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Molecular Cloning and Nucleotide Sequence of the Gene Encoding
Fusion(F) Protein of the Thermostable Newcastle Disease Virus
Isolated from a Diseased Pheasant
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The gene encoding F protein of CBP-1 strain, a heat-stable Newcastle disease virus (NDV)
isolated from the diseased pheasants in Korea, was characterized by reverse transcription-
polymerase chain reaction (RT-PCR), nucleotide and amino acid sequences. Virus RNA was
prepared from the chorioallatoic fluid infected with NDV CBP-1 virus and cDNA was amplified
by RT-PCR, cloned and sequenced to analyze. The PCR was sensitive as to detect the virus titer
above 2° hemagglutination unit. 1.7kb (1,707bp) size of the cDNA was amplified and cloned
into BamHI site of pVL1393 Baculo transfer vector. The nucleotide sequences for F protein were
determined by dye terminator cyclic sequencing using four pairs of primers, and 553 amino acid
sequences were predicted. In comparison of the nucleotide sequence of F gene of CBP-1 with
those of other NDV strains, the homology revealed 88.8%, 98.5% and 98.7% with Kyojungwon
(KJW), Texas GB and Beaudette C strains, respectively. As the deduced 553 amino acid
sequences of F protein of CBP-1 were compared with those of other NDV strains, the homology
appeared 89.9%, 98.7% and 98.9% with KJW, Texas GB and Beaudette C strains, respectively.
The putative protease cleavage site (112-116) was R-R-Q-K-R, indicating that CBP-1 strain is
velogenic type. The amino acid sequences include 6 sites of N-asparagine-linked glycosylation
and 13 cysteine residues. These data indicate that the genotype of CBP-1 strain is more closely
associated with the strains of Texas GB and Beaudette C than KIW strain.
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Newcastle disease virus (NDV):= paramyxoviridae
9] paramyxovirus-1°j] 2;8}™ negative-sense, non-
segmented 2 single-stranded RNA 3 AHS 712
100~150nm =719 envelopeE 7}21 vlo}z] Aot}
[2,3,7,8,17]. NDV+ hemagglutinin-neuraminidase
(HN), fusion (F), matrix (M), neucleocapside pro-
tein (NP), large protein (L) 2 phosphoprotein (P)2]
67k21 F8 AL 7} 3 9l ov, ©]% F pro-
tein> NDVe| F233 F wtojz| 29l M ¥
membrane & §ZA| 71 Ml E W 2 nucleocapsidr}
Al st Aoz, HAv|Ha A ‘5‘1‘%‘037114
o F#23% 7|%< 3o} [1,2,7,17,25}. NDV&
<t *}‘“’“’ﬂ Hdete AFTEAEH oI, —3]
o, 4, W3 F /tERed #gER 28], 3
F71 R ARFSE Je 1 AdA M E A
AetEE AL, ojdyolalod e FHAgo
sol MAF R FAMNG AN T3 FA AgH
o7 FHI Yot [1,2,3,8,15,16]. $-8] v}k A
19274 Holl - W EnE ol FA7A

A% TAH A1F Ay ez FYsn
er, MARFE, H9 2 ey 9 g it
WS 23 Qo FAAANA Fata o A
2 ZAEZAF Iy e o] 8 753 9]
o}t [4,7,14,15,20,25].

1991~1995'3 o] Park & {16,17,18,18,20] 2 &3
Aol A%FQ FolA BAY FALE B
2RE $£39 NDVE EJ8%x 1 F CBP,
CBP-2, CBP-3, CBP- 4 2 CBP-5 8|37} 943

o thal WGAol dom, AT F444 5
phenotypec] 7] & NDV #2179} 4] @ o] 5}
o 544 878 APYo] A B4 v}
ol A% /L 7eAe] L Ao w Buslan
[12).

2 AFN M= Park 5 [16,17,18,19,20]¢] £
%% 3 NDV CBP-139] envelope glycoprotein 3=
el 7] A At 3_& 715 < 3= fusion (F) protein
£ codingdt FAAE RT-PCRZ Z=Z vector
plasmidel] F &8t 71 E & EM st o @
4 NDV CBP-1Z9| RAgA%d 44 5
A wAe TR A A A
Aok

mlo
O:s
ol
ok

>
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1. tfol2iA U F4

FAEHEA ojgd Heozrny By gL
SPF F-3Algtoll A 3~5 AdiF2ld WA
NDV CBP-1, CBP-2, CBP-3, CBP-4 2 CBP-5%
[16,17,18,19.20]s} A=Al AAEZZ o] &5 &=
NDV LaSota59} Hitchner B13 2 1950, =
WollA Zald WAHd4d e ZEAEFA 239
KIW)F [712 A4 BEATLZRE EYP
of FAIEAT. HholE 2= 9~104 % € SPF 2
stAGe aut FEde o8 F4 st
[16].

2. NDV F geneo|| tl{§t primer =}x|

GeneBankol| A} 7] A1 &l A& NDVSI F gene?]
H71X 23} Boursnell 5 [4]9] ML 2 13}o]
MacDNAsis ver 3.0 (Hitachi software engineering
America Ltd.)E o] &8 ZAlstgd o} (Fig. 1). FI S
9} F4 AS primer F gene (1.7kb)e] RT-PCRe} A}
B3t 11, F1 S} AS, F2 S9} AS, F3 S} AS, F4
S9} AS primer 252 F gene2] 9714 Yd £
At et

3.RNA =&

(1) RNase =& 35}

RNASH 3 %38l RE A@7]7+= 02N NaOH
oA AR, ZE §9-2 0.1% diethylpyro-
carbonate (DEPC, Sigma)Z 37 C ol A 12A] 3t o] 4t
Aot R4 HFste] RNase 84S HA A7)
F Akt [6,7].

(@) dnojdHo 2 2 H dioj2{A RNAS| £&

RNAE acid guanidium thiocyanate-phenol-chloro-
formg 'o]-8-% Chomczynski®} Sacchi®] WMy [6]
oz FZaAch WA 400pe) FEhrted)
500u1e] denaturing solution {Sol D; 4M guanidium
isothiocyanate (ultra pure, BRL), 25mM sodium citrate
(pH 7.0, Sigma), 0.5% N-lauryl sarcosine (Sigma),
01M 2- f3-mercaptoethanol (Slgma))‘E 4 Z 55
o] & ¥ 37Tl 1A]17F AX| 3 £ 50ul 2M so-
dium acetate (pH 4.5)<} 500u12] phenol/chloroform/
isoamylalcohol (P/C/1 25:24:1, Sigma)‘—?— ge &
1087+ B]'O]'_—l_’_ —9‘0“ /H 587 78‘7(] 3 5 2 15,000
82 1027 Laotel 4319 75%8 A A B2
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0 5 10 15kb
[ I [ ]
5 NP P M F HN L NDV
(1746) ] (1452) | (1792)|  (1792) (2031) (6704) genomic RNA
: " \\""~ ————————— _
L E ]
i Primers Sequences Laocation
F1 S GATTCTGGATCCCGCTTGGCGCTTTCTAGG 10nt-40nt
' F1 AS AAGTCGGAGGATGTTGGCAGC 488nt-508nt
k F2 S AAAGAGAGCATTGCCGCAACC 509nt-529nt |
FFQ AS CGCGGATCCAGAACCGACCTGTGTCACCAC 1010nt-1030nt
| F3 S | CGCGGATCCOGTGGTGACACAGGTCGEGETTICT 1010nt-1030nt

1352nt-1372nt

CTCAGTGGGGAATTCGATGCA

1352nt-1372nt

Fa ASs CGCGGATCCCATCTGTGTTCACATTTTTGT

|
TGCATCGAATTCCCCACTGAG }
|

1687nt-1717nt

Fig. 1. Gene map of NDV and sequences of 4 pairs of primers for NDV F gene.

of &Zch A79 E3%2) isopropanol (Sigma)S
¥ol 1082 A2 F- 1500082 2087 44
ste] RNA 2422 & F 300ul Sol D2 thA
o] 300l isopropanol-Z A 7Véb i 15,000g2 205
ZF 43te] RNA A48 JHE & 759 ethanol
2 F 9 gAstn 13d 29 b 0.1% DEPC
&2 10plel] =t

4. Reverse franscriptase-polymerase chain
reaction (RT-PCR) .

(1) cDNAZ| &4

0.2m] PCR-tubeoll RNA A] & 10ul9} sense$} an-
tisense primer 344 & Z+zb 1pl (200ngyR ¥ 11
707C ol 3087t denaturationA} 7] & A9 o) SE=
<t F A3k o 7]l 5% reaction buffer [100mM
Tris-HCI (pH 8.3, at room temperature), 375mM KCI,
15mM MgCh, Gibco BRL] 6ul, 0.1M dithiothreitol
(DTT) 2pl, 2.5mM dNTPs (Takara) 4ul, 12.5units
RNAsin (Promega) 0.5u), 0.1% DEPC-treated H,O
5ul¢} 100units2] RNase H-minus superscript II RT
(Gibco BRL) 0.5ul2 3 7}38l 11 automated thermal

cycler (DNA thermal cycler 2400, Perkin Elmer
Cetus Co.)Z 37ColA 60%3F 22] 11 42T oA
60%-2F Whg-Bho} cDNAE 4 skt ch [23]

(2) T ELAMELS (PCR)

A% cDNA 10ulel 10X reaction buffer
[100mM Tris-HCI (pH 8.3), 500mM KCI, 0.1%
gelatin (w/v)] Sul, 25mM MgCl, 10ul, 2.5mM dNTPs
8pl, sense<} antisense primerE Z} 1ule} B FEH4
1418 #H 7t3te] Automated thermal cycler (DNA
thermal cycler 2400, Perkin Elmer Cetus Co.)Z&
94T A SE Rl aAaE 28EgA
Taq polymerae (Takara) 1ul (3units)E ¥ o] 949l
A 30%, 46Tl A 30%, 72CoA SE T Hks
ste 49l A5 303 wE-3E A annealing
time>} extention time-S- ©f cyclewtth 2% 9} 524
Frtetd o™ v e 2 727 ol 1082k Hhe-
Al A et [23).

A719 M -& F2 1% ethidium bromide aga-
rose gels
e

o ©

£-3}%1 1 image analyzer (Pharmacia)

o]
Mo (23],

i

e !
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Fig. 2. Construction of the clone of F gene of NDV CBP-1 strain with pVL1393.

5. cDNA cloning

(1) PCR productse| M|

Ao A A2l PCR productsE 1.5ml A] & Thoj
¥ 11 gene clean Il kitZ o] &3to] & 35lgt) =,
Zabd A <kl 4.5u) (900u1)S) Nal stack solution
3 0.58) (100ule] TBE modifier solutiond 2 51
45~55ColAM 71EY B9 Fn 1087 Fo
oW The 187 e muksted 7 gA)2)
glassmilk-g- 10ul H7bs) @3 2o &= e 1~
28vheh Hlof T AL ALY A LA 1027 3
XAl DNA A Ho| glassmilkol] 2E 2
15,000rpmel| A 532F A8t AHE S
o AHEL 7R A Ed0 2 3 Aol

= MA@l = AES 9-3 A

TR 10uE ¥ 1 45~ 55°co1m 2~38 7
o] glassmilko 4] DNAS £33 & 15 OOOrpm 2
123F 943t 5u19] DNAZ} Hof gl Hiz
FTE ot o sule] HFEFFE 9 A
7veted g ¥ o £Z3t] UV spectrophotometer
2 260nmoll X Z33to] 3 Fatqd o).

(2) Vector 4! insert DNA

pVL1393 Baculo transfer plasmid& tf g4 215}
o AAT T BamHIC Z A3 AA linear vector
2 253 olg g FAsden g
AR A7 7] Asta] S6TAA 1417 calf intestine
alkaline phosphatase (CIAP, Takara)= #2]3t &
CIAPE E&315l7] 93] 65Tl A 1417} uh-2-4)
Rev PICAZ H2lsta ez 2 A3 vec-
18kt

g &
¥

,.
tlnt

-m td AN X2 o

¢

w

Mo
w
-~

torg &

T 3‘%% PCR product% 30CoA 1AZF

BamHI® 2 4-3}A17) & P/CAR A 2] 8tal o Els
= A o}oq insert DNAE 4] 3} t} (Fig. 2).
(3) Ligation

EE23 Y BamHIS. 2 A 2] ¥ PCR products 6l
(0.6ug)9F 10x ligation buffer [660mM Tris-Cl
(pH 7.5), 50mM MgCl, 50mM DTT]1ul, 10mM
ATP 1pl, T4 DNA ligase (Takara) 1ul (10units) 2
BamHIS 2 2] ¥ pVL1393 vector 1ul (0.2ug)ZE

3 2L 16Tl A 1241 3F B2t S A7t} (Fig. 2).

(4) Competent cell 4|

Competent cell CaCl, £ AHglwtjec = &
A 3t t}. Buffer= 0.1M CaCl, €948 membrane
filter (0, 45um)Z < 7}3ba] 4T BESHA A}
4393, Hjx] = SOB wjA) (1! % 250mM KCI
10ml, Bacto-tryptone 20g, Bacto-yeast extract 5g,
NaCl 0.5g, pH 702 HE % Smie] 279 2M
MgCl 3 7}), SOC ##] (SOB ¥} 2] 1 I o 20mle]
0.22um membrane filter2 o] 3} 3+ 1M glucose solu-
tion 3 7}), LB agar (1 / & Bacto-tryptone 10g, Bacto-
agar 15g, Bacto-yeast extract 5g, NaCl 10g, pH 7.0)
& AHgatd o

Competent cell> DH5u cell 2 LB agar plateo]]
1 37cd AN =Y S vjekst 3 2~3mm A
7191 F& 10~1278F A =& 250ml SOB %] o] A
Z3l2 UV spectrophotometer (F-3% 590nm)el] 4]
03757} 2 Wj74x] 37 CAl A 7HekA muk (200~
250rpmyst v Fet Ao v Fol St ok
2 1083F ¥ztA120 & 500ml Ao &7)x
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1,600g (3,000rpm)E 4Coll A 102 5<t 4] 5o
AAEE THEIL o1 40mlS 271 0.1M CaCl
ool AF-R3te] 308 PIAY AT o] E T}
A 1,100g (2500mpm)2 4TolA 5¥7+ A2
F AAES BE Z 8ml CaCl, £ o) R=F A
A E-F3 glycerolE AE 35 4%/ 2= @
I FEHA ol & T D&M 108 Bt
AL 0.2m1 Y FEA Qe BF8H] 70T
H 409747 BBSAA A8,

(5) Transformation

Competent cell 200018 G5 oA =o]x Yzt
¥ 1.5ml polypropylene tubeoll ¥ 1 10u1] ligation
mixture plasmid solutiong H7}afl A & Hoy 1
30 Ft E9ol AXAZ o 2T 902
7t 42 4L 714l plasmidr} A ESro 7 Eof
HeE BE g Aol 283 F A&t
o17] o] 0.8ml SOC ]| & 2o} 370oA 7FaHA
A RF (225cycles/min)3t™ 1417 EoF v oksted pla-
smidl] Sle PR YA FAAI FHG e
= 3tHth o] A1ZE B2k ¥ (S0ug/ml)e] E
©] Sl LB agar plateol transformation® A 37}
E°30= 200p1e} SOC wjA & 7HHA el %
o2 AMF 37T I B ujFsto]
4 22 10702 Aelsed R (Songmiye)
A 7HE LB brothol] 23t t}.

(6) Plasmid DNA =&

LB brotholl @29 F& 37ToA 1883+ A&
v Fatict. vkl 1.5mIE A AR B &7
4,000rpmell A 1083+ A48ty A4EHe weln
AAES FAHE Sol I (S0mM glucose, 25mM Tris

- Cl, 10mM EDTA) 200plel] E-&A17 420 A

F-7F A 2 H eh of 7] o] Sol IT (0.2N NaOH, 1%
SDS) 400012 3 7beke] 2 2BA EFE THe
Aol A 523 A2 F WA Sol I (3M
potassium acetate, 11.5% glacial acetic acid) 300l
£ 4o £dstn 58 G T o
< 12,000g0 A} 10%-2F A48t n FE & 179
oA 2 o7 T 1 volume?] isopropanol S
7Fete] 70T A 308 AAAIZ) F 12,0009 A
2087 AT o F AF RS A AS T 70%
Aet== AHee 21FHAZEF b 30ul TER
(Tris-EDTA, pH 8.0, 20pg/ml RNase)2 ¥ o] £
StA T Insert7} Q&= AL 2 A H = plasmidEs
BamHI (10units, Takara)© & X 2] &} inserto] &
w2 gelstdrt 229E Aol BT AL &

TS @ ALY (Sopg/ml)e] Eoizt LB
agar plateol] A ThA] v F3t ot

6. Dye terminator cycle sequencing

G719 A2 Dye terminator cycle sequenc-
ingg o2 2A15 ). 2F&stH Dye terminator
ready reaction mix (Perkin-Elmer, USA)&= A-dye
terminator, C-dye terminator, G-dye terminator, T-
dye terminator, dITP, dATP, dCTP, dTTP, Tris-HC],
MgCl;, thermal stable pyrophosphot.ase-‘l‘r amplitaq
DNA ploymerase-FS2 FA o] gl F 79
E2] @ dye terminator cycle reaction® 2 48 5} 11,
forward primer:= positive sequenceS 93} reverse
primer= complement sequence® 93 AF&3FH T}

0.2ml PCR tubecj] 8.0ul dye terminator ready
mix (Perkin-Elmer), 2ul DNA template, 3.2pmole
forward primer$} 3.2pmole reverse primerZ 43
Z %2 20pl= THE I DNA thermal cycler (DNA
thermal cycler 2400, Perkin Elmer Cetus Co.)ol] 4]
96T Al A 30%, SOCIAA 55, 60TAA 4% F<¢
denaturation, annealing¥} polymerization ¥}7%-& 25
cycles& a3l th 2 31H dye terminatorZ A A
7] 912 2ul 3M sodium acetate, 50pl 95% ethanol
& Frtete 70T oA 10823 A A7 F 15,0008
(@T)E 308 43T F 70% lets2 FA%
Z AzAZx 54t 29 A 8% 25ul template
suppression reagent (Perkin-Elmer, USA)Z )| -8-3 ¢t
% 95Coll A 282 denaturer]Z] - F¥-A317] A
7HA] Dol B A st o

Sequence datax= ABI prism 310 genetic analyzer
(Perkin Elmer Cetus Co.)Z 433 & collection,
analysis 2 seqEd soft ware (Perkin-Elmer, USA)7}
A X8 Macintosh® 213} 2™ raw sequencing
datal= collection soft ware = 7 315 2. analysis
soft ware 2 nucleotide sequences® Z 33153 o}

7. Data analysis

SeqED softwareE ©] &3l HH 7| E 2 5E
ofn =AM H-g A S o.n, NDV CBP-159}
NDV ZFxF<Ql wAY3F [7], Texas GB & Beau-
dette CF9}2] 7] d B = seqED software
Z o] &3}l multialignol] 2]s] £43IH o}
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0

6 7 8

1 2 3 4 5

1.7kb -

Fig. 3. Amplification patterns of NDV F genes
by RT-PCR using F1 sense and F4 antisense prim-
ers for fusion genes. A) Lane 1: LaSota, Lane 2:
Hitchner B1, Lane 3: 1kb DNA ladder marker,
Lane 4: SPF egg (negative control), Lane 5: CBP-1,
Lane 6: 1kb DNA ladder marker. B) Lane 1: CBP-2,
Lane 2: CBP-3, Lane 3: CBP-4, Lane 4: CBP-5,
Lane 5: 1kb DNA ladder marker.

Z2

1. RT-PCRof| 2|5t F SXX} ==

F1 sense primer®} F4 anitsense primerE o] -§3}
of SPF WA FueZel s Z4H NDV
LaSota, Hitchner B1, CBP-1, CBP-2, CBP-3, CBP-4
% CBP-5F¢ s 7]y RT-PCRY o=
1.707kbe] F RS SZAIAY u} Fig. 3004
Yehd whel Zro] 2 PCR producty}t 214 5 9
T}. NDV CBP-19] d7-gHdl| 23 nlojgj 2 &
3 PCR producte] B4 5E v md b 43
A97H7E 2 HAU ©) 3 of o] 29l M=} o
ZH A1, 2 HAU 0|3t wj & fi=o) £Ro) &
9 g (Fig. 4).

442} primer = F1, F2, F3 2 F4 primer pairs&
o] &5ta] NDV CBP-13=0] t]&] RT-PCRZ 24|
& u} Fig. 4904 LbERAL ulsh 3to] 498, 521, 362
9 365bpe] F1, F2, F3 2 F4 248 22z
2191t} (Fig. 5).

2.F gene E224]

A
T

F1 sense primer®} F4 antisense primerS- o] £-3}<]

-238 -

Q
I

Az

CRBEIERY

123456

1.7kb -

521bp 498bp
365bp 3620p

Fig. 4. Amplification patterns of NDV F genes by
RT-PCR for the virus with various hemagglutination
unit (HAU). A) Lane 1: 1kb DNA ladder marker,
Lane 2: 2" HAU, Lane 3: 2° HAU, Lane 4: 2° HAU,
Lane 5: 2" HAU, Lane 6: 2° HAU, Lane 7: 2° HAU,
Lane 8: 2* HAU.

RT-PCRZ ZFZ ¥ CBP-139] F geneS BamHIO
2 Aelsle] dojzl ¥AH 3} BamHICZ Az d
pVL1393 Baculo transfer vector} - g3t th-2- (o}
3 o] plasmidE pVL-NDFz#} # &), DH50 com-
petent cellol] transformationA] 7] 7 W5 A o] A
71¥ LB agarg o] &3l A=a8Ysln, AHd
722 LB brothe] %8} miniprep . 2 plasmid
DNAZ 228 02 BamHIC. 2 A 2|5t 1 1% aga-
rose gelo]l A7) %38t A3}, BamHIS. 2 A A
1.7kb2} insert DNA %} 9.7kbo] vector DNAE #-9)
& F 31Ut} (Fig. 6). Insert DNAS Q] & pla-
smidE Xhol© 2 7] 2| 3}o] linear DNAR T+& 3
Centri - spin column (Takara)& ©]-83te] & A §+
% DNA 71 22 & template 2 A}-8-3} 9 o}

3. NDV CBP-1F2| F S8 X HA7|MH

Dye terminator cycle sequencing’foll 2] NDV
CBP-152] F gene®] ATG codon® upstream 46bp
ZE2H 1662 & TGA termination codon®] down-
stream 87bp7}A] ¢ 2|3t 1792bp 5 11bpH-E
17176p74 2] 17070pe) V7N B S AR 6D A
¥, Texas GBF % Beaudette CF¢} ¥ 23S
9 ut (Fig. 7) w g 45 19274 5919 477
2 etr] 88.8%2] homologyE ¥ 91l Texas GBF:
b= 25709 G717 Aboirzt Wb 98.5% 1Elm
Beaudette CT9}= 237 -9 oA AFolrl A
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Genomic RNA of NDV CBP-1 strain

RT-PCR TN
/ pUL1393
(9.6 kb)
BamI BamH1
L1 L]
NDF F gene (1.7kb)
BamH1 CIAP
k» Ligation
BamHI Bant1
pVL-NDF
(11.3 kb)
Xhol
Yhol Xhol
i [ F (1.7kb) |

Fig. 5. Amplification patterns of F gene of NDV CBP-1 strain by RT-PCR using four pairs of primers. Lane
1: F1 sense primer and F4 antisense primer, Lane 2: 1kb DNA ladder marker, Lane 3: F1 primer pairs, Lane 4:
F2 primer pairs, Lane 5: F3 primer pairs, Lane 6: F4 primer pairs.

1 2 3 4 5 6 98.7%2] homologyE .o CBP-159] F gene2 1l
A 9 FH Tl Texas GBF X Beaudette CF 9} B
t} =2 homologyZ WENH AT} (Table 1).

4. F proteine| ofo| =4t M H| W

9.7kb -
F Rz @71 E 24 doiz A3 (Fig.
o - 7E 7128 & F proteinol] gk o} sbAd

S 333t d vl Fig. 85} o] 553742 ofn|x
A-g AR o] AFE wH AT, Texas GB
Z 9 Beaudette CF¢} ¥l 3t d v} F protein®]
oln| = Abe g P Fok= 89.9% (497/553), Texas
GBF 9} 98.7% (546/553) 712} 11 Beaudette C
9}= 98.9% (547/553)2] homologyE 7z} Ko,
NDV CBP-13:& w4 9%l ]3| Beaudette CF
Fig. 6. Cleavage patterns of pVL-NDF digested 5 Texas GB_—;FQ} %%_ homology & L}E}_Lﬂﬂq
with BamHI. Lane 1: 1kb DNA ladder marker, (Table 1). F£& F protein®] proteasecl] ™t clea-
Lane 2-6: pVL-NDF/BamHI. vage site® 22 112~11659 = R-R-Q-K-RE
FAE o] 91931, 6712 N-asparagine-linked gly-
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Table 1. Comparison of nucleotide and amino acid sequence homology of F gene among four strains of

Newcastle disease virus

F gene

KIJW/CBP-1

Texas GB/CBP-1 .. Beaudette C/CBP-1

Nucleotide sequence (homology)

Amino acid sequence (homology)

1515/1707 (88.8%)
497/553 (89.9%)

1682/17C7 (98.5%) 1684/1707 (98.7%)

546/553 (98.7%) 547/553 (98.9%)

KIW = NDV Kyojungwon strain, a velogenic type isolated in Korea

cosylation site7} B2 2, 137]2] cysteine =
717+ 91 = Aot

2

a

34
2 wste A%t Be A4 Aag

ZF3 ok [7,14,1516,17]. £ HE A42EAY
Ho g At gt JAEFTAAY BE Y A

4 a8n AFEE FdeE oo F5EA
gHozm FAAHT U [10,16,17]. & ¥
AAAQ) NDVE] B EEA, E88ta 2 BA7
A3 540 B A7 NS LA )
23} B NY e ALE 2oz @
W) 3 E 1 gt} [2,4,8,12,25].

T H2 NDVS) SHE EARAgHoE
) e NDV T2 §274 474G #4
of #% A7ATI} Be] BuH 1 o, of2
full genomee] G71XF-& A &kor}, Au-
stralia-Victoria strain, Quensland/66 strain, LaSota,
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Fig. 7. Nucleotide sequences of F protein gene of NDV CBP-1 strain contained in pVL—NDF, cqmpared with
those of various NDV strains. Numberings in the left- and right- hand margins pertain to nucleic acid sequences.
The consensus mRNA start site and polyadenylation signal are underlined. The cleavage site is indicated by the
arrow. Line 1, 2, 3 and 4 show nucleotide sequences of the F protein of CBP-1, KIW, Texas GB and Beaudette
C strains, respectively. A dash indicates an identical residue.
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Fig. 8. A comparison of the deduced amino acid sequence of F protein of NDV CBP-1 with various NDV
strains. Amino acid in the signal peptide, the N-terminal portion of the F1 protein, and the membrane-spanning
region are underlined. The cleavage site is indicated by the arrow. The six potential asparagine-linked glycosy-
lation sites where the consensus sequence (N-X-S/T) is used are denoted by asterisks. Line 1, 2, 3 and 4
represent the sequences of CBP-1, KIW, Texas GB and Beaudette C strains, respectively. A dash indicates an

identical residue.
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