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Seneca valley virus antagonises host antiviral response by
activating autophagy to degrade FBXW7

XTANG Hanyi, ZHANG Rui, LIN Xinqian, LIN Hanrui, HUANG Xiongting, ZHOU Long,
ZHANG Zhidong, LI Yanmin®

Key Laboratory of Veterinary Medicine in Universities of Sichuan Province, Southwest Minzu University,

Chengdu 610041, Sichuan, China

Abstract: [Background] Seneca valley virus (SVV) can cause severe blistering in pigs. Due to
the lack of commercial vaccines, it is essential to probe into the interactions of SVV with host
antiviral molecules. [Objective] To investigate the role of the E3 ubiquitin ligase, F-box and
WD repeat domain containing 7 (FBXW?7), in anti-SVV infection. [Methods] The small
interfering RNA (siRNA) was employed to knock down FBXW?7. RT-qPCR, TCIDsy, and
Western blotting were employed analyze the effect of FBXW7 on SVV replication and
cytokines in PK-15 cells. [Results] Western blotting results showed that SVV infection
down-regulated the expression of FBXW7 in PK-15 cells. The knockdown of FBXW7 promoted
SVV replication and down-regulated the mRNA levels of interleukin-6 (IL-6), interferon-f3
(IFN-B), and tumor necrosis factor-o (TNF-0). When ATGS5 was knocked down to inhibit
autophagy, FBXW?7 protein degradation was inhibited and SVV replication decreased.
[Conclusion] FBXW?7 has an inhibitory effect on the replication of SVV which mediates
FBXW?7 degradation by activating autophagy. The finding provides a new strategy for the
development of antiviral targets.

Keywords: seneca valley virus; FBXW?7; autophagy; cytokines

FEN N B (seneca valley virus, SVV) UL
Rk A B 2E N K% B (senecavirus A, SVA), J& T
/N RNA W #ERHEN R e E , e—Fhsfk . iF
et e SVV rIg R E KA, 5O
B % (foot-and-mouth disease, FMD) . J& 7K ik
(swine vesicular disease, SVD) /K ¥ P 1T %
(vesicular stomatitis, VS)AEARA, SVV HER
PRI AE R BRI, it B R | DR R B
FraERedk, (B DTS REIR , BB AR At 3 ik
30%-70%; SVV T 2015 445 AFKIE, K5 3K
AR W IARURRITEZ N E L, A7
TS SR A T A R ), (H E R T R
A B Tz 1 e By, AF9Edt SVV s
HAEEE L. WEUEH, SVV Al gl A

S AN s, 51 R TR AR S
IFN-y, IL-6 Fll TNF-a A5 /K FiEcT,
PRI, SVV IRYLE S A vk fE
B, R SVV Al gEE b — Pkt e 32K
SR E LA HE 1 B 5 G e (B LRI A
A

E3 {2 & % #% I (F-box and WD repeat
domain containing 7, FBXW7)t#{# & Fow7 .
SEL-10 .hCdc4 1 hAgo, {4 SKP1-CUL1-F-box
(SCF) E3 {Z M I 21k, @t A
] AR T #R IR R R R S AR, PR
Wiz Z ALK . FBXWT HIE S22 —Fh 5 s &
A AH S g I R, FEA ARG L R 4y
b5 15 55 T R SRR, nTEd Rk
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R ff O 85 % 49 F (c-MYC . c-Jun
PI3K/AKT., mTOR ., Notch, AKT/STAT #1 p53)
AT bR A3 AT B SRR GE . RARLAR R
1147 % F (promyelocytic leukemia protein, PML)
A DL ) 38 5 FBXW7 1Y R A 304 FH A it Jaig
7 (influenza A virus, TAV)& Hl1", 1t4h,
FBXW7 if o] # il 7K 96 ¥ 11 R 5§ B (vesicular
W% IE A T
(respiratory syncytial virus, RSV)HITA I 4 5
7 (hepatitis C virus, HCV)& "2 FiE#F5%
KB, ¥ AT M E TS %6 B (porcine epidemic
diarrhea virus, PEDV)&JL 5] FBXW7 mRNA
FixThw, BHEARBEMK, £ FBXWT
B 11 AT RS TE RIS A, AN 5 st
ABEFELL SVV RHFFEXS 4, [F] I i Ik FBXW7,
VI HE FBXWT 5 SVV E M E X R, I
Wr5E SVV il A WgEEN T FBXWT [
fitt, LAt —2D B SVV B0 L 52 it
P e o

1 MRETE

1.1 #R
PK-15 40 K mi ik ATGS5 # PK-15 4 ifd

SVV BRI AR L0 = IR AF . U il
TOYOBO /A #l; ¥y, FifgZ=ic P4
AR A7 DMEM £ 551 i 4 3 A Gibeo
/Al ECL M6k, Affinity 23] ; RNA 4fifk

stomatitis virus, VSV) .

=1 WRPEAR siRNA F5

Rl & . SYBR ZtE ikl & . IhFEhi =
B, WFEPiSR —$i, Thermo Fisher Scientific
Al Anti-FBXW7 ik, Abcam 724 F];
Anti-LC3B $i4A&, Cell Signaling Technology 2
Al 3 Anti-B-actin $T &, Proteintech 72\ A ;
Anti-SVV VP1 HTIR A S50 % R AT S5
E i PCR X, #2053 N (AL 5O R A IR5THE L
H; FRERI Z IR IR A TR CARS, N
T AR YR EA PR A H) R A R,
Branson ] ; R VR ELOHL, Y
EOHAES A R A A
1.2 FHiE
1.2.1 RBESE

PK-15 ZHETH A5 B T A s SR mrp, K
FZE 80%—90%, SVV LUKYLE B (MOI) Y 5 &K
e PK-15 40fd, JLA 37 °C. 5% CO, B F4H 0
H 1h, FEHREWRIEH PBS Wvk—k, HHS
2% HAZE 1LY (fetal bovine serum, FBS)FZEHFK
AkErREFE, T 12, 24, 36 1 48 h SRR
P&V N TR
1.2.2  siRNA BRI E

AMMLH AL S R TR SR, B3R 80%
ity , WP, i EZ Cell Transfection
ReagentIHX 7|5 4% siRNA FBXW7 1#, FBXW7
24 FBXW7 3#, siRNA #5513 1 FiR.
ERye 48 h JEWAEANE, FIF Western blotting £
DA AICR

Table 1 siRNA duplexes used in this study

Name Sense (5'—3") Antisense (5'—3")

FBXW7 1# GCGAGGAGAACUCAAAUCUTT AGAUUUGAGUUCUCCUCGCTT
FBXW7 2# GGACAAUGUUUACAAACAUTT AUGUUUGUAAACAUUGUCCTT
FBXW7 3# GGUGAGUGGAUCUCUUGAUTT AUCAAGAGAUCCACUCACCTT
FBXW7 NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

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



576 WA

FIER

Microbiol. China

1.2.3 TCIDsyE

PK-15 4R T 96 LA, FRaniss iy
80%—90% ] 7+ 4 U35 I, K SVV iz ik H
T 2% FBS MYERFREELE 10 150 R, (ks
FBERE R 1071071, KRR RS O RRBIA 96 4L
M, BB 8 ~MEKE, FL 100 pL.
Y REZH S AERRR AN, T 37 °CL 5%
CO, AP RF A P E 7R 48 h 5 WS AN IEIR AR %L
M (cytopathic effect, CPE)1H il . #% #f Reed-
Muench Az (F T 50% CPE T 43285 25 b B
FA) Ko 50+ U < R DR O 50 T B R LA o
1.2.4 RT-qPCR

PK-15 AR FRESFRIL, #5588 48 h )5,
i RNA 2lifb i S P BAn i 5 RNA Jf e
SERL cDNA. FIfH PowerUp™ SYBR™ Green
Master Mix #:M A KL A9 mRNA ik, qPCR
R Z (20 pL): 2xPowerUp™ SYBR™ Green
Master Mix 10 pL, F. TFE5191(10 umol/L)%
0.5 uL, cDNA 1 pL, ddH,0 8 pL. RT-gPCR 7|
Yifs B L 2,
1.2.5 Western blotting

WA PK-15 AHAFE S, A RIPA 41 ffd 24 fig

W, (300 W)IEHE PK-15 400K, 1 min,
4 °C. 16 500 r/min &5.[> 10 min, W& B3,
A& 2x8E H FFEZE s (SDS sample buffer),
*x2 SIYER

Table 2  Primer information

95 °C fiInFASPE 5-10 min, FHFLINA R RE
Al AT R DU R BE S HL UK, FE RS TE S%IBERE
Wik R = 4 h, AP, 4 °C
WEA®R; WH, A TBST &Mkt PVDF
JBE 3 K, FRIK 10 ming FEEH —H0 2 h, TBST
G v 3 K, IR 10 min. i ECL 1k
RGN, FHEER RGOSR R
1.2.6 ZitZESHh

i | GraphPad Prism 8.4.3 #4117 t-K5 56
5. ANOVA A4 ] 22 5 1 i E IR R . *.
o ks Rk LORGE AR 22 R 2 e
P<0.05, P<0.01, P<0.001 FI P<0.000 1, ifii ns
FRGI EE R AR EP>0.05). FiFEERA
“mean+SD” /R o

2 BER540

2.1 SVV BERSE A FBXW7 EHKE
TB%

I SVV BL PK-15 45, #ERGY)E 12,
24, 36 F148 h WA AN, 4t RT-gPCR.
Western blotting £l 4ififiH FBXW7 ik K
Ko SRR, SXTRAMIL, FiE SVV &
Hhn, FBXW7 & FREKFEZALFEME 1A),
HERY S 48 h 2278, HARAH mRNA KF

Primer name

Primer sequence (5'—3")

F: GTCGGTTGTGGATCTGACCT
R: AGCTTGACGAAGTGGTCGTT
SVv F: GTGGGAAGGTATCTTTCGTG
R: TCATAGTGGTGAGACTTTGGGC

GAPDH

FBXW7 F: TCGGCAGTCACAGGCAAAT
R: GCATACAACGCACAGTGGAAG
IFN-B F: TGCAACCACCACAATTCCAGAAGG

R: TGACGGTTTCATTCCAGCCAGTG
IL-6 F: GCTGCTTCTGGTGATGGCTACTG
R: AGAGCATTTTGTCTGAGGTGGCATC
F: CCTCATCTACTCCCAGGTCCTCTTC
R: GATGCGGCTGATGGTGTGAGTG

TNF-a
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A B 2 ¢
% 4
Oh 12h24h36h48h o SVWW o_ o+ _
SVV - + 4+ + o+ E 3 UV inactivated SVV - -+
L]
[ ———mxw7 2, [ ] rBxw
<
[ o - sV VP £ [ == | svvpl
|- - o o~ (-octin o
5058
&) O ,\’\:Q f\,b:Q %(o&\ bﬁ‘b&\

¥

1 SVV BT FBXWT FIEBERIE  A: SVV EY: PK-15 AR A]J5 , Western blotting £l
FBXW7. SVV HHEKKFE, LA B-actin NXFHE. B: SVV JEYt PK-15 A A[E A )5, RT-qPCR il
FBXW7 mRNA #ik. C: UV KIGH SVV G #E R M AR LA HLY SVV iR PK-15 4iffl, K53% 48 h
J&i, Western blotting £l FBXW7. SVV & [13KikK>F-, LA B-actin HXf R, +: PK-15 ZHfifl#E A SVV; —:
PK-15 40 R3EA SVV. *: P<0.05; **. P<0.01; ****. P<0.000 1

Figure 1 Reduction of FBXW?7 protein expression was induced by SVV infection. A: Western blotting detection of
FBXW?7 and SVV protein expression levels after SVV infection of PK-15 cells at different times, with B-actin as
control. B: RT-qPCR detection of FBXW7 mRNA expression at different times of SVV infection of PK-15 cells. C:
UV-inactivated SVV viral solution and untreated SVV viral solution were inoculated with PK-15 cells and incubated
for 48 h. Western blotting detection of FBXW7 and SVV protein expression levels with B-actin as control. +: PK-15
cells were infected with SVV; —: PK-15 cells were not infected with SVV. *: P<(.05; **: P<0.01; ****. P<(0.000 1.

%A FRE(E 1B), BB SVV YL PK-15 41
firh i FBXW7 K35, AIREZ T FBXW7 #li%
TSR . S TR FBXW7 & A F RS2 i
SVV Zifil51#, K SVV i H L HME (ultraviolet,
UV 2 h K&, RS HRD PK-15 4, %5
R, SREEEE AN, KIE SVV Ab
H4f i FBXW7 £ KA BT BE(E 10),
UL FBXW7 RIS SVV IRV A G,
2.2 Ei{K FBXW7 {€i# SVV El

T IESE FBXW7 X} SVV & il fs2m, il
FHR S siRNA ik PK-15 4l FBXW7. K
75 15 B ISR i = 1Y siRNA, PK-15 41 43 5319k
BEYL 3 FPOR[EIY sIRNA (1#. 2481 3#), 1Y
48 h J5 W AEANBELFE i . Western blotting il &
P, S FIPERTIE siRNA (siRNA NC)#4 YL it 2 it
AHEE, siRNAT#AERAL () FBXWT & H7KF- T i
BN B (F 2A), HH mRNA /K 52 AR (F
2B). BiJ5, H SVV JikYe siRNA 1#55 L A 41 it
Western blotting .RT-qPCR %5 % i/, #1] | siRNA
Pl FBXW7 & 1358, vl ik SVV &Z il (K 2C.

2D). TCIDsy #F—UESERAIE FBXW7 H] it ik
SVV & il (# 2E).
2.3 SVV RRE@IHEBEN T FBXWT
PR, FHEHARMETFRIE
I W52 — ol PN 2R 1 T R A A, TR A

KB 1 BEE 3 (MAPILC3, LC3)E K A MEbrid

TUEREEA A Mg AR, 2 BRI IA R B W e
AEERARICZ — h T SVV & mid Lt [ Wi
AR5 FBXWT SRR, FIH SVV gL
Ik A WEAISC B ATGS ) PK-15 4 i F11E 3 21
ffl, Western blotting Kl Z¥L, SVV J&GLn] L
WOE AW, M FBXWT E £ Mk ATGS
Pl ARG, FBXW7 SEARE BIE, H SVV
S (E 3). ZFIER, SVV BRYLi B
W45 FBXW7 5 1 B . BiJ5 . FIH] RT-qPCR
il SVV YL 5 PR IL-6. IFN-B Fil
TNF-o mRNA %35, BR @it FBXW?7 23 il
IL-6. IFN-B £ TNF-a mRNA k(% 4), F£H
FBXW7 ] gei i (k18 E4iffirh IL-6. IFN-B
il TNF-o B335 R FEHUR RN o
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A B C
T 150 s
E E
NC siRNA1#siRNA2#siRNA3# o ok 2
<™ 1.0F e % %
A A e e | TRXWT Ei Dé S
. & & 0.5} A
SR G S e [-actin 2 ' =
— <
= >
€ 0.0 A~
1V =
D 15 *%k E -
SIRNAL# -+ -+ Z —— 0T L
8 [ St
SVv — _ + + £ 1.0+ '('J"‘
/m = =
[owm BN B & 5| exw7 = @Z
= 0.5k >
| —— | SVVVPI 2 5 S J
om
_acti = 0.0 2 -
| - - - - | i PP 0

5 4
& o QA ﬁ\ o R

2 T FBXW7 AR SVV B A: Western blotting Kl ffi FBXW7 % SVV &I, B:
RT-qPCR #:M# Al FBXW7 A mRNA /K°F-. C: RT-qPCR ¥:illEfik FBXW7 %F SVV fJ5%0. D: Western
blotting ¥ &Ik FBXW7 X SVV & B, E: TCIDso #5 #efIk FBXW7 X SVV [E40. +: PK-15 4fl
Mz A SVV S di ik siRNAT#EE YL —: PK-15 iR EEA SVV a4 A M, siRNAT#FE L. *: P<0.05;
#%, P<0.01; ***. P<0.001; ****. P<0.000 I

Figure 2 Downgrade of FBXW?7 promotes SVV infection. A: Western blotting detection of the effect of
knockdown of FBXW7 on SVV replication. B: RT-qPCR detection of the mRNA level of knockdown of
FBXW?7. C: RT-qPCR detection of the effect of knockdown of FBXW7 on SVV. D: Western blotting detection
of the effect of knockdown of FBXW?7 on SVV replication. E: TCIDs, detection of the effect of knockdown of
FBXW?7 on SVV. +: PK-15 cells infected with SVV or transfected with siRNA1#; —: PK-15 cells not infected
with SVV or not transfected with siRNA1#. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<(0.000 1.

ATSIEE = B 7 3 WEE#R
69 kDa — |l e g FBXW7
29kDa [ 8 W SVV VPI SVV 15 h—Fr ZkimaE, Mt S5m &
14-16 kDa | EEEEE=——1 1.C3 PUREEMLRI A EAER, Xk SVV B Iz
45kDa p-actin VB EEE L, AR SVV BILES
3 SVV WEi EMREES FBXWT MR FBXW7 EPIFREME, JRIES SVV il A Wik
+: PK-15 4ifit3 A SVV R4 Bk ATGS; —: A5 FBXW7 F&f#; mifit FBXW7 {23 SVV &
PK-15 i SVV sk 414 ik ATGS W, FRE FBXW7 X} SVV & Hil HAHVEH

Figure 3 SVV induces a reduction in FBXW?7 via W52 ERM, SVV nlEf PERK. ATF6 &

autophagy. +: PK-15 cells infected with SVV or did LR [14-15]
AKT-AMPK-mTOR & 2 s ,

knock down ATGS5; —: PK-15 cells not infected with mTO Lﬁi?% i A EH gl

SVV or did not knock down ATGS. i IL-6 . TNF-o Fil IFN-y %5 45 K 543 Wb 7K P T
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A B C
1.5 ¢ 1.5 1.5
2 =
= — —
[ b o
°© o S
< lLOF T 10 CEREU
5 5 3
> < <
2 2 2
E 05 T E 0.5F E 051 %
vev [VAV) v.v
> X R > X
& > N > & o
& ¢ & ¢ &

& 4 ‘YUK FBXW7 #I# IL-6. IFN-B 1 TNF-a 5%  A: SVV 4lli&%e PK-15 4ifid 5 &Ik FBXW7
Y PK-15 4l fifl, RT-qPCR ¥ TNF-o mRNA 234 7KF. B: RT-qPCR il IL-6 mRNA # ik 7K. C:RT-gPCR
K IFN-B mRNA k7K. #*, P<0.01; ***. P<0.001

Figure 4 Knockdown of FBXW?7 inhibits IL-6, IFN-p and TNF-a transcription. A: SVV infected PK-15 cells
and knockdown-FBXW?7 PK-15 cells respectively, RT-qPCR to detect TNF-a mRNA expression level. B:
RT-qPCR to detect IL-6 mRNA expression level. C: RT-qPCR to detect IFN-B mRNA expression level. **:

P<0.01; ***: P<0.001.

[T e o1 U BT Bu = = s N
BERURLSE , 0 AT il ke WL I S s JO N, i S
IFN-B. IL-8 & RAEANMIIA FREA, M &L
WREEAEHN, ARBFSE4E R B8 FBXWT 78 SVV
YL R E IL-6 . IFN-B Al TNF-a 3k, #F—#
WESE FBXW7 Al ggd ) b iETE F4ipfirh 1L-6.

IFN-B 1 TNF-a FRE L EGUREERN . A,
FBXW7 1>~ SCF B! E3 {2 R % #2052 A W11
Bz —, WA A SR, PO 25 A
TR A IS ) 5 5 B P B SR e 2 o0C . PRI
KT FBXW7 55088 & A= 1 AH A 9% 45 Ry 4x T
{H FBXW7 5905 8 YL AH B4R FH %) SCHR AR X 458
Do EAWEUED], BB R 4 2298 0 BE (merkel
cell polyoma virus, MCV)&E4t 5 FBXW7 4 %,

FBXW?7 AJ A HA 0018 EA sz b iR
Y95 5 (adenovirus) T3t FBXW7 &1E, it ifiss
FBXW7 251 E1A ANz £k, YAl
AR R A0 T HL FBXWT S48 ] LA

RN, RTREAEANZEE T 4099 7 (human
T-cell lymphotropic virus, HTLV)F % J5 #L il o
RAEREZERP, AU, FBXWT Al HE
L4 A A 56 i ik FBXWT BEHN il 40 i
WagE, JEAEE O SRR A AR oA
5 FBXW7 1335, FBXW7 A] Ui i /5 mTOR
2 R AR R B, B WE TR N S Ry R R
Joeii B AR AR AP BFgE KB Vero 41
K HEK 40 ffi/g4e PEDV Jii, PEDV ifid 7 (A i
PRI AR NIAS S5m0 3k A WERA A FBXW 7, e,
ARG FBXW7T 38 AT DL B W fi A&
R FEARY SR SEF 5T 24 T FBXWT
A 0 ) RS s 7 G 5 B 1 R L I R A
RETME I A MR AL M FBXWT 14 R B H . AHFSE
Z5R R, SVV B 1T A iR R F: FBXWT
HTRE MR, S bR W ORS BE 8 AW R AR
FBXW7 KB4 TR R 5508, xF ik —20
B SVV I 80 L ELA BURAE A
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