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Screening of proteins interacting with avian influenza virus
Nucleoprotein by yeast two-hybrid system in human brain
cDNA library
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Abstract: Avian influenza virus Nucleoprotein (NP) is important in viral transcription, replication and determining host
specificity of influenza virus. Yeast two-hybrid technique was applied to screen for proteins interacting with virus nucleoprotein, so
as to further elucidate the interaction between virus nucleoprotein and cellular proteins, as well as the interaction between virus and
host. To explore new proteins interacted with NP protein, a human brain cDNA library was screened using yeast two-hybrid system
with NP as the bait. DNA inserts of the positive AD/library plasmids were sequenced. By the BLAST analysis against the GenBank
databases seven positive clones resulted in seven genes. Our results could help for the further study on the molecular mechanism of

virus replication, transcription and protein-protein interaction. Further investigations were needed to characterize these interactions.
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BN (Avian influenza virus, AIV) J& A B3 E0%
B, FEGIEGRLUTRRGERNN . mETEDR
SR LT R AR S Y, R 4G
TR 5 SRR ATV R AL B
55 RNA, & K/ANARR R 8 A7 i RNA R Bz,
MR R R 1 (Nucleoprotein, NP) 23k 7 4L F 1
FEEEMEA, R S B NP EEH g, %
Bt 1565 MR, b 498 MNEIEER, T H
4 56 kDa, pH 6.5 W7y IEHLfaf o X AN TR g 340 15
PR EERRHEA T 0 BT 3R WY, BB R AR S ST, &
FemR 2 AT 1%,

WAL AR B, BWERE NP
FEIG T I R W b o R . 7RISR Y RNA
A S AR, NP X9 85 DI SRt U 48 1l A2 ] 462
HAEEMWER . AP AR SME SR LR HuE i
B2 AL TR NP, R EE R AN B G i ) & il 155 U
P, R EE NP B R 1L A 3 5 0% 2 1 3 7
RE ST, X FP BRI 1 R Ak sE i, T
()1 B R L RE AR, MAAT 52 I T 38 o 7k
P ERLEY, NP 55574 RNA KRR A
) 3 IR, PB1, PB2. PA #i%E, 25 RNA ¥
SRS S, 76 S5 T UK. RNA 1 Bt BAE P 7S
MW, R E A Z AR (RNP), S0 aE
sk . B, BT L2 TRE . NP & SR &R
HaE MMz Zd ks, XN AHRT NP 454
RNAP, i AIV A& il 75 2 NP 5 RNA &54 .

NP ABAEAN I S5 MR ) 2808, Bl L 540
ffL 2 K W LB & A BAE X & TR A A 5
HAE AR B CE AN KIS A A ELR
YER,

NP 2 AN AE U800 75 1 5 ) Sk T i
HEMEH, BRRIERENE ERSEN—
FHEMA . BAEXT NP AW 5 RNA 454, NP
5 15 40 P IR B 1 BT A A AR EAE T L S
BES51E EWAHE R HZ H

PP BE A2 32 72 Gt S it 50 2 1 0 B AR A AR
RO RE R —FloB H AR, B2 N T A YR
i 2407 ERE Y 3815 BE T I 5 B A 1 0 15 58
1o & AT DU AR 1 A 1A A B A AR
i W U2 58 R G M cDNA SO Hifik 5 2
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1.1 EM. RAEXE

KIGFFE E. coli DHSo WA ERTF . BELEHRE
AH109 F1 Y187, iE{HF R pGBKT7. pGADT7 LA K
A Ji cDNA SCEW H Clontech 23 7 .

12 HEFRNHMWESEE

P8 PR NP L 50 BT A 514
PL pcDNA3.1-NP® (Hy A= 52 56 % J8 21 9% il 22 3% )
AR, PCR §7# NP BN AK, 2504 LigfF
W51 ESIA EcoR 1 K Sal 1 I A5, PCR 774y
aifb 54 EcoR 1 M Sal 1 V), RIS 5 & AR &
PERGYI RS i pGBKT7 #ifkise 8z, g & 41 ok
pGBKT7-NP, FUISES, P4,

1.3 FHFRNEELESE AH109

W4 Jfoki pGBKT7-NP % & 1F #f J7 , % IR
Clontech /A 7] Yeast transformation system #{EF-Ji},
% H PEG/LIAC J5 LG AL BEEETH AH109 (ic M
AH109 (pGBKT7-NP)), ¥ AL =¥¥x T SD/-Trp ¥4,
BAERKRRERE ., B 2~3 mm WEEZEMT
SD/-Trp WA T A, R IEFR .

1.4 Ll pGBKT7-NP JAiFEiEfHiEIEE AR cDNA
M E
1.4.1 NP ZE[THIZ IR 525 H 7 52 5%

Sy 9K ki pGBKT7 LA K2 pGBKT7-NP Al
pGADT7 (3:#54k) Ak AH109 FEREE , F e 134 [F)
AH109 (pGBKT7-NP) [ 73 54 ~F-Hie 3% 77 i pk ik
HAEZ) 3 mm WHETE, 7348 T 500 uL 2x YPDA
WKL, B35 20 h )5, Bk 10 15, KRS
1 3 FEW LA 100 pL/F#4 3 53903 T SD/-Trp .
SD/-Leu, SD/-Trp/-Leu Fll SD/-Trp/-Leu/-His/-Ade
Me, WERENIFER A b iR AR .

1.4.2  AMW cDNA X/FEH)

PEH — H A4 2~3 mm ., 4 KREREFH
AH109(pGBKT7-NP) B # ## T 20 mL SD/-Trp i
B FRIE, 30°C . 270 t/min FRFE 10~20 h, 3 ODggo



TSRS F BB IR AE R GETE A cDNA SCHE F i vk 5 & i B #% E AAR BEAE FH RS 3 A R 1039

58 0.2 J5, W ULrE w53 T & 45 mL SD/-Trp
WAR B IR 19 500 mL #EJE ), 30°C . 270 r/min
PR¥% 8 h, WM ODg (N 0.8, B0 4~5 mL
SD/-Trp WAKE: F2 EoW FIRDTIE T B, 5 1 mL %1
NN SCHE Y Y187 M BE T AL [/] B2 T 50 mL 2x
YPDA/Kan WK F 3, 7 2 L #EIEH 30°C .
30~40 r/min JRPES T 20 h, BIE B HEWE
FERTE BB, WA 2] =k Bk A A5k 4n i,
ARELIESE 4 ho KEERYE L, EET 10 mL 0.5%
YPDA KiF%, B 100 pL F FHEARCRAKM ,
TR AE 200 pL/~F-Hr 43 T SD/-Trp/-Leu/-
His/-Ade “F-#it, 30°CHEI'EHFR, HEREHN,
143 ZZEGRCFERN

n ERTA, 1.4.2 g A R B R BRI
100 uL #1210, 1:100, 1:1000, 1:10 000 Fs
B, MBS EAM B 100 pL/~FA 40 Uk T
SD/-Trp. SD/-Leu Hl SD/-Trp/-Leu ¥4, ¥idemit
5. SD/-Trp F1 SD/-Leu ~V-# 2 H T #& B0 1 P-4
FR TR 7% SR LA & SD/-Trp/-Leu F-Hi | (18 7% %L
1.5 {BRFA4EMERSEESHIR
V5.1 JEREITRINT

¥ 1.4.2 S EIRY FEPE SO R T SD/-Trp/-
Leu/-His/-Ade WK IR, S-SR, AL KA
W DHS5a, $ALr=90i% T LB/Amp AL, PhED 48 5;
Fi 5 AR Sl AL Bk
1.5.2  MFEZE FIHT H 35 5

W b — LRI BN P SRR 5 pGBKT7 i
K LA RE B AHL09, SRS HEEEE R 2~3 mm
MO T5 R T 500 pL 2x YPDA MKRE 3L, K53t
20 hj5, Tk 10 £, MBS MBEIMLEL 100 L/ PR
4 W Uk A3 SD/-Trp . SD/-Leu . SD/-Trp/-Leu Al
SD/-Trp/-Lew/-His/-Ade “F-H, WEEA KT -
153 [HEFZ

W 1.5.2 BEIRAR A BG5S EA R
pGBKT7-NP kit {LBELE R AH109, 54k
T SD/-Trp/-Leu/-His/-Ade/X-Gal -4, AEedK
1 v R A S AR BE M HE R T A (B TRT V1
BRI 5B

1.6 EREFFIRIMNESHH

I e 45 2 1 SC P BH M e R ok 2 A7 R A 0 g
Je, KPR IR FFI4E NCBI Mk b (http:/www.
ncbi.nlm.nih.gov) #£47 BLAST 434

2 HR

2.1 FERHAL pGBKT7-NP I

FA TR pGBKT7-NP LRV 7% 5 . &%
RFWIHAR NP B T3 Beddi AT 1) 56 42 1E A
B D) S 25 R LI 1,

bp

7 500
5000
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1 000

1 pGBKT7-NP EARNEEIETELE

Fig. 1 Electrophoresis identification of pGBKT7-NP
recombinant plasmids by restriction endonuclease digestion. 1:
DNA marker; 2: pGBKT7-NP vector digested by EcoR I and
Sal 1.

2.2 A% cDNA XEiFi%
2.2.1 NP ZZFIX 15 E L& AL H %

B RN A kA pGBKT7 FURLAY AH109
W75 F AH109 (pGBKT7-NP) B &/ 97 3 mL
YPDA WARIEFRHS I FRIG . Aoo 73910 1.20 Fl
1.24, FH] NP 2 X EERE DA A B0, AN e Bk
WIFH £ K . pGBKT7-NP Fl pGADT7 ik tti% 4k,
) AH109 FE#RAE SD/-Trp Al SD/-Trp/-Leu “F-Hx GE %
AR HBEEE AW, i SD/-Trp/-Leu/-His/-Ade
MaAREAE K, B NP 2 FARAEAE A B0 2500 .
222 RS

K3t 20h e, AR E WA RS E] T R
ARG ARANN, i REE & 55 52 L
223 EAAFE

SD/-Leu F-H (1 : 10 000 Fis ) HE75ECH 871,
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SD/-Trp/-Leu “EAR (1 : 1000 Fike) HiEECH 28 1,
PEERE T (28%x10Y87x10°)x100%=3.2% , 543
JE i i B K
2.3 {RFETMERYHERR

1t SD/-Trp/-Leu/-His/-Ade F-#_F 3 HkE 233 4>
vilE, N RBFFE DHSa ¥ 3314 LB/Amp ffiik
RAGSCEEFURLIG , H3X ok BRI pGBKT7 Hh4%
1 AH109 TE #f AAS I 3 26 BH 1 s B 1) I, 465
AL PATE SD/-Trp/-Leu VAR FREAE A= & H E V5 2
o, , M fE SD/-Trp/-Leu/-His/-Ade M ASEAE K,
X e B8 28 LN AAAE B0 800

W% Bk ki 5 pGBKT7-NP 3444k AH109
WEREHEAT I 52 25, R ALTHEAR 2 7 b 5 i B4
sifE (K 2).
24 EREFIINES S

Ve 0 e 45 2 Y B s BN Y 5 3£ 4T BLAST 43
M, WAUEN 7S NP HEAEMNESD (£ 1),
X7 FEAN N E A ER N-P R 1

W A%
(Clathrin) , JB& 35 i 2 Bk 0 J2 55 #4) i Pinl (Protein
interaction with NIMA1), %¥#5% H 668 (Zinc finger
protein 668), HIF & IHLEKT-1, MEMHXEH
MAPIA (Microtubule-associated protein 1A) M4
ML HE H MAPIB (Microtubule-associated protein
1B). H G ER N-H IR 1 AH R e fe
W5 W, WA AHSCE 1 MAPIB AH IR se b B 3 0K,
HAREEA 1150k,

Y. a8 %

(Protein arginine methyltransferase 1),

% @

El2 X-Gal BEREER
Fig.2 X-Gal filter assay analysis result.

%1 BLAST#H}
Table 1 Result of BLAST
AD/library plasmid No. GenBank Accession No. Name of sequence Homologous region Identity (%)
Homo sapiens protein arginine B
! NM_198318 methyltransferase 1 (PRMT1) 21-964 2
2 NM_001076677 Homo sapiens clathrin 255-1179 99
3 NM 006221 Homo sapiens peptidylprolyl cis/trans 1-928 98
- isomerase
Homo sapiens zinc finger protein 668 _
4 NM_024706 (ZNF668) 1 806-2 649 98
5 NM_080732 Hypoxia inducible factor-1 297-1 351 95
Homo sapiens B
6 NM_002373 microtubule-associated proteinl A 7918-8 970 28
7 NM_005909 Homo sapiens 6 742-7 905 97

microtubule-associated protein 1B

3 ik

3 3t P B A2 A8 B ) A9 5 L AR P A A
A A, IR UM G, D e AH By
) 2 5 5 s R B R, X AT RUIER N 4 Fh
YIS Sy T LA BRAR , DL SO VR FE AL Y
T, ABFFELL pGBKT7-NP Bk iR, B
FHERE R AE 1Y 17 0 2 A il cDNA S, 1585
EHUEYRETEE NP MIEAER 7 MEAR, JRTERREA
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JL PRI e T BT AH EAER .

FEX eS| B LA AR A B, R AR &R N-H
SR | A TR, RN T A
¥, A F 2 EEAAEERT, WS 555
. RNA T, Bizkii . DNA &R 45 ff5 5 5%
SO, BEISER I 668 SEESEASE, TILIGEPETE A,
GRS AR AE AL, R B R R D A SRR AR L 4
Mok . WEIG & B S A el R b R R EEAE ] . HIF
BRI R -1 R — Bl SR, X 40 1 e A



FHICAREE ) PR R SR 38 R GEAE B cDNA 3L i 1 5 8 It s 7 A 2R UM ELVE T 9 2R 1 5 1041

FEMEM . BB JLFPE Al 5 5 s B A ey
FIBT, X475 1 NP s fil ik #E bl ge Ay — &
MYER

JUR IR il 20 M B2 S A4 1 Pinl 76 22 i v i 3
ik, JEZABEURE T I 0 SN o, AR
MHEAL Z MBS~ RO, R& 51
MuBe AL FN3E T 45 . Pinl REAR PR HOAE AL AR fL IS
() R/ 2 2 T - il 2 T T W S () o e, DA T e R e R £
EHBRAS, ZwEARNYAETRE, . HH
AT M . BERRIIROL . - AR, ANt
SENRE F R e AR Pinl J& HATBERR LS I
W HLRIBR T B — IR TEE B 10T A B IR R Y
NP DI RIEAAAE , BRI X1 NP 7] LIRS A#%
W, D5 — Tl — BB TR 40 BT oy i AR B R AR
NP (R AL AN G FANMA AR SC AR, 1 NP BERR
b5 BB A P BES Pinl AHOK

RIk% 1 Clathrin 2R E 25 FPAS [R] 932 d Al
G VE L R AR I AT DA, BAE
20 At N dz ok R b T A AR 22 4R AT BR i B
Ko WIAR FR PR PT A ELAZ AL (NEERERIN) iz
Wiz 3 TR, B B 20 S N A A S
MBI REN ) A SRR RS B 1A 41
T AR R A R AR

WAE LG (Microtubule-associated proteins,
MAPs) TE4IMIN 5 UE R w4 &, 2 S5 EE s
(] 43775 2 UIAE G I 27 4R 28 11 i SR, MAPIA Fi
MAPIB J& T MAPs Z 5, MAPs X (i 14 1) A ke i
BIVE . A i R O A A i R & A LA
Lys-Lys-Glu-X X #1952 & IERIT 51 o X L6 1 BE
ORI T U R E R T, DL R G AR AR
JE o NP Al L5 40 i 2 Ik AH EAEHT, MAPIA Al
MAPIB 5 NP WARE AR 2t — s T —AFH .
X R L 45 A AR 1 5 AR 45 A ] SR M R
— 2 3 Aok T L AR OB 8 L R SR TIE S5 T A A
UESE
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