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W E. AHFRAR P LA R IP £ (Chinese hamster ovary, CHO) %8 et & X & %o | &2 9% 2 I8 7B %
é(bovme viral diarrhea virus, BVDV) E™ & &, 5947 & %% R4, vA BVDV-1 NADL 47/ &4k 2
53 A ek, #E BVDV E™ & & T4 A KL M4 pcDNA3.I-BVDV-E™, 454 A F 356
CHO #fit, it4T Lk ibkis, SDS-PAGE o947 E™ & & ) Rk fetktt, F A4 His F 54k
F= BVDV [8 14 o 7 3% 4T Western blotting %% 44L& & ; st —F A 4L E™ZO L BT BHEZREH
R, 18 i 9] BB 5, 5 K M 1K J8 (enzyme linked immunosorbent assay, ELISA)A=4m fiL18] 4 %, 9% 5 &
(1nd1rect immunofluorescence, IFA) 52 34 o 7 Ak K- R H %, 95 R 7 1, B 9% 2 A= 52 36 ) 2 %,
B St i 69 F Fe AR i B BCA & & T 2 X7 J/‘imm érlaﬂ: #9 E™ & & JRJE 4 0.886 mg/mL,Western
blotting 4 R 2 7, 4 His % L& #uikf= BVDV [atkfn & ¥ 68495 5 sk o) E™ & & L A M F Lk
B_RL. 14 ELISA #o IFA ZE RE =, —REH T RAFIFAKEIM, FHEERREF 28 K,
o 7 AR BN KT A 1:128 000, HiZ i Fu/h =T vA 5 MDBK 40t &% 4 49 BVDV Ja 4 & 4 4%
FHRFERMN., FTHE™EG LERTHEFHNWAR T AR ETF FR, FREM A log=2.71.
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Abstract: The aim of this study was to produce E™ protein of bovine viral diarrhea virus (BVDV)
by using suspensively cultured CHO cells expression system and to analyze the immunogenicity of
the purified E™ protein. In this study, the recombinant eukaryotic expression plasmid
pcDNA3.1-BVDV-E™ was constructed based on the gene sequence of BVDV-1 NADL strain. The
E™ protein was secreted and expressed in cells supernatant after transfecting the recombinant
expression plasmid pcDNA3.1-BVDV-E™ into CHO cells. The expression and purification of the
E™ protein was analyzed by SDS-PAGE, the reactivity was determined with anti-His monoclonal
antibodies and BVDV positive serum with Western blotting. Immunogenicity analysis of the E™
protein was determined after immunizing New Zealand white rabbits, and the serum antibodies
were tested by indirect ELISA (iELISA) and indirect immunofluorescence (IFA). The serum
neutralizing titer of the immunized rabbits was determined by virus neutralization test. The
concentration of the purified E™ protein was up to 0.886 mg/mL by BCA protein quantification kit.
The results showed that the E™ protein could be detected with anti-His monoclonal antibodies and
anti-BVDV sera. Serum antibodies could be detected by iELISA on the 7th day post-prime
immunization, and the antibody level was maintained at a high titer until the 28th day
post-immunization. The antibody titer was 1:128 000. Furthermore, the expression of the E™
protein in BVDV-infected MDBK cells could be detected with immunized rabbits sera by IFA.
Moreover, antigen-specific neutralizing antibodies of 2.71 log;o was induced in rabbits. In this
study, purified BVDV E™ protein was successfully produced using CHO suspension culture
system, and the recombinant protein was proved to have a good immunogenicity, which may
facilitate the development of BVD diagnosis method and novel subunit vaccine.

Keywords: bovine viral diarrhea virus; E™ protein; eukaryotic expression; Chinese hamster
ovary (CHO) cell suspension culture; immunogenicity
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IR P PENE TS (bovine viral diarrhea, BVD)
J& W 4 W 7 1 18 75 9K 7% (bovine viral diarrhea
virus, BVDV) 5L i) —Fl 2tk | ik | v B4 fi
ALY, I RREAR 2 LURYS . SRS |
T e MLRE AT 55 o0 24N, BVDV & B
1E4E RNA &5, J& T #0% % A (Flaviviridae) i
I 75 & (Pestivirug)™, HELN A &4 4 st &
F3ERA 43532 pl4 (b5t C EEH) . gp48 (%
TN E™ 1, MFK E0 & ). gp25 (nhid 4
il E1 ZE 1)1 gps3 (JaiB3EfE B2 &), HA
MARLEHE I FENP, o ™ Bl B2 4K
TIRBEMTERS SR, TR EERm ™., BVD &2
— R LA Z R IR R R B I, B
LS BB X 3R 4R b 9 2 2 b 2 — ), BVDV
FHRYL s, T4Ek, BVDV M9TE FIEE—
YR, WA W . AR 4
W, T BT BVD BA RRE AT T,
AT 1k - BT 8 e e f Tt 55 1 BEL KT 2 kA S A%
FIU N E L BVDV (¥ E™ 1 E2 M4 dEbT R,
H B2 MRtk m T E™ &[T, H B2 %
R AE 3880, 5o KA g ki, =R B0%
VSR S ISR A R e R e ) T R RS, B
J& BVDV Fi iy 2 [ h AR <7 P4 e HLAFTE h AR
MRER, HiASMPiikEA /M BVDV
(I RE 0, AR AT VORI R 2R A R G A
BVDV E™ & [, 454 H i & 1 AT 47
18, HAHE T Western blotting 43 #7 Uk B 1% 25 11
MR R . T B T T BVDV 4k
E™ IR AEYIE B2 M R, 25 L BoR
H 8 1 FFE LRI R, A —
EMPURE. BRFE" M3 T BVDV E0 3
HEHERRFLATE pMG36e-E0-LA-5, FFIEM
T HRHEE A I S AP E R, a5 RS A LU
AT BVDV AL . N S IR B4 i
FERGH4 T BVDV ik Bk 76 K R 5

&: 010-64807509

VY A S, I R A G R R
G 5 3 K B A 40 1 TG B 1) v R AR IR 0
Yty . DL SR, BVDV E™ E K
i BVD JE R T AR ANZ WA 1 44T 454
F, (AR R R IZPRE AT REAF A & T i b
AN Bz Ef T &SRR RGN, NEEE
SRR B AR R A5 R S ), S e
Rl , M AHH 426 B UM H(Chinese hamster
ovary, CHO)4H i EL% 3R 1k R 4l 4 BVDV E™
B AE PR AT EEYE, 7T Lk BVD B
UL PR TR S B 3 1 A B 0 B LA AR Bt
FE AR 2 4 . A R R e 5 SR Y BVD 3
PR TR W B 28 ¥ R E A, 40 i) R 4R PN LA A1
TEN E & #4110 BVDV 458 11 E™ 1 %y
JEE

1R

L1 EZMRFIRF
1.1.1 SRR a4

B 22 R E A B AR RO R B 22
BT SR s by, 2 E OB B 24
M BE W5 BT 552 36 3 ) 48 P 2 B3 2 4t v (i
‘5. LVRIAEC-2021-045).
112 FEiKH

BVDV-1 #1ifE#E ¥k NADL kk(Wg [ H [ 5 =
24y ity Mo T - v R R A A 0 e R DR B
). EAFRIREK pcDNA3.1(+). BVDV FHHE:
ML ARSI E R A7 ; ExpiCHO ik R 455
%5 . Unstained protein MW marker (26610) .
RT-PCR ¥ #13{5f & . 6xHis Tag Monoclonal
Antibody (HIS.HS8). Prestained protein MW marker
(26616) &% BCA [ f ik & . Alexa Fluor”
488 tRid By FHi R P H Thermo Fisher
Scientific /A7) ; KFZHrERAEW A GE A7,
RNA $2HGR T & F DNA B4t fb [ml a0 &34
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i H OMEGA 49171 PR\ 7] s Xho I Hind 111,
Sca I il Xho I BRI V1A B New England
Biolabs (NEB)Zs#l; KT (Escherichia coli)
DHS5o J8Az 40 F bt 2 X 4 AW H R ik
A B A A R R & 2 B R & W B
MACHEREY-NAGEL A#iH A RAF; ECL
BN EW H LA RAEYHEARE R
IS THEH 8 000-10 000 Da [ MD44 % Hr4it
F AR SR PR FRA AN,
1.1.3 EFENEF

A B (Bio-Rad) . A ALBR 40 i 15 5%
#f(Thermo-Fisher) . #2275 .0 #1(Thermo-
Fisher) . #§ T.{F &5 (Thermo-Fisher) . [H L 77
F(F¥g—1E). PCR ¥ 341 (Thermo-Fisher), %5
A Bk S A% A (GE) . HL F K ¥ (METTLER-
TOLEDO). 4lifb{Y(AKTA PURE 150), #Af##H
39696 i (Thermo-Fisher) . & 1% 41 i 1% 33
(Corning) . OB R L B (%5 (Leica) Ml PVDF
fE (Millipore).
1.2 EREYEEFSIMRIZKIT

%7% BVDV-1 bRtk NADL kR K 751
(GenBank % 35 : M31182.1), #Jf] SignalP 4.1
Server /il TMHMM Server v.2.0 &4 534 E™ & H
75 i 5 B DX SRS 5 K, FIIF NetNGlye-1.0 3k
P dT E™ ST MBSO 5 . A4 o B
5, Wit EM A EA mAARIB TR
1.3 EESIRY &

%7% BVDV-1 #riE BV NADL FREIEH 751

1 3IMER

Table 1 Primer information

(GenBank 3% . M31182.1), #it¥ 3 HK
G 1), IR RNA, DUHO R,
FIIF—257E RT-PCR ¥ 14 E™ & (1 RY L H B,
P12 K. 50 °C 30 min; 94 °C 2 min; 94 °C
30s, 60°C30s, 72°C (1 min/kb), 3t 30 MF
;5 72 °C 5 min, PCR & 347 W1l 1% B W
BERCHL VKA TS A, 4t fk DNAMY,
1.4 EFHFRERNWENEE

PR V) i Xho I F1 Hind III %
pcDNA3.1 ZAR A TG , Y B 4 Ak 244
B[Rl A BRI P D01 Xho © A1 Hind 1T 4
Ml 2lifb it EM JER R Bedb A gy, 4R )5 1A
stk DNA R B, ¥ alifelnliiery EM B B 54l
1L pcDNA3.1 24K B, f#if] T4 DNA %4%
W Hoe 2, 450 16 °C 12 h, KR4
FR WA DHS o B2 S AN IE T AL, Ak
i, PRBCRSEREREESR, ARG IR A Bk,
SRR E2H Ok A 44 9 pcDNA3.1-BVDV-E™;
FHl Sca 1 Fl Xho I X} 5 21 5kr E4 7 WU 46 ¢
W TE A G 264 T AR TR () B A Aa BR S ]
FRYC P45, PRUE B A9 SER 751 0 IE R G A
B PRI A 58 4 A
1.5 HJRWFIEFAL

4 ExpiCHO ik R 4057 S/ 1 B
+, B FEAF K pcDNA3.1-BVDV-E™ # 4t
ExpiCHO AL, 5% Y20 B i 35 35 55400
180 r/min, 32 °C. 5% CO, FNZJE 90%, EiFh;
R 12d )5, ORI TR O, B

Gene amplification The name of the primer Primer sequence (5'—3")

Segment length (bp)

ET ns Erns_F

CTTAAGCTTATGGAGACAGACACACTCCTGCTAT 516

GGGTACTGCTGCTCTGGGTTCCAGGTTCCACTGG
TGACGGTGGAGAAAACATAACACAG

Ems_R

AGACTCGAGTCAATGGTGATGGTGATGATGTAAT

ACATCACTTGCAGCTA

The sequence with bold font is the cleavage site sequence.
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O 4 000%g 10 min, SRJGANMIESE g
i1l SDS-PAGE %8/ RN G . X &0 5 B2
M B3, 28 0.22 um JEREIE, $HMH GE A RIEA
JEBTERAT AU 5 Ay s Ak I H AR R 1
PRR M SDS-PAGE % E4lifbi HArEH, I
1L BCA 8 112 R & H bR kg,
1.6 Western blotting

W a4k 5 19 B AR 2 R B e EOh 12%
)43 2 ¢ SDS-PAGE HLIK 43 &, S8 i FH~E 15X
HL 55 IR B AR 2 VP % 2 A PR 41 4 R i
b, fHEH/INEPT His-Tag FRa&eAve IR TIfudt
BVDV I3 N—4T, BRI ALY (horseradish
peroxidase, HRP)ARiC ¥ I FEHT/N BRI L EHT R
IgG i — i, X 4ifk i) BVDV E™ & 147 Western
blotting 43#7, WiH 5 ECL b &t R 4, &
Je 5 FH 85 43 S AR R G T B
1.7 B % % & % X X I (indirect
immunofluorescence, IFA)

Fiz B B0 B OR 4 ) 1B B T i 56 AL A X R
4 5 TEWOLIL R A0 % SR L 45 F MDBK 4
MLEATRE SR, Y AR R Y AR 1 2 B G B 00 2R
IHER B, 7RG EE 48 h 5, Kr 4 A fdi
PBS YU ; SR )5 4% 2 W A 2 R 251 T 1]
5E 10 min, PBS i 3 K, &K 5 min, —Pifd
B B Mg Puik, WBERE A 1:100, 78
4 °CZMTFWE 12 hy WHE G, FIXMA PBS
PR 3 WK, K S min, T BUiRMI A PBS i
Ft Alexa Fluor”™ 488 #ric i 111 A4t f 1gG FilAk,
Wi Bl 1:1 000, 37°C, H¥E 1h; PBS PR
3K, BK 5 min, A HROCEREIOL R
BEILERAN M P BET ER T
1.8 IIRECHIFAEN ) SR

PP BT HE A g I, R 810 JRliR:
WEPE (R FTPE 22 KA 6 H, {AH 2.0-2.5 kg,

&: 010-64807509

Y2, B3 H, A4S, pEaifbny
E™ &M, B4l x4, ey PBS. ¥aifb)s
) E™ 5 -5 S 30 X 58 e R ALk il A%
EW, RIGHATE IR . B IR SR
300 pg/H, AN E I Z R BIR
BRI 14 K, T ks, e i U
PEF B IR — B BRI g%
JG 0. 7, 14, 21, 28 d Ry4iL, ML .04
PRS0 B8 1035 DA FHU e
1.9 [8#% ELISA

SR FH 10 422 K B 92 W B9 i 562 (enzyme  linked
immunosorbent assay, ELISA)IK) 5 kX526 2H 1
Xof R Sl G i v EF R, S B i E™
E RS E . B 50 mmol/L BRFRER 2% ikl ks
4lifk i) BVDV-E™ % [1(50 ng/fL)f#F ELISA
bR, 4 cCIF R I - ARG T 1% IR 11
# H(bovine serum albumin, BSA) 37 °C, F}[]
2 ho FHIMTE R BB FE 1:2 000 Fi B 46 1075 s
INA SR AL, 100 pL/AL, FFAFEESIE 3 4
AL, 37 CHM TR 1 hy FHIMIER R
i 1:5 000 i B HRP #nic 1L FEdife 1gG Prik
JE ALY, 100 pL/AL, 37 °CH&M s
1 h, TMB &, &L 50 uL, &£ 10 min J5,
HIA 50 uL 2 R RSN, 152 ODyso (!
1.10 mEHPFIRE

W IE T 56 °CRYZK 4 H KT 30 min. B
— 96 fL#l, AN FBS 1)) DMEM 5 5 5L B 1ML
T, ESEIEESILINA 70 uL A FBS i DMEM,
TES—ATFL A3 BN 70 uL 35 Al A5 4G 10 775
TRAIEEC 70 pL ARKINAF—FL, 237 2 f5
FEEERRRE , BRI G —L, IR RAL3THE 70 uL,
BA MG FE SO 3 DAL, R EERD
o5 B 1) F 4 XoF JUEZHL 0 50 4 ol 48 i %) I 2 %o R
5 ol FH 99 35 40 BRIBCRE 95 75 76 BE 22 200 TCIDs,,

B<: cjb@im.ac.cn
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SR G SRS W I F IR 11 RRUR S, 37 °C
ZUFTIEE 1 h, EOREEAINE TR KRR
IR 2 W 2> 10 ~/FL MDBK 41 96 fL
B, 100 uL/AL, 37 °CHI 5% CO, i3t rh i35
48-72 h, M4 Reed-Muench J7 344 IfiL 35 14
B RAN
1.1 #HIESITISH

SEI6 K4/ 1 GraphPad Prism 8 #X R A,
IS H B8 1k GraphPad Prism 8 # 44 o B XA

2 EREG5M

2.1 E™EBSHMRIELT

i i SignalP 4.1 Serve B A4+43#7)5 , BVDV
E™ E AP IIAAAEE S IR(E 1A); fi ] TMHMM
Server v.2.0 {43 H )5, E™ & 13 51 Jo R X
(Kl 1B); f#iH NetNGlyc-1.0 #{4F4-¥1/5, E™
T IFAAE Z AL AL, 156 CHO 4 ff
KX EE1C). I, AT 514

1E H AR 1 B™ 2 2 3 il A5 5 K41
FRELuE A His-Tag, #K UK H BRAL AR (28 T 12
HE(E 1D),

i t RSB 1 one-way ANOVA T8, Fr Ay S8
P& x£s(n>3), P<0.05 h B EMER, P<0.01
J e B, KSR EESI R L,

A SignalP-4.1 prediction (euk networks): Sequence B TMHMM posterior probabilities for WEBSEQUENCE
1.2
1.0 —C-score 1.0
— S-score o
08l — Y-score £08
8 0.6 —Transmembrane — Inside —— Qutside
5 £ 04
2]
@ 0.4 0.2
0
021} 20 40 60 80 100 120 140 160
oo TN
GEN I TOWN LODNGT EG | ORAMFORGYNRSLHGIWPEKI CTGY PSHLATO | ELKT | HGMMOAS EKTNYTGC
5 = ‘ A 5 5 3 D (6 057) Sad 1
0 10 20 30 40 50 60 70 :
P t AmpR' = =
C osition 5 ‘\
. g . CMV enhancer|
NetNGlyc-1.0 /
N-linked glycosylation sites in human proteins

Name: Sequence Length: 228
GENITQWNLQDNGTEGIQRAMFQRGVNRSLHGIWPEKICTGYPSHLATDMELKATHGMMDASEKTNYTCCRLQRHEWNEH 80
GWCNWYNIEPWVLIMNRTQANLTEGQPPRECAVTCRYDRDNDINVYTQARDRPTLLTGCKKGKNFSFAGILMQGPCNFET 160
AASDYLFKEHDCTNYFQDTAHYLVDGMTNTVESARQGTAKLTTWLGRQLGILGKKLENESKTRFGAYA

N N,

5 e pcDNA3.1-BVDV-E™
Pl N R lgg 4 6 059 bp

SV40 poly(A) signal &

Hind 1M1 (1 369)
T+ Sig-peptide

i

(Threshold=0.5)

SeqName Position Potential Jury N-Glye F~ 6xHis
agreement  result Xho | (1 966)
Sequence 3 NITQ 07718 (9/9) 4 bGH poly(A) signal
Sequence 12 NGTE 0.7519 (9/9) . SV40 ori £
5 c 27 NRSL 0.6823 (9/9) -{VE\%' 1 P
66 NYTC 0.663 4 (9/9) .lgq,,'?.. ) A
Sequence 96 NRTQ 0.6750 (8/9) S e
Sequence 101 NLTE 05458 (7/9) :
Sequence 144 NFSF 04310 79 :
Sequence 218 NKSK 0.697 1 (9/9) SV40 promoter

1 BVDV-E™ ZAANTSREIRIT
Figure 1 Analysis and expression design of BVDV-E™. A: Analysis of E™ protein signal peptide sequence. B:
Analysis of E™ protein transmembrane region. C: Analysis of E™ protein glycosylation site. D: Diagram of
expression plasmid of BVDV-E™ protein.
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22 EM™ERERYYIE

RT-PCR 4" 34 4% L 25 1% 1R B ¢ P UK 248 2 (.
N, SRR R B /NR 500 bp A4, ST
1) H B4 KRR (A 2),
2.3 FHHRERMWNERE

P F 4] F kR pcDNA3.1-BVDV-E™
A Sca I #l Xho I JEA7 Y] %58, EM™ LA F
B R/ 7k 500 bp, Scal il Hind 11T 4437 15,
Z A IR - BER/NZY 1400 bp, R W)
JG PR T RN 1900 bp F1 4 000 bp Y 2 54%
S, Y IRONS B AT, KPR
1) E™ B BRI 2
@R H 0 BOS DAl A B 8k (1 3).
24 EMERMRIE. GURETE

XF BE SR A0 M A i B R e T
pcDNA3.1-BVDV-E™ fil pcDNA3.1 25 # K1) 41
MLRGF% FIH, IT DA S G AT An] JBORL Y 4 S 25
X} R, 7847 SDS-PAGE %5¢ , #4% pcDNA3.1-
BVDV-E™ JF ki (9 40l 55 35 35 7E 30 kDa A2 45
(B 2 48 157 Sk BT 7 )67 B A L8 3] e S5 v 2 1
i, BAKNSGHEISEAMTT(E 4A). %

bp M 1 2

2 RT-PCREERARELEE

Figure 2 Identification of gene fragments amplified
by RT-PCR. M: DL2000 DNA marker; Lane 1: PCR
product of E™ gene; Lane 2: Negative control.

&: 010-64807509

3 ERFREFRRHANEYIEE

Figure 3 Identification of recombinant expression
plasmid by double enzyme digestion. M: DL10000
DNA marker; Lane 1: Enzyme digestion products of
E™ expression plasmid; Lane 2: Undigested product
by enzyme of E™ expression plasmid.

Bpa M 1

_ 2 3

1 16.0—J "
66.2—
45.0—w

-
35.0—--
|
25.0—w= .

18.4—w-

Axpa M1 2 3

14.4—an

4 E™EBRIEA. 4{LHI SDS-PAGE 71
Figure 4 SDS-PAGE analysis of the expression and
purification of E™ protein. A: SDS-PAGE analysis of
the expression of E™ protein. M: Protein molecular
weight marker; Lane 1: Blank control; Lane 2:
Transfection with plasmid pcDNA3.1; Lane 3:
Transfection with plasmid pcDNA3.1-BVDV- E™. B:
SDS-PAGE analysis of E™ protein after purification. M:
Protein molecular weight marker; Lane 1: CHO cell
supernatant before binding with affinity chromatography
column; Lane 2: CHO cell supernatant after binding
with affinity chromatography column; Lane 3:
Elution sample.
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2P AE XTIk BVDV-E™ & I kA a4k,
RREA LHRLUES L, BEAESS
SDS-PAGE %7€ , 7£ 30 kDa /& 47 (41 (4 i 3k FlF /%)
o B AL SR B R S R AR, SN E
TE S HAAE, BCA B 1 i) Gl e sl Ak f5
E™ [ 19 E N 0.886 mg/mL (& 4B),

2.5 Western blotting £ &

LR L5 i BVDV-E™ HFRE [1REMS
5 His-Tag /240K (& 5, ¥kiE 2)F1 BVDV
PRI & A N (5, kiB 4), Z97E 30 kDa
(AR OET N SR o i
2.6 ZHAE %R R IR I (IFA)

G5O oR , BT B P I T DU S
K2 BVDV J&e MDBK 41l fid 7 4955 25 45 11
Fik, BB BB BSR40 PN A S (0 08
S, T BE 4 ARG B 4% (1 96 e (R 6). %45 R
SRARWFFE N 25 1) E™ 2 SR LT BEAR S
M5 BVDV B4 g N R IE A E™ R
ARV, BB E™ B RIFPUEME . &
P M R Sk

BVDV-

BVDV+

6 IFAXEHR
Figure 6

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

Identification of immunized serum by IFA.

5 4ifiis E™ EERREIES

Figure 5 Analysis of the E™ protein after purification
by Western blotting. M: Prestained protein molecular
weight marker; Lane 1 and lane 3: Transfection with
plasmid pcDNA3.1; Lane 2: Identification of the
purified E™ with anti-His-Tag monoclonal antibody
by Western blotting; Lane 4: Identification of
purified E™ with anti-BVDV serum by Western

blotting.
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2.7 MiFEHRIARKFE

(W42 ELISA &5 R, )5 7 d, Hial
iRl ESIES O e - NN 7o 1 2 N 2 K e - <Y =
7 d PriACE B E T, SRR RS R e S
28 d (&l 7A). ] CHO 2135351 E™ & 1 H
A RIFM SRR, P eEs 14 d M
28 d WY IILIE Zead — ZR 1 2 A5 46 B M RGN 1l 375
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Figure 7 Analysis of serum antibodies by iELISA.
A: Analysis of serum antibodies by indirect iELISA.
B: The detection of immunized serum titer by iELISA.
NC: The group of immunized by PBS. E™: The group
immunized with the purified E™ protein. ****;
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