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of fowlpox virus which is not essential for
comprising a recombinant fowlpox virus exp
of immunizing poultry,

ressing Marek’s Disease

virus growth. Also provided is a vaccine exhibiting a synergistic immunoprotective sffect,

comprising administering any of the disclosed vaccines, I also provided.

USE IN VACCINES FOR PROTECTION AGAINST MAREK’S

k's disease virus is disclosed. Also disclosed are recombinant viruses
preferably containing two or more genes encoding Marek’s Diesease
er the control of a poxvirus promoter within a region of the DNA

Virus gB protein in combination with turkey herpesvirus. A method
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MAREK‘S DISEASE VIRUS GENES AND THEIR USE
IN VACCINES FOR PROTECTION AGAINST MAREK'S DISEASE

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a gene derived

from Marek’s disease virus having a unique nucleotide
sequence, recowbinant viruses contalining this gene,
poultry vaccines utilizing this gene, and recombinant
fowipox vaccines that exhibit a syngeristic effect in

protecting against Marek's digeacge.

Description of Related Art

Marek's disease (MD) is a highly contagiocus
neoplastic disease of domestic chickens that affects
chickens worldwide and causes high mortality and
condemnation if chickens are not vaccinated at one day
of age. MD is caused by a highly cell-associated
oncogenic herpesvirus known as Marek’s digease virus
(MDV}) |

A number of live virus cell-associated vaccines are
available that protect chickens against MD. These
vaccines are maintained and administered in delicate,
cell-associated form. The vaccines need special
handling, and must be stored and transported in a frozen

State in liquid nitrogen in order to maintain their
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viability and efficacy. These existing vaccines must be
maintained and administered in cell-associated form, a
condition that is costly and cumbersome.

The known vaccines contain the entirve MDV genome,
including sequences related to induction of patho-
genesgis. Although the existing vaccines against MD are
either attenuated or are naturally apathogenic, wviral
mutation is known to occur in herpesviruses, and there
is a possibility that virulent pathegenic mutants may
emerge in such vaccines. Such mutants could be less
effective and even harmful.

Churchill et al. (Nature 221:744-747 (1969)) and
Okazaki et al. (Avian Dis. 14:413-429 (1570)) developed
the first effective and safe vaccines against MD. These
vaccines have been in use for the last 20 vyears, and
have reduced losses to the poultry industry worldwide.
Other candidate vaccines based on serotype 2 naturally
apathogenic MDV (Schat et al. J. Natl. Cancer Ingt. 60:
1075-1082 (1978)), or newly attenuated serotype 1 MDV
(Rispens et al. Avian Dis. 16:108-125 (1872)), and

combinations of these viruses as bivalent vaccines
{(Witter Avian pis. 31:252-257 (1987)), have helped
provide better protectieon against MD. All these
vaccines, except the herpesvirus of turkeys (HVT)
vaccine, require storage and transportation in a frozen
state in liquid nitrogen and have to be administered as
infected cells, which calls for careful procedures to
prevent inactivation of the vaccine. Even in the case
of HVT vaccine, cell-associated viruses have been most
widely used because they are more effective than
cell-free virus in the presence of maternal antibodies
(Witter et al. Avian Pathol. B:145-156 (1978)).
Recombinant DNA technology has facilitated the

construction of recombinant vaccines that contain only
those desired viral genes or gene products that induce
immunity without exposing the animal to genes that may
induce pathological disorders. Pox viruses, including
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avipox virus, especially fowlpox virus (FPV), provide
excellent models for such vaccines. These viruses have
a large DNA melecule with numerocus non-essential regions
that permit the insertion of several immunogenic genes
into the same virus for the purpose of creating
multivalent vaccines. These multivalent vaccines may
induce cell-mediated as well as antibody-mediated immune
response in a vaccinated host. Vaccinia virus (VV) has
been used extensively for this purpose, and a number of
VV recombinants have been constructed that express a
variety of foreign geneg, including those that elicit
neutralizing antibodies against glycoproteins of herpes
simplex virus (HSV! type 1 (Blacklaws et al. Virology
177:727-736 (1990)). Similarly, there are a number of
reports describing the expresgion of foreign genes by
recombinant FPV (Boyle et al. Virus Res. 10:343-356
(1988) and Ogawa et al. Vaccine B:486-490 {1990) ).
Recently, we demonstrated that the recFPVgR protected

chickens against MpDv challenge (Nazerian et al. J.
Virol. 66:1409-1413 (1992)).
MDV  homclogues of the HSV genes coding for

glycoproteins B, C, D, H, and I, E, L (g8, gC, gD, gH
and gI, gE, gL) have recently been cloned and sequenced
(Coussens et al. J, Virol. 62:2373-2379 (1988); Roas et
al. J. Gen. Virol. 70:1789-1804 (1989) ; Ross et al. J.
Gen. Virpl. 72:939-947 {1991); Ross et al., European

Patent Application International Publication No. WO
50/02803 (1990); Brunovekis and Velicer, Virology
206:324-338 (1995); and Yoshida et al. Virology 204:414-
419 (1994)).

SUMMARY OF THE INVENTION

The present inventors have shown that gB is an

important gene for protective immunity against MD
(Nazerian et al. J. Virol. 66:1409-1413 (1992)).
Whittaker et al. (1992) reported that Equine herpesvirus

type 1 (EHV-1) gene 28 encodes a glycoprotein, gp300,
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that is homologous to the HgV-1 UL32, and functions in
EHV-1 in cell-to-cell fusion brocesses. We postulated
that if such a homologous gene existed in MDV, it may
function in cell to cell fusion since MDV is a cell-
associated virus. Recently, we identified and sequenced
an MDV gene homologous to HSV-1 UL32, and identified an
O-linked glycoprotein, 9pB2, in MDV-infected cells
belonging to a class of membrane proteins (Lee,
unpublished data).

The present invention relates to the MDV UL32 gene
encoding a membrane glycoprotein, The DNA sequence of
the UL32 gene is shown in SEQ ID NO:1l in the attached
Sequence Listing. The present invention therefore
relates to this sequence, which encodes a protein in
accordance with the degeneracy of the genetic code,
preferably in a cloned, isolated, or purified form, and
biologically functional variants thereof. The present
invention also relates to recombinant DNA molecules
comprising the UL32 seguence.

The present invention also relates to novel
recombinant viral vaceines, such as recombinant FPV, HVT
(herpesvirus of turkeys), MDV, and ILTV (infectious
laryngotracheitis virus), that contain the novel UL32
gene encoding membrane glycoprotein gp82 of MDV.
Preferably, the vaccine is based on a recombinant FPV
containing the UL32 gene of MDV. More preferably, the
recombinant FPV contains an additional gene, 1l.e., the
gB gene, encoding gpl00, gp60 and gp49, which provides
a synergistic effect in protecting against MD in
chickens. As shown below, recombinant FPV expregsing
UL32 is effective against MD. The seguence and the
effectiveness of gB as a vaccine has been described in
United States Patent No. 5,369,025. The expression of
these two genes in cells results in an unexpectedly
strong synergistic protective effect against MD in the
natural host (chickens). 1In addition, the vaccine also
protects against fowlpox.
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The present invention also relates to recombinant
FPV vaccines against MD in which the gB gene of MDV or
the UL32 gene of MDV or other genes such ag those coding
for glycoprotein E homologue, glycoprotein T homologue,
and other glycoproteins from different serctypes of MDV
are inserted into FPV for the Purpose of creating a
broad-spectrum vaccine effective against several
isolates of MDV.

The pregsent invention also relates to a cell-free
vaccine against MD containing recombinans (rec) PPV that
can be lyophilized, stored, and used under normal
conditions, thereby obviating costly and laborious
brocedures of storing the vacecine in liquid nitrogen,
delicate handling, and administering which are necessary
with existing cell-associated MD vaccinea. TFor example,
after lyophilization, the vaccine of the present
invention can be stored, handled, and transported at
ambient temperature (20-22°C), and stored at 4°C for
prolonged periods of time. The vaccine can also be
stored in a frozen state wherein the cell-free
recombinant virus isg bresent in an aqueous solution
which is frozen ang stored at, for example,

-20°C or -70°C.

Accordingly, it is an object of the present
invention to provide an isolated, purified DNa molecule
comprising the nucleotide sequence shown in SEQ ID NO:1,
Or & nucleotide sequence biclogically functionally
equivalent thereto.

Another object of the Present invention is to
provide an isolated, purified DNA molecule comprising a
nucleotide sequence encoding a polypeptide having the
amino acid sequence shown in SEQ ID NO:2, or encoding a
polypeptide biclogically functionally equivalent
thereto.

RAnother object of the present invention is to
provide an isclated, purified polypeptide having the
amino acid sequence shown in SEQ ID NO:2, or a
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Another object of the present invention is to
provide a recombinant vector comprising the
aforementioned DNA molecules.

Another object of the present invention is to
provide a recombinant virus that expresses said DNa
molecules. The recombinant virus can further express a
nucleotide sequence encoding at least one antigen of an
avian pathogen, or a nucleotide sequence biclegically
functionally equivalent thereto.

Another object of the breserit invention is to
provide a recombinant virus that expresses a DNA
sequence encoding a membrane glycoprotein of Marek’s
Disease virus.

Another object of the bPresent invention is to
provide a wvaccine composition, comprising a member
selected from the group consisting of;

an isolated, purified DNA molecule comprising the
nucleotide sequence shown in SEQ ID NO:1, or a
nucleotide sequence biologically functionally equivalent
thereto;

an isolated, purified DNA molecule comprising a
nucleotide sequence encoding a polypeptide having the
amino acid sequence shown in SEQ ID NO:2, or a
polypeptide biolegically functicnally equivalent
thereto;

an isolated, purified polypeptide having the amine
acid sequence shown in SEQ ID NO:2. or a polypeptide
biologically functionally equivalent thereto;

a4 recombinant vector comprising an isolated,
purified DNA molecule comprising the nucleotide sequence
shown in SEQ 1ID NO:1, or a nuclectide sequence
biologically functionally equivalent thereto;

2 recombinant vector comprising an isolated,
purified DNA molecule comprising a nuclectide seguence

encoding a polypeptide having the amino acid sequence as
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shown in SEQ ID NO:2, or a polypeptide biologically
functionally equivalent thereto;

a recombinant virus that expresses an isolated,
purified DNA molecule comprising the nucleotide sequence
shown in SEQ ID NO:1, or a nucleotide sequence
biclogically functicnally equivalent thereto;

a recombinant virus that expresses an isolated,
purified DNA molecule comprising a nucleotide seguence
encoding a polypeptide having the amino acid sequence as
shown in SEQ ID NO:2, or a polypeptide biologically
functionally equivalent thereto; and

a recombinant virus that expresses an isclated,
purified DNA molecule comprising the nucleotide sequence
shown din SEQ ID NOC:1, or a nuclectide sequence
biologically functicnally equivalent therete, and which
further expresses a nucleotide sequence encoding at
least one antigen of an avian pathogen, and a
pharmaceutically acceptable carrier.

A vaccine composition of the present invention is
most preferably effective for immunizing the vaccinated
subject even in the presence of transfer antibodies
conferred from the mother of the subject.

Yet another object of the pregent invention is to
provide a vaccine composition, comprising a member
selected from the group consisting of:

a recombinant virus that expresses an isclated,
purified DNA molecule comprising the nucleotide sequence
shown in SEQ ID NO:1, or a nuclectide sequence
biologically functionally equivalent thereto, and gB
antigen of Marek's disease virus or a polypeptide
biologically functionally egquivalent thereto, and

a virus that expresses an isclated, purified DNA
molecule compriging a nucleotide sequence encoding a
polypeptide having the amino acid sequence as shown in
SEQ ID NO:2, or a polypeptide biologically functionally
equivalent therete, and gB antigen of Marek’'s disease

virus or a polypeptide biologically functionally
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equivalent thereto, and a pharmaceutically acceptable
carrier.

Ancther object of the present invention ig to
provide a wvaccine composition, comprising isoclated,
purified nucleotide sequences encoding antigens from
avian pathogens, wherein said vaccine composition
exhibits an immunoprotective effect greater than the sum
of the individual immuncprotective effects of vaccine
compositions individually comprising each of said
isolated, purified nucleotide sequences  encoding
antigens from avian pathogens, and a pharmaceutically
acceptable carrier.

Another object of the present invention is to
provide a vaccine composition, comprising a recombinant
virus expressing an isolated, purified nucleotide
sequence encoding a Marek’'s disease virusg polypeptide or
a biologically functionally equivalent polypeptide, in
combination with a herpesvirus, wherein said vaccine
composition exhibits an immunoprotective effect greater
than the sum of the individual immunoprotective effects
of vaccine compositions individually comprising each of
said viruses, and a pharmaceutically acceptable carrier.

A still further object of the present inventien is
te provide a vaccine composition, comprising a member
selected from the group consisting of:

a@ DNA molecule having the sequence shown in 5EQ ID
NO:1 or a sequence biologically functionally equivalent
thereto;

& recombinant vector that contains a DNA molecule
having the seguence shown in SEQ ID NO:1 or a sequence
biologically functionally equivalent therete;

& recombinant virus or viruses that contains a DNA
molecule having the sequence shown in SEQ ID NO:1 or a
sequence biclogically functionally equivalent thereto,
as well as a DNA sequence encoding at least one antigen
of an avian pathogen, or a nucleotide seguence
biologically functionally equivalent thereto; and
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a polypeptide having the aminc acid sequence shown
in SEQ ID NO:2, or a pelypeptide biologically
functionally equivalent thereto, and a pharmaceutically
acceptable carrier.

Yet another object of the present invention is to
provide a method of immunizing poultry, comprising
administering to said poultry any of the vaccines of the
present invention.

Further scope of the applicability of the present
invention will become apparent from the detailed
description and drawings provided below, However, it
should be understood that the detailed desecription and
specific examples, while indicating preferred
embodiments of the invention, are given by way of
illustration only since varicus changes and
modifications within the spirit and scope of the
invention will become apparent to those skilled in the
art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
E=Rant chbas A ON OF THE DRAWINGS

The above and other objects, features, and
advantages of the present invention will be better
understood from the following detailed descriptions
taken in conjunction with the accompanying drawings, all
of which are given by way of illustration only, and are
not limitative of the present invention, in which:

Figure 1 shows the location of the UL32 gene
homologue in the gencme of MDV. The upper part of the
figure is a schematic representation of the MDV genome ,
Abbreviations: TRL:terminal repeal adjacent to unique
long region; UL: unigque long region; IRL: internal
repeat adjacent to unique leng region; IRS: internal
repeat adjacent to unique short region; US: unique short
region; TRS: terminal repeat adjacent to unique short
region. The middle part of the figure shows the
corresponding BamHI map of the MDV genome. The lower
part of the figure shows details of the BamHI-E fragment




| WO 9703187 PCTIUS96/11360

10

15

20

25

30

35

10

containing the TUL30, UL31l, UL32, UL33, and UL34
homolegues. Arrows indicate the locations of the five
genes, and point in their transcriptional directions,
respectively.

Figure 2 shows the DNa sequence of UL32 gene (SEQ
ID NO:1).

Figure 3 shows the amino acid sequence of the
protein encoded by the UL32 gene (8EQ ID NO:2).

Figure 4 shows the construction of plasmid vector
pPGTPs.

Figure 5 shows the construction of transfer vectors
PNZ29RMDUL32 and pNZ29RMDGBUL3Z.

Figure 6 shows immuncprecipitation using anti- trpE-
UL32 fusion protein antibedy. Lane 1: uninfected CEF
cells; lane 2: CEF cells infected with wMDV-1 (GA
strain); lane 3: CEF cells infected with MDV-2 (SB_1
strain); lane 4: CEPF cells infected with HVT (FClzé
strain.

Figure 7 shows the mobility ghift assay of
immunoprecipitants after treatment with
endoglycosidases. Lane 1: no treatment; lanes 2 and 3:
O-glycanase; lane 4: endo-H; lane 5: PNGase.

Figure 8 shows the immunoprecipitation of cells
infected with recFPV/MD-9B/UL32 or with the GA strain of
MDV. Lane 1: CEF cells infected with recFPV/MD-gB/UL32
with monoclonal antibody 1aNssg specific for MD gB; lane
2: uninfected CEF cells with menoclonal antibedy 1ANS8E;
lane 3: CEF cells infected with recFPV/MD~-gB/UL32 with
monoclonal antibody for gp82; lane 4: CEF cellg infected
with the Ga strain of MDV with monoclonal antibedy for
gp82.

Figure 9 shows the construction of the plasmids
DNZ29RMDgE and PNZ29RMDgEgI.

Pigure 10 shows the construction of the plasmids
PNZ29RMDgRgE, PNZ29RMDGBGEgI and PNZ29RMDGBgEgGIUL32.
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DETAILED DESCRIPTION OF THE INVENTION

The following detailed description of the invention
is provided to aid those skilled in the art in
practicing the present invention. Even s0, the
follewing detailed description of the invention should
not be construed to unduly limit the present invention,
as modifications and variations in the embodiments
herein discussed may be made by those of ordinary skill
in the art without departing from the spirit or scope of
the present inventive discovery,

The contents of each of the references cited herein
are herein incorporated by reference in their
entirety.

The UL32 gene and the polypeptide encoded thereby

The UL32 gene of the pPresent invention is a 1926
base long DNA cbtained from Marek’'s disease wvirus
comprising the sequence from nucleotides 1-1926 of SEQ
ID NO:1, or a DNA sequence criginating from MDV
substantially equal to the 1926 base long DNA that
retains the functional activity thereof. Although the
DNA sequence shown in SEQ ID NO:1 ig that from obtained
from strain GA, the present invention is not limited to
the gene originating from the aa strain alone.

Biglogically Functionally Equivalent DNa Fragments

The nucleic acid sequences disclosed herein, or
their biclogically functional equivalents, can be used
ir accordance with the bresent invention, The phrase
"biologically functional equivalents," as used herein,
denctes nucleic acid sequences exhibiting the same or
similar biological activity/immunoprotective activity as
the particular nucleic acid sequences described herein,
i.e., when introduced into viral hosts in a functionally
operable manner so that they are expressed, they elicit
a protective immune response.
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For example, the nucleic acid sequences described
herein can be altered by base substitutions, additions,
or deletions te produce biclogically functionally
equivalent nucleic acids that encode pProteins conferring
immunity te MDV in wvivo. In addition, due to the
degeneracy of the genetic code, other DNA sequences that
encode substantially the same amino acid sequences as
described herein and confer immunity to MDV in vive can
be used in the practice of the present invention. These
include, but are not limited to, nucleotide sequences
comprising all or portions of the viral DNAs described
herein or the corresponding mRNAs or cDNAs that are
altered by the substitution of different codons that
encode a physiologically functicnally equivalent amino
acid residue within the protein sequence, thus producing
a sllent change. Similarly, the proteins conferring
immunity to MDV, or derivatives thereof, enccded by the
present invention include, but are not limited to, those
containing all of the amino acigd sequences encoded by
the DNA sequences substantially as described herein,
including altered sequences in which functionally
equivalent amine acid residues are substituted for
residues within the sequence, resulting in a silent
change. For example, one or more aminc acid residues
within the sequence can be substituted with another
amino acid of similar polarity which acts as a
functional equivalent, resulting in a silent alteration.
Substitutes for an amino acid within the sequence may be
selected from other members of the class to which the
aminc acid belengs. For example, fungible nonpolar
(hydrophobic) amine acids include alanine, leucine,
iscleucine, valine, proline, phenylalanine, tryptophan,
and wmethionine. Fungible polar neutral amino acids
include glycine, serine, threonine, cysteine, tyrosine,
asparagine, and glutamine. Fungible positively charged
(basic} amino acids include arginine, 1lysine, and
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histidine. The negatively charged (acidic) amino acids
include aspartic acid and glutamic acid.

The variants of the genomic DNAs, the corresponding
mRNAs or cDNAs, and proteins contemplated herein should
possess more than 75% homelogy, preferably more than 85%
homology, and most preferably more than 95% homology, to
the naturally occurring viral DNAs, the corresponding
mRNAs or cDNAs, and proteins discussed herein.

Also included within the scope of the present
invention are gp82 protein fragments, which are the
expression products of the UL32 gene, or derivatives
thereof that are differentially modified during or after
translation, e.g., by glycosylation, proteclytic
cleavage, etc,

In the present invention, DNAs substantially
biologically functionally equivalent to the UL32 gene
possessing the nucleotide sequence 1-1926 of the
nucleotide sequence shown in SEQ ID NO:1 are defined
either as DNAe originating from MDV, the length of which
has been altered by either natural or artificial
mutations such as partial nucleotide deletion,
insertion, addition, or the like, so that when the
entire length of SEQ ID NO:1 is 100%, the resulting
sequence has an approximate length of 60-120% of that of
SEQ ID NO:1, preferably 80-110%, or a gene partially
(herein partially means usually 20% or less, preferably
10% or less, and more preferably 5% or less of the
entire length) replaced and altered by either natural or
artificial mutations so that the nucleotide sequence
codes for different amino acids, but wherein the
resulting protein retains the immunoprotective effect of
the naturally occurring protein. The mutated DNA
c¢reated in this manner must usually encode a protein
having 75% or greater, preferably 85% or greater, and
more preferably 95% or greater, similarity to the amino
acid sequence of the UL32 protein (SEQ ID NO:2) encoded
by the nucleotide seguence of SEQ ID NO:1,
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In the present invention, similarity means that
which 1is measured by the method of Gonnet et al,
(Science 256:1443-1445 (1592)) .

In the present invention, the methods employed to
create artificial mutations are not specifically
limited, and therefore such mutations can be produced by
any of the standard means. For example, the UL32 gene
obtained from a field strain MDV can be reinserted after
treatment with appropriate restriction enzymes and
insertion (or deletion) of appropriate DNA fragments so
that the proper amino acid reading frame is preserved.
In addition, the in vitro mutagenesis methods described
by Frits Eckstein et al., (Nucleic  Acid Research
10:6487-6497 (1982)), Osuna et al. (Critical Reviews in
Microbiology 20:107-116 (1994), and other methods can be
used to alter a nucleotide Sequence so that part of the

amino acid sequence is translated into different amino
acids. Biologically functional equivalents to the
nucleic acid fragments disclosed herein can be selected
for using the techniques described in Examples 3-8,
below.

The DNAs described above that have been mutated by
the above-mentioned methods and other methods are
considered to possess bioclegical function substantially
equal to that of the UL32 gene of the present invention.
The UL32 gene of the present invention can function to
suppress symptoms of MDV infection in chickene when
inoculated as a recombinant avipoxvirus carrying the
UL32 gene. If the effect of a particular mutated DNA
differs from the effect of the UL32 gene derived from
MDV strain G& 1+20% or less, such DNA is considered te
possess a function gubstantially equal to that of the
UL32 gene of the present invention.

The aforementioned gene of the Present invention is
presumably considered to exist in the genome of all MDV
serotypes. Therefore, the gene of the present invention
can be obtained from any MDV strain by conventional
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methods, for example Southern hybridization using probes
arbitrarily selected from the nucleotide sequence shown
in SEQ ID NO:1.

Sources of the UL32 gene include the serotype 1
strains such as Ga, RB1B, CVI988, 584A and Md5; serotype
2 strains such as SB-1 and 301B/1; and serotype 3
strains such as FC126, YT-7 and H2. Among these,
serotype 1 is preferable.

The polypeptides of the present invention possess
the amino acid sequence encoded by the aforementicned
DNA sequences, and such rolypeptides can be casily
produced and purified by the usual methods using
recombinant viruses as described below.

Recombinant Viruses

The recombinant viruses of the present invention
harbor the UL32 gene of the present invention. In
addition, they way also harbor antigen genes other than
the UL32 gene. An example of the preparation of such
recombinant viruses is as follows.

A plasmid which containg a nonessential region of
the parent virus is constructed. The UL32 gene is
placed under control of a promcter that functions in the
parent virus. A plasmid vector is obtained by inserting
the UL32 construct into the nonessential region of the
above plasmid. In the next step, homologous recombina-
tion is induced by intreducing the plasmid vector into
cells infected with the parent virus, Recombinant
viruses are obtained by subjecting the resulting viruses
to selection and purification.

Parent virus

In the present invention, ‘"parent wvirug® means a
virus in which the UL32 gene and other genes can be
inserted. This can be any kind of virus. For example,
for use as a vaccine, a virus that can infect the birds

to be vaccinated is preferable, Examples of such
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viruses include viruses generally used for recombina-
tion: poxviruses, including orthopoxviruses such asg
racoon poxvirus and vaccinia virus, and avipoxviruses
{APV) such ag pigeon poxvirus, fowl poxvirus, canary
poxvirus, quail poxvirus, and turkey poxvirus;
herpesviruses such as turkey herpesvirus (HVT) and
infectious laryngotracheitis virus (ILTV) ; adenoviruses;
and influenza viruces.

Vaccinia viruses include the Copenhagen strain and
the WR strain. Avipoxviruses include viruses that can
replicate in poultry cells such as those of chicken,
turkey, and duck, for example, FPV, pigeon poxvirug,
canary poxvirus, turkey poxvirus, and quail poxvirus.
FPV strains include ATCC VR-251, ATCC VR-250, ATCC VR-
229, ATCC VR-3249, ATCC VR-288, Nishigahara, Shisui, ang
the CEVA vaccine strain. Among viruses derived from
the CEVA vaccine strain, there are straing that form
large plagues upon infection of chick embryo fibroblast
cells (CEF), and therefore belong to the narrow
definiticn of FPV. Other viruses like the NP strain
{derived from the Nakano strain of chicken-fetus-adapted
pigeon poxvirus) are closely related FPV of the narrow
definition, and are used to preduce live chicken
poxvirus vaccines. Herpesviruses include HVT such as
the FC126 and H2 strains, which can be obtained from
Nippon Institute for Biological Science (Nisseiken Co.,
Ltd.), and the YT-7 strain, which can be obtained from
the Chemo-Sero-Therapeutic Research Ingtitute (Kagaku
Oyobi Kesseirycho Kenkyusho); ILTV such as strains like
C7 and CE, which are currently used as anti-ILTV
vaccines, and the NS-175 straip.

Amocng  these viruses, avipoxviruses and avian
herpesviruses are especially preferable.

Nonessential regions

The nonessential reglon used in the present

invention is defined as = regicn that is not essential
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for replication of the parent virus. For example, if
the parent virus is a vaccinia virus, the TK gene region
and the HA gene region are nonessential regions. If the
parent virus is an avipoxvirus, the TK gene region of
turkeypox, fowlpox, pigeonpox, and quailpox viruses and
the region described in Japanese Patent Application
Laid-open (Kokai) No. 166279/198% can be used. In
addition, the regions which hemologously recombine with
these regions are examples of neonessential regions. ‘The
DNA fragments of the APV-NP strain are described in the
above Japanese Patent Application Laid-open (Rokai) No.
168279/198¢ (EcoRI fragment (7.3 kbp), EcORI-HindIII

fragment (approximately 5.0 kbp}, BamHI fragment
(approximately 4.0 kbp), and  HindIII tragment
(approximately 5.2 kbp) . If the parent virus is a

herpesvirus, nonessential regions include the TK gene
region, the region homologous to the gC gene of herpes
simplex virus (gC hemologue), and the unique short
regions such as the Us2 homologue of herpes simplex

virus.

Vectors containing nonessential regions

Vectors containing nonessential regicns are used in
the construction of vectors for recombination described
below. Such vectors can be constructed by the usual
methods, for example, by inserting the ncnessential
regions described above into vectors treated with
appropriate restriction eénzymes. Vectors which can be
used in the construction include plasmids such as
PBR322, pBR325, pUC?, pUC8, pUCLE, and the like; phages
such as A and M13, and the like; and cosmids such as
PHC79 and the like.

Transfer vectors for recombination
+=aloler vectors for recombination

Transfer vectors for recombination used in the
present invention contain nonessential regions into
which is ingerted the UL32 gene, other antigen genes
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which may be optionally employed, and promoters which
control these genes. Such vectors can be constructed by
inserting into the wviral nonessential regions of the
above-mentioned vectors containing nonessential regicns
the UL22 gene of the present invention as well as
antigen genes selected as needed with promoters which
control these genes at the 5’ upstream position of each
gene,

Furthermore, in order to facilitate efficient
purification of recombinant viruses, marker genes such
as the E. coli lacZ gene may be inserted with promoters
described below which control such genes,

Antigen genes

In the present invention, an antigen gene or genes
in addition to the UL32 gene can be employed. Such
antigen genes are defined as genes that encode antigen
proteins expressed by poultry pathogens (bacteria,
viruses, etec.), and that can also be expressed as
antigenic proteins by the process of transcription and
translation when inserted inte a parent virus.
Preferable examples of antigen-pretein encoding DNAs
(antigen genes) include the genes encoding the MDV
glycoproteins gE, gI, gE, etc. (gB: Ross et al. J, Gen
Virol. 70:198%-1804 (1988); gl and gE: Velicer et al.,
(US pPatent No. 5,252,716); the gene encoding NDV EN
(Miller et al. J. Gen. Virol. 67:1917-1927 (1986)), the

gene encoding the F protein (McGinnes et al. Virus Res.
5:343-356 (1986)}), the gene enceding the structural
protein VP2 of infectious bursal disease virusg (Bayliss
et al. J. Gen. Virol. 71:1303-1312 (1990})), and other

genes encoding antigens involved in protection against

infection.
Any gE gene or gI gene is usable in the present
invention so long as the gE gene or gI gene is derived

from the genome of a Marek’s disease virus,
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Said gE gene or said gl gene is not necessgarily a
gene having the complete sequence of a gE or gI gene,
If 2 gene encodes a protein having substantially the
same function as a protein encoded by a gE or gI gene,
such a gene is also usable in the present invention.

In the present invention, the phrasge "substantially
biologically functionally equivalent gene to said gE
gene or said gT gene" denotes a gene that has an
approximate length of abeut 80-120%, preferably about
30-110%, of the length of said gE gene or said gI gene.
The length is altered by either natural or artificial
mutations such as nucleotide deletions, insertions,
addition of new Ssequence, or the like, wherein the
entire length of said 9E gene or said gl gene is taken
as 100%. A substantiazlly biclogically functicnally
equivalent gene is also a gene partially replaced and
altered by either natural or artificial mutations so
that the nucleotide sequence codes for different amino
acids, but wherein the resulting protein retains the
immunoprotective effect of the naturally occurring
protein. Herein ‘partially" means 20% or less,
preferably 10% or less, and more preferably 5% or less
of the entire sequence of the gene is altered, The
mutated DNA created in thig manner must usually encode
a protein having 80% or greater, preferably 90% or more,
and more preferably 55% or greater, homology to the
amino sequence of the protein naturally encoded by said
9E or said gI gene. In this respect, the term
"homology" means identity as measured using DNA sequence
analysis software, such as DNASIS, available from Takara
Shuzo KK.

In the present invention, the methods employed to
create artificial mutations are not specifically
limited, and therefore such mutations can be produced by
any of the standard means. For example, the naturally
oceurring g& gene obtained from a field strain of MDV
can be reinserted into a vector after treatment with
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appropriate restriction eénzymes and insertion (or
deletion) of appropriate DNA fragments so that the
proper amine acid reading frame is preserved. In
addition, the in vitro mutagenesis methods described by
Frits Eckstein et al., (Nucleic Acid Research 10:6487-

6437 (1982)), and other methods can be used to alter a
nucleotide Sequence s0 that part of the amino acid
sequence is translated into amino acids different from
the aminc acids normally found in the protein.

The proteins encoded by the DNAs described above
that have been mutated by the above-mentioned methods
and other methods are considered to possess biclogical
function substantially equal to that of the protein
encoded by the naturally occurring gE or gI. The phrase
"the function of the naturally ocecurring gE or gI" means
a function of inhibiting the immune response derived
from complement -dependent or antibody-dependent cell
damage as a corollary of having a physiological activity
that a conjugate §I-gE or gE itself bonds to F. portion
of IgG. The phrase "funetion substantially equal to
that of the naturally occurring gE or gI" means an
activity equal to about 1.5 times or more, preferably
about 2.0 times or more of the protection effect
observed in the group of animals vaccinated with a
recombinant avipox virus into which an antigen gene such
as a UL32 gene, a gE gene and, optionally, a gl gene
have been incorporated without making gE and gI
expressed. The activity is determined by using animals
retaining about 50% of the transfer antibody just after
the birth with said recombinant virus. The vaccinated
animals are then infected with a virulent strain of MDV
when the transfer antibody has become substantially lost
{to about 10% or less of the level found in the newborn
animals). "Transfer antibody" ig antibody passed from
the mother to the newborn during egg development .

As an exemplified gene for said gE derived from

Marek’s digease virus or & gene substantially
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equalivalent thereto, one m3dy give a DNA encoding the
amino acid sequence derived from Marek’s disease virus
type I strain GA (SEQ ID NO:29). as an example of said
gl gene or an equivalent thereof ope may give a DNA
encoding the amino acid sequence derived from Marek’s
disease virus type I strain GA (SEQ ID NO:28) .

In the present invention, the 9gE gene can provide
an effect as a vaccine which is seldom affected by the
transfer antibody even if the gE gene is used singly.
However, more effective protection can be attained if a
recombinant wvirus into which the gI gene has been
incorporated together with the gE gene is usged.

There are no specific limitations with respect to
the order of the linkage between the gE gene, the gI and
an antigen gene which will be described hereinafter in
detail as far as respective genes are linked in such a
manner that each of said gE, said gl and said antigen
gene are substantially expressed. That is, a possible
linkage would be gk gene - GI gene - antigen gene; gI
gene - gE gene - antigen gene; 9E gene - antigen gene -
g1 gene; gI gene - antigen gene - gE gene; antigen gene
- 9E gene - gl gene or antigen gene - gl gene - gE gene;
ordered from the 5' end. Alternatively the gE gene can
be linked after the 91 gene, that is, at the 3’ -position
and the antigen gene can be linked to the resultant gI-
gE construct at the 3*- or 5’-position.

There are no specific limitations as to the
position for linking a useful marker gene.

Neither are there specific limitations as to the
methods for linking those genes and any conventional
method such as the one in which & suitable linker is
employed for the linkage or the one in which a
Tecombinant vector is directly produced by homologous

recombination using respective gene-containing vectors.
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Promoters

The promoters used in the present invention are not
limited to particular promotersg, and can be any
promoters as far as they exhibit promoter activity in
hosts infected with recombinant viruses. They may be
natural virus promoters, modified natural virus
promoters, or synthetic promoters.

Natural virus promoters include, in cases wherein
the parent virus is a poxvirus such as VV, APV, and the
like, the promoter of the vaccinia virus gene that
encodes the 7.5KDa polypeptide, the promoter of the
vacecinia virus gene that encedes the 11KDa polypeptide,
and the promoter of the vaccinia virus gene that encodes
thymidine kinase. These promoters can be modified by
alteration, addition, deletion, and gain or loas of
nucleotides sc long as they exhibit promoter activity.

Examples of synthetic promoters include the
synthetic promoter which contains both early and late
promoter sequences (A.J. Davidscn et al. J. Mol. Biol.
215:749-769 and 771-781 {198S)), and derivatives thereof
that have been partially modified by deletion and/or

alteration of nucleotides, but still retain their
promoter activity. An example is a sequence having the
nucleotide sequence:

5'-llilllrlllllllilrTTTGGCATATAAATAATAAATACAATAATTAATTA
CGCGTAAAAATTGAAAAACTATTCTAATTTATTGCACTC—3’ (SEQ ID
NO:3). This synthetic promoter and its modified forms
contain a long stretch of T bases at their 5 end. It
has been determined that this all T region should
preferably contain 15-40, more preferably 18-30, T bases

for promoter activity and expressioen of antigen genes.

It is possible to insert Promoters in a manner such
that each of the UL32, additional antigen, and marker
genes is controlled individually. In such a construct,
the promoters connected to the genes need not be the
same promoters.
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Methods of congtructing recombinant viruses

There are no specific limitations with respect to
the method for constructing recombinant viruses. Such
constructs can be produced by conventional methods. For
example, recombinant viruses can be obtained through
induction of homologous recombination between a vector
and the wvirus genome present in infected cells by
introducing a recombinant vector containing the UL32,
additional antigen, and other genes into cells that have
been infected with a parent virus. Recombinant viruses
obtained in this manner can be purified by infecting
host cells cultured in a medium such as Eagle‘s MEM, and
by selecting candidate strains by the use of the
hybridization method with the inserted antigen gene as
a probe and by expression of the marker gene inserted
with the antigen gene. Purified candidate strains thus
obtained can be confirmed as desired recombinant viruses
by methods such as immunoassays using an antibody
against the polypeptide encoded by the inserted antigen
gene. For example, APV containing the lacZ gene as the
marker gene expresses B-galactosidase, and therefore
forms blue plagues in the presence of one of its
substrates, Bluogal (manufactured by GIBCO-BRL), thus
enabling selection and purification.

Host cells are not limited to particular cells, and
can be any cells which the virus in use can infect and
replicate in, for example, chicken embryo fibroblast
(CEF} cells and chicken embryo chorioallantoic membrane
cells in the case of FPV.

Poultry vaccines

The wvaccines of the present lIinventicn include
vaccines containing as an active ingredient the UL32
gene, or a recombinant vector or vectors which contain
the UL32 gene (vacecine I), vaccines containing as an
active ingredient recombinant virus or viruses that
contain the UL32 gene as well as other antigen genes
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ingerted as needed (vaccine 1II), vaccines containing
other vaccine ingredients in addition to vaccine II
(vaccine III), and vaccines containing as an active
ingredient the polypeptide encoded by the UL32 gene
{vaccine IV),

Vaccines of the present invention are administered
in effective amounts as described below.

Vacecines containing as_an active ingredient the

UL32 gene, or a recombinant vector or vectors which

contain the UL32 gene_ (vaccine I)

Recombinant vectors used herein can be any vectors

that contain the UL32 gene of the present invention with
an inserted promoter Sequence that is functional in
eukaryotic cells, but breferably plasmid vectors that
can be easily propagated in E, coli. The promoter
functional in eukaryotic cells can be of either cellular
origin, such as the actin gene promoter, or viral
origin, such as a cytomegalovirus promoter or &
retrovirus LTR.

Vaccines in the form of purified DNA can be
administered by intramuscular, intravenocus,
intraperitoneal, or  subcutaneocus injection, but
intramugcular injection is most preferred. Direct DNA
administration can be accomplished with a syringe, but
mere preferably by a so-called Gene-gun. DNA should be
administered in a dose that can achieve sufficient
immunological induction, usually 10-300 pg divided into
2 to 4 inoculations. If a Gene-gun is used, the DNA
dosage can be reduced to one-tenth the above dose or
less.
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Vaccines _containing as an active ingredient

recombinant virus or viruses which contain the UL32
S==RRRSlARt Varug or viruses which contain the UL32

gene asg well ag other antigen genes ingerted as

needed (vaccine JIT)

Vaccine II is composed of one or more recombinant

viruses selected from (i) a recombinant virus carrying
the UL32 gene of the present invention, (ii) a
recombinant virus carrying the UL32 gene as well as
another antigen gene(s), and (iii) a mixture thereof.
The recombinant virus (1i) is superior to the
recombinant virus (i). Said recombinant virus can be
used singly or in combination with 2-3 cther recombinant
viruses of the present invention. Also, in addition to
recombinant viruses, pharmacologically inactive
materials such as physiclogical saline and stabilizing
agents can be added.

There are no specific limitations on the method for
preparing vaccine II of the present invention. For
example, cells susceptible to recombinant viruses of the
present invention can be infected with one of the
recombinant viruses of the present invention and
cultured until the recombinant virus propagates in these
cells. Cells are then collected angd disrupted.
Centrifugation of the disrupted cells separates the high
titer supernatant from the precipitate. The supernatant
which is essentially free of host cells and contains
cell culture medium and the recombinant virus can be
used as a vaccine of the present invention. The vaccine
can be diluted prior to use with a pharmacologically
acceptable diluent such as physiological saline. The
supernatant can also be used as a freeze-dried vaccine
after lyophilization.

If one of the vaccines of the present inventicn is
to be used as a vaccine for chickens, administration
thereof can be achieved by any method by which the
recombinant virus in the vaceine can infect poultry and
induce protective immunity in the infected birds. For
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example, inoculation can be performed by stabbing the
wing web or scratching the skin. Subcutansous injection
using a needle or other tools can also be used for
inoculation. Oral administration can be achieved by
suspending the vaccine in poultry drinking water or
mixing the vaccine in solid feed. In addition, among
other methods, inhalation of the vaccine in the form of
an aerosocl or spray, intravencus injection,
intramuscular injection, and intraperitoneal injection
can also be used.

The dosage for chickens is usually 210-10% plaque
forming units (PFUJ, preferably 10%-10° PFU, per bird.
For injection, wvaccines containing the above titer
should be diluted with a pharmacologically acceptable
liquid such as physiclogical saline to a final volume of
approximately 0.1 ml or 0.01 ml in the case of wing web
administration.

The vaccines of the present invention can be stored
and used under normal conditions. For example,
lyophilized recombinant viruses of the present inventicn
can be stored in a refrigerator {0-4°C), or even at
room temperature (20-22°C) for a short period. Virus
Suspensions can be stored frozen at -20°C to -70°C,.

VYaccines containing other vaccine ingredients
in addition to vaccine IT (vaccine ITT)

Other vaccine ingredients in vaccine IIT include,
for example, antigen genes, recombinant viruses which
Carry one or more antigen genes but not the UL32 gene,
inactivated vaccines, and component vaccines. Examples
of other vaccine ingredients defined above include
Tecombinant APV which does not contain the UL3Z gene,
Marek’'s disease vaccines (FC126 strain of HVT, strain
CVIses of serotype 1 MDV, SB-1 and 301B/1 strains of
serotype 2 MDV), ILTV vaccines, and avian
encephalomyelitis vaccines. Vaccine III can ke produced
by mixing these and vaccine II described above by a
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pharmacclogically acceptable metheod. In fact, mixing
with a commercially available anti-Marek‘s disease
vaccine, HVT vaccine, proves to be highly effective.

In such cases, the dosage of each vaccine can be
set arbitrarily. For example, the dosags for vaccine IT
is set at 1/10 to 1 times the dosage described above,
i.e., for chickens, 10 to 10¥, preferably 10' to 105, ppy
per bird. Similarly, other vaccines should also be uszed
at about 1/10 to 1 times the usual dosage,

For storage of vaccine ITI, the characteristics of
each ingredient should be taken into consideration. all
the ingredients can be stored together or separately.

Also, it should be pointed out that the most
distinctive feature of vaccine IIT is the use of vaccine
IT in combination with other ingredients. Therefore,
simultaneous administration of wvaccine II and other
vaccine ingredients as well as administration of a
mixture of vaccine II and other ingredients is expected
to produce excellent effects. "Simultaneous" herein
means within 7 days, preferably 3 days, before or after
the administration of vaccine II.

Vaccines containing as an active ingredient the
polypeptide encoded by the UL32 dgene (vaccine IV)

The polypeptide encoded by the UL32 gene can be
Prepared by either infecting susceptible host cells with
the plasmid vectors or virus vectors menticned above in
the descriptions of vaccines T and II, or by expressing
the UL32 gene in expression systems such as k. coli,
Yeast, and baculovirug. The polypeptide can then be
used as a vaccine with a common adjuvant such as Alum
and FCA. Of course, pharmacologically acceptable
vehicles such as physiclegical saline and stabilizing
agents can be added to the vaccine.

The present invention will be described in detail
in the following Examples. However, it should be
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understood that the Examples presented below are merely
illustrative, and not limiting of the present inventiomn.

EXAMPLE 1
Cloning And Sequencing Of The UL32 gene
The BamHI-E fragment of MDV DNA in pACYC184
(Fukuchi et al. J. Virol. 51:102-109 (1984)) was cloned
into the BamHI site of PUC18 for sequencing, and various

subclones were prepared from this fragment using
appropriate restriction enzymes . The fragment was
treated with exonuclease IIT followed by mung bean
nuclease to make sets of deletion wmutants when
necessary. DNA sequencing was performed on double
stranded plasmid by the dideoxy chain termination method
using [e-%S) dATP (NEN) and the TAQuence version 2.0 DNA
Sequencing Kit (United States Biochemical Corporation)
as suggested by the manufacturer. The ORF of UL32 has
a size of 1,926 bps and is leftward, and contains an
average base composition of 27.6% A, 24.2% G, 19.8% C,
and 28.3% T.

The DNA sequence upstream and downstream of UL3?2
was analyzed for putative transcriptional control
elements, A consensus *TATA" box {5’ -TATTAA-3'}),
characteristic of many eucarcytic and also herpesviral
promoters, is located -151 nuclectides upstream from the
proposed initiation cedon. The sequence
5'-CCGAATGG-3’, which resides 87 nucleotides upstream
from the "TATA" box, exhibits similarities to the "CAT"
box consensus sequence {5' -GGC/TCAATCT-3 ") (SEQ ID
NO:4). A possible 8§p-1 binding element (coacoe) is
located at position -337 nucleotides upstream from the
start codon.

Regarding 3/ elements of UL32, there ig no suitable
poely A sequence {AATAAA or ATTAAR) downstream from the
ORF. However, there exist = "CAT" box
(5’ -GACCARATCC-37) and a "TATA" box (5'-TATAAR-3') at the
C-terminal of UL32,
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EXAMPLE 2
Identification of The UL32 Gene Product
The polypeptide predicted from the nucleotide

sequence (SEQ ID NO:1 and Fig. 1) comprises 641 amino
acids with a calculated molecular weight of 71.5 KDa.
The amino acid sequence is shown in Fig. 2 and SEQ ID
NO:2. The polypeptide is far from a typical classical
membrane protein. There is no signal sequence, and it
has only 4 potential domains {amine acid residues 86-
104; 124-140; 464-482; and 586-597) that may interact
with or span the membrane. In this polypeptide, there
are two potential N-linked glycosylation sites (amino
acid resides 47 and 242).

EXAMPLE 3
Congtruction of pGTPs,
The Plasmid For Antigen Gene Insertion

The plasmid pGTPs is constructed as follows. A
synthetic DNA having the sequence
5 -AGCTGCCCCCCCGGCAAGCTTGCA-3 (SEQ ID NO:5) is inserted
into the HindIII-PstI sites of puUCl8. A synthetic DNA
having the sequence 5" -TCGACATTTTTATGTAC-3’ (SEQ ID
NO:6) is then inserted inte the Sall-Kpnl gites,
followed by insertion of the annealing product between
the synthetic DNA having the sequence
5’ -AATTCGGCCGGGEGEEGCCAGOT-3 7 (SEQ ID NG:7) and a
synthetic DNA having the segquence 5’ -GGCCCCCCCGGOCGE-37
(SEQ ID NO:8) into the SacI-EcoRT sites. Finally, the
140 bp HindIII-Sall fragment from PNZ1729R (U.S. Patent
No. 5,369,025) is inserted into the HindIII-Sall site of
the resulting plasmid (Fig. 4).

EXAMPLE 4

Construction Of Transfer Vectors pNZ2SRMDUL32
s Sensas vL Srdlister Vectors pNZ29RMDUL32
and pNZ2 SRMDgBUL3 2

The polymerase chain reaction (PCR) was used to
clone the MDV-UL32 gene and to remove the potential
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poxvirus early transcription termination signals (Yuen
et al. PNAS USA 84:6417-6421 (1987)) from this gene.
Three sets of primers were used:

Set 1:

5’ - CCCCGGATCCGGCCATEGCCAACCGC-3 7 {32-a) (SEQ Ib
NO:9) (BamHI site underlined) and
5' -AAGAATGCATAATCTGCCATCCAT-3 7 {32-bR) {SEQ ID NO:10)
(EcoT22T site underlined);

Set 2:

5’ -GATTATGCATTCTTATCTTCCAAATG -3 ! (32-b) (SEQ ID
NO:11) (EcoT22I site underlined) and
5/ -ACAGCCATGGAGARAGAARTGTCTCTGARTATC -3¢ (32-cR) (SEQ ID
NO:12} (Ncol site underlined);

Set 3:

5 -TTCTCCATCECTGTTTTCCGAACG-3" (32-0) {SEQ ID NO:13)
(NcoI site underlined) and
5' -CCCCETCGACTTACACGTAGACTCCTAATG-3 ! (32-dR) (SEQ 1ID
NO:14) (Sall site underlined).

MDV genomic DNA to be used as PCR templates was
prepared as follows. CEF cells infected with the QA
strain of MDV were recovered from tissue culture dishes
by trypsinization, washed twice with PBS, and suspended
in Proteinase K buffer (10mM Tris-HCL, rH7.8, 5mM EDTA,
0.5% 8DS). Proteinase K (Boehringer Mannheim) was then
added to a final concentration of 50 ag/ml, followed by
incubation at 55°C for 2 hours. Proteins were removed
by two phenol/chloroform extractions. After adddition
of two volumes of ethanol followed by incubation at
-20°C for 20 minutes, genomic DNA of the GA strain of
MDYV was recovered by centrifugation.

Primer 32-a contains the nucleotide sequence of
nucleotides 1-12 of SEQ ID NO:1, and has an upstream
BamHI site for cloning. Primer 32-bR contains the
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nucleotide sequence of nucleotides 381-358 (reverse
orientation, complementary strand) of SEQ ID NO:1 with
mutations at nucleotide 376 (T to A} and nuclectide 379
(T te C) of the sense strand. Though by introduction of
these mutations the nucleotide sequence of this region
{371-385) changes from TATGCTTTTTTATCT (SEQ ID NO:15) to
TATGCATTCTTATGT (SEQ ID NO:16), there is no change in
the aminc acid sequence encoded by these sequences; they
both code for Tyr-Ala-Phe-Leu-Cys (SEQ ID NO:17). The
mutation at nuclectide 376 was introduced to create a
cutting site for the restriction enzyme EcoT22I. The
mutation at nucleotide 379 was introduced to remove the
potential poxvirus early transcription termination
signal (TTTTTNT; N being an arbitrary nucleotide) .
Primer 32-b contains the nucleotide sequence of
nucleotides 368-393 of SEQ ID NO:1, with mutations at
nucleotide 376 (T to A) and nucleotide 379 (T to C) of
the sense strand. Though by introduction of these
mutations the nucleotide sequence of thig region (371-
385} changes from TATGCTTTTTTATGT (SEQ ID NO:18) to
TATGCATTCTTATGT (SEQ ID NO:19), there is no change in
the amino acid sequence encoded by these sequences; they
both code for Tyr-Ala-Phe-Leu-Cys (SEQ ID NO:17). The
mutation at nucleotide 376 was introduced to create a
cutting site for the restriction enzyme EcoT22I. The
mutation at nucleotide 375 was introduced to remove the
potential poxvirus early transcription termination
signal (TTTTINT; N being an arbitrary nucleotide).
Primer 32-cR contains the nucleotide sequence of
nucleotides 529-561 (reverse orientation, complementary
strand) of SEQ ID NO:1, with mutations at nucleotide 546
(T to €) and nucleotide 552 (¢ to C) of the sense
strand. Though by introduction of these mutations the
nucleotide sequence of this region (541-558) changes
from CATTTTTTTCTGCATGEGEC (SEQ ID NC:20) to
CATTTCTTTCTCCATGGC (SEQ ID N0:21), there is no change in

the aminc acid sequence encoded by these sequences; they
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both code for His—Phe-Phe—Leu—His-Gly (SEQ ID NO:22).
The mutation at nucleotide 546 was introduced to remove
the potential poxvirus early transcription termination
signal (TTTTTNT; N being an arbitrary nucleotide). The
mutation at nucleotide 552 was introduced to created a
cutting site for the restriction enzyme Ncol.

Primer 32-c contains the nuclectide gequence of
nucleotides 548-570 of SEQ ID NO:1, with a2 mutation at
nucleotide 552 (G to C) of the sense strand. Though by
introduction of this mutation the nuclectide sequence of
this region (541-558) changes from CATTTTTTTCTGCATGGC
(SEQ ID NO:20) to CATTTCTTTCTCCATRGC (SEQ ID NO:21)
there is no change in the amino acid sequence encoded by

]

these sequence; they both code for His-Phe-Phe-Leu-His-
Gly (SEQ ID NO:22). The mutation at nucleotide 552 wag
introduced to create a cutting site for the restricticn
enzyme Ncol.

Primer 32-dR contains the nucleotide sequence of
nucleotides 1926-1907 {reverse orientation,
complementary strand) of SEQ ID NO:1, and has an
upstream Sall site for cloning.

Amplified fragments were cloned into the pGEM-T
vector (Promega Corp., Madison, WI) and analyzed by DNA
sequencing. Each of three plasmids, pGEM32ab, DPGEM32bc,
and pGEM32¢d has an insert of the first, the second, and
the third PCR fragment, respectively.

The 379 bp BamHI-EcoT22T fragment from PGEM3Zab,
the 180 bp EcoT22I-NcoI fragment from PGEM323bc, and the
1374 bp NcoI-Sall fragment from PGEM32cd were cloned
into BamHI/Sali-digested pGTPs. The resulting plasmid
was named pGTPSUL32. pNZ1829R was derived from pNZ1729R
(Yanagida et al. J, of Virclogy 66:1402-1408 {1992}) and
annealing oligos having the seguence
5’ -GGCCCCCCCREreG-3 (SEQ ID NO:23) and
5’—AATTCGGCCGGGGGGGCCAGCT-3' (SEQ ID NO:24) between Sacl
and EcoRI sites located at the junction region of the
lacZ gene and FPV DNa. A 1933 bp BamHI-Sall fragment
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from pGTPsUL32 was cloned into BamHI/Sall digested
PNZ1829R to produce transfer vector pNZ25RMDUL3Z.

Plasmid pNZ29RMDgBSfi was derived from pNZ29RMDgB-S
(Yanagida et al. J. of Viroclogy 66:1402-1408 {1992))

with amnealing oligos having the sequences

5’ -GGCCCCCCCE6Cra-31 (SEQ IDh NO:23) and 54 -
AATTCGGCCGGEGEGEECCAGCT -3 ! (SEQ ID NO:24) between SacI
and EcoRI sites located at the junction region of the
lacZ gene and FPV DNA. A 2066 bp BgII fragment from
PGETPsUL32 was cloned into Sfil digested pNZ29RMDgBSfi to
obtain transfer vector PNZ29RMDGBUL32 .

EXAMPLE 5
Generation And Purification Of Recombinant PPVs
Procedures for transfection of FPV-infected cells
with the transfer vectors (pNZ29RMDUL32 or
PNZ2S5RMDGBUL32 of Example 4) by electroporation and
generation of recombinants have been described
previously (Ogawa et al. Vaccine 8:486-490 (1990)).
Approximately 3 x 107 CEF cells previously infected with
FPV at & multiplicity of infection of 0.1 were
transfected with 10 kg of transfer vector. After 3 days
of incubation, progeny FPV were assayed for expression
of lacZ in the presence of Bluo-gal (600 pug/ml} in the
agar overlay. Blue plaques were removed from the agar
and clone purified until all FPV plagues were blue.
The purified recombinant viruses were named
recFPV/MD-UL32 or recFPV/MD-gB/UL32,

EXAMPLE ¢

Expresgsion Of MDV gB And UL32 Antigens In Cell Culture

To test whether UL32 is translated in MDV- infected
cells, CEF cells infected with qa strain, SB-1 strain,
and HVT were radiolabeled, and immunoprecipitated with
rabbit antiserum against the fusion protein trpE-UL32.
The immunoprecipitated samples were analyzed by 8% SDS-
PAGE followed by fluorography (Fig. &), Anti-trpE-UL32
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infected with the recFPV/MD-gB/UL32 with each of the
monoclenal antibodies and not in cultures infected with
the non-recombinant parental FPV. These observations
clearly show that the recombinant virus is capable of
synthesizing the products of the 9B and UL32 genes of
MDV in cell cultures.

Primary CEF cultures infected with either parental
Or recombinant FPV at an moi of 5 were incubated at 37°¢
for 4 hours. Then, the medium was replaced with 1 ml of
fresh methionine-free medium and incubated for another
hour. About 40 uCi of ¥S-methionine (NEN, Wilmingten,
DE) were then added, and the cultures were incubated for
an additional 5 hours. Cells were washed twice in PBg,
scraped, and transferred to a 15 ml Faloon tube. Cells
were centrifuged, resuspended in lysis buffer (150 mM
NaCl, 1% sodium deoxycholate, 1% Triton X-100, 0.1% sSDS,
and 10 mM Tris HCl, pH 7.5) and incubated at room
temperature for 30 minutes. One half volume of 10%
(v/v) 5. aureus Cowan 1 (S8AC) was added to the cell
lysate, and incubated for 20 minutes on ice. The lysate
was then centrifuged, and the supernatant was collected.
About 3 ul of monoclonal antibody 1AN86 against MD gB
(Silva et al. Virclogy 136:307-320 (1984)) were added to
100 pl of lysate and incubated for 30 minutes on ice.
An equal volume of 10% (v/v) SAC was added and incubated
on ice for 30 minutes. Immunoprecipitates were then
washed, suspended in sample buffer, and then boiled.
After centrifugation, the Supernatant was analyzed by
sodium dodecylsulphate—polyacrylamide gel
electrophoresis (Laemmli Nature 207:680-685 (1970).
Figure 8 shows the results of immunoprecipitation with
monoclonal antibodies specific for MD gB and gp8:2
broteins. Lane 1: CEF cells infected with recFPV/MD-
9gB/UL32 with monoclonal antibody for gB; lLane 2: CEF
cells infected with wild-type FPV with monoclonal
antibody for gB; Lane 3: CEF cells infected with
recFPV/MD-gB/UL32 with monoclonal antibody for gp82;
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fusion protein antibedy immunoprecipitated a protein
with Mr 82,000 Da from the lysates of MDV-1 (GA strain)
and HVT-infected cells, respectively (Lanes 2 and 4),
but none from the lysates of MDV-2 (SB-1 strain)
infected cells and CEF cells (Lane 3 and Lane 1). The
apparent molecular weight is higher than that calculated
according to the deduced amino acid sequence. To
examine the type of carbohydrate modification in this
glycoprotein, immuncprecipitated proteins were treated
with endoglycosidases. After O-glycanase treatment, a
mobility shift from Mr 82,000 to Mr 76,000 was observed
(Fig. 7, Lanes 2 and 3}. No mobility shift was observed
when the immunoprecipitated protein was treated with
endo-H and PNGase (Fig. 7, Lanes 4 and 5). Although
there are two potential N-linked glycosylation sites in
the amino acid sequence of UL32, they are not likely
used. The size of the protein after O-glycanase
treatment is closer to that calculated from the deduced
amino acid sequence.

In order to show that recFPV/MD-gB/UL32 gynthesizes
both the gB antigen and the UL32 antigen, CEF cultures
infected with this virus were examined by IF using
antibodies specifically raised against these antigens.
CEF cultures infected with recFPV/MD-gR/UL32 were
incubated at 37°C until typical FPV rlaques developed.
These cultures were fixed in cold acetone, and then
reacted with appropriate dilutions of monoclonal
antibody specific to MDV gB antigen ({(Silva et al.
Virology 136:307-320 (1984)) or a monoclonal antibody
gpecific to MDV UL32 antigen. These cultures were then
reacted with flucrescein-conjugated anti-mouse
immunoglobulins, and after thorough washing to remove
non-specific staining, they were examined
microscopically under ultraviolet (UV) illumination.
CEF cultures infected with non-recombinant parental FPV
were similarly stained, Specific cytoplasmic and
membrane staining of cells was cbserved in cultures
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Lane 4: CEF cells infected with the GA strain of MDV
with monoclonal antibody for gpsz. Three identical
bands of 100 kd, 60 kd, and 49 kd in molecular weight
were observed in extracts of cells infected with
recFPV/MD-gB/UL32 {Figure 8, lane 1). & single band of
82 kd was observed using Mab against gp82 in the extract
of double recombinants. These results demcnstrate that
recFPV/MD-gB/UL32 expresses both gB antigen complex and
UL 32 antigen.

EXAMPLE 7
Protection Of Antibody-Negative Chickens With
Recombinant FPVs Expressing The gB Or UL32 Gene,
Or Both, Against A Very Virulent Strain Of MDV (Mds)
Separate groups of 1-day-o0ld chickens from 15x%7

AB(-) chicken line susceptible to MD were vaccinated
with 10° plaque forming units (PFU) of recFPV/MD-gB (U.S.
Patent 5,369,025; Example 4), 10° PFU of recFPV/MD-UL32
(Example 5}, 10° PFU of recFPV/MD-gB/UL32 (Example 5), or
2x10" PFU of the FC126 strain of HVT. Another group of
similar chickens was kept unvaccinated. All were kept
in striet isolation. At & days of age, all chickens
were challenged with 5x10® PFU of the very virulent Mds
strain of MDV (Witter et al. Avian Dis. 24:210-232

(1%80)) . A fifth group of chickens was neither
vaceinated nor challenged. Mortality caused by MD was
recorded during the trial, and at the end of the 8 week
trial, all chickens were examined for gross lesions and
tumors typical of MD. The results of this study are
presented in Table 1.

i
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of recombinant FPV expressing the gB and UL32 genes of
MDV in comparison with a conventional vaccine (FCl26 of

HVT) in Ab(-) chickens challenged with the Md5 isolate
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Table 1

Vaccination trial and evaluatien of synergistic effects

of MDV at 5 days post vaccination

PCT/US96/11360

Vaccine No. tested | Death MD T
lesion protection

recFPV/MD-cB 14 4] 4 71
recFPV/MD-eB/UL32 14 0 0 100
recFPV/MD-UL32 14 2 12 14
HVT 14 0 3 79
none 14 11 14 0
more-no challenge] 14 0 0

W
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A significant number of unvaccinated chickens died
of MD before the end of the trial. On the other hand,
chickens vaccinated with recFPV/MD-gB, recFPV/MD-
gB/UL32, or HVT were fully protected from death due to
MD. The majority of chickens vaccinated with recFPV/MD-
UL32 were protected from death due to MD, although they
were not significantly protected from MD lesions.
Seventy-one percent of chickens wvaccinated with
recFPV/MD-gB were similarly protected from MD lesions as
compared to 7%% of those vaccinated with HVT. Those
vaccinated with recFPV/MD-gB/UL32 were fully protected
(100%) against the very virulent Md5 strain of MDV, and
showed no mortality and no lesions typical of MD.
recFPV/MD-UL32 confers only 14% protection, but the
death count is low, i.e., cnly 2 chickens. The
protective effect of recFPV/MD-gB/UL32 is not merely the
sum of the effects of recFPV/MD-gB + recFDPV/MD-UL32.
Rather, the UL32 gene unexpectedly enhances the sffect
of the gB antigen gene.

EXAMPLE 8

Protection Of Antibody-Positive Chickens With
Recombinant FPVg Expregsing The gB Or The UL32 Gene,
Or Both, Against A Very Virulent Strain Of MDYV {Md5)

Two sets of experiments were performed. Each set
was performed as follows. Separate groups of 1-day-old
chickens from 15x7 Ab{+} chicken line susceptible to MD
were vaccinated with 10° plaque forming units {PFU) of
recFPV/MD-gB, 10° PFU of recFPV/MD-UL32, 10° PFU of
recFPV/MD-gB/UL32, 2x10° PFU of HVT, 2x10° PBFU of
CVI9288/Rispeng (Rispens), 10° PFU of SB-1 + 10° PFU of
HVT, 10° PFU of recFPV/MD-gB + 2x10° PFU of HVT or 10° PFU
of recFPV/MD-gB/UL22 + 2x10° DPFU of HVT vaccines.
Another group of similar chickens was kept unvaccinated.
A1l were kept in strict isoclation. At & days of age all
were challenged with 5x10% PFU of the very virulent Mds

strain of MDV. A tenth group of chickens were neither
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vaccinated nor challenged. Mortality caused by MD was
recorded during the trial and at the end of the 8 week
trial all chickens were examined for gross lesions and

Eumors typical of MD. The results of this study are
5 presented in Table 2.
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Moderate levels of protection were observed in
chickens wvaccinated with recFPV/MD-gB, recFPV/MD-UL32
(USP 5,369,025 example 4) (example 5) or HVT (cell
assoclated FCl26 strain of HVT). Whereas chickens
vaccinated with recFPV/MD-gB/UL32 were significantly
well protected (74% on average protection index (PI=
{%¥ MD in control- (% MD in test)/ (%MD in contrel)} x 100,
which was even better than widely used commercial
bivalent SB-1 (another Serotype 2 vaccine (Witter et
al., Avian Dis., 31 829-844 (1987)) + HVT (67%) or
CVI988/Rispens (53%}, which is considered to be the best
monovalent MDV vaccine in commercial use in Europe.

Although either recFPV/MD-gB or HVT alone induced
protection of 33% and 45%, respectively, a combination
of these twoe vaccines showed a significant synergism of
protection (77%).

EXAMPLE 9

PROTECTION AND SYNERGISM BY RECOMBINANT FOWLPOX
VACCINES EXPRESSING GENES FROM MARFEK’S DISEASE VIRUS

Overview

Recombinant fowlpox viruses (recFPV) were
constructed to express genes from serotype 1 Marek’'s
disease wvirus (MDV) coding for glycoproteins B, C, D,
and gp82 (gB, gC, gD, and UL32) and tegument proteins
UL47 and UL4B, as well as genes from serotype 2 and 3
MDV coding for glycoprotein B (gB2 and g¢B3). These
recFPVs, alone and in various combinations, including
combinations of recFPV/MD-gBs with turkey herpesvirus
(HVT), were evaluated for ability to protect maternal
antibody positive (ab+) and negative (ab-) chickens
against challenge with highly virulent MDV isolates.
The protective efficacy was also compared to that of
prototype MD vaccines. No protection was induced in ab+
chickens by recFpv expressing gC, gD, UL47, or UL48. In
contrast, the recFPV/MD-gB construct protected about 23%
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of ab+ chickens against MDv challenge compared to 26%
for cell-associated HVT. Levels of protection by
recFPV/MD-gBs of different MDV serotypes was highest for
gB, intermediate for gB2, and lowest for gB3. When
recFPV/MD-gB was combined with cell-associated HVT,
brotection was enhanced by an average of 138% compared
to the best component monovalent vaccine, and the mean
level of protection was 59% compared to 7% for the HVT
+ SB-1 bivalent vaccine. Relatively high protection
(50%) and enhancement (200%) was also observed between
recFPV/MD-gB and cell-free HVI. These results suggest
a specific synergistic interaction between recFPV/MD-gB
and HVT, possibly analogous to that previously described
between serotype 2 and 3 viruses. Levels of protection
by YecFPV/MD-gB alone or by bivalent recFPV/MD-gB -+
cell-associated HyT were similar to thoge of
conventional cell-associated MD vaccines. However, the
bivalent TecFPV/MD-gB  + cell-free HVT vaccine was
clearly more protective than cell-free nvr alone and,
thus, may be the most pProtective, entirely cell-free MD
vaccine thusfar described.

Three serotypes of MDV have been described (2,6):
serotype 1 includesg pathogenic isolates of chicken
origin and their attenuated derivatives, serotype 2
includes the naturally apathogenic isolates of chicken
origin, and serotype 3  includes the naturally
apathogenic isoclates of turkey origin known as turkey
herpesvirus (HvT) (25) . vVaccines derived from all three
serotypes offer different levels of protection against
the disease either alone or in bivalent and trivalent
combinations (24).

Glycoprotein B (gB) 1is highly conserved among
herpesviruses. In herpes simplex virus, it has been
shown to be essential for virus infectivity and thus
involved in wvirus benetration in host cells (4,5).
Antibodies to thisg glycoprotein are known to neutralize
the virus (4,5). Recently, gBs from all three serotypes




"WO0 97/03187 PCT/US96/11360

10

15

20

25

30

)

43

of MDV were shown to be also highly conserved (31) with
predicted amine acid identities of 83 and 82% for gB2
and gB3 when compared with SB (12). BAnalysis of the gB
complex of MDV with a neutralizing monoclenal antibody
showed that it is composed of a precursor 100 kda
molecular weight protein and two cleavage products of 60
kda and 49 kda glycoproteins (30). This monoclonal
antibody recognized only the gB of serotype 1 and 3 and
not that of serotype 2 (15).

Preliminary trials indicated that recFPV/MD-gh
induced high levels of brotection against MD challenge
in maternal antibody negative chickens (9). Under the
test conditions employed, the magnitude of the
protection induced by recFPV/MD-gB approached 100% but
could not be differentiated from that induced by HVT.

We describe below the use of recFPVs expressing gB,
other glycoproteins, and tegument proteins of serotype
1 MDV as well as those expressing gB from serotypes 2
and 3 of MDV, either alons Or in combination with HVT,
to protect against MD in chickens with MDV maternal
antibodies.

Viruses

Prototype vaccine viruses included the R2/23 (20)
and CVIS88/Rispens (10, 21) strains of serotype 1, the
SB-1 {(13) and 301B/1 (17, 18) strains of serotype 2, and
the FC126/2 (18) strain of HVT (serctype 3). Both cell-
associated and cell-free stocks of HVT were used. The
cell-free HVT consisted of two different vaccine
pbreparations of the FC126 strain (Solvay Animal Health,
Mendota Heights, MN). A1l other vaccine stocks were
prepared in the inventorsg: laboratory. The very
virulent Md5 (26) and RB1B (14) strains of MDV were used
as challenge viruses, &a 1arge—p1aque—forming clone (8)
from a cell—culture~propagated vaccine isolate of
fowlpox virus (FPV) was used as the parent wvirus to

construct recombinant FPVs expressing MDV genes.
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Construction of recembipant FPV
=onstruction of recembipant FpV
Cloning of MDV genes and construction of recFPVs

were esgentially as reported earlier (28). Recombinants
were constructed that expressed genes from serotype 1
Marek’s disease virus (MDV) coding for glycoproteins B
(gB) (12}, ¢ (g&) (3), D (gD} (11), gp82 (UL32), and
tegument proteins UL47 and UL48 {29), as well as genes
from serotype 2 and 3 MDV coding for glycoprotein B {gB2
and gB3) (31). The sequence TTTTTNT that has been
reported to terminate early transcription in poxvirus
replication was modified in MDV genes whenever present
by site specific mutagenesis (28). MDV genes were
inserted into a multiple ¢loning site constructed within
2 nonessential region of FPV DNA downstream from a
stroeng  synthetic pox virus promoter into pNZ1729R
inserticn vector (28}. This vector contained the lach
bacterial gene which expresses the beta galactosidase of
E. coli. The lacZ gene was downstream from a weak FPV
promoter and in the opposite direction from the MDV
gene.

Chicken embryo fibroblast (CEF) cultures infected
for 5 hours at a multiplicity of infection of 5 with a
vaccine isolate of FPV were transfected with 10 pg of
transfer vector containing different genes of MDV.
Using the expression of lacZ as an indicatoer, cloned
recombinant viruses were identified and purified through
several CEF passages. Pure recombinant wvirus was
obtained after 4 serial passages of each clone. Two
blind passages were made to ascertain the purity of each
recombinant. Stocks of purified recFrv were stored at
-70°C, titered on CEF by plagque assay, and used for
vaccination of chickens.

Chickens

Chickens were F| progeny of line 151;, males and 7,

females. For most experiments, these were from breeder
hene vaccinated with all three MD viral serotypes as
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described (18) and were considered positive for maternal
antibodies (ab+). 1In one trial, chickens of the same F
cross were from unvaccinated breeder heng that were free
of antibodies to MDV and HVT, these were considered
negative for maternal antibodies (ab-). All breeder
chickens were maintained at the Avian Digease and
Oncology Laboratory and were free of antibodies to avian
leukosis virus, reticuloendotheliosis virus and various
other poultry pathogens.

Protection trialg

Groups of 12 to 17 chickeng were vaccinated at 1
day of age with 10°% plaque forming units (PFU) of recFPV
vaccines by the wingweb (WW) route in trial 1 or by the
intraabdominal (IA) route in all other trials.
Monovalent and polyvalent MDV and HVT vaccines were
administered to chickens by the IA route at a dose of
2000 PFU except where otherwige indicated. The cell-
free HVT used in trials 2 and 3 were from two different
batches, For polyvalent recFPV + MDV vaccines, each
component was administered by a separate inoculation.
For polyvalent vaccines composed of two MDV strains, the
viruses were mixed and given as a single inoculation.
Ab+ chickens were used in trials 1-4; ab- chickens were
used in trial 5. Following vacecination, chickens were
housed in modified Horsfall-RBauer isolators.

At the 6th day post hatch, groups of vacecinated and
unvaccinated chickens were challenged by IA inoculation
of 500 PFU of strain MdS (triale 1-4) or strain RB1B
(trial 5),. Mortality during the course of the
experiment was recorded and chickens were examined for
dross MD lesions. At about 56 days postchallenge (range
48-62), the remaining chickens were killed and examined
for greoss MD lesions.

The percent MD based on the number of chickens that
died or were killed and had gross MD lesions divided by
the number of chickens at risk (total less birds dying
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of other causes) X 100 was determined for each group.
The percent protection was calculated for each
vaccinated group as the percent MD in unvaccinated,
challenged controls less the percent MD in the
vaccinated, challenged group divided by the percent MD
in the unvaccinated, challenged contrcls X 100. The
percent synergism was calculated for each bivalent-
vaccinated group as the percent protection of the
bivalent vaccine minus the percent protection of the
better of the two constituent monovalent vaccines
divided by the percent protection of the best monovalent
vacecine X 100. Five trials were conducted; each trial
consisted of 2 or 3 replicates. Statistical analysis
was performed on pooled data from all replicates.
Differences in percent protection were analyzed by
computing interaction chi-square wvalues (16). The
significance of percent synergism values was analyzed by
comparing interaction chi-square values of the bivalent
vaccine with that of the best monovalent vaccine (22).
Differences were considered to be significant when

P < 0,05,

Comparative efficacy of recFPV expresgsing different

MDV geneg (Trial 1)
Chickens were immunized with five recFPVs with

inserted serotype 1 MDV genes encoding three different
glycoproteins (gB, gC and gh) and two tegument proteins
(UL47 and UL48} . Mixtures  of gB+gC and
gB+gC+gD+UL47+UL48 were also tested. Other results,
ineluding those obtained with UL32, are shown in Tables
1 and 2, Conventional MD vaccines were included as
controls. Results (Table 3) indicate that recFPV/MD-gB
was the only recombinant among the five tested that
provided significant protection. The use of other FPV
recombinants expressing gC, gD, Ul47 or UL4B genes in
combination with the recFPV/MD-gB did not increase the
bercent protection.
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Protective synergism between recFPV/MD-gB and HVT

{Trials 2 and 3)
In trial 2, bivalent vaccines composed of
recFPV/MD-gB with cell-associated HVT, cell-free HVT or

CVI988/Rispens were evaluated for synergism by
comparison of the percent pProtection with that of
appropriate monovalent vaccines. Pooled data from three
replicates (Table 4) ghow that percent protection was 8%
for recFPV/MD-gB and 18% for cell-associated HVT but,
when both were combined @5 a Dbivalent wvaccine,
Protection was 66%, a 267% increase compared to cell-
associated HVT alone. Enhancement in individual
replicates varied from 183 to 477%. Similarly, the
recFPV/MD-gB combined with cell-free HVT protected 45%
of chickens compared to 8% for each of the individual
components, a 462% increase (range 218 to »500). wNo
synergism was apparent, however, when recFPV/MD-gB was
combined with CVI9B8/Rispens.

Trial 3 included groups immunized with recFPV/MD-gB
or recFPV/gB3, both alone and in combination with cell-
associated HVT. The results, presented in Table 5§,
resembled those of trial 2. Protection by the
recFPV/MD-gB + HVT vaccine (48%) was enhanced by 140%
(range 72-173% in 3 replicates) compared to HVT alone
{20%). The recFPV/gB3 construct failed to provide any
significant protection or gynergism.
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Efficacy of conventional vaccines

Conventional cell-associated vaccines were used as
controls in trials 1-3. Protection was least with cell-
free HVT, intermediate with cell-agsociated HVT, and
greatest with bivalent serotype 243 or serotype 1
vaccines. The relative efficacy of these vaccines was
consistent with previous observations.

Dogage and administration of the vacecine

The vaccine described above can be administered in
a variety of different ways:

1. By inoculation of recFPV/gB at a dose of 10? to
10° PFU per chick, more preferably at a dose of 10% to 106
PFU per chick, given by either the intraabdominal,
wingweb, intramuscular, or subcutaneous route plus
separate inoculation of cell-associated HVT vaccine at
& dose of 500 to 20,000 PFU, more preferably at a dose
of 2,000 to 10,000 PFU, by the intraabdominal,
intramuscular, or subcutaneous route;

2. As in 1, above, except that cell-free HVT
vacecine is substituted for cell-associated HVT vaccine;

3. As in 1, above, except that the recFPV/gR and
HVT are combined in the same inoculum;

4. As in 1, above, except that the recFPV/gB may
be repalced by recFPV vaccines expressing gB plus other
inserted genes from MDV or other sources; or

5. BAs in 1, above, when the HVT is derived from
any of the recognized straing, including FC126, that can
be classified as a serotype 3 Marek's diseage virus.

The invention being thus described, it will be
cbvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from
the spirit and scope of the present invention, and all
such modifictions as would be obvious to one skilled in
the art are intended to be included within the scope of
the follewing claims.
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Example 10
Construction of Transfer vector PNZ29RMDgEQI

The MDV gE gene was cloned from gencmic DNA of MDV
strain GA by PCR. The oligonucleotide primers used for
the PCR are
5’ -GGGGAGATCTCATAATGTETGTT T TCCAMATC -3 (pgE-1, SEQ 1ID
NO:24, BglII site underlined) and
57 -GGGGETCGACGTCCATATACTATATCOCC-3 1 (pgE-2, SEQ ID NO:25 ,
Sall site underlined). Primers PgE-1 and pgE-2 comprise

the nucleotide sequence of the 5¢ terminug and 3
flanking region of the MDV gE gene, respectively
{(Brunnovskis et al., Virology 206:324-338 (1595)). &
1,558 bp DNA fragment amplified by the PCR was digested
with BglII and SalIl. The BglII-Sall fragment was cloned
into BamHI/SalI digested pGTPs. The resulting plasmid
was named pGTPsgE.

The MDV gI gene was cloned from genomic DNA of MDV
strain GA by PCR. The oligonucleotide primers used for
the PCR are 5’ -GGGGAGATCTGCGATCTATGTACTACAATTA -3/ (pglI-
1. SEQ ID NO:26, BglII site underlined@) and 5'-
CTAACAGGTACCACCTACCTATAA -3’ (pgI-2, SEQ ID NO:27 , KpnI
site underlined). Primers P9I-1 and pgI-2 comprise the

nucleotide sequence of the 5' terminus and 3’ flanking
region of the MDV gE gene, respectively (Brunnovskis et
al., Virology 206:324-338 (1995}). A 1,118 bp DNA
fragment amplified by the PCR was digested with KpnI,
and then partially digested with BglIl. The BglII-KpnI
fragment was cloned into BamHI/Kpnl digested pGTPs. The
resulting plasmid wag named pGTPsgl. A 1,669 bp BglI
fragment from pGTPs-gE was clonmed into SfiI digested
PNZ1825R. The resulting plasmid was named PNZ29RMDgE.
A 1,232 bp BglI fragment from pGTPegI was cloned into
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SfiI digested pNZ29RMDGE to obtain transfer vector
PNZ239RMDgEgI .

EXAMPLE 11

Construction of Trangfer vectors NZ29RMDGBGEQI and
Teeese—mmainl s stalpler Vectors pNZ2IRMDGBGEGI and
PNZ29RMDgBgQEqIUL32

A 1,669 bp Bgll fragment from PGTPsgE was cloned
inte Sfil digested PNZ29RMDgBSfi. The resulting plagmid
was named pNZ29RMDgBgOE. A 1,232 bp BglI fragment from
pPCTPsgl was cloned into 8fiI digested pNZ29RMDgGE to
obtain transfer vector PNZ29RMDGBgEgGI. A 2,061 bp Bgll
fragment from pGTPsgT was cloned into Sfil digested
DNZ29RMDgBgEgI to obtain transfer vector
PNZ29RMDGBgEGIUL32 .

EXAMPLE 12
Generation of Recombinant Fpvs recFPV/MD-gE/gI,
recFPV/MD-gB/gE/qT and recFPV/MD-qB/agE/gT/UL32
Recombinants recFPV/MD-gE/gI, recFPV/MD-gB/gE/gl
and recFPV/MD-gB/gE/gI/UL32 were generated by
electroporation of the transfer vectors pNZ29RMDgEgT,
PNZ29RMDgBgEgI and PNZ2SRMDgBgEgIUL32, respectively,
into host cells according to the methods described in
EXAMPLE 5.

EXAMPLE 13
Protection of Antibody-Negative Chickens with

Recombinant FPVs Expressing the gB Gene, or the gE _and
gl Genes against a very virulent Strain of MDV (Md5)

Three sets of experiments were performed. Separate
groups of 1-day-cld chickens from 15x7 AB (-) chickens
line susceptible to Marek’'s Digease (MD) were vaccinated
with 10° PFU of recFPV/MD-gB (U.S. Patent 5,369,025;
Example 4}, 10° PFU of recFPV/MD-gE/gl (Example 12), 10°
PFU of recFPV/MD-gBgE/gI (Example 12) or 10° pFy of the
USDA strain of FPV (Nazerian et al., Avian Digease 33,

458-465, (1989)). Another group of similar chickens was
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kept unvacecinated. All were kept in strict isclation.
At 6 days of age all chickens were challenged with sx10?
PFU of the very virulent Md5 strain of MDV. A sixth
group of chickens was neither vaccinated nor challenged.
Mortality caused by MP was recorded during the trial,
and the end of the 8 week trial, all chickens were
examined for gross lesions and tumors typical of MD.
The results of this study are presented in Table 6.

One hundred percent of unvaccinated chickens and
98% of the chickens vaccinated with the USDA of FPV died
of MD before the end of the trial. On the other hand,
chickens vacCinated with recFPV/MD-gE/gl were

significantly well protected (PI = 58%), which was
similar protection observed (PI = 63%) of those
vaccinated with recFPV/MD-gBE. Furthermora, recFPV

expressing the gB, gE and gI genes conferred better
protection (PI = 75%).
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EXAMPLE 14
Protection_of Antibody-Poeitive Chickens with

Recombinant FPVe Expresaing the gB, gE and gT Genes,
or the gB, gE, gI and UL32 Genes Againsgt a Very
5 Virulent Strain of MDV (Md5S)
Three sets of experiments were performed. Separate

groups of 1-day-old chickens from the 15x7 Ab (+)

chicken line susceptible to MD were vaccinated with 10°

PFU of recFP¢7MD—gB (U.8. Patent 5,369,025; Example 4),

10 10° PFU of recFPV/MD-gBgE/gl (Example 12), 10° PFU of
recFPV/MD-gBgE/gI/UL32 (Example 12) or 2x10® PFU of the

FC126 strain of HVT (cell-associated). Aanother group of

similar chickens was kept unvaccinated. All were kept

in strict isolation. At 6 days of age all chickens were

15 challenged with 5x10? PFU of the very virulent Md5 strain

‘of MDV. Mortality caused by MD was recorded during the

trial, and at the end of the 8 week trial, all chickens

were examined for gross lesions and tumors typical of

MD. The results of this study are presented in Table 7.

. 20 One hundred percent of unvaccinated chickens died
T of MD before the end of the trial. Forty-three percent
of chickens vaccinated with recFPV/MD-gB were protected
. from lesions, compared to 44% of those vaccinated with
R HVT. The level of protection by recFPV/MD-gB/gE/gI/UL32
S 25 (PI = 66%) was slightly higher than that of recFPV/MD-

gB/gE/gl (PI = 53%).

. Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising", will
12 be understood to imply the inclusion of a stated integer or step or group of integers or steps

I but not the exclusion of any other integer or step or group of integers or steps.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Lee, Lucy F
Nazerian, Keyvan
Witter, Richard L
Wu, Ping
Yanagida, Noboru

(i1} TITLE OF INVENTION: Marek's Disease Virus Genes and Their
Use in Vaccines for Protection Against Marek’s Disease

(iii) NUMBER OF SEQUENCES: 29

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Birch, Stewart, Kolasch and Birch
(B} STREET: P.0O. Box 747
(C} CITY: Falls Church
(D) STATE: va
{E) COUNTRY: US
(F) ZIP:; 22040-0747

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentlIn Release #1.0, Version #1.30

{(vi) CURRENT APPLICATION DATA:
{A) APPLICATION NUMBER:
(B) FILING DATE: 05-JUL-1996
(C) CLASSIFICATICN:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: U.S. 08/459,474
(B} FILING DATE: 07-JUL-19%5
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Murphy Jr., Gerald M
(B) REGISTRATION NUMBER: 28,977
(C) REFERENCE/DOCKET NUMBER: 1644-110FPC

(ix}) TELECOMMUNTCATION INFORMATION:

(A} TELEPHONE: (703)-205-8000
(B) TELEFAX: (703) 205-8050

(2) INFORMATION FOR SEQ ID NO:1:
(1} SEQUENCE CHARACTERISTICS :
(R) LENGTH: 1925 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{1iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NOC
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATGGCCAACC GCCCTACAGA GTTBEGCAGCT

TGGATAGAGG
AATGACACGC
CAGGATGTTC

CATTCGGAAT

AGTCCTTCAR

TTTTTAACGA

AGAGTGATGA

TAGTAACTTT

TGUCTTGTTT
ATGGCAGATT
ACCTTTATAG
GGTTGTACAC
CATTTTTTTC
GRAGTTATTA
ACTGCGGCETG
CGAGCCCTGT
CGRACAARAGT
ARARGGGTCG
TCCGTTGCTT
CTGGAAARGTT
CTCCGAGCAA
GATGCGTCTC
GGCAACCTCG
CTCGCATTCA
AGAAGGGAAT
GARCCCGATT
GGAGGAACAT
GCAATGCGTA
CATAGCATAG
GACGAAGGAT
CTATTCTGCG
GATCACCCAG
CAGAACCATT
ACTTATCAGG
CATTGTTGCA

TGTAR

GTCGETGETECT

ATGCTTTTTT

CCGCGTTTGA

TCGTACGCTC

TGCATGGCTG

CGTCTCGTTC

ATGCCAAAGT

TAARTGACCTT

CTATTTCGGG

CGCATGTCAT

TGGCGGGCTA

GTACTTTGCG

GTGAAGAAAR

AATGCGAACA

TTTTATTGTT

TGGCCGCALN

TTGCTAATGA

TAGAGTTAGG

CTGCGGAGTG

ALTTTAAACG

ARCCTGTTCT

GTTTTGTARC

ATCCRATGTG

ATGCCACCAA

TTGAAGGTCG

TCTTTCCTCC

AAGACATTCC

AGAACCCTAT

GTTATTACTC

TACCGTGGAG

TATAGAGACT

AGATATGTAC

ATGTTCCAAA

ATTCGTATAT

CTTTGGAAAA

TTTTCGAACG

TAAGCAAGGA

CTTGTACAGT

ATCTGATTTA

TTTATCCGAT
GTGGCATTTA
TCCGCCCACG
GATGCGGGAG
GCTGCAGATG
AGGCGCAATT
TGTCTTGGTT
ATAATGGATA
AAACTTTTAA
GACGGGGGCE
CGATTAGTAG
AATTACTCAT

QGTTCTGCAC

GGATGTTCGA
TCATTCCGTT
GAAARGATTGT
CGCATCGTCC
GTTARATGTG
TCATGAACAT
ATTAGCGGGA
AGTTAGALAGG
CGTTACTGCA
CCCATTGATG
TTTATTATGT
CGATATCATC
AGATGCTTGG
ATTARTGAAA
TGCGGCACGA
TCATGACGAA
CGTATGTGCT
CCGTCAACCG

ATCTCCTTGA

AATGAGTTGR
GGACCAGTCC
GCTAAARRACG
GAGGATAATG
GTGGAAAATG
GCAAGANATG
ACGGEGTCTG
GAAACGGTGG
GCATACAGTG
ATAACACAGT
AACCTGCTGC
ACATATTCCG
CGATCACAGG
AQCGCEGGEAR
ATAGCCCAGR
CTAGCATTAT
GGACTTTGGG
CACTGTCTIGC

TATCTCTCGA

CTTCTGGAGA
ATCCGGACGT
CGCTCAAGAT
ATATTGGGRA
TTTATGCCTT
TCGGTTTATC
CTCCACCATG
AACACTTTCT
CTCTCGAAGA
TTCCTGGACE
GGCGACGTGG
ATTTAGCTCA
CGCTRGAAGT
GGGATGGCAT
ACTCATGCCC
TAGARTGTAA
ATTATGAACA
TTCAGGACAT
AGGATTGTAC
CACCTGAGGC
ATATATTTTG
CATGTTACGS
TAAARGCRCGC
TGATACGTAC
CCAACAATAT
GACATCGTAC
CGGAGGCCAT
CCARTCCACG
ATAAAGCCCG
CTTTGGCGTA
TTTCGTTAAR

GCATACATTA

PCT/US96/11360
AGCAGATGGA 60
CTTGATETAT 120
CAACAGTATA i8¢
TGAAGTTATA 240
AGATCGTCRA 300
AGCTCTATGS 360
TGCAACTGCA 420
ATCCGATCAT 480
TATTCAGAGA 540
ACGCCATGAT 600
GAAATTTTCT 660
GAGTGCTACHE 720
TATCGAAGGG 780
AGAGAGTAGG B40
AACTACTCTT 900
CTTTTTTCRA 960
CGAGTGGGAA 1020
GCAACAGATA 1080
RAATGGGTTAT 1140
AGCGAGCGRA 1200
GAARRATCAT 1260
TGAGGATTCG 1320
GATARCAARR 1380
ATATTGGCTG 1440
AGGTTTATTT 1300
AGATTTGGGG 1560
TTATARACRC 1620
ATCGTTATTT 16B0
TCTCGCCAGT 1740
TACGTTTARA 1800
GACGCTGGGG 1860
GGAGTCTACG 1920

1825
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(2) INFORMATION FOR SEQ ID NO:2:

(i)

(xi)

Met

Glu

Phe

Leu

Ser

&5

His

Leu

Asn

Ser

Ala

145

Gly

Asp

Gly

Gln

Ala

225

Arg

Val

SEQUENCE CHARACTERISTICS:
{A) LENGTH: €41 amino acids
(B) TYPE: amino acid
(¢) STRANDEDNESS: single
() TOPCLOGY: linear
MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: NO

ANTI-SENSE: NO

SEQUENCE DESCRIPTION: SEQ ID NO:

Ala Asn Arg Pro Thr Glu Leu Ala
5

Ala Asp Gly Trp Ile Glu Glu Ser
20 25

Asn Pro Asp Val Leu Met Tyr Asn
35 40

Leu Ser Ala His Ala Leu Lys Ile
50 55

Asp Asp Thr Val Glu Asp Ala Gly
70

Ser Glu Leu Val Thr Phe Ile Glu
85

Asp Arg Gln Cys Leu Val Cys Arg
100 105

Phe Gly Leu Ser Ala Leu Trp Met
115 120

Lys Cys Leu Gly Ser Pro Pro Cys
130 135

Phe Glu Phe Val Tyr Ile Met Asp
150

Cys Thr Leu Val Arg Ser Phe Gly
165

Ile Gln Arg His Phe Phe Leu His
180 185

Val Pro Gly Arg Arg His Asp Glu
185 200

Gly Arg Leu Val Gly Arg Arg Gly
210 215

Lys Val Leu Tyr Ser Asn Tyr Ser
230

Ala Leu Leu Met Thr ILeu Ser Asp
245

Ile Glu Gly Arg 6ln Lys Ser Ile
280 265

2:

Ala
10

Phe
Asp
Asn
Asp
Thr
g0

val
Ala
Ala
Lys
Lys
170
Gly
val
Lys
Tyr
Leu

250

Ser

Phe
Lys
Thy
Ser
Ile
75

Ala
Leu
Asp
Thr
His
158
Lys
Cys
Ile
Phe
Leu
235

Gly

Gly

Ile
Glu
Leu
Ile
60

Gly
Ala
Asp
Tyr
Ala
140
Phe
Leu
Phe
Thr
Ser
220
Ala

Ser

Asp

Arg

Pro

Phe

45

Gln

Asn

Asp

Met

Ala

125

Thr

Leun

Leu

Arg

Ser

205

Thy

Gln

Ala

val

Ser
Tyr
30

Asn
Asp
Glu
Val
Tyr
110
Phe
Phe
Ser
Thr
Thr
190
Arg
Ala
Ser

Pro

Arg
270

PCT/US96/11360

Ser
15

Val
Glu
Val
val
Tyr
95

Arg
Leu
Ile
Asp
Leu
178
Asp
Ser
Gly
Ala
Leu

255

Asn

Gly
Ala
Leu
Gin
Ile
80

Ala
Arg
Cys
Ala
His
160
Glu
Gly
Lys
Asp
Thr
240

Glu

Clu
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Leu Arg Asp Gly Ile Glu Ser Arg Lys Arg val aAla His Val Ile His
278 280 285

Ser Val Gly Pro Val His Ser Cys Pro Thr Thr Leu Ser Val Ala Leu
290 295 300

" Ala Gly Trp Lys Asp Cys Ala Lys Asn val Glu Cys Asn Phe Phe Gln
305 310 315 320

Leu Glu Ser Cys Thr Leu Arg Ala Ser Ser Glu Agp Asn Asp Tyr Glu
325 330 335

His Glu Trp Glu Leu Arg Ala Ser Glu Glu Lys Leu Asn Val Val Glu
340 345 350

Asn Val Gln Asp Met Gln Gln Ile Asp Ala Ser Gln Cys Glu His His
355 360 365

Glu His Ala Arg Asn Glu Asp Cys Thr Met Gly Tyr Gly Asn Leu Val
370 375 380

Leu Leu Leu Leu Ala Gly Thr Gly Ser Ala Pro Glu Ala Ala Ser Glu
385 390 385 400

Leu Ala Phe Met Ala Ala Lys val Arg Arg Glu Thr Val Asp Ile Phe
405 410 415

Trp Lys Asn His Arg Arg Glu Phe Ala Asn Asp Val Thr Ala Ala Tyr
420 425 430

Ser Ala Cys Tyr Gly Glu Asp Ser Glu Pro Asp Leu Glu Leu Gly Pro
435 440 445

Leu Met Ile Thr Gln Leu Lys His Ala Ile Thr Lys Gly Gly Thr Ser
450 455 460

Ala Glu Cys Leu Leu Cys Asn Leu Leu Leu Ile Arg Thr Tyr Trp Leu
465 470 475 480

Ala Met Arg Lys Phe Lys Arg Asp Tle Ile Thr Tyr Ser BAla Asn Asn
485 480 495

Ile Gly Leu Phe His Ser Ile Glu Pro Val Leu Asp Ala Trp Arg Ser
500 505 510

Gln Gly His Arg Thr Asp Leu Gly Asp Glu Gly Cys Phe Val Thr Leu
515 520 525

Met Lys Ser Ala Gly Thr Glu Ala Ile Tyr Lys His Leu Phe Cys Asp
530 535 540

Pro Met Cys Ala Ala Arg Ile Ala Gln Thr Asn Pro Arg Ser Leu Phe
545 550 555 560

Asp His Pro Asp Ala Thr Asn His Asp Glu Leu Ala Leu Tyr Lys Ala
565 570 575

Arg Leu Ala Ser Gln Asn His Phe Glu Gly Arg val Cys Ala Gly Leu
580 585 530

Trp Ala Leu Ala Tyr Thr Phe Lys Thr Tyr Gln Val Phe Pro Prc Arg
595 600 605

Xaa Thr Ala Leu Ser Ala Phe Val Lys Asp Ala Gly Ala Leu Leu Gln
810 615 620
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Arg His Ser Ile Ser Leu Ile Ser Leu Glu His
625 630 635

val

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:

{A} LENGTH: 91 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D} TOPOLDGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTICON: SEQ ID NO:3:

PCT/US96/11360

Thr Leu Gly Val Tyr
€40

TTTTTTTTTT TTTTTTTTTT GGCATATAAR TAATAAATAC AATAATTAAT TACGCGTAAA 60

AATTGAARAR CTATTCTAAT TTATTGCACT C
(2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 10 base pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii} MOLECULE TYPE: DNA (genomic)
{iii} HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
GGCTCAATCT
(2} INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

91

10
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
AGCTGCCCCC CCGGCAAGTT GCA 23
(2) INFORMATION FOR SEQ ID NO:6:
* (1} SEQUENCE CHARACTERISTICS:
(R) LENGTH: 17 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TCPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(x1] SEQUENCE DESCRIDPTICN: SEQ ID NO:6:
TCGACATTTT TATGTAC 17
(2) INFORMATION FOR SEQ ID NO:7:
{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
AATTCGGCCG GEEGGECCAL CT 22
(2) INFORMATION FOR SEQ ID NQ:8:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 14 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLCGY: linear

{ii) MOLECULE TYPE: DNA {genomic)

(iii} HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GGCCCCCCCs oo 14
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{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
CCCCGGATCC GGCCATGRCC BRCCGC 26
{2) INFORMATION FOR SEQ ID NOQ:10:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linesar
{ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iv} ANTI-SENSE: NO

{x1l) SEQUENCE DESCRIPTION: SEQ ID NO:10:
AARGAATGCAT RATCTGCCAT CCAT 24
(2) INFCRMATICN FOR SEQ ID NO:11:
{1) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 26 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA& {genomia)

(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:11:
GATTATGCAT TCTTATGTTC CARATC 2¢
(2} INFORMATION FOR SEQ ID NC:12:

(1) SEQUENCE CHARACTERISTICS :
(A} LENGTH: 33 base pairs
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(B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
ACAGCCATGG AGAAAGAAAT GTCTCTGAAT ATC

{2) INFORMATICN FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:

(A] LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi} SEQUENCE DESCRIPTION: $EQ ID NO:13:
TTCTCCATGG CTETTTTCGA ACG
{2) INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {genomic)
(1ii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:14:
CCCCGTCGAC TTACACGTAG ACTCCTARTG
(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPCLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

PCT/US96/11360

33

23

30




- WO 97/03187

68

(iii} HYPOTHETICAL: NO

(iv] ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:15:
TATGCTTTTT TATGT
(2) INFORMATION FOR SEQ ID NO:1§;
{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPQTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
TATGCATTCT TATGT
(2) INFORMATION FOR SEQ ID NO:17:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Tyr Ala Phe Leu Cys
1 5

(2} INFORMATION FOR SEQ ID NO:18:

{i) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 15 base pairs
(B} TYPE: nucleic acid
(C] STRANDEDNESS: single
(D} TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NQ

PCT/US96/11360

15

15
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(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:18:

TATGCTTTTT TATGT

(2) INFORMATION FOR S8EQ ID ND:19:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS : single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNa (genomic)
{iid) HYPOTHETICAL: NO

{iv} ANTI-SENSE: No

(x1] SEQUENCE DESCRIPTICON: SEQ ID NG:19:
CATTTTTTIC TGCATGSC
(2) INFORMATION FOR SEQ ID NO:20:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 bage pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NQ

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
CATTTCTTTC TCCATRGC
{2) INFORMATION FOR SEQ ID NO:21;
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
() STRANDEDNESS : single
(D) TOPOLOGY: linear
{ii} MOLECULE TYDE: peptide
(1ii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(%1} SEQUENCE DESCRIPTION: SEQ ID NO:21:

His Phe Phe Leu Hig Gly
5

E EEEE————— ]

PCT/US96/11360
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{2) INFORMATION FOR SEQ ID NO:22.

(i) SEQUENCE CHARACTERISTICS :
(A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single

’ (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic}
(iid} HYPOTHETICAL: No

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
GGCCCCCCEe Geee 14
(2) INFORMATION FOR SEQ ID NO:Z3:

{i] SEQUENCE CHARACTERISTICS :
(R} LENGTH: 22 bhase pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNa (genomic)
{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: No

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

AATTCGGCCGG GGGGRCCAGC T 22

{2) INFORMATION FOR SEQ ID NO:24:
{i) SEQUENCE CHARACTERISTICS :

(A} LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: not relevant

(i1) MOLECULE TYpE. other nucleic acigd
(A) DESCRIPTION: /desc = "PgE-1 PCR primer for MDV gE

gene"
(idid) HYPOTHETICAL: NGO

{iv) ANTI-SENSE: NO

(%1} SEQUENCE DESCRIPTION: SEQ ID NO:24:

GGEGAGATCT CATAATGTGT GTTTTCCAARA TC 3z
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(2} INFORMATION FOR 8SEQ ID NO:25:
(i} SEQUENCE CHARACTERISTICS :

(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOCGY: not relevant

(ii) MOLECULE TYPE: other nucleic agig
(A) DESCRIPTION: /desc = "pgE-2 PCR primer for MDV gE

gene"
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: YES

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:25:
GGGGGTCGAC GTCCATATAC TATATCCC
123 INFORMATION FOR SEQ ID NO:26:
(1} SEQUENCE CHARACTERISTICS :
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: not relevant
(ii} MOLECULE TYPE: other nucleic acid
(A} DESCRIPTION: /desc = "pgGI-1 PCR primer for Mpv
g4I genen
(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
GGGGAGATLT GCGATGTATG TACTACAATT A
(2) INFORMATION FOR SEQ ID NO:27:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS . single
(D) TOPOLOGY: not relevant
(i1} MOLECULE TYPE: other nucleic acig
(A) DESCRIPTION; /desc = "pgI-2 DCR pPrimer for Mpv gl
{idi} HYPOTHETTCAL: NO

(iv) ANTI-SENSE: YES

(xi) SEQUENCE DESCRIPTION: SEQ ID NG:27:

CTAACAGGTA CCACCTACCT ATAA

28

31

24
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(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 355 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPQLOGY: linear

(11} MOLECULE TYPE: pretein
(1ii) HYPOTHETICAL: RO
(v) FRAGMENT TYDE. internal
(vi) ORIGINAL SQURCE :
(A) ORGANISM: Marek’'s disease virus type I
(B} STRAIN: Ga
(ix) FEATURE:
(A) NAME/KEY: Protein
(B) LOCATION: 1..355
(D} OTHER INFORMATION: /label= protein
/note= *gI proceinn
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
Met Tyr Val Leu Gln Leu Leu Phe Trp Ile Arg Leu phe Arg Gly Ile
1 S 10 15
Trp Ser Ile Val Tyr Thr Gly Thr Ser Val Thr Leu Ser Thr Asp Gln
20 25 30

Ser Ala Leu Val aAla Fhe Cys Gly Leu asp Lys Met Val Asn Vval Arg
35 40 45

Gly GIn Leu Leu Phe Leu Gly Asp Gln Thr Arg Thr Ser Ser Tyr Thr
50 55 60

Gly Thr Thr Glu Ile Leu Lys Trp Asp Glu Glu Tyr Lys Cys Tyr Ser
65 70 75 80

Val Leu His Ala Thr Ser Tyr Met Asp Cys Pro Ala Ile Asp Ala Thr
85 20 95

Val Phe arg Gly Cys Arg Asp Ala val val Tyr Ala Gln Pro His Asp
100 105 110

Arg val Gln Pro Phe DPro Glu Lys Gly Thr Leu Leu Arg Ile val Gly
115 120 125

Pro Arg val Ser Asp Thr Cly Ser Tyr Tyr Ile Arg Val Ala Leu ala
i30 135 140

Gly Arg Asn Met ser Asp Ile Phe Arg Met Ala val Ile Ile Arg ser
145 150 153 160

Ser Lys Ser Trp ala Cys Asn His Ser Ala Ser Ser Phe Gln Ala His
165 170 175

Lys Cys Ile Arg Tyr val Asp Rrg Met Ala Phe Glu Asn Tyr Leu Ile
180 185 120

Gly His val Gly Asn Leu Leu Asp Ser Asp Ser Glu Leu His Ala Ile
135 200 208
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Tyr Asn Ile Thr Pro Gln Ser Ile Ser Thr Asp Ile Asn Ile Ile Thr
. 210 215 220

Thr Pro Phe Tyr Asp Asn Ser Gly Thr Tle Tyr Ser Pro Thr val Phe
235 230 235 240

Asn Leu Phe Asn Asn hsn Ser His Val Asp Ala Met Asn Ser Thr Gly
245 250 255

Met Trp Asn Thr Val Leu Lys Tyr Thr Leu Pro Arg Leu Ile Tyr Phe
260 265 270

Ser Thr Met Ile Val Leu Cys Ile Ile Ala Leu Ala Ile Tyr Leu Val
275 280 285
Cys Glu Arg Cys Arg Ser Pro His Arg Arg Ile Tyr Ile Gly Glu Pro
2350 295 300

Arg Ser Asp Glu Ala Pro Leu Ile Thr Ser ala val Asn Glu Ser Phe
305 310 315 320

Gln Tyr Asp Tyr Zsn val Lys Glu Thr Pro Ser Asp Val Ile Glu Lys
325 330 335

Glu Leu Met Glu Lys Leu Lys Lys Lys Val Glu Leu Leu Glu Arg Glu
340 345 350

Glu Cys Val
355

(2) INFORMATIOH FOR SEQ ID NO;29:

(i} SEQUENCE CHARACTERISTICS :
(A) LENGTH: 457 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D} TOPOLOGY: linear

(1i) MOLECULE TYPE: protein

(1id) HYPOTHETICAL: NO
(v} FRAGMENT TYPE: internal

(vi) ORIGINAL SQURCE:
(A) ORGANISM: Marek's disease virung type I
(B) STRAIN: ga

{ix) FEATURE:
(A) NAME/KEY: Protein
(B} LOCATION: 1..497
(D) OTHER INFORMATION: /label= protein
/note= "gE protein"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.:29:
Met Cys Val Phe Gln Ile Leu Ile Ile val Thr Thr Ile Lys Val Ala
1 5 10 15

Gly Thr Ala Asn Ile Asn His Ile asp val pro Ala Gly His Ser Ala
20 25 30

R Thr Thr Thr Ile pro Arg Tyr Proc Pro Val val ASp G@ly Thr Leu Tyr
35 10 45
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Thr Glu Thr Trp Thr Trp Ile Pro Asn His Cys Asn Glu Thr Ala Thr
. 50 55 60

Gly Tyr val Cys Leu Glu Ser Ala His Cys Phe Thr Asp Leu Ile Ley
65 70 75 80

Gly Val Ser Cys Met Arg Tyr Ala Asp Glu Ile Val Leu Arg Thr Asp
8s 30 85

Lys Phe Ile val Asp Ala Gly Ser Ile Lys Gln Ile Glu Ser Leu Ser
100 108 110

Leu Asn Gly Val Pro Asn Ile Dhe Leu Ser Thr Lys Ala Ser Asn Lys
115 120 125

Leu Glu Ile Leu Asn Ala Ser Leu Gln Asn Ala Gly Ile Tyr Ile Arg
130 138 140

Tyr Ser Arg Asn Gly Asp Glu Asp Cys Lys Leu Asp val val Val val
145 150 155 160

Gly Val Leu Gly Gln Ala Arg Asp Arg Leu Arg Gln Met Ser Ser Pro
165 170 175

Met Ile Ser Ser His Ala Asp Ile Lys Ley Ser Leu Lys Asn Phe Lys
180 i85 1%0

Ala Leu val Tyr His val Gly Asp Thr Ile Asn val Ser Thr Ala val
195 200 205

Ile Leu Gly Pro Ser Pro Glu Ile Phe Thr Leu Gly Phe Arg Val Leu
210 215 220

Phe Leu Arg Tyr Asn Pro Thr Cys Lys Phe Val Thr Ile Tyr Glu Pro
225 230 235 240

Gly Ile Phe His Pro Lys Glu Pro Glu Gly Ile Thr Thr Ala Glu Gln
245 250 255

Ser Val Cys His Phe Ala Ser Asn Ile Asp Ile Leu Gln Ile &la Ala
260 265 270

Ala Arg Ser Glu Asn Cys Ser Thr Gly Tyr Arg Arg Cys Ile Tyr Asp
275 280 285

Thr Ala Ile Asp Glu Ser Val Gln Ala Arg Leu Thr Pha Ile Glu Pro
290 295 300

Gly Ile Pro Ser Phe Lys Met Lys Asp Val Gln val ASp Asp Ala Gly

308 310 315 320

Leu Tyr Val val Val Ala Leu Tyr Asn Gly Arg Pro Ser Ala Trp Thr
325 330 338

Tyr Ile Tyr Leu Ser Thr Val Gilu Thr Tyr Leu Asn Val Tyr Glu Asn
340 345 150

. Tyr His Lys Pro Gly Phe Gly Tyr Lys Ser Phe Leu @ln Asn Ser Ser
385 380 365

lle Ile asp Glu Asn Gln Ala Ser Asp Trp Ser Ser Ser Ser Ile Lys
370 375 380

Arg Arg Asn Asn Gly Thr Ile Leu Tyr Asp Ile Leu Leu Thr Ser Leu
385 390 ags 400
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Ser Ile Gly Ala Ile Tle Ile Val Ile Val Gly Gly val Cys Ile Ala
408 410 415

Ile Leu Ile arg Arg Arg Arg Arg Arg Arg Thr Arg Gly Leu Phe Asp
420 425 430

' Glu Tyr Bro Lys Tyr Met Thr Leu Pro Gly Asn Asp Ley Gly Gly Met
435 440 445

Asn Val Pro Tyr Asp Asn Ala Cys Ser Gly Asn Gln Vval Glu Tyr Tyr
450 455 460

Gln Glu Lys Ser Asp Lys Met Lys Arg Met Gly Ser Gly Tyr Thr Ala
465 4790 475 480

Trp Leu Lys Asn ASp Met Pro Lys Ile Arg Lys Arg Leu Asp Leu Tyr
485 490 435
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated, purified DNA molecule comprising the nucleotide sequience shown
in SEQ ID NO:1, or a nucleotide sequence substantially equal to the 1926 bage sequence of
SEQ ID NO:1 and which retains the functional activity thereof,

2. An isolated, purified DNA molecule comprising a nucleotide sequence encoding
a polypeptide having the amino acid sequence shown in SEQ ID NO:2, or encoding a
polypeptide immunologically cross-reactive with said polypeptide having the amino acid
sequence shown in SEQ ID NO:2.

3. Anisolated, purified polypeptide having the amino acid sequence shown in SEQ
ID NO:2, or a polypeptide immunologically cross-reactive with said polypeptide having the

amino acid sequence shown in SEQ ID NQ:2.

4, A recombinant vector coinprising said DNA molecule of claim 1 or 2.

5. The recombinant vector of claim 4, wherein said recombinant vector is a virus
vector,

6. A recombinant virus that comprises said DNA molecule of claim 1 or 2.

7. The recombinant virus of claim 6, selected from the group consisting of a

recombinant poxvirus, a recombinant avian herpesvirus, a recombinant adenovirus, and a

recombinant influenza virus.

8. The recombinant virus of claim 7, selected from the group consisting of a

fecombinant racoon poxvirus, a
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recombinant vaccinia virus, a recombinant pigeon poxvirus, a recombinant fowlpox virus, a
recombinant Marek's disease virus, a recombinant canary poxvirus, a recombinant quail
poxvirus, a recombinant urkey poxvirus, a recombinant turkey herpesvirus, and a

recombinant infectious laryngotracheitis virus.

9. The recombinant virus of claim 6, which further comprises 2 nucleotide
sequence encoding at least one antigen of an avian pathogen, or a nucleotide sequence

biologically functionally equivalent thereto.

10.  The recombinant virus of claim 9, wherein said further nucleotide sequence or
its nucleotide sequence biological equivalent encodes glycoprotein B of a Marek's disease

virys. -

11, The recombinant virus of claim 9, wherein said further nucleotide sequence or
its nucleotide sequence biological equivalent encodes glycoprotein B and glycoprotein E of

a Marek's disease virus.

12, The recombinant virys of claim 9, wherein said further nucleotide sequence or
its nucleotide sequence biological equivalent encodes glycoprotein B, glycoprotein E and

glycoprotein 1 of a Marek's disease virus,

13.  The recombinant virus of any one of claims 9 to 12, wherein said recombinant

virus is a recombinant avipoxvirus or a recombinant avian herpesvirys.

14.  The recombinant avian herpesvirus of claim 13, wherein said recombinant

avian herpesvirus is serotype 1,
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2, or 3 of Marek's disease virus,

15, A vaccine composition comprising

an isolated, purified DNA molecule comprising the nucleotide sequence shown in SEQ
ID NO:1 or a nucleotide sequence substantially equal to the 192 base sequence of SEQ ID
NO:1 and which retains the functional activity thereof; or

an isolated, purified DNA molecule comprising a nucleotide sequence encoding a
polypeptide having the amino acid sequence shown in SEQID NO:2 or encoding a polypeptide
immunologically Cross-reactive with said polypeptide having the amino acid sequence shown
in SEQ ID NO:2; or

an isolated, purified polypeptide having the amino acid sequence shown in SEQ ID
NO:2ora polypeptide mmunologically Ccross-reactive with said Polypeptide having the amino
acid sequence shown in SEQ ID NO:2; or

a recombinant vector comprising an Isolated, purified DNA molecule comprising the
nucleotide sequence shown in SEQIDNO:1ora mucleotide sequence substantially equal to
the 1926 base sequence of SEQ I NO:1 and which retains the functional activity thereof; or

a recombinant vector comprising an isolated, purified DNA molecule comprising a
nucleotide sequence encoding a polypeptide having the amino acid Sequence as shown jn SEQ
ID NO:2 or encoding a polypeptide immunologically Cross-reactive with said polypeptide
having the amino acid Sequence shown in SEQ ID NO:2; or

a recombinant virus that comprises an isolated, putified DNA molecule comprising the
nucleotide sequence shown in SEQ ID NO:1 or a nucleotide sequence substantially equal to
the 1926 base Sequence of SEQ ID NO:1 angd which retains the functional activity thereof; or

a recombinant vims that comprises an isolated, purified DNA molecule comprising a
nucleatide sequence encoding a polypeptide having the amino acig Sequence as shown in SEQ
ID NO:2 or encoding a polypeptide immunologically Cross-reactive with said polypeptide
having the amino acid Sequence shown in SEQ I NO:2; or

a recombinant virus that comprises an isolated, purified DNA molecyle comprising the
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nuclectide sequence shown in SEQ ID NO:I or a nucleotide sequence substantially equal to
the 1926 base sequence of SEQ ID NO:1 and which retains the functional activity thereof, and
which further comprises a nucleotide sequence enceding at least one antigen of an avian
pathogen;

and a pharmaceutically acceptable carrier.

16. A vaccine composition comprising

a recombinant virus that comprises an isolated purified DNA molecule comprising the
nuclectide sequence shown in SEQ ID NO:1 or a nucleotide sequence substantially equal to
the 1926 base sequence of SEQ ID NO:1 and which retains the fiunctional activity thereof, and
2B antigen of Marek's disegse virus or a polypeptide biologically funciionally equivalent
thereto; or

a recombinant virus that comprises an isolated, purified DNA molecule comprising a
nucieotide sequence encoding a polypeptide having the amino acij sequence as shown in SEQ
ID NO:2 or enceding a polypeptide immunologically cross-reactive with said polypeptide
having the amino acid Sequence shown in SEQ ID NO:2, and ¢B antigen of Marek's discase
virus or a polypeptide biologically functionally equivalent thereto;

and a pharmaceutically acceptable carrier.

17. A vaccine composition comprising

a recombinant virus that comprises an isolated, purified DNA molecule comprising the
nuclgotide sequence shown in SEQ ID NO:1 or a nucleotide $equence substantially equal to
the 1926 base sequence of SEQ ID NO:1 and which retains the functional activity thereof, a
gB antigen of Marek's disease virus or a polypeptide biologically functionally equivalent
thereto, and a gB antigen of Marek's disease virus or a Polypeptide biologically functionally
equivalent thereto; or

a recombinant virys that comprises an isclated, purified DNA molecule comprising a

nucleotide sequence encoding a polypeptide having the amino acid sequence as shown in SEQ
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ID NO:2 or encoding a polypeptide immunologically cross-reactive with said polypeptide
having the amino acid sequence shown in SEQ ID NO:2, gB antigen of Marek's disease virus
or a polypeptide biologically functionally equivalent thereto and a gB antigen of Marek's
disease virus or a polypeptide biologically functionally equivalent thereto;

and a pharmaceutically acceptable carrier.

18. A vaccine composition comprising

a recombinant virus that comprises an isolated, purified DNA molecule comprising the
nucleotide sequence shown in SEQ ID NO:1 or a nucleotide sequence substantially equal to
the 1926 base sequence of SEQ ID NO:1 and which retains the functional activity thereof, a
gB antigen of Marek's disease virus or a polypeptide biologically functionally equivalent
thereto, a gE antigen of Marek's disease virus or a polypeptide biologically functionally
equivalent thereto and a gl antigen of Marek's disease virus or a polypeptide biologically
functionally equivalent thereto; or

a virus that comprises an isolated, purified DNA molecule comprising a nucleotide
sequence encoding a polypeptide having the amino acid sequence as shown in SEQ ID NO:2
or encoding a polypeptide immunologically cross-reactive with said polypeptide having the
amino acid sequence shown in SEQ ID NO:2, a gB antigen of Marek's disease virus or a

polypeptide biofogically functionally equivalent thereto, a gE antigen of Marek's
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disease virus or a polypeptide biologically functionally equivalent thereto and a gI antigen of
Marek's disease virus or a polypeptide biologically functionally equivalent thereto;

and a pharmaceutically acceptable carrier.

19.  The vaceine composition of claim 18, wherein said isolated, purified nucleotide
sequences have the nucleotide sequence shown in SEQ ID NO:1 or a nucleotide sequence
substantially equal to the 1926 base sequence of SEQ ID NO:1 and which retaing the
functional activity thereof, or a mucleotide sequence encoding a polypeptide having the amino
acid sequence as shown in SEQ ID NO:2 or encoding a polypeptide immunologically cross-
reactive with said polypeptide having the amino acid sequence shown in SEQ ID NO:2;

and a nucleotide sequence encoding the gB protein of Marek's disease virus ora

polypeptide biologically functionally equivalent thereto.

20.  The vaccine composition of claim 18, wherein said isolated, purified nucleotide
sequences have the nucleotide sequence shown in SEQ ID NO:1 or a nucleotide sequence
substantially equal to the 1926 base sequence of SEQ ID NO:1 and which retains the
functional activity thereof, or a micleotide sequence encoding a polypeptide having the amino
acid sequence as shown in SEQ ID NO:2 or encoding 2 polypeptide immunologically cross-
reactive with said polypeptide having the amino acid sequence shown in SEQ ID NO:2;

and a nucleotide sequence encoding the gB protein of Marek's disease virus or a
polypeptide biologically functionally equivalent thereto and the gE protein of Marek's disease
virus or a polypeptide biologically functionally equivalent thereto.

21.  The vaccine composition of claim 18, wherein said isolated, purified nucleotide
sequences have the nucleotide sequence shown in SEQ ID NO:1 or a nucleotide sequence
substantially equal to the 1926 base sequence of SEQ ID NO:1 and which retains the
functional activity thereof, or a micleotide sequence encoding a polypeptide having the amino
acid sequence as shown in SEQ ID NO:2 or encoding a polypeptide immunologically cross-
reactive with said polypeptide having the amino acid sequence shown in SEQ ID NO:2;

and a nucleotide sequence encoding the £B protein of Marek's disease virus or a
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polypeptide biologically functionally equivalent thereto, the gE protein of Marek's disease
virus or a polypeptide biologically functionally equivalent thereto and the gl protein of

Marek's disease virus or a polypeptide biologically functionally equivalent thereto,

22. A vaccine composition, comprising a recombinant virus expressing an isolated,
purified micleotide sequence encoding a Marek's disease virus polypeptide or a biologically
functionally equivalent polypeptide, in combination with a herpesvirus, wherein said vaccine
composition exhibits an immunoprotective effect greater than the sum of the individual
immunoprotective effects of vaceine compositions individually comprising each of said
viruses;

and a pharmaceutically acceptable carrier.

23.  The vaccine composition of claim 22, wherein said recombinant virus is
fowlpox virus expressing Marek's disease virus gB protein, and said herpesvirus is turkey

herpesvirus.

24.  The vaccine composition of claim 22, wherein said recombinant virus is
fowlpox virus expressing Marek's disease virus £B protein and Marek's disease virus gE

protein, and said herpesvirus is turkey herpesvirus.
25.  The vaccine composition 22, wherein said recombinant virus is fowlpox virus
expressing Marek's disease virus gB protein, Marek's disease virus gE protein and Marek's

disease virus g protein, and said herpesvirus is turkey herpesvirus.

26.  The vaccine composition of claim 23, wherein said £B protein is of serotype

27. The vaccine composition of claim 24, wherein said gB protein and 2E protein

are both of serotype 1.
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28.  The vaccine composition of claim 25, wherein said gB, gE and gl protein are

all of serotype 1.

29. A vaccine composition comprising

2 DNA molecule having the sequence shown in SEQ ID NO:1 or a nucleotide
Sequence substantially equal to the 1926 base sequence of SEQ ID NO:1 and which retains
the functional activity thereof; or

a recombinant vector that contains 2 DNA molecuie having the sequence shown in
SEQ ID NQ:1 or a nucleotide sequence substantially equal to the 1926 bage sequence of SEQ
ID NO:1 and which retains the functional activity thereof; or

a recombinant virus or viruses that contains a DNA molecule having the sequence
shown in SEQ ID NO:1 or a nucleotide sequence substantially equal to the 1926 base
sequence of SEQ ID NO:1 and which retains the functional activity thereof, as well as 2 DNA
sequence encoding at least one antigen of an avian pathogen or a nucleotide sequence
biologically functionally equivalent thereto,

and a polypeptide having the amino acid sequence shown in SEQ ID NO:2 or a
polypeptide immunologically cross-reactive with said polypeptide having the amino acid
sequence shown in SEQ ID NO:2;

and a pharmaceutically acceptable carrier.

30. A method of immunising poultry, comprising administering (o said poultry the

vaceine composition of any one of claims 15-29.

31 A vaccine composition of any one of claims 15-29 for use in a method of

imnmunising poultry.

32, Use of a recombinant virus according to any one of claims 5 to 14 in the

Ppreparation of a vaccine for immunising poultry against MDV,
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33. Anisolated purified DNA molecule according to any one of claims 13 or a
recombinant vector according to ¢laim 4 or 5 or a recombinant virus according to any one of
claims 6 to 14 or a vaccine composition according to any one of elaims 15-29 or 31 or a

method according to claim 30 or a use according to claim 32 substantially as hereinbefore

described with reference to the Figures and/or Examples.

DATED this 8th day of JUNE 1999

Nippon Zeon Co., Ltd. AND The United States of America, represented by The
Secretary of Agricuiture

By DAVIES COLLISON CAVE

Patent Attorneys for the Applicants
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ATGGCCAACCGCCCTACAGAGTTGGCAGCTTTTATCCGATCTTCTGGAGAAGCAGATGGATGGATA
GAGGAGTCCTTCAAAGAACCCTATGTGGCATTTAATCCGGACGTCTTGATGTATAATGACACGCTT
TTTAACGAGTTATTACTCTCCGCCCACGCGCTCAAGATCAACAGTATACAGGATGTTCAGAGTGAT
GATACCGTGGAGGATGCGGGAGATATTGGGAATGAAGTTATACATTCGGAATTAGTAACTTTTATA
GAGACTGCTGCAGATGTTTATGCCTTAGATCGTCAATGCCTTGTTTGTCGTGTGCTAGATATGTAC
AGGCGCAATTTCGGTTTATCAGCTCTATGGATGGCAGATTATGCTTTTTTATGTTCCAAATGTCTT
GGTTCTCCACCATGTGCAACTGCAACCTTTATAGCCGCGTTTGAATTCGTATATATAATGGATAAA
CACTTTCTATCCGATCATGGTTGTACACTCGTACGCTCCTTTGGAAAAAAACTTTTAACTCTCGAA
GATATTCAGAGACATTTTTTTCTGCATGGCTGTTTTCGAACGGACGGGGGCGTTCCTGGACGACGC
CATGATGAAGTTATTACGTCTCGTTCTAAGCAAGGACGATTAGTAGGGCGACGTGGGAAATTTTCT
ACTGCGGGTGATGCCAAAGTCTTGTACAGTAATTACTCATATTTAGCTCAGAGTGCTACACGAGCC
CTGTTAATGACCTTATCTGATTTAGGTTCTGCACCGCTAGAAGTTATCGAAGGGCGACAAAAGTCT
ATTTCGGGGGATGTTCGAAATGAGTTGAGGGATGGCATAGAGAGTAGGAAAAGGGTCGCGCATGTC
ATTCATTCCGTTGGACCAGTCCACTCATGCCCAACTACTCTTTCCGTTGCTTTGGCGGGCTGGAAA
GATTGTGCTAAAAACGTAGAATGTAACTTTTTTCAACTGGAAAGTTGTACTTTGCGCGCATCGTCC
GAGGATAATGATTATGAACACGAGTGGGAACTCCGAGCAAGTGAAGAAAAGTTAAATGTGGTGGAA
AATGTTCAGGACATGCAACAGATAGATGCGTCTCAATGCGAACATCATGAACATGCAAGAAATGAG
GATTGTACAATGGGTTATGGCAACCTCGTTTTATTGTTATTAGCGGGAACGGGGTCTGCACCTGAG
GCAGCGAGCGAACTCGCATTCATGGCCGCAAAAGTTAGAAGGGAAACGGTGGATATATTTTGGAAA
AATCATAGAAGGGAATTTGCTAATGACGTTACTGCAGCATACAGTGCATGTTACGGTGAGGATTCG
GAACCCGATTTAGAGTTAGGCCCATTGATGATAACACAGTTAAAGCACGCGATAACAAAAGGAGGA
ACATCTGCGGAGTGTTTATTATGTAACCTGCTGCTGATACGTACATATTGGCTGGCAATGCGTAAA
TTTAAACGCGATATCATCACATATTCCGCCAACAATATAGGTTTATTTCATAGCATAGAACCTGTT
CTAGATGCTTGGCGATCACAGGGACATCGTACAGATTTGGGGGACGAAGGATGTTTTGTAACATTA
ATGAAAAGCGCGGGAACGGAGGCCATTTATAAACACCTATTCTGCGATCCAATGTGTGCGGCACGA
ATAGCCCAGACCAATCCACGATCGTTATTTGATCACCCAGATGCCACCAATCATGACGAACTAGCA
TTATATAAAGCCCGTCTCGCCAGTCAGAACCATTTTGAAGGTCGCGTATGTGCTGGACTTTGGGCT
TTGGCGTATACGTTTAAAACTTATCAGGTCTTTCCTCCCCGTCSAACCGCACTGTCTGCTTTCGTT
AAAGACGCTGGGGCATTGTTGCAAAGACATTCCATCTCCTTGATATCTCTCGAGCATACATTAGGA
GTCTACGTGTAA
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« MANRPTELAAFIRSSGEADGWIEESFKEPYVAFNPDVLMYNDTLFNELLLSAHALKINSIQDVQSD
DTVEDAGDIGNEVIHSELVTFIETAADVYALDRQCLVCRVLDMYRRNFGLSALWMADYAFLCSKCL
GSPPCATATFIAAFEFVYIMDKHFLSDHGCTLVRSFGKKLLTLEDIQRHFFLHGCFRTDGGVPGRR
HDEVITSRSKQGRLVGRRGKFSTAGDAKVLYSNYSYLAQSATRALLMTLSDLGSAPLEVIEGRQKS
ISGDVRNELRDGIESRKRVAHVIHSVGPVHSCPTTLSVALAGWKDCAKNVECNFFQLESCTLRASS
EDNDYEHEWELRASEEKLNVVENVQDMQQIDASQCEHHEHARNEDCTMGYGNLVLLLLAGTGSAPE
AASELAFMAAKVRRETVDIFWKNHRREFANDVTAAYSACYGEDSEPDLELGPLMITQLKHAITKGG
TSAECLLCNLLLIRTYWLAMRKFKRDIITYSANNIGLFHSIEPVLDAWRSQGHRTDLGDEGCFVTL
MKSAGTEAIYKHLFCDPMCAARIAQTNPRSLFDHPDATNHDELALYKARLASQNHFEGRVCAGLWA
LAYTFKTYQVFPPRXTALSAFVKDAGALLQRHSISLISLEHTLGVYV

Figure 3
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