR 2L, AT A8 47 1R 5 QL W (7 2 g
p7.5-VP60-GFP #il 6 uL Lipofectamine), H{A&#
fE# B Invitrogen #/ETFWE, 2-4 d JF2OLE
T R 25 B e 238 SR WSO A G 5 WM T S L T
ik,

Xho | Xho |
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p7.5-VP60-GFP

Sac | Eag |

BamH | BamH 1

pSK-TK-UD \

p7.5

pSK-TK-p7.5

v
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] t
vreo|]
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Vi p7.5-VP60

1 B RHL p7.5-VP60-GFP HI# I 5K %

Fig. 1  Construction strategy of the shuttle plasmid p7.5-VP60-GFP.

F1 AAREABSIH
Tablel Primers used in this study

Primer name Sequence (5'-3") Size (bp)
TK up-F GGGGTACCGGCCATGTACGGGGGACAG P
TK up-R CCGCTCGAGCGATCACTTCGACGTGTTCG
TK down-F CCGGCCGGACGAGGGACAGTTTTTCCC P
TK down-R CGAGCTCCTACACACCGATTTGTACTTG
p7.5-F CCGCTCGAGTGCAGGTCGACATCTATATACTATAT 276
p7.5-R CCTTGCTCACCATGGTGGCTGACTGTTCTTTATGATTC
vp60+SV40-polyA-F1 TCCCCCGGGATGGAGGGCAAAGCCCGTGC 1 980
vp60+SV40-polyA-R1 CCGCTCGAGTTAAACACTGGACTCGCCAG
p7.5+GFP-F GAATCATAAAGAACAGTCAGCCACCATGGTGAGCAAGG 990
GFP-R CCGCTCGAGTTAAGATACATTGATGAGTTTGGAC
vp60-F2 TCATCACGAACTCAAAGTCTTCACT 405
Vp60-R2 CGTCCAGCATTCTCCACAGA

http://journals.im.ac.cn/cjbcn
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1.6 ELHEfFEH rMV-VP60-GFP B ik

FH 28 2oF 17 5 5 4 A5 39 1 B 20 78035 5 AR A
Joa B TR GBS S AL S 2 A, 2 h 2 ),
FERRIEFRIE, A 0.6%I IS W 143 ff 35 5 L,
RHBEM 2 )5, BT 37 'C. 5% CO, BB FR46 h %
7% 3-4 dJ5, AR GFP (AN EERE
Fik GFP, B4 RUjG# JC GFP) 7756t B idss Wl
LI E RS K R S (B s BE, BRIBUZ S BiE,
RFB—femis. B2 B 5 ki, UE
A3 4 ) F LR rMV-VP60-GFP i 7 .
1.7 EHEFRBHETE

A 1 AL AL B rMV-VP60-GFP il A=
RUG 5 By RK13 41, B—3B/r$L i
MM, Western blotting 4 RHDV 45444 (A
VP60 361k (—Pi: VP60 Hiik); [FII, 7541
KT JFWER W, FH] High Pure Viral
Nucleic Acid Kit $2EUHEEILE L] DNA (S
Roche 24 A #RAVETIT) AR NREHR 4T vp60 J A
) PCR %5E , Frl51¥1°h vp60-F2/R2 (% 1) H]
T4 vp60 M5 i Be, K/Nh 402 bp.

1.8 MYXV BRI I

¥ Hl & 4 B E 408 B rMV-VP60-GFP
(10° PFU/ML), S HAKHA%RQ mu/H, 3t
4 2, Mg 2 H), WEIFIC R E AN RS
GG VRORE T AE B AR ARG O, R IR AT 2k

A
kDa 1 2 3 4 5
116 —sw <« MBP-VP60
105 kDa
66— i
=3
L ™ |

J& , FEGTHR BB 1 FIEE R B ) MY XV % 5 K
Lau, MUEREE AL RE = A BRI PR RCR .

2 HER54W

2.1 BE&ZERA MBP-VP60 BYRIE4E{L

WY 12 WAL, KRB Hafk
MBP-VP60 & &, [FEFi#EFT SDS-PAGE #l
Western blotting 7T 56k . 4Nl 2 s, moh4t
1k 3] 5 2 MBP-VP60 & 1.

2.2 FAEER MBP-VP60 Sl iERILE

g T AR 45 1 MBP-VP60 £ 5T IfL 1 145 5
P, FIFA S S A7 00 IR T E 4 VP60 FRik
I o i #5 B9 I 23 CsCIBS BE .0 5 1Y VP60 25 [
#4T Western blotting 4387, #5540 3 fiias, il
£ 10 ZPT I3 A6 I 2 264k 1% VP60 .

2.3 FHBFEH rMV-VP60-GFP HI#iE.
SRR

FIF SEARGEE MYXV B RK13 iR 2 h )5,
W28 FURL p7.5-VP60-GFP %% Y« RK13 #iffl,24 h
J5 9 BN BT LSS GFP ki Il , A 5t
LN AR, AT Bmkaift, /&
175 WS BEG k=22 J5 45 21 15 15 001 728 BEAG I
KIFTA 1725 BEXTREACIN B 4 (58, dne)m Pkt
PEOETRIZSBE, FPNRY RK13 4 iEFT )5 22
EADR Y RMYEE . 250K, B ik 4l
AL B % 5 rMV-VP60-GFP (£ 4).

B
kDa 1 2 3 4 5

M .<— MBP-VP60
L 105 kDa

-

b
b1 o

2 FEEB MBP-VP60 BIFRIELL (A) 5 Western blotting £% (B)
Fig. 2 Expression and purification of the MBP-VP60 fusion protein (A) and Western blotting analysis (B). 1: protein marker;
2: pMAL-c2X (induced); 3: pMAL-VP60 (non-induced); 4: pMAL-VP60 (induced); 5: purified MBP-VP60.
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1 2 3 4 5

—

< VP60 60 kDa

3 VP60 #LiEHIIIE
Fig. 3 Identification of anti-VP60 sera. 1-5: purified VP60
protein with CsClI gradient centrifugation.

B4 BHBRFZHEHERRERREE

Fig. 4 Identification of the recombinant virus plaque
formation by fluorescence microscopy. Left: white light;
right: blue excitation.

24 HEREWETE

BT IRUE vp60 Kk PR A g D 4 A EE AL
BEAERZH T, DU EE h AR IO B BE K ZH DNA
A, FIFH vp60 £l 514 (vp60-F2/R2) #£17 PCR
o0, BT AEE I L kI B 7R, PCR P73t 24
400 bp [ H A, SBHMEXTER (p7.5-VP60-GFP
FAEAR) AR, MR (LU AE T MY XV
FS98 JL[AZ DNA WAAR) BeAy A B AL o] 55
(1 5). ZZ5 KW, HEA A% EE rMV-VP60-GFP
(3L i AT vp60.,

R T 24 M A A E 4 R R R 41 Y vp60
RETS A ik, FIHHI 4T VP60 4 il iE &
Xt VP60 [ 25T (i1 T Western blotting A5l ,
g noR, EAMEEEY RK13 )5 VP60
M3 7Rk (K 6).
25 FHHBFHFHINMFRPIRE

i T e = B4R B RHDV 75, AHFSE G
T HEAVRHEAIT MYXV SRR . AT
il 4% 47 1 T 2H 55 5 rMV-VP60-GFP (10° PFU/mL),
HH HARE AR (s 2 R), EHEARE

http://journals.im.ac.cn/cjbcn

J5 s 55 4 KA TR IR s B Gk RO e S R R
HEUNMY (B 7A), 57 Ka/IMIAERARLL, R
H ARG G/ (B 7B), 2 20 KI5 Rkl
JEREIR 2T R (B 7C)s

bp

600

400 <— VP60 405 kDa

100

5 EHFHHIPCRETE

Fig. 5 PCR identification of the recombinant virus.
1: 100 bp DNA marker; 2: recombinant virus; 3: FS98 (WT);
4: p7.5-VP60-GFP.

kba 1 2 3 4 5 6 7 8 9

95 —
72— N

I e, = et i, B

55

< VP60 60 kDa

B 6 Western blotting ¥ VP60 7 E4H w5 L
RK13 iy RIE

Fig. 6 Western blotting analysis of the VP60 expression in
infected RK13 cells with  recombinant  virus.
rMV-VP60-GFP. 1: protein marker; 2-8: recombinant virus
rMV-VP60-GFP; 9: FS98 (WT).

7 MYXV Bysh¥RipiR e
Fig. 7 Protection against MY XV challenge.
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SRIG, TR B 8 ) LR ESR I MY XV
WEEbR Lau, WLESE A 857 A DUk i ORI RICR
ZERLWoR, VRS T EADR R R T IOWE, (HE
X BRZH Y e F A BRAET . B AR AR SO0 A I 7 A
PUARBIRLMY, (ERARSE LA Gk TR AE H B
AEACIE DL, AT LA WA B 53 v 7 2 114 i 46 v 2
T8, S R R Re AR HEET MY XV (4 5
£ R %NS
3 Wit

RHDV Fil MYXV 1k 9 Fb o 52 0 b HoAH
I B G-/ SR BB AR SR I B, 2 1 R St
R 28 5% 40 2R ARV IRR U BB B - 7 B 7 JHE D7 3 ¥
R S fE A E R NP Har, ¥ F
RHDV [ KA A& RSN E IR R 80, EHK
TGP R R LR N F AR BN TR 3aE 1Y
BBl 2R 2 o B RE . BN T S S S A A
AL Hg, #%) RHDV fME—Z58 % 11 VP60
F18) STV P57 2 17 R 7 A 1 A A A BT T AR K
M, WA IR . BEEE . B A R L K
Y BAEFRIR RGN FIHEA R
FITE . BRI TR TS AR i 0 ey
G AT R 2 M, A i AR AT LUE TR
R, HEHIGEEHTERY. Wik, 1L/
RO 0z, JUHRE (58 0 T o i B A=
FRRE OR3P B Bk AR w2, JE Tk, AHF
FHRATE UK RHDV 45 # & H 3L vp60 i
2o [F) U5 21 4 A SRRV TR MYXV (R
M TK H, g Ut EAUR sk g, ag
il & 74 A VP60 i A ik bric GFP 4]
KI5 8 rMV-VP60-GFP, Jf H )4 sh¥) S5 20,
ZE TR R K T AP MYXV 1%
SHEPUA. Tz L2 RHDV Feg, FKATTAR
RE RSN 122 T 45 B 2 75 BB ™ A FIKPL RHDV 1R 5
PEBUR, (R E R 5 B &, A e 2k

% : 010-64807509

T AT [R) s 47 5% A R KU B AR - e 327 A J A
KRR =22 10 e v o T RE . LAk, Zhi
BRI R, SRR AE AR AT DA R 2 T
JURZEAT, ] 5 i k8 A5 W i B 0T ng I 45t B
e, JFTE/CRBEPERE, R EARUR R
7 by B A SRR B 52 SRR VRURE o A B I
MRZE, RN CRIE T M8 R 7 fa s fé
W AN A S T O

FEEASR TN RIS T, £5 E
i H R lacZ BERE R TfE bR i . fEAETE Y,
AT 22X lacZ SEEE R i vE bR, (AR JEE
HRORABAR, S8 X-gal BEOAHE, kS
W A TG 7 T A 2 BRE DX A, b o o LA 3 B
e EmA R EE, HSIRATRA gfp EHEEN
PREAR TGS, 0 REIGA SR AR 1F A ) EE 4 B
HFRALET lacZ 2N %5 3 500 bp, {H gfp KA
K/NHK 714 bp /NTF lacz FEIH,  [R] akk H: m] Y5 B 40
ORI R, TK 3% RE A [R) 6 8 410 e
Y75 B AR R FESE DR, %3 TR A B2 i R 5
Wi BE I AE , (H PR RE NSRS, Bk
B, SRR TR R P R, A
WFFE R EE H 10 2 —J& N F 7R A R A
FEHLR ARG, I, oA TR S L S R
WRRERE ST REAR, 5 SRR AR, RN
I T k28 S NT R AR, AR A e R )
MR AR TR AR Sk, 1ok, T ER R
T E AU MR A0 AR T N A IR TS, RIS A B
Y SR A, R, FELVER BN SR A
B, ZE R B A rhoRE I BRI U TR B B
T AREM I FRIE . AT, AT 155 00 B
BE TR, ZBL p7.5 B TN RE R ST
CEREIR R ER). BT, R GFP i
VAR A K p7.5 J3 3174 rMV-VP60-GFP 5 41 J5
FEAT LU 4 1 DG, 3k oy LA F 2 S
AL AR T AR AT I % o
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