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V. d7AT 23 9 &8 g 19

R AIE gofstd et Zh
3 in ovo vaccinationg & 7jo] #E A ;

NDV CBP-15& H-8tA| kel 250t AELA st A2 ajFato] of53he
FE 353592, NDV Bl ¥ CBP-15% formalin =+ ethylmethane sulfateS =
gleto] Z&sty Yo in ovo FFol o HI&y WAL ES AT Eg
NDV B15¢ NDV CBP-1F+% polyvalent antisera, &= 2434 2 IgY A =2 A
2t Yol in ovo HEAl tdAde] =i, HI ¥ ELISA 9717} =A e

NDV CBP-15F(250th) F gene® HN gened 7] % ofu]xit gL 7‘%2 Sk,
Bl1s:, LasotaTs, Texas G.B.5F, Beaudette C==, Ulster=%} v s uvf, &Aoo
HA71= 89% o], oAt 91.3% ol/delitt. NDV CBP-157(250th) F % HN
gene®| A Z3HE pSLIA-F2} pSLIA-HN=S #HA|stal COS-7 cellell transfectiond}il
333, SDS-PAGE 2 western blote. 2 F 2 HN w¥lo] W& S 3kQl5}¢l o
uhg-2o HEste]l F 2 HN @ile] tigh 34 F4d5S ELISAHORE Adstal 3
A7ke]  A5S Qs t.  DNA  vaccine  pSLIA-tsF, pSLIA-tsHN %
pSLIA-F+HN, pSLIA#} attenuateed NDV CBP-1(250th)+IgY vaccineS in ovo HZ
sto] Fshg, b B WHdAdS AlFek vl DNA vaccine®] F-3h&3 <bxlAd o
80~100% = =okth Algatol g NDV Bl &4 419] booster &35 =43 n}
DNA vaccine¥} attenuateed NDV CBP-1(250th) +IgY vaccine d&w o4 NDV Bl
vaccine®] booster 37} =A YERY I, wild type NDV CBP-1 virus® challenge
Al WA ol &o] fFostA =Rt

-ﬂﬂ

=

-9 AdA TE7]AA Gl B in ovo vaccination® 3 Aol B3 A

okl 2] virus & ILTV-N91B01¢ WHS 742717 98te] ILT Hiole]A~E
LMH cellel  adaption 3™ 181th 744 <4 At wjstdct. 1800 A%
AWE ILT virus®] LDsy #< 1x107%°/0.1mlo2 %7]¢] AthuleE el n]ae]

>~l

o

LDso #kol ®o] ZAEASS 21d 4 AUtk A4 1 EMS A& &, oo}
gAY Fd T GFE A AZ gAY gahe g HJed HEE
ofg]ol| A A Asko] v~ weFsFSit). Attenuated ILT viruse] AlEjol HF Alg
o A= 1x10"%° TCIDs/0.1mle] Hlo]ld] A2 dhg-3t= wjkel A 37 9 100ul
A 7S W Fakg, 3% 109 1F AEEo] PBS groupst frAFSRdTh md
g Aol ME HE F45, 55, 65, R 754 SN gho] 747t 1:2~1:64,
1:2~1:64,1:2~1:32, 1:2~1:32 0& Tha @& gA71E Horh o= 2 3 nuk
o] Woleh= ILT virus® A&el st 2Fo]de] Wetglrnl Wejnkgo] wig-



U= AL wjFolt}, T3 hepes virus®] #o] 7]AH-E w3 humoral antibody®ll
9)3 ZABTHE local cell mediated immune response®] & &st= Aoz d&x ¢
7

W Fo H|=E B Ao A H]E vt @& humoral antibody response’} Y$EA|

THILT ool 24 gls o= AztdEn
DNA #A1-& AAksl7] 9138le] pCl-neo-vectore] ILT gB genes PCR 7|Ho=

3
ZZ 3] A3 A3 recombinant plasmid DNA vaccine pCl-neo-gB< AJAF ot
T URoH o]F 189® SPF Aefole] HEe A kAol wig w55 & T
AATE SN testol A= A2 Tkt A= AAEA o} plaque reduction
neutralization testollAe Exo+3 Blwdd of AHkA o® 50% plaque 7H4& a37}
919lo ™ circular DNA, linear DNA, ¥X lipofection H7F Alold] Eo]dt WY

39l Apeli= gioih

- AYA71#A D] e in ovo vaccinationd 9 o] #E A

IBV-VF % IBV-KM915% in ovo A% Al BWYAo] 11 o]Aeh dwarfing &
Tcurlingo] #EHAow, FstA gl 10 WA 200 Alherol wet of=3t 2 =3}
ol #ZAHAY WAL ol ATk o] IBVE B- propiolactone &2 E5}HA|
H in ovo FFNA otHA o] ekl IBVAl tHdk byl 2 dEFEA IS ZAs
ol &AE 20u «3tH IBV-V % IBV-KM9lel H2g v} <hdA 2 A
o] folatA AA = AT

IBV-KM91p652] S1 F#HAE pCRII WE F=2Ystar it d7iAd F48
33t o, Baculovirus transfer vector2 ©]&3Fe] S1fdA7F AxggH
rAc-KMp6S1S #Alsta 23dd-s gQlstal Wotgjo] HFete] dAddS A3
Sk v} rAc-KMp6S19o] &3 KMI1p6H Lt} Wojgyts WXt vtEwH st 1Y
A IBVel dgk WojiH o] frE S gQldity 3k in ovo HF-8 DNA vaccine
pCI-KMp6S1 DNA®} pTriEx-KMp6S1 DNAS ZFA|3tal S1 gebwo] 2 G-5=
in vitro ®lF A EoA Q&3 pCI-KMp6S13 pTriEx-KMp6S1S 18U ¥ <]
F-3 A &ell in ovo AFe A Ht 70% ©]/de] F3&S ESth DNA vaccine?
in ovo vaccination®] W& IB Al booster &35 Algst v DNA ¥ A F3h
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SUMMARY

I. Title

Studies on development of the immunogens of major infectious poultry diseases

for in ovo vaccination

II. The objectives and necessity of study

Vaccination in poultry industries is a laborious — and  high cost job, therefore,
we will establish antigen production technologies for in ovo vaccination, which has
been known to be simple and cost-saving method, to enhance productivity and
international competitiveness by saving labor and time for vaccination.

In this study, we will conduct experiments to produce antigens, which can
confer higher safety and effective protectivity when it is applied into egg embryos,
by serial passage of antigen on tissue culture or egg embryo, modifying replication
conditions, specific antibody treatment, and by chemical treatment to reduce or
remove virulence of antigens. The vaccine antigens include Newcastle
disease(ND) virus, Infectious laryngotracheitis (ILT) virus and Infectious
broncheitis(IB) virus those have been big economic losses in poultry industries.
We will also conduct study on production of recombinant DNA vaccine on DNV,
ILTV, and IB.

III. Contents and field of study

The research project consists of 3 subjects including ” Study on the development
of ND virus antigen for inovo vaccination”, " Study on the development of ILT virus
antigen for inovo vaccination”, and ” Study on the development of IB virus antigen
for inovo vaccination”, The detail research contents in each research subject are

production of inactivated antigens, safety and efficacies test on inactivated antigen,



vaccine virus, and attenuated field virus isolates in egg embryos and chicken. The
immunogenecity studies using different inoculation methods were also conducted in
egg embryos. Characterization of antibody inducing genes of NDV, ILTV and IB
virus, production of DNA vaccines and test of their characteristics, safety,

immunogenecity and efficacy were also carried out.

IV. Results and suggestion for application

The summary of this study is as follows;

- Study on the development of ND virus antigen for in ovo vaccination ;

A live attenuated NDV CBP-1 strain was produced by 250 times serial passage or
cold adaption in egg embryos. The immunogenecity of the NDV Bl and CBP-1
strain inactivated by formalin or EMS treatment were determined by the inovo
vaccination into egg embryos. Bl strain, CBP-1 strain treated with polyvalent
antisera, monoclonal antibody and IgY showed high safety and high titers in HI
test and ELISA. Sequence of F gene, HN gene of NDV CBP-1 and its amino
acid sequence was determined and were compared with Bl strain, Lasota strain,
Texas G.B. strain, Beaudette C stran, and Ulster strain. CBP-1 strain share an
homology more than 89%  in nucleotide sequence and 91.3% in amino acid
sequence with reference strains. The recombinant plasmid DNAs pSLIA-F and
pSLIA-HN were constructed using F and HN genes obtained from CPB-1
strain. Expression of F and HN protein in COS-7 cell transfected with
pSLIA-F or pSLIA-HN was confirmed by FA test, SDS-PAGE and Western blot.
Antigenicity of pSLIA-F and pSLIA-HN in mouse was confirmed by ELISA.
Hatchebility and safety of DNA vaccines pSLIA-tsF, pSLIA-tsHN, pSLIA-F+HN ,
pSLIA, and attenuated NDV CBP-1(250th) reacted with IgY were up to 80 to
100%, when they were inoculated into egg embryo. High booster effects by
adminstration of Bl oral vaccine were demonstrated in groups inoculated with
the DNA vaccine and attenuated NDV CBP-1(250th) reacted with IgY. When
the challenge injection with wild type CBP-1 virus was made into chicken
administered with Bl oral vaccine , immunigenicity and protectivity were

significantly high.



- Study on the development of ILT virus antigen for in ovo vaccination ;

The field isolate ILTV-N91B0O1 was adapted well to LMH cells and was
passaged serially up to 181 passages. The LDsy value of the ILT virus
against 18 days old egg embryos was 1x107%%/0.1ml, indicating a big loss of
virulence. Treatment of ILT virus with EMS, polyclonal antibody, or
monoclonal antibody resulted in loss of virulence, but antigenicity of ILT virus
antigen was low. Hatchability, survivability for 10day after hatching of egg
embryos inoculated with attenuated ILT virus(1x10**TCIDso/0.1ml)  were
similar to those of egg embryos injected with PBS. Serum neutralization
antibody titers at 4-.5-. 6-. and 7 weeks post-inoculation were 1:2~1:64, 1:2
~1:64,1:2~1:32, and 1:2~1:32 , respectively.

Immune response in chickens less than 2 weeks of age do not respond as
well to vaccination as do older birds. It has been known that humoral
immune responses to ILTV are not the primary mechanism for protection and
a poor correlation generally has been found between serum antibody titer
and immune status of flocks. The protection mechanism rely on a local cell
mediated immune response, therefore, relative lower immune response may
not be problems in protection of birds from ILT infection. Recombinant
plasmid DNA vaccine pCl-neo-gB was constructed by inserting gB gene,
which was amplified by PCR technique, into pC-neo-vector DNA. Safety of
recombinant plasmid DNA vaccine pCl-neo-gB against 18 days old egg
embryos was hight. No perceivable SN antibody titer was demonstrated, but
50% plaque reduction effects was found in sera collected from chickens
inoculated with recombinant plasmid DNA vaccine pCl-neo-gB at 18 days old

SPF egg embryos.

— Study on the development of IB virus antigen for inovo vaccination :

IBV-V and IBV-KM91 strain is highly pathogenic and cause abnormal egg
production, dwarfing or curling when they were inoculated in egg embryos.
They were subjected 10 to 20 egg embryos passage. Virulence was reduced
but not lost completely. IBV inactivated with - propiolactone or polyclonal
antibody or monoclonal antibody showed high safety and significant immune
response in egg embryos, The S1 gene of IBV-KM91p6 strain was cloned
into pCRII vector and the neucleotide sequence was analyzed. The S1 gene

was expressed in Sf 9 cell using Baculovirus transfer vector and the



expression S1 gene protein was confirmed. The recombinant protein of
rAc-KMp6S1 showed lower protectivity than that of inactivated KM91p6 virus
antigen, but it induced protective immune response against high virulent IBV
when it applied repeatedly. We constructed recombinat plasmid DNA
pCI-KMp6S1 and pTriEx-KMp6S1 and examined the expression of their S1
gene protein in euaaryotic cells. The pCI-KMp6Sland pTriEx-KMp6S1 had
more than 70% hatchablity on 18 days old egg embryos, The booster effects
of DNA vaccine was significantly high in chicken flocks inoculated with IB
vaccine.

The results obtained in this study may be useful data in developing antigens
for inovo vaccination which is an emerging new technology. Especially, the
results obtained from the in ovo vaccination experiments using virus—antibody
complex antigen and recombinant DNA vaccine will be used in production of
antigens and DNA vaccine for in ovo vaccination to ND, ILT and IB.

This study is only first step in developing antigen for in ovo vaccination,
therefore, it must be continued and be commercialized through a cooperative

study with industry.
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H2&d =de 7lsiy &

Sel B ASFHE RRAA M AT AEAES 2E FAZAA RE v

= o
dehgel Al At AdA BF 5 ggsta, Agagnde s,

=Ey
I AAA] o WA AES 7|vss dA wio] A9y HgoR AF U4
s7he] Ede] A oA FHEHL v WAHT Z2 e Holgrt Fakd
ASRE A 15Y HAoR 209F9] WS Fos|ofstr] wied FAE7re 9
ARE 719 e d AAZE G4 S5 5 e EA-et. 2y v B
AR Al A 200 AzE AFste] AE3stEe] 7Fa Q)= in ovo vaccination¥
o] A d o] WAl Hell sk Mol HA3] Q% o A E

& el MuEE 3

=
olo] Mgk Ag-&Fo] vig MxIF dAeln

Hog, TriBio Lab. Pfizer &, Z8l32 % Fo|A & Fort Dodge Australia Pty
Limited, Y@ &#=9] A= Lelystad A+4
2

AAEH R 27 AAFAE] Ay

3}+ in ovo vaccination 7]Hel 3 AFES g} ol ,

F3d4 (infectious bursal disease), wAEHW, AZFAAY, A7 BA Gl st Al
AS Fdtda, oF vtEagy WA FdHd digh in ovo BAE AHESEte
AL dAd o7t vk 2y 5 s el A EE WAL S $AE
oA MAE = ddH Y] WAAE Wt oA dHA S WA=
g4 27 wol Zol7b & ¢ dom, Ao bAA, AL B Aol thER
2 535S A4ds 23 A X vt E =k

O~
vaccination 7% ZHEelA dAfo] H= wlE Fde Ed 2
NDV, ILTV % IBVel W3t in ovo vaccination& gene vaccine< ol =
Ho g oaro A dF AG-zle] 7240 A ta o} oA zrgA 3l

on, 7ledor F g Fopoly Aefol & AEEo]l Bt
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M 3 d7gdsd e & 22t

— =
A 1A % FA&EHI 3 in ovo vaccination®& 3%

1-1. A5 £ Wy

1) A NDV 2 d&AY =3t

TAEH o]FH HolA skl FaA oA 150 Al wgFe HEAE N
CBP-17 % A5wWAlS Hitchner B1TE JFAI3FA T vlolgl~& 9~109#HE SP
-3} A 2 53-‘1}70}114 A&l oa St on, FahA el A 150~250t A%
A wjkstAY 29T A 7247 A 2w % (low temperature, LT)ol A 30~ 50t A
o of 355} o %/\]ﬂ‘}ir/}.

’ﬂ<

2) NDV9| z3tA] 2 &A A

Formalin¥} ethylmethane sulfate*2¥H-& §83%th. NDV Bl15< CBP-1(20th)F
£ Ztzh FaA el A% g Fuuides FaAow AFske] 0.2% formaline
Adela ol 6~7wE  FAste] 38TolA 72A%F &3t va Ak
(PBS,pH 7.1)olA  48A17F EA3dtk. =3 05M  sodium acetate(10mé)ell
ethylmethane sulfate(100ml)Z 7}3faL 31°ColA 287F &3t3t tS 539 nHlolg X
7MaES 2a 31TCAA 30E7F 722e ths 10919] 1% sodium thiosulfate= 7}&} 1
ot HF Aol fEfold A S 2% A 7Heksit

NDV polyvalent antiserum(HI €7} 256)S NDV Bl—r(2X107EID 50./0.1ml) HE+=
CBP-1(240th;2x 10'EIDs0./0.1m0) & HFo 2 &3 e & A L0 A(23T) 1A 75 7+
ZFA A NDV immune complex(Igs) 398 A %33t}

3) #3A@ &Y HAZF(in ovo vaccination)

Ul E vlolgi 2~ 9 0.1ml(100pl)E H-3F 18€ = A HF 3
A BAFS Fgstgdh. FAZIAm)el 2241012 FAFL (A e]15914])S
], Z1ARSe S TEIL FAES St ddS Fdaden JF & A

H8t7]ell ol AL FSA A

o, duAELe A

ALE3H0 0

4) T &R RS(HA) , S H A ks (HI), ELISA
96 well mlcroplate(U*bottom oA dwtHo uwle}l AASA Y. PBS(pH 7.2)2 714
Hiolel =& 28] @A 8 A (25u0)3 & HAHEF(1%)E 7t welld &F 7hste] Ao



A 3087 AAZI T OHAE #=3kdvl. 3 microplatedl A 7HEE
PBS(pH7.2)2 2% 343 & 4 HAUS NDVE 53 (25u)7Fsta A-oA 20
EAIZ tg 1% S 7as Hrista Ao AX3 & HJus g 945

log27t o2 FA3 HIGZIS 2359t ELISAS Avian Newcastle Disease Virus
AntibodyZ7 & ELISA kit (Jeno Biotech., Korea)® W HUAS A3

[e)

Y A o
A

5) Polyvalent antibody ¥ monoclonal antibody 434t

Aol A Z2% NDV B-1& polyethylene glycol(MW:6000)0A] &3 t}2
sucrose gradiento] A Z & YUHE 25l NDV Eolwi=(1.175~1.185g/ml)<S =743}
o AAEAT. AAD LS Freund’'s complete adjuvant® £33l SPF o}y
o 5 1Imy HF3AE 2% 3¢S Freund's incomplete adjuvante} =33}
o 1m¥ F7F AFsha 2575 APste] A S 289 polyvalent antibodyZ & Al
atglar, 3 2d Aol IgY(HI titer = 27", SN titer = 3.0-32)2 AW AEA T4
o A F<F wrolpolyvalent antibody® 3 A|stH ow, HIY7l= 242 5122 243

Monoclonal antibody® ¢4 +H]¥ NDV B-1 Freund’'s complete adjuvant®} &
g 23d FdE 4~5F% Balb/c w29 HEAUC 03mA FYskar, 255
Freund's incomplete adjuvants®} &33t Y-S 2 A=2Z HFstch vgd o+
2} SP2/0 mouse myeloma cell& 50% PEGMW :3350)2 WA= 3t S A #H
%€ hybridomas PHEFFAM T 2SIl limiting dilution ¥
Y3l al, isotypes ¥ ®HS polypeptidesE Western blotting o2 #2135}
S2ste] A AL A Bste] ARt

6) AR, A9 4 E5AF

In ovo vaccination § H3l€ 1, 2 ¥ 358 Wolglo A& Uit o= HI, ELISA
2 AExsd T d=27 SZAES Fds9th =g in ovo vaccination © g
booster&#E FA3%t7] #3l NDV Bl o9& A&l we} Fofstal HIZHA| 7}
o Wes Ao of=mstd wloly 2z kA H WY AFES Al
MDT(mean death time) % ICPI(intracerebral pathogenicity index)& 743}, 7}7
AN=mE Wobgol 4 HFsto] 1573 s th

7) Cell proliferation assay
96-well mlo]ZFZZ#o]Eo] splenocytes (2.0 x 10° cells/m)¢} NDV 89S 713}
I 3U3F W%F [methyl-"H] thymidine < ¥ 18A1ZF wkak the F:8a}o]

thymidine uptakeX] S =7 3&}3l stimulation index(SD% X &3} t}.

ol
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8) NDV

F, HN gened] 3 primer A

Table 17} 2o] primergs 24 3st4t}.

Table 1. Nucleotide sequence of PCR primers for amplification of

gene

NDV F, HN

Primers

Nucleotide sequence 5' to 3'

Expected

product size

FS

5-GATTCTGGATCCCGGTTGGCGCTTTCTAGG-3'

1710 bp
F AS 5-CGCGGATCCCATCTGTGTTCACATTTTTGT-3'
HN S 5-CGGGATCCAACCTCCGTTCACCGACAACAGTCC-3' 1795 1
p
HN AS [5'-CGGGATCCTTGACTCAACTAGCCAGACCTGGCTTCTCTAACC-3'
* BamHI site added to F, HN gene for cloning
9) RT-PCR

RNA %%, cDNA®| @4 2 PCRe dukgol we Fashach,

10) cDNA cloning
Cloning vectorZ% pSLIA vectorE AF&£3t9] pSLIA-tsFe} pSLIA-tsHNE =

sklvh (Fig. D).

_18_



A nc

HCMV intron  \ \  /Hpal

- \ )/ Psu
1000 v

pSLIA-tsHN(3E 92 N)

pSLIA-tsF

6914 bps

_ 7002 bps _

Fig 1. Schematic representation of plasmid pSLIA-tsF and pSLIA-tsHN.

11) |7 2 o=t A 2H

Dye terminator cycle seqeuencing® ©& AA|& T Clone Manager 6, version
6.00(Scientific & Educational Software)E °©]-&3to] 7] ADZHEH ofn=it A
d4& AAsFem, GenBankolA Aol A5 multialignell  ©]d  NDV
CBP-1(250th)2] F¢} HN gene? @714 <ES tE 67019 NDV strainsE3 Hl1l &4
skt

12) Transfection

Lipofectamine plus(GIBCO BRL)S A}&3to COS-7 celldl pSLIA-tsF,
PSLIA-tsHNS  transfectiond}t$itl.  ¢F&38lW  tubeoll plasmid DNAZE  PLUS
reagent(plasmid DNA 1yxg, PLUS reagent 6ug and Opti-MEM 100u0)9} &&3&to] 2
2o 158 FoF weAZIth 2 tubeol lipofectamine 4p0S Opti-MEM 0.8mlo]
S| A 7] g, o] F tubeE T Aol 1587F WA I o] WHSAIZHESH
Al X7} Eod= well®l Opti-MEM < w3 o] 7] HES-A 71
DNA-PLUS-lipofectamine complex& 3+ ®&% 2 4lo]A "oj=d = 5% COy
incubator(37°C)ol A 3A1%F ¥FSAIZ] S 10% FBS7F #7Fe A MEMHIA S © H
7bate] 24417 W& A7) 3L pSLIA-tsF, pSLIA-tsHNe] transfected ¥ cells A9 3}
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At

13) &d o <l

1d Aol ZFAISF monoclonal antibodyE ©]£3}lo] Indirect immunofluoresant
antibody technique, SDS-PAGE, Western blotg Yo wig} =33t 2
Aol BdE gt

14) pSLIA-tsF, pSLIA-tsHN9 w2 HFAY

ok A A8 pSLIA-tsF¢  pSLIA-tsHN<S  Escherichia  coli(DH5n) 9l
transformationdl il o2 #%3le] plasmid mega kit(QIAGEN)Z plasmidE F%3+%
t}. F=4% plasmide HEA9 kA S =ol7] 98te] Triton X-114(Cotten et al.
1994)& A g5k lipopolysaccharide(LPS)S A7 sk 3L, UV  spectrophotometer &
260nmell A Z7gd3ste] Attt ol A FHl¥ plasmide pSLIA-F¢ pSLIA-HNe]
st 27 2 groupl®E o] ARA EAIS 5kl CH7B/6 mice (4~8 F#)9

A& 0 2F o) E ol 50ug¥ HFse] 1vhelE 100 S 14U A o2 3% &5
HAEetda, 22 Yo 1vigld 10 S 1449 HA o2 mgl§-9le 3z 3d F
Zslglon 2ulglE RHE gRToz  AMSEgtH(Table 2). ELISA(Avian

Newecastle Disease Virus Antibody ELISA kit, Jeno Biotech.)& ©]&3dlo] HIAA

% =335k

Table 2. Immunization strategy of mice against NDV DNA vaccines

Dose at weeds (ug)

Immunogen Route 0 1 3 =

Control Sacrificed
pSLIA-tsF  IM(Quadriceps muscle) 100 100 100 Sacrificed
pSLIA-tsHN IM(Quadriceps muscle) 100 100 100 Sacrificed
pSLIA-tsF ID (Tail) 10 10 10 Sacrificed
pSLIA-tsHN ID (Tail) 10 10 10 Saceificed

*Mouse : C57BL/6
*IM : Intramuscularly, ID : Intradermally

15) In ovo % & DNA vaccine FH|
ok ZA g pSLIA-tsF, pSLIA-tsHNS E. coli(DH51)9l transformation 3}o] t
2 wjoketal plasmid mega kit(QIAGEN)E plasmidE t#oe® ZFZ3831 Triton
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X-114*1 28] 3}y lipopolysaccharide(LPS)S A7 ste] &9t 1, thERTF+o = NDV
CBP-159 #4271 AYH A &€ plasmid control pSLIAS ZHA]| 3} 9) ¢},

16) In ovo vaccination 4387 A A

DNA vaccine pSLIA-tsF(I), pSLIA-tsHNII) % pSLIA-tsF+tsHN & % (100D,
pSLIA HZE7(IV) NDV CBP-1(250th)+IgY HZEw(V), Saline (VI) % FA A thxT
(VIDo.z2 B% 7 #o 8 AAsgoen, 72 & NDV Bl S5Wal Fojo wal thA
7yz7y 2o 2 AEate] AFEelt) pSLIA-tsF, pSLIA-tsHN % pSLIA &= %A z
Aste] dEFoz  FuHd RS SPF  H3Ad 1709 100pe® AEska
pSLIA-tsF+tsHN + SPF %37l 17019 pSLIA-tsFo pSLIA-tsHNZ z+zF 100ug
W Edtate]l EFagon NDV CBP-1 (250th, 10°°EIDs)+IgYE 1ol 71<® W
WHoz AAste] FEedh HE e 24 FdE 73 1893 SPF 34 2070

= 10}MJ_ 2271014 FAF (o] 1502)& Abgsto]l 7] Fejol 7S wE
al A% Astlom HF § FaAdES 37l Yol AE F3AAT (Table
3).

Table 3. Grouping of in ovo vaccination with DNA vaccine and NDV
CBP-1(250th) combined with IgY

No. of embryonated

Groups Treatments Doses
eggs
I pSLIA-tsF 20 1001g/100 0
II pSLIA-tsHN 20 1004g/10040
I pSLIA-tsF and tsHN 20 100ug+ 1002g/100 10
v pSLIAO 20 1002g/100 1L
Vv NDV CBP-1+IgVY* 20 10010
VI Saline 20 100u0
VI Control - -

*NDV CBP-1(250th) virus at 10°°EIDsy/0.1ml mixed with IgY(polyvalent, HI titer
512)

17) DNA vaccined 343, 99494 2 E5A18

DNA vaccine® NDV CBP-1(250th)+IgY HE=+¥ 25 53 & 259 oA
HE 9FH A js Al 71F F A ekl HI9F ELISA A @S F3ste] A7k W
TS SAAY. HiIw 44 Asd darydd meha AR89 3 ELISAE Newcastle
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Disease Virus Antibody &% -8 ELISA kit(Jeno Biotech., Korea)= ZA3}it} =
DNA vaccine®t NDV CBP-1(250th)+IgY HF+o] W3 NDV Bla5wWal
booster& & FA3t7] @ F3F 3FH Wl ES v F TLoE UFolA g
T2 NDV BlSFWAls AFEH| wet Fosta, the 3 2 BIWAS Foa~
okt H3e 7 Ao A Aldate] s Wild type NDV CBP-1 virus(mesogenic
strain)  55%10° ElDs/0.2ml (HI titer;1024) ¥ =2 ZA3 TS 02ml1y +44E
shal 273 43t A #EES St

Lo ot

1-2. 4 3
1) NDV CBPF ¢ ¢ =3}

BalA o] A A&ARste] kEstE CBP-157¢F 150038 A 2uok k=31 A7
3 CBP-ILT 9 ¥dA& A3 v} Table 33 & A= A9},

F-shA kel 150, 200 B 250tH Al °F=3ts CBP-159 MDT$ ICPIE 4%
vl MDTE 84.8 89.2 2 923 z2]a ICPIE= 159, 1.06 ¥ 0958 MDT % ICPI =%
parent stockell B3| @3] vrokrh mgh 150 FE A2 FAY k=53t S W
10t} 30tel A MDTE 835 % 892 —18]al ICPIE 1.12 2 098 urebwkoh 3
1, 2 2 5573 Holgo] digt WU AFS A3 B} parent stocke 1 % 2573
A 80%(4/5) AAMES B 57% Wolg A& 53.3%(8/15)9] AAMES UERL
otk 150t AldiFe 9 #EENeY HAbEE fldlen 200~2450)
CBP-1LT 10t ~30tiol A& Sol3t Jaal7F B2 A ¢kghth. whebA parentF & 74
%, 150t ~200t) AT T35, 28 i 2459 AT LT-30d e 52 15
Hom, B AFAE F&E CBP-1 240t 2 FA|8S

-

)

2) in ovo vaccination 7|¥ Z.F 3}

In ovo HF7IME& EFstaet7] flstel FAEE] A7)0 tigh A S T3
10 '~10 °ELDs/0.1m¢ 8] NDV B-152 & A18}o] needle gauge®] 932
22 @ 18 gauge & 22 gaugeZ A}£3lo] 10 'EIDs/0.1ml S HEHS o -

A veb e 18 gauge AREAl 7S wgkow tixtol M= fARSE ko] uERR:
th HEgh FAbuEE S Zole mE HIEFE MAFIHeE AYPe v 10 2 15
o] X ol 4 amniotic sacol] 68.0% % 76.0%, Yolk sac ° 12.0% % 16.0% 12]1 fetal
body °l 20.0% % 8.0% FUH ATt (Table2). 22 gauge 15 AX FALH S o] &3]
1.0, 3.0, 50 ¥ 6.0 EIDs/0.1m¢ 9 7FHLog)el NDV Bl virus HEA F3&2 80%,
20%, 40% 2 0% o] tH(Table 1).
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Table 1. Effect of inoculum volume and needle gauge on hatchability of 18 day
old-embryos inoculated with ND B1 virus

Needle Dose(ut) NDV B1 virus(log EIDs50/0.1mf)
gauge 1.0 3.0 5.0 6.0
100 4/5(80)" 0/5(0) 1/5(20) 0/5(0)
» Control 4/5(80) - - -
100 4/5(80) 1/5(20) 2/5(40) 0/5(0)
+ Control 4/5(80) - - -
100 2/5(40) 1/5(20) 0/5(0) 0/5(0)
o Control 3/5(60) - - -

The control groups were inoculated with Hank’s balance salt solution.
*No. hatched/No. inoculated(% hatchability)

Table 2. Deposition sites of inoculum by different depth of injection in 18 day
old-embryos

Deposition site 1.0 inch” 1.5 inch
Amniotic sac 17(68.0) 19(76.0)
Yolk sac 3(12.0) 4(16.0)
Fetal body 5(20.0) 2(8.0)
Total 25(100) 25(100)

*22 gauge needle used.
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Table 3. Changes of pathogenicity of Newcastle disease virus CBP-1 attenuated
by chicken embryo passage at 37C or 29T

Clinical signs in
Passage

Treatment MDT ICPI chicken(mortality)”
level .
1 9 5
t
p(a;ig 50.6 1.94  5/5(4/5)"°  5/5(4/5) 11/15(8/15)
s
Chicken
embryo 150th 84.8 1.59 3/5(0/5)  2/5(0/5) 0/15(0/15)
passase 200th 89.2 1.06 1/5(0/5)  1/5(0/5)  0/15(0/15)
950th 92.3 0.95 0/50/5)  1/5(0/5)  0/15(0/15)
Low
10th 88.5 1.12 0/50/5)  1/5(0/5)  0/15(0/15)
temperatur
(LGT)* 30th 89.2 098  0/50/5 0/50/5) 0/15(0/15)

* Low temperature treatment from the embryo passage level at 150th

xx Age of week old,

+ 1 and 2 weeks old ; SPF chickens. 5 weeks old; conventional chickens. Each
group was given orally with a dose of 10°°EIDso/chicken

++ No. with clinical signs/No. injected (No. of death/No. injected)

MDT(mean death time for chicken embryo) and ICPI(intracerebral pathogenicity

index in day-old chicken) were measured by standard methods.

3) 9EEA z‘sc]-zﬂxglq.

NDV CBP-152 WA 7] vk¢-25 ARgslo] 53]9] AXg3He A Alste] 98779
hybridomas & 5353t 1% NDV| EolsA Hks-st= AEFE 1359 A tHFig.
1). o] hybridomaZ} AAel= Ao EAHS FAMSE v isotyped IgGr ©] 570,
IgGaoa 7F 47 2 IgMo] 4710] It (Table 4). =3 Western blotting©ll 4] 54Kdol] W&
st o] 570, 57Kd, 48Kd % 42Kdel ®F§-3t= Aol 170, 54Kd 2 48Kdel g3
= Aol QeI YA = =7t veivx] gokn @S9 s 7H &
gl em 18Gowte] T 3t&AleS uEtWlth. NDV B-15 3 CBP-159 immune
complex 84 A E 3] 5E14 28 AAsta v B2 HFol o) d=A
Akt At

¢

oo

-

o

¢

2
rr
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Table 4. Characterization of monoclonal antibodies against Newcastle disease virus

Antibody titers(ascites) by”

Mab Isotypes prO.t?iljl
IFA HI VN specificity
18A4 IgG2a 10° <2 <2 54Kd
9B3 IgG1 10° <2 <2 54Kd
10D4 IgG2a 10° <2 <2 NR
11F17 IgG1 10° <2 <2 54Kd
17F09 IgM 10* <2 <2 54Kd
4A19 IgM 10° <2 <2 NR
12E9 IgG1 10* <2 <2 NR
13A32 IgG1 10° <2 <2 NR
5E14 IgG1 10* <2 <2 57,48& 42Kd
3F5 IgM 10° <2 <2 NR
18G9 IgG2a 10° <2 21 NR
20H10 IgM 10° <2 <2 54Kd
22E2 IgG2a 10° <2 <2 54 & 48Kd

IFA : indirect fluorescence antibody assay,

VN : virus neutralization test

* NR : Not reacted
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A B

Figure 1. Immunofluorescent patterns of the CAM cells on coverslips were fixed
with cold acetone and reacted with hybridoma supernatants.

A positive reaction B: negative control

4) 334 2 FAHE e B3}ey dgdA

0.2% formalin(F) ¥+ ethylmethane sulfate(EMS)E z+zb A28 10°EIDs/0.1ml
97Fe] Bl ¥ CBP-1(240th)+& 18¥ % H-3hgtoll HE S vl formalin A 2] 7ol A &=
375~50.0% 12 i ethyl-methane sulfate *2]ol4E 50.0%~75.0%2 #3182
el R85 133 AEES 75~100%° k. HIG7ME <2~8% uEhsth
(Table 5). 2x10°°EIDsy/0.1mt<37+¢] NDV B15¢} 240t Atl® CBP-157& %
polyvalent antisera®t TEEAd A} 2z 2 A Eldk o 189 ¥ FshA Fo A
Z3g9d vl 1318S polyvalent antiserumel X 75.0% ~87.5%, WEEA]3}A ol A
335~625%2 YEon BT 1F7 BEELS 83.3(5/6)~66.6(2/3)%] ATt HI &
A7be <2~322 YA st A el moh 2a8-g 3 HIg A7 =4 Vet
(Table 6). =3 hxroz FA A Agatx & 10"EDs:/0.1m97He] B-1
2 CBP-159 #3882 80% 2 60%°19a, #3 F 154 HI &A71= 4~16 2

) Addd # &S AE

i AY A4 = in ovo vacciness HF skl F-3hE Wolel= EF 55 o9low
(Table 7), A" AbFEAA 15 3 253 AEES ZAPIAE vF 1FoM =
66.6% ~83.3%, 25°ll= 333%~77.7%=HA thx2] 90%l vl @A Lkt §35}
5 254 HI 97Fe ZAFg vb Bl+Igs® CBP-1+Igs wo] 8~64 2 4~6424 =7
vERskom, Bl % CBP-1(240th)> 4~16 % 8~32¢|%l2owH, Bl1-F¢ BI-EMSw &
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<2~8 @ <2~162 =& gttt (Table 7).
9 ANFAAL EYE st Blt+lgs ¢ CBP-1+lgs 9SS HAAstz 2z 30719
slate] HESE v B38L 76.7%(23 ) 2 73.3%(227]) ¢t} (Table 8). 18] 1

o gt
st 254 HI 975 54 }B1+Igsi13 4~64, CBP-1+Igsv> 8~128 °]loH
L CEY F3 F 274 Bl A% SFUAS £oF 09 15

HIY 7S &A% v} Bl+lgsv 2 16~128, CBP-1+Igs < 32~256 °o]lom =
T (8~64)° v]&] =t (Table ).

Table 5. Effects of chemical treatment of NDV-B1 and CBP-1 on hatchability and

immunogenicity to 18-day chick embryo

HI titer at 1 week after

Treatment Viruses” Hatchability(%) hatching (rate of
survivals)
Bl 4/8" (50.0) <274 (3/4)""
Formalin (0.2%)
CBP-1" 3/8(37.5) 478 (3/3)
B1 6/8(75.0) <274 (5/6)
Ethymethane sulfate
CBP-1 4/8(50.0) <274 (3/4)

xx NDV CBP-1 at 240th passage level,
+ No. of eggs hatched / No. inoculated

++ Rates of chickens surviving for 1 week
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Table 6. Effects of antibody treatment of NDV Bl and CBP-1 on hatchability and

immunogenecity to 18-day chick embryo

HI titer at 1 week

) . Antisera Hatchability(% )
Viruses . Inoculum after hatching(rate of
treatment ) )
survivals)
Poly 0.1m¢ 6/8"(75.0) 4732 (5/6)°"
Bl Mab 0.1ml 3/8(37.5) 8716 (2/3)
Non-treated 0.1mé 1/5(20.0) -
Poly 0.1ml 7/8(87.5) <2732 (5/7)
CBP-1
Mab 0.1ml 5/8(62.5) 4732 (4/5)
(240th) : "
Non-treated 0.1me 2/7(28.6) <278 (3/3)

£ 2x10°°EIDsp/0.1m¢ for antisera treatment and 10™°EIDs0/0.1m¢ for non-treated

control were used.

x*% polyvalent antisera at HI titer of 512 and monoclonal antibody at IFA titer of

10° were mixed with the viruses by equal volume.

+ No. of eggs hatched / No. inoculated

++ Rates of chickens surviving for 1 week
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Table 7. Safety and immunogenicity of various vaccines on the chickens

immunized by in ovo vaccination

No. of ..
No. of . No. of surviving .
In ovo vaccines hatched hs_u}r{vwmtgl chicken at 2 HI t1tekrs %t 2
eggs chicken a week p.h.(%) weex p.h.
week p.h.(%)

B1" 14 9 (64.3) 8 (57.1) 4716
CBP-1" 3 2 (66.6) 1 (33.3) 8732
Bl+1Igs 9 7 (77.8) 7 (77.7) 8764

CBP-1+1Igs 12 10 (83.3) 9 (75.0) 4764

B1-F 4 3 (75.0) 3 (75.0) <278
B1-EMS 6 5 (83.3) 4 (66.6) <2716
CBP-1-F 3 2 (66.6) 2 (66.6) NT

CBP-1-EMS 4 3 (75.0) 2 (50.0) NT

Total 55 41 (74.5) 36 (65.5) -

Control 10 9 (90.0) 9 (90.0) <274
x 10"EIDs0/0.1ml
+ Igs : polyvalent antiserum treated
CBP-1 at the 240th passage levels. p.h. = post hatching

Table 8. Effects of the polyvalent antiserum-treated vaccines on hatchability and

antibody responses of the hatched chickens

No. of NDV B1
In ovo embryonated No. of eggs HI titers at vaccination* HI titers at
vaccination eggs hatched (%) 2 week p.h. at 2 week 2 week p.h.
injected p.h.
Bl+Igs 30 23 (76.7) 4764 17 167128
CBP-1+1Ig - -
30 22 (73.3) 87128 18 327256
S
Control 30 28 (93.3) <2716 20 8764

*Vaccinated by drinking water.
p.h. = post hatching
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6) 1% T4 F3& AL € Fd9 IAZA
1dxbell A FA 8 0.2% formalin(F) =+ ethylmethane sulfate(EMS)E 22} A
3 10°EIDs0/0.1m 2} 7Fe] Bl 2 CBP-1(240th)F 2 4Tel4 10 AL7 A% F 18
B stgte] sde a@oR HEFe vl formalin A el A e 39.7~489% 1
ethyl-methane sulfate #]@]toll A= 482%~68.4%9 F3&S Ueydar 335

T AEES 50~T5%=E tha sttt

@] polyvalent antisera(IgY)e} 2tz 72} A2l gk o} 18U= F-shA| o]l HF st
Fetes S48t Fatd Wobdd Wial A$ 5573 HI 3 ELISA &A7He 543
%@ ¥k Table 99 #o] CBP-1F7 HEAl Fsh&o] dA3] "Hojx ko] e
W AARES2 =A dEbstth =3 g8 ol Hla) IgY #A|A 2] CBP-1+IgY %t
Bl+IgY complex @Al z}zb Fahgo] =gkom Halg wolg oA folstA =
2 A7 AZHAJY, 3" Holgol Wik cell proliferation assay©l €] A E

7R RES AR FA & ol At

7) RT-PCRe] 9% Feo} HN gene&ﬂ Z=Z
NDV CBP-1(250th)%$} NDVehiE-IBHA(c)4)F 4 558 cDNAZ

sense primer, F antisense primer®} HN sense primer, HN antisense primerE Z|

f
ot N g

o] &3} RT-PCRS S 33t wh Fig. 29 #o] NDVEIAE-IBEYAlOA F3E
1,710bpe] F geneoll w3 band’} &=, NDV CBP-1(250th)FolA 5=
1,710bpe] F gene¥ 1,795bpe] HN genedll Wt band”} 7tz #2Z=c} (Fig. 2). &
3 NDV CBP-1(250th)F¢ F¢ HN genecl ™3 A3 a2 cleavage patternsy}
pSLIAY &8FE2A cloning® A& &A317] 98] <Al ZAste] FE3F pSLIA-tsF
9} pSLIA-tsHN plasmidES o2 Ag &4=2 A3 Ay, pSLIA-tsF plasmids=
BamHIel A 5213bp, 1701bp”}, EcoRIoNA+= 6003bp, 91lbp, Z8]3 PstlolA+=
6714b, 200bpol A band7} #+2Z= I th(Fig. 3). pSLIA-tsHN plasmidi EcoRVel A &=
A7 #2= R kil EcoRIA & 6376bp, 636bp, PstlolE 5394bp, 923bp,
466bp, 219bp, 1] 1 BamHI A+ 5213bp, 1789bpol A band”} &)= I tH(Fig. 4).

N o
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Table 9. Safety and immunogenicity of various NDV antigens on the chickens
immunized by in ovo vaccination

Antibody responses of chickens

Antigens Hatchability(%) HI(log2) ELISA(OD)
175 wks old 175 wks old

CBP-1(250th)* 3/30 (10) 4732 03714
B1 = 2/30 (8) 2716 0.370.8
CBP-1"+IgY 21/30 (70) 8732 0.270.9
Bl1'+IgY 21/30 (70) 4732 0.270.7
IgY 24/30 (80) 2.473.8 0.170.3
Control(saline) 30/30 (100) <273.2 0.170.2

Control 27/30 (90) <273.1 0.170.25

IgY = polyvalent IgY: HI titer ; 2° (512)
* ; CBP-1(250th) and B1 = 10" EIDsy/0.1mt
+; CBP-1(250th) and Bl = 10™° EIDsy/0.1mé

-1795bp
-1710bp

Fig. 2 Amplification patterns of NDV F gene and HN gene by RT-PCR using
F sense/antisense primers and HN sense/antisense primers (lane M : 1 kb
DNA ladder marker, lane 1 : NDV LaSota-IB vaccine, lane 2-3 : CBP-1).
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Fig. 3 Cleavage patterns of NDV CBP-1(250th) F gene inserted into pSLIA,
DNA vaccine vector by various restriction endonucleases. (lane M : 1 kb DNA
ladder marker, lane 1 : BamHI, lane 2 : EcoKl, lane 3 : Psf )

6367bp—

Fig. 4 Cleavage patterns of NDV CBP-1(250th) HN gene inserted into
pSLIA, DNA vaccine vector by various restriction endonucleases.( lane M : 1
kb DNA ladder marker, lane 1 : EcoRV, lane 2, 3 : EcoKl, lane 4.5 . Psd,
lane 6 @ BamHI )
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8) NDV CBP-1(250th)F¢] F gene¥ HN gened 97|A4 4 H X

Dye terminator cycle sequencing® el ¢lal4 NDV CBP-1(250th)5 F gene?]
1710bpe] A714 &3} HN gene®] 1795bpe] H7IMES AASAHFig 3 & 4). °]
A2 CBP-1F, B1F, LasotaF, Texas G.B.5, Beaudette CF, Ulster¢} vl
e ¥l NDV CBP-1(250th)5°] F gene> CBP-159% 96%, B159= 98%,
Lasota ¢+ 99%, Texas G.B.59 Beaudette CF9E= 97%9 A5AS YEY
AL Ulsterok= 90%9] Bl A e As4d& Yepivh HN gene CBP-15
o}+= 89%, Bl1F9+= 90%, Lasotast9} Texas G.B.59+= 89%, Beaudette CF¢F
£ 90%, UlsterF¢h= 94%9 AAHoz vugd e 454dS vehloh(Table
10 & 11).

o MR 1 e R e  ah S i+ i+ e i
CEP-1 1 =
Pl rerenmwrenresta  Preateestmars  toateweesaat b carerareterat are Prearmt teweat et rerareraren  aareteeeattes
Bl===a =} ©
1531 L b g 4 Frirea et i, i A e s
131 ¥ a a
T rerenrsarearesn treaateeatar b taareret et sereranin ateeted o e A
am s
I rararat brarantes waant i, Attt et ren st e Pesasateetat e st asesn taes
&
B L e L e P rret tatarees rerweattattem rerararateateana=
341 a == aag== =t
AT i i i A, o areretee e etR=n et et rsat o aarereren aaren  Oon et eerane
all t=
AR o mren breret s ramet i ot e e Feataren  tesaredt rear-t rsarsssattat
481 =
CCA romaren vt omars  aet it teds aeeeneat bttt taatesarcsena tihtaat A,
EE1 8-
A atd tewes ot e t teamateit arear et eeaareeteat  areetaareesa ot tesacet area
Bal=—c--g o t
O it b brararsnrs seareaaatieass T reearecteest  troasarsaases tesactattees seseact thars oottt ot e
BGL o
Tt vt rasaaatat mmsattactta theactaamt tasedteotares msoaaraateeaa rbeeareetreat oot et ar
TBl====gy g
S rvmariect b a At s areasrtaaees wtattetata A ET e Aot teeremtatasen et o asst et
B3l = o=
O raret trenrat e rarsnarest aaa  taatateeet ceeeareestart  Peesaaarest tateeeet
S01
BT st mararat 22 Ll g L A et et eates At i, A e
571
1M1 atamtmtatrsa moaoarsctesarst famsattratra et R T et ateites et et att
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Fig 3. Nucleotide sequence of the gene encoding F protein of NDV CBP-1(250th)

strain compared with those of various NDV strains.

A dash indicates an identical

residue.
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Fig 4. Nucleotide sequence of the gene encoding HN protein of NDV CBP-1(250th)

strain compared with those of various NDV strains. A dash indicates an identical

residue.

9) NDV CBP-1(250th)5¢] F gene® HN gened ofu]x=4t XN g dlu

NDV CBP-1(250th)5¢] F ¥ HN gene @714 g EAo|A dojx A=
2 3to] F 2 HN proteino] gk o} =2k g
A3t} o]

2ol ofn)

Beaudette C5, Ulster5¢} H|
LaSotas, B152<}

CBP-15%+= 91.3%= 7Hd e AeAS Jetlden, dA4o =z a4

=Ahs

ok 999 <]

al
=
L

&S UEr At (Table 10 & 11).

[e)
<

[e]

=

71 %

Zv7Zy 2339 d wh Fig 5, 634
A7E CBP-15, Bl15, Lasotas, Texas G.B.7,

3t9del v, NDV CBP-1(250th)5 ¢ F proteine

=45 YelA il UlsterF9F 925%= 7F3
v A4S YENSdY HN proteine UlsterT9 96.0%9 7H ¥& 4542,
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Fig 5. A comparison of the deduced amino acid sequences of F protein of various

strains of NDV. A dash indicates an identical residue.
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Fig 6. A comparison of the deduced amino acid sequences of HN protein of

various strains of NDV. A dash indicates an identical residue.

Table 10. Comparison of nucleotide and amino acid sequence homology of F

protein of NDV CBP strain with six strains of Newcastle disease virus

. Homology
Strains ; - -
Nucleotide sequence Amino acid sequence

CBP-1 96% (1562/1704) 96.9% (536/553)
B1 98% (1654/1704) 99.2% (549/553)
LaSota 99% (1688/1704) 99.8% (552/553)
Texas G.B 97% (1602/1704) 97.2% (538/553)
Beaudette C 97% (1598/1704) 97.4% (539/553)
Ulster 90% (1254/1704) 92.5% (512/553)
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Table 11. Comparison of nucleotide and amino acid sequence homology of HN

protein of NDV CBP strain with six strains of Newcastle disease virus

. Homology
Strains : . .
Nucleotide sequence Amino acid sequence

CBP-1 89% (1576/1761) 91.3% (531/581)
B1 90% (1588/1761) 93.1% (541/581)
LaSota 89% (1581/1761) 93.5% (543/581)
Texas G.B. 89% (1583/1761) 92.2% (536/581)
Beaudette C 90% (1585/1761) 92.8% (539/581)
Ulster 94% (1664/1761) 96.0% (558/581)

10) pSLIA-F¢+ pSLIA-HN9 transfection

23 ®l pSLIA-F$} pSLIA-HNS COS-7 cellel Z+7Zb transfectiondte] z}z}eo]
monoclonal antibodyE AF&3t9] immunofluorescence assaydt 23 NDV
CBP-1(250th) CBP-1(250th) F protein®} HN protein® &S ol & 4 v}
(Fig. 7 & 8) T3 SDS-PAGE%} Western blotE =33 A3}, 55Kda®] F protein
7} 74Kda®] HN proteine &<l & 4 A (Fig. 9 & 10).

11) pSLIA-F¢} pSLIA-HNS9 vl¢-2HF A F

Table 2014 A A" 2+ group® ELISA A7} W5 Fig. 9 9 #t}

e AR 54 dExadit FoshA =& f‘JZﬂ e veds & 5 Addoh
TEHEHETTHY ANHETT BTl A pSLIA-tsFE HE s w¢] pSLIA-tsHNS 5 &g
TR O S FAVME UEUlen, &5 HFol JUHTEY ¥ =& FAVE
S o4 AATHFig 11).

o

i)
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A. B.

Fig. 7 Detection of recombinant protein in pSLIA-F transfected cells by
immunofluorescent assay with anti-F monoclonal antibody. A : cell control, B :
pSLIA-F transfected COS-7 cells.

A. B.
Fig. 8 Detection of recombinant protein in pSLIA-HN transfected cells by

immunofluorescent assay with anti-F monoclonal antibody. A : cell control,
B : pSLIA-HN transfected COS-7 cells.
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68 - 74Kda
55Kda
18.4-

Fig. 9 SDS-PAGE patterns of NDV CBP-1(250th) F and HN protein in COS-7 cell
transfected with pSLIA-tsF and pSLIA-tsHN. (lane M : pre-stain protein marker,
lane 1: pSLIA-tsF, lane2,3: control, lane 4: pSLIA-tsHN, lane 5,6: control)

-74Kda
5bKda

Fig. 10 Western blot analysis of NDV CBP-1(250th) F and HN protein in COS-7 cell
transfected with pSLIA-tsF and pSLIA-tsHN. (lane M : pre-stain protein marker,
lane 1: pSLIA-tsF, lane2,3: control, lane 4: pSLIA-tsHN, lane 5,6: control

(Kda)

200 -
97.4 -

68 -

18.4-
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Fig 11. Comparisons of ELISA values in the mice given with the plasmids

expressing F or HN of NDV by intramuscular(IM) and intradermal(ID) routes.

12) DNA vaccine¥ attenuated NDV CBP-1(250th)+IgY vaccine® 38, ¢t
AY 2 Agdd A E

DNA vaccine pSLIA-tsF, pSLIA-tsHN % pSLIA-F+HN, pSLIA¥} attenuateed
NDV CBP-1(250th)+IgY vaccines in ovo H %3t A3}, pSLIA-tsF, pSLIA-tsHN %
pSLIA-F+HN, pSLIA HEw2 80~100%°] H-3&S YERlem,  attenuateed
NDV CBP-1(250th)+IgY vaccine HZT2 70%9 F3}&S8 HAH(Table 12). HE

TS BT 80%9 #3&S HAY. 53] DNA vaccines FHE3 ol A 80~100% 2

=2 F318S Yeho] DNA vaccine? ¢tdAdol =55 & F AL 74 9

Holg & F3F $ 354 Al F To®E U] F 14/ o= AAsa NDV Bl

A FFWAE Foste] booster MAIY] TIE AT 3 boosterH Al Fo
o

45 F 14 N7 B5¥ol wild type NDV CBP-1 virus® 523t = A3 DNA
vaccine %% booster MAS FoJdt -2 OI-2 @ M2+ EF 100%9 HEE
S UE e, booster WA A @2 -1, I-1 ¥ M-172 25-30%9] A&
S YEMSI Y. pSLIA+tsF9} pSLIA+sHNE & HAF3 M-172 30%e AEE
< YERHe] T2 DNA vaccine H&w Rt vHluwd = AEES Btk 18
attenuated NDV CBP-1(250th)+IgYE F3 $ booster #AI V-2 100%,
booster HEeHA €S V-1 63%2] AE=ES YERAT. plasmid o3& (IV-1,
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V-2)7 HHE dZ(VI-1, VI-2, VI-1, I-2)°lA] ND Bl vaccine 3§ &< A+&
& 75-80%°]3L ND Bl vaccine HIHF & AEE 0% ol vH(Table 12).

o] Ald ZA¥ DNA vaccine® attenuateed NDV CBP-1(250th)+IgY vaccine &+
9] in ovo &2 ND Bl vaccine?| booster &35 o] £ o ND Bl S<al
S HEsA %2 A9+ pSLIA+tsF9} pSLIA+sHNE &% e M-1rollA W
A3 olso] =kt

13) &M A 9 in ovo vaccinationo] W3 HHAA
(7b) HI 97}

O NDV B1#A H Y FT

pSLIA-tsF, pSLIA-tsHN % pSLIA-F+HN vaccine® NDV CBP-1(250th)+IgY
vaccineS 18¥# -3}l in ovo vaccinationdtil ND Bl vaccines HE3sH#4 &
[-1, O-1, M-1 2 V-1l sl %3} & 75 wild type NDV CBP-1 virus®
challengedt Wolg] o] 254 9FH 7149 HI 97t WsS 43 vl(Table 13),
3 & 659 I-1¢ (pSLIA-tsF)¥} oz IV-1(pSLIA0), VI-1(Saline), VI
-1(Contro)& H3 20~28¢ HI 97l ®BJx, IOI-1, -1 ¥ V-1+S Hit
24.0~2462] HI®7[E w3 o, pSLIA-tsHN % pSLIA-F+HN vaccine®} NDV
CBP-1(250th)+IgY vaccines HZ 3%t o] pSLIA-tsF vaccine H&FTT % Wz
Hle) ¥ HI®ZME Jepddoh O-1, -1 2 V-1 HI 97te] 93 Wss B
W Esl & 259 6574 =A YEE Y (Fig. 12, 13). X3k %31 754 challengest
T ALY Holele] HI 97te 8FH 3 9ol A4S v 1-1, I-1, -1 ¢ V
1ol 512~> 1024% wi$ =A YElske (Table 13). tixa IV-1(pSLIAOQ), VI
-1(Saline), VI-1(ControD) ol & A& HWolag] 7l i)
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Table 12. Effects of in ovo vaccination of DNA vaccines and attenuated NDV

CBP-1 combined with IgY on immunogenicity for NDV

. No. of surviving
Hatchability Booster Challenge )
Group Treatments* . chicken after
(%) vaccines sk
challenge(%)

I-1 pSLIA-tsF No (8"  Yes 2/8  (25)
16/20(80)

-2 pSLIA-tsF NDV B1 (8) Yes 8/8 (100)

-1 pSLIA-tsHN No ® Yes 2/8 (25)
18/20(90)

o-2 pSLIA-tsHN NDV B1 (10) Yes 10/10 (100)

-1 pSLIA-tsF+ tsHN No (10) Yes 3/10 (30)
20/20(100)

Mm-2 pSLIA-tsF+tsHN NDV B1 (10) Yes 10/10 (100)

V-1 pSLIAQ No 8 Yes 0/8 )
18/20(90)

V-2 pSLIAO NDV B1 (10) Yes 7/10 (70)

V-1 NDV CBP-1+IgY No (8) Yes 5/8 (63)
14/20(70)

V-2 NDV CBP-1+IgY NDV B1 (6) Yes 6/6 (100)

VI-1 Saline No €©) Yes 0/8 )
16/20(80)

VI-2 Saline NDV Bl (8) Yes 6/8 (75)

VI-1 Control No €©) Yes 0/8 )
18/20(80)

VI-2 Control NDV B1 (10) Yes 8/10 (80)

* . In ovo vaccination at embryonation day 18.

xk 1 NDV Bl drinking vaccine administered at 3 week of age.
s+ © Peroral challenge with wild type NDV CBP-1 virus (55% 10° EIDs/0.2ml) at
4 week after booster vaccination (at 7 weeks of age).
+ ! No. of booster vaccinated chickens.
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Table 13. Effects of in ovo vaccination of DNA vaccines and attenuated NDV
CBP-1 combined with IgY on the HI activity

HI titers by week post—hatching (average)

Group Treatment
2 3 4 5 6 7% 8 9

-1 pSLA-sp o boETB oA 2 2nd 2 o
P 33 35 G0 20 28 (35

T-1 pSLIA-t<HN 16732 8716 8716 8716 16732 8716 1024 519
P 013 08 140 1400 (240 (12.0)

pSLIA- 16732 8°16 8°16 8°16 8-32 8- 16

-1 51024 973
SPHsHN (19.2) (104) (112 (16.0)  (24.6)  (16.0)

v oapmg 28 28 24 24 24 2 v ar
P 49 (38 G0 25 (25 (20

NDV
v-1 cpp 8716 8716 16732 8716 8732 8716 o
(1400 (14.0) (192) (2L0) (240) (16.0)

+ IgY
1 Sali 274 274 2 2 2 2
' aive a0 @y 2o o eo eo N
278 278 274 2 2 274
VI-1 Control NT NT

4.00  (24) (3.0) (2.0) (2.0) (2.5)
* : Peroral challenge with wild type NDV CBP-1 virus (5.5% 10° EIDs/0.2ml) at 4

week after booster vaccination (at 7 weeks of age).
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20+

I-1 : pSLIA-tsF

I1-1 : pSLIA-tsHN

I11-1 : pSLIA-tsF+tsHN
IV-1: pSLIAO
V-1:NDV CBP-1+IgY
VI-1 : Saline

VI1I-1 : Control

Hl titers

s

AU

M N

I-1 1I-1 -1 V-1 V-1 VI-1 VII-1

Experimental groups

Fig 12. Comparisons of HI titers (Mean * SE of 2 to 7 weeks) in the chickens
administered in ovo with DNA vaccines and attenuated NDV CBP-1
combined with IgY.

30

—=—|-1: pSLIA-tsF

204 ——11-1 : pSLIA-tsHN
——11I-1 : pSLIA-tsF+tsHN
——1IV-1: pSLIAO
——V-1:NDV CBP-1+IgY
—o—VI-1 : Saline
——VII-1 : Control

HI titers

104

ey

0 L) 1 1 L) 1 1 1

0 1 2 3 4 5 6 7 8
Experimental weeks

Fig 13. Changes of HI titers (average of each group) in the chicken administered
in ovo with DNA vaccines and attenuated NDV CBP-1+IgY.
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@ NDV B1#Al HET

DNA vaccine FZ73 NDV CBP-1+ IgY HZ=ao] i3k NDV Bl 2594219
booster &l W& WAENE FA3H7] 93] NDV Ble+Wils Folg Wolzld
&l 47FolA 97 74X 9] HI 9715 S743e vl challenge A 6540 71 =9k,
DNA vaccine ©] HFH 1-2, I-2 2@ M-273% NDV CBP-1+ IgY7F H%5¥ V-2
st V-2, VI-2, VI-2¢] Hl&] =& HI 9715 verdo] 6574 1-2, -2, -2
9 V-2 747, 92.8, 105.6 2 114.09] HIG7IE HYow x> 41.6~64.024 F
T dlET R Eokow, TFEAE fasE Aol AAtHTable 14, Fig. 14,
15). 53} 75A challengedt ol 87 ¥ 9552 HI 97h= 256~) 10242 =
WA o2 = YERTHTable 14, Fig. 15).

(1) ELISA values

O NDV B1¥ v HZF T

pSLIA-tsF, pSLIA-tsHN % pSLIA-F+HN vaccine® NDV CBP-1(250th)+IgY
vaccineS 189 # F-3}gho]| in ovo vaccinationdtil NDV Bl vaccines 3 E3HA] &
< I-1, I-1, mM-1 % V-1l s 53 § 754 wild type NDV CBP-1
virus® challengedt Holglel 258X 9F#H7FA 9] ELISAX WHES =A3L uf
(Table 15), 3} % 650 txa IV-1(pSLIA0), VI-1(Saline) % VI-1(Control)i*<
A1 0.180, 0.114 ¥ 0.1029] ELISA A& R, AA HF+ -1, I-1, -1 ¥
V-1 i 0678, 0424, 0969, 1.068¢] ELISAXE ®HIow pSLIA-F+HN
vaccine®} NDV CBP-1 (250th)+IgY vaccine® FHE3 o] 7}¥ =& ELISAXE
Vet Atk (Fig. 16). 1-1, T-1, M-1 % V-1t ELISA#9] ¥ W35S B
st & 55 744 kel 65 TFolA 7 = dErT (Fig. 17). =3 F-3 7
F4 challenged ¥ &3k Wolgle] ELISA X & 8F#HI 95FHd| =A% vl 1
O-1, M-1 % V-1olA 213 o]%9 =2 97FE Hell o™ (Table 15). iz V
-1(pSLIAQ), VI-1(Saline), VI-1(ControD)s=ol= A& Holgl7}l glo] &Aoo Erls3)
A
g F3F 5FHE 6FF7HA S M-1w¢ ELISAA=1-1 3 O-179] A7 2
o} = A YERA] pSLIA-tsFoF pSLIA-tsHNS 7H7h HE sk 3Rk &3 HEshe

g =2 FAVFE UedS ¢ 5 dew, 7 3 JiAY dAVEE dvE

u, ELISAA| 7} 0.46°]7¢& WEtl= ®Wofelwko] challenged BETE & & U
(Table 15, Fig 16, 17). T3 HI 97l TI-10] [-128th A debgA v
ELISAA &= I-1+¢] O %2 dA7Fs e th(Fig. 12, Fig. 16).

R | T

Zlo
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Table 14. Effects of booster vaccination with NDV Bl vaccine on the chicken
inoculated with DNA vaccines and attenuated NDV CBP-1
combined with IgY on the responses of HI activity

HI titers by week after booster vaccination* (average)

Group Treatment

Qs 5 6 T+ 8 9
~ N N 51270102 L

16764 32764 327128 32764 512~ 1024

[=2 pSHATSE oy 534 4 (534 ! (682.7)
' ' ' ' (853.4) '

16764 167128 167128 16764 25671024 256~ 1024

=2 pSLATSEN i) ey 028) (352 8704)  (665.6)

N N N R N 512~ 102
o, PSUA- 16761 167128 167128 16764 51271024
tsFHEsHN (352 67.2)  (105.6) (41.6)  (819.2
sPtts 652) 612 (056 ULH G102 oo
e i 1732  8-64 16764 8°32 512-1024 512- 1024
P (15.2)  (27.2) (416 (192 (6144  (716.8)
v, NDVCBP-I 32764 647128 647128 527128 1024 1024
+ gy 46.0)  (101.0) (1140) (640) O 1024 (> 1024)
) 8764 32764 327128 16764 2567512 25671024
VI-2 Saline
34.7)  (533)  (64.0)  (32.0)  (426.7)  (768.0)
- - - - 1287 ) 102 -
16732 16764 16764 4732 956~ 1024
V=2 Control (25.6)  (44.8) (480) (16.8) ! (704.0)
' ' ' ' (672.0) '

* NDV Bl drinking vaccine administered at 3 week of age.
x*% weeks post—hatching
+ : Peroral challenge with wild type NDV CBP-1 virus (5.5x 10° EIDs/0.2ml) at 4

week after booster vaccination (at 7 weeks of age).
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1004 T —11-2 : pSLIA-tsF

[ |1-2 : pSLIA-tsHN

B |1]-2 : pSLIA-tsF+tsHN
I V-2 : pSLIAO
E=V-2: NDV CBP-1+IgY
—|- oI VI-2 : Saline

XXX VII-2 :Control

754

504

HI titers
o &
[
—
-

-2 -2 m-2 1wv-2 V-2 VI-2 VI-2
Experimental groups

Fig 14. Comparisons of HI titers (Mean + SE of 4 to 7 weeks) in the chickens
administered in ovo with DNA vaccines and attenuated NDV CBP-1
combined with IgY, followed with booster-vaccination with NDV Bl live
drinking vaccine at 3 week age.

125+
1004
—=— -2 : pSLIA-tsF
2 754 ——11-2 : pSLIA-tsHN
= ——111-2 : pSLIA-tsF+tsHN
é —— V-2 : pSLIAO
504 ——V-2: NDV CBP-1+IgY
——VI-2 : Saline
254 ——VII-2 : Control
0 1 1 1

1
5 6 7 8

N

Weeks after booster vaccination

Fig 15. Changes of HI titers (average of each group) in the chickens administered
in ovo with DNA vaccines and attenuated NDV CBP-1 combined with
IgY, followed with booster-vaccination with NDV Bl live drinking vaccine at 3
week age.
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CBP-1 combined with IgY on the ELISA values

Table 15. Effects of in ovo vaccination of DNA vaccines and attenuated NDV

Group Treatment

ELISA values by week post—hatching (average)

2 3 4 o 6 T* 8 9
01317 01247 01547 02027 02717 0.2847 1.5487 19811~
I-1 pSLIA-tsF 0658 0385 0323 0969 1433  1.386 2427  2.987
(0.270) (0.233) (0.236) (0.520) (0.678) (0.698) (2179) (2.709)
0.1887 0.1487 0.1877 01757 0.2357 0.2357 1.7487 1.498~
-1 pSLIA-tsHN 0427 0386 0277 0467 0504  0.641 2707  2.661
(0.247) (0.228) (0.222) (0.285) (0.424) (0.420) (2.359) (2.417)
01527 0.1417 01837 02757 04577 04237 1.6487 1.968~
- pSLIA~ 0.293 0237 0296  1.063 1433  1.805 2527  2.601
tsF+ tsHN
(0.252) (0.194) (0.269) (0.581) (0.969) (1.139) (2.130) (2.364)
01217 0094~ 0.099~ 0123~ 0127~ 01307
IV-1  pSLIAO  0.287 0360 0207 0183 0229 018 NT  NT
(0.164) (0.150) (0.141) (0.154) (0.180) (0.158)
NDV 01327 01677 02887 02977 04017 03917 15877 17787
V-1 CBP-1 0340 0401 0455 0578 1413 1399 2572 2762
+ Igy  (0.326) (0.301) (0.372) (0.556) (1.068) (0.914) (2.132) (2.502)
0.074~ 00917 0.0907 01117 01077 0.1227
VI-1  Saline 0088 0112 0108 0114 0123 0158 NT  NT
(0.082) (0.093) (0.098) (0.112) (0.114) (0.135)
0.076~ 0.087~ 0.0897 0.085~ 0.084~ 0.1127
VI-1  Control ~ 0.146 0220 0123 0106 0118 0232 NT  NT
(0.098) (0.119) (0.105) (0.097) (0.102) (0.154)

week after booster vaccination (at 7 weeks of age).
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# : Peroral challenge with wild type NDV CBP-1 virus (5.5 10° EIDs/0.2ml) at 4
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Fig 16. Comparisons of ELISA values (Mean

chickens administered

combined with IgY.
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in ovo with DNA vaccines and attenuated NDV CBP-1

—— GI-1: pSLIA-tsF
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Fig 17. Changes of ELISA values (average of each group) in the chicken
administered in ovo with DNA vaccines and attenuated NDV CBP-1+IgY.

_51_



@ NDV B194d HFT

DNA vaccine %73 NDV CBP-1+ IgY HZE ol s NDV Bl 59419
booster FZFol WE AAEHRE FSH7] #sl NDV BlarHils Fo43 #Holgol
el 4ol A 97 7k# 9] ELISAA S 43 v} 554 5715191, challenge &
of 7}Fg =93, DNA vaccine ©] HFH 1-2, -2 % M-273 NDV CBP-1+ IgY
7F AHSE V28 dlx2T V-2, VI-2, VI-29] Hl&) 2u] A% =2 ELISAXE YER
of 654 1-2, O-2, M-2v 2 V-2 2532, 2.339, 2.801 # 28609 971& HI o
W FxT 1.3139]8F 9tk (Table 16, Fig.18, 19). ¥3} 754 challengedt o}z <]

Hy 9= o] ELISAX = 1.735 oo g Auwrd oz = Yersth(Fig. 18). 18
1} challenge® F23 5715 veEldld HI 971eb+= tr2A 6ol A 95771+ ELISAXA]
7V BEE A Aol A (Table 16, Fig. 19).
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Table 16. Effects of booster vaccinination with NDV Bl vaccine on the chicken
inoculated with DNA vaccines and attenuated NDV CBP-1 combined
with IgY on the ELISA values

ELISA values by week after booster vaccination* (average)

Group Treatment

4 5 6 7 8 9.

0.719~ 1.739~ 2.044~ 2.399~ 2.5737 2.526~

[ -2 pSLIA-tsF 1.043 2.366 3.106 3.090 2.828 2.804
(0.909)  (2082) (2532  (2571)  (2.726)  (2.683)

0.688 ~ 1522~ 2.016~ 2.001~ 2.4637 2.596~

-2 pSLIA-tsHN 2.029 2.632 3.020 2.842 3.259 2.848
(1.094)  (1.925)  (2339)  (2399)  (2.673)  (2.710)

0.844~ 1.609~ 1.961~° 1.819~7 1.888 ~ 25107

pSLIA-
-2 1.272 2.280 3.100 3.047 2.920 3.071
tsF+ tsHN

(1.036)  (1.946)  (2801)  (2.690)  (2581)  (2.810)

0.275~ 0.756 ~ 0.947~ 1.053~ 0.992~ 1.789~

V-2 pSLIAO 0.725 1.215 1.585 1.763 2.047 2.205
(0525)  (1.045)  (1.313)  (1.403)  (1.792)  (2.061)

0.687~ 1450~ 2.6017 2.498~ 1.998 ~ 2.108~

NDV CBP-1

V-2 + lay 1.589 2.332 3.112 2.856 2.802 3.008
s (1.202)  (2.012)  (2860) (2521)  (2.179)  (2.351)

0.574~ 0.813~ 1.0357 1.2107 2.029~ 2.2237

VI-2 Saline 0.856 1.390 1.482 2.007 2.390 2.557
0.631) (1112 (1.176) (1534  (2179)  (2.334)

0.431~° 0.450~ 0.457~ 0.454~ 1.448~ 1.737~

VI-2 Control 0.824 1.324 1.340 1.644 2.257 2.368

(0.624)  (0.891)  (1.186) (1.410) (1.735) (2.035)

x : Peroral challenge with wild type NDV CBP-1 virus (55% 10° EIDs/0.2ml) at 4

week after booster vaccination (at 7 weeks of age).
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l 1 I-2 : pSLIA-tsF
S 2 —] Em |1-2 : pSLIA-tsHN
S I — B 11-2 : pSLIA-tsF+tsHN
& — mmm V-2 : pSLIAO
= = == V-2 : NDB CBP-1+IgY
" — [0 VI-2 : Saline
. VII-2 : Control
0 —

-2 -2 12 Iv-2 V-2 VI-2 VII-2
Experimental groups
Fig 18 Comparisons of ELISA titers (Mean + SE of 4 to 7 weeks) in the
chickens administered in ovo with DNA vaccines and attenuated NDV CBP-1

combined with IgY, followed with booster-vaccination with NDV Bl live
drinking vaccine at 3 week age.

g
Challenge
v —=—1-2 : pSLIA-tsF
2 34 ——11-2 : pSLIA-tsHN
T; ——I11-2 : pSLIA-tsF+tsHN
é 24 —— V-2 : pSLIAO
d ——V-2: NDV CBP-1+IgY
1] ——VI-2 : Saline
——VII-2 : Control
0 L) L) L) L) L) 1
4 5 6 7 8 9 10

Weeks after booster vaccination

Fig 19. Changes of ELISA titers (average of each group) in the chickens
administered in ovo with DNA vaccines and attenuated NDV CBP-1 combined
with IgY, followed with booster—vaccination with NDV Bl live drinking vaccine at
3 week age.



1. NDV CBP-15%5 H-stAlghel A 250t ALA ALY A2 v gsto] o5 3}sfar
AQS AFste] MDTSF ICPIX S =43 u} wild type Bt} Wdo] @xs ut

i

2. NDV CBP-15F= WAAIZ mbg-25 AFESFe] 98770 €] hybridomas & 53k
o NDVel Eo|stA wtgsl= 1359 434 dAE zHAls .

3. 10™EIDsp/0.1me937Fe] Bl 2 CBP-1(240th)52 02% formalin %=
ethylmethane sulfates *g|3te] B33 ¢+ = 18¢® F3slgte] HE3SH vl formalin
Aol e 375~50.0% 18 3L ethyl-methane sulfate #] 2]+l A= 50.0% ~75.0%
o] Ra&S YeERN A HIH 77 QA S AT

4. 2x10"°EIDsp/0.1m¢ % 7ke]  NDV  B15¢ NDV CBP-15(240th)& 539
polyvalent antisera, 424 3A 2 IgY IAZ z+zF 77 283 oS 1843 13}
Ao HZEsF A vl 23ES polyvalent antiserum® IgY A A& dto] GEFEA
A Aga o mteow EststAeld g JFEL Buk 3453 HI % ELISA
A7F7F =A dEbs

5. NDV CBP-1F(250th) F gene(1710bp)3 HN gene(1795bp)e] &7] & ofu] =2k
AqAS AA3s AL, Bl15, Lasotas, Texas G.B.5, Beaudette C5*, Ulster5=2} H|nL3} 3
A ovl, Asdo] dAV]= 89% o], ofbn =4k 91.3% o] de] At

6. NDV CBP-1F(250th) F 2 HN geneo] A Z&% pSLIA-F¢ pSLIA-HNS #+
A sFaL COS-7 cellel transfectiondtx &-33A W, SDS-PAGE % western bloto. &
F 2 HN @ilo] ot s gRlstqirt. Tk v~ HEFete] F 3 HN w@ale gt
A HFY5S ELISAY O R At gdA|7te] 45S gelsgr).

7. DNA vaccine pSLIA-tsF, pSLIA-tsHN % pSLIA-F+HN, pSLIA¥} attenuateed
NDV CBP-1(250th)+IgY vaccine2 in ovo FE3to] 1318, <bdAd 2 dHIdAdA S
Alg ek vk, DNA vaccine?] F3}&3 <hxdAdo]l 80~100%= =9kt Algarol] ojgh
NDV Bl 2% Al¢] booster &3Z =A% ©, DNA vaccine¥®} attenuateed NDV
CBP-1(250th) +IgY vaccine FZ |4 NDV Bl vaccine® booster 237} =4
E}ytaz, wild type NDV CBP-1 virus® challenge?] Wol&-o] §23tA =ttt

8. DNA vaccine®} NDV CBP-1(250th)+IgY vaccine®.#Z in ovo {Z %1 H3}d

[RUB

s

Holglo] thal NDV Bl vaccine2 booster HF3d# && 3 HE3 Lol tis)
wild type NDV CBP-1 virus® challengedliz HI % ELISA 97}5 =AH& 1, w3

BEE (W] E)S A Fstgtt. 1 A3 DNA vaccine pSLIA-tsF, pSLIA-tsHN %
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PSLIA-F+HN, pSLIA¥} attenuated NDV CBP-1(250th)+IgY vaccine® in ovo H%
sk Tl A= A booster EF7F 1 H AT

9. ol&e A= FHA wAEH WHE in ovo vaccinationolA  NDV
CBP-1(250th) +IgY vaccine®} NDV Bl+IgY vaccine® <HAXA I & 540 wluz
=0 1A=, ZAl®l DNA vaccine in ovo vaccinationol| A P/ o] wj$- =
i, 3% NDV Bl & #HAle "Woaaxns S AAFE &3 7F dso #&

At

i
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A 2 A AGAH ZFTFI7|HEXFY ©ig in  ovo

2-1. A5 2 WY
D MEWE, ILT virusol AWM FS 3 vl 2 F53

7}. LMH cell line€] =] %
LMH cell line2 10% fetal bovine serum< 7}3F Waymouth media B X ol wl %
9 GREFom, AEZu e plates 0.1% gelatin® & coatingd+ tF& AL-&3F )

. LMH celldl ®ig ILT virus ¢ cell adaption

=ul 2 ILT-NIIBO1 wieolelxe= 7 WA wpoly g Fo]3shz] o e A
o wol A1&3¢th LMH cellol ®lo]#] 2~ & adaption A 7]7] $13to] 24-well plate
o cell monolayerE %= S culture mediaE A A3 ILT virusE 343k v =
7}ato

37T, 5% CO: A 1A7F &<t F23 § wpolg 2 34 AL A F 3%
fetal bovine serum= 7}3F Waymouth media< plate well @ 1ml 2 F7}ste] 37T
, 5% COz wi7]ol A wjeksla A cytoplasmic fusionol 9]0}04 A7 multinucleated
giant cellS #2353}

. A& Ad wigel 9% ILT virus® =33

ILT virus® =312 9lste] LMH cellel 94 Al widsidch. HEE cell
monolayer®]l multinucleated giant celle] #+2% W freezing® thawingS 23] wH&-stk
oS A2 %43 LMH cell monolayerdl] ¢l 713 Wy FAd3A HFskar o)
Fato] WedAdo] A violel~E oFE FIAFTH

. ASAW WF 53} viruse] FIA G dF LDy F 53

£3tE ILT virusd LDsodtel 4L Reed & Munch® endpoint methodel]l €] s}
AAlstdt. #HF 181t AESAIH ILT wpolef o thsh LDsvs SAsk7] f1ste] nt
o]~ i S 10-fold o= 3|4 g v 7 34 dAER Faddge] 18YU<l 10
e SPF egg embryool] Z+ZF 100ulE 22GX1 1/4” A} needle® FAMeELE E71A
o7t s 7]eE Wl WHE holes E35t HES s F3 F 109 1 AEE
S ZAMSHY] LDsoabs b3 oh
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ul, 8% F3 A8 € plaque reduction neutralization test® $3% ILT virus
9] monkey epitherial cell adaption.

LHM cell& wjoko] wl-¢ 7FthE 1L monolayerE WE7|7F ¢4 gov 2 o]gdt &
AE sAdst7] Yste] ILT virusg vl A {F37] §o]stal cell monolayerd] <443
o] =2 monkey epithelial cello] ¢l 7]&3%F LMH cell adaptation W3 FdsA
ILT virusE wistdct.

2) ILT virus® @& A A4

7. 28 LS I A

LMH cellol #]%et ILT virusel ®i%<] 500mlS 10,000rpmol A H4ste] cell
debrisE A AT t}S SW 28ZE}FES o]83}o] 25000rpmoll A 241 ¥4 3ke] virus
pelletS W=t} Virus pellet® PBSZE A H-73F th3  25% sucrose (in PBS) 1ml
= Y 1 Yol virus 5 9S overlayd th3 SW41 rotorE ©]&3te] 35000 rpm
oA 2A13F FF dAste] dE N B sucroseE W E]lal thAl Iml PBSE A H-R-3F
o nt-2 HEE AL Fdo=Z ARSI

. me = WY

135 %F: dubdgdog  2-3ukg]e] BALB/c micedl w5 283 virusgdol
Freund’'s Complete Adjuvants & 410l 5454 ATt & total volume©]
0.5ml/mouseE HA F==F k3t

2382 EE 1-25F & T virus®} incomplete Freund's AdjuvantE &3
A o

22 HAE 79 Foll A HAE A
AT virus S v BAow FAbEIH

ot Alxe $3

g E Sp2/0 cell& SFM(Serum free RPMI-1640 media)® 2-33] washing?d t©}
& 10ml ¢ SFMeol|l FFA1A cell count 831 37°C incubatorell X ¥3} T}
W H BALB/c mouseZ5-E spleeng &3l SFM7F £9] e ®it dishel|l ¥
SFMC % 33] washing?dt t}S, SFME spleenc] FAM|Z F93}9] spleen cellS &
o] Witk AlE RHas AAEYsIaL lysis buffer(Sigma, US.A)E o] &3te] H&E¢
£ 9¥sta 10mle] SFM< #7bsk § diste] A5 ds Wea SFM 10mls 7}at
o] spleen cell pellets AFF3t] MEFE FAHAT

MES] &3S ¢35+ spleen cell® Sp2/0celle] H]Eo] 10:1 52 519 HEE 50
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ml centrifuge tubedl] Y3 YA Fe & A5 AS & AASL FdA F
AS Fo] cell pellete] AN Ho7RE Wojx| A 3T

Cell pelletel PEGE #H7}ste]  cell& fusion 3F th& 1,000 rpmel A] 527 A5}
AZ=dS At} Cell pellete]l HAT mediumS =974 A A3 713t} Final spleen
cell concentration®] 2.0X10%ml ¥ =2 ZA& S 96-well platese] welld 200ul
A odo] 37T, 5% CO: incubatoroll A #j<FslAtt. oF 54 AX= A=W fusion A
23 Sp2/0 cells ®F AbdEetar Al fusion cello] A #38tA FH+&=d o|wjRy Z
wellol & viA] o Wb A A AAZ HAT #iA S 2-39 7t40 2 afg =1},

2}) Screening 2 Cloning

Hybridoma celle] A %3te] Z 2wl dplatee] well surfaceo] 30% o4& =4 3l=
well& AElste] wjxE westa 29 F wiA100ulE FH3se] VN testE A3
virusel gt A FFE HARIAT A Sz AHH well® cell clones 7}
7} 2-3 vials ¥ sZAA AT}
T A UGS B welle] AIEE limiting dilutiono] 23t dAE AAE=

single clone

nh) B4 A4k

oF 104 5-H pristanes EH73FAFsl] 7H2¥ mouseol cloning ¥ hybridoma cell&
Aejsto] wiFd = 94 AHsta SFMol AEF7F 4X10°cells/mlE 2% 4% of
& mouse 7ol 05ml FAFSEA T FAFE mouse®] EHZFl solid tumorZt @A =
| Aol H+E5 AAA

S

N

3) FY& vlojg 29 33tH Ao o k=3

ok go 93 ILT virus F4AF Ao ¥] Eo]& & point mutations &3}
HAAS A A7 Y3t A2 Ahmad(1991)5 9] =] o7 sFe] LMH cello] 13t)
A meFE ILT-N91B01S infectivity titer”} 1x 10 *TCIDs/0.1ml = Al & 41 wu}o]
g2 gl 200ulS 200ul 0.5M sodium acetate®} 2ul®] ethylmethane sulfate(EMS)
et 31T 2%7F &gk £33 M ohs 31CeA 30 BAT o3 1%

sidium thiosul,fate 3.6ml2 7}ste] 4Tl 2A1ZF FoF W3 T} S calf serum= 2%
= A H3Fo] inovo vaccination® FHo g AL-&3H Tl

4) F4E& wojzo g grt FA A

Hlol ] 2 Hj ekl S 8 A Ele] infectivity titer’} 1x 10 *TCIDs/0.1ml ©] H =2 %4
3 02 2mle I E virus FPel 20uld] 2% WA ILT virus €3S 7Fste] #
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=3 & o 37T 243 F

r01
22

3
£
>

5 &8 ulojg o O GEFE A A
ol 71«3k vy Ao 2e oz 2889 inovo vaccination Qo=
AF-&-3F A

6) 3stAA, 1A L dFE A FY AdAA A F

A7 A e e FYS Group I 13709 18Y®H  RFEAG AE
22GX1 1/4" F2}F needleZ FAME 2744 Eo7l2% 7] ¥ ®Wo] HE holes 53
of Zt7hel g100uls HES vhe  Fsh&, vFs AHete] G EFSF AE H-s
T 109 F AEE, SAE, FA ALAAL nFEA"gel 2 25 & HAg o}
Y ZEE wlole 2 HE 58 Tote] AstE dYe HAg 9 EF T2 AN

.

7) E&3) vlojg 2 FPAR L kA AF

LMH cell lineol 67th At wje¥at npo]2] 2~ (1x10™ TCIDs/ml)E formaldehyde
0.2%% 7Fste] 37C 7] oA sty WA & Ao o] &skadct. o <A
AADL old] 71EH wAETY] g AP FAshA sk

) k=3; wholg s S P A MY R WA MY
7b #4449 HF

LMH cellel 181t] At wi<k=® ILT virusE 100ul (I1x 10 TCIDsy/ 0.1mD)E 7t
zbe] 18¢¥ ¥ H3lAZ AEld 22GX1 1/4” FA} needleZ FAME 714 Eo7t%

2 7)FE A 9E holed ol HFEd 1w B3e , 1094 7 AES 2 WIdYdH S
AR T
U 999 A
HAAAS A7) $3F serum neutralization A &2 U5 0] epithelial cellol] 19
passage¥® ILT virusE °]&3lo] 7]E9] SN S o] &3t}

S 7Fske] 10u, 2000, 408 == 48], 89, 168 = Al A3 & FFo] nlojE X~
Aol 50ul(1X100TCIDso/0.1mD)E 22 3+ AlZF &9t 37T, 5% CO2E $h-3l+= culture

chamberol] 1A]7ts<et a4 3+ wFeS A7l ©4S  monkey epithelial cell H#<4

ol
hets] A Ed serum free MEM 50 ul2 96-well culture plate®] Z} wellol] H o}
g
3] A



100ulZ 73k & 37C, 5% CO25 ¥3F+ culture chambero] wi&stH A CPE
(cytopathic effects)E& ##3sto] CPEZF &2 H 5 Idyu+-E A G7t=E AHASEA

=

9) F99 AFWge e AN L AddEd wg

22GX1 1/4" A} needleZ 7]&°] W holeZ o] &3t FALH o] E7FX] Eo]7FA
st gls dE e o2 AlA9 dio] FALE = =
TR holeEs WrEo] Aol ddAS FAbs
atgdrh. &9 viruse 181t At W% E ILT virus® Y% 1x 10 " TCIDsp/0.1ml
2 Zt7hol 18d® F-sAIel 100ul & HEsA F3t&, dGE, AN A=E

24} 5

10) ILTV 99 #A4d +2 A9

[
olN
I
o)
]
il
ol

7b. ILTV virus ZEAEA A ILT virus® DNA F&

LMH cellel] ILT virusE d%E3le] %7] CPEZF ##4d FEHo FAAMEE 533}
o] TBS buffer( 10mM Tris-HCI, 0.5M NaCl, pH 7.4)& 33 94 A st 7
Al X pelletell 0.6% SDS$} proteinase K(400ug/ml)< 7}t 37ColA 3hr &< W
3l T} phenol :chloroform: isoamylalchol(25:24:1)2 ILT virus DNAZS F%3}%t}.
ILT virus DNAE TE buffer(10mM Tris-HCl, ImM EDTA, pH8.0)°] *<9 t}&
RNaseZ # 83 t}2 proteinase K(200mg/ml)S A& &to] 37CNA 3A 7+ w23 &
phenol :chloroform: isoamylalchol(25:24:1)& A g}l ILT virus DNAE YA &
s

. ILT virus2% 5 F3FA} = FARY FF

1) Primer®] 24|

ILT virusd 8% FT3gAE FEste o= ¥slxl ILT virus gB Fd#k
Aqde] e JRE Gen Bank(M64927: ILT virus SA2 strain)e] A& 7
o] dglom olg vy o =R 3o gB FHAE TEFE 4 3+ primersE ZASH
(Table 1). Primer? 5 end °l F3d%9] cloningES &o]atAl 3}7] ¢3ste] A3k

Smal siteE A5k #ZHA sk T}
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Table 1. Oligonucleotide primer sequences

. Amplified gB
Primers Sequences(5'—3") ] Remarks
gene regions

ILTgB184 TCC CCC GGG ATG GCT AGC TTG AAA ATG CTG

[L.TgB2805  TCC CCC GGG TTA TTC GIC TTC GCT TTC 184-0805 DA vaccine
ILTgBIF GAA TTC GAC CTC GAC GGC CCG ATT TTG
1-902 Sequencing
ILTgBI0ZR _ CCT GIC GCC ATT CCA AAG TAA TCA TAC G
[LTgBSOOF _ TCA AAC CCT GGG ATA CCG AAC GTC TA
800-1700 Sequencing

ILTgB1700R  GGC GCT TAC TGG TTG TCC GAA CAA AG

ILTgB1600F TCG GAA ATT TGT TGG AAG CGT GGT

ILTgB2500R AAC AGA ACC TGA ACT GGG TTT GAT 1600-2500 Sequencing

ILTgB 2400F TCT TTC TAA CCC GTT CGC CGC ACT

ILTgB3032R TCT TAA ATA GCT TCC AAT GCC GAT 2400-3032 Sequencing

2) ILT virus gB FAAe FZ
gB FAAE FZ37] 93te] PCR tubedl ILT virus DNA 2ul, Tag polymerase
2ul(2U/ul), dNTP 4ul(25mM each), forward primer 1ul(100 pmol), reverse primer
1ul(100 pmol), 10X PCR buffer 5ul, DW 35ul& 7}ste] 50ul7} =7 skl o] e} 2
o] 24 % PCR A& 94T A 10#7F denaturation & t3 94 C 18, 62T 2%,
72°C 28-7F 40 cycles® =E3F t}S | wpx|go g2 72Co A 7E 7t final extension 3}

o3
2R

3) pCI -neo plasmid DNA 2] H]

pCI-neo mammalian expression plasmid vector(Promega, USA)Z transformation
H  E coli DH5a cell®] colonyE LB media®l] overnight ®]%3}3l mini prep
Kit(Promega. USA)®E A ZxxF2] A™ o we} pCl-neo plasmid DNAE & sla o] =

Sma 1 restriction endoneclease® *12]3}le] gB % 2}2] cloning®l ©]-& 3}

4) A= DNA T3 (gB #3A9 cloning)
Fig. 1914 ®%= uke} o] pCl-neo vector®] Sma I siteoll ILT virus gB F32&
cloning 871 $13ke] Sma 1.2 A2l PCR gB productst 94l Sma 1032 ##+

pCl-neo vector® agarose gelol| elutionste] ¢4+ 3392 gB PCR product
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i

6ul, pCl-neo DNA 1ul, T4 ligase lul, 10Xbuffer 1ul= 7}ste] 16TCoA 35 ®
x| &te]  ligationd} % T E. coli DHbn competent cellsS icedlA = =3
pCl-neo-gB 2ulS 7}3Fo] ice9lol 20&7F wWxgk & 42°C water bathol 90 sec
heat-shockg 7}3 ¥ LB media ImlE 7}sto] 37ColA 1A1zF w3t
ampicilling 3= LB agarel] 100ul & Z%38}o] overnight B %3}

ol

o
oF

e dp

Bail |

ChV LE

Enhancer/Promoler 17 1
Mhel  [1085
Xhal [1099
Intron EcoR | 1096
o Mul 1102
f{ pCl-neo AV !_.!:r_ Xba 1114
| Veclor poby[A) \ Sall 120
(547 2op) Acc e
| I| ? SEmal 1I.:-
3 o)\
Symnelic  svag Enhancer/ =T

poly(A) Early Pramater

BamH |

FEIAYVAON_HA

Fig. 1. The pCl-neo mammalian expression vector. The gB gene of ILT virus
was inserted into Sma I site in the multiclonig site.

Overnight 8] %3+ transformantsE& X ®3}e] LB brothol overnight ®]%3+ o}
plasmid DNA &4 #38 KitE ©]&3}t9] recombinant plasmidE &4 23 & gB
FARY 22kb B9 E HdddE EcoRVEF pCl- neo vector®] 3335kbh H91& Ad
5t= Bam HICZ <4 £32% recombinant plasmid DNA( pCl-neo-gB plasmid)S
2] & v agarose gel 71 E5o2 AYdE gB A9 orientations €<l 311

.

11) ILT virus gB #+ A A9 characterization

ILT virus gB fF#3#ke] EA4S 4317 8t gB 3142 47 AES &43)
3 o]E thE ILT virus9 gB F3dAe] d7IA <y} vl £4 89

7F. gB AR @714 E £4
Table 13} Fig. 2014 Ei= ule}l o] oF 900bpE TFE 4 A+ 4 sete primer

X
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v AR 100bpY FHEA ZASEATE 247 gB A} fragment
L3517 938k PCR tubeol| ILT virus DNA 2ul, Tag polymerase 2ul(2U/ul),
dNTP 4ul(25mM each), forward primer 1ul(100 pmol), reverse primer 1ul(100
pmol), 10X PCR buffer 5ul, DW 35ul< 7}&te] 50ul7t Al &ttt ol ¢F o] x4
¥ PCR EFHE 94Co|A 1087t denaturation 3+ g A WH, ¥ WA fragment:=
94 C 1%, 63T 2%, 72T 283F 40 cycles® S3&3F tfg | vpxjgo g 72Co A 75
7t final extension 3F L, 3WMA fragment= 94 C 1%, 55T 28, 72C 2¥7F 40
cyclesZ S3Z3 oS | vlxHo g 72T A 7&3F final extension 3™, wpx] =
AR A fragment= 94 C 18, 56°C 28, 72T 287 40 cycles® =Z3F t}S | mpx) 4t
O 2 72TCNAM 7E7 final extension 3} TH.
z+7+ o] PCR product® pGEM-T vector(Promega, USA)°l ligation 3+ ©]& o] &3}
ol E. coli DHba cell& transformation sttt ZH7Fe] fragmentE Z 335t
coli DH5a cell colonyE 370 ANF 3t LB mediadl 9 ®F #jfst ths DNA
isolation kit® <= #8358l restriction enzyme SphlS *23}e] insertE 2213k &
A7IME A AMgsEA T ZH2E 371¢] gB fragment 7t 270¢] sequence’t &

d 3 A Gl A sequencing ©] o] FojX Ao=m IHF ST

o
ofN o\
I

i)

&=

0 900 1,700 2,500

1-902bp

800-1,700bp 2,400—3,038bp1

1,600-2,500bp

Fig. 2. Schematic diagram of gB gene indicating its nucleotide
sequencing strategy. Each primer set was designed to be overlapped
by 100 bp.

. gB9 d7IAE &4
AN EE &4 EoH gB gene fragmentE AF83Fe] MI13 forward®t reverse
primers= ©]&3to] Big Dye Dideoxy cycle sequencing kit®} ABI 3700 DNA

_64_



analyzer(Applied Biosystem, USA)Z 971X €S EAsATE. A7 E < alignment
9} computer analysist genedoc ¢} BLASTE o]&3}o] A A3t

12) Recombinant plasmid DNA pCI-neo-gB 9] ¢tAA Al 2 A% AE
30709 18¥ =9 SPF egg embryos 107% 370 group® ¥+ 22GX1 1/4"
FAF needle® FAMME E7H4] Eo7l=E 7]FxA BFE holes &3te] 1t &=
zt B3 Ag % pCl-neo vector DNA  100ug HEFslx, 2= pCIfneong
plasmid DNA 100ugs AFst¥ o Igln 37 = PBS 100ulE HE3 & 3}

%, 109 7 AER, 4FH2 2

13) ILT virus gB AZ FAARAL] Aol HFAH

ILT virus gB  AZx3 Fd29 & AFAFES 918to] Table 29 o] HA] st
At
Az FHARS  efficacyE ZASH7] $8ke] Circular @B, linear ¥ Ej¢] DNASH
L lineard ol lipofecting %3+ Fe= Azt 3+ 79 100ugs 7189 A
BHE hole® F3be] AT tlxelt PBS 100ul/egg® FASIAY. e 6
Mol 184 =® AHjolx2 FAHAY. Circular HZ2E FHAE linear = W&
918te] Bam HIZ @3tk AR DNA vaccine? efficacyE A7) $18ke] -
sh&, F3t & 1093 BEE, 7EHY 55 #FEsta mg A wpA o] serum
neutralizing antibody test ¢} plaque reduction neutralization test® &#|7}& =743}

Atk

7}. Serum neutralizing antibody test

HAEE Holg 2HEH AL serumS 56T L FE8FA 3087 &3 s
serum free MEM 50 ulS 96-well culture plate®] 2z} wellel]l Wolg] 4 & 713514
109, 20uH, 40w} == 4w, 89, 161 A A3 & FEFe] wpoly 2 39
50ul(1X100TCIDs/0.1mDEe 32 3+ AlZF w2+ 37C, 5% CO2& 3$+3t= culture
chamberol]l 1A]7Fs<¢t &4 39 W3S A7l t4S  monkey epithelial cell <Y
100ulE 7Fgt % 37T, 5% CO2& ¥ 3t culture chamberdl wj%std A CPE
(cytopathic effects)E ##sto] CPE7F ##H FHE gAul+E FA 72 AN
t}.

1}. Plaque reduction neutralization test

Tissue culture plate 3 50719] plaque’} T2 = =5 oAHAIE S F3l  virusd] A
Wrs AASAT. 42 Wola 2 EE A2 o mS MEMO. 2 2-foldZ A %3]
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=

A g v 579 virus 34 S 7hste]l 37T incubatorell g AlZF EQF WA
S A Zo] 3bmm 29 tissue culture plateo] A %F monkey epithelial cell monolayer
o virus ¢ serum EFHE 71sle] monolayer Tl FuF HXA T T 1A zF
¢t 37C incubatorel]l W% thg serum virusE& NS A A serum free MEM
o= 13 g+ 3k v 40T overlayer media( 1.6% agar +& %2 2X MEM)E
plate & 2ml 2 7}sle] Aol A agar’t &3] 2= 2087 WA S S 5% CO.
7} ¥3FE 37C cell culture chamberol A 4¥€ 7t 8} % overlay media® #| 73l
1% crystal violet 1mlS 7}3ste] 10 FoF g A% oS &=+ tap waterd] 3+ o
& plaque =AE #FEEAGY. dx plate oA ##FE plaques £AE VTR
AlE plateol Al TZE 22p Aole] W& S AbAgsto] Woly] A Lo EAlske
ILT virusol Wg A2 A =Fs}atsl

yul

Table 2. Experimental design for efficacies of recombinant gB gene

using 18 days old egg embryos.

Recombinant Genes DNA volume No. of Eggs
pCl-neo vector DNA, Circular DNA 100ug/100ul/egg 6
pCl-neo-gB DNA, Circular DNA 100ug/100ul/egg 6
pCl-neo—-gB DNA, Linear DNA 100ug/100ul/egg 6
pCl-neo—-gB DNA, Linear DNA+ Lipofectin 100ug/100ul/egg 6
PBS control 100ul/egg 10
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2-2. d 3
1) AlEH <, ILT virus®] Al &S B3 vlojglx ¢k53} ILT virus
g A

7}. LMH cell line ®] %

LMH cell line & collagen ©|i} gelatines < culture flask Wl coating 3+ 59
LMH cells wjgt 4= 9o culture mediax Waymouth media (Sigma, USA)o
84 10%S 7tete] Alx2E vl AT F A

Y. LMH celld] i3 ILT virus® 2% %A ¥ (adaptation test)

U g ILT-NI9IBO1 w®holeix+= 7 w4 wlole]z~ LMH cellel serial
passages &3}l cell adaptations & 4 AN 2™ passage number 7} S 7Fgel o}
2} cytoplasmic fusion®l 2]3}¢] A 71 multinucleated giant cell®] #2% = Al7ko] &
=9t (Fig 3).

Fig. 3. Cytopathic effects of ILT virus. The normal LMH cells (A) and
multinucleated giant cells of LMH (B) were seen at 3 days post-inoculation.

. LMH celld] 3§ A& AN &3 ILT virus 9 3 2 LD 5 & A

BoAFs Falo] A7) B 1819 7kA A& Ao 181t AdE
ILT-N91B019] LDsps 371 913 2332 g (Table 3)7 A4 W24 (Box) of
gol om 181 A%AW wikE ILT virus® LDsp 1X10 *%/0.1ml o]t} Al
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ik Z7]o] SPF eggZb oFd UWt commercial egg® AA|E o] Ao A
1x10°%0.1ml ol 7t740e Aol wstd WAgdo] Bol AAE Aow Azt B
AEL 18U 7 9] Adfotel tiat Algol7] wlitol] WAl Azt EAstE Aoz 4
b vkt 18y SPE §-3F Bolglel A= WdAdel A H A gkt ILT #Hfol#
2= DNA viruso]7] wji&ol A&A el ok HAdA a7 RNA virusell ®] &t

of g e Aoz deA Utk

Table 3. Endpoint titration to determine LDso of ILT virus attenuated by

serial passage on the LMH cell monolayer

Dilution Mortality , Total  Total Mortality
] Died  Survived ] . %
Step Ratio Dead Survived Ratio
1 8/10 8 2 17 2 17/19 89.5
2 8/10 8 2 9 4 9/13 69.2
3 1/10 1 9 1 13 1/14 7.1
4 0/10 0 10 0 23 0/23 0
5 0/10 0 10 0 33 0/23 0
6 0/10 0 10 0 43 0/23 0
7 0/10 0 10 0 53 0/23 0

9l Table 1.olA Hi= vpe} o] 50% AAMES et RS ES
gl 1073 10%Akelo] £AFS o 5 Ak webd A gAuEE A
Wak7) Siske] obelsh el sttt

% animals affected at dilution next above 50%-50%
Interpolated value =h ~----——-——-----"-"""""""""""-""“"-""“"—"—"—~—~—~——~—————

% animals affected at dilution next above 50%-
% animals affected at dilution below 50%

69.2-50 19.2 )
= h - =h ——--—- =0.31h (0.31& ¢ 0.30.2 )
69.2-7.1 62.1

oA T+ h=1/10°]" log h=-1°]W I3 9 FENA F WHA dilution stepy
Z IAESFE (1/10)20]9 o] WAIY log dilutiond -27F Hcl webA
interpolated valuet= -1X 0.3 =-0.3°] ®Et}. Log LDs= -2+ (-0.3)=-2.3. uwt}
A LD 50= 107*° o2 Axted
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2) ILT virusel dig @£ A A4

ILT-N91BO1 virus strain += HHAIZ vk spleens AH83ke] 13] 9
S A Aske] 210709 hybridomaE & 539t 25 ILT virusol S 334
7}A= hybridoma cell= A5 AXF= syt A5 FE5 A8 A
cloning 3t A5 E7 &5 AAste] v B4 4 HAF8o2 A5t
5 Aibstat. 531 dA7ME Zhe dA9 isotype IgGe, © ATk AAHE 3

A& ILT virus antigen A 2]o] AR&5 At

=

1o, o
Jo ob 1
[ & do do

o
-

o~

3) SEgAA, A L GEEE FAY FAY HHAL AFE R FILEA A
s

tgstA Aeld ILT virus F9S group B =2 1897 FsA =
WA 22GX1 1/4" FAF needle® FAME 2714 Eol7te s 7]F
gt FA100ps JET v F-3E, vE-sA ol FEE
AEE, SAE, FA BAHAL s el &2 F3F 5 100]W HAg #ole =
FH vpolel s £ 55 Ssto] AAtE dde tdg B 5% 58 A A9
24 group ¥ H3IEL Table 404 HE #Eel Zo] PBS group, ©rhaA =g
group, EMSA 2] group, &5 & A * %] group, +*# &Y groupolA z+zt 1371
% 1070(76.9%), 971(70.0%), 771(53.0%), 1071 L  971(70.0%)7} F-8= Atk FH 3]
3 groupoll A HIaE&EL tE groupdt FAMSIF oY 10€7F AEELS 2% 2 )¢
vkt o]l= ILT #% dlol2]~7F LMH cell serial passage cultureo] 13th Al
i FE A Zol = Eetal Mol ofde Aor AZwr. #HAbg Wolyo] RE
Tracheaoll Al ILT wiolelz7t EejEAom 443 tEo] ddd o Wole]d
HAR= ILT vlolel~ el ogt Aoz Azt ri(Table 6). =3 EMSA X group
AN F HA EF9d groupETH F-sh&o] w2 e AgHAgolA EMSe| Tt ¢
As] o] FoAAA Eg A A"l =AEHARE A& AoR AzdAn. T
EMS A& &9 groupelAe F-3t § 2dFolA 1nte]7t HAstd o, #HALgh ®o}
o] 7l#A et Hol A A ILT virus7t w2 ¥ AtHTable 6). o] gk A Ao =
E8tal EMS A®l &9 groupoll A SAI7F thrbaAl A &9 groupdt HEE F
A A egroupdl wlete] 2 A2 BE groupe groupT 9vtE] o] dRlH wste] EMS
A2l FY groups 6vhEl® AbS 7ol B groupRth ¥Esilv] WiEed Aow A
ZtEth, A x ot gbel A& Aol ZF AlolA Fell Q= group E Wotdy] whE
F7F g2 o F2 VA5 E Aoz AZEH(Table 5).

o)A A¥E =Fso B ILT virus F9S polyclonal antibody® =] X 3k
groupe] 7H& <+ T WA sidon, 1 tgo] @EE Al AE group
olglem 1 v o] EMS A A group °l™ F AA Y groupe F3EolM= W

Ao} 1370 100
Fwo] 9= holes
l,ﬂ__

sk % 109 zF
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zkol7b Aot FEFo] 109 AEEo] AF 22%8= Aok 1Y FAH BEE
PBS group, EMS A | group, ©&& A A2 group, ©7F A A group, £
A% &9 group w=°lAtHTable 5). AlBlo}ZY-E] virus isolation 2 &l A H-3}1§o}
oA utk vpolg 27t EElE A AEjolel A Fstolg il A HH FE
virus replication site”} trachea 91 Ao = AZtE T}

Fde] AN Gt A dEe] FFAEE BE A d8o F4e 18-199 73l
7t A E] F3h Aol A= ks FET] Wi 48] FrAEE WHEE
wHEFo R HF Fol Aot HAF AFS HFH R FAHT 5 7] "ol
FAHZE Holg oA WgdAd  HAFE serum neutralization(SN) test® A A3} 2
w2 A HEF F 2194l A PBS groups A€ starE A A groupel A¥§le] SN

antibody titer7} /AAE 2 1:2~18% % & FA 7S BTl o= EMS, t7td

Y9 w2E GA e A G BRI} Eolok §2 GG Ak

Table 4. Evaluation of safety and efficacy of ILT virus antigens treated by

various virus inactivation materials

Parameters ) Degree(%) of
. Survival rate(%) Remarks
Hatchability(%) egg yolk
Antigens at 10 days age absorption (No) (No. of death)
50 (D
Control (PBS) 10/13(76.9) 100 100 (2)
<50% (1)
Sjszi’f;s:tted 9/13(70.0) 100 >50 (1)
100 (2)
0 (3
EMS-treated 7/13(53.0) 85.7 >50 (1) 1 (2 day old)
100 (2)
Monoclonal 100 (2)
. 10/13(76.9) 100
antibody—-treated >50 (1)
0 (1) 1 (2 day old)
<50 (1) 3 (4 day old,
Non-treated 9/13(70.0) 99 >50 (1) 1 (5 day old),
control 100 (1) 2 (7 day old)
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Table 5. Average live body weight of chicken which were inovo-vaccinated with

ILT antigen prepared by different treatments.

Day-old Remarks
. 3 9 14
Antigens (No. of death)
Control (PBS) 47.7% 78.9 121.1
Polyvalent
46.9 75.7 114.0

serum-—treated

EMS-treated 47.8 79.9 116.4 1 (2 day old)
Monoclonal
) 46.5 76.1 114.3
antibody-treated

1 (2 day old)
Non-treated 3 (4 day old)
48.7 70.3 112.2 ’
control 1 (5 day old),
2 (7 day old)

*Body weight = gram

Table 6. Isolation of ILT virus from the infected chicken embryos and chicken

which showed clinical signs and then died

Classification
No. of* No. of embryos Embryo status at Tissues for
Antigens embryos tested with virus virus isolation(%)  virus isolation
1; 100,
Control (PBS) 2 0 2: > 50 Trachea
Polyvalent 3; 100, 4; 100
serum-treated 3 0 5; >50 Trachea
7; Dead at 2 days
EMS-treated 3 1(dead chicken) after incubation Trachea
8; 100,9; <50
Monoclonal 3 0 10; 100, 11; 100
antibody-treated 12; >50
13; 100, 14; <50
Non-treated control 3(dead embryo) . 15; >50
7(dead chicken) | (dead chicken) o070 19 90, Trachea

21. 22 : dead chicken

* The number represents the embryo sample number

%: Degree of egg yolk absorption
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4) MEWME, ILT virus®] Ao IFS T vlolglx =3t ILT virus &¢
2 B3 gdo IHAF AFE

A ILT virus® LMH cellol A e] Altiul 2 181t 7bA] = = Atk 2194 LDso
#e AE o =AM virus MY gk £33 AEE ol Bkt 2 AP A=
attenuated ILT virusE AAZ AFESHAl 2 18¥ 9 commercial egg embryo 3071
of HF3le attenuated viruse] HAAES RUTh F 3075 277F F3slsl o
PBS HEwolAE 28707F Fatekddnh. A% 1093 A= 323 43 PBS HE
w3 TILT virus S ol A 220 1vke]¥ datekivt. Hotel o] AL 99l 73}

(Table 7). AdZ2¥ 2 & u] ILT virusd <33T+ ¢ d353 Ao
ot 3 H E&F3} virusy FLAAE 30705 28707F B ew, #2110
st HLks ol vt #AF A e

Table 7. Evaluation of safety of ILT wvirus antigen against 18 days old

embryonating eggs

Parameters Total N (B No. of Hatched eggs Survival Rates at
i otal No. o
Antigen 88 (%) 10 days old(%)
Control (PBS) 30 28 (93.5) 27 (96.4)
ILT virus antigen 30 27 (90.0) 26 (96.2)
I tivated ILT
Hactivate 30 28 (93.5) 28 (100)

virus antigen

5) Live attenuated ILTvirus 3 2 E£&3} &g aF5AE

Attenuated live ILT virus¢} &3} ILT virus® WIAAS 2AE7] 91819] 18
d# o] SPF AlEjol 2070 HEFste] FA7LE A A¥= ofe] Table 87 sk
t}.
Table 84 H&= HE9} o] ILT 3} virus Yoz HF:H Holg
AN7bs HFE 3FoA A BEEWHLAU 12~1:642  #EVL 75 ok & w3 ¢l

[t

N

o,
et
ofX
of
o
ot

N
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of A7 ALHAAT. 28y dxae] Wolgo = FEIAE HEHA @3

o3 st FdS AT et e A3 Ve dAE Wk SN titer7}
AEH A gokon ol ARl HF F FE AT WM ti FAs= ukd
B35 Ye Z43% EInR T B Ao e IS o= A7}
2o Ao AZdAd

6) 39 HITWE mE LA 2 AdEg
Table 994 Hi= upe} o] M= v HFE o
GEFE A HAA el v B 7)1

L (T
oo

3o Z 7%e B9 4% wol %
wul 4% 2nT Alme] A7l Wi wd 80 AmaT maith gy @A
Qe HArel el

Table 8. Evaluation of immunogenicity (efficacy of antigen) of ILT virus antigen

against 18 days old egg embryos.

Para- Total No. of Survival SN titers by weeks
meters Rates at 10
No. of Hatched d .
ays o 4 5 6 7
E eggs (%)
Antigen 88 888 A% (%)
PBS control 10 9 (90) 8 (89) <1:2 <1:2 <1:2 <1:2

Live
attenuated 20 20 (100) 19 (95) 1:2~1:64 1:2~1:64 1:2~1:321:2~1:32
ILT wvirus

antigen

Inactivated
ILT virus 20 20 (100) 20 (100) <1:2 <1:2 <1:2 <1:2

antigen
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Table 9. Effect of injection route on hatchability and antibody production in 18
day olds egg embryos inoculated with attenuated ILT virus

Total No. of

Inoculation Survival Rates SN titers by weeks
. No. of Hatched ¢ 10 d 1
route a ays o
Egg eggs 4 0 6
Air sac 6 5 5 1:2~1:32 1:2~1:32 1:2~1:32
route
Chorioallant
oic route 6 6 5 1:2~1:32 1:2~1:32 1:2~1:16

7) ILTV 9o #d 2 429 33X

pul

ol\

T2 E=

ol

7b ILTV virus @AM EA ILT virus®] DNA &

Materials and Methodsoll A 7|3k WhHel o|3te] 7+ AEX2ZHE ILT virus 2
DNAE F=% 4 AdAer, o]& PCRE o] &3te] gB FdAE FHst=d o
o] At

Y. ILT virus gB FAX9 &=

gB FAAE ZFE357] ¢35te] PCR tubeel ILT virus DNA 2ul, Tag polymerase
2ul(2U/ul), dNTP 4ul(25mM each), forward primer 1ul(100 pmol), reverse primer
1ul(100 pmol), 10X PCR buffer 5ul, DW 35ul& 7}ste] 50ul7}b = A &t9dtk. o]} 2
o] 24 % PCR A& 94ColA 10#7F denaturation 3+ t3 94 C 1%, 62T 2%,
72T 287 40 cycles® £Z3F 1} | wpx|go g 72Co| A 727t final extension 3+
A3} Fig. 3914 ®i= npe} o] oF 26kbol gB #AAE TZ = AUTh
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3054
2036

Fig. 4. Agarose gel electrophoresis of PCR products of gB gene of ILT virus
Lanes M, 1 and 2 represent 12,2kb DNA ladder and ILT virus gB genes,
respectively. The arrow head indicates the 2.6kb gB gene.

t}. pCI -neo plasmid DNAY 1 2 AZ3 DNA T= (gB #FHA<
cloning)

pCl-neo plasmid DNA<®} gB A PCR productE restriction endonuclease Smal
S A8 3lo] agrose gel elutiondle] ILT virus gB 332l PCR product®} pCl-neo
vectorg ligation ¥ ¥ o]& ©o]&3 AL E coli DH5a transformants=5-E
plasmid DNAE #2]3}3 Smals A2t insert DNA X &3l=% oF5 &3}
t}(Fig. 5, Fig. 6). Inert DNA7Z} &<2% Ax% plasmid DNAZE restriction
endonuclease BamHI¥ EcoRVE F Ao A #3le] Add gBFAA9] orientatione
stolalal mpEA AYE Aoz #dw A%%F plasmid DNAZS ©]2 pCl-neo-ILT
gB= WwstAdtt Fig. 7)
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M12 3 4 5 6 7 89101112 13 14 15 16

3 e = -— - il - p— I
!—l—;--_—l—-—l---'--
-

" ‘v

Fig. 5. Screening of clones for the insert DNA of gB gene
LaneM: 12.2kb ladder, lanes 1 to 16 represent £E. coli
transformants 1 to 16, respectively.

5.0kb 5.4kb

3 0kb 2.6kb

Fig. 6. Identification of insert DNA of gB. Purified
recombinant plasmid DNA was treated with restriction
endonuclease Sma 1. About 2.6kb insert DNAs of gB
and Vector DNAs were confirmed
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5.0kb
3,0kb

.37kb
.72kb

Fig. 7. Conformation of insert DNA orientation.
Recombinant plasmid DNAs were treated with Bam
HI and EcoRV and eletrophoresized on agarose gel. The
5.37kb and 2.72kb DNA fragments observed on 1.2%
agarose gel indicate right orientation of insert DNA.

8) gB A A9 characterization
ILT virus gB §d%}e] 545 FHst7] st gB Fdxe 9471 AES 43
ol o& ILT virus® gB Fdate @7 d vl £ ¢k A= ofgef 2o}

=

7} gB #4%9 FZ 2 cloning
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Table 1olA HE uvie} 2ol 4 set® primerE o] €38t Z+7Fe] primere] A%
3t= ILT virus gB 43S ZZ3 243 LTegB 2400F ¢ ILTgB3032R set(2F 600bp)
= A3 3 primer setoll A 900bpe] FAAES =2 4= YA (Fig. 8).

M 1 2 3 4

1,018

Fig. 8. The PCR products of gB gene of ILT virus.
Lane M: 12.2kb ladder, lanes 1, 2, 3 and 4 represent each

DNA fragment amplified using 4 different primer sets.

Z}7}2] PCR product fragment® pGEM-T vector(Promega, USA)S} E. coli DHba
cell& host cell2 3} cloning 3 % Sph 12 A3 & <F 39kbe} 3.6kbel DNA
band& #AFC 24 PCR product’t A= o] A&+ lskal

LS|
]

. gB9 A7|A4E &

Fig. 9 oA uYehd nlel Zo] ILT virus glycoprotein Bd Aol =7+
2621(184-2803) bpl o™, 7zt reference strain Alo]e A3l H9 HAAF
homologyi= Table 9914 Hi&= uwpe} o] E Algo] FA®E NIIBO1 straind}
ILTV32, ILTV SA2, 2 ILTV Thorne strain?F®] homology= 242} 995, 99.2, 99.5

% = wl$- ¥ homologyEs YEFN ST
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GAATTCGACCTCGACGGCCCGATTTTGGAAAACGGGCTATATTTAACATTTGAAGAGGAA 60
CATCCATTAGTTGCAGTGTGGGGCGTCGATGACCGCGGGAAACTGGGTCCAGCGTCTACT - 120
ATCATAGTAGAGAAAGATTTATACGCGGTCCTGTATGCAATCCTACATCGCCGTGAACAT 180
TGACATGGCTAGCTTGAAAATGCTGATCTGCGTGTGCGTGGCAATCCTGATCCCATCTAC - 240
CCTATCTCAAGATTCACACGGAATTGCTGGAATAATAGACCCTCATGATACAGCCAGCAT 300
GGATGTTGGAAAAATCTCTTTCTCCGAAGCCATTGGGTCGGGGGCACCGAAAGAACCCCA 360
GATTAGAAACAGAATTTTTGCGTGCTCATCTCCAACTGGCGCCAGTGTTGCGAGGCTTGC 420
CCAGCCACGACATTGTCACCGACATGCCGATTCGACTAACATGACTGAAGGAATTGTCGT 480
AGTCTTCAAGCAAAACATTGCCCCGTACGTCTTTAATGTGACCCTATACTATAAACATAT - 540
AACCACAGTTACTACGTGGGCATTATTCTCAAGACCCCAAATAACAAATGAGTACGTGAC 600
CAGGGTTCCAATAGACTATCATGAAATTGTTAGGATTGATCGATCGGGAGAATGCTCATC - 660
CAAAGCAACGTATCATAAAAATTTCATGTTTTTTGAAGCTTACGACAATGATGAAGCAGA 720
AAAAAAATTGCCCCTGGTTCCATCACTGTTAAGATCAACTGTCTCCAAGGCGTTTCATAC - 780
AACTAACTTTACTAAGCGACATCAAACCCTGGGATACCGAACGTCTACATCGGTCGACTG 840
TGTTGTGGAATATCTACAGGCTAGATCTGTATACCCGTATGATTACTTTGGAATGGCGAC 900
AGGTGATACAGTAGAAATTTCTCCTTTTTATACCAAAAACACGACCGGACCAAGGCGTCA 960
CAGTGTCTACAGAGACTATAGATTTCTCGAAATCGCAAATTATCAAGTCAGGGATTTGGA 1020
AACCGGACAAATAAGACCCCCTAAAAAAAGAAACTTTCTAACAGATGAACAATTCACTAT 1080
AGGCTGGGATGCAATGGAAGAAAAGGAATCTGTATGTACTCTCAGTAAATGGATTGAAGT 1140
CCCGGAAGCAGTTCGTGTTTCGTACAAAAACAGTTACCACTTTTCACTTAAAGATATGAC 1200
TATGACGTTCTCGTCCGGAAAACAACCTTTTAACATCAGCAGGCTTCATTTGGCTGAATG 1260
CGTTCCTACCATAGCCTCGGAGGCCATAGATGGCATCTTTGCCAGAAAGTATAGTTCGAC 1320
TCATGTCCGTTCTGGGGACATCGAATACTATCTCGGTAGTGGCGGATTTCTGATCGCACT 1380
TCAGAAACTCATGAGCCATGGCTTGGCTGAAATGTACCTAGAAGAGGCACAAAGACAAAA 1440
TCATCTCCCGAGAGGGAGAGAGCGTCGCCAAGCCGCAGGTCGCCGCACGGCGTCGCTGCA 1500
GTCTGGACCTCAGGGTGATAGAATTACTACCCACAGTTCTGCAACATTTGCCATGTTACA 1560
ATTTGCATACGACAAAATCCAAGCCCATGTTAACGAGCTTATCGGAAATTTGTTGGAAGC 1620
GTGGTGTGAGCTTCAGAACCGCCAACTGATTGTATGGCACGAGATGAAGAAACTAAACCC 1680
GAACTCACTGATGACATCTTTGTTCGGACAACCTGTAAGCGCCAGGCTATTGGGAGACAT 1740
CGTAGCGGTATCAAAATGTATAGAAATTCCAATCGAAAATATTAGGATGCAGGATTCCAT 1800
GCGCGTGCCAGGGGACCCAACCATGTGCTATACCAGACCAGTACTTATTTTCAGGTATTC 1860
GTCCTCCCCTGAGTCACAGTTTTCTGCGAACTCAACAGAAAACCACAATCTTGACATATT 1920
AGGCCAACTCGGAGAACATAATGAAATTTTACAAGGGCGGAATTTGATAGAACCATGCAT 1980
GATCAATCACAGACGGTACTTTCTGTTGGGAGAAAACTACCTTCTTTACGAAGACTATAC 2040
ATTTGTTAGACAAGTAAATGCTTCCGAGATCGAAGAAGTGAGCACATTCATCAACTTGAA 2100
CGCCACTATACTAGAAGATTTGGACTTTGTGCCCGTCGAAGTATACACTCGCGAGGAACT 2160
CAGAGATACTGGGACTTTAAACTATGATGATGTGGTCAGATATCAAAATATTTATAACAA 2220
AAGGTTCAGAGACATTGACACTGTAATACGTGGAGATAGGGGAGATGCAATCTTTAGAGC 2280
AATAGCAGATTTTTTTGGCAACACTCTTGGAGAAGTAGGAAAGGCATTGGGAACTGTAGT 2340
GATGACAGCCGCGGCAGCAGTAATTTCTACAGTATCTGGCATCGCCTCATTTCTTTCTAA 2400
CCCGTTCGCCGCACTCGGAATTGGGATAGCGGTGGTGGTGAGCATTATTTTAGGACTGCT 2460
GGCGTTCAAATATGTAATGAACCTGAAATCAAACCCAGTTCAGGTTCTGTTCCCAGGCGC 2520
AGTTCCCCCGGCCGGAACTCCTCCACGACCCTCTAGACGTTACNACAAGGATGAGGAGGA 2580
GGTTGAGGAGGATAGTGATGAGGACGACAGGATACTTGCCACCAGAGTTCTGAAAGGCCT 2640
TGAGCTTCTACACAAGGATGAACAGAAAGCTCGAAGACAGAAAGCGCGGTTTTCTGCTTT 2700
TGCTAAAAATATGAGAAACCTATTTCGCAGAAAACCCCGAACCAAGGAAGATGACTACCC 2760
CCTGCTCGAATACCCTTCGTGGGCAGAAGAAAGCGAAGACGAATAAGTTTAAATGCAGTT 2820
TATTTAATAAAATGACATTACTATTCACATGACTCAGTCTGCCATCATTTGCGCAAATGC 2880
GGCTGCTTCTTTCTTTCTTTTCAATTTTGTCTGAGCATCTTTCAGTCGTTTTGGCATAGA 2940
AGCGTCGACTGTCTCCCGAGCAGACTCTTGATTACTATTTTCTAGTTCCTCTTTTCTCTC 3000
TGAAGACGAATCGGCATTGGAAGCTATTTAAGA 3033

Fig. 9. The nucleotide sequence of ILT virus glycoprotein B gene.
The underlined sequences, ATG(nucleotide position 185)and TAA
(nucleotide position 2805) indicate start— and stop codon.
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Table 9. Nucleotide sequence homology of ILT virus glycoprotein B gene

between N91BO01 and reference strains

1 2 3 4

1 - 99.5 | 99.1 {100.0 | 1 1: ILTV632

2 0.3 - 99.2 | 99.5 | 2 21 N91B01
3 0.2 | 0.2 - 99.1 3 31 SA2
4 0.0 | 0.3 0.2 - 4 4: Thorne

9) Recombinant plasmid DNA pCl-neg-gB¢ ¢AA @ 2 549

30709 18¥# 2] SPF egg embryoS 10702 371 group® Y+ 22GX1 1/4" =+
Ab needle2 FAMRFE 714 o7t E 7]gx W] TE hole2 T3] 17dlE 7
3} Ae T pCl-neo vector DNA  100ug/100ul HE3slxz, 279+ pCl-neo-gB
plasmid DNA  100ug(total volume 100ul)< #H=Esddow g 37o= PBS
100ulE H=F3 & FB3g, 109 3+ AES, AAAS A 23 pCl-neg-¢gB
plasmid DNA ¢} pCl-neg plasmid vectord <% group= PBS #% 3 H3}l&6 F3}

109 AEE 9 AF Sox xolE 2AT 4= ¢l tH(Table 10).
10) ILT virus gB A=Y FAAYAS Ae ol HFAEY

7y, 8FA 7 FA
olg] Table 114 HE= Hle} o] b ¥ 6702 A &o] ILT DNA vaccine

o
Fokol 4% ¥ 47, 57, 6500 ALste] vpold 2 FaFA AP AAG A =
o

H
1
Aol Wopgo Al A whek ILT virusell gk FshabA| 77 S s A ek

)

%
=
L
ot
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Table 10. The results of animal test using recombinant gene in the 18-day

old embryonating eggs.

No. of Eggs No. of Eggs Live chickens at

Plamid DNAs inoculated hatched(%) 10-day old(%)

PBS control 10 10(100) 10(100)
pCl-neg plasmid vector 10 10(100) 10(100)
pCl-neg—gB plasmid DNA 10 10(100) 10(100)

Table 11. The results of animal test using recombinant DNA vaccine in the
18-day old egg embryos

Live SN titers by weeks
No. of Eg)t.d?édEggs chickens at

Recombinant DNA

Eggs 10-day old 4 5 6
pCl-neo vector DNA, . ‘ .
Circular DNA 6 6 6 <14 <14 <14
pCI-nt-gB DNA, . . .
Circular DNA 6 6 6 <4 <14 <14
pCI-neo-gB DNA, - - .
Linear DNA 6 6 6 <14 <114 <14
pCI-neo-gB DNA,
Linear DNA+ 6 6 5 A4 <14 <14
Lipofectin
PBS control 6 6 6 <1: 4 <1: 4 <1: 4

. Plaque reduction neutralization test

el A SN titer® W9 s FAT 5 UA7] wiLel ol& AH=Fstetr] Hst
o] plaque reduction neutralization test® A3 Z3} o}g] Table 113 #t}. Plaque
reduction neutralization test®] Z &S  Fig. 100] vel} Ao}
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B

Fig. 10. An example fo plaque reduction neutralization test. Panel A, B, and
C represent a normal cell monolayer, virus control and ILT antibody positive
reference serum, respectively. More than 50% plaque reduction was seen on

panel C cell monolayer.

Table 12. Plaque reduction neutralization test of chicken which were

inoculated with recombinant DNA vaccine.

Recombinant plasmid DNA Number of Plaque
pCl-neo vector DNA,Circular DNA 41~45
pCl-neo-gB DNA, Circular DNA 26~32
pCl-neo-gB DNA, Linear DNA 16~27
pCl-neo-gB DNA, Linear DNA+

. . 21~34
Lipofectin
ILT antibody positive reference serum 25
PBS control 40~45
Virus control 50
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219] Table 1204 B nle} o] A A] virus controloll A= ¢F 5071¢] plaque”}
#zE o PBS HE 3 pCl-neo vector DNAS AE3 o= A 41709
A Hal 45709) plaquert BEEAT. I 9] DNA WAl HEFo| = DNA HAalel
e, = circular, linear & DNAZS AMIUYE ddst= B4l Lipopectin® Ab
&rol #Aglel Har 60%° plaque T FAolA FHA 35%9 AT wEEo

SN testoll&= AT kgt &Ae] HEFo] E7Fs sF S plaque testoll A+ 294
A+ 2HE 4L F dAY. dubyg o 50%9] plaque reduction®] e A5 &
A= el thete] SolAo] H& AoRE AAZIY. B Ao dH M=
1:16°] 31t}

2-3. 2 E

AEA 35 71¥A 9 wlol gl A~(laryngotracheitis (ILT virus)E ¢ 7]#A]o] 7+
Axo] & Akt AlgtALke] AR Qlste] A Y B EAS T dAHol
th ILTY 48 57, gasping, 9420 A #H] 59 5ol S4S BHn
olefgt A Al w AW LTRSS fgk WAl 7 degfo=m - 7]E9 s no]
HAE cell culture AlHILS F3F attenuated live virus A2F - 3}g-ekE, gt
GA, d=2E A 5 ol&3 HAdG AA, - 58 FFA 2 FAAE ol &3
DNA vaccine A4t & 37HAE A ste] FAldl G333t}

2 Aol A AU ILT virusg T3A17]= HHOoE Al A A= o
21 LMH cell Alieiey He Aelgh A2 ofn] vrs]xl upe} o] Algk Althul ol <
ato] o=ty ILT viruse FE F AlTtolA daso] g4 Hdds A d535t=
HhH 22w ko] oete] w3he nioly Ay WA AYSo] # dojupx] Y] Wi
oty ol wiol 2 WAL w3 HAS GAsty] fste] A WAA ulold~E

=
LMH cell®] ﬁlrﬂuﬂok& ANE3 Az AFAoR adaptionAd F Yo LMH
; _Q_

*401 o] FHad ‘% O—L} T ARS 100% bﬁ del

& A S-S 33t virus v dodS 34

ﬂl*}ﬂ e hds ¥AAd AAYE dastta AZbdEch 2 AT W ILT virus®]

Hdol dA 7hA @ds] AAEHA e 3L DNA virust WAIZ RNA virusel
o

b
i,
rTo
[e3
b T
ﬂ
;a
o
R
)

ujste] Achajeel SI% frke] Wolzt & Aojuhx) 947] WEoE ik
seleFEQl EMS Al @4, v @AY 39 £ 93 A Auw guy
o gt B Hot WFH Yol A FA Yaro] vhS vlokatginh o)k A
gl BF Fol Aol Expgom F4o] Hx Fahel W el B8
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Attenuated ILT virus®] 7lglo} HF Al@elMt 1x10"*TCIDs0/0.1ml9] Hlo] ]
25 FFke vl Ad ) G 100ul A HAEFEAS o FskE, F3% 109 3+
AEEo] PBS groupst frAbelgith gk WA AFAAME HE F45, 57, 6
T, 2 7oA SN Fheo] Z+zF 1:2~1:64, 1:2~1:64,1:2~1:32, 1:2~1:32 o2& t}
& 9@E FATFE Bk o= 2 F m|eke] yolgle ILT viruse] Aol tiste]
2ol Wolg| Bt AHRkgo] ujg- vtk AR wiiFolth. gk hepes viruse]
Hhol 71A"E& w3k humoral antibodyol]l 93+ AXTFE local cell mediated
immune response®l| ¢|Edh= Ao® AHA Q7] wiEel HIF 2 APl A H|E T
2> %2 humoral antibody response”} WA 7k ILT #A3 Wojol= £A47F 918 A
o8 Azt

DNA wWA1-8 AASH7] 96le] pCl-neo-vectore] ILT gB genes PCR 7|Ho=
FEsto] et on 189% Adjol HEAIFANA o] W =55 & F A
Atk SN testolld= A4 bk A= AYEA &%k eyt plaque reduction
neutralization testilA & thHETI Hwd w AWk4 © =2 50% plaque 74 @37}
Ao circular DNA, linear DNA, T+ lipofection H7Ft Alolol] Eo|d ukdlk
WAL el §UTh 18y DNA wle] A4 8] 8-S AJZsE off ILT WAl

attenuated live virus vaccine’} Fd3F Aeio] = Aolt}.
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A 3 A AIA7|BAG W in ovo vaccinationd I
7ol g AT

3-1. A5 £ WUy
D 4] vtolgx B AWl =3}

AAA 7| BAA Aufo] 2] A~(IBV) AEMAF(IBV-V: Mass. Type Live vaccine,
Fort Dodge Animal Health, Towa USA, U.S. Veterinary License No. 112)¢} =
Y #2lF IBV-KMI91FTE FA|8F ) vlo]g~9] v chicken embryo kidney
cell ¥ F3tASE FHFHES ol&sto] Aty #WMAF <l IBV-VE &5
IBV-KMI1E 77} 109 F-sAlee] =l HE W o= 53] Alviste] F-3H7
Zholl A-GAIZ1 & Aol A Zol A 31t 7FA] Ald vl &3}

2) IBVY] B-propiolactone A&l 93 <53}
Aefol A ZA Ee] 20t A wigE 10°EID50/m ¢7Fe] IBV-VFE$F IBV-KMOI1
0.2% B-propiolactone (Sigma)¥ o= Z3t3te] 25 ColA A7+ A Bst
T QIAFEE A A =(PBS, pH 7.2)° Aok & AlgolAl G M Y e 109 H
o

” s 7
TSR] St vpolel o] HHEE sl

fo oo

3) IBVE] B/l 2 9284 FA A

A wpolelze digk trtIAAE A7 A= FHE A GA
(Environmental control system, WZl&)olA AT WAS HEsHA] 2
Holg] s FAlskAl AL, G884 FA ALks 984+ SPEF Balb/c PH-28 3 A
a}3i T,

W) o7t A Ak

AAAFA WA AHFFA Holy] 1045 A¥Estar 10'EID50/me 97he)
IBV-VF& 149 (1], Fh, 1297 (%) 2 289" (FH], Hhol 2z A%
stttk 129 %ol oil emulsion adjuvantsE 7Feh &S Foslsith. A &A) 7}
o] s oFE st FARFTE7] Ao L7k oL 'HHO}"’ g &
gk U, 56 Cell 3023t HlE3tAIA ZHzte] S dAHE
T 7dAel APk, S ko] BV tig oA R ’5‘}%3‘:‘1, g%‘?{}iﬂﬂ
E ELISASL HI testE o] &3t 7433

’
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ol

) BZEA4 I 2 isotyping

10'EID50/m¢ %}7Fe] IBV-VFE U5 kAo 2 Balb/c vh§-29] H7d] 23],
Wujoll 13] FARS] AGAIZITH HE WY = 39 vk~ S A= A
2 d2 S 50 % polyethylene glycol 4000 (Gibco) EA8FlA 9x107 A EE
3x10" P3/NS-1/1-Ag-4-1 Z5ZFAX} AME F3S AA T, 96 well plate
| 7} welld 1x10° MXE ¥ 3353 hypoxanthine-aminopterin—thymidine(HAT,
Gibco)& #7}3t 15 % FCS-RPMI wiX|= 37T, 5 % CO: incubatorol Al 8} 35}
t}. 1 & Aehd hybridomat indirect ELISAY o2 oz AL&% [BV-VIol
st gAY ARE HAS a1, FA YA o] E2lE hybridomat limiting dilution
H O 2 recloningd}9ith.

Recloning$t hybridoma cell25%-8 197}e] A& A7] $3F9], hybridoma cell
S pristane (2, 6, 10, 14-tetra-methyl-pentadecane)2. = A3 &3t Balb/c "}-$-2
of HAW FAsIRAL aEEe] AL EAete HFE Ye™, mouse
monoclonal antibody isotyping kit (ImmunoType ™ Stock No. ISO-1, Sigma)Z
ARgato] mpg-2~ BHoA] AL HEEA A 9 isotypes AT

N
N

LU

4
hvA
-

2

4) ELISA

Mg dA7HE AlRF ELISA kit (ProFLOK 1B, ND ELISA kit;
Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD)E ©]-&3}¢] kite] "W
of =3t A Y. .ok, WA 8|48 plate (96 wel)S THISF 7+ wellol
7tAEH 6 s go] 38 M 300 W= 3]X3Etal, eppendorf tubed] FE2AEH
2 FEFHEHS LA ANEIY. 2§, IBV@de] s¥® ELISA plate 9
Zt wellell 31480 50E H7bshal, A3k viel o] Mg 7HAEH 50 wet %
TEHEH (A1, A3, H11 welD), EFaA88H (A2, H10, H12 welDE& &% 7%
T 307F Aol whEAIAT 1 5, ZF well®] WHEAS AL, AlH LR
2 33 AA3 3 peroxidase conjugated anti—chicken Ig G H+L, 1:100
dilution) 100 & 2 wellell F7Fsto], A&l A 30&7E Wh-&AIZATh thAl Al A &<
o7 33] A&3sta, ABTS-hydrogen peroxidase substrate solution 100 wlE %7}
ato] 1517F WAAIZL T AN HoSOs 100 wtE H7Fshe] whg-& T AT @A
Z=+ ELISA reader (SpectraMax Pro, Molecular Device, Sunnyvale, CA)E ©o]-&
3l 405 moll A Optical density (OD)3FS =43} t}.

4]

5) Haemagglutination inhibition (HI) test
[BVell digh HIFZA 7L S54-2 719 <2 we} F3333itt. BVl dis 7133
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Zd o] HI 347} V-bottomed microplate (96 well)ol| 4] phospholipase C2 A&
H &9 4 HA units® 1% GA AT FFA5 ol &ste] SAsT. ofn 7 EAH
(0.1ml)2 125% kaolindE (0.3m)e2 AAg (A3 1:4)3 F 0.025ml
7}3tal Herpes buffer solution (pH 6.5)2.2 28] A3 A3t3ar, of7]o] 4 HA
unit® 3|4 g LS % (0.025 me) 7hste] S vha A2olA 6077F 7H2AIF
th o od7]e] 1% S A48 F79 (0.025 m)S H7FEFsta 30-60F3 A o
RG] Seam

6) IBVel i o7t A 2 GEEA A A

2 x10°EID50/m7F U == =43 IBVS thrl WA (HI titer: 128) E& ¢
24 FA(ELISA titer: 1,024)Z 1:12 &3 08 37ColA 2412 A3 &
shA el A Fskod k.

o U

7) %F=3} vlo]# 9] in ovo FFO wWE A L HGHAA

ALAY k=3 BV EE t7behA. 324 A 2 B-propiolactones A g
alo] ZHAlE IBVEY 100w 189 % SPFR&A e 7] gH-9el 22-gauge FAH
(2.5 cm)& o] &3te] nks 27A AFYste] T v FEbrlel fAstEA §-s)
&, HALE, F3 F 10 3 AEE, A A 58 SHSH AAE 9 kA

% wgade S,

W

8) Al HlolH 2 H AXE

] H2F IBV-KMI1FE 37CelA 48A17F5<et 10¥# SPF H-3hA 2ol A 120
o AEAG wjgste] FAISETE AlEobd fol Ml (CEF)$F Alejolal A 3 (CEK)
= 27 10999 189® e SPF H3AlTs o]&dt] 5%-10% FCSE 7fgh
Medium 1999} HAM F-10 HJA] (Gibco BRL)o| X 8]sy ALKt ok
Baculovirus AcNPV (wAcNPV)e} A =3 Baculovirus AcNPV (rAc-KMp6S1)+=
Sf21 Aol A wjgste] & A8

&4 1BV ¥ booster& Al

YA IBV-KMI1FE 1093 SPF RaHA@el 6t AEHAD  wjgd
IBV-KM91p6+E T8 FE vio]ly 22 FASH¥ Y. In ovo DNA vaccination®l
2 boosterd& M1 o 2= IntervetAle] live attenuated IB vaccines #|Z2AFS] A
WA ko] E ST
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10) #sAS 4@ Ad5E
White Leghorn SPF Aol A fFaet Ale+S 38T, AsE 60-70%2] F-&7]o
A FB3lglon o] T 3L Ao]A] (Positive Pressure Isolator) ol AR&abm

A9e Fastgc.

=

11) IBV F33A &= S1 399 32 229 2 4d9E 75

IBVel tigh dF F33AE Fieshs A= dslx S1 o x5 2249
sl Ak A7 Ee] B4, Baculovirus 2 E % % in ovo vaccination$
DNA plasmid& T+%3}7] 913Fe] & Alg primers Table 1o XH<Ql vie} At}

=

olr

Table 1. Oligonucleotide PCR primer sequences for cloning and sequencing of
the IBV-KM91p6 S1 gene, and for construction of the DNA plasmid
expressing the IBV S1 glycoprotein

Primers” Nucleotide sequence 5' to 3' S(igpe)s Remarks

pCR-S1F 5'-CGGGATCCATGTCGGGGAAGTTACTG-3'

PCR-SIR  5'-CGGGATCCTTAACGTCTAAAACGACGTGT-3 1011 DNA sequencing

pCI-S1F 5'-CCGCTCGAGCGGATGTCGGGGAAG-3'

pCI-S1R 5'-GGGTCGACTCACGTCTAAAACGACG-3' 1,611 DNA vaccine

pTriEx-S1F 5'-GCGATATCCATGTCGGGGAAGTTA -3'
1,611 DNA vaccine
pTriEx-S1R 5'-GCAAGCTTCGAACGTCTAAAACGACG-3'

*BamHI1 sites for pCR, Xhol and Sall sites for pCl, and EcoRV and Hindlll

sites for pTriEx were added to the 5' end of each primer to facilitate cloning.

7h 1HYA IBV S1 F4x $F € S84

d7] FAKEE IBV-KMI1p6 HFol#l2 stock o ZHE RNA %, cDNA 4
% PCRS Table 19 primer (pCR-S1F%} pCR-S1R)E o]&3to] dubto] whg} 4=
st} =F 5 S1 F4A PCR AHELS A &AL protocolel] 3o TA cloning
kite] pCRII Vector (Invitrogen)oll &=4 3} pCR-KMp6S1S +%3taL JetStar
midi kit (Genomed)Z AAste], o] & A7|NE AA, Ax3F Baculovirus #|2H<
93 transfer vector ¥ in ovo DNA vaccination® plasmid 739l template DNA

24 T A8
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W) IBV S1 329 o2& Baculovirus transfer vector 7%

IBV-KM91p6 S1 B¥tilS w33t Q=3 Baculovirusd A2 93k transfer
vectors= pCR-KMp6S1S BamHIe 2 A3}sle] 44L& S1 53145 pVL1393 vector
o] U A F=J3te] Fig. 13 #2o] pVL-KMp6S1S 75313t

Amp®
 KMOIp6S]inserted /
BamHI BamHI Ori

¥ ATG TAA ¥

— - -

~“~,\ _——" Polyhadrin
- promoter

¥

pVL1393 [ CGGATCCCGGGTA.......... 5’%117

BamHI site

" A
o q\A‘)\?&S

Fig 1. Schematic representation of the transfer vector plasmid pVL-KMp6S1
used to produce the recombinant baculovirus with the S1 gene of IBV
strain KM91p6.

b IBV S1 @9 2d DNA plasmid 75

IBV S1 H¢#Me W33l= in ovo vaccination® DNA plasmidE +%3sl7] 93f
o] Fig. 2] H<l #HF9} o] pCl-neo (Promega) ¥+ pTriEx-1.1 (Invitrogen)
mammalian expression plasmid vector®Z ¥d&AA3 = E. coli XL1-Blue
(Stratagen)E ampicilling ¥X&3l= LBHA|o] wjFs}al, JetStar midi kit= A Z=}
o] Ao wep WE] DNAE FHsklth pCl-neo WEE A|ShE A Xaold Salo
2, pTriEx-1.1 WH ¥ EcoRVES} Hindll2 Z+7z;F A g]sle] S1 FAxte] S22 9]
&3k3lth IBV S1 frdaks A9k PCRYl wet SZapqivh. 2°FstH, template
DNAZA] 100ng pCR-KMp6S1el 0.5ul Ex Tag polymerase (2U/ul; TaKaRa), 4ul
dANTP mix (2.5mM each), lul primers (50 pmole each), 5ul 10X PCR buffer,
36.5u1 DWE 7tate] % 50ul= 243ste], 94C 5%3F pre—heating® th& 94C 30
%, 55C 30%, 72T 90%E 353 TFAIX F-, 72TColX 53t final extension=
A&t =ZF  PCR AMEES  Wizard PCR  Preps DNA  Purification
System(Promega)s ©]-&sto] BAlste] 242be] g Algtai Ae] 2 agarose 2
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FE=5 Akl FHskglth d7leh 2ol FnlE #lE] DNASH insert S1 DNAE T4
DNA ligase® 16Co|A] 30%7F ligation A]1%] %, heat-shock % 3}st# &2 =3}
Holl o] £ coli XL1-Blue©l transformation A]Zth. 2 ¢ DNA plasmidE EA)
3= FRYE £ 83t DNA transfection ¥ in ovo DNA vaccinatione] &
uks JetStar maxi kit (Genomid)E ©]-&3te] At A DNAS s%
anoDrop ND-1000 UV-Vis Spectrophotometer (NanoDrop Technologies)®
Fopeltt. HS 2AddE 9] IBV S1 A9 dd=ar] 2 B i Adas
of o9& &z, t5o] 3-1-1283 o] sequencings Akl PCRY
=

= »

erL' rl

1o
ol

=

1 #Ad Wl 89719 EAFEE s,

9]

1o X o fo
O

e
i
%

Fig. 2. The S1 gene of IBV-KM91p6 was cloned into XAol and Sal sites of
pCl-neo, and EcoRV and Hindlll sites of pTriEx—1.1 vectors to construct
pCI-KMp6S1 and pTriEx-KMp6S1, respectively.

12) IBV-KM91p6 S1 +&A¢ it d714E8 23 L AT I

IBV S1 f34x9] dak A7 Ee 4719 pCR-KMp6S1el thsle] M13 forward
L& MI13 reverse primer®} BigDye Terminator (v3.1) Cycle Sequencing Kit
(ABDZ o] &3t A 5E 8|81 ABI PRISM 3100-Avant Gentic Analyzer® i
AMstel ARSI IBV-KM91p6 S1 fzztell oigk )ik d7Ade] AleFe
GENETYX, (v 8.0; Genetic Information Processing Software) % DDBJ (DNA
Data Bank of Japan)dlx A|&3st= CLUSTAL-W ‘AT =08 o]8&35o
GenBankell &71¥ 7]&S] IBV S1 fF312ke] A71A9 7} vlaliA] § TreeView=
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13) IBV-KM91p6 S1 B 2d A=3F Baculovirus A2+

AcNPV DNA¢] S1 FAxZ AzgA717] 938te] BaculoGold-Linearized
Baculovirus DNA (Pharmingen)®} pVL-KMp6S1 transfer DNAZE Lipofectamine
Plus (Gibco BRL)E ©]&3}o] Sf21 A3 cotransfection AATY (3-1-178 -
Z). A% 33)o ZX plaque purifications E3) A Z3 AcNPV Hlo]#| 2~ stock
S Sf21 AIEE Fa dHsg o, o] Q%3 Baculovirus (rAc-KMp6S1)+= BV
S1 Zetue] Mg Alddol g8kt

i

2

14) AZ% Baculovirus S1 3999 HE 2 54

rAc-KMp6S13 wACNPVE Sf21 Aol HEste] 26.8CollA 48413t &<t Hl¢
ste] PBSZ 33 AlFe & IBV KM91°] tldt hyperimmune sera®} &3]
(FITC-conjugated goat anti-chicken immunoglobulin; Cappel)& ©]-&3to] &%
AEA S st £3F IBV S1 3] So] @A 24 A JNU-IB-2002-1)E
o]-&3lo] SDS-PAGE, Western blot #A1H S F3 i de] AgAs 213543

.

( L
oot o2

e

o

15) M=% S1 dawe]l HALdHd AlF

Sonication ¥+ AZ3% IBV S1 dd¥S 2&sl= Sf21 A|3E<2} B-propiolactone
gl 93] B&3} A7l IBV-KM91p6& 217t &2 montanide incomplete sepic
adjuvant ISA-50)9} &§3te] Table 2¢] H<l upe} 3Fo] %3 IBV S1 Fehad]
e Hdd A Fdsiith

(<)
FARF w2 HojHY " pooster &9 FoA HAL one-tailed fisher's
exact test® FA3FTEH wACNPVE WHe 753 747F vlastke] P value’t 0.05

o5l Aol wakol BANA fol4ol 9t Aow AYHAh
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Table 2. Immunization strategy of chickens with rAc-KMp6S1 and inactivated
IBV-KM91p6 vaccines”

Dose vaccinated (per chicken)

Immunogen Route

Ist 2nd 3rd
Control Intramucsularly ~ Uninoculated Uninoculated Uninoculated
wACNPV Intramucsularly 1 x 107 cells 1 x 107 cells 1 x 107 cells
rAc-KMp6S1 Intramucsularly 1 x 107 cells 1 x 107 cells 1 x 107 cells

Inact. KM91p6

Attu. KM91p120

Intramucsularly

Intraocularly

1 x 10%° EIDso

1 x 10*° EIDso

1 x 10%° EIDsg

1 x 10*° ElDsg

1 x 10%° EIDsg

1 x 10*° EIDg

IBV-V™” Intraocularly 1 x 10 EIDso 1 x 10°° EIDso 1 x 10°” EIDso

KM91p6™ Intraocularly Uninoculated Uninoculated Uninoculated

"The protective efficacy of the recombinant S1 glycoprotein was examined and
compared with inactivated KM91p6 using 6-week-old chickens (Table 4,
Experiment 1) and 9-week-old chickens pre-immunized at 6 weeks old with
live IBVs (Table 4, Experiment 2).

“IBV-V: Masaa. type commercial live vaccine producing Fort Dodge Animal
Health, USA

**Chickens for challenge were inoculated with 1 x 10*° EIDso of KM91p6.

17) In ovo vaccination® DNA plasmid9] IBV S1 3¢} @&d-{F 3ol

°F 50%-80% Axe wFdEz PAE CEF AlEol pCl-KMp6S13}
pTriEx-KMp6S1¢] IBV S1 ©e¥ & {-5E Lipofectamine Plus Kit (GIBCO
BRL)E A}&3}9] transient transfection #A1H O & &el&t9itt, Q. okstd, 25u19]
Opti-MEM (Gibco BRL)E #F3] & 1.5ml effendorf tubeel 600ng® plasmid
DNAS®} 4ul9] Plus reagent® F7}stal 7FHA £335Fe] 15583 A9 =#-Xx| 3o}
T2 25u19] Opti-MEMo] #5¥ tubedlli= 1ul¢] Lipofectamines #7718 T3tk
7} 1532 Fol 7 tubed] WFEHE Edste] o] Aol 15%7F vHEAZlth ©
A MRS AE7E B0l welldl Opti-MEMS WolFir o7]o] §kgA|
DNA-Plus-Lipofectamine liposome= 43} § 37C<] 5% CO, w7 A 34]
transfection ¥-&& Al t5, 5% FCS7F H7kel CEFE wWiAlE F7bsta
40-48A)17F HjeF Zo]] IBV S1 Eo] GaAEAAZ o] &3] A|FAMY] protocold
&l ABC 94 (Vector Inc.)& 2AaHt,

18) IBV S1 Za% o3& DNA9 in ovo vaccination

L o g

—

UG
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Table 3] ®.2l ule} 7o in ovo vaccinations 18¥#H o] SPF F3}A gkl 24
Shoith. @ ofeld, H-3b 18Y®E A A HAesto], 5T 84ME FAE 12
N 2w T/ 2F)eE o] Afol 5 8l F, 45 A% EA 7Hsg 3
W7 AL o] AR HAE i, A 9= 9F 3mm F-9lddl BAIE T
JNARAE 70% 4L AEHOE 2-33] ol allantoic cavity® egg punch
2 A9 B9l FYE ol AFFHE UEAT lug/ulel TE buffer2 =748 %
DNA+: 23G needle® 7]§ 1ml syringeE o]&3&] H3 &, 2F 45 =z 7] 29
needle?] 2/3 =7} E97HA AYet ¥ 0.2ml¥ allantoic sacoll HE o). HE5F
$15 paraffin® 2 HEato] 38T F-ghrlolA of 7243t HA| F-3A 7w F-3he
Holg] = w2 #2ld il AFSET Alxdd 93] DNAS &5 S+ A
o2 24#7 SuperFect (Qiagen)’} in ovo DNA vaccinationd] "|X& &35 FA}
3171 91ste] 6, 7, 11, 12 1% DNA AN Z+zF 1.0 mg/ml A H7rel FAct.
3k in ovo DNA vaccination 3, &3 IB ¥WAl9] booster &HZ FAFsH7] ¢,
2,5, 7,10, 12 159 79% Holg o+ live attenuated IBV vaccine (Intervet) 2
2 A ZAF] ARG ol Fal 23 WMAlS AT

jle'o)J o

19) 383 A € #A

In ovo DNA vaccinationd] w2 AP WsFolE &2lstr] fa, 4&H
Z A Al " (hemagglutination inhibition test; HI), Enzyme Linked Immunosorbent
Assay (ELISA), vlo]#]2~ F3}A1 8 (virus neutralization test; VN) 2 7HH & 33-84)
B (indirect immunofluorescence assay; [FA)S o]&3] 53 & 1, 2 ¥ 35+
tgo].a]g] gigo ‘:’}\-10]_03]“4_ 71— ZEﬂtﬁ ‘:” :L—E;'-‘:ﬂ ﬁXJUﬂOi.T.Ei ;(].]gtﬂ— g_ﬂ%
of 3AIZF WA % 3000rpmol| Al 10%3F A& ste @HE Sy on, BE
AlZ= 56TCAllA 30wt BlEst AlA ZF S Aol A s3I IBVel Wigh HI
50ule] HAIE 9} 150ul9] 12.5% kaolin (in HBS buffer) @S &3tate] 4
of 117+ W3 ¥ 3000rpmoll A 1087 PR 5& ’2}%0 < Ywkd
(microtiter method)ell we} #4593, ELISAS IBV &A5744 ELISA Kit
(Flockcheck; IDEXX Laboratories)E AF&3te] A ZA}2] protocolel] =& a8t
o} ELISA 97}e] ot 24L& 1:5000.2 3|48 dgAge] IBV &dol ek v
AE A xCheck Assay Management System (IDEXX Laboratories)S o] &3}
Tttt IFAT ofAdlE 1A el FdstA Mg YA e RbgANE 33

o

l

r{mr

fo rr met mx of r
ox!
m
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Table 3. Experimental procedure for in ovo vaccination with the DNA
plasmid harboring the IBV-KM91p6 S1 gene

No. of SPF
- SuperFect  Secondary IBV
Group In ovo vaccine o e eggs
supplemented ™ vaccination

vaccinated
1 TE buffer No No 7
2 TE buffer No Yes 7
3 pCl-neo No No 7
4 pCI-KMp6S1 No No 7
5 pCI-KMp6S1 No Yes 7
6 pCI-KMp6S1 Yes No 7
7 pCI-KMp6S1 Yes Yes 7
8 pTriEx-1.1 No No 7
9 pTriEx-KMp6S1 No No 7
10 pTriEx-KMp6S1 No Yes 7
11 pTriEx-KMp6S1 Yes No 7
12 pTriEx-KMp6S1 Yes Yes 7

‘Embryonating eggs were inoculated on the 18th day of embryonation with
0.2 ml (1.0 pg/ul) each of the DNA plasmid in groups 3 to 12, and sterile TE
buffer in groups 1 and 2.

“Embryos in groups 6, 7, 11, and 12 received 200 pg DNA plasmid mixed
with 1.0 mg/ml of an activated dendrimer molecule (SuperFect; Qiagen) that
promotes uptake of DNA by eukaryotic cells.

At 1 week of age, chicks in groups 2, 5, 7, 10, and 12 were given a
secondary vaccination with commercial live attenuated IBV vaccine (Intervet).

34 (FITC-conjugated goat anti-chicken immunoglobulin; Cappel) ¥H& 2 77
S B3 A vlole s FIRAF(VN)S G CEK AlEel 37CA 1
A7 E3F 2l S AIEA & I AR BV (200 TCIDsp) & WHEAIZL A -ntol g
NS HEste] wjdstH IBV So] Axydayte] 472 & AR

Folel 2~ Fst8 A 7HE Karber 32418 §83te] SA 33t

L |y
e
jud)
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3-2. 2 %

1) IB virus9 E3A < b 5u94

k535t A stock IBV-VF 2 IBV-KMI1FE 747 10719 1093 Lo
Do) 0.2m% HEsle] RalslHA] IBVEY Eo] W

Fleh Fahehe Wi 23] Hadste] wobe] o] AdEisk AAtE #ledith HE
29 E IBV-VFE 20% 1¥aL IBV-KMI1F= 40%e14] ol 4 (dwarfing
eurling)o] #FH7] A#ste] 4dAE BF A om tETel s A
} #2= R k) (Table 4).

o
?

[ 1:r
[0}

N

Table 4. Pathogenicity of the candidated IB viruses in the developing chick

embryos
Days after virus inoculation Embryo
Groups
1 2 3 4 5 mortality%
IBV-V 0/10" 2/10 6/10 10/10 10/10 100.0
IBV-KM91 0/10 4/10 8/10 10/10 10/10 100.0
PBS control 0/10 0/10 0/10 0/10 0/10 0.0

" Cumulative No. of death or abnormality (dwarfing & curling) / No. of eggs

inoculated

2) TAutolE & o] Al k=53

oA @ AEHel o) HLdde] EelE IB virusE =377 ko] H317)
ol A 5t AAIZ oS Alejol AFAEANA 317FA ks =3 At wf s
th In ovo FFAA F3&3 AEES AFsH7] 98 Alejol AFAENA 100 =
20th AthulEst 10° EID50/me e} 71e] IBV-V (10th %+ 20th)$} IBV-KM91 (10th
T 20th) 100 S 18¥ o] B3tAe 2+ 10709 in ovo HE3F A3} IBV-V
(10th)= 10%, IBV-V (20th)& 30%, L3 IBV—KM91(10th)—c 0%, IBV-KM91
(10th) = 10%9 F3&s vedleon, Aol #HARES IBV-V (10th)E 90%,
IBV-V (20th)= 70%, —Lg]al IBV-KM91 (10th):= 100%, IBV-KM91 (10th)+= 90%
2 Yehyta, gzl As 90%e F-3&7 10%9] #HAMES YERT B vlo]# 2~
AFTollA F-3td Holgle 1047 AEES BF 0% °la, gxFdMs BF
A =313 (Table 5).
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webA]  IBV-V (20th)¢} IBV-KM91 (20th)¥  stock virus 2 IBV-V (10th)$}
IBV-KM91 (10th)ell #]&l ¢F53) £3t= oy thih HdAdo] S & F ATk

Table 5. Hatchability of the embryonated eggs inoculated IB virus at various

passage levels

Hatchability” Embryo mortality = Survival of hatched
Groups

(%) (%) chickens™ (%)
IBV-V (10th) 1/10 (10) 90 0/1 (0)
IBV-VKM91 (10th) 0/10 (0) 100 -
IBV-V (20th) 3/10 (30) 70 0/3 (0)
IBV-VKM91 (20th) 1/10 (10) 90 0/1 (0)
PBS control 9/10 (90) 10 9/9 (100)

" No. of eggs hatched/No. eggs inoculated at 18 days—embryonation

* 10 days survivals

3) B-propiolactone * &% IBVY] <t A

Aol  AFAFEANA 20t A 10°EID50/m e 7ke]  IBV-V (20th)$}
IBV-KM91 (20th)E B-propiolactone&.& A zlsto] &3tk & 3+ 100uH S 18
dede] FsiA 15706l Z+; in ovo AJE3 A IBV-V (20th)v 74.4%, IBV-
KM91 (20th)+= 86.7%°] H-3st&& dehuslen, Aol #HAES IBV-V (20th)+
25.6%, IBV-KM91 (20th)& 13.3%°l o™ hxae 6.7%]th H-3td Holzl 9
1097 AEES 242 72.7%, 76.9% L 92.8% = YEMST (Table 6).
o] A& A B-propiolactonel.Z Ay st E&33I IBV-V(20th)¢} IBV-
KM91(20th)+= in ovo FZEolA WGl A glas & + AU
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Table 6. Hatchability of the embryonated eggs inoculated IB virus treated

with B- propiolactone

Viruses treated with  Hatchability” Embryo mortality Survival of hatched

B-propiolactone (%) (%) chickens™ (%)
IBV-V (20th) 11/15 (74.4) 25.6 8/11 (72.7)
IBV-VKM91 (20th) 13/15 (86.7) 13.3 10/13 (76.9)
PBS control 14 /15 (93.3) 6.7 13/14 (92.8)

* No. of eggs hatched/No. eggs inoculated at 18 days—embryonation

* 10 days survivals

4) 1B virus 924 A At € AN

AEZFE A4 A3 30709 hybridomaE AASR L, HHELISAY O 2 &84

a= 1l 5 1l — [} (e}
F5 #0g 23 147019 hybridoma wlgeo] IBV-VFol dial] ¥4 vh-&S& 1.3l
o o]F ELISA titers (Log 2) 5799 <AukSS Hola EojAo] =& 37

clonese A ®3}e] reclonings 33t oW, isotypings 3 A3 [gGl 1709
[gG2a 2/M& Q= Ar} (Table 7). ¥ A&dA= ELISAY7b b4 =
INU-IB-2002-1& Aglslo] FAlsk3t).

Table 7. Monoclonal antibodies against IB virus

Clones Isotypes ELISA titers (Log 2)
JNU-IB-2002-1 IgG1 9
JNU-IB-2002-2 IgG2a 5
JNU-IB-2002-3 IgG2a 6
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5 ot A € 9EE24 4 AFE IBVY HHA 2 HEYA

2ZiAE da24 &4 INU-IB-2002-13 2x107EID50/mé7} =% 243
IBV-V(20th) % IBV-KM91(20th)E Z}7} &§ate] 37°Cell 2413t 2242121 v 18

i

dedo] HE3AH 10700l HE3 A3 IBV-V(20th)ol trtdAel ga 24 4=
A2l gk oA FaE ZHzE 80% F 60%°) AL Bl A Y RIS 40% oo F
st Wolgle] 109384 €4 HI A7k <278 2 4782 eyl 39, IBV-
KM91(20th)o ©71ekAel da#A A5 Ay oA HF3&e 424 70% 2
50%= YEFLIL BlH P x2S 60% oo, F-shy Wolgle] 104# A ¥4 HI
FA7bE <2716 2 471602 YERT (Table 8). o] Ald A3 @aABA A
A 2l¥ IBV-V(20th) ¥ IBV-KM91(20th)&= 9] F&tA AU W LA
o] QJAA = AT}

Table 8. Effects of antibody treatment of IBV-V(20th) and IBV- KM91(20th)

on hatchability and immunogenecity to 18-day chick embryo

Antisera HI titer at 10 days after
Viruses” Inoculum Hatchability(%)
treatment”” hatching(rate of survivals)
IBV-V (20th) Poly 0.1me 8/107(80.0) <278 (7/8)""
Mab 0.1m¢ 6/10 (60.0) 478 (3/6)
Non-treated 0.1m¢ 2/5 (40.0) NT (0/2)
IBV-KM91(20th) Poly 0.1m¢ 7/10 (70.0) <2716 (5/7)
Mab 0.1m¢ 5/10 (50.0) 4716 (4/5)
Non-treated 0.1m¢ 3/5 (60.0) NT (1/3)

x 2xX10'EID50/m¢ for antisera treatment and 10'EID50/m¢ for non-treated control
were used.
=% Polyvalent antisera at HI titer of 128 and monoclonal antibody at ELISA
titer of 1,024 were mixed with the viruses by equal volume.
+ No. of eggs hatched / No. inoculated
+ + Rates of chickens surviving for 10 days

21 3}7] 10}04 IBV-KM91FE H-3}A 2ol A

% 6o Aldigk KM91p6—rEr_~rE1 S1 fF7ZAE pCRII HE éi%é}ﬂ (Fig. 3),
At A7 d BA %3 Baculovirus transfer vector 2 S1 @ebd He DNA
1]

o
plsamid 79| template DNAZ A8t tF pCRII TA F2Y9WE W9 insert S1
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TR 715 FAskr] flete] HAlg pCR-KMp6S1 DNAE BamHIo ® #e} 3
sk A AR BamHIo® AHEE 1A &2 supercoiled DNA (Fig. 3-lane
39 A7|EY AL o 1.6 kbe] S1 -+ A} band®} 3.9 kb9 pCRI ME band& &
gk 4= 9I3ltt (Fig. 3-lane 2).

Fig. 3. Confirmation of the cloned S1 gene of IBV KM91p6 by digestion of
the pCR-KMp6S1 DNA with BamHI restriction endonuclease. Lane 1,
commercial 1 kb DNA size markers; lane 2, pCR-KMp6S1 DNA digested
with BamHI; lane 3, supercoiled pCR-KMp6S1 DNA.

T3k pCR-KMp6S1 DNAOﬂ e A A7 ALS AAste] 7= 314401]/\1 By
Bl H 14F9] IBV S1 §4aket e=ol A wxe 20%2 1€ IBV S1 #4d=ket
o] d7IMEE HuEAsY AFTE A Fig. 40 22 ule} o] IBV S1
Az b AV ER s AsTE B4 Ay, BV U 2EFE S
RB865-+ Massachusetts 1] &3t¢lot} KMI91p6S H|EgH 1582 =ul w3
FEL TN EHd 7|E9 IBVSE AlswAstdor Aoldt F sl fHA
1% (Korean group 1, 2)0.% HEE]%*\D}. o= :—t,LLHOH/H 28E 5578 IBVE

L5 Korean group 1°l, F/]J— 2148 IBVES Z5 Korean group 2° 43}
IBVER FlHAtt. 249 %%E]% %aT BV KM91< 5-3}A] gholl
6EH ﬁltﬂfﬂ KM91p6 7411‘41 s Sl Ao fA7|A Skl o Wolrt Q=

A= Aot Table 9¢ YERWA uiel o] Hhol tigh W edole= ool
E] 1 %Skt

ol 2xorle o

i 10
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JHKO1 .
SE17 American 1
GRAY
HOLTE

European

vlwlw)

BIRE

N-P\l@
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11

1\6127 3 Australian

K620/97
K348/99

B4
EJ95/01

KB8523
LF ﬁH};ééZO American 2
KM91/KM91 p6 =]
KC90
K151/98
K152/98

K242/99 Korean 2
K083/98

K576/99
K451/99 —
Q388

Korean 1

— D1466

Fig. 4. Phylogenetic tree and genomic relatedness based on the nucleotide
sequences of the S1 gene of KM91p6 compared with published sequences
for 14 Korean strains and 20 other strains of IBV.
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Table 9. Comparison of pathogenicity between KM91p6 and KM91 strains of

IBV
Nephritis™* No. of chicks with positive virus
o Chicks Respiratory and Mortality isolation””
Strain® . . i
inoculated  signs urate (%) ) Cecal Bursa of
- Trachea Lung Kidney . ..
deposition tonsil Fabricius
Control 10 - - 0 0 0 0 0 0
KM91p6 10 ++ +++ 50 8 8 10 9 10

+++ 50 7 8 10 10 10

KM91 10 ++
"All 1-day-old chicks, except those in control group, were inoculated with a dose
of 10*° EIDs0.
“+++ : All chicks showed coughing with some dyspnea.

++ : Coughing more than 30% without dysphea.

- : Coughing less than 30% without dyspnea.

“"Examined dead chicks only (+++: severe; —: mild).
“Chicks that died including the chicks alive at 2 weeks after challenge were used

for virus recovery.

7) AZ3% Baculovirus S1 Z¥r#e] g <l
IBV KM9159] hyperimmune seras ©]-83}°] rAc-KMp6S1S FHE3F Sf21 Al
= E3to] Felskiit (Fig
o]

Azg S1 Febme] wredoli-ef WAR-91E IFAS

= = = =2

110

ﬂ\o_[:

2

ok
W
¥

38
[o ¥
g
=)
e

oA
5. 1 A3}, ofAlESR uAI AM¥EAA et PP
/\1 AS

f

o
O-
[0}
I

5A), AAEZE o] &3 [FANME T2 AZFuol
AT (Fig. 5B). L&} wACNPVE HF3 A EolM= 5o
ol H A Fo A FAIE IBV KM91Fo] ™3t hyperimmune sera®
o} (Fig. 5C). °ol¢} & Azt IBV KM91Fol 3k &

S S 2~
F9% 3+ 99
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rAc- S1 rAc-KMp6S1 wACNPV
acetone-fixed unfixed acetone-fixed

Fig. 5. Indirect immunofluorescence analyses of rAc-KMp6S1l- or
wAcNPV-infected cells. Acetone—fixed (panels A and C) or unfixed (panel
B) infected Sf21 cells were reacted with anti-IBV KM91-specific
hyperimmune sera as first antibody and with a fluorescence
isothiocyanate—conjugated goat anti—chicken immunoglobulin as second
antibody.

@ﬂ]@iL rAC—KMDGSl @'?ﬂ*ﬂ%oﬂﬁ Bty de AFRE S1 ek
IBV-KM91p6 #A@AZANA HAstaL = & vpole]z Fae] S1 dubudst At
g o THEska A9 N5 &elshy] flste] IBV KM9L S1 Fe 5ol
o] dARA FAE o] 83sled Western blot +AWHE F3 A% Baculovirus S1
o] HES ARtk Fig. 60 HSQl wmpep o] oF 92 kDa®l Az
Baculovirus S1 F©9 (Fig. 6-lane 3)°] HA&% o] IBV-KM91p6 <] S1 Tt
(Fig. 6-lane 2)¥ +-A}gh X}%@J Fewo g Wkl gl FAEUTG. 1

WACNPV ZAAMEZZF-E= o gt v 5o] dile HE5#] 3tvt (Fig. 6-lane 4).
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200 -

976.481- '- — <4 ~92kDa
43 -
29 -
14.3 -

Fig. 6. Western blot analysis of the recombinant baculovirus S1 glycoprotein
expressed by rAc-KMp6S1. Sf21 cells, infected with rAc-KMp6S1 or
wAcNPV, and allantoic fluid from eggs infected with the KM91p6 strain of
IBV, were separated by SDS-PAGE and transferred to nitrocellulose
membrane. The transferred cellular proteins were reacted with monoclonal
antibody specific to strain KM91p6 S1 glycoprotein. Lane 1. molecular
markers (kDa); lane 2, KM91p6-infected allantoic fluid; lane 3,
rAc-KMpb6S1-infected cells; lane 4, wAcNPV-infected cells. A band with
an molecular size of approximately 92 kDa was detected in lanes 2 and 3.
The positions of molecular size markers are indicated on the left.

9) FAXHZF WE A= Baculovirus S1 Bt o] HojH %

&l g

3lo] Table 109} 2 A3E AU rAc-KMp6S1o2 F ¥ dd3k Aol
U KMI1p6 a4 F e A 7ol gk fo)4d

o] A &t (£>0.05). LY rAc-KMp6S12o.2 Al ¥H W3k Aatol A
gste] 50%9] Woladrt f-E=%ACt (7X0.05; Expt. 1, group 1). 3+#
KM91p62.&2 F+ W HAG Aol A= 2o tiste] 50%] Wojaxsrt 185U
(X0.05; Expt. 1, group 2), Al W Wk AFdAE izl H|ste] 2l
(740.001)3 71 (7X0.05)°ll tiate] A538] H& wojaanrt 8=t ol
= H]E rAc-KMp6S1o] £33 KM91p6 wlolz]x HT} wWojgvs "olx| XA
dHF AFS 5HFE wgdAd KMI1p6ol| thdh wojm ool frE 4= g
S BojFa Qtd. B3 rAc-KMp6S1oly 83 MK91p6Lt B5F 7] %
w2y 2o e i Woladrt e HoursE HS HoFa 9l

Y BV o] 55718 B Aol F/HE o|FH ZA7F H

=

2o

2L orlr o oy o K

]

e o o %

(o3
;O
o
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of F&Eg w A A¥E Als

std, Fdd WAFE AREEI e IBV-V(Mass. type)® Ay HAE)
rAc-KMp6S12. 2 3 ¥ booster 3+ 7:ﬂ o i3k HAA KMI1p6 &4 % F0 A
93 = HAastEsE B glAdAR(/X0.1), F+ ¥ booster § AlwdA= 2l
o thsle] 83%2] 9<% booster §_J+7} A AT} (7X0.05; Expt. 2, group 1).
E2a3 KM91p69 booster &¥+= 3k Hnto gz Ao st 100%¢] Ho] &3
7} FEE AT (X0.05). B, &3 KMI91p6<S F M booster e A -g-o =
rAc-KMp6S19 A$HTE tlLo] #3 booster @¥7F 214 (X0.01)34 7]
(FPK0.05) EFolA #ZHTh (Expt. 2, group 2). ©]#]3+ Ai}e [BV-V strain©]
Tule] fralshe KMI1F9e o] FdolA| %, rAc-KMp6S1¥ E&3 KM9I1lp6o =
boosterg & 47 LA KMIlp6el tigh Wolays wHu A4 & Atk
e e AL

o 3, KMI1S F-shAlelA 120t A& Al 3+ live-KM91pl200.2

A3y d3tal rAc-KMp6S1 Tx E&3 KM91p69 F7PH o wE booster &3
]fé Bk A3, w1 A KMI1p69] sAH Tl thate] A B 7]l A 9k
oads depdgleoy, dixael wACNPVE booster PW Aol Al Zat%
H]%L A3 7F AAE ] live-KM91p1209] tgk booster & ¥= T = Ao
(Expt. 2, groups 4, 5 and 6).

Qo] "Wojm e AN¥AyE £3s] 2 v, IB in ovo vaccination® g Oo 24 BV
o] FoHAel S1 ke &g 9 8o 7E AT

O m[o
1301' %

H

o

E
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Table 10. Protective effects in chickens immunized with recombinant
baculovirus S1 glycoprotein against challenge with the highly
pathogenic KM91p6 strain of IBV using SPF chickens or

live-IBV-primed chickens

No. of chickens from which the challenge virus was

re-isolated/

Live IBV . No. of chickens challenged (% protected)
Antigen
Expt. Group pre-— . . . L . .. . .
. . immunized 1st immunization 2nd immunization 3rd immunization
immunized
Kidney  Trachea  Kidney Trachea Kidney Trachea
N 4/8(50)
1 ND rAc-KMp6S1 ND ND 4/7(43) 7/7(0) 6/8(25)
Inactivated 1/8(88)  4/8(50
2 Np o achvate ND ND agGor 7sam  LoE8 HEGD
1 KM91p6
3 ND wACNPV ND ND 7/7(0) 7/7(0) 8/8(0)  8/8(0)
4 ND Control ND ND 8/8(0) 8/8(0) 8/8(0)  8/8(0)
1 IBV-V rAc-KMp6S1 2/6(67) 4/6(33) 1/6(83)"  2/6(67) ND ND
Inactivated 0/6(100 0/6(100)"
2 IBV-V nactivated  0/6100) ) ¢ o7y 06007 jscar Ny ND
KM91p6
3 IBV-V wACNPV 4/6(33) 4/6(33) 5/6(17) 5/6(17) ND ND
2
4 KM91p120 rAc-KMp6S1 0/6(100) 0/6(100) 0/6(100)  0/6(100) ND ND
Inactivated
5 KM9Ip120 T o/6(100)  0/6(100) 0/6(100) 0/6(100)  ND ND
KM91p6
6 KM91p120 wAcNPV 0/6(100) 0/6(100) 0/6(100)  0/6(100) ND ND

‘ND, Not done

" X0.05 by Fisher's exact test.
"X0.01 by Fisher's exact test.
/X0.001 by Fisher's exact test.

skt
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10) In ovo vaccination® IBV-KM91p6 S1 3% & DNA plasmid T3

Fig. 7¢] X<l wvle} o] IBV-KM91p6 S1 FekulS w3l sl+= in ovo vaccination
€ DNA plasmidE TF37] Y&, pCR-KMp6S1S template DNAZ A}-&3}o]
PCRE F33}olth. Table 1o 122l pCI-S1F$ pCI-SIR (Fig. 7A-lane 2) %
pTriEx-S1F¢} pTriEx-S1R (Fig. 7A-lane 3) primer 2% PCRS F33 2},
24z o) F=171e] °F 1.6 kbe] IBV-KM91p6 S1 f+x#ke] S3F5 Qe 5 Ul
tjgo] 7Ztzke]l PCR 5% S1 %% DNAZE pCl-neo ¥EHC Xhol-Sal -9
pTriEx-1.1 WME 8] EcoRV-/Hindll F-$lo] S2937] 9ate] U Agarz A
sto] =24 3k A3, pCI-KMp6S1 (Fig. 7B) 2 pTriEX-KMp6S1 (Fig. 7C) =&

DNA plasmidE +%& 4 A}

A123 B12345 C12345

[ i [—
i l.
| e

- 4-S1 2 - ¢S] -

_— 41

Fig. 7. Construction of two mammalian expression DNA plasmid harboring the
S1 gene of IBV-KM91p6. Lane 1 of each panel was loaded a commercial
1 kb DNA ladder markers. Panel A shows the amplified S1 gene by PCR
using primer pairs pCI-S1F and -SI1R (lane 2) and pTriEx-S1F and SIR
(lane 3). Panel B indicates digestion results of the pCI-KMp6S1 DNA with
Xhol (lane 2), Sall (lane 3), and XAol and Sall (lane 4), respectively. Panel
C represents digestion results of the pTriEx-KMp6S1 DNA with EcoRV
(lane 2), Hindll (lane 3), and EcoRV and Hindll (lane 4), respectively.
Lane 5 of panels B and C show undigested supercoiled plasmid
pCI-KMp6S1 or pTriEx-KMp6S1 DNA as a control.

11) In ovo vaccination& DNA plasmid®] IBV S1 Z¢¥ 2& <2l
In ovo vaccinationo] A& #, FF3H pCI-KMp6S1 DNASF pTriEx-KMp6S1
DNA©| &3 S1 Jerme] & G52 in vitro Bl A ZEolA g21st7] €8] CEF Al

- 106 -



3ol 247t transfectiond §-, TG o] HEE 9lsto] IBV-KMI1 S1 gy
olHl @AEA FAE o83 ABC FAS AAS Ay, F S22 9

transfection 3 7% (Fig. 8C)9+= tixH o= pCIl-KMp6S1 (Fig. 8A)THS, E
pTriEx-KMp6S1 (Fig. 8B)¥HS- transfection 3F A ZoA Z+zF IBV S1 Wobal s

Az BT e FAL 5 Ak

Fig. 8. Detection of IBV S1 glycoprotein in CEF cells transfected with
pCI-KMp6S1 (panel A), pTriEx-KMp6S1 (panel B), and the cloning
plasmid vectors pCl-neo and pTriEx-1.1, simultaneously (panel C). ABC
stain was performed with anti—-IBV S1 monoclonal antibody for specifically
detection of the expressed S1 glycoprotein as pinkish—dark blue colors.

12) pCI-KMp6S13# pTriEx-KMp6S19¢] in ovo DNA vaccination 23}

189 = o] J3tA & (771/25)°] in ovo DNA vaccinations A3 A3, Table
113 o] A 1o HAHo= oF 70% o]/e] F3l&s Hof, 120 175& A9
gk aFe] HAig sukg] o] Fd ARMAIE ' ¢ /AT EE Y &
2-35 Atolell AbaAtE 1nbg7F HARGE 5 OFS AlQetale A 1w Al A

YEE 3FAZA B APl FAT 5 ATk
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Table 11. Hatchability and survival rate following in ovo vaccination with
pCI-KMp6S1 and pTriEx-KMp6S1 DNA

SuperFect  Secondary IBV Hatchability Survival rate

Group In ovo vaccine supplemented  vaccination (%) (%)
1 TE buffer No No 6/7(85.7)  6/6 (100.0)
2 TE buffer No Yes 6/7(85.7)  6/6 (100.0)
3 pCl-neo No No 6/7(85.7)  6/6 (100.0)
4 pCI-KMp6S1 No No 5/7(71.4)  5/5(100.0)
5 pCI-KMp6S1 No Yes 6/7(85.7)  5/6(83.0)
6 pCI-KMp6S1 Yes No 5/7(71.4)  5/5(100.0)
7 pCI-KMp6S1 Yes Yes 6/7 (85.7)  6/6 (100.0)
8 pTriEx-1.1 No No 5/7(71.4)  5/5(100.0)
9 pTriEx-KMp6S1 No No 5/7(71.4)  5/5(100.0)
10 pTriEx-KMp6S1 No Yes 5/7(71.4)  5/5(100.0)
11 pTriEx-KMp6S1 Yes No 5/7(71.4)  5/5(100.0)
12 pTriEx-KMp6S1 Yes Yes 4/7(51.4)  4/4 (100.0)

*No. of 1-day-old chicks/no. of 18-day-old SPF eggs received in ovo DNA
vaccine (% hatched)
“No. of 3-week-old chicks/no. of hatched chicks after receiving in ovo DNA
vaccine (% survived)

Ao BV S1 dume 935t DNAY in ovo vaccinationel] w2 & s)

E;:il

EFolE FAA tha o] AFEHATE (1) Group 1& HA A A<
Az 24 plasmid DNAS £&&=d AFEE TE buffer?tS HE3om,
) Group 2% 2%°] DNA vaccine®l ¢J3t IB oF=5219] booster G5 FAFSH]
3 txTolar, (3) Group 33 8& 2%9 DNA vaccined] thdt SA WX O 2 A
zbzte]l 2249 B“Eit'}" HE. =3 (4) Group 49 9+ 2% 2] DNA vaccine %
o] 93t in ovo vaccination E3E ZAFSH7] $$ AEATolar, (5) Group 59
102 2%F°] DNA vaccined W& IB 95418l booster &35 FARsH7] 913k A
Ao, (6) Group 63 118 SuperFect®] #H7le| wrE 239 DNA vaccined
in ovo vaccination A5 &IZ A7) 93 A& Ao, (7) Group 73 12+
SuperFect®} 252 DNA vaccined] WE IB ¢F59A19] booster BIE ZASH]
gt APA TR FA4EHJT. oo gk A FA A= Table 120 e
Atk

B
il

jg © do

4
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7P In ovo DNA vaccination®] 2]3F IBV Eo|3H4] F 2% 4

2% IBV S1 ger® & DNA plasmid (pCI-KMp6S1 % pTriEx-KMp6S1)E
o]8-3l in ovo vaccination®] W& [BV Eo|dA =5 A7 8o, 28 15
o] B3l 1349 IHAEE IFA, HI, ELISA ¥ VNH o=z BEA&grt. 1 A3, o
27 (1, 2, 3, 8 2F)9 #HAAJA 7 aFY IFA $A/MAI= 0%, HIY7b=
1.57-2.60, ELISA 97} 10-30, 28]a2 VN &A|971= 0 508 RE BEA 497}
background F5< e ¥ 259 DNAR Z+7} in ovo vaccinationdt A&7
(4, 5,9, 10H 25)9 HA<l ZF 159 IFA IALEMNA7F 0-20%=, HIS
7}7F 2.80-3.602.%, ELISA 97k= Al@Aled wel 9rte] WesEs AR
18-2162.2, VN @A97}= 2.5-6.52 A|gAl7 2 EA4H meix= Has -
vl o)Ak =2 FAGUIE BT o]59 AIEHE IBV S1 Gy ¥ DNAC
in ovo vaccination®] W& IBV EoldA7} gy or FEHILSS eld 4 9]

A,

1} SuperFect®] in ovo DNA vaccination®] ¥|X|= &% &4
SuperFectel] €%k in ovo DNA vaccination®] <

7] Y8 SuperFect®} @A z+zF 2% 9] DNAZ vaccinationd+ 6, 7, 11, 12¥ 1%
o] B3t ¥ 1549 dHFAEE FASUTE 1 Ay, H Al 2 159 IFA 44
YA EE 0-20%%5, HI 97F= 2.17-3.84%, ELISA A7 1-2072 9A] 1
ol we} WsFo] AA yewton, 18l VN A9 7= 3-5.55 YERlth. g
H, SuperFect?] 7} §lo] DNARF HF3 4, 5, 9, 108 %59 F3 & 15749
HAA R [FA FAANA= 0-20%=, HI A9 7M= 2.80-3.608.2, ELISA 97t
18-2162.%, VN aAd7l= 25-6.52 SuperFectE H7}all vaccinationdt A& 7|
T o= FAANNAME Fo)dS HolX gttt w2 AJFlA 9 in ovo
DNA vaccination®] W& SuperFect?] A A AFayts AL A o)

) In ovo DNA vaccination®] @2 IB ¥Al booster &3 &4
In ovo DNA vaccination®] & I ‘4:5“—‘1/\]4 booster @IS FASH7] §5HY]
3} 15 Fol A#E B ASMAS 2, 5, 7, 10, 129 215 47 HE F, 84
AEE 99 4717 EHETA E‘*ﬁ"ﬁ% olgall Ao FAHEEE 5/‘}3}9515}.
Booster A 15419] DNA WAl WA (4-7H 15 9-12¥ 1F
5ol Al FaAl A & ‘é’-l A7tE EA g Ay, [FAe| gt ‘SJX
0-20%%, HI 97} 2.17-3.84%, ELISA 97+ 1—216°i 83 VN ‘l,ﬂ7]—‘“
2.5-6.52 AEHA. old vl IB WAl booster <91 3FA7EA2] A AR (5,
10, 1291 )l tigh £ 23, [FACl o3 A FEu &L 20-50%=, HI Bt
71 4.50-5.25%, ELISA 97} 107-3556%, %] VN 97}% 7.5-139] & =
2 22, 3, 89 1w) % DNA #Al dhswb(4, 6, 9, 11¥W IH5)2E in ovo
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vaccinationdt Alwte] z} A B A KT} boosterol 93 A G7e] Aso]l AU
o] A

2 2
I3k E in ovo DNA vaccination Al@olAlE FA sk
e = val BAE . IBV S1 de¥S CMV IE promoterel] 93] e 43
I 9l pCI-KMp6S12.2 vaccinationdt 18 (4-7H)¢] H3} & 154 A 50
g3k IFA AN A= 0-20% = chicken B-actin promoterel] ]3] Wa Fx4 x|
3L Q¥ pTriEx-KMp6S1el o3 15(9-12%)] A G MA H&(0-20%)3} =}o]
£ ol ¢kokth, mEF IB MAale] boosterol wE 3FA 7R IFAC <8 A%
A el vE (pCI-KMp6S1, 0-50%; pTriEx-KMp6S1, 0-40%)° %= & A3l =)o)
S #Ee 5 QIolth vlSo] Table 126 K<l nle} o] 7k 179 IHAIR U
gk HI, ELISA % VN g4 oajr e F Sz AP Fsol 9
ARl zolE Holil YA gFgo] SRl o], 2% wdWy RE 5% a34<Ql in

ovo DNA vaccinationg 9E2A 87127} A4 71 = Ao}

ol

9] IBV S1 g2 wd¥ g 34 fE% Hu 24
2% 9] wEuE o FAHA
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Table 12. Serological examination after in ovo DNA vaccination determined
by indirect immunofluorescence assay (IFA), hemagglutination inhibition
(HD), ELISA and virus neutralization (VN)

G Vaccination IFA(%) HI ELISA VN

r

0

U DNA vaccine oWPer B Ist  2nd  3rd Ist 2nd 3rd  Ist 2nd 3rd  1st 2nd 3rd
D Fect vaccine

2 TE buffer No Yes 0/6(0) 0/6(0) 1/6(16) 2.20 3.25 400 20 50 160 0 2 3

4 pCI-KMp6S1 No No 1/5(20) 1/5(20) 2/5(40) 2.80 4.20 530 216 104 102 65 6 5

6 pCI-KMp6S1 Yes No 0/5(0)  0/5(0)  0/5(0) 217 3.80 485 4 7 25 3 4 35

8 pTriEx-1.1 No No 0/5(0)  0/5(0)  0/5(0) 2.60 2.83 320 29 91 48 0 0 14

10 pTriEx-KMp6S1  No Yes  1/5(20) 1/5(20) 2/5(40) 3.60 4.40 4.50 47 143 107 25 7 81

12 pTriEx-KMp6S1  Yes Yes 0/40)  0/4(0) 1/4(25) 3.00 450 450 1 30 232 4 7 9
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3-3. 2 &

IB virus9 in ovo®& ¢S 7/NEdr] ¢ske] IBV-V(Mass., Type Live vaccine)
3} IBV-KM91Z chicken embryo kidney cell¥ 1093 ¢ F-3A o] w27y 7
o4 E5ho Tpﬂr?ﬂﬂoﬂ AEA71AA 1) FsiAge] e wed, 2) B-
propiolactone A2 ¥ 1BV <HdAd, 3) %?"7“’4 k-3, 4) B 2 G2 EFA
Ak ol Al Aol gk IBVE WA, 5) F=3AZl IBVE in ovo HEol
e P 2 WYdA 9 VRARS 3 ?‘s}ai % IBV-KM91FE 1204
Al sta, 6) IBV $adAFE S1 gk %%jx} ==Y, 2@y 9 DNA

plasmid 75, 7) IBV-KM91p6 S1xd#te] siatd7| < =l 5 Als5 2, 8)
S1 Jebw] wbe 2 %3t Baculovirus Al2F, S1 gedle]l HE 2 54, 9) AxEF Sl
getalo] WAl Alel 10) IBV S1 Be® @& DNAQ in ovo vaccination ©]%
live attenuated IBV vaccine®] W-8z 3o ] Al &3St}

1. IBV-VF 9 IBV-KM9159] FsiA el gk ¥ FspA Tl HF § 2
AHE Z+2F 20% 2 40%°0 A o)’ (dwarfing Bi=curling)e] #2E 7] Al 2kslo] 4
Ao BF FHALSII T HhAd o]l g% IB virusE T3HA717] fste] Al wlk
g b 105 EID50/m¢ % 7}e] IBV-V (10th Hi+= 20th)9} IBV-KM91 (10th i

20th) 100p04 <& 18d# 9] F-aiAz 27k 10709 in ovo &3 A3} IBV-V (20th)
oF IBV-KM91 (20th)= °F53F w3t= ot HddL "ol Atk o] IBVE B-
propiolactone2. @ E&3A|7|a 18U E ] F-3A el Z+Zt in ovo HES A3 B
A& A=A

2. IBVE W92 7l Balb/c w922 HE Eolio] i, ELISAY7F 7HE =&
INU-IB-2002-1 (IgG1)& Ad&da, o 2 d=ZF2A4 A= e IBV-V
(20th) 3! IBV-KM91 (20th)¢] <Hdd 2 g 24} dAdol fefstA 3t
259l A o] ol AT,

3. IBV in ovo vaccination® &¢43HE 98] KMI1p6529 S1 F#4#= pCRII
(3.9kb) WE] ZF=2Yste], it A7 d B4, AEF Baculovirus transfer
vector @ S1 ek ¥ DNA plsamid 7% 9] template DNAZ F A8k}

4. IBV KM915o] digr A et vkgs AZF Baculovirus S1 oS
rAc-KMp6S1 #ZFAAMEe] Mxd UiEgk ofye} Mok dd st

5. Western blot #41HS 53 A %3 Baculovirus S1 Jebi o] HES Al =3k}
°F 92 kDa®] A% Baculovirus S1 @ eo] AZ¥ o] IBV-KMI1p6 el Sl
Gt FAafgh EAEe] gl ow Wil las SRlE AT

6. &AM HojHAGL B&3 KMI91p69 booster &+ 135tozx A%
o thale]l 100%(F<0.05), 23] boosterdt 7% rAc-KMp6S19 7 9-HTlxE tv]2o]

A% marh A% (P0.0D 713 (7X0.05)001 4 Bz At
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7. pCI-KMp6S1 DNA®} pTriEx-KMp6S1 DNAC] 2]k S1 dukwle] Wy fH=
in vitro Hj%F A Fo| A =elskv}, transfectiondt A oAl ZHzF [BY S1 Wukwlo]
A w At
8. pCI-KMp6S17 pTriEx-KMp6S1s 18¥#e F3pA|gke]l in ovo DNA
vaccination 23 A 280 HHA o= ¢k 70% olAte] F3l&L Hgr) SuperFect
9] in ovo DNA vaccination®ll "|XE F%& AL A LA 9 in ovo DNA
vaccination®] @& IB ¥4 booster &3+
o] 7} JHF A ET} boosterdl] 2]t
o|Ato]l Aol A 2% <] IBV S1 Fetu] - ug o] g
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H 6 & T LERHA A =
L)

02!

ool A= vl dAd, ofE2 A~ e A Yol g, EMBREX Inc. VYA€l 5
A8t TriBio Lab. Pfizer &, 28]3 ZF9A+= Fort Dodge Australia Pty
Limited, WY &= = Lelystad 74 solA o8, EAAY=, Wst s}

ZNAEe B2 Aegabgo]l Ad 200 Wdztel AA FaA el WMAS AR FAL

3}+ in ovo vaccination 7ol W3t AFE g} ol5L FE wpHAIH HAIA
Fd " (infectious bursal disease), 7wAEY, AZFAAY, AFAH7] ARG g A
3R, olF vtEayy AGA Fdol g in ovo MAlS AE 33

o e

<

&3} A Eoi7ta Aok
Lo = k=3 Hlol#] 29 in ovo vaccination A4 WAEE HAA EAES FEE
7] 918 in ovo & AZF DNA vaccine?| 7§ty S-&o thdk A37F 218 Fofl
o ol #AH HZFSE= DNA vaccined 7/l 9= avian influenza virus,
Newcastle disease virus, infectious bursal disease virus, Marek's disease virus &
of tial AFE S, DNA vaccine® E%S Fulsted 520 WY, Z2RH,
DA 28] Fol A7 T Ak 28 in ovo HEl Wl DNA vaccine9]

AT+ influenza virus, IB virus, Marek's disease virus 5 =3 #|g¥ HLA
b b

N

1 A
(s
of Wsl e vk Yok ok EuetAel gk
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