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HRSV M#& FI7E A M h T 45 & 1 40 RNA,
T 10 46 40 L o RN AP 5 5 % 28 11 I 4 A
MeV MEE 7T 5 H NP A & A EAER, P81
20 5 PP B AL RN A I & i R 57 Niv
MR FIK 258 5 Iz R AL MAE FH %S . 2
AR R L RO R 2 B Y SeV MAE
FEAEYLDLIGZS 0 58, Jfadad 5 40 fig Alix/AIP1
AR EAE A 008 75 A L A 2800 SR, LA
B BHR BEMAE A 1 ShBERF ST 45 SRAENDV H i A
RENIESE, % FMEHTEND VA I JE 3 o i i 2
PE, ASCESG IR RIFREHE MEE DI RERYAH G
WroEit e, FHNDVE TR R #EME M U geik
TR, DU A #E— P 5ENDV MR Y
DiRe FfE AIMLTI PR AL Hah f %

1 MZE g 5NDVE B0 4 xR

XMREZHOREFIN S, 815052 HIRCEm
FomPERIEMASE, REMFZREN, FAHNEH
ENDVI FER P E R+, BrE A £
Bl P R P END VT i 1 Bk e R
1M )5 & ENDV Y 75 77 F1 412U Py 1 e O 4 1
A, fEHERREE N SNDVE NS, A
2B R R ) B AR ERORBESE TNP . PHILEEH
TENDVE: I HIIMEH . W& BL, FNDVE ik
L PR 4 31 v i 5 R 2 5 T 06 B 1) 2 7 g
fFORREHNPRIPEIR A ME s R ND Vs 8 ik
FYNP . PFILEE R 8 55 Bk, ARG 159
BEAR I EORPE s B, WSS T 9 2 AR 1) 2O
PEDM G ubgE RN, NP, PHILIE 4 SNDVH)
B RN, ZEMEH SNDVEE KR
W57 TH , FENDVES #EFRAV324/94 MR H R
e )58 T bk Herts/33 WP AR T BERYICPIHE, (H)2
HH S 18] (5 e 0 T A 4R v S Sk Tep g
(F)o EILAE, FRATRBL AR ST MER (1 R AR
SINDVE: I b & B, M&EIF23A. P24A

DL K R42 A% A5 B3 fig Wk 2 o A BE AR % 25 1 B )
(MDTHIICPL) R 85 (R 1) BLAh, FE3E
KV BIND V5 35 39 G 58 2R 55 10 70T AL A 52
JTH, Kai%E e LD VI 55 3 k1S 5/05 5 56 [
VA SR FE PR Herts/33 Z A M . FRIHNEERH , 45
REMM ., F. HNHIEFE DL FHIHN I F 2
ANGIM . FATHN = 56 PR 5 46 K R0 A s 7 % X0 A
T e R 2, UM S FATHN R 1
ZIAFAERMEA™ . i TFME S5 NPRTHNZE
ZIAFAEM AR, 00 5 A 98 A8 2 15 R I
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TR A feE— o . Bz, DL
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FIH ST AN R R B R T AR

#*1. MEESNDVE D
Table 1. The M protein and NDV virulence

Virus Parent MDT ICPI  Refs
FL-Herts Herts/33 — 1.54 [14]
FL-Herts(M)"" Herts/33 - 1.18  [14]
rgAV324 AV324/96 - 0.10 [14]
rgAV324M)" AV324/96 - 0.00 [14]
VAR VAJ| 52h 191 [15]
rZJ1-M.F23A 1ZJ1 102h 1.64 [15]
1ZJ1-M.P24A tZJ1 84h 170 [15]
rZJ1GFP-M.R42A  rZJ1GFP 115h 1.64 [16]

—: not detect. Superscript AV: M gene originating from strain
AV324/96. Superscript H: M gene originating from strain
Herts/33.

TEMAE H 5NDVEUE 5 5 m, &R 0T
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o A, PR R ) JE B ND VR
CEFZifd, i 8 (A i 4 27 58 e ND VIR e 4l i f
2 SEANAEMEN, JF o0 & b6 & &
Yerf A A SE R, NDVREE MR [ 3 1k i 5L 1
g, MNDVHIREEME &KL R,
X5 A FEOR R IEASE. Wik, MEH
YENDVA G — 2 DIpeE A, ol
Z B UE S HAENDV 175 1 E0% 71 e %5 5
BER, ERIR ARSI BIND VBRI
HEEE L,

2 ME a8 F R G b i

Rl b3 73 MU, 11 200 A% o 1) 41 1 s B L 1
Xt SeV M [ 0 40 i & 7 (I iF 5> s SRk A
ARUESE T H B R S IND VP HRS VA
NIV MR 76 15 e 0 i R sl e e r
TEAH A%, T AE B 5 0 00 2 A 4 B BT v
I, RIS EEMER 2 —Fh A A% - 40 M B 2 iR 2R
Mo HHET, W5 GO R M A% BT 2F
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localization signal, NLS)FI#% 4 155 (Nuclear
export signal, NES)5¢ i R #E 2", X
HRSV M A% B ZE R L A iE— 20 i 5% & 3R,
HRSV M#E 138 1 HINLSZE & 4% 5 A% & Importin
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A A BEAE A, TS5 F8 A& A BAE
A, {HFRIHNEE [ 2 FZEE AR, Wik,
ND Vi B A4 e &l it ME H 5 S NPEEH W
RNP . HNE [FHIFEE 22 (8] 105 AR B4R FH R 58
AL, HAME I ENDVALE DR,

A5 00 S R 6 BE MR 0L 0 2 11 25
SEE, BREHIEN EERE Y, BRI
B EEMER AR e S B Gag B 1Y)
e B 25 44 35 (Late domain, L-domain)®", {H24H[H
DIREIL-domainth OV #2828 (F62) o f P A BRIV I
iR FEME HL-domainZ A Bl i J&& i 28 5 Y
(HPIV5) MZE [ IWEPIVILFEPY | B f5 Sev MAE [
AIYLDLIE T, BEAR 4 9% % (MuV) M# 1 1)
FPVIEFE™, Niv M&E A YMYL  MYPLGVG
FFES LURNDV MZE FIFPIV S R R4k 5] 4
FE IR S0 B 2R OCHE I . A BRI
HPIVS5, MuVAINDV M&EH B AMLIAL-
domain, 7EXMZE [ FPIV-like kit 7 B 5 2875 ()
WEEE VAT IR, & PRF Bl P Y 5878 4 RE i 5 FRAR
WEEE Y ZER, X FPIV-likeJE A 28738 U]
ARBEPRECHRRR 7, g MR (4 )
FPIV-like L-domain¥fHPIV5, MuVAINDV i 2F &
KHEZE, HAPFRPESLIR M S EH .

2. BIFREME BRI HASE

Table 2. L-domains found in the M protein of
paramyxoviruses

Virus Protein L-domain motif " Direct interactions " Refs

Sev. M  HGVRYLDLLLLG Alix/AIP1 (VPS4A)[9]
NDV M SSLLAFPIVLQDTG n.d. (VPS4A) [15]
HPIVSM  QSIKAFPIVINSDG n.d. (VPS4A) [32]
MuV M RLNAFPVIMGQ n.d.(VPS4A) [33]
KYNNYMYLICYG n.d. [34]
NiV M
TIAAYPLGVGKSAS n.d. [35]

n.d.: Not determined. *: The L-domains identified in the M
protein were shown in underline. °: Direct interactions as
determined by yeast two-hybrid, co-immunoprecipitation, or
colocalization studies. Proteins in parentheses indicate functional
importance in budding as determined by dominant-negative or
cellular depletion studies.

UEAk, aEE e R 2R R TR B B 1
T L-domain, A28 14 L-domaindH =15 FE 40
it AR VL A7 e Dy LA R A 2 IR S5 . H
B, T EARE NS SRR AT A
SRR R R L AT O IR ) BB KR B A
R, SR R IR R T 1 R IR i
1B RFE - WWEH 7 RS (Vacuolar protein
sorting, VPS), SZHLUEE A LH 25 A 2 L0
XTI R REM R 578 R AN VPS EE I A B AE
FHAFE R DR, HRT{GIES:SeV M H I YLDL
L-domainfg 515 F VPSH 1 Alix/AIP 1 55 [ #H HAE
FHAE BER 75 19 28 (£2) s W YLDLIEFE TR
A5 UL T 5Alix/AIP1EE FAEE 4, KA
TSeV VLPHIE . % THPIV5, MuV K&
NDV M# H FFPIV-like L-domain515 = VPSH ZH
FfLEE {8 A B TR AR AR BESE , (F i 7E 20 i
Wi R IEVPSA4AH R AZEIRVPS4A-E228Q(1%
GRAR R AN R (5 7 8 11 DA A 81 R0 2 410
il TS EE A 2R SRR, SR UGBHHPIVS . MuVHI
NDV ) H ZE 75 M B [1FPIV-like L-domainff 5%
M"Y (R2), I, 15 FAIMVPSAS
AR R 115 5 T ND VLRI 2 e, 2
AT LUE L BHTNDV H 2Rk M HIND Vi 52 il FiE
TR, 8T T 2 A 5T AR S

4 MEaLS4REaEZEXNNDVE
1 e B e By 1 R

TR EE H SRS M EE AR, ANGEdw
Wi R SR A&, WILTER G T
411 Ji B 11 % 40 i 5 ) 2 ok ¢ B0 B I 2B T
W Ak, X RN T B8 E A 2= 5Tk
57, ZFPRNARGEE MNSARSTERFEEE | (L Yet: 7
S RIR TR R R S VR RS LR A e
&, WMRETYSAE FNRNEAA Y. B
W N XTND VIR RERL - 1T 8 1 T4 2 o0 #r
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KR TNDVHESMNP, P, M. FHIHN&
Hh, A ZME FAMRE AR E, Y
KR F1A2 . A B %88 H p-actinfli Tubulin, DA}
MV T 2R A Hsp90 5™, DL L gR 4l R &2
s FAMEAS S THRENERR,

HY T MR 10 I 28t 25 1 2 o) R 50 A L
HHREREEHY, Wik, 5SMEATIERREETE
P 15 2 I A R AR S R T RSN B S
FE] ST 273 1) FH I B X 4% 28 7 vk i th S HPIV'S
MR A BAF H B 4 i 28 1 angiomotin-like 1F114-
3-3, R A4 Hangiomotin-like 1 7] 5
HPIVS5 M#E F AR FEHPIVS VLPHRE L K
ML M4 114-3-351 5 HPIVS M H
HAES R R 2, R B 0 R ROR
AN, A FHEEA N L R IEHRSY M H ,
I e LU 7 VA B IS MR 1 BAE R A i 2R
F, e BT A Y 7 i R AL W SR I B23 I
F-actin 240 il FH 5 HRSV M A 7776 H HAE
™, EX R EA/EXTHRSVE il 2 X H 8
DLARE

FENDV MK 15 4 i 8 A B R 5 7
T, f PR IE R EMEE 5 20 ILSN & Hactin B
VEEHE TNDVASHZE™ . SE4EAR, [N 2EE FH
P B X A8 19 7 1 AR 15 IR 48 241 il cDN A S
iifi vt 5 NDV MR 1 B AR 4 il 75 H charged
multivesicular body protein 4b (CHMP4B), F|H
RNA THEHE AR TUER 40 AN CHMP4B Y Rk 50F
PR 5 4R B A T 2 e i E M HIND VI E
HlR, VLA FICHMP4B S5 M A HAE A
FIFNDVEIE HI™, FFHINDV RS 8 40 5
LA IR T T 1), BFSE N ORI BRHN R [
Hh, ME P EAES MR E T e,
SEFEMAE S54RI T8 A Bax &4 T AHEAE
FHY, U IA MR 550t 200 M 0 T 2 1 A LA T 4
SENDVIESIRERE S . 5, R HIRMIF5ERBINDV
MK [ 0 2 o fE A A Az, FRATAY B gT & 3L,
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MZE 5 40 I B23 Ha /% 3@ HAAAE
FIE AR, 85 RNA T AR ITERB23 55 (1Y
TR TME A A e 6, mH™EZ
i T NDV ) HIRCR B0 E . 4R EHME A
W 5B238 A EAE AR, dEmifest T
NDV & il fig I mEoR =", BR HATENDV
MEE -5 4 & A EAE T HUS T — s E,
{EXT X Fh 8 B AR A 2 CWF SR AT AL T2 ih
BB, AR TIRATHE—2L LI,

5 4#iE

M FHENDV gt (1) 2544 8 1 b 407 & o)
BEEAEEENFENED, FEATHERERN
R, MU EENE S AT AL, TR
A TG s A A . H R
NDV M#E H R Z MR EEE T AEME AN 1
W EEVLPIE HLE L, X kiz HINDV VLPELZES)
VEAR PV R B v B B R e s Y,
HiIE N SMRINDV 24 188 I 451 S5 Zhae R 1
BONTEMTGIAR, BAAMEE A1) RS B 2 i
B, HIEZEA N1k, XM A END VI H IS
R TR LRI DD REAT AR RN Z D

NDV5HRSV, SeV. HPIVSFINiVZ[A & T
RIEEPR R R, HMAR F B B A R A A% e
PIFFAE, $E/RNDV MAR FH7E A A it T 25 5 4
FRIRN A KA il 17 32 200 e I DR A B SRR 25, 7E 4
Jf 5 AT 5 NP AR EAE e I i B 2k PR A A &2 o
1L ) G N (SR v S P DM L g 1o (R e
HIE, NDV MR BRI e 4, 67 B
MR, X5 T R R HE MR 140 A e
M. BT R ARNAJE K 5% . RNAT]
PN T BRI AR A B 20 2 3% i, NDV
M TR e i R P A R A, X%
NDVE)Fi1E 3 408 A 8 R GG b o d 4t
T—ATrm. S8, 5 R LRI R MR 2



BRIRAE | ZEIREIR, 2016, 56(7)

1075

— b v R BRCE K E RN B R T R
M [ H & A 55 22 Rl R R R R 1L 437 A5
RIEAPIFCIESS, Niv M A P Eez st
(K258)41 7 ME [ A%y th A0 2k 9 1
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Function comparison of the matrix protein between Newcastle
disease virus and other paramyxoviruses - A review
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Abstract: Recent studies have found that the matrix protein of paramyxoviruses is a multifunctional viral protein. In
addition to inhibiting the transcription and translation of cell genes, regulating the replication and transcription of viral
genome and recruiting cellular proteins to facilitate viral assembly and budding, the matrix protein can enhance the
replication of paramyxoviruses through its ubiquitination and phosphorylation. However, as a member of
paramyxoviruses, the matrix protein of Newcastle disease virus (NDV) is only demonstrated to participate in viral
assembly and budding. Moreover, the functions of matrix protein identified in other paramyxoviruses still remain
unknown in NDV. This review compares the functions of matrix protein between NDV and other paramyxoviruses,
and focuses on the relationship of matrix protein to the virulence, replication and pathogenicity of NDV. Meanwhile,

challenges and research prospects of NDV matrix protein are also discussed.
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