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@ ZE: [#%] Ras-GTP Bg/& b & & SH3 £ M 3%k4 4% 48 1 (Ras-GTPase-activating protein SH3
domain binding protein 1, G3BP1)2 i # i #i(stress granule, SG)#) T 20 A o fir & HE G, &
7 ERITRANR LR Y LEFT LA, [869] #ME G3BPl A2 #KH PK-15 @Lz, KA
SR G3BP1 L B xF Kk v K 5% F (vesicular stomatitis virus, VSV). & /] & % 2 (seneca virus, SVV)
Fa 92 ¥ % 4 (vaccinia virus, VACV) A %\ &) % o A= 51 Y /& 37 5L B F -a (tumour necrosis factor a,
TNF-0). #& 28} /~% 6 (interleukin 6, IL-6). #u4E% % & 1 (myxovirus resistance protein 1, Mx1).
FH & # A B 54 IFN-stimulated gene 54, ISG54)#=F #.% P (interferon B, IFN-B) & & 69 &k, I+
KR HATEME EF oA, [F & ] AR R MM EAE T FUK G3BP1 KA #9 PK-15 @it
%, A B ¥ 4% 3 £ BF £ & PCR (reverse transcription quantitative real-time PCR, RT-qPCR)#= 5 if fﬁf‘é
PCR (quantitative real-time PCR, qPCR)4#7 &% G3BP1 A E 2 VSV.SVV = VACV & 4|49 %
#) A RT-qPCR /\#Frﬁ‘u’é VSV. SVV #= VACV /& &k G3BP1 A FE % TNF-a. IL-6. Mxl. ISG54
Fo IFN-B 49 %57, BT £ 4% T3 G3BP1 AR #ATA M1 &F 4. [4 3R] RT-qPCR F= %%
L,(Western blotting, WB)% R 2 = R M 244 % & 1K G3BP1 ¢ PK-15 2afi % ; RT-qPCR #= qPCR
25 R 2 T3k K G3BP1 A B TR E L3 VSV A= SVV #9 & #|(P<0.000 1), {25 VACV ¢ 2% L2
% %77 (P>0.05); RT-qPCR £ R 2 VSV Fu SVV & # 7T 8 & RAR R F ALt TNF-o. IL-6. Mx1.1SG54
F= IFN-B #9 mRNA & & K-F(P<0.05, P<0.000 1), &k G3BP1 & F T A 2 & 394 Lk o o B F 49
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mRNA £ i (P<0.01, P<0.000 1), RT-qPCR %R 27 VACV 2T AM R F 74| L mfe A F 49
mRNA & i (P<0.01, P<0.000 1), #k{k G3BP1 %k E st VACV #7469 8l B -+ mRNA RiA LB H
#o0(P>0.05); FALKFT AN L R B =, ¥R G3BP1 &4 4 £ 30 N &, BA AL A
FAKM, BTIEBERESLES; EAORZBALEMTANI T, ZEON _RLEMNEEd AN
AW (52.47%) AR, EEEALT@RFAmIEAZ Y, 55 & 34.38%F 31.25%. [4#]1 KAFRIK
7 %R G3BP1 A& B A4 T 3k PK-15 aafie &, SR A R T4 2 F 1Lt VSV A= SVV 49 & 41,

{25t VACV #) Z_%| 1 & % % 7m; SUKIZ A B 7T B % RAR 2 F 37 4] TNF-0.. IL-6.Mx1.1SG54 #= IFN-B
A M iZ &G AL 30 NEBERRNAL ., AEBEAIESREE, A TG M ERKE, X
Mgk RVT 4t —F AR G3BP1 42 a2 e i A2 F 69 4F A LA R4 T B Ae R 4RI

*i#1F: PK-15 %0/%; G3BPI A H; @R, AW EF

Construction and bioinformatics analysis of a PK-15 cell line
with stable knockdown of porcine G3BP1 gene

LIN Xinqian, GUO Zijing, ZHANG Rui, XIANG Hanyi, LIN Hanrui, HUANG Xiongting,
CHEN Jingsong, ZHANG Zhidong, LI Yanmin"

Key Laboratory of Veterinary Medicine in Universities of Sichuan Province, Southwest Minzu University,
Chengdu 610041, Sichuan, China

Abstract: [Background] Ras-GTPase-activating protein SH3 domain binding protein 1
(G3BP1), an important component and iconic protein of stress granules (SGs), plays a role in
host resistance to pathogen invasion. [Objective] To construct a PK-15 cell line with stable
knockdown of G3BP1 gene, and to explore the effects of knocking down G3BP1 gene on the
replication of vesicular stomatitis virus (VSV), seneca virus (SVV), and vaccinia virus (VACV)
and the expression of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), myxovirus
resistance protein 1 (Mx1), interferon-stimulated gene 54 (ISG54), and interferon-B (IFN-p).
[Methods] The lentiviral vector was used to construct a PK-15 cell line with stable knockdown
of porcine G3BP1 gene. Reverse transcription quantitative real-time polymerase chain reaction
(RT-gqPCR) and quantitative real-time polymerase chain reaction (QPCR) were carried out to
analyze the effects of G3BP1 knockdown on the replication of VSV, SVV, and VACV and the
expression of TNF-a, IL-6, Mx1, ISG54, and IFN- after infection with VSV, SVV and VACV.
The bioinformatics tools were used to characterize the G3BP1 gene. [Results] A PK-15 cell line
with stable knockdown of G3BP1 was successfully constructed. RT-qPCR and qPCR results
showed that knockdown of G3BP1 gene promoted the replication of VSV and SVV (P<0.000 1),
while it had no significant effect on the replication of VACV (P>0.05). RT-qPCR results
showed that VSV and SVV infections up-regulated the mRNA levels of TNF-a, IL-6, Mx1,
ISG54, and IFN-B (P<0.05, P<0.000 1), and knocking down G3BP1 gene down-regulated the
mRNA levels of these cytokines (P<0.01, P<0.000 1). RT-qPCR results showed that VACV
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infection inhibited the production of these cytokines (P<0.01, P<0.000 1), and knocking down
G3BP1 gene had no significant effect on the expression of the cytokines inhibited by VACV
(P>0.05). The deduced porcine G3BP1 protein was an unstable, hydrophilic, and non-secretory
protein with 30 phosphorylation sites, with no transmembrane region. The secondary structure
of the protein was mainly composed of random coils (52.47%). The protein was mainly located
in the cytoplasm (34.38%) and nucleus (31.25%). [Conclusion] In this study, a PK-15 cell line
with stable knockdown of porcine G3BP1 gene was obtained. Knocking down this gene
promoted the replication of VSV and SVV but had no significant effect on the VACV
replication. Furthermore, it significantly inhibited the production of TNF-a, IL-6, Mx1, ISG54,
and IFN-B. The protein had 30 phosphorylation sites and was an unstable, hydrophilic, and
non-secretory protein with no transmembrane region. The results help to further reveal the role

of G3BP1 in viral infection.

Keywords: PK-15 cells; G3BP1 gene; cytokine; bioinformatics

1 FLA% A B 7 5 T R ) A AR AR
PARTE 5 5B AR 1 AR, RNA 25
4 % H(RNA-binding proteins, RBP)if# i #7454
B [ AZ W2 2 1 (messenger  ribonucleoprotein,
mRNP)IE 0 38 Ok (stress granule, SG), LPABY
1EZ0 M NS R & A R o SGIE s i
TR X A2 EE: (1) #5355 SG N
EMHBEAEHM S, e EER N, SG
AR R EPURT RN, MR SN 1
(retinoic acid inducible gene-1, RIG-1)" I 111
fii R (protein kinase R, PKR)#4%; (2) 1 fE e

5 3 I ) R R 1 BELIBT i AR 1A 4 A T R
G515, a0 SG ]38 1o BF 25 36 1 2R 1 Vg C
ZAK 1 (receptor for activated C kinase 1, RACKI)
i MTK1-SAPK 3 % 938 AT 00 il 2 e 9
TPl AU, SG AE S 40 B J5 1 s 7 4 15 40 i
S R EHEREMEN . HT SG ER-IEAH 2
(liquid-liquid phase separation, LLPS)4: 44 #
ML IR, BAJCREEF S AYE, B AR E
BT DR AT S sk A A A [ R s
T SG HRHEPE R 1 oA B 1 A B R FHAR S
SG TEAM M AR A B P HL ]

Ras-GTP fii% L& H SH3 &5 tyiisi & &

[1(Ras-GTPase-activating protein SH3 domain
binding protein, G3BP)FK % & SG ) —A~H 24
RSy, W3 FREIJERE H G3BP1, G3BP2a Al
G3BP2b AP HAT G3BP1 T /R H £
Yrid vk, e A b Rk, S5 Ay
B oAk, WA T AN, DURORE
PORBEE S . fERE R+, G3BPI
AT iE i GO/G1 2 JE ) PI3K/AKT/mTOR
5 R Wnt {55 5% A 6 A P 1 1 5

TR ARZES . AR, G3BP1 W]
DAMG 9 s 24 R 3- B0 4A it/ (L 24 R 5- B0 4Tl
P00 25 F (tyrosine  3-monooxygenase/tryptophan
5-monooxygenase activation protein zeta, YWHAZ)
5P TR K Bax Z [B] B AH EAE T, 1870 Bax
FESRMA R I R, NI R FEBLI T2 e

AN, G3BP1 Al S e B AR, Drahis
IR TE B RBIE N . WEFERIT, S51E R
JH#F 3 (porcine circovirus 3, PCV3)J A5 2 [
5 G3BP1 HAE, BHIRFSTFRR-IRTT R & ni i
(cyclic GMP-AMP synthase, cGAS)IRA]K 5
DNA, M| TR w5 s TR 8 8h 1
ME™ . Ik, B G3BP1 7ER BE ik e i 72
w0 0 2 BEAS A AT 4 1 g 3 -0 1 AR BLAE
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PIBESE , ] RE 23 R BE A% G B T 1h
IR Y

A5 A8 903 15 A 1 G3BP1 B A £
FE UK A B 41 i (porcine kidney 15, PK-15),
A 3 G R AR G3IBIP 1 35 IR %o 2 A2 11 A 4 it [
TR MRS G3BP1 K& [H 78 S KA e b i 1
AL Xz W T AP 5 B b, IR
J B9 G3BP1 75w JE e o 72 vh i A FH AL
PRAUESH K

AR

1.1 #8
1.1.1 4AfE. FRAIFHRS

N E R A0 (293T) F 41 i (PK-15) H
ARSIy AR Bk pLKO.1 puro. pSPAX2.
pMD2G F1%E N K ¥ B (seneca virus, SVV), 7K
WM 1148 0 B (vesicular stomatitis virus, VSV).,
i T R 7% (vaccinia virus, VACV)HJ i AL =
(i
112 EEIXG RIS

Anti-G3BP1 #i{&, Santa Cruz Biotechnology
/N ] 5 Anti-B-actin $0{4<, Proteintech 23 7] ; RNA
& B 5] & (Thermo Scientific GeneJET RNA
Purification Kit) . PowerUp SYBR"™ Green
Master Mix Il 3 $1 B 2¢ 6 —H1, Thermo
Fisher Scientific A7) ; RNA ikt &,
Toyobo 22 w] 3 /INEFCRLA & . FrifEsr+ Bt
DNA FUML /A0 L/ ZUE P 20 DNA $2 30
&, Tiangen 2375 JG N FR Bk 4 BOsR &
(E.Z.N.A. Endo-free Plasmid DNA Mini Kit II),
Omega A F] ; DMEM £5375 | RIS 25 R F G
Gibco ~vl; WRHEER, S LAY TR
AR AT, CCK-8 il &, I Fl Yk
;M EigACAEYRHECA R A\ ECL B AW,
Affinity 2> F]; & A PRAEELEE I, Oxoid

ol BUIRREFIBIE K, Biofroxx /AH]; 4,6-—
JoK JE -2-ZR FEL 5| W (4',6-diamidino-2-phenylindole,
DAPI), Abcam 3],

¢t PCRAY, #EMSEL A FRA Wl e
WEHL KA, Bio-Rad 2 F] 3 94560 %%, Thermo
Fisher Scientific 23 w]; & B Z I RE IR
BIGAL, T s A= R A PRl
1.2 &
1.2.1 5|¥git

H4E GenBank H & G3BP1 JEH 741 (5 5t
58 XM _021076549.1), F FHFELL X 34 (https:/

rnaidesigner.thermofisher.com/rnaiexpress/setOp
tion.do?designOption=shrna&pid=4638135223820

125803)i%&H 2 4 shRNA T4 541, fir 4% A sh-1
M sh-2, FEIEEE 5%flA CCGG Bk, 3%
A TTTTTG B % , 75 5 SCEERY 5% A AATT
CAAAAA %, shRNA FHFH1519 W% 1.
M4 GenBank H' VACV. G3BP1. Hifliieisk
1 1 (myxovirus resistance protein 1, Mx1)Fl+
P Z LN 54 (IFN-stimulated gene 54, ISG54)
RYFER 51, F)F Primer Premier 5.0 #1135 4%
SESCHT 5 it PCR (reverse transcription quantitative
real-time polymerase chain reaction, RT-qPCR)#I
SCH 2 5 PCR (quantitative real-time polymerase
chain reaction, qPCR)5|#)(F 1). NSk
GAPDH. T4% B (interferon B, IFN-B). JHyE
IRAEIH F--a (tumour necrosis factor o, TNF-a).
F 20 i/ % 6 (interleukin 6, IL-6)HI SVV 5| 4R
822% AR (R 1). VSV 5IYRHES %
SCHR[10TBETT (R 1o 51903 i AR TAEY TR (L
) B A PR 75 o
122 FHEHEHNWESEE

XM 47] (Age IHI EcoR I) pLKO.1 puro JF ki,
FH 1% BB 5 I v vaAS: DN T D) 48 2R 4 BRI
[l ] & 20 SRR A T Jise [l e A 24k . 75 T4 DNA
HEREM Y VE R R 4 G3BP1 shRNA iR k™4
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Table | Primers used in this study

Name of primer Primer sequence (5'—3")

Source of primer

G3BP1 sh-1 F: CCGGGCCTCAGGAGGAATCTGAAGACTCGAGTCTTCAGATTC
CTCCTGAGGCTTTTTG
R: AATTCAAAAAGCCTCAGGAGGAATCTGAAGACTCGAGTCTTC
AGATTCCTCCTGAGGC
F: CCGGGGTGGACAAGTTAGAGCTTAACTCGAGTTAAGCTCTAAC
TTGTCCACCTTTTTG
R: AATTCAAAAAGGTGGACAAGTTAGAGCTTAACTCGAGTTAAG
CTCTAACTTGTCCACC
F: ATGGGCTTGCTCTCGAACAA
: CCGTGACAAAGCCACCAAAG
F: CACAGAACTGCCAAGTCCAA
: GCAGTACACGATCTGCTCCA
F: TCAATGGAATTCCGAGAAGG
: CCAAAATGAAAGGGCAAAGA
F: CCTCATCCTCCTCCTCGTGTACG
: GTCGGTGTTTGGTCTTGCTTTGTG
F: GTCGGTTGTGGATCTGACCT
R: AGCTTGACGAAGTGGTCGTT
TNF-a F: CCTCATCTACTCCCAGGTCCTCTTC
F
F
F
F

G3BP1 sh-2

G3BPI
Mx1

ISG54
VACV

GAPDH

R
R
R
R
R: GATGCGGCTGATGGTGTGAGTG
IL-6 : GCTGCTTCTGGTGATGGCTACTG
R: AGAGCATTTTGTCTGAGGTGGCATC
IFN-B : TGACGGTTTCATTCCAGCCAGTG
R: TGCAACCACCACAATTCCAGAAGG
: CACCGACAACGCCGAGAC
R: GAGATCGGTCAAACAGGAATTTGAC
: GGCAACATTTGGACACCTCT
R:

AAGTGGAAGGCAGGGTTTTT

Svv

VSv

This study

This study

This study

This study

This study

This study

(9]

[10]

5T U0 Ak PRS2tk A, B AR B K A TR
DHS5o B2 S 4, BI5 M T A A T E &
E(50 pg/mL)AY LB RS R b, A
37 °CHEFEA PSR o PRI BB T
ERFEHEATHEERGO ngmLybitER LB i
R¥EFR AL, 37 °C. 200 t/min ¥3% 1 h, % &
A T AR TR () e BR 2 w1 o D
TE A B B TR R 75 I B Btk

1.2.3 F&ZEFIL G3BP1 Y PK-15 AR RAIHE

¥ 293T Al T 60 mm 4055 3= M,

T 20 L F A B K 3] 60%—T0%M] , F3 BR % i 7]
UK 3 pg THREEA IR, 22.5 png psPAX2
F028 JERE L 7.5 ug pMD2.G [ 5 1 4 Y 5]
ALY 293T 4L, H5YL)5 48 h Al 72 h i dE
UM 3, 1000 r/min B0 10 min, 0.45 pm 3o
YERRILUE , UEMARAE T 70 °Ca . AR
AR PK-15 L2 T25 aifalid, ¥
I FA BE R B 70%, FE R AL BT A T mL
MR EE L3, 37 °C. 5% CO, J =M I H 2 h,
JA 4 mL &4 10%JiH4 1113 (fetal bovine serum,
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FBS)HIE 1%7 %5 % (100 U/mL)/A% % % (100 mg/L)
ML) DMEM 3R 5L 178555, 48 h 5, A
T 4 pg/mL WERSEE R (W R SRR E B 040 ;
it 24 h J5, HE#T 6 pg/mL IS K 7
W A RN R i 7%, IFE G L 24 h J5 B4k
R 8 pg/mL BERSEE R R SR, L X IR 4
Mu5e 2 MV% , A3 mIK G3BP1 ) PK-15 4L 5 -
124 HpEEAFRSHREXE

PK-15 400l . #i{% G3BP1 ) PK-15 401k
FT&A 10% FBS 1 DMEM 55k, T
37 °C. 5% CO, ¥EFfh i i, Fraifum &
JEIR ] 80%LA L, FHBREGIS LA TE4C, 1F
6 FLAR H ARl G FE R 70%-90% 8}, VSV LA
JE YL 42 B (multiplicity of infection, MOI)A 1 &
Y4, SVV F1 VACV LA MOI g 10 JB&L 4 i,
B JE AT 37 °C. 5% CO, 4P
WE 1h, 1hG5H2MEEM, MA 2mL & 2%
FBS MIZERF AR S2 1557, 24 h AR A FE 5
1.2.5 G3BP1 RIRAERNLEE

WA REZH 20 B A4 G3BP1 ZEK A 2
JfL, A AR R R AN, 3 e B ) e B
(Western blotting, WB)JilE G3BP1 £ [ 3RiA7K
s ffH RNA $FREGAR G320 RNA, BiJE H
FG SR £ SR RNA 5% 55 cDNA,
i Fil PowerUp™ SYBR™ Green Master Mix £
1 G3BP1 mRNA /K,
1.2.6  RLEFURLEY 2 BAS

H PK-15 4i fg A1 A Ik G3BP1 3 (K Y 41 g e
52 °CKIHR TP 20 min, F 4%Z RHEET
ZF R EE 10 min, FH 0.2% Triton X-100 T%
W25 10 min, I 5% L35 155 1 (bovine
albumin, BSA)RE W T 37 °CHEF4E & M)
1 h, 34505 ] G3BP1 HiiABE & i ; Ik H
DN ZHLT 37 CHFRA T IET 1 h, F DAPI
FERBFEF 10 min, DL EEAS TR R

PBS i VeI 3 ¥k, AKX 5 min,
1.2.7  4BEE HRYNE

¥ PK-15 FIELE G3BP1 JE A 1 PK-15 41 ity
Fie AL 3 000 DML T 96 LRI, &
HAMIE 8 N . FRAHMLINGRE 5 55 25 b
Fedt, AL 10 uL CCK8 ¥ IR 90 pL 1535
W, FEARNEIEFRAE R 1-2 h, (A AR G
JE 450 nm ARG R, TESREE R, AP A TS )
AR
1.2.8 RT-qPCR #1 qPCR

WA KRS B A X BE 4 40 A 0 IR
G3BP1 JE[Hf PK-15 4043 Bl T 75 fLik
W, FRANIE ALA B A E] 80%—90%A , USCHR AN i
FE&n, fH A RNA $ AR S oz . ks H
JHE SR G PR LAY RNA SO S A cDNA
i A PowerUpTM SYBR™ Green Master Mix K
il G3BP1 40 g [X ¥ (TNF-a.IL-6 .Mx1.1SG54
1 IFN-B)AY mRNA FKikKN-o KA KRS R 47
() AR A3 S 4 Bl oS fLbl o, RRAH AR AL 5 B ik
| 80%—90% 42 Flig aE , YL 24 h J5 U
IRy . fd ] RNA Fil DNA $2 B0 7] 2458 B
fig , i 3 RT-qPCR A1l VSV Fl SVV & il /K-,
it qPCR & VACV & il /KF-. RT-qPCR Fl
qPCR 1 S0 A 22 01 s vy 8 e e B A 7™ U A
ERE . AWM HNEINE 1 i, L
GAPDH F£ik/KF RN S(H, 2721157 mRNA
Sy, o
1.2.9 %R G3BP1 EEXEMEEREDH

R G3BP1 R AE W M5 B2 o0 i T2 KAy
Ak 2,
1.2.10 FitFESH

SEIGRCH ] GraphPad Prism 8.0 3k {4347 &k
B, Geil22 Bk A t-test o one-way ANOVA
R, Fos IS E R E2ZE RN, DL P<0.05
ERARIFEE L, *P<0.05 FREFTE,
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x2 EPERESHIA
Table 2 Bioinfomatics analysis tools and corresponding functions
Website

Analysis software tool ~ Function

ExPASy Protparam tool Analysis of physical and chemical https://web.expasy.org/protparam/

properties

TMHMM server v2.0 Predictive analysis of https://services.healthtech.dtu.dk/service.php? TMHMM-2.0

transmembrane structural domains

NetPhos 3.1 server Prediction and analysis of protein  https://services.healthtech.dtu.dk/service.php?NetPhos-3.1

phosphorylation sites

SignalP 4.0 server Prediction and analysis of protein  http://www.cbs.dtu.dk/services/SignalP/

signal peptide

SOPMA Secondary structure prediction https://npsaprabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_

sopma.html
SWISS-MODEL

Prediction of protein tertiary https://swissmodel.expasy.org/interactive/VwpksN/models/

structure
STRING Protein interaction prediction https://cn.string-db.org/cgi/network?taskld=bDHEOtN2Y2eq
&sessionld=bDICRyGvkmNZ&allnodes=1
WoLF PSORT Subcellular localization https://wolfpsort.hgc.jp/

*#P<0.01, ***P<0.001, ****P<0.000 1 F/x 2%
SR . BT 3 S A

2 HZRE5OM

2.1 FaETFH G3BP1 £ FE M PK-15 AR &
i

g 00 Ay %) 2 0 o T A R A A
B0 TR AL AL Y 203T 4HG , W8 s o i
FFIRYE PK-15 41, 4 4., 6 Fl 8 pg/mL MM 7

2.2 BUE G3BP1 EE A0 PK-15 4 AaRY
4 A 5 D A0 N BB R B9 T B

] CCK-8 50 &k 40 L 7% g, 4521
WoREEAECE 14 U5, PK-15 sh-G3BP1 41
JtL G 77 5 % BE 40 B A H TG B 35 25 S (P>0.05)
(K 2A); 3 3 I 088 U022 X B 41 i (] 2B) 5
PK-15 sh-G3BP1 il (¥ 2C)IEA, 45 R EoR
% G3BP1 &R A S5 i 4 i 9 1E H TR A
X1 B AIC G3BP 1 JE R AN 252 1 PK-15 4 it

RaliiE 24 h, K13 TI G3BP1 JEH M
PK-15 AL 7 . WG difafil#E, i/ G3BP1
PrikEAT WB K, 8 52 G3BP1 2 [ £k KF-.
WB 255 g/~ sh-1 411 sh-2 /Y G3BP1 23R
IRIK AR B K TXF B2 (P<0.000 1) (1 1A), H.
sh-2 FARRLCHR B 3 = T sh-1 (P<0.05) (&l 1B),
IRt Y sh-2 2l ilF A7 IR 825500, # w44 PK
sh-G3BP1. BGH/#Eail# , ik RT-qPCR 1
£ G3BP1 mRNA #ik/K¥, 25 E/R sh-2 4
G3BP1 mRNA 7KF-#% 8 &% T X B 41 (P<0.01)
(8 10).

WHAIEE, WHFRSSEE . Ml a
¢ R B (immunofluorescence assay, IFA)K N
I G3BP1 3 PR R 38 ORI B ) 5], 445 2%
7R A G3BP1 3 R IS 2 52 i) [ 384 ke (1) 7=
(Bl 2D, 2E).,
2.3 Ak G3BP1 XA EREEF SN
N T BRI IR G3BP1 3 D X A [a] b 20 75
SR, FIH RT-qgPCR X G3BPI
FEXF VSV Fl SVV Z sz, FIH qPCR
Rl w Al G3BP1 JEE T VACV & il ()52 25
SRR, K G3BP1 Al AR B (2 VSV FI SVV

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



MEE F | BIR G3BP1 EEMRERR PK-15 BRFANEZREMERFEDN 977

E g : EEE 3 H ES = é » —l_
;m o
I R L
kDa  Mock sh-1 sh-2 §§ 1.0 %% Lo
w)
65— S ~ G3BPl 2§ %E
3 o
. 85 o05f 2205k
45— ——aw [-actn D oo 50
I 1
z = 0.0 0.0
g Mock sh-1 sh-2 Mock sh-2
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B-actin JKJEHH. *: P<0.05; ****. P<0.000 1. C: RT-gPCR ¥;{lll G3BP1 mRNA ik, **. P<0.01

Figure 1 Identification of G3BPI1-knockdown PK-15 cell line. A: Identification of G3BP1 expression
detected by Western blotting. B: G3BP1/B-actin gray scale scans. *: P<0.05; ****: P<0.000 1. C:
Identification of G3BP1 mRNA expression detected by RT-qPCR. **: P<0.01.

A 150 = PK-15 & T
== PK-15 sh-G3BP1 ‘ P e T
_— ns Vil s Ny o L
9 s, ns ns t ' -f’_'-_’_'"i, ARG & \
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B2 PK-15 sh-G3BP1 ARV ARRE 115 RAFRIIZ AR EVAEM  A: CCKS SEERfGl PK-15 sh-G3BP1 4l
X BEAIAGTS J1. ns: P>0.05. B: PK-15 AETEA5(20%). C: PK-15 sh-G3BP1 4JfifZA5(20x). D: IFA Kl
WACIET PR-15 4P REECIRLAIE IR B TFA AEEARAE T, PK-15 sh-G3BP1 4t oS ORvhr i
Figure 2 Detection of cell viability and stress granule formation in PK-15 sh-G3BP1 cells. A: The cell
viability of PK-15 sh-G3BP1 cells and control cells was detected by CCK8 assay. ns: P>0.05. B: Cell
morphology of PK-15 (20%). C: Cell morphology of PK-15 sh-G3BP1 (20x). D: Detection of stress granule

formation in PK-15 cells under heat shock conditions using IFA. E: Detection of stress granule formation in
PK-15 sh-G3BP1 cells under heat shock conditions using IFA.
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521 (P<0.000 1), {HXF VACV &6l JC B & 50
(P>0.05) (K 3).
2.4 &K G3BP1 ] TNF-a. IL-6, Mx1,
ISG54 #1 IFN-p H9=4
TRV G3BP1 AR K 7E S6 K fa s My RE H Y
YEH, FIFH RT-qPCR Ml G3BP1 PR %}
TNF-o., IL-6, Mx1, ISG54 #il IFN-B mRNA %
BRI, 45 58 R TNF-a, IL-6, Mx1 ., ISG54
F1IFN-B 7 PK-15 sh-G3BP1 41 Jifd 71 (1) 22 35 1%
3 T FE(P<0.000 1) (& 4A). Fll Fl RT-qPCR #;
M VSV &Y PK-15 4f il PK-15 sh-G3BP1 4
Mo b 4 F mRNA FikKF, 455 s VSV
R O T A [ O s < 1 Sl < A2
(P<0.000 1), F{fik G3BP1 K:[H AJH% i 240
VSV e dE 4R F mRNA £35(P<0.000 1)
( 4B); F|H RT-gPCR il SVV &Yt PK-15
AN AN PK-15 sh-G3BP1 Ziifig 40t ¥ mRNA

Relati
Relati

FE A, R ER SVV Y] DL 3E ik 2
FAE BRI R T 19 7 A2 (P<0.05, P<0.000 1), #if
ik G3BP1 JEPH AT @ 4 SVV fid i i) 41 A
[HF mRNA #£ik(P<0.01, P<0.000 1) (K 4C);
I RT-qPCR ¥l VACV JE&Ze PK-15 4l il
PK-15 sh-G3BP1 4B 4 ii [+ mRNA Fik
KW, 455 B R VACV JBe nf #5230 i 41 it
IRl 14 77 A2 (P<0.01, P<0.000 1), {H &Ik G3BP1
FLXE VACV #7441 A Pl mRNA Rk o i
FE R (P>0.05) (& 4D).
2.5 G3BP1IB{LMRSH
f ] ExPASy Protparam 7EZE T H X5 IR

G3BP1 &AW PR LM B AT 0, 455K BoR 1%
EEﬁ%ﬁj‘j C2278H3574N67207llslo» J}%Ej‘j
52072.11 kDa, Z5Hi A pl o4 5.36, HiiZEN
AIRBE R TE ;. M3 0E K R AN -0.826,

AFRE BB 5574, UHTZE AT REE T AR

Relati
=)
2

&3 " G3BP1 EAMAERSEHINEN A Fl B: RT-qPCR Kl 7E PK-15 40l Fh i ik G3BP1
FLIRXF VSV A1 SVV &2 il (52 . **** . P<0.000 1. C:qPCR #;ill PK-15 4l i FF &Ik G3BP1 JE KX} VACV
SHIR R, ns: P>0.05

Figure 3 Effect of knockdown of G3BP1 gene on replication of different viruses. A, B: The effect of
G3BP1 gene knockdown on VSV and SVV replication in PK-15 cells was detected by RT-qPCR. ****:
P<0.000 1. C: The effect of knockdown G3BP1 gene knockdown on VACYV replication in PK-15 cells was
detected by qPCR. ns: P>0.05.
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£
o
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[
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4 & G3BP1 #I#| TNF-a. IL-6. Mx1. ISG54 #1 IFN-p f3RiX  A: RT-gPCR ¥illfE PK-15
sh-G3BP1 4, TNF-a. IL-6., Mx1 . ISG54 #il IFN-B ) mRNA % ik /KF-. B-D: RT-qPCR ¥illl VSV |
SVV #l VACV J#&# PK-15 4fi i 1 PK-15 sh-G3BP1 4fi il vh 4fi i [ 7 FY mRNA 335, ns: P>0.05; *: P<0.05;
¥, P<0.01; ***. P<0.001; ****. P<(0.000 1

Figure 4 Knocking down G3BP1 inhibits the expression of TNF-a, IL-6, Mx1, ISG54 and IFN-B. A: mRNA
expression levels of TNF-a, IL-6, Mx1, ISG54, and IFN-B in PK-15 sh-G3BP1 cells detected by RT-qPCR. B—D:
mRNA expression levels of cytokines in PK-15 cells and PK-15 sh-G3BP1 cells infected with VSV, SVV, and
VACYV detected by RT-qPCR. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001; ****. P<0.000 1.
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TE SRR 1 WA (1 i 465 A2 IERR AL,
HG 115 & IR 250 66.32, 5 IF B 17 1Y 2 LR ok
FERB(Arg+Lys) 56 AN, 6L T A A R
BRAE B (Asp+Glu)ly 72 A, RUIZE A ] RE
A M (FR 3). i ProtScale 7E4k T H.ilk1T
KT, EZRBERIES 94 (LIS ER(V)
FEE 422 57 98 20 R (R) 73 0 B A e s o3
(2.48N AR/ (—3.600), Fi&Gi/KMERE, 5
B, RIIZE AT RE R K E A
(8 5A). ffi Fi] Netphos 3.1 7E4k T H k7R 1k
B 7 o, TN , 28550 BN IZ R LA 30 AR
FOAL R, Ho 22 5 /R (S) . J 2 R (T) FI i 2 B2 (Y)
BEER AL S B H 430 17, 9 Al 4 (& 5B)., fi
I SignalP 4.1 74k T Hi1T G3BP1 ZHHA(H S
O A, AR ROR IR RS 69 AR ABEIE(N)
(5% 3 AT o R AR BY DI A5, 4 (C-score) Hy
0.111, 2 11 (SRR (V)i i 353 BT U i 2 {E
(Y-score)y 0.131, H ZJIkHE A8 2R (M)Fk
He B R =5 5 BB (S-score) Ny 0.193 (& 50),
M F TG SME IR T4 0.5, TI4ENZE
SETCAE S KGR I EE . A TMHMM
v2.0 TEZE T HUE TS BEAh My ), 455 @R
% RGBS X (& SD), MR E
IS REE M o

=3 %iE G3BP1 EHEARIBHUMR

Table 3 Basic physical and chemical properties of
porcine G3BP1 protein

Item Result

Theoretical PI 5.36

Relative molecular weight (kDa) 52 072.11

Instability index 55.74

Aliphatic index 66.32

Grand average of hydropathicity  —0.826

Molecular formula C1578H3574N6720711S 10
Amino acid number 465

2.6 G3BP1EA_-R. =RKEHMREEE
ERSER

I SOPMA 74k T. 2%} G3BP1 & 110 —
R LER A TR 20T, 4550 BN B TR G3BP1 &
FBTH 465 MRIERA N, 7 108 PR
BN a-120E, 4 23.23%; 4f5 77 MEIERIE
BUEMREE, & 16.56%; 20FH 36 NEIERIV
B-HEff, i 7.74%; Y94 244 NE TR OCH
B, 5 52.47% (K 6A). FJF] SWISS-MODEL
FEL T H X G3BP1 & [ 5T — &5+ 70 43 #r
SRERIZEAFER o IBE. B . M
% AN GE (AR R (1 6B), 5 g aE A TN AT
5. M FH STRING 7E£k T HXF G3BP1 A H.AEH
AT A AT a5 R B s, G3BP1 &R HA]
fit5 CAPRINI, TIA1, ATXN2L, PABPCI,
ABCE1. FBL. EIF4G1. USP10 %58 1775
HAEH (B 6C). FIH WoLF PSORT 7E4E T HXf
G3BP1 & [ V.4 g Ao B4 7 Fuill A0 45 SR o
G3BPl HH K# e TAaMBEH, &
34.38%, AR fAEAniE . LR Al
RN O s SN W W = I | )
31.25%. 12.50%. 12.50%7 9.38%.

3 W54 ®

AR ET G3BP1 Fa & mi k1Y
PK-15 4 &, AR E LA ES 14 18, 13
Xof 4 M3 G .35 W (P>0.05) , 15t B 4 i &
Al F RS ity . M B @ik G3BP1 JE[H 3
AN S RGN ORORL I R A, X5 Z TR ST 4
TASF, #HEM G3BP1 L[ v] it 1 £ Fh 4= 424
wREHEL D RMERN S AW
RT-qPCR Fl qPCR £ I # fik G3BP1 JE KX A [
i A I, 455 B R IR G3BP1 A A 2
FAEHE VSV 14 il (P<0.000 1), 31X 5 Yang 25
FI4E R —%; MUK G3BP1 Al#k E e UE SVV
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Figure 5 Transmembrane structure analysis of porcine G3BP1 protein. A: Prediction of G3BP1 protein
hydrophilicity and hydrophobicity by ProtScale. B: Prediction of G3BP1 protein phosphorylation sites by
Netphos 3.1. C: Prediction of G3BP1 protein signal peptide by SignalP 4.1. D: Prediction of G3BP1 protein

transmembrane region by TMHMM v2.0.

(952 il (P<0.000 1), X5 Wen U2 fif 57 45 51
A—F, HTIZE R A 293T 40, A
TR RS2 PK-15 4, #EM G3BP1 B Xt
SVV S il 452 Wi i) BEAF L A0 LA S 5 Tk 2k
G3BP1 3 X VACV & il JC it 2 5% 1 (P>0.05),,
XATRE S VACV A LIl g £ TR b e
£ 2 AT ), i 3t RT-qPCR K&l VSV, SVV
1 VACV &Y PK-15 g #1 PK-15 sh-G3BP1
AL TNF-a, IL-6, Mx1. ISG54 A1 IFN-B /Y
mRNA Fik, 53R E/R VSV Hl SVV ¥7] g 3

s B E R U mRNA £ 35(P<0.05,
P<0.000 1), &% G3BP1 JLA 5 Al B i &3]
il 4 I ¥ mRNA 35 (P<0.01, P<0.000 1), iX
5 Yang 21 Wen ZUARGBFSE S5 BAHAT

VACV Gy T A% 0 2 0 A0 ML 19 mRNA %
15(P<0.01, P<0.000 1), {H#E{K G3BP1 K Xt
VACV ] A4 40 i [H T mRNA 2235 0 i & 520
(P>0.05), HEM G3BP1 KFAS[a] 525 4 1l Fl) 5 i
AIRE SR BEL IR LA C . SVV T 2015 4F4E
WHETRERE, fEh—Fo &pm, B
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Figure 6 Prediction of porcine G3BP1 protein structure and interaction protein. A: Prediction of the
secondary structure of G3BP1 protein by SOPMA. B: Prediction of the tertiary structure of G3BP1 protein by
SWISS-MODEL. C: Prediction of G3BP1 interaction protein predicted by STRING.

PR ALEE R, IFH SVV FE TR E AR AT B
BT 2 R AR ST #E A e G3BP1
K PK-15 4L & AT T4 m SVV =ik, 1
— A SVV KiE B BE A ) T H
VSV & —FE R T HE MR, BaiE T
B U RB R AT %, A R A
JEHTHC, G3BP1 JEPRGA A PK-15 4l & 7]
YER$E R VSV P H AT H

IO RS2 T = 40 Y T 1 ) R o T s —

mRNA E 5, G3BP1 N SG 1 H B4 T
gy, TR EE R Ml A PR Oy R, F
58 ZRW, G3BP1 W] LA H 5 8@ (Alphavirus)
rh SE IR B Z% ARG B (Semliki Forest virus, SFV)
FNFEFL 5 HEHR 7% (chikungunya virus, CHIK V)Y
A2 I Bk G3IBP1 LN A {8 A Tk R T
J5 1% (porcine epidemic diarrhea virus, PEDV)!"”]
N E 2 R 25 A AE iR B 2 (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2)?"!
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