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Abstract: Porcine epidemic diarrhea virus (PEDV) is an enterovirus that can cause severe
diarrhea and dehydration. The widespread epidemic of PEDV has caused huge economic losses
to the pig breeding industry, which, however, lacks effective means for prevention and treatment.
Nsp8 is an important non-structural protein involved in the replication of PEDV, while the host
proteins interacting with Nsp8 remains unclear. [Objective] To screen the host proteins
interacting with PEDV Nsp8 and explore the effects of the host proteins on the replication of
PEDV, so as to provide a theoretical basis for discovering new key functional receptors or
therapeutic targets of PEDV. [Methods] The eukaryotic expression plasmid of PEDV Nsp8 was
successfully constructed with the eukaryotic expression vector pcDNA3.1(+). The host proteins
interacting with PEDV Nsp8 were screened by co-immunoprecipitation, mass spectrometry, and
laser confocal microscopy. The effects of the host proteins on PEDV replication were explored
by overexpression and knockdown in LLC-PK cells. [Results] Thirty-six potential host proteins
interacting with Nsp8 were screened by mass spectrometry, and the interaction between heat
shock protein member 8 (HSPAS8) and Nsp8 was verified. The overexpression of HSPAS in
LLC-PK cells inhibited the overexpression of Nsp8 in a dose-dependent manner. Meanwhile, it
significantly inhibited the replication of PEDV in a dose-dependent manner at the protein and
transcriptional levels. Interfering with endogenous HSPAS expression significantly promoted the
replication of PEDV. The 50% tissue culture infectious dose (TCIDsp) and indirect
immunofluorescence further proved that HSPAS inhibited PEDV replication. [Conclusion] This
study screened out the host protein HSPAS interacting with PEDV Nsp8 and proved that HSPAS
could significantly inhibit PEDV replication, which provided a new idea for the design of
HSPAS-targeted drugs for the prevention or treatment of PEDV.

Keywords: porcine epidemic diarrhea virus; Nsp8; co-immunoprecipitation; HSPAS8

¥& i 47 1 2 15 (porcine epidemic diarrhea, | RIORS A R AR AR AR, XS BRI AR
PED) & 1 % i 17 7E I V5 95 % (porcine epidemic 1M I/ H AL T . PEDV ARG &N 4E IS
diarrhea virus, PEDV)S 2R —Fhm Bkl BOROSERE, BUAESEFIERRS 22— PRIy, mifrsé
EAEYLT, TSR A KRR | Bk, K JERHGRRBET AR ATIE 80%-100%!". H 1971 4
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W RTEYEE R BAHGE PED LIk, A,
R IR R H AR E S A S ANk
B PED WIWATH. 1986 AEF [ HARIE T
PED, ST EHAREP, KR 2010 4K,
LA AE I 5 T8 06 R A AP R T ST R M
fiE ) PED TG E KEH R L, M TEX
Iz FRM, 2013 4E 4 H, —FhiREE /1 PEDV
BRI EEE, MEMER. SPE. el
W, HAS ok E AR S 2 E R A gk &
T PED #1150, ZE i, PED C7E2BR AT
FEKAGPAT, I H 2R R AZ Y K
FE R

PEDV J&—F A SEMAY B . IE5E RNA %%
B, FEHEHAEKAN 28 kb, BRTEXFFHH
(Nidovirales) 7&K %5 8 Fl (Coronaviridae) o AR
%% £ )& (Alphacoronavirus) i i1'®). PEDV 4 4mt%
4 FPERMEACHIRENA S, EEA M., UfEEH
E FIZAFEE M NS, FFABEEHE 3 (open
reading frame, ORF3), ORFla & ORF1b if % f
Wi Bh % 9 ORF3 A1 16 FhAE 454 & A
(Nsp1-Nsp16)"), PEDV k45 #1176 5 42 il
Mt R R R AR . e RGN EEH Nsp8 2k
ARSI, BF5ERM, NSPS figfg 5 RNA
BEMR_E 5'-(G/U)CC-3"45 4 2k et 8l AN R A AT
PRI A, B A RH R RARp 161, 7E9E
B 5L K2 A S AN A2 il B v o NSP12 4t
RNA 5™, Nsp8 25 Nsp7 M+~ E kit
G AP S ARGEF , X Al 2 TR A AR 45
H1 Nsp8 414, Nsp7 M HEE7E—il, ZRAY
Al REHA VAR R E A T RE 1 b —2 g
K I SARS-CoV (1) RNA B4 (Nspl2)FF4
Nsp8 Fll Nsp9 454, A RE#E H A Hl RNA (158
HM, BT S 5mEE RIS, £ SARS-CoV-2
FIF & B Nsp8 J&—FI AN S8 & ZpiAR H W75
SR, e AT DA A RE L AR A B Al
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A WEARRE I, E S G SRR TS S A BBl
Rprik AnENS RIS, Nsp8 7EEARIA
B GRR AEEER, W EA KT
PEDV Nsp8 HAHICHIFEARIEAEH A, B, ¥
£ PEDV Nsp8 BAERTE EHE X T % PEDV
518 EAMEAAH AR EA B E L,

AT 58 ) FH e P38 L0 TE BTG 43 A e R
YEF 5 PEDV JEZ5 #4985 11 Nsp8 Y 7E M B AR &
5 1 HSPAS, HSPAS JE#YR 7 11 70 FKlkHh—
Filr2H AR 9 B 1B (PR HSC70), 25 27
YRS g, AT E Sz . PR bR
HEB. WA, A HSPAR 82 il
il A T BE 0 A A SR AT, g S B 1Y B
FH.NFL B St Gl AR 2R
T E AR 32 B DU YL i), HSPAS w] B i 5]
e ol S (S B N g i D kv
i g L TTVE MO LRI T Nsp8 5
HSPA8 W HAEXFR, #F—1E LLC-PK 4ifft b
¥ UF HSPAS 7 PEDV & il i #2 Fh AR A
WG TE £ 1S PEDV A HVEFH K LR (it
SR

1 HE5xZ

1.1 fR"E. AfamIEEi

LLC-PK . Vero 4fifilty A 3 E# AR IR M 4
ﬁ}zﬁ(American type culture collection, ATCC), I
HIA S 25 {47 3 HL PEDV N 2K [ B g BB A i
A OS2 B = i & JF R /£ 5 PEDV # Ak
CH/HBXT/2018 (GenBank % 5% 5 MH816969)
HI AR SE 56 % 73 B8 S8 IFIRAF 5 pcDNA3.1(+H) A
FHAR SIS R 1F; Promega-AMV [ 5% 3R] &
) H Promega /A r; Endo-Free Plasmid Midi Kit
4 F Omega Bio-tek 23 ) ; B il ¥4 N UJ il BamH 1
il Xho 1, T4 JEHERF W H NEB A 7] ; One Step
TB Green® PrimeScript™ RT-PCR Kit II .
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PrimeSTAR® GXL DNA Polymerase Fl RNAios
Plus ¥4l H TaKaRa /A 7 ; Protein A+G Agarose .
NP-40 i ffg 24 f# W . PMSF Fl Lipofectamine
8000™ FL YLK FN MY A i3 = RAWH A K
WA F ; MEM §:3% 4 . DMEM 1580 | Jin
ML AN £ B ThermoFisher Scientific 2%
7l ; Flag . HA-Tag (26D11) mAb Al Hsc70
Antibody ¥ Il H Abmart 23 A ;
Anti-B-actin mAb., HRP Fric 1240/ BRPTik
HRP pric it il 488 dric th=F4Hi/M R
IgG (H+L)¥W B AL i S A B AR A R A
Ay I 2EHi% 1gG H&L W [ Abcam 23 A .
1.2 PEDV Nsp8 E#ZFRIARAAMER
Ik
& PEDV #:fk CH/HBXT/2018 (GenBank
S MH816969)/F41, i F SnapGene 14
P 1 Nsp8 K:[H (582 bp)Hudr LS9 (%
1), F RNAios Plus $#2HU%E: RNA, Promega-
AMV S5 SR 60K RNA S84 8 cDNA i
SERUVAKZ : AMV RT 5xBuffer 5 uL, dNTP Mix
(10 mmol/L) 3 uL, Oligo dT (0.5 pg/ul) 2 pL,
ddH,0 7 L, RNA 7 L, AMV JE571(10 U/uL)
0.5 puL, RNA 15 (40 U/uL) 0.5 pL. J2 5% 5%
R4 42 °C 1 h, DL cDNA Jfitk, i
PrimeSTAR® GXL DNA Polymerase % Nsp8 I .
RS 1M EFT PCR §74% . PCR R IR &

Mouse

>

(50 uL): 5xPrimeSTAR GXL Buffer 10 uL., dNTP
Mix (2.5 mmol/L) 4 pL, 1F . JZ 1 5]4)(10 pmol/L)
£ 2 pL, PrimeSTAR GXL DNA Polymerase
(1.2 U/uL) 1 pL, ¢cDNA 2 uL, ddH,0 29 uL. PCR
JCRARF: 98 °C 3 min; 95°C30s, 60°C 155,
68 °C 1 min, 30 PME¥; 68 °C 10 min, K591
11/ PEDV Nsp8 H EE ] BamH T#1 Xho I3
MYy, WUGEEYI Y, #il T4 EEMEEE
pcDNA3.1(+) AR (5 428 bp), TolE i HEBUTURL %
2AETAY TR R A BRA R T, Fi
R ) B A R R ARIE H peDNA3.1(+)-
Flag-Nsp8 (6 020 bp).#% pcDNA3.1(+)-Flag-Nsp8
Y5 pcDNA3.1(+)7 555 44 2 LLC-PK 4iifffl, 24 h
S WSO B A 54T Western blotting BoiE Hoik
FIKEDL
1.3 SEHITE

¥ LLC-PK i ffd 35 5758 2 P4~ 100 mm 2 ffd
BRI, RS RE AT H % R R E] 80% LA
FBf, F Lipofectamine 8000™ % 445 (1.5 pg
JORL/2 uL)Sy ARG pcDNA3.1(+)28 214 5k Al
pcDNA3.1(+)-Flag-Nsp8 JFiki 4% 10 pug. 54 24 h
J5 T 1xPBS W 40MEIEGE 3 I, &A1 mL 1Y
NP-40 41 Zf# AN 10 uL PMSF (&5 [ ]
#), 4 °C. 30 r/min 2fi# 2 h J5, WHEAHHIFE
fh, 12 000 r/min 2.0 5 min, FEAHPIRA0METT
WEY . B A4S uL B3EE—HE 0, A 15 uL

&1 AHARFAASIY

Table 1  Primer used in this study

Primer names  Sequences (5'—3')

Nsp8 Forward:
CGCGGATCCGCCACCATGGATTACAAGGACGATGACGATAAGGTGGCTTCTACCTACGTGGGC
Reverse: CGGCTCGAGTCACTGCAGCTTCACGATCCTCTC

HSPAS Forward: CGCGGATCCGCCACCATGGCAGCACTAACTGCAGCATTT
Reverse: CGGCTCGAGTCAGGCATAGTCAGGCACATCGTAGGGGTAGTCCACTTCTTCGATGGTAGG

PEDV N Forward: ACTACCTCGGAACAGGACCTCA
Reverse: AGACGCCTTTCTGACACCCA

GAPDH Forward: ACATGGCCTCCAAGGAGTAAGA

Reverse: GATCGAGTTGGGGCTGTGACT

http://journals.im.ac.cn/actamicrocn
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4xFE A EREGE AR Input A4, TERIR BIE
HA A 3 uL Flag bk, ST . BEL
J&, A 50 uL JR I Protein A+G Agarose, FHK
%5 4 ho1 500 r/min 5.0 3 min F45 3, A 1 mL
FiYe 1xPBS, 4 °CHEK 35 r/min P& 5 min,
1 500 r/min 5.0 3 min, B 3K, KRR
BWE, EHMA 60 uL 1xPBS #He, HA 20 pL
A< EREGE R, AR AR TP R . B
Jei % Input #F 5 A1 IP A STk K 25 PE 10 min.
1.4 Western blotting 183

HCIP A1 Input #4477 SDS-PAGE, ¥/ 14
PR E NC BEE, F S%BIET R = ik
1] 1 h, TBST & FZRABAEZL, MA Flag
PriR(1:5 000 T HE . WEL KRG, H TBST
Ik 3 K, BER 10 min, FEIEEESER, fiNA HRP
PRGN RPTAR(1:8 000)#EF 1 h, FRIRIE
k3 Wk, AR 10 min, FREPERK, @it ECL
&y S I NN D3 L5 RISV 25PN
1.5 PEDV Nsp8 RiZLE

W% BRI . K/ R 23 kDa (Nsp8)It)
B fh % 28 004 T 5 AR TR PR WA 7
3T o
1.6 HSPAS FRiXF EHIE K FRIX

HL4E 5% )5 HSPAS (UniProt %41 5 K .
AO0A286ZPN4 PIG) ) FE Ky 51 i TR S5 1 9
(F 1), U HA fERPRZEDUA . $2HL LLC-PK
A RNA, HHFE N cDNA, DL cDNA
Mz, HSPAS-F fil HSPAS-R N5 |#)§ 1% Hi HSPAS
H 5L (2 121 bp), F T4 DNA 43K BamH 1
il Xho IXEY) G ) HSPAS H AL & 2
pcDNA3. 1(H)Ek, wpEfaEUTh % =4 T4F
Yy TR () AT B BN, Aa B2 1
WieikdhiAi 0k peDNA3.1(+)-HA-HSPAS (7 493 bp).
£ pcDNA3.1(+)-HA-HSPA8 5 pcDNA3.1(+)57 %
BYLE LLC-PK 41HEHh, 24 h J5 SCHUA AR i 2

P4 actamicro@im.ac.cn, 7 010-64807516

1T Western blotting & i Hoid ik 18 I .
1.7 8] # % & K S it 38 46 U (indirect
immunofluorescent assay, IFA)3GiE Nsp8 F1
HSPAS &ik

¥ LLC-PK 4iffuéfi % 35 mm s F1,
FHAKZE 5%, 55194 pcDNA3.1(+)-Flag-
Nsp8. pcDNA3.1(+)-HA-HSPAS 5 pcDNA3.1(+),
YIS 24 h JE SRR 5L 1 mL 1xPBS PE%
3, BEIEIIA 1 mL 4%Z R FEEHCE T 4 °Cik
FERTE 60 min, FEPLREW, A 1 mL 0.25%
TritonX-100 = i 554 FAEAH 10 min, 2 mL
1xPBS fEflm IR A FIEUE 3 Ik, 4K 3 min,
FIA 1 mL 5% I3 F1 & [ (bovine serum albumin,
BSA)ZE R Ef 4] 60 min, 2 mL 1xPBS ¥4 3 IX,
T 3% BSA s Bl Flag B (1:1 000)F1 HA it
A(1:1 000)ZE IR E 1 h, 2 mL 1xPBS ME% 3 X
J 1 488 FrRic th -4/l 1gG (H+L)tE 7R H IR
M1, 4',6- bk 3 -2- 28 JL ng| Wk (47 6-diamidino-2-
phenylindole) & 7 4% f5 7E G AR WIS .
1.8 GRIEHLNIEIIE Nsp8 5 HSPAS HHE
EF

$+ Vero A2 100 mm A 7= LA, R
AKZE 80%J5, IR YY pcDNA3.1(+)-Flag-Nsp8
55 pcDNA3.1(+)-HA-HSPAS , 5 B pcDNA3.1(+)-
HA-HSPAS8 Fl pcDNA3.1(+) R %f BEZH , 52 e jis
FEITTEFI Western blotting A6 I #EF 75631 .
1.9 Byttt B2E104F Nsp8 5 HSPAS L E4iL

¥ Vero AL 2 R B MuEFR A,
pcDNA3.1(+)-Flag-Nsp8 1 pcDNA3.1(+)-HA-HSPAS
SRR LRI YL 2 Vero M, [R]AS DL B 55 Yy
pcDNA3.1(+)-Flag-Nsp8 F1 pcDNA3.1(+)-HA-HSPAS
FTRiVE AT, FESLTIS B IES % 1.7, H 488 15
IEIPERUINR 1gG (HAL)FILEH % 1gG H&L
6~ BIEE T, DAPIFE/R 4 MIA% 5 1RO IR
£ WA WS
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1.10 HSPAS Xt PEDV Nsp8 iT & iAA S0
£ 0.1.2 13 pg A pcDNA3.1(+)-HA-HSPAS
JERr 515 2 ng pcDNA3.1(+)-Flag-Nsp8 Jii ki 4t
BEYLZ LLC-PK 40, 24 h Ji W B4 B RE i ik
1T Western blotting A0 43477 .
1.11 HSPAS i3 F&iEXT PEDV EHIHIF 00
K H 2 pg pcDNA3.1(+)-HA-HSPAS J5i ki Al
2 ug pcDNA3.1(+) Gk 2 B G4 LLC-PK 21 il ,
24 h J5% PEDV L1 MOI=0.1 &L 4l . Western
blotting #&:i] . 435 7E PEDV JE&YLJ5H0 0. 24 Fl
36 h WCHLAN AL 5L iEFT Western blotting il
PEDV N % [17KF-48 4k ; RT-qPCR £l : Bt PEDV
JEYL Y 24 h F 36 h ZRAEEES:, A 1 mL
RNAios Plus #£H{ RNA, j#Hif One Step TB
Green® PrimeScript™ RT-PCR Kit IT 23] £ #6:
PEDV N LK 4587k 254k, PEDV N I 25
GAPDH 5|# W36 1, BAFRMNFEAREE 3 4
# . RT-qPCR WA : 12.5 pL 2xOne Step
TB Green RT-PCR Buffer 4,
Step Enzyme Mix 2, . Tii#5[47(0.4 umol/L)
£ 1 pL, &M RNA 2 uL, RNase Free dH,O
7.5 uLo RT-qPCR JZ i 5544 : 42 °C 5 min, 95 °C
10s; 95°C 55, 60°C30s, 40 MEH ., TCIDs,
rill - K5 24 h Fi1 36 h AR L EIEIREE R
RRl 3 YR EAT TCIDso MZE , #F Vero 4 i 4l
% 96 fL, FiEKZE 80%4 4, FHJGH 1xPBS
PRk 335, A 1:1 000 [ 1 mERG R  JG M3
MEM 5 32 36 Rl (0 RE b Fs R 1071107,
R BT RS A 96 FLAR, 4541 100 pL,

1 puL PrimeScript 1

< 2 HSPAS F# RNA 7%l

AR 8 MEE, FIMHXT I & ik
BRI MEM B30k, USRS IR O
Lo, *E?E Reed-Muench #3148 TCIDsy, IFA
Aer il 38 3k (A4 SR R S AN 24 h A1 36 h A A
ﬁnutlﬂ PEDV K iilfEA, BARSE PR S %
1.7,
1.12 A [E5|& HSPAS j
il 1 52 1)
$0.1.2F13 pg i pcDNA3.1(+)-HA-HSPAS

Fkisr i gk & LLC-PK 4liffirh, 24 h J5¥F
PEDV LI MOI=0.1 /&4 fifl, PEDV J&4L )5 24 h
WS B2 0 i 1754 T Western blotting K ill] PEDV
N KR A8, # BR AR SEIR A, 45 0. 1.
2 1 3 ug B pcDNA3.1(+)-HA-HSPAS JFi ki 43 5l
U LLC-PK 4ifirh, 24 h J54% PEDV DU
MOI=0.1 &Y 40 litd, PEDV J&YL)5 24 h Y H4n
MaAE 5 4T RT-qPCR Kl PEDV N #% 5% /K- AR
fb. RT-qPCR iR 2R M i 45145 % 1.1,
1.13  FAEY HSPAS % PEDV & #ifY
E;ur]

B 3 ZLWEE N 20 pmol/uL ) HSPAS
siRNA 3|#1(F 2)Lk 120 pmol FHHEYE
LLC-PK #fift, 48 h J5lHea ittt , Western
blotting #rll 2 AA THRAEM . BEEHEA T
ORI siRNA #69% PK 401, 48 h J5% PEDV
Pl MOI=0.1 J&YL2fif, 43 37E PEDV Y5 24 h
#1136 h i# 1} Western blotting, RT-gPCR ., TCIDs,
HIE B DS ERI PEDV BN, HAKSL
B RESE 111,

I FRIAXT PEDV &

Table 2 The sequences of HSPAS short interfering RNAs (siRNAs)

Name Sense (5'—3") Antisense (5'—3")

siRNA-1 CGAUGAGGCUGUUGCUUAUTT AUAAGCAACAGCCUCAUCGTT
siRNA-2 GGAAAGGAGAACAAGAUUATT UAAUCUUGUUCUCCUUUCCTT
siRNA-3 GGUAUGUUUCUGUACUGUATT UACAGUACAGAAACAUACCTT

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

W R G i R T R 3 IRER
X5, Wrd GraphPad Prism 8 JR{F %8R AT
t R R 2253

2 ZERE54

2.1 BMEREMT EAEAHRRNMNEE
B I UK &5 S /R, PCR R K
INZYHy 648 bp Fl 2 121 bp BISH, 5 H LA
PEDV-Nsp8 Flf% il HSPAS FHFF (& 1A, 1B), 7
P 2 pcDNA3.1(+)# 45 28 BamH IF1 Xho DAL
VIG5 5455 5 372 bp 1 648 bp K& 5 372 bp Al
2 121 bp MIZ&AF, @lrRibs S H AT
&, VIBIE4 R pcDNA3.1(+)-Flag-Nsp8 #il
pcDNA3.1(+)-HA-HSPAS f i 2h (K 2A | 2B),

1 PEDV Nsp8 £ [XE(A)X3FE HSPAS £ [F(B)
PCR #1%

Figure 1 PEDV Nsp8 (A) and HSPA8 (B) from
swine were amplified by PCR. M: DL2000 DNA
Marker; 1: PEDV-Nsp8; 2: HSPAS.

2  E YA RK pcDNA3.1(+)-Flag-Nsp8 #1
pcDNA3.1(+)-HA-HSPAS EVEE L 4 E

Figure 2 The recombinant plasmids pcDNA3.1(+)-
Flag-Nsp8 (A) and pcDNA3.1(+)-HA-HSPAS (B)
were identified by enzyme digestion. M: DL5000
DNA Marker; 1: pcDNA3.1(+)-Flag-Nsp8; 2:
pcDNA3.1(+)-HA-HSPAS.

P4 actamicro@im.ac.cn, 7 010-64807516

22 EHFRMAIRIETMERE

U5 IE B ) B4 JiT AL pcDNA3.1(+)-Flag-
Nsp8 il pcDNA3.1(+)-HA-HSPA8 #%% LLC-PK
4 i1, Western blotting 347 ] WL A /NZ) K 23 kDa
(1Kl 3A)F1 77 kDa (& 3B 555, DRI E 40 Tk T
LR E A AR RN, H SN2
PRSI R/ INFlag FR& 2 1 kDa, HA
24 1.1 kDa), FTLL Nsp8 2511 R/N41 K 22 kDa,
HSPAB 5 [ K/NA2R 76 kDa, 5 T K/ MAST ;
IFA 455RBoR, SXTREAIMLL, $5Y% pcDNA3.1(+)-
Flag-Nsp8 1 pcDNA3.1(+)-HA-HSPAS 256 404
B B 4% 056 56(81 3C. 3D), % Nsp8 5 HSPAS
B FAE LLC-PK 4 ifl )N 35, Western blotting F1
IFA Z5 R JL R B HIE T FH ALk pcDNA3.1(+)-
Flag-Nsp8 1 pcDNA3.1(+)-HA-HSPAS 7] 7£ LLC-PK
Y RIA
2.3 [RiEfFi%kS PEDV Nsp8 & E E{EATE
FEH

PEDV Nsp8 44 UTIE AR I ot i 45 SR i ik
B 3% Lk ) 36 MMBTFEM BAEE FEA,
PERSVA TR AT 8 B FI(HSPAS), FEEHF
AP-23 (transcription factor AP-2 delta, TFAP2D)#I
EHAAWTERAZBEZE N M (heterogeneous
nuclear ribonucleoprotein M, HNRNPM)iX 3 /™5
FHEAHFTREILTIEGER 3).
2.4 HSPAS8 5 PEDV Nsp8 B % E L 5E
I

ey P I8 30Uk PEDV Nsp8 ZEH -5 I
3 MR EE O EAES LR, HSPAS 5
PEDV Nsp8 H.AE, HaA 2 MEALHMERS.
7£ HSPAS 5 PEDV Nsp8 HAESLZHK H HSPAS 4
Nsp8 )ik R, M FXIIEL, HSPAS AL
Y5 Nsp8 HUiiE, Ul BIAHE Z B AF7E B ARG
Z#(E 4),
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A B
kDa M 1 2 kDa M 1 2
35— 100 —
25 W - 77 kDa
70 —
20 — - < 23 kDa 50 —
c D

Vector Nsp8 Vector HSPAS

DAPI DAPI

200 pm 200 pm

200 pm 200 pm

Flag HA

200 % . 200 pm 200 pm

Merge Merge

200pm| 5L 2'00_}_1[_1_1

200 pm

3 EHKAI pcDNA3.1(+)-Flag-Nsp8 1 pcDNA3.1(+)-HA-HSPAS i3 X

Figure 3 Overexpression of recombinant plasmids pcDNA3.1(+)-Flag-Nsp8 and pcDNA3.1(+)-HA-HSPAS.
A: Overexpression of PEDV Nsp8. M: Protein molecular quality standard; 1: pcDNA3.I1(+); 2:
pcDNA3.1(+)-Flag-Nsp8. B: Overexpression of HSPA8. M: Protein molecular quality standard; 1:
pcDNA3.1(+); 2: pcDNA3.1(+)-HA-HSPAS8. C: pcDNA3.1(+)-Flag-Nsp8 expression in LLC-PK cells was
verified by IFA, Vector: The empty plasmid transfected with qcDNA3.1(+) was used as the control group. D:
pcDNA3.1(+)-HA-HSPAS8 expression in LLC-PK cells was verified by IFA, Vector: The empty plasmid
transfected with qcDNA3.1(+) was used as the control group.
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Table 3 Identification of interacting host protein by mass spectrometry

Protein ID Gene name Unique peptide Coverage (%) Mass (Da) Score
AO0A286ZPN4 HSPAS 2 12 68 190 79
A0A4X1V0Q4 TFAP2D 2 1 50 147 34
A0A286ZJK2 HNRNPM 5 6 72 326 28
FlagNsp8 -  + 2.5 HSPAS8 5 PEDV Nsp8 #AAfi [N+t E i
HAHSPAB 2 ; pcDNA3.1(+)-Flag-Nsp8 I pcDNA3.1(+)-HA-
[P: Flag =" HSPAS [Tk S [RIFE e % Vero 41 IS h B b AT
M, |l ROFP, EOR LR M T T EEE] PEDV
I HA Nsp8 Fll HSPAS TE4H il ii N AL (7, 18] PEDV
Input = ;. Nsp8 Hl HSPAS f-7E HAE X Z (K 5).
y 2.6 i3Fik HSPAS 7B k#ii %] PEDV
4 PEDV Nsp8 5T8EZEH HSPAS BEIFLE Nsp8 FTik
Figure 4 Identification of the interaction between $£0.0.5.1.0.2.0 F13.0 pg f) pcDNA3.1(+)-HA-

PEDV Nsp8 and host protein HSPAS.
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HSPAS JFiki 73515 2 ug pcDNA3.1(+)-Flag-Nsp8  Fik B WM& 6A), f#if Image J (NIH)X}
Rt 2 LLC-PK ZiJfi)5, Western blotting ~ Western blotting Z55 K /0#T, 45HFRH R
SRR  BEE HSPAS SRIX S AYH4 N, PEDV Nsp8  HSPAS Fl S AKHi A i PEDV Nsp8 35 (14 6B).

DAPI PEDV Nsp8 HSPAB Merge

PEDV Nsp8/NA

25 um 25 um

HSPAS/NA

25 um

PEDV Nsp&/HSPAS

25 um

5 HSPAS 5 PEDV-Nsp8 £ Vero AAE AL E L
Figure 5 Colocalization of HSPA8 and PEDV Nsp8 in Vero cells.

Bl 6 id3Rix HSPAS FEKHMEHIE PEDV Nsp8 FRik

Figure 6 Overexpression of HSPAS inhibited PEDV Nsp8 expression. A: Western blotting was used to detect
the effect of gradient overexpression of HSPAS on the expression of Nsp8 in LLC-PK cells. B. Grayscale
analysis of Western blotting results. In different treatment groups, there was no significant difference in the
same lowercase letters (P>0.05), there was a very significant difference in the different uppercase letters
(P<0.01), and there was a significant difference between the different lowercase letters and the same uppercase
letters (0.05>P>0.01).

P4 actamicro@im.ac.cn, 7 010-64807516



W | EEYER, 2024, 64(10)

3941

2.7 33k HSPAS #&] PEDV £l

£ LLC-PK 4ififirhid % ik HSPA8 &1, %
F PEDV Jii 0. 24 F1 36 h FIMEEE S Western
blotting Z5 R Wk, 5 H4&F PEDV HAHLL, 7E
24 h 136 h, 333k HSPAS [%{ik PEDV N &1
Fik B (K 7A); RT-qPCR 45 3R W R i % ik
HSPAS, PEDV N JE K55 58KV B R AL, 541
Xt B AR L, 255 5.3 (18] 7B); XYL PEDV
24 h F1 36 h B AR b K B3 4T TCIDso &
(K 7C), 45 322 B HSPAS 1 223k i & #ilil PEDV

2 s TFA R &5 S B, 7E/%Y% PEDV 24 h Ml

A 0h 24 h 36 h B
—_ + - 1 T 3 HSPAS 2
o
57 kDa g s  PEDV N ﬁ
a
5
g
77 kDa , — oo | HA-HSPAS -5
=

D 24 h
Vector HSPAS

DAPI

200 pm

PEDV

200" pm

Merge

7 33R1& HSPAS H]&l PEDV xS £ 45|

PEDV N mRNA

200 pm

200 pm]

36 h Jii, 13k HSPAS S2E64H PEDV & iR
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0. 1. 213 pg ) HSPA8 ¥4t LLC-PK 24 h
JE R MOI=0.1 (1) PEDV Ji57%, 24 h W4 fIkE
imE1 T Western blotting 4341 PEDV N & 7K -4
k., KHFHEE HSPAS YLl 134 il PEDV N &
Ik i e B B R 3] 8A); RT-qPCR
45K, PEDV N mRNA /KF-fifi5 HSPAS # i+
PRI T S SR S AR R P AR (1] 8B), _iRZE IR,
HSPAS 1 KA AT PEDV &

ok

40 -Vector xar
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]
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T
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(=

Vector HSPAS

200 200 um

Figure 7 Overexpression of HSPAS inhibits PEDV virus replication. After 24 h of transfection with HSPAS,
LLC-PK cells were infected with PEDV (MOI=0.1). Cell samples were collected at 24 h and 36 h, and the
effect of knockdown of endogenous HSPAS on PEDV replication was observed by Western blotting (A),
RT-gPCR (B), TCIDsy detection (C) and IFA detection (D). Vector: The empty plasmid transfected with
qcDNA3.1(+) was used as the control group. ns: P>0.05; ***: P<0.001.
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8 1F3RiX HSPAS 7214 #H PEDV £l

Figure 8 Overexpression of HSPAS inhibited PEDV replication in a dose-dependent manner. A: Western
blotting was used to analyze the effect of different doses of HSPAS on the expression level of PEDV N protein.
B: RT-gPCR was used to detect the effect of different doses of HSPAS on the transcription level of PEDV N
gene. In different treatment groups, there was no significant difference in the same lowercase letters (P>0.05),
there was a very significant difference in the different uppercase letters (P<0.01), and there was a significant
difference between the different lowercase letters and the same uppercase letters (0.05>P>0.01).

2.9 FHHWIEMY HSPAS {2i# PEDV £l blotting #ill FHL R, 45 W R siRNA-3 A
B R 3 5 T4 RNA (siRNA-1. siRNA-2 BB A4 bl TR (K 9A). #F siRNA-3 #%
il siRNA-3)#% ¢ LLC-PK #iififl, 48 h J& Western Yt LLC-PK 4fififi, 48 h J545:F ) PEDV Ji#£(MOI=0.1),

A B c D
5 ° S
WD O BE 2L nseas 538 mShare BiENe.g
P S S 57 kDa @iV £ 200} 23
= Y Y - E IR\ was &y
77 kDo [ s B B | Anti-HspAg 77 KDa[SRSSS SRS Anti-HSPAS v Z 2 €1
43 kD. _acti 43 KkDa | e v v -actin 5 0 =K
3 ﬂ\---- p-actin a\ "--\B 5 24 36 O 24 36
~ PEDV infection™ PEDV infection
E 24h 36 h time (h) time (h)
NC-si si-HSPAS NC-si si-HSPAS
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200 um 200 pm 200 pm 200 pm
PEDV N
200 pm * 200 pm 200 um | ' " 200 wm
- i,
Merge

200 um 200 pm © 200 pum | 200 um

9 siRNA B/ HSPAS BIFRIAKF 5} PEDV EHIHIF M

Figure 9 The effect of siRNA knockdown of endogenous HSPAS expression on PEDV replication. A: Three
siRNAs and siRNA-NC were transfected into LLC-PK cells, and the expression of HSPAS was analyzed by Western
blotting after 48 h. After 48 h of transfection with siRNA-3, LLC-PK cells were infected with PEDV (MOI=0.1).
Cell samples were collected at 24 h and 36 h, and the effect of knock down of endogenous HSPA8 on PEDV
replication was observed by Western blotting (B), RT-qPCR (C), TCIDs, detection (D) and IFA detection (E). NC:
Negative control. ***: P<0.001.
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