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Abstract: [Background] Amino acid sequences alignment of the spike (S) proteins of porcine epidemic
diarrhea virus (PEDV) classical and prevalent strains indicates that most of the variation maps to
N-terminal region of the S protein. [Objective] The objective of this study is to identify linear B cell
epitopes (BCE) containing peptides, especially prevalent strain specific linear BCE containing peptides,
on the hypervariable region (Slga, 1-496 aa) of the S protein of PEDV prevalent strain. [Methods] The
N-terminal hypervariable part of prevalent PEDV SD2014 S protein (S1o4°°%***) was recombinantly
expressed in Escherichia coli (E. coli). Polyclonal antibody was prepared by immunizing New Zealand
white rabbits with S14°°?°** purified by cutting out the aimed band from the SDS-PAGE. Serial
Glutathione S-transferase (GST)-fusion expressed 16-mers with an overlap of 8 amino acids (aa)
covering the entire S1,,°°?*"* sequence was produced in E. coli, and from which linear BCE containing
16-mers were identified by using western blot with prepared anti-S1p2°°?°** serum as the primary
antibody. The conserved linear BCE containing 16-mers on S15,°°%*'* were identified with polyclonal
serum against the counterpart of the S protein of PEDV CV777 vaccine strain (S1oa®""""). [Results] The
relative molecular mass of the expressed S1oa°°%*** was about 72 kD. The purified S1a°?** could be
recognized by clinical porcine anti-PEDV serum. The polyclonal serum prepared by immunizing the
rabbits with the purified S1,,°°?°** could react with PEDV DR13 in Vero cells. From 61 16-mers,
twenty-eight linear BCE containing 16-mers were identified by western blot using the prepared
anti-S1oa°°?%* and anti-S1,,°Y""" serum. Thirteen out of the 28 linear BCE containing 16-mers could be
recognized by both of the 2 serum. Homology analysis of the corresponding region of 24 typical strains
from different PEDV subgroups showed that 2 positive 16-mers were conserved. [Conclusion] The
identification of linear BCE containing peptides, especially the prevalent PEDV S protein-specific
16-mers laid a foundation for the understanding the S protein structure and function, as well as for
developing epitope-based diagnostic methods.
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S} T E— 08 PEDV S %8 A28 X (Sloa)¥L
JRRANL oA, AWFGRFEAZFRIR T PEDV ATk
SD2014 S & AR X (1-496 aa; Sloa  2)JFf:4hl
% T HZTEUA, FARIEH S1oa>2°" Z90A
Pt PEDV LGS HEAE MR CVT77 S BRI R AR X
(1-496 aa; Sloa™ " NIZHI/MHINEH S1oa°02M
SR AL EE 8 M FLIRIR I RN B H RS
FLHEFL T (Glutathione S-transferase, GST)El& 16 ik
PTG, BT S1oa”™ EHY B AUAZER
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1.1.2 EERXFIFLIE
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AR, R R A BRAE Bk
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JNARA]; i S10a™Y'" 241, ATifils; i
PEDV J4 I, “RAIGIK PEDV SRR L
Alexa Fluor 647 #riciIIl2EPif 19G, AR
Y ARAGIRE; PVDF B, [ A 4 R
ARTUATLAH]; HRP FRiCHIIIER T 19G . # 4L
PRI, A AR TR (V) e A FR A D
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12 Fm*
1.2.1 PEDV SD2014 SEBSTXH ER(S10a°""™)
KRB R LG

PEDV S1oa°?" 31k K 4lifk 2 BESCHR[29]
(77T, RN L% PEDV
SD2014 S %5 11578 [X.(1-496 aa, AND76936.1)%fi%
DNA A Btifi A & pET-32a f Hind HI/EcoR | 13 515
3| pET-32a-S1a°°7™ . o W ¥ 5 I IE HH (Y
PET-32a-S10 72" %4k, % E. coli BL21, I 0.5 mmol/L
¥ IPTG /55 PEDV S1oa>"™* 13k

¥ H1 SDS-PAGE #I| j 4li b 3 ik ) PEDV
SloASDZOM: g %E 37 °C i35 6 h i E 4] E. coli BL21
(PET-32a-S10a°"%%M), UK LB A AL HE 20 min (150 W,
e 4s, {5 45s); 4°C. 12000 r/min &.C> 30 min
W AT AA A0 A LA R G R T IR T AT
SDS-PAGE 7k, #EELL 0.25 mol/L ) KCI 4L {3,
10 min, HFARIIAEHMEASTYIT . AE
Mra&, 60V MUk ¥EML 120 min, Sz HL ik 15 min [#]
Iz PEDV S10a°P%*, 80 °C {5-4£45 .
1.2.2 #i PEDV S1o,°°% i M iE Ry &

K2idk iy PEDV S1oa°P2 S4B 1 08
SAEFNRA, LA 0.5 mg 2/ H A e R Py il
Z SRR 3 FUBE 2 R e, [AIETLL PBS fuj
1 HRFARMENXTIE . B0 14 d g sy —k, 3t
Bl 4 W AT — RIS IS 14, 28, 42,
56 KX H-EREHIKIML, (42 ELISA KlifiiAKF-,
55 58 K2 sl ik R i H- IS L i o
1.2.3 ELISA A& MBRIZN

(1) fe o5 e I i PRI . DL aifh
PEDV S102°°% (1 po/mL) b BFFRAT, 4 °C 1d1%,
LI PBST ¥4 3 ¥k A 5%RIBLIE WK} 37 °C 5441
1 h, DLPBST ¥l 31 A 1:1 000 f5#: &5 i
I35 (AR B[] g R AR e IYE) , 37 °C AR 1 h,
PBST ¥k 3¥K; fIA 1:10 000 {5 BBk it 48
fEBFpRIC I LB 190G, 37 °C Ji¥E 45 min,
PBST ¥ 3k A TMB IS B, Wik i £
15 min, fiILA 2 mol/L FURRERZ 1L, BEFR{USEEL

ODyso fH

(2) YL R . B T —HUR LS LR R
B 58 d RAERIMIESN, HEEIERBUAK
ol
1.2.4 $HIPEDV S1,,°°?" n}% 5 PEDV DR13 555

FRHY Iz R
Ht PEDV S102°°%™ 1M1 3% 5 55 # #k PEDV DR13

F14) JSZ 17 1 3 o 3 AL AR i 2 B2 2 YA N

(1) HEdAk, ¥ Vero 4R 2 T 2e il B 25
PRy 24 fUbR, FRmedi i ERAHiEAE K E 80%
i, A 100 TCIDs, PEDV DR13. 7 60%—80%4]
JifL Y BRSPS (2 18 h), PBST iyt 3 vk, 4HfilL 4%
1 2R B[ E 15 min, LL&A 0.1% Triton X-100
) PBS ik 15 min, 5%-=FIMiE=HEH 1h, IA
Ht PEDV S102°"%% Ifi135(1:100) F 37 °C & 1 h,
FEIA HRP FRiC i 1L EHT 5 19G (1:200)F 37 °C fif
B 1h, DAB & JfH BB WE T4

(2) HPED . ¥ Vero A EEFT = 0L E 5
PR 24 fUbRH, FREdih BRYdiiEA K 2 80%
J&, #A 100 TCIDso %, 1+ 60%—80%2H L i 3
W75 (2 18 h), PBST V% 31k, 4iffILL 4% 25K
FAE [ 5 15 min, LL&A 0.1% Triton X-100 £ PBS
LB AE 15 min, 5% LI = dEEA 1h, A 1%
BSA TSR PEDV S1oa°P%™ If13% (1:2 000)F
37°CHFE 1h, FEIIA 1% BSA Fi B9 4t (1:200)
F 37 °C %5 1 h,DAPI (1:1 000) 37 °C §¥ 5 15 min
Pz, BETNEASIHRR,
1.25 Z%| GST fté& 16 BARIRIE

B35 PEDV S1oa° 2" 5 BKF 51 4 K FLok 1
& 8 MRS R ) 16 KK GST fil A £k
2 WA LART 8 (19 07 2 PO AT o B ANk & O E RS
Bk 16 BRAYZRES DNA FrBolfi A3 53k
AR pXXGST-1 14 BamH | #1 Sal |3 5 ¥ 56
WFIE S 74k E. coli BL21 FFiR i S a4 16 ik
[k ; SDS-PAGE 431 IE#fi 1A Rl 5 2 1 I TR A
—20 °C {747, 4 FHT Western blot i1 FHAE s 1oy 1
Al 16 ik,
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1.2.6 SDS-PAGE X Western blot

SDS-PAGE J% Western blot Z: I LA 18 A4 7
WO SDS-PAGE 4 o I % T i 5% 1
G-250 YL (a4 45 1 ) 12 V48 B2 T4 30 min
% PVDF I |, 55 BN LA 10% 00 I B 085 101 5 h,
A —HL (i His 3T B PEDV S1oa>P2  FIfiL 37
Hi PEDV S1oa™Y""" #1375 5 PEDV FHEH I 37
1:5 000) 4 °CHF&E &, TBST Pk 3k, —ht
(1gG-HRP, 1:20 000)= &M H 1 h, LI TBST Pk
4%, ECL B, WEBEMEY.
1.2.7 PEDV Sloa F3453 470 B 4B L M T 00N

T 43t PEDV i 7#k SD2014 5 28 i bk
CV777 I S ERAE X 25, SR ClustalX 2 HoX}
PEDV S10a°"%* (AND76936.1)5 PEDV S10a°V"""
(ALS35469.1) 1) 2 3R T 51

1E W 2% Ik 55 %% (http://tools.iedb.org/beell/)
% Fl Bepipred 2.0, Chou & Fasman., Emini,
Karplus &Schulz . Kolaskar &Tongaonkar #i
Parker 6 1 7 ¥ X} PEDV Sloa 47 B 2 i 2k Pk
FEAL T

Cv777
SD2014
Cv777
SD2014
CVT77
SD2014

CvVT777
SD2014

CN777
SD20T4 280 - - v v e oo oo e

CV777
SD2014 350

CvV777

SD2014 420 .« - o o v i N, . ........
CV777 486 RNLLSHE 496

SD2014 490 .. ... .. 496

1 PEDV S1oa™*™ 5 S10,°V"" S EBRFFFILL 3
Figure 1 Amino acid sequence alignment of PEDV Sl

1.2.8 PAM 16 BREYIRF IS

PRI IATE 16 BRI E LR P51 4005 24
2010 4ELUSHIER) PEDV RERKAIARN X ET TR
SR LT -

2 HR54hr
2.1 PEDV S1°"*" S EBRFS4 750 B 40k
M RALTN

Y PEDV &ML 55 89 1 bk CVT77 S EE & 7%
X (SL0a%Y""") ) 2 FL R 751 LX) iR, PEDV
ik SD2014 S K 1 #5748 X (S10a%2") Y 4 SR
FP 3 HLAT A T3 R LR (1 S SR R R LA Ak
B QG VN® il MON fiti AT 1°°G B sk (K 1)
S10a%77%M 55 S1oa VT I B LR 51 — Bt 86%.

Li8751E PEDV S1oa™™ ™ fu Sy SEMSR LA 1
7Kk (Hydrophobicity) . 2 (Flexibility) . i a] &1k
(Surface accessibility) . #7515 1] ¥4 (Antigen propensity)
SRR R 6 MOkt B 4RIk ER A UES T T T
F1HH T 3R T —3 PEDV S12°%%
FBURERN (EREBREEANT), 3154,

SD2014 and SlOACV777

T 2RISR R CBIEAR s S1oa2 ePAHIRIABLA LA PR s 4 AR IR I SRR 8 LA AiER R .

Note: Differential amino acids were shaded with grey; The identical amino acid in the sequence of S1oa

amino acid in rectangle was the insertion/deletion site.

SD2014 was substituted with a “.”; The
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1 MK PEDV S1,.°7" iy B 4RARLE MERAL
Table 1 Predicted B cell linear epitopes of PEDV S1,,°P2%%

i BIGGE  ZIRE 751
No. Start site End site Sequences (5'—3")
E1l 14 44 LSTLSLPQDVTRCSANTNFRRFFSKFENVQAP
E2 55 78 IGENQGVNSTWYCAGQHPTASGVH
E3 85 106 IRGGHGFEIGISQEPFDPSGYQ
E4 106 123 QLYLHKATNGNTNATARL
E5 132 150 KTLGPTANNDVTTGRNCLF
E6 154 176 IPAHMSEHSVVGITWDNDRVTVF
E7 183 213 FYFKNDWSRVATKCYNSGGCAMQYVYEPTYY
E8 212 253 YYMLNVTSAGEDGISYQPCTANCIGYAANVFATEPNGHIPEG
E9 253 280 GFSFNNWFLLSNDSTLVHGKVVSNQPLL
E10 295 360 QFFSFNQTIDGVCNGAAVQRAPEALRFNINDTSVILAEGSIVLHTALRTNFSFVCSNSSNPHLATF
E11 378 384 DTYNSTV
E12 402 412 KYGDVYVNGFG
E13 423 458 TINFTGHGTDDDVSGFWTIASTNFVDALIEVQGTAI
E14 463 481 YCDDPVSQLKCSQVAFDLG
E15 480 493 LGDGFYPISSRNLL

2.2 PEDV S1,:.P*M gy5Ri%
ol

4k, pET-32a-S1a°"° (U4 E. coli BL21 £
IPTG #%)5, SDS-PAGE /i s il T—44
72 kD WEE A, SHUHIR/N—2(# 2A, UKiE
3). FAM L SloASDZOMTU%KT)LEQEEEE??E’H@
His 52 i 4s = 1800 (B 2B), & B] PEDV
S1pa°P?" 74 @Jﬁxﬁ?‘%_o S10a°PM TERIHAT AN
ML ITE AL A, R B LFJC B bR A
HI(E 2A. 2B, JKiE 4. 5).

K F SDS-PAGE 1 i AT i 5 2 b4k A i
EE, WA 2A (ki 6. 7)n, 183 T B Al
PEDV S10a°°%%, Western blot 43 H7 4l fk i T 4
S1oa%P%M, SEIRBIRIGFIRELL SLoa > AALHT
PASHL His FRa8Spiar et v (8] 2B), 87T ik
Wbt PEDV BRI 7 BH R0 (& 2D).

2.3 1 PEDV S102°%" % TE B IR O HI %

PLaifb ) PEDV S10a%P%" fu % ELISA Bl
BB BVE 2 K R IA E R . 255 el 3
PR, 3 R FIER KRGS 14d R4 TR &1
PU SLoa> P Bk, ZIRZEIENIN, 5 4 WRRE)E

A1k A0 Western blot

A

kD kD
250 250
130 130
95 95
72 72
55 55
36 36

B D

2 SDS-PAGE #1 Western blot #3#i#&ik. Zh{LAY
PEDV SlOAsozou
Figure 2 SDS-PAGE and western blot analysis of

expressed and purified PEDV S1o,5P2%%

W A: SDS-PAGE SMT#IARIAILIY S1oa”™™; B: LIdi-His b5
ZERAN—H Western blot 43 2k FI4lifLly S10a; C:

SDS-PAGE 4 Hialifkity S1oa°°™; D: LA PEDV BRI Kt
Western blot S} 210 S1oa™%%; M. BEFRSS Fikbrifi; 1 &
4 E. coli FT; 2 RIFEPAEUISIR; 3. 155 6 h iYiE(k; 4.
5. ZPHIAYES 6 h (WEL E. coli (pET-32a-S1oa ™ HIF iR Ln
DUERLEE; 6: 4L SLoa™"™; 7. AU S1oa™ " YRGS

Note: A: SDS-PAGE analysis of the expressed and purified
S10a°P?" respectively; B: Western blot analysis of the expressed
and purified S16,°°%* using anti-His mAb as the primary antibody;
C: SDS-PAGE analysis of purified S1pa°"™*; D: Western blot
analysis of purified S12°°%" using porcine against PEDV serum
as the primary antibody; M: Protein marker; 1: Recombinant E.
coli before induction; 2: Un-induced recombinant E. coli; 3:
Recombinant E. coli (pET-32a- S162°°?*) induced for 6 h; 4, 5:
Centrifugal precipitate and supernatant of ultrasonic crushed
recombinant E. coli (pET-32a- S16n°°®*) induced for 6 h,

respectively; 6: Purified S12°°%®%; 7: Concentrated aliquot of
purified S1p2°°%*
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-o-Negative control —a— Rabbit 1
-8-Rabbit 2 -0~ Rabbit 3

OD45()

0 14 28 42 56
Time post immunization (d)

3 TRI%ERENMETEKFE

Figure 3 Time course of sera antibody level

PGk 2 F BRI, 1 SR Fim, KT
1:6.5x10% 2., 3 S THUIAT A 1:3 276 800 (&1
4), FWIRAG PR HA BRI AUt

R G 928 2L A R T80 4 S 088 5 S AG T 2R A5 Y it
PEDV S1025°2° [fi1 3% 15 PEDV 2855 #:#k DR13 1y
ik, Z5RFIRGREPUNIGEREIRG] Vero
Ly PEDV DR13 (/1 5A. 5D, 6A. 6D), ifii
BRI 35 A BEYL (5 PEDV DR13 (/€ 5B)= %A ML
FNPOL(E 6B). MR GEA LR B/RHL PEDV
S1oa>?M I FIT S1oa”Y"" I3 555 #Hk PEDV
DR13 i s b M ey B dg 22 (K1 5C . 5D), {HLAHT
S1oa™ "7 L3 A — LA T G e e T (g 58 T
LIHE PEDV S1oa%0%™ I3t H—Hii45 5K 6C.

0D,
o

0.8 = __positive threshold line-a-Rabbit 1 s
0.4 [-=Rabbit 2 —s-Rabbit 3
0.0

64 256 1024 409 16384 65536

Dilution rate x10?

B4  MEHAEE RS
Figure 4 Determination of the titers of the anti-sera
6D), ZWIHi PEDV S10a°°%™ Z4i 55584k PEDV
DR13 (LSS FHE S1oa™"" 4.
2.4 PEDV S102°"" B 42k M R AL X ik

N THFFE PEDV S162°72 | B 4l R AL
G4 RS540 PEDV 255 B2 T bk S B (B E X
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Figure 5 Cross-reactivity of anti-S1p,°%* serum and anti-S1,,°¥""" serum with attenuated PEDV DR13 detected by

immunohistochemical analysis

: A: Vero 4iffixtEE; B. C. D: J&KYL¥5E 1k PEDV DR13 1 Vero 4iffl; A. D: —Hi AL S1oaPPM 13 ; B: —Po B G

W Co —PUAPL SLoa™"" M ORI <400 £,

Note: A: Vero cell control; B, C and D: Vero cell infected with attenuated PEDV DR13; A, D: Using anti-S1pa°°%" serum as the primary

antibody; B: Using negative serum as the primary antibody; C: Using anti-S1oa°"

77 serum as the primary antibody; Magnification: x400.
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Bl 6 [EHERBRADII S1oa’" MEMI S1a""""" II7E S PEDV DR13 55/ HkAIR M1

Figure 6 Cross-reactivity of anti-S1,,°°%* serum and anti-S1o,°"""" serum with attenuated PEDV DR13 in Vero cell
detected by indirect immunofluorescence assay

T A: Vero 4 iE; B, C. D: L5857 #k PEDV DR13 /) Vero 4iliil; A. D: —Hidt S1a 2 1fil; B: —Hi Bt
Wi Co —HUAHL SLoa™ " M. BORATEL: 400 f5.

Note: A: Vero cell control; B, C and D: Vero cell infected with attenuated PEDV DR13; A, D: Using anti-S1pa°"** serum as the primary
antibody; B: Using negative serum as the primary antibody; C: Using anti-S1,,"¥"""" serum as the primary antibody. Magnification: x400.

KA TSR, b 13 4~(P4-P5, P13-P14, 7R, 7 S1oa 0% (1 h1#5(201-328 aa) fEqE— AL
P17-P18, P22, P26-P28, P33 fil P60-P6L)ES5HT  EH XL, @& T 28 MHMERNM 16 fkH Y
S10a5P2%M i HL R 16 ik, S48 3 4N(P34. P54 13 4%;'S R A5 B KX (SP) AT % i S Y 16 Jik.
1 P56)HHT SLoal""" MIFHE PRGN 16 BR(E 124970 S1oa %M M4 SR04 16 k43 5z T
7B). LABAPEGR ML I —PTR) Western blot 25 7%, 145-160 aa (P19) ,233-264 aa (P30-P32)#i1 273-416 aa
T EF Y 28 AN FHPE RV PR 16 BRI S5BAME%R  (P35-P38,P40 P45 P50-P51) X5 .3 M7 S1oa”" "
M35 RN (B 7C) o 28 M7 B Ak 16 ik iy 4P 16 k4507 T 265-280 aa (P34)Fll
5 X HAE PEDV S10a°°%" FRY/ME AN 8 if  425-456 aa (P54, P56)XJH (/K 8).

Bl 7 Western blot 351580 PEDV S102°"°" B 4BARLZE M R ARk

Figure 7 Western blot analysis of identified positive B cell linear epitopes of PEDV S$1,,°P?%%

TE: A: SDS-PAGE SMrHiAfs i BHE 16 Jik; B: LUBL S1oa°D M B S10a™" IM#(34. 54. 56)J—4t Western blot JoiEFk75 1
FEE 16 ks C: DABHME A g A—4T Western blot JiEAEAS (4 FHPE 16 Bk; M. AT FabndE; N: B 16 ik; 4-5. 13-14,
17-19, 22, 26-28. 30-38. 40, 45, 5051 54, 56, 60-61: /M5 28 /4~ GST il #IKAIPHYE 16 ik s H T RIZLAIA 5 AT S1oa™2
M RESEE R 16 B 5 HER A4 5 8T SLoa” """ TR SRR 16 k.

Note: A: SDS-PAGE analysis of positive 16-mers; B: Analysis of positive 16-mers by western blot using anti-S15,°"%*** serum or
anti-S15a°Y""" serum (for 34, 54 and 56) as primary antibody; C: Analysis of positive 16-mer by western blot using negative rabbit serum as
primary antibody; M: Protein marker; N: Negative 16-mers; 4-5, 13-14, 17-19, 22, 26-28, 30—38, 40, 45, 50-51, 54, 56 and 60—61:
Twenty-eight GST fusion expressed positive 16-mers, respectively; Numbers with a underline were 16-mers specially recognized by
anti-S15a°"%* serum; Numbers in square were 16-mers specially recognized by anti-S12°¥""" serum.
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Figure 8 Schematic diagram of positive 16-mers on PEDV S1,,°2%%

T KOPHE B/ IEECTACER SLoa ™M IORUEMRIRIEN B 5 SP: (55 0K; 0. A: 435I S1WVJE Slo. SIa45HIN; 28 FHYER
WAk 16 BERAGSEIE 7, JLRGFMESROIE L FARPRE, 5 S10a™"7 JFPIA Al ) S SE MR RS LSS RHARR ;4 FRILI S5 i
S1oa2M ML HE ARG 16 Jik;  FHER A4S ML SLoa™""" MLIEHE SR BN 16 ik,

Note: Numbers up/down the long fragment denoted the initial and terminal amino acids of S1p2°°%"; SP: Signal peptide; 0 and A: Domain
S1p and S1a of S1 subunit, respectively; Twenty-eight positive 16-mers were numbered as in Figure 7, whose initial and terminal sites were

denoted in superscript and amino acids different from that of S1,.°¥""" were marked in black italics; Numbers with a underline were 16-mers

specially recognized by anti-S12°°%* serum; Numbers in square were 16-mers specially recognized by anti-S1,,Y""" serum.
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Figure 9 Sequence alignment analysis of positive 16-mers among different subtype PEDV strains
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SILRRALEARTERE 85 fRSFHERHTE 16 JRLUK @R,

Note: The position of 28 positive 16-mers were marked in solid or dashed box, and 16-mers and their start and end sites were denoted as in

Figure 8; The conserved positive 16-mers were marked in grey.

3 Wib%®

2010 LIk, PEDV Hriftd itk hBLL, = BRFF
TR TR BRER, Rl PED 15 ASENHLIX J5
PEDV HIRZE| Z W &E. BRI ZE60E

R ek S 1 S AT, (2R T PEDV 4
BRI 14 55 15 BRI S 1 S S B RN RE AT
WEARIE X PEDV BiiiAT 8 bk A RS,
PEDV AR I3 WA T4 BTG I Y B 2 B0 [ 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1782 TEY I8

Microbiol. China

— VAT 2 B PED Je: 3 4lb 1 I i3 U 1) AL
) HAt e 55—, PEDV S & FI7EMR 2 A4
it AR R SR, DRt R H R B 2 A
FHHS, £HX) S B AP ALE Tl PEDV 2L
R4 R4 S e R P, [ 2 duE B bk PEDV
CV777 ML, Brifd etk HLAVERE SRR S B A
() N g5 F38(Slon, m7AEIX) KA T A SEMRERELN
WAL BREEM, BARERTE 4% PEDV S A
FWRAXAE TR, BT —S g
A E B X2 aRTi PEDV A THE
Sloa FURSERRFRIL AU A . BB S e HT R E
DL AEARAT B Z IR T o A T #87% PEDV i1
Bk Sloa B BB B gkt 2fiin 4, AL
JiATHk PEDV SD2014 S 2 117578 [X (S1oa” 22" I T
MFE 15 4> B AR AIX, FIFAHL S10a°0%
ST AP PEDV & MLES #E 8 vk CVT77 S
() E AR X (SLoa™Y ) BRI TE S1oa™0% FILYE
F| 28 ML E B AL R g BEE R N 1 16 BE,

{46 2 AMRSFIHE 16 K.

S TG INERA N RT R, 2557 IR LR
SRR EAKNE . Feimm] Bk . B PSS A
%, R 6 RN I 200 BT S1oa%%2 110 B
MLRPEFRAL . 16 3 FhLAE ISRy 15 4
FAIXHI(FR 1), BRT 2 W3] R4 X (B2 F1 E3)
WA % B P 16 BRAh, FEHAY 13 /iy B 4
MUtk R X rp A 5 BIBAYE 16 Bk, T H 4 )
1) 28 4~ 16 JIK4=EBA7 Fix 13 ST B 4 sk
FALX P, BPARE] T 7 W AOAACIE, X R B
JIETER B B ALt R0 R —8 . AR
W L W A BR PRI 17 PEDV Y Sloa L% 5E
2 B Ak NI IX S1IP1 (248-280 aa)fl S1P2
(442-499 aa)PY. FEABIFR BN HIA/E B 4
MEFRAL(ER 1, EQRY SIPL X, %EF| 5 4 BHE
16 fk(P31-P35), Tfii7E S2P2 X % E#| 3 4~BHYE
16 Jik(P56 11 P60-P61), FHIX PN XARLFTE
ZA~ B L0,

X} PEDV ZBUBRFIFA TR F A X s, S

T N Uig(SLoa) TEA ] PEDV B PRI ZIH 5 B 1)
WL 2R, XmATHRAZ Stk PEDV 4d A/
B AR AL FAZIK IR 022 (R P4
REIR, AUFsEHl &P PEDV Hifidtk S &M
S16a5P%M L4 525 i PEDV DR13 (14 52 vt B A%
FEMR GHR MR S10a°Y" T ZHUMIBN 5 F
BT BETUAR MBSt & B, S5iR50 2 AR ZE A 35
(SLle)MHPiXt PEDV A rikfnge Mk ky HoA 4
F B R R RS AR TR 2200 SR A TR Sloa IX
AL A BB PEDV 28 MLRR A% S 07 AN RN 7
AR ek Th G PEDV Slpa X I35t
feZ R &gl T EEm 2z R,
S10a°P2 5 S10a VT B S SEERFHN L R, B
T PQGVN® I MN pdfi AN "°G kg sh, —F
AEAE 67 NSRRI (A 1) Hor 18 P2 iR
B ON B A T SL0a%2M LI 1 SR
1 16 ik (P19, P30-P31, P35-P38. P40, P45
P50) b5 2 MEIEBEHA BN T 2 M S10a”YT"
ML SR 16 ik P34 1 P56 |5 14 P2 5Ll
(49 85 48 or - 7 R O O 3R RO R 16 Ik (P4 .
P17-P18. P22, P26 Fl P28) I, fHB[Z T S1oa>P%
FORMEIASAL , RIS 5T S1oa™Y "™ LT S 1 1k
R . FRATHED X 34 A R i 2 e L &
QGVN Fil “ON [ AT I T AT R S1oa*0%™
PURERAS ML, I SEHT S1oa”™% MLIHAAEIR
7] PEDV DR13 554tk S 2 XTI Z K Bral 5
XL KA BEAE A e 1 B IS s WAk 33 A
TR MG AL FERR A 16 k(P14 P27, P33 Fi
P60—P6L) L HIE it 16 ik b 1% 2 Lk Bedte v] Rk
A X S1oa02 LI P2 21 W S S
AHHFTSEFI) 28 APHTER N 16 iR 13 4~
Sy 2 A FR B 16 BR(E 7), SRR G
55 R RU) A8 207 K A B I R P A7 B 3 22 5%, it
SLoa”Y " M G HE S1oa>P2M 1L 375 4 52 ] 4 6 /1>38 FH
PEFAIR(PA, P17-P18. P22, P26 Fil P28)HI )i
VER SIS, P4, P22 JLPARERENT S1aY " I
W, S10aY""" 5 S162 %M FILRR A LA R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RIBEARSE: FETA TS SR ThR S &R =28 X B Al L M:Fe (v Ik i 45 7 1783

FE XS A IR A — DS 2 22 S 3
FRYRFL(P17-P18., P22, P26 Fi1P28), =i &frk
UAFAE 4 NS I ILIRIR L (P4 F1 P19) (&
8), XKLL S S ILIRIRIL IT REA TN AL
fyrbLy, I BOL 550 S10a™Y 77 LI HIZ5 A RE T
FEAG, FEZAPERAN, T 2 B s sov v BeA B 2
SNk PS5, P13, P14, P27, P33 Fil P61 fif
TERTE I S1oa"Y"" HI S1oa°P%M LR 75143 3] 1
TERALRBIASRAELE 0, 0, 2 Al 1 ZZIEMRIR I 22
(I 8), b2 B A LR IR L T RER A 2 Sbik
SFRAARBI S AR SCHIE . BARE S1a2YT
o, S1a°P%M 11y P60 J3: 31 A7 AE 2 N4 IR AR L
(175 5 (& 8), {H 2 Rl P61 fiY S Lo i B AH 24,
FATHEDN P60 F1 P61 H] REILZE—NRAELY, Hix
TP T P60 5 P61 EARY 8 MEILEE T,
FARBFERA P THR/NROIE P IS, X2
(R B IRIR S A T i/ NI, AR AbAT]
FEAE SN H A D) RE T Lt — 2 KHIE
TE S10a°P% FUSEFN 15 T S1a P2 1L
WEEAT SLoaCYT"" LI HE S TR S 022 57 JIK T LA 43
KRNI . S — RIS R8I PR (P19
P30. P31. P34-P36. P38. P40. P45 #I P50)F/
LA (P19. P38 il PS6)TE S1oaCY""" il S1pa%P%
ARSI R I T 22 5 5 55 RN R R ALK (P32.
P37. P51 Fl PS4 IR T HIAE AN AL Sloa
T IRAHIEI G o FRATT A AR A A A A T A ) )
16 JIK L BEGE— BT R , XX — 5 T B fF
FEh e 2 Ff Sloa HHIX 4 AN FA KA SR sl AH T 1) 2 3
PRBRSEI 22 SRR Sloa TE I — Kok = R L5 1
BT, MR 13X 4 DNEAIKAE So I
RN, BSHR TRt 2. BRERAILIR
11k \SDS-PAGE HI it [ iy AR M 2 1 e e
bt L e S W 1B 7Y P e i S e e o i <6
Z5, NI TE S1oa™"" v B2 88 (9 3% A7 1] BB 7E
S1oa°0%M gl EHG, B GRREIRPERY 2255 AR, BT
RN IHT S1oaY """ MIHFHT SLea 2™ LI T
WA BAFTEZES, /BRI & & B e RSk

AR 16 K.

B2, ABFFF I PEDV S10a%°%" ZHifili
S10a°Y""" ZHi4E PEDV S1oa°%2% k%5 %1 28 M1
& B AL ALY 16 ik, Hodh fu$% 12 /4~ PEDV
WATEERE S1oa D20 LV 45 S5k T 531 f) 3 057 K A
3L S10a YT LA R A ALK S 2T
I iE— %0 S S H B X R EA]
[/ NEAEET, L2l PEDV S Y B 41
LeMEFAE AL, NS L% PEDV S % 136k
5T . Z RIS T & DL B2 F2 W 7 i ) i
S FRAEHLS AR PR S 56 I At

REFERENCES

[1] Pensaert MB, de Bouck P. A new coronavirus-like particle
associated with diarrhea in swine[J]. Archives of Virology,
1978, 58(3): 243-247

[2] Madson DM, Magstadt DR, Arruda PHE, et al. Pathogenesis
of porcine epidemic diarrhea virus isolate
(US/lowa/18984/2013) in 3-week-old weaned pigs[J].
Veterinary Microbiology, 2014, 174(1/2): 60-68

[3] Diel DG, Lawson S, Okda F, et al. Porcine epidemic diarrhea
virus: an overview of current virological and serological
diagnostic methods[J]. Virus Research, 2016, 226: 60-70

[4] Wang QH, Vlasova AN, Kenney SP, et al. Emerging and
re-emerging coronaviruses in pigs[J]. Current Opinion in
Virology, 2019, 34: 39-49

[5] Lee C. Porcine epidemic diarrhea virus: an emerging and
re-emerging epizootic swine virus[J]. Virology Journal, 2015,
12: 193

[6] Li F. Structure, function, and evolution of coronavirus spike
proteins[J]. Annual Review of Virology, 2016, 3: 237-261

[7] Yu RS, Dong SJ, Si FS, et al. Advances in reverse genetics to
treat porcine epidemic diarrhea virus[J]. Chinese Journal of
Biotechnology, 2017, 33(2): 205-216 (in Chinese)

T, I, wIRA, 5. BRATHIETE #1081
PRVER AR R FERE 9], A9 T2 244, 2017, 33(2): 205-216

[8] Song QY, Stone S, Drebes D, et al. Characterization of
anti-porcine epidemic diarrhea virus neutralizing activity in
mammary secretions[J]. Virus Research, 2016, 226: 85-92

[9] Hain KS, Joshi LR, Okda F, et al. Immunogenicity of a
recombinant parapoxvirus expressing the spike protein of
Porcine epidemic diarrhea virus[J]. Journal of General
Virology, 2016, 97(10): 2719-2731

[10] Makadiya N, Brownlie R, van den Hurk J, et al. S1 domain of
the porcine epidemic diarrhea virus spike protein as a vaccine
antigen[J]. Virology Journal, 2016, 13: 57

[11] OhJ, Lee KW, Choi HW, et al. Immunogenicity and protective
efficacy of recombinant S1 domain of the porcine epidemic
diarrhea virus spike protein[J]. Archives of Virology, 2014,
159(11): 2977-2987

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1784 (DG ESTE Microbiol. China

[12] Li CH, Li WT, Lucio de Esesarte E, et al. Cell Attachment
domains of the porcine epidemic diarrhea virus spike protein
are key targets of neutralizing antibodies[J]. Journal of
Virology, 2017, 91(12): e00273-17

[13] Sun DB, Feng L, Shi HY, et al. Identification of two novel B
cell epitopes on porcine epidemic diarrhea virus spike
protein[J]. Veterinary Microbiology, 2008, 131(1/2): 73-81

[14] Okda FA, Lawson S, Singrey A, et al. The S2 glycoprotein
subunit of porcine epidemic diarrhea virus contains
immunodominant neutralizing epitopes[J]. Virology, 2017,
509: 185-194

[15] Gong L, Lin Y, Qin JR, et al. Neutralizing antibodies against
porcine epidemic diarrhea virus block virus attachment and
internalization[J]. Virology Journal, 2018, 15: 133

[16] Walls AC, Tortorici MA, Frenz B, et al. Glycan shield and
epitope masking of a coronavirus spike protein observed by
cryo-electron microscopy[J]. Nature Structural & Molecular
Biology, 2016, 23(10): 899-905

[17] Xiong XL, Tortorici MA, Snijder J, et al. Glycan shield and
fusion activation of a deltacoronavirus spike glycoprotein
fine-tuned for enteric infections[J]. Journal of Virology, 2018,
92(4): e01628-17

[18] Chang SH, Bae JL, Kang TJ, et al. Identification of the
epitope region capable of inducing neutralizing antibodies
against the porcine epidemic diarrhea virus[J]. Molecules and
Cells, 2002, 14(2): 295-299

[19] Cruz DJM, Kim CJ, Shin HJ. Phage-displayed peptides having
antigenic similarities with porcine epidemic diarrhea virus
(PEDV) neutralizing epitopes[J]. Virology, 2006, 354(1):
28-34

[20] Temeeyasen G, Srijangwad A, Tripipat T, et al. Genetic
diversity of ORF3 and spike genes of porcine epidemic
diarrhea virus in Thailand[J]. Infection, Genetics and
Evolution, 2014, 21: 205-213

[21] Lara-Romero R, Gomez-Nufiez L, Cerritefio-Sanchez JL, et al.
Molecular characterization of the spike gene of the porcine
epidemic diarrhea virus in Mexico, 2013-2016[J]. Virus
Genes, 2018, 54(2): 215-224

[22] Yu J, Chai XL, Cheng Y, et al. Molecular characteristics of the
spike gene of porcine epidemic diarrhoea virus strains in
Eastern China in 2016[J]. Virus Research, 2018, 247: 47-54

[23] Wang XM. Genetic properties of Chinese endemic porcine
epidemic diarrhea virus strains and expression of high variant
region of S gene[D]. Zhengzhou: Master’s Thesis of Henan

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Agricultural University, 2014 (in Chinese)

FWRAF. HE AT R TS i B P AT AR s L AR S A S
S LA AR X AR IK[D]. I T e Al KA+ 2 A e
3, 2014

Chen PF, Wang K, Hou YX, et al. Genetic evolution analysis
and pathogenicity assessment of porcine epidemic diarrhea
virus strains circulating in part of China during 2011-2017[J].
Infection, Genetics and Evolution, 2019, 69: 153-165

Shirato K, Maejima M, Islam MT, et al. Porcine
aminopeptidase N is not a cellular receptor of porcine
epidemic diarrhea virus, but promotes its infectivity via
aminopeptidase activity[J]. Journal of General Virology, 2016,
97(10): 2528-2539

Zhang QL, Liu XS, Fang YZ, et al. Detection and
phylogenetic analyses of spike genes in porcine epidemic
diarrhea virus strains circulating in China in 2016-2017[J].
Virology Journal, 2017, 14(1): 194

Su YF, Hou YX, Wang QH. The enhanced replication of an
S-intact PEDV during coinfection with an S1 NTD-del PEDV
in piglets[J]. Veterinary Microbiology, 2019, 228: 202-212

Su YF, Liu YC, Chen YM, et al. Detection and phylogenetic
analysis of porcine epidemic diarrhea virus in central China
based on the ORF3 gene and the S1 gene[J]. Virology Journal,
2016, 13(1): 192

Yu RS, Gao WX, Li FP, et al. Prokaryotic expression and
polyclonal antibody preparation of peste des petits ruminants
virus H protein[J]. Microbiology China, 2018, 45(10):
2183-2190 (in Chinese)

THuwE, mOAH, BRCE, & PR /NS B R H
TR A% R Tk K H 22 v BE BT A B ) 4[], Ak 2l 3l
2018, 45(10): 2183-2190

Yu RS, Fan XM, Xu WX, et al. Fine mapping and
conservation analysis of linear B-cell epitopes of peste des
petits  ruminants  virus  nucleoprotein[J].  Veterinary
Microbiology, 2015, 175(1): 132-138

Sun DB. ldentification of antigenic epitopes and screening
receptor binding domain on the spike protein of porcine
epidemic diarrhea virus[D]. Harbin: Doctoral Dissertation of
Harbin Veterinary Research Institute, Chinese Academy of
Agricultural Sciences, 2008 (in Chinese)

INARYE. REWATEEIRIE TS S R PR R AL T ARG
BRI TR E[D]. MRS P ELR DRl B R G BR
BT 124333, 2008

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



