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SRR T2 A 2 A P R P B
[F R Z BRI Fw e M EH—F, NDV M &2
— 41 A - 20 M R SR R 1. 72 NDV R4 i
A, M E a8 B R E ALF S (nuclear
localization signal, NLS), 7£#%iz %Z{AK % 1 KPNB1
PEA T A4S Wife Y5, M & AN
WY 3 %K 55 (nuclear export signal,
NES)LA CRML ity SNk A4 i, r4e
RWIFERBT, NLS 31005 A0 A% e oL
95 75 ) A2 i R EoRe IR E B, fil4n Mori
PRECT O T NLS AR 1 H A S 5805 25
5 HY AR RO EEAR L, 58 A0 2 78 410 ) 4 L e A
[ SN PR RE ) T 2 3 T R, R EUwW R R A
it b i &2 I3 A i TR AIK . Sanchez ZEP% A U3
IR EEA ST I NLS S TRAS, R BLGE AR A B
A REA ROIE BUR SR Z 2 A, I B kL
TR C A2 B E S

HHG, TERIF R, A5 rPE S MR
7 (Respiratory syncytial virus, RSV). JElH¥a:
(Nipah virus, NiV). 1il| 5% (Sendai virus, SeV)
FINDV M AL E AL NLS ELARZETS 21 42
5E, 3 H. RSV FIURKIZ % 7 ((Measles virus, MeV)M
E A E A SRR |, HEENIZ
A% NDV M 4 40 MIAZE 7 1) S REIA AT AR 55
o FRATHIRTHIOT T AR LI M A 42 175
VRS IERR A R AL (RA2A) 252 M 2 Y A0 %
SENLLL K NDV S I ot  H RA2 AR ke
M 5 AN A% R o7 10 SR S SR v 45 1. Coleman
s BLEL 8 BF 98 9F 52 M 2B [ 250/251KK Fl
262/263RR 1k & 58748 P RESR AN MR E i, ATk
JE M HAIEAZ E A I EE B B R A . PRI,
FEATTRT AR B 1 st AL B EHOR PR M 2R 1T NLS
GEAF I NDV, 38 120 % S 2H 2% R 11 B0 4 27 i M

T NLS BpA: RURIZEAE R NDV 8 4 i )5 1) 2=
SRR AN, R REHATRAE, X XTIAR
NDV M & A4k e f kbl s A 2 &
o B, AREE SR M BEE NLS 28 1K
NDV, /58 NLS 275 %] M 2 1 4 fuA% € {37 . NDV
AR . S BEIE BURE T LA S ARSM I FE RE T 1Y
S, N RS NDV M 2B (A 40 A% E AL h BE
B HLA

1 BB

11 Z0ff. BoRcAxgsR

TERIK T7 RNA RETH BHK-21 4 ve
etk BSR-T7/5 4iiJfi 1 Dr. Buchholz My,
I TR 3 &A% G 7 T R T e 3 % X1 55
AEBE L5t s DF-1 4 B rp =R B 240 %
P LA AT M R DR 22 18] i 3 G i XA A GFP BE Y
R Jik. pPNDV/SSIGFP DL KZHE{E NDV SS1 #k
(GenBank %55 . KP742770)3K 51 3 /™4 B it
KL pCI-NP . pCI-P, pCI-L A S2 50 %= 471, SPF
PCYINIANE Il g A A ST vam L7/ /NI I 2 )
10 H & .

12 FERF

TRIzol, RNase-free HO . Sz a7 & [
Invitrogen A7) ; 6 nt FEALS 1Y) A FifEA T A
THAMRAHR; DMEM 55558 G4 W A
Gibco Al ; Eif7E DNA B4THE. T4 DNA 445
fig . FRiIMENYIEE Age I . Bstz17 [ #il EcoR 1 |
DNA Ladder Marker 4 [ Fermentas 23wl ; JEki /)N
2170 & A DNA B I ioin] & 3 AxyGen 24
Al BURERICA AN W H QIAGEN A H];
FUGENE® HD Transfection Reagent 4 | Roche 2%
Al 4R ekl DAPL, Cy3 Arid il EHi/h i
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IgG(H+L)I4 FH Sigma 2\ )5 1xRIPA 21 Jifl 24K
EE EREZ PR . Bt GFP RUPRTTREHLIA . HT
GAPDH Rl TEREHTIA . HRP A5ic - 40/ B
lgG(H+L) . i ECL fb2: ALl &l B = K
M ARG RN F] ;. Alexa Fluor 594 #Ric 94Xy
lgY (H+L) 3 b ot A B R A BR A Rl 384t
NDV Z4tifiih . Bbt NDV M [ ZHL i b4
S A O HeailR o 7 o Hr ol
1.3 M ZEHA NLS RZE NDV KRGt m
W5 %E

HR4E NDV SS1 kR4 41 )7 51 (GenBank %
S5 . KP742770), A P LKA F 2R FAAFERY
Age I F1 Bstz17 T PIAEFUINL S T HRIXT S 19(3% 1),
it overlap PCR 744 M 811 250/251KK LA K
262/263RR (5 AR N AR (A) (K 1-A) . #3715
Y PCR 741 54> K 5ok pNDV/SS1GFP i Age 1 #il
Bstzl7 T 20l i A 70D, e Ml H i i Befs i A T
Az, HAL KT TR 2 A AN . PR TR YK
B AR, BAMRRIUTORLS , B EcoR I #E47 81
BEFO) %0, o BAME SORCEES TIPS o K IE B
) M & NLS 28748 1) & KB Ye ks e A 44 K

pPNDV/SS1GFP-M/NLSm. Hi&# s ik K 1-B.
1.4 MZEH NLS #7454k NDV MRS % E

BSR-T7/5 I 7EF% YL 1% 1 mg/mL G418
1] 10% DMEM 35 35 334 20 vk 5 1%, SR 5K 2% 10°
BSR-T7/5 41 i /0T 35 mm 41 il 15 % ML b 5 335
%, YA LR 70%00 T R L UL . e i
FUGENE® HD Transfection Reagent i5i# 45, ¥4
K Fiki pNDV/SS1GFP-M/NLSm (1.0 ug) i 3 >4
Higckr pCI-NP (1.0 pg). pCI-P (0.5 pg). pCI-L
(0.5 ng)dt#: YL %= BSR-T7/5 4il i S ks 60 h
(20 i B 3 4 10 H ik SPF SR, 3725 24 h
WAETZ ISR, 24 h JGRET-HAGHIRE T 4 °C 2 H)
AR PR W, ME HA Bt o BRI AE
10 H % SPFIGHE FiE SRR 5 Ik, ARXG IR IR 4%
W, 1% TRIzol G BE BT B2 BUR 1 RNA, %
S cDNA, SRIGH M JEREERIES Y M-F Al
M-R(3& 1)ii it PCR 434 M K E4 Tl 3 45 7
3 Ah, Fi RESCHER I3]0 5 B PR R i) 5 728 1R 9 75
rSSIGFP-M/NLSm 5 2R A3 rSS1GFP 43l 4%l
DF-1 #iiffd, FXSHT NDV L4 I i A8 40 g Hh 2
A EXT NDV IR B

x1 FHMRMTAMSIIESR

Table 1. The primers used in this study

Primer Primer sequence (5'—3') ? Restriction sites Size/bp Tn/°C
PM/GFP-F ACAACCGGTGCAGCACCCCTCTGAATTG Age | 2592
NLSMm-a TTCCTCTATCTTGTCAAATATCACTGCCGCTCCCTTC 60

TTATCTACAGTG
NLSm-b ATATTTGACAAGATAGAGGAAAAGATAGCGGCACTC

AATCTATCCGTC 60
PM/GFP-R GTGGTATACATTGACTGCCTTATCTCCTG Bstz17 1
M-F TCGGAATTCAATGGACTCATCCAG

1115 57

M-R GGCAGTCGACTTATTTCCTGAAAGG

® The nucleotides shown in underline are the mutated sequence introduced in the primer to change the indicated residues to alanine.

® The restriction sites used in the primers are shown in bold italic.
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(A)

MANLS 247KKG

M/NLSm 247 KKG

(B)

Age 1

KK|VIFDKIEEKI | RR|263

AA\VIFDKIEEKIAA |263

BstZ17 1
v

M H

]’PCR amplification

M with the Overlapping PCR
mutated NLS
Age 1 BstZ17 1
v v
et
Age 1 BstZ17 1

v

MH F T

AgMZU I

pNDV/SS1GFP-M/NLSm n

M ZEH NLS Rk NDV £ KB MR EME TR E

1.
Figure 1. The schematic diagram of mutation strategy
pNDV/SS1GFP. A: Mutation of the indicated basic amino
the mutation strategy of pNDV/SS1GFP-M/NLSm.

15 M EHNREFCRN

K 3x10* DF-1 41 it 22 5] 12 FLAH A B 7740
W, FEA0 % B Ik B 80% Ji K 28 AR IR 1
rSSIGFP-M/NLSm S52EAYRTE rSS1IGFP /) Jjilf#
0.01 MOI J&¥L5l 4P DF-1 4iffd, %8¢/ 24 h
F PBS I VEAIML 3 ¥k, SR 4% AR
[ E 400 20 min, PBS ¥ 3 3, FH 0.25% Triton
X-100 /£ 5 min; PBS %% 33, MA® 10%/hF
M35 PBS T 37 °C &14] 1 h; PBS ¥ 33, A
T 10%/NA- I PBS A BRI P M 2K 1 IR Z HLIMLTE
T 37°CYEH 1h; PBS ¥ 3k, JinA PBS #fEny
Cy3#ric 24T L 1gG(H+L) T 37 °CAE/H 1 h; PBS

s ¢ w0 -

of the M/NLS motif in the full-length cDNA clone of
acids to alanine (A) in M/NLS. B: Schematic diagram of

VeSS, N DAPI Y4l fifit% 5 min; SR faked
JfL T AR T OULEE MR T A L 6
1.6 SRR 2

KGRI S A 7 rSSIGFP-M/NLSm 55554
JiiEE SSIGFP it R AETRAL SR 141049 771200 4%
i 10 H % SPF AN E AR RE BB XS IR - I FE T}
5] (mean death time, MDT), #ff 1 H % SPF 4EXS]
TE 5 B 14 IR PN 0% 45 %8 (intracerebral  pathogenicity
index, ICPI), 2Fl 6 JAli SPF XSl | i kil e 25
Ay & ok 2 B BUK 8 X (intravenous  pathogenicity
index, IVPI), #84 Reed-Muench 7=l s # Xoig
JRAR2 R R ] (50% egg infectious dose, ElDs)o
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1.7 SRFEMZE B LR

¥ 5x10° DF-1 i ia AP 31 12 FLANMIAR B 5 K
B R Z A0, AR EBU R Y DMEM
10 F5 A% Lo BE S8 AR ARG 5 MR A 2, 45D 2] 4
farp . WERE 1 h 5, PBS ¥k 33, #% 11 RBUIMA
1.6%3E 5 A1 2xDMEM, 37 °C 553 48 h Ji7, /D>
FEBRE S A BNE, F 10%H B [ 30 min,
FEHH 0.1% 45 Al 5E e 5. L s 1 h J5 ] PBS Phdst
SERERINT LA BE . REALEER 10 45 BEH GNU
Btk (version 2.8, www.gimp.org) il iE 23 BE /N,
1.8 JREEAIIRSMETE BRI E

K¢ 5x10° DF-1 4l il 0 3 6 FLANMIAR , L4 0.1
MO JZH% 5] i 1) 98 A8 AR 7 A R A 5 70 ol 2 Ao
DF-1 2L, WeBF 1 h f5, ] PBS 1% 3 3l , T 37 °C
5% CO, i Rfih e . MIEGYEHY 12 h,
24h, 36h, 48h, 72 h 196 h WAL -3, ]
W58 95 B P B0 YL 47 (50% tissue culture infective
dose, TCIDso) Y J7 I e BEi B, H-22hild B
WEEMZ ., SCIER 3 Ik, MRS TS
. 7Ah, TEREEERIL R 24 h, WS
Jifd 9% 7% (cytopathic effect, CPE) L Az 2 if o 43 (5,
%6 11 (green fluorescent protein, GFP)f#ik
THOL
1.9 M ZEHF GFP #) Western blotting Al

1E_FIRGEAE MR BE M A e DF-1 4
MR 24 h, SrRIWCEEANNL, PBS ¥k 3 i,
IxRIPA 4 A AR A0 ML, 4 °C B0 IR T,
MAZE A RS i & W )5 #E4T SDS-PAGE, Fi
4% H R 55 EN % PVDF i F . FH 5%t s 7Lk
PVDF T 4°C M &, 703l nA 1: 1000 #i#e
BT M 2 [ R Z P bt GAPDH LA v 4T
PRt GFP BB se SR FIHT GAPDH FLER vk

actamicro@im.ac.cn

PiiATF 37 °CHFE 2 h; TBST ¥k 3 WJm, JA L
2000 #ifER) HRP FRicilEHT/NEL 1gG(H+L) T
37 °CH¥E 1 h; TBST ¥ 35, H ECLAk =X
Fei5R Gtk AT B feJ5 FH Imaged 1.2.4 #4430t
iR M ZE A GFP BN ik .

2 HERFHHN

21 MZEH NLS 2754k NDV 2K BRyu it sa i i
%KE

) pNDV/SS1GFP “Mtbitl, iifiit overlap PCR J7
PR SR MERF R H SR R B (B 2-A).
XF PCR M EHENT, FH M RR e M &
I NLS HRERAS T AR A 2 Ry i 5848 o K B i
B 54K 5okl pNDV/SS1GFP 43 I AUy, i
PR RIGFF B, XU BRI T EcoR T B
Y, AT 3 K HM B, R/ANVRITE 1.2,
1.3 1 16.0 kb 2245 (/8 2-B), il M &1 NLS 2878
USSR e o NN L & S i =9 M
2.2 ZRASAIRTE rSS1IGFP-M/NLSm HFR$ 5% &

JRORE LA L 5 A A M R B HERD 10 H
SPF Xk, ORISR FEETC HA 2t , (H2
FERG IR 15 3 AR5 X IR PR &A1) HA &4
2%, Bl M NLS 274 5 S 8UR RS IR
R IRE T BRI . B R I AR R B LEXG IR
EESEAEAC 5 Y, B HA B A B R XS R PR
WAHEHUR R RNA PEfT RT-PCR, Al LIRSl K
JNE MR B (8] 3-A) o RF G B MR
K PSR A 7 M R 11 NLS 2875 i S LR 37 s R
K15 587 (K] 3-B), UiBH M ZE 11 NLS 287481k
WA E MR R o J9Ah, AENe R A M S 1
24 h FXSHT NDV ZH0iiE 17 E]H 5% 5 ik
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B, 45 R BUAE 2R AR T RN 5 AR 1A 1 I 1Y
DF-1 il rh 34 A sk oSG B, MRS B2 1)
YT G(F 3-C)o RIS, X g 25 Bk I 1l 4 g
B DO B TSR, BT LUK PR AN B Jk

(A) bp M 1
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[ 2.

PR A K iR ZU R SR 5O, RS A R
AR B v B B SR O, T AR R BE Y
A1 ICO (8 3-D). LA ESEREH MR M
1 NLS AR
(B) bp M 1
15000
10000

7500
5000

Yy

16437 bp

2500

1364 bp
1252 bp
1000

250

M ZEH NLS EI5{Kk NDV &K B SRR L E

Figure 2. Characterization of the full-length cDNA clone of pNDV/SS1GFP-M/NLSm. A: M, DNA ladder marker;
lane 1, the PCR products obtained by overlap PCR method. B: M, DNA ladder marker; lane 1, enzyme-digested

products of pNDV/SS1GFP-M/NLSm.

(A) (B) [Aa6 4a6]66 A[AAG ARAJGTGATAT T TGACAAGATAGAGGAALAGATA[AGG AG 4]
bp M 1 2 KKGK KKV 1 FDIKTI EEKTI R R
MfNLS A\ A
f \ AWV A\
4000 YXRW [ m XNH\” Ay
%ggg |.\..G..AG|GC—..\GCGGC.]GIG..T..T|TG!.C....GA|..GA(G.ﬂ..ﬂ..-\.-\G.ﬂ.I.ﬂ
1200 — MfNLsmKKGAAV[FDKIEEKIAA
1000 1115 bp ‘

rSS1GFP  rSS1GFP-M/NLSm Mock

& 3.
Figure 3.

A f A
TAY. %! N A ) A hA

rSS1IGFP  rSS1GFP-M/NLSm  Mock

REMREHNETE
Identification of the rescued mutant virus. A: M, DNA ladder marker; 1, PCR products of rSS1GFP M

gene; 2, PCR products of rSSIGFP-M/NLSm gene. B: Nucleotide sequence analysis of the mutations introduced in
the NLS motif of the M gene. The nucleotide replacements introduced in the M gene were indicated. C: The
indirect immunofluorescence assay used to examine the parental and mutant viruses. Representative images are
shown in the graph (200x). D: Direct fluorescence observation used to verify the parental and mutant viruses.

Representative images are shown in the graph (200x).

http://journals.im.ac.cn/actamicrocn



1792 Zhigiang Duan et al. | Acta Microbiologica Sinica, 2018, 58(10)

2.3 NLS A0 NDV M & B M40 i E ~r rSS1IGFP-M/NLSm BH @ JE T XS JRFE 1T~ B[] (K
W AR IS A A 4 R DE-1 4 1 120 h), #AWIETRE(CPI Jy 1.63, IVPI Jy
Wi, FEECUL SR 24 h P NDV M & Blehim 203). ZEXHE 1 & Ak ) B ¥ B MK (EIDsy K
U ORR T . SRR, AR Eg M 1077900 mL), HFHARAEIRE R HA B TR
O e R R A, T ge s s M 2% HE BB MR NLS SRR T NDY
BEAD M 2R 10 2 e R (] 4). BT M FOREIAIERS IR A S i e
EINLS RESEHT M EFWAMEEMIIEE 25 MEH NLS K250 NDV HIZS R R AE S
ko St AT RE RIS B AT (E DF-L 4 1%
24 MZER NLS RAEIH NDV A Y25 e RLRE T AT I E , A5 REHI(A 5), %zwﬁﬁa
X SEAG A AR 4 BT A ey (SSIGFP JE UM = BER L2, A B ¥R/ Ty
PEMISE | 2550 5005 (32 2), 53575 rSSIGFP #fl  (2.850.35) mm; iM% 2514 # rSS1IGFP-M/NLSm JE
F.(MDT 4 54 h, ICPI 3 1.88, IVPI J} 2.80, EIDs,  JHIZTE/NHA, 2BEFHIR/NA(0.87£0.30) mm,
7 10%97/0.1 mL, HA ZLirh 29, %/}%Mﬁf;ﬁﬁ I 272 ARG T 6 20 P 11 5 S R TS

DAPI

- . .
rSS1GFP-
M.NLSm

B4 FABRSHARLMARFRS M EQTHBPEMNE
Figure 4. Subcellular localization of the M protein in the parental and mutant viruses-infected DF-1 cells. Indirect
immunofluorescence assay was used to examine the subcellular localization of M protein. DAPI was used to stain
nuclei. The representative images are shown in the graph (200x).

x2. FEARSHRTIAFSHEYFFENE 2.6 MZE NLS REAS# 0 NDV B/ e 5E 68 )

Table 2. The biological characterization of the .
) e I 28 AR AR 25 JRk L 1 4 N[
pal’ental and mutant viruses ;‘]‘Ez,‘(ﬁ:j‘ﬂ%nj(lﬁlgﬁiﬂtmxﬁ DF-1 /BEIE@JEI’I IEJ

Merge

Vi Pathogenicity Virus titer sk B %) 95 i T B O 2 SR R, R AR AR B
1rus

MDT/h ICPI  IVPI EIDs/mL HA rSS1GFP-M/NLSM 7E 96 h 22 Rif (1455 B2 4 14 i 1K
rSS1GFP 54 1.88 280 10*°  8log, FHANGTE rSSIGFP WG EENE (& 6-A). XHEEE

5.24
rSS1GFP-M/NLSm >120 163 2.03 10 4 log, SR A JE A [l & B CPE Xm,:—\ﬁ})b(@ 6-B),
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rSS1GFP

rSS1GFP-M/NLSm

B 5 FAFSMRETIRFHHZTHRMENDNE
Figure 5. Plaque assay of the parental and mutant
viruses in DF-1 cells. The plaques produced by the
viruses were measured using the GNU image
manipulation program, version 2.8. Representative
images are shown in the graph.

AR BRI S YA 12 h RGP CPE, %1 48 h
2 it B2 L AR B S8 A IR, T AR AR B A SRR
PLUMLSE 24 h AFHIG IR CPE, JFHAE 72h
e DN 7 S e o 7 N 1 O 4 s e 2
M5 24 h, AT LIB R B 0E AR B A0 i
B CPE ™ H GFP SRR , 1M 5848 1A 75 e e
i f5 T30 CPE R H GFP 52455 (Il 6-C).

AL, SHEEEEYL S 24 h A4REH M B A
GFP MR ELE TR, AR AR M &
FAT GFP ik 1 i I T 2% 4<% 35 (P<0.001)
(&l 6-D). LA EZESRUE M T NLS AR T
NDV FARSMETERE F7 LK B3 P A A s K-

(A) _ 10 f-e- rSSIGFP (B)
2 | ~* rSS1GFP-M/NLSm 12h 24h 36h 48h  72h
“-% 8 L Hokok Sk sk
a ok *E
s . CPE of
= 6f rSS1 GFP
= ¥k
ol
2
£ Ar CPE of
= rSS1 GFP-
g 2 M/NLSm
E
0 1 1 1 1 1
12 24 36 48 72 9% 1.5
t/h
(© (D) 1.0

CPE GFP Merge

N
LN
L8

rSS1GFP

24 hipi

rSS1GFP-
M/NLSm

=]
wn

. sk
0.0

rSS1GFP rSS1GFP-
M/NLSm

1.5

1.0 .
0.5

0

0
rSS1GFP rSS1GFP-
M/NLSm

% T Relative density
of M protein

Relative density of GFP

GAPDH

B 6. FARFMREKFHRIRIMNEELE NDNE

Figure 6. The in vitro proliferation ability of the parental and mutant viruses in DF-1 cells. A: Growth Kinetics curves of
the viruses in DF-1 cells at different time points. Each data point on the curve indicates the mean + standard deviation of
three independent experiments. P<0.001 are represent with ***, P<0.01 are represent with **, P<0.05 are represent with
*. B: The CPE was observed in virus-infected DF-1 cells at different time points. The representative images are shown in
the graph (200x%). C: The CPE and green fluorescence were observed in virus-infected DF-1 cells at 24 h post-infection.
The representative images are shown in the graph (200%x). D: The relative expression of M protein and GFP in
virus-infected DF-1 cells was detected by Western blotting. P<0.001 are represent with ***,
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3 Wit

FRT, 982 Al S5 AR A 7 35 40 4 &2
It ST PRI TR 135 2R 0 A 0 15 5 110 52 T RN S804 A %
Rk B AN R IR O Ak, AR
G 45 FE E BH T 90 B 2 1 A A 6 R L. il
B BHE S WP ZE G AR B AR ST AR I A A% e
A7 R A o A L 8 B s 5 S 8 oy 2 DA e A
FEEAN A N A AT SR 8, R B #E M R A
FEH7TE, WEGTIESE RSV Fl MeV M 25 1Y 41 e A%
SE AN T AU 7 S A 3R PR i RN R 1 R
AR T R DR 2 ) S o) R A s DL R e kL
Ty AL NIV M 2 i S e T4
(W 15508 RGNz ZRE I A, %t
A T30 s 10 8 2EPN e O AR 45 4
1 1(non-structural protein 1, NSL)#FFE i, A
TR HENL NS 25 [ A9 4 A% 2 137 B SR 0T
o3 B 1 2 i RO AR SR T 1, (R AR
HGTe B2 LAy TR B T HIND 8¢ NS1
AR A LA A U)X e s 5 B8 7 2 DA R o 1Y)
SRRSO R AP, Hk, kR
2 G % 1) 3 B 1 A N A R AR T 1 1 2 T RN 3
o A AT g

TERIFRBE R RGP, HETEUESE RSV,
SeV. NiV Hl NDV M #& [ 755 2 % 44 40 i 519 ]
SENAEAERZY, BN SRR EE M EH
R EN I EENE NLS B gi%ese, HES|HAT
Sk, R R s R PE R M BT NLS 2848 14
FREERBEIE M HE A A 60 X @I b 0 B Y 7
73, SRR T RSP AR DLAGE . RS E
52 NDV M [ 247/248KK ., 250/251KK I
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Nuclear localization signal mutation in the M protein attenuates
the virulence and replication of duck-origin Newcastle disease
VIrus
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Abstract: [Objective] This study aimed to investigate the effect of nuclear localization signal (NLS) mutation in the
M protein on the virulence and replication of duck-origin Newcastle disease virus (NDV). [Methods] The target
fragment owning M/NLS mutation was obtained by overlap PCR method and then used to replace the corresponding
region of pNDV/SS1GFP to construct pNDV/SS1GFP-M/NLSm. The M/NLS mutant virus rSS1GFP-M/NLSm was
rescued by reverse genetics technology and identified by hemagglutination (HA) assay, fluorescence assay and
sequencing analysis of the M gene. The subcellular localization of M protein, biological characteristics, plaque
formation ability and proliferation ability of the rescued virus were also detected. [Results] The full-length plasmid
pNDV/SS1GFP-M/NLSm was successfully constructed. The allantoic fluid obtained from the first generation had no
HA titer, but the HA titer of the rescued virus was detected after three extra chicken egg passages. The results of
fluorescence assay and M gene sequencing demonstrated that the rescued virus was rSS1GFP-M/NLSm. In
comparison to the parental virus rSS1GFP, the M protein of rSS1GFP-M/NLSm mainly localized in the cytoplasm. In
addition, the virulence, the replication ability and the plaque formation capacity of rSS1GFP-M/NLSm were
obviously reduced. Moreover, the cytopathic effect and the expression of M protein and green fluorescent protein in
rSS1GFP-M/NLSm-infected cells were also markedly decreased, indicating that the in vitro proliferation ability of
duck-origin NDV was inhibited by M/NLS mutation. [Conclusion] The disruption of M’s nuclear localization caused
by M/NLS mutation could obviously attenuate the virulence and replication of duck-origin NDV.

Keywords: Newcastle disease virus, M protein, nuclear localization, nuclear localization signal, virus replication
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