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The Preliminary Study on the Inhibitory Effect of Overexpression of
HSP27 in Encephalomyocarditis Virus Replication

LI Qian'?, MA Ruixian'?, XU Shujuan"? CHEN Yanhong?, LI Xiangrong', FENG Ruofei'*
('Key Laboratory of Biotechnology & Bioengineering of State Ethnic Affairs Commission, Biomedical Research Center;
Northwest Minzu University, Lanzhou 730030, China; *College of Life Science and Engineering,
Northwest Minzu University, Lanzhou 730030, China)

Abstract ~ HSP27 has been shown to play an important role in the life cycle of some viruses, but its regula-
tory role in EMCYV infection is still unclear. In this study, the plasmid pCMV-Myc-HSP27 of human HSP27 was
constructed and expressed in HEK293 cells, then inoculated with EMCYV to detect the replication of the virus and
the expression of related pathway proteins. The results showed that overexpression of HSP27 could inhibit the rep-
lication of EMCYV in host cells. Further analysis indicated that HSP27 might negatively regulate the replication of
EMCYV by positively regulating the expression of adaptor proteins MAVS, TBK1, and IRF3 in the IFN-B signaling
pathway and preventing the fusion of autophagosome and lysosome. In summary, this study is the first to show that
HSP27 inhibits EMCV replication through the IFN-f signaling pathway and autophagy pathway. These findings
provide new insights for revealing the regulatory role of host factors and potential antiviral targets in EMCYV infec-
tion.
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0o JUL 2 2 E G -0 UL 48 97 7 (encephalomyocar-
ditis virus, EMCV) 5| &2 i) £ F 5 HEh V) 3% 9 25
PE AR Be it o J5 A4y T 385 (1) 5 i IR BERN AR
B, B T/DRNAJE B RHL I B R, R BT HAR
2975927 nm, 1E20[H{AXFR, 8806 BEE . EMCV
FERHESH — 4K 7.8 Kol I U HE (open read-
ing frame, ORF), == % i = AN A7 AR 8K H W) Bk, 59 9l /&
P1. P2RIP3P, Hrp ik B FPTIX AL 35 DU Rh 45 44 2
VP1~VP4, JiFEA 5S¢ IE A HH X Le 2 7 27 A BT, i
BEPURRALE B 51X DY R 2546 3 1 2% DA O, )
PR B 55K CAVPLL VP3, VP2, VP4, HA1VP1
& PR RAY, RACANIELLOSEP i 5T
R W], EMCVYi B KL~ 3R 1 14K 58 8 F VP2AF /£ —
AR TUIRA X, X3 m] BEAE A 52 Ak 45 G Ar i BR
FAR G AE AL 55 . EMCVRJ B £ Fhii 2 3h 4.
5 BHRAAZE, X 2 sl shPiE 3 WA m
PGS, BT, EMC VI i) iz il i ™
HNY RN, B 5 n] it A A SR T B S i
B DR B, BERE YL W] Rl B RS, I HL
BOE AT FA 0 B TR A G, AN S FRAE L R
H AT, WX NI A SO ) g, #ol
ERGIE T ENEHERTIZER. BARETCT
EMCVITRAT I AR EE . 12 Wi ARG I 5 A 45 777 T )
WAk 2, (HHERGL . B DL A B B L
TS AN B o

#AK 77 2 A (heatshock proteins, HSPs)A& A1 14
FE— e PG R Z ik LR B A P R R
FisE DRI —RE B, XA4NEEA, FE
R I T SR i e 0 1) B SR B T A 44 AT
FEAE MR AR Z EAMHEIE S TEE A R
. MR, OB RS 2 M AT R U,
WHE HAE B 50 T 2 AR A AT K, B
72 % . HSP27. HSP40. HSP60. HSP70. HSP90
LA JZHSP110%® . HSP274E N iZ 0k 1) /N4y 14k
H, fEA I i o B R A O, B AR IS
DN R TS, RAeR N R AR, JF H A
A R S 22 PN B B AR BRI R, AR e IE
A LU 22 B B A 1 ELVE RS0 B 00 3G B I AR
BRI, O F %% 5 (foot-and-mouth disease vi-
rus, FMDV) 145 7 8 I VP2 AR5 25 (influenza
A virus, TAV)FJESE 14 5 FAINS1 A0 J5 % B (classical
swine fever virus, CSFV)FJIEZ5#4 85 FI NS5A 5

HSP27/AAEAH EAE Y, IR B R S A, T
& ANF-«xBfs 5@ g1, % THSP272 5 £ #f
I3 B3 IR B G ML A, 84 e A i O UL 98 05 B SR G (1 it
TR BARE 22 EH, H A AN Ak oA S IE,
DAL I 7% BEFRAT T — 2P 4R L, LHTINEMCVIER B, &
il LA B0 73 WL BT e R AR AR

1 MRS
1.1 Z0B8. EAERESHE

NI Jf(HEK293) . AUR) 7 H BB 4 Jif
(BHK-21). pCMV-Myc# /& E.coli BL21& 52 2 4
fiti &2 EMCV GSO01##% (GenBank: KJ524643.1)¥
PUAB R R A AR 2 T D R A
1.2 FERF

RNAiso Plus. Premix Ex Taq Probe qPCR. [R
il £ A D) BEEcoR 1) Bgl I B 5 H B2 AV HOR
(b5 FR 22 #]; Q5 High-Fidelity DNA X & i X T,
DNAJE £ i i) ENEB(Jb 50) 2 7]; DNA ladderl [
et B R A RHCE IR A 55 IR 35 3 FURL 52
B0 &0 B I 36 2 A V) RO BR 2 |5 RIPA
MR PMSF. Myc il B 5T A 4 5 B CCK-81k 7
&I LR R RAEERA IR A5 B B
%+ TransStart Top Green qPCR SuperMix/y B b 5T
G EWBARA R 2 7, HSP274% #3511 H Cell
Signaling Technology A m]; VP15 FE4T HH e 5 A0 K
2 HE B 2% B, GAPDH R ¥ 57 ) [ Santa Cruz
N MAVS BT, MDASER B3 H Proteintech
/5] ; Peroxidase AffiniPure Goat Anti-Mouse/Rabbit
IgG(H+L)J% H Jackson ImmunoResearch Laboratories
AFl.

1.3 5%

H #5 GenBank # ['JHomo sapiens HSP27 [A |7
FI(NM_001540.5), ] Primer Premier 5.0t 1554
B A K HSP275: R 1) 5] #)(Homo-HSPBI-F/R) 3%}
Pt € B 5| ¥Homo-GAPDH-gF/R. Homo-HSPBI-
qF/R. EMCV-3D-qF/R J#R%t, AW TIRCONE)

AR AT A REED.
1.4 EMCVREEABEAEATEIHSP27E B FRIAH
1855

B KRS R I BC A 1A £185%~90% 1
HEK293 41} 451 0.000 1 MOI(multiplicity of infec-
tion) EMCYV, 73 /£ ¥ 88 J5 A [F B [ (0v 64 9. 12
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Table 1 Nucleotide sequences of the primers

ElEZEZR S

Primer name

Gkl

Nucleotide sequence

Homo-HSPBI-F 5'-GAA TTC ATA TGA CCG AGC GCC GCG TCC-3'
Homo-HSPBI-R 5-AGA TCT CTT ACT TGG CGG CAG TCT CAT CGG A-3’
Homo-GAPDH-qF 5-GTC TCC TCT GAC TTC AAC AGC G-3'

Homo-GAPDH-qR 5-ACC ACC CTG TTG CTG TAGC CAA-3’

EMCV-3D-qF 5'-GTC ATA CTA TCG TCC AGG GAC TCT AT-3’
EMCV-3D-gqR 5'-CAT CTG TAC TCC ACA CTC TCG AAT G-3'

EMCV-probe 5'-(FAM)CAC TTC GAT CAC TAT GCT TGC CGT T(Eclipse) -3’
Homo-HSPBI-qF 5-CTG ACG GTC AAG ACC AAG GAT G-3'

Homo-HSPBI-qR 5-GTG TAT TTC CGC GTG AAG CAC C-3'

The endonuclease sites were represented by italics, EcoR I and Bg/ 11 digestion sites were added to the upstream and downstream

primers respectively.

Je24 WAL, BT UK E24%30 min, 2R IZ R
PMSF:RIPA=1:100%C ], %3B% 5 minH F-FR 551 BE
JURVATE 7 24 . A5 T4 °C. 12 000 r/min
250025 minficH B3, ) BTSN 5% Loading
Buffer, 95°CH ¥ 5 min, R AbPEIK) 2 FH F i 2E 47 SDS-
PAGEFJK, 15 VI T 30 min, T4 E1 3| PVDEJi
o AN 2.5%B R4 W= IR E 1 h, 2855 0MA
HSP27#i4k. GAPDH¥iAELEMCV VP1Hifk T 4 °C
W E I, X HAPBSTAR MBIk )G, 7737 A Per-
oxidase AffiniPure Goat Anti-MouseEZ{Goat Anti-Rabbit
IeGT=IREARE 1 h, RVl F I TECLE (.
1.5 HSP27FRIEFRAIAVAEIE . FE 3R AN
MHEK29341 i R 2 BURRNA, 3K H 5N
cDNA, #X & UL teDNA A #: 4it F| FH Homo-HSPB1-F/
RIEATPCRY 3, FITTSF=M45 1.2% 15 I W B e H ik
K. [EIWCHSP271d 38 v B, B Ja R HOZE e 8 #dk
pCMV-MycHr, 737 347 BRI P 4552, K0l 7 4
SE 1E 7 (1) J5 K i 44 9pCMV-Myc-HSP27. % LT
K, FHEK 29341 il f: Fh & 6L 55 724 1, B 37 °C. 5%
COBEFRAA IG5 K H R ALY Hh il oy & B )
85%~90%INt, FJIE iR A ik i e Al . 70 N34,
435 pCMV-Mye 2 pg#l. pCMV-Mye 1 ug+pCMV-
Myc-HSP27 1 pgll 2 pCMV-Myc-HSP27 2 pg#l. %%
46 hJ5 F7 2 Yeil, BEAL 73 A A2 mL5 8% A4E
2 1 3% FIDMEMES 7 3, 4k 4 5% 37 41 i 43 313247 LA
TAbEE,
1.5.1  fmpeq® Axm iSRS ik s
= KA AA BR 2 5] 3 55 2 CCK -8 34 7 2 14

LA HEAT
1.5.2  @mfed HSP273L R4t F g k4w 43k
£E K41, FIRNAiso PlusHEBU4H L SRNA, HE47
RNAKFE S Dagonsolll € » S8 J5 L1 pgIRNA L & i
1T I 3%, B I 3 A3 B IR DN AYE AR 3E 1T 726 )6
SE EEPCREGIN, Ik B GAPDHAE NS .
153 Zéakzen 5l Hgn i, £RIPA
ARG, F BN R MIHS P27 & H R 1A I,
AERI 4.
1.6 TRIAHSP27XEMCV EH|HI220

HHFURL(Z N34, [F11.5)%: J«HEK 293411236 h
J&, $#F010.01 MOI EMCYV, £541 i NIFF4f H BLCPERT
TAHWSCER AN ML, 2407 5 S L BN ISR IIEMCYV VPLER
IRIETE UL 7 1 BB MAp, & B a3 e
12 000 r/min 5210 min, 7240 M0AE A, 95 2530 B
5E R FITCIDsoi%:; T3 2585 1A 1A I 2 25 A S0
T W 2 ST MEMCV TagMant® £ %¢ )% € PCR
I 5 ik04,
1.7 FFRIZHSP275 BEEAREE F RIFN-BE 5
18 B% B 520

B RIS N34, [F11.5)85 Y HEK 29340236 h
J&, #:F010.01 MOI EMCYV, #541 ig NI 46 H BLCPERS
WCEE AN, LA JS G2 BN 0 A I TFN-BA 5 38 1 Hh 2
% L4 TMAVS. TBK1. IRF3 % [ Wi i 1 %
FrERTFSQSTMI. LC3BIH A I .
1.8 HIEGZITH

BT 4 # 4 ¥ K i GraphPad Prism 5.0% 1F
HL PR 2 ANOVASERAS 56 77 7 34T 2 Bt 76 B Hh,
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P<0.05F ~MAR B Z R BA g% E X
(*P<0.05, **P<0.01, ***P<0.001).

2 H#R
2.1 EMCVEEEXTHSP27E A FRIERIE N

ZER BN, EMCVIE YL HEK 293411 6 h% 24 h
J&, HSP278 A KiAH B3 FIH(ENARE1B), %]
HSP27HE AW He 25 T EMCV &G 2
2.2 SNEHSP277/EHEK?293 4Apfh Y FRiA
2.2.1 HSP27E A LAy My B X A
HEK293 4111 () cDNAYE AR, F| i Homo-HSPBI-
F/RS| Y0¥ 1915 B3 L1618 bp i A B, 70 T & K/
5#iHw & (K 2A). 4 kK pCMV-Myc-HSP27

(A)
EMCV 0 6 9 12 24 h
Anti-HSP27
Anti-VP1 [ q
D ¥,
Anti-GAPDH .....|

2 EcoR 1+Bgl 1IN Y] 54353 791 bpi) pCMV-
Myc#Hifk i Bt fl618 bpfddi A i B, ¥ 5 WU 7 1
B R/NHFF(E2B). 207 4> #1 SNCBIEUE B H
AJEHSP27(NM_001540.5) 4% 7 182 17 41 [H) Y 14 A4
100%, 15 B # 2H 3 1A i KipCMV-Myc-HSP27#4) 4
avie

2.2.2 HSP27#HEK2934mjitf 43t & iksbml AN
I 7] & UHSP27 X HEK 29348 il v 3 441 T 5% wi (&
3A); RT-qPCRAT M &5 KB, T JL A 7] 55 & 1
HSP27 )5 HEK 29341 il HH HSP2 73 [N f) #% 5% % 1K 1.
Fm T, HEREROBE(EI3B), UHHSP27
FETEHEK 29341 il A % s SRIA 22 3% S BN I 7 A
W, HSP27%: (A fEHEK 29340 i il Th 3k 15 K 15,

(B) E
& 157
5 1.0 o
g e
Q 3”-
205 :
e a2
g S
g2 0 ;
8 12 24
E) Time /h

A P ENAGIVPIRTHSP27 2K [ 10355 B: K5 S0 HTHSP27HE [ AT 1A /K. Bl Fixes R, #*%P<0.001,

A: immunoblotting detection the expression of VP1 and HSP27 protein; B: gray analysis of HSP27 protein relative expression levels. Data is expressed

as x£s, ¥**P<0.001.

Ell EMCVEARAEFHSP27E B FRIARAEN
Fig.1 Detection of HSP27 protein expression in EMCYV infected cells

(A) M 1 2 3 4

1 000 bp
800 bp

500 bp
300 bp

L 618 bp

(B)

5000 bp
3.000 bp
2000 bp
1 000 bp

1 000 bp
800 bp

500 bp
300 bp

A: HSP273E N 9 18724, M: 1 Kb plus DNA ladder; 1. 2: BIVEXTIE; 3. 4: HSP273E [AIPCR™4); B: B 405 KipCMV-Myc-HSP27 ({1 % 55 1
R pCMV-Myc-HSP27; 2: = 20 Jfi #ipCMV-Myc-HSP27 XU ) 1 B

A: PCR product of HSP27 gene; M: 1 Kb plus DNA ladder; 1,2: negative control; 3,4: HSP27 gene PCR product; B: restriction enzyme identification of
the recombinant plasmid pCMV-Myc-HSP27; 1: recombinant plasmid pCMV-Myc-HSP27; 2: product from pCMV-Myc-HSP27 plasmid digested with

EcoR I and Bgl 11.

E2 Z|4HFEHRipCMV-Myc-HSP2 789 W EGH) 4 E
Fig.2 Double restriction enzyme identification of the recombinant plasmid pCMV-Myc-HSP27
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HHSP27% 1 5Mychs 25 85 [ SL L 1 fil & R I8 (A
3CHIE3D). PA 25 R4 R, 148 FpCMV-Myc-
HSP27 5 ki £EHEK 29341 Jf o i oh 2% ik .
2.3 TFRIZHSP27XEMCVEHIHIF M0

N T 5 R STHSP2TAEEMC VI Y v () 4
H, AR 56 i 4% T % Je AN [ 57 S HSP27 T HEK 293
41 i F 42 F70.01 MOI EMCV. RT-gPCR%: i 7,
pCMV-Myc-HSP27 1 pg#l %2 pgfHEMCV 4 1%
P ZE T pCMV-Myc4l (K 4A, P<0.001). &
T S5 RS DN 7 45 SR 7 A2 o e (B4B, P<0.05). pCMV-

Myc-HSP27 1 pgH K2 pgH VP& A i & &1
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£ 100 ' '
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&
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Anti-Myc |

Anti-HSP27 | s SR

Anti-GAPDH | s s

I AR T pCMV-Myc4l, HHSP278 (X VP11 A1)
P8R TR R AR 1 (F4C . ADATEI4E). P L
SE RN, 5 FIAHSP2740 HIEMCVAE 1 3 41 i
R A A, $2 RHSP27/EEMCV & il 72 b K %5 5%
R EA .
2.4 TFRIEAHSP27RT BIEFREE F RIFN-BIE S
18 % B 52

N T 25 [ BHSP27HI I EMCV & il i1
ML, AR I8 T2 K 2% T HSP27TXFEMC VI 4 %
[IFN-BIE 5 % e H MR 42 1 AR D 7 15 o
S5 RO, 1 FIEHSP27HE WS 221G INIFN-BAE 5@
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HSP27 relative mRNA
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HSP27 relative protein expression levels

A: YIHIE FIAEI; B: RT-qPCRAMTHSP275: K (134 5 RIE TSI, Cy D: Gl ENSAS I K A 5 4y HTHSP27 25 (1 {EHEK 29341 i Fh (1 %% . 2icdi H

TEsF R, n.s. NP>0.05, #P<0.05, **%P<0.001 .

A: enhanced CCK-8 assays; B: RT-qPCR analysis of the HSP27 mRNA expression; C,D: immunoblotting detection and gray analysis of HSP27 expres-
sion in HEK293 cells. Data is expressed as ¥£s, n.s. indicates £>0.05, *P<0.05, ***P<0.001.
[E3 HSP27EE K& HEHEK293 4000 A FREE M
Fig.3 Analysis of the HSP27 gene and protein expression in HEK293 cells
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A, B: RT-qPCR A TCIDsofr MHSP275 1K X EMC Vi 5 155005 C~B: s EZRAS I F2 K 5 23 HTHS P27 1k FeIA X VP VAR IR M2 . 2

XsF IR, *P<0.05, **P<0.01, ***P<0.001 .

A,B: the effect of HSP27 overexpression on EMCYV titer through RT-qPCR and TCIDs assay; C-E: the effect of HSP27 overexpression on VP1 protein
expression through immunoblotting detection and gray analysis. Data is expressed as x£s, ¥*P<0.05, **P<0.01,***P<0.001.
El4 FRIAHSP2TIIEMCY EHIHIF200
Fig.4 Effects of overexpression of HSP27 in EMCYV replication

b B L TMAVS. TBK1. IRF3( & iA(K
5A~KE|5C), FRIIHSP27 1 LLid it IE 4% IFN-B(E 518
PEANHIEMCV I il I Hid FAHSP277] LA A
SQSTM1 2 LC3B-II 1) % ik 14 I (E5A~EISE), 8
HSP27H 1] G 2 i ik BHL 1k 5 W A5 9 Bl A 11 i 75 3k
T X EMC VA 138 58 45 R4 I .

3 SHSTE

AR T A2 — R AR A A 1 A )
JTZARE. mERTHSEFE NS THEEA,
BN ZE TESES 2HKE. MEBRY
SEHVRR AR B R, & SR Y G R R G  E
B Go B S5 A R0 3 H BB 4% 1R 4% 2 Bl 25 11 52 1|
HTE ISR, e DS B EE AR FE N

e 1m M e, AT 52 1R 25 1 S 7). HSP27 M
TN TR B SR, AR IRE, MR AT
JUx & 41 ffiiPC-3(human prostate cancer PC-3 cell line)
T HSP273%55 5, REM WO P BT I BRI 3AME
2 487 1 SRR VB0 Y 5 (PKR-like ER
kinase, PERK). I #% 5% [K] -6(activating transcrip-
tion factor 6, ATF6) A JULEEf - 1a(inositol-requiring
ER-to-nucleus signal kinase 1o, IRE-1a), {753 5 BEpR
&7y TLC3B-ILK H Wit i & R A B W] &, AT
S 4R ) A7 5. HSP27HE MR N 3 22 AR R A S
TR A 9 A T AR AE, AR B IR AL ROHS P27 1) - &5
R B B R B R B, RS &
H AR AR A 45 & i 20K X L8 3 AR, BEIR AL 1Y
HSP275 78 LA S e SN 35 B HIE5E . 4
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Anti-SQSTMI _::1 g g N
N £ 1.04
Anti-LC3B-Il—»E ] 2 1.0 T S \\ 12
2 E
Anti-TBK 1 [ | 5 £
e B 5 0
Anti-IRF3 | - = ' =
N 2 o
Anti-VP1 z Y S
Anii-HSP27 |- &

(D)

LC3B-II relative protein expression levels

A: R RGN, B~E: K% /3 HTHSP27. VPI1.

E
i‘; *kokk
£ 1.5
s
g
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ol
°
5 0.5
2
=
S
g 0
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g $ P 3
2O S S
Q ﬁC}z\ AOQ\
& e
$$
S &

LC3B-11 2 SQSTM 1 2 I FIAHRT R IE /Ko Hdls ] x5 7R, *P<0.05, **P<0.01, ***P<0.001 .

A: immunoblotting detection; B-E: gray analysis of HSP27, VP1, LC3B-II and SQSTMI1 relative expression levels. Data is expressed as X+s, *P<0.05,

**P<0.01,***P<0.001.

El5 ZFRIZHSP27XITFN-BI5

SiBEK BREAR S E FRIF0

Fig.4 Effects of overexpression of HSP27 on IFN-p signal pathway and autophagy marker

JH R B R T R 1 e s R A OGN, T A
FL T HSP27 3 i =2 AT A X 2 1IFN-BE 5 18
%A E L2 T A EMCV I & i fF ik — D i
5o
EMCV& —Flif f ot 2182 RGN0 &
AL G R 7, W AR SO RO ML A
o BRI B TollF: 32 44 i B = 2181 A
FEE R R, EMCVIE L 7] DL L AHSP27 1) R ik,
BATE T # # N VEHSP27 () % 3k Ji BipCMV-Myc-
HSP27, 523 7 HSP274 H /EHEK2934H il H (1) 5=
ik, I HAF i R IAHSP2 74 HIEMCVAE 15 T 40 i
. BRAh, B K BIHSP27 0] it il i 1F I 4%
TFN-BA5 5 38 B A1 BH 15 W A4 5 3 I A 1 il 5 ok
XTEMCV PR #1388 5 2 4% foi = 4E B . LA IR

FRW, EMCVEZ @S Har FEAL. E45ME
H2CHI3CT IIFN-BIE 5 % T K 1 ik 1 3= 19 R A
o g1, AR 2 I WA AT R I, EMCV [ 45 1)
B A VP2 H BEWE 15 PLIFN-BAE 518 15 >k B % 15 = 4H
JL IR R AR S 5 L (R K #) . A W FidE 78, FMDV
(IVP2EE H W] 5 1 40 i T i HSP27 8 H AH B AR
R, 00 40 i [ v @ B0, MEMCV S5 FMDVIA
J& T /PRNAJE 55 BHR 75, KA 5 AR, I BA
VR ZH R HARE SR B, EMCV GSO1#k 7T S A
A ()48 £ 40 i iiBHK-21. /) B BULAH A (C2C12)
MHEK293 & 4 58 4 | WP, H#E WHSP27 1
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