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PEDV S £H B e[RRI RITFIEFILSE

FRARRY BBERY M) METY ERKRY IRZY KRFEY & 0

(O B AP R B SR R AR, S AR [ K T, IR YYRIE AT, WA JRIEE 150001
2 e 2 RS, dERT 100081)

BE LUERATIEETS 3 (porcine epidemic diarrhea virus, PEDV) S JEP AL # X ST (1~2 367 bp) g HEILEA], ) H JE
T g RIEANIEZ R fd LRWE T R R R G5, R ST JEDIME AR R IR, DAL 35 6 4% 1 %Pl PEDV 2 58 M35 4
BRARET, X ST BEERIWE A R R IR PEREAT 3 S0 AWk, 45T 3 A mse M v 4, 43 il 4 S1P1(248~280 1 24 5t
P2). S1P2 (442~499 {75 FL W) Al S1P3 (697 ~742 £ 2 K:MR). ELISA AN (A i Nk 45 ) @7, SI1P1. S1P2 F1 S1P3 % JIk#B
Wil PEDV £ o BRI P00, Horr S1P3 Nk d . oA T aE—20 478 S1P1. S1P2 Fl SIP3 A IKMHelsitt, #4713 AN
Ik GST fil & 8 I A EATT EROE )5S GST Rl 8 1 SRR 7 IfLi () S e 98 648 (IFA) 45 RAESE, $T SIP2-GST. S1P3-GST
FIS1P123-GST filiG 25 1 1 S A7 103 e % U3 Vero 4 MUk 9524 H R AR 1K) PEDV.

KEIE WM A, S A, PUREN, WRAER
ERHES  $852.65, Q78, S852.4

YaImAT MEIEYE (porcine epidemic diarrhea, PED)
A& B IAT PR G V5 99 73 (porcine epidemic diarrhea
virus, PEDV)5&M), LAUKEE. MKt i AKRI% 4]
W AT R e B2k A R AR 1) — ol s B e a2k g 1
2 449%1. PED & A B N R AERIIR L —, 4
IR M Ay R 7 ) 5% W R 28 5 451 K Bl PEDV 5
SARS e IRI% B [F] )& T )8 2 i 58 H (Nidovirales) et R
Jvi B B(Coronaviridae) R 7 25 J& (Coronavirus). S
I (spike, S)J& PEDV —MNEZEMLEHEN, Ei
P TBERL - R LTS8 1, 7R PRk et
ARG AT RO A2 R R vh R 4 T AR 2y
TER, FriA, S B2 PEDV SRR TR 1RIZ Wi
FORSE 7 G B BB — AR AR (B9 H AT,
KT PEDV S HE H PR AT, AR H)
H fd 22 R0 B A4 S 7R BOR PEDV S i 1 % A0
P HIPURRAL AT TS, 5%t 3 AR
i SIP1(248~280 fzd JEfR). S1P2 (442~499
KGRI A1 SIP3 (697 ~742 frsd Haig), X 3 4
A EAMRE R AE, & PEDV S HHH 3 4
B Pt R R AL 5 A, e R O W E
(immunofluorescence assay, IFA)ik % 25 R 42715,
S1P2 I S1P3 KA & T PEDV S & (4 K [ 45 F 15k
1,y PEDV &AL RIS W7 VL e se et 7
R HLAT

1 #RFAEE

1.1 w8l

fd 22 IR W P AR RE 78 2R 48t Smith Z04% 3%
PEDV S & [X fH % Fiki pMD-18TS. #it3t PEDV £
o [ M35 AT pGEX-6p-1 2 A4 i AS 52 5 =5 fR 47
QIAquick® Gel Extration Kit (Cat.NO.28704).
QIAGEN®  Plasmid Midi Kit (Cat.NO.12143) #/
QIAquick® PCR Purification Kit (Cat.NO.28104)l4
H QIAGEN A #l; HRP Arid =EPifie IgG Al FITC
Frid B-EHT I 1gG I H Sigma A5 Klenow J1 B
TADNA G0 /Dbt E (CIAP). ExTaq
fiti Fll DNasel JJ [1 TaKaRa /A 7]; T4DNA 4% .
Pou T BRI N DIBEE H Fermentas /A &) ; B-PER®
GST Spin Purification Kit JJ H PIERCE A ] ,
BALB/c W A AR MY A2 B 7R V5 5 B E 50
SR s BEAR A BIO-RAD680;  HL % FLAX
4 Bio-Rad Gene Pulser X cell; #% E[l{¥ & Bio-Rad
SEMI-DRY TRANSFER CELL TRANS-BLOT SD.
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1.2 A&
1.2.1 PEDV ST J PRI B 1 J 7 DR (1) ) 2.

a. S1 KERIBENL T B4l #%. S1 ZE Kl PCR 724
FHE W 0.25U/ml DNase [ #4746, R 5
QIAquick® Gel Extration Kit [F[Y§ £ 50~400 bp 1]
S1 FE X4 F Bt B T4 DNA 2R &8 fll Klenow J B
XN ) ST 6 DR R B B B AT AL RS = 4 H
QIAquick® PCR Purification Kit J4T2li4k, B 1 pl
aifl =T 2% IR B B F K AT A, R
PRI i AG 2R GenT aliAb =ik B 04T 7 1.

b. fuse 1 22 R W B A4 444 %% . Hl QIAGEN®
Plasmid Midi Kit $2 {41k fuse T #ifk, K5 H
Pou 1T B0 PE 4 D) G 2EAT 586 D), WD) -4 M
QIAquick® Gel Extration Kit 2lift,, 4lift =4 H /)
4= figp B VE B R B (CIAP) HF 47 % W e 1k, 1
QIAquick® PCR Purification Kit X} 2B 1L 117~
AT, BTl 26407 P T 0.8% Bt I Bl e e v
UK BEATRT N, (RIS PRI it R Gent 24k - ik
FEREAT E 5

c. ST PRIRy S PR S 1) A o7 B 8 5 . o A B Y
S1 FE K A B (16 ng) Al fuse T 244 (250 ng) & 2
Ji, HFEAK(C: 25 pF, R: 200Q, U: 2500 V)
200 wl E. coli MC1061 J&SZ 254l i, At 7 P F ol
T 10 ml % 0.2 mg/L PU R 2 1) SOC %5 55 Sk o,
37°C, 220 t/min $£# 1 h, REHB L 90 ml &
20 mg/L VYR LB H584Er, 37°C, 220 r/min
PE1# 12 h, F PEG/NaCl (16.7% PEGgy» 3.3 mol/L
NaCl) Wil 5729 Bs b e e AR e AT ik, 4l
AR IRV B A ED 4 PEDV ST JE R Sk ik ZE, —20°C
TRAF. IKEZR R WA B8RP T IR B RN PU PR 22 4 5 A7
(tetracycline transducing units, TU) ¥ & $% Smith
TG VEREATON. ST KL DRRE S M IR () B AL A
AR BCKCREME . AR TU W€ fe, BENLEE
B 12 ANHE YR, 1% Smith 35 6 U W 1R 3R B
WAL R 4] DNA, DUJERIZ] DNA i, s
Y. 5" TTTTGGAGATTTTCAACGTG 3', Filf
5% % : 5 CAGCCCTCATAGTTAGCGTA 3', it
17 PCR ¥4, fuse T % 4 M XF L™ 38 K/ b
201 bp, PCR F=#)F 1%Lyt NE A B Ji v ok wh Az 0
[F] I X 24k () PCR =9 AT MY, 43 M4l N B
PN VAR
1.2.2 ST BEPRIE TR M e 7 IR 0 A= v k. T A
(1) PEDV Z il B A 1, % Smith 371 G2
JERE ST DRI WG BR1 7 Ji s DK AT =% A2 0 i 3 P,

8BRS PEDV £ i PR KT
4 100 mg/L, TBST ¥t ¥ "' Tween-20 % & 4
0.1%; 25 %0 EWILE %A1 PEDV £ wlEdiiity
ek 2 g 30 mg/L, TBST ¥Eilki ' Tween-20 &5l
0.3%; 5 =% EWILE %A PEDV 2 wlEdiikty
ek Bl 10 mg/L, TBST PEi T Tween-20 75 &k
0.5%. VAR VRE 5 EERL T I PR (R =
HOPRERL T2/ BN EERL T i x100%), X 5 =58
TS 30 ANWEBE R e AT IR, IF S CVTT77
(AF353511).  Brl/87 (725483). JS (AY653204).
KPEDV (AF500215) £l Chinju99 (AY167585) & #k S
B A N 7 ST EE xS o b, PRSI A 5
TTTTGGAGATTTTCAACGTG 3’ , I 5 J5 ¥ 44
Smith 271 & W AT,

1.2.3 YUK ELISA FA (15T EZs o3 Hr. il 46 9F
afifb 2o~ SIP1. S1P2 Al SIP3 ¥4I WG & 44, LA
ali 4l 1) Wk B AR R O L S 3E AT ELISA, W B A4
ELISA F2/500: Al Ak Ig B 4(1.0x10% /> /ml ) FHEY 2
I AT 426 (1.0 107 /> /ml) 4 CHLHE 12 h, 5% g
F 37°CH M 1 h, %Pt PEDV Fifk (100 mg/L) 37°C
EHI 1 h, HRP brid i =F i IgG (1 © 8 000) 37°C
Y/ 1h, TMB JEY) 37°C %% 10 min, [T 2 mol/L
H,SO, £ 1I- 5 min, 7 450 nm &b 5 WG 1H . ¥
S1P1. SI1P2 F1 S1P3 4%k | pGEX-6p-1 # A dE4T
JR#% 35, GST fili4 # (1] B-PER® GST Spin
Purification Kit #i & , DL 4l 1k ) S1P1-GST.
S1P2-GST 1 S1P3-GST it &5 Hif 4T ELISA Flik
FIFEN R 50 AT, ELISA #2)7: FIRER 1 mg/L GST
Rl (RN 2l4k 1) PEDV AR (10 mg/L) 4%, M
TR AVERE P AW R K ELISA; & A RENEE % Gy 1
FORE)  SEIG R RS R RO VAT, A e S
St A1 373 4 ) 2 A BamM 1 A1 Sal 1 B YA 55 1
SI1P1. S1P2 I S1P3 Hii& k% H /%) S1P123, JF
7E S1P1. S1P2 Al S1P3 J3 41 Z [ MK I _E A 52 1)
PURTER HZR(G). 2R P)HTH 2412 (G)3 i
IKMEEIER B RS T-, % Bk 76t S1P123 #E4T
Rk IE R aifl, 24k SIP123-GST & a5 11k
AT ELISA 4 A it P 7347

1.2.4  HUIR KR S92 B Pk 23 #r . 446 i) GST.
S1P1-GST. SI1P2-GST. S1P3-GST #l S1P123-GST
R BALB/c FRUEEAT 2 VK f 9% ok il £ B DA -1
W, PR 7 i35 3047 L 4lifk PEDV 1 b (0 4 J
[f] ELISA (pvELISA) X [f] #% % %% 9% J& (indirect
immunofluorescence assay, IFA)iX %K. IFA F2/7: H
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PEDV (10°TCIDs/0.1 ml) & 4% 96 fL#K 1% 7% 1) Vero
E6 4L, 24 70%~80%4H i H B 41 g % 4% (CPE)
I, FELEEFEM, PBS (pH 7.4) YEM 3 Wk, hnvk#
P (50%) A1 2 (50%) 78 & W[4 5 10 min, PBS
PEAR 3 %, I 100 wl FRPRF AL (10 50 £ H ),
7] I % R T PEDV BHAE L . GST 2 I i Al IE
i BRI XTI, 37°CAER 1h, PBS ¥EdR 3 ¥k, i
A 50 wl FITC xid FEPTR 1gG (1 2 100) 37°CHEH
45 min, PBS Utk 5 ¥k, HRTEEFOCRME
M%<, pvELISA FEJ7: LK JE A 10 mg/L 44k (1)
PEDV {E B4R, —Hih 1 1 200 £5H6 R 1) B A
TS, Pk HRP Brid 1922 P R IgG (1 ¢
8 000), BT PEDV PH 4 IfiL % F1 IE &5 F I 35 %

e
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—
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M, BRI B 48 ELISA.
2 2 =

21 S1 ERSFRMHRELE

S1 FEPARr e MK IR 0 2.0x10°,  PURS 3%
S HAL(TU) A 2.7x108 TU/ml, k553 JE R 2.58x
1024~ /ml, 12 ANBEALE TR 4 e B PCR 9749 )5, 1
1T B BRI s kA, g5 IR o, S1 LAY
PERK I 0946 N R Ba A 50~400 bp (K 1), WiF
SRR, 12 ANBEMLR B R SR AT 10 SRR
BLAE IE AT ST EERF A, AT S1 R A
DAY

A 1TTHNE

Fig. 1 PCR identification of length of S1 gene library random fragments
M: GeneRulerTM 100 bp DNA ladder plus. /: H,O as negative control; 2: Fuse [ vector control; 3~ /4: Insert fragments.

2.2 S1 EFFFMHMRESEEIEER

ST FE DRV S Mk IR R 3 YR AE WV 3%k 140 7= 3R 43 )
H 1.75%10, 3.28x107, 1.13x10~, i B I 15 4495
BERL A2 T 2. 30 AN B R v B ) 25 R
Ry AR EAE IE A S1 R P, o

S1 protein

CV777

IS

10 /NI B 44 50 % i 7 STP1 J7 41 (248 ~280 A ik
2), 7 ANWa B AR 7 B JE 7R S1P2 J7 41 (442 ~499
L), 13 AW A4 v B 2R S1P3 I3 51 (697 ~
742 NEIER). P AT KRB, X 3 ANPEE
PEDV Chingju99. KPEDV. JS. Brl/87 1 CV777

PGFFYHSNDGSNC @il
YHS =N KPEDV
NCRN
Brl/87
CV777
\® S1P3

Fig. 2 Sequence alignment of S1P1, S1P2 and S1P3 polypeptide
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BERRIVY S R AT Y. 1R 2 BRI 1 1) [R5 A7 23 70l A
99.02%- 96.55%FK1 96.74%, X FREFI 3 AN
KT BUAE A5 BEpR 2 R) 2 LA R SF I () 2).
2.3 RER ELISA F1E B RENTE DT ER

Wi e /4 ELISA #11 GST 45 25 [ 1) ELISA 54
FIFENESE R W], SIP1. S1P2 FI S1P3 6 ik #B 15
%Pt PEDV £ 5ol yg N, i H%LL S1P3 4k

1.2}
1.0}
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() 5 N PE #5288 S1P123-GST fili4 & 19 ELISA Fli&
PR EN R 45 B B on, S1P123-GST fil & 85 (1 5 %t
PEDV £ v [ IfiL35 < M 1% 5§ S1P1. S1P2 F1 S1P3
GST &8 E. A4 R 3R AT, S1P3 j& PEDV
SUE A —ADNFELEM PR RN, [F W45 R
SI1P1. S1P2 Fl S1P3 [ Hii% K AL SIP123 H Ay 4f
PR PE(E 3~ 5).

S1P1-PH  S1P2-PH

S1P3-PH Wild Phage S1PI1-GST SIP2-GST SIP3-GST SI1P123-GST  GST PEDV

Fig. 3 Result of phage and purified GST fusion protein ELISA

l: Rabbit serum against PEDV; []: Normal rabbit serum. PH: Represented phage clone.

1 2 3 4 5 6 7 8 9 10

amy S
=2 SN -

—_ - —
y=1 ¥

T = - e
-Ei”-
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-EEps=
Fig. 4 Expression and purification of S1P1, S1P2, S1P3
and S1P123
1: S1P123-GST; 2: Purified S1P123-GST; 3: Protein marker 116 ~
14.4 ku; 4: GST control; 5: SIP1-GST; 6: S1P2-GST; 7: S1P3-GST; 8:
Purified SIP1-GST; 9: Purified S1P2-GST; /0: Purified S1P3-GST.

1 2 3

RS £

Fig. 5 Western blot of S1P1-GST, S1P2-GST, S1P3-GST
and S1P123-GST fusion proteins

1: GST control; 2: S1P1-GST; 3: S1P2-GST; 4: SIP3-GST; 5:

S1P123-GST.

24 MERRKHGEREEDINER

pvELISA &5 4 i /<, S1P1. SIP2. SIP3 Al
S1P123 GST fili & B ¥ g% 155 3/ Bl 7™ 42 PEDV
S WA TR PR K 6). TFA £5 1%, S1P2.
S1P3 F1 S1P123 2L HERIOGE T, X454
7, S1P2 Al SIP3 XA JF 4147 T PEDV S & K [
ghRgEE b, [RIR AR SIP1. S1P2 A1 SIP3 ) £
TERAL S1P123 HAT BUF (1) f e Jr MR (B 7).

3 it it

WG AT A% JEE s 3 A — Pl A 0 (0 D DR g 5
HAR - HAFZ A AR TR, # 2ty
F TP RAL AORI T W T 1 i s 3R L T 32
fesg <O k. BRERET A EOR . X- AT 5%
FEIEHRNMR) 2 M S HUR AT ST A0 B, AL
LR a BAERL, bW LK E LM R AR S
BAL, e KA AR T LU S A £ £d
AR JE 7S R HE T g I AN gV Il A5 A8 A1
2RI 2 P B, b3 g I fd 1 g 40 i
R ARGEE TR R R AN T K 52 AR EC A, RN
£ B LG RAL RTS8 7 AT LB g
B RIPNH A o e R G B B Nias, A ok
(K] B bk EL 40 0 73 W8 B 120 55 1) 25 Fof G 2 2K B 1R
M2 TEBEDUIR, XA 2 SO B LA o 5 B AT oA
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1.0F
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é" 0.6 T

0l [ |

‘| m & L

0
Anti-S1P1 Anti-S1P2 Anti-S1P3  Anti-S1P123  Anti-GST Preimmune Anti-PEDV
Sera Sera Sera Sera Sera Sera Sera

Fig. 6 The pvELISA of immune sera regarding S1P1, S1P2, S1P3, and S1P123 GST fusion proteins

(@) (b) (©) (d)
(©) ® (2) (h)

Fig. 7 The result of indirect immunofluorescence assay with the immune sera of GST fusion

proteins (100x)

(a) Anti-PEDV sera. (b) Normal Vero E6 cells control. (¢) Normal mouse sera control. (d) Anti-GST protein sera
control. (¢) Antisera of SIP1 GST fusion protein. (f) Antisera of SIP2 GST fusion protein. (g) Antisera of SIP3 GST

fusion protein. (h) Antisera of SIP123 GST fusion protein.

F L BEHRHTIZ0 B 10 TR s, T PUR RN £
SUREPUARIE N TR S 1, nT LA B 2 LR T HT
i DR (DA S P Wk Ty A I 2 T kA3 LA 3R A e
PRIFTE L FE PR POE RN T S B b, B
(9T IR AR AU R X A7 B LA R v (R AR B el
AR 25 8 (148 A% Gk 18 W % i 88 (TGEV). 2 5eb 4R
JHEHBCOV) ML YL IR 5095 22 (FIPV) M 4% 4L
P RITEABY) RUH 299 B (MHV) A1 (1)
SARS Jib IR 9% 7 (SARS-CoV) [ S 2 11 41 R & A #
B THFCRE N, S LR AL 12 W R [

TR E T AT 2] T ARGE (WS . PEDV S & et R
WEEB T — 01, B IHUR R R AN R AR
HETEME X, RUAEN PED 12 Wi AR 1 0 5T
B KL, 1 LA A T A e RIS B A PR ALY
WIS % 2T, Chang U5 35 48 4L e vk 'E
¥ 98 995 B (TGEV)S & [A ¥ 7 R 26 467 X 7 81 R4 L
¥l % T PEDV S 3 [ — AN U R & A7 X
(499~638 N ZILHR), Cruz 2509 WG 1At ALK
i % % T PEDV S & H ) — AN 4 R AT
(P*GPRLQPY"™™). {H &, 5 M Ath 7 Ik w5 55 AH Lk,
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PEDV S & A PLR RALIL KA FF 2N 2 MR
5T,

AR5 H 4l 44993 55 1l 45 1) % P PEDV £ 5 [%
PUfAX) PEDV S1 BEDARE 5 P IR ZEREAT T AE M)V IE
PRAFT 3 AN mR A R AL H. ek R
FRATTZE T AR A B R AT B[R] I 4 e e v
Tween-20 {1 & &, XFERKHR & T 97 16 14F S k.
3 /NERAL GST @l 8 11 ELISA FIER [ i Bl 25 45
R HHE, X3 ANRMTHE ST AR R
(R R AT, 17 AN A W R AR AR e M 4 5 AR
S1P1. S1P2 il SIP3 KA {E PEDV S & (A L &
I3 A 248~280 f 2 FEIR . 442~499 fi Z KR AN
697 ~742 ML EIEIR, TATEN T CARIE PR FRAL
[X (499 ~638 v 2 JE ) FI A FL R A7 (1 368~1 374
Fra HEIR) < M B DU KA. STPT, STP2 AT S1P3
FAT GST A H WG R 44 ELISA . (1 )i Bl 78
J HCHL IR - I ) TRA £5 13RI, S1P3 R AL
PR R, S1P2 RAMPUEIERZ, SIP1 KAL)
PURTER 5. FATHX 3 AR = I R 4L o0 Bt
RIL, SIP3 RALMIE/KAML R Z, HREILR L
# 58%, HJE S1P2(52%), #/D I/ SIP1(40%).
KPERIE IR IR I — A T8 R, A A Tht
JERATHIE R, IX e S1P3 RALHLE sk 1) — A
FN. HRT, 22 2873k D TR W P W9
Jila, A THFSY SIPL. SIP2 A SIP3 3 M H iR
iR e Ja bk, BATTE Rk T gt S1P1. S1P2 Al
SIP3 RALMIKL H IR T H, h T RECRFFE &R AT X 3
SERIAX SR, 2R 2 ANRALTHI 2 TN H
AM(G) MR (P) A H 2R (G)3 A i /K 1 &
1%, DL G-P-G B [AIR%. 4 ELISA. & [ it Bk
DA b il 25 2 A B DR T UM ) TFA SEER R, &%
FW], SIP1. S1P2 Ml S1P3 H3i% LA HAT R UF 1 #
e s k. FRATTA ] fd MR A SRR B R ¥ T PEDV
S &M 3 MHIIIPURRAL, HHIGUET 3 MHER
REIHLRTE, Xk PEDV S Hi i 847 45 # 3k — 25 4
Fre At T s, A % PEDV [ 3R A7 5 1 F1i2
WV S B T R AR

BUgt i 5% [ 5 K SA Smith RN IX fd 22
DRI BT 1A Fi 7 R £

1

2 % X #
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Screening and Identification of B Cell Antigenic Epitopes of Porcine
Epidemic Diarrhea Virus Spike Glycoprotein by Phage Display”

SUN Dong-Bo", LANG Hong-Wu?, SHI Hong-Yan", CHEN Jian-Fei",
CUI Xiao-Chen", WANG Cheng-Bao", TONG You-En", FENG Li""
("Division of Swine Infectious Diseases, National Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research
Institute of Chinese Academy of Agricultural Sciences, Harbin 150001, China;
? China Institute of Veterinary Drug Control, Beijing 100081, China)

Abstract Sl gene targeted libraries containing the major immunodominant region (1~2 367 bp) of PEDV spike
glycoprotein were constructed by phage-display vectors based on filamentous phage strain fd-tet, in which the
exogenous polypeptides were expressed in the N-terminal of gene [l coat protein. The S1 libraries were panned
three times using the purified rabbit sera against PEDV. Three peptides, displayed on recombinant phages, showed
strong binding affinity with the PEDV antisera, and were designated as SIP1 (248 ~280aa), S1P2 (442 ~499aa)
and S1P3 (697 ~742aa) respectively. In ELISA and Western blot, the three peptides were all recognized by the
PEDV antisera, but S1P3 showed strong binding activity. To further determine antigenicity of the three peptides,
the antisera of SIP1-GST, S1P2-GST, S1P3-GST and their ligations GST fusion protein were prepared. In ELISA,
S1P1-GST, S1P2-GST, S1P3-GST and S1P123-GST fusion proteins were able to induce the S1-specific antisera.
The result of indirect immunofluorescence assay (IFA) demonstrated that the antisera induced by S1P2-GST,
S1P3-GST and S1P123-GST fusion proteins possessed binding ability to the native S protein of PEDV cultured in
Vero cells.
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