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VL5 #5( Influenza viruses), |8 IEADR RER}, 2 FIRNAJ#E, ETREREN, 3)
Y5 e 5 S — e Pk I A e — e, PP E R AT S B8 . NSI (non-structural
protein), f&AR BN BE AR GE A R (Bl I 5 52 B A I P TR A DG B 12 A4 TR A
HAE R S R I B P A R DT, R S G A 1) R s — A OG
MM, 5 p8SBIISH24E R 4l A i NS 152 W A AR [ B IR UL 2.3 8 g/ 2 11
415 B (phosphoinositide 32 kinese/protein kinase B, PI3K/Akt){i5 518 % () 3R, J5 & &
PR LS i Sl —, TR MRAC . A0 RO A A A T T R A
HEAEH

ARV SCIUR ] G5 K6 2 027 5 A ENS 15 p8 SIS H2 45 Ry sk A 44 FH 1) 28 A i
gk, DU RGNS ISP A )2 £ HE FRDRENS TEE 52 M A AR P PIBKY Akt 5 3 186 Tk £
TR, O I A7 ) e U B 4 M A2 ) 2 kil

A ST U P A0 02 HIBE D TR ROR b B i FTHINST (1-73), H5NS1 (1-73),
H5NS1 (74-215), HINSI (74-230), P110 a -abd%& K £ pET28a, pGEX-4T-1&iA344;
18 R R TR R L KR T T LR R (1 S R A ;I8 SR RUZENT . BT AL
s o FHERLBEI AT 55 T Bl B s 5 AR SR B I 2 1 Al 4%
(R WIRES INERLENE 1 CITLVE I 2 TE AR

2, A HINST (74-215), P110 a -abdFlp85piSH2 M IpET28af 4H & 11,
R Fhalith 7, 4k TNSI (74-215) & p85BiSH2, P110 a -abdFlp85BiSH2 M4
F47Y), NS1 (74-215) & p85BiSH2 & P110 a -abd =F H-45Y), FH8HT T 915 ke
KR, N5 5INS1& p85PiSH2 & P110 a -abd =F H WA, 45K
UIEAE
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Abstract

Influenza viruses were named Orthomyxoviridae because of their ability to bind to
mucus and to distinguish them from another family of enveloped negative-stranded RNA
virus. It can infect a wide variety of avain species, humans and several other mammalian
species, including swine and horse. It causes acute resparitory disease even death. NS1,
that is a non-structual protein, plays an important role in the infection, contributing to the
pathogenesis and virulence during infection. All of these functions of NSI rely on its
ability to participate in a multple protein—protein and protein—-RNA interactions. For
example,binding to iISH2 domain of p85p stimulates the PI3K/Akt signaling pathway.

In this research, we work to solve the complex structure of NS1/p85p iSH2 domain
through structure biology methods to clarify the functional mechanism of NS1/ p85p3
iSH2 domain which participates in PI3K/Akt signaling pathway.

In this dissertation,we cloned the genes of NS1 (1-73), NS1 (74-215), P110 a -abd &
p85PBiSH2 into pET28a plasimid and then 6HIS-tagged NS1 (74-215), P110 a -abd &
p85PiSH2 were expressed in E.coli. Recombinant protein was Ni*" affinity column.
Further purification of complex was carried out by Ion Change Chromatography and

Molecular Exclusion Chromatography. Crystals were grown by the sitting vapor

diffusion method.

Key Words: Influenza viruses ; NS1; p85BiSH2
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1.2.1 IESHTEH NSIA

AL B (influenza A virus)FEK A28 817 BLgmtd 25 (1, W AE 4 44 £
I (non-structural protein,NSH )1/ 2 (El1-1) . 15K, NS2(NEP)& [ U 24 kI
FERTRR AP Bl NS1E A KZIN26Kd, & F202-237MaE1%, Wi 24T
AEX (K1-1) : RNAZEAX (RNA-Binding domain)  FIAZ AT 1454 X (effort
domain)™, ZEAN[F] V.24 0 B R A7 AR KNI 22 o A0 R L, NS1A
EAGRTA R, 2 EREE RN, KR, RS TR RS TR
2 [0 SRR R A IR RS, 7RG 40 i 2 bt R R NS TAZR [, HEMI L ] gt
HBEHLA P EPT NSIARAMPUEIES. NS1E A& H2MEEN X,  34A7~38
O Z IR RN 203407 ~ 2300 Z HE IR IR HEAL, Frb i —{5 5 X s BE DR~ HEFUIRY
j Asp-Arg-Leu-Arg-Arg.

M5 gone I =1 = I #U0 nt
nsi mkNA o —— oo

NEP mRNAGH__ A 121 na

g

El1-1 ARIRBIR BENSI S NEPZE K FImRNA
Fig. 1-1  Arrangement of the NSI and nuclear export protein(NEP) mRNAs of the

influenza A virus

TEAARGIRIER E, NSTAR] RELEAERIA PG AN I 1 I RE h s — A GBI
F 0 R BE T R AR R R . R M IR e (E1-2)
FEYAT SR B8 B BUR P A a5 D) AT A BRI, REAE TR 2K P
AN IR 999 55 (10 85 T3 RO T o A 557 10, NSTAZR [ ] i 1 555 #mRNA
(KB PR RS i s O 0, SRPUIE EPURRERE ST AE4E 171, NS Fw] Tl
HilE LA A A R VR AR T DL RS TP E (07 A2 25 07 SR A LRI
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Figl-2 Schematic diagram of the multiple functions of NS1 within infected cells
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Importin-a
RIG-I PKR l Importin-a I
dsRMNA
o0 [p858] [Polymerase?]  |p85B) lcke] | PDZ]
R38, K41 Y89 123-127 P164, P167 212-217 227-230
\ v ¥ Yt
1 NL.S1 73 N',ES 207 NL.S2 230
H N
[RNA-binding domain E Effector domain E D‘?gﬁred
i ) :
1-81 103?105 144-188 223-230
|PABPI | Nucleolin J|E1B-AP5] [CPSF30] CPSF30 PABPII

D
81~113

73-230

Undetermined:  [NXF1] [Raet] [NS1-BP] [NS1-1]| PACT]

1-3 ABUR R EENSLIO A B A4 & 00 e (5 A3
Figl-3 Binding sites of cellular proteins on the domains of the NS1A protein

1.2.2 NS1A By N im g5+

AR BORE R AEL HI R 1 (NSTA) N [T 734N S L R 4 il RN A 45 2 45 1)
I, BeEl K NSTAMdsSRNASS &5 .

El1-4 NS1A (1 - 73) 5dsRNARIE &4+ (5] 8 3D
Figl-4. Model of the NS1A (1 - 73)-dsRNA complex

S TE NS TA-dsSRNAK 59 CEI1-4) , s 2 1 58 BE 8 OB T XWUBERNA
(14 3% i PKR ( Double-stranded RNA-dependent protein kinase)iifift: FINS13E A 5
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AR S DR Gl 9 1k 25 e 4 40 i 5 S0 I A 1 PRR S 17, 6 I DR T
NS 1 7] LURE S b 5 008 RNA(dSRNA) S 5, (7561 PKRSAsSRNAZN 855 a1l
S H B SRNAKHEE 2 A (PKR) 454, MImPHLIE T PKRABEIR L, M
T PRRIFIE P 1 400 1 40 M 5 (1 3k 5 ™, s B (0 R IR0 s [N, P
1M PKRAEH 1 3 AL IRF-TFINF-K Bl B s I TR 3R A pl, NSTER 21 1 406
IFN-a/BHI & il o

Hk, ZgEMRiE 2 5idliE . TNF- o IL6, #1LIR7Hid{A3 (CCL3) , MIP-
a, IL 1 B and IL18%5 4 i 35 5 PRl 75 44 . NS TA N i e 5 2 15 15 52 J e 1) v
201 P AR AN I B0 DR R A e R . v, N 5 AR ABL P XHIRITL 1B and
IL18HR A2 A0, 1117 A AT Jo 7 B e N B 4 il ) if B2, TFN-a/B, TNF-
a L6, MIP- a {25 skl U 85 ASTFNS 1A e A AP, 2550, dm #5156 S g it
VEAIMAE TR, PRI B AL T R A 2RS4

BEAh, AKAENSR SR IR, NSIAMEBE 5/MZRNAL & BB AT mRNA K By Hd 7 o
‘Bl L 45 A B 5 mRNA BY 82 47 ¢ 19 8 % 9 ¥ — U6 /) % RNA(small nuclear
RNA snRNA) 47 & 22 FA 451 1, ATl #]U6 RNA snRNAZ: 5 [ mRNA BY £ T g
WOl LT RENLII A, U6/MZRNARF & 2L IR G5 H A TREIY) AL ¥ dSRNA
(P&, IR HL S NSTARNGG &5 3k 1, 2R S NS 1A(1-73)45 4 16bplfdsRNA
FrBUR R E 4. Wt Rt NSIAZE Z i fE I E A T mNA T £ 5
BRI 45 4 (XU F5U6 snRNA . U2snRNA . U4 snRNAFIHAD 2 (4 90 745 1 45 A
A8 MR L 4 SR I mRNA G 2R3 (0 B A 45 45, BE 4] 7 mRNA
VAR B4, AT S 7 1) 40 0I5 P 1100 % d RV ko

NS 12 [ g5 15 S MDCK A i M HeLadi fB i 12, HIZER 1 IIRNALE & X £ 15
S MPET A T O VE A" ZhimovEEFIRFFURIL, TUERTENS 1A% (41T LA
ARG AN B AN T, NSTAR (R A B T A TENA . b Td et
X B A AR S R S NS 1 DRt 2 S AR A ] 175 3 A RO A FH 1 A R L NS 10
DRI 2K (10 S AR R X -5 BT 3% (LFIN) PR 240 it (L MIDCRC A RIS e 2T 44 40 ) 5 <5 14
T2 Ay RN 7 16T AN BE A BIFN R 41 B (A Vero 4l ), U Y 5 TG B 2. 25 57
NS 18 H Al g 2 WL 0 PKRAMITRF-3 K AW HINF-«BR L, XAENSTHE Hl e i
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“CRTCBIE” RAEL A R Bh R P A A T

BTG s, RAE B0 FENS TAA [F]SE 2 (1 7E B AG dsSRNA 5 5 1% 507
1T BETTAEH AL, AEAEADRITEN B N I L K e AT A7 a2 I 2B s 3 1
1 HANFIE AL NS TATE AR N 1R E A2 A K2 57 o IR S8 72 570 77 S NS 1A N
LRI ) A R B D REAT %, LSRR TPy, X 83T 15 AR (1 AR ST 9T

1.2.3 NS1A B C im&sHais

ARIGURIR B ARSI R 111 (NS1A) Clii EBAFAE: elF4GI, iy YIRS
JI T IR AL 4F 1 DXL 5~ (CPSF) 30kd 1) — A M. 2 CPSF30 Al poly(A) 2 5 I F A% P 1)
poly(A)-45 & E FI(PAB IS & ThREx. (E1-3) o 55 R, NS1A [1IC
Ui £ Rk BT PV PRI — 2R AR . AN AR TAS B T B FI3A a iRiE.  (J&]1-5)

CPSFHAT 21 i 3 i DI EIFN SR IR AL VE R, FEr] S mRNAFTARE k4 &, D)
F_EUF10~30R% 1T IR Z W T AAUAAA T F1, K I 5 40 it 3L A 2 11— 3L [ kAT
mRNAZ> 1 [ R ZAA [NV, PAB T1 I RETE B A A% 5 IR mRNA B 4414 3" 10~ 12
ANAJEINEA, JRREEREM. NSIAMChn 4514918 5 CPSF30, PABIIIN4S#, il T
fi 1 4 mRNA I RZ A o FERTReLE ol . NSTAHE R S 55 8 G 4 T P9 11
CPSF30W L4 75, T4 mRNARR & A P) R0 iiNS1A% (1 5PAB I & A
(Y1454, S M poly(A) I ZE A, i lmRNA 2 J2 L 10~ 124N A FL R 45 M IR I 5 A
T R mRNA LS B AE AN AZ 9 0 IS, 99 45 (90 08 0 P 0108 i A 40 i P i
mRNA ¥ 2 IR IRIE 7 V) N K IEHRAE A & s #EmRNAR 514, BT LAAH iy
EMRNALESN HAZ P KR 245 R 9% BEmRNA I & . HFFEE Y], NSTAZ (7] LN
SR C LG BRI N (R S, AT B T R AR (i Rasl,

MAINSIA HIDO2ERAZARA: (41 i K 5~ HU kXS B W, 1247 RO RAL RES 14 in
NS1A L dsRNALE 7o AN, asp92 e — SRARIAMIGTTHT, %A 2K 54 ] g AR
RBD [ Fa e M2 7 1), A2 H S5 dsRNA S A5 o [RIINE, %07 55 1K A8 A th AT
TNSIARBERA KT, HTNSTA R R A 7K -0 15 5 2 R 1 41 i 46 12 0 6 20
(K7, 17 i R A0 T AR B TR R T ok IR, IR K T i B 2E
I WSRO, NS1A 80-84[) i 2k AEd ITHSN (141 i K+ i ek«
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F1-5 NSIARICHR 1 (31 Scikl)
Fig1-5 Model of the effector domain dimer of NSIA protein

1.3.1  PI3K/AKt {5 5@ BE RO LR

1 W2 UL I 23 4 Wil / 5 4 % 6 B(phosphoinositide 32 kinese/protein kinase B,
PI3K/AKt)fF 5l e A P A5 S Sk 2, TEANMOART . 4 Fi s S0 4
I A B 7 TR T A 222,

PI3K K5 — JRs S MR M AL R IVL VLI (pho sphatidyl inositol,PT)3-v7 F2 HE ik
WA= A2 AT 5 AR A F LR R SR o g, B0d& 1 10 M=K Hop
FMGAE 458 b e R 2E 2 B, 23 0 2 4y - 5 K/ N 110K DR fE AL 3p 110 a /B /
& F73 ¥ N 85KDIIPRS, W REIE i 28K . PRSNVIELEVF 2 U SR AN 2 A I 2
PR U (¥ B i o e ), 0 PIBKGRS A kI F

1.3.2  PISK/AKt 55 EREHIHE

PI3K/AKCIE B 110 L 46 T 52 A S 2 R VU, a9 5 P AR A IR 7 4 R A Y
FIC AR (R R A SR SR AR ) 5 IR A, 2 B8 HE (L B0 B PIBK I % ML BE AT N IR 2 3%
A7 SH2E5 K0 43 1R R A R A8 P 3400 5 (0 L b, 52 AR s e R G (1035 1, A
P110AIPSS 5 A A B 5 A A 4 A8 PSS I A FH At B PIBK A LAV A o ITTPI3K ) {4
Wr=yy: 3,4- IR G I LRERI3,4,5- — IR ER OIS, VR N4l — 2 E 2
S A A8 031 5 IR Pl TR JULEE DR P R 1 (PDK) R AR 1 B (PK B/ Akt [
pHES MR ZE & A FL A P T MU PR, 5 & ik — PR AL )5 Akt Akt/EPI3KAR 5%
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