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JB, A4 ELISA ik, MAZ 7 kst B ALY 2010-2017 464 BCoV & e #HAT fu i iRAT %
A&, [4£R]) % ELISA 7 i TAES&AF A A 50 mmol/L pH 9.6 2K BL 3 4F A LR, /R &A%
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Establishment and application of indirect ELISA for detection of
bovine coronavirus antibody

HU Lin-Jie® MENG Ye* ZHOU Yu-Long” JIAWei-Qiang ZHAI Hai-Rui WU Rui
HOU Xi-Ling

College of Animal Science and Technology, Heilongjiang Bayi Agricultural University, Daging,
Heilongjiang 163319, China

Abstract: [Background] Bovine coronavirus (BCoV) is one of the main causes of neonatal calf death, and
effective detection is the prerequisite to prevent and control the disease. [Objective] At present, BCoV
ELISA detection method has some defects, such as low sensitivity, instability and so on. This study aims to
improve these defections to establish indirect ELISA detection method. [Methods] The method of indirect
ELISA was established by using the soluble recombinant N protein of the epidemic BCoV-CD strain as an
antigen. The epitope of the N protein was predicted by DNAStar soft, and was prepared by prokaryotic
expression in the non-denatured condition. The seroepidemiological investigation of BCoV infection in
Heilongjiang province in recent 5 years was carried out by using this method. [Results] The optimum
working conditions of the ELISA method were as follows: the coating solution was 50 mmol/L pH
9.6 carbonate, and the antigen coating concentration was 2.5 pg/mL; The sample diluent was PBST, the
dilution concentration was 1 pg/mL, and incubated at 37 °C for 1.5 h; The dilution concentration of
HRP-labeled secondary antibody was 1:7 500, and incubated at 37 °C for 1.0 h; The blocked condition was
1% gelatin at 37 °C for 30 minutes. The negative-positive cut off value was 0.225. The method had no
cross-reaction with positive serum of bovine rotavirus, bovine viral diarrhea virus, bovine respiratory
syncytial body, bovine infectious rhinotracheitis, bovine parainfluenza virus type 3 and Escherichia coli.
The intra-and inter-assay coefficient of variation was less than 10%, and the coincident rate with virus
neutralization test was 93.5%. The results showed that the positive rate of BCoV antibody was 98.84% in
603 serum samples of cows in some areas of Heilongjiang Province. [Conclusion] The ELISA method
established in this study has strong specificity, high sensitivity and good stability, which provides a
technical basis for the further development of ELISA kit.

Keywords: Bovine coronavirus, Nucleocapsid protein, ELISA, Epidemiology
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BRI M, ARG N, P88 S, /NEEH
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I . RT-PCR #1 RT-qPCR £, AR JLA 5 B:w]
LIXt BCoV AT R HIZWr, (HIkET H A &,
XTHERAE N B BESRAESES , RidE T2R 5 K e o9
ELISA 5 fERifE, AT 2Rkt s, &
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ROAERPUR , 5N TR LRI E AR
H, R SRS T 2liAb A5 2155 A BT (A3
PEEE M, 255 SHUIRSS &, 87 0 7 s s B
FRoE MBIy, T — DR AR E B ELISA 21
Rl &, —4£FEE T BCoV KilllE A, i BCoV
SIS AW AR T A R A AR T ROR ORI, S B
£ BCoV &4t 1A & ry A T+ B .

1 MRS
1.1 ##
111 FwEEAMLE

BCOV-CD 4 &5 Bk H1 A< S 06 % 43 1 45 0 B I
A0 BRAEBI PRI | FRAEFAVE L . R 3
HI(BPIV3), 44K (BRV) . 2F I3t 4 A
W EE(BRSV) . AL etk S RAGEE(IBRV) . 4R
S BT B VS - K RS (BVDV) . KA (E. coli)fH
P I 24 P BB VTN — AR B 2 AL Y i 5% 5 il
%{%ﬁ[l,ll»ﬁ] .
112 FERXFIFLEE

ELISA #Jlg B Costar A FRAH; WASFLIE A
BD /A #l; SDS-PAGE #E Ml il s :H &1 0 H R E
25wl TMB. i 38 K H iR 34k [ 43 i 4k
PCR 1. PTHEMEAY . 4 A sht e 1% R 5e f i
¥R} Bio-Rad 77 i
1.1.3 SRt 5&K

H) Fl DNAStar & {4 %} BCoV-CD Fitk n £ Rt
JEFALHEAT I, {4 ] Premier 5.0 #4531 n 2
Ry 18519, 519551 A Sal | Fil BamH | )47
A, FURFS) . F. 5-GGATCCGATCAGTCCGACC
AATCTAG-3'; R: 5-GTCGACAGGGCTCATCCAT
CTTCTTA-3'.,
1.14 IR NAER

Il RFEAEA IR 28 2007-2017 4R EE I
FERAR IS, FARME B 1.
1.2 BCoV [8)#% ELISA i RRYHI &
121 N EHEZFRIEFAMBEFRIE

L BCoV-CD 43 & #i k) cDNA it , i
PCR f#i [ n L HY 1519 4% H iy A Bt , PCR

x1 MEFEARERER

Table 1  Source information of serum samples

Area Quantity
/K Harbin 30
FF55A /K Qigihar 90
XG94 Jixi 50
%) Hegang 30
XU 111 Shuangyashan 30
KK Daging 60
R4 Yichun 71
AT Jiamusi 62
A1 Qitaihe 30
HFHT Mudanjiang 60
SB[ Heihe 60
224k Suihua 30

A% (25 pL): Quick Taq HS DyeMix (2x) 12.5 uL,
. F#EBI44(12.5 pmol/L) 1 L, cDNA2.0 uL,
ddH,0 8.5 uL. PCR [ 454 : 94 °C 5 min; 94 °C
50s, 56 °C50s, 72 °C 1min, 35/ME#; 72 °C
10 min, HAEYH BN 1241 bp, % pMD18-T-N
kL, KPR BRL S pET-32a(+) 2818 2k 4k 5] i
BamH | F1 Sal | #E47 XU, B (A1 5L D AL 14
i) pET-32a #5044, F| ] T4 DNA %425 L =
KT BL2L(DE3)E 2 A 40 i b 47375 45k
YOE . RIS R E A AR, 300 V BRIGES
10 s, 75 6 U IR W TR GE 1 SDS-PAGE H
TKHEAT AT 24T
122 BHEAWMEERTWK

L Anti-His-Tag . st BEHLIARN —$T, Xk
A E 3T Western blotting %5 . &84 CTB
His-Binding-resin £ AE Ui B A5 e IR AR M 45 4 S AT
HwAHE P4l
1.3 BCoV [@3#% ELISA £k
131 MESHEXHRFERBRKENRL

AL BB, Y% 50 mmol/L pH 9.6 YRR R ER
229 (CBS) . 50 mmol/L pH 7.6 1) Tris h 8% v
W (TBS). 10 mmol/L pH 7.6 Hy#HE £h 5% vk (PBS)
Vet uiw, R 2.5, 5.0, 7.5 F110.0 pg/mL 1)
PR A0 1, e 37 °C AL (1.0 h F12.0 h) .4 °C
7. 37 °C A (1.0 h fil 2.0 h)J5 4 °C K5
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NI T, BCoV AnifERH R . BRI
fﬁ%ﬂ” 1:50, 1:100. 1:200 A7 Rs, R4 4 Ik
HHE,
132 ZHEMERNEERTL
35 R A 5% Mg FL . 1% BSA . PBS.
1% BSA+5004L2F 1M . PBST XfhrufERHTE: . BAM:
MEHETH R, % HRP fpic E¥id: 19G &8
1:2500. 1:5000, 1:7 500, 1:10 000 f)Hf B JE4TH5
o HEHL 1%PH I . 5%HIL . 5%/BAEFL . 1% BSA.
10%BEA- ML 1V R B PR, R 4 REXE .

1.4 [APRMEIERERHE

KA A1) 32 ELISA J5 14} 24 4y 2955 85 vh
FAIEAE L %) BCoV FHYEIM & FEA A, R4y
MLIEFE S Z Y E 2 A {WEOD450, BB UR/AS=Y
THEFAYEREIPE R IR AUE, ImAE=X+3SD, Y4fF
KEFE i ) ODgso>X+3SD B, FlE MFHM:; S5k
FEA ) ODyso<X+3SD B}, HE MM HRpkafe
Al ) ODaso=X+3SD i, 5 Hy il e,

15 RXRE. FEaF. EEHRKE
151 RXKAERE

KAL) ELISA J7 kel % 4% S22

%17 BRSV. BRV. IBRV. BPIV3. BVDV #i

4 RESE, [FIfi BCoV FrifERHME M B i

7S AT REFL, B8 % R AR AE RS U o
152 FEERRW

F 9 25 R AR IR R A 7 M) 4 ELISA JF
Xt 40 35EL BCoV YL A A TR AR Sh EA T4
. M8 ODyso [EHHIERE S BABHYE, BEiZ kY
9 5 HP RIS AR
153 EEEMHiRAWE

BEALPRE 5 ABE L EL Tt Py An At ) 5 A
IR HEA R EX) . ARIEZE (SD)FIZL 5+ &
¥ (CV).

1.6 EHIZ BCoV MERITHRFATER

KA ELISA Jriix} 20102017 4F 7] B )y
VLA ANFEHLIX 603 1734 ML 38 DA RGN, I8 He i

BH PR
2 GRS H

2.1 BCoV N &BEZFTIEHKRIMEIFRIX
Fay g ) pMD18-T-N Jiiki 2t Sal | #1 BamH 1 %X
BV, 28 1%5ERcHL K B 1 241 bp Fi1 2 692 bp
FW, 51 E R B3, TLE 1A,
4 F R A TR pET-32a-N J1] Sal | #1 BamH | i

E. coli % 6 FPBHMEIMLIE A TR, AR T TrRUERDISE e, 45 RE/RTE 1 241 bp #1 5 900 bp
B C
bp MI 1 2 M2 bp bp Ml 2 M2 bp kb M | 2 3 kD
4000 4000 66.2 66
2 000 2000 2000  43.0
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20.1

14.4

250
100

250

E 1 BCoVN ZHHEHKIX

Figure 1 Recombinant expression of BCoV N protein

. A: pMD18-T-N B A RUiEY] %5 ; M1: DL2000 DNA Marker; 1: BamH I+Sal | SUE§I ™41, 2 692 bp/1 241 bp; 2.
A BRI IR, B: pET-32a-N FIA A XEHT % 52 ; M1: DL10000 DNA Marker; 1: BamH I+Sal | XU ™4, 5900 bp/1 241 bp;
2: A FORIX G4 ; M2: DL2000 DNA Marker. C: #41 N 2[4 SDS-PAGE %4 K il #4047 5 M : {IRARRT 47 it it 4 11 Marker;;
1. RiFESH pET-32a-N; 2. UljE; 3: Eif.

Note: A: Identification of pMD18-T-N Clone Vector by double Enzymatic digestion; M1: DL2000 DNA Marker; 1: BamH 1+Sal | double
digestion product, 2 692 bp/1 241 bp; 2: Plasmid control; M2: DL10000 DNA Marker. B: Identification of pET-32a-N expression vector
by double enzymatic digestion; M1: DL10000 DNA Marker; 1: BamH I+Sal | double digestion product; 2: Plasmid control; M2: DL2000

DNA Marker. C: Identification and soluble analysis of recombinant N protein by SDS-PAGE; M: Low molecular weight protein marker;
1: Uninduced pET-32a-N; 2: Precipitate; 3: Supernatant.
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b BT, o3 S AR H A Rh—3K,
Ul BA IR TR T, Wi 1B iR, XA
(A TRV L 3 PR TTTUE i SDS-PAGE BEME 74T,
SEIBR FIEFDTTE SR B TR/ N2 66 kD
Hra, RUZaEGEOFErEERE, I
K 1C,
2.2 E4HBCoV N ZE HH#YJ Western blotting £
Atk

Western blotting 45 it /R 4 [ 7EZY 66 kD Ak
AR SRR BN 128 2T BE AR B, DL 2A,
4502 W] BCoV N & FIERIGFF R il & 3Rk . @
PHEATAE B ARG R ARAT TR B T, R
WA 200 mmol/L B AR & AE, WKl 2B,
2.3 BCoV [8)#Z ELISA &k
231 MEGHEGRHESBRRENRL

i [l 3A il 3B 1] S Bk i £k (CB S) 2% ik /F
AR, FE 37 °CAI#E 1.0 h i, P/IN K,
R, 1 3C F1 3D RIAT, MH0IR AL HE
WeBE A 2.5 pg/mL RCR AT, B SR UEAT 1:50 F Bt
PIN fE K, FEMFRRACR Rt
232 ZHIUKE. #ABBREHAFZEMRL

HE 4 AT, 24 HRP dRicEhih 19G 7

1.7 500, FHASMHN 1% ke 0.5 h, HEA
T PRI E$% PBST i}, PN {E#5c/, ELISA JZJW%k
e fE.
2.4 [AMRIGFRERTHE

24 fiy BCoV MIPEIMIFHFE L ODaso “F-34{H N
0.168, #r#fEZ N 0.019, ARHEA A BA FHIG 7
fH X+3SD=0.225, [HUILFFRIHFENL ODas>0.225
FAME, TRRGFESL ODuso<0.225 I IHME, Tribke
il ODys0=0.225 A 5E .
25 RXEMN. EEH. FEXRRR
251 XA

K RAAL B3 ELISA J5 HER 5256 35 (R A7 Y
BCoV. BRV. BRSV. BVDV. IBRV, BPIV3 #iI
E. coli Yy BHME: M IR HEA 74 I, 45 SRR W 7 Aty Sl
J5¥:5 BRV. BRSV., BVDV. IBRV. BPIV3 #i
E. coli HUIRTCA U N, FEstk RAT, W3 2.
252 EEMRKK

BEHLRIE 5 ASFE S HE THE P At ) 32 2 1A
HE P R 178 S5 R A 8.97%, HIL1AI & il ks
SERBCN 4.24%, H/NT 10%, 150 B A7 RN
BEEIEREE, SR IE 3,

B2 EHEEAMEERAUER

Figure 2 The results of identification and purification of recombinant protein

¥: A: Western blotting 24558 ; M. RAIX > T FiE & A Marker; 1. 2: 55AY pET-32a-N T4 ; 3: pET-32a 25 414X 1A,
B: E4 N HHALILER; M: RAX s A Marker; 1. BRDIIE; 2: W _ET; 3-8: PRMEMKEE/r5124 20, 50, 100,
150, 200, 250 mmol/L.

Note: A: Western blotting identification of recombinant N protein; M: Low molecular weight protein marker; 1, 2: Induced recombinant
E. coli including pET-32a-N; 3: Negative control. B: Purification of recombinant N protein; M: Low molecular weight protein marker; 1:
Precipitate; 2: Supernatant; 3—8: Imidazole concentration of 20 mmol/L, 50 mmol/L, 100 mmol/L, 150 mmol/L, 200 mmol/L, 250 mmol/L.
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B3 MESHFUHRERERRENMLER
Figure 3 The results of optimal conditions of antigen coating and sample dilution concentration
TE: A Gt B: GBAIHUI(B1-BS Fon #4403 37°C 1h, 37°C2h, 4°Cilf, 37°C1h4°C ik,
37°C2h4°Cid); C: WM ENAL(ug/mL); D: FESHEIF B AL,
Note: A: Optimization of coating buffer; B: Optimization of coating conditions (B1-B5 indicates that the coating conditions are 37 °C
1h,37°C2h, 4°Covernight, 37 °C 1 h 4 °C overnight, 37 °C 2 h 4 °C overnight); C: Optimization of the antigen coating concentration
(ng/mL); D: Optimization of sample dilution concentration.
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1004824 1M0375); C: EEARFAIYEAL; D: ARSH BRI EIL(D1-D5 23 B2 H B 7 5% ifsF. . 1% BSA. PBS. 1% BSA+5%

1% . PBST).
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Figure 4 Optimization of concentration of horseradish peroxidase
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labeled second antibody, blocking conditions and

Note : A: Optimization of dilution of Sheep Anti-Bovine IgG with HRP marker; B: Optimization of the type of blocking solution (B1-B5
indicates that the types of coating solution are 1% gelatin, 5% gelatin, 5% skim milk, 1% BSA, 10% calf serum, respectively); C:
Optimization of blocking time optimization; D: Optimization of the type of sample diluent (D1-D5 indicates that the diluents are 5%

skim milk, 1%

BSA, PBS, 1% BSA and 5% serum, PBST).
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253 FFEMHIRE

IO FF 2 H RGN 3T (Y (] % ELISA ik
435t 40 3 BEML) BCoV YL Ay A ML 35 A S lb A T4
W FEREEP ARG, 31 rRES R E R A
oA BAME: ; ZEM)HE ELISA J5 1 29 ke S Bl &
JBAYE, S5 LR 4.
26 EH;I& BCoV MiERITHRFAELE

KRG (R a1 42 ELISA 5 vk X BB R V144
603 {7314 K0y ML 375 1204 4G, 2485 SR Ay 596 14y BH M 1L 75
7 yBAYEINT , BCoV HIBHYEZR A 98.84% . 45 Hi X
(1) BAPE 2530 R 557 A 7K 97.78%, A7 98%, K
P 98.83%, 41 FHT 96.67%, 24k 96.67%, HAxHb
IX 1 BAE 268 R 100%.

FT2 EEFEELISA TEXXYRNREER

Table 2 Indirect ELISA method specific test results
Sample ODu4so P/N Result
BCoV 1.134 5.040 +

BRSV 0.162 0.720 =

BRV 0.153 0.680 =

BPIV3 0.143 0.636 =

BVDV 0.147 0.653 =

IBRV 0.179 0.796 -

E. coli 0.168 0.747 =

Note: +: Positive; —: Negative.

%3 [EEELISA FZESHIREER
Table 3 The results of indirect ELISA method repeatability
test

Sample Inter-batch repetition Intra-batch repetition

X +SD CV (%) X +SD CV (%)

0.427+0.018 4.24
0.090+0.004 4.22
1.336+0.049 3.64
1.193+0.049 4.10
1.294+0.031 2.42

0.398+0.025 6.38
0.088+0.008 8.97
1.287+0.400 3.10
1.168+0.037 3.18
1.211+0.054 4.49

a b wnN e

%4 [EEELISA FESREPREFEHERRLER
Table 4 The coincidence test results of between indirect
ELISA method and virus neutralization test

Virus neutralization test Indirect ELISA method

+ = Total
+ 29 2 31
= 0 9 9
Total 29 11 40
Sensitivity (%) 93.5 (29/31)
Specificity (%) 100 (9/9)
Coincidence rate (%) 95 (38/40)

Note: +: Positive; —: Negative.

3 WiES®

JEE B A e A R E I BRR . —, TS &
A RIS GO R R, 1 AR LA A &
TSR e k. BRV., BCoV., 7 ids ZMEk
Ji7 FF T (K99) Fl B f6 - i S5 R 5 iR B AR VS 1y &
By L0181 BRV Ml BCoV 7 th 4% [ (i 2 i vh
Tz AEHE, M BCoV [ R A MR AR T
BRVE2 35 BCoV RN i AR Z , H2
REAE G REFEA PRI, 11 ELISA J5 i
AT LR AR 3R G

ARG FH 24 13 B (9 34 5 87 & BCoV-CD 3
DR ZH A AR 5155 n (8], i o SR ek AR A5 vl
PR FIYER ELISA $itls, @ ki &1
MHTE N BCoV BT TR IR . A g
S EE ELISA J5 12 5% WY A= 1B V55 )50 BRV
BVDV K AT 1 45 BV il 3 Josg SO s, i H.
5 R AR AT Ak B 95%, BEITA kTS
PLHFIGIRIZ W R AARIGE 7 WA EE: ELISA
Tk, XF 603 1y 5250 % SR AL IR AE I A ML T 64 T
o, Ioe BT BCoV WAThriidr, 44
R, BCoV MLy BHYEZR E ik 98.84%, /™%l
DX PR AT 35 100%. F DA XA SCEE A6 1 R A%
# 65.23% W] . TF 0, AT RE T Y AT A L SR A
PRI, WFRE A, ff BCoV 154 m XK
st BCoV BRYL AR FECAIN”,
(5o | o A | W N W B o 3 -
X, fUTHFs R, BCoV e TR Rk,
YR KA B RS SRR, W ORI EE AR A
KA E P,

ARG HE T 0 6] 45 ELISA J5 B AMUECKRL S T
A, W E ARG, BT AR e | U
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