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i E: [¥F %] #HAATHILB (porcine epidemic diarrhea, PED) R = & & 7 #- 5 A4 Jk X & 49 20 4
40k, HBRR A RATHIEE %% 4 (porcine epidemic diarrhea virus, PEDV). PEDV £ #& & X
—ﬁf\ £ (spike protein, S protein) il 7T F - #912 % AILF A2, 12K G LM fe A5 2 PEDV
ST EMFHARGIE. SEASAANIEIR, Nitt) S1 B fife Ci#eG S2 BE 45, VAEMT A
8 PEDV DRI13™ &4k SIN (19-233 aa)E Myskak sk, A¥wm DRIZM FAre9 A& A8, (B8] AT
¥od) RNA 418K, £ PEDV (DRI3™) SIN £ #3R 55518 HA 425 4AR . iRk At
(APEX2)A R, #M#E4 PEDV, # K SINEMIRAETHFE(GL)EOR S KBk, [Fix] AR Ed
RNA £0# K4 PEDV R &g s %é%%’wﬁ% &, ¥4 BAR p-PEDV-DR13™ ¢4 S1N 25 #)3%(1-234 aa)
A A3 HA A H . APEX2 A4 H, %éﬂ#—ﬁﬁkﬁtéﬁﬁ}é B A KA 6 BARIR IS 69 RNA
%4 % mPEDV & %49 LR7 élﬂ}]b, ?*FE Vero %@/t L& &40 PEDV. B if ML 40 ek 2
(cytopathic effect, CPE). RT-PCR A&, M5 . [8]4& % & % £ 4 47 (immunofluorescence assay, IFA)
Western blotting #&0xt & 20 J% A ATINE, REME THRFEEFLH ETHRFAE KB XK,
MRS FAREGERSEE., [£R] MENTARFZ2IEIAFEKR, KAITIN HA /7L Ké} b
F R RAT IS % 7 rPEDV-DR13-S1Y-HA (fPEDV-DSH) & P1 X Blmfesm %, 51 A APEX2 & &
& LR AAT MRS 9% & rPEDV-DR13-S1N-APEX2 (rPEDV-DSA) & 44 £ P4 X, R A mpesm . 2t
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P4 X.#9 rPEDV-DSH. rPEDV-DSA # 4T RT-PCR A2, M. 183 £ E K ASH. & E REPTER
iE, JEE 5| N HA 47489 & 28 9% 7 rPEDV-DSH & $ %3, f4% % APEX2 ¢ & 20 9% & R AL 3R R .
% 20 % 7 rPEDV-DSH 4 ¥ # & & 9 rPEDV-DSH 5 % A &4k DRI13™ A AQNd g & K A2 3, f25m 538
FAKF R FART FAFM. [4£] HA #2544 S1Y (1-234 aa)4E M 3549 £ 41 PEDV rPEDV-DSH
RATEI, Ht—F RS FaO LB LMt AR E LT L.

FGEE): HIRATHMIB R, HA AR%; ¥ed) RNA ZHEK; SIN L%

Rescue and identification of a recombinant porcine epidemic
diarrhea virus carrying a tagged peptide at the N terminus of
S protein

SUN Rujing', DONG Shijuan®”, YU Ruisong®?, LI Zhen®?, LI Chunhua®?, SI Fusheng”,
XIE Chunfang®’, CHEN Binggqing >?, ZHANG Daojing "'

1 State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology,
Shanghai 200237, China

2 Shanghai Engineering Research Center of Breeding Pig, Institute of Animal Husbandry and Veterinary Science,
Shanghai Academy of Agricultural Sciences, Shanghai 201106, China

3 Shanghai Key Laboratory of Agricultural Genetics and Breeding, Shanghai 201106, China

Abstract: [Background] Porcine epidemic diarrhea caused by porcine epidemic diarrhea virus
(PEDV) is a severe porcine infectious disease causing serious losses to the pig industry. The spike
(S) protein, one of the structural proteins of PEDV, is responsible for viral infection and entry in
host cells. The structure and function of S protein are a research hotspot in the molecular biology of
PEDV. The S protein of PEDV has two functional domains: the N-terminal S1 domain and the
C-terminal S2 domain. Deletion of the S1™ domain (position: 19-233 aa) did not impair the survival
or propagation of the PEDV strain DR13™" in vitro. [Objective] To know whether a tagged protein
or peptide can substitute the SIN domain, we introduced the HA tag and soybean ascorbate
peroxidase (APEX2) gene respectively into the S1N domain of DR13™ to establish recombinant
viruses by targeted RNA recombination. [Methods] The S1~ domain (position: 1-234 aa) of the
transfer vector p-PEDV-DR13*" was respectively substituted with HA gene and APEX2 gene and
the transfer vectors were linearized. The RNA of linearized transfer vectors were electrotransferred
to the LR7 cells infected with mPEDYV, and the recombinant PEDV was rescued on Vero cells. The
recombinant virus was validated by observation of cytopathic effect (CPE), RT-PCR, sequencing,
indirect immunofluorescence assay (IFA), and Western blotting. Finally, the titer of each
recombinant virus was measured and the growth curve of each recombinant virus was plotted to
reveal the growth characteristics of the recombinant viruses and their parent virus. [Results] The
constructed recombinant viruses were rescued and passaged. The recombinant virus
rPEDV-DR13-SIN-HA (rPEDV-DSH) carrying the HA tag instead of the SI" domain showed CPE
in P1. The recombinant virus rPEDV-DR13-S1N-APEX2 (rPEDV-DSA) carrying APEX2 had not
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presented CPE until blind passage to P4. The RT-PCR, sequencing, IFA, and Western blotting of
rPEDV-DSH and rPEDV-DSA in P4 confirmed that rPEDV-DSH with the HA tag was successfully
rescued, while rPEDV-DSA was not rescued. The growth curves indicated that rPEDV-DSH had a
similar growth trend but decreased proliferation level compared with the parent strain DR13™,
[Conclusion] The recombinant virus rPEDV-DSH carrying a HA tag in the S1N domain (position:
1-234 aa) was successfully rescued, which laid a foundation for further research on the interaction
mechanism between the S protein and host cells.

Keywords: porcine epidemic diarrhea virus; HA tag; targeted RNA recombination; S1~ domain

Y& A TR V5 9R 75 (porcine epidemic diarrhea
virus, PEDV)J&#& Wit 171 i 75 (porcine epidemic
diarrhea, PED)A i, F 25 [EA R A4 B 5
RAEVIETS . WKnk | JBACHRHE A2 il iz 8 %
e, RIRIRPIRTE 20 TR 70-80 AFARHA
B, (HAEM 2010 458, [ENAMRHSR % PED,
S SR T B KAL), PEDV BRI AR
o SEEARIEEE IR AR GL , FER AT B IEAE RNA,
K 28-32 kbPY, fuHE 6 NTFHUBLAE, 435G
A2 il i (repicase, Rep), M2 F(spike, S), ORF3
Kt JE 8, FE & H (envelope, E) . B H
(membrane, M)A S A% AK7E 2 [ (nucleocapsid, N).

S & F 2 e R BE A I A2 RO LI, PEDV
S FE 15T #4 180-200 kDa, 75 1383 M4 Jk
fig, &2 N-RESEAR O 50, S & A AN 4
(ectodomain) F] 73 AN INEEEL: N 3y S1
AL C ) S2 WHAAT, Hi R AT ARG A,
J5 B E A TEALET ST WA AT 4 A AT R
IRES SRR N R Im D) BER(19-233 (2
iz, SIMLIEKSEAZKESH C STk
(501-629 {2 K7, WM SIN S5 ik
F14) W YA R 45 5 15 kA R T R A R gy, AR T
[Ff% PEDV #5 bk B0 A [R] 1) 25 4 i YK 1 e
71, G5AWERIRWAE TG PEDV #: PR R i
FRAE, a0 S1N S5 f, JEAsZm] DR13™
TR A RCR O, SR, K SN Sty 4 by 3 5 ke

BB T, 2R asek A S B AR G kT
SRR RE AR Y, BT O G E , AR
— B

FAARFEE A TR C B8 2 T 4k
MEMRRFEEAY ., HA PR (ERERIFS
YPYDVPDYA) & — Bt K i F A 3t J8os 75 1ML 5E
& (hemagglutinin, HA)E [155 98—106 {3/ Z SR
B, 47k 1.1 kDa, & HAEG 2N
bRz —P1 ok HA P& pla ) B &
) C el N 35, Pt HA ARZHUA AT T HA
PRic SR A R L B RStk I R
FAR P EPUR S AT . TR UK M iRt b
it} (APEX2) Fl 2 111 AR B 2R A i 4
AR, TERWAEDMRABIEMNT, e PEiric
20 nm P42 X 3k P B A9 2 O A AR AR AR
i, ¥ APEX2 sRIREEE LN 85 5 Ikr 514k
RS R A ANRT U E AN S i 2 (121, iR
ARG 41 i 2 T 1 Y

AW T O L E A RNA E4
FeARU, ¥ PEDV (DR13™9)f1) S1N (1-234 aa)iii
SER IR A TR A 1 APEX2 LK FIFR & & 11 HA
FEH, BRI SIN 5l ASMEILR 7
SEMR R PR RORI R Y, B SE 45 RN BR 5
/8 PEDV S B [ N i (1945 [B] 45 /) FI D BE 19 224
P, T H N PEDV 518 40 B AEMFE SRt
ZHART B

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



g F | BREAERIFRBRAGEID)EANELBRITEHE SHRENERIELEE 2537

AR

1.1 #HR

LR7 i (F3E F ik WU R a2 AR 1) L-2
Bl B 2T 4 40 B 22 ) S5 15 8 SC R Peter IM
Rottier ZLHZIE31% ; Vero Z1fI(CCL-81 RN E&M B
4ifd), American Type Culture collection (ATCC);
LR7 #AiMaAI Vero ANMIISTEANTEA 10%5F L1
M 8 K (100 U/mL) . 5% X (100 pg/mL) ¥
DMEM }; Rl b it 4785 9% . mPEDV M7/
BUHF 2 IR B S 2 A L AN 8 i) B 4H PEDV,
ZIREERE IR/ N LR7 i, AR SEI SR
17 %34k p-PEDV-S™-AORF3/RLuc, DR13*
BEMRI A SL G % R A7 . St PEDV N B[
PUAFIRPT HA HmpEdiik, bl EyH:
ARANFE]; BYT B-actin BTG EPUIR, A KW
HARGBRAF; bl PEDV M £ i FEHLR A
SEuGEE 55 s Alexa Fluor 647 FRic iEH0 5 il
Alexa Fluor 488 #ric iyt BPUIA, B = KAEWY

*®1 KWMRFAASIY

B R F) ; BRI E AL (HRP) AR IC Y
Pt 1gG BB AL VI BE(HRP)ARIC Y 41
M 1gG, JtmEKEERFARA T . pcDNA3.0
APEX2-NES (plasmid#49386), Addgene /37 .

T7 RNA REMHLR &, Jedfbk( i) 5
A RRANFE; HRASRF] & Mut Express 11 Fast
Mutagenesis Kit V2 Fl [@] Ji & 41 i 7 &
ClonExpress Ultra One Step Cloning Kit, A i
MEE A IR B ATER A W] s RIPA Z2ihif, b
R AEXSEYHAARAF; RT-PCR I, &
AW TRECORE)VA RA A5 IG5 4 19E , Wil Kbt
HE YR B0 A BR A ) 5 TIANamp 8 RNA i
Mg, RRAEAPHL AR RA A Fe il
M, FIRERE A EARAT R A . Evos %%
Yo %%, Thermo Fisher 23] ; 25 15 EN 4y
Hr &4, GE Healthcare 2] ; B[k ip{L,
Bio-Rad A F]

AT RS 1 IR 1 BT A A A Yy
A I B

Table 1  Primers used in this study
Gk il TR B i /PNUN
Primer Sequence (5'—3") Amplified fragment Product size (bp)
DR13-V (F) GCCAATGTATTTGCCACTGATTCCAATGGCCATAT p-PEDV-DR13-8*N 10 550
DR13-V (R) TTGTTTACGTTGACCAAATGATTAGAAAAGCCACA
DSALx (F) CATTTGGTCAACGTAAACAAATGAAGTCTTTAACCTACTTCTG SP-APEX2-L 828
GTTGTTCTTACCAGTACTTTTAACAGGTCTTGCTCAAGCTGGA
AAGTCTTACCCAACTGT
DSAL (R) TCAGTGGCAAATACATTGGCACCACCAGAACCACCAGAGGCA
TCAGCAAACCCAAGCT
DSHx (F) CATTTGGTCAACGTAAACAAATGAAGTCTTTAACCTACTTCTG p-DSH 10610
GTTGTTCTTACCAGTACTTTTAACACTTAGTCTTGCTCAATATC
CTTATGATGTTCCTGATTATGCTGCCAATGTATTTGCCACTGA
DSHx (R) TCAGTGGCAAATACATTGGCAGCATAATCAGGAACATCATAAG
GATATTGAGCAAGACTAAGTGTTAAAAGTACTGGTAAGAACA
ACCAGAAGTAGGTTAAAGACTTCATTTGTTTACGTTGACCAAA
TG
PrDF (F) GACACCATTTGTGGCTTTTCT DSAL1/DSHI 1206/438
PrDF (R) GAGGAATTACTGCAAACAAA
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1.2 =0 PEDV B kaiaE
TER LA p-PEDV-S*-AORF3/RLuc [t 3At

b, WEEA R A K p-PEDV-S"-
AORF3/RLuc H11# S ZEH 1) S1N 25445k (1-234 aa)
Bt ) PEDV 3k 1 FH 915 5 ik (signal peptide,
SP, /¥4l : MKSLTYFWLFLPVLLTLSLAQ) Fl
HA FRZ5(27 nt) 3[R, BARSIIR I FE . DU
K p-PEDV-S*-AORF3/RLuc M#i#z, DR13-V
(F)F1 DR13-V (R)Zr510 F . TiE514, ¥ ik
4% SIN U Y p-PEDV-S™-AORF3/RLuc-S*" (SN,
235-1 383 aa). PCR JZJW{AZ&R: p-PEDV-S*“-
AORF3/RLuc (%) 200 ng/uL) 0.5 uL, 5[4 DR13-V
(F)#1 DR13-V (R) (10 umol/L)4% 2 uL, 2xPhanta
Max Master Mix 12.5 uL, ddH,O 8 pL. PCR J%
42 95°C 3055;95°C 15,58 °C 155,72 °C
8 min, It 30 NE¥H; 72 °C 5 min. LA
p-PEDV-S™-AORF3/RLuc-S*" Jy#iiA&, DSHx (F)
M DSHx (R)4 b THEg#, NiH—2wpEis
57l ClonExpress Ultra One Step Cloning Kit ¥ 2%
& p-PEDV-S*™-AORF3/RLuc-S* F15| ¥ [a] i &
WA S HPFE S K SP Al HA -2 1) 55 %
B, HEBERMKICE p-DSH, PCR VAR
(10 pL): #IAH Bt p-PEDV-S™-AORF3/RLuc-S™"
3 uL, 5% DSHx (F)#l DSHx (R) (10 pmol/L)%%
1 uL, 2xClonExpress Mix 5 pL, PCR JZ v §c14 :
50 °C 30 min. L™ PMA 100 pL E. coli
DH5o 52 S 20 i A 755 Ak, PRECBAPE ke
PEHUTORL, WIS AIE, JR1FE A p-DSH.,

¥ p-PEDV-S*-AORF3/RLuc 1) S 3L K i1y
SIN ZEHe(1-234 aa) i M5 5 Ak (SP, 741
MKSLTYFWLFLPVLLTLSLAQA) I APEX2
(747 nt) L, 25 R HAG AR 4y F i Y
APEX2 (31.8 kDa)5filtsk SINE5HsY S &
TE WAl -G 2 115 1T BE 2 X b 25 4 R b 5 A
T, DR R AT R P B 3 PR 2 [ e A— B 6

SR linker (SGGSGG), HAKSZH 72 LU
pcDNA3.0 APEX2-NES M#ilz, DSALx (F)All
DSAL (RN L. 5%, ¥ ims S HEME
Sk SP. APEX2 X linker f) SP-APEX2-linker J7*
4, 44 K SP-APEX2-L., PCR J Itk % :

pcDNA3.0 APEX2-NES (#7 200 ng/uL) 0.5 uL, 5|
¥ DSALx (F)F1 DSAL (R) (10 pmol/L)%% 2 pL,

2xPhanta Max Master Mix 12.5 pL, ddH,O 8 pL.
PCR JZ i 5442 95°C 30s; 95°C 15s, 58°C 15,
72 °C 1 min, 3t 35 Mg 72 °C 5 min, K
Fusion-PCR )55, LA p-PEDV-S"-AORF3/RLuc-S™™
NEK, SP-APEX2-L Mifi AR B, fiH—#%
5o [% 3557 ClonExpress Ultra One Step Cloning Kit
¥ # K p-PEDV-S"-AORF3/RLuc-S*N Hl A B
SP-APEX2-L [RlJFE4]. PCR KWIARZ : g mIicz;
14 Fr B¢ p-PEDV-S™-AORF3/RLuc-S*" (#J 50 ng/uL)
3ul, JHAJE SP-APEX2-L (% 200 ng/uL) 1 uL,
2xClonExpress Mix 5 uL, ddH,O 1 uL., PCR %
W25 50 °C 30 min, 34b, DL iR ET I
BRI p-DSAP MM . APEX C31S (F) (5-GC
TGAGAAGAGAaGCGCTCCTCTAATGC-3") Fi
C31S (R) (5'-GCATTAGAGGAGCGCtTCTCTT
CTCAGC-3") N b FiE51¥r, W A 528101
Mut Express II Fast Mutagenesis Kit V2 % APEX2
b C31 iR E R (C) R Z Z R (), 7
= APEX2 f)3RIBIKF-, 56 AR ICAE p-DSA.
PCR WA R . HHEUK p-DSA (£ 200 ng/pL)
1 uL, APEX C31S (F)F1 C31S (R) (10 umol/L)
£ 1 uL, 2xMax Buffer 12.5 pL, dNTP Mix
(10 mmol/L each) 1 pL, Phanta Max Super-Fidelity
DNA Polymerase 0.5 uL, ddH,0O 8 pL., PCR J%
4514 95°C 305;95°C 155,58 °C 155, 72 °C
10 min, 3t 30 ME¥R; 72 °C 5 min, ¥ PCR 7=
YIimA Dpn 1/ 1 uL, 37 °C 1 h, A Dpn I
it 4 A 77 1 (29 400 ng/uL) 1 pL, 5xCE II Buffer
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4 uL, Exnase 11 2 uL., ddH,O 13 pL, 37 °C 30 min,
W EH YA 100 uL E. coli DH5a J857 2541
Morp AT A, PRECBH M Fe e, $RBUTORL, I
JPRIE, RT3 p-DSA.
1.3 E%H PEDV HJ#E[5) RNA EH 5K

J5 B PR RS B S 56 =m0 A T 0 R R
2L e LR7 giAEKE 90%ILAR, H
mPEDV Dk MOI=1.0 #4784y . M52 8 h
FE U B S 1 20 i 28 %00 (cytopathic effect,
CPE)F, FH bR 2R 11 A BN L 7= A= B 40 it
W, I BRI S v VRV 3 IR MRS
AR Z Pac BLPEALIS , A T7 RNA RA T
TR LR AR R 56 B8 AR AR S Sl RNA (fiE
& RNA). Bl J5 {5 3% B ik ol 430 2 H 28 FL
(300 V975 uF Fl 2 i £L ik vh e fib i RNA %%
Y3 3R mPEDV J&UL Y LR7 diffih . s,
B i ZEFLAO A0 i T DMEM b, R e K
FEHRZEN Vero 4 o ¥ Vero 4 E T A
eI T, 37 °CHFE 4-5d, WL Vero 2
MR, ViRl 3 R ORGSR B AR
WasE, 1C4E PO AR, PO fUNEEH 1% 2 P4 R
L
14 [EEERIKIEEE

B Vero 4Hfi'E T 48 fLi b 555, Frdijif
AR E 90%I4, ¥ 150 uL 45 2 b5 37 1
PR, BEE 2 h )5, BREERY, 5%
DMEM 5217595, 24 h )5, i PBS 5k
Y 3 WK, FEE T 4% 2 B B 2 15 min,
HAE 37 °CFH&A 0.1% Triton X-100 f) PBS
WWEAL 15 mine FRIEAIMIA 5% 102 3% 78
37°CNEM 1h )5, bt PEDVM £ 5T
PAR(1:100)F1 FERAT HA B g BEHLAR(1:150) K —4L,
Alexa Fluor 647 #RicHEHIH(7:100)F1 Alexa
Fluor 488 #Ric U=FHT RL(1:200) PR — Pt
WWHE. e, B 4',6- " PKRE-2- 2RI 5| Bk (DAPI)

(1:1 000 F BERONEFH T 41, 37 °CI¥ & 15 min,
PBS VLA 3 ¥k . i Evos 2% B M T
LGS, AR S SO A M R I R o
1.5 Western blotting £ E

#5 Vero MR 2 10 cm 5 LA, 2440
MIAE R 2 90%IL A I, 2 mL EAD R TR )
AR, EE 2 h s, BRZEERY, 4b
7t DMEM 35 52 F 1715 5% - 36 h J5 Ok 4 i Jf:
FI 200 pL T RIPA 2% mh i 78 0K | 2L
30 min, 4 °C. 12 000xg &5.0» 15 min W£E 35
W, FEALE TS 12% SDS-PAGE HLUK ) B 57 &
PVDF Jii, BT 5%BLIRWI#3 1% TBST 2% i
4 CHMMR, SRIFLSRYL PEDV N HrgERLIA
(1:3 000). feht HA FRIEREHTIAR(1:2 000)5L FlHT
B-actin BATTREHTI(1:2 000) K —HT, DIBRART4R
EYIBEFHRP)PRICHI BT 1gG (1:20 000)BBRAR
i E ALY HRP)FRICH BT R 1gG (1:20 000)
J P i4T Western blotting %5€
1.6 fREHEENE

i FH 50%2H 285 57 8% G 1] 3 (TCID so) il
AE 96 FLAR i s 5 B R SR T
PL10 fEfrHESMBRE 10°, &R
3ANEKE, FHEINE] 96 FLEE A B2 Vero
M, B3G5 d J5, Hi¥E Reed-Muench 5
5 5 BT R
1.7 EERBEKINAOFEMNE

W Vero 43R T 6 LA, FRANIEK AL
B L E AN EEMOI=]), BAHKE 34
FAT. ¥ 2 hE, BREHERY), #h7 DMEM
IR, 7E 37 °C ARG A AT I 5% . 7
YL 6, 12, 18, 24, 30, 36. 42. 48, 54 #
60 h i, AR TR BiE, PRAF T80 °Cuk
i, JRSNER IR ISR, AR
ARtk ; Ifiad RT-PCR 7L s 324 b ig
Hhs A 1 F5 DU
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1.8 ZBitoth

{4 GraphPad Prism 4-3E17 5098 58115
BT o B TR N BEAPR HEDR 22 (SEM). SR H]
t R I A o Y E 2 A 2% 50 gt B v
(P<0.01). JK & RNA # DUEURI s 55 1 B2 AH G AY
BN 1 g DMAFRIES 046 o

2 ER59

2.1 ERBRITHESHREERBEENWE

PL#E R 24K p-PEDV-S™-AORF3/RLuc
Wit , PGB SIY (1-234 aa)din ¥ 814 B
p-PEDV-S"-AORF3/RLuc-S*, 1554 DSHx
(F)FI DSHx (R)#EA 7 [F] V5 5 41 #4 E ke 2k S1N 4544
.. 51 A HA W2 HNM p-DSH #ik., LU
pcDNA3.0 APEX2-NES M#itlz, DSALx (F)Fll
DSAL (R)H b Figs 19, § 4G s RRES
ik SP. APEX2 X linker [JJ¥51 SP-APEX2-L,
FLY5 p-PEDV-S™-AORF3/RLuc-S*N #4447 [H]
VR E A B SN 53l . 5] A APEX2 A
fi p-DSA #fA . 5522k p-DSH Hl p-DSA 45
MR WA 1A s, 3815/ p-DSH. p-DSA
AL pac T &MEAL)E , HLUK R R £571 K/
WA (E 1B), #E—2Mr Bk
p-DSH Hl p-DSA J¥ 4l 1E W, 2B & 0y 4
p-DSH A1 p-DSA (K 1C),
2.2 EEBRITHEISHRENRK

W 345 B 55 H 34K p-DSH Ml p-DSA £tk
J& , [ T7 RNA AR &6 8 RNA 5%
A, AL Y Y mPEDV ) LR7 41
M, SRJEH LR7 47 35 %] Vero 40 I
37 °CWFH 4-5 d J, Krduifvkmt 3 k., Wk
Fr B RO, IR T E L. SRR
7N, AT rPEDV-DSH H 1% £ P1 {CH}, Vero
HHf B CPE, 2R (B3 B I o i H 2 s
rPEDV-DSA 55 HL 54 [ 14 6k Bt/ 48 Jfd 57 14 Xof B —

H, WAMKIEL, BEE P4 ik B an i
AR A (F 2), Al 514 PrDF (F)#ll PrDF (R)
% P4 AU EiE W EST RT-PCR K, &% 5 L W
419 5 rPEDV-DSH 4 34 1) 25415 K /N5 10 4
FAF, TEZH95 # rPEDV-DSA K35 3 A1 1 1
27 (B 3), EA W EE rPEDV-DSH I 45 R B
N, 55 IKF S A HA 56 Ry 3 5 40 % & 40
B rPEDV-DSH, ¥ 3 1J¢ 51 5 i —3% .
2.3 E4H PEDV HEERERNEE

R T AR R PRROE O, FRATTARI ]
1% % % ¢ )% (indirect immunofluorescence assay,
IFA) S € BT ¥ H 16 2 P4 U 4N
rPEDV-DSH. rPEDV-DSA . 758 L 21 Jitl %} B8
PEDV (DR13*" 4%k ) Fil L2 1 BR 4 %o e g 355 5%
WY Vero 40, 24 h Ji & 5 40 g 3 10 S bt
PEDV M Z e B BT HA S g REd it
FIRED Y . S5 B/R, Lidt PEDV M
Z LA —$0, DRI13™ & bk Al H 4% %
rPEDV-DSH & 44 i 240 a3 H BRAT s i
BRI XS BN EE 4195 5 (PEDV-DSA JE&GL [
YR BB, LURPT HA B Ehiik Sy —
P, FAEEE rPEDV-DSH JEG% i 20 Jifd H B4t 11
FIC(E 4), HoAth g 7 5 B X BRZH 1R H B¢
6. A rPEDV-DSH HA & [ iU 4% (5,56
Ml PEDV M &AM A5/ ArEA R R
H A L IRZE R UL 4195 (PEDV-DSA
ROPRKO Yy, T8 (PEDV-DSH 4K
By, H S BE RS AN HA JEDR R0 Bk
#ik,
24 =4 PEDVHERREEENTEE

J T B R UEE AR R A PRRUIE AL, R
fITF| FH Western blotting o FiRZER, B H %L
% P4 B E A7 rPEDV-DSH. rPEDV-DSA .
i e DRI13™ FIHL 5 (1) B XoF BE % 855 5% 0y e
Vero 4iiffl, 36 h JFWtdE4nifl, Li%di PEDV N &
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TERATTIATGCTGCCAARTIGT

i '.'!,MV

SP+APEX+Linker

TTCTCETEETGC CARATGT

RCARATERAGTCT

1 EBHENME A HBHEIK p-DSH M p-DSA 45 /R E K. B: 3B #4k p-DSH fl p-DSA
MEV) % 5E . C: ¥Rk p-DSH Ml p-DSA fYJEFHE I 7

Figure 1

Construction of transfer vectors. A: A schematic drawing of p-DSH and p-DSA transfer vectors. B:

Confirmation of transfer vectors p-DSH and p-DSA by digestion with restriction enzymes. C: Sequencing of

transfer vectors p-DSH and p-DSA.

Vero Mock

DRI an

rPEDV-DSH rPEDV-DSA

2 ERmRBHMERRE

Mock: HLFEEAPEXT R

Figure 2 The cytopathic effect of recombinant virus. Mock: Electric transfer to negative control.

FPUAR bt HA S AP —PiikT Western
blotting 47 Z5 /R, A%t PEDV N ZE AT
R —Ht, TE53 MG HE X B DR 13 5 A4 Fl 5
219555 rPEDV-DSH 4 21 BEAE i Hhoer 0 321 5 1 A
KNBFF R A] UL 257 (] 5), T H 2 A B P o)
HIH 2 9% 7 rPEDV-DSA B il 40 M ie it v ey
o AR B AT L2541 s Difebt HA Pk
H—Ht, TR rPEDV-DSH J&& L 1) 48 HL A i

HRR I 2] 5 TR R /N AR A A T UL 2% (B 5). b
REEHAIE S H 4% 7% rPEDV-DSH S Jit K Aif st 4
AN HA SRR BERE, RUEHRE
rPEDV-DSH $R8 Y, 5 APEX2 JE Y
25 7% rPEDV-DSA KRR
2.5 FiAFHS rPEDV-DSH 4 K ERZ AN E
Lyt FIRSZI N (PEDV-DSH $&$ 8.1
J&, NTHE4 PEDV rPEDV-DSH Mk K 1
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B3 ZHARBZRT-PCREZE  M:DL5000 DNA
Marker; 1: DR13*; 2: rPEDV-DSH; 3: rPEDV-
DSA; 4: Vero ZifIXTHE; 5. HFEFIPEXT R

Figure 3 Confirmation of recombinant viruses by
RT-PCR. M: DL5000 DNA Marker; 1: DR13™; 2:

rPEDV-DSH; 3: rPEDV-DSA; 4: Vero cells control; 5:
Mock.

Mock

DR13*

rPEDV-DSH

rPEDV-DSA

El 4 FHRKRFBEEGEERLLEEQ00X)
Figure 4

., ¥ rPEDV-DSH DI} PEDV (DR13*)LL
MOI=1 $F % Vero L, B 6 h kI MR
MG AE , KRR 60 h (AL S PRI T A2 K i 4
N A o 38 3 S U WL 55 B4 rPEDV-DSH
Il DRI3™ 24K Vero ZIE7E 24 h JF A H
YHREREAE, 36 h 5 G Al ML TR ST A B
Z(F 6A). BEfF 6 h e BRI E, AR
rPEDV-DSH 4K 3l )17 5% A # bk DR13™
AHAL(E 6B), {H rPEDV-DSH 34 i 2 14 1
DRI3™ ##RA%, DRIZ™BEHRAE 30 h )ik 04(H ,
rPEDV-DSH 7& 54 h F|ikIEE (K 6C). RWTE
DRI3™ #ERRIY S 8 I HTIm 5 | A MG Ik B 8 ik
P38 5B A — 5

PEDV M

Indirect immunofluorescence assay of Vero cells infected with recombinant viruses (200x). The

MERGE column image is the overlap of the first, second, and third column images.
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-

HA

B-actin ..i . —

5 E4Af%E Western blotting 5  1:DR13™;2:
rPEDV-DSH; 3: rPEDV-DSA; 4: Vero ZififIx}i#;
5: HIEERAMEXT IR

Figure 5 Western blotting analysis of Vero cells
infected with recombinant viruses. 1: DRI13™; 2:

rPEDV-DSH,; 3: rPEDV-DSA; 4: Vero cells control; 5:
Mock.
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rPEDV-DSH

3 WREER

PEDV FEAIHWEERIN S HEEH 50
BRI ZIRGE G, BaE )RR AN,
TERG/NASE b A 3G a R0, S B ATE
R s EAM R, BT T S 1E R
ZARES G A TR R MR RS e
B Y AR DI RE, X AR R
T R AR Y WRAE S A N kg
FIAFFFRIBIMEIEN, Re9% R a8 (=R YL WLk Y
TR PR U 2R 3R

Li Z:0F5¢ & ¥ PEDV DRI13™ #:8k 1Y S1N 3
SERIEERS 220 ANEIEER (PR B A5 5 IKF A1) A
2R E T BB EDRE SN s 4 b s e

ev)
~
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T
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A: HAHRE
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Figure 6 The proliferation and growth curves of recombinant virus rPEDV-DSH and DR13™ on Vero cells.
A: The proliferation of recombinant virus rPEDV-DSH and DR13*" on Vero cells. B: M protein mRNA of
recombinant virus rPEDV-DSH and DR13™ on Vero cells. C: Growth curves of recombinant virus

rPEDV-DSH and DR13*" on Vero cells.
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At 5 R 5 B 2 75 BEPR RO S, H RTAROC
fIER D FEADF S AT T 5 7] RNA H A
AN PEDV [ gt {4 #EF- 54 DR13™
FEAR Y ST Bty 2 #4355 53 I R 4 . HA A28 SE R A
APEX2 tricd N, WEHEARB LI TEH
T PR KL AW rPEDV-DSH H{£ % Pl
YAV S S U s I L3 S S ]
rPEDV-DSA FH 1% 4 {UKR AL E . XHL
%= P4 RAGAINE i %4 3d RT-PCR, TFA DA%
Western blotting %72, UFESLRF ST it 45 #4) du #¢
e HA HEAY rPEDV-DSH ¥R FUR L), 1%
e APEX2 [ ) rPEDV-DSA AR KFE )
(3 WHE). ¥ EA% 7 rPEDV-DSH FEEA R
DR13™ 23l &4 Vero 4L, etk R
SEATEARTE 30 h BRI GEIA B =g, RN
10** TCIDsy/mL, EAIFEHRAE 54 h B A FIEAA
TEEN 1077 TCIDsymL; KL, =41 11
BT BB AR TR A bk, AT HEWrZ A & 1 41
JREED HA 46 A FTRERRGUZ A S 25 (M 45H . |
W UESEAE PEDV SR aERY S1M ditig | ASME I
HA FIAT, {E6 S 20 05 B 1Y 3G P RE S FEAE—
SR, ZEANGEE Y PEDV Y HLHIIFoE 4R
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PRK 2175 8 rPEDV-DSH S*" 2 (IR 1k |
NN E DL, AT DA T B 4% 7 (PEDV-DSH
SN [ g LT L R gl Ak, i -4
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Al DRI T B R SR TR S B P 454
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PR 9 i R = A WA TR . — 7T, A
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HEAT PN RN e L A5 5 BRSO 3434 0.813 8.
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PRIE, A5 IRt o] BB 2 52 i B PR R R A
SP-APEX2-linker-S1*" 15 5 Ik ¢ 5] i 75 2 ik
— A, T TN 43 H B AR S IR 4
25 LRTR , ARSI T M) RNA A H A
() PEDV JZ [l it (22 547 & Ui 3R ik 4h
JEFE A HA A28 9 B 419% 28 rPEDV-DSH, #E5C
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