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Heat shock protein 27 enhances the inhibitory effect of
influenza A virus NS1 on the expression of interferon-f§

Zheng Li'?, Xiaoling Liu', Zhendong Zhao'?, and Wenjun Liu'

1 CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences, Beijing
100101, China
2 Graduated University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Heat shock protein 27 (HSP27) is a member of the small heat shock proteins (sHSP) and has multiple
functions, it also plays an important role in the life cycle of some viruses. To investigate the regulatory effect of HSP27
during influenza virus infection, we cloned and expressed human HSP27 in both prokaryotic and eukaryotic cells, and
demonstrated that HSP27 interacted with influenza A virus NS1 protein both in vivo and in vitro. Luciferase assay showed
that HSP27 inhibited the expression of interferon-f (IFN-B) in infected cells, and independent of its phosphorylation.
Moreover, HSP27 enhanced the inhibitory effect of NS1 on the expression of IFN-B. Further analysis indicated that HSP27
exerted the inhibitory effect probably through influencing MDAS of the RIG-I like helicase (RLH) pathway. The results
suggested that HSP27 play a role in the innate immunity of infected cells, contributed to our understanding of the regulatory
effect of host factors during influenza virus infection.

Keywords: heat shock protein 27, NS1 protein, interaction, interferon-f§
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X5 T HSP27 e b T R #E R DI REATS A
HEE,

T HSP27 35 1A 7R a2 ik g ) )
H A EARVE T, FRATT 23 0 7 B S B A A v
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TGN TFN-B A9 3R3A

1 AR5 %
11wy
111 B ERR

KA DHSa, BL21 A SEH6 = (A7 o 3]
fk pET-28a . pGEX-4T-2 . pCMV-Myc .
pcDNA3-Flag, Fifi pCMV-B-gal, pIFN-B-luc,
pEF-Flag-RIG-IN. pEF-Flag-mda-5H. pcDNA3.1/
Zeo-MAVS . pcDNA3.1-Flag-TBKI . pIRES-
hrGFP-IRF3/5D JHUAL AR S 46 28 A7
112 ZAfERR. SRR

293T A A | PR A/WSN/33 | il 35
B SeV HIATI LRI RAT
113 FERAKTY

AP T HEG A TaKaRa 2y Al AR
FEWE A IR IR A VIR BR 2 W] s DMEM 85
FREE A LTE I [ Gibeo 28 F 5 4 H Tl Marker
) H Fermentas /A ) ; Myc UK H Santa Cruz
A ; Flag Bk, anti-FIAG-M2-agarose, DAPI .
Z R W, BSA I H Sigma-Aldrich 2 A ;
sepharose 4B-glutathione IJ H GE /A H] ; Trizol Il

H Invitrogen /Al ; B-actin HTIK . FITC ARicFH0
B IgG. TRITC Fricd Fhif 1gG W A HE A 22 A
Al MRS R (HRP) AricEHiil. 290
% 1gG W A H 2447 Al ; HRP-DAB JE#) i (5
IR G [ R AR R A BRA A 2L R
506 . AMV 3 SEIA H Promega 23 A ;
LRAE SR B-D-E Lk B (ONPG). Triton
X-100 g H Amresco A Fl. 5|9 H LA T8 A
B
1.2 A&
1.2.1 HSP27 FikH R ptb g

BUE KRS BIF 293T 4001, 43 CHl
20 min )5, BB T 37 CEFRAEPIKE E3% 4 h,
Trizol VE4RIRANMLA RNA, LIS RNA AR
17 RT-PCR, %1% ¢cDNA, LI cDNA H#ifz, P1.
P2 H N51¥) (1), PCR 4% A HSP27 J:[H .,
PCR 7=#)4 EcoR I . Xho I XUV, SEEVIG Y
pCMV-Myc. pcDNA3-Flag, pGEX-4T-2 #iff#
$%, ¥4k E. coli DHSo &2 20, BRELPHE 7
RE, gdbnt LA YR A B FIN P R4S B
HF kL
1.2.2  HSP27 BEMRALZE R R B BRIl
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%57 cDNA, LI cDNA W4, P7. P8 TN
519 (3% 1), PCR ¥4 NS1 JL[H, PCR f*#¥4&
EcoR I, Xho I XU§VY], S5H§VIE ) pCMV-Myc .
pcDNA3-Flag #{Ki%4%; DL P9, P10 H H5|H)
(& 1D [ ERDEEY, S5EEVIER pET28a %%
RS, B Y1k E. coli DHSa J&3Z 441
fite, BRECHMETORE, fdbat Ll g R A R
ORI AR A F 2 TR

% 1 ZThE HSP27. HSP27 REMRLIR NS1 EF &Y
514

Table 1 Primers for cloning of HSP27, HSP27-
mutants and NS1

Primers Primer sequence (5'—3")

P1 CCGGAATTCAGATGACCGAGCGCCG

P2 CCGCTCGAGTTACTTGGCGGCAGTC

P3 CCTACAGCCGCGCGCTCGCCCGGCAACT
CGCCAGCGGGGTCTCG

P4 CGAGACCCCGCTGGCGAGTTGCCGGGC
GAGCGCGCGGCTGTAGG

P5 GCTCCTGCGGGGCCCCGCCTGGGACCCC
TTCCGCGACTGG

P6 CCAGTCGCGGAAGGGGTCCCAGGCGGG
GCCCCGCAGGAGC

P7 CCGGAATTCGGATGGATCCAAACACTGTG
P8 CCGCTCGAGTCAAACTTCTGACCTAATTG
P9 CCGGAATTCATGGATCCAAACACTGTG

P10 CCGCTCGAGTCAAACTTCTGACCTAATTG

1.24 ks SR

293T 4 ML 4 & A 10 % & 4 I3
10 000 U/mL H &R MEEFE K1) DMEM H55: 5
HEE LR, B FRIAEEN 37 °C, 5% CO,. K4
MLEEFP B FEA T, RR A B 60%~80% )5
HEATHEYL . FEYLET 1~2 h, AU w3
Ho SRH PEL e iR, AR SCIR 20K, Fl
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AR BORL T AR . F2 045 6~8 h T4
Fehk, Hifv?y 36 h J5, MHANMRMRIK (0.5%
NP40, 150 mmol NaCl, 20 mmol Hepes pH 7.4,

10% H3f, 1 mmol EDTA, flAZE B 7
cocktail) A 4 AL I 25O UCEE BIE W, TR S
iRl

1.2.5 Western blotting Kl

PR A A b3S E T SDS-PAGE HLVK ,
KA TR EA%BE PVDF L, HHR
(5% NSNS . 1% BSA) =IREM] 2 he K50
A—E WWOIR R —30, =IR45H 1 h, TBST
(20 mmol/L Tris-HCI, 150 mmol/L NaCl, 0.05%
Tween20) P& 3 i ; IIA—E LLBIFGBER HRP Fr
WP, RG4S 45 min, TBST ¥ 3 . R
Y AR & AT Xoray BOE Y .

1.2.6 HRFEILVIVE (Co-IP)

FER 293T 40T 10 cm 4% SR m A, 2
Yt pCMV-Myc-HSP27 5 pcDNA3-Flag-NSl1,
o pCMV-Myc-HSP27 55 pcDNA3-Flag ¥ L4
Marb, BFPERL 3 pgo FEYLE 36 h, i 1 mL
2 o 2 A T LA A MO IR B A
anti-Flag-M2-agarose T FiE#H, 4 CHEE 2 h,
kLA H, #4T Western blotting #illl .
1.2.7 GST-pull down

¥ o W4k pET28a-NS1 5 pGEX-4T-2-

HSP27 ikinY E. coli BL21 53+ & 0D=0.5~0.6,
100 pg/mL IPTG %S, 16 Cidkidids, Btkal
1k His-NS1 #5[1, sepharose 4B-glutathione Zfifl
GST-HSP27 %11, W 1 pg 454 T sepharose
4B-glutathione [~ GST-HSP27 & GST #£H, /il
A1 pg His-NS1 &1, 4 CIFE 2 h, FL0EL
ZRFE 1, 11T Western blotting A
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1.2.8 D EKM HSP27 #1 NS1 3Lt

FEFR 293T AL T8A B 11 24 LA,
pcDNA3-Flag-HSP27 5 pCMV-Myc-NS1 Ji ki 4%
0.3 pg JL[EHEY 203T 4l Y5236 h, f
FH 4% 22 5 W 2 3R 181 48 30 min, SRJ5 &
H 4% BSA #J TBST (PBS HIA 0.5% Triton
X-100) ZE 1 ho A LI B St
Myc. Rt Flag fEh—¥t, 37 CZ54 1 h; PBST
Uk 5 WK, BIR 10 min, SRJEINA—E L BIRG R
PG, 37 CZ54 1 hy PBST ¥k 5k, Bk
10 min, fiIA DAPI Zi&Y4€4 5 min, PBST ¥t 3
o RIGTERY R B —THE M (50% H,
50% PBS), LIFEHIMEAE ., BOGLRER
B WLEE HSP27 FII NS1 1540 i b () 2 R A 0
1.2.9 FOLRMHRG IR KM HSP27 B NS1 &
FH%FF IFN-p 3B

PR 293T 40T 24 FLMCH, BFFLREE Y
pIFN-B-luc 0.25 pg. pCMV-B-gal 0.1 pg KA [A] 5L
B v BT BORLFIN B BORL . #2404 J5 36 h, Hih
JCIfliE DMEM, A SeV B4, 6h 5,
IR, L B-gal FE NS, K4
Y luciferase 764 .
1.2.10 FOLRBREERKRW HSP27 X F
RLH 3& B % B F R

R 293T 4l T 24 fLikrp, g g
pIFN-B-luc 0.25 upg . pCMV-B-gal 0.1 pug .
pcDNA3-Flag-HSP27 5 pcDNA3-Flag 0.2 pg,
RLH i % 1 #5 Al F i ki (pEF-Flag-RIG-IN |
pEF-Flag-mda-5H . pcDNA3.1/Zeo-MAVS |
pcDNA3.1-Flag-TBK1 . pIRES-hrGFP-IRF3/5D)
%02 pgo ¥YLs 36~48 h, IR,
DI B-gal fE AN Z, KEMZANHLAY luciferase 161

2 &R

2.1 HSP27 EHREZEEZEKIA
W54 pGEX-4T-2-HSP27 i E. coli BL21

BRIEL IPTG BRI, B0 I w4k,
SDS-PAGE #illl GST-HSP27 EH KL, 455
7R, 782 53 kDa &b —5M B E 1544,
5 GST-HSP27 K/h—F (& 2A). ¥ pCMV-Myec-
HSP27 5 pcDNA3-Flag-HSP27 %4t 293T 4tifil
36 h W 4n i, Western blotting 7] A& il %]
HSP27 )33k (& 2B, 20).

2.2 HSP27 1 NS1 #Ef5HEELES
¥ pCMV-Myc-HSP27 5 pcDNA3-Flag-NS1

RIS Y 293T i, >R H anti-FLAG-M2-agarose
454 Flag-NS1, Gz dbyidefil HSP27 I NS1
EHMMEAEN . & 3A iR, TElR I
HSP27 1 NS1 B4 2L Mwrh, RS A 5]
HSP27 HH, 18 HSP27 Al NS1 7E41 i P 7K -
FEEAHEAE

KM IPTG %5 E.coli BL21 pGEX-4T-2-
HSP27. pET28a-NS1, Fikjf4lifk GST-HSP27
K His-NS1 &, GST-pull down 453 B/, 7E
HSP27 #1 NS1 2 1 [ AFER R ZR o, Al
#| HSP27 5 NS1 WtHEAEH, B = 7E 405k
IKF-RERS HAEZE A (K] 3B).

£ 293T 4t b 3% Yt pcDNA3-Flag-HSP27
5 pCMV-Myc-NS1 FikiJ , e ot HSP27
FINST (98 A7 o O R AR 10 s 1 LR 2 SR
/N, Flag-HSP27 FZE N TAIMLE H, Myc-NS1
TE A BT A A% TR S A, P TE A B
FrAE—E e s (8 3C).
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Fig. 2 Expression of HSP27 in prokaryotic and eukaryotic cells. (A) Expression of GST-HSP27 in E. coli BL21. M:
protein marker; 1: E. coli BL21 before induction: 2: E. coli BL21 after induction. (B, C) Expression of Myc-HSP27 and

Flag-HSP27 in 293T cells.
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Interactions of HSP27 and NS1 both in vivo and in vitro. (A) Co-immunoprecipitation of Myc-HSP27 and

Flag-NS1 in 293T cells. (B) GST-pull down assay of GST-HSP27 and His-NS1. (C) The co-localization of Flag-HSP27
and Myc-NS1 in transfected 293T cells detected by immunofluorescence assay.

2.3 HSP27 HIHI 4R A IFN-p B93RI%

# ki pIFN-B-luc . pCMV-B-gal , pCMV-
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M, K2 ALY B-gal M luciferase 34 WK 4A
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fEXF IFN-B BysZma, P 15, 78, 82 2% 4B i/, HSP27 WEMRALIEAE RIS A RUAH L,
PRI oS48 NN 2R, H%E HSP27 B fbses Xt F TFN-B (I B IR %A 25 22 50, i P
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Fig. 4 Effect of wild type HSP27 and mutant HSP27 on the expression of IFN-B. (A) Luciferase activities of 293T
cells transfected with different doses of pCMV-myc-HSP27 were measured (A, upper). Both the expression and the
relative protein levels of different doses of Myc-HSP27 were analyzed (A, middle and bottom). (B) Luciferase activities
of 293T cells transfected with wild type and mutant HSP27 were measured (B, upper). The expression of both the wild
type and mutant HSP27 were detected (B, bottom). The data of (A) and (B) is based on the results of three independent
experiments, and error bars represent the standard deviation (n=3).
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Fig. 5 The relationship of HSP27 and NSI on the expression of IFN-B. (A) Luciferase activities of 293T cells
transfected with different doses of NS1 together with HSP27. The data is based on the results of three independent
experiments, and error bars represent the standard deviation (n=3). (B) Expression and relative protein levels of different
doses of NS1 in transfected cells were analyzed. (C) Expression of HSP27 in transfected cells. 1: cells transfected with
pcDNA3-FLAG; 2: cells transfected with pcDNA3-FLAG-HSP27. 1: cell transfected with pcDNA3-FLAG; 2: cell

transfected with pcDNA3-FLAG-HSP27.
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mda-5H . pcDNA3.1/Zeo-MAVS . pcDNA3.1-
Flag-TBK1 . pIRES-hrGFP-IRF3/5D 43 | % Y
203T 4, FikiH RLH i RIG-1, MDAS,
MAVS . TBKI. IRF3 [WiGMEE A, [F G
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Fig. 6 Analysis of target proteins of HSP27 in the RLH pathway. (A) 293T cells were transfected with different factors
of RLH pathway, and luciferase activities were compared between HSP27 and mock of each factor. The data is based on
the results of three independent experiments, and error bars represent the standard deviation (n=3). **P<0.01 by t test.

(B) Detection of expression levels of HSP27.
3 ik
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R, B RIG-1 454, dSEm T4 T if
MAVS. IRF3 MJ3%TE, S22 IFN-B J5 31/
Wk , A IEN-B /9= B T HSP27 T NST
FEAEAIE AR, B HSP27 S 75540 IFN-B Y2
TRRFRAT T EER ST 1 E [

WFFEFE, HSP27 LA g 0 = il 9 75
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