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WE: [ B ] B9 O BB S (FMDV) 5 E 1 VPO XF | AU R G Sk, [ 5k ] @
5% PCR M4 VPO ELIZ FiA304A, FIM Western blotting i VPO 2 1454 HEK-293T 41 it 5 19 %1%
% ; Real-time PCR il VPO 2 %} FMDV 7 BHK 4 fitg b2 il i s, & VPO & Xt SeV i S
T IRGZEHES T RIG-I. IRF3. IFN-B J& FU#HRIFLIEA 1SG15. 1SG20 FKiBHMm ; MEE K i
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(RIG-I-like receptors, RLRs){5 S TG IFN 5 3 PRS2 ; s StUtiEts il VPO & 45 RLRs
{5538 I O FROM EAE A . [ 455 ] it E T pCAGGs-VPO EAZ KA H A, W LIZE HEK-293T
Yl 2R3k s FMDV B J5 1Y 4-6 h, VPO & 1 2 2 i FMDV 7E BHK 4 fift I 9 & il (P<0.01 5% P<0.05);
VPO 5 I B AN T3 R Rl 92635 (P<0.01 55 P<0.05). 7ERHE 2 MR A5 LG 5256+, VPO
EEE SeV S IFN-B F1 NF-xB (193& (b EA A4 (P<0.01), FfXf RIG-I. MDA5. VISA. TBK1
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3B. 3C. 3D)F 3 45 1 VPO, VP1 Al VP3P,
VPO F[A1EN FMDV K 7¢ 2 (9 8E 1§ 3C i —
AR N VPA SR VP2 8.

FMDV J& T/)» RNA i8R, 7% 1 E 40
R, BRI S KRN . Tk
Z (interferons, IFNS)FI T 3 75 5 (1 41 ML i 2
SIS ML XS B0 98 B G AW R B A 2R o o
eSS AN T A4 3 A b )™ AR — SO R AT B PR T
4540, BRI AR G 7315 (pathogen-associated
molecular patterns, PAMPs), PAMPs fE % #i &
TR 32 1K (pattern recognition receptors, PRRs)iH 5,
PG TR AR, WG F R | (retinoic
acid-inducible gene 1, RIG-1)F12 {4 25 4L JL K
5 (melanoma differentiation-associated gene-5, MDADb)
TP AN AN R 5 7 RNA, 250 B KA
P {5 108 it v S R YR B2 AR | s 2
JE RIS AL 2 AR 55 T ek BB VISA Fi
MITA, 3006 T e 1B S T8 20 7
3 (interferon regulatory factor-3, IRF3)#1 NF-xB i
fb, BEERILEY IRF3 F NF-«B #E AR, H
BA T TR &L,

FMDV 7E&Gup) i se ik ke 1 £ e, AN
GRS ] . FMDV A 38 5o il VR R AR i v oG
AR 10— R SR RNk A 0 B 2 1
W7, SCERIRGE, FMDV L o] 248 1 3 40 i
elFAG 43 LABHITE 8 A& 180 R TH0 R
(7= "), FMDV 3C % 1 Al i i 1% NEMO M i
50 T4 R B A o T EP, FMDV VPl
@ sorcin 4 AR EAE I TR 07
RO VPO K 14 FMDV [ E 45 & 1, 7F 3C
B VE T 2468 5 VP2 2 1 VP4 ZE 1 . VP2
EE BT RN, A —E RIS, VP4
FEEALTASTH N R B 50 RNA 455,

SRR ) E LRy, RIEEEEN R
e E VR M, [ERE, VP4 R e IR
TR FEAN N, R R BRI AR T A
BVER . (A VPO R4 I P AR LB R
WA, RAVKEE SRR VPO AN TR
530 % S M AL

1 AAey ik
1.1 #H

111  Z40M 5555 : HEK-293T 4l [ b [ f}2
e FIEANMEEE, Ffk FMDV/O/Mya98/2010. fili&
7% (Sendai virus, SeV)FI4 KU 4 &R (BHK)
1.1.2  FBRH: Trizol iF . ¥ 57 M-MLV
RNA i35 (RRI) . Oligo (dT)5 141 . BEHLE4 .
Ji A% = BEAR(ANTPs) . LA Tag DNA R4
fifi . FRIVERZER N YIS EcoR | 1 Bgl 11, T4 DNA
VEERE . KIBFFE Trans5a Ji&sZ 2% . SYBR Premix
Ex Taq Il F12& (1744 Marker 340 T-52 4= 4 TRE K
A B Tk DNA R BGR T & -5 e [l atif
& TIT OMEGA Avl; WHOGR M S B KA
MR & T Promega 24wl FBT HA BT, Rl
Bt Flag #bt. BT B-actin i . HRP Fric il bt il
lgG —#ill4 T Santa Cruz /3l ; Lipofectamine™ 3000
YT Invitrogen 23 7] ; Opti-MEM ., 0.25%
EDTA [/ . #4413 (FBS)AI DMEM HIGH
GLUCOSE #3773 T Gibco BRL A+ ;
Tween 20, HHEEIAW . ARG HIFH] . 30%% N
BEfe . BB (DTT) . B-Fidk £ BEMBUE I
FHIRAH,
1.2 HAZEHAFR MR

%1 NCBI | FMDV/O/Mya98/2010 %51 (&
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S5 . JN998085.1) 4k {4 Primer Premier5 ¥5it4”
519, 4505 ABEYIAL S EcoR | #1 Bgl 11, L
5|1¥). 5-ATGGGAGCGAATTCATGATCGCG-3'; T
514 . 5-GGAAGATCTTCACTTGTCATCATCG-3',,
FMDV /g2 BHK 4iifif1f5 , ] Trizol ¥E42 50U
FRS RNA, [ 152 cDNA, LU it PCR
PIEER B, WYY T pCAGGs #ifk
B RUBE D) S E L R I R AR A5 BH M 2H 5Ok
PCAGGs-VPO.
1.3 Western blotting il

¥ HEK-293T 4ifufli TAifimrp, Frauf s
70%-90%IHnt , % 18 Lipofectamine™ 3000 136 1 451k
T ge, SCm oy UL, 25 8R4 (pCAGGS)FIHE
2 R4 (DCAGGs-VPO), 54 48 h JE ek, AbH
FEL A 1xSDS & 11 FAEZE iii#F1 T SDS-PAGE,
A E NC B E, FH 5%k B 2 h, DL
Pt Flag bRy BUPL(1 - 1000) 4 °C e e, L
AHE HRP-19G (1 : 5000)f9 —Ft, EiEMHE 2h,
H ECL fb2# R i (gt
14 & RNA HRRBRETOLEE PCR Kl

1 HEK-293T 4fiffuffi T 60 mm ZHim. A, &
ZSEARAL . S EAAK SeV R4 . pCAGGs-VPO &
H k2 . pCAGGs-VPO T4 fiki SeV HilH ,
H Lipofectamine™ 3000 4% 24 h J5, H] SeV #l
W8 h, WORANML)S , R Trizol ¥A42HL RNA, J
¥ 5%} cDNA, FZHELIT A : 10 pl SYBR Premix
ExTaqll, 0.4 uL Li#5 1497, 0.4 uL R4, 8.2 ul
DEPC /KAl 1 uL cDNA, #Ef79¢)65E & PCR, 4%
BRI TR AF 5 W5+ RIG-1. IRF3, IFN-B
PLCR WAl R 1SG15, 1SG20 A mRNA ik
ARG g 1), OWARFF: 95 °C 48
#£ 3 min, 95°C 10s, 60 °C 34s, 40 PMEH;
fift £ 53 B o
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¥ BHK 40l Fammamiry, 2 5l gess 3k
F1 pCAGGs-VPO X} HEZH L) 12 25 # AR F1 pCAGGs-VPO
HA, 2%F 0. 2, 4, 6, 8, 10 h Ykt
Trizol BE42H RNA J5, %5345 cDNA, U
RRMAT A |, %E65E & PCR Al FMDV 194
HE L (R 5 | sk 1),
15 WHER B B KR

H HEK-293T it £ 24 fLAk, Fratfiic =
60%-80%)7 , $%11¥ Lipofectamine™ 3000 #5415
FHEATEE Y, 4 I E A AR . pCAGGs-VPO
i 4 J5 ks ) (50 . 100 T 200 ng) X BAZH L K
SeV M4, #Ye24h)5, FSeV #ilik 12 h 5,
T HEOBUPE R TR 2R G iR Gl A HEA ARG

VPO % 14315 RIG-1 . MDA5 VISA . TBK1,
IRF3 I IRF7 4 RLRSs {5 5 i #7335 Je ik
et =4 N RS E ERER TN e s i (S5p0)
HRZH . 26 h i ORERSI , - 2 e Raar il 5 v 1) b o

T1 KAEZEPCRHHSIHY

Table 1. Primers for real-time PCR

Primers Sequence of primer (5—3’)
IFN-B-forward TTGTTGAGAACCTCCTGGCT
IFN-B-reverse TGACTATGGTCCAGGCACAG

RIG-I-forward
RIG-I-reverse

1SG20-forward
1SG20-reverse

CACCTCAGTTGCTGATGAAGGC
GTCAGAAGGAAGCACTTGCTACC
CCGTGGCCAGGCTAGAGAT
CCGCTCATGTCCTCTTTCAGT
IRF3-forward TCTGCCCTCAACCGCAAAGAAG
IRF3-reverse TACTGCCTCCACCATTGGTGTC
Human-GAPDH-forward GAGTCAACGGATTTGGTCGT
Human-GAPDH-reverse GACAAGCTTCCCGTTCTCAG

FMDV-forward ACTGGGTTTTACAAACCTGTGA

FMDV-reverse GCGAGTCCTGCCACGGA

Mouse-GAPDH-forward CCATGTTCGTCATGGGTGTGAA
CCA

Mouse-GAPDH-reverse  GCCAGTAGAGGCAGGGATGATG
TTC
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1.6 HEILPise
¥ HEK-293T T 60 mm 4., #40E=
80%—-90%It} , % & Lipofectamine™ 3000 15 11 45 3k

TThEYe . SEEGAr R SEBa 4 %) BRH , 4 36 h )i
WS, AR AW 4. — SR E N B

M input; 53— AT Flag b4 09—t
s AR 19G, 4R  AIG ZiRHEEE 4 °C
T, S R S I W e e e 2 Sk 3
W5, A 1xSDS & FFEGE i Z Wb AE L, SR
J& #E4T Western blotting 43477 -

17 AR

FI 2700 RN S A My B R SR AR
Fikit, FrAEdE SPSS Statistics18.0 #7481y
Bro RABREZE 225001k, P<0.05 ZSASIT

2 ZERFAH

2.1 pCAGGs-VP0 EHARABRAEMEEILE

W HE 2 F ik ki pCAGGs-VPO ] EcoR | Al
Bgl 11 AEFYI)E, BT 0L 900 bp 2247 VPO 455 il
5000 bp A4 MERA ST (] 1), ST 5 iE—
TIE BH FE 4 e K R A A )
2.2 VPO FEHZE HEK-293T 4 ik

W4 241 Bk pCAGGs-VPO #5 4« HEK-293T 4
Jitd, 48 h J5UkEEALBRIEST Western blotting A5,
S5RE 2, VPO HTE 34.4 kDa AbAT Hr 5wtk 4%

MY, S SRR B R WA R A9 45717, TERH VPO
A LATEAN I I B Rk,

2.3 VPO E %I FMDV £ &It

J T E VPO EHFZERXT FMDV Kl 5%
i, pCAGGs-VPO Bufif% 4 BHK #iifflf5, FMDV

1||1

SM) bp == SOHE
L
2{HE
1 34HE
[LLEH

TR0

Wi bp -=

LI
230

[LLA]

Bl 1. pCAGGs-VP0 B R HIEET 4 E

Figure 1. Identification of the recombinant plasmid
by EcoR | and Bgl Il. M: DL5000 DNA marker; lane
1: PCR product of VPO gene; lane 2: products from
recombinant plasmid pCAGGs-VP0 digested with
EcoR | and Bgl II; lane 3: the expression vector of
pCAGGs.

Mock Vi
-

+— [l=actin

2. Western blotting 44 VPO & B 7E HEK-293T

HRa P pFRIE

Figure 2. Confirmatory expression of pCAGGs-VPO by
Western blotting. Mock: the expression vector of
pCAGGs; VPO: the expression of pPCAGGs-VPO in the
HEK-293T; B-actin: the reference control.

JERYL AN, AN [ ] (1) st AT 0% F5 %) 240 i - 4 B
A RNA, Real time RT-PCR J5 45l FMDV £
BHK 4 i 1 i S iAo 255 nIEl 3, 55 0-2 /N
RIGA 5 X%HRZH FMDV & i 22 5K 8.2 (P>0.05),
4-6 hiRIedlh FMDV & il /K -8 2 T X R4
(P<0.05), 6 h J5ikH2H FMDV & il /K40 fe2H
7 5% B 2 (P<0.01).,
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Figure 3. Promotion of FMDV replication by VPO
protein in BHK cells. P<0.01.

2.4 VPOEBEMH | BTIHRFSEBEMTEL
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I AT LGE S A0 T4 0 7 AR A i 2
i, B R MR SR RGN VPO 2 1 7E
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TN, VPO Z 1] B i SeV 551 IFN-B 1)
FA A NF-xB B3 14 H B 70 S AR (P<0.01)
Pl 4 KB, VPO & FTREGSIM G 1-IFN 1977 A=
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A, ¥ VPO 48511 RLRSs 55538 B F L% 5
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B0 SN
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i PRI ' 38 Tl i 15 5 R A DU R el . 485 SR 4
K5, VPO & 4540 RIG-I. MDA5. VISA,
TBK1 il IRF3 4:{5 538 #% 73175 (10 IFN-B (17
4 (P<0.05), X} IRF7 531 IFN-B A
ES AP

2.5 VPO FEHAMH 1-IFN B3R K& H T iR
FEH (IFN-stimulated genes, 1SGs)¥s 5%

Real-time RT-PCR £l VPO & %t SeV %
) 1-IFN B R 1SGs s, Z5 5 n1E 6 iR
VPO L4 25 SeV i3 )m, THLERMEIEEEA RIG-I,
IRF3. IFN-B DR THE R MR 1SG15. 1SG20
(A X R 38 B B E IR TS 20K Sev 4bHEAH
(P<0.01 5% P<0.05). i8] FMDV VPO % [17] B i
T 1R RN ST SR
2.6 VPOZEH%E RLRs EEEHH IRF3EH

XUE I 2 A A Fo DR RS DA B S )y
[FETRAT, VPO I 1-IFN 774, Sy T
VPO #llfil IFN 7= AE R 43 HL, A e e i
Kl VPO 5 RLRs {553 i 43 FHAH HAE IS
ZE5E 7, KA Flag #7250 VPO 435Il 5 A
HA #3451 RIG-I, MDA5, VISA, TBK1, MITA
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Figure 4. VPO protein inhibits SeV-induced activation of the IFN-p promoter (A) and interferes activation of the

NF-xB induced by SeV (B). P<0.01.
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Figure 5. VPO protein disrupts the IRF3-meditated IFN signaling pathway. The interferon regulatory factor 3
(IRF3)-activated IFN-B promoter and its upstream components, RIG-1, MDAS5, VISA and TBK1 were also down-regulated

in the presence of VPO protein, but IRF7 was

not observed. P<0.05.
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Figure 6. VPO inhibits the transcription of various 1SGs. VPO protein clearly inhibited the gene expression level
of IFN-B, RIG-I, ISG15, ISG20 and IRF3 (P<0.01 or P<0.05), respectively.
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Figure 7.

1 IRF3 H[FF YY), 7F IRF3 [y 59 Da b i ¥l—24%
BH R 4545, EBH IRF3 1 VPO KM HAEM . &
MK b, HE—24ER VPO Al gt IRF3 A E

VRPN TTREM TF4 22 1 s
3 W

i 3 2 M3 2o A TR 52 A TR SR D 43
TR, BEIMEOE RRGREENE, 77 A KR
BE DT QB0 7 K SR S22 19 DB 21 R 43 IFNs
pro-1L-1p Fil pro-1L-18 %5, A ERIR 5

T AR R A Z R s Toll A5z 1k
TLRs). RIG-1 HEZZ{k
RLRs)HI NOD #E5z{k
NLRs). TLRs #l RLRs 3%
WA RNA SRR, (5 SRR, ™
A= I-IFN, FMDV fEf#5155 RLRs 1S HY R IR Gz
N, R, wEEEE bR, BT — &5
(SR ISP AR S e RGN, W il i A TR
BEASFEA IFN A (5538 i P i S+,

(Toll-like receptors,
(RIG-I-like receptors,
(NOD-like receptors,
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FMDV VPO protein interacts with IRF3 protein.

SEGESAFML L B3, WEEE AR T
HOBMRESEBDW YRS T, REESES
IR TE . AL EC KB FMDV 3A 1 il 45
4 RLRs {55 H iy 3 FoCitssr+ RIG-I,

MDAS F1 VISA, i Z4lii IFNs #9774, Jy FMDV
(¥ 5 T B P BRI 53 1 OB EREE M, FMDV VP3
HHd S VISA B, JFREM VISA, %k
MH T RE S HEE™, FMDV VP3 & dLal
DLl 25 & B JAK1(Janus kinase 1) iy #171 il
IFN /S RE S SM K 8 fs, At
i % & B FMDV VPO 2 1 RERS A IFN )7 4=,

VPO & 7] LA 2425 FMDV 7 BHK 4ilfig_F Y
HeFERE T, ULH VPO H 11 A] RE I L R TR L
R 2 B 107 AR AR HE 7 19 2 ) 3 7
A SE IR IESE VPO 8 X RLRs 4 F /9 IFNs 7=
A A RIVE o S 9 1 R St RDBLE S 2R ik
RGMEE R E /R VPO EFREBME RIG-1,

MDA5. VISA. TBK1 fl IRF3 434 IFN {1k
YRR, SR T IRF7 35204 IFNs 1977 A= B A #i
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Figure 8. VPO impedes RLRs mediated antiviral natural immune signaling pathways.

RO, XA VPO 2 (1P| RLRs /519 IFNs 7=
A KEAE IRF3 580 IRF3 [ R 5.
P Lhise & B VPO I RESSS & IRF3 &M,
XULH VPO AT RE I 45 IRF3 25 i
il IFNs 19772 o ASCEHERT T FMDV VPO 3
FI%}F RLRs 4519 IFNs P24 (9520, [a]isk & 2R
VPO & I AESE 3 45 4 IRF3 15 S K 1, dE i
IFNs (774, J&XF FMDV i K AR S 2 T-HL ik
Fh7E. IRF3 BT IRF Fipi i, R TIERGES
T P DG B S R, T B A 1-IFN A3
WG s BT, DRI AR 220w i
S IRF3 SRAN R 2R )7 2E o AL P i w5

(classical swine fever virus, CSFV)J NP5
IRF3 & RS —RIAM EAEA, 5% IRF3
(932 F LR mEURTE PRRSV 0] UK M 41 il
JR P IRF3 B ER AL A K EE i T3 2 0
9 B 20 TR R AR e g LR AR AL g%, X T
VPO il it il Fi AR 2h & IRF3, #EmH0d IFNs /)
7 3 VPO 55 IRF3 HYSCHEN 1 2 IRF3
MIBEIR ALK 5 X IRF3 R Al 2 75 HA il 1
M, eI T AR g AT 09 . RIS T FMDV
VPO J& il TLR 24 IFNs #yy7 4, Eat
I ®h oAU = RS, WA RT3 — P RA
5% .
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Structural protein VPO of foot-and-mouth disease virus inhibits
type I interferon signaling pathway
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Abstract: [Objective] To explore the effects of foot-and-mouth disease virus (FMDV) structural protein VPO in
type | IFN signaling. [Methods] A recombinant VPO protein was constructed and expressed in eukaryotic cells
followed by FMDV infection. The influence of VPO protein during FMDV replication in BHK cells was determined
by RT-PCR and the mRNA levels of IFN-B, RIG-I, ISG15, 1SG20 and IRF3 was assessed. The dose-dependent
effects of VPO protein on Sendai virus (SeV)-triggered activation of IFN-B and NF-xB promoter as well as on
RLRs-mediated activation of IFN-B promoter were examined by luciferase assay. Co-immunoprecipitation was
done to detect the interaction of VPO protein and the components of the RLRs signaling pathway. [Results] The
recombinant VPO protein was successfully expressed in HEK-293T cells and confirmed by Western blotting. At
4-6 h post-infection, VPO protein significantly promoted the replication of FMDV in BHK cells (P<0.01 or
P<0.05). VPO protein clearly inhibited the gene expression level of IFN-B, RIG-1, ISG15, 1SG20 and IRF3 (P<0.01
or P<0.05), respectively. In luciferase assays, FMDV VPO protein distinctly inhibited SeV-triggered activation of
the IFN-B and NF-xB promoters in a dose-dependent manner. The interferon regulatory factor 3 (IRF3)-activated
IFN-B promoter and its upstream components, RIG-I, MDA5, VISA and TBK1 were also down-regulated in the
presence of VPO protein. The inhibition of IFN-B promoter induced by IRF7 was not observed. Furthermore,
Co-immunoprecipitation showed that VPO interacted with IRF3 protein in HEK-293T cells. [Conclusion] Our
results indicated that VPO may inhibit the activation of type | IFN signaling pathway via interaction with IRF3.

Keywords: foot-and-mouth disease virus, VPO protein, IFN-f, IRF3

(Ao éh: KEEM)

Supported by the Chinese National Natural Science Foundation for Distinguished Young Scholars (31602037) and by the
Chinese Agriculture Ministry 948 (2015-Z6)

“Corresponding author. Jian Zhang, Tel: +86-931-8623573, E-mail: zhangjian@Izu.edu.cn; Haixue Zheng, Tel: +86-931-8342086,
E-mail: haixuezheng@163.com

Received: 20 September 2016; Revised: 6 December 2016; Published online: 27 December 2016

http://journals.im.ac.cn/actamicrocn





