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Preparation of bovine viral diarrhea disease virus 1 virus-like
particles and evaluation of its immunogenicity in a guinea pig
model
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GUAN Guiquan', YIN Hong'?
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Abstract: In order to obtain virus-like particles (VLPs) for prevention of bovine viral diarrhea virus 1

(BVDV-1), the C-E™-E1-E2 region was cloned into a pFastBacDaul vector for generating the

recombinant Bacmid-BVDV-1 in DHI10Bac Escherichia coli. The

Baculo-BVDV-1 was produced by transfecting the Sf9 cells with Bacmid-BVDV-1. The expressed

protein and the assembled VLPs were determined by immunofluorescence, Western blotting and

recombinant baculovirus

electron microscopy. Guinea pigs were immunized with inactivated VLPs coupled with the Montanide
ISA-201 adjuvant. The immunogenicity of VLPs was evaluated by monitoring the humoral immune
response with neutralizing antibody titer determination, as well as by analyzing the cell-mediated
immune response with lymphocyte proliferation assay. The protective efficacy of VLPs was evaluated
by challenging with 10° TCIDs, virulent BVDV-1 strain AV69. The results showed that the recombinant
Baculo-BVDV-1 efficiently expressed BVDV structural protein and form VLPs in infected Sf9 cells.
The immunization of guinea pigs with VLPs resulted in a high titer (1:144) of neutralizing antibody,
indicating an activated cellular immunity. Significantly lower viral RNA in the blood of the
post-challenged immunized guinea pigs was observed. The successful preparation of BVDV VLPs with
insect cell expression system and the observation of the associated immunogenicity may facilitate

further development of a VLPs-based vaccine against BVD.

Keywords: bovine viral diarrhea virus; baculovirus; virus-like particles; immunogenicity

IR REPERETE (bovine viral diarrhea, BVD)
WA B EEE (bovine viral diarrhea
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LIRSS T BVD ik, T7E BVD i
TRAT Hh DXF) R B S B s s R L b
R A He R KU, 2 BUSE T AT B4 e
%a@&mfﬂ%ﬁiﬁ&ﬁ%@ﬁTLu%
Fk 7 W R L G LB RUBSE , T KT 38 B A X e 4
{EAFAE o 358 175 M S5 AV R B 728 - 02 3 o % ) R
WELﬁﬁ&m%ﬁTm?mﬁa%%fm%
FE DR R ) 22 5 S 308 A R My T RED
7E BVD JBrAUpg s m, E2 R
DNA 1" DNA 9GS S0E 1 N
f”” P T 328 S A B 1] 1 2 A I B AN g

R SRR A B 1) 11 BRI B R v U R
ﬁ%ﬁ%mmﬁﬂﬁ$o

S B FE KL (virus-like particles, VLPs) J&
FH o5 B 235 1) B 11 2R TR B AN 5 0 B A% TR 1 BT
R BALEFE T, 5 R REARARL, MV ey
2 i B g I B R A AT, BNCR A A Y E
FEIGE T AR g e B TR AT ON i A
BVDV-1b PR Y 5 R 45 44 8 1 g g 2L 1, )
FHFFIR 55 25 A ES SR 40 R S8 & ik il % BVDV
VLPs, FPIAKERBLEIR DA T A e

WEERE

1.1 EZEREMH

F2 ik 4A pFastBacDaul (pFBD) . &2 &4
i DH10Bac. Fiki i@ BUKLH & . Grace’s
BRI 5L | SF-90011 5 35 AL A0 Cellfectin 11,
¥l B BB R R B (P D) BBRA
BVDV-1b W &Itk GS4 45 5 (1 9 i 5 kL
TOPO-NE2 F1 Sf9 4fififl (ATCC CRL-1711), H
AR FEARAE 5 A EEMERE TS /0 B KT 9% v
(1 59 @5 201902005), W[ AN HAE YR
Fe N Fl s BVDV-1 AV69 FRIE F A 525 2 6
s Pl BVDV C EHAZ PR, it
BVDV El £ SRR bt BVDV E™ £
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FOREPUA AR SE 86 = 1 FITC bRid 9%
¥t BVDV Z P fIBT BVDV-1 E2 &
TERERUA [ VMRD A Bt S AL Y bR
WWIEPLR 1gG W A PEis R IEH 4 (1)
RPN F; Tag DNA RAEE . BRGIMER R
W UG . T4 DNA &8 5 HBEAYHAR b
) APRZAF (TaKaRa H[E) =i ; SuperSignal
West Pico I H Thermo Fisher Scientific A
B s A bR 0 Ll EhT /N B 1gG
I CCK-8 i & B FigHE = KAEYHAA R
O] TR AR A Ik B A AR A3 B W B R
WVE AP H L RHECA BRTTAE A | 2 AR IKE
H A BTS2 50 sh ) oL 4 it
1.2 5|4t

5 GS4 ¥k BVDV 45 [ g i 25 [F 7
4, &1t 514 BVDV-VLPF: 5-GCCGGAT

CCrumn IATGTCCGACACAAATACAGAAGG-3'
1 BVDV-VLPR: 5'-CTCAAGCTTy;,q mCTA

ACCCGAGGTCATTTGTTCTG-3', ]l T4 14
BVDV 4571 C-E™-E1-E2 it X BL, K/
A 2718 bp.
1.3 EH4F K% Baculo-BVDV-1 Bi % &
LA TOPO-NE2 [iTki A5 , #| ] BVDV-VLPF
A BVDV-VLPR 5|#ii17 PCR 4 343 a1l H (1)
B, 4 BamH 1 F1 Hind TIAEGY] J5 5 6] R
VIR #R R pFBD #iiki% 4%, AL KIHATFH DHSa
A SN, PRELE 4 ik pFBD-BVDV-1, il
J¥- % 5E 7 Ak DH10Bac J&32 54000, 75 =35
AR AR IR (3% 50 pg/mL RIBEEE | 7 pg/mL
PR R Z . 10 pg/mL PUFFRE | 100 pg/mL Bluo-gal
Ml 40 pug/mL IPTG) £ T BESRASBHME: 7T
P, PRI AR F 2K Bacmid-BVDV-1,
FIF pUC/M13F (5'-CCCAGTCACGACGTTGT
AAAACG-3") I pUC/M13R (5'-AGCGGATAAC
AATTTCACACAGG-3") 5|#ik4T PCR %¥5E, 2



ENE F4RESHESHES 1 BESERNNHSERENERNRRRES

et Bacmid-BVDV-1, F|f Cellfectin 11
WY SO A0, 28 CHiFE 72 h, WUEEAFIR
J% 7 Baculo-BVDV-1, 4k&ey KIEFHEES 314
W E T 5 R AET-80 C
1.4 EHRIEEE

FIH Baculo-BVDV-1 Flagd 5 6 FLAR H 5%
IR SO Al (UL ECH 1), 28 CHEFE 48 h,
& FITC bric (9355t BVDV £ 5 P iR #E1E
ULEH, AT DO . Ki SR 72 h AR AR
Y0 ML AIEE SO AN, AR AT S % Bl
(Western blotting) Al H (1485 (1A Rk o Al
E™. El. CHEMAK, —Pik 1 500 {55 BT 4
Pt E™ Z70REhiAR . 11 1000 55 B0 Sdi Bl
L TP 1 1 1 000 155 BB %t C &
HZ TR, —Hih 10 6 000 f5H B AR
i ALY BRI LU E B e 1gGs Kl E2 2 1A
—Hi 112 000 fEFEAYHT BVDV-1 E2 Hiog
BEFUA, ZHih 101500 f55 FRAOHR 481k
YiEbRic A BN 1eG. FA—PT. 54l
W H 1 h, F TBST WEREE 3 W, AREMA
SuperSignal West Pico iKY, Ei#E/EH 5 min
BT
1.5 BVDV VLPs BiEME

¥ Baculo-BVDV-1 FhE: 450 75 cm? 4 it 15
FERLH R B2 ST AL, 72 h BHAE B AT
Jio #7524 %, 4 °C . 4 000xg B0 30 min B2 40
MORE R, B 10%—50% 8 25 B 16 5 2.0 4l
A, 5 T8 I W B 0 D), ol R U £ 3 ] FET
Tecnai G2 F20 % I HL T BB A2 .
1.6 #HYRE

R PR R R i U 12 T 86 B F UKL
3 ] Triton X-100 F1 TBP-BEHR = T 1 K% 2",
5 Montanide 1SA-201 #5503 LA0IE KT i
SR, B RIKEE il 50 pg.

&: 010-64807509

15 H 2 AR 34, B S5 H,
P A RUFFAR 6 75 S e SO 2K 1 3R B X B4
T it P 328 T OGS R s s A R e 4 . A5 AL
KERAE T e 21 d JE AT 0, BRRGEwT LA
TALJE 20 d a0 SR A RO A I TR SOk
EL 40 i 4 FH O 7E %0 20 d A AV69 AR ifEEE
LA 10° TCIDso/ R Je FEEST, RAEIEYLS 3.
4.5, 6 9dryPrEE4In 1 mL, $RELE RNA,
FI DG E B RT-PCR KG 2 /e ,  [lAs LA
GAPDH 5.1 N2, & . GAPDHF (5'-AACA
TCATCCCCGCATC-3") 1 GAPDHR (5'-CCTC
GGTGTAGCCCAAG-3") #1776 f RT-PCR
W ZE#E Sy GAPDH mRNA FJF, DL 272 )y itk
Fi8dE AR, R GraphPad Prism 6.0 {4
) 5 25 50 BT T A T 0 2 5
1.7 FFIR R i B4 ARt 5E X I8

IR Bt R 3 I A A 8 KRR T 1R T
B KK RN 56 CKi% 30 min, M 1: 2 JF
TR RE 12 512, B 50 pL 5% &
100 TCIDs, ) AV69 bRt 21 5] ,37 CHER 1 h,
ZJEHA 2 96 LA ) MDBK HLZ 41 AL,
ARG 2 ANHE . B59% 3 d ISR 4 A
AR ST BN AE FLIF LA Reed-Muench 72
HHE G IKEPT BVDV S RIS B ) LA =)
B K ERANE Mk E i BN 41 K
KA BUBE 4 I 53 Bk AR, R 1 640 584
BEFEBLAR R, A 96 FLANMEEE =M, AEFL
100 pL (2975 100 000 N4HAE), DA S pg/mL J] &
BEHEZR A (Con A) RHFHPEXTHEE, PBS (phosphate
buffer saline) ABHMEXT I, | 10* TCIDs; AV69
P BVDV KIEHUEAIBEORE 400 72 h, FIH
CCK-8 5l G, LUl 3Hs % SI=CHI 4 fL
OD.ys50 [H~725 1. OD.so E)/(PBS X8 ODyso {25
16l ODaso fE) 1 7 bk B 448 b 34 L 15 9
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2 BERXR504

2.1 FHAMIRFE Baculo-BVDV-1 & &

L TOPO-NE2 Jiuhi Maite , FIHFES 514
PRI S C-E™-E1-E2 4t X (¥ 2 718 bp 1Y
DNA Bt (B 1), BVl BE 546 A pFBD 24,
I 2 B T 40 21K pFBD-BVDV-1 JEHSHE TF A .
%4k DH10Bac &3z 541345 A FFRIBEEER
& Bacmid-BVDV-1, FH# &5 pUC/M13F Fil
pUC/MI3R % ERIFL 5.2 kb HISHT , 5K
/IN—%L (B 1), £ Bacmid-BVDV-1 ¥ 20
4 Bacmid-BVDV-1 4L SO 4iiffl, }55% 72 h /]
UL A AR A (D 2); AR AR R
Baculo-BVDV-1, i3 255 3 4, S EHALS
FEYFAE O (CCTCC No. V201803).
22 ERRIFEE

FHHFREE Baculo-BVDV-1 &L SO 4
L DA B 338 2 G 6 5 T LR B R S I R (0 5
T S£O i AE 20 b AT A A4 R 5 75 SR s 40 it e
et B (K] 3). Western blotting 5l 5
R E/R, Baculo-BVDV-1 JE&4e SO 4 Jifd 241 i
B2 BEEREGUAEN, iR 15 kDa,
24 kDa. 35kDa UL} 60 kDa i H Ay &4, %
SRy CcHEA. EL&EN . E™EAZwEdiik

1 )

A

| —

200mMsT 9 ¢

E 2 Bacmid-BVDV-1 £ S5 Sf9 40 fism 25

1 C-E™-E1-E2 #R#3[X# #& & Bacmid-BVDV-1
BE

Figure 1 Amplification of C-E™-E1-E2 coding
region and identification of Bacmid-BVDV-1. M:
DL-5000 marker; 1: PCR product of C-E™-E1-E2; 2:
PCR product of Bacmid-BVDV-1; 3: negative control.

FEET ARG BT (& 4), BLUIEAR
Ji 2 Baculo-BVDV-1 H] 7E sf9 4 jifd +h 52 B
BVDV 4 #4558 1Rk .
2.3 BVDV VLPs BEENE
Baculo-BVDV-1 FiEg#EHt ST 4t H il vk
@i, VIBEEER YL, MBI L HREY
30-50 nm [UERIE Bk (K 5), AR M —,
ULH] BVDV ¥ 2 00 28 25 i )

Figure 2 The cytopathic effect in Bacmid-BVDV-1 transfected Sf9 cells. (A) Control Sf9 cells. (B) Sf9

cells transfected with Bacmid-BVDV-1.
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E 3 Baculo-BVDV-1 RIZEAMGERALLETE
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Figure 3 Identification of the protein expression of the Baculo-BVDV-1by immunofluorescence assay. (A)

Normal Sf9 cells. (B) Sf9 cells infected with wild-type

kDa M 1 2 3 4

Erus

El

15 —

baculovirus. (C) S9 cells infected with Baculo-BVDV-1.

kDa

— 180
~ 130
— 100
— 70

— 55
— 40

3 6 7 8 M

— 33
— 25

& 4 Baculo-BVDV-1 Bt S19 {AAfRIAEH B G ZENES 47

Figure 4 Western blotting analysis of protein

expression of cells infected by Baculo-BVDV-1. M:

prestained protein ladder; 1, 2: the supernatant and pellet of control Sf9 cells probed by antibodies against C,
Erns and El; 3, 4: the supernatant and pellet of Baculo-BVDV-1 infected Sf9 cells probed by antibodies

against C, E™ and E1; 5, 6: the supernatant and pellet of control Sf9 cells probed by antibody against E2; 7, 8:

the supernatant and pellet of Baculo-BVDV-1 infected Sf9 cells probed by antibody against E2.

2.4 BVDV VLPs %% & 4+ M)

FIFIFER 8 SO & I 3EHY . il 45 B9
BEAE URLH R DA B S AR e TR IK R, R L
JR RS Al . BORIHERE S0 b 5 o Bl R A
PRI A G K BB B, 45 L R, VLPs
KB a4 R R UATEE R 1056, 5
X HEZH K B AR B (<1 4) ZEREH,
A a PR AE R 1 144, S5XT
MK LS VLPs 45 G sp A i 22 5%
F (P<0.05). B 4K R e e

&: 010-64807509

FFIHLRTERE S 45, 5 34 v A A g
1t 143, B IR K BT PR R 2
. VLPs e 2 FORT b 2 b5 20 K B e
TARPURRRNEE R AN B EES (E 6).
R EL A IE B IRIR B, Con A T4 KA
W3 K RO EL 0 B e, 42 KTE BVDV il
B, VLPs G 41K B ik 4 40 i 33 5K OF =+
B R IK R (B 7). B, AV69 fk
BVDV Al EARACETEIK BRI S, 55 6 Kl
WOR TR IR A BN, (IR B X R 4 5k
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E 5 BVDV VLPs i

E 5 B R E &
Figure 5 The TEM image of BVDV VLPs.
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6 BVDV VLPs %% IR R 74 B s AL K8 &
Figure 6 Neutralizing antibody titer in guinea pigs
immunized with BVDV VLPs. *: differences were
significant (P<0.05); ns: non-significant; dpv: days
post vaccination.

& it RT-PCR BrlfEIAEL (CAH) 290 32, =3I
SRR AIAZ TR K OF- o VLPs H 28 25 FIRT b 92 1 fhe
P K BB A e B R , H 5 %) B4 AH Lh
BRI, JLH VLPs 4l
F 6 KRIW BVDV ER/K - &K F X 1]
H, HS5R SN REAKER N B EER.

WG 9 d, XTHE4L . VLPs fiedl . iz
B ALK RORHR 4 L H BVDV R R REAS

A VLPs gl . i dhre i 4K BRAZ I {7 2R R
AT X R A A (] 8).
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Figure 7 Lymphocytes proliferation in immunized
guinea pigs.
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Figure 8 Viral nucleic acid level in blood samples
of guinea pigs challenged with BVDV-1. dpi: days
post infection.
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AT H FHAT R 25 F0 B He 40 i R 08 R 4¢
il % BVDV Ji 2 FERORL, A IK BUBSALPE M T
HApyz it . WATH3RY], BVDV-1 BRAELE
&G W AT, TEIREAFTEA BVDV-1a-1d.
BVDV-1m-1q .BVDV-1u—BVDV-1w &5 %1141
Hrp BVDV-1b 3[RV R A5 36 [ 75 b X 4 7
TR ESWR Z P W}k, A5k
1b WAFATHE GS4 Bisgmid A, Diiness
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S H AR A TR R AL . fF BVDV
HE DR 20 4 5 22 SR 2 1 RO 45 H 28 1R A i 2R
FIEGOIE N T, O E AR, WA G
BVDV HiJ5 (1 G ik o B AR Y,
DRI, A5 3 P W] A 4DLR L 30 P 4 B adk 4 7 i 4
EABFE BN R RNEEARS, LEZRE
FIEFEL BVDV 45 E A, EMIENEHZE
REIEIE AL 4 Fhasty A IF A sh g%, ke
o5 B 45 ¥ B 11 Al Ak RN 4 A 2 25 ) BB A
5T 2, Ha e KRR Hr A AR 52 BT A Sy
BVD 7 b KIE B WA i eE ikt Bl
BVD KIESE T & A 5w KV iR s
B RE B AL 7 AR A B HR ORI, (HXEA TR
SRR BVDV RGBT AT A R — 7 2=
B ARBFSE R ] BVDV-1b T8 AT RR Y
Pl LR k45 VLPs, T 5 h Ak i
SRR AL — 3, W2 VLPs S 4K R A
PR 35 B 7 i TG 3 1 K 2w = F 2K
TERETT, TR S 2 AR 58 e R 1 KB
I ECL 40 e e R B 45 SR R W, VILPs J2—
FEIR B 358 1, A5 L 240 B S e YT
RO TF R0 A W B g i U, (BT
A PTRPERT IR % 5L A DNA S E adAk g
WP GG P BeAh, BT AR g
BVDV VLPs A 351k BVDV 45, S04
NS3 & PRI R G e 7S A5 5] B Rk
S (DIVA) FAAEILH, {BAE NS3 17
16 T i HE T BVD #Ef#Fsel >, W
IR EaA TEE i T, TEAAE DIVA 3
[ s 3800 T 240 B 57 i 7 AR T 40 M G 8 3807
HHET BVD % fe % (37 K 2 2 W e
OEE S Yk B A M L 43 B AN R I B
% B AG I Ske A 7 AR U 12421 H |G JE BVDV
S IR B SCER AT (2% FRATT RS XK B A 7
BVDV #f, (HEBAEANEFER BVDV

&: 010-64807509

cell-con-1 (GenBank % %5 . KC695816) #l
camel-6 (GenBank & 55 : KC695810) HF K il
M R REAS R A% R, HLRFLRI R 3 d,
T 20 L5 A8 T BB AV69 TE RN 5 ik 2 1% BR A7
TERT [ A, (AR BAR R AR AN I 43 B0 B o
i, A5 FHAKE GAPDH JLR NSk
THBRAE S A TR PE IR 22 LIS I BVDV-1 RNA AH
SHER IR, KL VLPs FER AR K BU% 3
MAE IR, 5 RGO,

25 TR, ARG il £ T BVD SR EEAE
R, BRI BSR4
L G 8 S, AT AT R BT BVDV 5 75 kR B 250
M A BVD i B FURE W] 26 1 Al
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