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PTH1R and PTH3R Receptors, Methods and Uses Thereof

Background of the Invention

Statement as to Rights to Inventions Made Under
Federally-Sponsored Research and Development

Part of the work performed during development of this invention utilized
U.S. Government funds. The U.S. Government has certain rights in this

invention.

Field of the Invention

The present invention is related to the fields of molecular biology,
developmental biology, physiology, neurobiology and medicine. The invention
provides polynucleotides encoding the zebrafish PTHIR receptor and
polynucleotides for a novel zebrafish PTH3R receptor, as well as vectors and
cells containing said polynucleotides.  The invention further provides
polypeptides for the PTHIR and PTH3R receptors. The polynucleotides and
polypeptides of the invention are useful for the identification of agonist and
antagonists of PTHIR or PTH3R receptor function and as reagents in the

treatment of diseases or disorders associated with PTH1R or PTH3R function.

Related Art

The parathyroid hormone (PTH)/PTH-related peptide (PTHrP) receptor
(PTHIR) mediates in mammals and frogs the actions of PTH and PTHrP. Both
peptides, most likely evolved through a gene duplication event from a common
ancestral gene, and have retained limited homology within the amino-terminal
region. Because of their structural conservation, PTH and PTHrP bind with
similar affinity to the PTHIR, and activate this common receptor with similar or
indistinguishable efficacy. Due to this unusual ligand-specificity, the PTHIR

mediates the endocrine actions of PTH, the most important peptide regulator of
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calcium homeostasis in mammals, and the autocrine/paracrine actions of PTHrP,
which is important for normal chondrocyte proliferation and differentiation
(Karaplis; Lanske), and most likely for other, still incompletely defined functions
including pancreas, skin, and breast development, as well as tooth eruption
(Wysolmerski, Philbrick, Rupi and Stewart, Stewart, Braodus).

In addition to the PTHIR, a PTH type-2 receptor (PTH2R) has been
isolated from mammals and teleosts (Usdin; Rubin) which preferentially mediates
the actions of PTH, and an incompletely characterized hypothalamic peptide
(Usdin). Its biological importance remains uncertain, as does the importance of
additional receptors for which there is growing biological and pharmacological
evidence. For example, receptors with specificity for amino-terminal PTH and
PTHrP have been described for keratinocytes, squamous carcinoma cell lines, and
central nervous system cells (Orloff et al., 1995 and 1996; Fukayama, 1997), and
there is evidence for a PTHrP-selective receptor in the mammalian supraoptic
nucleus (Yamamoto ef al., 1997 and 1998). In addition, the midregional portion
of PTHrP stimulates an increase in intracellular free calcium in some cell lines
and increases placental calcium transport (Kovacs et al., 1996; Wu et al.,; Orloff
et al.,), and the carboxy-terminal portion of PTH binds to a distinct receptor on
clonal cell lines (Inomata, 1995; Takasu 1998).

Research on the parathyroid hormone (PTH) has been extensive.
Formulations of PTH and compounds with PTH activity have been described (see
US Patent Nos. 5,496,801; 5,814,603; 5,208041;), and methods to produce the
same are also known (see US Patent Nos. 5,616,560 and 5,010,010). In addition,
analogs and inhibitors of PTH may be found in the prior art (see US Patent Nos.
4,423,037, 5,693616; 5,695,955 and 5,798,225).

Thus, the invention furthers the art by focusing on PTH receptors and

providing reagents and methods that are distinct and separate from PTH.
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Summary of the Invention

The presentinvention provides isolated nucleic acid molecules comprising
a polynucleotide encoding a novel PTHIR receptor having the amino acid
sequence shown in Figure 1 (SEQ ID NO:2) or the amino acid sequence encoded
by the cDNA clone deposited in a bacterial host as ATCC Deposit Number
on . The present invention also relates to recombinant vectors, which
include the isolated nucleic acid molecules of the present invention, and to host
cells containing the recombinant vectors, as well as to methods of making such
vectors and host cells and for using them for production of PTH1R polypeptides
or peptides by recombinant techniques. The invention further provides an
isolated PTHIR polypeptide having an amino acid sequence encoded by a
polynucleotide described herein.

The present invention also provides isolated nucleic acid molecules
comprising a polynucleotide encoding a novel PTH3R receptor having the amino
acid sequence shown in Figure 4 (SEQ ID NO:5) or the amino acid sequence
encoded by the cDNA clone deposited in a bacterial host as ATCC Deposit

Number on . The present invention also relates to recombinant

vectors, which include the isolated nucleic acid molecules of the present
invention, and to host cells containing the recombinant vectors, as well as to
methods of making such vectors and host cells and for using them for production
of PTH3R polypeptides or peptides by recombinant techniques. The invention
further provides an isolated PTH3R polypeptide having an amino acid sequence
encoded by a polynucleotide described herein.

The present invention also provides a screening method for identifying
compounds capable of enhancing or inhibiting a cellular response induced by the
PTHIR or PTH3R receptor, which involves contacting cells which express the
PTHIR or PTH3R receptor with the candidate compound, assaying a cellular
response, and comparing the cellular response to a standard cellular response, the

standard being assayed when contact is made in absence of the candidate
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compound; whereby, an increased cellular response over the standard indicates
that the compound is an agonist and a decreased cellular response over the
standard indicates that the compound is an antagonist.

In another aspect, a screening assay for agonists and antagonists is
provided which involves determining the effect a candidate compound has on
PTH or PTHrP binding to the PTHIR or PTH3R receptor. In particular, the
method involves contacting the PTH1R or PTH3R receptor witha PTH or PTHrP
polypeptide and a candidate compound and determining whether PTH or PTHrP
polypeptide binding to the PTHIR or PTH3R receptor is increased or decreased
due to the presence of the candidate compound.

An additional aspect of the invention is related to a method for treating an
individual in need of an increased level of PTHIR or PTH3R activity in the body
comprising administering to such an individual a composition comprising a
therapeutically effective amount of an isolated PTHIR or PTH3R polypeptide of
the invention or an agonist thereof.

A still further aspect of the invention is related to a method for treating an
individual in need of a decreased level of PTH1R or PTH3R receptor activity in
the body comprising, administering to such an individual a composition
comprising a therapeutically effective amount of an PTHIR or PTH3R
antagonist.

The invention further provides a diagnostic method useful during
diagnosis or prognosis of diseases and disorders associated with PTHIR or

PTH3R receptor expression or function.

Brief Description of the Figures

FIG. 1. A) Schematic representation of exons M6/7 and M7 (A), and of the
c¢DNA encoding the PTHIR or the PTH3R (B). Vertical boxes depict the
predicted location of the membrane-spanning helices; recognition sites for

restriction enzymes are shown by //. For and Rev arrows indicate the
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approximate location of primers used for RT-PCR, 5§’ RACE, and 3' RACE for
ZPTHIR and ZPTH3R. C) The nucleotide sequence of the PTHIR receptor
cDNA. D) The nucleotide sequence of the PTH3R receptor cDNA.

<, degenerate primers; —, ZPTH1R-specific; ¢, zPTH3R-specific; ¢, potential
sites for N-linked glycosylation.

Figure 2 A) The amino acid sequence of the PTHIR receptor; B) The amino acid
sequence of the PTH3R receptor.

Figure 3 Alignment of the amino acid sequences of the ZPTHIR, zPTH2R, and
ZzPTH3R. The scquences were aligned using the GAP and pileup algorithms of
the GCG package (Genetics Computer Group, Wisconsin). Conserved consensus
sites for potential N-glycosylation are identified by #; Gaps were introduced to
maximize sequence homology. The seventeen residues which are lacking in one
splice variant of the characterized zPTH2R (Rubin ef al., in press) are boxed; the
residues which are predicted to comprise the signal peptide are outlined with a
stippled box; and those residues which are likely to be PTH3R-specific are boxed.

Fig.4A-D. COS-7 cells transiently expressing the ZPTHIR or the ZPTH3R were
evaluated for competitive inhibition of radioligand binding (A,B) and agonist-
stimulated cAMP production (C,D). Binding studies (as described in Materials
and Mecthods) used either '*I-[Nle*?' Tyr*fPTH-(1-34)amide (Panel A) or '»’I-
[Tyr'“ThPTHxP-(1-36)amide (Panel B) as radioligand and varying amounts of
unlabeled peptide. Data are expressed as % of maximal binding. Cyclic AMP
accumulation is expressed as % of maximal for the ZPTHIR (C) or the zPTH3R
(D); basal cAMP accumulation was 3-4 pmol/well for either receptor; maximal
accumulation of 106.2 pmol/well for the zZPTHIR, and 285.4 pmol/well for the
ZPTH3R. RO, PTH; @O, PTH1P; filled symbols represent zPTHIR, open
symbols represent ZPTH3R. All datarepresent the mean+ SEM of at least three
independent transfections.

RECTIFIED SHEET (RULE 91)
ISA/EP
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Fig. 5. Accumulation of total IP in COS-7 cells transiently expressing the
2zPTHIR, or the zZPTH3R or the APTHIR (schipani). Hydrolysis of total IPs was
assessed as described (Akiko) in the absence or presence of PTHrP (10% M) or
PTH (10¢ M). Data are expressed as fold above basal and represent the mean
+ SEM of at two independent experiments.

Fig. 6. A phylogenetic analysis, as described in Materials and Methods, indicated
that the single most parsimonious tree had a length of 1549 steps, and a
consistency index excluding uninformative characters of 0.863. The bootstrap
confidence intervals are shown next to the branch points and indicate the

percentage of trials which support a given branch in 100 branch-and-bound

iterations.
Detailed Description of the Preferred Embodiments

The present invention provides isolated nucleic acid molecules comprising
a polynucleotide encoding a novel PTHIR polypeptide having the amino acid
sequence shown in Figure 2A (SEQ ID NO:2), which was determined by
sequencing a cloned cDNA. The PTHIR protein of the present invention shares
sequence homology with previously identified PTH1R and PTH2R sequences.
The nucleotide sequence shown in Figure 1C (SEQ ID NO:1) was obtained by
sequencing a cDNA clone (zZPTHIR), which was deposited on _____ at the
American Type Culture Collection, 10801 University Boulevard, Manassas,
Virginia 20110-2209, and given accession number ___ . The cDNA was

inserted between the EcoRI and Sphl site of plasmid pcDNAI/Amp (Invitrogen).

RECTIFIED SHEET (RULE 91)
ISA/EP
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The present invention also provides isolated nucleic acid molecules
comprising a polynucleotide encoding a novel PTH3R polypeptide having the
amino acid sequence shown in Figure 2B (SEQ ID NO:4), which was determined
by sequencing a cloned cDNA. The PTH3R protein of the present invention
shares sequence homology with the PTHIR protein éequence of the invention and
other PTH1R and PTH2R protein sequences previously. The nucleotide sequence
shown in Figure 1C (SEQ ID NO:3) was obtained by sequencing a cDNA
clone(zPTH3R), which was deposited on ___ at the American Type Culture
Collection, 10801 University Boulevard, Manassas, Virginia 20110-2209, and
given accession number . The cDNA was inserted between the BamHI

and Notl site of plasmid pcDNAI/Amp (Invitrogen).
Nucleic Acid Molecules

Unless otherwise indicated, all nucleotide sequences determined by
sequencing a DNA molecule herein were determined by manual sequencing, and
all amino acid sequences of polypeptides encoded by DNA molecules determined
herein were predicted by translation of a DNA sequence determined as above.
Therefore, as is known in the art for any DNA sequence determined by this
approach, any nucleotide sequence determined herein may contain some errors.
Nucleotide sequences determined by manual sequencing are typically at least
about 95% to at least about 99.9% identical to the actual nucleotide sequence of
the sequenced DNA molecule. As is also known in the art, a single insertion or
deletion in a determined nucleotide sequence compared to the actual sequence
will cause a frame shift in translation of the nucleotide sequence such that the
predicted amino acid sequence encoded by a determined nucleotide sequence will
be completely different from the amino acid sequence actually encoded by the
sequenced DNA molecule, beginning at the point of such an insertion or deletion.

Using the information provided herein, such as the nucleotide sequence

in Figures 1C or 1D, a nucleic acid molecule of the present invention encoding
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a PTHIR or PTH3R polypeptide, respectively, may be obtained using standard
cloning and screening procedures, such as those for cloning cDNAs using mRNA
as starting material. Illustrative of the invention, the nucleic acid molecule
described in Figure 1C (SEQ ID NO:1) was discovered using oligonucleotide
primers in a polymerase chain reaction (PCR) with total RNA isolated from adult
zebrafish. The determined nucleotide sequence of the PTHIR cDNA of Figure
1C (SEQ ID NO:1) contains an open reading frame encoding a protein of about
536 amino acid residues, with a predicted leader sequence of about 24 amino acid
residues, and a deduced molecular weight of about 61.4 kDa for the non-
glycosylated form. The amino acid sequence of the predicted mature PTHIR
receptor is shown in Figure 2A from amino acid residue about 25 to residue about
536. The PTHIR protein shown in Figure 2A (SEQ ID NO:2) is about 76 %
identical to human PTHIR sequence and about 68 % identical to human PTH2R
sequence.

Also illustrative of the invention is the nucleic acid molecule described
in Figure 1D (SEQ ID NO:3) was discovered in a zebrafish ¢cDNA library
(Clontech). The determined nucleotide sequence of the Figure 1D (SEQ ID
NO:3) contains an open reading frame encoding a protein of about 523 amino
acid residues, with a predicted leader sequence of about 21 amino acid residues,
and a deduced molecular weight of about 59.2 kDa. The PTH3R protein shown
in Figure 2B (SEQ ID NO:4) is about 68% and 57% similar to human PTHIR and
human PTH2R, respectively.

Asindicated, the present invention also provides the mature form(s) ofthe
PTHIR and PTH3R receptors of the present invention. According to the signal
hypothesis, proteins secreted by mammalian cells have a signal or secretory leader
sequence which is cleaved from the mature protein once export of the growing
protein chain across the rough endoplasmic reticulum has been initiated. Most
mammalian cells and even insect cells cleave secreted proteins with the same
specificity. However, in some cases, cleavage of a secreted protein is not entirely

uniform, which results in two or more mature species on the protein. Further, it
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has long been known that the cleavage specificity of a secreted protein is
ultimately determined by the primary structure of the complete protein, that is, it
is inherent in the amino acid sequence of the polypeptide. Therefore, the present
invention provides a nucleotide sequence encoding the mature PTHIR
polypeptides having the amino acid sequence encoded by the cDNA clone
contained in the host identified as ATCC Deposit No. _ and as shown in
Figure 2A (SEQ ID NO:2). The present invention also provides a nucleotide
sequence encoding the mature PTH3R polypeptides having the amino acid
sequence encoded by the cDNA clone contained in the host identified as ATCC
Deposit No. _and as shown in Figure 2B (SEQ ID NO:4). By the mature
PTHIR protein having the amino acid sequence encoded by the cDNA clone
contained in the host identified as ATCC Deposit __ is meant the mature
form(s) of the PTH1R receptor produced by expression in a mammalian cell (e.g.,
COS cells, as described below) of the complete open reading frame encoded by
the zebrafish DNA sequence of the clone contained in the vector in the deposited
host. By the mature PTH3R protein having the amino acid sequence encoded by
the cDNA clone contained in the host identified as ATCC Deposit _ ismeant
the mature form(s) of the PTH3R receptor produced by expression in a
mammalian cell (e.g., COS cells, as described below) of the complete open
reading frame encoded by the zebrafish DNA sequence of the clone contained in
the vector in the deposited host. Asindicated below, the mature PTH1R receptor
having the amino acid sequence encoded by the cDNA clone contained in ATCC
Deposit No. __ may or may not differ from the predicted “mature”PTHIR
protein shown in Figure 2A (amino acids from about 25 to about 536) depending
on the accuracy of the predicted cleavage. The mature PTH3R receptor having
the amino acid sequence encoded by the cDNA clone contained in ATCC Deposit
No. __ may or may not differ from the predicted “mature” PTH3R protein
shown in Figure 2B (amino acids from about 22 to about 523) depending on the

accuracy of the predicted cleavage site.
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Methods for predicting whether a protein has a secretory leader as well as
the cleavage point for that leader sequence are available. For instance, the
methods of McGeoch (Virus Res. 3:271-286 (1985)) and von Heinje (Nucleic
Acids Res. 14:4683-4690 (1986)) can be used. The accuracy of predicting the
cleavage points of known mammalian secretory proteins for each of these
methods is in the range of 75-80%. von Heinje, supra. However, the two
methods do not always produce the same predicted cleavage point(s) for a given
protein. A computational method may be found in the computer program
“PSORT" (K. Nakai and M. Kanehisa, Genomics 14:897-911 (1992)), which is
an expert system for predicting the cellular location of a protein based on the
amino acid sequence. As part of this computational prediction of localization, the
methods of McGeoch and von Heinje are incorporated.

In the present case, the predicted amino acid sequence of the complete
PTHIR and PTH3R polypeptides of the present invention were analyzed for
structural properties by comparison to the rat PTHIR sequence. This analysis
provided predicted a cleavage site between amino acids 24 and 25 in Figure 2A
(SEQ ID NO:2) and a cleavage site between amino acids 21 and 22 in Figure 2B
(SEQ ID NO:4). Thus, the leader sequence for the PTHIR receptor protein is
predicted to consist of amino acid residues 1-24 in Figure 2A (amino acids 1 to
24 in SEQ ID NO:2) , while the predicted mature PTHIR protein consists of
residues 25-536 (amino acids 25 to 536 in SEQ ID NO:2). The leader sequence
for the PTH3R receptor protein is predicted to consist of amino acid residues 1-21
in Figure 2B (amino acids 1-21 in SEQ ID NO:4), while the predicted mature
PTH3R protein consists of residues 22-523 (amino acids 22 to 523 in SEQ 1D
NO:4).

As indicated, nucleic acid molecules of the present invention may be in
the form of RNA, such as mRNA, or in the form of DNA, including, for instance,
c¢DNA and genomic DNA obtained by cloning or produced synthetically. The
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA

PCT/US99/11883
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may be the coding strand, also known as the sense strand, or it may be the
non-coding strand, also referred to as the anti-sense strand.

As one of ordinary skill would appreciate, however, due to the
possibilities of sequencing errors, the PTHIR receptor polypeptide encoded by
the deposited cDNA comprises about 536 amino acids, but may be anywhere in
the range of 510-561 amino acids; and the leader sequence of this protein is about
24 amino acids, but may be anywhere in the range of about 10 to about 30 amino
acids. As one of ordinary skill would also appreciate, however, due to the
possibilities of sequencing errors, the PTH3R receptor polypeptide encoded by
the deposited cDNA comprises about 523 amino acids, but may be anywhere in
the range of 500-550 amino acids; and the leader sequence of this protein is about
24 amino acids, but may be anywhere in the range of about 15 to about 35 amino
acids.

As indicated, nucleic acid molecules of the present invention may be in
the form of RNA, such as mRNA, or in the form of DNA, including, for instance,
cDNA and genomic DNA obtained by cloning or produced synthetically. The
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA
may be the coding strand, also known as the sense strand, or it may be the
non-coding strand, also referred to as the anti-sense strand.

By "isolated" nucleic acid molecule(s) is intended a nucleic acid molecule,
DNA or RNA, which has been removed from its native environment. For
example, recombinant DNA molecules contained in a vector are considered
isolated for the purposes of the present invention. Further examples of isolated
DNA molecules include recombinant DNA molecules maintained in heterologous
host cells or purified (partially or substantially) DNA molecules in solution.
Isolated RNA molecules include in vivo or in vitro RNA transcripts of the DNA
molecules of the present invention. Isolated nucleic acid molecules according to
the present invention further include such molecules produced synthetically.

Isolated nucleic acid molecules of the present invention include DNA

molecules comprising an open reading frame (ORF) shown in Figure 1C (SEQ
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ID NO:1) or Figure 1D (SEQ ID NO:3); DNA molecules comprising the coding
sequence for the PTHIR receptor shown in Figure 2A (SEQ ID NO:2) or the
PTH3R receptor shown Figure 2B (SEQ ID NO:4); and DNA molecules which
comprise a sequence substantially different from those described above but
which, due to the degeneracy of the genetic code, still encode the PTHIR or the
PTH3R receptor. Of course, the genetic code is well known in the art. Thus, it
would be routine for one skilled in the art to generate such degenerate variants.
In another aspect, the invention provides isolated nucleic acid molecules
encoding the PTHIR polypeptide having an amino acid sequence encoded by the
cDNA clone contained in the plasmid deposited as ATCC Deposit No.  on
. Another aspect, the invention provides isolated nucleic acid molecules
encoding the PTH3R polypeptide having an amino acid sequence encoded by the
c¢DNA clone contained in the plasmid deposited as ATCC DepositNo. _ on
Preferably, these nucleic acid molecules will encode the mature
polypeptides encoded by the above-described deposited cDNA clones. In a
further embodiment, nucleic acid molecules are provided encoding the PTHIR
or the PTH3R polypeptide or the PTH1R or the PTH3R polypeptide lacking the

N-terminal methionine. The invention also provides an isolated nucleic acid

“molecule having the nucleotide sequence shown in SEQ ID NO:1 or the

nucleotide sequence of the PTHIR ¢DNA contained in the above-described
deposited clone, or a nucleic acid molecule having a sequence complementary to
one of the above sequences. Such isolated molecules, particularly DNA
molecules, are useful as probes for gene mapping, by in situ hybridization with
chromosomes, and for detecting expression of the PTH1R gene in human tissue,
for instance, by Northern blot analysis. The invention also provides an isolated
nucleic acid molecule having the nucleotide sequence shown in SEQ ID NO:3 or
the nucleotide sequence of the cDNA contained in the above-described deposited
clone, or a nucleic acid molecule having a sequence complementary to one of the
above sequences. Such isolated molecules, particularly DNA molecules, are

useful as probes for gene mapping, by in situ hybridization with chromosomes,
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and for detecting expression of the gene in human tissue, for instance, by
Northern blot analysis.

The present invention is further directed to fragments of the isolated
nucleic acid molecules described herein. By a fragment of an isolated nucleic

acid molecule having the nucleotide sequence of the deposited cDNAs or the

nucleotide sequence shown in Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID -

NO:3) is intended fragments at least about 15 nt, and more preferably at least
about 20 nt, still more preferably at least about 30 nt, and even more preferably,
at least about 40 nt in length which are useful as diagnostic probes and primers
as discussed herein. Of course, larger fragments of about 50-1550 nt in length,
and more preferably at fragments least about 600 nt in length are also useful
according to the present invention as are fragments corresponding to most, if not
all, of the nucleotide sequence of the deposited cDNAs or as shown in Figure 1C
(SEQ ID NO:1) or Figure 1D (SEQ ID NO:3). By a fragment at least 20 nt in
length, for example, is intended fragments which include 20 or more contiguous
bases from the nucleotide sequence of the deposited cDNAs or the nucleotide
sequence as shown in Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID NO:3).

Preferred nucleic acid fragments of the present invention include nucleic
acid molecules encoding: a polypeptide comprising the PTHIR receptor
extracellular domain (predicted to constitute amino acid residues from about 25
to about 147 in Figure 2A (or amino acid residues from about 25 to about 147 in
SEQ ID NO:2)); a polypeptide comprising the PTHIR receptor transmembrane
domain (predicted to constitute amino acid residues from about 148 to about 416
in Figure 2A (or amino acid residues from about 148 to about 416 in SEQ ID
NO:2)); and a polypeptide comprising the PTH1R receptor extracellular domain
with all or part of the transmembrane domain deleted. As above with the leader
sequence, the amino acid residues constituting the PTHIR receptor extracellular
and transmembrane domains have been predicted. Thus, as one of ordinary skill

would appreciate, the amino acid residues constituting these domains may vary
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slightly (e.g., by about 1 to about 15 amino acid residues) depending on the
criteria used to define each domain.

Preferred nucleic acid fragments of the present invention also include
nucleic acid molecules encoding: a polypeptide comprising the PTH3R receptor
extracellular domain (predicted to constitute amino acid residues from about 22
to about 145 in Figure 2B (or amino acid residues from about 22 to about 145 in
SEQ ID NO:4)); a polypeptide comprising the PTH3R receptor transmembrane
domain (predicted to constitute amino acid residues from about 146 to about 402
in Figure 2B (or amino acid residues from about 146 to about 402 in SEQ ID
NO:4)); and a polypeptide comprising the PTH3R receptor extracellular domain
with all or part of the transmembrane domain deleted. As above with the leader
sequence, the amino acid residues constituting the PTH3R receptor extracellular
and transmembrane domains have been predicted by computer analysis. Thus, as
one of ordinary skill would appreciate, the amino acid residues constituting these
domains may vary slightly (e.g., by about 1 to about 15 amino acid residues)
depending on the criteria used to define each domain.

Preferred nucleic acid fragments of the present invention also include
nucleic acid molecules encoding epitope-bearing portions of the PTHIR or
PTH3R receptor protein. As one skilled in the art would know, a nucleic acid
sequence may be used to predict the polypeptide sequence encoded therein. Such
information may then be used to predict antigenic determinants in the polypeptide
that may be related to the corresponding polynucleotide regions encoding the
antigenic determinants identified by the analysis. Methods for predicting the
antigenic determinants of a polypeptide are well known in the art.

Methods for determining other such epitope-bearing portions of the
PTHI1R or the PTH3R protein are described in detail below.

Inanother aspect, the invention provides an isolated nucleic acid molecule
comprising a polynucleotide which hybridizes under stringent hybridization
conditions to a portion of the polynucleotide in a nucleic acid molecule of the

invention described above, for instance, the cDNA clones contained in ATCC
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Deposit Nos. or . By "stringent hybridization conditions" is

intended overnight incubation at 42 °C ina solution comprising: 50% formamide,
5x SSC (150 mM NaCl, 15mM trisodium citrate), 50 mM sodium phosphate (pH
7.6), 5x Denhardt's solution, 10% dextran sulfate, and 20 g/ml denatured, sheared
salmon sperm DNA, followed by washing the filters in 0.1x SSC at about 65°C.

By a polynucleotide which hybridizes to a "portion” of a polynucleotide
is intended a polynucleotide (either DNA or RNA) hybridizing to at least about
15 nucleotides (nt), and more preferably at least about 20 nt, still more preferably
at least about 30 nt, and even more preferably about 30-70 nt of the reference
polynucleotide. These are useful as diagnostic probes and primers as discussed
above and in more detail below.

By a portion of a polynucleotide of "at least 20 nt in length," for example,
is intended 20 or more contiguous nucleotides from the nucleotide sequence of
the reference polynucleotide (e.g., the deposited cDNAs or the nucleotide
sequence as shown in Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID NO:3).

Of course, a polynucleotide which hybridizes only to a poly A sequence
(such as the 3’ terminal poly(A) tract of the PTHIR receptor cDNA shown in
Figure 1C (SEQ ID NO:1) or the 3’ terminal poly(A) tract of the PTH3R receptor
c¢DNA shown in Figure 1D (SEQ ID NO:3)), or to a complementary stretch of T
(or U) resides, would not be included in a polynucleotide of the invention used
to hybridize to a portion of a nucleic acid of the invention, since such a
polynucleotide would hybridize to any nucleic acid molecule containing a poly
(A) stretch or the complement thereof (e.g., practically any double-stranded
cDNA clone).

As indicated, nucleic acid molecules of the present invention which
encode a PTHIR or PTH3R polypeptide may include, but are not limited to those
encoding the amino acid sequence of the mature polypeptides, by themselves; the
coding sequence for the mature polypeptides and additional sequences, such as
those encoding the amino acid leader or secretory sequence, such as a pre-, or pro-

or prepro- protein sequence; the coding sequence of the mature polypeptide, with
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or without the aforementioned additional coding sequences, together with
additional, non-coding sequences, including for example, but not limited to
introns and non-coding 5’ and 3’ sequences, such as the transcribed,
non-translated sequences that play a role in transcription, mRNA processing,
including splicing and polyadenylation signals, for example - ribosome binding
and stability of mRNA; an additional coding sequence which codes for additional
amino acids, such as those which provide additional functionalities. Thus, the
sequence encoding the polypeptide may be fused to a marker sequence, such as
a sequence encoding a peptide which facilitates purification of the fused
polypeptide. In certain preferred embodiments of this aspect of the invention, the
marker amino acid sequence is a hexa-histidine peptide, such as the tag provided
in a pQE vector (Qiagen, Inc.), among others, many of which are commercially
available. As described in Gentz et al., Proc. Natl. Acad. Sci. USA 86:821-824
(1989), for instance, hexa-histidine provides for convenient purification of the
fusion protein. The "HA" tag is another peptide useful for purification which
corresponds to an epitope derived from the influenza hemagglutinin protein,
which has been described by Wilson et al., Cell 37: 767 (1984). As discussed
below, other such fusion proteins include the PTHIR receptor fused to Fc at the
— or C-terminus.

The present invention further relates to variants of the nucleic acid
molecules of the present invention, which encode portions, analogs or derivatives
of the PTHIR or PTH3R receptor. Variants may occur naturally, such as a
natural allelic variant. By an "allelic variant" is intended one of several alternate
forms of a gene occupying a given locus on a chromosome of an organism.
Genes II, Lewin, B., ed., John Wiley & Sons, New York (1985). Non-naturally
occurring variants may be produced using art-known mutagenesis techniques.

Such variants include those produced by nucleotide substitutions,
deletions or additions, which may involve one or more nucleotides. The variants
may be altered in coding regions, non-coding regions, or both. Alterations in the

coding regions may produce conservative or non-conservative amino acid
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substitutions, deletions or additions. Especially preferred among these are silent
substitutions, additions and deletions, which do not alter the properties and
activities of the PTHIR or PTH3R receptor or portions thereof. Also especially
preferred in this regard are conservative substitutions.

Further embodiments of the invention include isolated nucleic acid
molecules comprising a polynucleotide having a nucleotide sequence at least
95%., 96%, 97%, 98% or 99% identical to (a) a nucleotide sequence encoding the
full-length PTHIR polypeptide having the complete amino acid sequence in SEQ
ID NO:2, including the predicted leader sequence; (b) a nucleotide sequence
encoding the polypeptide having the amino acid sequence in SEQ ID NO:2, but
lacking the N-terminal methionine; (¢) a nucleotide sequence encoding the mature
PTHIR receptor (full-length polypeptide with the leader removed) having the
amino acid sequence at positions from about 25 to about 536 in SEQ ID NO:2;
(d) anucleotide sequence encoding the full-length PTH1R polypeptide having the
complete amino acid sequence including the leader encoded by the cDNA clone
contained in ATCC Deposit No.____; (¢) a nucleotide sequence encoding the
mature PTHIR receptor having the amino acid sequence encoded by the cDNA
clone contained in ATCC Deposit No. 97883; (f) a nucleotide sequence encoding
the PTH1R receptor extracellular domain; (g) a nucleotide sequence encoding the
PTHIR receptor transmembrane domain; (h) a nucleotide sequence encoding the
PTHIR receptor extracellular domain with all or part of the transmembrane
domain deleted; and (i) a nucleotide sequence complementary to any of the
nucleotide sequences in (a), (b), (), (d), (e), (), (g) or (h).

Embodiments of the invention also include isolated nucleic acid
molecules comprising a polynucleotide having a nucleotide sequence at least
95%, 96%, 97%, 98% or 99% identical to (a) a nucleotide sequence encoding the
full-length PTH3R polypeptide having the complete amino acid sequence in
Figure 2B (SEQ ID NO:4), including the predicted leader sequence; (b) a
nucleotide sequence encoding the polypeptide having the amino acid sequence in

SEQ ID NO:5, but lacking the N-terminal methionine; (c) a nucleotide sequence
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encoding the mature PTH3R receptor (full-length polypeptide with the leader
removed) having the amino acid sequence at positions from about 22 to about 523
in SEQ ID NO:4; (d) a nucleotide sequence encoding the full-length PTH3R
polypeptide having the complete amino acid sequence including the leader
encoded by the cDNA clone contained in ATCC Deposit No.  ; (e) a
nucleotide sequence encoding the mature PTH3R receptor having the amino acid
sequence encoded by the cDNA clone contained in ATCC DepositNo. __ ; (f)
a nucleotide sequence encoding the PTH3R receptor extracellular domain; (g) a
nucleotide sequence encoding the PTH3R receptor transmembrane domain; (h)
a nucleotide sequence encoding the PTH3R receptor extracellular domain with
all or part of the transmembrane domain deleted; and (1) a nucleotide sequence
complementary to any of the nucleotide sequences in (a), (b), (c), (d), (e), (£), (g),
or (h).

By a polynucleotide having a nucleotide sequence at least, for example,
95% "identical" to areference nucleotide sequence encoding a PTHIR or PTH3R
polypeptide is intended that the nucleotide sequence of the polynucleotide is
identical to the reference sequence except that the polynucleotide sequence may
include up to five point mutations per each 100 nucleotides of the reference
nucleotide sequence encoding the PTHIR or PTH3R receptor. In other words,
to obtain a polynucleotide having a nucleotide sequence at least 95% identical to
a reference nucleotide sequence, up to 5% of the nucleotides in the reference
sequence may be deleted or substituted with another nucleotide, or a number of
nucleotides up to 5% of the total nucleotides in the reference sequence may be
inserted into the reference sequence. These mutations of the reference sequence
may occur at the 5’ or 3’ terminal positions of the reference nucleotide sequence
or anywhere between those terminal positions, interspersed either individually
among nucleotides in the reference sequence or in one or more contiguous groups
within the reference sequence.

As a practical matter, whether any particular nucleic acid molecule is at

least 95%, 96%, 97%, 98% or 99% identical to, for instance, the nucleotide
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sequence shown in Figure 1C or 1D or to the nucleotides sequence of the
deposited cDNA clones can be determined conventionally using known computer
programs such as the Bestfit program (Wisconsin Sequence Analysis Package,
Version 8 for Unix, Genetics Computer Group, University Research Park, 575
Science Drive, Madison, WI 53711. Bestfit uses the local homology algorithm
of Smith and Waterman, Advances in Applied Mathematics 2: 482-489 (1981),
to find the best segment of homology between two sequences. When using
Bestfit or any other sequence alignment program to determine whether a
particular sequence is, for instance, 95% identical to a reference sequence
according to the present invention, the parameters are set, of course, such that the
percentage of identity is calculated over the full length of the reference nucleotide
sequence and that gaps in homology of up to 5% of the total number of
nucleotides in the reference sequence are allowed.

The present application is directed to nucleic acid molecules at least 95%,
96%, 97%, 98% or 99% identical to the nucleic acid sequence shown in
Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID NO:3) or to the nucleic acid
sequence of the deposited cDNAs, irrespective of whether they encode a
polypeptide having PTHIR or PTH3R receptor activity. This is because even
where a particular nucleic acid molecule does not encode a polypeptide having
PTHIR or PTH3R receptor activity, one of skill in the art would still know how
to use the nucleic acid molecule, for instance, as a hybridization probe or a
polymerase chain reaction (PCR) primer. Uses of the nucleic acid molecules of
the present invention that do not encode a polypeptide having PTHIR or PTH3R
receptor activity include, inter alia, (1) isolating the PTH1R or PTH3R receptor
gene or allelic variants thereof in a cDNA library; (2) in situ hybridization (e.g.,
"FISH") to metaphase chromosomal spreads to provide precise chromosomal
location of the PTHIR or PTH3R receptor gene, as described in Verma et al.,
Human Chromosomes: A Manual of Basic Techniques, Pergamon Press, New
York (1988); and (3) Northern Blot analysis for detecting PTHIR or PTH3R

receptor mRNA expression in specific tissues.
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Preferred, however, are nucleic acid molecules having sequences at least
95%, 96%, 97%, 98% or 99% identical to the nucleic acid sequence shown in
Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID NO:3) or to the nucleic acid
sequence of the deposited cDNA which do, in fact, encode a polypeptide having
PTHIR or PTH3R receptor activity. By "a polypeptide having PTHIR or PTH3R
receptor activity" is intended polypeptides exhibiting activity similar, but not
necessarily identical, to an activity of the PTHIR or PTH3R receptor of the
invention, as measured in a particular biological assay. For example, PTHIR or
PTH3R receptor activity can be measured using competition binding experiments
of labeled PTH or PTHrP to cells expressing the candidate PTHIR or PTH3R
polypeptide as described in Treanor et al., Nature 382:80-83 (1996) or Jing et al.,
Cell 85: 1113-1124 (1996).

As demonstrated in Examples 3 and 4 herein, assays to address PTHIR
and PTH3R function are well known in the art. Any cell line expressing the
PTHIR or PTH3R receptor, or variants thereof, may be used to assay ligand
binding and second messenger activation as described in Examples 3 and 4. Of
course, due to the degeneracy of the genetic code, one of ordinary skill in the art
will immediately recognize that a large number of the nucleic acid molecules
having a sequence at least 95%, 96%, 97%, 98%, or 99% identical to the nucleic
acid sequence of the deposited cDNAs or the nucleic acid sequence shown in
Figure 1C (SEQ ID NO:1) or Figure 1D (SEQ ID NO:3) will encode a
polypeptide "having PTHIR or PTH3R receptor activity." In fact, since
degenerate variants of these nucleotide sequences all encode the same
polypeptide, this will be clear to the skilled artisan even without performing the
above described comparison assay. It will be further recognized in the art that,
for such nucleic acid molecules that are not degenerate variants, a reasonable
number will also encode a polypeptide having PTH1R or PTH3R protein activity.
This is because the skilled artisan is fully aware of amino acid substitutions that
are either less likely or not likely to significantly effect protein function (e.g.,

replacing one aliphatic amino acid with a second aliphatic amino acid).
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For example, guidance concerning how to make phenotypically silent
amino acid substitutions is provided in Bowie, J. U. et al., "Deciphering the
Message in Protein Sequences: Tolerance to Amino Acid Substitutions," Science
247:1306-1310 (1990), wherein the authors indicate that proteins are surprisingly

tolerant of amino acid substitutions.

Vectors and Host Cells

The present invention also relates to vectors which include the isolated
DNA molecules of the present invention, host cells which are genetically
engineered with the recombinant vectors, and the production of PTHIR or
PTH3R polypeptides or fragments thereof by recombinant techniques.

The polynucleotides may be joined to a vector containing a selectable
marker for propagation in a host. Generally, a plasmid vector is introduced in a
precipitate, such as a calcium phosphate precipitate, or in a complex with a
charged lipid. If the vector is a virus, it may be packaged in vitro using an
appropriate packaging cell line and then transduced into host cells.

The DNA insert should be operatively linked to an appropriate promoter,
such as the phage lambda PL promoter, the E. coli lac, trp and tac promoters, the
SV40 early and late promoters and promoters of retroviral LTRs, to name a few.
Other suitable promoters will be known to the skilled artisan. The expression
constructs will further contain sites for transcription initiation, termination and,
in the transcribed region, a ribosome binding site for translation. The coding
portion of the mature transcripts expressed by the constructs will preferably
include a translation initiating at the beginning and a termination codon (UAA,
UGA or UAG) appropriately positioned at the end of the polypeptide to be
translated.

As indicated, the expression vectors will preferably include at least one
selectable marker. Such markers include dihydrofolate reductase or neomycin

resistance for eukaryotic cell culture and tetracycline or ampicillin resistance
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genes for culturing in E. coli and other bacteria. Representative examples of
appropriate hosts include, but are not limited to, bacterial cells, such as E. coli,
Streptomyces and Salmonella typhimurium cells; fungal cells, such as yeast cells;
insect cells such as Drosophila S2 and Spodoptera Sf9 cells; animal cells such as
CHO, COS and Bowes melanoma cells; and plant cells. Appropriate culture
mediums and conditions for the above-described host cells are known in the art.

Among vectors preferred for use in bacteria include pQE70, pQE60 and
pQE-9, available from Qiagen; pBS vectors, Phagescript vectors, Bluescript
vectors, pNH8A, pNH16a, pNH18A, pNH46A, available from Stratagene; and
ptrc99a, pKK223-3, pKK233-3, pDR540, pRITS available from Pharmacia.
Among preferred eukaryotic vectors are pWLNEO, pSV2CAT, pOG44, pXT1
and pSG available from Stratagene; and pSVK3, pBPV, pMSG and pSVL
available from Pharmacia. Other suitable vectors will be readily apparent to the
skilled artisan.

Introduction of the construct into the host cell can be effected by calcium
phosphate transfection, DEAE-dextran mediated transfection, cationic
lipid-mediated transfection, electroporation, transduction, infection or other
methods. Suchmethods are described in many standard laboratory manuals, such
as Davis et al., Basic Methods In Molecular Biology (1986).

The polypeptide may be expressed in a modified form, such as a fusion
protein, and may include not only secretion signals, but also additional
heterologous functional regions. For instance, aregion of additional amino acids,
particularly charged amino acids, may be added to the N-terminus of the
polypeptide to improve stability and persistence in the host cell, during
purification, or during subsequent handling and storage. Also, peptide moieties
may be added to the polypeptide to facilitate purification. Such regions may be
removed prior to final preparation of the polypeptide. The addition of peptide
moieties to polypeptides to engender secretion or excretion, to improve stability
and to facilitate purification, among others, are familiar and routine techniques

in the art. A preferred fusion protein comprises a heterologous region from
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immunoglobulin that is useful to solubilize proteins. For example, EP-A-O 464
533 (Canadian counterpart 2045869) discloses fusion proteins comprising various
portions of constant region of immunoglobin molecules together with another
human protein or part thereof. In many cases, the Fc part in a fusion protein is
thoroughly advantageous for use in therapy and diagnosis and thus results, for
example, in improved pharmacokinetic properties (EP-A 0232 262). Onthe other
hand, for some uses it would be desirable to be able to delete the Fc part after the
fusion protein has been expressed, detected and purified in the advantageous
manner described. This is the case when Fc portion proves to be a hindrance to
use in therapy and diagnosis, for example when the fusion protein is to be used
as antigen for immunizations. In drug discovery, for example, human proteins,
such as, hILS5-receptor has been fused with Fc portions for the purpose of
high-throughput screening assays to identify antagonists of hIL-5. See, D.
Bennett et al., Journal of Molecular Recognition, Vol. 8:52-58 (1995) and K.
Johanson et al., The Journal of Biological Chemistry, Vol. 270, No.
16:9459-9471 (1995).

The PTHIR or PTH3R receptor can be recovered and purified from
recombinant cell cultures by well-known methods including ammonium sulfate
or ethanol precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite chromatography and
lectin chromatography. Most preferably, high performance liquid
chromatography ("HPLC") is employed for purification. Polypeptides of the
present invention include naturally purified products, products of chemical
synthetic procedures, and products produced by recombinant techniques from a
prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher
plant, insect and mammalian cells. Depending upon the host employed in a
recombinant production procedure, the polypeptides of the present invention may

be glycosylated or may be non-glycosylated. In addition, polypeptides of the
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invention may also include an initial modified methionine residue, in some cases

as a result of host-mediated processes.

PTHIR and PTH3R Polypeptides and Fragments

The invention further provides an isolated PTH1R or PTH3R polypeptide
having the amino acid sequence encoded by the deposited cDNAs, or the amino
acid sequence in Figure 2A (SEQ ID NO:2) or Figure 2B (SEQ ID NO:4), or a
peptide or polypeptide comprising a portion of the above polypeptides.

It will be recognized in the art that some amino acid sequences of the
PTHIR or PTH3R receptor can be varied without significant effect of the
structure or function of the protein. If such differences in sequence are
contemplated, it should be remembered that there will be critical areas on the
protein which determine activity. Thus, the invention further includes variations
of the PTHIR or PTH3R receptor which show substantial PTHIR or PTH3R
receptor activity or which include regions of PTHIR or PTH3R protein such as
the protein portions discussed below. Such mutants include deletions, insertions,
inversions, repeats, and type substitutions. As indicated above, guidance
concerning which amino acid changes are likely to be phenotypically silent can
be found in Bowie, J.U., ef al., "Deciphering the Message in Protein Sequences:
Tolerance to Amino Acid Substitutions," Science 247:1306-1310 (1990).

Thus, the fragment, derivative or analog of the polypeptide of Figure 2A
(SEQ ID NO:2) or Figure 2B (SEQ ID NO:4), or that encoded by the deposited
cDNAs, may be (i) one in which one or more of the amino acid residues are
substituted with a conserved or non-conserved amino acid residue (preferably a
conserved amino acid residue) and such substituted amino acid residue may or
may not be one encoded by the genetic code, or (ii) one in which one or more of
the amino acid residues includes a substituent group, or (iii) one in which the
mature polypeptide is fused with another compound, such as a compound to

increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv)
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one in which the additional amino acids are fused to the mature polypeptide, such
as an IgG Fc fusion region peptide or leader or secretory sequence or a sequence
which is employed for purification of the mature polypeptide or a proprotein
sequence. Such fragments, derivatives and analogs are deemed to be within the
scope of those skilled in the art from the teachings herein.

Of particular interest are substitutions of charged amino acids with
another charged amino acid and with neutral or negatively charged amino acids.
The latter results in proteins with reduced positive charge to improve the
characteristics of the PTHIR or PTH3R protein. The prevention of aggregation
is highly desirable. Aggregation of proteins not only results in a loss of activity
but can also be problematic when preparing pharmaceutical formulations, because
they can be immunogenic. (Pinckard et al., Clin Exp. Immunol. 2:331-340
(1967); Robbins et al., Diabetes 36:838-845 (1987); Cleland et al. Crit. Rev.
Therapeutic Drug Carrier Systems 10:307-377 (1993)).

The replacement of amino acids can also change the selectivity of binding
to cell surface receptors. Ostade et al., Nature 361:266-268 (1993) describes
certain mutations resulting in selective binding of TNF-a to only one of the two
known types of TNF receptors. Thus, the PTHIR or PTH3R receptor of the
present invention may include one or more amino acid substitutions, deletions or
additions, either from natural mutations or human manipulation.

As indicated, changes are preferably of a minor nature, such as
conservative amino acid substitutions that do not significantly affect the folding

or activity of the protein (see Table 1).
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TABLE 1. Conservative Amino Acid Substitutions.

Aromatic : Phenylalanine
Tryptophan
Tyrosine

Hydrophobic Leucine
Isoleucine
Valine

Polar Glutamine
Asparagine

Basic Arginine
Lysine
Histidine

Acidic Aspartic Acid
Glutamic Acid

Small Alanine
Serine
Threonine
Methionine
Glycine

Amino acids inthe PTH1R or PTH3R protein of the present invention that
are essential for function can be identified by methods known in the art, such as
site-directed mutagenesis or alanine-scanning mutagenesis (Cunningham and
Wells, Science 244:1081-1085 (1989)). The latter procedure introduces single
alanine mutations at every residue in the molecule. The resulting mutant
molecules are then tested for biological activity such as receptor binding or in
vitro proliferative activity. Sites that are critical for ligand-receptor binding can
also be determined by structural analysis such as crystallization, nuclear magnetic
resonance or photoaffinity labeling (Smith et al., J. Mol. Biol. 224:899-904
(1992) and de Vos et al. Science 255:306-312 (1992)).

The polypeptides of the present invention are preferably provided in an
isolated form. By “isolated polypeptide” is intended a polypeptide removed from
its native environment. Thus, a polypeptide produced and/or contained within a

recombinant host cell is considered isolated for purposes of the present invention.
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Also intended as an “isolated polypeptide” are polypeptides that have been
purified, partially or substantially, from a recombinant host cell. For example,
a recombinantly produced version of the antimicrobial peptide polypeptide can
be substantially purified by the one-step method described in Smith and Johnson,
Gene 67:31-40 (1988).

The polypeptides of the present invention are preferably provided in an
isolated form, and preferably are substantially purified. A recombinantly
produced version of the PTHIR or PTH3R receptor can be substantially purified
by the one-step method described in Smith and Johnson, Gene 67:31-40 (1988).

The polypeptides of the present invention also include the polypeptide
encoded by the deposited PTHIR ¢cDNA including the leader, the polypeptide
encoded by the deposited the cDNA minus the leader (i.e., the mature protein),
the polypeptide of Figure 2A (SEQ ID NO:2) including the leader, the
polypeptide of Figure 2A (SEQ ID NO:2) minus the leader, the extracellular
domain, the transmembrane domain, a polypeptide comprising amino acids about
1 to about 536 in SEQ ID NO:2, and a polypeptide comprising amino acids about
2 to about 536 in SEQ ID NO:2, as well as polypeptides which are at least 95%
identical, still more preferably at least 96%, 97%, 98% or 99% identical to the
polypeptides described above, and also include portions of such polypeptides with
at least 30 amino acids and more preferably at least 50 amino acids.

The polypeptides of the present invention also include the polypeptide
encoded by the deposited PTH3R ¢DNA including the leader, the polypeptide
encoded by the deposited the cDNA minus the leader (i.e., the mature protein),
the polypeptide of Figure 2 (SEQ ID NO:4) including the leader, the polypeptide
of Figure 4 (SEQ ID NO:4) minus the leader, the extracellular domain, the
transmembrane domain, a polypeptide comprising amino acids about 1 to about
523 in SEQ ID NO:4, and a polypeptide comprising amino acids about 2 to about
523 in SEQ ID NO:4, as well as polypeptides which are at least 95% identical,
still more preferably at least 96%, 97%, 98% or 99% identical to the polypeptides
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described above, and also include portions of such polypeptides with at least 30
amino acids and more preferably at least 50 amino acids.

By a polypeptide having an amino acid sequence at least, for example,
95% "identical" to a reference amino acid sequence of a PTHIR or PTH3R
polypeptide is intended that the amino acid sequence of the polypeptide is
identical to the reference sequence except that the polypeptide sequence may
include up to five amino acid alterations per each 100 amino acids of the
reference amino acid of the PTHIR or PTH3R receptor. In other words, to obtain
a polypeptide having an amino acid sequence at least 95% identical to a reference
amino acid sequence, up to 5% of the amino acid residues in the reference
sequence may be deleted or substituted with another amino acid, or a number of
amino acids up to 5% of the total amino acid residues in the reference sequence
may be inserted into the reference sequence. These alterations of the reference
sequence may occur at the amino or carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal positions, interspersed
either individually among residues in the reference sequence or in one or more
contiguous groups within the reference sequence.

As a practical matter, whether any particular polypeptide is at least 95%,
96%, 97%, 98% or 99% identical to, for instance, the amino acid sequence shown
in Figure 2A (SEQ ID NO:2) or Figure 2B (SEQ ID NO:4) or to the amino acid
sequence encoded by deposited cDNA clones can be determined conventionally
using known computer programs such the Bestfit program (Wisconsin Sequence
Analysis Package, Version 8 for Unix, Genetics Computer Group, University
Research Park, 575 Science Drive, Madison, WI 53711). When using Bestfit or
any other sequence alignment program to determine whether a particular sequence
is, for instance, 95% identical to a reference sequence according to the present
invention, the parameters are set, of course, such that the percentage of identity
is calculated over the full length of the reference amino acid sequence and that
gaps in homology of up to 5% of the total number of amino acid residues in the

reference sequence are allowed.
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The polypeptide of the present invention could be used as a molecular
weight marker on SDS-PAGE gels or on molecular sieve gel filtration columns
using methods well known to those of skill in the art.

As described in detail below, the polypeptides of the present invention can
also be used to raise polyclonal and monoclonal antibodies, which are useful in
assays for detecting PTHIR or PTH3R expression as described below or as
agonists and antagonists capable of enhancing or inhibiting PTHIR or PTH3R
receptor function. Further, such polypeptides can be used in the yeast two-hybrid
system to "capture" PTHIR or PTH3R receptor binding proteins which are also
candidate agonist and antagonist according to the present invention. The yeast
two hybrid system is described in Fields and Song, Nature 340:245-246 (1989).

In another aspect, the invention provides a peptide or polypeptide
comprising an epitope-bearing portion of a polypeptide of the invention. The
epitope of this polypeptide portion is an immunogenic or antigenic epitope of a
polypeptide described herein. An "immunogenic epitope" is defined as a part of
a protein that elicits an antibody response when the whole protein is the
immunogen. On the other hand, a region of a protein molecule to which an
antibody can bind is defined as an "antigenic epitope." The number of
immunogenic epitopes of a protein generally is less than the number of antigenic
epitopes. See, for instance, Geysen et al., Proc. Natl. Acad. Sci. USA §1:3998-
4002 (1983).

As to the selection of peptides or polypeptides bearing an antigenic
epitope (i.e., that contain a region of a protein molecule to which an antibody can
bind), it is well known in that art that relatively short synthetic peptides that
mimic part of a protein sequence are routinely capable of eliciting an antiserum
that reacts with the partially mimicked protein. See, for instance, Sutcliffe, J. G.,
Shinnick, T. M., Green, N. and Learner, R.A. (1983) Antibodies that react with
predetermined sites on proteins. Science 219:660-666. Peptides capable of
eliciting protein-reactive sera are frequently represented in the primary sequence

of a protein, can be characterized by a set of simple chemical rules, and are
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confined neither to immunodominant regions of intact proteins (i.e.,
immunogenic epitopes) nor to the amino or carboxyl terminals.

Antigenic epitope-bearing peptides and polypeptides of the invention are
therefore useful to raise antibodies, including monoclonal antibodies, that bind
specifically to a polypeptide of the invention. See, for instance, Wilson et al., Cell
37:767-778 (1984) at 777. Antigenic epitope-bearing peptides and polypeptides
of the invention preferably contain a sequence of at least seven, more preferably
at least nine and most preferably between at least about 15 to about 30 amino
acids contained within the amino acid sequence of a polypeptide of the invention.

Thus, one skilled in the art will have the requisite knowledge to select
antigenic epitope bearing regions from the polypeptides in Figure 2A (SEQ ID
NO:2) and Figure 2B (SEQ ID NO:4).

The epitope-bearing peptides and polypeptides of the invention may be
produced by any conventional means. For example, Houghten provides a general
method for the rapid solid-phase synthesis of large numbers of peptides:
specificity of antigen-antibody interaction at the level of individual amino acids
Houghten, R. A., Proc. Natl. Acad. Sci. USA §2:5131-5135 (1985)). This
"Simultaneous Multiple Peptide Synthesis (SMPS)" process is further described
in U.S. Patent No. 4,631,211 to Houghten et al. (1986).

As one of skill in the art will appreciate, PTHIR or PTH3R polypeptides
of the present invention and the epitope-bearing fragments thereof described
above can be combined with parts of the constant domain of immunoglobulins
(IgG), resulting in chimeric polypeptides. These fusion proteins facilitate
purification and show an increased half-life in vivo. This has been shown, e.g.,
for chimeric proteins consisting of the first two domains of the human
CD4-polypeptide and various domains of the constant regions of the heavy or
light chains of mammalian immunoglobulins (EPA 394,827; Traunecker ef al.,
Nature 331:84- 86 (1988)). Fusion proteins that have a disulfide-linked dimeric

structure due to the IgG part can also be more efficient in binding and neutralizing
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other molecules than the monomeric PTHIR or PTH3R protein or protein

fragment alone (Fountoulakis et al., J. Biochem 270:3958-3964 (1995)).

Diagnosis and Prognosis

It is believed that certain tissues in mammals with certain diseases and
disorders express significantly decreased levels of the PTHIR or PTH3R receptor
and mRNA encoding the PTHIR or PTH3R receptor when compared to a
corresponding "standard" mammal, i.e., amammal of the same species not having
the disorder. Further, it is believed that enhanced levels of the PTH1R or PTH3R
receptor can be detected in certain body fluids (e.g., sera, plasma, urine, and
spinal fluid) from mammals with cancer when compared to sera from mammals
of the same species not having the disorder. Thus, the invention provides a
diagnostic method useful during diagnosis of diseases and disorders, for example,
which involves assaying the expression level of the gene encoding the PTHIR or
PTH3R receptor in mammalian cells or body fluid and comparing the gene
expression level with a standard PTHIR or PTH3R receptor gene expression
level, whereby an decrease in the gene expression level over the standard is
indicative of certain disorders.

Where a diagnosis of a disorder has already been made according to
conventional methods, the present invention is useful as a prognostic indicator,
whereby patients exhibiting decreased PTHIR or PTH3R gene expression will
experience a worse clinical outcome relative to patients expressing the gene at a
higher level.

By "assaying the expression level of the gene encoding the PTHIR or
PTH3R protein" is intended qualitatively or quantitatively measuring or
estimating the level of the PTHIR or PTH3R protein or the level of the mRNA
encoding the PTHIR or PTH3R receptor in a first biological sample. either

directly (e.g., by determining or estimating absolute protein level or mRNA level)
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orrelatively (e.g., by comparing to the PTHIR or PTH3R protein level or mRNA
level in a second biological sample).

Preferably, the PTHIR or PTH3R protein level or mRNA level in the first
biological sample is measured or estimated and compared to a standard PTHIR
or PTH3R protein level or mRNA level, the standard being taken from a second
biological sample obtained from an individual not having the cancer. As will be
appreciated in the art, once a standard PTHIR or PTH3R protein level or mRNA
level is known, it can be used repeatedly as a standard for comparison.

By "biological sample" is intended any biological sample obtained from
an individual, cell line, tissue culture, or other source which contains PTHIR or
PTH3R protein or mRNA. Biological samples include mammalian body fluids
(such as sera, plasma, urine, synovial fluid and spinal fluid) which contain
PTHIR or PTH3R protein, and ovarian, prostate, heart, placenta, pancreas liver,
spleen, lung, breast, neural, and umbilical tissue.

The present invention is useful for detecting disorders in mammals. In
particular the invention is useful during diagnosis of diseases and disorders in
mammals involving PTHIR or PTH3R receptor expression or function.
Mutations that affect PTHIR or PTH3R sequence and/or expression levels of
PTHIR or PTH3R could be diagnostic for patients with diseases or disorders of
a developmental, physiological or neurological nature. Preferred mammals
include monkeys, apes, cats, dogs, cows, pigs, horses, rabbits and humans.
Particularly preferred are humans.

Total cellular RNA can be isolated from a biological sample using the
single-step guanidinium-thiocyanate-phenol-chloroform method described in
Chomczynski and Sacchi, Anal. Biochem. 162:156-159 (1987). Levels of mRNA
encoding the PTHIR or PTH3R receptor are then assayed using any appropriate
method. These include Northern blot analysis (Harada ef al., Cell 63:303-312
(1990)), S1 nuclease mapping (Fujita et al., Cell 49:357- 367 (1987)), the

polymerase chain reaction (PCR), reverse transcription in combination with the
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polymerase chain reaction (RT-PCR) (Fujitaer al., Cell 49:357-367 (1987)), and
reverse transcription in combination with the ligase chain reaction (RT-LCR).

Assaying PTHIR or PTH3R protein levels in a biological sample can
occur using antibody-based techniques. For example, PTHIR or PTH3R protein
expression in tissues can be studied with classical immunohistological methods
(Jalkanen, M., et al., J. Cell. Biol. 101:976-985 (1985); Jalkanen, M., et al., J.
Cell. Biol. 105:3087-3096 (1987)). Other antibody-based methods useful for
detecting PTHIR or PTH3R receptor gene expression include immunoassays,
such as the enzyme linked immunosorbent assay (ELISA) and the
radioimmunoassay (RIA).

Suitable labels are known in the art and include enzyme labels. such as
glucose oxidase, and radioisotopes, such as iodine ('*1, '*'I), carbon ('*C), sulfur
(*3S), tritium (*H), indium ('"’In), and technetium (**™Tc), and fluorescent labels,

such as fluorescein and rhodamine, and biotin.

Agonists and Antagonists of the PTHIR or PTH3R

The present invention also provides a screening method for identifying
compounds capable of enhancing or inhibiting a cellular response induced by the
PTHIR or PTH3R receptor, which involves contacting cells which express the
PTHIR or PTH3R receptor with the candidate compound, assaying a cellular
response, and comparing the cellular response to a standard cellular response, the
standard being assayed when contact is made in absence of the candidate
compound; whereby, an increased cellular response over the standard indicates
that the compound is an agonist and a decreased cellular response over the
standard indicates that the compound is an antagonist.

In another aspect, a screening assay for agonists and antagonists is
provided which involves determining the effect a candidate compound has on
PTH or PTHrP binding to the PTHIR or PTH3R receptor. In particular, the
method involves contacting the PTHIR or PTH3R receptor with a PTH or a
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PTHrP polypeptide and a candidate compound and determining whether PTH or
PTHrP polypeptide binding to the PTHIR or PTH3R receptor is increased or
decreased due to the presence of the candidate compound.

By "agonist" is intended naturally occurring and synthetic compounds
capable of enhancing or potentiating PTHIR or PTH3R receptor response (e.g.,
signaling through the cAMP or inositol phosphate pathway). By "antagonist" is
intended naturally occurring and synthetic compounds capable of inhibiting
PTHIR or PTH3R receptor response (e.g., signaling through the cAMP or
inositol phosphate pathway). Whether any candidate "agonist" or "antagonist" of
the present invention can enhance or inhibit PTHIR or PTH3R receptor activity
can be determined using art-known competition binding assays, including those
described in more detail below.

One such screening procedure involves the use of melanophores which are
transfected to express a receptor of the present invention. Such a screening
technique is described in PCT WO 92/01810, published February 6, 1992. Such
an assay may be employed, for example, for screening for a compound which
inhibits (or enhances) activation of the PTHIR or PTH3R receptor polypeptide
of the present invention by contacting the melanophore cells which encode the
receptor with both PTH or PTHrP as a ligand and the candidate antagonist (or
agonist). Inhibition or enhancement of the signal generated by the ligand
indicates that the compound is an antagonist or agonist of the ligand/receptor
signaling pathway.

Other screening techniques include the use of cells which express the
receptor (for example, transfected CHO cells) in a system which measures
extracellular pH changes caused by receptor activation, for example, as described
in Science 246:181-296 (October 1989). For example, compounds may be
contacted with a cell which expresses the PTHIR or PTH3R receptor polypeptide
of the present invention and a second messenger response, e.g., signal
transduction or pH changes, may be measured to determine whether the potential

compound activates or inhibits the receptor.
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Another such screening technique involves introducing RNA encoding the
PTHIR or PTH3R receptor into Xenopus oocytes to transiently express the
receptor. The receptor oocytes may then be contacted with the receptor ligand
and a compound to be screened, followed by detection of inhibition or activation
of a calcium signal in the case of screening for compounds which are thought to
inhibit activation of the receptor.

Another screening technique involves expressing in cells a construct
wherein the receptor is linked to a phospholipase C or D. Such cells include
endothelial cells, smooth muscle cells, embryonic kidney cells, etc. The
screening may be accomplished as hereinabove described by detecting activation
of the PTHIR or PTH3R receptor or inhibition of activation of the PTHIR or
PTH3R receptor from the phospholipase signal.

Another method involves screening for compounds which inhibit
activation of the receptor polypeptide of the present invention antagonists by
determining inhibition of binding of labeled ligand to cells which have the
receptor on the surface thereof. Such amethod involves transfecting a eukaryotic
cell with DNA encoding the PTHIR or PTH3R receptor such that the cell
expresses the receptor on its surface and contacting the cell with a compound in
the presence of a labeled form of a known ligand. The ligand can be labeled, e.g.,
by radioactivity. The amount of labeled ligand bound to the receptors is
measured, e.g., by measuring radioactivity of the receptors. If the compound
binds to the receptor as determined by a reduction of labeled ligand which binds
to the receptors, the binding of labeled ligand to the receptor is inhibited.

Further screening assays for agonist and antagonist of the present
invention are described in Tartaglia, L.A., and Goeddel, D.V., J Biol. Chem.
267(7):4304-4307(1992).

Thus, in a further aspect, a screening method is provided for determining
whether a candidate agonist or antagonist is capable of enhancing or inhibiting a
cellular response to PTH or PTHrP. The method involves contacting cells which

express the PTHIR or PTH3R polypeptide with a candidate compound and the
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PTH or PTHrP ligand, assaying a cellular response, and comparing the cellular
response to a standard cellular response, the standard being assayed when contact
is made with the ligand in absence of the candidate compound, whereby an
increased cellular response over the standard indicates that the candidate
compound is an agonist of the ligand/receptor signaling pathway and a decreased
cellular response compared to the standard indicates that the candidate compound
is an antagonist of the ligand/receptor signaling pathway. By "assaying a cellular
response" is intended qualitatively or quantitatively measuring a cellular response
to a candidate compound and/or PTH or PTHrP (e.g., determining or estimating
an increase or decrease in cell proliferation or tritiated thymidine labeling). By
the invention, a cell expressing the PTHIR or PTH3R polypeptide can be
contacted with either an endogenous or exogenously administered PTH or PTHrP.

Agonistaccording to the present invention include naturally occurring and
synthetic compounds such as, for example, PTH or PTHrP peptide fragments, or
other known compounds that behave as PTH or PTHrP agonist. Preferred agonist
include chemotherapeutic drugs such as, for example, cisplatin, doxorubicin,
bleomycin, cytosine arabinoside, nitrogen mustard, methotrexate and vincristine.
Others include ethanol and 3-amyloid peptide. (Science 267:1457-1458 (1995)).
Further preferred agonist include polyclonal and monoclonal antibodies raised
against the PTHIR or PTH3R polypeptide, or a fragment thereof.

Antagonist according to the present invention include naturally occurring
and synthetic compounds such as, for example, the CD40 ligand, neutral amino
acids, zinc, estrogen, androgens, viral genes (such as Adenovirus EIB,
Baculovirus p35 and I4AP, Cowpox virus crmA, Epstein-Barr virus BHRF1I,
LMP-1, African swine fever virus LMW5-HL, and Herpesvirus yl 34.5), calpain
inhibitors, cysteine protease inhibitors, and tumor promoters (such as PMA,
Phenobarbital, and a-Hexachlorocyclohexane).

Other potential antagonists include antisense molecules. Antisense
technology can be used to control gene expression through antisense DNA or

RNA or through triple-helix formation. Antisense techniques are discussed, for
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example, in Okano, J. Neurochem. 56:560 (1991); Oligodeoxynucleotides as
Antisense Inhibitors of Gene Expression, CRC Press, Boca Raton, FL (1988).
Triple helix formation is discussed in, for instance Lee ef al., Nucleic Acids
Research 6:3073 (1979); Cooney et al., Science 241:456 (1988); and Dervan et
al, Science 251:1360 (1991). The methods are based on binding of a
polynucleotide to a complementary DNA or RNA.

For example, the 5' coding portion of a polynucleotide that encodes the
mature polypeptide of the present invention may be used to design an antisense
RNA oligonucleotide of from about 10 to 40 base pairs in length. A DNA
oligonucleotide is designed to be complementary to a region of the gene involved
in transcription thereby preventing transcription and the production of the
receptor. The antisense RNA oligonucleotide hybridizes to the mRNA in vivo
and blocks translation of the mRNA molecule into receptor polypeptide. The
oligonucleotides described above can also be delivered to cells such that the
antisense RNA or DNA may be expressed in vivo to inhibit production of the
receptor.

Further antagonist according to the present invention include soluble
forms of PTHIR or PTH3R fragments that include the ligand binding domain
from the extracellular region of the full length receptor. Such soluble forms of
the receptor, which may be naturally occurring or synthetic, antagonize PTHIR
or PTH3R mediated signaling by competing with the cell surface PTHIR or
PTH3R for binding to PTH or PTHrP. These are preferably expressed as dimers
or trimers, since these have been shown to be superior to monomeric forms of
soluble receptor as antagonists, e.g., [gGFc-PTHIR or IgGFc-PTH3R receptor

family fusions.

Modes of administration

It will be appreciated that conditions caused by a decrease in the standard

or normal level of PTHIR or PTH3R receptor activity in an individual, can be
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treated by administration of PTHIR or PTH3R protein. Thus, the invention
further provides a method of treating an individual in need of an increased level
of PTHIR or PTH3R receptor activity comprising administering to such an
individual a pharmaceutical composition comprising an effective amount of an
isolated PTHIR or PTH3R polypeptide of the invention, effective to increase the
PTHIR or PTH3R receptor activity level in such an individual.

The invention also relates to a method of treating an individual in need of
an increased level of PTHIR or PTH3R receptor activity comprising
administering to such an individual a pharmaceutical composition comprising an
effective amount of an agonist for PTHIR or PTH3R. The invention further
relates to a method of treating an individual in need of a decreased level of
PTHIR or PTH3R receptor activity comprising administering to such an
individual a pharmaceutical composition comprising an effective amount of an
antagonist for PTHIR or PTH3R.

As a general proposition, the total pharmaceutically effective amount of
PTHIR or PTH3R polypeptide or its agonists or antagonists administered
parenterally per dose will be in the range of about 1 ng/kg/day to 10 mg/kg/day
of patient body weight, although, as noted above, this will be subject to
therapeutic discretion. More preferably, this dose is at least 0.01 mg/kg/day, and
most preferably for humans between about 0.01 and 1 mg/kg/day for the
hormone. If given continuously, the PTHIR or PTH3R polypeptide is typically
administered at a dose rate of about 1 pg/kg/hour to about 50 pg/kg/hour, either
by 1-4 injections per day or by continuous subcutaneous infusions, for example,
using a mini-pump. An intravenous bag solution may also be employed.

Pharmaceutical compositions containing the PTHIR or PTH3R
polypeptide(s)of the invention or its agonists or antagonsits may be administered
orally, rectally, parenterally, intracistemally, intravaginally, intraperitoneally,
topically (as by powders, ointments, drops or transdermal patch), bucally, or as
an oral or nasal spray. By "pharmaceutically acceptable carrier" is meant a non-

toxic solid, semisolid or liquid filler, diluent, encapsulating material or
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formulation auxiliary of any type. The term "parenteral” as used herein refers to
modes of administration which include intravenous, intramuscular,
intraperitoneal, intrasternal, subcutaneous and intraarticular injection and

infusion.

Chromosome Assays

The nucleic acid molecules of the present invention are also valuable for
chromosome identification. The sequence 1s specifically targeted to and can
hybridize with a particular location on an individual human chromosome. The
mapping of DNAs to chromosomes according to the present invention is an
important first step in correlating those sequences with genes associated with
disease.

In certain preferred embodiments in this regard, the ¢cDNA herein
disclosed is used to clone genomic DNA of a PTHIR or PTH3R receptor gene.
This can be accomplished using a variety of well known techniques and libraries,
which generally are available commercially. The genomic DNA then is used for
in situ chromosome mapping using well known techniques for this purpose. In
addition, in some cases, sequences can be mapped to chromosomes by preparing
PCR primers (preferably 15-25 bp) from the cDNA. Computer analysis of the 3
untranslated region of the gene is used to rapidly select primers that do not span
more than one exon in the genomic DNA, thus complicating the amplification
process. These primers are then used for PCR screening of somatic cell hybrids
containing individual human chromosomes.

Fluorescence in situ hybridization ("FISH") of a ¢cDNA clone to a
metaphase chromosomal spread can be used to provide a precise chromosomal
location in one step. This technique can be used with probes from the cDNA as
short as 50 or 60 bp. For a review of this technique, see Verma et al., Human
Chromosomes: A Manual Of Basic Techniques, Pergamon Press, New York

(1988).
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Once a sequence has been mapped to a precise chromosomal location, the
physical position of the sequence on the chromosome can be correlated with
genetic map data. Such data are found, for example, in V. McKusick, Mendelian
Inheritance In Man, available on-line through Johns Hopkins University, Welch
Medical Library. The relationship between genes and diseases that have been
mapped to the same chromosomal region are then identified through linkage
analysis (coinheritance of physically adjacent genes).

Next, it is necessary to determine the differences in the cDNA or genomic
sequence between affected and unaffected individuals. If a mutation is observed
in some or all of the affected individuals but not in any normal individuals, then
the mutation is likely to be the causative agent of the disease.

Having generally described the invention, the same will be more readily
understood by reference to the following examples, which are provided by way

of illustration and are not intended as limiting.

Examples

Example 1: Isolation of Genomic DNA Clones Encoding the
Zebrafish PTHIR and a novel type-3 receptor, PTH3R

Using zebrafish genomic DNA and several degenerate forward and
reverse primers (Figure 1), two distinct products of approximately 200 and 840
bp, respectively were obtained under stringent conditions. Forward (For) and
reverse (Rev) degenerate primers (synthesized by the MGH Polymer core facility)
for nested PCR (nPCR) were based on previously isolated mammalian and frog
PTHIR sequences. Primers were located in exon M6/7 which encodes in
mammals the third extracellular loop and the amino-terminal portion of
transmembrane (TM) helix 7, and exon M7 which encodes the carboxy-terminal
portion of TM7 and the beginning of the intracellular tail (Kong; Schipani)
(Figure 1).
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The primers for the first PCR reaction were the following: For Mé6a
(5'TTYGGIGTSCAYTAYATHGTVTT; (SEQ ID NO:5) 576-fold degenerate),
or For M6b (S’'GTSYTBRTGCCICTHYTYGG; (SEQ ID NO:6) 1152-fold
degenerate), and Rev M7 (CTCDCCATTRCAGWARCAGTADAT; (SEQ ID
NO:7) 72-fold degenerate) (Fig. 1). PCR was performed using 1 mg of zebrafish
(Danio rerio) genomic DNA, Gibco Tagq (5 units), and the following PCR profile
[initial denaturation at 95° for 3 min, (denature at 94 ° for 1 min, anneal at 50° for
1 min, and polymerize at 72° for 4 or 6 min) for 35 cycles] on an MJ research
thermal cycler (Watertown, MA). nPCR was performed using 2 pl of a 1:100
dilution of the initial PCR product with a degenerate nested primer Rev M7#2
(5'GTADATRATDGMMACAAARAADCC; (SEQ ID NO:8) 432-fold
degenerate), and either For Mé6a or For M6b using the same PCR profile as before
(Fig. 1). nPCR products were identified on a 1.5% agarose gel with ethidium
bromide, and DNA species of approximately 210 bp and 850 bp were excised,
spun through a spin column (Biol01, La Jolla, CA), ethanol precipitated
overnight [(1/10 vol of 3M sodium acetate was added, 2 vol of ethanol, 1 pl of
glycogen (Pharmacia, Uppsala, Sweden)], and ligated into pGEM-T (Promega,
Madison, WI). After transformation of competent DHSa E. coli cells (Gibco,
Grand Island, NY), plasmid DNA from single colonies was purified using
standard protocols, and sequenced by **P cycle sequencing (Amersham, Arlington
Heights, IL) on an 8M urea 6% polyacrylamide field gradient gel (Rubin et al.,
1998). The DNA sequences, from the nested PCRs using For M6a or For M6b,
were analyzed by the GCG package program (GCG, Univ. WI) and subsequently
refered to as zPTHIR(TM6/7)/GEM-T and zPTH3R(TM6/7)/GEM-T,
respectively.

Nucleotide sequence analysis revealed that both clones showed significant
homology at their 5" and 3" ends with the hPTHIR (78% and 73% identity,
respectively). While clone #1, ZPTHIR(TM6/7), contained 84 bp of intronic
sequence (compared to 81 bp of the hPTHIR) (Schipani), clone #2,
zPTH3R(TM6/7), contained an intron of more than 700 bp. These findings
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indicated that portions of two distinct genes had been isolated which both share
higher homology with PTHIR than with PTH2R (64% and 70% identity,

respectively).

Example 2: Isolation of partial cDNA clones
encoding zPTHIR and zPTH3R

Total RNA from adult zebrafish was isolated as previously described
(Rubin ef al., in press) and used as a template for RT-PCR (Gibco). For and Rev
primers for RT-PCR were based on either zZPTHIR or zPTH3R genomic DNA
sequences corresponding to the mammalian exons M6/7 and M7,
zZPTHIR(TM6/7)/GEM-T and zZPTH3R(TM6/7)/GEM-T, respectively (Fig. 1).
Reverse transcription (RT) was performed using Superscript II RNAase H™
reverse transcriptase and 5 pg total RNA at 42° C with zPTHIR/Rev 6(1)
(5'GCATTTCATAATGCATCTGGATTTG) (SEQ ID NO:9), or zZPTH3R/Rev
6(1)(5'CTGTGAAGAATTGAAGAGCATCTC) (SEQIDNO:10), respectively.
PCR, using the For 313 (SSACMAACTACTAYTGGATYCTGGTG (SEQ ID
NO:11); 8-fold degenerate) and either of the two Rev 6(1) primers was performed
using Gibco Taq (5 units) and the following PCR profile [initial denaturation at
95° for 3 min, (denature at 94° for 1 min, anneal at 56° for 1 min, and
polymerize at 72° for 2 min) for 35 cycles]. nPCR was performed using 2 pl of
a 1:100 dilution from the initial ZPTH1R or zZPTH3R RT-PCR product, and either
ZPTHIR/Rev 6(2) (S AGAAACTTCTGTGTAAGGCATCGC)(SEQIDNO:12)
or zZPTH3R/Rev 6(2) (5’AAGAGCCATGAACAGCATGTAATG) (SEQ ID
NO:13), and the For 313 primer using the previous PCR profile except for 35
cycles.

zPTHIR and zPTH3R PCR products were identified on a 1.5% agarose
gel with ethidium bromide, cDNA species of approximately 450 bp were cloned,
as described above, into pGEM-T to yield zPTHlR(TM3/6)/pGEMT and
zPTH3R(TM3/6)/pGEMT, respectively.
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Example 3: Isolation of full-length cDNAs encoding the zPTHIR

RT-PCR using For313 and primers specific for zPTHIR(TM6/7)
produced a450 bp cDNA, zPTHIR(TM3/6), corresponding to TM3 through TM6
of the mammalian PTHI1R. Subsequently, 5" and 3" RACE reactions were
performed to generate overlapping sequences, and a full-length zZPTHIR clone
was constructed using a unique Mfel endonuclease restriction site (Fig. 1).

5" and 3’ RACE reactions (Gibco) were performed using total RNA, and
primers based on zPTHIR(TM3/6)/pGEMT nucleotide sequence. RT for 5’
RACE was performed, as described above, except that Rev 6(2) was used. The
first 5'RACE PCR was performed using Rev 6(3)
(5'GAAGACTATGTAGTGAACACCGAA) (SEQ ID NO:14), Gibco Taq (2.5
units) and the following PCR profile [initial denaturation at 95° for 3 min,
(denature at 94° for 1 min, anneal at 55° for 1 min, and polymerize at 72° for 2
min) for 7 cycles, followed by 28 cycles with annealing at 64°. The first nPCR
was performed using 5 pl of a 1:100 dilution from the previous PCR, Rev TM5
primer (5’ ATATTGTTGTCTGGTGTCACATCT) (SEQ ID NO:15), (KlenTagq,
5.0 units) (Clontech, CA), and the following PCR profile [initial denaturation at
95° for 3 min, [(denature at 94° for 1 min, anneal at 62° for 1 min, and
polymerize at 72° for 2 min) for 35 cycles} with a final extension of 10 min at
72°]. A second nPCR was performed using 5 pl of a 1:100 dilution from the first
nPCR, Rev 4x primer (5'CGCATTTGTTTCTCGAAGTTTTGTTGC) (SEQID
NO:16), Gibco Taq (5.0 units) and the same PCR profile as the first nPCR. The
second nPCR products were purified as described above and ligated into pPGEM-T
EASY (Promega) to yield zZPTHIR(5')/pGEMTeasy, for transformation of
TOP10 E. coli cells (Invitrogen).

For 3’ RACE, RT was performed as before but with an oligo-dT anchor
primer (Gibco). PCR was performed using the For TM3 primer
(5'ATCTTCATGACCTTCTTCTCAGAC) (SEQ ID NO:17), Gibco Taq (2.5

units) and the following profile [initial denaturation at 95° for 3 min, [(denature
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at 94° for 1 min, anneal at 64° for 1 min, and polymerize at 72° for 3 min) for 35
cycles} with a final extension of 10 min at 72°]. nPCR was performed using the
previous PCR profile with 5 pl of a 1:100 dilution from the previous PCR, and
For 4(1) (5'AGGAAGTACCTCTGGGGCTTCA) (SEQ ID NO:18). The 3’
RACE nPCR products were purified and cloned to yield
zPTHIR(3")/pGEMTeasy.

Midiprep DNA of 2zPTHIR(5")/pGEMTeasy and
zPTHIR(3")/pGEMTeasy were digested with Mfe | and Nde I (New England
Biolabs, Beverly, MA), and a 1.0 Kb fragment from zPTH1R(3") was ligated into
an approximately 4.5 Kb fragment from zPTHIR(5')/pGEMTeasy to yield the
full length zPTHIR <clone, zPTHIR(FL)/pGEMTeasy. The
zPTHIR(FL)/pGEMTeasy plasmid DNA was digested with EcoRI and Sacl, and
cloned into the corresponding sites in pGEM-3 (Promega) to yield
zPTHIR(FL)/pGEM3. Subsequently, an EcoRI/Sphl fragment, from the insert
of zPTHIR(FL)/pGEM3 which comprises the entire coding region, of the
zPTHIR was cloned into the corresponding sites of pcDNAI/Amp (Invitrogen)
to yield zPTHIR(FL)/pcDNAI/Amp (zPTHI1R).

The 5’ RACE reactions generated two PCR products which contained an
identical Kozak sequence and coding region (including the putative signal
sequence) but varied in the length of the 5" UT; 5'RACE#29 was 149 bp and
5'RACE#25 was 391 bp. Both clones, zZPTHIR#25 and zPTH1R#29, were
characterized by radioligand assay, total IP generation, and cAMP accumulation.

The amino acid sequence encoded by ZPTH1R ¢cDNA (536 residues, Fig.
2A) showed highest sequence homology to the frog and mammalian PTHIRs
(Bergwitz; Kong). The overall amino acid sequence homology with the hPTHIR
was 76% but only 68% when compared to the hPTH2R. Similar to the
mammalian PTH1Rs, the 3’ non-coding region of zPTHIR did not contain a
typical polyadenylation signal sequence, however, an imperfect sequence was

found (TATAAA) 49 bp upstream of the poly A, tail.
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Example 4: Isolation of full-length cDNAs encoding the zPTH3R

The genomic clone, zZPTH3R(TM6/7), contained, at the 5’ and 3’ end,
nucleotide sequences which were similar to but distinct from zPTHIR and
zPTH2R, and contained approximately 700 bp, rather than 84 bp, of intronic
sequence. This information indicated that portions of a novel gene had been
isolated, subsequently refered to as zPTH3R. RT-PCR using For313 and primers
specific for ZPTH3R(TM6/7) produced a 450 bp cDNA clone, zZPTH3R(TM3/6),
which encodes TM3 through TM6 of the zPTH3R.

A zebrafish 1 gtl1 cDNA library (Clontech) was screened by plaque
hybridization using a 450 bp **P-radiolabeled cDNA probe which was generated
by PCR from zPTH3R(TM3/6)/pGEMT. Filters containing 1.5 x 10° pfu were
hybridized (42° for 18 hrs) in 50% formamide (Rubin ef al., 1996), and washes
were performed for 30 min each at RT, 50°, and at 55°, respectively, with 1x
SSC/0.1% SDS. Autoradiography was performed for 5 days at -70° with a
DuPont Cronex intensifying screen and Kodak XAR film. A single phage was
plaque-purified and subcloned into the EcoRI site of pcDNAI/Amp using the A
TRAP phage kit (Clontech) to yield zeb3-3'/pcDNAI/Amp.

5" RACE reactions (Gibco) were performed as above using three
successive reverse zPTH3R primers [TMI1 (5’
GAAGAGGTGGATGTGGATGTAGTT) (SEQ ID NO:19), G (5
GCAGTGGAGACGTTTGAAATA) (SEQ ID NO:20), and E3 (5
CCAGTTACCTGATGCATCACAGTG)(SEQIDNO:21)]. The cDNA products
were ligated to pPGEMT-EASY (yielding zeb3-5'/pGEMT), minipreped, and their
sequences analysed for homology to the known PTH receptors using GCG.
Inserts which were determined to contain a nucleotide sequence with homology
to the signal sequence of the mammalian PTH1Rs were ligated into zeb3-
3'/pcDNAI/Amp using sites for BamHI, Apall, and Notl to yield
zPTH3R(FL)/pcDNAI/Amp (zPTH3R).
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From 1.5 x 10° screened PFUs, a single phage clone was identified and the
2.5 Kb insert was subcloned to yield zeb3-3'/pcDNAI/Amp. Sequence analysis
showed that the clone was closely related to the known PTH1Rs from the region
corresponding to the mammalian exon E1 through the carboxy-terminal region
encoded by exon T (Kong). However, the cDNA portion encoding the amino-
terminal, extracellular domain and most of the 3" untranslated region immediately
following the termination codon were missing. 5'RACE on total zebrafish RNA
revealed the presence of several putative splice variants which is similar to the
findings with the zZPTH2R (Rubin et al., 1998). Seven of the ten zeb3-5' clones
were identified as containing cDNA sequences similar to the mammalian exons
E3 and E1, which encode portions of the amino-terminal extracellular domain of
the PTHIRs. These clones also contained a Kozak sequence and a nucleotide
sequence with homology to the signal peptide sequence found in the mammalian
PTHI1Rs (Schipani, Kong). Three other zeb3-5’ clones, which also contained the
E3 and E1 equivalent, had different 5’ ends and could therefore represent putative
splice variants. Similar to the zPTH2R (Rubin et a., 1998) and the human
PTHIR (Joun, Bettoun), one of these zZPTH3R putative splice variants lacked a
signal peptide sequence but did contain an initiator AUG two codons upstream
of the exon E1 equivalent. The second putative splice variant lacked a Kozak
sequence, an initiator AUG, and contained a highly charged sequence upstream
of the equivalent of E1 which is unlikel;y to represent a signal peptide. Only
those clones which contained a Kozak sequence, an inframe AUG, and a 5’
coding region with homology to the zZPTH1R, were ligated into the ApaLl site of
zeb3-3'/pcDNAI/Amp to yield the full-length zPTH3R (Fig. 1).

Overall, the sequence encoded by this novel receptor (523 residues, Fig.
2B) shared 66% AA similarity and 59% AA identity with zZPTH1R, but only 55%
similarity with the zZPTH2R. Similar to the frog PTH1Rs, zPTHIR and zPTH3R
lacked the equivalent of the cDNA encoded by exon E2, suggesting that the
appearance of this non-essential exon (Lee and Gardella) represents a mammalian

evolutionary innovation (Lauder and Liem).
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In contrast to this mammalian E2 apomorphy, zZPTHIR and zPTH3R
contain the same eight extracellular cysteines as all known mammalian and non-
mammalian members of this family of G protein-coupled receptors as well as
several other “signature residues” (G protein coupled receptor database:
Http://www.gcrdb.uthacsa.edu). However, there are differences in the number of
consensus sequences (N-X-S or N-X-T) for potential N-glycosylation between
zPTHIR and zPTH3R; only two are conserved for all zebrafish PTH receptors
(Fig. 2C). Furthermore, analysis of the intracellular tail residues indicates that
this region has a higher rate of sequence variation between PTH receptor subtypes
and was therefore used for further comparison (Table 2). For example, the
homology between zPTHIR and hPTHIR in this region is 56%, which is similar
to the 58% AA similarity for zZPTH2R and hPTH2R. In contrast, the homology
between the tail regions of zZPTH3R and hPTHIR is 38%, and 28% when
compared to hPTH2R (Table 2). The zZPTH3R was therefore identified as a novel
member within the PTH/PTHrP receptor family.

Example 5: Functional characterization of zZPTHIR
and zPTH3R in COS-7 cells

Plasmid DNAs encoding the two full length zZPTH1Rs (#25 and #29) and
the zZPTH3R were transiently expressed in COS-7 cells. COS-7 African green
monkey kidney cells (approximately 200,000 cells/well in a 24-well plate) were
cultured and transfected with plasmid DNA (200 ng/well) as described (Rubin ez
al., 1998). After transfection, cells were cultured for 72 hrs at 37° with daily
exchanges of medium, followed by an additional 24 hrs at 33° (Gardella et al.,
1997) until they were functionally evaluated after 96 hrs.

Radioligand studies with COS-7 cells expressing either zPTHIR or
zPTH3R were performed as described using either '*I-labeled
[Nl Tyr*IrPTH-(1-34)amide (rPTH) (SEQ ID NO:22) or '251—iabeled
[Tyr**lhPTHP-(1-36)amide (PTHrP) (SEQ ID NO:23), and increasing
concentrations of either [Tyr*]hPTH(1-34)amide (PTH) (SEQ ID NO:24), or
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[Tyr’*]hPTHrP(1-36)amide (PTHrP) (SEQ ID NO:X) (Bergwitz). Peptides were
synthesized by the MGH polymer core facility as described (Gardella ef al., 1995
and 1996). Specific binding was calculated by subtracting radioligand binding
in the presence of excess unlabeled peptide from the total binding. All points
represent mean + S.E.M. of two to three replicates from two or more independent
experiments (Tallarida and Jacob, 1979). IC,, values (dose of a competing ligand
which resulted in 50% inhibition of radioligand binding) were calculated as
previously described (Gardella et al., 1996).

In order to assess agonist-dependent cAMP accumulation of COS-7 cells
expressing zPTH1R and zPTH3R, experiments were done in 24-well plates with
COS-7 cells stimulated in the presence of increasing concentrations of either PTH
or PTHrP, and intracellular cAMP was determined as described (Bergiwtz et al.,)
EC,, values were determined as previously described (Gardella ez al., 1996).

In order to determine total inositol phosphate turnover for COS-7 cells
expressing zZPTHIR, zPTH3R, and hPTHIR, cells were grown in 6-well plates
with COS-7 cells (approximately 200,00 cells/well transfected with either 1
pg/well of zPTHIR, zPTH3R, or hPTHIR (stina)). Cells were cultured for 3
days in DMEM/7% fetal bovine serum (FBS) at 37°C with daily exchanges of
medium. The cells were then preloaded with 3 pCi/ml myo-[*H]inositol (New
England Nuclear, Boston, MA) in inositol-free DMEM (Gibco)/7% FBS (33°C
for 18 hr). The following day, plates were rinsed and then incubated with 10°M
of either PTH, PTHrP in DMEM/0.1% BSA, or with DMEM/0.1% BSA alone
(40 min at 37°C), in the presence of 30 mM LiCl. Total inositol phosphate (IPs)
were isolated by anion exchange column chromatography as previously described
(Tida-Klein et al., 1995 and 1997), and 1 ml of the eluate (1/8th of total) was
counted in a liquid scintillation counter (model LS 60001C, Beckman, Fullerton,
CA). All points represent mean = S.E.M. of two to three replicates from two or
more independent experiments (Tallarida and Jacob, 1979).

Both zPTHIR clones showed high affinity binding of radiolabeled rPTH
and PTHrP (Table 2, Fig. 4). Apparently, due to the shorter 5’ UT, zZPTH1R#29
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showed in comparison to #25 slightly higher expression levels and higher
maximal cAMP accumulation (101.6 pmole/well for hPTHrP and 106.2
pmole/well for hPTH versus 92.4 pmole/well for hPTHrP and 90.4 pmole/well
for hPTH; see Table 2), but otherwise both clones were indistinguishable. Only
the functional data for zZPTH1R#29 are therefore presented (figure 3, Table 3).
Interestingly, zPTH3R showed a higher specific binding for radiolabeled PTHrP
than rPTH. Furthermore, the zZPTH3R showed a higher apparent Kd for PTHrP
than PTH (approximately 3nM versus approximately 100nM, respectively).
These results indicate that zZPTH3R preferentially interacts with PTHrP.

Similar to these binding data, COS-7 cells expressing the zPTHIR
showed very similar EC,, for cAMP accumulation in response to either PTH or
PTHrP which is similar to the findings with mammalian PTH1Rs (EC,,: 0.8 +
0.03 nM for PTH and 0.3 + 0.04 nM for PTHrP, Table 2). The zZPTH3R showed
a higher maximal cAMP accumulation (285.4 nM for PTH and 227.4 for PTHrP
nM), but in contrast to the zZPTHIR, zPTH3R showed a reduced efficacy for PTH
(ECspe: 5.98 +0.24 nM for PTH and 0.49 + 0.17 nM for PTHxP, Table 2, Fig. 4).
Furthermore, in addition to being more efficiently activated by PTHrP, the
7ZPTH3R showed a significant activation at 10" M (Fig. 4). These results
confirmed the radioreceptor studies which had indicated that the zPTH3R
interacts preferentially with PTHrP.

Similar to the mammalian PTH1Rs, COS-7 cells expressing the zZPTHIR
showed an equivalent increase of IP accumulation (2-fold) when stimulated with
either PTH or PTHrP. In contrast, despite higher expression levels, no IP
accumulation was detectable when challenged with either ligand (Fig. 5). The
lack of signaling through this second messenger may be related to significant
structural alterations in the second intracellular loop of zZPTH3R (Fig. 4).
Previous studies with the rat PTH1IR have shown that this portion of the receptor
is important for IP signaling, since replacement of some residues in this "EKKY"
cassette either impaired or abolished phospholipase C activation (Akiko). While

the zZPTHI1R contains a conserved DRKY sequence instead of the mammalian
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EKKY, the corresponding AA residues of the zZPTH3R are DKNC (Fig. 3). The
two most important residues are therefore altered in the novel receptor which
could explain the signaling selectivity of the ZPTH3R. The zPTH3R is therefore
a naturally occurring PTH/PTHrP receptor which appears to be incapable of

signaling through IP.

Example 6: Southern Blot Analysis of Zebrafish Genomic DNA

To confirm that zZPTHI1R and zPTH3R are encoded by distinct genes,
three infrequently cutting restriction endonucleases were utilized to digest
zebrafish genomic DNA to completion (Fig. 6). Approximately 16 pg of
zebrafish genomic DNA was digested to completion with either BamHI, EcoRlI,
or HindIII, split into two equal aliquots for electrophoresis through a 0.8%
agarose gel containing ethidium bromide, and transferred onto a nitrocellulose
membrane (MS], Westborough, MA). After baking in vacuo for 2 hr at 80° C,
the blots were hybridized in 50% formamide (42 ° for 18 hrs) with PCR-generated
32P_labeled probes (Schowalter and Sommer, 1989) encoding either the carboxy-
terminal tail of zZPTHIR or zZPTH3R (240 and 335 bp, respectively). Washes
were performed for 30 min each at RT and 42° in 1x SSC/0.1% SDS, and at 50°
in 0.5x SSC/0.1% SDS followed by autoradiography at -70° for 7 days with a
DuPont Cronex intensifying screen and Kodak XAR film.

Initial Southern blot data using probes corresponding to TM3 through
TM6 of either receptor showed multiple hybridizing DNA species, indicating that
these probes cross hybridized with each others gene or with closely related genes
(data not shown). To increase the specificity for either subtype, hybridizations
were performed with radiolabeled probes comprising only the tail region of each
receptor, zZPTHIR/ail or zPTH3R/tail, which showed the highest rates of
sequence variation between PTH receptor subtypes. For each digest the tail

probes hybridized, under stringent conditions, to a single but different genomic
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DNA fragment indicating that distinct genes encode zZPTHIR and zPTH3R
(Fig. 6).

Example 7: Phylogenetic and Structural Analyses of All Known PTHRs

Alignment of all known PTH1Rs, PTH2Rs, the goldfish VIP receptor
(#U56391), and the human CRF receptor (#P34998) sequences was performed as
previously described (Rubin ef al., 1988). Sequences were subsequently aligned
within MacClade 3.0 (Maddison and Maddison, 1992) and gaps were entered to
maximize the homology of the native proteins. Each AA was treated as an
unweighted character when analyzed using the branch-and-bound search option
of PAUP 3.1 (Swofford, 1993). A bootstrapping analysis using the branch-and-
bound option on 100 replicates (Hedges, 1992; Felsenstein and Kishino, 1993)
was performed and only groups which were compatible with the 50% majority-
rule consensus were retained (Swofford and Olsen, 1990; Swofford, 1993).

GCG was used for comparing the tail regions of zPTHIR, zPTH2R,
zPTH3R, hPTHIR, and hPTH2R. A further analysis was performed within
MacClade to determine unambiguous residues which may be character-dependent
for each PTH/PTHrP receptor subtype (Madison and Maddison, 1992; Swofford,
1993; Rubin et al., 1998).

The single most parsimonious Bootstrap consensus tree revealed two
statistically significant PTH/PTHrP receptor clades; the PTHIR/PTH3R clade
and the PTH2R clade (Fig. 7). Furthermore, within the PTHIR/PTH3R clade, the
PTHIR groups significantly different from PTH3R and, at least for the PTHIR,
the terminal branches contained within are congruent with morphologically based
phylogenies (Pough, 1989).

Whereas the overall amino acid conservation between zPTHIR and
zPTH3R is relatively high, particularly within the transmembrane region,
multivariate analysis led to the identification of amino acid residues that may be

specific for PTH3Rs (Fig. 3). Although additional PTH3R sequences from other
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species are required to confirm the receptor specificity of these residues, the

limited number of amino acid changes may already allow mutational studies to

explore their functional importance, particularly with regard to phospholipase C

activation.

Table 2. Comparisons of the Amino Acid sequences of the Intracellular,

Carboxy-Terminal Tail of Different PTH Receptors.

Residues comprising the tail region of the zZPTH1R and zPTH3R were compared

to corresponding regions of the zZPTH2R, and the human PTHIR or PTH2R.

%similarity/%identity are indicated.

Table 2
zPTHIR zPTH2R zPTH3R hPTHIR
zPTH2R 38/31
zPTH3R 36/33 26/23
hPTHIR 56/50 35/28 38/33
hPTH2R 38/29 58/53 28/25 38/31
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Table 3. Binding and cAMP Signaling Properties of PTH and PTHrP Analogs
on the zPTHIR and the zPTH3R.

Competitive binding and cAMP stimulation assays were performed at room

temperature with intact COS-7 cells that expressed either the zPTHIR or the

zPTH3R, as described in Materials and Methods. Homologous binding reactions

utilized '*1-rPTH with unlabeled rPTH, and '*I-hPTHrP with unlabeled hPTHrP,

heterologous binding reactions utilized 'I-hPTH with unlabeled rPTH. EC,,and

IC,, values were determined as previously described (Gardella er al., 1996).

Values are the mean £ SEM of at least three independent transfections. ND, not

——

determined.
Table 3
zPPR3 ZPPR1#29 zPPR1#25
Ligand |Binding cAMP cAMP Binding | cAMP cAMP Binding cAMP  [cAMP

1Cs, EC;, Maximum 1Cs, ECs, Maximum ICs . ECs Maximum

(nM) (nM) (pmol/well) | (nM) (nM) (pmol/well) | (nM) (nM) (pmol/well)
hPTHrP | ~3.0 [049+0.17 [2854+3.4 [~3.0 0.3+0.04 [101.6+3.6 ~3.0 10.90£0.09 [92.4+8.00
hPTH ~100 [5.98+0.24 [227.4+41.6 |~3.0 0.8+0.03 [106.2+4.8 ~3.0 |~3.0 90.4+11.4
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What Is Claimed Is:

1. An isolated nucleic acid molecule comprising a polynucleotide
having a nucleotide sequence at least 95% identical to a sequence selected from
the group consisting of:

(a) a nucleotide sequence encoding the PTHIR receptor
having the complete amino acid sequence at positions from about 1 to about 536
in SEQ ID NO:2;

(b)  a nucleotide sequence encoding the PTHIR receptor
having the amino acid sequence at positions from about 2 to about 536 in SEQ
ID NO:2;

() a nucleotide sequence encoding the mature PTHIR
receptor having the amino acid sequence at positions from about 25 to about 536
in SEQ ID NO:2;

| (d) a nucleotide sequence encoding the PTHIR receptor
having the complete amino acid sequence encoded by the cDNA clone contained
in ATCC Deposit No. ____;

(e) a nucleotide sequence encoding the mature PTHIR
receptor having the amino acid sequence encoded by the cDNA clone contained
in ATCC Deposit No.

® a nucleotide sequence encoding the PTHIR extracellular
domain;

(2) anucleotide sequence encoding the PTH1R transmembrane
domain,;

(h) a nucleotide sequence complementary to any of the

nucleotide sequences in (a), (b), (c), (d), (e), (f) or (g).

2. The nucleic acid molecule of claim 1 wherein said polynucleotide

has the complete nucleotide sequence in Figure 1C (SEQ ID NO:1).
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3. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the nucleotide sequence in Figure 1C (SEQ ID NO:1) encoding the PTHIR
receptor having the complete amino acid sequence in Figure 2A (SEQ ID NO:2).

4. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the nucleotide sequence in Figure 1C (SEQ ID NO:1) encoding the mature
PTHIR receptor having the amino acid sequence in Figure 2A (SEQ ID NO:2).

5. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the complete nucleotide sequence of the cDNA clone contained in ATCC

Deposit No. .

6. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the nucleotide sequence encoding the PTHIR receptor having the complete
amino acid sequence encoded by the cDNA clone contained in ATCC Deposit
No._

7. The nucleic acid molecule of claim 1 wherein said polynucleotide
has the nucleotide sequence encoding the mature PTHIR receptor having the
amino acid sequence encoded by the cDNA clone contained in ATCC Deposit
No.

8. An isolated nucleic acid molecule comprising a polynucleotide
which hybridizes under stringent hybridization conditions to é polynucleotide
having a nucleotide sequence identical to a nucleotide sequence in (a), (b), (c),
(d), (e), (f) or (g) of claim 1 wherein said polynucleotide which hybridizes does
not hybridize under stringent hybridization conditions to a polynucleotide having

a nucleotide sequence consisting of only A residues or of only T residues.
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9. An isolated nucleic acid molecule comprising a polynucleotide
which encodes the amino acid sequence of an epitope-bearing portion of a
PTHIR receptor having an amino acid sequence in (a), (b), (¢), (d), (e), (f) or (g)

of claim 1.

5 10. The isolated nucleic acid molecule of claim 1, which encodes the

PTH1R receptor extracellular domain.

11. The isolated nucleic acid molecule of claim 1, which encodes the

PTHIR receptor transmembrane domain.

12. A method for making a recombinant vector comprising inserting
10 an isolated nucleic acid molecule of claim 1 into a vector.

13. A recombinant vector produced by the method of claim 12.

14. A method of making a recombinant host cell comprising

introducing the recombinant vector of claim 13 into a host cell.
15. A recombinant host cell produced by the method of claim 14.

15 16. A recombinant method for producing a PTHIR polypeptide,
comprising culturing the recombinant host cell of claim 15 under conditions such

that said polypeptide is expressed and récovering said polypeptide.

17.  Anisolated PTH1R polypeptide having an amino acid sequence

at least 95% identical to a sequence selected from the group consisting of:
20 (a) the amino acid sequence of the PTH1R polypeptide having
the complete amino acid sequence at positions from about 1 to about 536 in SEQ

ID NO:2;
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(b)  theamino acid sequence of the PTH1R polypeptide having
the amino acid sequence at positions from about 2 to about 536 in SEQ ID NO:2;

(c) the amino acid sequence of the mature PTHIR polypeptide
having the amino acid sequence at positions from about 25 to about 536 in SEQ
ID NO:2;

(d)  theamino acid sequence of the PTH1R polypeptide having
the complete amino acid sequence encoded by the cDNA clone contained in
ATCC Deposit No.

(e) the amino acid sequence of the mature PTH1R polypeptide
having the amino acid sequence encoded by the cDNA clone contained in ATCC
Deposit No.

) the amino acid sequence of the PTHIR receptor
extracellular domain,;

(g)  the amino acid sequence of the PTHIR receptor
transmembrane domain; and

(h) the amino acid sequence of an epitope-bearing portion of

any one of the polypeptides of (a), (b), (c), (d), (e), (1), or (g).

18.  Anisolated polypeptide comprising an epitope-bearing portion of
the PTHIR receptor protein.

19.  Anisolated antibody that binds specifically to a PTHIR receptor
polypeptide of claim 17.

20. A method of treating diseases and disorders associated with the
decreased PTHIR activity comprising administering an effective amount of the
polypeptide as claimed in claim 17, or an agonist thereof to a patient in need

thereof.
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21. A method of treating diseases and disorders associated with
increased PTHIR activity comprising administering an effective amount an

antagonist of the polypeptide as claimed in claim 17 to a patient in need thereof.

22.  An isolated nucleic acid molecule comprising a polynucleotide
having a nucleotide sequence at least 95% identical to a sequence selected from
the group consisting of:

(a) a nucleotide sequence encoding the PTH3R receptor
having the complete amino acid sequence at positions from about | to about 523
in (SEQ ID NO:4);

(b) a nucleotide sequence encoding the PTH3R receptor
having the amino acid sequence at positions from about 2 to about 523 in (SEQ
ID NO:4);

(c) a nucleotide sequence encoding the mature PTH3R
receptor having the amino acid sequence at positions from about 22 to about 523
in (SEQ ID NO:4);

(d)  a nucleotide sequence encoding the PTH3R receptor
having the complete amino acid sequence encoded by the cDNA clone contained
in ATCC DepositNo.

(e) a nucleotide sequence encoding the mature PTH3R
receptor having the amino acid sequence encoded by the cDNA clone contained
in ATCC Deposit No.

€3] a nucleotide sequence encoding the PTH3R extracellular
domain;

(2) a nucleotide sequence encoding the PTH3R
transmembrane domain;

(h) a nucleotide sequence complementary to any of the

nucleotide sequences in (a), (b), (c), (d), (e), (f) or (g).
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23.  Thenucleic acid molecule of claim 22 wherein said polynucleotide

has the complete nucleotide sequence in Figure 1D (SEQ ID NO:3).

24.  Thenucleic acid molecule of claim 22 wherein said polynucleotide
has the nucleotide sequence in Figure 1D (SEQ ID NO:3) encoding the PTH3R
receptor having the complete amino acid sequence in Figure 2B (SEQ ID NO:4).

25.  Thenucleic acid molecule of claim 22 wherein said polynucleotide
has the nucleotide sequence in Figure 1D (SEQ ID NO:3) encoding the mature
PTH3R receptor having the amino acid sequence in Figure 2B (SEQ ID NO:4).

26.  Thenucleic acid molecule of claim 22 wherein said polynucleotide
has the complete nucleotide sequence of the cDNA clone contained in ATCC

Deposit No. .

27.  Thenucleic acid molecule of claim 22 wherein said polynucleotide
has the nucleotide sequence encoding the PTH3R receptor having the complete
amino acid sequence encoded by the cDNA clone contained in ATCC Deposit
No.

28.  Thenucleic acid molecule of claim 22 wherein said polynucleotide
has the nucleotide sequence encoding the mature PTH3R receptor having the
amino acid sequence encoded by the cDNA clone contained in ATCC Deposit
No.

29.  An isolated nucleic acid molecule comprising a polynucleotide
which hybridizes under stringent hybridization conditions to a polynucleotide
having a nucleotide sequence identical to a nucleotide sequence in (a), (b), (¢),

(d), (e), (D), (g), or (h) of claim 22 wherein said polynucleotide which hybridizes
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does not hybridize under stringent hybridization conditions to a polynucleotide

having a nucleotide sequence consisting of only A residues or of only T residues.

30.  An isolated nucleic acid molecule comprising a polynucleotide
which encodes the amino acid seqhence of an epitope-bearing portion of a
PTH3R receptor having an amino acid sequence in (a), (b), (c), (d), (e), (), (),
or (h) of claim 22.

31. The isolated nucleic acid molecuie of claim 22, which encodes the

PTH3R receptor extracellular domain.

32. The isolated nucleic acid molecule of claim 22, which encodes the

PTH3R receptor transmembrane domain.

33. A method for making a recombinant vector comprising inserting

an isolated nucleic acid molecule of claim 22 into a vector.
34. A recombinant vector produced by the method of claim 33.

35. A method of making a recombinant host cell comprising

introducing the recombinant vector of claim 34 into a host cell.
36. A recombinant host cell produced by the method of claim 35.
37. A recombinant method for producing a PTH3R polypeptide,
comprising culturing the recombinant host cell of claim 36 under conditions such

that said polypeptide is expressed and recovering said polypeptide.

38.  Anisolated PTH3R polypeptide having an amino acid sequence

at least 95% identical to a sequence selected from the group consisting of:

PCT/US99/11883-



WO 00/32771 PCT/US99/11883

-68-

(a) the amino acid sequence of the PTH3R polypeptide having

the complete amino acid sequence at positions from about 1 to about 523 in (SEQ

ID NO:4);
(b) the amino acid sequence of the PTH3R polypeptide having
5 the amino acid sequence at positions from about 2 to about 523 in (SEQ ID
NO:4);

(c) the amino acid sequence of the mature PTH3R polypeptide
having the amino acid sequence at positions from about 22 to about 523 in(SEQ
ID NO:4);
10 (d)  theamino acid sequence of the PTH3R polypeptide having
the complete amino acid sequence encoded by the cDNA clone contained in
ATCC Deposit No.
(e) the amino acid sequence of the mature PTH3R polypeptide
having the amino acid sequence encoded by the cDNA clone contained in ATCC
15 Deposit No.
® the amino acid sequence of the PTH3R receptor
extracellular domain;
(g) the amino acid sequence of the PTH3R receptor
transmembrane domain;
20 (h)  the amino acid sequence of an epitope-bearing portion of

any one of the polypeptides of (a), (b), (c), (d), (), (f), or (g).

39.  Anisolated polypeptide comprising an epitope-bearing portion of
the PTH3R receptor protein.

40.  Anisolated antibody that binds specifically to a PTH3R receptor
25 polypeptide of claim 38

41. A method of treating diseases and disorders associated with the

decreased PTH3R activity comprising administering an effective amount of the
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polypeptide as claimed in claim 41, or an agonist thereof to a patient in need

thereof.

42. A method of treating diseases and disorders associated with
increased PTH3R activity comprising administering an effective amount an

antagonist of the polypeptide as claimed in claim 38 to a patient in need thereof.

43.  Anisolated polynucleotide encoding a modified PTH3R protein,
wherein, except for at least one conservative amino acid substitution, said
modified protein has an amino acid sequence that is identical to a member
selected from the group consisting of:

(a) amino acids 1 to 523 of SEQ ID NO:4;
(b) amino acids 2 to 523 of SEQ ID NO:4; and
(©) amino acids 22 to 523 of SEQ ID NO:4.

44, A modified PTH3R protein, wherein, except for at least one
conservative amino acid substitution, said modified protein has an amino acid
sequence that is identical to a member selected from the group consisting of:

(a) amino acids 1 to 523 of SEQ ID NO:4;
(b) amino acids 2 to 523 of SEQ ID NO:4; and
() amino acids 22 to 523 of SEQ ID NO:4.

45.  Anisolated polynucleotide encoding a modified PTHIR protein,
wherein, except for at least one conservative amino acid substitution, said
modified protein has an amino acid sequence that is identical to a member
selected from the group consisting of:

(a) amino acids 1 to 536 of SEQ ID NO:2;
(b) amino acids 2 to 536 of SEQ ID NO:2; and
(©) amino acids 25 to 536 of SEQ ID NO:2.
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46. A modified PTHIR protein, wherein, except for at least one
conservative amino acid substitution, said modified protein has an amino acid
sequence that is identical to a member selected from the group consisting of:

(a) amino acids 1 to 536 of SEQ ID NO:2;
(b) amino acids 2 to 536 of SEQ ID NO:2; and
(c) amino acids 25 to 536 of SEQ ID NO:2.
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F6URE (O
(PTHIR wucteshile se6)

TICTCTOCAA. TOGAOGOGAC TEOCATGTCC TGAAGAGARRA CAGIAGCTCT
CTGEAEAGCA GEAGTTCTGS AAARGGTCAA AGGTICCTEGEG TTAZGCATEG
TCICAGTOEA GGTCTCTGTG GCTTIRGTAC TOIGCTGIGT TITCATGAA
GOCAGAGCTC TGATTGATIC AGATGAIGIC ATCACANGAG ATGAACAGAT
CTTICIOCIC ATTGGTGORC GETCGAGGTG TGAGRGAMC ATUCGTGCAC
AGTCAIACGT GETCAGAGAG ANTAACTEOG CTOCTGAGTG
ATTTGOTGAC CCACAGEARA ACCCAATCS ATOGTGIEAS TICTGTGTCC
TGEGTACATC TATEACTTICA ACCACACNTS ATAC

ATGOATCAGG TAACTGGGAG CAGGIGIOCA TTATARRCCG GROSTGEGCA
AXCTRCACES AATGCACCAC TIACCTCCAC 20CAROCACE GIGATCARGA
GEARGTIGTTT GAGCGECCTTT ACCTCATGTA CACTATTORA TACTCCATAT
CACTOGCAGE GTTACTGENE GUOGETCICTA TOCTTIGCTA TITCARRCGT
CTCCACTGCA CTOGTARCTA CATCCACATC CACCICTICA CCTOGTICAT
ATGIOGAGCA ATCAGTATTT TIGTGARAGA COOOGTICTT
CCANTGATES ASARCTRGAA GATOGIECAG TCGARCAAAG ACCCATGETG
CETECAANE CTECTGTGAS CCICTIOCIG TATC CerocanTen
TTATIGGATC CTGGTGARGE GTTIGTECTT GOAGTCTS ATCTTCATNG
CCTICCTGIC TGATARGARS TOOCTGTRNG CTTTCACAAT CATAGGCTGS
GERATOOCAG CAGTGTTIGT GICTATATOS GTCAGTECA GOGTGTCICT
GGCBGACACA CAGTOCTONG ATATCAGTGC AGGCANTTTS ARMTGGATIT
AICAAGTACC ARTCCTGECA GOCATIGITS TAPACTICTT CCTCTICCIC
ARTATCATCA GGSTTTTGEC CTCTAMGTIG TCGGAARCAA ACAOGA
TEATECCACT GTTIGGAGTT CATTACATCC TGTICATGEC TCTTCOOGTAC
ACTGATGIGA CTGGTTTGCT GTOGCAGATT CTGATGCATT ACGAGATCCT

CTTCAATICT TCACAGGETT TCITIGCTEEC GTTTATTTAC TECTTCIGCA
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FIGURE (C
<PT(’\'HQ Wuclectide Se@» |

ATEGEEEAGET CCAGECAEAG GIGAAGARGG CCIGGTIHNG N\RTAITOT
CCETTAGACC AGAACECAGAA GECTCOGAGTIC CACAGTAGTG QXRATETGG
AAGTOGTTAC TATGGAGGAA TCATGTOCCA CACCAOCZOA CARYAIGIGT
GTCICAGTET CAGTGGTECT AAMGCCRGIC ATTCICTIONA CACATAGA
COCARAGGAC AATCOOGTCT ACANCATICA GGRARECTIAC CURSTROGOG
COTCAGGENG CATAGACTTT GITITACCCA GIGGTCCCAR ACCNGAAAGA

GACTCCATGC AGACAGACCA GCAGGAATGC AGAGGRARGC GACATGATT

TreacecaTa TIICeEGG 6 - ((SEQ IDNO:\)
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C@TH 3R Nucleokde S0

acttttttat ataccarsaa acgatgtact aatgggaggy gaggagatay

éagcgaaatg acteucteet tgaaggoget taaacagacyg tasacaccay
agaaatccca ttttazactg acageacatt tgogtgeact tgogtogogh
TEOGEAGOCAC GOTGATOGTA QGCACTITAG GCTTTICTCTT CTEOGECACC
TTECTEAGTT TOCTCIATEG TCTGGTCEAT GCAGATGATG TCCTCACAAN
GGAGEAGCAA ATCTATCTIC TGTICAROGC ARARCGARRR. TCIGRGCGAG
CAATCAAGTC CARGCATAMA ACGTICTGALG GATCCIGTICT COCAGACTGG
GATGACATCC TATGITEEC CGAGGEAGTT CCIGGARAGA TEGSTCTICCAL
TICATCCCCA GAGTACKTAT ATGACTICAA CCACARRGGT CAIGOCIE!CC
GEOGCTGCEA CCTGARCGEEG ACCTGEEAR. TGECCTCACA TARCARCANA
ACCTOEGCTA ATTACESSEA ATGTGCCARA TICTICCCCC ATTATARMCCA
GARCCAGGRG AGGGAGSTIT TOGACAGACT TTACCTGEATC ‘TAC‘ACAGIGG

GCTACTCCAT CTESCGA TCACTTATGG TGRCCACAGT CATCCTCEEA

TACTITCERS GOCTOCACTG CACCAGGAR TACATCCACS TECACCTGTT
TCTATCGTTC ATGTIGREEG CCATTAGTAT CTTCGTGARG GATGIGETEC
TCTACTOTIEG TIOCEOGETIG CACGAAATGG AMCGAATCAC TOTGGAGCGAT
CTCAAATCCA TCACTERAGC COCTOCTEAS AACAAARCCL AGTITATOSG
CICTAAGETS GOGGETANEC TOTICTTGTA CITCTTCGC ACTARTTATT
mm GETGARARTEC CTGTRAQCICC ACAGCCTTAT CITCATEACC
TICTICTCAG ACAGAANGTA COTCTGRGEC TICACTCTGA. TTOCTTGEGS
TGTTOCTECG ATGTTISTCA CCATCTERAC GAGTGITAGA GOCACACTIG
CTGACACTGA GIGCTOSRT TIGAGTGCAS GAARCCIGAA ATKATTGTG
CAGATCCCCA TICTTATTGS AATIGTIGIC AATTTITIGT TGTTOCTGAA
TATAATTCGA GICTISRZZA CAAAACTICG AGAAACARAT GOGGGCAEHT
GTEACACKCAS ACAMCAXNTAT AGGARSCTHC TGAZGTOGAC TCTCGTOCIC

ATGCOGTTCT TCGETUTTCA CTACATAGIC TICATGGCGA TECCTTACAC
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1301 AGARGTTICT GGAGTACTGT GGCAARICCA GATGCATTAT GARATGCTCT
1351 TIAACTCAGT CCAGGGATTC TTIGITGCGA TTATATATIC CTICICCARRLC
1401  GGAGAGGTOC ARGCGGARAT CAMGARGGCC TGGAACAGRA GEACTCTTGC
1451 TCTGGACTIC AAGAGAARAG CCAGGAROGG CAGTAACACA TACAGCTATG
1501 GACCCATGET TICTCACAC AGICTIACCA ATGTGAAEC GUGEEEEESCG
1551 CTGECCCITC ACCTCACCAA -CQGACTEGEG CACGTCACCA CTANIGECCA
1601 CAGAANCCTT CCGGGATACA TARRARNIGG CTCCGTIICA GARAACTCCA
1651 TCCCGIOCTC GOGTCACEAS CTTCACATIC AGGAGRANGA GOCTICGARG
1701 ACCTICCAGA TCCGAEAAANC CATCCACGTG GIGGAGGALG AANGAGAAALC
1751 OCTCATGIGA CTTTACTGRC GGACABATCC TAGATATATT GAAGGATICA
1801 AGAGTCCTIC GCTICTCAGS ATTICCTTEC RATTGCTGEL gttgpaggca
1851 cagagaaaga coggagaaat gagocacgay tetggaaget actgeageat
1901 cttcaccage ageatttggt asaggagaac agactttget ttggattttt
1951 ttasatatta gatattogea ctgtagacaa geaactgegy tgctttcagyg
2001 tcogtcatate acctocatad acgaagaacg gtgagtitge atcaggatca
2051 cgtcatataa agcattgtog guacgtgaat tgtacacaaa gaagacactce

2101 gtgttatttt tasssaaaaa aazaaaasa (SE& IN)) NO 3)



2

H1

bl

13

101

YAl

{4t

WO 00/32771 6 / 19

FIEURE 2 A
(PTHIR A A

& CCOCRALCTTECTGRGT

TTCGTCTATEG TCTCG TCEATECAGATGATGC TCCTCACAAAGEAGEANACARATCTATCTT
== ———— ————— + e it o —————
AROCAGATACCAGEACCAGCTACGTCTACTACACGAGTCTITCCTOCTCGT T IAGATAGAR

PVYG\LVDADDVLTKEEQIYL

) W&Ammmmwmmmmmm

e e o

- B B et

ngmmmrmmemm

LFNAKRKCERAIKSKHKTSE

G § ¢CL PEWDGILCWPEGVYVY P GXK
Ammm@mmmmcmmmmm
e o + Bt R b —————

Wmmmmmm

M V &§ T S§CPEVYIYD FNIEZ KGZEHHSAY

O@’GCIGZGA[XZIGAACGGGACCIGGGAAC‘IGGCCICA_A‘I? ACAZ‘@AADCCIGBOCI'
+ -

mmmmmmmm
RRCDLNGTWELASHNNKTWZ\.

22 :mmmmmccm@ W
e ————

mucmmco@rmmmtmm

N ¥ 8 BECAI X FFPHYNQNGQETREV

mnmmmmmmmm
e —— -——

g e
Ammmmm

FDRLYLI\YTVGYSISLGSLM

Gmmmmmcmo@mmwm

PCT/US99/11 88~3

T



PCT/US99/1 18?5’)
WO 00/32771 7 /19 :

FiGuRE 2 A
(DTH | R S,E/év\
bl v A v I L G i FIRR L HC T R N Y<I H

e e + + frmm e e e e e | \rma

Bl M E L FL S§FMLRAISTIFUVEKDVY

2] L Y $ G S ALQEMERTITYVEDTILXK S

ATCACTGARGOOCC TOC TGO AN ARG TTA TGRS TG TAAGTORCNGTRADE
e e 4 + + +
PG TaACTTOEGAAA A AT TC T T TG TCARATACCOGACATTOCACECACTEE
Q,‘LOITEAPPANKTQFIGCK\VAVT
CTCTTOT TG TAC T T T EECC A TANTTATTACTEEATIC TG TOCAAGECCTETACCTG THE
4 g + ~—

mmm&mmmmmm

2{f . P L ¥ F L ATNYYWILVEGTLYHL

mmmmmmmmm
= ———

mmsmmmmmm

ZLIHS!LIFMTFFSDRKYLW\GFTL

2 — .
e -+ ~\:‘# -t + + ( H \-/l
TAXCARCCCACAAGGAGCTACAANCAGTAGTAGRLCOCCCTCRAC2ATCTCRGTGTGAA

Zg[IGWGVPAMFV’I’IWASV‘RATL

+ ————t

30l ADTECWDLSAGNLKWIVQ\xP

Ammmmmmmmmmmmmmmm TH AN
e o

TMMMAM@M%WW

3Z{ILTAIVVNFLLFLNIIRVL]A

AC@WAWW&AA@WM
o + ———t

e e e



WO 00/32771 8 /19

34l

36l

381

ol

421

441

Yol

Y8l

501

FIGURE 2 A
[PTH IR @é}

TOCTTCGAC

T KL R ETNAGRCDTROQQY RXL

TAGTCITCATECCG
— + -
WWMWMMW

LKST‘LVLMPLFGVHYIVFMAI
1]

o———

Amammmmmmammc

"l" -+

T?.COGAMG’IG‘ICI’ICAAAGACCICA

MPYTEVSGVLWQIQIMHYE!ML

Wmmmmmmm

mmmmmmmmmm |

FNSVQGFFVAIIYCFCINGEV

CAAGCGGAAA’JEAA&

DART

mmmmmmm&mmmmm
Q A BI KKAWNRRTILATLDTFEF KRK

mmmmmrmmmm
4

WWWMWA&W@

AR SGSNTYSYGECGPMYVY S HTS VT

AAMPC@CGCWGWW
-+

ﬂmmmmmm

N VTARGPULALUHEL TN RILGHVT

T NG HRNUILIPGYII KNGS SV S EN S

AWWMTIWW

—_—

mmnnmm
I P 88 GHELHTIQETEEUT®PG SIZ KTTFOQ

ATGGEAGEAAARNCATCCAGETEETOGAGGRGGARAGAGANNOGTCATGT

PCT/US99/11883

6

Th



WO 00/32771 9719 PCT/US99/11883

FlLURE 2A
( QTH 13 gﬁg\

G e e e e e e e o e o o ot o 2 2 i e

a BN MEEKTIQVVEEERETV VM - (SE&IDNO12>



WO 00/32771 10 /19

F;Q\,\P\E 26
[PTH2R @.M

e-&l
ok 2N
ATCGTGTCAGTEEACG TCTCIGIGEC TG TCC TG TCC TG IGTT T TGATGGEAGOCAGA
e — o e e ——t -+
CAG

24 A]LIDSDDVITRDEQIFLLIG

mmmmmmmm&mm

e

mcmcmpcmmmm
L{[ARSRCERTIRAQSDV‘VRENN

mmmmmmm&mmm

—.-+—.—
pmcemmmoccmmmmmcmmm

bl CAPEWDGIICWPTGKPNQMV

WWMAKWD@A@W%

- - —

————— - ———

Wmmmmmm

] A v L ¢CPEY ILYDFNUHRGYATYRIE

ACAC’I?%CGTL‘AGIUCA'ITGACCCICGICCACPBGI% ATATITWCCG’I‘I‘IGA‘IG

il c p A S GNWEO QVSIINIRTTWANY

2l TECTTY LHETNHSDOTETETVTFER

WWWARWWW

Hl . v L. M Y|{T I G ¥ S I SLAATLTILVYVAYV

TCTATCCTTTGCTAT T TCASACG TCTCCACTGCACTOG TANCTALCATCCACATCCACCTC

e o ——

-t
ACGATRCGAANCGATAALG mmmmmm@mm

PCT/US99/11883

RN



wO 00/32771 11 /19

Fiourge 25
PTHIR AR

Sely.

l(-,lSILCYF}KRLHCTRNYIH!IHL

AATGCGG
(gt F T 8 F I C R AISTITFVK lD AV L Y A

Gﬁ:NXEEHGHKI3{Eﬂ£ﬁEGAMEﬂG3KK%GKIE@CAAMH¥KI%KGGﬂKIKS@C
J——
CAGTOCT2N3EN33R3Tﬁ3Hﬁ3Tn3H{IEDGR3KIHTGTTF?H33§H¥KEII£GH33

2%/ v TN DGELEDGAVEQRTPMYVGC

Ammmmmmcmmmmm
———t

TTCCGH3EK3£ﬂGGGH3AMX¥I%EH3K%M3IKHEGTEMZW@&EHS:EHR?KIEC

7_7-‘K\AAVTLFLYLLATNHYWILV

GAG93TfKﬁECTKXEﬁEGT:K¥ﬂCKK%mXxﬁTKIHGT:KEW%AGAHCEXKHG
e e e e + -

-

cn3x34@»An;u£rnpacmyxnmsAymmGxxmyzy{msyznnutrtcmaxyﬁ

24 E 6 L YL H SILI FMAFULSDI KNO CHL

ZQlAlRVSLADTQCWDISAGNLKW

AK1HEﬂI3Q¥3EN3:AAICCﬂCE§?£§£?KTGﬂKEﬁEAHZTB:TPOCDCTBJCICAHIHﬂ:
-t +

-+
tQv&DX3rPCAEGGTT?£K§¥333B333H¥¥¥¥K2ﬂHTGAAGAAGGAGAAGE¥£HT%EAG

0l vy olv P I LAAIVYVNTFFLFGLNI

‘3'2_\1’RVL\ASKLWETNTGKLDPRQ

CACT%CA3GAH33P3373AH3K3V{AHﬂ}EIKHGHHIXYfﬂEﬁTTGGNSPKYﬂTEC
e e e om + —_————

~— -

PCT/US99/11883

Ty

ms



WO 00/32771

FIGURE 25
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<220>
<221>

222>

<400>

-1-

SEQUENCE LISTING'

Jueppner, Harald
Rubin, David A.

PTH1R and PTH3R Receptors, Methods and Uses Thereof

0609.474PC00

US 60/110,467
1998-11-30

21

PatentIn Ver. 2.0
1

1609

DNA
Homo sapiens

CDSs
(1)..(1608)

atg gga gcc acg ctg atc gta cgc act tta ggc ttt ctc ttc tge ggc 48
Met Gly Ala Thr Leu Ile Val Arg Thr Leu Gly Phe Leu Phe Cys Gly

acc ttg ctg agt ttc gtc tat ggt ctg gtc gat gca gat gat gtc ctc 96
Thry Leu Leu Ser Phe Val Tyr Gly Leu Val Asp Ala Asp Asp Val Leu

20 25 30

aca aag gag gag caa atc tat ctt ctg ttc aac gca aaa cga aaa tgt 144
Thr Lys Glu Glu Gln Ile Tyr Leu Leu Phe Asn Ala Lys Arg Lys Cys

35 40 45

gag cga gca atc aag tcc aag cat aaa acg tct gag gga tcc tgt ctg 192
Glu Arg Ala Ile Lys Ser Lys His Lys Thr Ser Glu Gly Ser Cys Leu

50 55 60

cca gag tgg gat ggc atc cta tgt tgg ccc gag gga gtt cct gga aag 240
Pro Glu Trp Asp Gly Ile Leu Cys Trp Pro Glu Gly Val Pro Gly Lys

65

70 75 80

atg gtg tcc act tca tgc cca gag tac ata tat gac ttc aac cac aaa 288
Met Val Ser Thr Ser Cys Pro Glu Tyr Ile Tyr Asp Phe Asn His Lys
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85 90 95

ggt cat gcc tac cgg cgc tgc gac ctg aac ggg acc tgg gaa ctg gcc 336
Gly His Ala Tyr Arg Arg Cys Asp Leu Asn Gly Thr Trp Glu Leu Ala
100 105 110

tca cat aac aac aaa acc tgg gct aat tac agc gaa tgt gcc aaa ttc 384
Ser His Asn Asn Lys Thr Trp Ala Asn Tyr Ser Glu Cys Ala Lys Phe
115 120 125

ttc ccc cat tat aac cag aac cag gag agg gag gtt ttc gac aga ctt 432
Phe Pro His Tyr Asn Gln Asn Gln Glu Arg Glu Val Phe Asp Arg Leu
130 135 140

tac ctg atc tac aca gtg ggc tac tcc atc tct ctg gga tca ctt atg 480
Tyr Leu Ile Tyr Thr Val Gly Tyr Ser Ile Ser Leu Gly Ser Leu Met
145 150 155 160

gtg gcc aca gtc atc ctc gga tac ttt cga cgg ctc cac tgc acc agg 528
Val Ala Thr Val Ile Leu Gly Tyr Phe Arg Arg Leu His Cys Thr Arg
165 170 175

aac tac atc cac atg cac ctg ttt cta tcg ttc atg ttg agg gcc att 576
Asn Tyr Ile His Met His Leu Phe Leu Ser Phe Met Leu Arg Ala Ile
180 185 190

agt atc ttc gtg aag gat gtg gtg ctg tac tct ggt tcg gcg ctg cag 624
Ser Ile Phe Val Lys Asp Val Val Leu Tyr Ser Gly Ser Ala Leu Gln
195 200 205

gaa atg gaa cga atc act gtg gag gat ctc aaa tcc atc act gaa gcc 672
Glu Met Glu Arg Ile Thr Val Glu Asp Leu Lys Ser Ile Thr Glu Ala
210 215 220

cct cct gec aac aaa acc cag ttt atc gge tgt aag gtg gcg gtg acg 720
Pro Pro Ala Asn Lys Thr Gln Phe Ile Gly Cys Lys Val Ala Val Thr
225 230 235 240

ctc ttc ttg tac ttc ttg gece act aat tat tac tgg att ctg gtg gaa 768
Leu Phe Leu Tyr Phe Leu Ala Thr Asn Tyr Tyr Trp Ile Leu Val Glu
245 250 255

ggc ctg tac ctg cac agc ctt atc ttc atg acc ttc ttc tca gac agg 816
Gly Leu Tyr Leu His Ser Leu Ile Phe Met Thr Phe Phe Ser Asp Arg
260 265 270

aag tac ctc tgg ggc ttc act ctg att ggt tgg ggt gtt cct gcg atg. 864
Lys Tyr Leu Trp Gly Phe Thr Leu Ile Gly Trp Gly Val Pro Ala Met
275 280 285

ttt gtc acc atc tgg gcg agt gtt aga gcc aca ctt gct gac act gag 912
Phe Val Thr Ile Trp Ala Ser Val Arg Ala Thr Leu Ala Asp Thr Glu
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290 295 300

tgc tgg gat ttg agt gca gga aac ctg aaa tgg att gtg cag atc ccc 960
Cys Trp Asp Leu Ser Ala Gly Asn Leu Lys Trp Ile Val Gln Ile Pro
305 310 315 320

att ctt act gca att gtt gtc aat ttt ttg ttg ttc ctg aat ata att 1008
Ile Leu Thr Ala Ile Val Val Asn Phe Leu Leu Phe Leu Asn Ile Ile
325 330 335

cga gtc ttg gca aca aaa ctt cga gaa aca aat gcg ggc aga tgt gac 1056
Arg Val Leu Ala Thr Lys Leu Arg Glu Thr Asn Ala Gly Arg Cys Asp
340 345 350

acc aga caa caa tat agg aag ctg ctg aag tcg act ctg gtc ctc atg 1104
Thr Arg Gln Gln Tyr Arg Lys Leu Leu Lys Ser Thr Leu Val Leu Met
355 360 365

ccg ttg tte ggt gtt cac tac ata gtc ttc atg gcg atg cct tac aca 1152
Pro Leu Phe Gly Val His Tyr Ile Val Phe Met Ala Met Pro Tyr Thr
370 375 380

gaa gtt tct gga gta ctg tgg caa atc cag atg cat tat gaa atg ctc 1200
Glu Val Ser Gly Val Leu Trp Gln Ile Gln Met His Tyr Glu Met Leu
385 390 395 400

ttt aac tca gtc cag gga ttc ttt gtt gcg att ata tat tgc ttc tgc 1248
Phe Asn Ser Val Gln Gly Phe Phe Val Ala Ile Ile Tyr Cys Phe Cys
405 410 415

aac gga gag gtc caa gcg gaa atc aag aag gcc tgg aac aga agg act 1296
Asn Gly Glu Val Gln Ala Glu Ile Lys Lys Ala Trp Asn Arg Arg Thr
420 425 430

ctt gct ctg gac ttc aag aga aaa gcC agg agc ggc agt aac aca tac 1344
Leu Ala Leu Asp Phe Lys Arg Lys Ala Arg Ser Gly Ser Asn Thr Tyr
435 440 445

agc tat gga ccc atg gtt tct cac acc agt gtt acc aat gtg acg gcg 1392
Ser Tyr Gly Pro Met Val Ser His Thr Ser Val Thr Asn Val Thr Ala
450 455 460

cgg ggg ccg ctg gcc ctt cac ctc acc aac cga ctg ggg cac gtc acc 1440
Arg Gly Pro Leu Ala Leu His Leu Thr Asn Arg Leu Gly His Val Thr
465 470 475 480

act aac ggc cac aga aac ctt ccg gga tac ata aaa aac ggc tcc gtt 1488
Thr Asn Gly His Arg Asn Leu Pro Gly Tyr Ile Lys Asn Gly Ser Val
485 490 495

tca gaa aac tcc atc ccg tcc tcg ggt cac gag ctt cac att cag gag 1536
Ser Glu Asn Ser Ile Pro Ser Ser Gly His Glu Leu His Ile Gln Glu
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gaa gag cct
Glu Glu Pro
515

gag gag gaa
Glu Glu Glu
530

<210> 2
<211> 536
<212> PRT

500

tcg
Ser

aga
Arg

aag
Lys

gaa
Glu

<213> Homo sapiens

<400> 2

Met Gly Ala
1

Thr Leu Leu

Thr Lys Glu

35

Glu Arg Ala
50

Pro Glu Trp
65

Met Val Ser

Gly His Ala

Ser His Asn

115

Phe Pro His
130

Tyr Leu Ile
145

Val Ala Thr

Asn Tyr Ile

Thr

Ser

20

Glu

Ile

Asp

Thr

Tyr

100

Asn

Tyr

Tyr

Val

His
180

Leu

Phe

Gln

Lys

Gly

Ser

85

Arg

Lys

Asn

Thr

Ile

165

Met

acc

Thr

acc
Thr

Ile

Val

Ile

Ser

Ile

70

Cys

Arg

Thr

Gln

Val

150

Leu

His

ttc
Phe

gte
Val
535

Val

Tyr

Tyr

Lys

55

Leu

Pro

Cys

Trp

Asn

135

Gly

Gly

Leu

cag
Gln
520

atg
Met

Arg

Gly

Leu

40

His

Cys

Glu

Asp

Ala

120

Gln

Tyr

Tyr

Phe

505

510

PCT/US99/11883

atg gag aaa acc atc cag gtg gtg 1584
Met Glu Lys Thr Ile Gln Val Val

Thr

Leu

25

Leu

Lys

Trp

Tyr

Leu

105

Asn

Glu

Ser

Phe

Leu
185

Leu

10

Val

Phe

Thr

Pro

Ile

90

Asn

Tyr

Arg

Ile

Arg

170

Ser

Gly

Asp

Asn

Ser

Glu

75

Tyr

Gly

Ser

Glu

Ser

155

Arg

Phe

Phe

Ala

Ala

Glu

60

Gly

Asp

Thr

Glu

Val

140

Leu

Leu

Met

525

Leu

Asp

Lys

45

Gly

Val

Phe

Trp

Cys

125

Phe

Gly

His

Leu

Phe

Asp

30

Arg

Ser

Pro

Asn

Glu

110

Ala

Asp

Ser

Cys

Arg
190

Cys

15

Val

Lys

Cys

Gly

His

95

Leu

Lys

Arg

Leu

Thr

175

Ala

1609

Gly
Leu
Cys
Leu
Lys

80
Lys
Ala
Phe
Leu
Met
160

Arg'

Ile
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Ser

Glu

Pro

225

Leu

Gly

Lys

Phe

Cys

305

Ile

Arg

Thr

Pro

Glu

385

Phe

Asn

Leu

Ser

Ile Phe
195

Met Glu
210

Pro Ala

Phe Leu

Leu Tyr

Tyr Leu
275

Val Thr
290

Trp Asp

Leu Thr

Val Leu

Arg Gln
355

Leu Phe
370

Val Ser

Asn Ser

Gly Glu

Ala Leu

435

Tyr Gly
450

Val

Arg

Asn

Tyr

Leu

260

Trp

Ile

Leu

Ala

Ala

340

Gln

Gly

Gly

Val

Val

420

Asp

Pro

Lys

Ile

Lys

Phe

245

His

Gly

Trp

Ser

Ile

325

Thr

Tyr

Val

Val

Gln

405

Gln

Phe

Met

Asp

Thr-

Thr

230

Leu

Ser

Phe

Ala

Ala

310

Val

Lys

Arg

His

Leu

390

Gly

Ala

Lys

Val

Val

Val

215

Gln

Ala

Leu

Thr

Ser

295

Gly

Val

Leu

Lys

Tyr

375

Trp

Phe

Glu

Arg

Ser
455

Val

200

Glu

Phe

Thr

Ile

Leu

280

Val

Asn

Asn

Arg

Leu

360

Ile

Gln

Phe

Ile

Lys

440

His

Leu

Asp

Ile

Asn

Phe

265

Ile

Arg

Leu

Phe

Glu

345

Leu

Val

Ile

Val

Lys

425

Ala

Thr

Tyr

Leu

Gly

Tyr

250

Met

Gly

Ala

Lys

Leu

330

Thr

Lys

Phe

Gln

Ala

410

Lys

Arg

Ser

Ser

Lys

Cys

235

Tyr

Thr

Trp

Thr

Trp

315

Leu

Asn

Ser

Met

Met

395

Ile

Ala

Ser

Val

Gly

Ser

220

Lys

Trp

Phe

Gly

Leu

300

Ile

Phe

Ala

Thr

Ala

380

His

Ile

Trp

Gly

Thr
460

Ser

205

Ile

Val

Ile

Phe

Val

285

Ala

Val

Leu

Gly

Leu

365

Met

Tyr

Tyr

Asn

Ser

445

Asn

Ala

Thr

Ala

Leu

Ser

270

Pro

Asp

Gln

Asn

Arg

350

Val

Pro

Glu

Cys

Arg

430

Asn

Val

Leu

Glu

Val

Val

255

Asp

Ala

Thr

Ile

Ile

335

Cys

Leu

Tyr

Met

Phe

415

Arg

Thr

Thr

PCT/US99/11883

Gln
Ala
Thr
240
Glu
Arg
Met
Glu
Pro
320
Ile
Asp
Met
Thr
Leu
400
Cys
Thr

Tyr

Ala
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Arg Gly Pro Leu Ala Leu His Leu Thr Asn Arg Leu Gly His Val Thr
465 470 475 480

Thr Asn Gly His Arg Asn Leu Pro Gly Tyr Ile Lys Asn Gly Ser val
485 i 490 495

Ser Glu Asn Ser Ile Pro Ser Ser Gly His Glu Leu His Ile Gln Glu
500 505 510

Glu Glu Pro Ser Lys Thr Phe Gln Met Glu Lys Thr Ile Gln Val Val
515 520 525

Glu Glu Glu Arg Glu Thr Val Met
530 535

<210> 3

<211> 1569

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1)..(1569)

<400> 3
atg gtg tca gtg gag gtc tct gtg gct tta gtg ctg tgec tgt gtt ttg 48
Met Val Ser Val Glu Val Ser Val Ala Leu Val Leu Cys Cys Val Leu

atg gga gcc aga gct ctg att gat tca gat gat gtc atc aca aga gat 96
Met Gly Ala Arg Ala Leu Ile Asp Ser Asp Asp Val Ile Thr Arg Asp
20 25 30

gaa cag atc ttt ctc ctc att ggt gcg cgg tcg agg tgt gag aga acc 144
Glu Gln Ile Phe Leu Leu Ile Gly Ala Arg Ser Arg Cys Glu Arg Thr
35 40 45

atc cgt gca cag tca gac gtg gtc aga gag aat aac tgc gct cct gag 192
Ile Arg Ala Gln Ser Asp Val Val Arg Glu Asn Asn Cys Ala Pro Glu
50 55 60

tgg gat ggg atc att tgc tgg ccc aca gga aaa ccc aat cag atg gtg 240
Trp Asp Gly Ile Ile Cys Trp Pro Thr Gly Lys Pro Asn Gln Met Val
65 70 75 80

gca gtt ctg tgt cct gag tac atc tat gac ttc aac cac aga gga tac 288
Ala Val Leu Cys Pro Glu Tyr Ile Tyr Asp Phe Asn His Arg Gly Tyr
85 90 95

gcg tat cga cac tgt gat gca tca ggt aac tgg gag cag gtg tcc att 336
Ala Tyr Arg His Cys Asp Ala Ser Gly Asn Trp Glu Gln Val Ser Ile
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100 105 110

ata aac cgg acg tgg gca aac tac acg gaa tgc acc act tac ctg cac 384
Ile Asn Arg Thr Trp Ala Asn Tyr Thr Glu Cys Thr Thr Tyr Leu His
115 120 125

acc aac cac agt gat cag gag gaa gtg ttt gag cgc ctt tac ctc atg 432
Thr Asn His Ser Asp Gln Glu Glu Val Phe Glu Arg Leu Tyr Leu Met
130 135 140

tac act att gga tac tcc ata tca ctg gca gcg tta ctg gtg gcg gtc 480
Tyr Thr Ile Gly Tyr Ser Ile Ser Leu Ala Ala Leu Leu Val Ala Val
145 150 155 160

tct atc ctt tgc tat ttc aaa cgt ctc cac tgc act cgt aac tac atc 528
Ser Ile Leu Cys Tyr Phe Lys Arg Leu His Cys Thr Arg Asn Tyr Ile
165 170 175

cac atc cac ctc ttc acc tecg ttc ata tgt cga gca atc agt att ttt 576
His Ile His Leu Phe Thr Ser Phe Ile Cys Arg Ala Ile Ser Ile Phe
180 185 190

gtg aaa gac gcc gtt ctt tac gcc gtc acg aat gat gga gaa cta gaa 624
Val Lys Asp Ala Val Leu Tyr Ala Val Thr Asn Asp Gly Glu Leu Glu
195 200 205

gat ggg gca gtg gaa caa aga ccc atg gtg ggce tgc aag gct gct gtg 672
Asp Gly Ala Val Glu Gln Arg Pro Met Val Gly Cys Lys Ala Ala Val
210 215 220

acc ctc ttc ctg tat ctg ttg gcg acc aat cat tat tgg atc ctg gtg 720
Thr Leu Phe Leu Tyr Leu Leu Ala Thr Asn His Tyr Trp Ile Leu Val
225 230 235 240

gag ggt ttg tac ttg cat agt ctg atc ttc atg gcc ttc ctg tct gat 768
Glu Gly Leu Tyr Leu His Ser Leu Ile Phe Met Ala Phe Leu Ser Asp
245 250 255

aag aac tgc ctg tgg gct ttg aca atc ata ggc tgg ggg atc cca gca 816
Lys Asn Cys Leu Trp Ala Leu Thr Ile Ile Gly Trp Gly Ile Pro Ala
260 265 270

gtg ttt gtg tct ata tgg gtc agt gcc agg gtg tct ctg gca gac aca 864
Val Phe Val Ser Ile Trp Val Ser Ala Arg Val Ser Leu Ala Asp Thr
275 280 285

cag tgc tgg gat atc agt gca ggc aat ttg aaa tgg att tat caa gta 912
Gln Cys Trp Asp Ile Ser Ala Gly Asn Leu Lys Trp Ile Tyr Gln Val
290 295 300

cca atc ctg gca gecc att gtt gta aac ttc ttc ctc ttc cte aat atc 960
Pro Ile Leu Ala Ala Ile vVal Val Asn Phe Phe Leu Phe Leu Asn Ile
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atc
Ile

gac
Asp

atg
Met

act
Thr

ctc
Leu
385

tgc
Cys

agt
Ser

gga
Gly

cag
Gln

cac
His
465
tta

Leu

tcc
Ser

agg
Arg

agg
Arg

cct
Pro

cca
Pro

gat
Asp
370

tte
Phe

aat
Asn

ctt
Leu

tgt
Cys

agc
Ser
450

acc
Thr

cce
Pro

caa
Gln

aaa
Lys

gtt
Val

aga
Arg

ctg
Leu
355

gtg
Val

aat
Asn

999
Gly

gcg
Ala

gga
Gly
435

gtg
Val

ata
Ile

ggt
Gly

agc
Ser

gcg
Ala

ttg
Leu

cag
Gln
340

ttt
Phe

act
Thr

tct
Ser

gag
Glu

tta
Leu
420

agt
Ser

tgt
Cys

gga
Gly

acg
Thr

aga
Arg
500

agc
Ser

gcc
Ala
325

cag

Gln

gga
Gly

ggt
Gly

tca
Ser

gtg
Val
405

gac
Asp

ggt
Gly

ctc
Leu

gcc
Ala

cgc

Arg

485
aag

Lys

atg
Met

310

tct
Ser

tac
Tyr

gtt
Val

ttg
Leu

cag
Gln
390

cag
Gln

cag
Gln

tac
Tyr

agt
Ser

aaa
Lys
470

ctc

Leu

aga
Arg

att
Ile

aag
Lys

agg
Arg

cat
His

ctg
Leu
375

ggt
Gly

gca
Ala

aag
Lys

tat
Tyr

gtc
Val
455

gga
Gly

agg
Arg

ctc
Leu

ttg
Leu

ttg
Leu

aag
Lys

tac
Tyr
360

tgg
Trp

ttc
Phe

gag
Glu

cag
Gln

gga
Gly
440

agt

Ser

caa
Gln

gcg
Ala

cat
His

agc
Ser

tgg
Trp

ctg
Leu
345

atg
Met

cag
Gln

ttt
Phe

gtg
Val

aag
Lys
425

gga
Gly

ggt
Gly

tcc
Ser

cat
His

gca
Ala
505

cat
His

gaa
Glu
330

ctg
Leu

ctg
Leu

att
Ile

gtg
Val

aag
Lys
410

gct
Ala

atg
Met

gct
Ala

cgt
Arg

aga
Arg
490

gac
Asp

att
Ile

315

aca
Thr

aag
Lys

ttc
Phe

ctg
Leu

gcg
Ala
395

aag
Lys

cga
Arg

atg
Met

aaa
Lys

cta
Leu
475

ctt

Leu

aga
Arg

tcg
Ser

aac
Asn

tca
Ser

atg
Met

atg
Met
380

ttt
Phe

gcc
Ala

gtc
val

tce
Ser

ggc
Gly
460

caa
Gln

tgt
Cys

gca
Ala

acg
Thr

aca
Thr

gct
Ala
365

cat
His

att
Ile

tgg
Trp

cac
His

cac
His
445

ggt
Gly

cat
His

ttt
Phe

gca
Ala

gga
Gly

atg
Met
350

ctt
Leu

tac
Tyr

tac
Tyr

ttg
Leu

agc
Ser
430

acc
Thr

cat
His

tca
Ser

acc
Thr

gga
Gly
510

aaa
Lys
335

gtg
Val

ccg
Pro

gag
Glu

tgc
Cys

cga
Arg
415

agt
Ser

acc
Thr

tct
Ser

gga
Gly

cag
Gln
495

atg
Met
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320

ctg
Leu

ctg
Leu

tac
Tyr

atg
Met

ttc
Phe
400

cgc
Arg

gcg
Ala

aca
Thr

ctg
Leu

aac
Asn
480

tag
Trp

cag.

Gln

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1569
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<210> 4

<211> 523

<212> PRT

<213> Homo sapiens

<400> 4
Met Val Ser Val Glu Val
1 5

Met Gly Ala Arg Ala Leu
20

Glu Gln Ile Phe Leu Leu
35

Ile Arg Ala Gln Ser Asp
50

Trp Asp Gly Ile Ile Cys
65 70

Ala Val Leu Cys Pro Glu
85

Ala Tyr Arg His .Cys Asp
100

Ile Asn Arg Thr Trp Ala
115

Thr Asn His Ser Asp Gln
130

Tyr Thr Ile Gly Tyr Ser
145 150

Ser Ile Leu Cys Tyr Phe
165

His Ile His Leu Phe Thr
180

Val Lys Asp Ala Val Leu
195

Asp Gly Ala Val Glu Gln
210

Thr Leu Phe Leu Tyr Leu

Ser

Ile

Ile

Val

55

Trp

Tyr

Ala

Asn

Glu

135

Ile

Lys

Ser

Tyr

Arg

215

Leu

520

Val

Asp

Gly

40

Val

Pro

Ile

Ser

Tyr

120

Glu

Ser

Arg

Phe

Ala

200

Pro

Ala

Ala

Ser

25

Ala

Arg

Thr

Tyr

Gly

105

Thr

Val

Leu

Leu

Ile

185

Val

Met

Thr

Leu

10

Asp

Arg

Glu

Gly

Asp

90

Asn

Glu

Phe

Ala

His

170

Cys

Thr

Val

Asn

Val

Asp

Ser

Asn

Lys

75

Phe

Trp

Cys

Glu

Ala

155

Cys

Arg

Asn

Gly

His

Leu

Val

Arg

Asn

60

Pro

Asn

Glu

Thr

Arg

140

Leu

Thr

Ala

Asp

Cys

220

Tyr

Cys

Ile

Cys

45

Cys

Asn

His

Gln

Thr

125

Leu

Leu

Arg

Ile

Gly

205

Lys

Trp

Cys

Thr

30

Glu

Ala

Gln

Arg

Val

110

Tyr

Tyr

Val

Asn

Ser

190

Glu

Ala

Ile

Val

15

Arg

Arg

Pro

Met

Gly

95

Ser

Leu

Leu

Ala

Tyr

175

Ile

Leu

Ala

Leu
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Leu
Asp
Thr
Glu
Val

80
Tyr
Ile
His
Met
Val
160
Ile
Phe
Glu

Val

Val
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225

Glu

Lys

Val

Gln

Pro

305

Ile

Asp

Met

Thr

Leu

385

Cys

Ser

Gly

Gln

His

465

Leu

Ser

Gly

Asn

Phe

Cys

290

Ile

Arg

Pro

Pro

Asp

370

Phe

Asn

Leu

Cys

Ser

450

Thr

Pro

Gln

Leu

Cys

Val

275

Trp

Leu

Val

Arg

Leu

355

Val

Asn

Gly

Ala

Gly

435

Val

Ile

Gly

Ser

230

Tyr Leu His
245

Leu Trp Ala
260

Ser Ile Trp

Asp Ile Ser

Ala Ala Ile

310

Leu Ala Ser
325

Gln Gln Tyr
340

Phe Gly Val

Thr Gly Leu

Ser Ser Gln
390

Glu Val Gln
405

Leu Asp Gln
420

Ser Gly Tyr

Cys Leu Ser

Gly Ala Lys

470

Thr Arg Leu
485

Arg Lys Arg
500

Ser

Leu

Val

Ala

295

Val

Lys

Arg

His

Leu

375

Gly

Ala

Lys

Tyr

Val

455

Gly

Arg

Leu

Leu

Thr

Ser

280

Gly

Val

Leu

Lys

Tyr

360

Trp

Phe

Glu

Gln

Gly

440

Ser

Gln

Ala

His

Ile

Ile

265

Ala

Asn

Asn

Trp

Leu

345

Met

Gln

Phe

Val

Lys

425

Gly

Gly

Ser

His

Ala
505

-10-

Phe

250

Ile

Arg

Leu

Phe

Glu

330

Leu

Leu

Ile

Val

Lys

410

Ala

Met

Ala

Arg

Arg

490

Asp

235

Met

Gly

Val

Lys

Phe

315

Thr

Lys

Phe

Leu

Ala

395

Lys

Arg

Met

Lys

Leu

475

Leu

Arg

Ala

Trp

Ser

Trp

300

Leu

Asn

Ser

Met

Met

380

Phe

Ala

Val

Ser

Gly

460

Gln

Cys

Ala

Phe

Gly

Leu

285

Ile

Phe

Thr

Thr

Ala

365

His

Ile

Trp

His

His

445

Gly

His

Phe

Ala

Leu

Ile

270

Ala

Tyr

Leu

Gly

Met

350

Leu

Tyxr

Tyr

Leu

Ser

430

Thr

His

Ser

Thr

Gly
510

Ser

255

Pro

Asp

Gln

Asn

Lys

335

Val

Pro

Glu

Cys

Arg

415

Ser

Thr

Ser

Gly

Gln

495

Met
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240

Asp
Ala
Thr
Val
Ile
320
Leu
Leu
Tyr
Met
Phe
400
Arg
Ala
Thr
Leu
Asn
480

Trp

Gln
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Arg Lys Ala Ser Met Ile Leu Ser His Ile Ser
515 520

<210> 5

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: DNA Primer

<220>

<221> modified base
<222> (6)

<223> 1

<400> 5
ttyggngtsc aytayathgt vtt 23

<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: DNA Primer

<220>

<221> modified base
<222> (12)

<223> 1

<400> 6
gtsytbrtgc cncthytygg 20

<210> 7

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: DNA Primer

<400> 7
ctcdccattr cagwarcagt adat ‘ 24

<210> 8
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<211> 24
<212> DNA
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 8
gtadatratd gmmacaaara adcc

<210> 9

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 9
gcatttcata atgcatctgg atttg

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 10
ctgtgaagaa ttgaagagca tctc

<210> 11

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 11
acmaactact aytggatyct ggtg

<210> 12

<211> 24

<212> DNA

<213> Artificial Sequence

DNA Primer

DNA Primer

DNA Primer

DNA Primer

PCT/US99/11883

24

25

24

24
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<220>

<223> Description of Artificial Sequence:

<400> 12
agaaacttct gtgtaaggca tcgc

<210> 13

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 13
aagagccatg aacagcatgt aatg

<210> 14

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 14
gaagactatg tagtgaacac cgaa

<210> 15

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 15
atattgttgt ctggtgtcac atct

<210> 16

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 16

Description of Artificial Sequence:

Description of Artificial Sequence:

PCT/US99/11883

DNA Primer

24
DNA Primer

24
DNA Primer

24
DNA Primer

24
DNA Primer
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cgcatttgtt tctcgaagtt ttgttgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

24

DNA

Artificial Sequence

Description of Artificial Sequence:

17

atcttcatga ccttcttctc agac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

22

DNA

Artificial Sequence

Description of Artificial Sequence:

18

aggaagtacc tctggggctt ca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

24

DNA

Artificial Sequence

Description of Artificial Sequence:

19

gaagaggtgg atgtggatgt agtt

<210>
<211>

20
21

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

<400> 20
gcagtggaga cgtttgaaat a

<210> 21

PCT/US99/11883

—

27
DNA Primer

24
DNA Primer

22
DNA Primer

24
DNA Primer

21
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<211> 24
<212> DNA
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 21
ccagttacct gatgcatcac agtg

DNA Primer

PCT/US99/11883

24

—_—
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precautionary measures.
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