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49 ORF3 & & T VAL Vero afie A m. SPSS o #7 A BA3E 4 orf3 A 49 F 40 PEDV 448 %
(TCIDso) R % % F4: % orf3 AR 69 &40 PEDV #9374 /%; # A orf3 A F ¢9E 48 PEDV & ¥ Vero
i 25 h 4= 36 h i 69 7% e i sk B % & T4 & orf3 AR B 64 & 40 5% 20 B e A8 ) B 18] B 6 78 cm g,
H ¥4 PEDV 2% Vero 2afi. 24 h /5, A orf3 AR 6940 PEDV ¢y fit & MR % & T4 % orf3
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ORF3 protein promotesthe proliferation of porcine epidemic
diarrheaviruson Vero cells
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Abstract: [Background] Porcine epidemic diarrhea (PED) caused by porcine epidemic diarrhea virus
(PEDV) is an acute intestinal infectious disease of pigs that is characterized by diarrhea, vomiting, and
dehydration. Its massive outbreak has caused huge losses to the pig industry since 2010. Due to the
poor understanding of the immune mechanism and invasion mechanism of PEDV, there is still no
effective prevention and treatment about PED. [Objective] The main aim of this study is to explore the
effects of ORF3 protein on the proliferation of PEDV in vitro. [M ethods] Recombinant PEDV DR13
(attenuated) strains with orf3 genes from different origins or without orf3 gene were rescued by using
reverse genetics operating system based on targeted RNA recombination. Then the Vero cells were
infected with the acquired recombinant PEDV strains at a multiplicity of infection (MOI) of 0.1. The
viral titers (TCIDsp) at 8, 16, 24, 32, 40, 48 hours post infection (hpi) were measured and the growth
curve of each recombinant PEDV was drawn. The intact cells at 25 and 36 hpi were counted by using
an automatic cell counting analyzer. Meanwhile, the cell viability were measured at 12, 24, 36, 48 hpi
using Cell Counting Kit-8. [Results] Successful rescue of recombinant PEDV strains with or without
orf3 was verified by using RT-PCR and observing the cytopathic effect (CPE). The results of
immunohistochemistry assay indicated that orf3 gene of recombinant PEDV was expressed in Vero
cells. The vira titers of recombinant PEDV strains with orf3 gene were significantly higher than that
without orf3 gene. Furthermore, the statistical analysis results using SPSS showed that the numbers of
intact cells left in the flasks infected with the recombinant PEDV strain with orf3 gene at both 25 and
36 hpi were significantly higher than that infected with the strain without orf3 gene and viability of the
cells infected by recombinant PEDV strain with orf3 gene were significantly higher at 24, 36 and 48
hpi than that infected with the strain without orf3 gene. [Conclusion] PEDV ORF3 protein promotes
the proliferation of PEDV on Vero cells, the mechanism of which might be the time delay of death of
infected cells by the ORF3 protein. These results provided information on the function of PEDV orf3
gene and were helpful in understanding the replication mechanisms of PEDV.

Keywords: orf3, Porcine epidemic diarrheavirus, Proliferation in vitro

HAS | 5125 24 E 534 o & AR st
[ )\ 1976 4EFF IR Rz A PEDV 1y iE!

W ATHERE TS (Porcine epidemic diarrhea, PED)

. B 20t
70 90 4B 1, BEE PED MM 2,

e, W FEORMEKFERRTE | Knk Bk, Tk
RGOSR | I BERS o AN RIAF I AN R R Y

fGER Sy, 1-2 R A S Yy, Hk
WAL T %55 100%152, [ N 1971 AR5 [ vk

fitiE PEDV LIk, AH4RFE LRSS, SR gk,

HEA RO M 2010 45, PED FEIKLEE IS
TR K, BRI T R T
% HHT PED FEHE GBI A2 Z i rkaH,
TXF PEDV g LB K fz ABLEI I Z $E/0, 2417
= A& PED B iGH it .

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



1510 A 2 A

Microbiol. China

orf3 i T PEDV %) s EERF e FEDK 2 [a] 15 3 5%
BEAE, & HRTHUR PR PEDV fME—— R HE
St R e 25 ORF3, A5 %t HAAt el R 2 14 g
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ERE S Sii S A L s R Pk 3 AR R A
Lu Z:BHiE B SARS-CoV orf3 4t —F i i % Tl
T I T B R A T L 54 B 1 3a; Kint 25
52 E W] 1BV ORF3a sk [ X HAit [ BT R 1)
REECE ., [HXF T PEDV orf3 3L K Hi 4 it
FYIRE M A F il BB, HAETIAH ORF3 &
5T TE A 0 (ROR RS & I E 9T
ZRAFTE S L

AMFFER ARSI 2 dE 7 (3L F e RNA
MR PEDV 2 [ 248 /EH AR LI PEDV
DR13 558 Pk (GenBank 515 JQ023162) 4348,
PREC T HEAANTE] orf3 JE[R K orf3 FER B py B4l
PEDV, A6l ix 6 55 21y B 16 241 i 9 184 78 R
FR22 | T 7E Vero A AR i<k, R xet
AN [R) B 21 3 7 SRR L A M — 7 B ] 5 B B 19 e S 4
MU g, IR IS 0 4 R TS R T
FE, PUIRIT ORF3 H %] PEDV {RSMEFH (1521
DL AT e VR FAIL .

1 MRETE
1.1 #hpe. Bk S5EH%

Al A B Am i (Vero) R/ EURET 4R 40 UL RY)
PEDV DR13 557tk (GenBank %55 JQ023162),
mMPEDV [LA S48 7 (MHV) K s 3L K #4%: PEDV
DR13 5580k s 2K, orf3 3L X PEDV DR13
S AR orf3 FE[K B0 4 PEDV rDR13™-ORF3"
M4 ki pDR13™-ORF3", 4 A SLH 517
12 FERFIFMNEE

DNA Ji [ & Bohn/ Mg iR &  AxyPrep
AW A DNA/RNA /il &, BT Empled s
FRAF]; TOP10 Bz 840, RARAEARHL ALAT)
ABRATF; T4 DNA BHH . BREIPENUIRG . Bbr

2. MMESSAGE mMACHINE™T7 #&iat &
Thermo Scientific 22w ; S50 M-MLV Reverse
transcriptase . M-MLV-5xReaction buffer, dANTP Mix
Ribonuclease inhibitor, Promega /A F]; TRIzol &
RNA #BGXH] 4, Invitrogen /3w ; CCK-8 i £,
R AR A BRAF] . B EGHT RSE
UVitec ~Fl; 4 A shalfE 5 #rid, Nexcelom
/NG

1.3 RNA 2Bl cDNA BI&

W5 RNA S ] AxyPrep 14 W 5 #
DNA/RNA /IR & ZE6 i aE RNA Sl
FH Invitrogen /A /] ) TRIzol & RNA $EHGRF &

L EE RNA Sh AR % 5 A B cDNA
it A : RNA (9 ul)5 PCR Fii#F514(1 uL)iR
%]; 70 °C 5 min, VK EACE 2 min, KK EM
M-MLV-5xReaction buffer 5 ul., 200 pmol/L dNTP
mix 1.5 pL, Ribonuclease inhibitor 0.5 uL. . M-MLV
Reverse transcriptase 1 uL. DEPC /K 6 uL, R51)5
fal%E B.Lr; 42°C1h; 70°C10min; EJ75 cDNA,
cDNA 7 Bl ffi F8i—80 °C {447 ..

14 FBERAHIE

L pDR13™-ORF3" Jy#siti, 514 4 F51 4
5 (% 1) PCR Y I A B SEL, Jhig&fF: 95°C
5min; 94°C30s, 55°C30s, 72°C20s, 35 M
¥F; 72 °C 10 min, Ll CV777 (GenBank &5
AF353511) RNA Jgtkib i i 54 i cDNA, Ff: LI
SRR, A4 10 2 (3% 1) PCR 4% ORF3®Y™",
N4 95 °C 5min; 94°C30s, 55°C 305, 72°C
43s, 25 MEFR; 72°C 10 min, VIHSERAE R
FE(H RNA A, cDNA, FELAHSEGR, i)
¥y 112 (3 1) PCR Y1 H i 5L 4 i B: ORF3NY . J2
W& 95°C5min; 94°C30s, 55°C30s, 72°C
43 s, 25 MJEFR; 72 °C 10 min, [ Eco72 1 #1 BshT |
XUEFY] PCR P4 s 4 ik pDR13*-ORF3", %
PEHHEAL R AT A TOPL0 ez 520 015 31 T 20
ki pDRI3™AORF3 . pDRI3™ORF3®V'"" Hi
pDR13™-ORF3"Y, 4] Tk A7) Kl FR gt
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*x1 51455
Tablel Primerssequence
514 VA izl PCR =4
Primer Location® Sequence (5'—3") PCR product
1 24 737-24 786 TGAAAAGGTCCACGTGCAGTGATGTTTCTTGGACTTTTTC ORF3™
AATACACGAT
2 25 363-25 412 AAAGTATGACATTAACTGCTAGACCATTATCATTCACTAAT ORF3<Y"""
TGTAGCATA
3 24 608-24 628 TCTCATCTTTGTTGTGTCATT ORF3YY
25 480-25 500 ATAGGTGTGTAAACTGCGCTA SE2
24 726-25 378 TACGAAGCTTTTGAAAAGGTCCACGTGCAGTGAACTCAA SE1

TTCAACTAGACGAGTATGCTACAATTAGTG

T % IHAL S PEDV DR13 #:Hk(GenBank %515 JQ023162) 1 4 K Ak K 4 51,
Note: % The location of primers is relative to the full genome sequence of the PEDV DR13 strain (GenBank accession number JQ023162).

15 FHFEFRIEK

FARRERTRMS IR Li 835607, R
R IT ] MMESSAGE mMACHINE™T7
SN & 5% 5%k RNA, —80 °C /74 H . mPEDV
YL LR7 411 24 h, FFH 3L 90% CPE Bl % %5
(1) RNA it 28 FLIY Ty e s LRT 40, IR 5%
YYS Y LR7 40043 Vero 40l T 37 °C 45
TR R SR, SR E LN EEAE Vero 1 s A8
T DASAR R Bk 4l A A5 3 1 51 4 0 27 5 ok
RT-PCR., WMIF5iE; 208 Karber 1l ka1
TCIDso (50% Tissue culture infective dose) .
16 HERSWEE
1.6.1 RT-PCR

Pl rDRI13*™ORF3" . rDR13™ORF3"" |

rDR13™-ORF3“V"" ff§ RNA Witk , FIFZIY 2
(F DI EE 4 8 cDNA, LA LT cDNA WA,
FHSIY 1 f514 2 (F 1) PCR ¥4 orf3 J& K3
W FHIE ; T4 FF rDR13*-AORF3 % & L5 ¥)
5 (32 1)U 54 cDNA, LLA B cDNA SRR,
FIF519 3F1519 4 K514 4 F1519 5 (3% 1) PCR
P SE1 M SE2 Fr BT FRAE .
1.6.2 %% (I mmunohistochemistry, I1HC)
Vero 4 ) 2x10°~/mL (405 B4R T 24
LA SR, COKEFR4E 37 °C 1557 24 hy T4l
FGEELL MOI 2 0.1 &% Vero 4111, 37 °C WM 1 h
o, FORTEERNR, PBS¥E 2 Wk, FSLINA 3 mL

DMEM B4k Ri 5% 18 h e e bt B
TR . PBS Uk 2 1K, LA 3. 7% B HIEE [ E 15 min;
PBS ¥t 3k, #fLANA 200 uL 0.1% TritonX-100,
15 min J5 i 0.1% TritonX-100, LA3 P 1 (5% [ 17)
Y1k, FAFLINA 200 uL B EREA 1 h; LU
fbt ORF3 ZHN—Hi(LE0)ERMFE 1 h, H&
0.1% Tween-20 () PBS I 3 Ik ; DL HRP #RIC B 4L
%2 19G “h —$i(L:200)#F 40 min, PBST ¥ 31K;
JHl DAB (A {5 5-8 min; FRB O, LA
200 pL PBS kS i, @idde g, Jrifi.
1.7 mEEKMZERSH R

Vero 4B L 2x10° /N/mL B 4 i 55 B 2 b T
6 fLAAIIG IR, CO3EFR4H 37 °C ;7 24 h; &
IR TEELA MOI iy 0.1 8% Vero 4iifif1; 37 °C W[t 1 h
J5, FORERERANE, PBS ¥ 2 Ik, BFLIIA 3 mL
DMEM B33 ; 78N [R] At [ o5 2 1B Js e BURE 43
oA B 2R A I 2 A AN T B e R A K 2
an b 6 FLANMIIG SRS S ViR 3 G IR A5 AL
G REIR LA, 4 °C. 5000 r/min &5.0> 10 min, B
&, —20 °C kA, M TCIDsoo AAITHEH: ShAh
P, PBSPE 2K, 05 mL BEEEIAL 1 min, 0.5 mL
Hak, 4 AP G T
1.8 JmE R Vero 4B fE 40 ARE 5 RO E

Vero 4L 2x10° /N/mL 1) 4 it 35 BE 452 b T
96 fLHr, CO,REFe4H 37 °C 553 24 h; TR
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MOI 2 0.1 J&H Vero 4iifit, LA 4 FL A B
XTRE, By A0 finZh); ARSI AL o2 1A
SR, BN A(ES ), IR I IRZH4% 6 N AL,
37 °CHiFr—BllE, ML 10 ub CCK-8
W, 37 °CHEE 1 h 5 FHREER I & 7€ 450 nm &b
IMERE o AR 4R A X

YA A IS 77 (%) =[AUIZ5)-A(Z FDIAQ hnzl)-
A(Z5 11)]x100;

A(INZG) . BATANML . CCK8 1A FI 25 WA WAL
FIR RS 5

A(ZS ) : BB ILA CCK8 IR A 4
LIRS 5

A0 nzh). HAYNM . CCK8 Em M 24
FERALI OB
1.9 BN

AR T2 e AT RN R 3k, HOF
PIE ., R SPSS 17.0 XA 545140 #7
2 GRGH
21 SE1. ORF3®V™, ORF3VY By¥ 1 &% E=4H
R R E

S T R A AN orf3 JE DK Bk orf3 JE R i 2 (1)
20 BRI AL T RNA [R5 E2H A9 PEDV J 1]

App 1 2 M 3 4 56
2000

1 000
750
500
250
100

WG 2 B AR PR HAEAT A TH) orf3 3[R 5, orf3 3 [K]
J ) HE L4 PEDV ¥k, |5t PCRY 18] T
191 bp i SE1 F BRI 725 bp i ORF3™Y"" #i
ORF3"Y ZE[H (K] 1A); MJF4s RIS T IE R
H % DNA FrB. JH Eco72 1 Fll BshT 1 XUHIILE R
AL Fki pDR13M-AORF3. pDR13™-ORF3™,
pDR13™.ORF3"" . pDR13™-ORF3%V""" | W] j5
pDR13™-AORF3 1] A 5%1| 130 bp 4= 47/ DNA %
W 34 3R AT LIS E] 770 bp A2 47 1Y orf3 3t
FBE(F 1B); TR I e 45 SRt uE SR L )
E#.
22 HHRFERRKRETE

W A 3 8 2 A B 415 kL pDR13™-AORF3
pDR13*-ORF3"Y | pDR13™-ORF3V """ {A 4t 53 i,
RNA Jf:Hi % % mPEDV &L LR7 4iifd, 7€ Vero
A T4l PEDV, 4> BIEREE S %5 60,
52, 52 h W3 Vero 4ifL FAAS Az . ALK F
FRL AR R ) E 2% 8E , 78 Vero 41l A CPE
HEL(E 2),

K RT-PCR X R B e i T4, 45
R 3 foR. E4HE rDR13*-ORF3",
rDR13™-ORF3"Y | rDR13*M-ORF3""" 1f LUy 1

B bp M | 2

‘v
=

15 000
10 000
73500
5000
2500

1000

250

BEl1 SE1. ORF3®". ORF3"" iy PCR ¥ #(A) R B4R RHI AL E(B)
Figure1 PCR amplification of S-E1, ORF3“V"""and ORF3"Y (A) and confirmation of recombinant plasmids by digestion

with restriction enzymes (B)

. A: M: DL2000 marker; 1. 6: [APEXHE; 2. SE1; 3: ORF3™M; 4. ORF3®V""; 5. ORF3"". B: M: DL15000 marker; 1:
pDR13™-AORF3; 2: pDR13*-ORF3"; 3. pDR13™-ORF3“; 4. pDR13™-ORF3%""

Note: A: M: DL2000 marker; 1, 6: Negative control; 2-5: PCR products of S-E1, ORF3", ORF3%"" and ORF3"", respectively. B: M:
DL 15000 marker; 1: pDR13™-AORF3; 2: pDR13™-ORF3""; 3: pDR13*-ORF3"; 4: pDR13*-ORF3%""".
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Figure2 Therescue of recombinant viruses

Note: A: Mock; B: rDR13™-ORF3"Y; C: rDR13*-ORF3%V"""; D: rDR13*-ORF3"; E: rDR13*™-AORF3.

725 bp 4545, rDR13™-AORF3 AJ L1414 191 bp
1 309 bp AT . 25 AL R 44 DNA K
B r o5 BhRr oot —3, RGN R
B

Dbt ORF3 24tk —hi e 411k % e 315
FAFRE, SREEHRE rDR13" -ORF3",

bp 1 2 3 4 M 5 6 7 8
2000

1 000
750

500

250
100

3 FiHFKE RT-PCRETE

Figure 3  Confirmation of recombinant viruses by
RT-PCR

¥ : M : DL2000 marker; 1.3.8: B4 B ; 2. 4. rDR13™-AORF3;
5. rDR13™-ORF3"; 6: rDR13*-ORF3%V""; 7. rDR13™-ORF3"".
1. 2R 5 Y 4 Fi5 |4 5948, 3. 4 RS54 3FI514 5914,
5-8FIM5 1Y 1 514 291,

Note: M: DL2000 marker; 1, 3 and 8: Negative control; 2, 4:
rDR13™AORF3; 5: rDR13*-ORF3"; 6: rDR13™-ORF3“V""": 7:
rDR13*-ORF3". 1 and 2 were amplified with primer 4 and

primer 5, 3 and 4 were amplified with primer 3 and primer 5, and 5
to 8 were amplified with primer 1 and primer 2.

rDR13™ORF3“V""" F1 rDR13™-ORF3"Y #B7] L%
bt ORF3 ZHiFE MR, kW ORF3 & 7T LA
76 Vero 44 m; M Mock X FE I 20 5 5
rDR13™-AORF3 A fig i ORF3 ZHT 5 (E 4).
23 ERFHFEKMENLT

4 ¥k 495 % rDR13™-ORF3" . rDR13™-
ORF3YY | rDR13*-ORF3“""", rDR13*-AORF3 .
A AR AR AR, 00 5E B2 (TCI Dso) 73 7E %
YLK 24, 24, 24, 32 h ke (R 5). HALR
# rDR13™-ORF3" I rDR13™-ORF3"Y (1355 iF
5, rDRI3M-ORF3™Y " Y . [alHiAl 3 bk 2H 9
FEARL, BT rDR13*M-AORF3 £ LogTClDsy
FERA YRR, SRl rDR13-
ORF3" &, rDR13™-ORF3"" [ 90%, J rDR13™-
AORF3 1) 95%, SPPS 17.0 4»#raH], LM
rDR13™AORF3 /) TClIDsy i 3 ik T 3 fth 95 #
(P<0.05), #*H] ORF3{ii PEDV 7£ Vero 4fijfs - #Y
BB
24 ERFFEERE 25. 36 h Vero REitEL

4 BREAHEELL MOI g 0.1 J8%Z Vero 41, 43
FIFEIRYE 25 h A1 36 h XTI A AT T
e 30 h REEFFEEEIR . 5RE/R, Bk
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B4 EARSHGREBALSH

Figure4 IHC analysisof Vero cellsinfected with recombinant viruses
Note: A: rDR13*-ORF3"; B: rDR13™-ORF3%V"""; C: rDR13™-ORF3""; D: Mock; E: rDR13*"-AORF3.

6.5 = rDRI3“-ORF3™
-+ rDR13"-ORF3MY

6.0

5.5¢

5.0

Log TCIDy,/mL

4.5+

4.0r

< rDRI3*-ORF3“¥"7"
<~ rDRI3"-AORF3

32 40 48

Time post infection (h)

El5 EHERFEKML

Figure5 Growth curves of recombinant viruses

e JEELL MOI A 0.1 /8% Vero 4ii,  FEA IR i [f] AEA  JF00 2E H: TCIDso.
Note: Vero cells were infected with each recombinant PEDV at aMOI of 0.1, and viral titers (TCIDs) at different time points post infection

were determined.

orf3 FE 27 rDR13™-AORF3 &t 25 h F1 36 h i}
(%) Vero AHARASI] /T HoAth, 3 Bk 20 s v gL AH[R]
] s A 2D £ (P<0.05, 181 6A . B); CPE WZZA I
LIFHIE] MO JERULRIFERHRIN, 5% orf3 4L oz
rDR13*-AORF3 /1) CPE H HAt E 412 5 5 (K 7).
25 JREFEGE Vero MREEMARTE S BN E

A BRI AL MOI 2 0.1 %3¢ Vero 4ilfiEL, 4>

WIFEIRRYL 12, 24, 36, 48 hJ5 /Tl CCK-8 i &xt
Vero 4fi% kA . SPSS 45 igR, =
IR AR Vero i) 12 hit}, 4% B2 R Y Vero
RIS 122 R IE AN, TR 24, 36, 48hif,
B orf3 [ 7 rDR13™M-AORF3 Ji&ZL# Vero
ARG 77 5 KT o 3 Ak E AL B S Ge AH [w] st ]
B A 4 At 36 71 (P<0.05, & 8).
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Figure6 Vero cellscount at different time points post infection by recombinant vir uses

W A BYYE 25 h 44 B BYYE 36 h 4R TH4L.

Note: A, B: The numbers of Vero cells at 25 and 36 hpi by recombinant viruses.

20 pm

7 EHFZEEE Vero 4051 30 h CPE R

20 pm

Figure7 CPE formation at 30 h points post infection by recombinant viruses
Note: A: rDR13*-ORF3"; B: rDR13*-ORF3“"""; C: rDR13™-ORF3"Y; D: rDR13*-AORF3; E: Mock.
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Figure 8 Vero cdlls viability at different time points post
infection by recombinant viruses
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