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57 ABSTRACT

Immunogenic polypeptides corresponding to one or more
RSV G glycoproteins, or analogues thereof, are provided as
components of vaccines. The inventive compositions are use-
ful as both a prophylactic and therapeutic for the prevention
and treatment of RSV infections and associated pulmonary or
other diseases. The inventive immunogens include regions of
the RSV G protein, specifically, amino acid residues 164-176
of RSV G A2 protein or analogues thereof. This inventive
immunogen is operable alone or in combination with other
polypeptides such as the RSV G protein amino acid residues
155-206, or other vaccines such as live RSV vaccines, or
inactivated RSV vaccines or immunogenic analogues
thereof.

10 Claims, 5 Drawing Sheets
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treated (low-dose) mice. The open squares represent anti-RSV G antibody treated (high-dose) treated
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1
ANTI-RSV IMMUNOGENS AND METHODS
OF IMMUNIZATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. National Stage of PCT/
US2010/044434 filed Aug. 4, 2010, which claims priority to
U.S. Provisional Application No. 61/231,162 filed Aug. 4,
2009 and U.S. Provisional Application No. 61/333,496 filed
May 11, 2010, the entire contents of each of which are incor-
porated herein by reference.

FIELD OF THE INVENTION

The invention relates generally to poly-amino acid immu-
nogens. More specifically, the invention relates to polypep-
tides related to RSV-G glycoprotein that induces an immune
response in a subject. The peptides promote immunity to RSV
infection while preventing undesirable immunological
responses in a subject.

BACKGROUND OF THE INVENTION

Respiratory syncytial virus (RSV) is the most common
cause of serious lower respiratory illness in infants and young
children worldwide. Immunoprotection is incomplete after a
subject has been exposed to RSV such that repeat infections
occur throughout life often with serious complications in the
elderly and immune compromised patients. Unfortunately,
while numerous vaccine candidates have been proposed and
studied, there is no safe and effective vaccine available and
treatment options are limited.

RSV displays two major surface viral proteins, the G (at-
tachment) and the F (fusion) glycoproteins. The RSV F gly-
coprotein is much more effective in inducing protective
immunity in animal model systems. Consequently, efforts to
treat and prevent RSV infection have often focused on anti-
RSV F protein antibodies, antiviral drugs that affect the F
protein, and live virus or F protein-based vaccines. For
example, prophylactic treatment with a palivizumab (a neu-
tralizing, anti-RSV F protein monoclonal antibody)
decreases the incidence of serious RSV induced infection in
high-risk infants and young children. Palivizumab is not
effective in treating active infection and as such is limited in
its use. Similarly, other treatments for acute RSV infection
also proved ineffective or minimally effective. For example,
the antiviral Ribavirin has limited efficacy and is seldom used
except for treatment of infection in immunocompromised
patients. Without being limited to a single hypothesis, one
possible explanation for the ineffectiveness of existing RSV
treatments is that the virus-induced host inflammatory
response is important to disease pathogenesis and this inflam-
matory response is only partially responsive to antiviral
therapy once infection is established. Consequently, effective
treatment may require both anti-inflammatory and antiviral
components.

The G protein of RSV may play a role in inducing and
modulating the host immune response to infection. Intact
RSV G protein expression in the infecting virus is associated
with a lower frequency of IFNy expressing cells and a higher
frequency of IL-4 expressing cells. RSV G protein has also
been associated with increased pulmonary eosinophilia after
RSV challenge in formalin-inactivated RSV vaccinated mice,
increased pulmonary levels of substance Pin RSV challenged
mice, and decreased respiratory rates associated with its
administration to mice.
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Efforts to make a safe and effective vaccine have failed to
date. One problem in developing a vaccine is the fact that a
formalin inactivated vaccine led to more serious disease with
later RSV infection when administered to young children,
leading to concerns that any non-live RSV vaccine may be
unsafe in young children. Another problem with prior art
vaccines is an inability to induce a highly effective protective
immune response. This problem is highlighted by the fact that
natural infection provides only limited protection from rein-
fection and disease.

As such, there is a need for a safe and effective vaccine for
RSV.

SUMMARY OF THE INVENTION

The present invention provides a single or multi-compo-
nent vaccine that has one or more isolated immunogens
related to the RSV G protein. Inventive vaccines include one
or more immunogens corresponding to fragments of RSV G
protein including residues 164-176, residues 163-190, and
residues 155-206 of SEQ ID NOs 1, 7, 8, or analogues
thereof. Optionally, the immunogens are amino acid
sequences corresponding to one or more of SEQ ID NOs: 2-6,
or analogues thereof. The immunogens produce antibodies or
otherwise produce an immune response in an immunized
subject. One or more immunogens optionally include a tag to
assist in isolation of the immunogen. An immunogen is
optionally recombinant.

In a multi-component vaccine (i.e. at least a first and a
second immunogen) the immunogens are optionally associ-
ated by a linker. Association is optionally covalent. A linker is
optionally an intermediate polypeptide fragment that may be
excisable. In some embodiments the immunogens of a multi-
component vaccine are the polypeptides of SEQ ID NOs: 3,4,
5, 6, or analogues thereof.

Inventive vaccines optionally contain an adjuvant illustra-
tively dimethyl dioctadecyl-ammonium bromide (DDA);
monophosphoryl lipid A (MPL); LTK63, lipophilic quater-
nary ammonium salt-DDA, DDA-MPL, aluminum salts, alu-
minum hydroxyide, aluminum phosphate, potassium alumi-
num  phosphate, Montanide ISA-51, ISA-720,
microparticles, immunostimulatory complexes, liposomes,
virosomes, virus-like particles, CpG oligonucleotides, chol-
era toxin, heat-labile toxin from E. coli, lipoproteins, den-
dritic cells, IL-12, GM-CSF, nanoparticles illustratively
including calcium phosphate nanoparticles, combination of
soybean oil, emulsifying agents, and ethanol to form a
nanoemulsion; AS04, ZADAXIN, or combinations thereof.

The inventive vaccines optionally contain an emulsifica-
tion agent illustratively supramolecular biovectors (SMBV),
nanoparticles, liposomes, or combinations thereof.

The invention also provides a process of creating an
immune response in a subject. Optionally, the process
includes administering an inventive immunogen or polypep-
tide to a subject. Administration is by any effective method
known in the art illustratively subcutaneous, intramuscular,
intranasal, oral, intravaginal, intravenous, intramucosal, or
combinations thereof.

More than one vaccine is optionally administered to a
subject. A second vaccine is optionally administered prior to,
simultaneously with, or subsequent to administration of a first
vaccine. It is appreciated that a second vaccine is optionally
an amino acid sequence corresponding to amino acid position
155 to amino acid position 206 of SEQ ID NO: 1 or an
analogue thereof; or an amino acid sequence corresponding
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to amino acid position 163 to amino acid position 190 of SEQ
ID NOs: 1, 7, 8, or an analogue thereof; or a combination
thereof.

Optionally, the present invention is administered to make
another RSV vaccine safer by inducing antibodies that protect
from an aberrant or enhanced response to otherwise induced
by the different type of RSV vaccine.

Also provided is a pharmaceutical package including a
vaccine with one or more immunogens of the subject inven-
tion, an emulsification agent and an adjuvant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents the relative levels of IL-4 (A) or IFNy (B)
in mice challenged with RSV that were either treated or not
treated with antibodies that bind the G protein similar to those
induced by the inventive immunogens where the black bars
represent control antibody treated mice, the open bars repre-
sent anti-RSV G antibody treated (low-dose or 150 pg) mice,
and the gray bars represent anti-RSV G antibody treated
(high-dose or 300 pg) treated mice;

FIG. 2 represents virus titer reductions in mice challenged
with RSV that were treated or not treated with antibodies that
bind the G protein similar to those induced by the inventive
immunogens after RSV infection where solid squares repre-
sent control antibody treated mice, open triangles represent
anti-RSV G antibody treated (low-dose) mice, and the open
squares represent anti-RSV G antibody treated (high-dose)
treated mice;

FIG. 3 represents reduction in pulmonary eosinophilia in
formalin-inactivated-RSV A2 (FI-A2) vaccinated mice chal-
lenged with RSV following prophalytic treatment, or not,
with antibodies that bind the G protein similar to those
induced by the inventive immunogen after RSV challenge;

FIG. 4 represents the total cell content of BAL fluid (A),
eosinophil levels in BAL (B), IL-4 content in BAL fluid (C)
and weight loss in mice challenged with RSV following
immunization with FI-A2 and vaccines from RSVGA-CH17
(SEQ ID NO.5),

FIG. 5 represents the total cell content of BAL fluid (A),
eosinophil levels in BAL (B), IL-4 content in BAL fluid (C)
and weight loss in mice following RSV challenge after being
immunized with FI-A2 and vaccines derived from RSVGA-
A2 (SEQIDNO. 4).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention may be understood more readily by
reference to the following detailed description of the pre-
ferred embodiments of the invention and the Examples
included herein.

Before the present compounds and methods are disclosed
and described, it is to be understood that this invention is not
limited to specific proteins, specific methods, or specific
nucleic acids, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not
intended to be limiting.

It must be noted that, as used in the specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise.

The present invention both results in an effective and pro-
tective immune response, but also does not suffer the propen-
sity to induce more serious disease similar to the formalin
inactivated respiratory syncytial virus (RSV) vaccines of the
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prior art. As such, the present invention has utility as an
immunogen and method of immunization against infection
by RSV.

An aspect of this invention provides non-live RSV vac-
cines which are produced, or non-live RSV vaccines which
are improved, by selecting regions of the RSV G glycoprotein
so that when the vaccines are administered to a human or
animal higher titers of antibodies are produced that block the
biological action of polypeptide portions of the G glycopro-
teins of subsequently-infecting RSV viruses or promote
removal of viruses or infected cells.

In another aspect of this invention vaccines are provided
which when administered to a human or animal, induce an
immune response such as the production of antibodies that
block or otherwise alter the biological function of the G
glycoprotein of subsequently-infecting RSV viruses. Alter-
natively, the vaccine includes one or more G glycoprotein
peptides or polypeptides, or analogues thereof, from different
RSV strains having the foregoing ability. RSV strains illus-
tratively include those expressing RSVGA, RSVGA2, RSV-
GA_CH17 or RSVB G glycoprotein.

Also provided is a method for improving or identifying
drugs, antibodies, peptides, polypeptides or other blocking
molecules that can be used to treat RSV disease and/or to be
used as vaccines to prevent RSV disease.

The present invention employs a polypeptide that includes
a 13 amino acid sequence of the RSV G protein (aa 164 t0 176
inthe A2 strain of RSV) or an immunogenic analogue thereof,
the RSV G protein (RSVGA_CH17 synthetic aa 163-190),
the RSVB G protein sequence RSVGB (synthetic aa 155-
206) or two polypeptides one each for the RSV group A and
B strain specific and conserved regions (illustratively amino
acids 163 to 190 for group A and amino acids 155 to 206 for
group B strains of RSV) that effectively induce immunopro-
tective antibodies in a subject. In addition, the 13 aa region is
substantially conserved among RSV strains and the combi-
nation of the group A and B specific regions are present on all
strains such that the inventive vaccines provide broad-based
protection.

An immunogen illustratively includes amino acid residues
corresponding to amino acids 164 to 176 of SEQID NO: 1, or
an analogue thereof. Optionally, the immunogen is the amino
acid sequence of SEQ ID NO: 2.

In some embodiments an analogue of an immunogen is
used as an immunogen. An analog is optionally an immuno-
gen with one or more mutations such as amino acid substitu-
tions, insertions, alterations, modifications, or other amino
acid changes that increase, decrease, or not alter the ability of
the protein to elicit an immune response in a subject, bind to
CX3CR1, or both relative to a wild-type protein. It is appre-
ciated that the CX3C motif is immune modulatory. Altering
the amino acid of the motif, or alterations in regions near the
motif in a wild type immunogen improves safety while still
producing antibodies that block the binding of an immunogen
to the receptor CX3CR1. Therefore, it is also appreciated that
amino acid insertions, illustratively to produce a CXI1C,
CX2C, CX4C, CX5C, CX6C to CX10C inclusive, are per-
formed. Optionally, one or more of the cysteine residues in
the chemokine motif, CX3C, is altered such as by deletion,
substitution, or other modification to the cysteine residue(s)
itself. Itis appreciated that any combination of the alterations
to a wild-type immunogen sequence is envisioned.

Several post-translational modifications are similarly envi-
sioned as within the scope of the present inventions illustra-
tively including incorporation of a non-naturally occurring
amino acid(s), phosphorylation, glycosylation, addition of
pendent groups such as biotinylation, fluorophores, lumi-
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phores, radioactive groups, antigens, or other molecules all of
which are encompassed by the term analogue. An analogue of
an immunogen is optionally a fragment of an immunogen. An
analogue of an immunogen is a polypeptide that has some
level of activity of inducing an immune response in a subject
toward a region of the RSV G glycoprotein. An analogue
optionally has between 0.1% and 200% the activity of a
wild-type immunogen. An analogue of an immunogen is
optionally a wild-type RSV G glycoprotein sequence that is
altered in at least property relative to the wild-type protein
sequence. Such properties illustratively include immunoge-
nicity, thermal stability, pH/stability profile, stability towards
oxidation, solubility, or combinations thereof. Methods of
synthesizing an immunogen, modifying an immunogen, test-
ing for immunogenic activity or a property of an immunogen
analogue illustratively receptor binding, or expressing an
immunogen or analogue thereof are achievable by methods
ordinarily practiced in the art illustratively by methods dis-
closed in Molecular Cloning: A Laboratory Manual, 2nd ed.,
vol. 1-3, ed. Sambrook et al., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989; Current Protocols in
Molecular Biology, ed. Ausubel et al., Greene Publishing and
Wiley-Interscience, New York, 1992 (with periodic updates);
and Short Protocols in Molecular Biology, ed. Ausubel et al.,
52 ed., Wiley-Interscience, New York, 2002, the contents of
each of which are incorporated herein by reference.

An immunogen illustratively includes amino acid residues
corresponding to amino acids 163 to 190 of SEQ ID NOs: 1,
8, or analogues thereof. Optionally, the immunogen is the
amino acid sequence of SEQ ID NOs: 4 or 5.

An immunogen illustratively includes amino acid residues
corresponding to amino acids 155 to 206 of SEQ ID NO 7 or
an analogue thereof. Optionally, the immunogen is the amino
acid sequence of SEQ ID NO: 6.

The term “polypeptide” “protein” or are used interchange-
ably herein and are illustratively a chain of two or more amino
acid residues. An immunogen is illustratively a polypeptide
that has some level of immunogenic activity, i.e. the ability to
induce the production of antibodies in an organism. In some
embodiments, a polypeptide is the amino acid sequence for
RSV G protein or analogues thereof used alone or combined
with other peptide or otherwise immunogenic sequence(s) or
therapeutics. [llustrative examples of RSV G protein
sequences are found at GenBank accession number P03423
and SEQ ID NO. 1, as well as accession number P20896 and
SEQ ID NO: 7 and SEQ ID NO: 8.

Immunogens are optionally recombinant and obtained by
methods known in the art. Illustratively, a nucleotide
sequence is cloned into a plasmid which is transfected into £.
coli and expressed. To ease purification procedures the
expressed polypeptides optionally include a tag. Illustrative
examples of include poly-histidine, CBP, CYD (covalent yet
dissociable NorpD peptide), strep-2, FLAG, HPC or heavy
chain of protein C peptide tag, or GST and MBP protein
fusion tag systems. Itis appreciated that other tag systems are
similarly operable. In some embodiments recombinant
polypeptides are expressed in E. coli and purified using an
affinity tag system followed by enzymatic cleavage of the tag
such as by incorporating a factor Xa, thrombin, or other
enzyme cleavage site in the expressed polypeptide. Methods
of'tag cleavage are known in the art and any effective method
is appreciated to be suitable for use in the instant invention.

An isolated RSV G protein immunogen or analogue
thereof is provided. Optionally, an inventive RSV G protein
has the sequence represented by SEQ ID NOs: 1, 8, or ana-
logues thereof illustratively, SEQ ID NOs: 2, 3, or 4, or
analogues thereof. Optionally, RSV G protein fragment is the
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sequence represented by SEQ ID NOs: 5 or 6 or analogues
thereof. Optionally, RSV G protein has the sequence repre-
sented by SEQ ID NO: 7 or an analogue thereof.

RSV G protein is optionally recombinant. However, it is
also envisioned that naturally occurring RSV G protein may
be isolated from at least a portion of the sample material for
which the wild type sequence is normally found. Methods for
purification of protein from organism derived samples are
known and are within the level of skill in the art.

It is recognized that numerous variants, analogues, or
homologues are within the scope of the present invention
including amino acid substitutions, alterations, modifica-
tions, or other amino acid changes that increase, decrease, or
do not alter the function or immunogenic propensity of the
inventive immunogen or vaccine. [tis further appreciated that
the inventive sequences of SEQ ID NOs: 1-8 are optionally
modified by the addition of one or more amino acids, sugars,
nucleotides, pendent groups, fluorophores, lumiphores,
radioactive molecules, lipids, fatty acids, derivatives thereof,
or other groups known in the art. [llustratively, an inventive
immunogen is conjugated to a protein.

An immunogen is optionally conjugated to a protein that
promotes the immunogenicity of an immunogen, illustra-
tively keyhole limpet hemocyanin (KLH), bovine serum
albumin (BSA), or modifications thereof illustratively BLUE
CARRIER immunogenic protein from Thermo Scientific,
Rockford, Ill. Other sources of natural or artificial immuno-
genic protein conjugates are known in the art. Optionally, an
immunogen is conjugated to an antibody. Optionally, an
immunogen is conjugated to other regions of G-protein that
may or may not also contain epitopes.

Several post-translational modifications are similarly envi-
sioned as within the scope of the present invention illustra-
tively including incorporation of a non-naturally occurring
amino acid(s), phosphorylation, glycosylation, sulfation, and
addition of pendent groups such as biotynlation, fluoro-
phores, lumiphores, radioactive groups, antigens, or other
molecules. Such modifications are also appreciated as
encompassed by the term analogue.

It is appreciated that the inventive polypeptides, immuno-
gens, or vaccines of the present invention are phosphorylated
or unphosphorylated. RSV G protein is a naturally phospho-
rylated and glycosylated protein. Optionally, an immunogen
is disulfide bonded. Disulfide bonds can be to amino acid
residues within the sequence or to a second polypeptide or
molecule.

RSV G protein fragments optionally have a single or mul-
tiple phosphorylations therein or other posttranslational
modifications depending on particular amino acid substitu-
tions. Methods of expressing and purifying natural or recom-
binant phosphoproteins or glycoproteins are known in the art.
Tlustratively, phosphoproteins and glycoproteins are recom-
binantly expressed in eukaryotic cells. Exemplary eukaryotic
cells include yeast, HeLa cells, 293 cells, COS cells, chinese
hamster ovary cells (CHO), and many other cell types known
in the art. Both eukaryotic and prokaryotic expression sys-
tems and cells are available illustratively from Invitrogen
Corp., Carlsbad, Calif. It is appreciated that cell-free expres-
sion systems are similarly operable.

Optionally, the polypeptide is produced without glycosy-
lation or phosphorylation. In a non-limiting example,
polypeptides are synthesized in E. coli which is recognized in
the art as incapable of properly glycosylating an expressed
protein. Itis appreciated that other synthetic means that do not
glycosylate the polypeptide are similarly suitable. Thus, in
this embodiment protein(s) are free from glycosylation.
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Modifications and changes can be made in the structure of
the polypeptides that are the subject of the application and
still obtain a molecule having similar or improved character-
istics as the wild-type sequence (e.g., a conservative amino
acid substitution). For example, certain amino acids can be
substituted for other amino acids in a sequence without appre-
ciable loss of immunogenic activity. Because it is the inter-
active capacity and nature of a polypeptide that defines that
polypeptide’s biological functional activity, certain amino
acid sequence substitutions can be made in a polypeptide
sequence and nevertheless obtain a polypeptide with like or
improved properties. Optionally, a polypeptide is used that
has less or more immunogenic activity compared to the wild-
type sequence.

In making such changes, the hydropathic index of amino
acids can be considered. The importance of the hydropathic
amino acid index in conferring interactive biologic function
ona polypeptide is generally understood in the art. It is known
that certain amino acids can be substituted for other amino
acids having a similar hydropathic index or score and still
result in a polypeptide with similar biological activity. Each
amino acid has been assigned a hydropathic index on the basis
of'its hydrophobicity and charge characteristics. Those indi-
ces are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phe-
nylalanine (42.8); cysteine/cysteine (+2.5); methionine
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7);
serine (=0.8); tryptophan (-0.9); tyrosine (-1.3); proline
(-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5);
aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and argin-
ine (-4.5).

It is believed that the relative hydropathic character of the
amino acid determines the secondary structure of the result-
ant polypeptide, which in turn defines the interaction of the
polypeptide with other molecules, such as enzymes, sub-
strates, receptors, antibodies, antigens, and the like. It is
known in the art that an amino acid can be substituted by
another amino acid having a similar hydropathic index and
still obtain a functionally equivalent polypeptide. In such
changes, the substitution of amino acids whose hydropathic
indices are within +2 is optionally used, those within %1 are
optionally used, and those within +0.5 are optionally used.

Substitution of like amino acids can also be made on the
basis of hydrophilicity, particularly, where the biological
functional equivalent polypeptide or peptide thereby created
is intended for use in immunological embodiments. The fol-
lowing hydrophilicity values have been assigned to amino
acid residues: arginine (+3.0); lysine (+3.0); aspartate
(+3.0£1); glutamate (+3.0+1); serine (+0.3); asparagine
(+0.2); glutamine (+0.2); glycine (0); proline (-0.5£1); threo-
nine (-0.4); alanine (-0.5); histidine (-0.5); cysteine (-1.0);
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan
(-3.4). It is understood that an amino acid can be substituted
for another having a similar hydrophilicity value and still
obtain a biologically equivalent, and in particular, an immu-
nologically equivalent polypeptide. In such changes, the sub-
stitution of amino acids whose hydrophilicity values are
within +2 are optionally used, those within +1 are optionally
used, and those within £0.5 are optionally used.

Amino acid substitutions are generally based on the rela-
tive similarity of the amino acid side-chain substituents, for
example, their hydrophobicity, hydrophilicity, charge, size,
and the like. Exemplary substitutions that take various of the
foregoing characteristics into consideration are well known to
those of skill in the art and include (original residue: exem-
plary substitution): (Ala: Gly, Ser), (Arg: Lys), (Asn: Gln,
His), (Asp: Glu, Cys, Ser), (Gln: Asn), (Glu: Asp), (Gly: Ala),
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(His: Asn, Gln), (Ile: Leu, Val), (Leu: Ile, Val), (Lys: Arg),
(Met: Leu, Tyr), (Ser: Thr), (Thr: Ser), (Tip: Tyr), (Tyr: Trp,
Phe), and (Val: Ile, Leu). Embodiments of this disclosure thus
contemplate functional or biological equivalents of a
polypeptide as set forth above. In particular, embodiments of
the polypeptides can include variants having about 50%,
60%, 70%, 80%, 90%, and 95% sequence identity to the
polypeptide of interest.

Some embodiments of the present invention are composi-
tions containing RSV G protein nucleic acid that can be
expressed as encoded polypeptides or proteins. Optionally,
nucleic acid sequences are those that encode polypeptides of
SEQ ID NOs: 1-8. As the genetic code is degenerate and a
person having ordinary skill in the art understands how to
construct, isolate or otherwise identify a nucleic acid
sequence that when expressed will produce a particular
polypeptide sequence, any nucleic acid sequence that will
produce the inventive polypeptides is within the scope of the
present invention. The engineering of DNA segment(s) for
expression in a prokaryotic or eukaryotic system may be
performed by techniques generally known to those of skill in
recombinant expression. It is believed that virtually any
expression system may be employed in the expression of the
claimed nucleic and amino sequences. An exemplary nucleic
acid sequence encoding RSV G protein is found within the
gene sequence of accession number P03423. A person of
ordinary skill in the art recognizes how to identify portions of
the P03423 sequence that give rise to polypeptides of SEQ ID
NOs: 1-4. Similarly, an exemplary nucleic acid sequence
encoding RSV G protein is found within the gene sequence of
accession number P20896. A person of ordinary skill in the
art recognizes how to identify portions of the P20896
sequence that give rise to polypeptides of SEQ ID NOs: 6-7.

A nucleic acid as used herein refers to single- or double-
stranded molecules which may be DNA, comprised of the
nucleotide bases A, T, C and G, or RNA, comprised of the
bases A, U (substitutes for T), C, and G. The nucleic acid may
represent a coding strand or its complement. Nucleic acids
may be identical in sequence to the sequence which is natu-
rally occurring or may include alternative codons which
encode the same amino acid as that which is found in the
naturally occurring sequence. Furthermore, nucleic acids
may include codons which represent conservative substitu-
tions of amino acids as are well known in the art.

As used herein, the term “isolated nucleic acid” means a
nucleic acid separated or substantially free from at least some
of'the other components of the naturally occurring organism,
for example, the cell structural components commonly found
associated with nucleic acids in a cellular environment and/or
other nucleic acids. The isolation of nucleic acids can there-
fore be accomplished by techniques such as cell lysis fol-
lowed by phenol plus chloroform extraction, followed by
ethanol precipitation of the nucleic acids. The nucleic acids of
this invention can be isolated from cells according to methods
well known in the art for isolating nucleic acids. Alternatively,
the nucleic acids of the present invention can be synthesized
according to standard protocols well described in the litera-
ture for synthesizing nucleic acids. Modifications to the
nucleic acids of the invention are also contemplated, provided
that the essential structure and function of the peptide or
polypeptide encoded by the nucleic acid are maintained.

The nucleic acid encoding the peptide or polypeptide of
this invention can be part of a recombinant nucleic acid con-
struct comprising any combination of restriction sites and/or
functional elements as are well known in the art which facili-
tate molecular cloning and other recombinant DNA manipu-
lations. Thus, the present invention further provides a recom-
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binant nucleic acid construct comprising a nucleic acid
encoding a peptide and/or polypeptide of this invention.

Generally speaking, it may be more convenient to employ
as the recombinant polynucleotide a cDNA version of the
polynucleotide. It is believed that the use of a cDNA version
will provide advantages in that the size of the gene will
generally be much smaller and more readily employed to
transfect the targeted cell than will a genomic gene, which
will typically be up to an order of magnitude larger than the
cDNA gene. However, the inventor does not exclude the
possibility of employing a genomic version of a particular
gene where desired.

As used herein, the terms “engineered cells” and “recom-
binant cells” are synonymous with “host cells” and are
intended to refer to a cell into which an exogenous DNA
segment or gene, such as a cDNA or gene has been intro-
duced. Therefore, engineered cells are distinguishable from
naturally occurring cells which do not contain a recombi-
nantly introduced exogenous DNA segment or gene. A host
cell is optionally a naturally occurring cell that is transformed
with an exogenous DNA segment or gene or a cell that is not
modified. A host cell optionally does not possess a naturally
occurring gene encoding RSV G protein. Engineered cells are
thus cells having a gene or genes introduced through the hand
of man. Recombinant cells include those having an intro-
duced cDNA or genomic DNA, and also include genes posi-
tioned adjacent to a promoter not naturally associated with
the particular introduced gene.

To express a recombinant encoded polypeptide in accor-
dance with the present invention one would illustratively
prepare an expression vector that comprises a polynucleotide
under the control of one or more promoters. To bring a coding
sequence “under the control of” a promoter, one positions the
5" end of the translational initiation site of the reading frame
generally between about 1 and 50 nucleotides “downstream”
of (i.e., 3' of) the chosen promoter. The “upstream” promoter
stimulates transcription of the inserted DNA and promotes
expression of the encoded recombinant protein. This is the
meaning of “recombinant expression” in the context used
here.

Many standard techniques are available to construct
expression vectors containing the appropriate nucleic acids
and transcriptional/translational control sequences in order to
achieve protein or peptide expression in a variety of host-
expression systems. Cell types available for expression
include, but are not limited to, bacteria, such as E. coli and B.
subtilis transformed with recombinant phage DNA, plasmid
DNA or cosmid DNA expression vectors.

Certain examples of prokaryotic hosts are E. coli strain RR
1, E. coli LE392, E. coli B, E. coli .chi. 1776 (ATCC No.
31537) as well as E. coli W3110 (F-, lambda-, prototrophic,
ATCC No. 273325); bacilli such as Bacillus subtilis; and
other enterobacteria such as Salmonella typhimurium, Serra-
tia marcescens, and various Pseudomonas species.

In general, plasmid vectors containing replicon and control
sequences that are derived from species compatible with the
host cell are used in connection with these hosts. The vector
ordinarily carries a replication site, as well as marking
sequences that are capable of providing phenotypic selection
in transformed cells. For example, E. coli is often transformed
using pBR322, a plasmid derived from an E. coli species.
Plasmid pBR322 contains genes for ampicillin and tetracy-
cline resistance and thus provides easy means for identifying
transformed cells. The pBR322 plasmid, or other microbial
plasmid or phage may also contain, or be modified to contain,
promoters that can be used by the microbial organism for
expression of its own proteins.
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In addition, phage vectors containing replicon and control
sequences that are compatible with the host microorganism
can be used as transforming vectors in connection with these
hosts. For example, the phage lambda may be utilized in
making a recombinant phage vector that can be used to trans-
form host cells, such as E. coli LE392.

Further useful vectors include pIN vectors and pGEX vec-
tors, for use in generating glutathione p-transferase (GST)
soluble fusion proteins for later purification and separation or
cleavage. Other suitable fusion proteins are those with 3-ga-
lactosidase, ubiquitin, or the like.

Promoters that are most commonly used in recombinant
DNA construction include the f-lactamase (penicillinase),
lactose and tryptophan (trp) promoter systems. While these
are the most commonly used, other microbial promoters have
been discovered and utilized, and details concerning their
nucleotide sequences have been published, enabling those of
skill in the art to ligate them functionally with plasmid vec-
tors.

For expression in Saccharomyces, the plasmid YRp7, for
example, is commonly used. This plasmid contains the trpl
gene, which provides a selection marker for a mutant strain of
yeast lacking the ability to grow in tryptophan, for example
ATCC No. 44076 or PEP4-1. The presence of the trp1 lesion
as a characteristic of the yeast host cell genome then provides
an effective environment for detecting transformation by
growth in the absence of tryptophan.

Suitable promoting sequences in yeast vectors include the
promoters for 3-phosphoglycerate kinase or other glycolytic
enzymes, such as enolase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phos-
phofructokinase, glucose-6-phosphate isomerase, 3-phos-
phoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase, and glucokinase. In
constructing suitable expression plasmids, the termination
sequences associated with these genes are also ligated into the
expression vector 3' of the sequence desired to be expressed to
provide polyadenylation of the mRNA and termination.

Other suitable promoters, which have the additional advan-
tage of transcription controlled by growth conditions, include
the promoter region for alcohol dehydrogenase 2, isocyto-
chrome C, acid phosphatase, degradative enzymes associated
with nitrogen metabolism, and the aforementioned glyceral-
dehyde-3-phosphate dehydrogenase, and enzymes respon-
sible for maltose and galactose utilization.

In addition to microorganisms, cultures of cells derived
from multicellular organisms may also be used as hosts. In
principle, any such cell culture is operable, whether from
vertebrate or invertebrate culture. In addition to mammalian
cells, these include insect cell systems infected with recom-
binant virus expression vectors (e.g., baculovirus); and plant
cell systems infected with recombinant virus expression vec-
tors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic
virus, TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing one or more
coding sequences.

In auseful insect system, Autographica californica nuclear
polyhedrosis virus (AcNPV) is used as a vector to express
foreign genes. The virus grows in Spodoptera frugiperda
cells. The isolated nucleic acid coding sequences are cloned
into non-essential regions (for example the polyhedron gene)
of'the virus and placed under control of an AcNPV promoter
(for example, the polyhedron promoter). Successful insertion
of the coding sequences results in the inactivation of the
polyhedron gene and production of non-occluded recombi-
nant virus (i.e., virus lacking the proteinaceous coat coded for
by the polyhedron gene). These recombinant viruses are then






