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Novel G-Protein coupled receptor

This invention relates to newly identified polypeptides and
polynuciectides encoding such polypeptides sometimes  hersinafter
referred to as ,nevel LTDM4 receptor ke GPCR (LTDrec)", to their use in
diagnosis and in identying compounds that may be agonists,
antaganists that are potentially useful in therapy, and to production of
such polypeptides and polynucleatides.

Background of the Invention

The dryg distovery process is currently undergoing a fundamental
revolution as it embraces “functional genomics”, that is, high thraughput
genome- or gane-hased hiclegy. This approach as a means to identify
genes and gane products as therapeutic targets is rapidly superceding
earlier approaches based on “positional cloning®. A phenotype, that s a
biningical function or garstic disease, would be identified and this would
then be fracked back to the responsible gene, based on its genetic map
position.

Functional genomics relies haavily on high-throughput DNA sequencing
technologies and the various tools of bicinformatics to identify gens
sequences of potential interest from the many imclecular biclogy databases
now available. Thers is a continuing need to identify and charasterise
further genes and their related polypeplidestproteins, as fargets far drug
discovery.

It is well established that many medically significant biological processes
are mediated by proteing participating in signat transduction pathways that
involve G-proteins andior second messengers, e.g., cAMP {Lefkowilz,
Nature, 1391, 351:353-354). Herein these proteins are referred to as
profeins participating in pathways with G-proteins or PPG proteins. Some
examples of these prateins include the GPC receptars, such as those for
adrenergic agents and depamine (Kobilka, B.K., et al, Proc. Natl Acad.
Soi., USA, 1987, 84:46-50; Kobitka, B.X., et al., Science, 1967, 238:650-
658; Bunzow, J.R. et al, Nature, 1988, 336:783-787), G-proteins
tiemeelves, effedior proieins, e.g., phespholipase C, adenyl cyclase, and

JP 2004-500864 A 2004.1.15
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phosphodiesterase, and actuator proteins, e.g., protein kinase A and
pratein kinase C (Simon, M., et al, Science, 1991, 252:802-8).

For exarngle, in one form of signal transduction, the effect of hormaone
binding is activation of the enzyme, adenylste cyclase, inside the cel
Enzyme activation by harmones is dependent on the presence of the
nuclectide GTP. GTP also influences hormone hinding. A G-protein
connects the hormone recepior to adenylats cyclase. G-protein was shown
to exchange GTP for hound GDP whan activated by a hormona receptor.
The GTP-carrying form then binds to activaled adenylate cyclase.
Hydralysis of GTF 1o GDF, catalyzed by the G-protein itself, returns the G-
proteln to its basal, inactive form. Thus, the G-protein serves a dual role, as
an intermediate that relays the signal from receptor to effecter, and as a
clock that centrois the duration of the signal.

Tha membrane protein gene superfamily of G-protein coupled receptors
has been characterized as having seven putative transmembrane domains.
The domaing are believed to represent tramsmembrane a-helices
connected by extracellular ar cytoplastnic loops.  G-protein coupled
receptors include a wide range of biclegically active receptors, such as
hormone, viral, growth factor and neurorecepiars.

G-protein coupled receptors (otherwise known as 7TM recepiors) have
been characterized as including these seven conserved hydrophobic
atretches of about 20 to 30 amino acids, conngecting at least eight divergent
hydrophilic loops. The G-protein family of coupled receptors includes
dopamting teceptors which bind to neurcleptic drugs used for treating
psychotic and neurolegical disorders. Other examples of members of this
family include, but are nat limited to, calcitonin, adrenergic, endothelin,
cAMP, adengsine, muscarnis, acetylcholine, serctonin, hisiamine,
thrombin, kinin, follicle stimulatng hormene, opsins, endoibsliat
differentiation gene-1, rhodopsins, odorant, and cytomegalovirus receptors.

Muost G-protein coupled receptars have single conserved cysteine residues
in each of the first two extraceliular loops which form disulfide bonds that
are believed to stabilize functional protein struclure. The 7 ransmembrane
regions are designatad as TM1, TMZ, T3, TM4, TMS, TG, and TM7.
TM3 has been implicated in signal transduction.

JP 2004-500864 A 2004.1.15
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Phosphoryfation and ligidation {palmitylation or famesylation) of cysteine
residues can influsnce sigral transduction of some G-protein coupled
receplors. Mast G-protein  coupled  receptors  contain  potential
phosphorylation sifes within the third cytoplasmic loop andfor the carboxy
terminus.  For several G-profein coupled receplors, such as ihe b-
adrencreceptor, phosphorylation by profein kinese A and/or specific
receplor kinasss mediales receplar desensifization.

Far soma recaptors, the ligand binding sites of G-protein coupled receptors
ara believed fo comprise hydrophilic sockets formed by several G-protsin
coupled receptor transmembrane domains, said sockat being surrounded
by hydrophobic residues of the G-protein coupled receptors.  The
hydrophilic sidé of each G-protein coupled receptor fransmembrane helix is
postutated to face inward and form polar ligand binding site. TM3 has been
implicated in several G-protein coupled receptors as having a [ligand
binding site, such as the TM3 aspartate residus. TMS serines, a TMG
asparagine and TMB or TM7 phenylalanines or tyrosines are also
implicated in ligand binding.

G-pratein coupled receptors can be intraceliularly coupled by heterotrimsric
G-proteins to various Intracellular enzymes, ion channels and transpotters
{see, Johnson et al, Endoc. Rev,, 1889, 13:317-331) Different G-protein
a-subunits preferentially stimulate particular effsctors o modutate various
biological functions in a cell. Phosphorylation of cytoplasmic residues of G-
pratein coupled receptors have been identified as an impartant machanism
for the regulation of G-profein coupling of some Gprolein coupled
receptors. G-protein coupled receptors are found In numercus sites within
a mammalian host.

Quer the past 15 years, nearly 350 therapeutic agents targeting 7
transmembrane (7 T} recaptors have been successfully introduced onto
the market.

Summary of the Invention

The prasent invention relates (e LTDres, in particular LTDrec polypenfides
and LTDrec palynuclectides, racombinant materials and methods for their
production.  Such polypeptides and polynuclectides are of interest in
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relation 1o methods of treatment of certain diseases, including, but nof
timited to, infections such as bacterial, fungal, protozoan and viral
infections, particularly infections caused by HIV-1 ar HIV-2; pain; cancers;
diabeles, cbeslty; anorexia; bulimia; asthma, Parkinson's disease; acute
heart failure; hypotension; hypertension; urinary retention; ostecporosis;
angina pecteris; myocardial infarction; stroke; ulcers; asthma; ailergies;
benign prostatic  hypertrophy;  migraine, vomiting; psycholic  and
neurological disorders, including anxiety, schizophrenia, manic depression,
depression, deliium, dementia, and severe mentat retardation; and
dyskinesias, such as Huntington's disease or Gilles deia Tourett's
syndrome, hereinafter referred to as * diseases of the inveniion". [n a
further aspect, the invention relates to methods for identifying agonists
and antagonists (e.g., inhibilors) using the materials provided by the
invention, and treating conditions assceiated with LTDrec imbalance with
the identified compeounds. In a still further aspect, the invention relates to
diagnostic assays for detecting diseases associated with inappropriate
LTBrec activity or levets.

Dascription of the lnvention

in a first aspect, the present invention relates to LTDrec polypaptides.
Such polypeptides fnclude:

{a} 2 polypeptide encoded by 2 polynuclectide compiising the seguence
of SEQ 1D NO:1,;

(by a polypeplide camprising a polypeptide sequence having at least
95%, 96%, 97%, 88%, or 89% identity to the polypeptide sequence of
S5EQ D NGZ,

(c} a polypeptide comprising the polypeptide sequence of 3EQ 1D NO:Z;

{d) a polypeptide having at least 95%, $6%, 97%, B8%, or D9% identity
to the palypeplide sequence of SEQ 10 NO:2;

{e} the polypeptide sequence of SEQ D NO:2; and
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(f} a polypeptide having or comprising a polypeptide sequence that has
an Identity Index of 0.85, 0.86, 0.87, 0.98, or 0.99 compared fo the
polypeptide sequence of SEQ ID NO:2;

tgy fragments and variants of such poiypeptides in (a) to (A,

Polypeptidas of the present invention are believed fo be members of the G-
protein coupled receptors family of polypeptides. They are therefore of
interest because GPCRs are highly sefective drug targets, since often they
have restricted and selactive tissue distribution thus minimizing side effects
of the drug.

The binlogical properties of the LTDrec are haersinafter referred to as
"biclogical acfivity of LTDres" or "LTDrec activity". Preferably, a
pelypeptide of the praesent invention exhibits at least cne bioicgical
activity of LTDrec.

Polypeptides of the present invention also includes varianis of the
aforementioned polypepiides, including ail allelic forms and splice variants.
Such polypeptides vary from the reference polypeptide by inseitions,
deletions, and substitutions that may be conservafive or non-conservative,
or any combination thergof.  Particularly preferred variapts are those in
which several, for instance from 50 to 3, from 30 to 20, from 20 1o 10, from
10 ta 5, from § to 3, from 3 to 2, from 2 to 1 or 1 amine acids are inserted,
substituted, or deleted, in any combinaticn.

Praferred fragments of polypeptides of the present invention include a
polypeptide comprising an amina acid seguence having at least 30, 50 or
100 contiguous amina ackds from the amine acid sequence of SEQ ID
NO: 2, or a polypeptide comprising an amine acid seguence having at
least 30, 50 ar 100 contiguous amino acids truncated or deletsd from the
amino acid sequence of SEQ 1D NO: 2. Preferred fragments are
bilogically active fragments that mediate the biclogical activity of LTDrec,
including those with a similar activity or an improved activity, or with a
decreased undesirable activity. Alsc preferred are those fragments that are
antigenic or immiuntogenic in an animal, especially in a henan.

Fragments of the polypeptides of the invention may be employed for
praducing the cerresponding full-length polypeptide by peplide synthesis;
therefore, these varants may be empioyed as intermediales for
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praducing the full-length polypeptides of the invention. The polypeptides of
the present invention may be in the form of the "mature” protein or may
be a part of a larger protein such as a precursor or a fusion protein, s
often advantageous 1o include an additional amino acid sequence that
contains secretory or leader sequences, pro-seguences, sequences that
aid in purification, for instance mulfiple histidine residues, or an additional
saquence for stahility during recombinant production.

Polypeptides of the present invention can be prepared in any suitable
manngi, for instance by isolation form naiurally occuring sources, from
genetically engineered host cells comprising expression sysiems (vide
fnfra) or by chemical synihesis, using for instance automated peplide
synthesisers, or a combination of such methods. Means for preparing
such polypeplides are well understocd in the art.

In & further aspect, the present invention refates to LTDree polynucizotides.
Such polynuclectides include:

(a) a polynuclectide comprising a polynucleotide sequence having at
laast 95%, 96%, 97%, 98%, or 99% iderfity to the poiynuclectide
squence of SEQ ID NO:T;

o) a polynucleotide comprising the polynuclactide of SEQ 1D NO:T,

{c) a pelynucleotide having at least $5%, 96%, 87%, 98%, or B9% identity
to the polyruclectide of SEQ D NO:1;

() the polynucisotide of SEQ 1D NOWT:

{e) a polynuclectide comprising a polynudlectide sequence encading a
polypeptide sequence having at least 85%, 86%, 97%, 88%, or 99%
identity 10 the polypeptide sequence of SEG 1D NO:2;

{f a polynuclectide cornprising a polynuclectide sequence encoding the
polypeptide of SEQ 1D NC:2;

{g) a pelynucleotide having a polynucieatide sequence encoding a
polypeptide sequence having at least 95%, 96%, 97%, 98%, or 99%
identity to the polypeptide sequence of SEQ ID NOZ;
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thy a polynucleotide encoding the polypeptide of SEQ ID NO:2;

{1} a poiynuciectide having or comprising a polynucleotide sequence that
has an ldentity Index of 0.95, 0.96, 0.97, .98, or 0.89 comparad to the
polynucleotide sequence of SEQ 1D NO:1;

() a polynuclectide having or comprising a poiynuclectide sequence
ancoding a polypeptide sequence that has an Identity Index of 0.95, 0.96,
0.97, 0.98, or 0.89 compared to the palypeptide sequence of SEQ 1D
NE:2; and

polynucleotides that are fragments and variants of the above mentioned
polynuclaotides or that are complementary to abowe mentioned
polynuelsotides, over the entirs length theracf.

Preferred fragments of polynucieolides of the present invention
include a polynucleatide comprising an nuclectide sequence having at
lzast 15, 30, 50 or 100 contiguous nuclactides from the sequence of SEQ
1D NO: 1, or a polynucleotide comprising an sequence having at least 30,
50 or 100 contigucus nucleotides truncated or deleted from the sequence
of SEQ IDNO: 1.

Preferred variarmts of polynucleotides of the present invention inciudge
splice varianis, allelic variants, and polymorphisms,  including
palynucleotides having one or more single nucleotide polymorphisms
(SNPs),

Polynucieotides of the presert invention also inctude polynuclectides
encoding polypeplide variants that comprise the amino acd sequence of
SEQ 1D N:2 and in which several, for instance from 30 to 30, from 30 to
20, from 20 fo 10, from 10 to 5, from 510 3, from 3 to 2, from 2 to 1 ar 1
amino acid residuss are subsiitutad, deleted or added, in any combination.

in a further aspect, the present inventicn provides polynuclactides that
are RNA transcripts of the DNA segquences of the present invention.
Agccardingly, there is provided an RNA polynucteotide that:

{a) comprises an RNA transcript of the DNA sequence encading
the polypeptide of SEQ ID NO:2Z;
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(8} is the RNA transcripi of the DMNA segquence encoding the
polypeptide of SEQ 1D NO:2;

(o) compriges an RMA transcript of the DNA seguence of SEQ IR
MO, or

{d} is the RNA transcript of the DNA sequence of 8EQ 1D NO1;

and RNA polynucleatides that are complementary thersta.

The polynuclectide sequence of SEQ ID NO:1 shows homelogy with gafilus
galus activated T cell-specific & protein-coupled receptor (Genbank:
LOB108).  The polynuckectide sequence of SEQ (D NG is a cDNA
sequence  thai encodes the polypeptide of SEQ D NO:2.  The
polynuclestide serfuence encoding the polypeptide of SEQ 1D NO:2 may
be identical io the polypeptide encoding sequence of SEQ ID NGt erit
may be a sequence other than SEQ 1D NO:1, which, as a resuit of the
redundancy (degenerasy) of the genetic code, also encodes the
polypaptide of SEQ 1D NO:2.  The polypeptide of the SEQ 1D NO:2 is
related to other proteins of the G-protein coupled receptors family, having
hormology andfor structural similarity with human cysLT1 LTD4 receptor
{accession no. AF118711).

Preferred polypeptides and polynucleotides of the present invention are
expected to have, inter afia, similar biological functions/properlies 1o their
homologous polypepiides and polynucieatides.  Furthermore, preferred
polypeptides and poiynucleotides of the present invention have af least one
L TDrac activify.

Palynucleotides of the present invention may be obtained using standard
cloning and sereening technigues from a cONA library derived from mRNA
in cells of human chromosomal DNA, (see for instance, Sambrook et &,
Malecular Clening: A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989)).  Polynucleotides ef
the inventian can also be obtained from natural sources such as genomic
DNA libraries or can be synthesized using well known and commercially
availabie technigues.
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When polynuclectides of the present invention are used for the
recombinant production of polypeptides of the present invention, the
pelynucleotide may include the coding sequence for the mature
polypeplide, by itself, or the coding sequence for the mature polypeptide in
reading frame with other coding sequences, such as those encoding a
leader or secrefory sequence, a pre-, of pro- or prepro- profein sequence,
ar other fusich peptide portions. For example, a marker sequence that
facilitates purification of the fused polypeptide can be enceded. In cerain
preferred embodiments of this aspect of the invention, the marker sequence
is a hexa-histidine peptide, as provided in the pQE vecior (Qiagen, Inc.}
and descrbed ih Gentz et &/, Prac Natl Acad Sci USA (1989) 86:821-324,
or is an HA tag. The polynuclectide may alsa contain non-coding 5 and 3
sequences, such as franscribed, non-transtated sequences, splicing and
polyadenylation  signals, ribosome binding shes and sequences that
stabilize mRNA

Folynucleotides that are identical, or have sufficient identity to a
polynuclectide sequence of SEQ ID NO1, may be used as hybridization
prohes for ¢DNA and genomic DNA or as primers for a nucleic acld
amplification reaction (for instance, PCR). Such probes and primers may
be used ta isclate full-length cDNAs and genomic clones encading
polypeptides of the present invention and fo isolate cDNA and genomic
clones of other genes (including genes encoding paralogs from human
sources and orthologs and paralogs from species other than human) that
have a high sequence similarity to SEQ 10 NO:1, typically at least 895%
identity. Preferred probes and primers will generally comprise at east 15
nucleotides, preferably, at least 30 nucleatides and may have at lsast 50, if
not at least 100 nuclectides. Particulatly praferred probes will have
betwaen 30 and 50 nuclectides. Particularly preferred primers will have
betwaen 20 and 25 nucleotides.

A pelynucleotide encading a pofypeptide of the present invention, including
hamolegs fram species other than human, may be obtained by a process
comprising the steps of screening a library under stringent hybridization
conditions with a labeled probe heving the sequence of SEQ IDNC: 1 ora
fragment thereof, preferably of at least 15 nucleotides; and isolating full-
length cDNA and genomic clones containing said polynucleotide sequence.
Such hybridization techniques are well known to the skilled artisan.
Prefarred siringent hybridization conditions include overnight incubation at
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4200 in a soiution comprising: 50% formamide, 5xSSC (150mM NaCl,
18mM trisodium citrate), 50 mi sodium phosphate (pHY.B), 5% Denhardt's
solution, 10 % dextran sulfate, and 20 micrograrm/ml denatured, shaared
salmon spemn DNA; followed by washing the filters in 0.1x SSG at about
650C, Thus the present invention also includes isolated polynucleotides,
preferably with a nuclectide sequence of af feast 100, obtained by
scraening a library under stringent hybridization conditions with a iabeled
probe having the sequence of SEG ID NO or a fragment thereof,
preferably of at least 15 nucleotides.

The skilled artisan will appreciate that, in many cases, an isolated cDMA
sequence will be incomalete, in that the region cading for the polypeptide
does not extend all the way through to the &' terminus. This s a
consegquence of revarse franscriptase, an anzyme with inherently low
“orocessivity” (a measure of the ability of the enzyme to remain attached
to the template during the poelymerisation reaction), failing to complets a
DNA copy of the mRNA template during first strand cDNA synthesis.

There are several methods available and well known to those skilled in
the art ta obtain full-length cDMAS, or extend shert cBNAs, for example
those hased on the method of Rapid Amplification of cDNA ends (RACE)
(see, for examplas, Frohman ot al., Proc Nat Acad Sci USA 85, 8998-
9002, 1988). Recent modifications of the fechnique, sxemplified by the
Marathon {trade mark) technology (Clentech Labkeratories [nc) for
example, have significantly simplified the search for longer cDNAs. In the
Marathan {trade mark) technology, cCNAs have been prepared from
mMRNA extracted from a chosen tissue and an 'adaptar' sequence ligated
onto each end. Nucleic acid amplification (PCR) is then carried out to
amplify the "missing” 5' end of the cONA using a combination of gene
specific and adaptor specific cliganuclectide primers. The PCR reaction
is then repeated using ‘nested' primers, that is, primers designed to
anneat within the amplified product (typically an adaptor specific primer
that anneals further 3' in the agaptor sequence and a gene specific
primer that anneals further 5' in the known gene sequence). The
preducts of this reaction can then e analysed by DNA sequencing and a
full-length cDNA consfrusted either by joining the product directly to the
existing ¢cDMA to give a complele seguence, or casrying out a separate
full-length PCR using the new sequence information for the design of the
5" primer,
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Recombinant polypeptides of the present invention may be prepared by
processes well known in the art from genetically enginesred host cells
comprising exprassion systems.  Accordingly, in a futther aspect, the
prasent invention relates to expression systems comprising &
polynucleotide or polynucleotides of the present invention, to hast cells
which are gensfically engineerad with such expression sytems and fo the
praduction of polypeptides of the invention by recombinant technigues.
Cellfree transiation systems can also be smployed to produce such
proteins using RNAs derived from the DNA constructs of the present
inventian.

For recombinant preduction, host cells can be genstically engineered to
incorporate expression systems or partions thereaf for polynuciectides of
the present invention. Polynucisotides may be ntroduced into host celfis by
methaods described in many standard leboratory manuals, such as Davis et
al,, Basic Methods in Molestlar Blology (1988) and Sambreok et af.(/bid).
Praferred methads of introducing polynuclestides into host cells include, for
instance, calolum phosphate transfaction, DEAE-dextran mediated
transfection,  transvection,  ricroinjection,  cationic  lipid-mediated
transfection, eleciroperation, transduction, scrape [foading, ballistic
infroduction or infection.

Representative examples of appropriate hosts include bacterial cells, such
as Streptocanei, Staphylocoosi, E. cofi. Streptomyees and Bacifius subilis
cells; fungal cells, such as yeast cells and Aspergiffus calls; insect celis
such as Drosophita S2 and Spodogtora $f9 cells; animal cells such as
GHO, COS, Hel.a, 0127, 3T3, BHK, HEK 283 and Bowes melanoma cells;
and plant calls,

A great varely of expression systems can be used, for instance,
chromasomal, spisomal and virus-derived systems, e.g., vectors derived
from bacterial plasmids, from bacteriophage, from transposons, from yeast
episarmes, from insertion elements, from yeast chromosomal elements,
from viruses such as baculoviruses, papova virugses, such as SV40,
vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and
retroviruses, and vectors derived fram combinations thereof, such as thase
derived from plasmid and bacleriophage genetic olements, such as
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cosmids and phagemids. The expression systems may contain control
regions that regulate as well as engender expression. Generally, any
system or vecter that s able o maintain, propagate or express a
polynuclectide to praduce a polypeptide in a host may be used. The
appropriate polynucleotide sequence may be insarted into an expression
system by any of a varfety of well-known and routine techniques, such as,
for example, those set forth in Sambraok et al, (ibid). Apprapriate sacretion
signals may ba incomporated into the desired polypeptide to allow secretion
of the translated protein into the lumen of the endoplasmic reticuium, the
periplasmic space or the extracellular environmert. These signals may be
endogenous to the polypeptide ar they may be heteralogous signals.

If a polypeptide of the prasent invention s ta be expressed for uge in
screening assays, it i generally preferred that the polypeptide be
produced at the surface of the cell. In this event, the calls may be
harvested prior to use in the screening assay. |f the poiypeptide is
secreted into the medium, the medium can be recovered in order to
recaver and purify the polypeptide. ¥ produced intracellularly, the cells
must first be lysed before the polypeptide is recovered.

Poiypeptides of the present inventicn can be recovered and purified from
recombinant celt cutures by well-known methods including ammenium
sulfate or ethancl precipitation, acid extraction, anion or cation exchange
chromatography,  phosphocellufose  chromatography,  hydrophobic
interaction chromategraphy, affinity  chromatography, hydroxylapafite
chrematography and lectin chrematography.  biost preferably, high
performance lquid chromatography s employed for purification,  Well
known technigues for refolding proteins may be empioyed fo regenerate
active conformation when the polypeptide is denatured dusing ntraceliutar
synthesis, isolation andfor purtfication. )

Polynucleotides of the present invention may be used as diagnostic
reagents, through detecting mutations in the associated gene. Detection of
a mutated form of iha genhe characterised by the polynuclectide of SEQ D
N1 in the cDNA or gencmic sequence and which is asscciated with 2
dysfunction will provide a diagnostic togl that can add to, or define, a
diagnasis of a disease, or susceptibiiity to a disease, which results fram
under-expression, over-expression or altered spatial or temporal expression
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of the gene. Individuals carying mutations in the gene may be detected at
the DNA level by a variety of technigues well knawn in the art.

Nucleic acids for diagnosts may be obtained from a subject’s cells, such as
from blood, urine, saliva, tissue biopsy or autopsy material. The genomic
DNA may be used directly for detection or it may be amplified enzymatically
by using PCR, preferably RT-FPCR, or other amplification technigues prior to
analysis. RNA or cDNA may also be used in similar fashion. Deletions and
insertions can be detacted by a change in size of the amplificd product in
comparnson to the nomal genotype. Point mutations can be identified by
hybridizing amplified DNA to labeled LTDrec nuclectide sequences.
Perfactly matched segquences can be distinguished from mismatched
duplexes by RNase digestion or by differances in melting temperatures.
DMA sequence difference may also be detected by alferations in the
electrophorefic moblity of DNA fragments in gels, with or without
denaiuring agents, or by direct DNA sequencing {see, for instance, Myers
ot al., Science {1985) 230:1242). Ssquence changes at specific [ocations
may also be revealed by nuclease protectfon assays, such as RNase and
S1 protection or the chemical cleavage methed (see Cotion et al., Proc Natl
Acad Sci USA (1955) 85: 4397-4401).

An array of oligonuglectides probes comprising LTDrec polynucleotide
sequence or fragments thereof can be constructed to conduct efficient
screening of e.q., genetic mutations.  Such arrays are praferably high
density amays or grids. Amray technology methods are well known and
have general applicablity and can he used o address a varfely of
questions in molecular genetics including gene expression, genetic linkage,
and genetic variability, see, for example, M.Chee st al., Science, 274, 810-
613 (19498) and ather referances cited therein.

Detaction of abnormally decreased or increased levels of polypeplide or
mRNA expression may also be used for diagnosing or determining
susceptibility of a subject to a disease of the Invention. Decreased or
increased expression can be measured at the RNA level using any of the
methods well known in the art for the quantitation of polynucleotides,
such ag, for exampla, nucleic acid amplification, for instance PCR, RT-
PCR, RNase protection, Northern hlofting and other hybridization
methods.  Assay fechnigques that can be used to determing levels of a
protein, such as & pelypeptide of the present invention, in a sample derived
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from a host are weall-known to those of skill in the art. Such assay methods
include radicimmuncassays, competitive-binding assays, Western Blot
analysis and ELISA assays,

Thus in ancther aspect, the present invention relates to a diagonostic kit
GOmprising:

{a) a polynuclectide of the present inventicn, preferably the nudieotide
seguence of SEQ 1D NO: 1, or a fragment or an RNA transcript thereof;

{b) a nucieotide sequence complemantary te that of (a);

(c] a polypeptide of the present invention, preferably the pelypeptide of
SEGH D NC:2 or a fragment thereof, ar

(d) an anfibody to a polypeplide of the presert invention, prefarably to the
polypeptide of SEQ [D NG:2.

It will be appresiated that in any such kit, {a}, (8), {c} or {d) may comprise
3 substantial component. Such a kit will be of use in diagnosing a
disease or susceptibity fo a disease, paricularly dissases of the
invention, amongst others.

The polynucleotide sequences of the present invention are vaiuable for
chromosome localisation studias. The sequence is specifically targeted to,
and can hybridize with, a particular location on an individual human
chromosome.  The mapping of relevant sequences 1o chromosomes
according to the present invention Ts an important first step in correlating
those sequences with gene associafed disease. Once a sequence has
been mapped o @ pracise chromosomal location, the physical position of
the sequence on the chromosoms can be correlated with genetic map data.
Such data are found in, for example, V. McKusick, Mendelian inheritance in
Man (available on-line through Johns Hopkins University Weleh Medical
Librany). The relationship between genss and disezses that have been
mapped to the same chromoscmal region are then identified through
linkage analysis {co-inheritance of physically adjacent genes). Precise
human chromesomal localisations for a genomic sequence {gene
fragment efc.) can be determined using Radiation Hybrid (RH) Mapping
Waltar, M, Spillett, O, Thomas, P., Weissenbach, J., and Goodfellow, .,
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{1994) A method for constructing radiation hybrid maps of whole
gencmes, Mature Genetics 7, 22-28), A number of RH panels are
available from Research Gensfics {Hunfsville, AL, USA) e.g. the
GeneBridged RH pansl (Hum Mol Genet 1886 Mar5(3):339-48 A
radiation hybrid map of the human genorne. Gyapay G, Schmitt K,
Fizames C, Jones H, Vega-Czarny N, Spillett D, Muselet D, Prud'Hemme
JF, Dib G, Auffray C, Marissette J, Welssenbach J, Gaodfellow Pi). To
determine the chromoscmal location of a gene using this panef, 83 PCRs
are performed using primers designed from the gene of inferest an RH
DNAg. Each of these DMNAS contains random human genamis fragments
maintained in & hamster background (human / hamster hybrid cell lines).
These PCRs result in 83 scores indicating the presence or absence of
the PCR product of the gene of inferest, These scores are compared
with scores created using PCR products from genomic sequences of
known location. This  comparison  is  conducted  at
http:Herww genema.wimit.edu/. The gene of the present invention maps
to human chromosome 13g14.12-21.1..

The polynucleatide sequences of the present invention are also valuable
toois for tissus expression studies. Such studies allow the deterrnination of
exprassion patiems of polynucisctides of the present invention which may
give an indication as to the expression patterns of the encoded
polypeplides in tissues, by detecting the mRNAs that encede them. The
techniques used are well known in the art and include in sifu hydridisation
technigues o clores arrayed on a grid, such as cDNA microarray
hybridisation (Schena ef al, Science, 270, 467-470, 1995 and Shalon ef 2l
Gename Res, 6, G39-645, 1986) and nucleotide amplification technigues
such as PCR. A preferred method us2s the TAQMAN (Trade mark}
technology available from Perkin Elmer. Results from these studies can
providge an indication of the normal function of the polypeptide in the
organism.  In addition, comparative studiss of the nommal expression
pattarn of MRNAS with that of mRNAS encoded by an aftemative form of
the same gene {for example, one having an alteration in polypeptide coding
patential or a regulatory mutation) can provide valuable insights into the role
af the polypeplides of the present invention, ar ihat of inappropriate
exprassion thereof in disease, Such inappropriate expressicn may be of a
temporal, spatia or simply quantifative nature.
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A further aspect of the present invention relates to antbodies. The
polypeptides of the invenfion or their fragments, or cells expressing them,
can be used as immunogens to produce antibodies that are immunospecific
for polypeplides of the present mvenfion. The term ‘“immunospecific”
means that the antibodies have substantially greater affinity for the
polypeptides of the invention than their affinity for other related polypeptides
in the pricT art.

Antibodies ganerated against polypeptides of the present invantion may he
obtained by administering the polypeptides or epitope-beanng fragments, or
cells to an animal, preferably a nen-human animal, using routine protocols.
Faor preparation of moneclonal antibodies, any technique which provides
antbodies produced by continuous cell fine cultures can be used.
Examples include the hybridoma technigue (Kohlsr, G. and Milstein, G.,
Nature (1975) 256:485-487), the tioma technique, the human B-cell
hybridoma technique (Kozbor ot al, Immunalagy Today (1983) 4.72) and
the EBV-hybridoma technigue (Cole ef af, Monoclonal Antibodies and
Cancer Therapy, 77-88, Alan R. Liss, Inc., 1983).

Techniques for the production of single chain antbodies, such as those
described in U.8. Palent No. 4,848,778, can also be adapted to produce
single chain antbodies to polypeptides of this imvention. Also, transgenic
mice, or other organisms, including other mammals, may be used to
express humanized antibodies.

The ahove-described antbodies may be employed ta isclate or to identify
clones exprassing the polypeptide or to purify the palypeptides by affinity
chramatography. Antibodies against polypeptides of the present invention
may also be employed {0 treat diseasas of the Invention, amangst others.

Folypeptides and polynucleotides of the present invention may also he
used as vacsines. Accordingly, in 2 further aspact, the present invention
relaies t & method for inducing an immunologicai respanse in a mammal
that comprises inoculating the mammal with a pelypapiide of the present
invention, adequate 1o produce antibody and/or T cell immune response,
including, for example, cytoking-producing T cells or cytotoxic T celfls, to
protect said animal from disease, whether that dissase is already
established within the individual or not. An immunelogical response in a
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mammal may also be induced by a method comprises delivering a
polypeptide of the present invention via 2 vector directing expression of
the polynucleofide and coding for the polypeptide in vive in order to
induce such an immunclogical response fo produce antibady to protect
said animal from diseases of the invention. One way of administering the
vector is by accelerating it into the desired cells as a coaling on particles
or otherwige. Such nucleic acid vector may comprise DNA, RNA, a
modified nucleic acid, or 3 DNA/RNA hybiid.  For use a vaccine, a
polypeplide or a nucleic acid vector will be normally provided as a
vaccine formulation (composition). The formulation may further comprise
a suitable carrier, Since a polypeptide may be broken down in the
stomach, it {s preferably administered parenterally {for instance,
subcutaneous, intramuscular, infravengus, or intradermal injection).
Farmulations suitable for parenteral administration include aquecus and
non-agueous sterile injection solutions thai may centain anfi-oxidants,
buffers, bacteriostats and salutes that render the formufation instonic with
the blood of the racipient; and aqueous and non-aqueous sterile
suspensions that may include suspending agents or thickening agents.
The formulations may be presented in unit-dose or multi-dose containers,
far example, sealed ampoules and vials and may be stored in 2 freeze-
dried condition requiring only the addition of the sterile liguid carrier
immedistely prior to use. The vacdne formulation may alse inclide
adjuvant systems for enhancing the immunogenicity of the formulation,
such as oil-in water systams and other systems known i the art. The
dosage will depend cn the specific activity of the vaccine and can be
readily determined by routine experimentation.

Polypaptides of the present inveniion have one or more biological functions
that are of relevance in one or mare disease states, in particular the
diseases of the invention hereinbefare mentioned, 1t is therefore useful to
to identify compounds that stimulate or inhibit the function or level of the
polypeptide.  Accordingly, in a further aspact the present invention
provides for 8 method of screening compounds to fdentify 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 hereinbefore
mentioned.  Compounds may be identified from a varfety of sources, for
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example, cells, celfree preparations, chemical libraries, collections of
chemical compounds, and natural product mixtures. Such agonists or
antagonists so-identified may be natural or modified substrates, ligands,
receptars, enzymes, etc., as the case may be, of the polypeptide; a
structural or functionai mimetic therecf (see Coligan ef al, Current
Protogols in immunalegy 1(2):Chapter 5 (1991)} or a sinait molecule.

The screening method may simply measure the binding of a candidate
compound to the polypeptide, or to cells or membranes bearing the
polypeptide, or a fusion protein thereof, by means of a label directly or
indirectly asscciated with the candidate compound. Alternatively, the
scresning methed may invoive measuring or detecting (qualitatively or
quantitatively)‘the competitive binding of a candidate compaund to the
polypeptide against a labeled compstitor (e.g. agonist or antagonist).
Further, these scresning methods may test whether the candidate
compound results it a signal generated by activation or inhibition of the
polypeptide, using detectian sysiems apprapriate to the cells bearing the
polypeptide.  Inhibitors of activation are generally assayed in the
presence of a known agonist and the effect on activation by the agonist
by the presence of the candidate compound is observad, Further, the
screening metheds may simply comprise the steps of mixing a candidate
compound with a solution containing a polypeptide of the present
nvention, to form a mixture, measuring a LTDrec activily in the mixture,
and comparing the LTDrec aclivity of the mixture to a control mixture
which contains no candidate compound.

Palypeptides aof the present invention may be employed in conventional
low capacity screening methods and alse in high-throughput screening
(HTS) formats. Such HTS formats include not only the well-astablished
use of 96- and, more racently, 384-well micotiter plates but also emerging
methods such as the nanowell method desaribed by Schullek et al, Anal
Bicchem,, 246, 20-29, (1997).

Fusion proteins, such as those made from Fc portion and LTDrec
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 Meoi
Recognition, 8.52-58 {1995);, and K. Johanson of at, J Biol Chem,
270(16):8458-6471 (1995)).
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One screening technigue includes the use of cells which express receptor
of this invention (for example, transfected CHQ cells) in a systam which
measures axtraceliular pH or infracellular calcium changes caused by
receptor activation. In this technigue, compounds may be contacted with
cells expressing the receptor polypeptide of the present invenfion. A
second messenger response, £.g., signal transduction, pH changes, or
changes n calcium level, is then measured fo detemmime whether the
patential compound activates or inhibits the receptor.

Another method involves screening for receptor inhibitors by determining
inhibition or stimyation of receptor-mediated cAMF and/or adenylate
cyslase accumulation. Such a methed involves transfecting a eukaryatic
ceil with the receptor of this invention ta express the receptor on the el
surface. The cell is then exposed to potential antagonists in the presence
of the receptor of this invention. The amount of cAMP accumulation is then
measured. If the potential antagonist binds the recaptor, and thus inhibits
receptor binding, the levels of receplormediated cAMP, or adenylate
cyclase, activity will be reduced or increased.

Ancther methods for defecting agonists or antagonists for the receptor of
the present invention is the yeast based technelogy as dascribed in U.S.
Patent 5,482,835,

Screening techniques

The polynucleotides, polypeptides and antibodies to the polypeptide of the
present invention may alsc be used to configure screening methods for
detecting the effect of added compeunds on the production of mRNA and
polypeptide in cells, For example, an ELISA assay may be constructed
for maasuring secrated or cell associated levels of polypaplide using
menoclonal and polyclonal antibodies by standard methods known In the
art. This can be used to discover agents that may fnhibit or enhance the
praduction of polypeptide (also called antagonist or agenist, respactively)
from suitably manipulated calis or tissues.
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A polypeptide of the present invention may be used to identify membrane
bound or soluble receptors, if any, through slandard receptor hinding
technigues krown in the art. These include, but are not Timited to, figand
binding and crosslinking assays in which the polypeptide is labaled with a
radioactive isotope (for iInstance, 1251), chemically modified (for instance,
biotinylated), or fused to a peptide sequence suitable for detection or
purification, and incubated with 4 source of the putative receptor (cells,
cell membranes, cell superatants, tissue extracts, bodily fluids). Other
methads include biophysical techniques such as surface plasmon
resonance ahd spectroscopy. These screening methods may also ba
used to identify agenists and antagonists of the polypeptide that compete
with the binding of the polypeptide to its receptors, if any. Standard
metheds for conducting such assays are well understood in the art.

Examples of antagenists of poiypeptides of the present invention include
antibodies or, In some cases, oligonuclectides or proteins that are closely
related to the ligands, substrates, receptors, enzymes, etc, as the case
may be of the polypeptide, ¢.g., a fragment of the ligands, subsirates,
raceptors, enzymes, etc.; or @ small maoleculs that bind {o the polypeptide of
the present invention but do not elicit & response, so that the activity of the
polypeptide is prevented.

Sereening methods may also invelve the use of fransgenic technology
and LTDrec gene. The art of construeting transgenic animals is well
establishad. For axampie, the LTDrec gane may be introduced thraugh
microinjection into the male prenucleus of fertilized cocytes, retroviral
transfer into pre- or post-implantation eambryos, or injection of genetically
modified, such as by electroporation, embryonic stem cells into host
blastocysts. Particularly useful transgenic animais are so-calied "knack-
in" anfmals in which an animal gene is replaced by the human equivalent
within the genome of that animai. Kpock-in transgenic animals are useful
in the drug discovery process, for target vaiidation, where the compound
i3 specific for the human farget. Other useful transgenic animals are so-
called "knoek-out” animals in which the expression of the animal ortholog
of & polypeptide of the present invention and encoded by an endogenous
DNA sequence in a cell is partially or completely annuled. The gene
knock-oLt may be targsted ta specific cells or tissues, may oeour only in
certain cells or tissues as a consequence of the [imitations of the
techticlogy, or may occur in ail, or substantially all, cefls in the animal.
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Transgenic animal technolegy alsa offers a whole animal expression-
cioning system in which infroduced genes are expressed to give farge
amounts of palypeptidas of the present invention

Screening kits for use in the abave described methads form a further
aspect of the pregent invention. Such screening kits comprise:

(a) a polypeptide of the present invention;

(b) arecombinant cell expressing a polypeptide of the present invention;
() acell membrane expressing a polypeptide of the present invention; or
{d) an antibody to a polypeptide of the present invention;

which polypeptide is preferably that of SEQ 12 NO:2.

It will be appreciated that in any such kit, {a), (1), (¢} or (d} may comprise
a substantial component.

Glossary

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

“Ardibodies” as used herein includes polyclonal and monoclonal
antibodies, chimeric, singte chain, and humanized antibodies, as well as
Fab fragments, including the products of an

Fab or other immunaglobulin expression library.

"lsolated" means altered “by the hand of man" from its natural state, fe.,
if it occurs in nature, it has been changed or removed from s original
environment, or both. Far example, a palynuclectide or a polypeptide
naturally present in 2 lving orgarism & not ‘isolated,” but the same
palynucieatide or polypeptide separated from the coexisting materiaie of
its natural state is "izclated", as the term (s employad herein. Moreover,
a polynuciectide or polypsptide that is introduced into an organism by
transformation, genetic manipulation or by any other recombinant method

JP 2004-500864 A 2004.1.15
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is “isalated” even if it is still present in said organism, which arganism
may be living or non-living.

"Polynuclectide” generally refers to any polyrbonuciectide [RNA) or
polydeoxrivonucleotide (DNA), which may be unmodified or modified
RMA ar DNA. "Polynucleotides” include, without fimitation, single- and
double-stranded ONA, DNA that is a mixture of single- and doubla-
stranded regions, single- and double-stranded RMA, and RNA that is
mixture of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, mare typically,
double-stranded or a mixture of single- and double-stranded regions. In
addition, “polynuclegtida” refers to triple-siranded regions comprising
RMA or DNA or both RNA and DNA. The term "polynucleotide” also
includes DNAs or RMAs cantaining one or more medified bases and
DNAs or RNAs with backbones madified for stability or for other reasons.
"Maodified” bases include, for example, tritylated bases and unusual bases
such as inosine. A variely of modifications may be made to DNA and
RNA; thus, “polynucleciide” embraces chemically, enzymatically or
matahalically modified forms of polynuclectides as typically found in
nature, as well as the chemical forms of INA and RNA characteristic of
virusas and eells,  “Polynucleotide” also embraces relatively shart
polynucleatides, often referred to as oliganucleotides.

“Polypeplide” refers to any polypeptide comprising two or more amino
acids joinad to each other hy peptide bonds or modified peptide honds,
im., peplide isosteres.  ‘Polypoplide” refers to both short chains,
commanly rafarred to as peplides, oligopeptides or ofigomears, and to
longer chains, generally referred to as proteins.  Palypeptides may
contain amino acids other than the 20 gens-encoded amino acids.
“Polypeplides” include amino acid sequences modified sither by natural
processes, such as postranstational processing, or by chemical
madification  techniques that are well known in the art Such
modifications are well described in basic texts and in more detalled
monagraphs, as weli as in a voluminous research literature.
Modifications may occur anywhere in a polypeptide. including the peptide
backbene, the amino acid side-chains and the amine or carboxyt termini.
It will be appreciated that the same type of modification may be present
1o the same or varying degrees at several sites in & given polypeptide.
Also, a given polypeptide may contain many types of modifications.
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Palypeptides may be hranched as a result of ubiquitination, and they may
be cyclic, with or without branching. Cyelic, branched and branched
cyclic polypeptides may result from post-transtation natural processes or
may be made by synthetic methods. Medifications include acetylation,
acylation, ADP-rihosylation, amidation, biotinylation, covalent attachment
of flavin, covalent attzehimant of a herne moisty, covalent attachrment of a
nuclectide or nuclectide derivative, covaient attachment of a lipid or lipid
darivative, covalent altachment of phosphotidylincsitol, crass-linking,
cyslization, disuffide bond formation, demethylation, formation of cavalent
cross-links, formation of cystine, formation of pyroglutamate, formylation,
garma-carbexylation,  glycosylation,  GPI anchor  formation,
hydroxylation, | fedination, methylation, myristoylation,  oxidation,
pratesiytic  processing, phosphorylation, prenylation, racemization,
selenoyiation, sulfation, fransfer-RNA mediated addition of amino acids to
proteing such as arginylation, and ubiquitination {see, for instance,
Proteins - Structure and Malecular Properties, 2nd Ed., T. E. Creightan,
W. H. Freeman and Company, New York, 1993; Wold, F., Post-
translaticnal Protein Modifications: Perspectives and Prospects, 1-12, in
Posttranslational Covalent Madification of Proteins, B. C. Johnson, Ed.,
Academic Press, New York, 1983; Seifler of af, “Analysis for protein
madifications and nonprotein cofactors”, Meth Enzymol, 182, 626-646,
1990, and Ratian ef a., “Protein  Synthesis. Post-translational
Muodifications and Aging”, Ann NY Acad Scl, 663, 48-62, 1982).

"Fragment” of a polypeptide sequence refers to a polypeptide sequence
that iz shorter than the reference sequence but that retains essentially the
same binlogical function or activily as the reference poiypeptids.
"Fragment' of a polynuclectide sequence refers to a polynucloetide
sequence that is shorter than the reference sequence of S8EQ ID NO:1..

“Variant" refers to a polynucleatide or polypeptide that differs from a
reference  polynucleotide or palypeptide, but retains the essential
propetties thereof. A typical variant of a polynuclectide differs in
nuclectide sequence from the reference polynuctectide. Changes in the
nuclectide sequence of the variant may or may not alter the amine acid
sequence of a polypeptide encaded by the reference poiynucleotide.
Nucleotide changes may result in amino acid substiutions, additions,
delations, fusions and truncatiens in the polypeptide enceded by the
refarence Bequence, as discussed below. A typical variant of a
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polypeptide differs in aming acid =equence from the reference
polypepiide. Generally, alterations are limited so that the sequences of
the reference polypeptide and the variant are closely similar overall and,
in many regiens, identical. A variant and reference polypeptide may differ
in amino acid sequence by one or more substitutions, insertions,
delstions in any combination. A substituted or inserted amine acid
residue may ar may not be one encoded by the genetic code.  Typical
consarvative substitutions include Gly, Ala; Val, lle, Leu, Asp, Glu; Asn, Gin;
Ser, Thr; Lys, Arg; and Phe and Tyr. A variant of a pelynuckotide ar
polypeptide may be naturally occurring such as an allele, or it may be a
vatiant that is not known to occur naturally,  Non-naturally occueting
variants of polynuclectides and  polypeptides may bs made by
mytagenesis techniques or by direct synthesis. Also included as varfants
are polypeptides having one or more post-translational medifications, for
instance glycosylation, phosphorylation, methylatian, ADP ribosylation
and the like. Embodiments include mathylation of the N-+terminal amino
acid, phosphoryiations of serines and threonines and modification of C-
terminal glycines

"Allele” refers to one of two or more allernative forms of a gene occuring
at a given locus in the genome.

"Polymorphism™® refers to a varialion in nucleotide sequence (and
encoded polypeptide sequence, if relevant) at a given position in the
genome within a pogulation,

"Single Nucleotide Polymorphism" (SNF} refers to the occurence of
nuctectide variability at a single nucieotide position in the genoma, within
5 papulation. An SNP may occur within a gane ar within intergenic
regicns of the genome. SNPs can be assayed usin;g Allele Specific
Amplification {ASA). Far the process at least 2 primers are required. A
common primer is ysed in reverse complement to the polymarphism
being assayed. This common primer can be hetween 50 and 1600 bps
from the pelymorphic base. The other twe (or moare) primers are identical
to each other except that the final 3' base wobbles to rnatch one of the
twa {or more) alleles that make up the polymorphism. Two {or mare)
PCR reacltions are then conducted on sample DNA, each using the
commen pritner and one of the Allele Specific Primers.

JP 2004-500864 A 2004.1.15
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“Splice Variant' as used herein refers ta cDNA malecules produced from
RNA molecules itially transcribed from the same genomic DNA
seqguence but which have undergone alernative RNA  splicing.
Alisrnative  BNA  splicing occurs when a primary  RNA  transcript
undergoes splicing, generally for the removai of introns, which resuits in
the production of mere than che mRNA molscule esach of that may
gngode different amino acid sequences. The term splice variant also
refers to the proteins encoded by tha above ¢DNA molscules.

"Identity” reflects a refationship befween two or mare polypeptide
seguances or two or mere polynucleotide sequences, determined by
comparing the sequences. In general, identity refers to an exact
nucleotide to nuclectide or amino acid to amino acid corespondence of
the two polynuslestide or two polypeplide seguences, respectively, over
the fength of the sequences being compared.

"% Identity” - For seguences whers there s not an  exact
cortespondence, & "% identity" may be determined. In general, the twe
sequences to be comparsd are aligned to give @ maximum correfation
betwaen the sequences. This may include insarting “gaps” in either one
or both sequences, te enhance the degree of alignmeni. A % identity
may be determined over the whole length of sach of the sequences being
compared (so-called global alignmeant), that is particularly suftable for
sequences of the same ar very similar length, or over shorter, defined
lengths (so-called focal alignment), that is more suitable for sequences of
unegual length.

"Simitarity” is a further, more sophisticated measure of the relationship
between two polypeptide sequences. In general, "similarity” means a
comparison befween the amine acids of two polypeptide chains, on a
residue by residue basis, taking into account nat only exact
carmespondences hetween a between gairs of residues, one from esach of
the sequences being compared (as for identity) but also, where there is
nol an exact correspondence, whether, on an evolutionary basis, one
residue is a likely substitute for the other. This likefhood has an
associated "score” from which the "% similarity” of the iwo sequences
can then be determined.

JP 2004-500864 A 2004.1.15



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

P
frs

(50)

WO 01794580 PCT/EPOLNG313

Methods for comparing the identity and similarity of two or more
sequances are well known in the ar. Thus for instance, programs
available in the Wisconsin Sequence Analysis Package, version 9.1
(Devereux J et al, Nucleic Acids Res, 12, 387-395, 1984, available from
Genetics Computer Group, Madisan, Wiscansin, USA), for example the
programs BESTFIT and GAP, may be used fo determine the % identity
between two polynuclectides and the % identity and the % similarity
between two polypeplide sequences. BESTFIT uses the "ocal
homelogy” algorithm of Smith and Waterman (J Mol Biol, 147,185-197,
1681, Advances in Applied Mathemafics, 2, 482-489, 1481} and finds the
best single region of similarity between two sequences. BESTFIT is
more suited fo comparing two polynucieotide or two polypepfide
sequences that are dissimilar in [ength, the program assuming that the
shoarter sequence represents a portion of the lorger. [n comparison, GAP
aligns two sequences, finding a "maximum similarity, according to the
algorithrn of Meddieman and Wunsch (I Mol Biol, 48, 443-453, 1970},
GAP is more suited to comparing sequences that are approximately the
same length and an alignment is expecied over the entire length,
Prefarably, the parameters "Gap Weight" and "Length Weight" used in
aeach program are 50 and 3, for palynuclesiide sequences and 12 and 4
for polypeptide sequences, respectively. Preferably, % identities and
similarities are determined when the two sequences being compared are
optimally aligned.

Other programs for detemmining identity andf/or similarity betwesn
sequences are also known in the art, for instarice the BLAST family of
programs (Altschut 5 F et al, J Mo! Bial, 215, 403-410, 1990, Altschul S F
et al, Mucleic Acids Res., 25:389-34G2, 1997, available fram the Nafionsl
Center for Biotechnology Information {(NCBI), Bathasda, Marylznd, USA
and accessible through the home page of the NCBl at
www. nebinlmoanihgow) and FASTA (Pearson W R, Msthods  in
Enzymology, 183, 63-99, 1990; Pearson W R and Lipman D J, Proc Nat
Acad Sci USA, B85, 2444-2443,1988, available as part of the Wisconsin
Sequence Analysis Package).

Preferably, the BLOSUMS2 amino acid substifution ratrix (Henikoff 5
and Henikoff J G, Proc. Nal. Acad Sci. USA, 89, 10815-10918, 1982} is
used in polypeplide sequence gomparisons including where nucleotide
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sequences are first translated intc amina acid sequences befare
comparison.

Preferabiy, the program BESTFIT is used to determine the % identity of &
query polynucleotide or a polypeplide ssquence with respect 0 a
referance polynucleotide or a polypeptide seguence, the guery and the
reference sequence being optimally aligned and the paramsiars of the
program set at ths default value, as hereinbefere described.

"identity Index" is a measure of seguence relatedness which may be
used to compare a candidaie sequence {polynucleotide or polypeptide)
and a reference seguence. Thus, for instance, & candidate
polynuclectide sequence having, for example, an identity index of 0.95
compared to & refarence polynucleotide sequence is identical o the
reference sequence except that the candidats polynuciestide sequence
may include on average up to five differences per sach 100 nucieotides
of the refarence ssquence. Such differences are selected from the group
consisting of at least one pucleotide deletion, substitution, including
transition and transversion, or ingertion. These differences may cccur at
the 5" or 3" terminal positions of the refstance polynucleotide sequence or
anywhere betwsen these terminal positions, interspersed  either
individually among the nucleotides in the reference segquence or in ona or
more contiguous groups within the reference sequence. In other wards,
to obtain a polynucleotide sequence having an ldentily Index of 0.85
campared to a reference polynucleotide sequence, an average of up te 5
in every 100 of the nucleotides of the in the reference sequence may be
deleted, substituted ar insertad, or any combination thereof, as
hereinhefare descrived. The same applies mutalis mutandis for other
values of the ldentity Index, for instance 0.86, 0.97, 0.98 and 0.99.

Simnilarly, for a polypeptide, a candidate polypeptide sequence having, for
example, an identity index of 0.95 compared to a reference polypeptide
sequence is identical to the reference seguence except that the
polypartide segllence may include an average of up o five differsnces
per sach 100 amino acids of the reference saquence. Such differences
are selected from the group consisting of at least one amino acid
delation, substitution, including conservative and  non-penservative
substitution, er ingertion. These differences may coeur af the amino- of
carboxy-tarminal positions of the reference polypeplide sequence ar
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anywhere  between thess terminal positions, interspersed  either
individually amaong the amino acids in the reference sequence ar in one
or mare configuous groups within the reference sequence.  In other
words, to obtain a polypeptide sequence having an Identity index of 0.95
comparad to a reference polypeptide sequence, an average of up to 5 in
svery 100 of the amine acids in the reference sequence may be deleted,
substituted or inserted, or any combination thereof as harsinbefore
described. The same agplies mutatis mufandis for other vaiues of the
{dentity Incex, for instance 0.98, 0.97, 0.98 and 0.99.

The relationship between the number of nucleotide or amine acid
differences and the identity Index may be sxpressed in the following
aquation:

Ny Zxg~{%a =)
in which:
1, is the number of nucleatide ar amino acid differences,

%g is the tofal number of nuclectides or aming acids in SEQ 1D NOw or
SEQ 1D NO:2, respectively,

lis the Identity Index ,

» is the symbol for the multiplication operator, and

in which any nen-integer product of x; and | is rounded down to the
nearsst integer prior to subtracting 1t from xg.

"Homalog" is a generic term used in the art fo indicate a polynuclectide ar
polypeptide sequence possessing a high degree of sequence refatedness
to a reference sequence. Such relatedness may be guantified by
determining the degree of identity andfar similarity betwsen the two
seqquences as hereinbefore defined. Falling within this generic term are
the terms "orthelog”, and “paralog”. “Ortholog” refers 1o a pelynucleotide
or palypeplide that i the functional aquivalsnt of the polynuciestide or
polypeplide In anather species. "Paralog” refers to a polynucleotidear
polypeptide that within the same species which is functionally similar.
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"Fusian protein” refers to a protein encoded by two, unrelated, fused
genes or fragments thereof. Examples have been disclosed in US
5541087, 5728044, In the case of Fo-LTDrec, empioying an
immuneglobulin Fo region as a part of a fusion protein is advantageous
far periorming the functional expression of Fe-LTDrec or fragments of -
LTOrec, to improve pharmacokinetic properties of sush a fusion protein
when used for therapy and to generate a dimeric LTDrec. The Fe-LTDrec
DNA canstruct comprises in 5' fo 3' direction, a secretion cassette, ie. a
signal sequence that triggers export from a mammalian cefl, DNA
ancoding an immunoglabulin Fe region fragment, as a fusion partner, and
a DNA encoding LTCrec or fragmsnts thersof. In some uses i would be
desirable to _be able to alter the infrinsic functional properties
{complement binding, Fe-Receptor binding) by mutating the functional Fo
sides while leaving the rest of the fusion protein untouched or delete the
Fe part completely after exprassion.

Al publicatiuns and references, including but not lirnited to patents and
patent applications, cited in this specification are herein incorporated by
reference in their entirety as if sach individual publication ar reference
were specifically and individually indicated to be incorporated by
reference herein as being fully set forth. Any patent application to which
this application claims priority fs also incorporated by reference hersin in
its entirety in the manner described ahove for publications and
referances.

Further Examples
Example 1: Mammalian Cell Expression

The receptors of the present twention are expressed in either human
embryonic kidney 293 (HEK293) calls or adherent dhfr CHO cells. To
maximize receptor exprassion, typically all 5° and 3' untranslated regions
{UTRs) are removed fram the receptor cDNA priof to insertion into & pCDN
ar pCONAS vector. The cells are transfected with individual receptor
¢cONAs by lipofectin and zelected in the presence of 400 mg/m| G418. After
3 weeks of selection, individual clones are picked and expanded far further
analysis. HEK293 or CHO cells ransfected with the vector alone serve as
regative controls.  To isolate call lines stably expressing the individual
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receptors, about 24 clones are typically selected and analyzed by Notthern
biet analyafs. Receptor mRNAs are generally detactable in about 50% of
the GAT8-resistant clones analyzad.

Example 2 Ligand hank for binding and functional assaye.

A bank of aver 800 putative receptor ligands has been assembled for
screening. The bank comprises; transmitters, hormoras and chemokines
known to act via a human seven transmembrane (7TM) receptor; naturally
ocournng compounds which may be putafive agunists for a human 7T
receptor, ron-mammalian, biologically active peptides for which a
mammalian counterpart has not yet been identified; and compounds not
found in nature, but which activate 7TM receplors with unknown natural
ligands. This bank is used to initially screen the receptor for known Kgands,
using both functional (le . calkcium, cAMP, microphysiomater, oncyte
electrophysiclogy, etc, see below) as well as binding assays.

Example 2: Ligand Binding Assays

Ligand binding aseays provide a direct method for ascertaining receptor
pharmacology and are adaptabie to a high throughput format. The purified
ligand for a receptor is radiolabeled to high specific activity (50-2000
Cilmmol) for binding studies. A determination is then made that the
process of radivlabeling does not diminish the activity of the ligand towards
its receplor. Assay conditions for buffers, ions, pH and ather modulators
such as nuciectides are optimized to establish a workable signal to noise
ratio for both membrane and whole celt receplar saurces.  For these
assays, specilic receptor binding s defined as total associated radioactivity
minus the radioaciivity measurad in the presence of an excess of unlabeled
competing ligand. Where possible, more than one compsting ligand is
used to define residual nonspecific binding.
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Example 4. Functional Assay in Xenopus Qocylas

Capped RNA transcripts from linearized plasmid templates encoding the
recepior ¢DNAs of the invention are synthesized in vitto with RNA
polymerases in accordance with siandard procedures. [n vitro transcripts
are suspended in water at a final concentration of 0.2 mgfml. Ovatian lobes
are removed from adull female toads, Stage V defolliculated ococytes are
obtained, and RNA transcripts {10 ng/oocyte) are jecied in a 50 ni balus
using & microinjection apparaius. Two electrode voltage clamps are used
to measure the cuments from individua! Xenopus cocytes in response fo
agonist exposure. Recardings are made in a2+ free Barth’s medium at
room termperature. The Xenopus system can be used to screen known
ligands and tissuelcell extracts for activating ligands.

Example 5: Microphysiometric Assays

Activation of a wide variety of secandary messenger systems resuits in
extrusion of small amounts of acid from & cell. The acid formed is largely
as a resuit of the increased metabolic activity required fo fuel the
intracellular signaling process. The pH changes in the media surrounding
the cell are very small but are detectabls by the CYTOSENSOR
microphysiometer (Molecular Devices Lid, Menlo Park, CA). The
CYTOSENSCR is thus capable of datecting the activation of a receptor
which is coupled to an anergy utilizing intracelluar signafing pathway such
as the G-protein coupled receptor of the present invention.

Example 6: Exiract/Cell Supernatant Screaning

A large number of mammalian receptors exist for which there remains, as
yet, no cognate activating ligand (agonist). Thus, active ligands for thesa
raceptors may not be included within the ligands banks as idsriified to date.
Accordingly, the TTM receptor of the invention is also functionally screened
{using calcium, cAMP, microphysiometer, ooryte electrophysiology, etc.,
functional screens) against fissue extracts to Identify natural ligands.
Extracts that produce positive functional respanses can be sequenciafly
subfractionated until an activating figand is isolated identified.
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Example 8: Calcium and ¢cAMP Functional Assays

7T receptors which are expressed in HEK 293 cells have teen shown to
be coupled functionaily to activation of PLC and calcium mobilization andfor
cAMP stimuation or inhibition. Bagal calcium levels in the HEK 293 ceils in
receptor-iransfected or vector control cells were abserved to be in the
narmal, 100 nM fo 200 nM, range. HEK 293 cells expressing recombinant
receptors are loaded with fura 2 and in a single day > 150 selected ligands
or tssuelcell exracts are evaluated for agonist induced calcium
mobilization.  Similarly, HEK 293 cells expressing recombinant receptors
are evaluated -for the sfimulation or inhitition of cAMP production using
standard cAMP guantifation assays.  Agonists presenting a catciurm
transient or cAMP flusuation are tested in vector control cefls 1o determins it
the response is unigus to the fransfectad colls expressing receptor.
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Claims
1. A polypeptide selected from the group consisting of:

(a) a polypepiide encoded by a polynuclectide comprising the sequence of SEQ
ID NO:t;

(b} a polypeptide comprising a polypeptide sequence having at least §5% identity
to the polypeptide segusnce of SEQ ID NO:2;

c) a polypeptide having at least 95% [dentity to the polypeptide sequence of
SEQ 10 NO:2;

d} the polypeptide sequence of SEQ 1D NC:2 and

(e) fragmenis and variants of such polypeptides in {a) o (d).

2. The polypeptide of claim 1 comprising ihe polypeptide sequence of SEQ 1D
NQ:2.

3. The polypeptide of claim 1 which is the polypeptids seguence of SEQ 1D
NG:2.

4. A polynucleotide selected from the group consisting of

[a) a polynuclectide comprising a pelynucleetide sequence having at least 95%
idendity ta the palynuclsotide sequence of SEQ IR NO:1;

(0) a polynuclectidge having at least 5% identily to the polynudlsetide of SEO 1D
NG,

(¢} a polynuclaotide comprising a polynucieotide sequence encoding a polypeptide
sequence having at least 35% identity to the polypepiide sequence of SEQ 1D
NO:2;

JP
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(d) & palynucleatide having a palynuclectide sequence encoding a polypeptide
sequence having at least 85% identity to the palypeptide sequence of SEQ D
NO:2;

(@) a polynucleotide with a nucieotide sequence of at feasi 100 nucleotides
obtained by screening a library under sfringent hybridization conditions with a
labeled probe having the sequence of SEQ 1D NO: 1 or a fragment thereof having
at feast 15 nuclectides;

{fy = palynuclectide which is the RNA equivalent of a polynucisotide of (a) to (&);

{9} a polynucleotide sequence complementary 1o said pelynuclectids of any one of
{a) to (f}, and

{h} polynucleotides that are variants or fragments of the polynuciectides of any
ane of (a} fa (g) or that are complementary to above mentioned polynuclectides,
over the antire length therect.

5. A polynuciesiide of claim 4 selected from the group consisting of:
{a} a polynucleotide comprising the polynucleotide of SEQ 1D NO:1;
k) the polynuctectide of SEQ 1B NC:1;

fcy = polynuclkeofide comprising a polynucleotide sequence encoding the
polypeptide of SEQ D NO:2; and

{d) a polynucleatide encoding the polypeptide of SEQ ID NC:2.

B. An expression system comprising a polynuclectida capable of praducing a
polypeptide of any one of claim 1-3 when said expression vector is present in a
compatible hest cell.

7. A racombinant hest celi comprising the exprassion vector of claim 6 ar a
membrane therecf expressing the polypeptide of any one of claim 1-3,
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8. A process for producing a polypeptide of any one of claim 1-3 camprising the
siep of culturing a host cell as defined in claim 7 under conditions sufficient for
the: production of said polypeptide and recovering the polypeptide from the cutture
medium.

% Afusion protein consisting of the Immunoglobulin Fo-region and a polypeptide
any one one of claims 1-3.

10. An antibody immunespecific for the polypeptide of any ane af claims 1 to 3.

11. A method for screening to dentify compeounds that shmulate or inhibit the
function or level of the polypeptide of any cne of claim 1-3 comprising a method
selecied from the group consisting of:

{a) measuring or, delecting, quantitatively or qualitatively, the binding of a
candfdate 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 competition of binding of a candidate compound fo the
polypeptide (or to the cells or membranes expressing the polypaptide) or a fusion
protein therecf in the presence of a labeled competitiar,

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

{d) mixing a candidate compound with a sclution conlaining a polypeptide of any
ane of claims 1-3, to form a mixture, measuring activity of the polypeptide in the
mixture, and comparing the activity of the mixture 1o & control mixture which
centaing no candidate campaound; or

{e) detecting the effect of a candidate compound on the production of mMRNA
encogding said polypeptide ar said polypeptide in celis, using for instance, an
EiIBA assay, and

JP 2004-500864 A 2004.1.15



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

(60)

WO 01794580 PCT/EPOLNG313

- 35 -

{f) producing said compound accerding to biotechnologicai or chemical standard
technigues.
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