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YERITIHERE 5% S &R H[8)3Z ELISA
PR R RS

ERE", HTE" L AV, RER?, HERY P AV
(L PR S Besebe, DI AR 6111305
2. SR S NSRRI B S, I R 611130)

FE: [ {0 ] @ s ie g AT TS EE (PEDV) . [ 71k ] LUFRRZIAN PEDV S B H N
FIREPIR, BT R AU IAIBE ELISA HUKEINJ5 3 . PCR §73 PEDV S JEKIFAar & R SJ, 4ifb % Jq vl
FERIBEE pET-32a (+), MBEELAFHR pET-32a (H)-S/, BAEAZBET RS aifbEER, MEE AR T
B, UHChPUEa AR Pifk ELISA OB &, sy Fikhoie st . RN £56 M &I R AT
flio [ #55F ] R RIAM) PEDV S EHZAN 35 ku, FREWE N 1.145 mg/mL., Western-blot %5 HELAH RIFH
TR, DAHAE S i R ST 1Y PEDV (]2 ELISA HuAGi J7 ¥4 % PEDV MM N B E, BA R4t
R4S, P AL A T A MRS B2 B BB/ T 6%, I HIZ 7 v 0t R G 0 i 485 SR 455 v B A ) % B
FFEEN96.67%. [ 45t ] RS RL, EEMS, ML, " TIEIR PEDV M oA L &
PEDV A =R M, XA B Wi A S8 X

FEEIE): AT IS EEE; S B SEENE; [AEE ELISA

hES2S: S 855.3 RAPRESRD: A XEHE: 1004-390X (2021) 02—0235-06

Establishment of an Indirect ELISA Method for
Porcine Eepidemic Diarrhea Virus S Protein

JIANG Ruijiao', JIANG Zirui', WANG Yin"?, YAO Xueping'?, YANG Zexiao?, LUO Yan'"’

(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China;
2. Key Laboratory of Animal Disease and Human Health of Sichuan Province, Chengdu 611130, China)

Abstract: [ Purpose ] To establish a rapid and accurate method for the detection of Porcine epidem-
ic diarrhea virus (PEDV). [ Method ] We established an efficient and specific indirect ELISA meth-
od based on the PEDV § protein. The PEDV § gene was amplified by PCR and designated as SJ.
After purification and identification, it was cloned into the expression vector pET-32a (+) to construct
the recombinant plasmid pET-32a (+)-SJ. After the recombinant protein was induced, purified and
identified, the protein concentration was determined. Then the antigen was coated on the plate to op-
timize the ELISA reaction conditions. At last, specificity, repeatability, conformity and clinical applic-
ation of the established method were evaluated. [ Results] The S protein expressed in prokaryotes
was about 35 ku, and the concentration was 1.145 mg/mL. It was identified by Western-blot as hav-
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ing good reactivity. The PEDV indirect ELISA method used S protein as the coated antigen and only

detected positive PEDV serum, showing good specificity. The variation coefficients of both intra-

batch and inter-batch repeatability tests were less than 6%. The coincidence rate between the test res-

ults of clinical samples and the commercial test results was 96.67%. [ Conclusion ] This method has

good specificity, high repeatability and low cost, and can be used for clinical PEDV serum antibody

detection and PEDV epidemiological monitoring, which is of great significance for the prevention of

this disease.

Keywords: porcine epidemic diarrhea; S protein; Western-blot; indirect ELISA

¥R AT B Y5 (porcine epidemic diarrhea,
PED) & H J#& Wit 17 1 I8 V5 9 B¢ (Porcine epidemic
diarrhea virus, PEDV) 5|1 —Fp BA = AL %
PERITHAL RGP, IR FEZRIA 2w
. MK KRR IR VS SERE RN 1200 n] R e 254
B, BT R Y Y, DA
W AEEY, IR L, PEDV nJ 55550t i
(Porcine rotavirus, PRV). ¥4 [A ¥ 9% B¢ (Porcine
circovirus, PCV) S5 HAbRFER ALY, AT
B o SETETR ORI 5 R R A 208 . LT
HOAR AT R B, 0] ] R PR 45 3 ™ E T
Y4 BRI BT B R 23R R Y,

SH: & PEDV F 2 W Ht i e H A,
4152 nt . mAHIE IR S 1 JE T 1 BURE R
H, 1383 PN EMRAH ST X (1~789 aa) il
S2 [X (790~1383 aa)], j& PEDV FZEHUHHEH .
HARIRTERME . SARZEREE. Fo%
S B BT A RS A AR AR
FHES, ST & ZAPUR R MZARES G5, 2
SHEMEZEMINFEX ; S2 KBS, ZIX I
P 5 55 1 20 MR S ELARXHR RS, R
TIREERIRGLRE M, AW R T X PEDV 43
BT 2L AP (GenBank 5 . MK
702008), &I S1 DBl ALK A T 2 Al A 5 ik
&K, XATRES KK 5 ZAREE 5 0%, it
XS AT T, IS B PR E R A
PEPLIIX 2 DU EE R Y  Bolb T s F ks,
I Z s, o rs . EREM.
S5 RERR A% ELISA HUARKIN 52, sk
ThUs A R Rl E [E R T PEDV 2T

1 MR5RZ%

1.1 FFk. Bk ME
PEDV & #% . 3¢ % 2 {& pMD-19T (simple) .

FIRF MK pET-32a (+). KB DH5a A1 BL21
(DE3) 2 fy DU 1 A lh K27 Bl 52 9 38 O/ AE 5 A%
MBI R EE (TGEV) ., A1/ NMwEEE (PPV)., ¥
AP EE (PCV). ST (CSFV). FEZaH 50
WY 55 45 45 1iE 6 7 (PRRSV). 3% D IF K% 75
(PRV) H1 PEDV FH 1 ifn 3 347 Hhy D 1Rl R 27 Bl
1.2 FEEKH)

ok HEEGAF & Plasmid Mini Kit ) H Omega
/vy ) ; DNA Marker, &6l & . & H KT
Marker(20~120 ku), T4 DNA % % fiff fil IPTG ¥
WA KEFEAEY TEARAR,; ECL &G &
i) H % [E Thermo 23 Fl; Ni-Agarose His Fr2 8 H
afi fb iR G | A R o 2 A YRR R A
Al; BCA B e s &3 A A T4
Y TAA AT, HRP (AR ALY ARic i)
FPUIE 1gG AN IS B LA T A TRA
FRA T FEATYERE TS PR A TR & F BRI
Mgkl AE Y HARA IR AW,
1.3 5T Ak

I S1 5 82 X [RI4T Ji e 4 X IR i 47
B &It 1 g S A BRI U
BamH 1 1 Hind MEGEYIAL 5005 1905551 AL
B, (2 LA TAY TREARAFRSN, 519
FEIE 1,
1.4 HIEERE SR Y 1Y % @ K& & 4 )i kL pET-
32a (+)-SJ [Fk)EE

LW B bR SNI-P ) RNA, #3554 cDNA,
Pl cDNA AR F 549 (SNI-F Fil SNI-R) #E47
PCR #'3%, /1% ST 5K, B4R : 94 °C 5min;
94 C30s. 57 C30s, 72 C45s, 34 MEH;
72 °C 10 min, PCR ¥ alififk 5 5 pMD-19T
(simple) 2K 16 C EHA K, LB KGATE
DH5a 1, $2EUTURZ: BamH 1 1 Hind T 1) %
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Tab. 1 The primer sequences

5|49 primer 5% 5 (5'—3") sequence (5'—3") FEHIR7IMbp products size
SNIJ-F CGGGATCCGTTTATTCTGTCACGCCA 3
15
SNJ-R CCGGTCGAGCTGTAAATATTCTGTTCTAATACTC

VE: TR NIR A
Note: The underlines represent the restriction sites.
SEJE, B S0 uL B PN 2 0.8% Bl ke
ATk Ay B, A efR R ST H B A B,
5E % % R A Bk pET-32a (+), #4441 Tk
pET-32a (+)-S/,
1.5 HAEAMFE. itk 4w

W 45 8 IE i 1Y B 41 3R 3k Uk pET-32a (4)-
SJ 5 pET-32a (+) 25 #4012 KT BL21
(DE3) 1, KiFR =W ODggg i [EAE 0.6~0.8 2247
I, WRANZLHEH 0.4~1.2 mmol/L 1 IPTG, 4k
ZLif AR 2~7 h (A A2 s B vk AT IR
1k). HHIHE H SJ A Ni-Agarose-Resin JZ M7+ 4l
ft., %4 SDS-PAGE HLJkJ5, H#EPZ NC B, DL
¥ PEDV BHM: MG M —3T, AR A LR (HRP)
FRICHIEUREYUAR S — BT, #4T Western-blot 43
Mrisse . (1A BCA H A s 50) & 0 o 4l
A 2 AR VR
1.6 [H]4% ELISA HuAfar il 77 v 1) 5 37 Je I i 5%
GRioky e

KA SR T E . Faifkry PEDV ST
FA . BB I35 406 B A LU AR RS, B BT
BB RV BT | e LT R B N e AR B AR BT I
Wi BERE . 4lifk iy PEDV ST & 40 9I4E 1 : 1000,
1:500, 1:250, 1: 12511 :62.5 #i#; PEDV
BEV P i 375 RN B 35 43 4 12 100, 1: 80, 1 -
40, 1:20F0 1 : 10 Fikg, BEARHULIARIE 1: 4000,
1:3000, 1:2000F11 : 1000 Fike, ##5H ELL-
SA JriEEAE, MEIC % ODysoom 16, T P/N
8, WEREMBERE, JFEXEEM . SR
Jeitla] et R T s — Ak, B S R g
%A
1.7 FRAENG S AR

Fie EL A7 1) ELISA J7 42 20 {7 PEDV [H
PRI, T TFIE (X) SR 22 (SD). R
5 58 2F I B4y BT, ODysg o 18 = X+3SD I,
TE 99.9% M Geit 2z 7K - LBV AT A S PHA s I
2, 24 ODys o TH<X+3SD I, A R BIYE .
1.8 FrR ke, HEE MG &R

FHC #8571y 6] 4% ELISA HiAR M7,

M 5256 % R 47 /9 PPV, PRV, TGEV. PRRSV.
PCV Fl CSFV FAPEINTE . H 07 Mgt 3 MHE,
FFix 7. PEDV B I I8 01 FH-PA: 10 385 4 A% iR
iE ODys50 nm 18, i‘]‘%ﬁﬂzﬁj{ﬁ, ) % 137 BH BH I
DA A2 7 ik B R S

HANEL . PEH 3 1 PEDV AFEIFLIAKE K
FEMIE , TE[F—FEEE T4 ELISA HuiAksiliak
5, ARG ER 3K, MAE ODysoum H, 43571
THE 3 AR 1175 ODyso nn TEIMTF-ME . FRUfETT 25 12
AR FRE MO . BEH 3 AN s ] A 11
Mgkt , 3 4y PEDV ANEHUAK RIS, 16
AR I 7E ODyso nm 18, 43 5ITHE: 3 3103
PIE . bnifETr 25 5 S R A

BEBLLEE 30 13 103 , 43 FHEE 7 /Y ELISA
T S ERRF IR A TP IR S PR A T3] 6 [ s
PEATRGI, LA AR
1.9 IERMH

RVESIZ T ARG R R A E, RAENY
JI1 6 N HE3 120 4y ME HEATRI, U AE ODyso am
8, SeitPHER %,

2 BRESH

2.1 ST FEDH Y 1G K 52 Rk SR IR 4

P73 B Bk SNI-P Y cDNA 1E J #5547 1 35
BEMIERAE SI, FBK/ANH 315 bp (Kl 1a), 1]
W H i &, FEEE 41 OB pMD-19T-SJ, fifi
PeYI il BamH 1 F1 Hind T 17 L) % 2 (K 1b)
552692 5 315bp 2 S5 Br, STHIMST.
ity 1) 7™ ) o R 28 % R A 4 4 TR pET-32a
(+)-SJ, FHAHIF] 2 FPRDImEAEE S5 6 196 1315 bp
2 5555 HIUINSE ALY . S UR% B AR T
A TR A A RS /10, I 45 R o b %
HH E 4] TR A AR A
22 HAEAMYSE KRIEL

pMD-19T-SJ #1451/ £ IPTG 5 3Kk )5,
JHl SDS-PAGE #7555, Z5RT/R: EARME
R BIAE 35 1 24.8 ku L TR SR 1 A
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(Kl 2a), SHUEAFAST, REAMDIFER STHRMH., K
H Ni-Agarose-Resin JZ2 #T# 4 {b & FH, Western-
blot 53R B/R: IFFRIBVEHEA LIS PEDV

a) Ml 1 2

2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

315 bp

PR I 7% A LR e et sy, RITEHEHREAR
YR BB (B 2b), I 045 B 20 4 1 o vk R
A 1.145 mg/mL,

b) M2 3

4500 bp

3000 bp 2692 bp

2000 bp

1200 bp

300 bp

500 bp

315 bp

200 bp

{E: MI. Marker DL 2000; 1. SJFEH Y34 R Be; 2. BTG M2. Marker DL4500; 3. T2 FOROUUI4EE o
Note: M1. Marker DL 2000; 1. the amplification fragment of SJ gene; 2. negative control; M2. Marker DL 4500; 3. double enzyme digestion of recombin-

ant plasmid.

1 SJEFEREBR K pMD-19T-SJ ME) 4 & ik E
Fig. 1 Amplification of SJ gene fragment and pMD-19T-SJ double enzyme digestion identification

M 1 2 3 4

120 ku
85 ku

50 ku

35ku
25 ku
20 ku

6 7 8 9 10

35ku

24.8 ku

¥: a) SDS-PAGE: M. Hil:® 4 Marker (20~120 ku); 1. & #iAT; 2. SHAES: 3. FHEAET; 4 BARAKET; 5. 6. EHEK;
7RIS 8. 2ifLHET; b) Western-blot: 9. AKEIES; 10. FHAES.

Note: a). SDS-PAGE: M. protein molecular weight Marker (20-120 ku); 1. the induced empty vector; 2. the uninduced empty vector; 3. the induced connec-
tion vector; 4. the uninduced connection vector; 5, 6. protein in fluid flow; 7. protein washing liquid; 8. protein elution; b) Western-blot: 9. the induced tar-

get protein; 10. the induced empty vector.

B2 =4 SJ EH SDS-PAGE 1K Western-blot 5347
Fig. 2 Expression of the target protein and Western-blot

2.3 PEDVS HE A0 ELISA SRR 5218 r
2.3.1 FeAE R E

KSR S8, € T SRR
FAF: BURFBASECH 11 125 (9.16 pg/mL),
L 100 uL 4 °C 337K 37 C 95 | h A7k,
5% BSA il 0.1% A4 78 —2037 °C £} 4] 75 min,
AR I A RS RO 12 40, 1 : 1000 BEHRALA
I5E 45 min, YIS AHHE D 10 min, B4 fll
S5 R

2.3.2 [H]4 ELISA At 77 2% im A 1 €

F T T Y] ELISA FrAbmi 75 a4 20
BRI, T ODysom FHIE (X) 4 0.2011,
PRI 2% (SD) 4 0.041, #R4E X+3SD 1143 Hillfs 5
403241, itk 0.324, MFEAR ODysgpm=0.324
BF L R BEE 5 D0 R B
2.3.3 KRk

FH A ST 18] 42 ELISA Bl 73, Kl
RE =471 PPV, PRV, TGEV, PRRSV., PCV



%2

LRE, . HRATHEERTE S A3 ELISA HUAK N i i gy 239

F1 CSFV FHPEIM , 157 PEDV B M3 A FH
PEMTEVE TR, RI2E R0 2 R B PEDV
FHPE I35 1, ODyso nm 1EY/N T 0.324, FlE R
B o e TF B 57 9 ) $2 ELISA S A il 77
PR E R AT

234 HEMERAK

TEHL 3 47 PEDV /A [a] Bt 44 7K ~F- 14 % 135
AT EE K, AN SR E R R A 5 R
TE 1.23%~5.84% Z [1] (& 3). X0 UFHH & 37 /Y 1]
% ELISA BTN 7 vk 2 1 R AT

z2 HRREER
Tab. 2 Specificity of indirect ELISA

TiH item PPV PRV TGEV PRRSV

PCV CSFV

BAYE positive control B negative control

ODy50 nm 0.013 0.125 0.21 0.147

F 52 25 5 result - _ _ _

0.16 0.147 1.317 0.144

— — + —

*3 HINEEMKKBER

Tab. 3 The results of intra-assay repeat tests

it N B & intra-batch repeat

i) & inter-batch repeat

T H A4 R item

#1 #2 #3 #1 #2 #3
V1518 average value 1.867 0.137 0.557 1.822 0.140 0.565
HiifEJ7 2 standard deviation 0.023 0.005 0.028 0.106 0.008 0.033
A5 53 Z2%0/% coefficient of variation 1.23 3.65 5.03 5.81 5.71 5.84

2.3.5 FFAMEIRE

BEMLIEEHL 30 43 iM% , 4390 FH € 57 % ELISA
77 5 18 PEDV H AR K I 500 & 5] B i2F 17 A
W, FHEEERN 96.67%, I UE B E 7 1 [a]
$2 ELISA HUiAkz N Iy 45 Rl 5
2.3.6 I P ML 375 G 0 45

SKAEDU I 6 57 120 43 I35 SEATAG I, i)
FE ODysg nm 1B, 455 WM ZLATHE MUIE BEYE R R
72% (36/50), HEURERRE LTS BAYEZR K 87.14% (61/
70), IR E B A A A A AR FRL DA 350
3 g

PED = %2 78 KU R P AR Z8 K ) 4
SERFE T BT BRI . NN & T A
Z W, KE LK M 516w N
FU9, A AT el T A AR A4
KIEH, MG R 85% LU I W EAl
B2 BE v IR I BRI BT AR 2 1 H A% e 1
R— NG AT MR IR TS — R o R 1 = IS
HiU, AR AH T BE A — I Y R I R B
PED FYERYLR, (E T B R AR TR e v 2 Fh— B it
[B]Je A, X AT REE i PEDV A8 5 S EUE I Ik
EEVRAF AR VERT, (B3R B e LAF 2, X
o RE G TR DR K - ORI /2 PED A5 % 28 1) 5%

i, gL —FPREE . T EAIMERR Y PEDV Rl gy
Bitsriadl, MEARZ LT PEDV 1Y ELISA
K 773k, HRZ AR I 0> ELISA Jy F5,
BT BEPUR T AL TR AT TG . RCRAR X AR
K, ARSI A 7 Sl . H T
M3 R b a PEDV SRR &8sz, bt
SRR ER AL 2 4 B2, Sy BB A, ]
$% ELISA PRI 77 40 LL 3T 7, e S i
fii . AL . R SR R LA S ELA R
M. BAMEAVFZ R F-B, RT-gPCRPHSA
PSR . RS, OB T AR R A ik
S PR SR AR . AP, H I BE X R
ANHEE & ; PEDV AH b T HAh e R 5 3 B 15 57
MIXERE RIRZ , BAFER R AR B v B2k 3
PRIGARS: , REARMER EH &SP DERADUR
PERE LR VR ELISA A8, nl LIRS Hb
R — HER

HH, KRZEDEEEE CVT77 175 R 3l
#5719 PEDV Hrfm k", B2 F PEDV
AWrAE R, KSR ) 2 B, AN ik
Mo B AR R B SR AR SNI-P Y S JEIH, #ET
RS TS, i L kL, ik glifh
PAFH ST EH . LUZEAE Mgt , @it
MLE T, A& RN 45, #57 PEDV S &
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9536 4%

14 ()42 ELISA Bk 75k . 8 xf 20 4B
PRI ODyso nm MERIIE , 15 H BT BH M I A
X+SD=0.3241, i%J7ikf PPV, PRV, TGEV,
PRRSV . PCV il CSFV BHYE ML 75 241 R B, ik
A 3 57 %) (8] 4% ELISA BUOARKE I 7 i B A K4 1)
FestE 3 B K AN [A] ) i i 2R A T4t 9 S it
) 5 52, THAR AR B RATE 1.23%~5.84% Z
(6], IF B ST (0 (A1 45 ELISA UK I )y v B A
RAFAEEYE 3 50 A 57 (% [a] 4% ELISA J7
P58 PEDV HAAR K70 &% 30 £ M iF
TR, AT A RN 96.67%, UERHZ 5 k4
RATRE, P HZOT AR A 6 Mg AR RbE
R0 120 43 I35 HE4T PED iR, & 0Ht
B 80.83%; Forfr, R UREEME LI FH P
R 87.14%, W FLATH 1) LV PH 8 72%.
BRI TE G B8 2 S MR BE TS 77 AL PR 4% 56 & 5|
Wi LA H Be A 2L AR PR . %I A
WEBH i FLAT R mT DL o 2L 3R AT — 2 i e g
PRI RAT B S DR B I R/ N AT RE S5 FLTH i
AT R AT R REY,

4 ZEig

WAESR, WATEERR IR S O T
ANEEFE LS LAY, N2 8 2 R IR AL e vl
DL SR A YL S5 PED SEE N 2, MEL)
Bty o BRI R SOKs B b i2 W PEDV X5 R4 52
5 P87 TR i 25 DG TS, X BBt B TR
IR — AR XS, R R 2R YT 4 HL
FRAITE] . ABFFENT PEDV #8 BERE SNI-P )35
gy S LR BT IR RS, WIS T PEDV bilk
(] 4% ELISA $UIRKI J7 ik . Zi2Widr ik A
L OJ5E . WERRAEORAS, AT LABUMIGIR X PEDV
PUARIKE W i, U2 W) & i
PALHISTE S

[ &% 3K ]
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