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Identification of the Interaction of Avian Influenza Virus PA-N182
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Abstract: Host fators are widely involved in transcription,duplication and translation of influenza
virus genome,and host factors are reruired for the infection of influenza virus. PA-N182 is a re-
cently identified trunctated form of influenza PA gene,and little is known about its host interac-
tion factors. COPD(coatomer protein complex, subunit delta) , with the function of translocation of
newly translated peptides from endoplasmic reticulum to Golgi apparatus,has an essential role in
duplication of influenza virus and its knock down results in decrease of virus titer. We co-trans-
fected PA-N182 and COPD expression vectors into chicken DF1 cells and found that PA-N182 in-
teracted with COPD by the method of immunoprecipitation and Western blot. Our results reveal
that COPD might affect the infection of influenza virus through ineracting with PA-N182 and
translating it from endoplasmic reticulum to Golgi apparatus.

Key words: chicken;avian influenza virus; PA-N182; COPD; protein interaction; immunoprecipita-

tion
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R IR HE HA (hemagglutinin) \ NA (neuramin- protein) . NP (nucleoprotein) . M1 ( matrix protein
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1) F1 NS1 (non-structure protein 1) %% 8 NH: A F
Bt b A R IR T G A o L G A 1) R T 4 B
VI B i J5 i 22 o 17 FPEE i . PA R PBL,
PB2 & 418 H T RNA 1) RNA BAHEFE A1k,
S 5RBIRENEH . PAH A EEE N R
EME N VIS P RNA I T 25/ 454 X8 3h 745
FEYIRETY . BAEME AR A 140 /) mRNA
Jei  PA R 1k ¥ A R Y0 S D) e 32 R
mRNA, T A & RNA B4 85 . IS 6 #4947
G BIPEE B AD 5E A8 , PA KL K R 4 A PA R 1A Ab
W i i PA-X, PA-N155 FI PA-N182 = #h & 1 i,
PA-N182 J& M PA JL[H (45 182 i 1 R (45 13 4>
AUG) B BIPERE H B ). kXt 11 000 4 bk
LI BE BE IR W 7 51 43 A7 2 B 99. 306 11 I JE s B
MRAR A PA-N182 [ Bl 1R IR Ir s 22 1 AUG %515
T AEA PA-N182 B UG T A7 AUG {3 8 1) it Jk
W TR 2 N B IR R HONZ Fkk .

BN A BB A Z RGeS B £
Ja A B AE A MR e AT S L AR B 1 4
B E NS A A T AR ELAE T X LA
AR AR T U o 1 0 R e B AL 3 AR R
HEMAMEM . W PBL A PB2 2 E A 41 g
F1 i) PP6 %5 [ (protein phosphatase 6) 4 B {Z1/EH .
PP6 2 119 R IR 3 S50k 40 A 1] 200 i 5 A o1 1 5 75
W A% B i D e 1 A DR 2% L A R RE R
iK', TRIM22 3 [ & 3 &% & 9 bt M 2 A,
TRIM22 5} i /8% 5 149 Bt o 2 3 2o 19 B & NP
EEMEAESZ A, TRIM22 {2 fff NP HH EAZ
FALI I 8 AR AR BN R ) NP
T FE e R AR WA T . PA-NIS2 J& 2013 4F
BRBL PA LR 8 B3 30, R T PA R
FIAY N o, PA-N182 78 X8 21 M Py A WF £ B /E & H
JBT e Ho A=) D REAT R 2 EE D

COPDC(coatomer protein complex,subunit del-

ta), X4 ARCNI1, & Coatomer & & 4 1 41 i W 3
Z—. Coatomer 52 5 41 il N & B H BT
PP T ) 31 e 7K B AR 1 38 iy . COPD B TR 58 742 (1)
/INERCH A1 P9 R S R PR S B AR R
WAL A 2 8 8 08 S e R . E2 A 24
RNAi {5 A Z B T COPD 4% Coatomer &
B 0 11 2 TR WA 1 5 2 BEL A DA SRR B E 4 A Y
S W] COPD J& 52 M 3t S8 B 12 G i H 22 15 &2
5

TEAS B 5T v o AR 35 R AR 1 J5 4 92 DO UE S5 4 R
45T H5N1 ATV PA-N182 3£ H fl COPD 3£ [H 1
HAENOL . FRATHEXS G BT 2 41 L R (DF D) o i
%35 T H5N1 ALV () PA-N182 3 [H fl ¥ COPD
FEPR JF B2 0 A e e I UTIE R R & 4R T PA-
N182 # [ , Western blot i 7n PA-N182 Ht: [ i %
RESLTUTE =Wy nl LA I 2] COPD 2 (1 W17 78 » £ W
H5N1 & Ji 2 8 PA-N182 5 [H 76 X3 4H ffg ;N 1
COPD F:HATHHEAEH

1 #MRtER=E
L1 ZHM . SHE%HE cDNA KIS

DF1 2 1 3 v = RL 7 B 40 M P . A BF 52
F HO5N1 & %7 B 5 5 # 8 A/Chicken/ShanXi/
2/2006 (HSND) , #:#k RNA Hy o [5 4 lk B4 B i R
W BE O 5T T B . cDNA X % 5t % Primer-
Script™ RT Master Mix i3 & (TaKaRa, K %) #
YEULIA 4T . — 20 “CARAT % F .
1.2 5|¥pigit

2 ¥% Influenza research database 2~ ffi B A/
Chicken/ShanXi/2/2006 (H5N1) ) PA-N182 £ A %
51 .NCBI |2 B39 COPD % A (GenBank % 5% %5
NM_001079499. 1) 51, ] Fi Oligo6 #4415 115 9
(F D548 Nhelfl BamHIEFVI 55, 5|49
w4 4R AR PR IR MDA R 2 W 5 B

x1 519EF5

Table 1 Primer sequences
514 AR 2]
Primer Upstream(5'-3")

T

Downstream(5'-3")

CCCAAGCTGGCTAGCGCCACCATGGC-
CAGTAGGGGTCTATGGGATT
ATAGGGAGACCCAAGCTGGCTAGCGC-
CACCATGGTGCTGTTGGCGGCAGCTGT

PA-N182

COPD

TTTGTAGTCGGATCCTTTCAGTGCAT-
GTGTGAGGAAGGA
GTGGTGGTGGTGGTGGTGGGATCCCAG-
GATTTCATACTTGTCCACCAGG
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1.3 ZEERFREHEWEE
1.3.1 PCR ¥ 1 WG Trans PCR SuperMix
(X4 BAE R #E 1T PCR §7 4. PA-N182 A
COPD A )51 ¥R KR BEHR N 55 °C L35 DB,
1.3.2 Hm RN S 8K E % XU D) peD-
NA3. 1-3Flag-C # &l pcDNA3. 1-6His-C #1412
¥ JC 5% 1% #1850 & (Clonesmarter) 3 B 45 73 i 15
PCR ;=4 PA-N182 F1 COPD % £, #%: 1k K g /1 &
TS A AN L S5 38 5 U AR N B T Al B R
R PR TR V% 4 2k O AT PCR %S & & 328 HCPH 1
TR 7 i SO HE AT U U 4 2 I
1.3.3 UKL WAK LB 85 5 B 5 52 e Ak )
f PHPE BT 7% 12 h 5,12 000 r + min ' 8.0 15 min
U EE B W - HE FE EndoFree® Plasmid Maxi Kit (Qia-
gen) LI 45 48V 2D TR $2 JCBORL I I i R
1.4 ZHAEEEF RIS

DF1 4 s Ji] & 109 i 4 1fiL 3 (Life Technolo-
gies) [ DMEM & b 55 9% 3k (Hyclone) £ 37 °C .5 %
CO, BYZPFT B 5% 4 i 15 9% & 800030 & & i 4%
Yu o 4 % Yt 3% Lipofectamine® 3000 i % (Life
Technologies) Ut 43 #17, i Opti- MEM® #5 77 %
i B¢ Lipofectamine® 3000 &3]3 764018 2) » H Op-
ti-MEM®#; 77 H: #i B DNA il it DNA iR &, 78
DNA TR h i P3000™ X7, e B OB
Lipofectamine® 3000 i %]t hn A% By DNA(1 :
1 HD =R E 5 min, il A DNA-JE AL G 9
ZAME . A% Y% 48 h 5 EIHLIH IG5 PBS whikfa
0. 25 % i JE 8 [l (Hyclone) F 37 °C 55 3244 1M
A& 5 min, 52 5 55 % ML W 308 UL 240 AR 3 2 i o B
A 2 F5 AR 58 4 5 3R FE A R Ak o B 40 R T VR
A # 15 mL B0 H.1 000 r» min ' LB 5
min, % 5. PBS RN HH# A 1.5 mL .0
FH,1 000 re min ' B0 5 min, & B, Q1T
TE TR W .
1.5 ZEBHRRER

o] 240 i P RIPA i WO W2, & ok b 30
min, & 5 min B —KEOLE, 13000 » min &
L 10 min Ff B F 5 ACHT B9 0 E R R P BCA &
H i E ik ) & (Thermo scientific, 38 F)D M & H i
1.6 ERARRENRE

2L W A T AL B 3 ) Protein G beads
(Millipore)20 pL,F 4 CHIKZEEIRG 2 h, LLLBR

R4 S P AR R B FR AR 5 B0 5 WO B3 TR
BB, BC1/50 24 (A A B IR A 2 — 80
°C vk 46 FAE BHAH: X B8 (Input) » 98 4% 246 70 FH 1k G
DOVECIP) B X g 2 . 1o JHAE TP B 22/ W b A
anti-FLAG M2 beads (Sigma), F 4 “C 4% JK 22 12 4§
Vi . B O WO S B 2R L ¢ B0 L RIPA buffer
THVE 4 54K buffer HVE 2 YUE A FAEZE vhrifk
96 “CE W 10 min, 37 BIE T 9K b, &7 5750 5 IR
R VEHEAT R Y M I B g R K . 1 DA B TeG fE
A BR X B
1.7 Western blot

A 4 5 TN T e B RS R UK ) 4% & PVDF i
(Millipore) -, %% 8 45 #2350 mA {8 i 40 min,
PVDF B HHAHM AR R 1 h 5B E ., A5
JiF PRGNS 5t Flag b5 2 5t f4-HRP (Cell Signa-
ling Technology) Fll it His #75 2 $T {&-HRP ( Ab-
cam) ,
1.8 PA-N182 5 COPD EFEEEEMNIKKEH A
ik

$+ PA-N182 1 COPD F ik z & dL#: 4L DF1 41
J o R B 5 B Flag 28 #04K His 25 #{K \Flag =5 8014
Ml His 25 84K Flag 5 #{& fl COPD,PA-N182 i
His 25 84K 5 A% BR 4L,

2 & B
2.1 PA-N182 }% COPD EEREHEMHE

Ph H5N1 & 7 & cDNA FIXG L P 40 41 cDNA
3393 PA-N182 #il COPD 3[4, fif 1% 1y PCR ™
YR/ A B 1. PCR P84 FF 45 H 1Y F BE
FHJC 4% 3% #:0F) & 1% A pcDNAS. 1-C-Flag # (k.
Ak J5 T AR BH M BT kL DU V) 25 R B 2 TR,
COPD 3:H 2 PCR ¥ 14 J5 % A pcDNA3. 1-C-His
AR L BH T R B U) 45 R an B 3 T s . PA-
N182 F1 COPD # {448 A F Be ¥4 28 Jy7 3 9iE TG % .
IR BN Sy B KAk A Flag bR 1) PA-N182 i
Hfi+H A His #5281 COPD £ H .
2.2 PA-NIS2 EE#% DF1 i iE RiER mE i
TR IR

W PA-N182 KK 4 A Ye i DF1 40 Jfd v, Xf
MRZH IR A R D 3 H w88 B B, ik 3 20 A PA-
N182 £4fF . £ B PA-N182 1E# Fik (& 4), L
A Flag HUOA 00 Sk F0 20 M 2 A 1005 & 647t g% 3t
UUVE RN T A5 77 W) F Flag oA i 17k I, 45 5L
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PA-N182 71 COPD PCR 7= 4] i B F8 ik
Gel electrophoresis results of PCR products of PA-
N182 and COPD
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BTNV Nhe I #l BamH 1 . BREAINTH 2 4 H

I 4 & B o PA-N182 J7 51l W84 Nhe | B DI 54

Nhe | and BamH | enzyme were used. Two target bands

were observed because of Nhe | site in PA-N182 se-

quence

B 2 PA-N182 RixHENETIEE

Fig.2 Enzyme digestion results of PA-N182 expression vec-
tor
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Fig. 3 Nhe ] and BamH | enzyme digestion results of
COPD expression vector

7N Input PP XT BB ZH A0 TP 2H #3460 3] PA-N182 &
H. 1 IgG X} B2 0 % A K 2] PA-N182 ) £ ik
(5, R ) AR S bl 7k 7 PA-N182 1 .

Control PA-N182
— WB:Flag
— | — WB:ACTB

PA-N182 Fik ki % Y J5 i) DFL 41 it $2 B (4 i s - B
10 pg 2 [ 1T Western blot, ACTBER NS

10 pg total protein was used for Western blot,and ACTB
was used as loading control

B 4 #HI4HG PA-N182 F&iE B Western blot # il
Fig.4 Western blot detection of PA-N182 in transfected
DF1 cells
Input IP 1gG

PA-N182 23k i ki % e J5 1) DF1 41 i $2 B8R (1 5 - LA

500 ng SR BT HEAT S L TLNE , T A9 2 B H#E AT West-

ern blot, 10 pg 8.8 H B HAE Input, [ IeG HF R it

TLVE [ 144 ] B

500 ng total protein was used for immunoprecipitation and

protein pulled down by flag beads was used for Western

blot analysis. 10 pg total protein was used as Input.

Mouse normal IgG was used as negative control for immu-

noprecipitation

5 PA-NI82 W& & HiiE®m

Fig. 5 Immunoprecipitation of PA-N182 in transfected
DF1 cells

2.3 PA-NI82 5 COPD EHEEWLE

21 PA-N182 F1 COPD 3 ik #8 & I 5% e
DF1 40 g . % B 2H Flag 25 804K . His 25 8K \Flag %%
A M His 25 # /K Flag 25 8 {K #1 COPD, PA-
N182 il His 25 Z44 , T 5% Yy 48 h i 4R 4 Jfd I $2 L
BEB, Ui Flag HUA M RER A IR 6 A5
F14) 208 25 RO 7 0 0 ol 2R AT e 9 L 0 I S L i
MR B A Y5001 Flag Fl His b5 2 19 5044 i
1T Western blot f il , Frig g5 LKl 6 rox. H
Flag $iL & #4171 Western blot Kl 25 5 o, 7£ In-
put AP X R 25 5 b PA-N182 Il His %5 24K . PA-
N182 #1 COPD 5% Ju 28 v G il 3] T PA-N182 iy



10 14 +

T4 &R T PA-N182 53 COPD & H HARRY 4 E

1903

ik, KW ILFE YL S PA-N182 fiki £ DF1 41 Jig
ARG Rk M AE 1P AR & P PA-N182 £ His
2B . PA-N182 Fil COPD W45 YL 40 1) West-

Flag empty vector + o
His empty vector
Flag-PA-N182
His-COPD

I+
I+ +

B 6

0+

BREAE PA-NIS2 53 COPD EEHEBREE

ern blot B/RAEMW # PA-N182 2447, £ HF Flag
FRES I PA-N182 28 (M 8 s Thi4k .

|+ + 1
++ 1|

“ WB:anti-Flag Input

- WB:anti-His Input
‘ WB:anti-Flag [P
” WB:anti-Fis IP

Fig. 6 Protein interaction between PA-N182 and chicken COPD
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F1 5T B AL 52 B 1 JO R B S O 80 B A R
8 AR (VRNP) , fE7E 18 3 40 M 4 58 180 2 19 £
R % S5 Y OB 04 9 B R T O R0 An et
H B 2R 1A AH B R 0 AE BB B R A
BRY R H A B E B . & N B 7
el 7 o 5 4 M 245 5 08 B R A A
HIRZR W NF-«B {553 % . PISK/ Akt 55 38 [ |
MAPK {5 538 #% 1 TLR/RIG-1 {5 5 25,

ARFFFEAE RSN 38 T & U oM 1 PA-N182
13 COPD # H . M| FHE A1 4lifk . Western blot $i R
il & B 1 PA-N182 & (1 A1 X% COPD & 1
FR) E A A 50 o 78 Y IR R B £F 4E 40 P IE SE T PA-
N182 #1 COPD fyAH EAE FH . F 4% 41 Jfl i) K38 43 K

B A o4 5 9 1 A 0 A Bl mRINA 98 171 R » ik B 7
PR I 2t 10— A i T B A A Y R B
J5 B TR I8 % R AR SRR AT AR L B 1 IS A
WM EE . COPD J& Coatomer & 44 4 40 1,
W% , Coatomer 425 4 4 A B 2R P
J5 0 3 e R AR S . R SEIE SE X COPD 3
PPEAT RNA 38 J5 0 40 i bl 00 18 35 4= 4 e . 4l
It PR 75 0 B BB A, R B T COPD 3[R 7E 3 125
B ALk AR R BB AE Y. COPD 3[R ] fE &
55 0 IR 7 A A T A0 P B R S A P ) B
IRFEAR 638 3 — b 72 i BEL BT I 7T 8 2 5% 1) s 2
BT B PR S 1) AR LR Y B B R AR B Y
Ve B B B A 1 5 T L 3 A ) S B Y A2
il -

ABFFEIESE T H5NT & i Bk 7 PA-N182 I
X% COPD & [ 7E 40 i N A # B VE T 26 B 58 PA-
N182 n[fig /& COPD fritizs (& HZ —. N imikk
) PA-N182 JE R H 45 PA JEH T A 1 RNA R4
fifg 76 M PA-N182 0] GBI AN S 55 00 5 JE I 1) % ¢ i
IURG 75 8 AR A 6. PA-N182 7E 45 £ M
M IE# B RiL2 5 COPD JEH % PIAH & . COPD
XiF 3B 7 4R e 9 5% i AT R E i R PA-N182 &
FI EAE Bt PA-N182 I #5358 58, PA-
N182 EHr KM PA FEH 1) N I k28 B L, X7 F
HIREM I Hi G 50 A se 7~ T PA-N182 I
COPD 1y B.AE , Fy 7~ PA-N182 2 [ D REFE 4L T
Bk &R,
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