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(2A. 2B, 2C. 3A. 3B. 3C fi13D), HH 2C &
L & A R s i E

SVV T 2002 45 ICTERL TS G2 19 40 i Hh 4%
R, WAk P RE S 1 G A 10 SO R
SIAA S F=Y R 55, T A e
VIRTE R, SRR TR A ZSEE, A SR
SER IR JC 2 2007 AN K HE T SVV
YL IS 55 & ARG (PIVDY A 3¢, I BE 4R £
[ X HE SVV AT BRI T . B A
RS K I s e AR T SR SR B 48
] 0 o ] 4 ] R OB R TR BT K SVV Uk
el S R SVV TR [ Hb X % AE 2 Rkt
R A R AR B R SR T I TE R, AT
RESFEE KT, LI E 49T SV
MECRILE, HIF R 52 SVV B iy ik e 1
SRYT AR LS S

VI FLAE AT 5 g v B E s 1,
WG SR A 1 fe S B R, WO R 3 o B
%38 e BR AR 11, U0 W) ZL2 7 AR AT AR AT Bl 3l
TP MIME— IR, X — R PE T W FLTEAF 4
P T LA O B VR T A AT AT
iTRAQ AW K I EERIFLh ALV E 1 S
(cathepsin S, CTSS)Hy& & m TH .. CTSS
S A IR [ 5 0 14 1 Ioe 2 R 2 11 e, R A
SR 20 L B 20 i W 40 e 547 D S 3 4
2k EBUE (AQ) N T AN | R R
DA B A 308 i A 165 T R i 9 440 42 28 5 A% v
EFESAEM, M CTSS BES ZL% IR 25 5 1S
Pyretel CTSS Wl e H R I T RE R,
PR R R SR 7 A N i IR - IN
MHT I AR , FR il i CTSL #1 CTSS
TEPERVE BRI, CTSS 875 p38 MAPK Fi
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INKL #1225 MP BSR4 T A Wk il
1 180% NF-«B H1 Caspase-3 M M 175 5 985 201 Jifu o
T A~ BUE M, WAl TE CD74 ¥
BRI F CCL2 Hyik, MRt s i R 5 7 A 52
w8, F R S CTSS 1E5 5L i/ F BT
FERE, W E B A B e BT i
TR O R g AR SR P R A

SVV 5 [ 1 % %% 7 (foot-and-mouth disease
virus, FMDV)[AlJ& T/ RNA Jiei k), JEusg
IR Ay Lo S R BB e S S B, L 25 S FMDV AH
LI ARAEIR P, FRATE ZAFH T CTSS i ad it
#E FMDV 7551 T4 R S A4 22 4 i Y 5
PR FMDV & i, {Hfg 3 CTSS 7E SVV
S b VR SRR 224 i R B . hy
W115 & CTSS 1E SVV Bl f b L #mEN , &
PU1E 32 CTSS REfEMH SVV 7£ IBRS-2 4 b &
il , T SVV E il 115 £ CTSS iy kil L H
M 1, Pk Bt ik CTSS e it Svv
W MPUR A T mRNA K, B T 1 &
CTSS #ilil SVV Sl i) 285 N o ABEFEEE R
HIRZRIR TR IR CTSS 78 SVV fith J 1) G 8E hvj 2
H VR AL 35 1 BEAl

1 AR

1.1 #ret

SVV #k CH-FJ-2017 F1 IBRS-2 41 ifg iy H [ 4
M Bk 22 BE 22 M - B AIF 58 BT 101 I 5 508 A AT
W BARAE s SVV Sk AL = Hl & e
TEFERUIAR CTSS T Abcam A+ ; FPT Flag B4
Pt BT Myc B4, BB B-actin 4. HRP i1
AR 196G —Hi Ml HRP FRid L Edife 19G
ZPr¥F Thermo Scientific A .
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RNA fi#2i7] Trizol, 5x Prime script RT
Master Mix. SYBR Permix Ex Taq Il 145 (4 7 ¢
Marker 04 T 5 A Y T K &EA R A A
Lipofectamine™ 2000 %% i3 3 T Invitrogen 24
H]; Opti-MEM ., 100x7# %5 R {8 R IF W . 0.25%
EDTA [ Al iR 4 10 3% (FBS)#) I F Gibeo 24wl ;
DMEM }iF 5:A PBS ik Il T4 vl 5 ECL
B AAF T Thermo Scientific 22wl ; 42K
M PMSF W T3 = K ovwl s HAE AR S R &
555 ab65306) 1 TS AL (i) 5 5 A R A 5
CTSS THL ¥4 b 35 3% 25 A PR w5 i o
1.2 SVV MR CTSS mRNA K HIR R

¥ IBRS-2 4 g4k 1x10° 455 T 35 mm /IMIL
W, BE5E 2 80%-90%, I MOI A 0.5 [ SVV J&
v IBRS-2 4fififl, #7850, 4. 8, 12, 16 h 435l
WCBCAR LA it o SRR LEL. RNA, FI| ] RT-gPCR
J7 ¥ CTSS 9 mRNA £k (€ &E3I1YHEE
W2 1),

1.3 CTSS B Ml E

¥ IBRS-2 4 fitiFi 1x10* 50 T 48 fLAr
32 % 70%-80%, F MOl Jy 0.5 i1 SVV Ja&kij
IBRS-2 Zfifl, #8)5 0. 4. 8. 12, 16 h 435k
AN RS o OB 1x10°-5x10° 4t il , HL CTSS
A & (1% 5 ab65306, Abcam)H i 100 pL ZLf#
TR AN, A Tt 0 WL R L e v R
5 min, H(50 pL & F 96 fLk, & h 2%
MFN 10 mmol/L Ac-VVR-AFC (CTSS iE#)),
Pk Al B g T4 FE {8 SpectraMax M5
ST 400 nm UK I AT 505 nm & KT
M5
1.4 FEE CTSS Xt SVV & il £ ma ik

IBRS-2 4t} i £k ) #2280 F 4t i 35 S 4 v
FRAMIE = 70%-80%Ht, #f CTSS LI Kk
%5 Lip2000 57 (DNA:Lip2000=1 pg:2 uL)%
Az Opti-MEM H, JRAJFHE 15 min, H
Opti-MEM R EW EEZIMEMMp, Kk 24nh )5

*1 SIFIER

Table 1. Informations of primer sequence
Genes Primers (5'—3’)
P-CTSS Forward: ATGAGTTGCGTGAGAGTTCC
Reverse: ACAAGAACCACAAGAACCCTG
P-GAPDH Forward: ACATGGCCTCCAAGGAGTAAGA
Reverse: GATCGAGTTGGGGCTGTGACT
P-1IFN-B Forward: GGCTGGAATGAAACCGTCAT
Reverse: TCCAGGATTGTCTCCAGGTCA
P-1FN-y Forward: CATTCAAGTGCTGTCTGACATG
Reverse: GATCGGTGTGCCTGCCTTC
P-IL-6 Forward: GGCATCACCTTTGGCATCTT
Reverse: AGTTTTCCTGCTTTCTGCAGCT
NF-xB(p65) Forward: TTCTTTCAAACAAAGGACCAGA

Svv Reverse: GCAACCCAAGTAACCCTTAAAG
Forward: GAATTTGGAAGCCATGCTC
Reverse: AGCCAACATAGAR(A)ACCAGATTGC
3D: TTCAAACCAGGAACACTACTCCGAGA-BHQ1L
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JEYL SVV. LI ) DMEM J5 340 i, B SVV
i FE 2 MOI 24 0.5 APy IBRS-2 4, FfiA
LT HRZH , BT 37 °C . 5% CO, B5F# 4 E 1 h
ZJE, FEMBW, HT 2% FBS MR g 2:
BigR. 12 h JE OB O A MORE S, — (3 B LR
RNA HIF RT-gPCR #:il SVV # D15y 224k, JIf
LI GAPDH 1R NS4 CTSS §% 5K 148
ks —13 i 7 B-%ii 2k £ B2 1) 5xSDS Loading Buffer
REFR, FHF Western blotting (WB)#ill CTSS #1
SVV E KAk, JFLL B-actin HINZ:
1.5 SIRNA THRCR B X SVV & i A

PRSP IBRS-2 4 iF 1x10* B:fhF
12 LAk, 5557 2 70% /5 47, % % 50 pmol . 150 pmol
SiIRNA-2947 L) 2 siRNA-NC, 36 h J5H MOI 0.5
() SVV L4, 12 h JSUBUA i RE Sy, —
Sy EREUE RNA, RT-gPCR Kl SVV # U1 #k it 728
b, 55— 4 FF WB kil CTSS Fil SVV & 17K
SRR
1.6 PURBAEE T mRNA /KA

iz 1.4 £ FES, $2HURNA, R RT-gPCR
K AG . IFN-y. IL-6. NF-xB ¥ 55K A9 1k .
1.7 BaESh

i sLkE/0ERE 3 K, WA GraphPad
Prism 7 #4143 B R AR IR, (8 RS R 3R 2243
Mk r8eit 2420 0 (> P<0.05 s 5d HoA 4 it
RN, **: P<0.01 Ron B A B EEER,
*xx . P<0.001 Fem Bid ] 2 & M 25 5%) o

2 BERAAT

2.1 SVV EENTEM CTSS # mRNA KF
#+ IBRS-2 4l i f2 5t T 35 mm /NILA, 540
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Jii K % 80%-90%, /] 0.5 MOI fit) SVV &%t IBRS-2
i, 70, 4, 8, 12, 16 h J5 U HL4H kL 5,
FIH RT-qPCR JriZAa il 1 CTSS BYZZ A4k, 45
R SVV YL IBRS-2 4015 M M CTSS By
MRNA KT (B 1), 78 SVV G e 75
N N EPE CTSS fIEIA

2.2 SVV IRYLAEEEWIR CTSS A

Ye 0.25 ug CTSS E 41 Fiki & IBRS-2 4iififd,
20 h J5 F SVV (MOI=0.5)& e 40 i, [RlEF5EA
R X B, W0, 4. 8. 12, 16 h 4
foEE S, MM Fluorometric Method #6:
CTSS Risithk, Z5KERM SVV JERYLAE Il 2 34 08
CTSS WG, HBEE SVV JEYLnsta] 38,
CTSS (6 P fifi =z 35 5 (K] 2)
2.3 3EFik CTSS Ml Svv E#l

BL 0, 1. 3, 5pug pcDNA3.1-CTSS-Myc &
IBRS-2 4 Jifi, 24 h J5 Fi SVV (MOI=0.5)& 4 41 i,
FH% Mock g XFHE, 12 h J s O LR ff AG ) He
X SVV Sl A, R B CTSS £k

[IMock
| E@svv

CTSS mRNA/GAPDH mRNA

t/h

1. SVV B EiARIRME CTSS B mRNA 7k
Figure 1. The mRNA levels of endogenous CTSS
was up-regulated by SVV infection.
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Figure 2. The activity of CTSS was up-regulated by
SVV infection.

B 3-A, C), SVV & il 7K - 5 85 AR P
FEAR(® 3-B, C). &5REH], if&ik CTSS il
SVV 7£ IBRS-2 4l & il .
2.4 sSiRNA #ifik CTSS {2 SvV & il

ik — i E s £ CTSS % SVV & il 15
Wi, K 50, 150 pmol siRNA-2947 %L & IBRS-2
YA, DL SsiRNA-NC AXtEE, 7F 36 h J %
SVV (MOI=0.5)84 4l ifs, H RT-qgPCR FI WB £
M SIRNA-2947 X} CTSS ik & SVV & il 72l
5K siRNA-2947 BT 1E 3 CTSS ByRik

(& 4-A, 4-C)TMifik SVV 1E IBRS-2 4 il b 42 i
(K 4-B, 4-C).
2.5 Ik CTSS {2 SVV iESHTE IR
) SRS

S EA R CTSS 3 SVV 52 il iy S5, 46
i CTSS &5 SVV 75 S 150 240 i 7
7. fE IBRS-2 4H il b % Y pcDNA3.L FI
pcDNA3.1-CTSS-Myc, 24 h J5 )&t SVV (MOI=0.5),
FRBER LRI B AL, 12 h S5 e 4 g Ah B
Fedh, RT-gPCR 45K B R, £ IBRS-2 4l 5k
3] IFN-y. IL-6, NF-xB, CTSS mJ{Zif SVV
S IFN-y ., IL-6. NF-kB A |8 # ik 525645
FWITE = CTSS BEIUIE SVV i S 1915 T Pim 240
ifL DRl 1) 7 S KT (8 5)

3 it

CTSS & —Fia AR (1, &8 e
Bk, MR T MHC-N (5 5%
S J% CDAT NI A 1 508 F I s e T
WA CTSS 16T ULt i s aE ey, A
P i 1 B CTSS S, T B e

(A) 40000 @ Sl (€©) oOpg lpg 3pg Spg

% 300001 - | VY CT5S

< —

“Zé 20000 R | SVV

— 100001 -

[ . B-actin

0 1 3 5
CTSS/ng CTSS/ug
3. 3Kk CTSS #1l SVV & i

Figure 3. SVV replication was inhibited by overexpression CTSS. A: the mRNA level of CTSS was detected by

gPCR; B: copies number of SVV was detected by RT-gPCR; C: the Protein level of CTSS and SVV was detected.
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(A) 3 (B) ©
R <100 i J‘ ?ﬁc o ?;\56
% — 2 8x10° %83\ %\QS\ %\QS\
2 1.0+ = 6x10° =
p= | 9
Z 0sf el | -
E -_l 7 240 ‘ESW
Z 00 0 i
& o P»‘SQ 0 — | [-actin
7 .
& & & R

siRNA-2947/nmol

4. siRNA BLE CTSS {2i# SvV &l
Figure 4. SiRNA knocked down CTSS to promote SVV replication. A: the mRNA level of CTSS was
detected by RT-qPCR; B: copies number of SVV was detected by RT-gPCR; C: WB to detect the changes of
CTSS and SVV protein levels.

(A) (B) 5 ©)
4r =vee — = Vec

| ==CTSS

5 ;i -57
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i

Rel. mRNA level
e — (3] (%] E= W

im =

Mock SVV

Rel. mRNA level
=) [
Rel. mRNA level

5. @ik CTSS @i SVV ESHMFESMEE T LiFRE
Figure 5. Overexpression of CTSS promoted up-regulation of antiviral cytokines induced by SVV. A: the
MRNA level of IFN-y was detected by RT-gPCR; B: the mRNA level of IL-6 was detected by RT-gPCR; C: the
MRNA level of NF-x B was detected by RT-qPCR.

CTSS ilthssn, FEFAPE CTSS WM F2 T 3CP° uf LA i 1) 0 i B A K AR S e 33k 1 LU
AN AL AN, VRS R RO P A ghRTE EPUR SRR G Y SV 3C™
WFFE A SVV &L IBRS-2, WB fil RT-gPCR kil oI LU it 2292 R AL G (5 5 43 T RIG-1. TBK1
R SVV YL FIRNIEYE CTSS ByFeik, SVV Ml TRAF3 Guid™y | B IFN Mk Bk 56 K 5

YL B CTSS yH PRGN, HAMANLBEAT WP, SVV 3DP° 2 —F RNA Kiin) RNA B4
— R . fitg, % TR R A ] ) E2 17 Rah A

o R AR W o AR e R R e B B UBE2L6 il iz 1k SVV 3D Mt SvV
24, MNIMGAR MY TR H M, MR A P AReFsE kit %k CTSS #il SVV 7&
£ B A 52 ARG R Z . AR5 RE SVV IBRS-2 443 i, 1 R JE N VR CTSS figfe ot
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SVV &, VEH ARF T 15 3 CTSS X SVV
S0 BT A T A B R, A R R
CTSS il i3 fi 45 A 5% CX3CLL it ¥4 3 4 il %
P CX3CL1, fifi CX3CL1 Y5 CX3CR1 tHHAEM,
W ey AN M SEAR B RAETRAL, TG in CX3CL1
JE V& HE TS, SR B S P T R R FH R 4
WP SV B IA 2 TR T ARM N, B
FE WYL J5 55 10 RMLEEH 5 IFN-y 7= LEAH S 1Y
CD8 IR FH 4 CD4* CD8" T 4 ity i, 1445
AR FEW D CTSS WM Tl 75 T4 4 4t i
7 b 823k B /8 CTSS Al RES 40 A 5 .
DRI AT TRt 5 A6 T CTSS Xt 48 4 it A 17
IR, RT-gPCR 45 @ 8 CTSS n{Eif SVv
WS IL-6. IFN-y. NF-xB f mRNA F ik,

W5 ERB] CTSS 7EARIMREBE I E] IL-6R, B
sIL-6R HAT AE Wi, I BE S 1L-6 [\ [ 54
S, XULH] CTSS 7E4AE Jy A7 A 24 T 2 A1
FABY . TSR %455 40 L (NKT) AT 8145 22 ol G 2 2 )3

NKT 2153 Thl 48 5 (IFN-y)F1 Th2 il
F (L 1L-4), ENISFEIFEOE H b Y R s
200 1L A0 JEFJUEE PP B S S, CTSB il CTSS
PR AT BEAR LPS 55 1 A s A rh NKT 41 g
(T AR B, JE R A 1 IR S A L (5
—IERTLE, PERiE RIG-1 Xt SVV & ¥ 5 2 15T
FEH, B EEA T SVV BRI BT R
T RO o X R CTSS 2 iF SVV iEF1
PUWEEAN M 3Rk, AT REETE 32 CTSS #i
SVV Sl i E IR 22—, BARPEAIHL L 75 2 —

AW RIEB] T CTSS7E SVV e i fit vp

RIEDURSEERMBTIAE, A3 CTSS #iht
SVV IRYLAR I TG, bR —B 4R £ CTSS
£ SVV fil & i fa e 24 A/ E AR R T b
[F] s L4 7 CTSS W] REAE A # i SVV & il ¥ 7E

B R

4 ik

CTSS w5 ZFh A AN FE AL FE , ASHF5%
it WB Hl RT-qPCR il & 3 SVV YL i
WIEPE CTSS MRk, FIFH i 3k Fdy & 1
SIRNA SZEGHER] T CTSS figflifil SVV 7E IBRS-2
P H, SVV Bt B g 32 CTSS fi
I SVV iESYUR R AR T2, A

SVV E#il, XUt SVV YL 515 F CTSS 22 JH]
AR B IER .
2 % X Bk
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The replication of Seneca Valley virus in IBRS-2 cells was
inhibited by cathepsin S

Xijuan Shi, Ting Zhang, Bo Yang, Chaochao Shen, Dajun Zhang, Xuehui Chen,
Huimei Cui, Xingguo Yuan, Dengshuai Zhao, Keshan Zhang®, Haixue Zheng’,
Xiangtao Liu

State Key Laboratory of Veterinary Etiological Biology, Key Laboratory of Animal Virology of Ministry of Agriculture,
National Foot-and-Mouth Disease Reference Laboratory, Lanzhou Veterinary Research Institute of Chinese Academy of
Agriculture Science, Lanzhou 730046, Gansu Province, China

Abstract: [Objective] The purpose was to explore the effect of porcine cathepsin S (cathepsin S, CTSS) on SVV
(Seneca Valley virus, SVV) replication. [Methods] IBRS-2 cells were infected with SVV, and the regulation of
endogenous CTSS expression by SVV infection was investigated by RT-qPCR at transcriptional levels. The effect
of SVV infection on CTSS enzyme activity was determined by ELISA. The regulatory effects of overexpressed
CTSS on SVV replication and antiviral cytokines induced by SVV were detected by Western blotting (WB) and
RT-gPCR. The specific siRNA for CTSS was synthesized and the interference effect of sSiRNA on CTSS and the
effect of CTSS interference on SVV replication were detected by WB and RT-gPCR. [Results] The expression of
endogenous CTSS and the activity of CTSS enzyme were markedly up-regulated in IBRS-2 cells infected with
SVV. SVV replication in IBRS-2 cells was significantly inhibited and the expression of host antiviral cytokines host
antiviral cytokines was up-regulated by CTSS overexpression. siRNA-2947 down-regulate the expression of
endogenous CTSS to promote SVV replication. [Conclusion] CTSS inhibits SVV replication by enhancing the
up-regulated expression of host antiviral cytokines. This study provided the reference basis for further exploring the
role and mechanisms of host CTSS in anti-SVV innate immune response.

Keywords: cathepsin S, Seneca Valley virus, IBRS-2 cell, antiviral function
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