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Effect of Influenza Virus NS1 Protein on Host Cell
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Abstract: NS1 is a non-structural protein of the influenza A virus, which could only be expressed when cells are infected. The effect
of NS1 protein on host cell is still not clear. To understand the role of NS1 protein in cell infection, recombinant plasmid
pCMV-myc-NS1 was constructed, and then transfected into A549 cells. Two-dimensional electrophoresis was employed to analyze
proteins regulated by NS1 that could reflect the interaction between influenza virus and host cells at the protein level. The influence
of NS1 on cell proliferation and cell cycle was also studied. The result showed that not only could NS1 remarkably affect metabolism,
but it could also slow down cell proliferation through blocking cell cycle.
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BN ZWATAMUATRE N LA A 2 A PIREX: 7 F N i RNA 456 XA T
WE RKMEFIHAR, mHERERGE ALIFHA CHIRUIX . NST 5 RNA 55 KU TEM: 5
FET-. FIEFH 2005 4 10 JRATEHBINERER  polyA 454, Ml mRNA fizki!?; 5 U6 SnRNA
AR, &4 bR T 30 BlesiHl, HohsE 454, il Pre-mRNA #8742 5 dsRNA 454,
T 20 i, FIEH 66.67%. BHLIET PKR B35 PEY; 5 5/ UTR 2454, M0 %5

NS1 & 12 HA 202~237 MEEREENE  mRNA BEIFECY. 80 K 5ARE A S T4 BA
AR E N, P ERER R A 25 NSI PLFYER: 5 PACT Z5& 0 PKR MY, 5
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CPSF Fl PABII 5 &4l T3 R i 4 s, 5 p8sp
44151k PBK 5 5 > NS1 EAKRHAIES
20 e U R A0 A T R AR A

NS1 & FFE i 8 42 i B R Rk, #R
TP B 11 7E I 8% 1 A B 5 A0 T AR 1 R AH ELAE
WEMEEZEM . BRIy, &R b= iR
Tt 9 o 2 11 A I R B S A o A v ke P G A
H, T NST & B T 576 1a 35 4 I N i 0
YER . B, #1598 NS1 & 1578 4l i i AH BAEH,
X5F 1) BF 5 B 5 | RS 0 B HL B ELA AR S EE AR .
A5 H A1 OB ] B DK 42 R R DG 40 it A= ) 2 HOR,
Rl T NS1 & A X 1E Bl s aE A A
W sgm, Ak — 20T R B S 1 A ELAE
FHHLHIHT T J4th

1 M55 #

1.1 ##
111 HHEATAH,

KA # DHSo ) 5k pCMV-myc ., pEGFP-N3
ARSI E R . RIET Algoose/Jilin/hb/2003
(HSN1)#EEfK NS1 B K /) 5 2 ik pEGFP-N3-NS1
AE R R
112 ZF

A549, 293FT. CV-1 I NIH3T3 4l g th AL 56
EIRAE
1.1.3  a#/

DMEM I H Gibco 2 F]; McCoy's 5A T H
HyClone 2y Fl; A4 MiE M A Biochrom 23 wl; I§)i
{4 Lipopectamine™2000 1 pH4~7, £ 24 cm #J IPG
T 5 A Invitrogen 23 /; Taq Plus 1 RA W A
A T A TR RS54 PR F]; T4 DNA %42
fitg . Sal I #1 Not I Rl 14 N VI B NEB 23 7]; 2-D
Quant Kit, 2-D Clean-Up Kit M2 [14> T &bl A
Amersham A H; A HHEEEDTT) I H Promega
] BUOTEEREIA H Merck 24wl SRR R 1A H
Sigma 23 H); #EFIEEIP 15 B Roche 23 H]; HRP 45
W FEPLR 1gG WA P2 &AW A A, DNA
marker 111, DNA Peagafifb/[a] 75 6 S ok P
PEHOA & [ RAELA ], DNA JFF1G
FE AL BB B ARG R THEA Al 2 HaRi
Ay [ 7 o A

12 A%
1.2.1  NS1 HAIHIHFER 76 A F 11T #4 #

PLEEZH Uk pEGFP-N3-NS1 S#itl, £ 1 fir4l
S RIE 518, P4 NS1 BEH . 43 9I7E EiEs|
Y im A Sal 11 Not T BRI HEEETI A5 . FH Sal T &
Not I X 1] PCR ;=4 il pCMV-myc 44, HLyk&lifk
FEE NST JEFFIZR AL 2 ik, T4 DNA £
16°C EHEI R o #3525 AL K AT I DHSa, 37°C
g% 16 h 5, PR 1T PCR %8 FFM % . I
FPIERG IS, PRBCE 450k, —20°C f-A7E 4 .

Table 1

Fz1 PCRYEFTAMSIMEERFT

Primer sequences used for the PCR amplification

Primer name

Primer sequence (5'-3")

Forward

Reverse

ACGC GTCGACC
ATGGATCCCAACACTGTGTC
TT GCGGCCGC
TCAAACTTCTGACTCAATTG

1.2.2  Jhasy7#

AS49 A A% 10% FBS B McCoy’s 5A £ 77 3,
293FT., CV-1 F1 NIH3T3 il 10% FBS 1Y
DMEM #3535, H:95F 37°C. 5% CO, 14 -

1.23 M54

i FH IR AR Lipopectamine™?2000 #7741 it %%
e, F+ 8 ug DNA H1 20 pL f§FiiA Lipopectamine™
2000 2B BT 1 mL AN KA R BB 373
B, 5 min P EIRG, FIRME 20 min, KB EA
JE i -DNA TR PInENCA Bk 90% 1) 41 il
F37°C.5% CO, A 1 5% 4 h~6 hJ5, #Hl % 10%
FBS MR SR R4k 15 37 24 ho FFE IR, A 10 mL
PBS #5UEM 2 K, SRJEMA 1 mL PBS, 4] /]
T 4082, 1000 r/min(Sigma 3K12 .00, 11133 5
BEF)BS 0 5 min WAE AR
1.2.4 g

SDS-PAGE #5ifim, HETH P E NS
% PVDF i, ¥ BT 20 mL & 5%/ AR WIH ) TBST
(25 mmol/L pH 7.5 Tris, 150 mmol/L NaCl, 0.1%
Tween-20) P E iR E A 2 ho LIHT Myc B Prik
(1:5000 Fik)yh—bt, EHMFEF 2 h, TBST ¥k 3
WK, K 10 min, ZJ5, H HRP #ric W EHL R 1gG

LR (1:5000 5 B8 ) —HLilb AT 2432,

i 1 he

k5 ] DAB .0,
1.2.5 M. Z FTHIHER 50 P
AR A 0.5 mL Z4## (7 mol/L JX E+2 mol/L
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Willk+4% CHAPS)HI 10 pL 100x%E (4 EgM I, R
SETFUKIB AR 1 min(Sonic AL, Bk 2 s i
10 s). ] 2-D Quant Kit I 5& 2 1 #¢ &£, 2-D Clean-Up
Kit 2B L4 i B2 1 -
1.2.6 XK fapfd 7

B2 i AR pH 4~7 . K 24 cm 1Y IPG T
ik, A EAEE N 1.0 mg, IAFH 450 uL, filA IPG
PR B LR IE N 0.5%, S5 L I 4 28 e R N ] SR AR
A 80 000 Vh, 45 HL RS HE 4307 I 1% DTT F
- 2.5%M 2, WE R 1 -5 2% pP (75 mmol/L pH 8.8
Tris-HCI, 6 mol/L JR &, 2% SDS, 30%H i) ¥ -y
e 5545 15 min, P S IIES5 5478 2 24 cmx20 cm
x0.1 em., 12.5%M) SDS-PAGE EiE, 1H 60 mA i
P58 LYk . HUUKSE RS, H G-250 MR Ak
XHEEIE AT e 8, TmageScanner {410 sk 45
R . ImageMaster 2D Elite3.1 B [a] o K #E e RIS 43 #r
WA R, LRWELE 3 R, IR Am
JUR S5 2t i S0 11 43 BT R ZE = B 2 Rk 2 B ARSI
B e 5E A
1.2.7 MTT 54

B CV-1 4T 24 fLik, FHILEE R 90%
B, 434 4 pCMV-myc Fl pCMV-myc-NS1 #k (A3
K:3% 48 ho LA INA 50 pL MTT(5 mg/mL in PBS)
W, 37°C KEEIEE 4 h JE/NOWSERE SRR, A
DMSO ¥ i % I Ak 7% 30 min 7670 VAR5 (45 i o i
PR 570 nm P AT OD (B 4 Fl i Y 240 i i & 3
AFA74L, OD (B EUCHAE (A
1.2.8 M /EHm &

¥ pEGFP-N3 23 8 /K fl # 41 Fi ki pEGFP-N3-
NS1 45l 4% 293FT . NIH3T3 M CV-1 4ii§, 24 h
Je R it T Ak S SR 4 B . 6.5 mL DMEM Jill 3.5 mL
70% BEE A, T 4°C BERK . K)E, 500x g
B, ] 7 mL PBS hl 3 mL 2% FBS-
DMEM E4iMfl 1 ¥k, SRJEF A i B T L i (%
20 mg/mL PI % 0.5 mg/mL RNase ¥ PBS i)+ &
37°C 4yt 15 min, I 220 LAY 53 Hr 248 S 49

2 &R

21 BEHERNBIMERFIE
L) pEGFP-N3-NS1 82 FUkL A i 474 NS1 X
K, B HG%E A Z A RIEE VI A9 pCMV-myc ik 3k,
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2% PCR %8 FF A0 e, 2558 5 SCkHiR 8 19 NS1 5
R HIAH—30, NS1 & [K] A B fiE W e JE H Dk 45 2 L
B 1, FEEK/NH 678 bp. ¥ ELLFUR. pCMV-myc-
NS1 2 pCMV-myc %44 A549 4iiJffl J5, Western blotting
SEOLRE, NS (e M P 58] T RB(E 2).

1 2

Bl 1 NSLERHY &
Fig. 1 Amplification of NS1 gene

1 2 3

kD

2 NS1IEHAEHAEMEPHRIE
Fig. 2 Western blotting analysis of the expression of NS1
protein
1: protein marker; 2: pCMV-myc-NS1/A549; 3: pCMV-myc/A549

2.2 NS1 FEZHAE P YR IE #2 a4t

4 JFk. pCMV-myc-NS1 Fll pCMV-myc ¥4 4t
AS549 Y5, PEECAIMLE A, ] pH 4~7.24 cm
JE S5 AT AU ) L IK o R e 2 A 5 T i e £
J&, H ImageMaster 2D Elite3.1 #4470, W
EEFESART 1.8 5098 B SAER NI I
P17 MALDI- TOF %7€ . 4R BN, HHRESH
IRAH L, F Y NS1EER S M an i, A 9fh i RiE
i, 6 FiEEH LA F I, 1Ml Glucose-6-phosphate
1-dehydrogenase #& 1L b8 SR, X e —FpiE
HTENE bR 2% 0 s AT g2 B T2 1 B I
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Table 2 Analysis of the peptide mass fingerprint

Number Name of protein Accession No. Score Queries Nominal Calculated
of spot matched mass pl value
1 GDP dissociation inhibitor 2 Q5SX88 HUMAN 45 4 45590 4.40
3 MHC class I antigen Q6L625 HUMAN 29 2 31726 5.71
4 pre-mRNA splicing factor 154089 67 4 19318 11.64
5 isocitrate dehydrogenase (NAD) S$55282 58 7 39566 6.47
6 TALDOI1 protein Q8WV32_HUMAN 66 7 37385 6.35
7 Triose-phosphate isomerase TPIS HUMAN 98 8 26522 6.51
8 Isocitrate dehydrogenase 1 (NADP+) Q567U4 116 12 46646 6.53
9 Glucose-6-phosphate 1- dehydrogenase Q2VF42 125 14 54789 6.91
10 Glucose-6-phosphate 1- dehydrogenase Q2VF42 125 14 54789 6.91
11 dihydropyrimidinase-related protein 2 JC5317 96 11 62255 5.95
12 t-complex-type molecular chaperone TCP1 S10486 125 15 60306 5.80
13 Beta-succinyl CoA synthetase Q72503 _HUMAN 52 5 43583 5.41
14 lamin C VEHULC 86 14 65096 6.40

*underline indicated down-regulated protein, the others are up-regulated protein

R IR . RS RANE 3 PR, FRicrss FaAThE, i MTT S50 2% 5 2 B 40 it 1 7 ol i AR 18,
S AEAH L RS b R AR AR AL AR R T BRI NS T B 1 aT RES w4 i 1A ) 1 i
FEATER 2, 4R oR, e hmEn R 5 o R TIESSX A AT REME, FRATXS 293FT. NIH3T3
Ko 1 CV-1 415 5% Ye 55 41 ki pEGFP-N3-NS1 Al

T pEGFP-N3, JHTit sCAm M {070 Hr 4 i Jol S ey A . 46
w ik RIS Ry~ KW, G REL YO AN K B Y pEGFP-N3 192
SR R o M, Bede NSU S, 4R K R, ST
. v G2-M #(293FT 1 CV-1 4ilfif) % S HI(NTH3T3 4ilfitg)
¥ 5 b s ).
B3 XE ik E i 51r
Fig. 3 Representative 2-D gel image of A549 cell lysate
A549 cells transfected with pCMV-Myc(left) and 50
pCMV-Myc-NSI(right). 111 indicated proteins varied at least
1.8-fold volume 49
2.3 NS1 7E4H A6 B FRIA 8 48 4 A 15 58 & 48}
XU LUK G5 SRR WY, e NS1 & g M iy 4G & Tl
AR AN o SRy T HE 2 D L T S e A4 L Y 1 B
RANIRAT MTT Sl 45RE0IE 4), 3 o
e pCMV-myc-NS1 JFihiJ5, 545 Y pCMV-myc 14 45 P ‘ P
AR, HEFH g, (HASE AN & .
2.4 NS1 7240 A b BY 525 PR i 40 AR &) #A IE % 11T B4 MTTRBRER
NS1 7EAM AL H 4 235 B AR S B Fig. 4 Cell viability MTT test
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Fig. 5 DNA flow cytometric analysis results of NIH3T3, CV-1 and 293FT cells transfected with pEGFP-NS1

and pEGFP respectively

3 Wi

FEANA I T 7 160, NS1 26 (1 H A W E gl 78
g FE AR AR |, NST 2 1 HA 0 20 B 0 T i 1)
A, MiHAMERIE NS1 &N REA A M - AT
FER IR B NS SRR IR T A/goose/Jilin/hb/
2003(HSN1)FREEME, FRATC A 045 SRR sl F ik
IR EE NS & (18 A RES R i M T

X ] FL Pk & SR v, X2 % B s AT T
grFi. pl HSHEUSEM—B ko, 45 RK2H
TSR SR E SIS E A A . B RE
SIS RRK, #E AT GE EEE R TEEE S
B SR A T A P A5 R R, A B
1R ZH80E 1 S WA . A7 BRI B A I IR 2
A, FH NS JEREAN IRk 8T 4
R & A AR . ARAS DN S 5 4 M 8 T AE DC R B T

SCHRHE NS1 & H B A Pre-mRNA 574 (1)
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hifie, MIRATHISE R B8 NS1 7E78 A p kS
T mRNA BIRBT3:HF Ry KL ETE, 3R E7E
POl e 58 A 2R A R, T8 5 40 i T e A
mRNA iR B 42 K - 4 2 35 1T 4 o 2 AR 18 Y
M. AMEREM S 2 Al Lamin C 25 40ME
BN 2 NEM, A MREMOCE N 2 vhEa S
TS 1 5 RIS SR S TR B, Lamin C 2%
LM, DA EZ Y B, NS 7F
T E M b Rk v BN E N R RTHE, oAl
B SR O B 1 AT B AE v 7 B T o A0 A R e
21 TR 2 s v R FEAE

XU HL Uk 45 SR o, NS1 2B FI7ETE E 40 i
FIR R BEAE T BOME A AR 7 A R SR, dn
Z SR A A e i U F1 = S g Wi AR &
FEAE G A A A THE o ArERRIE IR =R
TR M LACHTE S, 5. 5 e SRR A e &
HE AR R AG PR A, Ry SR Al 1R Ak S 1 B ki
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JE M AT RN S AT RGP 3 SRR
fitf 2 —, TEAEALAE I A 55— AR AL B 2 S g &
VEEBEAE . WSS A & 0 08 D50 7
B — A SCHE N, ST AEAL IR DT RR BTG Ak . MR Rk
I FE RV, NS1 MRBFE T 18 F Mgt
WG S ARG sR . W LUK S R R, S5 M
R IR A 1Y) 6~ M3t T o) 2 W I S Tl AR 2 — 98 TN ) il
Y2 IB A e Az Bl s, R 38 AR R g 1Y R Gk T
R, A SO AL W T I -3 1 TR R SR -6-
BERR 00 & B Tk, DT 3 i b A A QR AR, ik
—BIEH] T NS1 BYKIKREGE I s 1 3 40 M Y RE 1k
R 2 .

PR W T 2 S5 ) Tl i W T i R A2 v — > T MLl
RWE-1, 6- W 10 2L 7 M) — % DI R IR e HAfE AL
VERTT e A iUH e -3-BE R, A" BR AR Sk AN 1% 1
AR, NS1 [0 R ILRENE T SO0 BB IR S A4 il 2%
IRk E RRAR, H P BH B IR S 4 il A b ) S — A>T
D7, LG ) AR AN BB R E SN ) T

MTT Ko 4 A J5 30700 e 25 SR K B, %4 NS1 J5 41
I A, 0 SR SBTREL o [RTERE, A R A
FELE TN, NS1 8 P16 A [ 2 70 240 Ji6d iy 200 e ] 40
AR, XFF 293FT Al CV-1 4 3= ZpH A T
G2-M #(30.25%%1] 47.82%; 10.50%%] 20.49%), 1%}
T NIH3T3 ZH M0 = 2B T S H(30.87%
20.62%), X FEH] NS X1 = 40 A 1452 i ] /e DR 441
KA YA A T B A A ] VR TR AL

AHFFE RIS F W], NS B 4 M BE 7 76 4% 7 )
ST AE 2 4 A 3 G A R B, A 5 T T 40 0 £ Qs
5.
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