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Expression of porcine epidemic diarrhea virus CH-HeB14 strain S1
protein and preparation of its polyclonal antibody
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Abstract: [Objective)] This study prepared polyclonal antibody of S1 protein of porcine epidemic diar-
rhea virus (PEDV) CH-HeB14 strain to provide basis for the development of diagnostic kit and vaccine.
[Method)] The S1 gene of PEDV CH-HeB14 strain was amplified by reverse transcription-polymerase chain
reaction (RT-PCR), analyzed by bioinformatics software, truncated into different segments (S1A, S1B,
S1C,S1C-1 and S1G-2) by PCR,sub-cloned into prokaryotic expression vector pET28a and transformed in-
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to BL21(DE3) to obtain the expression recombinants. IPTG was used to induce the expression of recombi-
nant protein before being analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blotting. The expressed proteins were purified and emulsified with immune adjuvant,
and the immunogen was inoculated into rabbits to prepare polyclonal antibodies (pAb) against PEDV S1
protein. The immune competence of the pAb was evaluated by immune peroxidase monolayer assay (IP-
MA) and Western blotting. [Result] The molecular weights of S1,S1A,S1B,S1C,S1CG-1 and S1C-2 were
2 079,600,600,878,549 and 447 bp, respectively. Phylogenetic tree showed that PEDV CH-HeBl14 strain
S1 gene had close relationship with the 22 novel prevailing strains since 2010, while they differed genetical-
ly from the vaccine strains (CV777 and attenuated DR13). The truncated proteins (rS1A,rSI1B and rS1C-1)
were successfully expressed in form of inclusion body (IB). The pAb against these three truncated proteins
(rS1A,rS1B and rS1C-1) showed good activity and the Western blotting titer of anti-recombinant rS1A
protein pAb was 1 # 32 000. IPMA results revealed that the pAb showed specific activity when reacting
with the attenuated DR13 strain or CH-HeB14 strain viruses infected cells. [Conclusion] PEDV CH-HeB14

strain S1 gene was successfully cloned and expressed, and the prepared anti-S1 pAb showed good immune-

activity.
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pg/mL, 3% 1+ 20 (IR R L) 19 L 4 2 Flh PEDV
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S1 4 K ¥ #, PEDV-SIF 1 PEDV-S600R H F
S1A By 1, PEDV-S601F 1l PEDV-S1200R
F S1B F By 3, PEDV-S1201F fil PEDV-S2079R
T+ SIC K Br ¢ 3¢, PEDV-S1201F #1 PEDV-
S1746R FH F S1C-1 F Be ¥ 4%, PEDV-S1633F i
PEDV-S2079R fF S1C-2 F Eeg1,

PEDV4F 5 & H(S)Z: B I g 1X
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Fig.1 Schematic diagram of truncated S1A,S1B,S1C,S1C-1 and S1C-2 of PEDV S1 gene
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Table 1 Primers for amplification of truncated segments of PEDV S1 gene by PCR
5| ¥ 4 FR Primer name Bl Y 3L ¥ 5 (5'—3") Primer sequence
PEDV-S1F ACTGGATCCATGAAGTCTTTAACTTACTTCTGGTTG
PEDV-S600R ACTAAGCTTTTATCCACTGTTGTAACACTTTGTCG
PEDV-S601F ACTGGATCCGGTTGTGCTATGCAATATGTTTAC

PEDV-S1200R
PEDV-S1201F
PEDV-S2079R
PEDV-S1746R
PEDV-S1633F

ACTAAGCTTTTAGATGACAATTTCCCTGACGG
ACTGGATCCACCAAGTATGGTGATGTTTATGTCA
ACTAAGCTTTTAAGCACCACTAGTGACATTCTTAAAG
ACTAAGCTTTTAGTAATCATTAACAGATTGCAAGGTG
ACTGGATCCGACACTAGACAATTTACCATTTCACTG

1E:GGATCC 3 Bam H | WRHITEBG VIO 25 AAGCTT g Hind I B P 8 D007 55
Note: The underlined sequences “GGATCC”and “AAGCTT” are the enzyme recognizing sites for BamH 1 and Hind [l , respectively.
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L. 2 Y0 35 g Bl L VR U /S - Axygen PCR 3 i3 77
& alifl, AT U D) . P4 Axygen PCR VG T 100 &
aifh 5 5 38 pET28a % 4 GE R4 BamH 1 Al
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Hind I X Hg V). K Axygen PCR 5 i i 5 & 4@
A o by 8 A DA R R AR A R A A L,
pET28a-PEDV-SI1 [A] it %% 1k BL21(DE3) #1 Rosetta
(ED3) J&& 32 25 40 M. #50 F BC i 45 77 W) AL 5% 1k
Rosetta (ED3) J8& 52 25 4 g, $k B 5 50 f i 17
BamH | #1 Hind [l XA Y% %2, 396 5 BH M v [ F
FYINIF 43 BT T 3R A5 1 T 40 3 3K O 43 0 A 44
pET28a-PEDV-S1, pET28a-PEDV-S1A, pET28a-
PEDV-S1B, pET28a-PEDV-S1C, pET28a-PEDV-
S1C-1 #1 pET28a-PEDV-S1C-2,

1.5 FIl#LaH

FIH DNAstar 34443 51 (1) MegAlign, Xf {3 4§
B EM CV777 . attenuated DR13 I 4F 36 H i 4T
BERRAE NI 31 ATk (S RGBSR 2) 1) S1 &
RLHEAT 7 90 53 A 5 48 B AR W 27 3 MEGA 5. 0, R
e KAB W e /IME TR FI AR i 75 25 1) CH-HeB14 JiiA7
PREE Y & e kLB, 8] B A DNAstar %} CH-
HeB14 #k.CV777 ¥ . attenuated DR13 #k.OHS851
Pk .GD-1 #k Jz USA/Towa/18984/2013 {444 52 )%
G 2 RIEAT 5T

®2 PEDVESEEKRRER

Table 2 Information of reference PEDV strains

# M Strain S Origin

A BB E] Time GenBank & 5% %5 Accession No.

CvV777 Fit - Switzerland
CH-S H1[H China
SM98 & [ South Korea

attenuated DR13
virulent DR13

i} [E South Korea
5 [E South Korea

1978 AF353511
1986 IN547228
1998 GU937797
2003 JQ023162
2003 JQ023161
2006 EF185992
2008 KC109141. 1
2011-04 IN825712
2011-05 1Q282909
2011-05 1X188454
2011-02 1X261936
2011-02 JX489155
2011-04 1X524137
2011-12 IX647847
2011-05 KC196276
2012-02 JX112709
2012-02 IX560761
2012-05 KC210145
2012-08 KC140102
2012 JX088695
2012 KC210147
2013 KF272920
2013-03 KF384500
2013 KF452322
2013 KF452323
2013-06 KF468752
2013 KF804028
2013 KJ020932
2013 KJ399978
2013 KJ408801
2013 KJ623926

LZC H1[H China
JS2008 11 [# China
BJ H1[# China
CH/FJND-3/2011 H1[H China
AJ1102 H1[H China
CHGD-01 1 [# China
LC #1[E China
7JCZ4 H1[E China
GD-1 1 China
CH/ZMDY/11 H1[H China
GD-A #1[E China
SD-M H1[# China
AH2012 H1[H China
CH/FJZZ-9/2012 Hi [ China
GD-B #1[E China
1S HZ2012 1 China
USA/Colorado/2013 F E USA
CH/GDGZ/2012 H [# China
USA/Towa/16465/2013 [ USA
USA/Indiana/17846/2013 % [E USA
MN [ USA
USA/Iowa/18984/2013 3 [® USA
CHYJ130330 H1[# China
OHS851 3 [E USA
OH1414 F[E USA
K14JBo1 i} [ South Korea
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W BH 1 2 % Gk TR bR HE B R BT B LB B R A
F1,F 37 CF 200 r/min ¥ 323 IKH 1+ 5
CRFR ) AT e e R 37 2 o BORE 5 A 289
4 1 mmol/L # IPTG,37 ‘CF 200 r/min 5% 4 h,
¥ & 40 % ik #H {K pET28a-PEDV-S1, pET28a-

PEDV-SIA. pET28a-PEDV-SIB, pET28a-PEDV-
S1C, pET28a-PEDV-SI1C-1 il pET28a-PEDV-SIC-
2 R EHEE 5 54w 4 rS1.rS1A, rSIB,
rS1C.rSIC-1 1 rSIC-2., BUA TR AT TRk, &
A R (T % 6520, 7 5 s, 4% 5 s) JF .8 000
r/min#5.C> 15 min, 437 CHE 3 RIDTEE . i 4T SDS-
PAGE I J5 . % EP 8] PVDF i F, ] 20 g/L i
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JEW kT 37 C &P 1 h, PBST ¥t 3 k5 5
PEDV FH: I3 (1 2 100 (5 BO I H 1 h,PBST %
Pk 3 ¥, 5 HRP-SPA(1 : 3 000 {5 B HE 1 h,
PBST 5% )5 . I DAB i 8350 & i .
1.7 SEASEEAEHH &

AN S WA R — 3 His F3id 8
fi 2l Ak 3 R AT Ak, HL AR VR AR B U B
7. difk M E A F R ERABISE S 25k
(MONTANIDE™ ISA71VG)##% 3 = TURFL ) 1Y [
BN A 7053 AL AL B S e J5L SR B2 R 2 s 6
XAEHI = RA R B R eEEEE N 1 meg, 5
BT ERJE R 21 F158 d. R FH [ RE Y 5 i LA )
M7 HEATES 2 NS 3 . =H)E 7 d Rl
R SR AL » ) 2 0L o A SR SR A Sy B 1 %
1.8 SEASERAKEELERE
1.8.1 Western blotting # @  4ifk J5 i rS1A.
rS1B #l rS1C-1 ¥ {4 8 1 48 SDS-PAGE HL k)5 »
FE1E| PVDF % |, 2% ] Western blotting £l 2
SEREPT AR S 8 B A B 0 SO IS P b, — B0
L2 TP (1 £ 2 000 5B AR fh s f B
M1 2 2 000 5B, Pl 1 5 000 H B
HRP-SPA. 2 T ¥ W £ 3 B b A& 09 504 3% B
rSTA /E N3 R, Fi| | Western blotting #F 47 #; I,

M 1 M
2000 bp
5000 bp 1000 bp
3000 bp 750 bp
2000 bp
1500 bp Sl
1000 bp
750 bp 250 bp
500 bp
250 bp 100 bp
100 bp

2

W Z s BEPURFIAE 12 1 000 53 B, 76 e S Al -
e 2 fE RS EEAR B R 1 2 64 000 i, DI 5E 2 5
PR .

1.8.2 Lumaey L E RGN E Y
B A B Y 3 CTPMUAD A8 0 e 44 19 B o 3 1 o 5%
7% Vero 4, fr H A 2 60 %0 ~80 %6 1A B A, 52 5%
FeHk 1/10 (R L 43 51 #2 F PEDV CH-HeB14 Fl
attenuated DR13 #,/8%4% 48 h J5 35535 3L, AR
A3%0 30 % N ER-PBS [E 52 30 min, T4 5 A S1 &
HZ s BEBULR (L 2 100 5B » B A Fe 3 B M e i
(12 100 {576 BO /E X I, 37 CHEE 1 h, PBS
PV 3 WKL A HRP-SPA(1 : 3 000 f5# #) .37 C
J¥E 1 h,PBS ¥E¥% 3 I MA AEC B3 ,37 “CHiz
H 30 min, 7K B ABIMA LB FRL RN, F
{5 U T LR e A AR

2 HRS0H
2.1 PEDV S1 ERAREBERBERNY 1E

PEDV S1,S1A.S1B.S1C.S1C-1 1 S1C-2 K
Bt PCR ¢ 88 7= 28 1. 2 %6 B B W v T ARG 0 2% 51
MIFEZ) 2 079,600,600,878,549 Fl 447 bp A5 T
RS MR I S (] 2), 51U R BOR BRI AT .

2000 bp "=~
1000 bp["
750 bp
500 bp| 4 -
250 bp[ )
100 bp L

M. DL2000 DNA Marker;1~6. fk¥% 5 PEDV S1.S1A.S1B.S1C.S1C-1 fil S1C-2 J By 1=
M. DL2000 DNA Marker;1—6 are PCR products of PEDV S1,S1A,S1B,S1C,S1C-1 and S1C-2, respectively

Kl 2 PEDV S1 R K4 v Boiy PCR 374
Fig.2 Amplification of PEDV S1 gene by PCR

2.2 PEDV S1 EHRE#ZRIEBEMNEE

&4 # Kk pET28a-PEDV-S1. pET28a-PEDV-
S1A, pET28a-PEDV-SIB, pET28a-PEDV-SIC,
pET28a-PEDV-SI1C-1 fl pET28a-PEDV-S1C-2 %
BamH T #1 Hind NI WEFY] . 455 2] 2 079,600,
600,878,549 il 447 bp K/Nsk# (HE 3) ., 5 Wil 45
R, 5 A0 5E 3 B 2 W1 32 A HE T A TG .

2.3 PEDV S1 EEFF# XD

itk — 2 o A CH-HeBl14 Ji 17 bk 5 H At 35 £
e AL B SC &R N MEGA 5. 0 345 i 3
PRI S1 JE R 5 [ N A E & 300 5 bk g o7 8t L ik 4k
L5 R LW, CH-HeB14 JiAT4% 5 2010 4 LU HY
WATEEM W CH/FJND-3/2011 &b F [F] — 73 32 . ¥ /&
FHRET . 54T OHFMLIEER K CVT77. at-
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tenuated DR13, virulent DR13 % [ #& SM98 Jx % B ARAE Ik b B Ak F A 6] 43 32, X 36 BT 4F ok
KRB (F 4y, [ @R BE R AN A TR i 3 R WATH PEDV #dk kB T B EL R,

M 2 3 4 M 5 6

5000 bp
3000 bp
5000 bp 2000 bp
3000 bp 1500 bp
2000 bp
1500 bp 1000 bp
1000 bp 750 bp
750 bp
300 by 500 bp
250 bp
250 bp 100
100 bp p

M. DL5000 DNA Marker; 1~6 {K ¥} & 20 #k{k pET28a-PEDV-S1,pET28a-PEDV-S1A . pET28a-PEDV-S1B,
pET28a-PEDV-S1C,pET28a-PEDV-S1C-1,pET28a-PEDV-S1C-2 i) BamH [ F1 Hind Il X Y] 7= 4
M. DL5000 DNA Marker;1—6 are enzyme digestion products by BamH [ and Hind [ll of recombinant plasmid pET28a-PEDV-S1,
pET28a-PEDV-S1A,pET28a-PEDV-S1B, pET28a-PEDV-S1C, pET28a-PEDV-S1C-1 and pET28a-PEDV-S1C-2, respectively

&l 3 PEDV S1 ML R B 85 41 )52 3 38 2 AR 19 XU V) 45 8
Fig. 3 Identification of PEDV S1 complete and truncated fragments recombinant prokaryotic

expression plasmids by double enzymes digestion

GD-A(JX112709)
CHGD-01(JX261936)
GD-1(JX647847)
CH/GDGZ/2012(KF384500)
AJ1102(JX188454)
100 1LC(IX489155)
ZICZ4(JX524137)
CH/FJZZ-9/2012(KC140102)
CHYJ130330(KJ020932)
AH2012(KC210145)
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57| USA/Indiana/17846/2013(KF452323)
MN(KF468752)
64L OH1414(KJ408801)
USA/lowa/18984/2013(KF804028)
K14JB01(KJ623926)
LCH/ZMDZY/II(KC196276)
CH/FIND-3/2011(JQ282909)
60 A CH-HeBl14 _
OH851(KJ399978)

HF TR

35 Gene group |

514

100

CH/S(JN547228)
CV777(AF353511)
00 100 LZC(EF185992)
SM98(GU937797) FR B
62| . virulent DR13(JQ023161) Gene group II
attenuated DR13(JQ023162)
551r SD-M(IX560761)

I 40— 782008(KC109141.1) —
0.01

Kl 4 PEDV S1 #£HNW ARG L E W
Fig. 4 Phylogenetic tree of nucleotide sequences from different PEDV S1 genes
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EIHAMRMER PEDV Btk ST EHEEMR WX &AM . CH-HeB14 #k S1 8 H 23R 7 4 A [F] X
Fe o5 & . &k ] DNAStar 2347 70 Hr R B, CH- - BERAETE W] 2 587, JUHCAE SR 1— 240 o S0k iR [A] 5
HeBl14 5 GD-1,USA/Towa/18984/2013 #E#k K % ZBHIRE & 1E 59— 62 fiffi A QGVN, 1 140 i 4
KA. [ 5 98. 0% F1 98, 6% . 5 A NLIMLE 159—160 76 RD, AMA A K &2 5
CV777 % ¥k | attenuated DR13 ¥ 1 ¥k 19 [6] I8 4 BR ke T AR (B 5)
KRR 90. TV0FN 90. 4%, i id ST & HEIR T4

MKSLTYFWM FLPVLSTLSLPQDVTRCSATTNFRRFFSKFNVQAPAVVVL GGYLPI GESQGVNSSWYCGGGHETASGVHG
T T T T T T T T

1 2 2 u % & L) &
| MKSLTYFWLFLPVLSTLSLPQDVTRCSAMT NFRRFFSKFNVGAPAVVVL GGYLPT GEMGGVNSHW CHGEHETASGVHGI 238
2 MBsLEYFWLELPVLETLSLPQDVTRCEBETTINFRRFFSKFNVQAPAVVVLGGYL P EEES ssWY CGIHGEETASGVHG!I 226
3 VEE.BYFwFLPvLETLSLPQDVTRCEETENFRRFFSKFNVQAPAVVVLGGYLP swyCGHGHMETMsGVHGI 226
4 MKSLEYFWLFLPVLSTLSLPQDVTRCEETHENFRRFFSKFNVQAPAVVVLGGYL P SN sswWyCGIHGEMETASGVHGI 226
5

6

MKSLTYFWL.FLPVLSTLSLPQDVTRCSA TNFRRFFSKFNVQAPAVVVLGGYLPIGEl SIMNC Gi HITASGVHGi 238
QGV NS Wy CRQGEIH

MKSLTYFWL.FLPVLSTLSLPQDVTRCSAMTNFRRFFSKFNVQAPAVVVLGGYLPI GE TASGVHGI 238

FLSHI DGGQGFEI G| SQEPFDPSGYQLYLHKATNGNTNAI ARLRI CQFPSI KTLGPTANNDVTTGRNCLFNKAI PAHM- D
T T T T T T T T

100 110 120 130 140 150
n

90 160
h n 1 H )
FLSHI BGGHGFEI G| SQEPFDPSGYQLYLHKATNGNTNA ARLR\CQFPSIKTLGPTA'NDVTTGRNCLFNKAIPAHM" 472
FLS@ DEGQGFEI GI SQEPFDPSGYQLYLHKATNGNTNAI ARLRI CQFPEIEKTLGPTHENEDVTTGRNCLFNKAI PARMED 463
FLS@ DEGQGFEI GI SQEPFDPSGYQLYLHKATNGNTEAI ARLRI CQFPEIEIKTLGPTHNEDVTTGRNCLFNKAI PANEED 460
FLSHID!GQGFEIGISQEPFDPSGYQLYLHKATNGN.NAIARLRICQFPHIKTLGPT.N.DVTTGRNCLFNKAIPAIMID 463
FLSHI AGGHGFEI GI SQEPFDPSGYQLYLHKATNGNTNAMARLRI CQFPSI KTLGPTANNDVTTGRNCLFNKAI PAHMEE 472
FMsHI RAGGHGFE! GI SQREPFDPSGYQLYLHKATNGNTNAMARLRI CQFPSI KTLGPTANNDVTTGRNCLFNKAI PAHMEE 472

AU B LN —

GEHI VVGI TWDNDRVTVFADKI YHFYFKNDWSRVATKCYNSGGCAMQYVYTPTYYMLNVTSAGEDGI SYEPCTANCI GYA
T T T T T T T T

1@ 1@ 190 200 40 220 230 240

: " i )
lIEHlVVG\TMDNDRVTVF!DK!YHFYFKNDWBRV'TKCYNSGGCAMQYVYIPTYYMLNVTSAGEDGISY.PCTANCIGYA 712
2GEAB! VVGI TWDNDRVTVFADKI YHFYBKNDWSRVATECYNBBECAMQYVYTPTYYMLNVTSAGEDGI MYEPCTANCHGYA 703
M vvVGI TWONDRVTVFADKI YHFYHAKNDWSRVATERCYNE AMQYVYTPTYYMLNVTSAGEDGI @YEPCTANCEGYA 700
4GHAM vvGI TWDONDRVTVFADKI YHFYBKNDWSRVATECY NEBSCAMQYVYTPTYYMLNVTSAGEDGI MYEPCTANCEGYA 703
58eHBvvGe TWONDRVTVFEDKI YH@IFYFKNDWSRVATKCYBSGGCAMQYVYEPTYYBMLNVTSAGEDGI SY@PCTANCI GYA 712
6HeEHBVVGI TWDONDRVTVFEDKI YEFYFKNDWSRVATKCYNSGGCAMQYVYBPTYYMLNVTSAGEDGI SYBPCTANCI GYA 712

ANVFATDSNGHI PEGFSFNNWLLSNDSTLVHGKVVSNQPLLVNCLLAI PKI YGLGQFFSFNQTI DGVCNGAAVQRAPEA
T T T T T T T T
250 260 270 280 290 300 31. 0 320

i 1 L L L ! )
1ANVFATIINGHIPEGFSFNNMFLLSNDSTLVHGKVVSNQPLLVNCLLAIPKIYGLGQFFSFNQTIDGVCNGAAVQRAPEA 952
2ANVFATDSNGHI PEGFSFNNWFLLSNDSTLMHGKVVSNQPLLVNCLLAI PKI YGLGQFFSFNEITEIDGVCNGAAVEIRAPEA 943
3ANVFATDSNGHI PEGFSFNNWLLSNDSTLMHGKVVSNQPLLVNCLEAI PKI YGLGQFFSFNQTMDGVCNGAAJQRAPEA 940
4ANVFATDSNGHI PEGFSFNNWFLLSNDSTLMHGKVVSNQPLLVNCLLAI PKI YGLGQFFSFNQTHDGVCNGAANQRAPEA 943
PEGFSFNNWLLSNDSTLVHGKVVSNQPLLVNCLLAI PKI YGLGQFFSFNQTI DGVCNGAAVQRAPEA 952
6ANVFATEEBNGHI PEGFSFNNWFLLSNDSTLVHGKVVSNQPLLVNCLLAI PKI YGLGQFFSFNQTI DGVCNGAAVQRAPEA 952

LRFENI NDTSVI LAEGSI VLHTALGTNLSFVCSNSSDPHLATFAI PLGATQVPYYCFLKVDTYNSTVYKFLAVLPPTVRE
T T T T T T T T

0 40 %0 %0 a0 %0 %0 0
I LRENI NDTSVI LAEGSI VLHTALGTNLSFVCSNSSDPHLATFIN PLGATQVPYYCFLKVDTYNSTVYKFLAVLPPTVREI 1192
2 LRFNI NDTSVI LAEGSI VLHTALGTNLSFVCSNSSDPHLAMFAI PLGATEVPYYCFLKVDTYNSTVYKFLAVLPPTVREI 1183
3LRFNI NDTEV!I LAEGSI VLHTALGTNLSFVCSNSSDPHEAMFI PLGEMTEAVPYYCFLKVDTYRSTVYKFLAVLPPTVEE! 1180
4LRFNI NDTSVI LAEGSI VLHTALGTNLSFVCSNSSDPHLATFAI PLGATQVPYYCFLKVDTYNSTVYKFLAVLPPTVREI 1183
5LRFNI NDTSVI LAEGSI VLHTALGTNESFVCSNSSDPHLATFAI PLGAQVPYYCFLKVDTYNSTVYKFLAVLPPTVREI 1192
6LRFNI NDTSVI LAEGS| VLHTALGTNE@SFVCSNSSHPHLATFAI PLGATQVPYYCFEKVDTYNSTVYKFLAVLPPTVREI 1192

VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWI|I ASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF
T T T T T T T T

41‘0 420 430 440 450 460 470 480

n 1 H L s L n
1VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWI|I ASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF 1432
2VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWII ASTNFVDALI EVQGTEI QRI LYCDDPVSQLKCSQVAF 1432
3VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWIMIASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF 1420
4VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWII ASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF 1423
5VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWII ASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF 1432
6VI TKYGDVYVNGFGYLHLGLLDAVTI NFTGHGTDDDVSGFWI|I ASTNFVDALI EVQGTAI QRI LYCDDPVSQLKCSQVAF 1432

DLDDGFYP| SSRNLLSHEQP|I SFVTLPSFNDHSFVNI TVSAAFGGHSGANLI ASDTTI| NGFSSFCVDTRQFTI SLFYNVT
T T T T T T T T
490 500 510 520 530 540 550 560

1 1 L n n s 1 n
DLDDGFYPISSRNLLSHEOPISFV’LPSFNDHSFVNITVSAIFGGHSGANLIASDTTINGFSSFCVDTRQFTISLFYNVT 1672
DLDDGFYPI SSRNLLSHEQPI SFVTLPSFNDHSFVNI TVSAAFGGESEBANLBASDTTI NGFSSFCVDTRQFTI lILFYNVT 1663
DLDDGFYPI SSRNLLSHEQPI SFVTLPSFNDHSFVNI TVSAAFGGHSGANLI ASDTTI NGFSSFCVDTRQFTI [lILFYNVT 1660
DLDDGFYPI SSRNLLSHEQPI SFVTLPSFNDHSFVNI TVSABFGGHSGANL| ASDTTI NGFSSFCVDTRQFTI SLFYNVT 1663
DLDDGF Y@ SSEANLLSHEQPESFVTLPSFNDHSFVNI TVSAAFGGHSGANL | ASDTTI NGFSSFCVDTRQFTI SLFYNVT 1672
DLDDGFYPI SSRNLLSHEQPI SFVTLPSFNDHSFVNI TVSABFGGHSGANL| ASDTTI NGFSSFCVDTRQFTI SLFYNVT 1672

AU LN —

NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLASACTI DLFGYPEFGSGVKFTSLYFQFTKGELI TGTPKPLEGV
T T T T T T T T
57.0 580 590 600 610 620 630 640

f : : ) i "
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLASACTI DLFGYPEFGSGVKETSLYFQFTKGELI TGTPKPLEGV 1912
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLABACTI DLFGYPRFGSGVKEMTSLYFQFTKGELI TGTPKPLEGE 1903
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLABACTI DLFGYPEFGSGVKFTSLYFQFTKGELI TGTPKPLEGV 1900
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLASACT|I DLFGYPEFGSGVKFTSLYFQFTKGELI TGTPKPLEGV 1903
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLASACTI DLFGYPEFGSGVKFTSLYFQFTKGELI TGTPKPLEGV 1912
NSYGYVSKSQDSNCPFTLQSVNDYLSFSKFCVSTSLLASACTI DLFGYPEFGSGVKFTSLYFQFTKGELI TGTPKPLEGV 1912

AU W —

TDVSFMTLDVCTKYTI YGFKGEGI I TLTNSSFLAGVYYTSDSGQLLAFKNVTSGA
650 660 &p 680 690

1 1 L 1
TDVSFMTLDVCTKYTI YGFKGEGI | TLTNSSFLAGVYYTSDSGQLLAFKNVTSGA
TDVSFMTLDVCTKYTI YGFKGEGI | TLTNSSHLAGVYYTSDSGQLLAFKNVTSGA
TDVSFMTLDVCTKYTI YGFKGEG!I | TLTNSSFLAGVYYTSDSGQLLAFKNVTSGA
TDVSFMTLDVCTKYTI YGFKGEGI | TLTNSSFLAGVYYTSDSGQLLAFKNVTSGH
TDVSFMTLDVCTKYTI YGFKGEGI | TLTNSSFLAGVYYTSDSGQLLAFKNVTSGA
6 TDVSFMTLDVCTKYTI YGFKGEGI | TLTNSSFLAGVYYTSDSGQLLAFKNVTSGA

G N —

1. CH-HeBl4;2. CV777(AF353511) ;3. attenuated DR13(JQ023162) ;4. OH851(KJ39978) ;
5. GD-1(JX647847) ;6. USA/lowa/18984/2013
K5 PEDV CH-HeBl4 ¥ 52 % @tk SI Z LR ¥ 51 %) L o3 #r

Fig.5 Comparison of S1 amino acid sequences of PEDV CH-HeBl4 strain and reference strains
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2.4 PEDVSIEHEZEHMNERRIEELE
BHRERAHKZ IPTCGIESHMWEAELEX. &
SDS-PAGE #:ll , rSIA WULIELE 25 ku &b — 2% B
R EE Ak . eSIB TTTETE 23 ku b — 50
W E 4, rS1C-1 I PITEAE 20 ku b — 454 . 15
BIIX 3 ANl B ¥ DL A WA R % 30 32 3K 5 rS1,rS1C FI
rS1C-2 RS AT 1Y LI Ui & G ¥ 8%

WAFAE S (B 6) L, B X 3 M BRaER L, H
rS1 £ Rosetta(DE3) [ Ff o R JC 3% ik (45 R 72 &
R4 H) . Western blotting £ & 7/~ , 3t PEDV [H
P T R S ) rSTA L rSIB fI rS1C-1 H W &
FI S 2570 R/N5 T /IR AE (B 7)) 10 B 36 3k 0 o
A B ARG ) g SR

130ku

95 ku -—
72 ku

180 ku .-
180 ku
130 ku 15010
95 ku 95 ku
72 ku
72 ku 55 ku
43 ku
55 ku
34 ku
43 ku 26 ku
34 ku
17 ku

26 ku

M. & 1 Marker; 1. rS1 i3 i3 (BL21(DE3)) ;2. rS1 5§ L% (BL21(DE3)) ;3. rS1 Rif UL # (BL21(DE3)) 5
4. 181 R T LI (BL21(DE3)) 55, rSIA if5 5 L 6. rSTA RIE T LW 7. rSIA ¥ FULE s
8. r1SIA RIFEFYLIE:9. rSIBiE SR L1510, rSI1B RiFER L3 :11. rSIB B R ULIE 12, rS1B RIFF UL
13.rSIC P55 11 5 14, rS1C RFEF: L3 515, rS1C - FYLIE 5 16. rS1C RiF FULE 5
17. rS1C-1 RiFE S 115318, rSIC-1 RFEFULIE:19. 1S1C-1 i F L3 :20. rS1C-1 i F UL s
21, 1S1C-2 RiFEF 13§ :22. rS1C-2 RFEF UL 23. rSIC-2 FF L :24. 1S1C-2 F FULHE
M. Protein Marker; 1. Precipitate of induced rS1(BL21(DE3)) ;2. Supernatant of induced rS1(BL21(DE3)) ;3. Precipitate
of non-induced rS1(BL21(DE3)) ;4. Supernatant of non-induced rS1(BL21(DE3)) ;5. Supernatant of induced rS1A;
6. Supernatant of non-induced rS1A;7. Precipitate of induced rS1A;8. Precipitate of non-induced rS1A;
9. Supernatant of induced rS1B;10. Supernatant of non-induced rS1B;11. Precipitate of induced rS1B;
12. Precipitate of non-induced rS1B;13. Supernatant of induced rS1C;14. Supernatant of non-induced rS1C;
15. Precipitate of induced rS1C;16. Precipitate of non-induced rS1C;17. Supernatant of non-induced rS31C-1;
18. Precipitate of non-induced rS1C-1;19. Supernatant of induced rS1C-1;20. Precipitate of induced rS1C-13;
21. Supernatant of non-induced rS1C-2;22. Precipitate of non-induced rS1C-2;23. Supernatant of induced
rS1C-2;24. Precipitate of induced rS1C-2

6 PEDV S1 K H#& F B 48 A/ SDS-PAGE £l
Fig. 6 Detection of recombinant protein expression of PEDV SI and its truncated fragments by SDS-PAGE



%4 JEF M, % :PEDV CH-HeB14 #k S1 8 [ 321k & H £ w BTk 1 i 4
M 1 2 3 4 M 5 6 7 & 9 10 11 12 M 13 14 15 16
180 ku [ 180 ku 180 ku
130 ku 130 ku
130 ku = 95 ku 95 ku
95 ku [ 72 ku 72 ku
72 ku .. 55ku 55 ku et
55ku - 43 ku o ke -
| -
43 ku |- 34ku 2 £ 3 34ku
| 26 ku w
34 ku - 26ku’ — Q o
26 ku -
17 ku g
17 ku =

M. # 11 Marker; 1. rS1 5 i3 (BL21(DE3)) ;2. rS1 -8 L% (BL21(DE3)) ; 3. rS1 Kif F Ul (BL21(DE3)) ;
4.1S1 RS £ (BL21(DE3)) ;5. rSIA KiF S L ;6. rSIA RPEFULIE; 7. rSIA YT 1358, rSIA P FULHE
9. rSIB KT 13510, rSIB RFEFUCHE; 11, rSIBET BV 12. rSIBPFEFULIE 13, rS1C-1 KiFETF L
14, rS1C-1 R FUTHE 15, rS1C-1 ¥ 5 L3516, rS1C-1 ¥ FULHE
M. Protein Marker; 1. Precipitate of induced rS1(BL21(DE3)) ;2. Supernatant of induced rS1(BL21(DE3)) ;3. Precipitate
of non-induced rS1 ;4. Supernatant of non-induced rS1;5. Supernatant of non-induced rS1A;6. Precipitate
of non-induced rS1A ;7. Supernatant of induced rS1A;8. Precipitate of induced rS1A;9. Supernatant of non-induced
rS1B;10. Precipitate of non-induced rS1B;11. Supernatant of induced rS1B;12. Precipitate of induced rS1B;
13. Supernatant of non-induced rS1C-1;14. Precipitate of non-induced rS1C-1;
15. Supernatant of induced rS1C-1;16. Precipitate of induced rS1C-1

Kl 7 PEDV S1 K H 4 F Bt 84 5 H 1 Western blotting % &

Fig. 7

2.5 PEDV Sl @Rk EAM4L

PEDV SI fuif & & 1 4 — 4 0 His fric & A
Jo i 2l AR & 2liA IS . T SDS-PAGE A k£ il
RN AT B A 21 R AR 1 rS1A rSIB
rS1C-1(& 8),

M

180 ku
130 ku s 180k
95 ku S 4
72 ku 3; ‘E“
u
55 ku N 55ku
43 ku | — 43 ku
34 ku

34 ku!
26 ku

26 kul .

17 ku

M. & 4 Marker; L #Ef6 Y rSIA 4218 {4 5
2. ik rSIB AL 1A 3. Zifb iy rS1C-1 A3 A
M. Protein Marker; 1. Purified rS1A inclusion body protein;
2. Purified rS1B inclusion body protein; 3. Purified rS1C-1
inclusion body protein
K 8 PEDV rSI1A.rS1B F1 rS1C-1 ik J5 £ 3 &
H 1 SDS-PAGE # il
Fig. 8 Detection of purified inclusion bodies of PEDV rS1A,

rS1B and rS1C-1 proteins by SDS-PAGE

Identification of recombinant protein expression of PEDV S1 and its truncated fragments by Western blotting

2.6 PEDV S1 ZEA&REREKNFERN

Western blotting #: M 45 H B/~ ,1 ¢ 2 000 {5 H
By PEDV S1 A Z w PR S T4 HEF rS1A,
rS1B 1 rS1C-1 JZ B J5 48 IAE 25,23 F1 20 ku &b H
PR PR 45 (B 9-A), 1+ 2 000 5 5% B 19 S I %
M3 5 H R 8 E ¥ 00 R 5 N 45 (B 9-B) s 2k
T E % 2 v EHUR B R L R RT rSIA BT R
| Western blotting #FA7#: I, 45 FE0H .1+ 32 000
fEMm BN 2P0 S rSIA B4 & H RS 25 ku &b
5 55 e S 25l 1 2 64 000 REMBEZ 40
rSTA I 5 6 4 (B 9-C) , 22 B it fhil 4 1 22 v b
Yok Xt rS1A & M B Western blotting 2L #r 1 ¢
32 000, % T il £ 19 2 se BEHUIRAE 1+ 2 000 £5Hi
FERT S E A1 1 rS1IA rSIB Fl rS1C-1 B A R IF 10
A SR < i Al DAl E e e e a ) R N D
BN R TR I A 3 30 SR X P i A TR A T e
Xt rSIB #l rSIC-1 R DE AT 0E— 2K

IPMA 253 R . Z a S (1 100 55 B
4395 PEDV CH-HeB14 # #k #l attenuated DR13
TRV YL 1 Vero 20 il 52 9 551k BB SR e 75 19 40
LT S AFLL A, S B P a3 (1 2 100 f5FR B 5 X 2
T i SRR e 4 4% I R S M R B (BT 10D
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M 1 2 3 M 1 2 &
180 ku
180 ku 130 ku
130 ku 95 ku
95 ku 72 ku
72 ku 55 ku 0 o
55ku 43 ku
43ku
34 ku 34ku rS1A
YA
26 ku ‘ . l caly
17 ku 1E ks
A B

AB AR 15 2 000 5 B 22 50 R BT IA R S B8 S BT LV S5 L8 ) rSTACD (rSIB(2) Al rS1C-1(3) i 5
C.HYEN rSIA 5B (A~104%H 1+ 1000,1: 2 000,14 000,1: 8 000,1: 16 000,1 : 32 000,
1+ 64 000 £%) 1) £ 5o BEHTIAR KA s M. 7R 11 Marker
A, B. Rabbit polyclonal antibody against PEDV S1 and non-immunized rabbit serum (diluted at 1 ¢ 2 000) reacted
with recombinant protein rS1A(1),rSIB(2) and rS1C-1(3) ;C. Coupling diluted rabbit polyclonal antibody
(4—10.13%1000,1:2000,1:4000,1:8000,1: 16 000,1: 32000 and 1: 64 000,respectively)
against PEDV S1 reacted with recombinant rS1A protein; M. Protein Marker
&9 PEDV Sl & H £ s BB IR TG RN 19 Western blotting £l
Fig. 9 Identification of activities and titers of prepared pAb against PEDV Sl protein by Western blotting

EAC 1NN A 4 i 475
Polyclonal antibodies Negative serum
A £ Teh
: S s
PEDV CH-HeB14
T AR B G Vero il v
PEDV CH-HeB14 =

strain infected Vero cells & ¢ VY s

PEDV attenuated DR13 ¢
B R G Verod i i
PEDYV attenuated DR13 '«
strain infected Vero cells &

Kl 10 PEDV SI1 £ 1 £ s B PR 5 AN 7 75 Bk 52 b i P TPMA 246 1
Fig. 10  Identification of activities of prepared rabbit anti-PEDV S1 pAb with PEDV different strains by IPMA
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JE . % . PEDV CH-HeB14 # S1 % 1 ik L H 2w di i m Hl & 11

HeBl4 5 GD-1. USA/Iowa/18984/2013 # # S1
D 4 5 0 S SR R W) R M AE 98, 06 LA b T
CV777 4 ML ¥k | attenuated DR13 ¥F 8 &k 1 9% FR N
“RPEREARTAY OHB51 F7 ST KL K 4 i & R T
H B FEIEPEAL A 90% ~93% . AHEL T CV777 4t
P .attenuated DR13 % i kk , CH-HeB14 #k S1 3 H
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FTHEPR I 3 B2 1 K TH FRAT .

%F PEDV S S1 XK &A% # EE M h M
AL AT R H A% R 3K R G4 PEDV 1S1 K&
B (S1A . rS1B.rS1C. rS1C-1,rS1C-2) #4735
i%,SDS-PAGE %5 % i 7%, rS1 4 K #£ BL21 (DE3)
AR R RE % £ 11 %5 5 7 11 Rosetta (DE3) & # 1 3
KRk, rSIA (rSIB I3k i rS1C fr Bl ok
F235 8% rSI1C B B4y by rS1C-1 f1 rS1C-2 W B, 4%
AL rSIC-1 R F 3k, X R W] ST H K P A RE A7 7E
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A B A 1 B LU R AR TE 3R 35 . Western blot-
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. IPMA %5 45 % 7R, SR Fl rS1A . rS1B 1
rS1C-1 B4 8 1B A 5 S il 45 10 2 50 BE L ik A
A RE % TR 3 H5 2 25 1 L 3 B 5 e B R L Y 4 Y S R
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AF| pET28a,pET32a #l pGEX-6p-1 Ji#% %A 2 {4
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