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Construction, identification, and determination of the immunogenicity of BVDV-1 VLPs
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Gao-jie’ , XIU Zhi-ru’ , CHENG Cheng®,GE Chen-chen',SUN Fu-liang®,ZHU Yi-long® (1. College of
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Objective To construct BVDV virus-like particles using the C, E0, E1, and E2 proteins and to evaluate
the immunogenicity of BVDV-1 VLPs. Methods The BA strain of BVDV was used as template, and the C, E0, EI,
and E2 genes were obtained using RT-PCR. The C, E0, El, and E2 genes were then cloned into a PEASY-Blunt simple
cloning vector, and a plasmid was extracted and expanded for culture. Then the obtained C, E0, El and E2 genes were
cloned into the baculovirus shuttle vector pFast Bac HTA. Recombinant bacmid rB-C, rB-E0, rB-E1, and rB-E2 were ob-
tained using blue-white screening. The recombinant bacmids were transfected into SF9 cells to obtain recombinant baculo-
viruses, and then SF9 cells in suspension were infected with four recombinant baculoviruses. After 72 hours, the cells
were collected for ultrasonic fragmentation. BVDV-1 VLPs were purified using sucrose ultracentrifugation and sucrose
density gradient centrifugation, and they were identified using transmission electron microscopy and Western blotting.
BALB/c mice were immunized with BVDV-1 VLPs and aluminum hydroxide adjuvant, The immunogenicity of BVDV-1
VLPs was evaluated by detecting the level of specific antibodies.  Results  In this experiment, the C (306 bp), E0 (585
bp), E1 (681 bp), and E2 (1 122 bp) genes were successfully cloned, and baculoviruses that successfully express C (14
kw, E0 (21 ku), E1 (25-33 ku), and E2 (42 ku) proteins were constructed. After purification and identification,
BVDV-1 VLPs that contained the C, E0, E1, and E2 proteins were obtained from the 20-30% sucrose layer, and the size
of the VLP was around 50 nm according to transmission electron microscopy. BVDV-1 VLPs significantly increased the
level of expression of specific antibodies in immunized mice. At the sixth week, the level of specific antibodies produced

by the aluminum hydroxide-VLP group was almost 1.5 times that in the VLP group, and the level of specific antibodies
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produced by the aluminum hydroxide-VLP group was almost 4 times that in the PBS group.

Conclusion BVDV-1

VLPs that consist of the C, E0, E1, and E2 proteins with a good immunogenicity were successfully constructed and ob-

tained.

GG VLP;CL,E0,E1 and E2 proteins; BVDV-1 VLPs;immunogenicity

A 5 MRS J2 e A s B R I Y5 9 3 (bovine vi-
ral diarrhea virus, BVDV) 3| & 1 — Fp 1& 4% 5.
BVDV J& T 8 9% 5 B 6 5 J8 19 51 1% I 88 RNA 5
B 5 P AR BRE S5 48 0 B RLF B4R 40~60 nm,
AN, R A 10 ~20 nm (Y FRIE W B,
BVDV 3L J5 51 4 Fr % B, CP B4y 5 #k 3k [ 41 &2
12,5 kb, i NCP Iy 12, 3 kb, 3% 3 K 21 4 1
A D 11 P R B B 5 UTR X A] X 7
F A2 1 S R B 3 et AR E AT R4 . BVDV H R B
T 155, 0 B 0 JIRO R P £E S T B T G
A RIFEE N 1.13~1.14 g/cm’,

BVDV K4+ & (45 C.E0.E1 1 E2', Mo
C JE A7 T B 3 HE (ORF) 505~810 nt X, f1 270
ABEFELUR IS 00 MR IERR . KN 14 k'
Elahi 26 5@ 1R 3 0E B C Sk BA — & 09 0 5% s
i ANG . Erns BB PR E0, 7 T 5 52 HE 811~
1491 nt, fy 681 A LA AL, S gt 227 D E KR . K
Ny 21 ku', E0 R T REE A, BB IRIX . H
AAET IR & A R AL s R SR T S LR
A RN EL SRR AL F B R AE 1492 ~2076 nt, [
585 AT HE4L AL Hh 4w i 195 A& Fm L K/ANh 25
~33 ku'" B A BT BRI L EL
HAW ) Erns 857 BVDV 5 8 20 2 0 72
FEAE AR S SRR R AR PUAYY . E2 SRR T
B EHE 693 ~1130 nt, iy 1137 Bl L4 6. g A% 379 4
AHER. E2 EAEEA A HE & BVDV &2 05
Fr L B AR R B G SR L AT & WLIR PR AR R
BT E2 R A B A [ IR B R
TR G 2R G A R AP A R EE AR, E2
EEAR R E B RN 42 ko, RS 2 E OB AL
AL E2 & 14 T Bt KNI REG 7 —E 22 R,
975 15 KL UKL (virus-like particles, VLPs) |1 %% 2% 1Y B4y
TS AR B B A T b 2 B AR — TR . BRI A RO
T B AN P A G R N Y . VLPs B R TR B Ok
S5HE Gy PR R A TR, H VLPs H B AR R
T A7 R DI RE S T LB A AR b 9 A G g LS S
PG 24 HAT T R B P R

AHE5E L BVDV-BA #f 0 BT L 38 5o 5 53 P 1
4% C.E0.E1 1 E2 ££ [, fi4% C.E0.El fl E2 £
53 5 S B ARTAR 6 7 ZF M 2k Ak pFast Bac HTA i, %
FH AN T 41 28 M UKL % 4k 2= DHI10. Bac K38 A

PRI JER 32 2 A0 L o FH B B O 326 B R BR AR I AL A R
rB-C.rB-E0.rB-E1 Fl rB-E2. F| Jf # Y i 5 45 H 21 4T
LG Y 25 SFO 40 i . 3K A5 5 4L AF RO 5 TR T AR
BpAL[A Qe 2 SF9 B iF M. il id Western blot £
I C.E0.EL F1 E2 f H W RIkE O, TG Mg =
KRG K% BVDV-1 VLPs, W5 4 M UTTE . @8 75
TR R D T o T 0 0 R R 9 B B T 0 R A T
aift, F Al Western blot Fli% i i 58 #F 17 %5 5 .
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AR S E
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1.1 . @45 K4 MBDK 45 40 ig /1 SF9 B
Hu 20 b A 52 55 % R A7 s BVDV-BA Bk iy 8 e 1L\ —
R B AL Bac-to-Bac@ IR #E R IE R G W B £
Invitrogen /Al ; Trans 5a KGR 7 7 B2 25 40 Y
WA A 2 X &Y EARA R A 5 R KK
PEASY-Blunt Simple 14§ H4< TAKARA A&,

1.2 £Z&XA ExTaq 3 HA TAKARA 3 #];
Anti-His I Bt t 2 &AW HE AR AR A 10 F 65
B H0 ELISA A8 . TMB {8, 1 fl 2 1 3 A
B REVEAR AR RBGAR G0 B LM EEY
PHLARAF] .

1.3 %z 5 B BALB/ ¢ /N W B B I
& AL 5O W HARA PR A A

2 Ak

2.1 BMARMT S TaFENME 5% NC-
BI it 5% i) BVDV-BA ¥k (GenBank ID: KC695814. 1)
C.E0.E1 1 E2 ££[H 4 J¥ %1, F] | DNAStar 7. 0 #%it
IR TP 1 C.E0.E1 fil E2 JE[H 4K, 519 )% 5 40
F 1., A AT UNIQ-10 X Trizol 4 RNA
$EIRX ) G P BVDV-BA Bk 55 W S RNA I [ #%
s cDNA, LU A #itRk PCR 4% C.E0.E1 fil E2 J&
Bl CLEO0LEL F1 E2 3 [ 43 5l 52 5 A PEASY-
Blunt Simple 52 B # 1k I, &aifb & Y 5. C.
EO0 F: A N i A1 C 3 43 B % 0 Bam H T Fl Not T ff
VI IR H 5 e & pFastBac™ HTA ZEM R4
HON s & A 6xHis B4 8 T 4l Ak A I 25 1 Y &3k
0L, ELLE2 B N I #l C I 20 5 45 i1 BamH [ #1
Not [T fiff Y117 &, 745 H 5 & & pFastBac™ HTA %
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PR N I & 6xHis A5 25, T 4l 46 F0 A
MR IREN . TSS kil % DH10Bac K%k A &
RS2 ZS AN FAEOE B AL DH10Bac K 88 %32 25
Y, K4S 4 Bl 4 AT R rB-C, rB-E0, rB-E1 I rB-
E2, WK PCR Jp A 5 2H A RL, AR RL 2 B0 7] & 4
WU AT R, AT T PCR %7€

#1 PCR3|Y
Table 1 The primers of PCR

il IG5 Restﬁ%fﬁ%izyme
Primer Sequence (5™-3") cutting site
C-F. GGATCC GATGTCTGATACAAAGGGGGAAGCAG BamH][
CR: GCGGCCGCTTATCCCGCTGTAACCTGAAAAA Not[
E0-F.  GGATCC GATGGAGAACATAACACAATGGAAC BamH[
E0-R:  GCGGCCGCTTATGCGTATGCCCCGAACCAT Not[
El-F.  GGATCC GATGGCTTCCCCCTACTGTAAAG BamH][
EI-R:  GCGGCCGCTTACCCTTGTGCACCTGTTATCAG Notll
E2-F.  GGATCC GATGTATCCAGACTGCAAGCCCGATT BamHI
E2-R:  GCGGCCGCTTAACCAGAGGCCTTTTGCTCTGA Notl[

HE (Note) ; * B I F 412k 44 4 50 R4 (The part that is both italics and
underlined is the restriction Enzyme cutting site) ,

2.2 EAMFRBEGMEL L L B SFI IEEEA
PL8X107 cell/ml L1 6 LA, 5557 24 h, FI| H 4% 4
KA FELALFE L 1B-C.rB-E0.rB-E1 #1 rB-E2 4} 71| #%
YeZ SFO 4. 72 h JF AR M 5 5% BiE . 4 C.
3 500 r/min(E 242 5 ecm) B0 5 min, B 58—
ARG P1,-80 CLRAF, # M 10 R K P1
RE LRI FEHEFPTE SFO W REAN M rh .27 Cifr ik 35
F2.72 h WO B3 B o 88 —ARE AR FE P2, [
I EHEAFRWGEY 2 P3 . R Western
blot %7 3% 4 F 5 2 #FR 5 B AH . 22 1 CLEOLE1 M
E2 YRk 1E 0L .

2.3 BVDV-1 VLPs ¢4 #y & 5 sefe 4 541 FF IR
# rB-C.rB-E0.rB-El #l rB-E2 ig & L& Y SF9 &7
M43 BVDV-1 VLPs, 72 h Jg Ui 5 240 il B . 4
C.3000 r/min(B.L¥F4 8 ecm) B> 30 min; BUULTE
F PBS H AT A .4 C L4 000 r/min(E .02
125 cm) B0 30 ming B PEF TR B0 (10 Y0 b
#.,30 000 r/min(E.LF4E 8 cm) (4 C.2 b IREDT
UE S PBS 5 2818 A B B6 RS 2026,
30%.60% (W/V) ¥ k.4 C.30 000 r/min (&L
AR 8 em) B0 2 o YA TR VR T ] A 1 R 2 L
PBS & .4 C .30 000 r/min(Z.LFF4E 4 em) , B0 2
h, %4 BVDV-1 VLPs,

2.4 BVDV-1 VLPS %2 W2 (A 650 354
R AR G R Western blot # C.E0.E1 1 E2
() & 3K 1% DL 5 &8 43 NS & 1) PBS # B, 535 3 LB
LM ILHFE 5 min, 10 BEEER H1 %% 3 min, JE40K

BERYPW HTRGUE VLD 4545,

2.5 BVDV-1 VLPs #54] %& 4 BVDV-1 VLPs
FER 2k MF L Ak B4 I 4% 4k BVDV-1 VLPs, i i
BCA € & Ik B2 . 8 & A AL B AE R 5 2l 15 3
1 BVDV-1 VLPs &L 1+ 8 B HLFIR G .

2.6 Mtk F 24 H5 S HEYE BALB/ ¢ /)N BB
BLA K 3 41, ) BVDV-1 VLPs 41.BVDV-1 VLPs+
N1 A PBS X RE2H 434 8 K. @M 3R 1 G
AT e . B RN S BE R i 50 pg/100 pl, 4
9 07 O WL S AE B R JG 3 AT 2 IR
PBS X B 4 v 5 45 B PBS. #9281 18] 45 K B & /) Bl
VTR L g ] [ B 0 3 5 R Dk R I 3 5 00 3 T R
SRR K SR

2.7 Hprauikenl  FH ELISA KI5/ B
Fi S HEPUAOKSE . AR BVDV-BA 29k 6 X
10° TCID;, , 4% f (8] 45 ELISA BT #1E .

# R

1 BVDVC,E0,E1fn 2 EFEyE5LE

LA BVDV-BA Bk cDNA Sy B4R , F FH X5 51 47 i
17 PCR 4715 H A9 3L 5L 45 2R 2o 7 88 A v i H 1Y
C £ (306 bp) E0 :H (585 bp) . E1 £ (681 bp)
A E2 FE (1122 bp) FEE D,

N O N\
o o S
o X ' QY
bp bp bp bp
2000 2000 2000 2000
1000 1000 1000 1000 | E2
750 750 E0 750 990 [ ©
500 & 500 500 El 500
250 250 250 250
100 100 100 100
A B C D

A BVDV BA K CERFEPP LS B BVDV BA ¥k E0 RH
R4 i 4k C BVDV BA ¥ E1 BEFE ¥y 4% D BVDV BA
R C HE R 41 45 21

B 1 BVDV BA # C.E0.E1.E2 E£E#) PCR #1&

A PCR amplification of the C gene of the BVDV BA strain B
PCR amplification of the EO gene of the BVDV BA strain C PCR
amplification of the E1 gene of the BVDV BA strain D PCR amplifi-
cation of the E2 gene of the BVDV BA strain.

Fig. 1 PCR amplification of the C,E0,E1,E2 genes
of BVDV-BA strain

2 EHEHNKMETE

i 2 17 1k B U 4L AP RE . L pUC/MI13F F pUC/
MI13R 2 519, 43 ) LA 2l Ak /) 55 20 #F kL rB-C, rB-EO
rB-E1 fl rB-E2 A AR #E1T PCR Y734, ¥R Bh 3
000 bp. W] C.E0.E1,E2d 3 [F 43 5] 15 ¥R 55 75 5 F
2H 2R (B 2)
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Fig. 2 Identification of the recombinant bacmaids rB-C,
rB-E0.rB-Eland rB-E2 by PCR

3 4MEBEHTRFENE SIS Western blot £7E

¥ E AR 1B-C.rB-E0. rB-E1 fl rB-E2 4y 51| 4%
Ye SF9 WG REAN M 5 27 C Ak 1 37 1 20 0042 40 g 8
fb. W&l 3 B R FESS 1 d i (& 3 A 4l i B AR R
R GIHFIEAE KIS 55 2 d B4 i B TR
(3B 5 3 d (& 3 O EIF A £, JF HFth K it
41 . Western blot 455 ([ 3D) . i I & 41 #F 4R
# BV-C.BV-E0.BV-E1 il BV-E2 4y % J& ¢ SF9 i
BEAN L )5 34T Western blot Kl . 4 5% 2 i 2% 7 (&1
3D 3BT 15~25 ku(C) ,25~35 ku(E0) ,25~35
ku(E1) ,40~55 ku(E2), 5 B (A — 2, £ B SF9
MMFE LR C.E0.E1 il E2 & (45524,

A BB EAFRGGRE 24 h i SFO AN LS B e d AT
M 48 h i SFO MMAIER  C  FREAFFRNH 72 h i SF9 44
JBRIELS D FQEAFRGE 72 h 5 WANE MRS,

B3 EATFRFESHNERM C.EELE2 ZEANKIRLTE

A The morphology of SF9 cells transfected with recombinant
baculovirus for 24 h B The morphology of SF9 cells transfected with
recombinant baculovirus for 48 h C  The morphology of SF9 cells
transfected with recombinant baculovirus for 72 h D  Expression of
four proteins after 72 h of transfection of recombinant baculovirus.

Fig.3 Cytopathic effect of virally-infected SF9 insect cell and

Ientification of the C protein, EQ protein, E1 protein and E2
protein expression

4 BVDV-1 VLPs it 5 FE

B 4 FhEHFIRIEE rBV-C.rBV-E0.rBV-E1 #
rBV-E2 3t [F] $ ff T2 7% SF9 4 i .72 h J5 W E 2
OB 22 B S R AT R B R B B L A
200 ~30 V0 EME I tH BLFL 6 PR AR 254 (P 5A) IR IR
B2 o3 A R D R AT B B0 DL 25 s RE B L SRS

PBS # & JLIE . ] T Western blot 5oL % E . B
WEETE T X NAFAE K EHORGE A, B T KFEEEEN
50~80 nm, M A 10 nm 45 %, AT G
BVDV (3R TGS FFAE (B 4 1) [ KAFFE — 22K/
AN—E LR (E 4 1) .5 BVDV AL S AR, 7]
AE A A A5 Fr BN A DG B . RIS 3 BROE UKL iy 78
W RERE 2 5 BVDV R b (9 77 % B JE A AR AT (181 5
A) ,Western blot #l (& 5B) &8, T J2F A @R
gifar K] C E0E1 M E2 A EIL. K4 Ml
K5 BRI TEFL ARG M )2 e B KB CLEO,

E1 R E2 3 1 20 1500 75 48 JORE .
1

100nm

I 20%~30% ik Rai by mmsi@A 1
ZEaife i g A
BE 4 BVDV-1 VLPs &St HEEMN &
1 Electron microscopy of purification substance that was in the 20

30% ~ 60 Yo 1 b

~30% sucrose layer [[  Electron microscopy of purification sub-
stance that was in the 30~60% sucrose layer.

Fig. 4 Electron microscopy of BVDV-1 VLPs

ku
‘ 55
)
40
'
20% 35
1
30% 25
I
60%
15
A B

A R LA B 4 T HYR WBRIEZ R,
B 5 BVDV-1 VLPs it 5% %
A The result of purify B The result of WB verification of the
substance in the first ring( [ ) after purification.
Fig. 5 Purification and identification of the BYDV-1 VLPs

5 BVDV-1 VLPs 5SS &HBEFRER

W S AL AL S VLP LUK [ 34T IR A 5
OHCETE K E I R RS T SDS-PAGE HLjk
(6, 41E7 5 VLP RBI A 1 ¢ 8 B AL fE
W40 s e 4 WO ) B I 4
6 BEMNREEITMH

B B /0N B FE ARG 0 4% SR (1] 7AD SR L PBS X B4
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10 8 4 ARG 0 5 RS A TR AR B A SR
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MIERAER . B/ RS IR S g 4 R A 7

B, 5PBSY(E 7B IO VLP(E 7B 1) 4 Ml
VLPHEFI41 (B 7B 1D A0 IR il L B 25 e 1y
T8 #4, K LiE & VLPs it & VLPs & %1k
ERARE ) S e B % /N BRI I 85 72 2R R R 2 )
& &
& S >
% .\-:.\ \'()' .\-,b.‘ \b

o

Sy
IR

B 6 fEF SRS

Fig. 6 Optimal adapatation of adjuvant to an antigen

18 L 1 1 1 1 ]
0 1 2 3 4 5 6

;]
- VLP+{kf| - VLP -« PBS
A

A e HE/N AR B RS EE PBSAHCT) .
VLP 4L I A VLP+ S A 58 40 CID /N BRG JFBEE i LB  6 0LTE
AHE.

B7 MNRBEEUMERESE

A Weight change of mice during immunization B  Morphologi-
cal changes of heart, liver, spleen, lung and kidney of mice ( | : PBS
group; II : VLP group; [ll : VLP + Aluminum hydroxide group) after
six weeks of immunization.

Fig. 7 Weight change of mice and Morphological changes
of mice viscera

7 HREREKE

ELISA K & W e )5 55 1 8/ B o (9 4
SRR T B AR 55 2 B VLP 414 S btk
AKOF b TF B B, 5 3 R B AR OK O R B, B
VLP 41 FREIEE R F VLP R4, toit3E17 m
SRALRE . Z 5 VLPHEFI A Bk FHEge ETb. s
a5 55 3, VP4 500 4L/ BRI T AP 4 53 0 e 1A
KFE T VLP 4 (K 8,

1 1
4 5 6

1
3
)4
-~ VLP+&&4tsE = VLP -~ PBS

B8 NREFREREKTEEL
Fig. 8 Antibody level changes of mice

it

VLP fy —Fpa JLRh S5 48 8 1 B E B RE . 75 R
INIES AN EEERR AN EER . BT VLP A%
9oa T AL L B DA B SR e M 7R 2 kL SR
PEFIPU R AR E M B R A LR B, VLP iy —F
HEMB N PG, AR WA TREFRL CLE0,
E1.f1 E2 Je PR B BOkL , JF85 4845 19 H 0936 L 3 A
FIER R A T BE 8 CLE0.EL.E2 & A AT IR
I 7+ 1 il Bac-to-Bac® ik RE MW EH T i C.EO0,
El f1 E2 5 H B sh 4 % il py BVDV-1 VLPs, %,
FHLAR e 45 FIOKS thl J2 VILP 4 fb iy S A 40 g AR s
05 SR FH R P A AT 5O R TR 4% B 0 1) T
Xof i i B JURE A A7 e 4 A5 B A B R 20 BVDV-1
VLPs HUJs Al 1 il . ML BE 45 R Al Western blot %5
RFEW,BVDV-1 VLPs f#7EF 1 )2 (20 % ~30 % [
WHEE) ST 2 (30 % ~60 % bR 2D & A K 41
4y oW BVDV-1 VLPs 5 4%4E, VLP £ A
W) & XA W 2= 7 R T E RMsZm, Tk —
oAt VP 9 B 110 42 42 P R0 B0 5 D 1 T 25 1) R 2 00%
B A AR . BET R VLP R T
AR 2B AERAEGY . BERN EEaE
FEASE VBERR R AN WAL b A AR AR N TR Z B
C Iz T 2R L A0 E BB i (diphthe-
ria tetanus,DPT) | Z B Jif % & 11 Chepatits B, HepB)
FE B BT 4 9% B (inactivated hepatitis A, Hep A-D)
AL B AT N I A 2% T B I L AR T 4
R R B 2 E T 40 M S . sl T 4005 B 40 M
B RV 5 o5 — 5 T S AR AR AR TR AR AT 5 BUR R
SPFRRAE 2 b 3 A AT DL B SR AE SR AR N I A L 35
RSO 08 BRI i B0 DT B v AT A Y 8 g 2
B8R G N

ARG K AL F 5 BVDV-1 VLPs LI A [a] b il 8
Ao AR ERW A E MBS BVDV-1 VLPs A
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1 8, 2K S5 BVDV-1 VLPs By £ 3& I H . 1
I 27 R e BVDV-1 VLPs 58 4 W ff i) fe /) F 4
L LA S e BALB/C /) BLL AN 50 o 72 vy
B M SR B b T A A T T S B
ANERFETS . i ) 45 0 B8 P 0 e g N R L
Ji il B A U R X O BH A 9 B VL . & B BVDV-1
VLPs ik 5 1 B A — & 14 2. WUR s/ )
J& /N BRI P AR S PR BT K S BT R
(7, 2B BVDV-1 VLPs Al S/ U™ 4 7 5 0
BRI . PR AREE VLPs J5 45 2 J8 I3 v i 4 S vk
Pk 3 e KT B IS A BT R B I VLP+ S A4k
BR2H /N BRI P R S L AOK S — H R B R T
o, ] R AL AR 1 6 R G RE S SR I RO 3 3
[ VLPs, Jinss G5 f5 /s B G v Ry 5 30 A oK 7 1
A BT BT MR S S 1 JE Sk G VLPs 410 R 5
PEPUA K28 AL a5 e T B JF 6 T4 . 1 VLP+
AR AT 5 5 2 RN BT R S AR
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