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& G-PROTEIN COUFLED RECEPTOR

Figld of the Invention

This invention relales 1o newly identified polypeptides and
palynucleatides encoding such polypeptides sometimas  herainafter
referrad to as ,hovel member of the G-pretein coupled receptors
(PGPRMDA12), to their use in diagnosis and in identifying compounds
that may be agonists, anfrgonists that are potentially useful in therapy,
and to production of such polypaptides and polynucleotides.

Background of the Invention

The drug discovery process is currently undergeing a fundamental
revoiution as it embraces “functional genomics”, that is, high throughput
genome- of gene-based biclogy. This approach as a means to identify
genes and geng products as therapeutic targets ie rapidly superceding
earlier approaches based on "positionai cloning”. A phenotype, that is a
biclogical function or genetic diseasa, would be identified and this would
then be tracked back to the responsible gene, based on its genstic map
position.

Fungtiongl genemics relies heavily on high-throughput DNA sequencing
technologies and the varous loels of bisinformatics to identfy gene
sequences of potential interest from fhe many maolecular biclagy databases
now available. There is a continuing need to identify and characterise
firther genes and their related polypeptides/proteins, as targets for drug
discovery.

It '& well established that many medically significant biclegical processes
are mediated by proteins participating in signal transduction pathways that
involve G-pretelng andior second messengers, £.4., cAMF (Lefkowitz,
Nature, 1991, 351:353-354). Herein these proteins are referred to as
proteing participating in pathways with G-proteins or PPG proteins.  Some
axamples of these proteins include the GPG receptors, such as those for
adrenergic agents and dopamine (Kobilka, B.K,, st al, Proc. Natl Acad.
Sci., USA, 1987, 84:46-50; Kobilka, B.K, et al., Science, 1987, 238:650-

JP 2004-500882 A 2004.1.15
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656; Bunzow, J.R., et al, MNaturs, 1988, 336:783-787), G-prateins
thernselves, effector proteins, e.g., phospholipase C, adenyt cyclase, and
phosphodiesterase, and actuator proteins, e.g., protein kinase A and
protein kinase C (Simon, M.J, et al., Science, 1891, 252:802-8).

For example, in cne form of signal transduction, the effect of hormone
binding s activation of the enzyme, adenviate cyclase, inside the cell.
Enzyme activation by hormones is dependent on the presence of tha
nucieotide GTP. GTP also Influences hormene binding. A G-protein
connects the hormone receptor to adenylate cyclase. G-protein was shown
to exchange GTP for bound GDFP when aclivated by a honmone receptar.
The GTP-sarrying form then hinds to activated adenvlate cyclase.
Hydrolysis of GTP to GDP, catalyzed by the G-protein itself, returns the G-
protein to its basal, inactive form. Thus, the G-protein serves a dual role, ag
an intermediate that relays the signal from receptor to effector, and as a
clock that conticls the duration of the signal.

The membrane protein gene superfamily of G-protain caupled receptors
has been characterized as having seven putative transmembrane domains.
The domains are believed to represent transmembrane a-helices
connecied by exracelllar or cytoplasmic loops.  G-pratein coupled
receptors include a wide range of biolagically active recaptors, such as
hammene, viral, growth factor and neuroreceptars.

G-protein coupled receptors (othenwise known as 7TM receptors) have
been characlerizad as including these seven conserved hydrophobic
stretehes of about 20 to 3¢ amine acids, cannecting at least sight divergent
hydrophilic loops. The G-protein family of coupled receplors includes
dopamine receptdars which bindt to neuroleptic drugs used for treating
psychobic and reurclogical disorders.  Other examples of members of this
family include, but are not lmited to, caleitonin, adrenergic, endothelin,
cAMP, =adenssine, muscarinie, acetyicholing, serotonin, histamina,
thrombir, kinin, folicle  stimulaling hormons,  apsins,  endothelial
differentiation gene-1, rhodopsins, oderant, and cytomegalovirus receptors.

Most G-protein coupled receptors have single conserved cysteine residues
in each of the first twa extraceliular loops which form disulfide bonds that
arg believed to stabilize unclional protein structure. The 7 transmembrane

JP 2004-500882 A 2004.1.15
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regions are designafed as TM1, TM2, TM3, TM4, TM5, TMG, and TM7.
T3 has heen implicated in signal transduction.

Phospharylation and kpidation {paknitylation or famesylation} of cysteine
residues can influence signal transduction of some G-protein coupled
receptors. Mos{ G-protein  coupled recepfors ocontain  potential
phosphorylation sifes within the third cytoplasmic loop andfor the carboxy
terminus.  For several G-protein coupled receptors, such as the b-
adrenoreceptor, phosphorylation by protein kinase A andfor speoific
receptor kinases mediates receptor desensitization.

For same receptors, the ligand binding sifes of G-protein coupled receptors
are befieved to comprise hydrophilic socksts formed by several G-protein
coupled receptor transmembrane domains, said sccket being surrounded
by hydrophobic residues of the G-protein coupled receptors.  The
hydrophilic side of each G-protein coupled receptor transmembrane hefix is
pestulated to face inward and form polar igand binding site. TM3 has been
imglicatad in several G-protein colupled receptors as having a ligand
binding site, such as the TM2 aspartate residup. TME serinas, a Tie
asparagine and TMB or TM7 phenylaianines ot tyrosines are also
implicated in ligand binding.

G-protein coupled receptors can be intracsliularly coupled by heterotrimaric
G-proteins to various intracellular enzymes, ion channe!s and transporters
(see, Johnson et al, Endac. Rev., 1989, 10:317-331) Different G-protein
a-subunite preferentially stimulate particular effectors to moedulate various
biolegical functions in a cell. Phosphorylation of cytoplasmic residuss of G-
protein coupled receptors have been identified as an impertant mechanism
for the regulation of G-protein coupling of some G-protein coupled
receplors. G-protein coupled receptors are found in numerous sites within
a mammalian haost

Quer the past 15 years, nearly 350 therapeutic agents targeting 7
transmembrane {7 TM) receptors have bean successfully introducad onto
the market.

JP 2004-500882 A 2004.1.15



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

WO 01795490

20

(28)

PCT/EPOLNG72Y

Summary of the Invention

The present invention relates to GPRMDA1Z, in particular GPRMDA12
pelypeptides and GPRMDA12 polynucleotides, recombinant materials and
mathods for their productien. Such polypeptides and polynucleotides are of
interest in relation to methods of freatment of certain diseases, including,
but not fmited to, infections such as bacterial, fungal, protozoan and wviral
infections, particularly infections caused by HIV-1 or HIV-2; pain; cancers;
diabetes, obesity; anorexia; bulimia; asthma; Parkinson's disease; acute
heart failure; hypotension; hypertension; urinary retention; osteoporesis;
angina pectoris; myecardial infarction; stroke; ulcers, asihma; alergies;
benign prostatic hyperirophy, migraine; vomiting, psychotic  and
neurclogical disorders, including anxiety, schizophrenia, manic deprassion,
depression, delirium, dementia. and severe mental retardation; and
dyskinesias, such as Huntington's disease or Giles dela Tourett's
syndrome, hereinafter referred to as * diseases of the invention”. In a
further aspect, the invention relates ta methods for identifying agonists
and antagonisis (2.g., inhibitors} using the materials provided by the
invention, and treating conditions associated with GPRMDA12 imbalance
with the identifled compounds. In a still further aspgect, the inventicn
relates to diagnostic assays for defecting diseases associated with
inappropriate GPRMDA1Z activity or levels.

Description of the Invention

tn & first aspect, the present invention relates to GPRMDA12
polypeptides. Such polypeptides include:

{a)} a polypepfide encoded by a polynuclentide camprising the sequence
of SEG 1D NO:1;

) a polypeptide comprising a polypeptide sequence having at least
85%, 96%, 97%, 98%, or 89% identily to the polypeptide sequence of
SEQ 1D NOZ;

(c) a polypeptide comprising the polypeptide sequence of SEQ ID NO:2;

{d) a polypeptide having at least 95%, §6%, 97%, 98%, or 98% identity
to the polypeptide sequence of SEQ 10 NO:Z;
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(e) the polypeptide sequence of SEQ ID NO:2; and

{f) e polypepiide having or comprising a polypeptide sequence that has
an Identity Index of 0.85, 0986, 0.97, 0.98, or (.88 compared to the
polypeptids sequencs of SEQ ID NO:Z;

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

Polypeptides of the present invention are believed to be members of the
Gi’CR family of polypeptides. They are therefore of interest because
GPCRs are highly selesiive drug targets, since they often have a vary
restricted and selective tissue distribution thus minimizing side effects of the
drugs..

The biological propetties of the GPRMDAT2 are herainaftar referred to as
"biological activity of GPRMDA12" or "GPRMDA1Z activity". Preferably,
a polypeptide of the present invention exhibits at least one biological
activity of GPRMDA12,

Polypeptides of the present invention also includes variants of the
aforementioned polypeptides, including all allelic forms and splice variants.
Such polypeptides vary from the reference pelypeptide by insertions,
deletions, and subsiifutions that may be conservafive or nen-conservative,
or any combination thereef. Paricularly preferred varians arg thoss h
which several, for instance fram 50 to 30, from 30 to 20, from 20 to 10, from
10 1o 5, from 5 ta 3, fram 3 1o 2, from 2 to 1 or 1 aminc acids are inserted,
substituted, or deleted, in any combination.

Preferred fragments of polypeptides of the present invention include a
polypeptide compfising an amino acid sequence having at least 30, 50 or
100 contiguous amino acids from the amino acid sequence of SEQ 1D
NC»: 2, o a polypeptide comprising an amino acid sequence having at
least 30, 50 or 100 contiguous aming acids truncated or deleted from the
amino acid sequence of SEQ 1D MNO: 2. Preferred fragments are
biolegically active fragmenis that mediate the biological aclivity of
GPRMEA12, including those with a simiar activity or an improved activity,
or with a decreased undesirable activity. Also preferred are those
fragments that are antigenic or immunagenic in an animal, especially i1 a
human.
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Fragments of the polypeptides of the invention may be employed for
praducing the corrasponding full-length peolypeptide by peptide synthesis;
therefore, these wvariants may be employed as intermediates for
praducing the full-length polypeptides of the invention. The polypepiides of
the present invention may be in the farm of the "mature” protein or may
be a part of a larger protein such as a precursor or a fusion protein. it is
often advantageous to include an additional amine acid seguence that
sontains secretory or leader sequences, pro-sequences, sequeances that
aid in purification, for instance multiple histidine residues, or an additional
sequence for stability during recembinant production.

Palypeptides of the prasent invention can be prepared in any suitabie
manner, for instance by isolation form naturally ocouring sources, from
genetically engineered host cells comprising expression systems (vide
infra) or by chemical synihesis, using for instance automafed peptide
synthesisers, ar a combination of such methods.. Means for preparing
such polypeptides are well understoad in the art.

In a further aspect, the present invention relates o GPRMDATZ
polyrucleotides. Such palynucleotides include:

(a) a polynuclectide comprising a polynucieotide sequence having at
least 85%, 96%, §97%, 98%, or 99% ideniity to the polynuclectide
squence of SEQ 1D NO:1;

(b} a polynucleatide comprising the polynuclectide of SEQ 1D NOu1;

(€Y a polynuckeotide having at least 95%, 6%, 97%, 98%, or 83% identity
to the polynucleotide of SEQ 1D NO:1;

{d) the polynuclectide of SEQ 1D NO:1;

fe) a polynucleotide comprising a polynuckeotide sequence encoding a
polypeptide sequence having at least 95%, 96%, 97%, 98%, or 96%
identity to the polypeptide seguence of SEQ IDNG:2,

(f a polynucleotide comprising a polyhuclectide sequence encading the
polypepiide of SEQ 1D NO:2;
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{g) a poynuckeotide having a polynucleotide sequence encoding a
polypeptide sequence having at least $5%, 95%, 97%, ©8%, or 99%
identity to the polypeptide sequence of SEQ ID NO:2Z;

{hy a polynuclectide encoding the polypeptide of SEQ ID NO:2;

(i) a polynuciectide having or comprising a poiynucleotide sequence that
has an ldentity Index of 0.85, 0.96, 0.97, 8.98, ar .98 compared to the
palynuciectide ssquence of SEQ ID NO:f;

(i) a polynucleotide having or comprising a pelynuclectide sequence
encoding a polypeptide sequence thaf has an Identity Index of 0.95, 0.96,
.97, 0.98, or 0.99 compared to the polypeptide sequence of SEQ 1D
N2 and

polynucleotides that are fragments and variants of the above menticned
polynuclectides or that are complementary to above mentioned
polynucleatides, gver the entire iength therecf.

Preferrad fragments of polynucleotides of the present invention
include an isclated polynucleotide comprising an nuclectide sequence
having at least 15, 30, 50 or 100 contiguous nuclectides from the
sequence of SEQ I NQ: 1, or an isolated polynuclectide comprising an
sequence having at least 30, 50 or 100 contigusus nuclectides truncated
or delsted from the sequence of SEQ 1D NO: 1.

Freferred variants of polynucleotides of the present invention  include
splice variants, allelic variants, and polymorphisms, including
palynuclactides having one or more single nucleotide polymorphisms
{SNPs).

Polynucleolides of the present fnvention also Include polynucleotides
encoding pofypeptide variants that comprise the amine acld sequence of
SEQ D NO:2 and in which several, for instance from 50 to 30, from 30 fo
20, from 20 to 19, from 1010 5, from 5 to 3, from S 10 2, from 2 to 1 or 1
amino acid residues are substituted, delsted or added, in any combination.

In & further aspect, the presant invention provides polynuclectides that
are RNA transcripts of the DNA sequences of the present invantion.
Accerdingly, thare is provided an RNA palynuclestide that:
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(@) compriees an RNA transcript of the DNA sequence encoding
the palypeptide of SEQ ID NO:2Z;

(b} is the RNA transcript of the DNA sequence enceding the
polypaptide of SEQ (D NO:2;

(¢} comprises an RNA transcript of the DNA sequence of SEQ 1D
NO:1; or

{d) is the RNA transcript of the DNA sequence of SEQ ID NO:1;

and RNA polynucleotides that are cormplementary thereto.

The polynuclectide sequence of SEQ D NC:1 shows homalogy with Homa
sapiens P2Y6 receptor, shoit splice variant (Genank: AFO07881). The
polynuelectide sequence of SEQ D NO:1 i3 a cDNA ssquence thal
encodes the polypeptide of SEQ 1D NO:2. The palynuclectide sequence
encoding the polypeptide of SEQ IB NO:Z may be identical to the
polypeptide encoding sequence of SEQ 1D NO:1 or it may be a
sequance other than SEQ 1D NO:1, which, as a resuit of the radundancy
(dageneracy) of the genetic code, also encodes the polypeptide of SEQ
ID NO:2. The polypeptide of the SEQ ID NOG:2 is related fo other proteins
of the GPCR family, having homalogy andfor structural simitarity with
Oryzias latipes Medaka fish DNA for G proteincoupled seven-
transmembrane receptor {accession ne.: D43633).

Prefarred polypeptides and polyruclectides of the present inverlion are
expected to have, /nfer afia, similar biclogical funclions/properties to their
homalogous polypeptides and polyrudiectides.  Furthermors, preferred
polypeptides and polynucleotides of the present invention have af least one
GPRMDAZ activity.

Palynuclectides of the present nvention may be obtained using standerd
cloning and screening techniques from a cONA fbrary derived from mRNA
in cells of human Chramosomal DNA, (see for instance, Sambreok et al.,
Malecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY. (1989)). Palynuclactides of
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the invention can also be obtained from natural sadrges such as genomic
DMA libraries ar can be synthesized using well known and commercially
avaiiable techniques.

When polynucleotidas of the presant invention are usad for the
recombinant production of polypeptides of the present invention, the
polynucleotide may include the coding seguence for the mature
polypeptide, by itself, or the coding sequence for the mature polypeptide in
reading frame with other coding sequences, such as those enceding a
teader or sacretory seguence, & pre-, Of Pro- oF prepro- protein sequence,
or other fusion peptide portions. For exampls, & marksr sequence that
facilitates purification of the fused polypeptide can be encaoded. In certain
preferred smbodiments of this aspeet of the invention, the marker sequence
Is a hexa-histidine peplide, as provided in the pQE vector {Qiagen, inc)
and described in Gentz &f al., Proc Natl Acad Scf USA (1988) 86.:821-324,
of is an HA tag. The polynucleatide may also centain non-coding §' and 3
sequences, such as transcribed, non-translated sequences, splicing and
pelyadenylation signals, ribosome binding sites and sequences that
stabilize mRNA.

Palynucleotides that are identical, or have sufficient identity to a
polynucleotide sequence of SEQ ID NG, may be used as hybridization
probes for ¢cDNA and genomic DNA or as primers for a nucleic acid
amplification reaction {for instance, PCR). Such probes and primers may
ba used to isolate fulllength cDNAs and genomic clones encoding
polypeptides of the present invention and to isolate ¢cDNA and genomic
clones of other genes (including genes encoding paralogs from human
sources and orthajogs and paralags from species other than hurman) that
hava a high sequence similanty to SEQ ID NO:1, typically at least 95%
identity. Preferred probes and primers will generally comprise at least 15
nueleotides, preferably, at least 30 nudlentides and may have at least 30, if
not at feast 100 nucleotides. Paricularly preferred probes will have
betwesn 30 and 50 nuclectides.  Particularly praferred primars wilt have
between 20 and 25 nucleotides.

A palynudlestide encoding a polypeptide of the present invention, including
homelogs from species pther than human, may he obtained by a pracess
comprising the steps of screening a library under stringent hybridization
conditions with 2 labaled probe having the sequence of SEQ IDNO: 1 ora
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fragment thereof, preferably of at least 15 nucleotides; and isalating full-
length ¢cDNA and genomic clones containing said polynucltentide sefquence.
Such hybridization techniques are well known o the skilled artisan,
Preferred stringent hybridization conditions include overnight incubafion at
420G in a solution comprising: 50% formamide, 5xS5C (150mi Matt,
15mi trisodium citrate), 50 mM sadium phosphate {pH7 6), 5x Denhardt's
solution, 10 % dextran sulfate, and 20 microgram/ml denatured, sheared
salmon sperm DNA; followed by washing the fiters in 0.1x S5C at abaut
650C. Thue the present invention also includes isclafed pelynucieotides,
preferably with a miclestide sequence of at lkeast 190, obtained by
screening a likrary under stringent hybridization conditions with a labsled
probe having the sequence of SEQ ID NO:1 or a fragment theraof,
preferably of at ieast 15 nuciectides.

The skilled artisan wili appreciate that, in many cases, an isolated cDNA
sequence will be incomplete, in that the ragion coding for the palypeptide
does not exiend alb the way through to  the §' terminus. This is a
consequence of reverse transcriptase, an enzyme with inherently low
“mrecessivify” (& measure of the ability of the enzyme fo remain aftached
to the template during the polymerisation reaction), failing to complete a
DNA copy of the mRNA template during first strand cDNA synthesis.

There are several methods available and well known to thoese skilled in
the ast to obtain full-length cDNAs, or extend short cONAs, for example
those based on the method of Rapld Amplification of ¢cDNA ends (RACE)
(see, for example, Frobman et al, Proc Nat Acad Soi USA §5, §998-
0002, 1988). Recent madificatians of the technique, exempiified by the
Marathon ({trade  mark) technology (Clontech Laboratories Inc) for
example, have significantly simplified the search for longer cDNAs, In the
Marathon (trade mark) technology, cDNAs have been prepared from
mRNA extracted from & chosen tissue and an "adaptor’ sequence ligated
onto each end. Nucleic acid amplification (PCR] is then cared out to
amplify the "missing” 5' end of the cDNA using a combination of gene
specific and adaptor specific aligonucleotide 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 the adaptor sequence and a gene specific
primear that anneals further 5' in the known gene sequence). The
products of this reaction can then be analysed by DNA sequencing and a
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full-lengih cDNA constructed either by joining the product directly to the
existing cDNA to give a camplete sequence, or carnying out a separate
full-length PCR using the new sequence information for the design of the
4' primer.

Recombinant polypeptides of the prasent invention may be prepamad by
processes well kiown in the art from genetically engineered host cells
comprising expression systems. Accordingly, in & fuither aspeci tha
present invention relates to expression systems comprising a
pelynuclactide or polynucleatides of the present nvention, to host cells
which ate genetically enginesred with such expression sytems and to the
production of polypeptides of the invention by recombinant techniques.
Ceitfree tranelation systems can also be amployed o produce such
proteins using RNAs derived from the DNA constructs of the present
inventian.

For recombinant production, host cells can be genefically engineered to
incorporafe expression systems or portions thereof for polynuclestides of
the present invention. Polynucleotides may be ntroduced into host cefls by
methods described in many standard laboratory manuals, such as Davis ef
al., Basic Methods in Molecular Biclogy {1986} and Sambrook ef ai.{ibid).
Preferred methods of introducing polynuclentides into host cells include, for
instancs, calsiumn  phosphate  transfection, DEAE-dextran  mediated
transfection,  transvection,  microinjection,  cationic  fipid-mediated
transfection, elsctroporation, transduction, scrape  loading, ballistic
introduction or nfection,

Represantative examples of appropriate hosts include bacteria) cells, such
as Streptococci, Staphylococs, E. coli, Sheptomyces and Bacilus subtilis
cells; fungal cells, such as yeast cells and Aspergilius cells, insect cells
such as Drosophila S2 and Spodopfera S8 cells; animal cells such as
CHO, COS, Hela, €127, 3T3, BHK, HEK 282 and Bowes melanoma cells;
and plant cells.

A great varisty of expression systems can be used for instance,
chrameaomal, episomal and virus-derived systems, e.g., vectors derived
from bacterial plasmids, from bacteriophage, from transposons, from yeast
eplsomes, from insertion elements, from yeast chromosomai elements,
from viruses such as baculoviruses, papova wviruses, such as SV40,
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vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and
retroviruses, and vectors derived from combinations thereof, such as those
derived from plasmid and bacteriophage genetic elements, such as
casmids and phagemids. The expression systems may contain cantrol
regions that requlate as well as engender expression. Generally, any
system or vector that is able to maintain, propagate or express a
poiynuclectide to produce a palypeptide in a host may be used. The
appropriate polynucleotide sequence may be inserted inte an expression
system by any of a varety of well-known and routine techniques, such as,
for example, these set forth in Sambrook of at,, (ibid). Appropriate secretion
signals may be incorporated into the desired polypeptide to allow sesrefion
of the franslated protein info the lumen of the endoplasmic reficulum, the
penplasmic space or the extracellular environment. These signals may be
endogencus to the polypeptide or they may be heterologous signals.

If & polvpeptide of the present invention is to be expressed for use in
screening assays, 1t is generally preferred that the polypeptide be
produced at the surface of the cell. In this event, the celis may be
harvestaed prior fo uge in the screening assay. If the polypeptide is
secreted into the medium, the medium can be recovered in order 1o
recover and purify the polypeptlide, If praduced infracelivlarly, the cells
must first bhe lysed befure the polypeptide is recovered.

Polypeptides of the present invention can be recovered and purifisd from
recombinant cell cultures by well-known methods including ammanium
sulfate or ethanol precipitation, acid exiraction, anion or cation exchange
chromatography,  phosphocelliiose  chromatography,  hydroghobic
interaction chromatography, affinity chromatography, hydroxylapatite
chromatography and lectin chromatography.  Most preferably, high
performance liquid chromatograchy is employad for purification.  Well
known technigues for refolding protsins may be employed to regererata
active conformation when the polypeptide is denatured during infracellviar
synthesis, isalation and/or puriication.

Folynucleotides of the present invention may be used as diagnostic
reagents, through detecting mutations in the associated gena. Detlection of
a mutated form of the gene characterised by the palynucleotide of SEQ ID
NO:1 in the cBNA ar genomic sequence and which is asscciated with a
dysfunction will provide a diagnostic tool that can add to, or define, a
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diagnosis of a disease, or susceptiblity to a disease, which results from
under-expression, over-expression or altered spatial or temporal expression
of the gene. Individuals carrying mutations in the gene may be detected at
the DNA level by a varety of testmiques well known in the art.

Nucleic acids for diagnosis may be obtained from a subject's cells, such as
from blood, uring, salva, tissue biopsy or autopsy material. The genomic
DNA may be used directly for detection ar it may be amplified enzymatically
by using PCR, preferably RT-PCR, or other amplification technigues priar to
analysis. RNA ar cDNA may also be used in similar faghion. Deletions and
insertions can be detected by a change in size of the amplified product in
comparison to the nommat genciype. Point mutations can be identified by
hybridizing ambﬂﬂed DNA to [abeled GPRMDAI12 nuclectide sequences.
Parfeclly matched sequences can be distinguished from mismatched
duplexes by RNase digestion or by differznces in melting temperatures.
ONA sequence difference may alsa be detected by alterations in the
elsctropharetic mebility of DNA fragments in gels, with or without
denaturing agents, or by direct DNA sequencing {ses, for instance, Myers
ot al, Sclence (1985) 230:1242). Sequence changas at specific locations
may also be revealed by nuclease pratection assays, such as RNase and
S1 proteciion or the chemical cleavage method (see Cotton ef af., Proc Nat!
Acad Sci USA (1985} 85: 4397-4401).

An array of oligenuclectides probes comprising GPRMIATZ palynucleotide
sequence or fragments thereof can be consiructed to conduct efficient
screening of eng, genstic mutations. Such arrays are preferably high
density arrays or grids.  Array technology methods are well known and
have general applicabflily and can be used o address a variety of
quastions in molecular genetics inciuding gene expression, genetic linkags,
and genetic variability, see, for example, M.Chee et al., Scienca, 274, 610-
813 (1596) and other referencas cited therein.

Detaction of abnormally decreased or increassd levsls of polypeptide or
mRNA exprassion may also be used for diagnosing or determining
susceptibifty of a subject to a disease of the invention. Decteaged or
increased expression can be measured at the RNA level using any of the
methads well known in the art for the quantitation of polynucleotidss,
such as, for example, nucleic acid amplification, for instance PCR, RT-
PCR, RNage proteciion, Northern bRiotting and ather hybridization
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methods,  Assay techniques that can be used fo determine levels of a
protein, such as a polypentide of the present invention, in a sample derived
from 2 host are welbknown to those of skill in the art. Such assay methods
include radicimmuncassays, competitive-binding assays, Westem Blot
analysis and ELISA assays.

Thus in another aspect, the present invention relates to a diagonostic kit
comprising:

{(a) a polynucleotide of the present invention, preferably the nucleotide.
sequence of SEQ D NGQ: 1, or a fragment or an RNA transcript thergof;

{b} a nucleotide sequence complemertary to that of {a);

(c) a polypeptide of the present invention, preferably the pelypeptide of
SEQ ID NC:2 or a fragment thereaf; or

(d} an antibody to a poiypeptide of the present invention, preferably fo the
polypentide of SEQH D NO:Z,

It will be appraciated that in any sueh kit, (a), (b), (g} or (d) may comprise
a2 substantisl component. Such a kit will he of use in diagnosing a
dizease or susceptibiity to a disease, particularly diseases of the
invention, amongst others.

The polynucieotide sequences of the present invention are vaiuable for
chromosome localisation studies. The sequence is spacifically fargeted to,
and can hybridize with, a paricular location on an individual human
chromosomea.  The mapping of relevant sequences to chromosomes
according to the presant invention is an important first step in correlating
those sequences with gene associated disease. (Once a sequence has
heen mapped to a precise chromosomal location, the physical position of
the sequence on the chromasome can be carrelated with genetic map data.
Such data are found in, for example, V. MoKusick, Mendelian inheritancs in
Man {available on-line through Johns Hopkins University Welch Madical
Library). The relationship between genes and diseases that have been
mapped to the same chromosomal region are then identifieg through
linkage analysis (co-inheritance of physically adjacent genes). Precise
human chromosomal locakisations for & genomic sequence (gene
fragment elc.} can be determinad using Radiation Hybrid {(RH} Mapping
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{Walter, M. Spilletf, D., Thomas, P., Weissenbach, .J., and Goodfellow, P,
{1994) A method for constructing radiation hybrid maps of whole
genomes, Nature Genetics 7, 22-28), A number of RH panels are
available from Research Genetics (Hunisville, AL, USA) eg. the
GeneBridged RH panel (Hum Mol Genet 1096 Mar5(3):339-46 A
radiation hybrid map of the human genome. Gyapay G, Schmitt X,
Fizames G, Jones i, Vega-Czarny N, Spillett D, Mugelet D, Prud'tomme
JF, Dib G, Aufiray C, Morissette J, Weissenbach J, Goodfellow PN). Ta
determine the chromosomal location of a gene using this panel, 93 PGRs
are perfermed using primers designed from the gena of interest on RH
DNAs. Each of these DNAs contains random human genomic fragments
maintained in & hamster background fhuman / hamster hybrid cell lines).
These PCRs result in 83 scores indicating the presence or absence of
the PCR praduct of the gene of interest. These scores are comparsd
with scores created using PCR products from genomic sequences of
known location. This  comparison  is  conducted  af
http:/iwww.gename.wi.mit.adu/.

The polynuclectide sequencas of the present mvention are also valuable
tcols for tizsue expression studies. Such studies allow the determination of
expression patterns of polynuclectides of the present invention which may
give an indication as to the expression patterns of the encoded
polypeptides in fissues, by detecting the mRNAs that encode them. The
techniques used are well known in the art and include in situ hydridisation
technigques to clones arrayed on a grid, such as cDNA microarray
hybridisation (Schena ef gf, Sciencs, 270, 467-470, 1995 and Shalon et al,
Genome Res, §, 638645, 1998) and nucleotide amplification tschnigues
such as PCR. A preferred methed uses the TAOMAN (Trade mark)
technology available fram Perkin Eimer. Results ftom these siudies can
provide an indication of the normal function of the palypeptide in the
organism. In addition, comparative studies of the normal expression
pattern of mMRNAs with that of mRNAs enceded by an alternative form of
the same gene (for example, one having an alieration in pelypepiide coding
patential or a regulatory mutation) can provids valuable insights into the role
of the polypeptides of the present invention, or that of inappropriate
expression thersof in disease. Such inappropriate expression may be of a
temporal, spatial or simply quantitative nature.
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A further aspect of the present invention relates to antibodies. The
polypeptides of the invention or their fragments, or cells expressing thern,
can be used as immunogens to produce antibodies that are Immunospecific
for polypeptides of the present invention. The term “mmungspecific’
means that the antbodies have substantially greater affinity for the
palypeptides of the invention than their affinity for other related polypeptides
in the prior art.

Antibodies generated against polypeptides of the present invention may be
obtained by administering the polypeplides or epitope-bearing fragmenis, or
cells to an animal, preferably a nen-human animal, using routine protocols.
Far preparation of monoclonal antbodies, any technique which provides
antibodies prokduced by continuous cell line cultures can bs used.
Examples include the hybridoma technique (Kohler, G. and Milstein, C.,
MNature {1975) 258:495-487), the frioma technigue, the human B-gell
hybridoma technique (Kozbar ef al, Immunalogy Today {(1983) 4:72) and
the EBVW-hybridoma fechnigue (Cole et al, Monodonal Anfibodies and
Cancer Therapy, 77-83, Alan R. Liss, Inc., 1985).

Technigues for the production of single chain antibodies, such as those
described in U.S. Patent No. 4,946,778, can also be adapted o produce
single chain antibodies to polypeptides of this invention. Also, transgenic
mice, or other arganisms, including other mammals, may be used to
express humanfzed antibodies.

The above-desoribed anfibodies may be employed 1o isclate or to identify
clones expressing the polypeptide or to purify the polypeptides by affinity
chromatagraphy. Antibadies against poiypentides of the present inventian
may alsc ba empldyed fo treat dissases of the invention, amongst others.

Polypeptides and polynuclectides of the present invention may also
be used as vaccines. Accordingly, in a further aspect, the present
inventicn relates to a method for inducing an imrmunalogical response in
a mammal! that camprises inoculating the mammal with a polypeptide of
the present fnvention, adequate to praduce antbody andfor T cell
immune response, including, Tor example, cytokine-producing T cells or
eytetoxic T cells, to protect said animal from disease, whether that
disease s already established within the individual or not. An
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mmunological response in a mammal may also be induced by a mathod
comprises delivering a polypeptide of the present invention via a vector
diracting expression of the polynuclectide and coding for the polypeptide
in vivo in arger to induce such an immunclogical response to produce.
antibody to protect sald animal from diseases of the invention. One way
of administering the vector is by accelerating it into the desired cells as a
coating on particles or otherwise. Such nucdleic acid vector may comprise
DNA, RNA, a maodified nucleie acid, or a DNA/RNA hybrid. For use a
va.ccine‘ a polypeptide or a nucleic acid vector wilt be nomailly provided
as a vaccine farmulation (composition). The formulation may further
comprise a suitable carrer. Since a polypeptide may be broken down in
the stomach, it is preferably administered parenterally {for instance,
subcutaneous, inframuscular, intravenous, or intradermal injection).
Formulations suitabla for parenteral adminisiration include agueous and
non-agueous sterile injection solutions that may contain anti-oxidanis,
buffers, bacteriostats and solutes that render the formulation instonic with
the blood of the recipient; and aqueous and non-agueous sterile
suspensions that may include suspending agents or thickening agents.
The formulations may be presented in unit-dose or mulii-dose containers,
for example, sealed ampoules and vials and may be stored in a freeze-
dried condition requiring only the addition of the sterile liquid carrier
immediately prior to use. The vaccine formulation may also include
adjuvant systems for enhancing the immunogenicity of the formulation,
such as oil-in water systems and other systems known in the art. The
dosage will depend on the specific activity of the vaccine and can be
readily determined by routine experimentation.

Paolypeptides of the present invention have one of mare biclodical functions
that are of relsvance in one or mora disease states, in particular the
diseasas of the Invention hereinbefore mentioned. It is therefore useful lo
to identify compounds that stimulate or inhibit the function or level of the
polypeptide.  Accordingly, i a further aspect, the present invention
provides far a method of screening compeunds to identify those that
stimulate or inhibit the function or level of the polypeptide. Such methads
identify agonists or antagonists that may be employed for therapeutic and
prophylactic purposes for such diseases of the invention as hersinbefore
manticned. Compounds may be identified frem a variety of sources, for
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example, cells, osll-free preparations, chemical libravies, collactions of
chemical compounds, and natural product mixtures.  Such agonists or
antagonists so-identified may be natural or modified subsirates, ligands,
receptors, anzymes, etc, as the case may be, of the polypeptide; a
structural or functional mimetic theresf (see Geligan ef al, Cument
Protocals in Immunclogy 1(2):Chapter § {14913 or a small molecule.

The screening methed may simply measure the binding of a candidate
compound to the polypeptide, or to cells or membranes bearing the
pelypeplide, or a fusion protein thereof, by means of a label directly or
indirectly associated with the candidate compound. Alternatively, the
ssreening method may involve measuring or detecting {qualitatively or
quantitatively) the competitive binding of a candidate compound to the
polypeptide against a labeled competitor (e.g. agonist ar antagonist),
Further, these screening methods may test whelher the candidate
compound results in & signal generated by activation ar inhibition of the
palypeptide, using datection systems appropriate to the celis bearing the
polypeptide.  Inhibifors of activafion are generally assayed in the
presence of a known agonist and the sffect on activation by the agonist
by the presence of the candidate compound is observed. Further, the
screening msthods may simply comprise the steps of mixing a candidate
compound with a sclution containing a polypeplide of the present
invantion, to form a mbdure, measuring 8 GPRMDA1Z activity in the
mixture, and comparing the GPRMDATZ activity of the mixture o a
control mixiure which contains no candidate compound.

Polypeptides of the present iavention may be employed in conventional
low capacity sereening methods and alse in high-throughput screening
(HTS) formats.  Such HTS formats include not anly the well-established
use of 98- and, more recently, 384-well micotiter plates but also emerging
methods such as the nanowell method described hy Schullek et al, Anal
Biochem., 248, 20-29, {1987).

Fusion protelns, such as those made frem Fc parfion and GPRMDA12
polypeplide, as herefnbefore described, can alsc be used for
high-throughput  screening assays to identify anfagonists for the
polypeptide of the present invention (see D. Bennett ef ai, J Mal
Recognition, 8:52-58 (1995}, and K. Johanson et ai, J Biol Chem,
2700151 0458-6471 (1885)).
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One screening technique includes the use of cells which express receptor
of this invention (for example, fransfected CHQ cells) in a system which
measures extraceliular pH or intracellular caicium changes caused by
recapior activation. In this technigue, compounds may be contacted with
cells sxpressing the receptor polypeptide of the present invention. A
second messenger response, e.g., signal fransduction, pH changes, or
changes in calcium level, is then measured to determine whether the
pc:tenﬁa[ compeund activates or inhibits the receptar.

Anather method involves screening far receptor inhibitors by determining
inhibition or stimulation of receptor-mediated cAMP and/or adenylate
cyclase accumulafion. Such a method involves transfecting a eukaryatic
cell with the rebeptor of this invention to express the receptor on the cell
surface. The cell is then exposed to potential antagonists in the presence
of the receptor of this invenfion. The amount of cAMP accurmulation is then
measured. If ihe polential antagonist binds the receptor, and thus inhibits
receptor binding, the levels of receptor-mediated cAMP, or adenylate
cyclase, activity will ba reduced orincreased.

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

Screening techniques

The palynuclectides, polypeptides and antibodies 1o the poiypeptide of the
present invention may also be used to configure screening methods for
detecting the effect of added compounds on the production of MRNA and
polypeplide in cells. For example, an ELIBA assay may he constructed
for measuring secrated or cell associated levels of poivpeptide using
monoclonal and polyclonal antibodies by standard methods known in the
art. This can be used {o discover agents that may inhibit or enhance the
production of polypeptide (also called antagonist or agonist, respectively)
from suitably manipulaled cells or tissues.

A polypeptide of the gresent invention may be used to identify membrana
bound or soluble receptars, if any, through standard receptor binding
techniques known in the art. These include, but are not [mited to, ligand
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binding and grosslinking assays in which the polypeptide is [abeled with a
radinaciive isotope (far instance, 1251), chemically modified (for instance,
bigtinylated), or Tused to a peplide sequence suitable for detection or
purification, and incubated with a source of the putative receplor {csils,
cell membranas, cell sypernatants, fissue extracte, bodily fluids). Ciher
methads  include  biophysical techniques such as surface plasmon
resonance and spectroscopy.  These screening methods may also be
used to identify agonists and antagonists of the polypeplide that compete
with the binding of the polypsptide to its receptors, if any. Standard
metheds for canducting such assays are well understood in the art.

Examples of antagonists of polypeptides of the present invention include
antibodies or, in some cases, cligenuclzotides ar proteins that are closely
related fo the ligands, substrates, receplors, enzymes, efc., as the case
may be, of the polypeptide, e.g., a fragment of the ligands, substrates,
receptors, enzymes, stc.; or & small molecule that bind {o the polypeptide of
the present invention but do net elicit a respense, so that the activity of the
polypepiide is prevented.

Screening methods may aisa invelve the use of fransgenic technology
and GPRMDA1Z gene. The art of censtructing transganic animals is wall
established. For example, the GPRMDA12 gene may be introduced
through microinjection into the male prenucieus of fertlized oocytes,
retroviral transfer into pre- or post-implantation embryos, or injection of
genetically maodified, such as by electroparation, embryonic sfem calis
into host blastocysts. Particularly usefut fransgenic animais ars so-called
"knock-in animals in which an animal gens is replaced by the human
equivalent within the gencime of that animal. Knock-in transgenic animals
are useful in the drug discovery pracess, for target validation, where the
compound is specific for the human target.  Other useful fransgenic
animals are so-called "knock-out’ animals i which the expression of the
animal ortholeg of a polypeptide of the present invention and encoded by
an endegenous DNA sequence in a cell is partially or completely
annulled. The gene knock-out may be targeted to specific cells or
tissues, may occur only in certain cells ar tissues as a conseguence of
the limitatiens of the technelegy, or may occur in zll, or substantially all,
celis in the animal. Transgenic animal technology alse offers a whele
animal exprassion-cloning  system in which atroduced genes are
expressed to give large amounis of polypeptides of the present invention
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Screening kits for use in the above daseribed methads form a further
aspect of the present inveniion. Such screening kits comprise:

(a) a palypeptide of the present invention;

{b} a recombinant cell expressing a polypeptide of the present invention;
(¢} acell membrare expressing a polypeptids of the present invention; or
(d) an antibody to a polypeplide of the present invention;

which polypeplide is preferably that of SEQ (D NO:2.

It will be appreciaied that in any such kit, (a), (b), (¢) or {d} may comprise
3 substantial component.

Glossary

The following definitions are provided to facilitate understanding of certain
tarms used frequently herelnbefare.

“Antbedies” as used herein includes polyclonal ard  monocional
antibodies, chimeric, single chain, and hurmnanized antbodies, as well as
Fab fragments, including the products of an

Fab or other immunoglobulin expression library.

"Isolated” means altered “by the hand of man” frem its naturad state, e,
if it occurs in nature, it has been changed or removed from its original
enviranment, or both. For example, a polynucleotide or a polypeptide
naturally preseni in a fving organism is not “isclated,” but the same
polyniuclectide or polypeptide separated from the coexisting materiale of
its natural state is "isolated", as the term is employed herein. Moreover,
a poiynuclesiide or polypeptide that is introdused into an arganiam by
transformation, genetic manipulation or by any other recambinant method
is "isolated" even if it is still present in said organism, which organism
may be living or non-living.

"Polynucleotide” generally refers to any polyribonucleotide (RNA} or
palydecxribonuclectide (DNA), which may be unmodified or madffied
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RNA or DNA.  “Polynuclectides™ include, without limtation, single- and
double-stranded DNA, DNA that is a mixture of single- and double-
stranded regions, single- and double-stranded RNA, and RNA that is
mixtura of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-siranded or, more typicatly,
double-stranded or a mixture of single- and double-stranded regions. In
addition, "polynuclectide” refers to triple-stranded regions comprsing
RNA or DNA or both RNA and DNA. The term "polynucleotide” alsa
includes DNAs or RNAs centaining ong or more modified bases and
DNAs or RNAs with backbones modified for stability or for other reasons.
"Modified” bases include, for example, tritylated bases and unusual bases
such as inosing. A variety of modifications may be made to DNA and
RMNA; thus, “polynucleotida” embraces chemically, enzymatically or
metabolically madified forms of polynucieotides as typically found in
nature, as well as the chermical furms of DNA and RNA characteristic of
virises and cefis,  “Polynucleotide” also ambraces relatively short
polynuclectides, often referred to as oligonucleotides.

"Polypeptide” refers to any polypeptide comprising two or maore amino
acids joined to each other by peptide bonds or modified peptide bonds,
te., peptide isosteres. “Polypeptide” refers to both short chains,
commenly referred fo as pepfides, aligopaptides or oligomers, and to
longer chains, generally referrad to as prateins.  Polypeptides may
contain amino acids cther than the 20 gensencoded amino acids.
"Polypeptidas™ incfude amino acid sequences modified either by natural
processes, such as posttransiational processing, or by chemical
madification techniques that are well khown in the art.  Such
modifications are .well described in basic texts and in more datailed
monographs, as well as i a voluminous research literature,
Modifications may oceur anywhere in a polypeplide, including the peptide
backbone, the amino acid side-chains and the amina ar carboxyt termini.
It will be appraciated that the same type of modification may be present
fo the same or varying degreee at several sites in a given polypeptide.
Also, a given polypepfide may contain many types of modifications.
Polypeptides may be branched as a result of ubiquitination, and they may
be cyclic, with or without branching. Cyclie, branched and branched
cyclic polypeptides may result from post-trangfation naturaf procesees or
may be made by synthetic methods. Modifications include acetylation,
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acylation, ADP-ribosylation, amidation, biotinylation, covalent attachment
of flavin, covalent attachment of a heme moiety, covalent attachment of a
nuclectide or nucleotide detivative, covalent attachment of a Hipid or lipid
derivative, covalent attachment of phosphotidylinositol, cross-linking,
cyclization, disuifide hand formation, demethylation, fermation of covalent
cross-links, formation of cystine, formation of pyroglutamate, formylation,
gamma-carhoxylation, glycasylation, GFI anchor  formation,
hydroxylation, icdination, methylation,  myristoylation,  oxidation,
proteolyfic  processing, phosphorylation, pranylation, racemization,
selencylatian, sulfation, fransfer-RNA mediated addition of amine acids to
proteins such as arginylation, and ubiquitination (ses, for instance,
Pratelns - Structure and Molecular Properties, 2nd Ed., T. E. Creighton,
W, H. Freeman and Campany, New York, 1993; Wold, F., Post
transiational Proteln Medifications: Perspectives and Prospects, 1-12, in
Post-transiational Covalient Modification of Proteins, B. C. Johnsan, Ed.,
Academic Press, New York, 1983; Seiftor of 2k, "Analysis for protein
modifications and nonprotein cofactars’, Meth Enzymol, 182, 626-646,
1980, and Rattan of af, ‘Protein Synihesis: Posttransiational
Modifications and Aging”, Ann NY Acad Sci, 663, 48-62, 19482).

"Fragment” of a polypeptide sequence refers to a polypeptide seguence
that is sherter than the reference sequence but that retains essentially the
same biological function or activity as the roference polypeptide.
"Fragment” of a polynucleotide sequence refers to a polynucloetide
sequence that is shorter than the reference sequence of SEQ 1D NO:1..

"“arian® refers to a polynuclectide or polypeptide that differs from a
reference  polynuclectide or polypeptide, but mstains the assantial
properties thereof, A typical variant of a polynuclectide differs in
nucleatide sequence from the reference polynuciectide. Changes in the
nucleotide sequence of the variant \may or may not aker the amino acid
seguence of 2 polypeplide enceded by the refarence palynucleatids.
Mucleofide changes may result in amino acid substitutions, additions,
deletions, fusions and truncations in the polypeptide encodsd by the
reference sequence, as discussed helow. A typical variant of a
polypeptide differs in amino acid sequence from the reference
polypeptide. Generally, alterations are limited so that the sequences of
the reference pelypeptide and the variant are closely simitar overall and,
in many regions, identical. A variant and reference polypeptide may differ
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in amino acid sequence by cne or more substitutions, insertions,
deletions in any combination. A substiuted or inserted amine acid
residue may or may not be one enceded by the genstic code.  Typical
consarvative substitutions include Gly, Ala; Val, lie, Leu; Asp, Ghi; Asn, Gin;
Sar, Thr, Lys, Arg; and Phe and Tyr. A variant of a polynucleatide or
poiypeplide may be naturally accurring such as an allete, or it may he a
variant that is het known to occur nafuraily.  Non-naturally occurring
variants of polynucleclides and polypeplides may be mads by
mutagenesis fechniques or by direct synthesis. Alse included as variants
are polypeptides having one or more post-translational modificatians, for
instance glycosylation, phosphorylation, methylation, ADP ribosylation
and the like. Embodiments include methylation of the N-terminal aming
acid, phosphorylations of serines and threonines and modification of C-
terminal glycines.

"Aliele” refers to one of two or moere alternative forms of a gene ocouring
at @ given iocus in the genorme.

"Polymorphism” refers to s variation in nuclectide sequence {and
enceded polypeptide sequence, if relsvant) at a given position in the
genome within a population.

"Single Mucleotide Pofymorphism” (SMPY refers to the occurence of
nucleotide variability at a single nuclectide position in the genome, within
a population.  An SNP may occur within & gene or within intergenic
regiong of the genome. SNPs can be assayed using Allele Specific
Amplification {(ASA). For the process at least 3 primers are required. A
common primer is used in reverse complement ta the polymorphism
being assayed. This common primer can be between 50 and 1500 bps
from the polymorpitic base. The other twa (or more} primers are identical
to each other except that the final 3' base wobhbles to match onz of the
two (or more} alleles that make up the pelymorhism. Two {or more)
PCR reactions are then conducted on sampie DNA, each using the
comimon primer and one of the Alisle Specific Primers.

"Splice Varjant” as used hersin refars to cDNA molecules produced from
RNA molecules initially transcribed from the same genomic DNA
sequence  bui which have undergone alternative RNA  splicing.
Alternative  RMNA  splising ocours when & primary RNA - transcript
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undergoes splicing, generally for the removal of introns, which resuks in
the preduction of more than one mRNA molecule each of that may
encode different amine acid sequences. The term splice varant alse
refers to the proteins encoded by the above cDNA molecules.

“Identity" reflects a relationship betwsen two or more polypeptide
sequences of two or more polynucleatide seguences, determinad by
comparing the seguences. In general, identity refers to an exact
niclectide to nuclectide or amino acid to aming acid correspondence of
the two polynucteotide or twe polypeptide sequences, respectively, over
the engih of the sequences baing compared.

"o identity* - For sequences whers there is not an  exact
correspandence, a "% identity” may be detemminad. In general, the two
sequences to be compared are aligned {o give a maximum corrsfation
between the zequences. This may include inserting "gaps” in either ane
ar both sequences, (o enhance the degree of alignmeat. A % identity
may be determined over the whole length of each of the sequences being
compared {so-called global allgnment), that is particUtarly suitable for
sequences of the same or very similar length, or over shorter, defined

- lengths (so-called facal aligmment), that is mare suitable for sequences of

uneguai length.

"Similarity” is a further, more sophisticated measure of the relafionship
batseen two polypeplide sequences. In general, "similarity” means s
compearison between the amino acids of two polypeptide chains, an a
residue by residue basis, taking intc account not only exact
correspondences between a between palrs of residues, ons from each of
the sequences being compared (as for identity) but alse, where there is
nat an exact correspondence, whether, ot an evolutionary basis, one
residue is a likely substitute far the other. This [ikelihwod has an
associated "scare” from which the “% similarfty” of the two sequences
can then he determined.

Methods for comparing the identity and similarity of two or more
sequences are well known in the arf. Thus for instance, programs
available in the VWisconsin Sequence Analysis Package, version 8.1
(Devereux J ot al, Mucleic Acids Res, 12, 387-385, 1984, available from
Genetics Computer Group, Madison, Wisconsin, USA), for example the
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pregrams BESTFIT and GAP, may be used to determine the % identity
between two pelynuciectides and the % identily and the % simiarity
between two polypeptide sequences. BESTFIT uses the "local
homology" aigorithm of Smith and Waterman (J Mol Bial, 147,193-197,
1981, Advances in Applied Mathematics, 2, 482-485, 1981) and finds the
best single region of similarity between two sequences. BESTFIT is
more suited to comparing two polynuclectide or two polypeptide
sequences that are dissimitar in length, the program assuming that the
shorter seguence represants a portion of the longer. In comparison, GAP
aligns two sequences, finding a "maximum similarity", accerding to the
algonthm of Neddleman and VWunsch (J Mol Biol, 48, 443-453, 187Q).
GAP is more suited to comparing sequences that are approximately the
same length and an alignment is expected over the entire length.
Preferably, the parameters "Gap Weight" and "Length Weight' used in
each program are 50 and 3, for palynucleotide sequences and 12 and 4
for polypeptide sequences, respectively. Preferably, % idenities and
simitarities are determined when the two sequences being compared are
aptimally aligned.

Other programs for determining identity and/or similarity hetweaen
sequences are also known in the art, for instance the BLAST family of
programs (Afischul S F et al, J Mol Biol, 215, 403-410, 1998, Altschul § F
et al, Mucieic Acids Res,, 25:388-3402, 1897, available from the Mational
Center for Biotechnology Information {NCBI}, Bethesda, Maryland, USA
and accessible through the home page of the NCEl at
www.nebi.nimaih.gov) and FASTA (Pearson W R, Methods in
Enzymology, 1683, 63-99, 1890; Pearson W R and Lipman 1 J, Proc Mat
Acad Soi USA, 85, 7444-2448,1088, available as part of the Wisconsin
Sequence Analysis Package).

Preferably, the BLOSUMSZ aminc acid substitution matrix (Henikofl
and Henlkoff J G, Proc. Nat. Acad Sci. USA, 88, 10815-10819, 1883) s
used in polypeplide sequence comparisons including where nuclectide
sequances are first translated inte amino acid sequences before
comparison.

Preferably, the program BESTFIT is used to determine the % identity of a
guery polynucleotide or a polypeptide seguence with respect to a
reference potynuciectide or a polypeptide seguence, the guery and the
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reference sequence being aptimally aligned and the garameters of the
pragram get at the default value, as hereinbefare described.

“identity Index" is a measure of sequence refatedness which may be
used to compare a candidate sequence (polynuclectide or polypeptide)
and a reference sequence. Thus, for instance, & candidate
polynuclectide sequence having, for example, an ldentity index of 0.85
compared fo a reference polynuclectide sequence is identical o the
reference sequence except that the candidate polynucleotide sequence
may include on average up to five differences per each 100 nucleotides
of tha reference sequence. Such differences are selected from the group
consisting of at [zast one nucleotide delstion, substitution, including
transition and transversion, or insertion. These differences may oceur at
the 5° or 3' terninal positions of the reference palynucieatide sequence or
anywhere between ithese ferminal positions, interspersed either
individually among the nucleotides in the reference sequence or in ane or
mare contiguous groups within the reference sequence. In other words,
to ohtain a polynucleotide sequence having an ldentity Index of .85
compared i a reference polynucleotide sequence, an average of up to 5
in every 100 of the nucleotides of tha in the reference saquence may b
deleted, substituted or inserted, or any combingtion therecf, as
hersinbefore described. The same applies mutafis mufandis for other
values of the Identity Index, for instance £.98, 0.97, 0.98 and 0.98.

Similarly, for a poiypeptide, a candidate polypeptite sequence having, for
example, an ldentity Index of 095 compared to a reference polypeptide
sequence is identical to the reference seguence excepl that the
palypeptide sequance may include an average of up to five diffarences
per each 100 amino acids of the reference sequence. Such differences
are selectad from the group censisting of at least one amino acld
deletion, substitution, including conservative and non-conservative
substitution, or (nserfion. These differences may ocour at the amino- or
carboxy-terminal positions of the reference polypeplide sequence or
anywhere between these terminal poesitions, inferspersed elther
individually among the amino acids in the reference segquence or in one
or mere contiguous groups within the reference sequence. In other
words, to cbtain a polypeptide seguence having an Identity tndex of 0,95
compared to a reference polypeptide sequence, an average of up te § in
svery 100 of the amino acids in the reference seguence may be deleted,
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subsiituted or inserted, or any combination thereof, as hereinbefore
desciibed. The same applies mutatis mutandis for other values of the
|dentity Index, for instance (.96, 0.97, 0.98 and 0.99.

The relationship befween the number of nucleotide or amino acid
differancas and the ldentity Index may be expressed in the following
equation:

npEXg-(xgel)
in which:
Ny is the number of nuclectide or amine acid differences,

Xg Is the total number of nuclectides or aming acids in SEQ 1D NO:1 or
SEQ ID NO:2, respectively,

I is the Identity Index ,

» is the symbol for the muitiplication operater, and

in which any necn-integer product of xz and 1 is rounded down to the
nearest integer prior to subtracting it from x5,

“Homolog" is a generic term used in the art to indicate a polynuclectide or
polypeptide sequence possessing a high degree of sequence relatedness
to a reference seguence. Such relatedress may be quantified by
determining the degres of idenfity andfor similarity between the twe
sequences as hereinbefore defined. Falling within this generic term are
the terms “artholog", and "paraleg”. “Orthalog” refars to a polynucleotide
or polypeptide that is the functional equivalent of the palynucleotide or
polypeptide in another species. "Paralog” refers to a polynuclectideor
polypeptide that within the same specias which is functionally similar.

"Fusion protein” refers to a protein encoded by two, unrefated, fused
genes or fragments therecf. Examples have been disclosed in US
B541087, 5726044 In the case of Fe-PGPRMDA12, employing an
immunoglobulin Fo region as a part of a fusion protein is advantageous
for performing the funcicnal expressian of Fe-PGPRMDA12 or fragments
of -PGPRMDA12, to improve pharmacokinetic properties of such a fusion
protain when usad for therapy and fo generate a dimeric PGPRMDATZ.
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The Fe-PGPRMDAT2 DNA construct comptises in 5' to 3' direction, a
secretion cassetie, i.e. a signal sequence that triggers export from a
mammalian cell, DMA encoding an immuneglobulin Fo ragicn fragment,
as a fusion partner, and a DNA encoding PGPRMDATZ or fragments
thareof. In some uses it would be desirable to be able to alter the intrinsic
functional properties (complement binding, Fc-Receptor binding) by
mutating the functionat Fc sides while leaving the reet of the fusion
protein umouched or delete the Fo part completely after expression,

All publications and references, including but not limited to patents and
patent applications, cited tn this spesfication are herein incorporated by
referenca in thair entirely as if each individual publication or reference
were specifically and individually indicated to be incorporated by
referance herein as being fully sat forth, Any patent application to which
this application claims priority is also incorparated by reference herein tn
its entirety in the manner described above for publications and
refarences.

Further Examples
Example 1: Mammalian Cell Expression

The receptors of the present invention are expressed in eithar human
embryonic kidney 293 (HEK293) cells or adhereni dhfr CHO cells. To
maximize receptor expression, lypicaly ail 5’ and 3' untransiated regions
(UTRs) are removed from the recaptor cDNA prior to insertion into 2 pCDN
or pCDNAZ vector. The cells are transfected with individual receptor
cDNAs by lipofectin and selected in the presence of 400 mgimi G418, After
3 weeks of selaction, individual clones are picked and expanded for further
analysis. HEK293 or CHD cells transfected wilh the vector alone setve as
negative gonfrols. To isolate cell lnes stably expressing the individual
receptors, abouf 24 ciones are typically selected and analyzed by Northerh
blot analysis. Receptor mRNAs are generally detectable in about 50% of
the G418-resistant clones analyzed.

Example 2 Ligand bank for binding and functional assays.
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A bank of gvar 800 putativa raceptor ligands has heen assembled for
screening. The bank comprises: transmitters, harmanes and chenokines
known to act via a human saven transmembrane (7TM} recapior; naturally
occurring compounds which may be putative agenists for & human 7T
receptor, non-mammalian, biclogically active peptides for which &
mammalian countepart has not yet been identified; and compounds not
found in rature, bui which activate 7TM receptors with unknown naturai
igands. This bank is used to initially screen the receplor for known ligands,
us'mg bath functional {ie . caldum, cAMP, microphysiometer, socyis
electrophysiology, &fc, see balow) as well as binding assays,

Example 3: Ligand Binding Assays

Ligand binding assays provide a direct method for ascertaining receptor
phamacology and are adaptable to a high throughput format. The purified
ligand for a receptor i8 radiciabeled to high specific activity {50-2000
Cifmmaly for birding studies. A determination is then made that the
process of radiclabeling does not diminish the activity of the ligand towards
its receptor. Assay conditions for buffers, fens, pH and other modulators
such as huclectides are optimized to estahlish a workable signal to noise
rafio for both membrane and whole cell receptor sources.  For these
assays, specific receptor binding is defined as total associated radioactivity
minus the radioactivity measured in the presence of an excess of unlabeled
campeting ligand. Where possible, more than one compeling ligand is
used to define residual nonspecific binding.

Example 4: Functional Assay in Xenopus Cocytes

Capped RMNA franscripts from finearized plasmid templates encoding the
receptor cDNAs of the invention are synthasized in vitro with RNA
palyrerases in accordance with standard procedures. In vitro transcripts
are suspended in water af a final concentration of 0.2 mgimi. Ovarian lohes
are removed from adult female tnads, Stage V defalliculated oocytes are
obtained, and RMNA transeripts (10 ngloocyte) are infected in a 50 nl bolus
usiig & micrainjection apparatus. Twe elestrode valtage clamps are used
to measure the currents from individual Xenopus oocytes in response to
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agonist exposure, Recordings are made in Ca2+ free Barth's madium at
room temperafure. The Xenopus sysiem can be used to screen known
liganda and tissue/cell extracts for activating ligands.

Example 5. Microphysiomstric Assays

Activation of 2 wide varicty of secondary messanger systems results fn
extrusion of small amounts of acid from a cell. The acid formed s largely
as a result of the increased metabolic activity required to fuel the
intraceliular signaling prosess. The pH changes in the meadia sumpunding
the cell are very small but are detectable by the CYTOSENSCOR
microphysiometer {Molecular Devices Lid., Menlo Park, CA). The
CYTOSENSOR is thus capable of detecting the activation of a raceptor
which is coupled o an snargy utilizing intraceliular signaling pathway such
as the G-protein coupied recaptor of ths present invention.

Example 8: Extract/Cell Supematant Screening

A large number of mammalian receptors exjst for which there remains, as
yet, no cognate activafing ligand (agonist). Thus, active iigands for these
receptors may not be included within the ligands banks as identffied to date.
Accordingly, the 7TM receptor of the invention is also functionally screened
{using calcium, cAMP, microphysiometer, cocyte electrophysiology, ete.,
functional screens) against tissue extracts to identify natural ligands.
Exiracts that produce positive functional responses can be sequencially
subfractionated unfil an activating ligand is isclated identified.

Example 8: Calcium and cAMP Functicnal Assays

7TM recaptors which are expressed in HEX 283 cells have been shown to
be coupled funclionally to activation of PLC and calcivim mabilization and/or
cAMP stimuation or inhibition. Basal caleium levels in the HEK 293 eelis in
receptor-transfected or vector control cells were observed to be In the
nofmal, 100 nM o 200 nM, range. HEK 283 cells expressing recombinant
receptors are loaded with fura 2 and In a single day > 150 selected ligands
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or tissuef/cell extracts are evafuated for agonist induced calcium
mobilization.  Similarly, HEK 292 celfis expressing recombinant receptors
are evaluated for the stimulation or inhibition of cAMP production using
standard ¢AMP guantitation assays. Agonists presenting a calcium
transient or cAMP flucuation are tested in vector control cells o determine if
the response is unique fo the transfected cells expressing receptor.
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1. & polypeptide salected from the group cansisting of.

(a} a polypeptide encoded by a polynucleotidge comprising the sequence of SEQ
D NO:T;

(b} a polypeptide comprising a polypeptide seguence having at least 95% identity
to the polypeptide sequance of SEQ ID NO:2;

¢) a polypaptide having at least 85% identity to the polypeplide sequence of
SEQ 1D NO:2;

4} the polypeptide sequence of SEQ 1D NO:2 and

(2} fragments and variants of such polypeptides in {a) to {d).

2. The polypeptide of claim 1 comprising the polypeptide sequence of SEQ ID
NC:2,

3. The polypeptide of claim 1 which is the polypeptide sequence of SEQ 1D
NO:2.

4. A polynucleciide selected from the group consisting of:

(a) a polynuclectide comprising a polynuciectide sequence having at least 90%
identity to the polynucleotide sequence of SEQ 1D NO:1;

{b) a polynucleotide having at least 95% identily 1o the polynuclectide of SEQ 1D
NO:1,;

(¢} a polynueleotide comprsing a polynudactide ssquenca enceding a pelypeptide
saguence having at least 95% identity to the polypeptide segusnce of SEQ 1D
NO:2;

2004-500882 A 2004.1.15



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

(58)

WO 01795490 PCT/EPOLNG72Y

23

3

[d) a polynuclectide having a polynuclectide sequence encoding a polypeptide
sequence having at least 95% identity to the polypeptide sequence of SEQ D
NO2;

(e} a polynuckeotide wih a nucleotide sequence of at least 100 nucleolides
obained by scresring a liorary under stringent hybridizalion conditions with &
labeled probe having the sequence of SEQ 1D NO: 1 or a fragment thereol having
at least 15 nucleotides;

fra po;ynubieotide which is the RNA equivalent of a polyhuclectide of (a) te (&),

() a polynuclectide saquence complementary to said polynucleotide of any cna of
(a) to ffy, and T

{h} palynucleatides that are varignts or fragmants of the polynucleotides of any
ane of (a) o {g) or that are complementary to abave menticned polynucleotides,
aver the entire length theraof.

5. A polynuelestide of claim 4 selected from the group consisting of.
{a) a polynuciectide comprising the palynuciectide of SEGH 1D NO:T,
(b) the polynucleatide of SEG 1D NO.1;

(s} a polynucleofide comprising a polynucleolide sequence encoding the
polypeptics of SEC [T NOZ; and

{d) a polynucleotide enceding the polypeptide of SEQ ID NG2.

8. An expression system comprising a poiynucieotide capable of producing a
polypeptide of any one of claim 1-3 when said expression vector Is present ina
compatible host cell.

7. A recombinant host cell comprising the expression vecfor of claim 6 or &
membrane therecf expressing the polypeptide of any ona of claim 1-3.
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8. A process for produsing 2 pelypeptide of any one of claim 1-3 comprising the
step of culturing a host cell as defined in claim 7 under conditions sufficient for
the proguction of said polypeptide and recovering the polypeptide from the culture
medium.

8. A fusipn protein consisting of the Immunoglebulin Fe-region and a polypeptide
any one ong of ciaims 1-3.

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

11. A method for secreening to identify compounds that stimulafe or inhibit the
function or level of the polypeptide of any ane of claim 1-3 comprising a method
selected fram the graup cansisting of:

(a) measaring or, detecting, quaniitaiively or qualitatively, the binding of a
candidate compound to the polypeptide (or to the cells or membranes expressing
the polypeptide) or a fusion protein thereof by means of a label directly or
indirectly associated with the candidate compound;

{b) measuring the competiton of binding of a candidate compound to ithe
polypeptide {or to the cells or memhbranes expressing the polypeptida} or a fusion
pratein thereo! in the presence of a labeled competitior;

(c) testing whether the candidate compound results in a signal generated by
activation or inhibition of tHe polypeptide, using detection systems appropriate to
the cells or cell membranes expressing the palypeptide;

(d) mixing a candidate compound with 2 sclution containing a polypeptide of any
cne of claims 1-3, to form a mixture, measuring activity of the polypeptide in the
mixture, and comparing the activity of the mixture to a control mixture which
contzins no candidate compound; or

(e} detecting the effect of a candidale compound on the production af mRNA

encoding said palypeptide or said polypeptide in cells, using for instance, an )

ELISA assay, and
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ff) producing said compound according to biotechnolegical or chemical standard
technlques.
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