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THYRCTROPIi-RELEASING RORMOME RECEPTOR-LIKE GPCR (GPRFWEL}

Fleld of the Invention

This inventign relates (o newly identfied polypeptides and
poiynuclestides  encoding such polypeptides somefimes  hereinafter
referred fo as ,novel TRH like GPCR (GFRFWK1)*, to their use in
diagnesis and in identifying compounds that may be agonisis,
antagonists that are patentially useful in therapy, and o production of
such polypenptides and polynuclectides.

Background of the Invention

The drug discovery process is curenily undergoing a fundamental
revolution as it embraces "functional gencmics”, that is, high throughput
genome- or gens-based biclogy. This approach as a means to tentify
genes and gene products as therapeutic targels ie rapidly superceding
earlier appmaches based on "posftional claning”. A phenctype, that is a
hiological funciion or genetic disease, would be identified and this would
then be tracked back to the responsble gene, based on ils penstic map
pasition.

Functional genomics relies heavily on high-throughput DNA sequencing
technologies and the various tools of bioinformatics ta identify gene
sequences of potential interast from the many molecular biclogy databases
now avalable. There is a continuing need to identify and characterise
further geres and their related polypeplides/proteing, as targets for drug
discovery.

It is well establiched that many medically significant biclegical processes
are mediated by profeins parficipating in signal transduction paihways that
involve G-proteins and/or second messengers, e.g., cAMP (Lefkowitz,
Nature, 1891, 351:353-354). Herein these proteins are referred to as
prateine participating in pathways with G-proteins or PPG proteing.  Some
examples of these proteins include the GPC receptors, such as those for
adrenergic agents and dopamine (Kobilka, B.K., et al,, Froc. Nati Acad.
Scf., USA, 1087, 84.46-50; Kobilka, B.K., et al., Science, 1987, 238:650-
556; Bunzow, J.R., et al, Nature, 1988, 336:783-787) G-proieins
themselves, effector proteins, e.g., phospholipase €, adenyl cyclase, and
phosphodiesterase, and actuator proteins, e.g., protein kinase A and
protein kinase C (Simen, M.1., et al., Science, 1991, 252:302-8).
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For example, in one farm of signal transduction, the effect of hormone
binding is activation of the enzyme, adenylate cyclase, inside the cell.
Enzyme activation by hormones is dependent on the presence of the
nucleotide GTP. GTP ako influences hormene binding. A G-protein
connacts the hermone receptor to adenylate cyclase. G-protein was shown
to exchange GTP for bound (5DP when activated by a homnane recepter.
The GTP-carrying form then binds to activated adenylate oyclase.
Hydrolysis of GTP {o GDP, caialyzed by the G-protein iiself, returns the G-
pretein to its basal, inactive formt. Thus, the G-protein serves a dual role, as
an intermadiate that relays the signal from receptor to effector, and as a
clock that controls the duration of the signal.

The membrane protein gene superfamily of G-protein coupled receptors
has been characterized as having seven putative transmembrane domains.
The domains are believed to represent transmembrane a-helices
connected by extracellular or cytoplasmic loops. G-protein coupled
receptors include a wide range of biologically active receptors, such as
hormane, viral, growth facior and neuroreceptors.

Grotein coupled receptors (otherwise known as 7TM recepiors) have
been characterized as including these seven conserved hydrophobic
stretches of abeut 20 to 30 amine acids, connecting at least eight divergent
hydrophilic lcops. The G-protein family of coupled receptors includes
dopamine receptors which bind fo neurcleptic drugs used for treating
psycholic and neurological disorders. Other examples of members of this
family include, but are not limited to, calcftonin, adrenergic, endothelin,
cAMP, adenosine, muscarinic, acetylchcline, serotonin, histamine,
thrombin, kinin, follicle stimulating hommones, opsins, endothelial
differentiation gene-1, rhodopsins, odorant, and cytomegaiovirus receptors.

Most G-protein coupled receptors have single conserved cysteine restdues
in each of the first two extracellular loops which form disulfide honds that
are helieved to stabilize functional protein siructure. The 7 fransmembrane
regions are designated as TM1, TM2, TM3, TM4, TM5, TM6, and Ti7.
T3 has been implicated in sighal transduction.

Phosphorylation and Bipidation (palmitylation or farnesylation) of cysteine
residues can influence signal transduction of some G-protein coupled
recepiors. Most  G-protein  coupled receptors  confain  potential
phaesphorylation sites within the third eytoplasmic loop andfor the carboxy
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terminus.  For several G-protein coupled receptors, such as the b-
adrencrecaptor, phospherylation by protein kinase A andior specific
receptor kinases mediates receptor desensitization.

For some receptors, the ligand binding sites of G-protein coupled receptors
are believed to comprise hydrophilic sockets formed by several G-protein
coupled receptor fransmembrane domaing, said socket being surrounded
by hydrophobic residues of the G-profein coupled receptors. The
hydrophilic side of each G-protein coupled receptor transmembrane helix is
pestulated fo face inward and form polar ligand binding site. T3 has been
imphcated in several G-protein coupled receplors as having a ligand
binding site, such as the TM3 aspartate resldue. TME serines, a TME
asparagine and TMG or TM7 phenrylalanines or tyrosines are also
implicated in ligand binding.

G-profein coupled receptors can be intraceliulady coupled by heterotrimeric
G-proteins to various infracelluiar enzymes, ion channels and transporters
(see, Johnson et al, Endec. Rev,, 1989, 10:317-331) Different G-protein
a-subunits preferentially stimuiate particular effectors to modulate varicus
biological functions in & call. Phosphorylalion of cytoplasmic residues of G-
protein coupled receptors have been identified as an 'mportant mechanism
for the regulation of G-protein coupling of some G-protein coupled
recepiors. G-protein coupled receptors are jound in numercus sites within
a mammalian host.

Over the past 15 years, negary 350 therapeutic agenis fargeting 7
transmernbrane (7 TM} receptors have been successfully introduced onto
fhe market.

It iz well established that many medically significant biological processes
ara mediated by proteins participating in signal transduciion paihways that
involve G-profeins andfor second messengers, €.g., cAMP (Lefkowitz,
Naturs, 1691, 351:353-354). Herein these proteins are referred to as
profeins participating in pathways with G-proteins or PPG proteins.  Some
examples of these proteins incluge the GPC receptors, such as those for
adrenergic agents and dopamine (Kobilka, B, et al, Proc. Mail Acad.
Sei., USA, 1907, 8446-50; Kobilka, B.K., et al, Science, 1987, 238:650-
656: Bunzow, J.R., et ab, Nature, 1988, 336:763-787), C-proteins
themselves, effector profeins, e.g., phospholipase C, adenyl cyclase, and
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phosphadiesterase, and actuator proteins, e.g., protein kinase A and
protein kinase C (Simon, ML, et at, Science, 1991, 252:802-8).

For example, in one form of signal transduction, the effect of hormone
binding is activation of the enzyme, adenylate cyclase, inside the cell.
Enzyme activation by hormones is dependent on the presence of the
nucleotide GTP. GTP also influences hormone binding. A G-protein
cennects the hormone receptor to adanylale cyclase. G-protein was shown
to exchange GTP for bound GDF when aciivated by a hormone receptor.
The GTP-carrying form then binds to activated adenylate cyclase.
Hydrolysis of GTP to GDP, catalyzed by the G-protein itseff, returns the G-
profein to its basal, inactive form. Thus, the G-protein serves a dual role, as
an intermediate that refays the signal from receptor fo efiector, and as a
Glock that controls the duration of the signal.

The membrane protein gene superfamily of G-protein coupled receplors
has baen characterized as having seven putative fransmembrane domains,
The domains are believed fo represent transmembrane  a-helices
connecied by exiraceliwlar or cytoplasmic loops. G-protein coupled
receptors include a wide range of biclogically active recepiors, such as
hormone, viral, growth factor and heurorecepiors.

G-protein coupled receptors {otharwise knewn as 7TM receplors) have
been characterized as including these seven conserved hydrophobic
siretches of ahout 20 to 30 aminp acids, connecting at least eight divergent
hydrophilic loops. The G-protein family of coupled receptors includes
dopamine receptors which bind to neurcleptic drugs used for treating
peychotic and neurologicet disorders. Other examples of members of this
family include, but are not limited to, calcitenin, adrenergic, endothelin,
cAMP, adenosine, muscarinic, acetylcholine, serotonin, histamine,
thiombin,  kinin, follicle  stimulating  hermone,  opsins,  endotheliai
differertiation gens-1, rhodopsins, odorant, and cytomegalovirus receptors.

Most G-protein courled receptors have single conserved cysteine residues
in gach of the first two extraceliular loops which form disuffide bonds that
are believed to stabilize functionat protein structure, The 7 fransmembrane
regions are designeted as TM1, TM2, TM3, T4, TMS, TME, and TM7.
TM3 has besn implicated in signal transduction.
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Phasphorylation and lipidation (palmitylation or farnesylation) of cysteine
residues can influenae sigral transduction of some G-protein coupled
receptors. Most G-protein  coupled  recaptors  contain  potential
phesphonyiation sites within the third eytoplasric loop and/or the carboxy
terminus. For several G-protein coupled receptors, such as the b-
adrenorecepior, phosphorylaiion by protein kinase A and/or specific
receptor kinases mediates recepfor desensitization.

For some receptars, the ligand binding sites of G-prolein coupled receplors
are believed to comprise hydrophilic sockats formed by several G-protein
coupled receptor ransmeambrane domains, said socket being sumrounded
by hydrophobic residuss of the G-protein coupied receplors.  The
hydrophilic side of each G-protein coupled receptor transmembrane helix is
posiulated io face inward and form polar ligand binding site. TM3 has been
implicated in several G-proiein coupled receptors as heving & ligand
bindmg site, such as the TM3 asparfaie residue. TS serines, a TMB
asparagine and TMG or TM7 phenyialanines of tyrosines are also
implicated in ligand kinding.

G-proiein coupled receptors can be intraceliularly coupled by heterctrimeric
G-profeins in various intracellular enzymes, ion channels and transporters
{see, Johnsan st al, Endoc. Rey., 1888, 10:317-331) Different G-profein
a-subuniis preferantially stimulate particular effactors to medulate various
bicdagical functions in & call. Phosphorylation of cytoplasmic residiues of G-
protein coupled receptors have been dentilisd as an imporiant machanism
for the reguiation of G-protein coupling of some G-protein coupled
recepiors. G-protein coupled receptors are found in numercus sifes within
a mammalian host.

Over the past 15 years, nealy 350 therapeulic agents targeting 7
transmembrane (7 TM) receptors have been successiully infraduced onfo
the market.

Sumrmary of the Invention

The present invention relates to GPRFWKT, in patficular GPRPWK1
polypeptides and GPRFWK1 polynuciectides, recombinant materials and
methods for their proguction. Such polypaptides and polynucleotides are of
interest in refation to methods of treatment of cerlain diseases, including,
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but not limiied 1o, infections such as bacterial, fungal, protozoan and viral
infections, particularly infections caused by HIV-1 or HIV-Z; pain; cancers;
dighbeles, obesily, ancrexia; bulimia; asthma; Parkinson's discass; acuie
heart failure; hypotension; hypertension, urinary retention; osiecporosis;
angina pectorie; myoccardial infarction, stroke; ulcers; asthma; allergies;
benign  prostatic  hypertrophy;  migraine;  vomniting:  psycholic  and
neurclogical disorders, including anxiety, schizophrenia, manic depression,
depression, deiiium, demeniia, and severe mental refardation; and
dyskinesias, such as Huntington's disease or Gilles dela Towells
syndromsinfections such as bacterial, fungal, protozoan and viral infections,
particularly infections caused by HIV-1 or HIV-2; pain; cancers; diabetes,
chesity; anorexia; bulimia; asthma; Parkinson's disease; acute heart failure;
hypotension; hypertension; urinary reiention; osiecpotosis; angina pectoris;
myocardial infarction; stroke; wleers; asthma; sllergies; benign prostatic
hypertrophy; migraine; vemiting; psychotic and neurological disorders,
including anxiety, schizophrenia, manic depression, depression, delirfum,
dementia, and severe menial refardation; and dyskinesias, such as
Hunfington's disease ar Gilles dela Tourett's syndrome, hereinafter referred
to as " diseases of the invention". In a further aspect, the invention relates
to methads for identifying agonists and antagonists (e.g., inhibitors) using
the materials provided by the invention, and treating conditions
associatad with GPRFWK1 imbalance with the identified compounds. In a
stiil further aspect, the invention relates to diagnostic assays for detecting
diseases associated with inappropriate GPRFWKT activity or levels.

Description of the invention

In a first aspect, the present invention relates to GPRAWK1 polypeptides.
Such polypeptides include:

{a) a polypeptide encoded by a polynucleotide comprising the sequence
of SEG 1D NO:1;

(k) a polypeptide comprising a polypeptide sequence having at least
95%, 96%, 97%, 98%, or 9% ideniity to the polypeptide sequence of
SEQ D NO:Z,

{c) a polypeptide comprising the polypeptide sequence of SEQ ID NCQ:2Z;

JP 2004-503241 A 2004.2.5
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(d) a polypepiide having at least 95%, 86%, 97%, 9B%, or 98% identity
io the polypeptide sequence of SEQ 1D NO:2;

fe) the polypeptide sequence of SEGQ 1D NO:2; and

(7 a polypeptide having er comprising a palypeptide seguence that has
an identity Index of 0.95, 095, 097, 0.98 or 0.89 compared to the
polypeptide sequance of SEQ 1D NO:2;

(g) fragments and variants of such polypeptides in {a) to {f).

Polypeptides of the present invention are believed to be members of the G-
protein coupled raceptors family of polypeptides. They are therefore of
interest because GPCRs are highly seleciive drug targets, since they
often have a very restricted and selective tissue disfribution thos
minimizing side effects of the drugs.

The biclogical properties of the GPRFWEK1 are hereinafter referred to as
"biglogical activity of GPRFWK1" or "GPRFYK1 activity". Preferably, a
polypeptide of the present tnvention exhibits at least one biological
achivity of GPRFVKT.

Polypeptides of the present invention alsp includes varianis of the
aforementioned polypeptides, including ali allelic forms and splice varianis,
Such polypeplides vary from the reference polypeplide by insertions,
deletions, and substitutions that may be conservative or non-conservative,
or any combination thereof. Particularly preferrad variants are those in
which several, for instance from 50 to 30, from 20 to 20, from 20 to 10, from
10 ta 5, from 5 fo 3, from 3 to 2, from Z to T or 1 amine acids ars inserted,
substituted, or deleted, in any combination.

Preferred fragments of polypeptides of the presenf nvention inclutde a
polypeptide comprising an amine acid sequence having ai least 30, 50 or
100 contiguaus amino acids from the amino acid sequence of SEQ 1D
NC: 2, or a pofypeptide comprising an amino acid sequence having af
least 30, 50 or 108 gontiguous amino acids truncated or deleted from the
aming ackd seguence of SEQ ID NO: 2. Preferred fragmenis are
biclogically active fragments that mediate the biclogical activity of
GPRFWK1, including those with a similar activity or an improved activity, or
with a decreased undesirable activity. Also preferred are those fragments
that are antigenic or immunogenic in an animal, espedially in & human.
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Fragments of the polypeplides of the invention may be employed for
preducing tha comresponding fulllength polypeptide by peptide synthesis;
therefore, these variants may be employed as intermediates for
produsing the fulilength polypeptides of the invention The polypeptides of
the present invention may be in the form of the “mature” protain or may
he a part of a larger protein such as a preciser or a fusion protein. tis
often advantageous to include an edditional amine acid sequence that
contains secretory ar leader seguUBNCes, pro-sequences, sequences that
aid in purification, for instance multiple hisiidine residues, or an additional
sequance for stability during recombinant produstion.

Polypeptides of the present invention can be prepared in any suitable
manner, for instance by isolation ferm naturally occuring sources, from
genetically engineered host cells comprising expression systems {vide
infra} or by chemical synthesis, using for instance aulomated peptide
synthesisars, or a combination of such methods.. Means for preparing
such polypeptides are we!l understood in the art,

In a further aspeci, the present Invention relates to GPRFWK1
poiynudlectides. Such polynucleotides include:

(a} a polynuclectide comprising a polynucleotide sequence having at
least 95%, 96%, 97%, 98%, or 99% identity to ihe peolynucleotide
sguence of SEQ 1D NO:;

(h) a palynuclectide comprising the polynuclectide of SEQ 1D NO:1;

(c} & polynuclectide having at least 95%, 86%, 97%, B8%, or D9% identity
to the polynucleotide of SEQ ID N1,

(¢ the polynuclectide of SEQ 1D NO:1;

(¢} a polynucleniide comprising a palynucleofide sequence encoding 2
polypeptide sequence having af least 95%, 86%, 97%, 98%, or 89%
identity to the polypeptide sequence of SEQ 1D NO2Z;

) a polynucleotide comprising a palynucleofide sequence encoding the
polypeptids of SEQ 1D NO:2;

(¢} & polnucleotide having a polynucleotide sequence encoding a
poiypeptide sequence having &t least 95%, 96%, 97%, 98%, or 958%
identity to the polypeptids sequenecs of BEQ 1D NO2;

JP 2004-503241 A 2004.2.5
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(h a polynuclectide encoding the polypeptide of SEQ ID NG:2;

() a polynucleotide having or comprising 2 polynucieotide sequence that
has an identity index of 0.95, 0.96, .97, 0.98, or 0.89 compared 1o the
polynucleotide sequence of SEQ 1D NO:1;

() a polynuclectide having or comprising a polynuclectide sequence
encoding a polypeptide sequence thal has an identity Index of 0.83, (.96,
0.97, 0.68, or 0.99 compared to the polypeptide sequence of SEQ 1D
NO:2; and

polynucleotides that are fragments and variants of the above mentioned
polynuelectides or thal are complementary to above mentioned
polynuclectides, over the entire length thereof.

Preferred fragments of polynudeotides of the prasent invention
include a polynuclectide comprising an nucleotide sequence having at
least 15, 30, 50 or 100 contiguous nucleatides from the sequence of SEQ
ID NO: 1, or a palynucleotide comprising an sequence having at least 30,
50 or 100 contiguous nucleotides fruncated or deleted from the sequerice
of SEQ ID NO: 1.

Preferred variants of polynuclectides of the present invention include
splice varianis, allelic veriants, and polymorphisms,  including
polynuclestides having one or more single nucleotide polymarphisms
(SNPs).

Polynuclectides of the present invention also include polynucleotides
encoding polypeptide variants that comprise the amino acid sequence of
SEQ ID NO:2 and in which several, for instance from 50 to 30, from 30 o
20, fram 20 to 10, from 1010 5, from & to 3, from 310 2, from 2 t0 tor 1
amino acid residues are substituied, deleted or added, in any combination.

In a further aspect, the prasent invention provides polynuclectides that
are RNA franscripts of the DNA sequences of the present invention.
Accordingly, there is provided an RNA polynucleoiide that:

{a) comprises an RNA transcript of the DNA sequence encading
the polypeptide of SEQ 1D NQ:2;

(by is the RNA transcript of the DNA seguence encoding the
polypeptide of SEQ D NO:Z;

JP 2004-503241 A 2004.2.5
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{c) comprises an RNA transcript of the DNA sequencs of SEQ ID
NO:1; or

{d} is the RNA transcript of the DNA sequence of SEGQ 1D NO:1,

and RNA polynucleotides that are complementary thereto.

The polynucleotide sequence of SEQ ID NO:T shows homolegy with C.
commersonl vasotocinreceptor (Genbank: X76321). The polynuciectide
sequence of SEQ ID NO:1 is a cDNA sequence that encodes the
polypsptide of SEQ ID NO:2. The palynucleotide sequence encading the
polypeptide of SEQ 1D NO:Z may be identical o the poiypeptide encading
sequence of SEQ ID NO:1T or it may be a sequence other than SEQ ID
NO:1, which, a8 a result of the redundancy (degeneracy) of the genetic
code, also encodes the poiypeptide of SEQ ID NO:2. The polypeptide of
the SEQ ID NO:2 is relaied to other proteins of the G-protein coupled
receptars family, having homology and/or structural similarity with Gallus
gallus mRNA for thyrotropin-releasing hormone receptor (accession no.:
Y18244).

Preferred polypeplides and polynucleotides of the present invention are
expected o have, inter alia, similar biglogical funclions/properties to their
homologous palypeptides ane polynueleotides.  Furthermare, preferred
polypeplides and polynucleotides of the present invention have at least one
GPRFWK1 activity.

Polynucleotides of the present invention may be cbtalned using standard
cloning and screening techniques from a cONA library derived from mRNA
in calls of human chromosomal DNA, (ses for instance, Sambrook &f al,
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Labaratory Press, Cold Spring Harbor, NUY. (1980). Palynuclectides of
the invention can also be obtained from natural sources such as genomic
DNA iibraries or can be synthesized using well known and commercially
available techniques.

When polynuclectides of the present invention are used for the
regombinant production of polypeptides of the present inveniien, the
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palynucleotide may include the coding sequence for the mature
polypeptide, by itself, or the coding sequence far the maiure polypeptide in
reading frame with other coding sequences, such as those encading a
leader or secretory sequence, a pre-, of pro- or prepro- protein segquence,
or other fusion peptide portions. For example, a marker sequence that
faclifates purification of the fused polypeptide can be encoded. In certain
preferred embodiments of this aspect of fhe Invention, the marker sequence
is & hexa-histidine peptide, as provided in the pQE vector {Qiagen, Inc.)
and described in Genfz ef &l, Proc Nall Acad 56 USA (1989) BA821-824,
oris an HA tag. The polynuclectide may aiso coniain non-coding 5’ and 3'
sequences, such as transeribed, non-translated seguences, splicing and
polyadenylation signals, ribosome binding sites and sequences that
stabilize mRNA.

Polynuclentides  that are idenfical, or have sufficient identity o &
polynucieotide sequence of SEQ 1D NO:1, may be used as hybridization
probes for cONA and genomic DNA or as primers for a nucleic acid
amplification reaction {for instance, PCR). Such probes and primers may
be used io isolate ful-length cDMAs and genoimic clones encoding
polypeptidas of the present invention and to isclate ¢DNA and ganomic
clones of other genes (including genes encoding paralogs from human
sourees and orthologs and paralogs from species ather than human) that
have a high sequence similarity to SEQ D NO:1, typically at least 95%
identity. Preferred probes and primers will generally comprise at least 15
nuckeotides, preferably, at least 30 nuclkeotides and may have at least 50, i
not at least 100 nucleotides. Particularly prefened probes will have
hetween 30 and 50 nucleotides. Particularly prefetred primers will have
between 20 and 25 nucleotides.

A polynudlaatide encoding a polypeptide of the present invention, Including
homologs from species other than human, may be obtained by a process
comprising the steps of screening a library under stringent hybridization
caondilions with 2 labeled probe having the sequence of SEQ 1D NO: 1 or a
fragment thereof, preferably of at least 15 nuckeotides; and isclating full-
lengih cDNA and genomic clones containing seid polynuciectide sequence.
Such hybridization techniques are well known to the skilled artisan.
Praferred stringent hybridizetion conditions include overnight incubation at
42°C in a solution comprising: 50% formamide, 5xSSC (150mM NaCl,
15mM trisodium citrate), 50 mM sodium phosphate (pH7.6), 5x Denhardt's
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solution, 10 % dextran suffate, and 20 microgram/ml denatured, sheares
salmon sperm DNA; followed by washing the filters in 0.1x SSC at about
B50C. Thus the piesent invention alsc includes isolated polynucieotides,
preferably with a nuclectide sequence of ai least 100, obtained by
screening a library under stringent hybridization conditions with & labeled
probe having the segquence of SEQ D NO:{ or a fragment thersof,
preferably of at least 15 nuclentides.

The skillec artisan will appreciate that, in many cases, an isoiated cDNA
seguence will be incomplete, in that the region coding for the pelypepfide
does not extend &l the way through to the §' terminus. This is a
consequence of reverse transcriptase, an enzyme with inherently low
"processivily” (a measure of the abilily of the enzyme o remain attached
to the template during the polymerisation reaction), failing to compigte a
DMNA copy of the mRMNA template during first strand cDNA synthesis.

Thare are several metheds available and well known to those skiiled in
tha art to cbtain full-length cDNAs, or extend short cDNAs, for example
those hased on the method of Rapid Amplification of cDNA ends {RACE}
(see, for example, Frohman et al,, Proc MNat Acad Sci USA 85, B998-
9002, 1888). Recent madifications of the technique, exemplified by the
Marathon (trade mark} technology (Clontech Laboraiories Inc.) for
example, have significantly simplified the search for longer cDNAs. In the
Marathon (trade mark) technology, cONAs have bean prepared from
mRNA extracted from a chasen tissue and an 'adapfor sequence ligated
onto each end. Nucleic acid amplification (PCR) is then carried out fo
amplify the "missing” 5 end of the cDNA using a combination of gene
specific and adaptor specific oligonuciectide primers. The PCR reaction
is then repeated using ‘nested' primers, that is, primers designed to
anneal within the amplified product (typically an adaptor specific primer
that anneals further 3' in tha adapter sequence and a gene specific
primer thal anneais furher %' in the known gene sequence). The
products of this reaction can then be analysed by DMNA sequencing and a
full-length cNNA constructed either by joining the product directly to the
existing cDMA {fo give a complete sequence, or cartying out a saparaie
full-length PCR using the new sequenca information for the design of the
&' primer.
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Recombinant polypepiides of the present invention may be prepared by
processes well known in the art fiom genefically engineered host cells
comptising expression systems. Accardingly, in a further aspect, the
present inveniion relates to expression systems comprising a
polynuciaotide or polynuclectides of the present invention, to host celia
which are genefically engineered with such expression syfems and to the
producfion of polypeptides of the invention by recombinant techniques.
Cell-free translation systems can also be employed to produce such
prateins using RNAs derlved from the DNA consiructs of the present
inventior.

For recombinant production, host calls can be genstically engineered 1o
incorporate expression systems or pariions thereof for golynucleotides of
the present inveniion. Polynuclecfides may be introduced into host cells by
methods described in many standard laboratory manuals, such as Davis et
al, Basic Matheds in Molecular Biotogy {(1286) and Sambreok ef al{ibid}.
Prefarred methods of introducing polynucleotides into host eefis include, for
instance, calcium  phosphate fransfecion, DEAE-dextran mediated
transfection,  transvection,  microinjection,  cationic  lipid-mediated
transfection, electroporation, tansduction.  scrape  loading, ballistic
introduction or infaction.

Representative examples of appropriaie hosts indude bacterial cells, such
as Strepfococe, Staphytococci, £, cofi, Sireptomyces and Bacifus sublilis
cells; fungal cells, such as yeast cells and Aspergiius cells; insact celis
sich as Drosaphita 52 and Spodoptera 5 cefls. animal cells such as
CHO, COS, I'—IeLa‘ C127, 3T3, BHK, REK 293 and Bowes melanoma celis,
and plant calls.

A great variety of expression systems can be used, for instance,
chromosomal, episomal and virus-derived systerns, e.g., vectors defived
from bacterial plasmids, from bactericphage, from {ransposons, from yeast
episomes, from inserfion elements, from yeast chromosomal elements,
from viruses such as baculoviruses, papova viruses, such as Svdl,
vaccinia viruses, adenaviruses, fowl pox virugee, pseudorabies viruses and
retroviruses, and vectors derived from combinations thereof, such as those
derived from plasmid and baciedophage genetic elemenis, such as
cosmids and phagemids. The expression systems may contain controi
regions that regulate as well as engender expression. Generally, any
system or vector that is able to maintain, propagate or express e

JP 2004-503241 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(40)

WO 01796562 PCT/EPOLGSTL

an

14/38

polynuclectide to produce a polypeptide in a host may be used.  The
appropriate polynuclectide sequence may be nserted into an expression
systemn by any of a variety of wslHnown and routine technigues, such as,
for example, those sef forth in Sambrock ef o/, (ibid). Appropriate secretion
signals may be incorporated to the desired polypeptide to aliow secretion
of the translated protein into the umen of the endeplasmic reticulum, the
petiplasmic space or the extraceliular environment.  These signals may be
endogenous 1o the polypeptide or they may be heterclogous signals.

if a polypeptide of the present invention is fo be expressed for use in
screening assays, it is generally preferred that the polypeplide be
produced at the surface of the cell. In this cvent, the cells may be
harvested prior to use in the screening assay. If the polypeplide is
secreted info the medium, the maedium can be recovered in order to
recover and purify the poiypeptide. If produced infracellularty, the cells
must first be lysed before the pelypeptide is recoveared.

Poiypeptides of the present invention can be recovered and purifiad from
recombinant cell culiures by welldnown methiods Ineluding ammenium
sulfate or ethanol precipitation, asid exdraction, anfen or cation exchange
chiomatography,  phosphocelluiose  chromatography,  hydrophebic
interaction chromatography, affinty chromatography, hydroxylapatite
chromatography and lectin chromatography.  Most preferably, high
performance fiquid chromatography is employed for purification.  Well
known techniques for refelding proteins may be employed fo regenarate
active conformation when the polypeptide is denatured during intracellular
synthesis, isolation and/or purification.

Polynucleotides of the present invention may be used as diagnostic
reagents, through defecting mutations in the associated gene. Detection of
a mutated form of the gene characterised by the pelynucleotide of SEQ 1D
NO:1 in the cDMA or genomic sequence and which is assoclated with a
dysfunction will provide & diagnostic toc! that can add to, or define, a
diagnosis of a disease, or susceptibilty to a disease, which results Trom
under-expression, over-expression or altered spatial or temporal expression
of the gene. Individuals carrying mutafions in the gene may be detected at
the DNA level by a variety of techniques wel} known in the art.

Nucleic acids for diagnosis may be obtained from 2 subject's cells, such as
from blood, urine, saliva, fissue biopsy or autopsy material. The genomic
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DNA may be used directiy for detection or it may be amplified enzymaticaily
by using PCR, preferably RT-PCR, or other amplification techniques prioi’ 1o
analysis, RNA or cDNA may also be used in similar fashion. Deletions and
insertions can be detacted by a change in size of the amplified product in
comparison fo the noymal genotype. Point mutations can be identified by
hybridizing amplified DNA to labeled GPRFWK? nuclectide sequences.
Peifectly matched sequences can be disiinguished from mismaiched
duplexes by RNage digestion or by differences in melting ternperaiures.
DNA sequence difference may also be detected by alterations in the
electrophoretic mokility of DMA fragments in gels, with or without
denaturing agents, or by direct DNA sequencing {s=e, for instance, Myets
ot af, Science (1985) 2301242}, Bequence changes at specific locations
may also be revealed by nuclease protection assays, such as RNase and
S1 pratection or the chemical cleavage method (see Cotton ef af, Proc Nati
Acad Sci USA {1985) 85; 4397-4407),

An array of oligonucleofides probes comptising GPRFWKT polynucleotide
sequence or fragments thereof can be constructed to conduct efficient
screening of e.g., genstic mutations.  Such arrays are preferably high
density arrays or grids. Array technology methods are well known and
have general applicability and can be used to address a waviety of
questions in molecular genetics including gene expression, genetic linkage,
and genetic variahility, see, for example, M.Chee st al., Scisnce, 274, 610-
613 (1996) and other references cited therein.

Detection of abnormally decreased or increased levels of polypeptide or
mRNA expression may also be used for diagnosing or determining
susceptibility of a subject to a disease of fhe nvertion. Decreased or
increasad expression can be measured at the RNA leval using any of the
methods well known in the art for the quantitation of polynuclectides,
such as, for example, nucleic acid amplfication, for instance PCR, RT-
PCR, RNase protection, Morthem blatting and other hybridization
methods. Assay techniques that can be used to determine levels of a
jprotein, such as a polypeptide of the prasent invention, in a sample derived
from a host are wel-known to those of skill in the art. Such assay methods
include radisimmunoassays, competifive-binding assays, Western Blat
analysis and ELISA assays.

Thus in ancther aspect, the present invention relates to a diagonostic kit
comprising:
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(a) 2 polynucleotide of the present invention, preferably the nuclectide
sequence of SEQ ID NO: 1, or a fragment or an RNA transcript theraof,

() a nucieotide sequence complementary 1o that of (a);

{c} a polypeptide of the present invention, preferably the polypeptide of
SEG ID NO:2 or a fragment thereof, or

(d) an antibody to a polypepiide of the present invention, preferably to the
polypeptide of SEQ 1D NO:2,

it will be appraciated that in any such kit, (a), (b), (o) or (@) may
comprise a substantiai component. Such a kit wili be of use in
diagnosing a disease or susceptibiiity to a disease, particufarly diseases
of the invention, amongst others.

The polynucleotide sequences of the present invention are valuable for
chromosome localisation studies. The sequence (s specifically targeted to,
and can hybridize with, a particular location on an individual human
chromesome.  The mapping of relevant sequences 1o chromosomes
according fo the present invention is an important first step in correlating
those sequancas with gene associated disease. Onoe a sequence has
been mapped o a precise chromosomal location, the physical position of
the sequence on the chromosome can be correlated with genetic map data.
Such data are found in, for example, V. McKusick, Mendelian Inhetitance in
Man (available ondine through Johns Hopkins University Weich Medical
Lidrary). The reiationship between genes and diseases that have been
mapped o the same chromosomal region are then identified through
linkage analysis (co-inherifance of physically adjacent genes). Precise
human chromesomal localisations for a genemic sequence (gene
fragment etc.) can be determined using Radiation Hybrid (RB) Mapping
{Walter, M. Spitleit, D., Thomas, P., Welssenbach, J., and Goodfellow, P,
11994) A method for constructing radiation hybiid maps of whale
genomas, Mafure Genetics 7, 22-28). A number of RH panels ars
available from Researsh Genetics (Huntsville, AL, USA) eg. the
GeneBridged RH pansl (Hum Mol Genot 1998 Mar5{3):339-458 A
radiation hybrid map of the buman genrome. Gyapay G, Schmitt K,
Fizames C, Jones H, Vega-Czarny N, Spillett D, Muselet D, Prud'Homme
JF, Dib C, Auffray C, Morissatte §, Weissenbach J, Goodfeliow N}, To
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determine the chromosomal lacation of & gene Using this panel, 83 PCRs
are performed using primers designed from the gena of interest en RH
DNAs, Each of ihese DNAs contains random human genomic fragmenis
maintained in & hamster backgrouns (human / hamster bybrid cell lines).
These PCRs result in 93 scores indicating the presence or absence of
the PCR product of the gene of interest. These scores are compared
with scores created using PCR products from genomic seguences of
known lopation. This  comparlson s conducted  at
hitp:ffwww.genome.wi.mit.edu/, The gene of the present mvention maps
to human chremosome 16.

The polynuciectide sequences of the present invention are also valuable
tools for tissue exprassion studies. Such studies aliow the determination of
expression patterns of polynucisstides of the present invention which may
give an Indication as io the expression pattems of the encoded
polypeptides in fissues, by detecting the mRNAs that encede them. The
techniques used are well known in the art and include in situ hydridisation
fechniques to clones arrayed on a grid, such as cDNA microaray
hybridisation (Schena ef al, Science, 270, 467-470, 1995 and Shalon ef &,
Genome Res, 6, 638-645, 1986) and nucleatide amplification techniques
such as PCR. A preferred method uses the TAQMAN (Trade mark)
technology available from Perkin Eimar. Results from these studies can
provide an indication of the normal funclien of the polypepfide in the
organism,  In addition, comparative studies of the normal expression
pattern of mRMAs with that of mRNAs encoded by an alternafive form of
the same gene {for example, one having an aiteration in polypeptide coding
potential or a regulatory mutation) can provide valuable insighls inie the role
of the polypeptides of the present imvention, or ihat of inappropriate
expression {hereof in disease. Such inappropriaie expression may be of a
temporal, spatial or simply quantitative nature.

A further aspect of the present invention relates o antibodies.  The
polypeptides of the invention or their fragments, or cells expressing them,
can be used as immunoegens to preduce anlibedies that are inmunospecific
for polypeptides of the present invention. The term “immunospecific’
means that the antbodies have substantially greater affinity for the
polypeptides of the invention than their affinity for other related polypeptides
in the: priar arl.
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Anfibodies generated against polypeptides of the present invention may be
obtained by adminigtering the polypeptides or epitope-bearing fragments, or
aells to an animal, prefarably a non-human animal, using roufine protocols.
For preparation of menoclanal antibodies, any technique which provides
antibodies produced by continuous cell line cultures can be used.
Examples include the hybridoma technique (Kohler, G. and Milstein, C.,
Nature {1975) 256:495-487), the trioma technigue, the human B-cell
hybridema techrique (Kozbor ef af., Immunology Today {1883) 4:72) and
the EBV-hybridoma technique {Cole ef al, Moncclonal Antibodies and
Cancer Therapy, 77-96, Alan R. Liss, Inc., 1985).

Techniquas for the production of single chain antibodies, such as those
described in U.5. Patent No. 4,846,778, can also be adapted to produce
single chain antibodies fo polypeptides of this invention.  Also, transgenic
mice, or other organisms, ncluding other mammals, may be used to
express humanized antibodies.

The above-described antibodies may be employed to isclate or to identify
clones expressing the polypeptide or to purify the polypeptides by affinity
chrematography. Antibodles against polypepfides of the present invention
may also be employed o treat diseases of the Invention, amongst cthars.

Polypeptides and polynucleotides of the present invention may also
be used as vaccines. Accordingly, in a further aspect, the present
invention relates to a method for inducing an immunalogical response in
a mammal that comprises inocuiating the mammal with a polypeptide of
the present invention, adeguate to preduce antibody andior T cell
immune rasponse, including, for example, cytokine-praducing T cells or
cyiotoxic T celis, to protect said animal from disease, whether thal
disease is skeady established within the individual or nol. An
immunological response in a mammal may also be induced by a methed
comprises delivering a polypeptide of the present invention via a vactor
directing expression of the polynuciectide and coding for the polypeplide
i vivo in order to induce such an immunoiogical respanse o produce
antibody to protect said animal from diseases of the invention. One way
of adminigtering the vector is by accelerating it into the desired celis as a
coating on particles or ctherwise. Such nueleic acid vector may comprise
DA, RNA, a modified nucieic acid, or & DMA/RNA hybrid. For use a
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vaccing, a polypeptide or a nugleic acid vector will be normally provided
as a vaccing formulation {compasition).  The formulation may further
comprise = suitable carrier. Since a polypeptide may be broken down in
the stomach, it is preferably administered parenicrally (for instance,
subcutanecus, intramuscular, intravencus, or intradermal injection).
Fomulations suitable for parenteral administration include aqueous and
non-aguecus sterile injecticn solutions that may contain anti-oxidants,
buffers, bactericstats and solutes that render the formulaticn instonic with
the blood of the recipient, and agueous and non-aquecus steriie
suspansions that may include suspending agents or thickening agents.
The formulalions may be presented in unit-doss or multi-dose containers,
for example, sealed ampoules and vials and may be stored in a freeze-
dried conditicn reguiring only the addition of the sterile lquid carrier
immediately prior to use. The vaccine formulation may also include
adjuvant systems for enbancing the immunogenicily of the formulation,
such as oildn water systems and other systems known in the arf. The
dosage will depend on the specific activity of the vacecing and can be
readiiy determined by roufine experimentation.

Palypeptides of the present invention have one or more biological functicns
that are of relevance in one or more disease states, in particular the
diseases of the invention hereinbefore mentioned. I is therefore useful o
ta identify compounds that stimulate or inhibit the function ar level of the
polypeptide.  Accardingly, in a further aspect, the present invention
provides for a method of screening compounds to identify those that
stimulate or inhibit the function or level of the polypeptide. Such methods
identify sgonists or antagonists that may be empioyed for therapeutic and
prophylactic purposes for such diseases of the invention as hereinbefore
mentioned. Compounds may be identified from a variely of sources, for
example, celis, cell-free preparaiions, chernical libraries, collections of
chamical compounds, and rature! product mixtures.  Such agonists or
antagonisis so-identified may be halural or modified substrates, lgands,
receptors, enzymes, elc., as fhe case may be, of the polypeptide; a
structural or functional mimetic thersof {see Coligan sf al, Current
Protocals in Immunology 1(2).Chapter 5 (1881)) or a small moiecule.

The screening methad may simply measure the binding of a candidate
compound to the polypeptide, or to cells or membranes bearing the
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polypeptide, or a fusion protein thereof, by means of a lahel direcily or
indirectly associated with the candidate compound. Alternatively, the
sereening method may involve measuring or detecting {gualitatively or
quantitaiively) the competiiive binding of a candidata compound to the
polypeptide against a labeled competifor (e.g. agonist or antagonist),
Further, these screening methods may test whether the candidate
compound results in a signal generated by activation or inhibiion of the
polypeptide, using detection systems appropriate to the cells bearing the
polypeptide.  Inhibitors of aciivation are generally assayed in the
presence of a known agonist and the effect on aclivation by the agonist
by the presence of the candidate compound is cbserved. Further, the
seraening methods may simply comprise the steps of mixing & candidate
compound with a solution containing a polypeptide of the present
invention, to form a mixture, measuring a GPRFWK1 aclivity in the
mixture, and comparing the GPRFWKT activity of the mixture fo a contro!
mixture which contains no candidate compound.

Polypeplides of the present invention may be employed in conventional
low capaclly screening methods and also in high-throughput screening
(HTS) formats, Such HTS formats include net only the well-establishad
use of 86- and, mare recently, 384-well micotiter platas but also emerging
methods such as the nanowel! method described by Schullek et al, Anal
Biochem., 246, 20-29, (1897).

Fusion proteins, such as those made from Fo portion and GPRPWKY
polypeptide, as hereinbefore described, can also be used for
high-throughput  screening  assays to identify antagonists for the
polypeptide of the present invention (see D. Bennett of al, J Mol
Recognition, 8:52-58 (1885), and K. Johanson sf &/, J Biol Chem,
270(18).8459-8471 {18957},

One screening technique includes the use of cefis which express receptor
of this invention {for example, transfected CHO cells) in a system which
moasures extracellular pH or intracellular calcium changes caused by
recepior activation. In this technigque, compounds may be comacied with
cells expressing the receptor polypeptide of the present invention. A
second messenger response, .., signal transdudtion, pH changes, or
changes in ealcium levsl, is then measured fo determine whether the
potential compound activates or inhibits the receptor.
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Anaiher method involves screening for receptor inhibitors by determining
inhibiion or stimulation of recaptor-mediated cAMP and/or adenylate
cyclase scoumutation. Such a method involves transfecting a eukaryotic
celt with the receptor of this inveniion io express the receptor on the celi
surface. The cell is then exposed fo poteriial antageonists in the presence
of the recaptor of this invention. The amount of cAMP acoumidation is ther
measured. I the potential antagonist binds the recepior, and thus inhibits
receptor binding, the levels of receptor-mediated cAMP, or adenylale
eyclase, activity will be reduced or increased.

Arncther methods for detecting agonists or antagonists for the receptor of
the present invention is the yeast based technology as described in U 5.
Patent 5,482,835,

One screening technique inctudes the use of calls which express reveptor
aof this invention ({for axample, iransfected CHO cells) in & system which
measures extracellular pH or intracellular calcium changes caused by
recaptor activation. In this technique, compounds may be contacted with
cells expressing the receptor polypeptide of the present invention. A
second mesgsenger response, e.g., signal transduction, pH changes, or
changes in calcium level, is then measured to defermine whetner the
potential compound aciivates ar inhibits the recepior.

Another method involves screening for receptor inhibitors by datermining
inhibition or stimulation of receptormediated cAMP andfor adenylate
cyelzse accumulation, Such a method involves transfecting a eukaryotic
cell with the recsptor of this invention fo express the receptor on the cell
surface. The call is then exposed to pofential antagonists in the presence
of the recepfor of this invention. The amount of cAMP accurmulation is then
mgasured. if the potential antagonist binds the receptor, and thus inhibits
recepior binding, the levels of receptor-mediated cAMP, or adenylaie
cyclase, activity will be reduced or increased.

meihods for defecting agenists or antagonists for the receptor of Another
the present invention is the yeast based technology as described in U.S.
Patent 5.482,835.

Screening fechnigues

The polynucleatides, polypeptides and anfibodies to the palypeptide of the
present Invention may also be used lo configure screening methods for
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detecting the effect of added compounds on the production of MRNA and
polypeptide in cells. For example, an ELISA assay may be construsted
for measuring secreted or cell asscciated levels of polypeplide using
maonaclonal and polyclonai antibedies by standard metheds known in the
art. This can be used to discover agents that may inhibit or enhance the
production of polypeptide (also called antagonist or agonist, respectively)
from suitably rranipulated cells or tissues.

A polypeptide of the present invention may be used to identify memirane
bound or soluble receptors, i any, through standard recaptor binding
technigues known in the art. These include, but are not limited te, ligand
binding and crosslinking assays in which the palypeptide is labeled with a
radioactive isotape (for inatance, 1251), chemically modified (for instance,
biotinyfated). or fused fo a peptide seguence suitable for detection ar
purification, and incubated with a source of the putative receptor (cells,
cell membranes, vell supernatants, tissue extracts, bodily fluids). Other
methods include biophysical techniques such as surface plasmon
resonance and speclroscopy. These screening methods may aiso be
used to identify agonists and antagonists of the polypeptide that compete
with the binding of the polypeptide to its recoplors, if any. Standard
methods for conducting such assays are well understood in the art.

Examples of antagonists of polypeptides of the present invention incluge
anfihodies or, in some cases, oligonucieatides or proteins that are closely
related 1o the ligands, substrates, receptors, enzymes, efc, as the case
may be, of the polypeptide, e.g., a fragment of the ligands, substrates,
receptors, enzymes, etc.; or a simall moleculs that bind to the polypeptide of
the pressnt invention but do not elicit a response, so that the activity of fhe
polypeptide is preventad.

Screening methods may alse involve the use of transgenic technclogy
and GPRFWKT gene. The art of constructing transgenic animals is well
established.  For example, the GPRFWK1 gene may be introduced
through micralnjection inte the male pronucleus of fertilized oocytes,
retroviral transfer into pre- or post-implantation embryos, or injection of
genetically modified, such as by eleciroporation, embryoric slem cells
into host blastocysts. Particularly useful transgenic animals are so-called
"knock-in" animals in which an animal gene is replaced by the human
equivalent within the genome of that animal. Knock-in transgenic animals
are useful in the drug discovery process, for target vaidation, where the

JP 2004-503241 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(49)

WO 01796562 PCT/EPOLGSTL

0

25

22/38

compound is specific for the human target. Other useful transgenic
animals are so-called "knock-out’ animals in which the expression of the
animal ortholog of 2 polypeptide of the present invention and encoded by
an endogenous DNA sequence in a cell is partially or compleiely
annulled. The gens knock-out may be fargefed to spacific cells or
tissugs, may occur ohly in cerfain cells or tissues as a consequence of
the limitations of the technology, or may occur in all, or substantially all,
cells in the animai.  Transgenic animal technology also offers a whole
animal expression-cloning system in which introduced genes are
axpressad to give large amaounts of pofypeptides of the present invention

Screening kits for use in the above described methods form & further
aspect of the present invention. Such screening kits comprisa:

(@) a polypepiide of the present invention;

(b) a recombinant cell expressing a polypeplide of the present invention;
(c) a call memhrane expressing a polypeptide of the present invention; or
(d) an antibody to a polypeptide of the present invention;

which polypeptide is preferably that of SEG 1D NO:2.

it will ba appreciated that in any such kit, {a), (b}, (c) or (d) may comprise
a substanijal component.

Glossary

The following definitions are provided to facilitate understanding of certain
terms used frequently hereinbefore.

"Antibodies” as used herein includes polyclonal and monoclonal
antibodies, chimeric, single chain, and humanized antibadies, as well as
Fab fragments, including the products of an

Fab or other immuneglobuiin expression library.

"Isolated" means altered "by the hand of man” from its natural state, i.e.,
if it occurs in nature, it has been changed or removed from its original
envirooment, or both. For example, a polynucleotide or & polypeptide
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naturally present in a living organism is not “isolaied,” but the same
polynucleotide or polypeptide separated from the coexisting matarials of
its natural state is "isolated”, as the term is employed herein. Moreover,
a polynuclectide or polypeptide that is intreduced into an organism by
{ransformation, genetic manipulation or by any other recombinant method
is "isolated" even if it is sfill present in said erganism, which organism
may be living or non-iving.

"Polynuciealide” generally refers to any polyribonucleotide {RNA) or
polydecoxribonuclectide {ODNA), which may be unmodified or modified
RNA or DNA. “Polynuclectides” include, without limitation, single- and
double-stranded DNA, DNA that is a mixture of single- and double-
stranded regions, single- and double-strandad RNA, and RNA that is
mixture of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more typically,
double-stranded or a mixture of single- and double-stranded regions. tn
addition, "polynuclecfide” refers to friple-stranded regions comprising
RNA or DNA or both RNA angd DNA. The ferm "polynuclectide” also
includes DNAs or RNAg containing one or more modified bases and
DMAs or RNAs with backbores modified for stability or for other reasons.
“Modified” bases include, for example, tritylated bases and unusual bases
such as inosine, A variety of modifications may be made to DWNA and
RNA; thus, “polynucleciide” embraces chemically, enzymatically or
metabolically modified forms of polynuclectides as typically found in
nature, as well as the chemical forms of DNA and RNA characteristic of
viruses and cells. ‘“Polynucleotide’ also embraces relatively short
polynucieotides, often referred to as ofigonucleotides.

“Polypeptide” refers to any polypeplide comptising two or more amino
acids joined to each other by peptide bonds or modified peptide bonds,
Le., peptide isosteres.  "Polypeptide” refere to both short chains,
commonly referred to as peptides, cligepeptides or olfgemers, and to
longer chains, generally referred to as proteins.  Polypeptides may
contain amino acids other than the 20 gene-encoded arnino acids.
"Polypeptides” include amino acid saguences medified aither by natura!
processes, such as post-translational pracessing, or by chemical
modification techniques that are well krown in the arl.  Such
madifications are well described in basic texts and in more detailed
monographs, as well as in a voluminous research literature.
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Modifications may otour anywhere in a polypeplide, hcluding the peplide

~ backbong, the amino acld side-chains and the amino or carboxyl iemmini.

15

It will be appreciated that the same iype of medification may be present
fo the same or varying degrees at several sites in a given polypeptide.
Alsa, a given polypeptide may contain many types of meodifications.
Polypeptides may he branched as a result of ubiquitination, and they may
be cyclic, with or without branching. Cyclic, branched and branched
cyclic polypeptides may result from post-translation natural processes or
may be made by synthetic methods. Modifications include agetylation,
acytation, ADP-ribosylation, amidation, bifinylation, covalent attachment
of flavin, covalent attachment of a heme moiety, covalent attachment of 2
nuclectide or nucleotide derivaiive, covalent aftachment of a Hpid or lipid
derivative, covalent attachment of phosphotidylinosite!, cross-linking,
cyclization, disuifide bond formeation, demethylation, formation of covalent
cross-inks, formation of cystine, formation of pyroglutamate, formylation,
garmma-carkoxylation, glycosylation, GPI anchor  formation,
hydroxylation,  iodination, methylation,  myristaylation, oxidation,
proteciytic processing, phosphorylation, pranylatien, racemization,
selenoylation, sutfation, transfer-RNA mediated addition of amino acids to
proteins such as arginylation, and ubiquitination (see, for instence,
Preteins - Strusture and Molscular Properties, 2nd Ed., T. &, Creighion,
W. H. Freemman and Company, New York, 1883, Wold, ¥., Post
franslational Protein Medifications: Perspectives and Prospects, 1-12, in
Post-translational Covalent Modification of Preteins, B. C. Johnson, Ed.,
Academic Press, New York, 1883, Seifter ef al, "Apalysis for protein
maodifications and nonprotein cofactors”, Meth Enzymei, 182, 626-846,
1980, and Rattan ef al, “Protein Synthesis: Posi-franslational
Madifications and Aging", Ann NY Acad Sei, 663, 45-62, 1992,

"Fragmeni' of a polypeptide sequence refers o a polypeptide sequence
that is shorter than the reference sequence but that retains essentially the
same biological function or activity as the reference polypeptide.
"Fragmeni” of a pelynuclesiide sequence refers to a polynuelnetide
sequence that is shorter than the reference saquence of SEQ 1D NO:i..

"Variant" refers to 2 polynuclectide or polypeptide that differs from a
reference poiynuclectide or polypepfide, but retains the essential
properties thereof. A iypical varant of a polynuclectide differs in
nucleofide sequence from the reference polynuclectide. Changes in the
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nuclectide sequence of the variant may or may not alter the amino aeid
sequance of a pelypeptide encoded by the reference polynucleotide.
Nucleofide changes may result in amino acid substitutions, additions,
deletions, fusions and fruncations in the polypeplide encoded by the
reference sequence, as discussed below. A fypical varant of a
polypeptide differs in amino acid sequence from the reference
polypeptide. Generally, alterations are limited so that the sequences of
the reference polypeptide and the variant are closely similay overall and,
in many regions, identical. A variant and reference polypeptide may differ
n amino acid sequence by one of mMore suUbstitutions, insertions,
deletions in any combination. A substituied or inserted aming acid
resichie may or may not be one encoded hy the genelic code. Typical
conservative subsiitutions include Gly, Als; Val, lle, Ley; Asp, Glu; Asn, Gln;
Ser, Thr; Lys, Arg; and Phe and Tyr. A variant of a poiynuclectide or
polypeptide may be naturally occurring such ae an allele, or it may be a
variant that is not known to occur naturally. Non-naturally oceurring
variants of polynucleotides and pelypeptides may be mads by
mutagenesis techniques or by direct synthesis. Also included as variants
are polypeptides having ene or more posi-translaticnai modifications, for
instance glycosylation, phospharyiation, methylation, ADP ribosylation
and the like. Embodiments include mathylation of the N-terminal amino
acid, phospherylations of serines and threonines and modification of C-
terminal glysines.

"Allele" refers te one of two or more alternative forms of a gene occuring
ai a given logus in the genoma.

"Polymorphism” refers fo a variation in nucleotide sequence {and
encoded polypeptide sequence, ¥ relevant) at & given position in the
gencme within a population.

"Single Mucleotide Polymorphism" (SMP) refers to the ocowence of
nucleotide variability at a single nuclectide position in the genome, within
a population. An SNP may occur within a gene or within intergenic
regions of the genome. SNPs can be assayed using Allele Specific
Amplification (ASA}). For the process at teast 3 primers are raquired. A
common plimer is used in reverse complement to the polymorphism
being assayed. This common primer can be between 50 and 1500 bps
from the polymaorphic base. The othar two (or more) primers are identical
to each other except that the fina! 3' base wobkles to match one of the
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two (or more) alleles that make up the polymorphism. Two (or more)
PCR reactions are then conducted on sample DNA, each using the
common primer and one of the Aliels Specific Primers.

"Splice Variani* as used herein refers to ¢cDNA molecules produced frem
RNA molecules initially transcribed from the same genomic DNA
sequence but which have undergone alternative RNA - splicing.
Alternative RMNA  splicing occurs when a primary RNA  franscript
undergoes splicing, generally for tha removal of introns, which results in
the preduction of more than one mRNA molecule cach of that may
encode different amino acid seguences. The term splice variant also
refars to the proteins enceded by the above cDNA molecules.

"ldeniity" reflects a relationship between two or mare polypeplide
sequences of two of more polynuclectide sequences, determined by
comparing the sequences. In general, ideniily refers fo an exact
nucleotide to nucleotide or aming acid to amino acid corraspandence of
ihe two polynuclectide or two polypeplide sequences, respectively, over
the letigth of the sequences being compared.

“% Ideniity” - For seguences where there is ot an exact
correspondence, a "% identity" may be defermined. n general, the two
sequences fo be compared are alfigned to give a maximum correlafion
between the sequences. This may include inserfing "gaps" in either one
or both sequences, to enhance the degree of alignment. A % identity
may be determined over the whole length of each of the sequences being
comparad {so-callad giohal alignment), that is particularly suitable for
sequances of the same or very similar length, or over shorter, defined
lengths (sc-called local alignment), that is more suitable Tor sequences of
unequal length.

"Similarity" is a further, more sophisticated measure of the relationship
hetween two polypeptide seguences. In general, "similarity” means a
comparison befween fhe amino acids of two polypeplide chains, oh a
residue by residue basis, taking iro account net only exact
correspondences between a between pairs of residues, one from each of
the sequences being compared (as for identity) but also, where thers is
not an exact correspondence, whether, on an evolutionary basis, one
residue is @ likely substitute for the other. This likelikood has an
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associated "score” from which the "% similarity” of the two sequences
can then be determined.

Mathods for comparing the identity and similarity of two or more

seguences are well known in the arl.  Thus for instance, programs .

available in the Wisconsin Sequence Anzlysis Package, version 9.1
(Pevereux J et al, Nucleic Acids Res, 12, 387-395, 1884, available from
Genetics Computer Group, Madison, Wisconsin, USA), for exampls the
programs BESTFIT and GAP, may be used fo determine the % identity
batween two polynuclectides and the % identity and the % similarity
between two polypeptide sequences. BESTFIT uses the “local
homaology" algorithm of Smith and Waterman {J Mol Biol, 147,195-187,
1881, Advances in Appliad Mathematics, 2, 482-489, 1981) and finds the
best single region of similarity between two seguences. BESTFIT is
more sulied fo comparing two polynuclsotide or fwo polypeptide
sequences that are dissimifar in length, the program assuming that the
shorter saguence rapresents a portion of the fonger. I comparison, GAP
aligns two sequences, finding a "maximum similarity”, according to the
algorithra of Neddleman and Wunsch {J Mol Bigl, 48, 443-453, 1970).
GAP is mote suited fo comparing seguences that are approximately the
same length and an alignment is expected over the enlirs fength.
Preferably, the parameters "Gap Weight" and "Length Weight" used in
each program are 50 and 3, for polynuclectide sequences and 12 and 4
for polypeptide sequences, respectively. Preferably, % idenfities and
similariiies are determined when the twe sequences being compared are
optimally aligned.

Other programs for determining identity and/or similarity befween
sequences ara also known in the art, for instance the BLAST family of
programs (Altschul S F et al, J Mol Biol, 215, 403410, 1990, Altschul § F
et al, Nucleic Acids Res., 25:389-3402, 1997, available from the National
Center for Biotechnology Information (NCBI), Bethesda, Maryland, USA
and accessible through the home page of the NCBI at
www.nchi.nimpihgovd and FASTA {Pearson W R, Methods in
Enzymology, 183, 63-88, 1980; Pearson W R and Lipman D J, Proc Nat
Acad Sci USA, 85, 2444-2448 1988, available as part of the Wisconsin
Sequence Analysis Package).

Preferably, the BLOSUMEZ amino aeid substitution matrix {Henikoff S
and Henikoff J G, Proc. Nat. Acad Sci. USA, 89, 10815-10918, 1592} is
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used in polypeptide sequence comparisans including where nucleotide
sequences are first translated into amino acid sequemces before
camparison.

Preferably, the program BESTFIT is used to determine the % idertity of a
guery pelynuctectide or a pelypeptide sequence with respect to a
reference polynucleotide or & polypeptide sequence, the guery and the
reference sequence being optimally aligned and the parameters of the
pragram set at the default value, as hereinbefore described.

"ldentity Index" is a measure of sequence relatedness which may be
used to compare a candidate sequence (polynuclectide or polypeptide)
and & reference sequence. Thus, for instance, a candidate
polynucieotide seguence having, for exampla, an \dentity Index of 0.95
compared to a reference polynucleotide sequence is identical o the
reference sequence except that the candidate peolynucleotide sequence
may inciude on average up to five differences per each 100 puclediides
of the reference sequence. Such differences are selected from the group
consisting of at least one nuclectide <eletion, substitution, ncluding
transition and transversion, or insertion. These differences may occur al
the &' ar 3' ferminal positions of the reference polynuciectide sequence or
anywhere betwesn these terminal positions, Interspersed either
individually amang the nucleotides in the reference sequence or in ore ar
more contipuous groups within the reference seguence. In other words,
o obtain @ polynucleofide sequence having an ldenlity Index of 0.95
compared to a reference polynucleotide sequence, an average of up to 5
in every 100 of the nuclectides of the in the reference seguence may be
deleted, substituted or inserted, or any combination thereof, as
hereinbefore described.  The same applies mutalis mulandis for other
values of the Identity Index, for instance 0.86, 0.97, 0.83 and €.99.

Simitarly, for a polypeplide, a candidate polypaptide sequence having, for
example, an ldentity Index of 0.95 compared fo a reference polypeptide
sequence iz identical to the reference sequence except that the
pelypeptide sequence may include an average of up fe five differences
per each 10{ amino acids of the refarance sequence, Such differences
are selected from the group consisting of at least one amino acid
deletion, subsfitution, including conservative and non-conservative
substituilon, or insertion. These differences may occur at the amino- ar
carboxy-terminal positions of the reference poiypeptide sequence or
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anywhere between these terminal positions, interspersed either
individually among the amine acids i the reference sequence or in one
or more contiguous groups within the reference seguence. In other
wards, to obtain a polypeptide sequance having an Identity Index of 0.95
compared fo a reference polypeptide sequence, an average of up to 5 in
avery 100 of the amino acids in the reference sequence may be delsted,
substituted or inserted, or any combination thereof, as hersinbefore
described. The same applies mufalis mitandis for other values of the
ldentity Index, for instance 0.98, 0.7, 0.98 and 0.99.

The relationship between the number of nucleotide or amino acid
diffarences and the Idenfity lndex may bs expressed in the following
equation:

Mg <Xg-(Xge I}
in which;
A5 is the number of nuclectide or amine acid differences,

Xz is the total number of nucleatides or amino acids in SEQ ID NO:1 or
SEQ ID NO:2, respectively,

I is the Identity Index ,
« is the symbol for the mukliplication aperater, and

in which any nen-integer preduct of x4 and | is rounded down to the
nearest integer prior to subtracting i from x5,

"Homolog" is a generic term usad in the art to indicate a polynuctectide or
polypeptide sequence possessing a high degrse of sequence relatedness
to a reference sequence. Such relatedness may be guantified by
determining the degrea of identity and/or similarity between the two
sequences as hereinbefore defined. Falling within this generic term are
the terms "ortholeg”, and "paraleg”. "Ortholog” refers to a polynucleotide
or polypeptide that is the functional equivaiant of the polynucleotide or
polypeptide in another species. “Paralog” refers 1o a polynucleotideor
polypeptide that within the same species which is functionally similar,
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*Fusion protein” refers to a profein encoded by two, unrefated, fused
genes of fragments theraof. Examples have been disclosed in US
5541087, 5726044, In the case of Fo-GPRPWKI, employing an
immunoglobulin Fe region as a part of a fusion protein is advantageous
for perfarming the functional expression of Fe-GPRFWK1 or fragments of
-GPREWEKA, to improve pharmacckinetic properties of such & fusion
protein when used for therapy and to generate a dimeric GPRFWE1. The
Fo-GPRPWIKCT DNA construct comprises in 5 to 3 diraction, a secretion
casselte, 1.g. a signal sequence that triggers export from a mammaiian
cell, DNA encading an immunaglobulin Fo region fragment, as a fusion
partner, and a DNA encoding GPRFWK1 or fragments thereof. In some
uses it would be desirable to be able to alter the intrinsic functional
properfies {complement binding, Fe-Receptor binding) by mutating the
functional Fc sides while leaving the resf of the fusion protein untouched
or delete the Fe part completely after expression.

All publications and references, including but net limited to patents and
patent applications, cited in this specification are herein incorporated by
reference in their entirety as if each individual publication or reference
were specifically and individually indicated to be incorporated by
reference herein as heing fully set forth. Any pafent application to which
this application claims pricrity is also incorporated by refersnce herein in
its entirsty in the manner described above for publications and
references.

Further Examples
Example 1: Mammalian Cell Expression

The receptors of the present invention are expressed in either human
embryonic kidney 283 (HEK293) cells or adherent dhfr CHO celis. To
maximize receptor expression, lypically all 5 and 3' untranslated regions
{UTRs} are removed from the receptor cDNA priar to insertion info a pCDN
or pCONA3 vector. The cells are transfected with individual receptor
cDNAs by lipofectin and selected in the presence of 400 mg/iml G418. After
3 weeks of selection, individual clones are picked and expanded for further
analysis. HEK293 or CHO cells fransfected with the vecior alone sarve as
negative confrols.  To isclate cell lines siably expressing the individual
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receptors, about 24 dones are typically selected and analyzed by Northem
blot analysis. Receptor mRNAs are generally detectable in about §0% of
tha G418-resistant clones analyzed.

Examgle 2 Ligand bank for binding and functional assays.

A bank of over 500 putative receplor igands has been assembled for
soreening.  The bank comprises: fransmitters, hormones and chemokines
known to act via a human seven transmembrane (7TM) receplor; naturally
poourring compounds which may be putative agonists for 8 human TT™M
receptor, non-mammalian, biclogically active peptides for which a
mammalian counterpart has nof yet been identified; and compounds not
found in pature, but which activate 7TM receptors with unknown natural
ligands. This bark ie used to initially screen the receptor for known ligands,
using both functional fie . calsium, cAMP, microphysiometer, cocyte
slectrophysiology, etc, ses below} as well as binding assays.

Example 3: Ligand Binding Assays

Ligand binding essays provide a direct mathed for ascertaining raceptor
pharmacelogy and are adaptable to a high throughput format. The purified
ligand for a recepter is radiolabeled to high specific activity (502000
Cifmmaly for binding studies. A determination is then mads that the
process of radiolabeling does not diminish the activity of the ligand towards
its receptor. Assay conditions for buffers, ions, nH and othar modulators
such as nudleotides are optimized to establish a workable signal fo noise
ratio for both membrane and whole cell receptor sources. For these
assays, speciiic recaptor binding fs defined as total asgociated radioactivity
minus the radicactivity measured In the presence of an excess of unlabeled
competing ligand. Where possible, more than one competing ligand is
used fo define residual nonspecific binding.
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Example 4: Functional Assay in Xenopus Oocyles

Capped RNA transcripts from linearized plasmid femplates encoding the
receptor cDMNAs of the nvention are synthesized in vilro with RNA
polymerases in aocordance with standard grocedures.  In vilro transcripts
are suspendad in water at a final corcentration of 0.2 mag/mi. Ovatian fobes
are removed from aduit female toads, Stage V defolliculated cocyles are
obtained, and RNA transcripts (10 nglooccyte) are injected in a 50 nt holus
using a microinjection apparaius. Two slectrode voltage clamps are used
to measure the currents from individual Xenopus oocytes in response to
agonist exposure. Recordings are made in Ca2+ free Barth's medium at
room temperature.  The Xenopus system can be used to scresn known
ligands and lissue/cell extracts for acfivaling ligands.

Example 5: Microphysiometric Assays

Activation of 3 wide variety of secondary messenger systems results in
extiusion of small amounts of ecid from a cell. The acid formed is largely
as a result of the increased metabolic activity required to fuel the
infracellular signalking precess. The pH changes in the media surrcunding
the cell are very smali bui are deteclable by the CYTOSENSOR
microphysiomeier (Motecular Devices Ltd., Menle Fark, CA). The
CYTOSENSOR is thus capable of detacting the activation of a recepior
which is coupled to 2n energy utilizing infraceliular signaling pathway such
as the G-profein coupled receptar of the present invention.

Example 6: Exiract/Cell Suparnatant Screening

A large numbet of mammalian receptors exist for which there remains, as
vet, no cognate activating figand {agonist). Thus, active ligands for these

receptors may not be includad within the ligands banks as dentified to date.

Accordingly, the 7TM receptor of the invention is also functionally screenad
(using calcium, cAMP, micraphysiometer, cocyte electrophysiology, ete.,
functional screens) against tissue extracts to identify natural ligands.
Extracts that produce positive functional responses can be sequencially
subfractionated unil an aclivating ligand is isolated ideniified.
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Example 8: Calcium ard cAMP Functional Assays

TTM receptars which are expressed in HEK 293 cells have been shown to
be coupled functionally fo activation of PLC and calcium mobilization and/or
CAMP stimuation or inhibition. Basal calcium levels in the HEK 293 celis in
receplor-fransfected or vectar condrol calls were cheerved to be in the
nomal, 100 nh to 200 nM, range. HEK 293 cells expressing recombinant
receptors are loaded with fura 2 and in a single day > 150 selected ligands
or tlissuefcell extracis are evaluated for agonist induced calcium
mobilization.  Similarly, HEK 293 cells expressing recombinant receptars
are evaluated for the stimulation or inhibition of cAMP praduction using
standard cAMP quantitation assays. Agonists presenting a calcium
transient or cAMP fiucuation are tested in vector contral cells fo determine if
the response is unigue fo the fransfected cells expressing receptor.
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Claims

1. A polypeptide selected from the group consisting of:

{a) a polypeptide encoded by a polynuclectide comprising the sequence of SEQ
1D NO:1;

th} & polypeptide comprising a polypeptide sequence having at least 95% identity
to the polypeptide sequence of SEQ ID NO:2;

¢} a polypeptide having at least 95% identity o the polypaptide sequence of
SEQ 1D NO:2;

d) the polypeptide sequence of SEQ 1D NO:2 and

{e} fragments and variants of such palypeptides in (a} to (d).

2. The polypeptide of claim 1 comprising the polypeptide sequence of SEQ ID
NO:2.

3. The polypeptide of claim 1 which is the polypeptide sequence of SEG 1D
NO:Z.

4. A polynucleotide selected from the group consisting of.

(a} a polynucleotide comprising a pelynucleotide sequence having at lkeasf §5%
identity o the pelynuclactide sequence of SEQ ID NO:1;

{b} a polynuclectide having at least 85% identity to the polynucleatide of SEQ 1D
NO:T,

(€} a polynucleotide comprising a polynucleotide sequence encoding a polypepiide
sequence having at least 95% identity fo the polypeptide sequence of SEQ ID
NOZ;

{d) a polynuclesiide having a polynucleotide sequence encoding a polypeptide
sequence having at least 5% identity fo the pelypsptide sequence of SEQ ID
NQ:2;
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() a poiynucleotide with a nucleofide seguence of af least 100 nucleniides
obtained by screening a library under stringent hybridization conditions with a
labeled probe having the sequence of SEQ ID NO: 1 or a fragment thereof having
at least 15 nuclectides;

(f) a polynuclectide which is fhe RMNA equivalent of a polynucleotide of (a) to (e};

(g) a polynuclesiide sequence complernentary to said polynucleotide of any one of
(a} to (f), and

(h) polynucleotides that are variants or fragments of the polynucleotides of any
one of (a} to (g) or that are complementary to abovs mentioned pelynucleotides,
over the entire length thereof.

§. A polynucleotide of claim 4 selected from the group consisting of:
(@) & polynucleotide comprising the polyrucleotide of SEQ 1D NO:7;
{b) the pelynuclectide of SEQID NQ:1;

(6} a polynucleotide comprising a polynucleotide sequence encoding the
palypeplide of SEQ 1D NO:2; and

(d) a pelynuclectide encoding the polypepiide of SEQ 1D NO:2.

6. An expression system comprising a pelynucleotide capable of producing a
polypeptide of any one of claim 1-3 whan said expression vector Is present in a
compatible host cell.

7. A recombinant host cell comprising the expression vecior of claim &8 or &
membrane thereof expressing the polypeplide of any ane of claim 1-3.

B. A prosess for producing a polypeptide of any one of claim 1-3 comprising the
step of cuturing a host cell as defined in claim 7 under conditicns sufficient for
the production of said polypeptide and racovering the polypeptide from the culture
medium.
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8. A fusion pratein consisting of the Immunoglobulin Fc-region and a
polypeptide any ane one of claims 1-3.

10. An antibody immunospecific for the polypepfide of any one of claims 1to 3.

11. A methed for screening to identify compounds that stimulate or inhibii ihe
function or level of the polypeptide of any one of claim 1-3 comprising a method
selacted fram the group consisting of;

(@} measuring or, delecting, guaniitaiively or qualitatively, the binding of a
candidate compound to the polypeptide {or to the cells or membranes exprassing
the polypaptide) or a fusion protein thereof by means of a label direcfly or
indirectly assnciated with the candidate compound;

(b) measuring the competition of binding of a candidale compound te the
polypeptide (o1 to the cells or mermbranes expressing the polypeptide) or a fusion
protein thereof in the presence of a labeled compefitior;

{¢) testing whether the candidate compound resulls in a signal generated by
activation or inhibition of the palypeptide, using defection systems appropriate to
the cells or call membranss expressing the polypeptide;

(d) mixing a candidate compound with a solution containing a polypeplide of any
one of claims 4-3, to ferm a mixture, measuring activity of the polypeptida in the
mixture, and corﬁparing the activiy of the mixture fo a control mixture which
contains no candidate compound; or

{e} detecting the effect of a candidate compound on the production of mRNA
encoding said polypeptide or said polypeplide in cells, using for instance, an
ELISA assay, and

(f) producing sald compound according to bistechnelogical or chemical standard
techniques.
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