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RECOMBINANT NDV ANTIGEN AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benetit of US provisional application Serial No.
61/290,297 tiled December 28, 2009.

FIELD OF THE INVENTION
[0002] The present invention encompasses pharmaceutical compositions comprising an

NDYV antigen, 1n particular pharmaceutical compositions comprising NDV HN antigen.

BACKGROUND OF THE INVENTION

[0003] The virus family Paramyxoviridae includes both human (measles, mumps,
paraNDV and respiratory syncytial virus) and animal pathogens (Newcastle disease virus and
rinderpest virus) that cause significant impact on public health as well as the global economy
( Lamb et al., 2007, Paramyxoviridae: The viruses and Their Replication, p. 1449-1496).
Members of this virus family are defined by having a monopartite, negative sense, single-
stranded RNA genome. The Paramyxoviridae tamily consists of two subfamiliecs namely
Paramyxovirinae and Prneumovirinae. Owing to recent reclassification, the subfamily
Paramyvxovirinae includes five genera, 1.¢ Morbillivirus, Henipavirus, Rubulavirus,
Respirovirus and Avulavirus while Pneumovirinae includes Preumovirus and
Metapneumovirus ( Mayo, 2002, Arch Virol 147:1655-63). Avian paramyxoviruses (APMYV)
arc classificd in the genus Avulavirus and comprisc nin¢ antigenically distinct scrotypces that
havc been defined using hemagglutination inhibition (HI) tests ( Alexandcr, 1988, Newcastlc
disecase, p. x, 378 p). Of the nine serotypes, 1solates belonging to the APMV-1 subtype can
cause a devastating disease 1n commercial poultry and are classified as velogenic Newcastle
disease virus (NDV). Milder forms of NDV are designated as mesogenic and lentogenic
1solates, wherein the latter form 18 mostly asymptomatic in domestic poultry. The genomic
RNA of NDV contains genes encoding six proteins: HN (hemagglutinin-neuraminidase), NP
(nucleocapsid protein), P (phosphoprotein), M (matrix protein), F (fusion protein), and L
(RNA-dependent RNA polymerse).

[0004] Viral vector vaccines represent one of the most rapidly growing areas in vaccine
development. Many vaccines 1n clinical development for major global infectious diseases,

HIV, tuberculosis and malaria, are viral vectors. The disadvantage of currently used viral
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vectors 18 the existence of maternally derived antibodies or antibodies acquired due to a past
infection.

[0005] Recently, plants and algae have been investigated as a source for the production of
therapeutic agents such as vaccines, antibodies, and biopharmaceuticals. These plant and
algae expression systems provide several advantages. For example, deriving vaccines from
plant or algae expression products can eliminate the risk of contamination with animal
pathogens, provide a heat-stable environment, and would avoid 1injection-related hazards 1f
administered as an edible agent (Thanavala et al., Expert Rev. Vaccines 2006, 5, 249-260).
In addition, plants or algac can be grown on a large scale and can utilize existing cultivation,
harvest, and storage facilitiecs. Furthermore, there 15 a lower cost of production and
processing to derive therapeutic agents from plants (Giddings et al., Nature Biotech. 2000,
18, 1151-1155) or algae. The F and HN proteins of NDV were expressed in potato plants for
developing edible vaccine against NDV (Berinstein A., et al., 2005, Vaccine 23: 5583-6689).
WO02004/098533 discloscs the cxpression of the NDV HN antigen and the Avian Influcnza
Virus HA antigen 1n tobacco plants. US patent application publication No. US2010/0189731
discloses the expression ot Avian Influenza Virus HA antigen in duckweed plants.

[0006] Development of vaccines, antibodies, proteins, and biopharmaceuticals from
plants or algae 1s far from a remedial process, and there are numerous obstacles that are
commonly assoclated with such vaccine production. Limitations to successfully producing
plant vaccines include low yield of the bioproduct or expressed antigen (Chargelegue et al.,
Trends 1n Plant Science 2001, 6, 495-496), protein instability, inconsistencies in product
quality (Schillberg et al., Vaccine 2003, 23, 1764-1769), and insufficient capacity to produce
viral-like products of expected size and immunogenicity (Arntzen et al., Vaccine 2005, 23,
1753-1756). In order to address these problems, codon optimization, carcful approaches to
harvesting and purifying plant or algae products, use of plant parts such as chloroplasts to
increase uptake of the material, and improved subcellular targeting are all being considered as
potential strategies (Koprowski, Vaccine 2005, 23, 1757-1763).

[0007] Considering the potential effect of animal pathogens, such as NDV on public
health and the economy, methods of preventing infection and protecting animals are needed.
Moreover, there 18 a need for an effective vaccine against the pathogens and a suitable

method for making the vaccine.

SUMMARY OF THE INVENTION
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[0008] Compositions comprising NDV (Newcastle Disease Virus) antigens and fragments
and variants thereof are provided. The NDV antigens and fragments and variants thereof possess

immunogenic and protective properties. Preferably, the NDV antigens comprise an NDV HN
(hemagglutinin-neuraminidase) antigen or fragment or variant thereof. The NDV antigens may be

produced in plants or algae.

[0009] The NDV antigens and fragments and variants thereof can be formulated into
vaccines and/or pharmaceutical compositions. Such vaccines or compositions can be used to

vaccinate an animal and provide protection against at least one form of NDV.

[0010] Methods of the invention include methods for making the NDV antigens and
fragments and variants thereof in plants or algae. The methods also include methods of use
including administering to an animal an effective amount of NDV antigenic polypeptide(s) and
fragments and variants thereof to elicit a protective immunogenic response. After production in
plants or algae, the NDV antigenic polypeptides and fragments and variants thereof can be

partially or substantially purified for use as a vaccine or composition.

[0011] Kits comprising at least one NDV antigenic polypeptide or fragment or variant

thereot and instructions for use are also provided.

[0011a] In another embodiment, the invention provides a composition comprising an NDV
(Newcastle Disease Virus) HN (Hemagglutinin-Neuraminidase) polypeptide or antigen and a
pharmaceutical or veterinarily acceptable carrier, excipient, vehicle or adjuvant; wherein the
NDV HN polypeptide or antigen is obtained by expression in Schizochytrium, wherein the
NDV HN polypeptide or antigen comprises an amino acid sequence having at least 90%
sequence 1dentity to the full length of the sequence as set forth in SEQ ID NO: 3, 5, 7. 9, 15,
17,19, or 20, and wherein the NDV HN polypeptide or antigen is glycosylated and contains

high-mannose type glycans.

[0011b]  In another embodiment, the invention provides use, for the vaccination of an animal

susceptible to NDV, of the composition as described herein.

[0011c] In another embodiment, the invention provides a substantially purified NDV

polypeptide or antigen wherein the NDV polypeptide or antigen is obtained by expression in

Schizochytrium, wherein the NDV HN polypeptide or antigen comprises an amino acid

sequence having at least 90% sequence identity to the full length of the sequence as set forth

3
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in SEQ ID NO: 3,5,7,9,15, 17, 19, or 20, and wherein the NDV HN polypeptide or antigen

1s glycosylated and contains high-mannose type glycans.

[0011d]  In another embodiment, the invention provides Schizochytrium culture stably
transformed with a gene for expressing an NDV HN polypeptide or antigen comprising an

amino acid sequence having at least 90% sequence identity to the full length of the sequence

as set forth in SEQ ID NO: 3,5, 7,9, 15, 17, 19, or 20.

[0011¢] [n another embodiment, the invention provides a method of producing an

NDYV HN polypeptide or antigen, comprising: (a) culturing a Schizochytrium culture within a
Schizochytrium culture medium, wherein the Schizochytrium culture is stably transformed to
express the NDV HN polypeptide, and wherein the NDV HN polypeptide is expressed from a
nucleotide sequence comprising a coding sequence for the NDV HN polypeptide and an

operably linked coding sequence tor a signal peptide that directs secretion of the polypeptide

into said culture medium and the NDV HN polypeptide or antigen comprises an amino acid
sequence having at least 90% sequence identity to the full length of the sequence as set forth
in SEQ ID NO: 3,5,7,9, 15, 17, 19, or 20; and (b) collecting the NDV HN polypeptide or

antigen from the culture medium.

[0011f] In another embodiment, the invention provides a plasmid comprising a DNA
fragment encoding a signal peptide having a sequence as set forth in SEQ ID NO: 13, or 21
wherein the DNA fragment is operably linked to a polynucleotide encoding an NDV HN

polypeptide or antigen comprising an amino acid sequence having at least 90% sequence

1dentity to the full length of the sequence as set forth in SEQ ID NO: 3,5, 7,9, 15, 17, 19,

or 20, wherein the plasmid 1s for Schizochytrium transformation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The following detailed description, given by way of example, but not intended to limit
the invention solely to the specific embodiments described, may best be understood in conjunction

with the accompanying drawings, in which:

[0013] Figure 1 provides a table showing the SEQ ID NO assigned to the polynucleotide and

protein sequence.

3a
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[0014]} Figure 2 provides DNA and protein sequences of NDV HN genes and the

glycosylation sites.

[0015] Figure 3 shows the HA analysis in 96 well plate format.

[0016] Figure 4 shows the SDS-PAGE and Western blot analysis of the expressed
NDV HN gene.

[0017] Figure S shows the pictures of coomassie stain, periodic acid staining, immunoblot for

glycosylation analysis and glycosylation site analysis.

[0018] Figures 6a and 6b provide the protein sequence alignments of NDV HN from

different strains and mature protein sequence (without signal peptide).

[0019] Figures 7a provides the sequence alignment of DNA from different NDV strains.

Fig. 7b shows the DNA sequence alignment between wildtype and codon-optimized

3b
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(microalgac-preferred) DNA coding for NDV HN and wildtype and codon-optimized
(duckweed-preferred) DNA coding for NDV HN. Figure 7c depicts the plasmid maps for
duckweed plant transformation.

[0020] Figure 8 provides the sequence alignment of NDV HN proteins to show the HN
linear epitope region.

[0021] Figure 9 provides a table showing the location and presence of glycosylation sites
in NDV HN of different strains.

[0022] Figure 10 provides a graphical feature map of the glycosylation sites and the HN
linear epitope region of NDV HN CA/02 Protemn (SEQ ID NO:3).

[0023] Figure 11 provides peptide sequence analysis of expressed NDV HN (SEQ ID
NO:3) 1n algace.

[0024] Figure 12 provides the HI titer test result and motality test result.

DETAILED DESCRIPTION

[0025] Compositions comprising an NDV (Newcastle Disease Virus) antigen and
fragments and variants thereof that elicit an immunogenic response in an animal are provided.
The NDV antigen or fragments or variants therecof may be produced in algac. The NDV
antigen or fragments or variants may be formulated 1nto vaccines or pharmaceutical
compositions and used to clicit or stimulate a protective response in an animal. In one
embodiment the NDV antigen 1s an NDV hemaglutinin-neuraminidase (HN) polypeptide or
active fragment or variant thercof.

[0026] It 1s recognized that the antigenic polypeptides of the invention may be full length
polypeptides or active fragments or variants thercof. By “active fragments” or “active
variants” 18 intcndcd that the fragments or variants rctain the antigenic nature of the
polypeptide. Thus, the present invention encompasses any NDV polypeptide, antigen,
epitope or immunogen that elicits an immunogenic response 1n an animal. The NDV
polypeptide, antigen, epitope or immunogen may be any NDV polypeptide, antigen, epitope
or immunogen that elicits, induces or stimulates a response 1n an animal.

[0027] A particular antigenic polypeptide of interest 1s hemagglutinin-neuraminidase
(HN). The glycoprotein, hemagglutinin-neuraminidase (HN) has the transmembrane region
located in the amino-terminal region making 1t a type II integral membrane protein that 1s
involved with viral attachment to cells via sialic acid receptors. The HN protein protrudes

from the envelope allowing the virus to contain both hemagglutinin and neuraminidase

activities (Yusoff K, Tan WS, 2001, Avian Pathol 30:439-455).
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[0028] However, there are different antigens, any of which can be used 1n the practice of
the invention. It 1s further recognized that precursors of any of these antigens can be used.
[0029] The antigenic polypeptides of the invention are capable of protecting against
NDYV. That 1s, they are capable of stimulating an immune response 1n an animal. By
“antigen” or “immunogen’ means a substance that induces a specific immune response 1n a
host animal. The antigen may comprise a whole organism, killed, attenuated or live; a
portion of an organism; a recombinant vector containing an insert with immunogenic
properties; a piece or fragment of DNA capable of inducing an immune response upon
presentation to a host animal; a polypeptide, an epitope, a hapten, or any combination thereof.
Alternately, the immunogen or antigen may comprise a toxin or antitoxin.

[0030] The terms “protein”, “peptide”, “polypeptide™ and “polypeptide fragment™ are
used interchangeably herein to refer to polymers of amino acid residues of any length. The
polymer can be lincar or branched, it may comprise modified amino acids or amino acid
analogs, and 1t may bc¢ intcrrupted by chemical moictics other than amino acids. The tcrms
also encompass an amino acid polymer that has been modified naturally or by intervention;
for example disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation,
or any other manipulation or modification, such as conjugation with a labeling or bioactive
component.

[0031] The term “immunogenic or antigenic polypeptide” as used herein includes
polypeptides that are immunologically active 1n the sense that once admimistered to the host,
it 18 able to evoke an immune response of the humoral and/or cellular type directed against
the protein. Preferably the protein fragment 1s such that 1t has substantially the same
immunological activity as the total protein. Thus, a protein fragment according to the
Invention comprises or consists essentially of or consists of at least one epitope or antigenic
determinant. An "immunogenic” protein or polypeptide, as used herein, includes the full-
length sequence of the protein, analogs thereof, or immunogenic fragments thercof. By
"Immunogenic fragment” 1s meant a fragment of a protein which includes one or more
epitopes and thus elicits the immunological response described above. Such fragments can
be 1dentified using any number of epitope mapping techniques well known 1n the art. See,
e.g., Epitope Mapping Protocols in Methods 1n Molecular Biology, Vol. 66 (Glenn E. Morris,
Ed., 1996). For example, linear epitopes may be determined by e.g., concurrently
synthesizing large numbers of peptides on solid supports, the peptides corresponding to
portions of the protein molecule, and reacting the peptides with antibodies while the peptides

are still attached to the supports. Such techniques are known 1n the art and described 1n, e.g.,
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U.S. Pat. No. 4,708,871. Similarly, conformational epitopes are readily 1dentified by
determining spatial conformation of amino acids such as by, e.g., x-ray crystallography and
2-dimensional nuclear magnetic resonance. See, ¢.g., Epitope Mapping Protocols, supra.
[0032] As discussed herein, the invention encompasses active fragments and variants of
the antigenic polypeptide. Thus, the term “mmmunogenic or antigenic polypeptide” further
contemplates deletions, additions and substitutions to the sequence, so long as the
polypeptide functions to produce an immunological response as defined herein. The term
"conservative variation” denotes the replacement of an amino acid residue by another
biologically similar residue, or the replacement of a nucleotide 1n a nucleic acid sequence
such that the encoded amino acid residue does not change or 1s another biologically similar
residue. In this regard, particularly preferred substitutions will generally be conservative in
nature, 1.¢., those substitutions that take place within a family of amino acids. For example,
amino acids are generally divided into four families: (1) acidic--aspartate and glutamate; (2)
basic--lysinc, argininc, histidinc; (3) non-polar--alaninc, valinc, Icucing, 1solcucinge, prolinc,
phenylalanine, methionine, tryptophan; and (4) uncharged polar--glycine, asparagine,
glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine are
sometimes classified as aromatic amino acids. Examples of conservative variations include
the substitution of one hydrophobic residue such as 1soleucine, valine, leucine or methionine
for another hydrophobic residue, or the substitution of one polar residue for another polar
residue, such as the substitution of arginine for lysine, glutamic acid for aspartic acid, or
glutamine for asparagine, and the like; or a sitmilar conservative replacement of an amino acid
with a structurally related amino acid that will not have a major effect on the biological
activity. Proteins having substantially the same amino acid sequence as the reference
molecule but possessing minor amino acid substitutions that do not substantially affect the
immunogenicity of the protein are, therefore, within the definition of the reference
polypeptide. All of the polypeptides produced by these modifications are included herein.
The term "conservative variation" also includes the use of a substituted amino acid 1 place of
an unsubstituted parent amino acid provided that antibodies raised to the substituted
polypeptide also immunoreact with the unsubstituted polypeptide.

[0033] The term "epitope” refers to the site on an antigen or hapten to which specific B
cells and/or T cells respond. The term 1s also used interchangeably with "antigenic
determinant” or "antigenic determinant site”. Antibodies that recognize the same epitope can
be 1dentified 1in a simple immunoassay showing the ability of one antibody to block the

binding of another antibody to a target antigen.
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[0034] An "immunological response” to a composition or vaccine 1s the development 1n
the host of a cellular and/or antibody-mediated immune response to a composition or vaccine
of mterest. Usually, an "immunological response” includes but 1s not limited to one or more
of the following effects: the production of antibodies, B cells, helper T cells, and/or cytotoxic
T cells, directed specifically to an antigen or antigens included 1n the composition or vaccine
of mterest. Preferably, the host will display either a therapeutic or protective immunological
response such that resistance to new infection will be enhanced and/or the clinical severity of
the discase reduced. Such protection will be demonstrated by either a reduction or lack of
symptoms normally displayed by an infected host, a quicker recovery time and/or a lowered
viral titer in the infected host.

[0035] By “animal” 1s intended mammals, birds, and the like. Animal or host as used
herein mncludes mammals and human. The animal may be selected from the group consisting
of equine (¢.g., horse), canine (¢.g., dogs, wolves, foxes, coyotes, jackals), feline (e.g., hons,
tigers, domgestic cats, wild cats, other big cats, and other fclines including chectahs and lynx),
ovine (€.g., sheep), bovine (e.g., cattle), porcine (e.g., p1g), avian (¢.g., chicken, duck, goose,
turkey, quail, pheasant, parrot, finches, hawk, crow, ostrich, emu and cassowary), primate
(e.g., prosimian, tarsier, monkey, gibbon, ape), and fish. The term “animal” also includes an
individual animal 1n all stages of development, including embryonic and fetal stages.

[0036] The term “‘plants™ as used herein includes both dicotyledonous (dicot) plants and
monocotyledonous (monocot) plant. Dicot plants include, but are not limited to, legumes
such as pea, alfalfa and soybean, carrot, celery, tomato, potato, tobacco, pepper, oilseed rape,
beet, cabbage, cauliflower, broccoli, lettuce, peanut, and the like. Monocot plants include, but
arc not limited to, cereals such as wheat, barley, sorghum and muillet, rye, triticale, maize, rice
or oats, sugarcane, duckweed, grasses, and the like. The term “plant” also include non-
flowering plants including, but not limited to, ferns, horsetails, club mosses, mosses,
liverworts, hornworts, algae. The terms “algae” and “alga’™ as used herein include any strain
of algac capable of producing a polypeptide or fragment or variant thercof. The algac may
include, for example, red, brown, and green algae, gametophytes, and the like. The algae may
be microalgae. The microalgac may be Thraustochytriaceae, for example, Schizochytrium,
Thraustochytrium, Labyrinthuloides, and Japonochytrium.

[0037] Unless otherwise explained, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill 1n the art to which this

66 0% 46

disclosure belongs. The singular terms “a”, “an”, and “the” include plural referents unless
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context clearly indicates otherwise. Similarly, the word “or’is intended to include *“‘and”
unless the context clearly indicates otherwise.

0038] It is noted that in this disclosure and particularly in the claims and/or paragraphs,
terms such as “comprises”, “comprised”, “comprising” and the like can

mean “includes”, “included”, “including”, and the like; and that terms such as “consisting
essentially of” and “consists essentially of” allow for elements not explicitly recited,

but exclude elements that are found in the prior art or that affect a basic or novel

characteristic of the invention.

Compositions

[0039]  The present invention relates to an NDV vaccine or cdmposition which may

comprise an effective amount of a recombinant NDV polypeptide or antigen and a
pharmaceutically or veterinarily acceptable carrier, excipient, or vehicle. The NDV
polypeptide, antigen, epitope or Lmmunogen may be any NDV polypeptide, antigen, epitope
or immunogen that elicits, induces or stimulates a response in an animal. In one embodiment,
the NDV polypeptide, antigen, epitope or immunogen is a hemagglutinin-neuramidase (HN),
RNA polymerase, Fusion protein (F), matrix protein, phosphoprotein and a nucleoprotein. In
another embodiment, the NDV antigen may be a hemagglutinin-neuramidase (FHN).

[0040] The invention is based, in part, on Applicants’ surprising discovery that a
recombinant NDV HN gene expressed in a plant or algal protein expression system was
highly immunogenic and protected animals against challenge from homologous and
heterologous NDV strams.

[0041}] The present invention relates to an NDV vaccine or composition which may
comprise an effective amount of a recombinant NDV HN polypeptide or antigen and a
pharmaceutically or veterinarily acceptable carrier, excipient, or vehicle. In one embodiment,
the recombinant NDV HN antigen is expressed in algae. In yet another embodiment, the
algae are selected from Schizochytrium. In one embodiment, the recombinant NDV HN

antigen may be expressed in a Schizochytrium protein expression system, as described, for
example, in US 7,001,772, US 2008/0022422, US 2006/0275904, US 2006/0286650.

[0042] In an embodiment, the subject matter disclosed herein is directed to a composition
comprising a recombinant NDV HN polypeptide or antigen produced by a duckweed
expression system and plant material from duckweed, including the genus Lemna, and a

pharmaceutical or veterinarily acceptable carrier, excipient or vehicle. In another
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embodiment, the subject matter disclosed herein 1s directed to an optionally aglycosylated
protein produced by a duckweed expression system comprising an NDV HN polypeptide or
antigen. The recombinant NDV HN polypeptide or antigen may be expressed 1n a Lemna
minor protein expression system, such as Biolex's LEX system”™.

[0043] In one embodiment, the pharmaceutically or veterinarily acceptable carrier,
excipient, or vehicle may be a water-in-o1l emulsion. In another embodiment, the water-in-
o1l emulsion may be a water/oil/water (W/O/W) triple emulsion. In yet another embodiment,
the pharmacecutically or veterinarily acceptable carrier, excipient, or vehicle may be an oil-in-
water emulsion.

[0044] In an embodiment, the composition or vaccine comprises a recombinant vector
and a pharmaceutical or veterinary acceptable excipient, carrier or vehicle. The recombinant
vector 18 plant or algae expression vector which may comprise a polynucleotide encoding an
NDYV polypeptide, antigen, epitope or immunogen. In one embodiment, the NDV
polypcptide, antigen, cpitope or immunogcen may be derived from an avian infected with
NDYV or an avian NDV strain.

[0045] In an embodiment, the NDV polypeptide or antigen or fragment or variant thereof
comprises an NDV HN polypeptide or fragment or variant thercof. In an aspect of this
embodiment, the HN polypeptide or fragment or variant thereot 1s a recombinant polypeptide
produced by an NDV HN gene. In another aspect of this embodiment, the NDV HN gene has
at least 70% 1dentity to the sequence as set forth in SEQ ID NO: 1, 2, 4, 6, 8, 12, 14, 16, 18,
22 or 23. In another aspect of this embodiment, the NDV HN polypeptide or fragment or
variant thercof has at least 80% 1dentity to the sequence as sct forth in SEQ ID NO: 3, 5,7, 9,
10, 11, 13,15, 17, 19, 20, 21, or 28. In another aspect of this embodiment, the HN
polypeptide or fragment or variant thereof comprises an HN linear epitope region. In another
aspect of this embodiment, the epitope region has at least 80% 1dentity to the sequence as set
forth in SEQ ID NO: 10, 11, or 28.

[0046] In an embodiment, the NDV antigen 1s partially purified; or, in another
embodiment, the NDV antigen 1s substantially purified. In yet another embodiment, the NDV
antigen 18 present 1n the microalgae harvested in whole. In yet another embodiment, the NDV
antigen 1s present 1in the low-speed supernatant.

[0047] Synthetic antigens are also included within the definition, for example,
polyepitopes, flanking epitopes, and other recombinant or synthetically derived antigens.

See, €.g., Bergmann et al., 1993; Bergmann et al., 1996; Suhrbier, 1997; Gardner et al., 1998.

Immunogenic fragments, for purposes of the present invention, will usually include at least
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about 3 amino acids, at least about 5 amino acids, at least about 10-15 amino acids, or about
15-25 amino acids or more amino acids, of the molecule. There 1s no critical upper limit to
the length of the fragment, which could comprise nearly the tull-length of the protein
sequence, or even a fusion protein comprising at least one epitope of the protein.

[0048] Accordingly, a minimum structure of a polynucleotide expressing an epitope 1s
that 1t comprises or consists essentially of or consists of nucleotides encoding an epitope or
antigenic determinant of an NDV polypeptide. A polynucleotide encoding a fragment of an
NDYV polypeptide may comprise or consist essentially of or consist of a minimum of 15
nucleotides, about 30-45 nucleotides, about 45-75, or at least 57, 87 or 150 consecutive or
contiguous nucleotides of the sequence encoding the polypeptide. Epitope determination
procedures, such as, gencrating overlapping peptide libraries (Hemmer et al., 1998), Pepscan
(Geysen ct al., 1984; Geysen ¢t al., 1985; Van der Zee R. et al., 1989; Geysen, 1990;
Multipin. RTM. Peptide Synthesis Kits de Chiron) and algorithms (D¢ Groot et al., 1999;
PCT/US2004/022605) can bc uscd 1n the practice of the invention.

10049] Glycosylation of a protein may have multiple effects on the immunogenicity of a
protein. In the case of NDV, 1t appears glycosylation 1s required for the proper folding of the
protein and conformational epitope formation (McGinnes, L. W., and T. G. Morrison. 1995,
Virology 212:398-410.). According to McGinnes, ef al., glycosylation of the HN protein at
glycosylation sites 433 and 481 (see Figures 8-10) are required for protein binding activity
and conformational epitope formation. Proper glycosylation of the HN protein may be
required for the protein function and the immune response of the host to the composition of
the invention.

[0050] Conformational epitopes and a primary linear epitope of the HN protein are
described 1n Gotoh, BT, et al., 1988, Virology 163:174-82, Iorio, R. M., J. B. et al., 1986, J
Gen Virol 67:1393-403, Iorio, RM, ¢t al., 1989, Virus Res 13:245-61. It appears that
variations in the linear epitope may be the cause of vaccine evasion by emerging strains (Cho,
SH, et al., 2008, J Clin Microbiol 46:1541-4). Figure 8 provides an alignment of the HN
proteins from four NDYV strains to show the level of variation 1n the linear epitope region.
10051} The term “nucleic acid” and “polynucleotide” refers to RNA or DNA that 1s lincar
or branched, single or double stranded, or a hybrid thereof. The term also encompasses
RNA/DNA hybrids. The following are non-limiting examples of polynucleotides: a gene or
gene fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, 1solated DNA of any sequence,

1solated RNA of any sequence, nucleic acid probes and primers. A polynucleotide may
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comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs,
uracyl, other sugars and linking groups such as fluororibose and thiolate, and nucleotide
branches. The sequence of nucleotides may b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>