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Recombinant DNA vaccines, based on plasmid vectors expressing an antigen under the control of a strong promotor,
have several advantages over traditional vaccines. They have been shown to induce a full spectrum of immune responses
for humoral and cellular systems and to secure the higher safety and the simplicity of administration. Thus, establishment
of DNA vaccines against Newcastle disease virus (NDV) in poultry has been widely investigated using various virus
strains and vector systems. In this study, the F and HN genes of NDV CBP-1 strains isolated from diseased pheasants
and attenuated by serial passages in egg embryos were cloned using pSLIA vector and constructed two recombinants of
pSLIA-tsF and pSLIA-tsHN. The recombinant plasmids were transfected into COS-7 cell and the expression of HN and
F proteins were verified by immunofluorescence, SDS-PAGE and Western blot. The recombinant plasmids were
injected intramuscularly and intradermally into C57B/6 mouse and a significant increment of HN and F antibodies was
detected by ELISA. According to the results, it was implicative that the recombinant DNA could be utilized for

development of recombinant DNA vaccine for NDV.
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sease; ND)9| AJNAZ A family Paramyxoviridae®] genus
Avulavirusel] Z:5km, WA 5= B HIET 2Rl
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SRk e Ed o] WAlolt (1,16,17). NDV=
150~300 nm 17| thgek FElE vehi, w22 2)9]
9} (envelope)S 7FA| ™, herringbone-shaped, WA &
HOAEE 7FXIT} -7 A= negative-sense, single-stranded
RNA°|H 15~16 kb 7|2 G4 =™, NP (nucleoprotein), P

(phosphoprotein), M (matrix protein), F (fusion protein), HN

ﬂ?

(hemagglutinin-neuraminidase), % L (RNA-directed RNA poly-
merase)] 67FA] TS 4= FAAER FE ] 2

(1,18). ©] & wlolel sjsee] EAlsh= Fob HN whuje
NDVe] el 7]dls} ool s o] Fad AT @t
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(1,18,20,27).
F ghile vholel 2 ssjufo] Q= F 7k B7] FolA
He Ao@M, NDVZE AIE B ARAlelA o]z 2o

Aol tuA s, rEU AN S 1 g gl
AE 502 Bolrp e vlolelse) 7e o, Tt
A A AN =S AL, 7 AES AE 7]
F8ol Ao s fwsle] FEAS FY s
2 W) (139). E=3 NDVel B4l B4 F HEE F ey

¢

Fo= Al &l 93] F2t F, oba9l2 Ar)=m, F
o] o]#]3} cleavage activationS NDVE] B9} U35}
Al Fo] UT} (1,19,29). HN Thile- mlo]z| 2 9)ujdlof| 9]
= E7] FoAA & E71EAN 87834 wEh Y THA
(neuraminidase)®] 7]'5S ¥} HN-2 H|E| & A2 A
FEA = sialic acid-3Hr- EA ol F-2A]Z1 024 NDV7E
E]rohﬂ TEY AT S-S doTA s, F o
& FAIBke] vlolE 27t Alxe] HA HYPE T A=F =9
F= 71%S gk =g wepUnArE 243 =W AlE
TEAY 775l ok 1B E HNS NDV| 7
HYd I Fast 938 ste o)t (15,29,30,35).
NDE Iul FAEFolA RIS o] Ba HA4

Aol ARE weksly] Y3 Zue] A 1;01] 9] 3l subunit
vaccine®} AZ=3MAl) tfst AL 8 Foll ATt (12,14).
< NDVel gt A5 vg o= WA

I AR AAE 7R F 2 HN FAAE vaccinia virus (20),

fowl pox virus (14,33), Marek's disease virus type 1 (25), human
cytomegalovirus (34), baculovirus (6,18,19), turkey herpesvirus
(23) & UFFS wiEel] Ajxgtete] s B, 01%
S8 A Az Akl gk AE 31 5
Ao, g A Yol HF Al o] 1Tk Bl
H ¥l At} (13,18,23,28).

T oA B Also] kst
"the third generation vaccine"®]2}1L%E &2
WALS Aqtslal 919 (9,21,24,32,34), herpes viruses, rabies
virus, rotavirus, paramyxoviruses & &= Ho|#|Z=e] gk
DNA #ilo] AxH L gigol tigh A3 A3yt B wt
ATt (2,3,9).

Aol A= NDoll o] 3kl ol A] e]ste] Fs}A|ghol
2 250th Al ¥lYE NDV CBP-1 5-2] F&} HN fAE
RT-PCRZ F3%3}3L CMV (cytomegalovirus) promoter2} BGH
PSLIA vector
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(bovine growth hormone) poly (A) signalS #| !

NG, DI, HEE, Agsl, 9EA, 29
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of AZ3t3le] DNA WAS A2 T) T3 A2 pSLIA-
tsF9} pSLIA-tsHN #}Z3 DNAE COS-7 Al|3Eol| transfection
ato] Fob HN o s 8elshal, C57B/6 wh-2=oll A
T3] A AdS SA3IT

o

Mz 2 Y
1. Hfo|2{A

NDol| ©]ghgl oA FEste] FsiAgel A 250t 7]
o] BjeFE NDV CBP-1F (7)) ARg-3lglom, Al
¢] Hitchner B1#} LaSota-IBE #2F 2 Al-8-319t}h NDV
CBP-13E 9~109% ¥ SPF 3Aleke] @ubzy HEut
Hell oJ3] ST

2. Primer M=

GenBankol| A 73A18le] A2 B15* (Accession# U37187)<]
Fo} HN 77d2ke] 94714143} Chang et al (6,7)°] S 3
318}e] Clone Manager6, version 6.00 (Scientific & Educational
Software)—% o]-g&to] 23Tt

F7d4F (1,710 bp)ek HN 72k (1,795 bp)E &3kl
%%‘é 371 18 242 BamHI site (AE5-0)E ﬁ?} &to] F
72l T3l F1 forward primer; 5-GATTCTGGATCCCGG-
TTGGCGCTTTCTAGG-3' (11 nt - 40 nt)2} F4 reverse primer;
5'-CGCGGATCCCATCTGTGTTCACATTTTTGT-3' (1,687 nt -
1,717 ntyE A|Z313L, HN 34kl tisl] HN1 forward pri-
mer; 5'-CGCGGATCCCGACAGCAGTCCTCAGTCATG-3' (103
nt - 123 nt)94- HN4 reverse primer; 5-CGCGGATCCACTC-
AACTAACCAGACCTGGC -3' (1,840 nt - 1,860 nt)E |33}
o] RT-PCRe]l AH8-3H31Th

3. HIO|2{A RNA £&

nlo]g| 27k SA1E A=t 400 plell 500 ple] denatu-
ring solution [Sol D: 4M guanidium isothiocynate (ultra pure,
BRL), 25mM sodium citrate (pH 7.0, Fisher Scientific), 0.5%
N-laurylsarcosine (Sigma), 0.1 M 2-B-mercaptoethanol (Sigma)]
S #H7¥s1e] 37TClA 1417 WES-A1Z] $, 2 M sodium acetate
(pH 4.5) 50 pl¢} 600 ul2] P/C/A (phenol/chloroform/lsoa.mylal-
cohol;25:24: 1, Sigma)E ¥il W& 2 T3 &
=04 14,000<g®= 104 3+ sl o FEdls AH A
o] £A, T 93714l 550 ple] PICNE H7Vsto] Rk
22 Ege 5, ALolA 14,000<gE 108 7 LA
&, BTN 750 wE A AR YA 22]al S
1sopropanol (Sigma)S Yo A4 108 1+ AAAIZ
14,000Xg=Z 4Col| A 203 I+ LA3le] RNAS AT
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o] FS5 NS A ASIAL THA] Sol D9} isopropanolS Z}

00 WE Y A4 103 I AXAIZ]13L 14,000<gell

A 208 ZF YAEle] A& RNAS tA] HAAID 3 75%

o] delEE T ¥ AFsta AoA 123 e 0.1%9]
(

4. Reverse transcription — polymerase chain reaction
(RT-PCR)

=% viral RNA template 20 ploll F2} HN F-22}e] sk
F1£} HNI primer (50 pmol/u)E 212t 1w #7bekar 70°C
oAl 304 X M2l skar, 4ol A 53 IF HH-S-AIA template©l]
primerE H#3FtE 1E]a o] REgEC] 0.1%°] DEPCE
A 1 FH71ske] RT-Premix (Bioneer, Korea)9} 2 &3k

<, automated thermal cycler (Perkin Elmer Cetus Co., USA)
oA 37TCelA 60+, 42CollA 60 3t W5kl cDNAE
s,

742k &2 Expand long Template PCR system kit
(Roche, Germany)E AM&3te] Falalqivh. kA gt
cDNA 5 plell F&F HN 704l diste] 242} F1 (F), F4 (R)
primer?} HN1 (F)$} HN4 (R) primerS Z+Z} 1 ul (50 pmol/ul)
A Y31 Long Template PCR system bufferl 5 pl®} 10 mM
dNTP 1.75 pl, Polymerase mix 1 pl, B35/ 35 W& H7F
3}o]A] automated thermal cycler® F 4A= 93CollA 25
b dnjA = g 3har, 93Tl 10%, 50Tl A 30%, 68Tl
A 38 Bt ¥hEShe IS 108 WSk, 93°CellA 10
Z, 50Tl 132, 68 CollA] 34 B3 vhg-ah= dwlo] 74
S 203] WHEEPAA extention timeS Ul Alo]E wlt)h 202
F7Fete] HRSAIZTE HN 2 93°CollA] 24 7t ou] &
A2]8taL, 93 Coll A 10%, 46T CllA 30%, 68CellA] 3% &
oF WHg-sh= #gE 103] vHEakar, 93°Col Al 10%, 46 Cell
A 302, 68CollA 3% FF whgate Ao g 203
HHESPH A 1] Alo]Z wlt) annealing timeS 23, extention
time 2024 F7Fsle] WEgAIZITE PCR products 1.2%
ethidium bromide agarose gelS ©]-83l9] H7|9Fo 2 F4]
3}93 3L Image analyzer (Pharmacia, Sweden)® 53} #-4

e i=N
5. cDNA 22Y

29 MEE CMV promoter?}t BGH poly (A) signalS-
7FA1aL 9Ji= pSLIA plasmid (Veterinary Infectious Disease
Organization, Canada)E AF2-3}%1 2™, F2} HN F3AE 2
24335}7] 98] BamHI (TaKara, Japan)©. 2 *]&]3}o] linear
vector= WHEIL A7HEHE AN F17] fl8te] 37°CelA 1
A]ZF calf intestine alkaline phosphatase (Takara, Japan)= *]2]

iRl 101

1217+ BamHI (TaKara, Japan)© 2 *]2]sle] FH]3F pSLIA
plasmidell 89831 aL, o]FA sfo] Pojxl Sekam|=E Zh
7} pSLIA-tsF9} pSLIA-tsHNo |2} &F3iT.

E. coli DH5a competent cell& A3} pSLIA-tsF} pSLIA-
tsHN plasmid®= FAMZ 3] 235 v, fujad7o] =
$Hel 5 mle] LB brotholl AF38kaL 37°CollA] 18413 119 Hl
3lal QIAGEN plasmid purification kit (QIAGEN, USA)S
o]-g-3to] plasmid DNAE FZE3lth 472 AHY AR5
3elsly] 93] A2F Ze)~u|= 2 BamHI, EcoRl, Pstl, 2
EcoRVE Azisled 4194748 213l

6. Transfection

Lipofectamine plus (GIBCO BRL, USA)Z AF&-5}o] pSLIA-
tsF9} pSLIA-tsHN plasmidE COS-7 cell®l transfection 3}%3
t}. Transfection 3}7] Zoll COS-7 A= ERAl 23t
AESF7E 2}10°70200 w7k E A she] mlo]AREH o] =
(96 wells)oll =3} T} Transfection 42 °F&=3dhH Alg
Fhol| plasmid DNAE PLUS reagent (plasmid DNA 1 ug, PLUS
reagent 6 ug and Opti-MEM 100 pl)9} &315}1e] A0l A 154
FoF WS A AATE T2 A& 3o lipofectamine 4 plE Opti-
MEM 0.8 mlo| 3|X3}laL, o] 7 &HE Eala AL-o)A
155 7F WA o] WREAIZE b A|ETE EolglE
wellel Opti-MEM<S @31 oj7]o] w-$-A]71 DNA-PLUS-
lipofectamine complexs ¢ W4 Z 4lo]A] "ojrmydl &
5% CO, incubator (37 C)°ll A 3A1ZF HES-AIZ] U2, Al MEM
HIA] (10% S-Elel8H7hE Y 37kste] 24413 REGAIZ
5 pSLIA-tsF9} pSLIA-tsHN plasmid”} transfection ¥ 1A
£ A gaglth

7. dbs] CHEH SO

[E e B

r

1) S

pSLIA-tsF9} pSLIA-tsHN plasmidZ- transfection 5103 484]
7+ Ak COS-7 A3EE phosphate buffered saline (PBS, pH
72)0.%2 13] A3 S 80% oHECRE 587 7 143
% PBSE 1 A& slar FeF HN whilo] thdl z}7+o] anti-
NDV monoclonal antibody (mouse ascites, Jeno Biotech. Korea;
1:500)2} 37°CellA] 1A1ZF WES-AIFEE 12]aL PBSE 33] A
Z3}aL 2%} 391 FITC-conjugated anti-mouse antibody (Cap-
pel. USA; 1:100)9} 37CollA] 1A13F ¥H5-3}aL ©}A] PBSE 5
3] AT 5, FFAvEor BEsilh

2) SDS—PAGE

pSLIA-tsF, pSLIA-tsHN plasmidZ- transfections}o] 48A]7F
A COS-7 AEE FE5te] 1,200 rpmell 4] 3% FeF 93



102 BAE, IV, HES, AMats], &EA, ZEE, 82
Table 1. Immunization of the mice against recombinant DNA with F and HN genes
. Dose at weeks (ug)
Groups Immunogens No. of mouse Routes
0 2 4 6
I pSLIA-tsF 5 M 100 100 100 Sacrificed
I PpSLIA-tsHN 5 ™M 100 100 100 Sacrificed
I pSLIA-tsF 5 ID 100 100 100 Sacrificed
v pSLIA-tsHN 5 ID 100 100 100 Sacrificed
v Control 5 M 100 100 100 Sacrificed

*Mouse: C57BL/6, IM: Intramuscular injection in quadriceps muscle.
ID: Intradermal injection on tail. Control group was injected intramuscularly with pSLIA alone.

3 F AAAEE 100 Wl PBSel F-FA171 5 SDS reduc-
ing sample buffer [0.5 M Tris-HCl 1 ml, 10% SDS (pH 6.8),
2-mercaptoethanol 0.4 ml, 0.05% bromphenol blue, glycerol 2 ml,
H,0 7 ml] 300 pl& #H7Fste] 95CoA 52 52t 23l
12,000 rpmol| A 3% 52 Ykl 2 AS s A3
t}. 0%k AR5 8}, tris-glycine electrophoresis buffer
£ AH&3ke] 80 VollA] 30 59t prerunning A% ¥, 150 V
oA 2213 A 7D sk A S48 f
prestained protein molecular weight standards (GibcoBRL. USA)
& Agalgla, A719%e] 9uE AL Rese] G
[Coomassie Brilliant Blue R-250 0.25 g, methanol 50 ml, H,O 40
ml, acetic acid 10 ml]ol] 1A]7F A% & &AM [methanol
30%, H,0 60%, acetic acid 10%] 2.2 &A1 #AZ38}3T)

3) Western blot

XCell 1T Blot Module (Invitrogen, USA)¥} Vectastain ABC
reagent kit (Vector Lab., USA), DAB substrate kit (Vector Lab.,
USA)Z ©]-&3}%ith. SDS-PAGE7} ka8 Ay YEZ AT
225 (Osmonics, USA)S 25 VZ 3AI7F E2EAIZ] & Y
Ezdsaz=zuks 7Yo] blocking solution [10 mM Tris-Cl
(pH 8.0), 150 mM NaCl, 0.05% (v/v) Tween 20, 5% Skim milk
(Difco, USA), 5% Lacto-albumin (Difco, USA)]ell 7} 4Coll
A 24A7F W-8-3}a1, PBST [1.37 mM NaCl, 2.7 mM KCI, 10
mM Na,HPO,, 2 mM KH,PO,, 0.05% (v/v) Tween 20]= 2%
Aldstelty. L v 747 FoF HN 9o gk anti-NDV
monoclonal antibody@® 37 CollA 1A]7F WH-S-A171 & 919} 2+
2 W o2 A # 3}l biotinylated goat anti-mouse IgG [H+L]
(Vector Lab., USA)E 1417}, Z12]3L Vectastain ABC reagent
kit (Vector Lab., USA)2] A2} B solutionS PBS®l| 41 37T
o Al 1412k H-S-AI AT Z18]3 DAB substrate (5 m)E 5%

Fo MW F ATFREE olg3tol AH st

8. NIPA HE U HAALAY

kA ZHA| St pSLIA-tsF9} pSLIA-tsHN plasmid= &2 %
gk E. coli (DHSw)E W47 (100 pg/ml)o] H7FE LB
broth (1¢%" Bacto-tryptone 10 g, Bacto-yeast extract 5 g, NaCl
10 g, pH 7.0)°l th=F vl <¥3le] plasmid mega kit (QIAGEN,
USA)Z ZE2H|E DNAE FE3191, A=
260 nmell 4] SAske] AFstal 20Tl Agalvh F59
ZElAn| =] S5 (A260/280 ratio)= 1.8~1.90110H, A&
Al S-S E=o]7] 98] triton X-114 (Cotten et al., 1994)
2 22]3}e] lipopolysaccharideS A7} t) C57B/6 PR
@~8F%)Z Table 137} Zo] 57] o2 Ui, pSLIA-tsF
9} pSLIA-tsHN plasmidES 53 Iulol]l HEsIch &5
AFae A%y o 22 giE 2o 50 pg® 171213 100 pg
= 27 o= 3 AFskelaL, ek A 1vkee
100 pg?& 27 (HA o5 meE]ie] sjulel 3ake] 353kl
o, tiFtell = pSLIA 100 pgs o5 HF3IAT) (Table 1).
6571l Microtainer® Brand Serum Separator tube (Becton Dic-
kinson, USA)E AF&-3te] nEjellA AHaiqich AEd do
- ELISA (Avian Newcastle Disease Virus Antibody ELISA kit,
Jeno Biotech.)& ©]-&3t] WHUAEE S43I3ith NDV &
o] Z2g 96 well mlo|ARZHo|E] 7FEAEH (1:100)
100 WE ¥al 37ColA 1A17F H-g-A1Z] £ washing buffer
200 ug= 33] A|Z3}aL, Peroxidase-labeled horse anti-mouse
IgG (H+L) (Vector, USA) (1:1000)Z 100 ul %3 37°ColA
IAZE WhEAIRAY O 5, 22 e R 33] AHsta
O-phenylenediamine -2HCI®] 7} 224 (TMB substrate)
£ 100 pl WL ALolA oF 103 3T WHEAI7]AL AA| AL
Yo] wals FXA]7] § Emax microplate reader (Molecular
devices, USA)2] 450 nmoll A &3 (ODys0)E 7333t
G tEzT o2 NDV F&F HN @) tf$t monoclonal anti-
body (1:5000)2 AH&-3}33 T}



Newcastle Disease Virus2| F2F HN S& X+ =& DNA HZE

Q M 1 2 3

1710 bp

LIPS 103

e M 1 2 3

el ¢ 1759 bp

p—

Figure 1. Amplification patterns of NDV F gene (A) and HN gene (B) by the RT-PCR. Lane M: 1 kb DNA ladder marker, lane 1:

CBP-1, lane 2: Hitchner B1, lane 3: LaSota-IB strain.

A

6914
5247 —»

6914

911

200—»
(bp)

Figure 2. Cleavage patterns of F gene (A) and HN gene (B) inserted into pSLIA by various restriction endonucleases. Lane M: 1 kb
DNA ladder marker, lane 1: BamHI, lane 2: ECoRI, lane 3: Pstl, lane 4: ECORV.

2 1
1. FeF HN ®R8A S51 2829

NDV CBP-15%, Hitchner B15*, % LaSota-IB ¥ 215%0]| 4]
FZ73 cDNA= FI forward primer, F4 reverse primer2} HN1
forward primer, HN4 revers primerS 212} ©]-8-5}¢] RT-PCR
S 33 vl 2 1,710 bp 2719 F Akl 1,795 bp
=7]12] HN f3Ael e Me=rh 7F 2 2= (Fig. 1).
2235 pSLIA-tsF9} pSLIA-tsHNE BamHIC. 2 *z]sto] 7
719953+ A3} pSLIA-tsFol A 1.7 kb, pSLIA-tsHNoIl 4] 1.8 kb
371¢] 5313 insert DNA%} 52 kb =17]¢] pSLIAS] ¥1E]
DNAES 3Hlgh 4= QIQIt) (Fig. 2). B3k F9} HN -7 A}l
3t A|$E A cleavage patterns®} pSLIAC] AQlE AE]E
gletr] flal Adaas Aeer 23, pSLIA-tsFi= EcoRI
o A= 6,003 bp, 911 bp, 2] 3L Pstio] 1= 6,714 bp, 200 bp
72 FAEE WEsE 47 AFE A, EcoRVl A=
6,914 bp 7719 & W=7} F2AF AT} (Fig. 2-A). pSLIA-
tsHN= EcoRI®lA 6,376 bp, 636 bp, Pstloll = 5,394 bp, 923
bp, 466 bp, 219 bp 7|2 FA == =Eo] HEE oM,
EcoRVOl A= AetE-97) s ] ekokt) (Fig. 2-B).

Figure 3. Detection of F and HN proteins expressed by recom-
binant pSLIA-tsF and pSLIA-tsHN by immunofluorescent assay
using monoclonal antibodies. A: Control cells, B: pSLIA-tsF-
transfected COS-7 cells, C: pSLIA-tsHN-transfected COS-7 cells.

2. pSLIA—tsF2} pSLIA—tsHNS| transfectiond} &&

PSLIA-tsF$} pSLIA-tsHNS COS-7 A ¥ol|l 27} transfec-
tiond}-31 monoclonal antibodyE AH8-8F0] W& P3LA A g
< $ A7, F o7 ON ©hle] 3 AJeE g1 4 9l
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Figure 4. SDS-PAGE patterns of F and HN proteins in COS-7
cell transfected with pSLIA-tsF and pSLIA-tsHN plasmids. Lane
M: pre-stained protein marker, lane 1: pSLIA-tsF, lane 2: pSLIA,
lane 3: Control, lane 4: pSLIA-tsHN, lane 5: pSLIA, lane 6:
Control.

(kDa)
200>
97.4-»

M A

29>

18.4»

Figure 5. Western blot analysis of F and HN proteins in COS-7
cell transfected with pSLIA-tsF and pSLIA-tsHN plasmids. Lane
M: pre-stained protein marker, lane 1: pSLIA-tsF, lane 2: pSLIA,
lane 3: Control, lane 4: pSLIA-tsHN, lane 5: pSLIA, lane 6:
Control.

At (Fig. 3). =3, SDS-PAGES} Western blotE =33- 2
3}, F o)) thdk 55 kDa] Wl=o} HN ©lof] th3k 74 kDa
o] =g B1E 4 YA, FoF HN F3A7F 49 =A]
2 pSLIASL ixtoll A= =r) 7] %)
4&5).

pSLIA-tsF¢} pSLIA-tsHNE 2} 7+ C57B/6 wh9-2~ (4~85F
2ol thE el 1mheF 100 pg 25 HHo= 334 A
o, e oz 1vEd 100 pg¥ 27 AR
w54 el 3xE HESAL, 67 Aol st Lo
2 FHS FEE A ELISAE 33] =883t} o1 23}
ELISA value EE HA3T (-IV)olA =T (V) B}

&I} (Fig.

AN, ZIP|, SHES, ANS], SEA, AHE, DY

y 1o,

1.00 1
0.75 1 T
2 1
g
< 0.501
1<2]
o
0.25 1
0.00
I Il i v V
DNA vaccine groups

Figure 6. Comparison of ELISA values in the mice injected by
intramuscular (IM) and intradermal (ID) routes with the pSLIA-tsF
and pSLIA-tsHN. ELISA values were measured at 6 weeks after
immunization with the plasmids as shown in Table 1. I and II:
injected intramuscularly, III and IV: injected intradermally, V
(control): injected intramuscularly with pSLIA alone.

oA Egkow, 28 Ay WU HET 7+ vlatel A
pSLIA-tsFZ 3 o+ (I, II)°] pSLIA-tsHNS HE3
(L V)R 1 ] Yelseh 359 ¥ vues 45
AET (1, o] I HFT (I, IV)E-t} ELISA value?} 3%
I} (Fig. 6).

[>

NDV<i= Holl Zste] 54 Addie dol= nhold
7)

2R HTolE JAMAEEA e B wFd s st
o] FalE F3 ATk HZ ND oIS A3l ARSEHGL e
Ao FAEES T35 4 & subunit vaccine™} A%
iAol tigk A7t kel s el o™ (12,14,21,24),
NDVel| tigh EA-eH ATE e s gy Uy
g IAIE 7 F 9 HN 34 AlZ2d WA Alse] 7

sla g YAdo] =& DNA WAlel ek A v ¥
AT}k (13,18,23). T3+ < PCR B} Eo] Az AZE 7]
Hel @sdo] ERlg oz ulole|2 oA PCR W
o2 ZehHol JHAE L Tt (6,7,25).

B Aol A NDoll o]3hd FHomRE Helste] 3
ol A 250t Al vijdst WEA NDV CBP-175 FAIs)
o] RT-PCR 7% &350, ND AlZ3 DNA #2 A| %
913l pSLIAC FoF HN F34s Alx3tstal 2293t
wzo] ube Aol Al A3 DNA wiale] HellAg
R3] 9l d-e| AFE S
CBP-15-$} Hitchner B1F % LaSota-IB W A15=0f] tfj 3}
G primer setZ ©]-8-3 RLPCRS =331 H 1l 1,710 bp
o] F #7212k} 1,795 bp] HN F7zlel] g cDNAS S
st = 9lglen, o9 e AR o7 AT} (5,6,7,8,25,

to L



Newcastle Disease Virus2| F2F HN S& X+ Mg DNA Al

kA

2629)5°] PCRZ NDV Fu HN FHAE SZ39d 2
e} A=A 5koitt. B8 Chang et al (6,7)S CBP-15-9} oF=
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