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B BRR (Tm, Vi, FEE, A, 0 FH R

VM K R AR E B E YR BT TP = , 4 225009

BE. [ B ) ETH %GB ( Newcastle disease virus, NDV) J& 5t ( matrix, M) 25 FH A& 40 M AZ B 25 1 B23. 1
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PCR #3415 M JE[FF1 DFL 207 B23. 1 JE IR, 43 1) 5 B %8 B0 A% 3R 5K 2 AR R 45 51 20 3% 3K iU R pEGEFP-M |
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M HE 5 B23. 1 8 H AL E A F S L TUVE ( Co-IP) BORFE— 2D B Uk P AR 35 AR B AR [ 4521 ]
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EREEAL ARG 1, e sk TP & R O B
HmBEORSY , TR0 TG AR R N R T, M i 7 4
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{0, HeB23. 1 AR —FMEZIREREA L E
AR A 20 2 2 R0 A0 e S R SC MR VE T, B
iR 45 A R % R I A0 4% F AR T
ff, B23. 1 & ATl o A% 5 5 76 40 A% 5 4 i
Rz gEte , 2 5 E AR mELEE . b, Bt
WESE B23. 1 5 1] LA B R 6 RR R i 35
454G, 41 HIV-1 (% Rev SN Tat M fEiH# EA 12
FERZA R RIAFST & B NDV M HHA 1
TR B LR AR, BB, FRATTHED B23. 1 8RS
M EHAZ B RAAEMAEER, 5T M EAN
(VL VAN

AW FE A A NDV M 25 1 A& 4 i A%
WEEE T B23. 1 Y B R IR A 38 i L% Y HEK-
2937 41, 1 56 i 28 ot 0 IR L AR 3] M R
5 DF1 40 B23. 1 85 F A7 78 B i A 2 o
FRIE, SR 5 R G2 L B0 0E S 30 i — 2Pk SC W A 2
I Z R AH AR, MR S5 MR A e NS
5 R M R A AL PR IR

1 A

1.1 #

1.1.1  JRfs, BRR AR AR « ELAZ R IA #idK pEGEFP-
Cl, pDsRed-C1, pCMV-HA I [ Clontech 2\ #l;
NDV JS/5/05/Go gk H1 4 M K 2 A0l 48 B 85 1%

9o 2 BRI T2 38 28 ORAF 5 E. coli DH5, DF1 4 Jifd
1 HEK-293T 4 it th AR 5250 5 A7
1.1.2  FERFIFMES . TRIzol, M-MLV S 5% il |
pfu DNA RA W, T4 DNA &30 H 521 Invitrogen
OS] BRI EE V) B EcoR T, Sal 1, Xho 1 W4 H
Fermentas 2\ 7] ; BOR/MEIRF & H Qiangen /2 H] ;
U B23. 1 FEEH A EHUAIN B Santa Cruz A Al $t
GFP BB TEREIR, HT HA BB ST B Protein A
+ G Agarose 1§ H Abcam 73 ) ; HRP #r1ic 1L =E $1 B
IsG (H + L) W H Sigma %\ #l; FuGENE ® HD
Transfection Reagent 4 & Roche 27l ,ﬁ?lﬁﬁ”igjﬂ
= itk o3 4l 854X PCR 1 . DNA HL
AL LKA ) Bio-Rad 23 5] 5 181 8 3¢ 1%
0 EH fEE Leica A,
1.2 M ERFF B23.1 EEM#i&1T K RT-PCR
g

SRR PE NDV JS/5/05/Go ¥k 4> H& K 40 ¢ 41
(JFH155 IN631747 ) FIXS ) B23. 1 3L HFH] (JF515
NM_205267) %3191 NDV M %t [H #1 DF1 2 Jfg
B23. 1 JL[H ORF JPFI ke S 0E5 19, T8 ML
F1B23. 1 JEPA ) 8 8 B SRR AR T, 51T 5
W1, B T A TRERRSARA RS
B, 4% M8 TRIzol 12470 & 36 W45 73 il A NDV JS/5/
05/Go RIS IR IR BER AN DF1 21 g rp 32 B RNA | 32 FH
RT-PCR HARY 3G 1 M EERF1 B23. 1 KA,

®1. MEEHRERHFTASY

Table 1. Primers used for construction of recombinant expression plasmids

Specific primer Primer sequence (5'—3") Size/bp Restriction sites®
GFP-M-F TCGGAATTCAATGGACTCATCCAG 1115 EcoR 1
GFP-M-R GCAGTCGACTTATTTCCTGAAAGG Sal 1

HA-M-F TTGAATTCGGATGGACTCATCC 1115 EcoR 1
HA-M-R GCACTCGAGTTATTTCCTGAAAG Xho 1
Red-B23. 1-F AGCTCGAGAGATGGAGGACAGCG 907 Xho 1
Red-B23. 1-R GCGAATTCTCTTACAGAGTCTGTC EcoR 1

* Restriction sites are given in italics.

1.3 pEGFP-M,pCMV-HA-M 70 pDsRed-B23. 1
BARIERHEE

¥ FRFT R R B 5 B R IR HAK pEGFP-
Cl1 .pCMV-HA #1 pDsRed-C1 %3 %]l EcoR 1T 1 Sal
I ,EcoR I 1 Xho 1 ,Xho 1 Fl EcoR 1 X VI 5, &
BrREHHBEI [0 W B U1 7 ), 1 $25% AL E. coli DHSau
A2 AL, 37 Cab IIEFR 5, PRI T T P U R

DNA, il ] %5 5 1E# I 3% 1 50 4 i A= M RHBCA R
IS
1.4 EBEAERERBAER

¥ FuGENE® HD Transfection Reagent i B
B4 A 2D B fF H 41 5% 3K Ok pEGFP-M, pCMV-
HA-M # pDsRed-B23. 1 43 %l af 3t % ¢ HEK-
293T #ifii .
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1.5 Western blot F i EAHBIRIE

TFH:L )5 36 h 4 pEGFP-M, pCMV-HA-M #il
pDsRed-B23. 1 43l 44 1) HEK-293T 4 ffd, 7] B 5
23 R TE Yl G 20 AR A X BE K 20 i Ab PR S R AT
12% SDS-PAGE Hiik , LR RS IRAF AE 2 B 5 1
5% Wilg 3L 4°C HH S5, A 1: 3000 & 1
anti-GFP 5%, anti-HA R EPUA T 37°CHFHE 2 h;
TBST $E#% 3 Wi, A 1: 5000 Fi Bt HRP #Ric iy
PP 1gGC “HLF 37°CHEE 1 h; TBST ¥k 3 KA
B,
1.6 TOREEMLE

P L ki pEGFP-M Fl pDsRed-B23. 1 Fh#£ 1y
HEK-293T ZHf, 1555 24 —48 h 5, JHFA 10 4% £
5 25 0 [ 5F 20 ming PBS Uk 3 W, FH 0.25%
Triton X-100 EfLALFRANHE 5 min; PBS ¥ 3 3, A
DAPI J40i84% 10 min; PBS ¥k 3 3, H AR T4 )5, Fl
FHZEN 8 U B WS il B 1 A A2
1.7 SREHTERXE

#4521 9 ki pCMV-HA-M #1 pDsRed-B23. 1 3t
FEUY HEK-293T 4, %37 48 h J5 SR 41 g ; PBS ¥k
A 3 Y, A 1 x RIPA 21 g 24 i i 4 f 40 i, vk
AEH 20 min; 20 )5 WA 2 AE 13, IIA2 pe
anti-HA U, 4°CHEFIR A7 ; A 40 pL protein
A +G Agarose ZRZEIR 4 3 hy TR 19 1 x RIPA ¥k
¥ protein A + G, H 4 5 G MA 20 pL SDS-PAGE
ARG R 5 min, X E AT 12% SDS-
PAGE 3k , FH anti-GFP UK #E4T Western blot #2%
ST AT A I B 1 22 R BAFEM BAEH . ]2,
L) anti-GFP $LiA#E 47 G 8 2L UTTE , FH anti-HA LK
4T Western blot #: ,

2 #R

2.1 M EEF#0 B23.1 EEH RT-PCR 1%

BEHE 451497, LA NDV Fil DF1 2 RNA 5% 5%
JE ) cDNA SHBR 5> 31935 5 M B FIA% B 2 1
B23. 1 FEER/IMEFF I B ) 7%4H7 , 294 1100 bp 1900
bp, 73 S HHAK 1115 bp #1907 bp AHAF (& 1-A)
2.2 BHEFRERNAEYIEE

20 FRIR TR 28 AR N T S 1) B B s
K&E R R . pEGFP-M 28 WU 1] i 3845 24 4700 bp
A1 1100 bp 1) 2 4~ A Bt ; pCMV-HA-M 22 XU 5 3K

52453800 bp F1 1100 bp Y 2 4> A Bt ; pDsRed-B23. 1
2 WUV 5 354529 4700 bp 1900 bp K/ 2 A~ F
BL(E1-B) ,UESE H A BE R E B 4 A B8, i
— M P25 R M LA B23. 1 LR P A IE R,
PR e BE TR 58 A8 T ) SR HERS AL

(A) M1 2 3

1. M EE7 B23.1 £ PCR =M HRIKEEREE
HFRIERAUMETIEE

Figure 1. Electrophoresis analysis of PCR products of M gene and
B23. 1 gene and identification of the recombinant plasmids by double
restriction endonuclease digestion. A; M, DNA Marker; Lane 1 and
2, PCR-amplified M gene; lane 3, PCR-amplified B23. 1 gene; B:
M, DNA Marker; Lane 1 —3, enzyme-digested products of pEGFP-
M, pCMV-HA-M and pDsRed-B23. 1, respectively.

2.3 BEEANRIERN

H4 JF kL pEGFP-M  pDsRed-B23. 1 . pCMV-HA-
M 35 Y HEK-293T 41l f5 36 h, Wk % s 4i iy
FEil & E A _LRERES , E1T SDS-PAGE Hijk , % 2
NC i, 2853 anti-GFP HLAAEL anti-HA IR & )5 i
TTHRHARIE I, Western blot 255 R - £ 25 {4
Hgeny A, DA PR R H RIS TR & R H KA
JE YA 5 WU KN AT 1 45, EGFP-M
DsRed-B23. 1 Fil HA-M 435124 67 .65 F140 kDa ( &
2-A F12-B),
2.4 MZEBAEB23.1 EEANEEMDF

2 ok AL Y HEK-293T 400 J5 24 h, A
DG R AL Rl B I FE AR B A0 A R AR 4
R A2 AR YL ) 40 i P, EGFP FIl DsRed
A1 53 AR AR BN 40 A% (181 3A-D) ;1 EGFP-M §
BN AP, I H S8 B23. 1
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[E 2. Western blot #& I3 & & B 7 HEK-293T 20 F #) R 3E
Figure 2. Western blot analysis of the fusion genes expressed in HEK-293T cells. A: M, Protein Marker; Lane 1, EGFP

protein expressed; lane 2, EGFP-M protein expressed; lane 3, DsRed protein expressed; lane 4, DsRed-B23.1 protein

expressed; B: M, Protein Marker; lane 1, HA-M protein expressed; lane 2, HA protein expressed.

EGFP DsRed

EGFP-M

DsRed-B23.1

DAPI Merge

DAPI

3. MEEBREHEMST

Figure 3. The co-localization analysis of fusion proteins in co-transfected HEK-293T cells by fluorescence microscopy. A: EGFP protein;

B: DsRed protein; C: nuclei stained by DAPI; D: The merged image among A, B and C; E: EGFP-M protein; F: DsRed-B23. 1

protein; G: nuclei stained by DAPI; H: The merged image among E, F and G. Arrows indicate the nucleolus.

TERZA= A e g 3 A6 (181 3E-H)
2.5 MEBSB23.1 ERAEHEMPHEEER

M H#E 5 B23. 1 SEATEZA R AR e A, 4R
PRI AT BEAFTEA AR, O 7l ARSI TR B
AN F AT A B, BT Ry B 4H 0K pCMV -
HA-M Fl pDsRed-B23. 1 $£4% 4 HEK-293T 41 iS5,
FH anti-HA HTi&F0 protein A + G AT S e LT e Y

anti-GFP $L&iE 1:F Western blot I H:350 3 & (1T,
&z, A anti-GFP HiLI& I protein A + G HE17 e It
ULUE, LA anti-HA $TIARIEST Western blot £, 45
BR,DsRed-B23. 1 7] 5 anti-HA $iR L5, I H
7R 5 B YL DsRed-B23. 1 B FHAE IR — 20 4%
L RZINR (1 4) , WM EFAB23. 1 HHTE
Yt b e S M R A A AR
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IP: anti-HA
WB: anti-GFP

IP: anti-GFP
WB: anti-HA

DsRed-B23.1 (65 kDa)

IgG HC

IgG HC

HA-M (40 kDa)

B4, 2RELTERIEMESS5 B23.1 EAMWHEEER

Figure 4. Interaction between M and B23. 1 in transfected HEK-293T cells revealed by Co-IP assays.

3 it

M EHE NDV [ EBEEMEAZ—, KER
364 NSRRIl 2 5L R T 5 A A0 A A AH
KB, TR0 40 kDal®' L ABESE T, FikHY
EGFP-M il & 8 H K/ 67 kDa, 2 2 5E 7 76 41 g
A%, 532351 DsRed-B23. 1 Bl &8 (I 7ERA
RAILENL, WFFE R B A 20 B AZ R0 40 5
Z i Sl i AL E AR T I AL R A
HAGFEFH/NT 40 - 60 kDa B4R H i@ i ; X F K
T 60 kDa WYEE T 5 , W75 25618 8 5 RE e 1Y)
B SR S (A DR S A LR S
5T ), I A G AAREE 1 A Bl B S E
A A A, R HF S IESS, NDV M 2 1
Wt MR S AR BN M EAK
(BG5S A AL v AN A

BB B23. 1 24l & FEENE
Fd1 5y 2z —  FERR I A A 2 N5 5 M E s
PR RSN, HETC A E Ak
YA 1, W0 HIV-1 8 Rev B8 2 F0 Tat £,
SARS-CoV N ' B8 €23 K & W #%
ARG N T S ERE S B23. 1 B AAETE R 3
FENL JREEBFIE L E A & 5 B23. 1 AW
MEAEHBEARA, A A NDV M EHSE
YA B23. 1 HAT I S A A A 3 6 A
Syt — 2 KAE AR AR A BRI OE R FRATTaE i
S E M T I SE M EE S B23. 1 BB HAELE
AR & A A AR, 2600 B23. 1 sEE W AE S M E

F A A — 1 RS B

AT TEAZHEIR RNA & BURVARHAIE 1 Y
Gyl , FORAS TN e 1Y 56 5 25008 20 i 48 17 1 H T2
MEHEEH A EEE X", WEEE TR
AR S AR EAE R R AL
DNA i8¢ \RNA W5 15 FL % S 5 , JUHJE RNA 5
B AT AR A A0 A A AT A B
FEUESE , o BEHE AR 1 57 BB S A ) T 28 1Y
W SR ANEIIE A 5 70 20 ) i 32 40 ) 2 1 R 4
JRLFRI 25+ 5 T BB Ok £ 25 B 19 52 ] AR T, Dove
ZEAE XL Ye vk R B RN 7% (infectious bronchitis
virus, IBV) fUWF5E i & B, IR 1BV M4 i %8
B R AL AT AR R 2 SR e R
TR I A LA A ) 25 R FOAZ A 28 1 B D) R i 3 4t
BRI T 8, DA 3 5 9 A I RE Y )
FELVEA RNA FREER) NDV , H M2 76 1 e
ISR S A7 7 A0 A% A 3 e 5 e A AR 1 A
FNTIRE A 8 BT G SOk A 1 1 B 4
2T,

TATHIBFFTFRIE NDV M 2 15 40 4% i 25 1
B23. 1 BA AT e 0 HAFTEAHEAE R, s 4 DU
M 25 A% AL ] RE A2l i B23. 1 SR H Y4+
PEARTEPER S S M B H 5 5 H 28R I Re 1k i
{EAFS  fEE MR i A 58 JORT 48 it 25 1
FIKBIA . AWETOR B — 2 42 NDV M H
BA LR, B M & R A0 B R R PR K
PRI Z & BARLE NDV BUm i 72 b a9 4 F g 4t 1
LR,
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Matrix protein of Newcastle disease virus interacts with
avian nucleophosmin B23.1 in HEK-293T cells

Zhigiang Duan, Jian Chen, Liang He, Haixu Xu, Qunhui Li, Shunlin Hu,
Xiufan Liu "

Ministry of Education Key Lab for Avian Preventive Medicine, Yangzhou University, Yangzhou 225009, China

Abstract ;[ Objecive | To identify the interaction between Newcastle disease virus (NDV) matrix (M) protein and avian
nucleophosmin B23. 1 in HEK-293T cells. [ Methods] Specific primers used to amplify M gene and B23. 1 gene were
designed and synthesized according to JS/5/05/Go whole gene sequence ( JN631747) and avian nucleophosmin B23. 1
gene sequence (NM_205267 ). Viral RNA and cellular RNA were extracted from allantoic fluid of NDV JS/5/05/Go
strain and DF1 cells with TRIzol reagent, respectively. The M gene and B23. 1 gene were amplified by RT-PCR and then
subcloned into eukaryotic expression vectors to generate the recombinant plasmids pEGFP-M, pCMV-HA-M and pDsRed-
B23. 1. To investigate the localization features of M protein and B23. 1 protein, we transfected the plasmids pEGFP-M and
pDsRed-B23. 1simultaneously into HEK-293T cells and observed the results by fluorescence microscopy. We further
confirmed the interaction between the two proteins by co-immunoprecipitation ( Co-IP) assays. [ Results] The fusion
proteins were successfully expressed in transfected HEK-293T cells by Western blot analysis. The NDV M protein and
avian nucleophosmin B23.1 showed co-localization features in the nucleolus in co-transfected HEK-293T cells.
Furthermore , the binding of M with B23. 1 was demonstrated by Co-IP assays. [ Conclusion| These results suggested that
NDV M protein interacted with avian nucleophosmin B23. 1 and the nucleolar localization of M might be regulated via
interaction with B23. 1.

Keywords; Newcastle disease virus, matrix protein, nucleophosmin B23. 1, protein-protein interaction
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