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[HWE] By WERFEIESHWEN (nonstructural protein 1, NS1) M| T3 & 55 K F (inter-
feron regulatory factors, IRF) 3 fJHLHAH], TANK %54 % B 1 (TANK-binding kinase 1, TBK-1) BE{# IRF-3
&AL, BEFE NSI &S TBK-1 HMEIfEA . Ak W5 FE IRF-3.NS1 Al TBK-1 & peDNA3. 1-flag Hy§#
flag-TRF-3, flag-NS1 #1 flag-TBK-1 Fbi ; |l TBK-1 % TBK-1 + NS1 DA ) IRF-3 + TBK-1 %t IRF-3 + TBK-1 +
NS1 BYEH L, 7 R He i Yo ABRRR 'S b 5 293 40, FAHL flag STAEAE Western blot 23477, % 5 TRF-3. NS1
1 TBK-1 335, SR NS1 % TBK-1 & 4& IRF-3 B30I 46 1 ; 500 RESZh BE S A7 A i LM NS1 ¢ TBK-
12T E BUFN-8) F1 30 F-pGL-2B SN R BTG A, R IRF-3.NS1 1 TBK-1 44 H &
iAo TBK-1 BEf# IRF-3 &4k, Western blot M7 ./~ : TBK-1 %% 43 1 41 H: BT RS 46008 4 TRF-3 [ ALV 5,
NS1 Fee Y nl {# IRF-3 [1A0 IV AU JLF 35 255 9% E M Th 8B4 07 7R, NS1 BEIW ) TBK-1 75 b N At
TRF-3 Aivifs S 6 TFN-B )3 b F 164, 49 9 30 BREH Y 1/4, TBK-1 + TRF-3 L5 el TFN-B )5 3h 715 P
T 1000 £, NSt Wl TBK-1 VEfL MG IRF-3 AR B 89 IIN-B B 3 PAOTEMR EM 4N L 12 &
173, it FRBHE NS1 T4 H) TBK-1 BT IRF-3 1546, ShAE 0T 24t T NS1 B34 TBK-1 5%
49 TFN-B Ja 30 FIEHE R UESE , & R B A T SRR 35 NS1 M) IRF-3 B Wi M TH8% 8 et ssli = —
R TBK-1 5@ M ETHAS , ¥ BT TR TT R R MRS SRt T 2Rt

[ XA ] THEMHETF 30RF-3); TANK L5848 388 1(TBK-1) ; IELEHFE I 1(NS1)
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[ Abstract ] Objective To explore whether NSI is able to inhibit the activity of TBK-1. Methods IRF-
3, NSI and TBK-1 were subcloned into pcDNA3. 1-flag respectively. TBK-1 vs TBK-1 + NSI were transfected into
HEK 293 cells. Cell extracts were analysed by Western blot and then probed with menoclonal flag antibody . Lucif-
erase assay was carried out by co-transfection of reporter plasmid, interferon-3 promoter-pGL-2B, with two groups
of cDNA expression plasmids: TBK-1 vs TBK-1 + NS1; and IRF-3 + TBK-1 vs IRF-3 + TBK-1 + NS1. Cells were
collected and assayed for luciferase activity 24 hours after wansfection. As positive control, cells were transfected
with or without NS1 and then infected with Sendai virus for & hours after 16 hours’ transfection. Results [RF-3,
NS1 and TBK-1 were strongly expressed. TBK-1 can activate IRF-3, NS1 inhibited the luciferase activity of IFN-3
promoter. TBK-1 and IRF-3 co-transfection induced a 1000-fold stimulation of IFN-§ promoter. NSI induced a 1/2
to near 1/3 inhibition of luciferase activity of JF'N-3 promoter compared with control. Conclusion Influenza NS1
protein can inhibit the phosphorylation of TRF-3 activated by TBK-1. Functional analysis provides evidence that
NS1 can significantly inhibit the luciferase activity of IFN-B promoter induced by TBK-1. The results have impor-
tant impact on antiviral therapeutic strategy and phammaceutical development.,

[ Key words ] Interferon regulatory factor 3(IRF-3) ; TANK-binding kinase 1(TBK-1) ; Nonstructural pro-
tein 1(NS1)
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IR A TAT , BT LAY I B B 4> F 45
5 NKB R GAHEAE PR AR E AR, ¥
RINRE A — ke RNA A, %8 8 P RNA R
BMETARSFEAIHES 0 U1 HES,F8 A
B Rl g —MiE B, R NIES M E R 1 (nonstructural
proteinl, NS1),NS1 & H#EL L NHLE N H 5 EH
TUPT B T, iX B AL #4045 7 ] PKR ¥ B, 38 i
1k NF-xB #1T4£ K # 45 H F (interferon regulatory fac-
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tors, TRF)3 BT IE TiRELIT T40 % B =™, —#
%% PR8 W2 (P A= BRI ER 8 A) BB IRF-3
BIE & IRF-3 frifs 5 /9 IFN-8 mRNA 774, T Bk
22 NS1 i deINS1 R R B EH X LE/EM. NS1 5
H5N1 Fi B 5t T R M Ms IR e E F o M2
FHX@ | SRTA NS1 %] IRF-3 BIE AOHLH] 4 AR B .
EoF IkB 3% (1B kinase, IKK) &8 M F
B Z B P RV BT O TE LIS 2 Bt RS
B KIER IKK A8 3G H TBK-1 1 IKKe S0 B 8
B B R 43, BT B BR fL AT ¥E {6 IRF-3 A1 IRF-7,
TNF 3% & 4 5 [H ¥ (TNF receptor associated factor,
TRAF) ZX % A A 56 B NF-«B 375 57 ( TRAF fami-
ly member associated NF-kB activator, TANK) %5 & ¥ B
1(TBK-1),£5 IKKe ¥ 8 K BLHY IKK 51, BE 52 K
BUE A BRER AL LeBa 1 36 1 2 BER T A 32 L4 H
B2, TBK-1 fERALLIHh ] {44, T IKKe 24
AWM E AL, |1 TBK-1 7375 IRF-3, i NS1 f
Ml RF-3 R30S , 22058 i B # K NS1 B2 AdE T
M| TBK-1 X —15S-3E Bk IRF-3 BIBE -

A E

FRHI#38 : TBK-1 cDNA 4 H Origene 23], F4E
PCREIMR, B RHEH S ¥R L5 5-GCGGC-
CGCGATGCAGAGCACTTCTAATCATC-3', F #5144 5'-
TCTAGAGCTAAAGACAGTCAACGTTGC-3', IRF-3 #
NS1 # PCR 75 B 3CHR(3,7),NS1 B PCR Btk
HEF A B IR B # A/PRS A5 E, U TS IRF-3.NSI
A1 TBK-1 PCR 7= #) & pcDNA3. 1-flag ¥ flag-IRF-3.
flag-NS1 A flag-TBK-1 Jfiki,

YRR SE . AERA'S (HEK)293 40 i A1 i 155
FEW (Gibeo-BRL A ) H 10% B4 4 111 .2 mmol/L 25
B 100 U/ml FEEM 100 U/ml #EEE B

HLMBEREEDH: £ 4% 60% ~ 80%
HEK293 i ff 0 12 FLIZFREAR H FIBSBR S SR UT I ik
PATR Y, Rl T A B I RE At R4S ko
IFN-8-PGL-3 iR&EF(H A BFE N KM, LM EF)
1 pRLTK 1% & F (Renilla-3¢ 1. % BF, X B R &
T),8fLA 10 ng pRLTK #%F, 50 ng IFN-B-PGL-3
W& F5 0.1 pg Fik TR pcDNA3. 1-flag-TBK-1 Fi/
5% 0.1 pg pcDNA3. 1-flag-TRF-3 /8K 0.5 pg.1.5 ug
B 2.0 ug pcDNA3. 1-flag-NS1 Fha58e & U4 5 24 hl
SEUIAE , RB R4 EA 2 ®y e ORI NSt X
TBK-1 {EAL TR IRF-3 RS TIRE s A+
T : TBK-1 1 TBK-1 + NS1; Q% ¥ NS1 X} TBK-1 3%

fLANEE IRF-3 BT SR TR E g B sh TG £ IRF-
3+ TBK-1 1 IRF-3 + TBK-1 + NSI, ¥4 4% pcDNA 3.1-
flag 8 0.5 pg,1.5 pg pcDNA3. 1-flag-NS1 5 16 h, /&
Yy Sendai JH B (SV, MY 7 25 HAU/10°)8 h, R )5
W%gﬂiﬂﬂ,ﬁ%ﬁﬁlﬁim%ﬁﬁ((l)mmega/&a)HJ—Z{
VLB M43 47 . AR 48 75 22 7T A pcDNA3. 1-flag %b
FEEFEY A B DNA 4EFF—B, #arFHRABAT
Western blot X F FHHEK A

Western blot 43 #7: AiE 5C pcDNA3. 1-flag-TBK-
1, pcDNA3. 1-flag-IRF-3 LA 52 pcDNA3. 1-flag-NS1
Tk, FHFR AR S M ERY 20 pg EAETH
10% Py 3% A T B BO9E B2 48 SDS-PAGE, 8 iH AR £1- 4t
FEE( Amersham 7y &) ) ¥ # AR B f5, A 1:3000 $i8
flag BLSTREDT K M2(Sigma /0 F)) M E 1 h, PBS
YEME, 10 min x 4,4RJ5 5 1:2500 L 470/ Rt
TR B, B 058 i 46 24 & O (ECL) Tl %€ &R 4t
( Amersham 23 6] ) ¥ 1 B BR DG LI

5 R

1. NS1 X EEQ (LAY IRF-3IFA NV B BI/EH : IRF-
3.NS1 # TBK-1 ¥ H ik, TBK-1 BEff IRF-3 i
16, Z B4 A T flag B Western blot 4387, &/~ H
TBK-1 ¥4 3% &) 40 ffd  BLE #5048 i B BR 1k IRF-3 Il
AV A, NS1 b denl i IRF-3 [ A0 IV BJL Pl &
(B 1),

1 2 M(X 10%)

> 91 (TBK-1)
=IV 54 (IRF-3)
it
=1
-1

B 1 NS1X$ TBK-1 Frif SRRUBELML IRF-3 AV AR
€R

Fig 1. The effect of NS1 to phosphorylation form I and
N of IRF-3 resolved by SDS-PAGE in cells transfected with
TBK-1 in Western blot analysis by a-flag

1: IRF-3 + TBK-1 + NSL; 2: IRF-3 + TBK-1

2. NS1 *f TBK-1 F{ N iR 1% IRF-3 FFif S/
TFIRE P B FRAEEBIIED . WHE 2 iR,
NS1 g TBK-1 WAL AW IRF-3 FFiES R T
E BRI FIEM, Y AXT LR 1/4,NS1 X SV Frifs

26 (NS1)
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The mnhibitory effects of NS1 to IFN- B promoter
function activated by TBK- |

2 NS1xf TBK-1 &L iEHE IRF-3 R SR FIREK
BRI FRAERBAOIGED T

Fig 2. The functional luciferase activity analysis of inhibi-
tion of NS1 to IFN-f promoter, which was induced by endoge-
nous IRF-3 activated by TBK-1

1: Vector; 2: SV; 3: SV +0.5 ug NSI; 4: SV + 1.5 ug NSI; 5:
TBK-1; 6: TBK-1+0.5 pg NS1; 7: TBK-1+1.5 pg NS1; 8. TBK-1+
2.0 pg NSI

3. NS1 3} TBK-1 F 4 5h Rt IRF-3 BT iS4
THREP BRI TRAREBmIIGE S H7: TBK-1 + IRF-3
FLEE YAl i IFN-B /3 3015 P34 & 38 1000 i, NS1
AR TBK-1 WELAMNEYE IRF-3 A S TR K
BIAZH FIRHERE =X A MLy 12 8 1/3,NS1 #Yi%
YEFIBE NS1 R LR i s, 2 7 & 5500 %
(B 3),
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The inhibitory effects of NS1 to IFN- B promoter
function activated by TBK-1+]RF-3
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B3 NS1X¥ TBK-1 54 ¥R SMNEY IRF-3 BT 5S4
FHE B B FRAERRINBES B

Fig 3. The functional luciferase activity analysis of inhibi-
tion of NS1 to IFN-P promoter, which was induced by trans
fected extrinsic IRF-3 activated by TBK-1

1: Vector; 2: TBK-1+ IRF-3; 3: TBK-1 + IRF-3+ 0.5 pg NSI; 4:
TBK-1+ IRF-3+ 1.5 ug NS1; TBK-1+ IRF-3 + 2.0 pg NS1

Wit
WA E L BE TR R AR #E ™ 4

Bk SR B 7, 1R RO 25 38 o 1R IRF-3 53X o 4
Mid B BA M AT HE SRS, IRF-3
AR MR TAREK T, e RS R
I B UG 1L B Bl ( virus-activated kinase, VAK){# IRF-
3 C-E 2 BRI BRI RF-3 K4
PRI BOAR F DR, WU Y IRF-3 %izﬁéﬁlﬂ@,%ﬁﬁ’ﬁ
S5HEERBFRETRE BRI FEEY, TBK-1
I TKKe J29% B 3OS SO0 R4, IRF-3 FER 3 K
9# Yo B S I N P I B T A R AT BT A

RO ZR TR E o M B RN A R
IZH%

Yo B 3 A AR S B BT AL TR AR i B Rl
Hili IRF-3 MBS, Foy 212 (B 55 B , 74 B BT
R NS3/4A 22 & BR & B FH KT IRF-3 (K18 B 1L A1 5%
TV PRI (s SRR 3 - 5, FRAE S o 00 1) 790 199 7 i 4T 1
NS3/4A B B ] {32 BEL T /F AU B T AR & IRF-3 1)
BEBR{L , T NS3/4A BB KR T —F A XNEME
FEITEE, MR ERE AT HEREE S, NIk E
IRF3 RN R R R AER, WEAKRSE AR
NS1 ZE Fth o] 9| IRF-3 BBl REH — % i
AR R RE IR I = A ) TUB RNA RE 1S IRF-3, T
NS1 8 58 55 7 BB B 7= 4 M XU RNA M5 &, (5
T NS1 53U RNA 324 M4 IRF-3 B85S, (5
PR AR ERES WA R — e,

1 F TBK-1 BEBEERAL T 151k IRF-3° A1 5
SRERATF NS1 B eI fE A1 T TBK-1 M| IRF-37
AP E M TBK-1 X —3# 3§ 548 NS1 1 1RF-3
WEALRIPLH , &5 RAESE T NS1 AT /i TBK-1 B 3% i
IRF3 W TE 4L, THEE A Hr 82 44t 7 NS1 0 2 3% # 3h
TBK-1 FriE i TN E B Bah FIHHEMIEH, Bk
B HE T P #E NS1 Mk IRF-3 Nk T4 & 8
FEAE FIPLH 2 — st TBK-1 (S-S @R TS, M
T NS1 M TBK-1 G4 RN IRF-3 AT S 1 T3
R BB AL X BAR 1/4,NS1 XF SV A iF
SR TIME BB FIEENMEERAEHE, 4%
XTHRAA A 1/8, R THER NS1 @it #H) TBK-1 X —18
I8 B AT BB NS1 Mk IRF-3 24 A B — 3843, NS1
55 SV B g i 5 A B XUB RNA AR &5 & T 0 il
IRF-3 HIHLH B BE IR B A4 o

NS1 {# TBK-1 3 4L 4MIEHE IRF-3 FRiFSF#0 T 48
R BRI FIEETRIEEENIEYE IRF-3 FHES K
TIE B Rsh At TR, B gUX Bl 2 1Y
JRR AT E 24 NS1 %t TBK-1 B30 1 J6 B A FE F, T
TBK-1 X} IRF-3 B/E FI#IAIA , B {20 & /9 TBK-1 2
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