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NUCLEAR HORMONE RECEPTOR LIGAND BINDING DOMAINS

This invention relates to the novel proteins, termed 075385 and BAA31598.1 herein
identified as Nuclear Hormone Receptor Ligand Binding Domains and to the use of these
proteins and nucleic acid sequences from the encoding genes in the diagnosis, prevention

and treatment of disease.

All publications, patents and patent applications cited herein are incorporated in full by

reference.
BACKGROUND

The process of drug discovery is presently undergoing a fundamental revolution as the
era of functional genomics comes of age. The term "functional genomics” applies to an
approach utilising bioinformatics tools to ascribe function to protein sequences of
interest. Such tools are becoming increasingly necessary as the speed of generation of
sequence data is rapidly outpacing the ability of research laboratories to assign functions

to these protein sequences.

As bioinformatics tools increase in potency and in accuracy, these tools are rapidly
replacing the conventional techniques of biochemical characterisation. Indeed, the
advanced bioinformatics tools used in identifying the present invention are now capable

of outputting results in which a high degree of confidence can be placed.

Various institutions and commercial organisations are examining sequence data as they
become available and significant discoveries are being made on an on-going basis.
However, there remains a continuing need to identify and characterise further genes and

the polypeptides that they encode, as targets for research and for drug discovery.

Recently, a remarkable tool for the evaluation of sequences of unknown function has
been developed by the Applicant for the present invention. This tool is a database system,
termed the Biopendium search database, that is the subject of co-pending International
Patent Application No. PCT/GB01/01105. This database system consists of an integrated
data resource created using proprietary technology and containing information generated

from an all-by-all comparison of all available protein or nucleic acid sequences.

The aim behind the integration of these sequence data from separate data resources is to

JP 2005-500012 A 2005.1.6
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combine as much data as possible, relating both to the sequences themselves and to
information relevant to each sequence, into one integrated resource. All the available data
relating to each sequence, including data on the three-dimensional structure of the
encoded protein, if this is available, are integrated together to make best use of the
information that is known about each sequence and thus to allow the most educated
predictions to be made from comparisons of these sequences. The annotation that is
generated in the database and which accompanies each sequence entry imparts a

biologically relevant context to the sequence information.

This data resource has made possible the accurate prediction of protein function from
sequence alone. Using conventional technology, this is only possible for proteins that
exhibit a high degree of sequence identity (above about 20%-30% identity) to other
proteins in the same functional family. Accurate predictions are not possible for proteins
that exhibit a very low degree of sequence homology to other related proteins of known

function.

In the present case, a protein whose sequence is recorded in a publicly available database as
075385 (NCBI Genebank nucleotide accession number AF045458 and a Genebank protein
accession number O75385), is implicated as a novel member of the Nuclear Hormone

Receptor Ligand Binding Domain family.
Introduction to Nuclear Hormone Receptor Ligand Binding Domains

The Nuclear Hormone Receptor gene superfamily (see Table 1) encodes structurally
related proteins that regulate the transcription of target genes. These proteins include
receptors for steroid and thyroid hormones, vitamins, and other proteins for which no
ligands have been found. Nuclear Receptors are composed of two key domains, a DNA-
Binding Domain (DBD) and a Ligand Binding Domain (LBD). The DBD directs the
receptors to bind specific DNA sequences as monoiners, homodimers, or heterodimers.
The DBD is a particular type of zinc-finger, found only in Nuclear Receptors. Nuclear
Receptors with DBDs can be readily identified at the sequence level by searching for
matches to the PROSITE consensus sequence (PS00031).

JP 2005-500012 A 2005.1.6
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The Ligand Binding Domain (LBD) binds and responds to the cognate hormone. Ligand
binding to the LBD triggers a conformational change which expels a bound “Nuclear
Receptor Co-Repressor”. The site previously occupied by the Co-Repressor is then free
to recruit a “Nuclear Receptor Co-Activator”. This Ligand-triggered swap of a Co-
Repressor for a Co-Activator is the mechanism by which Ligand binding leads to the
transcriptional activation of target genes. All ligand binding domains contain a consensus
sequence, the “LBD motif” (see Table 2) which mediates Co-Repressor and Co-Activator
binding. The LBD is the binding site for all Nuclear Hormone Receptor targeted drugs to
date and it is thus desirable to identify novel Ligand Binding Domains since these will be
attractive drug targets. Ligand Binding Domains share low sequence identity (~15%) but
have very similar structures and so present ideal targets for a structure-based relationship

tool such as Genome Threader.

Many protein sequences have already been annotated in the public domain as Nuclear
Hormone Receptors by their possession of DBDs using basic search tools like PROSITE,
and their LBDs inferred on the basis of this. Because of this it is anticipated that any
novel LBDs identified by Genome Threader which are not annotated as nuclear
receptors will lack the DBD entirely. A precedent for a protein which has an LBD but
lacks a DBD is provided by DAX1. Thus we annotate these DBD-less hits not as
“Nuclear Hormone Receptors” but rather as containing a “Nuclear Hormone Receptor

Ligand Binding Domain”.

JP 2005-500012 A 2005.1.6
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Family: Steroid Hormone Receptors

Subfamilies Glucocorticoid Receptors

Progesterone Receptors

Androgen Receptors

Estrogen Receptors

Family: Thyroid Hormone Receptor-like Factors

Subfamilies Retinoic Acid Receptors (RARs)

Retinoid X Receptors (RXRs)

Thyroid Hormone Receptors

Vitamin D Receptor

NGFI-B

FTZ-F1

Peroxisome Proliferator Activated Receptors (PPARs)

Ecdysone Receptors

Retinoid Orphan Receptors (RORs)

Tailess/COUP

HNF-4

CF1

Knirps

Family: DAX1

Subfamilies DAX1

JP 2005-500012 A 2005.1.6
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Table 2: The “LBD motif’. Numbers along the top row refer to residue position within
the motif. Letters refer to amino acids by the I-letter code. Letters within one column are
all acceptable for that position within the motif. For example L, , A, V, M,F, Y or W
can occupy the first position of the “LBD motif”. Note that there is observed variation in
the number of residues found between position 4 and 8, and position 9 and 12. The “LBD
motif” was constructed by aligning 681 sequences of Nuclear Hormone Receptor Ligand

Binding Domains, and identifying conserved patterns of residues.

112]3]a]s ‘ 6“ 718 ]9 10| |l
L L p|Q L L
1 i E | N 'BE
A A R A A
F— Any 3 resid Any2
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1. Nuclear Hormone Receptors and Disease

Nuclear Hormone Receptors have been shown to play a role in diverse physiological

functions, many of which can play a role in disease processes (see Table 3).

Table 3. Nuclear Hormone Receptors and disease.

Nuclear Hormone Disease

Receptor
Androgen Insensitivity Syndrome (Lubahn et al. 1989
Proc. Natl. Acad. Sci. USA 86, 9534-9538).
Reifenstein syndrome (Wooster et al. 1992 Nat. Genet. 2,
132-134).

Androgen Receptor X-linked recessive spinal and bulbar muscular atrophy
(MacLean et al. 1995 Mol. Cell. Endocrinol. 112,133-
141).
Male breast cancer ((Wooster et al. 1992 Nat. Genet. 2,
132-134).

Glucocorticoid Receptor

Nelson’s syndrome (Karl e al. 1996 J. Clin. Endocrinol.
Metab. 81, 124-129).

Glucocorticoid resistant acute T-cell leukemia (Hala et al.
1996 Int. J. Cancer 68, 663-668).

Mineralocorticoid Pseudohypoaldosteronism (Chung et al. 1995 J. Clin.
Receptor Endocrinol. Metab. 80, 3341-3345).
ER alpha expression is elevated in a subset of human
breast cancers. The application of Tamoxifen is the major
Estrogen Receptor alpha therapy to prevent breast tumour progression.

Unfortunately 35% of ER alpha positive breast cancers are
Tamoxifen resistant (Petrangeli ef al. 1994 J. Steroid
Biochem. Mol. Biol. 49, 327-331).

Vitamin D3 Receptor

Mutations in the Vitamin D3 receptor produce a
hereditary disorder similar in phenotype to Vitamin D3
deficiency (Rickets) (Hughes ef al. 1988 Science 242,
1702-1725).

Retinoic Acid Receptor
alpha

Acute Myeloid Leukemia (Lavau and Dejean 1994
Leukemia 8, 9-15).

Thyroid Hormone

“Generalised Resistance to Thyroid Hormones” (GRTH)

Receptor beta (Refetoff 1994 Thyroid 4, 345-349).
X-linked Adrenal Hypoplasia Congenita (AHC) and
DAX1 Hypogonadism (Ito et al. 1997 Mol. Cell. Biol. 17, 1476~

1483).

JP
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Alteration of Nuclear Hormone Receptors by ligands which bind to their LBD thus
provides a means to alter the disease phenotype. There is thus a great need for the
identification of novel Nuclear Hormone Receptor Ligand Binding Domains, as these
proteins may play a role in the diseases identified above, as well as in other disease states.
The identification of novel Nuclear Hormone Receptor Ligand Binding Domains is thus
highly relevant for the treatment and diagnosis of disease, particularly those identified in
Table 3.

THE INVENTION

The invention is based on the discovery that the 075385 and BAA31598.1 proteins

function as Nuclear Hormone Receptor Ligand Binding Domains.

For the Q75385 protein, it has been found that a region including residues 822-1020 of
this protein sequence adopts an equivalent fold to residues 1 (ALA307) to 201 (MET517)
of the Human Estrogen Receptor alpha (PDB code 1ERR:A). Human Estrogen Receptor
alpha is known to function as a Nuclear Hormone Receptor Ligand Binding Domain.
Furthermore, the “LBD motif”’ residues PHE367, ASP374, GLN375, LEU378 and
LEU379 of the Human Estrogen Receptor alpha are conserved as LEU878, ASP885,
GLN886, LEU889 and LEU890 in 075385, respectively. This relationship is not just to
Human Estrogen Receptor alpha, but rather to the Nuclear Hormone Receptor Ligand
Binding Domain family as a whole. Thus, by reference to the Genome Threader™
alignment of 075385 with the Human Estrogen Receptor alpha (1IERR:A) LEUS878,
ASP885, GLN886, LEU889 and LEU890 of 075385 are predicted to form the “LBD

motif” residues.

The combination of equivalent fold and conservation of “LBD motif” residues allows the
functional annotation of this region of 075385, and therefore proteins that include this

region, as possessing Nuclear Hormone Receptor Ligand Binding Domain activity.

In one embodiment of the first aspect of the invention, there is provided a polypeptide,

which polypeptide:

(i)  comprises the amino acid sequence as recited in SEQ ID NO:2;
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(ii)  is a fragment thereof having Nuclear Hormone Receptor Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(i); or
(i)  is a functional equivalent of (i) or (ii).
Preferably, the polypeptide:
(i) consists of the amino acid sequence as recited in SEQ ID NO:2;

(i) is a fragment thereof having Nuclear Hormone Recepior Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(i); or

(iii)  is a functional equivalent of (i) or (ii).

The polypeptide having the sequence recited in SEQ ID NO:2 is referred to hereafter as
“the LBDG1 polypeptide".

According to this aspect of the invention, a preferred polypeptide fragment according to
part ii) above includes the region of the LBDG1 polypeptide that is predicted as that
responsible for Nuclear Hormone Receptor Ligand Binding Domain activity (hereafter,
the “LBDG! Nuclear Hormone Receptor Ligand Binding Domain region™), or is a
variant thereof that possesses the “LBD motif” (LEU878, ASP885, GLN886, LEU889
and LEU890, or equivalent residues). As defined herein, the LBDG1 Nuclear Hormone
Receptor Ligand Binding Domain region is considered to extend between residue 822

and residue 1020 of the LBDG1 polypeptide sequence.

This aspect of the invention also includes fusion proteins that incorporate polypeptide
fragments and variants of these polypeptide fragments as defined above, provided that
said fusion proteins possess activity as a Nuclear Hormone Receptor Ligand Binding

Domain.

A Homo sapiens paralogue of 075385 (LBDG1), has also been identified, and will be
referred to herein as LBDG4. This polypeptide has the accession code BAA31598.1.
BAA31598.1 exhibits 51% sequence identity to 075385 (LBDGI), and furthermore,
residues predicted to play key roles in the Ligand Binding Domain fold of 075385
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(LBDG1) are conserved in BAA31598.1 (LBDG4, see Figure 22). On the basis of the
bhigh homology to 075385 (LBDG1), and the conservation of key predicted residues,
BAA31598.1 (LBDG4) is also annoted as containing a Nuclear Hormone Receptor
Ligand Binding Domain.
The combination of equivalent fold and conservation of “LBD motif” residues allows the
functional annotation of this region of BAA31598.1, and therefore proteins that include
this region, as possessing Nuclear Hormone Receptor Ligand Binding Domain activity.
In a second embodiment of the first aspect of the invention, there is thus provided a
polypeptide, which polypeptide:
(i) comprises the amino acid sequence as recited in SEQ ID NO:4;
(i) is a fragment thereof having Nuclear Hormone Receptor Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(i); or
(iii)  is a functional equivalent of (i) or (ii).
Preferably, the polypeptide:
(i) consists of the amino acid sequence as recited in SEQ ID NO:4;
(i) is a fragment thereof having Nuclear Hormone Receptor Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(i); or
(iii)  is a functional equivalent of (i) or (ii).
The polypeptide having the sequence recited in SEQ ID NO:4 is referred to hereafter as
"the LBDG4 polypeptide".
According to this aspect of the invention, a preferred polypeptide fragment according to
part ii) above includes the region of the LBDG4 polypeptide that is predicted as that
responsible for Nuclear Hormone Receptor Ligand Binding Domain activity (hereafter,
the “LLBDG4 Nuclear Hormone Receptor Ligand Binding Domain region”), or is a
variant thereof that possesses the “LBD motif” (ILE863, ASP870, GLN871 and LEU87S,

or equivalent residues). As defined herein, the LBDG4 Nuclear Hormone Receptor

JP 2005-500012 A 2005.1.6



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

20

25

(66)

WO 02/070559 PCT/GB02/00948

10

Ligand Binding Domain region is considered to extend between residue 805 and residue

1005 of the LBDG4 polypeptide sequence.

This aspect of the invention also includes fusion proteins that incorporate polypeptide
fragments and variants of these polypeptide fragments as defined above, provided that
said fusion proteins possess activity as a Nuclear Hormone Receptor Ligand Binding

Domain.

In a second aspect, the invention provides a purified nucleic acid molecule that encodes a
polypeptide according to the first aspect of the invention. Preferably, the purified nucleic
acid molecule has the nucleic acid sequence as recited in SEQ ID NO:1 (encoding the
LBDG! polypeptide) or SEQ ID NO:3 (encoding the LBDG4 polypeptide), or is a
redundant equivalent or fragment of these sequences. A preferred nucleic acid fragment
is one that encodes a polypeptide fragment according to part ii) above, preferably a
polypeptide fragment that includes the LBDG1 or LBDG4 Nuclear Hormone Receptor
Ligand Binding Domain regions, or that encodes a variant of these fragments as this term
is defined above.

In a third aspect, the invention provides a purified nucleic acid molecule which
hybridizes under high stringency conditions with a nucleic acid molecule of the second
aspect of the invention.

In a fourth aspect, the invention provides a vector, such as an expression vector, that

contains a nucleic acid molecule of the second or third aspect of the invention.

In a fifth aspect, the invention provides a host cell transformed with a vector of the fourth
aspect of the invention.

In a sixth aspect, the invention provides a ligand which binds specifically to, and which

preferably inhibits the Nuclear Hormone Receptor Ligand Binding Domain activity of, a

polypeptide of the first aspect of the invention.

In a seventh aspect, the invention provides a compound that is effective to alter the
expression of a natural gene which encodes a polypeptide of the first aspect of the

invention or to regulate the activity of a polypeptide of the first aspect of the invention.

A compound of the seventh aspect of the invention may either increase (agonise) or
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decrease (antagonise) the level of expression of the gene or the activity of the
polypeptide. Importantly, the identification of the function of the region defined herein as
the LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand Binding Domain region of the
LBDG1 or LBDG4 polypeptide, respectively, allows for the design of screening methods
capable of identifying compounds that are effective in the treatment and/or diagnosis of

diseases in which Nuclear Hormone Receptor Ligand Binding Domains are implicated.

In an eighth aspect, the invention provides a polypeptide of the first aspect of the
invention, or a nucleic acid molecule of the second or third aspect of the invention, or a
vector of the fourth aspect of the invention, or a ligand of the fifth aspect of the invention,
or a compound of the sixth aspect of the invention, for use in therapy or diagnosis. These
molecules may also be used in the manufacture of a medicament for the treatment of cell
proliferative disorders, including neoplasm, melanoma, lung, colorectal, breast, pancreas,
head and neck and other solid tumours, myeloproliferative disorders, such as leukemia,
non-Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis disorder, Kaposis'
sarcoma, autoimmune/inflammatory disorders, including allergy, inflammatory bowel
disease, arthritis, psoriasis and respiratory tract inflammation, asthma, and organ
transplant rejection, cardiovascular disorders, including hypertension, oedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, heart arthythmia, and
ischemia, neurological disorders including, central nervous system disease, Alzheimer's
disease, brain injury, stroke, amyotrophic lateral sclerosis, anxiety, depression, and pain,
developmental disorders, metabolic disorders including diabetes mellitus, osteoporosis,
lipid metabolism disorder, hyperthyroidism, hyperparathyroidism, hypercalcemia,
hypercholestrolemia, ~ hyperlipidemia, and obesity, renal disorders, including
glomerulonephritis, renovascular hypertension, dermatological disorders, including, acne,
eczema, and wound healing, negative effects of aging, AIDS, infections including viral
infection, bacterial infection, fungal infection and parasitic infection and other
pathological conditions, particularly those in which nuclear hormone receptors are
implicated.

In a ninth aspect, the invention provides a method of diagnosing a disease in a patient,

comprising assessing the level of expression of a natural gene encoding a polypeptide of

the first aspect of the invention or the activity of a polypeptide of the first aspect of the
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invention in tissue from said patient and comparing said level of expression or activity to
a control level, wherein a level that is different to said control level is indicative of
disease. Such a method will preferably be carried out in vitro. Similar methods may be
used for monitoring the therapeutic treatment of disease in a patient, wherein altering the
level of expression or activity of a polypeptide or nucleic acid molecule over the period

of time towards a control level is indicative of regression of disease.

A preferred method for detecting polypeptides of the first aspect of the invention
comprises the steps of: (a) contacting a ligand, such as an antibody, of the sixth aspect of
the invention with a biological sample under conditions suitable for the formation of a

ligand-polypeptide complex; and (b) detecting said complex.

A namber of different such methods according to the ninth aspect of the invention exist,
as the skilled reader will be aware, such as methods of nucleic acid hybridization with
short probes, point mutation analysis, polymerase chain reaction (PCR) amplification and
methods using antibodies to detect aberrant protein levels. Similar methods may be used
on a short or long term basis to allow therapeutic treatment of a disease to be monitored
in a patient. The invention also provides kits that are useful in these methods for

diagnosing disease.

In a tenth aspect, the invention provides for the use of a polypeptide of the first aspect of
the invention as a Nuclear Hormone Receptor Ligand Binding Domain. The invention
also provides for the use of a nucleic acid molecule according to the second or third
aspects of the invention to express a protein that possesses Nuclear Hormone Receptor
Ligand Binding Domain activity. The invention also provides a method for effecting
Nuclear Hormone Receptor Ligand Binding Domain activity, said method utilising a

polypeptide of the first aspect of the invention.

In an eleventh aspect, the invention provides a pharmaceutical composition comprising a
polypeptide of the first aspect of the invention, or a nucleic acid molecule of the second
or third aspect of the invention, or a vector of the fourth aspect of the invention, or a
ligand of the sixth aspect of the invention, or a compound of the seventh aspect of the

invention, in conjunction with a pharmaceutically-acceptable carrier.

In a twelfth aspect, the present invention provides a polypeptide of the first aspect of the
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invention, or a nucleic acid molecule of the second or third aspect of the invention, or a
vector of the fourth aspect of the invention, or a ligand of the sixth aspect of the
invention, or a compound of the seventh aspect of the invention, for use in the
manufacture of a medicament for the diagnosis or treatment of a disease, such as cell
proliferative disorders, including neoplasm, melanoma, lung, colorectal, breast, pancreas,
head and neck and other solid tumours, myeloproliferative disorders, such as leukemia,
non-Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis disorder, Kaposis'
sarcoma, autoimmune/inflammatory disorders, including allergy, inflammatory bowel
disease, arthritis, psoriasis and respiratory tract inflammation, asthma, and organ
transplant rejection, cardiovascular disorders, including hypertension, oedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, heart arthythmia, and
ischemia, neurological disorders including, central nervous system discase, Alzheimer's
disease, brain injury, stroke, amyotrophic lateral sclerosis, anxiety, depression, and pain,
developmental disorders, metabolic disorders including diabetes mellitus, osteoporosis,
lipid metabolism disorder, hyperthyroidism, hyperparathyroidism, hypercalcemia,
hypercholestrolemia, hyperlipidemia, ~and obesity, renal disorders, including
glomerulonephritis, renovascular hypertension, dermatological disorders, including, acne,
eczema, and wound healing, negative effects of aging, AIDS, infections including viral
infection, bacterial infection, fungal infection and parasitic infection and other
pathological conditions, particularly those in which nuclear hormone receptors are
implicated.

In a thirteenth aspect, the invention provides a method of treating a disease in a patient
comprising administering to the patient a polypeptide of the first aspect of the invention,
or a nucleic acid molecule of the second or third aspect of the invention, or a vector of the
fourth aspect of the invention, or a ligand of the sixth aspect of the invention, or a

compound of the seventh aspect of the invention.

For diseases in which the expression of a natural gene encoding a polypeptide of the first
aspect of the invention, or in which the activity of a polypeptide of the first aspect of the
invention, is lower in a diseased patient when compared to the level of expression or
activity in a healthy patient, the polypeptide, nucleic acid molecule, ligand or compound

administered to the patient should be an agonist. Conversely, for diseases in which the
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expression of the natural gene or activity of the polypeptide is higher in a diseased patient
when compared to the level of expression or activity in a healthy patient, the polypeptide,
nucleic acid molecule, ligand or compound administered to the patient should be an
antagonist. Examples of such antagonists include antisense nucleic acid molecules,

ribozymes and ligands, such as antibodies.

In a fourteenth aspect, the invention provides transgenic or knockout non-human animals
that have been transformed to express higher, lower or absent levels of a polypeptide of
the first aspect of the invention. Such transgenic animals are very useful models for the
study of disease and may also be using in screening regimes for the identification of

compounds that are effective in the treatment or diagnosis of such a disease.

A summary of standard techniques and procedures which may be employed in order to
utilise the invention is given below. It will be understood that this invention is not limited
to the particular methodology, protocols, cell lines, vectors and reagents described. It is
also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and it is not intended that this terminology should limit the
scope of the present invention. The extent of the invention is limited only by the terms of

the appended claims.
Standard abbreviations for nucleotides and amino acids are used in this specification.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, recombinant DNA

technology and immunology, which are within the skill of the those working in the art.

Such techniques are explained fully in the literature. Examples of particularly suitable
texts for consultation include the following: Sambrook Molecular Cloning; A Laboratory
Manual, Second Edition (1989); DNA Cloning, Volumes I and I (D.N. Glover ed. 1985);
Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization (B.D.
Hames & S.J. Higgins eds. 1984); Transcription and Translation (B.D. Hames & S.J.
Higgins eds. 1984); Animal Cell Culture (R.1. Freshney ed. 1986); Immobilized Cells and
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide to Molecular Cloning (1984);
the Methods in Enzymology series (Academic Press, Inc.), especially volumes 154 &
155; Gene Transfer Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987,
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Cold Spring Harbor Laboratory); Immunochemical Methods in Cell and Molecular
Biology (Mayer and Walker, eds. 1987, Academic Press, London); Scopes, (1987)
Protein Purification: Principles and Practice, Second Edition (Springer Verlag, N.Y.); and
Handbook of Experimental Immunology, Volumes I-IV (D.M. Weir and C. C. Blackwell
eds. 1986).

As used herein, the term "polypeptide” includes any peptide or protein comprising two or
more amino acids joined to each other by peptide bonds or modified peptide bonds, i.e.
peptide isosteres. This term refers both to short chains (peptides and oligopeptides) and to

longer chains (proteins).

The polypeptide of the present invention may be in the form of a mature protein or may
be a pre-, pro- or prepro- protein that can be activated by cleavage of the pre-, pro- or
prepro- portion to produce an active mature polypeptide. In such polypeptides, the pre-,
pro- or prepro- sequence may be a leader or secretory sequence or may be a sequence that

is employed for purification of the mature polypeptide sequence.

The polypeptide of the first aspect of the invention may form part of a fusion protein. For
example, it is often advantageous to include one or more additional amino acid sequences
which may contain secretory or leader sequences, pro-sequences, sequences which aid in
purification, or sequences that confer higher protein stability, for example during
recombinant production. Alternatively or additionally, the mature polypeptide may be
fused with another compound, such as a compound to increase the half-life of the

polypeptide (for example, polyethylene glycol).

Polypeptides may contain amino acids other than the 20 gene-encoded amino acids,
modified either by natural processes, such as by post-transiational processing or by
chemical modification techniques which are well known in the art. Among the known
modifications which may commonly be present in polypeptides of the present invention
are glycosylation, lipid attachment, sulphation, gamma-carboxylation, for instance of
glutamic acid residves, hydroxylation and ADP-ribosylation. Other potential
modifications include acetylation, acylation, amidation, covalent attachment of flavin,
covalent attachment of a haeme moiety, covalent attachment of a nucleotide or nucleotide

derivative, covalent attachment of a lipid derivative, covalent attachment of
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phosphatidylinositol, ~ cross-linking, ~ cyclization, ~ disulphide ~bond  formation,
demethylation, formation of covalent cross-links, formation of cysteine, formation of
pyroglutamate, formylation, GPI anchor formation, iodination, ~methylation,
myristoylation, ~oxidation, proteolytic ~processing, phosphorylation, prenylation,
racemization, selenoylation, transfer-RNA mediated addition of amino acids to proteins

such as arginylation, and ubiquitination.

Modifications can occur anywhere in a polypeptide, including the peptide backbone, the
amino acid side-chains and the amino or carboxyl termini. In fact, blockage of the amino
or carboxyl terminus in a polypeptide, or both, by a covalent modification is common in
naturally-occurring and synthetic polypeptides and such modifications may be present in

polypeptides of the present invention.

The modifications that occur in a polypeptide often will be a function of how the
polypeptide is made. For polypeptides that are made recombinantly, the nature and extent
of the modifications in large part will be determined by the post-translational
modification capacity of the particular host cell and the modification signals that are
present in the amino acid sequence of the polypeptide in question. For instance,

glycosylation patterns vary between different types of host cell.

The polypeptides of the present invention can be prepared in any suitable manner. Such
polypeptides include isolated naturally-occurring polypeptides (for example purified from
cell culture), recombinantly-produced polypeptides (including fusion proteins),
synthetically-produced polypeptides or polypeptides that are produced by a combination

of these methods.

The functionally-equivalent polypeptides of the first aspect of the invention may be
polypeptides that are. homologous to the LBDG1 or LBDG4 polypeptides. Two
polypeptides are said to be "homologous", as the term is used herein, if the sequence of
one of the polypeptides has a high enough degree of identity or similarity to the sequence
of the other polypeptide. "Identity" indicates that at any particular position in the aligned
sequences, the amino acid residue is identical between the sequences. "Similarity”
indicates that, at any particular position in the aligned sequences, the amino acid residue

is of a similar type between the sequences. Degrees of identity and similarity can be
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readily calculated (Computational Molecular Biology, Lesk, AM., ed., Oxford
University Press, New York, 1988; Biocomputing. Informatics and Genome Projects,
Smith, D.W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence
Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and
Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New

York, 1991).

Homologous polypeptides therefore include natural biological variants (for example,
allelic variants or geographical variations within the species from which the polypeptides
are derived) and mutants (such as mutants containing amino acid substitutions, insertions
or deletions) of the LBDG1 polypeptide or the LBDG4 polypeptide. Such mutants may
include polypeptides in which one or more of the amino acid residues are substituted with
a conserved or non-conserved amino acid residue (preferably a conserved amino acid
residue) and such substituted amino acid residue may or may not be one encoded by the
genetic code. Typical such substitutions are among Ala, Val, Leu and Ile; among Ser and
Thr; among the acidic residues Asp and Glu; among Asn and Gln; among the basic
residues Lys and Arg; or among the aromatic residues Phe and Tyr. Particularly preferred
are variants in which several, i.e. between 5 and 10, 1 and 5, 1 and 3, 1 and 2 or just 1
amino acids are substituted, deleted or added in any combination. Especially preferred are
silent substitutions, additions and deletions, which do not alter the properties and
activities of the protein. Also especially preferred in this regard are conservative

substitutions.

Such mutants also include polypeptides in which one or more of the amino acid residues

includes a substituent group.

Typically, greater than 80% identity between two polypeptides (preferably, over a
specified region) is considered to be an indication of functional equivalence. Preferably,
functionally equivalent polypeptides of the first aspect of the invention have a degree of
sequence identity with the LBDG1 polypeptide or the LBDG4 polypeptide, or with active
fragments thereof, of greater than 80%. More preferred polypeptides have degrees of
identity of greater than 85%, 90%, 95%, 98% or 99%, respectively with the LBDG1 or
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LBDG4 polypeptides, or with active fragments thereof.

Percentage identity, as referred to herein, is as determined using BLAST version 2.1.3
using the default parameters specified by the NCBI (the National Center for
Biotechnology Information; http://www.ncbi.nlm.nih.gov/) [Blosum 62 matrix; gap open

penalty=11 and gap extension penalty=1].

In the present case, preferred active fragments of the LBDG1 or LBDG4 polypeptides are )

those that include the LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand Binding
Domain region and which possess the “LBD motif” of residues LEU878, ASP885,
GLN886, LEU889 and LEU890, or equivalent residues. By “equivalent residues” is
meant residues that are equivalent to the “LBD motif” residues, provided that the Nuclear
Hormone Receptor Ligand Binding Domain region retains activity as a Nuclear Hormone
Receptor Ligand Binding Domain. For example LEU878 may be replaced by ILE, ALA,
VAL, MET, PHE, TYR or TRP. For example ASP885 may be replaced by GLU. For
example GLN886 may be replaced by ASN, LYS, HIS, ARG, SER or THR. For example
LEUS89 may be replaced by ILE, ALA, VAL, MET, PHE, TYR or TRP. For example
LEUS890 may be replaced by ILE, ALA, VAL, MET, PHE, TYR or TRP. Residues may
be replaced in a similar manner for LBDG4 (the active residues are ILE863, ASP870,
GLN871 and LEU875). Accordingly, this aspect of the invention includes polypeptides
that have degrees of identity of greater than 80%, preferably, greater than 85%, 90%,
95%, 98% or 99%, respectively, with the Nuclear Hormone Receptor Ligand Binding
Domain region of the LBDG1 or LBDG4 polypeptide and which possess the “LBD
motif’ of LEU878, ASP885, GLN886, LEU889 and LEU890, or equivalent residues
(ILE863, ASP870, GLN871 and LEU875 in the LBDG4 polypeptide). As discussed
above, the LBDG] Nuclear Hormone Receptor Ligand Binding Domain region is
considered to extend between residue 822 and residue 1020 of the LBDG1 polypeptide
sequence, while the LBDG4 Nuclear Hormone Receptor Ligand Binding Domain region
is considered to extend between residue 805 and residue 1005 of the LBDG4 polypeptide

sequence.

The functionally-equivalent polypeptides of the first aspect of the invention may also be

polypeptides which have been identified using one or more techniques of structural
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alignment. For example, the Inpharmatica Genome Threader™ technology that forms one
aspect of the search tools used to generate the Biopendium search database may be used
(see co-pending International patent application PCT/GB01/01105) to identify
polypeptides of presently-unknown function which, while having low sequence identity
as compared to the LBDG1 or LBDG4 polypeptide, are predicted to have Nuclear
Hormone Receptor Ligand Binding Domain activity, by virtue of sharing significant

structural homology with the LBDG1 or LBDG4 polypeptide sequence.

By "significant structural homology" is meant that the Inpharmatica Genome Threader™
predicts two proteins, or protein regions, to share structural homology with a certainty of
at least 10% more preferably, at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and
above. The certainty value of the Inpharmatica Genome Threader™ is calculated as
follows. A set of comparisons was initially performed using the Inpharmatica Genome
Threader™ exclusively using sequences of known structure. Some of the comparisons
were between proteins that were known to be related (on the basis of structure). A neural
network was then trained on the basis that it needed to best distinguish between the
known relationships and known not-relationships taken from the CATH structure
classification (www.biochem.ucl.ac.uk/bsm/cath). This resulted in a neural network score
between O and 1. However, again as the number of proteins that are related and the
number that are unrelated were known, it was possible to partition the neural network
results into packets and calculate empirically the percentage of the results that were
correct. In this manner, any genuine prediction in the Biopendium search database has an
attached neural network score and the percentage confidence is a reflection of how

successful the Inpharmatica Genome Threader™ was in the training/testing set.

Structural homologues of LBDG1 should share structural homology with the LBDG1
Nuclear Hormone Receptor Ligand Binding Domain region and possess the “LBD motif”
residues LEU878, ASP885, GLN886, LEU889 and LEU890, or equivalent residues. Such
structural homologues are predicted to have Nuclear Hormone Receptor Ligand Binding
Domain activity by virtue of sharing significant structural homology with this

polypeptide sequence and possessing the “LBD motif” residues.

Structural homologues of LBDG4 should share structural homology with the LBDG4
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Nuclear Hormone Receptor Ligand Binding Domain region and possess the “LBD motif”
residues ILE863, ASP870, GLN871 and LEU87S, or equivalent residues. Such structural
homologues are predicted to have Nuclear Hormone Receptor Ligand Binding Domain
activity by virtue of sharing significant structural homology with this polypeptide

sequence and possessing the “LBD motif” residues.

The polypeptides of the first aspect of the invention also include fragments of the LBDG1
or LBDG4 polypeptides, functional equivalents of the fragments of the LBDG! or
LBDG4 polypeptide, and fragments of the functional equivalents of the LBDGL or
LBDG4 polypeptides, provided that those functional equivalents and fragments retain
Nuclear Hormone Receptor Ligahd Binding Domain activity or have an antigenic

determinant in common with the LBDG1 or LBDG4 polypeptide.

As used herein, the term “fragment” refers to a polypeptide having an amino acid
sequence that is the same as part, but not all, of the amino acid sequence of the LBDG1
or LBDG4 polypeptides or one of its functional equivalents. The fragments should
comprise at least n consecutive amino acids from the sequence and, depending on the
particvlar sequence, n preferably is 7 or more (for example, 8, 10, 12, 14, 16, 18, 20 or

more). Small fragments may form an antigenic determinant.

Preferred polypeptide fragments according to this aspect of the invention are fragments
that include a region defined herein as the LBDG! or LBDG4 Nuclear Hormone
Receptor Ligand Binding Domain region of the LBDG1 or LBDG4 polypeptides,
respectively. These regions are the regions that have been annotated as Nuclear Hormone
Receptor Ligand Binding Domain.

For the LBDG1 polypeptide, this region is considered to extend between residue 822 and
residue 1020. For LBDG4 polypeptide, this region is considered to extand between
residue 805 and residue 1005.

Variants of this fragment are included as embodiments of this aspect of the invention,
provided that these variants possess activity as a Nuclear Hormone Receptor Ligand

Binding Domain.
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In one respect, the term “variant” is meant to include extended or truncated versions of
this polypeptide fragment.

For extended variants, it is considered highly likely that the Nuclear Hormone Receptor
Ligand Binding Domain region of the LBDG1 or LBDG4 polypeptide will fold correctly
and show Nuclear Hormone Receptor Ligand Binding Domain activity if additional
residues C terminal and/or N terminal of these boundaries in the LBDGI1 or LBDG4
polypeptide sequence are included in the polypeptide fragment. For example, an
additional 5, 10, 20, 30, 40 or even 50 or more amino acid residues from the LBDG1 or
LBDG4 polypeptide sequence, or from a homologous sequence, may be included at
either or both the C terminal and/or N terminal of the boundaries of the Nuclear Hormone
Receptor Ligand Binding Domain regions of the LBDG1 or LBDG4 polypeptide, without
prejudicing the ability of the polypeptide fragment to fold correctly and exhibit Nuclear

Hormone Receptor Ligand Binding Domain activity.

For truncated variants of the LBDG1 or LBDG4 polypeptide, one or more amino acid
residues may be deleted at either or both the C terminus or the N terminus of the Nuclear
Hormone Receptor Ligand Binding Domain region of the LBDG1 polypeptide, although
the “LBD motif” residues (LEU878, ASP885, GLN886, LEU889 and LEU890 for
LBDGI, these residues are ILE863, ASP870, GLN871 and LEU87S for LBDG4), or
equivalent residues should be maintained intact; deletions should not extend so far into

the polypeptide sequence that any of these residues are deleted.

In a second respect, the term “variant” includes homologues of the polypeptide fragments
described above, that possess significant sequence homology with the Nuclear Hormone
Receptor Ligand Binding Domain region of the LBDGI or LBDG4 polypeptide and
which possess the “LBD motif” residues (LEU878, ASP885, GLN886, LEU889 and
LEUS890; for the LBDG1 polypeptide, these residues are ILE863, ASP870, GLN871 and
LEUS875), or equivalent residues, provided that said variants retain activity as an Nuclear

Hormone Receptor Ligand Binding Domain.

Homologues include those polypeptide molecules that possess greater than 80% identity
with the LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand Binding Domain
regions, of the LBDG] or LBDG4 polypeptides, respectively. Percentage identity is as
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determined using BLAST version 2.1.3 using the default parameters specified by the
NCBI (the National Center for Biotechnology Information;
http://www.ncbi.nlm.nih.gov/) [Blosum 62 matrix; gap open penalty=11 and gap
extension penalty=1]. Preferably, variant homologues of polypeptide fragments of this
aspect of the invention have a degree of sequence identity with the LBDGI or LBDG4
Nuclear Hormone Receptor Ligand Binding Domain regions, of the LBDG1 or LBDG4
polypeptides, respectively, of greater than 80%. More preferred variant polypeptides have
degrees of identity of greater than 85%, 90%, 95%, 98% or 99%, respectively with the
LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand Binding Domain regions of the

LBDG1 or LBDG4 polypeptides, provided that said variants retain activity as a Nuclear

Hormone Receptor Ligand Binding Domain. Variant polypeptides also include
homologues of the truncated forms of the polypeptide fragmenis discussed above,
provided that said variants retain activity as a Nuclear Hormone Receptor Ligand Binding

Domain.

The polypeptide fragments of the first aspect of the invention may be polypeptide
fragments that exhibit significant structural homology with the structure of the
polypeptide fragment defined by the LBDG1 or LBDG4 Nuclear Hormone Receptor
Ligand Binding Domain regions, of the LBDG1 or LBDG4 polypeptide sequence, for
example, as identified by the Inpharmatica Genome Threader™. Accordingly,
polypeptide fragments that are structural homologues of the polypeptide fragments
defined by the LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand Binding Domain
regions of the LBDG1 or LBDG4 polypeptide sequence should adopt the same fold as
that adopted by this polypeptide fragment, as this fold is defined above.

Structural homologues of the polypeptide fragment defined by the LBDGI Nuclear
Hormone Receptor Ligand Binding Domain region should also retain the “LBD motif”
residues LEU878, ASP885, GLN886, LEU889 and LEU890, or equivalent residues.

Structural homologues of the polypeptide fragment defined by the LBDG4 Nuclear
Hormone Receptor Ligand Binding Domain region should also retain the “LBD motif”

residues ILE863, ASP870, GLN871 and LEU875, or equivalent residues.
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Such fragments may be "free-standing”, i.e. not part of or fused to other amino acids or

polypeptides, or they may be comprised within a larger polypeptide of which they form a -

part or region. When comprised within a larger polypeptide, the fragment of the invention
most preferably forms a single continuous region. For instance, certain preferred
embodiments relate to a fragment having a pre- and/or pro- polypeptide region fused to
the amino terminus of the fragment and/or an additional region fused to the carboxyl
terminus of the fragment. However, several fragments may be comprised within a single
larger polypeptide.

The polypeptides of the present invention or their immunogenic fragments (comprising at
least one antigenic determinant) can be used to generate ligands, such as polyclonal or
monoclonal antibodies, that are immunospecific for the polypeptides. Such antibodies
may be employed to isolate or to identify clones expressing the polypeptides of the
invention or to purify the polypeptides by affinity chromatography. The antibodies may
also be employed as diagnostic or therapeutic aids, amongst other applications, as will be

apparent to the skilled reader.

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 prior art. As used herein, the term "antibody" refers to intact molecules as well as to
fragments thereof, such as Fab, F(ab’)2 and Fv, which are capable of binding to the
antigenic determinant in question. Such antibodies thus bind to the polypeptides of the

first aspect of the invention.

If polyclonal antibodies are desired, a selected mammal, such as a mouse, rabbit, goat or
horse, may be immunised with a polypeptide of the first aspect of the invention. The
polypeptide used to immunise the animal can be derived by recombinant DNA
technology or can be synthesized chemically. If desired, the polypeptide can be
conjugated to a carrier protein. Commonly used carriers to which the polypeptides may
be chemically coupled include bovine serum albumin, thyroglobulin and keyhole limpet
haemocyanin. The coupled polypeptide is then used to immunise the animal. Serum from
the immunised animal is collected and treated according to known procedures, for

example by immunoaffinity chromatography.
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Monoclonal antibodies to the polypeptides of the first aspect of the invention can also be
readily produced by one skilled in the art. The general methodology for making
monoclonal antibodies using hybridoma technology is well known (see, for example,
Kohler, G. and Milstein, C., Nature 256: 495-497 (1975); Kozbor et al., Immunology
Today 4: 72 (1983); Cole et al., 77-96 in Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, Inc. (1985).

Panels of monoclonal antibodies produced against the polypeptides of the first aspect of
the invention can be screened for various properties, i.e., for isotype, epitope, affinity,
etc. Monoclonal antibodies are particularly useful in purification of the individual
polypeptides against which they are directed. Alternatively, genes encoding the
monoclonal antibodies of interest may be isolated from hybridomas, for instance by PCR

techniques known in the art, and cloned and expressed in appropriate vectors.

Chimeric antibodies, in which non-human variable regions are joined or fused to human
constant regions (see, for example, Liu et al., Proc. Natl. Acad. Sci. USA, 84, 3439

(1987)), may also be of use.

The antibody may be modified to make it less immunogenic in an individual, for example
by humanisation (see Jones et al., Nature, 321, 522 (1986); Verhoeyen et al., Science,
239: 1534 (1988); Kabat ef al., J. Immunol., 147: 1709 (1991); Queen e? al., Proc. Natl
Acad. Sci. USA, 86, 10029 (1989); Gorman et al., Proc. Natl Acad. Sci. USA, 88: 34181
(1991); and Hodgson et al, Bio/Technology 9: 421 (1991)). The term "humanised
antibody", as used herein, refers to antibody molecules in which the CDR amino acids
and selected other amino acids in the variable domains of the heavy and/or light chains of
a non-human donor antibody have been substituted in place of the equivalent amino acids
in a human antibody. The humanised antibody thus closely resembles a human antibody

but has the binding ability of the donor antibody.

In a further alternative, the antibody may be a "bispecific” antibody, that is an antibody
having two different antigen binding domains, each domain being directed against a
different epitope.

Phage display technology may be utilised to select genes which encode antibodies with

binding activities towards the polypeptides of the invention either from repertoires of
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PCR amplified V-genes of lymphocytes from humans screened for possessing the
relevant antibodies, or from naive libraries (McCafferty, J. er al., (1990), Nature 348,
552-554; Marks, 1. et al., (1992) Biotechnology 10, 779-783). The affinity of these
antibodies can also be improved by chain shuffling (Clackson, T. et al., (1991) Nature
352, 624-628).

Antibodies generated by the above techniques, whether polyclonal or monoclonal, have
additional utility in that they may be employed as reagents in immunoassays,
radioimmunoassays (RIA) or enzyme-linked immunosorbent assays (ELISA). In these
applications, the antibodies can be labelled with an analytically-detectable reagent such

as a radioisotope, a fluorescent molecule or an enzyme.

Preferred nucleic acid molecules of the second and third aspects of the invention are
those which encode the polypeptide sequences recited in SEQ ID NO:2 or SEQ ID NO:4,
and functionally equivalent polypeptides, including active fragments of the LBDG1 or
LBDG4 polypeptide, such as a fragment including the LBDGI1 or LBDG4 Nuclear
Hormone Receptor Ligand Binding Domain region of the LBDG1 or LBDG4

polypeptide sequence, or a homologue thereof.

Nucleic acid molecules encompassing these stretches of sequence form a preferred
embodiment of this aspect of the invention.

These nucleic acid molecules may be used in the methods and applications described
herein. The nucleic acid molecules of the invention preferably comprise at least n
consecutive nucleotides from the sequences disclosed herein where, depending on the
particular sequence, n is 10 or more (for example, 12, 14, 15, 18, 20, 25, 30, 35, 40 or
more).

The nucleic acid molecules of the invention also include sequences that are
complementary to nucleic acid molecules described above (for example, for antisense or
probing purposes).

Nucleic acid molecules of the present invention may be in the form of RNA, such as
mRNA, or in the form of DNA, including, for instance cDNA, synthetic DNA or

genomic DNA. Such nucleic acid molecules may be obtained by cloning, by chemical
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synthetic techniques or by a combination thereof. The pucleic acid molecules can be
prepared, for example, by chemical synthesis using techniques such as solid phase
phosphoramidite chemical synthesis, from genomic or cDNA libraries or by separation
from an organism. RNA molecules may generally be generated by the in vitro or in vivo

transcription of DNA sequences.

The nucleic acid molecules may be double-stranded or single-stranded. Single-stranded
DNA may be the coding strand, also known as the sense strand, or it may be the non-

coding strand, also referred to as the anti-sense strand.

The term “nucleic acid molecule” also includes analogues of DNA and RNA, such as
those containing modified backbones, and peptide nucleic acids (PNA). The term "PNA",
as used herein, refers to an antisense molecule or an anti-gene agent which comprises an
oligonucleotide of at least five nucleotides in length linked to a peptide backbone of
amino acid residues, which preferably ends in lysine. The terminal lysine confers
solubiliiy to the composition. PNAs may be pegylated to extend their lifespan in a cell,
where they preferentially bind complementary single stranded DNA and RNA and stop
transcript elongation (Nielsen, P.E. et al. (1993) Anticancer Drug Des. 8:53-63).

A nucleic acid molecule which encodes the polypeptide of SEQ ID NO:2, or an active
fragment thereof, may be identical to the coding sequence of the nucleic acid molecule
shown in SEQ ID NO:1. These molecules also may have a different sequence which, as a
result of the degeneracy of the genetic code, encodes the polypeptide SEQ ID NO:2, or
an active fragment of the LBDG1 polypeptide, such as a fragment including the LBDG1
Nuclear Hormone Receptor Ligand Binding Domain region, or a homologue thereof. The
LBDGI1 Nuclear Hormone Receptor Ligand Binding Domain region is considered to
extend between residue 822 and residue 1020 of the LBDGI polypeptide sequence. In
SEQ ID NO:1 the LBDG1 Nuclear Hormone Receptor Ligand Binding Domain region is
thus encoded by a nucleic acid molecule including nucleotide 2732 to 3328. Nucleic acid
molecules encompassing this stretch of sequence, and homologues of this sequence, form

a preferred embodiment of this aspect of the invention.

A nucleic acid molecule which encodes the polypeptide of SEQ ID NO:4, or an active

fragment thereof, may be identical to the coding sequence of the nucleic acid molecule
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shown in SEQ ID NO:3, These molecules also may have a different sequence which, as a
result of the degeneracy of the genetic code, encodes the polypeptide SEQ ID NO:4, or
an active fragment of the LBDG4 polypeptide, such as a fragment including the LBDG4
Nuclear Hormone Receptor Ligand Binding Domain region, or a homologue thereof. The
LBDG4 Nuclear Hormone Receptor Ligand Binding Domain region is considered to
extend between residue 805 and residue 1005 of the LBDG4 polypeptide sequence. In
SEQ ID NO:3 the LBDG4 Nuclear Hormone Receptor Ligand Binding Domain region is
thus encoded by a nucleic acid molecule including nucleotide 2913 to 3515. Nucleic acid
molecules encompassing this stretch of sequence, and homologues of this sequence, form

a preferred embodiment of this aspect of the invention.

Such nucleic acid molecules that encode the polypeptide of SEQ ID NO:2 or SEQ ID
NO:4 may include, but are not limited to, the coding sequence for the mature polypeptide
by itself; the coding sequence for the mature polypeptide and additional coding
sequences, such as those encoding a leader or secretory sequence, such as a pro-, pre- or
prepro- polypeptide sequence; the coding sequence of the mature polypeptide, with or
without the aforementioned additional coding sequences, together with further additional,
non-coding sequences, including non-coding 5' and 3' sequences, such as the transcribed,
non-translated sequences that play a role in transcription (including termination signals),
ribosome binding and mRNA stability. The nucleic acid molecules may also include
additional sequences which encode additional amino acids, such as those which provide
additional functionalities.

The nucleic acid molecules of the second and third aspects of the invention may also
encode the fragments or the functional equivalents of the polypeptides and fragments of
the first aspect of the invention.

As discussed above, a preferred fragment of the LBDGI polypeptide is a fragment
including the LBDG1 Nuclear Hormone Receptor Ligand Binding Domain region, or a
homologue thereof. The Nuclear Hormone Receptor Ligand Binding Domain region is

encoded by a nucleic acid molecule including nucleotide 2732 to 3328 of SEQ ID NO:1.

A preferred fragment of the LBDG4 polypeptide is a fragment including the LBDG4

Nuclear Hormone Receptor Ligand Binding Domain region, or a homologue thereof. The
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Nuclear Hormone Receptor Ligand Binding Domain region is encoded by a nucleic acid

molecule including nucleotide 2913 to 3515 of SEQ ID NO:3.

Functionally equivalent nucleic acid molecules according to the invention may be
naturally-occurring variants such as a naturally-occurring allelic variant, or the molecules
may be a variant that is not known to occur naturally. Such non-naturally occurring
variants of the nucleic acid molecule may be made by mutagenesis techniques, including

those applied to nucleic acid molecules, cells or organisms.

Among variants in this regard are varjants that differ from the aforementioned nucleic
acid molecules by nucleotide substitutions, deletions or insertions. The substitutions,
deletions or insertions may involve one or more nucleotides. The variants may be altered
in coding or non-coding regions or both. Alterations in the coding regions may ptoduce

conservative or non-conservative amino acid substitutions, deletions or insertions.

The nucleic acid molecules of the invention can also be engineered, using methods
generally known in the art, for a variety of reasons, including modifying the cloning,
processing, and/or expression of the gene product (the polypeptide). DNA shuffling by
random fragmentation and PCR reassembly of gene fragments and synthetic
oligonucleotides are included as techniques which may be used to engineer the nucleotide
sequences. Site-directed mutagenesis may be used to insert new restriction sites, alter
glycosylation patterns, change codon preference, produce splice variants, introduce

mutations and so forth.

Nucleic acid molecules which encode a polypeptide of the first aspect of the invention
may be ligated to a heterologous sequence so that the combined nucleic acid molecule
encodes a fusion protein. Such combined nucleic acid molecules are included within the
second or third aspects of the invention. For example, to screen peptide libraries for
inhibitors of the activity of the polypeptide, it may be useful to express, using such a
combined nucleic acid molecule, a fusion protein that can be recognised by a
commercially-available antibody. A fusion protein may also be engineered to contain a
cleavage site located between the sequence of the polypeptide of the invention and the
sequence of a heterologous protein so that the polypeptide may be cleaved and purified

away from the heterologous protein.
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The nucleic acid molecules of the invention also include antisense molecules that are
partially complementary to nucleic acid molecules encoding polypeptides of the present
invention and that therefore hybridize to.the encoding nucleic acid molecules
(hybridization). Such antisense molecules, such as oligonucleotides, can be designed to
recognise, specifically bind to and prevent transcription of a target nucleic acid encoding
a polypeptide of the invention, as will be known by those of ordinary skill in the art (see,
for example, Cohen, J.S., Trends in Pharm. Sci., 10, 435 (1989), Okano, J. Neurochem.
56, 560 (1991); O'Connor, J. Neurochem 56, 560 (1991); Lee ef al., Nucleic Acids Res 6,
3073 (1979); Cooney et al., Science 241, 456 (1988); Dervan et al., Science 251, 1360
(1991).

The term “hybridization” as used here refers to the association of two nucleic acid
molecules with one another by hydrogen bonding. Typically, one molecule will be fixed
to a solid support and the other will be free in solution. Then, the two molecules may be
placed in contact with one another under conditions that favour hydrogen bonding.
Factors that affect this bonding include: the type and volume of solvent; reaction
temperature; time of hybridization; agitation; agents to block the non-specific attachment
of the liquid phase molecule to the solid support (Denhardt's reagent or BLOTTO); the
concentration of the molecules; use of compounds to increase the rate of association of
molecules (dextran sulphate or polyethylene glycol); and the stringency of the washing

conditions following hybridization (see Sambrook et al. {supra]).

The inhibition of hybridization of a completely complementary molecule to a target
molecule may be examined using a hybridization assay, as known in the art (see, for
example, Sambrook et al. [supral). A substantially homologous molecule will then
compete for and inhibit the binding of a completely homologous molecule to the target
molecule under various conditions of stringency, as taught in Wahl, G.M. and S.L.
Berger (1987; Methods Enzymol. 152:399-407) and Kimmel, A.R. (1987; Methods
Enzymol. 152:507-511).

“Stringency" refers to conditions in a hybridization reaction that favour the association of

very similar molecules over association of molecules that differ. High stringency

hybridisation conditions are defined as overnight incubation at 42°C in a solution
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comprising 50% formamide, SXSSC (150mM NaCl, 15mM trisodium citrate), S0mM
sodium phosphate (pH7.6), 5x Denhardts solution, 10% dextran sulphate, and 20
microgram/ml denatured, sheared salmon sperm DNA, followed by washing the filters in
0.1X SSC at approximately 65°C. Low stringency conditions involve the hybridisation
reaction being carried out at 35°C (see Sambrook et al. [supra]). Preferably, the

conditions used for hybridization are those of high stringency.

Preferred embodiments of this aspect of the invention are nucleic acid molecules that are
at least 80% identical over their entire length to a nucleic acid molecule encoding the
LBDG! polypeptide (SEQ ID NO:2) or LBDG4 polypeptide (SEQ 1D NO:4), and nucleic
acid molecules that are substantially complementary to such nucleic acid molecules. A
preferred active fragment is a fragment that includes an LBDG1 or LBDG4 Nuclear
Hormone Receptor Ligand Binding Domain region of the LBDGI or LBDG4
polypeptide sequences, resepctively. Accordingly, preferred nucleic acid molecules
include those that are at least 80% identical over their entire length to a nucleic acid
molecule encoding the Nuclear Hormone Receptor Ligand Binding Domain region of the

LBDGI1 or LBDG4 polypeptide sequence.

Percentage identity, as referred to herein, is as determined using BLAST version 2.1.3
using the default parameters specified by the NCBI (the National Center for

Biotechnology Information; http://www.ncbi.nlm.nih.gov/).

Preferably, a nucleic acid molecule according to this aspect of the invention comprises a
region that is at least 80% identical over its entire length to the nucleic acid molecule
having the sequence given in SEQ 1D NO:1, to a region including nucleotides 2732-3328
of this sequence. Other preferred nucleic acid molecules according to this aspect of the
invention are those that comprise a region that is at least 80% identical over its entire
Iength to the nucleic acid molecule having the sequence given in SEQ ID NO:3, to a
region including nucleotides 2913-3515 of this sequence, or a nucleic acid molecule that
is complementary 1o any one of these regions of nucleic acid. In this regard, nucleic acid
molecules at least 90%, preferably at Jeast 95%, more preferably at least 98% or 99%
identical over their entire length to the same are particularly preferred. Preferred

embodiments in this respect are nucleic acid molecules that encode polypeptides which
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retain substantially the same biological function or activity as the LBDGI! or LBDG4
polypeptide.

The invention also provides a process for detecting a nucleic acid molecule of the
invention, comprising the steps of: (a) contacting a nucleic probe according to the
invention with a biological sample under hybridizing conditions to form duplexés; and

(b) detecting any such duplexes that are formed.

As discussed additionally below in connection with assays that may be utilised according
to the invention, a nucleic acid molecule as described above may be unsed as a
hybridization probe for RNA, ¢cDNA or genomic DNA, in order to isolate full-length
cDNAs and genomic clones encoding the LBDG1 or LBDG4 polypeptide and to isolate
¢DNA and genomic clones of homologous or orthologous genes that have a high

sequence similarity to the gene encoding this polypeptide.

In this regard, the following techniques, among others known in the art, may be utilised
and are discussed below for purposes of illustration. Methods for DNA sequencing and
analysis are well known and are generally available in the art and may, indeed, be used to
practice many of the embodiments of the invention discussed herein. Such methods may
employ such enzymes as the Klenow fragment of DNA polymerase I, Sequenase (US
Biochemical Corp, Cleveland, OH), Taq polymerase (Perkin Elmer), thermostable T7
polymerase (Amersham, Chicago, IL}, or combinations of polymerases and proof-reading
exonucleases such as those found in the ELONGASE Amplification System marketed by
Gibco/BRL (Gaithersburg, MD). Preferably, the sequencing process may be automated
using machines such as the Hamilton Micro Lab 2200 (Hamilton, Reno, NV), the Peltier
Thermal Cycler (PTC200; MJ Research, Watertown, MA) and the ABI Catalyst and 373
and 377 DNA Sequencers (Perkin Elmer).

One method for isolating a nucleic acid molecule encoding a polypeptide with an
equivalent function to that of the LBDGI1 or LBDG4 polypeptide, particularly with an
cquivalent function to the LBDG1 or LBDG4 Nuclear Hormone Receptor Ligand
Binding Domain region of the LBDG1 or LBDG4 polypeptide, is to probe a genomic or
¢DNA library with a natural or artificially-designed probe using standard procedures that

are recognised in the art (see, for example, "Cuirrent Protocols in Molecular Biology",
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Ausubel et al. (eds). Greene Publishing Association and John Wiley Interscience, New
York, 1989,1992). Probes comprising at least 15, preferably at least 30, and more
preferably at least 50, contiguous bases that correspond to, or are complementary to,
nucleic acid sequences from the appropriate encoding gene (SEQ ID NO:1 or SEQ ID
NQ:3), particularly a region from nucleotides 2732-3328 of SEQ ID NO:1, or nucleotides
2913-3515 of SEQ ID NO:3, are particularly useful probes.

Such probes may be labelled with an analytically-detectable reagent to facilitate their
identification. Useful reagents include, but are not limited to, radioisotopes, fluorescent
dyes and enzymes that are capable of catalysing the formation of a detectable product.
Using these probes, the ordinarily skilled artisan will be capable of isolating
complementary copies of genomic DNA, ¢cDNA or RNA polynucleotides encoding
proteins of interest from human, mammalian or other animal sources and screening such
sources for related sequences, for example, for additional members of the family, type

and/or subtype.

In many cases, isolated cDNA sequences will be incomplete, in that the region encoding
the polypeptide will be cut short, normally at the 5' end. Several methods are available to
obtain full length cDNAs, or to extend short cDNAs. Such sequences may be extended
utilising a partial nucleotide sequence and employing various methods known in the art to
detect upstream sequences such as promoters and regulatory elements. For example, one
method which may be employed is based on the method of Rapid Amplification of cDNA
Ends (RACE; see, for example, Frohman et al., Proc. Natl. Acad. Sci. USA (1988) 85:
8998-9002). Recent modifications of this technique, exemplified by the Marathon™
technology (Clontech Laboratories Inc.), for example, have significantly simplified the
search for longer cDNAs. A slightly different technique, termed “restriction-site” PCR,
uses universal primers to retrieve unknown nucleic acid sequence adjacent a known locus
(Sarkar, G. (1993) PCR Methods Applic. 2:318-322). Inverse PCR may also be used to
amplify or to extend sequences using divergent primers based on a known region (Triglia,
T., et al. (1988) Nucleic Acids Res. 16:8186). Another method which may be used is
capture PCR which involves PCR amplification of DNA fragments adjacent a known
sequence in human and yeast artificial chromosome DNA (Lagerstrom, M. et al. (1991)

PCR Methods Applic. 1: 111-119). Another method which may be used to retrieve

JP 2005-500012 A 2005.1.6



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

10

20

25

30

(89)

WO 02/070559 PCT/GB02/00948

33

unknown sequences is that of Parker, J.D. et al. (1991); Nucleic Acids Res. 19:3055-
3060). Additionally, one may use PCR, nested primers, and PromoterFinder™ libraries to
walk genomic DNA (Clontech, Palo Alto, CA). This process avoids the need to screen

libraries and is usefu] in finding intron/exon junctions.

When screening for full-length ¢cDNAs, it is preferable to use libraries that have been
size-selected to include larger cDNAs. Also, random-primed libraries are preferable, in
that they will contain more sequences that contain the 5' regions of genes. Use of a
randomly primed library may be especially preferable for situations in which an oligo
d(T) library does not yield a full-length cDNA. Genomic libraries may be useful for

extension of sequence into 5' non-transcribed regulatory regions.

In one embodiment of the invention, the nucleic acid molecules of the present invention
may be used for chromosome localisation. In this technique, a nucleic acid molecule is
specifically targeted to, and can hybridize with, a particular location on an individual
human chromosome. The mapping of relevant sequences to chromosomes according to
the present invention s an important step in the confirmatory correlation of those
sequences with the gene-associated discase. Once a sequence has been mapped to a
precise chromosomal location, the physical position of the sequence on the chromosome
can be correlated with genetic map data. Such data are found in, for example, V.
McKusick, Mendelian Inheritance in Man (available on-line through Johns Hopkins
University Welch Medical Library). The relationships between genes and diseases that
have been mapped to the same chromosomal region are then identified through linkage
analysis (coinheritance of physically adjacent genes). This provides valuable information
to investigators searching for disease genes using positional cloning or other gene
discovery techniques. Once the disease or syndrome has been crudely localised by
genetic linkage to a particular genomic region, any sequences mapping to that area may
represent associated or regulatory genes for further investigation. The nucleic acid
molecule may also be used to detect differences in the chromosomal location due to

translocation, inversion, etc. among normal, cartier, or affected individuals.

The nucleic acid molecules of the present invention are also valuable for tissue

localisation. Such techniques allow the determination of expression patterns of the
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polypeptide in tissues by detection of the mRNAs.that encode them. These techniques
include in situ hybridization techniques and nucleotide amplification techniques, such as
PCR. Results from these studies provide an indication of the normal functions of the
polypeptide in the organism. In addition, comparative studies of the normal expression
pattern of mRNAs with that of mRNAs encoded by a mutant gene provide valuable
insights into the role of mutant polypeptides in disease. Such inappropriate expression

may be of a temporal, spatial or quantitative nature.

The vectors of the present invention comprise nucleic acid molecules of the invention and
may be cloning or expression vectors. The host cells of the invention, which may be
transformed, transfested or transduced with the vectors of the invention may be

prokaryotic or eukaryotic.

The polypeptides of the invention may be prepared in recombinant form by expression of
their encoding nucleic acid molecules in vectors contained within a host cell. Such
expression methods are well known to those of skill in the art and many are described in
detail by Sambrook et al. (supra) and Fernandez & Hoeffler (1998, eds. "Gene
expression systems. Using nature for the art of expression”. Academic Press, San Diego,

London, Boston, New York, Sydney, Tokyo, Toronto).

Generally, any system or vector that is suitable to maintain, propagate or express nucleic
acid molecules to produce a polypeptide in the required host may be used. The
appropriate nucleotide sequence may be inserted into an expression system by any of a
variety of well-known and routine techniques, such as, for example, those described in
Sambrook ef al., (supra). Generally, the encoding gene can be placed under the control of
a control element such as'a promoter, ribosome binding site (for bacterial expression)
and, optionally, an operator, so that the DNA sequence encoding the desired polypeptide

is transcribed into RNA in the transformed host cell.

Examples of suitable expression systems include, for example, chromosomal, episomal
and virus-derived systems, including, for example, vectors derived from: bacterial
plasmids, bacteriophage, transposons, yeast episomes, insertion elements, yeast
chromosomal elements, viruses such as baculoviruses, papova viruses such as SV40,

vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and retroviruses,
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or combinations thereof, such as those derived from plasmid and bacteriophage genetic
elements, including cosmids and phagemids. Human artificial chromosomes (HACs) may
also be employed to deliver larger fragments of DNA than can be contained and

expressed in a plasmid.

Particularly * suitable expression systems include microorganisms such as bacteria
transformed with recombinant bacteriophage, plasmid or cosmid DNA expression
vectors; yeast transformed with yeast expression vectors; insect cell systems infected

with virus expression vectors (for example, baculovirus); plant cell systems transformed

with virus expression vectors (for example, cauliflower mosaic virus, CaMV; tobacco

mosaic virus, TMV) or with bacterial expression vectors (for example, Ti or pBR322
plasmids); or animal cell systems. Cell-free translation systems can also be employed to

produce the polypeptides of the invention.

Introduction of nucleic acid molecules encoding a polypeptide of the present invention
into host cells can be effected by methods described in many standard laboratory
manuals, such as Davis ef al., Basic Methods in Molecular Biology (1986) and Sambrook
et al., (supra). Particularly suitable methods include calcium phosphate transfection,
DEAE-dextran mediated transfection, transvection, microinjection, cationic lipid-
mediated transfection, electroporation, transduction, scrape loading, ballistic introduction
or infection (see Sambrook et al., 1989 [supral; Ausubel et al., 1991 [supra); Spector,
Goldman & Leinwald, 1998). In eukaryotic cells, expression systems may either be
transient (for example, episomal) or permanent (chromosomal integration) according to

the needs of the system.

The encoding nucleic acid molecule may or may not include a sequence encoding a
control sequence, such as a signal peptide or leader sequence, as desired, for example, for
secretion of the translated polypeptide into the lumen of the endoplasmic reticulum, into
the periplasmic space or into the extracellular environment. These signals may be
endogenous to the polypeptide or they may be heterologous signals. Leader sequences

can be removed by the bacterial host in post-translational processing.

In addition to control sequences, it may be desirable to add regulatory sequences that

allow for regulation of the expression of the polypeptide relative to the growth of the host
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cell. Examples of regulatory sequences are those which cause the expression of a gene to
be increased or decreased in response to a chemical or physical stimulus, including the
presence of a regulatory compound or to various temperature or metabolic conditions.
Regulatory sequences are those non-translated regions of the vector, such as enhancers,
promoters and 5' and 3' untranslated regions. These interact with host cellular proteins to
carry out transcription and translation. Such regulatory sequences may vary in their
strength and specificity. Depending on the vector system and host utilised, any number of
suitable transcription and translation elements, including constitutive and inducible
promoters, may be used. For example, when cloning in bacterial systems, inducible
promoters such as the hybrid lacZ promoter of the Bluescript phagemid (Stratagene,
Lalolla, CA) or pSpon]TM plasmid (Gibco BRL) and the like may be used. The
baculovirus polyhedrin promoter may be used in insect cells. Promoters or enhancers
derived from the genomes of plant cells (for example, heat shock, RUBISCO and storage
protein genes) or from plant vimses (for example, viral promoters or leader sequences)
may be cloned into the vector. In mammalian cell systems, promoters from mammalian
genes or from mammalian viruses are preferable. If it is necessary to generate a cell line
that contains multiple copies of the sequence, vectors based on SV40 or EBV may be

used with an appropriate selectable marker.

An expression vector is constructed so that the particular nucleic acid coding sequence is
located in the vector with the appropriate regulatory sequences, the positioning and
orientation of the coding sequence with respect to the regulatory sequences being such
that the coding sequence is transcribed under the "control” of the regulatory sequences,
i.e, RNA polymerase which binds to the DNA molecule at the control sequences
transcribes the coding sequence. In some cases it may be necessary to modify the
sequence so that it may be attached to the control sequences with the appropriate

orientation; i.e., to maintain the reading frame.

The control sequences and other regulatory sequences may be ligated to the nucleic acid
coding sequence prior to insertion into a vector. Alternatively, the coding sequence can
be cloned directly into an expression vector that already contains the control sequences

and an appropriate restriction site.
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For long-term, high-yield production of a recombinant polypeptide, stable expression is
preferred. For example, cell lines which stably express the polypeptide of interest may be
transformed using expression vectors which may contain viral erigins of replication
and/or endogenous expression elements and a selectable marker gene on the same or on a
separate vector. Following the introduction of the vector, cells may be allowed to grow
for 1-2 days in an enriched media before they are switched to selective media. The
purpose of the selectable marker is to confer resistance to selection, and its presence
allows growth and recovery of cells that successfully express the introduced sequences.
Resistant clones of stably transformed cells may be proliferated wsing tissue culture

techniques appropriate to the cell type.

Mammalian cell lines available as hosts for expression are known in the art and include
many immortalised cell lines available from the American Type Culture Collection
(ATCC) including, but not limited to, Chinese hamster ovary (CHO), HeLa, baby
hamster kidney (BHK), monkey kidney (COS), C127, 3T3, BHK, HEK 293, Bowes
melanoma and human hepatocellular carcinoma (for example Hep G2) cells and a

number of other cell lines.

In the baculovirus system, the materials for baculovirus/insect cell expression systems are
commercially available in kit form from, inter alia, Invitrogen, San Diego CA (the
"MaxBac" kit). These techniques are generally known to those skilled in the art and are
described fully in Summers and Smith, Texas Agricultural Experiment Station Bulletin
No. 1555 (1987). Particularly suitable host cells for use in this system include insect cells
such as Drosophila S2 and Spodoptera Sf9 cells.

There are many plant cell culture and whole plant genetic expression systems known in
the art. Examples of suitable plant cellular genetic expression systems include those
described in US 5,693,506; US 5,659,122; and US 5,608,143. Additional examples of
genetic expression in plant cell colture has been described by Zenk, (1991)
Phytochemistry 30, 3861-3863.

In particular, all plants from which protoplasts can be isolated and cultured to give whole
regenerated plants can be utilised, so that whole plants are recovered which contain the

transferred gene. Practically all plants can be regenerated from cultured cells or tissues,
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including but not limited to all major species of sugar cane, sugar beet, cotton, fruit and

other trees, legumes and vegetables.

Examples of particularly preferred bacterial host cells include streptococci,

staphylococci, E. coli, Streptomyces and Bacillus subtilis cells.

Examples of particularly suitable host cells for fungal expression include yeast cells (for

example, S. cerevisiae) and Aspergillus cells.

Any number of selection systems are known in the art that may be used to recover
transformed cell lines. Examples include the herpes simplex virus thymidine kinase
(Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphoribosyltransferase (Lowy,
1 et al. (1980) Cell 22:817-23) genes that can be employed in tk- or aprt+ cells,

respectively.

Also, antimetabolite, antibiotic or herbicide resistance can be used as the basis for
selection; for example, dihydrofolate reductase (DHFR) that confers resistance to
methotrexate (Wigler, M. ez al. (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt, which
confers resistance to the aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et
al. (1981) J. Mol. Biol. 150:1-14) and als or pat, which confer resistance to chlorsulfuron
and phosphinotricin acetyltransferase, respectively. Additional selectable genes have

been described, examples of which will be clear to those of skill in the art.

Although the presence or absence of marker gene expression suggests that the gene of
interest is also present, its presence and expression may need to be confirmed. For
example, if the relevant sequence is inserted within a marker gene sequence, transformed
cells containing the appropriate sequences can be identified by the absence of marker
gene function. Alternatively, a marker gene can be placed in tandem with a sequence
encoding a polypeptide of the invention under the control of a single promoter.
Expression of the marker gene in response to induction or selection usually indicates
expression of the tandem gene as well,

Alternatively, host cells that contain a nucleic acid sequence encoding a polypeptide of

the invention and which express said polypeptide may be identified by a variety of

procedures known to those of skill in the art. These procedures include, but are not
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limited to, DNA-DNA or DNA-RNA hybridizations and protein bioassays, for example,
fluorescence activated cell sorting (FACS) or immunoassay techniques (such as the
enzyme-linked immunosorbent assay [ELISA] and radioimmunoassay [RIA]), that
include membrane, solution, or chip based technologies for the detection and/or
quantification of nucleic acid or protein (see Hampton, R. et al. (1990) Serological
Methods, a Laboratory Manual, APS Press, St Paul, MN) and Maddox, D.E. et al. (1983)
J. Exp. Med, 158, 1211-1216).

A wide variety of labels and conjugation techniques are known by those skilled in the art
and may be used in various nucleic acid and amino acid assays. Means for producing
Jabelled hybridization or PCR probes for detecting sequences related to nucleic acid
molecules encoding polypeptides of the present invention include oligolabelling, nick
translation, end-labelling or PCR amplification using a labelled polynucleotide.
Alternatively, the sequences encoding the polypeptide of the invention may be cloned
into a vector for the production of an mRNA probe. Such vectors are known in the art,
are commercially available, and may be used to synthesise RNA probes in vitro by
addition of an appropriate RNA polymerase such as T7, T3 or SP6 and labelled
nucleotides. These procedures may be conducted using a variety of commercially
available kits (Pharmacia & Upjohn, (Kalamazoo, MI); Promega (Madison WI); and U.S.
Biochemical Corp., Cléveland, OH)).

Suitable reporter molecules or labels, which may be used for ease of detection, include
radionuclides, enzymes and fluorescent, chemiluminescent or chromogenic agents as well

as substrates, cofactors, inhibitors, magnetic particles, and the like.

Nucleic acid molecules according to the present invention may also be used to create
transgenic animals, particularly rodent animals. Such transgenic animals form a further
aspect of the present invention. This may be done locally by modification of somatic
cells, or by germ line therapy to incorporate heritable modifications. Such transgenic
animals may be particularly useful in the generation of animal models for drug molecules

effective as modulators of the polypeptides of the present invention.

The polypeptide can be recovered and purified from recombinant cell cultures by well-

known methods including ammonium sulphate or ethanol precipitation, acid extraction,
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anion or cation exchange chromatography, phosphocellulose chromatography,
hydrophobic interaction chromatography, affinity chromatography, hydroxylapatite
chromatography and lectin chromatography. High performance liquid chromatography is
particularly useful for purification. Well known techniques for refolding proteins may be
employed to regenerate an active conformation when the polypeptide is denatured during

isolation and or purification.

Specialised vector constructions may also be used to facilitate purification of proteins, as
desired, by joining sequences encoding the polypeptides of the invention to a nucleotide
sequence encoding a polypeptide domain that will facilitate purification of soluble
proteins. Examples of such purification-facilitating domains include metal chelating
peptides such as histidine-tryptophan modules that allow purification on immobilised
metals, protein A domains that allow purification on immobilised immunoglobulin, and
the domain utilised in the FLAGS extension/affinity purification system (Immunex Corp.,
Seattle, WA). The inclusion of cleavable linker sequences such as those specific for
Factor XA or enterokinase (Invitrogen, San Diego, CA) between the purification domain
and the polypeptide of the invention may be used to facilitate purification. One such
expression vector provides for expression of a fusion protein containing the polypeptide
of the invention fused to several histidine residues preceding a thioredoxin or an
enterokinase cleavage site. The histidine residues facilitate purification by IMAC
(immobilised metal ion affinity chromatography as described in Porath, I. et al. (1992)
Prot. Exp. Purif. 3: 263-281) while the thioredoxin or enterokinase cleavage site provides
a means for purifying the polypeptide from the fusion protein. A discussion of vectors
which contain fusion proteins is provided in Kroll, D.J. et al. (DNA Cell Biol.
199312:441-453).

If the polypeptide is to be expressed for use in screening assays, generally it is preferred
that it be produced at the surface of the host cell in which it is expressed. In this event,
the host cells may be harvested prior to use in the screening assay, for example using
techniques such as fluorescence activated cell sorting (FACS) or immunoaffinity
techniques. If the polypeptide is secreted into the medium, the medium can be recovered
in order to recover and purify the expressed polypeptide. If polypeptide is produced

intracellularly, the cells must first be lysed before the polypeptide is recovered.
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The polypeptide of the invention can be used to screen libraries of compounds in any of a
variety of drug screening techniques. Such compounds may activate (agonise) or inhibit
(antagonise) the level of expression of the gene or the activity of the polypeptide of the
invention and form a further aspect of the present invention. Preferred compounds are
effective to alter the expression of a natural gene which encodes a polypeptide of the first
aspect of the invention or to regulate the activity of a polypeptide of the first aspect of the

invention.

Agonist or antagonist compounds- may be isolated from, for example, cells, cell-free
preparations, chemical libraries or natural product mixtures. These agonists or antagonists
may be natural or modified substrates, ligands, enzymes, receptors or structural or
functional mimetics. For a suitable review of such screening techniques, see Coligan et

al., Current Protocols in Immunology 1(2):Chapter 5 (1991).

Compounds that are most likely to be good antagonists are molecules that bind to the
polypeptide of the invention without inducing the biological effects of the polypeptide
upon binding to it. Potential antagonists include small organic molecules, peptides,
polypeptides and antibodies that bind to the polypeptide of the invention and thereby
inhibit or extinguish its activity. In this fashion, binding of the polypeptide to normal
cellular binding molecules may be inhibited, such that the normal biological activity of

the polypeptide is prevented.

The polypeptide of the invention that is employed in such a screening technique may be
free in solution, affixed to a solid support, borne on a cell surface or located
intracellularly. In general, such screening procedures may involve using appropriate cells
or cell membranes that express the polypeptide that are contacted with a test compound to
observe binding, or stimulation or inhibition of a functional response. The functional
response of the cells contacted with the test compound is then compared with control
cells that were not contacted with the test compound. Such an assay may assess whether
the test compound results in a signal generated by activation of the polypeptide, using an
appropriate detection system. Inhibitors of activation are generally assayed in the
presence of a known agonist and the effect on activation by the agonist in the presence of

the test compound is observed.
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Alternatively, simple binding assays-may be used, in which the adherence of a test
compound to a surface bearing the polypeptide is detected by means of a label directly or
indirectly associated with the test compound or in an assay involving competition with a
labelled competitor. In another embodiment, competitive drug screening assays may be
used, in which neutralising antibodies that are capable of binding the polypeptide
specifically compete with a test compound for binding. In this manner, the antibodies can
be used to detect the presence of any test compound that possesses specific binding

affinity for the polypeptide.

Assays may also be designed to detect the effect of added test compounds on the
production of mRNA encoding the polypeptide in cells. For example, an ELISA may be
constructed that measures secreted or cell-associated levels of polypeptide using
monoclonal or polyclonal antibodies by standard methods known in the art, and this can
be used to search for compounds that may inhibit or enhance the production of the
polypeptide from suitably manipulated cells or tissues. The formation of binding
complexes between the polypeptide and the compound being tested may then be

measured.

Another technique for drug screening which may be used provides for high throughput
screening of compounds having suitable binding affinity to the polypeptide of interest
(see International patent application WO84/03564). In this method, large numbers of
different small test compounds are synthesised on a solid substrate, which may then be
reacted with the polypeptide of the invention and washed. One way of immobilising the
polypeptide is to use non-neutralising antibodies. Bound polypeptide may then be
detected using methods that are well known in the art. Purified polypeptide can also be

coated directly onto plates for use in the aforementioned drug screening techniques.

The polypeptide of the invention may be used to identify membrane-bound or soluble
receptors, through standard receptor binding techniques that are known in the art, such as
ligand binding and crosslinking assays in which the polypeptide is labelled with a
radioactive isotope, is chemically modified, or is fused to a peptide sequence that
facilitates its detection or purification, and incubated with a source of the putative

receptor (for example, a composition of cells, cell membranes, cell supernatants, tissue
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extracts, or bodily fluids). The efficacy of binding may be measured using biophysical
techniques such as surface plasmon resonance and spectroscopy. Binding assays may be
used for the purification and cloning of the receptor, but may also identify agonists and
antagonists of the polypeptide, that compete with the binding of the polypeptide to its
receptor. Standard methods for conducting screening assays are well understood in the

art.

The invention also includes a screening kit useful in the methods for identifying agonists,

antagonists, ligands, receptors, substrates, enzymes, that are described above.

The invention includes the agonists, antagonists, ligands, receptors, substrates and
enzymes, and other compounds which modulate the activity or antigenicity of the

polypeptide of the invention discovered by the methods that are described above.

The invention also provides pharmaceutical compositions comprising a polypeptide,
nucleic acid, ligand or compound of the invention in combination with a suitable
pharmaceutical carrier. These compositions may be suitable as therapeutic or diagnostic

reagents, as vaccines, or as other immunogenic compositions, as outlined in detail below.

According to the terminology used herein, a composition containing a polypeptide,
nucleic acid, ligand or compound [X] is "substantially free of" impurities [herein, Y]
when at least 85% by weight of the total X+Y in the composition is X. Preferably, X
comprises at least about 90% by weight of the total of X+Y in the composition, more

preferably at least about 95%, 98% or even 99% by weight.

The pharmaceutical compositions should preferably comprise a therapeutically effective
amount of the polypeptide, nucleic acid molecule, ligand, or compound of the invention.

The term "therapeutically effective amount” as used herein refers to an amount of a

therapeutic agent needed to treat, ameliorate, or prevent a targetted disease or condition, °

or to exhibit a detectable therapeutic or preventative effect. For any compound, the
therapeutically effective dose can be estimated initially either in cell culture assays, for
example, of neoplastic cells, or in animal models, usvally mice, rabbits, dogs, or pigs.
The animal model may also be used to determine the appropriate concentration range and
route of administration. Such information can then be used to determine useful doses and

routes for administration in humans.
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The precise effective amount for a human subject will depend upon the severity of the
disease state, general health of the subject, age, weight, and gender of the subject, diet,
time and frequency of administration, drug combination(s), reaction sensitivities, and
tolerance/response to therapy. This amount can be determined by routine experimentation
and is within the judgement of the clinician. Generally,. an effective dose will be from
0.01 mg/kg to 50 mg/kg, preferably 0.05 mg/kg to 10 mg/kg. Compositions may be
administered individually to a patient or may be administered in combination with other

agents, drugs or hormones.

A pharmaceutical composition may also contain a pharmaceutically acceptable carrier,
for administration of a therapeutic agent. Such carriers include antibodies and other
polypeptides, genes and other therapeutic agents such as liposomes, provided that the
carrier does not itself induce the production of antibodies harmful to the individual
receiving the composition, and which may be administered without undue toxicity.
Suitable carriers may be large, slowly metabolised macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid

copolymers and inactive virus particles.

Pharmaceutically acceptable salts can be used therein, for example, mineral acid salts
such as hydrochlorides, hydrobromides, phosphates, sulphates, and the like; and the salts
of organic acids such as acetates, propionates, malonates, benzoates, and the like. A
thorough discussion of pharmaceutically acceptable carriers is available in Remington's

Pharmaceutical Sciences (Mack Pub, Co., N.J. 1991).

Pharmaceutically acceptable carriers in therapeutic compositions may additionally
contain liquids such as water, saline, glycerol and ethanol. Additionally, auxiliary
substances, such as wetting or emulsifying agents, pH buffering substances, and the like,
may be present in such compositions. Such carriers enable the pharmaceutical
-compositions to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups,

slurries, suspensions, and the like, for ingestion by the patient.

Once formulated, the compositions of the invention can be administered directly to the
subject. The subjects to be treated can be animals; in particular, human subjects can be

treated.
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The pharmaceutical compositions utilised in this invention may be administered by any
number of routes including, but not limited to, oral, intravenous, intramuscular, intra-
arterial, intramedullary, intrathecal, intraventricular, transdermal or transcutaneous
applications (for example, see W(098/20734), subcutancous; intraperitoneal, intranasal,
enteral, topical, sublingual, intravaginal or rectal means. Gene guns or hyposprays may
also be used to administer the pharmaceutical compositions of the invention. Typically,
the therapeutic compositions may be prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to

injection may also be prepared.

Direct delivery of the compositions will generally be accomplished by injection,
subcutaneously, intraperitoneally, intravenously or intramuscularly, or delivered to the
interstitial space of a tissue. The compositions can also be administered into a lesjon.

Dosage treatment may be a single dose schedule or a multiple dose schedule.

If the activity of the polypeptide of the invention is in excess in a particular disease state,
several approaches are available. One approach comprises administering 1o a subject an
inhibitor compound (antagonist} as described above, along with a pharmaceutically
acceptable catrier in an amount effective to inhibit the function of the polypeptide, such
as by blocking the binding of ligands, substrates, enzymes, receptors, or by inhibiting a
second signal, anﬁ thereby alleviating the abnmormal condition, Preferably, such
antagonists are antibodies. Most preferably, such antibodies are chimeric and/or

humanised to minimise their immunogenicity, as described previously.

In another approach, soluble forms of the polypeptide that retain binding affinity for the
ligand, substrate, enzyme, Teceptor, in question, may be administered. Typically, the
polypeptide may be administered in the form of fragments that retain the relevant

portions.

In an altemative approach, expression of the Igene encoding the polypeptide can be
inhibited using expression blocking techniques, such as the use of antisense nucleic acid
molecules (as described above), either intemally generated or separately administered.
Modifications of gene expression can be obtained by designing complementary

sequences or antisense molecules (DNA, RNA, or PNA) to the control, 5' or regulatory
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regions (signal sequence, promoters, enhancers and introns) of the gene encoding the
polypeptide. Similarly, inhibition can be achieved using "triple helix" base-pairing
methodology. Triple helix pairing is useful because it causes inhibition of the ability of
the double helix to open sufficiently for the binding of polymerases, transcription factors,
or regulatory molecules. Recent therapeutic advances using triplex DNA have been
described in the literature (Gee, J.E. et al. (1994) In: Huber, B.E. and B.l. Carr,
Molecular and Immunologic Approaches, Futura Publishing Co., Mt. Kisco, NY). The
complementary sequence or an‘tisense molecule may also be designed to block translation
of mRNA by preventing the transcript from binding to ribosomes. Such oligonucleotides

may be administered or may be generated in situ from expression in vivo.

In addition, expression of the polypeptide of the invention may be prevented by using
ribozymes specific to its encoding mRNA sequence. Ribozymes are catalytically active
RNAs that can be natural or synthetic (see for example Usman, N, et al., Curr. Opin.
Struct. Biol (1996) 6(4), 527-33). Synthetic ribozymes can be designed to specifically
cleave mRNASs at selected positions thereby preventing translation of the mRNAs into
functional polypeptide. Ribozymes may be synthesised with a natural ribose phosphate
backbone and natural bases, as normally found in RNA molecules. Alternatively the
ribozymes may be synthesised with non-natural backbones, for example, 2'-O-methyl
RNA, to provide protection from ribonuclease degradation and may contain modified

bases.

RNA molecules may be modified to increase intracellular stability and half-life. Possible
modifications include, but are not limited to, the addition of flanking sequences at the 5'
and/or 3' ends of the molecule or the use of phosphorothioate or 2 O-methyl rather than
phosphodiesterase linkages within the backbone of the molecule. This concept is inherent
in the production of PNAs and can be extended in all of these molecules by the inclusion
of non-traditional bases such as inosine, queosine and butosine, as well as acetyl-,
methyl-, thio- and similarly modified forms of adenine, cytidine, guanine, thymine and

uridine which are not as easily recognised by endogenous endonucleases.

For treating abnormal conditions related to an under-expression of the polypeptide of the

invention and its activity, several approaches are also available. One approach comprises
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administering to a subject a therapeutically effective amount of a compound that activates
the polypeptide, i.e., an agonist as described above, to alleviate the abnormal condition.
Alternatively, a therapeutic amount of the polypeptide in combination with a suitable
pharmacentical carrier may be administered to restore the relevant physiological balance
of polypeptide.

Gene therapy may be employed to effect the endogenous production of the polypeptide
by the relevant cells in the subject. Gene therapy is used to treat permanently the
inappropriate production of the polypeptide by replacing a defective gene with a

corrected therapeutic gene.

Gene therapy of the present invention can occur in vivo or ex vivo. Ex vivo gene therapy
requires the isolation and purification of patient cells, the introduction of a therapeutic
gene and introduction of the genetically altered cells back into the patient. In contrast, in

vivo gene therapy does not require isolation and purification of a patient's cells.

The therapeutic gene is typically "packaged" for administration to a patient. Gene
delivery vehicles may be non-viral, such as liposomes, or replication-deficient viruses,
such as adenovirus as described by Berkner, K.L., in Curr. Top. Microbiol. Immunol.,
158, 39-66 (1992) or adeno-associated virus (AAV) vectors as described by Muzyczka,
N., in Curr. Top. Microbiol. Immunol., 158, 97-129 (1992) and U.S. Patent No.
5,252,479. For example, a nucleic acid molecule encoding a polypeptide of the invention
may be engineered for expression in a replication-defective retroviral vector. This
expression construct may then be jsolated and introduced into a packaging cell
transduced with a retroviral plasmid vector containing RNA encoding the polypeptide,
such that the packaging cell now produces infectious viral particles containing the gene
of interest. These producer cells may be administered to a subject for engineering cells in
vivo and expression of the polypeptide in vivo (see Chapter 20, Gene Therapy and other
Molecular Genetic-based Therapeutic Approaches, (and references cited therein) in
Human Molecular Genetics (1996), T Strachan and A P Read, BIOS Scientific Publishers
Ltd).

Another approach is the administration of "naked DNA" in which the therapeutic gene is

directly injected into the bloodstream or muscle tissue.
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In situations in which the polypeptides or nucleic acid molecules of the invention are
disease-causing agents, the invention provides that they can be used in vaccines to raise

antibodies against the disease causing agent.

Vaccines according to the invention may either be prophylactic (ie. to prevent infection)
or therapeutic (ie. to treat disease after infection). Such vaccines comprise immunising
antigen(s), immunogen(s), polypeptide(s), protein(s) or nucleic acid, usually in
combination with pharmaceutically-acceptable carriers as described above, which include
any carrier that does not itself induce the production of antibodies harmful to the
individual receiving the composition. Additionally, these carriers may function as
immunostimulating agents ("adjuvants”). Furthermore, the antigen or immunogen may be
conjugated to a bacterial toxoid, such as a toxoid from diphtheria, tetanus, cholera, H.

pylori, and other pathogens.

Since polypeptides may be broken down in the stomach, vaccines comprising
polypeptides are preferably administered parenterally (for instance, subcutaneous,
intramuscular, intravenous, or intradermal injection). Formulations suitable for parenteral
administration include aqueous and non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the recipient, and agueous and non-aqueous sterile suspensions

which may include suspending agents or thickening agents.

The vaccine formulations of the invention may be presented in uait-dose or multi-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 dosage will depend on the specific activity of the vaccine and can be readily

determined by routine experimentation.

This invention also relates to the use of nucleic acid molecules according to the present

invention as diagnostic reagents. Detection of a mutated form of the gene characterised

" by the nucleic acid molecules of the invention which is associated with a dysfunction will

provide a diagnostic tool that can add to, or define, a diagnosis of a disease, or
susceptibility to a disease, which resuits from under-expression, over-expression or

altered spatial or temporal expression of the gene. Individuals carrying mutations in the
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gene may be detected at the DNA level by a variety of techniques.

Nucleic acid molecules for diagnosis 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 may be amplified enzymatically by using PCR, ligase chain
reaction (LCR), strand displacement amplification (SDA), or other amplification
techniques (see Saiki et al., Nature, 324, 163-166 (1986); Bej, et al., Crit. Rev. Biochem.
Molec. Biol., 26, 301-334 (1991); Birkenmeyer et al., J. Virol. Meth., 35, 117-126
(1991); Van Brunt, I, Bio/Technology, 8, 291-294 (1990)) prior to analysis.

In one embodiment, this aspect of the invention provides a method of diagnosing a
disease in a patient, comprising assessing the level of expression of a natural gene
encoding a polypeptide according to the invention and comparing said level of expression
to a control level, wherein a level that is different to said control level is indicative of

disease. The method may comprise the steps of:

a) contacting a sample of tissue from the patient with a nucleic acid probe under stringent
conditions that allow the formation of a hybrid complex between a nucleic acid

molecule of the invention and the probe;
b) contacting a control sample with said probe under the same conditions used in step a);
c) and detecting the presence of hybrid complexes in said samples;

wherein detection of levels of the hybrid complex in the patient sample that differ from

Jevels of the hybrid complex in the control sample is indicative of disease.
A further aspect of the invention comprises a diagnostic method comprising the steps of:
a) obtaining a tissue sample from a patient being tested for disease;

b) isolating a nucleic acid molecule according to the invention from said tissue sample;

and,

c) diagnosing the patient for disease by detecting the presence of a mutation in the

nucleic acid molecule which is associated with disease.

To aid the detection of nucleic acid molecules in the above-described methods, an

amplification step, for example using PCR, may be included.
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Deletions and insertions can be detected by a change in the size of the amplified product
in comparison to the normal genotype. Point mutations can be identified by hybridizing
amplified DNA to labelled RNA of the invention or alternatively, labelled antisense DNA
sequences of the invention. Perfectly-matched sequences can be distinguished from
mismatched duplexes by RNase digestion or by assessing differences in melting

temperatures. The presence or absence of the mutation in the patient may be detected by

contacting DNA with a nucleic acid probe that hybridises to the DNA under stringent -

conditions to form a hybrid double-stranded molecule, the hybrid double-stranded
molecule having an unhybridised portion of the nucleic acid probe strand at any portion
corresponding to a mutation associated with disease; and detecting the presence or
absence of an unhybridised portion of the probe strand as an indication of the presence or

absence of a disease-associated mutation in the corresponding portion of the DNA strand.
Such diagnostics are particularly vseful for prenatal and even neonatal testing.

Point mutations and other sequence differences between the reference gene and "mutant”
genes can be identified by other well-known techniques, such as direct DNA sequencing
or single-strand conformational polymorphism, (see Orita et al., Genomics, 5, 874-879
(1989)). For example, a sequencing primer may be used with double-stranded PCR
product or a single-stranded template molecule generated. by a modified PCR. The
sequence determination is performed by conventional procedures with radiolabelled
nucleotides or by automatic sequencing procedures with fluorescent-tags. Cloned DNA
segments may also be used as probes to detect specific DNA segments. The sensitivity of
this method is greatly enhanced when combined with PCR. Further, point mutations and
other sequence variations, such as polymorphisms, can be detected as described above,
for example, through the use of allele-specific oligonucleotides for PCR amplification of

sequences that differ by single nucleotides.

DNA sequence differences may also be detected by alterations in the electrophoretic
mobility of DNA fragments in gels, with or without denaturing agents, or by direct DNA
sequencing (for example, Myers ef al., Science (1985) 230:1242). Sequence changes at
specific locations may also be revealed by nuclease protection assays, such as RNase and

S1 protection or the chemical cleavage method (see Cotton et al., Proc. Natl. Acad. Sci.
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USA (1985) 85: 4397-4401).

In addition to conventional gel electrophoresis and DNA sequencing, mutations such as
microdeletions, aneuploidies, translocations, inversions, can also be detected by in situ
analysis (see, for example, Keller et al., DNA Probes, 2nd Ed., Stockton Press, New
York, N.Y., USA (1993)), that is, DNA or RNA sequences in cells can be analysed for
mutations without need for their isolation and/or immobilisation onto a membrane.
Fluorescence in situ hybridization (FISH) is presently the most commonly applied
method and numerous reviews of FISH have appeared (see, for example, Trachuck et al.,

Science, 250: 559-562 (1990), and Trask et al., Trends, Genet. 7:149-154 (1991)).

In another embodiment of the invention, an array of oligonucleotide probes comprising a
nucleic acid molecule according to the invention can be constructed to conduct efficient
screening of genetic variants, mutations and polymorphisms. Array technology methods
are well known and have general applicability and can be used to address a variety of
questions in molecular genetics including gene expression, genetic linkage, and genetic

variability (see for example: M.Chee et al., Science (1996) 274: 610-613).

In one embodiment, the array is prepared and used according to the methods described in
PCT application W095/11995 (Chee et al); Lockhart, D. J. et al. (1996) Nat. Biotech. 14:
1675-1680); and Schena, M. et al. (1996) Proc. Natl. Acad. Sci. 93: 10614-10619).
Oligonucleotide pairs may range from two to over one million. The oligomers are
synthesized at designated areas on a substrate using a light-directed chemical process.
The substrate may be paper, nylon or other type of membrane, filter, chip, glass slide or
any other suitable solid support. In another aspect, an oligonucleotide may be synthesized
on the surface of the substrate by using a chemical coupling procedure and an ink jet
application apparatus, as described in PCT application W095/251116 (Baldeschweiler et
al.). In another aspect, a "gridded" array analogous to a dot (or slot) blot may be used to
arrange and link cDNA fragments or oligonucleotides to the surface of a substrate using a
vacuum system, thermal, UV, mechanical or chemical bonding procedures. An array,
such as those described above, may be produced by hand or by using available devices
(slot blot or dot blot apparatus), materials (any suitable solid support), and machines

(including robotic instruments), and may contain 8, 24, 96, 384, 1536 or 6144

JP 2005-500012 A 2005.1.6



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

20

25

(108)

WO 02/070559 PCT/GB02/00948

52

oligonucleotides, or any other number between two and over one million which lends

itself to the efficient use of commercially-available instramentation.

In addition to the methods discussed above, diseases may be diagnosed by methods
comprising determining, from a sample derived from a subject, an abnormally decreased
or increased level of polypeptide or mRNA. 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 as, for example, nucleic acid amplification, for
instance PCR, RT-PCR, RNase protection, Northern blotting and other hybridization

methods.

Assay techniques that can be used to determine levels of a polypeptide of the present
invention in a sample derived from a host are well-known to those of skill in the art and
are discussed in some detail above (including radioimmunoassays, competitive-binding
assays, Western Blot analysis and ELISA assays). This aspect of the invention provides a
diagnostic method which comprises the steps of: (a) contacting a ligand as described
above with a biological sample under conditions suitable for the formation of a ligand-

polypeptide complex; and (b) detecting said complex.

Protocols such as ELISA, RIA, and FACS for measuring polypeptide levels may
additionally provide a basis for diagnosing altered or abnormal levels of polypeptide
expression. Normal or standard values for polypeptide expression are established by
combining body fluids or cell extracts taken from normal mammalian subjects, preferably
humans, with antibody to the polypeptide under conditions suitable for complex
formation The amount of standard complex formation may be quantified by various

methods, such as by photometric means.

Antibodies which specifically bind to a polypeptide of the invention may be used for the
diagnosis of conditions or diseases characterised by expression of the polypeptide, or in
assays 10 monitor patients being treated with the polypeptides, nucleic acid molecules,
ligands and other compounds of the invention. Antibodies useful for diagnostic purposes
may be prepared in the same manner as those described above for therapeutics.
Diagnostic assays for the polypeptide include methods that utilise the antibody and a

label to detect the polypeptide in human body fluids or extracts of cells or tissues. The
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antibodies may be used with or without modification, and may be labelled by joining
them, either covalently or non-covalently, with a reporter molecule. A wide variety of

reporter molecules known in the art may be used, several of which are described above.

Quantities of polypeptide expressed in subject, control and disease samples from biopsied
tissues are compared with the standard values. Deviation between standard and subject
values establishes the parameters for diagnosing disease. Diagnostic assays may be used
to distinguish between absence, presence, and excess expression of polypeptide and to
monitor regulation of polypeptide levels during therapeutic intervention. Such assays
may also be used to evaluate the efficacy of a particular therapeutic treatment regimen in

animal studies, in clinical trials or in monitoring the treatment of an individual patient.
A diagnostic kit of the present invention may comprise:

(a) a nucleic acid molecule of the present invention;

(b) a polypeptide of the present invention; or

(c) a ligand of the present invention.

In one aspect of the invention, a diagnostic kit may comprise a first container containing
a nucleic acid probe that hybridises under stringent conditions with a nucleic acid
molecule according to the invention; a second container containing primers useful for
amplifying the nucleic acid molecule; and instructions for using the probe and primers for
facilitating the diagnosis of disease. The kit may further comprise a third container

holding an agent for digesting unhybridised RNA.

In an alternative aspect of the invention, a diagnostic kit may comprise an array of
nucleic acid molecules, at Jeast one of which may be a nucleic acid molecule according to

the invention.

To detect polypeptide according to the invention, a diagnostic kit may comprise one or
more antibodies that bind to a polypeptide according to the invention; and a reagent

useful for the detection of a binding reaction between the antibody and the polypeptide.

Such kits will be of use in diagnosing a disease or susceptibility to disease, particularly
cell proliferative disorders, including neoplasm, melanoma, lung, colorectal, breast,

pancreas, head and neck and other solid tumours, myeloproliferative disorders, such as
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leukemia, non-Hodgkin lymphoma, lenkopenia, thrombocytopenia, angiogenesis
disorder, Kaposis' sarcoma, autoimmune/inflammatory disorders, including allergy,
inflammatory bowel disease, arthritis, psoriasis and respiratory tract inflammation,
asthma, and organ transplant rejection, cardiovascular disorders, including hypertension,
oedema, angina, atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, heart
arrhythmia, and ischemia, neurological disorders including, central nervous system
disease, Alzheimer's disease, brain injury, stroke, amyotrophic lateral sclerosis, anxiety,
depression, and pain, developmental disorders, metabolic disorders including diabetes
mellitus, osteoporosis, lipid metabolism disorder, hyperthyroidism, hyperparathyroidism,
hypercalcemia, hypercholestrolemia, hyperlipidemia, and obesity, renal disorders,
including glomerulonephritis, renovascular hypertension, dermatological disorders,
including, acne, eczema, and wound healing, negative effects of aging, AIDS, infections
including viral infection, bacterial infection, fungal infection and parasitic infection and
other pathological conditions, particularly those in which nuclear hormone receptors are

implicated.

Various aspects and embodiments of the present invention will now be described in more
detail by way of example, with particular reference to the LBDG1 polypeptide.

1t will be appreciated that modification of detail may be made without departing from the

scope of the invention.

Brief description of the Figures

Figure 1: This is the front end of the Biopendium Target Mining Interface. A search of
the database is initiated using the PDB code "IERR:A".

Figure 2A: A selection is shown of the Inpharmatica Genome Threader results for the
search using 1ERR:A. The arrow indicates Homo sapiens Estrogen Receptor, which has a

typical Nuclear Hormone Receptor Ligand Binding Domain.

Figure 2B: A selection is shown of the Inpharmatica Genome Threader results for the
search using 1ERR:A. The arrow indicates 075385 (LBDG1).

Figure 2C: Full list of forward PSI-BLAST results for the search using 1ERR:A. 075385
(LBDG1) is not identified.
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Figure 3: The Redundant Seguence Display results page for 075385 (LBDG1).

Figure 4A: InterPro PFAM search results for 075385 (LBDG1), see arrow @.

Figure 4B: InterPro report on Proline rich regions, indicating they may function as DNA
binding domains.

Figure 5: SWISS-PROT entry for 075385 (LBDG1).

Figure 6A: This is the front end of the Biopendium database. A search of the database is
initiated using 075385 (LBDG1), as the query sequence.

Figure 6B: A selection of the Inpharmatica Genome Threader results of search using
075385 (LBDG1), as the query sequence. The arrow points to 1IERR:A.

Figure 6C: A selection of the reverse-maximised PSI-BLAST results obtained using
075385 (LBDG1), as the query sequence. The arrows numbered @, @ and @ point to
homologues of 075385 (LBDG1).

Figure 7: AlEye sequence alignment of 075385 (LBDG1) and 1ERR:A.

Figure 8A: LigEye for 1ERR:A that illustrates the sites of interaction of Raloxifene
(Ral600(A)) with the Ligand Binding Domain of Homo sapiens Estrogen Receptor,
1ERR:A.

Figure 8B: iRasMol view of 1ERR:A, the Ligand Binding Domain of Homo sapiens
Estrogen Receptor.

Figure 9: AlEye sequence alignment of 075385 (LBDG1; Homo sapiens ULK1) with the
homologues 070405 (Mus musculus ULK1), BAA31598.1 (Homo sapiens ULK2) and
BAAT77341.1 (Mus musculus ULK2).

Figure 10: NCBI UniGene report summarising sources of cDNAs and ESTs which
correspond to 075385 (LBDG1).

Figure 11: NN1112 is an adult nervous tissue library.

Figure 12: HUGE Database report for KIAA0722 (the HUGE identifier for 075385
(LBDG1)).
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Figure 13: Page 84 of the article Kuroyanagi et al, Genomics (1998) vol.51:76-85, which
details the cytogenetic map position of the 075385 (LBDG1) gene and nearby disease
toci.

Figure 14: Genome Threader alignment of 075385 (LBDG1) with Homo sapiens
Estrogen Receptor alpha (IERR:A), showing only the N-terminal half of the dimerisation
helix “0:10”. The three 075385 (LBDG1) homologues are included in the alignment (by
reference to the 075385 (LBDG1) sequence). Five other human Ligand binding domain
sequences are also included in the alignment by reference to the IERR:A sequence.
These are LBDs from the Androgen receptor (AR), Retinoic Acid Receptor gamma
(RARgamma), Retinoid X Receptor alpha (RXRalpha), Peroxisome Proliferator
Activated Receptor gamma (PPARgamma) and Retinoid Orphan Receptor beta
(RORbeta). Conserved residues are marked by boxes labeled a to h. Polar/charged

residues are in grey boxes, hydrophobic residues are in black boxes.

Figure 15: Overall view of the homology model of 075385 (LBDGI) adopting the
Ligand Binding Domain fold. Residues of particular interest are marked in black.

Figure 16: View of the homology model of 075385 (LBDG1) adopting the Ligand
Binding Domain fold, showing only the region encompassing the predicted helices “03”
and “0.5”. Grey arrows mark the direction of the polypeptide chain running N-terminal to
C-terminal.

Figure 17: Close-up of the predicted Co-activator binding site of the homology model of
075385 (LBDG!) adopting the Ligand Binding Domain fold. Residues of particular

interest are shown in black.

Figure 18: Close-up of the predicted Co-activator binding site of the homology model of
075385 (LBDG1) adopting the Ligand Binding Domain fold. Residues of particular
interest are shown in black. A cartoon of a Co-activator helix has been added to illustrate

the predicted mode of binding to the homology model.

Figure 19: Overview of the structure of the Homo sapiens Estrogen Receptor alpha
homodimer (IERR:A and 1ERR:B). The black line divides the two monomers. The

dimerisation helix “a10” is labeled.
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Figure 20: Comparison of the ERalpha structure (1ERR:A, Figure 20A) with the
homology model of 075385 (LBDG1, Figure 20B) adopting the Ligand Binding Domain
fold, with particular reference to the dimerisation helix “010”. Residues which are

critical to the dimer interaction are marked in black.

Figure 21: Comparison of the ERalpha structure (1ERR:A, Figure 21A) with the
homology model of 075385 (LBDG1, Figure 21B) adopting the Ligand Binding Domain
fold, showing only the dimerisation helix “®10”. Figure 21A and B each two
perpendicular views of the dimerisation helix “ct10”. In the edge-on view of the helix, the
polypeptide chain is running towards the C-terminus, out of the page towards the viewer.
Important residues are marked in black.

Figure 22: Genome Threader alignment of 075385 (LBDG!) with Homo sapiens
Estrogen Receptor alpha (1ERR:A), including the human paralog BAA31598.1
(LBDG4).

Figure 23: Overall view of the homology mode! of BAA31598.1 (LBDG4) adopting the
Ligand Binding Domain fold. Residues of particular interest are marked in black.

Figure 24: View of the homology model of BAA31598.1 (LBDG4) adopting the Ligand
Binding Domain fold, with particular reference to the dimerisation helix “a10”. Residues
which are critical to the dimer interaction are marked in black. Figure 24B and C show
two perpendicular views of the dimerisation helix “a10”. In the edge-on view of the
helix, The polypeptide chain is running towards the C-terminus, out of the page towards

the viewer. Important residues are marked in black.

Example 1

In order to initiate a search for novel, distantly related Nuclear Hormone Receptor Ligand
Binding Domains, an archetypal family member is chosen, the Ligand Binding Domain
of Homo sapiens Estrogen Receptor. More specifically, the search is initiated using a
structure from the Protein Data Bank (PDB) which is operated by the Research

Collaboratory for Structural Bioinformatics.

The structure chosen is the Ligand Binding Domain of Homo sapiens Estrogen Receptor
(PDB code !ERR:A; see Figure 1).
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A search of the Biopendium (using the Target Mining Interface) for relatives of 1IERR:A
takes place and returns 3614 Genome Threader results. The 3614 Genome Threader
results include examples of typical Nuclear Hormone Receptor Ligand Binding Domains,
such as that found between residues 307-547 of the Homo sapiens Estrogen Receptor (see

arrow in Figure 2A).

Among the proteins known to contain a Nuclear Hormone Receptor Ligand Binding

Domain appears a protein which is not annotated as containing a Nuclear Hormone

-Receptor Ligand Binding Domain, 075385 (LBDG1; see arrow in Figure 2B). The

Inpharmatica Genome Threader has identified a region of the sequence 075385
(LBDG1), between residues 822-1020, as having a structure similar to the Ligand

Binding Domain of Homo sapiens Estrogen Receptor. The possession of a structure

similar to the Ligand Binding Domain of Homo sapiens Estrogen Receptor suggests that -

residues 822-1020 of 075385 (LBDG1) function as a Nuclear Hormone Receptor Ligand
Binding Domain. The Genome Threader identifies this with 84% confidence.

The search of the Biopendium (using the Target Mining Interface) for relatives of
1ERR:A also returns 841 Forward PSI-Blast results. Forward PSI-Blast (see Figure 2C)
is unable to identify this relationship; only the Inpharmatica Genome Threader is able to
identify 075385 (LBDG1) as containing a Nuclear Hormone Receptor Ligand Binding

Domain.

In order to assess what is known in the public domain databases about 075385 (LBDG1)
the Redundant Sequence Display Page (Figure 3) is viewed. There are no PROSITE or
PRINTS hits which identify 075385 (LBDGI1) as containing a Nuclear Hormone
Receptor Ligand Binding Domain. PROSITE and PRINTS are databases that help to
describe proteins of similar families. Returning no Nuclear Hormone Receptor Ligand
Binding Domain hits from both databases means that 075385 (LBDG]1) is unidentifiable
as containing a Nuclear Hormone Receptor Ligand Binding Domain using PROSITE or
PRINTS.

n order to identify if any other public domain annotation vehicle is able to annotate

075385 (LBDG1) as containing a Nuclear Hormone Receptor Ligand Binding Domain,
the 075385 (LBDG1) protein sequence is searched against the PFAM database (Protein
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Family Database of Alignment and hidden Markov models) at the InterPro website (see
Figure 4A arrow @). A PFAM-A match is found to PFO0069/IPR0O00719, which is
diagnostic of a Eukaryotic protein kinase domain. This protein kinase domain is
annotated as being located between residues 16-278 of 075385 (LBDG1). There are no
PFAM-A matches annotating 075385 (LBDG!1) as containing a Nuclear Hormone
Receptor Ligand Binding Domain. Thus PFAM does not identify 075385 (LBDG1) as

containing a Nuclear Hormone Receptor Ligand Binding Domain.

Interestingly, PROSITE PFscan (see Figure 4A arrow @) identifies a Proline rich region
in 075385 (LBDG1) at residues 501-688. Proline rich regions may act as DNA binding
domains (see Figure 4B). The positioning of a DNA binding domain to the N-terminus of
the predicted Nuclear Hormone Receptor Ligand Binding Domain (residues 822-1020) is-
reminiscent of the domain organisation of archetypal Nuclear Hormone Receptors (which
have an N-terminal Zinc Finger DNA Binding Domain and C-terminal Ligand Binding
Domain).

The Swiss Institute of Bioinformatics (SIB) SWISS-PROT protein database is then
viewed to examine if there is any further information that is known in the public domain
relating to the 075385 (LBDG1) sequence. This is the Swiss public domain database for
protein and gene sequence deposition (Figure 5). 075385 (LBDG1) is a Homo Sapiens
sequence, its SWISS-PROT protein ID is 075385 and it is 1050 amino acids in length.
075385 is called ULK1 (UNC51-Like Kinase 1). ULK1 was cloned by Kuroyanagi et al.
At the Department of Molecular Genetics, Tokyo Metropolitan Institute of Gerontology,
35-2 Sakaecho, Itabashi-ku, Tokyo, 173-0015, Japan. The public domain information for
this gene does not annotate it as containing a Nuclear Hormone Receptor Ligand Binding

Domain.

Therefore, it can be concluded that using all public domain annotation tools, 075385
(LBDG1) may not be annotated as containing a Nuclear Hormone Receptor Ligand
Binding Domain. Only the Inpharmatica Genome Threader is able to annotate this protein

as containing a Nuclear Hormone Receptor Ligand Binding Domain.

The reverse search is now carried out. 075385 (LBDG1) is now used as the query

sequence in the Biopendium (see Figure 6A). The Inpharmatica Genome Threader
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identifies residues 822-1020 of 075385 (LBDG1Y as having a structure that is the same
as the Ligand Binding Domain of Homo sapiens Estrogen Receptor with 84% confidence
(see arrow in Figure 6B). The Ligand Binding Domain of Homo sapiens Estrogen
Receptor (1ERR:A) was the original query sequence. Positive iterations of PSI-Blast do
not return this result (Figure 6C). It is only the Inpharmatica Genome Threader that is

able to identify this relationship.

The sequence of the Homo sapiens Estrogen Receptor Ligand Binding Domain is chosen
against which to view the sequence alignment of 075385 (LBDG1). Viewing the AlEye
alignment (Figure 7) of the query protein against the protein identified as being of a

similar structure helps to visualize the areas of homology.

The Homo sapiens Estrogen Receptor Ligand Binding Domain contains an “LBD motif”
which has been found in all annotated Nuclear Hormone Receptor Ligand Binding
Domains to date. The “LBD motif” is involved in recruiting Nuclear Hormone Receptor
Co-Activators and Co-Repressors. The 6 residues; PHE367, LEU370, ASP374, GLN375,
LEU378 and LEU379 constitute this motif in the Homo sapiens Estrogen Receptor
Ligand Binding Domain (see square boxes Figure 7). 4 residues (ASP885, GLN886,
LEU889 and LEU890) in 075385 (LBDGI1) precisely match 4 (ASP374, GLN375,
LEU378 and LEU379) out of the 6 “LLBD motif” residues in the Homo sapiens Estrogen
Receptor Ligand Binding Domain. A fifth residue, LEU878, in 075385 (LBDGI) is
conservatively substituted for the PHE367 in the “LBD motif” of Homo sapiens Estrogen
Receptor Ligand Binding Domain. This indicates that 075385 (LBDG!) contains a
Nuclear Hormone Receptor Ligand Binding Domain similar to The Homo sapiens

Estrogen Receptor Ligand Binding Domain.

In order to ensure that the protein identified is in fact a relative of the query sequence, the
visnalization programs “LigEye" (Figure 8A) and “iRasmol" (Figure 8B) are used. These
visualization tools identify the active site of known protein structures by indicating the
amino acids with which known small molecule inhibitors interact at the active site. These
interactions are either through a direct hydrogen bond or through hydrophobic
interactions. In this manner, one can see if the active site fold/structure is conserved

between the identified homologue and the chosen protein of known structure. The LigEye
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view of the Homo sapiens Estrogen Receptor Ligand Binding Domain reveals 15 residues
which bind Raloxifene (circled in Figure 7). However, only 11 (THR347, ALA350,
LEU354, TRP383, LEU387, MET388, LEU391, ARG394, PHE404, MET421 and
LEU428) of these 15 residues lie within the Genome Threader alignment. Thus only
these 11 residues can be used to consolidate the Genome Threader annotation of 075385
(LBDG1) as containing a Nuclear Hormone Receptor Ligand Binding Domain. Of these
11 residues there are 9 hydrophobic residues which line the pocket of the Homo sapiens
Estrogen Receptor Ligand Binding Domain; ALA350, LEU354, TRP383, LEU387,
MET388, LEU391, PHE404, MET421 and LEU428. 5 of these 9 Homo sapiens Estrogen
Receptor Ligand Binding Domain hydrophobic residues are perfectly conserved in
075385 (LBDG1): ALA861, LEU863, TRP894, LEU900 and LEU904 (circled in Figure
7). 3 of the remaining 4 Homo sapiens Estrogen Receptor Ligand Binding Domain
hydrophobic residues are conservatively substituted for another hydrophobic residue in
075385 (LBDG1): VAL901, LEU910 and VAL932 (broken circles in Figure 7). This
conservation of hydrophobicity in 8 out of the 9 hydrophobic residues (within the region
of Genome Threader alignment) which line the binding pocket indicates that 075385
(LBDG1) will bind a hydrophobic steroid-like ligand.

This indicates that indeed as predicted by the Inpharmatica Genome Threader, 075385
(LBDG1) folds in a similar manner to the Homo sapiens Estrogen Receptor Ligand
Binding Domain and as such is identified as containing a Nuclear Hormone Receptor

Ligand Binding Domain.

Reverse-maximised PSI-BLAST of 075385 (LBDGI) identifies 1 Homo sapiens
homologue, and 2 Mus musculus homologues of 075385 (LBDGIL). 070405 (Mus
musculus ULKI, see Figure 6C arrow @) is the most closely related sequence to 075385
(LBDG1), sharing 88% sequence identity. Q70405 (Mus musculus ULK1) thus represents
the Mus musculus orthologue of 075385 (LBDG1; Homo sapiens ULK1).

BAA31598.1 (Homo sapiens ULK2, see Figure 6C arrow @) shares 51% sequence
identity with 075385 (LBDG1; Homo sapiens ULK1). BAA31598.1 (Homo sapiens
ULK2) thus represents a paralogue of 075385 (LBDG1; Homo sapiens ULK1).

JP 2005-500012 A 2005.1.6
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BAA77341.1 (Mus musculus ULK2, see Figure 6C arrow ®) shares 50% sequence
identity with 075385 (LBDG1; Homo sapiens ULK1). However, BAATI341.1 (Mus
musculus ULK2) is much more closely related to BAA31598.1 (Homo sapiens ULK2),
which share 91% sequence identity and this is why they are clustered in Figure 6C).
BAAT77341.1 (Mus musculus ULK2) thus represents the Mus musculus orthologue of
070405 (LBDG1; Homo sapiens ULK2).

075385 (LBDG1; Homo sapiens ULK1), 070405 (Mus musculus ULK1), BAA31598.1
(Homo sapiens ULK2) and BAA77341.1 (Mus musculus ULK2) are aligned and viewed
in AlEye (Figure 9). AlEye reveals that the 8 hydrophobic residues (within the Genome
Threader alignment; ALA861, LEU863, TRP894, LEU900, VAL901, LEUS04, LEU910
and VAL932) of 075385 (LBDG1) predicted to line the ligand binding pocket are all
precisely conserved in Q70405 (Mus musculus ULK]; see Figure 9). Furthermore, 4
(LEU878, ASP885, GLN886, LEU890) of the 5 predicted “LBD motif” residues in
075385 (LBDG1) are precisely conserved in 070405 (Mus musculus ULK1).

AlEye also reveals that 5 (TRP894, LEU900, VAL90I, LEU910 and VAL932) of the 8
hydrophobic residues (within the Genome Threader alignment) of 075385 (LBDG1)
predicted to line the ligand binding pocket are all precisely conserved in BAA31598.1
(Homo sapiens ULK2) and BAA77341.1 (Mus musculus ULK2). Furthermore, 3
(ASP885, GLN886, LEU890) of the 5 predicted “LBD motif” residues in 075385
(LBDG1) are precisely conserved in BAA31598.1 (Homo sapiens ULK2) and
BAA77341.1 (Mus musculus ULK2).

Residues which are essential for the function of a protein will be conserved in
homologues of that protein. Thus the conservation of residues which would be essential
for the function of the predicted 075385 (LBDG1) Nuclear Hormone Receptor Ligand
Binding Domain in the homologues O70405 (Mus musculus ULKI), BAA31598.1
(Homo sapiens ULK2) and BAA77341.1 (Mus musculus ULK2) strongly supports the
annotation of 075385 (LBDG1) as containing a Nuclear Hormone Receptor Ligand
Binding Domain.

Figure 10 is a report generated from the NCBI UniGene database. This database is a

collection of expressed sequence tags (ESTSs) from various human tissues, it can be used to
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give a general tissue distribution for a protein provided that its sequence is present in the
database. 075385 (LBDG1) is present in the database and is shown to be expressed in
tissues referred to as Blood, Brain, Breast, CNS, Colon, Germ Cell, Heart, Kidney, Lung,

Lymph, Muscle, Ovary, Pancreas, Parathyroid, Pooled, Prostate, Testis,  Tonsil, Uterus, .

Whole embryo, adrenal gland, brain, breast_normal, cervix, colon, colon_est, colon_ins,
head_neck, kidney, leiomios, lung, nervous_normal, ovary, placenta,
prostate_normal, prostate_tumnor and uterus. mRNA for 075385 (LBDG1) is also highly
represented (3.6%) in library 3761 NN1112, an adult nervous tissue library (see Figure 11).

Although the UniGene database gives a rough idea of tissue distribution, the Human
Unidentified Gene-Encoded Large Proteins Analyzed by Kazusa cDNA Project (HUGE)
database provides a direct experimental measure of cDNA levels by RT-PCR ELISA (see
Figure 12). 075385 (LBDG1) is present in the database under the identifier KIAA0722

and is highly expressed in brain, heart and ovary.

There is an article associated with 075385 (LBDG1); Kuroyanagi et al., Genomics
(1998) vol.51:76-85, see Figure 13. This article demonstrates that the gene encoding
075385 (LBDG1) maps distal to the cytogenetic locus 12¢24.3. This position is close to
the causal gene for distal hereditary motor neuropathy type II (distal HMN II) and the
causal gene for scapuloperoneal spinal muscular atrophy (SPSMA). While the gene
encoding 075385 (LBDG1) maps distal to these loci, there is nonetheless a possibility
that 075385 (LBDG]1) is the causal gene for one or both of these disorders. It may thus be
inferred that the 075385 (LBDGI) gene may be implicated in these conditions, so paving
the way for the development of agents that target the 075385 (LBDG!) gene or its encoded
protein, to diagnose and/or treat these conditions. In particular, the identification of this gene
as containing a Nuclear Hormone Receptor Ligand Binding Domain facilitates the
development of agents that are specific to the 075385 (LBDG1) protein, for example,
through the use of Nuclear Hormone Receptor Ligand Binding Domain agonists or

antagonists.

Example 2
The Homo sapiens Estrogen Receptor alpha Ligand Binding Domain contains an “LBD

motif” which has been found in all annotated Nuclear Hormone Receptor Ligand Binding
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Domains to date. The “LBD motif” is involved in recruiting Nuclear Hormone Receptor
Co-Activators and Co-Repressors. The 6 residues PHE367, LEU370, ASP374, GLN375,
LEU378 and LEU379 constitute this motif in the Homo sapiens Estrogen Receptor alpha
Ligand Binding Domain (refer back to Figure 7: 1ERR:A). As discussed above, four of
these “LBD motif” residues are precisely conserved in 075385 (LBDG1). 1ERR:A
ASP374 is conserved as ASP885 in 075385 (LBDG1). 1IERR:A GLN375 is conserved as
GLN886 in 075385 (LBDG1). 1ERR:A LEU378 is conserved as LEU889 in 075385
(LBDGI1). 1ERR:A LEU379 is conserved as LEU890 in 075385 (LBDGI). A fifth
residue of the 1ERR:A “LBD motif”, PHE367 is conservatively substituted by LEU878
in 075385 (LBDG1).

In addition to the “LBD motif” residues, there are other residues which are well
conserved in known Nuclear Hormone Receptor Ligand Binding Domains. A further test
of the annotation of 075385 (LBDG1) as containing a Nuclear Hormone Receptor
Ligand Binding Domain is to analyse whether important residues outside of the “LBD
motif? are conserved in 075385 (LBDG1) and the five 075385 (LBDG1) homologues.

In addition to Ligand binding and Co-Activator/Co-Repressor recruitment, another
characteristic property of Nuclear Hormone Receptor Ligand Binding Domains is their
ability to dimerise with other Nuclear Hormone Receptor Ligand Binding Domains. For
example, the Estrogen Receptor alpha (ERqy) Ligand Binding Domain can homodimerise

with itself.

Another example is that the Peroxisome Proliferator Activated Receptor gamma (PPARY)
Ligand Binding domain can heterodimerise with the Retinoid X Receptor alpha (RXRo)
Ligand Binding Domain. Regardless of whether a Ligand Binding Domain is forming a
homo- or hetero-dimer, the same general mode of interaction underlies the association.
Crystallographic and mutagenesis experiments have identified the N-terminal half of
helix “a10” as the primary site of interaction between two dimerising Ligand Binding
Domains (Gampe, R. T., Montana, V G., Lambert, M H., Miller, A B., Bledsoe, R K.,
Milburn, M V., Kliewer, S A., Willson, T M., Xu, H E., Mol. Cell. 2000, 5 (3):545-55
and (Brzozowski, A M., Pike, A C., Dauter, Z., Hubbard, R E., Bonn, T., Engstrom, O.,
Ohman, L., Greene, G L., Gustafsson, J A., Carlquist, M., Nature. 1997, vol.389
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6652):753-8). The functional importance of the N-terminal half of helix “al0” is
reflected in the strong conservation of particular residues in this region. Figure 14 shows
075385 (LBDGI), and its three homologues, aligned with the N-terminal half of helix
“a10” sequences for Homo sapiens ERo, AR, RARY, RXRo, PPARy and RORB. To
form a dimer, the “010” helix of each monomer intertwine to form a rigid backbone, and
this is driven by a combination of polar and hydrophobic interactions. There are two
residue- positions on helix “0t10” which play a significant role in the polar component of
the dimersation interactions (these are marked as box “b” and box “g” in. Figure 14).
Position “b” on helix “o.10” is normally occupied by a polar residue (eg. GLN506 in
ERa) or a positively charged residue (eg. LYS417 in RXRa), which have the appropriate
side chain properties to make a polar/charge interaction with the dimerisation partner.
According to the Genome Threader alignment of 075385 (LBDG1) with Homo sapiens
Estrogen Receptor alpha Ligand Binding Domain (1ERR:A), LYS1009 of 075385
(LBDG1) would occupy position “b” on helix “ol0”. Clearly LYS1009 has the
appropriate side chain properties to make a polar/charge interaction with the dimerisation
partner. This supports the annotation of 075385 (LBDG1) as containing a Nuclear
Hormone Receptor Ligand Binding Domain. The significance of LYS1009 of 075385
(LBDG1) occupying position “b” on helix “0t10” is enhanced by the observation that
LYS1009 is conserved in the three 075385 (LBDGI) homologues (070405,
BAA31598.1 and BAA77341.1, see Figure 14 box “b”).

Position “g” on helix “et10” is normally occupied by a positively charged residue (eg.
ARGS516 in ERQ) or a polar residue (eg. GLN867 in AR), which have the appropriate
side chain properties to make a polar/charge interaction with the dimerisation partner.
According to the Genome Threader alignment of 075385 (LBDG1) with Homo sapiens
Estrogen Receptor alpha Ligand Binding Domain (1ERR:A), GLN1018 of 075385
(LBDG1) would occupy position “g” on helix “10”. Clearly GLNI1018 has the
appropriate side chain properties to make a polar/charge interaction with the dimerisation
partner. This supports the annotation of 075385 (LBDGI) as containing a Nuclear
Hormone Receptor Ligand Binding Domain. The significance of GLN1018 of 075385

(LBDG1) occupying position “g” on helix “0.10” is enhanced by the observation that
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GLN1018 is conserved in the 075385 (LBDG1) Mus musculus ortholog O70405 (see
Figure 14 box “g”). The other two 075385 (LBDG1) homologs (BAA31598.1 and
BAA77341.1) are predicted to have a SER at position “g”. Clearly a SER also has the
appropriate side chain properties to make a polar/charge interaction with the dimerisation
partner.

Dimerisation of Ligand Binding Domains is also driven by a number of hydrophobic
interactions. For example, position “a” on helix “e10” is normally occupied by an
aromatic residue (eg. PHE432 in PPARY) or a large hydrophobic residue (eg. LEU504 in
ERa) which have the appropriate side chain properties to make a hydrophobic interaction
with the dimerisation partner. According to the Genome Threader alignment of 075385
(LBDGI) with Homo sapiens Estrogen Receptor alpha Ligand Binding Domain
(IERR:A), TYR1008 of 075385 (LBDG1) would occupy position “a” on helix “o10”.
Clearly TYR1008 has the appropriate side chain properties to make a hydrophobic
interaction with the dimerisation partner. This supports the annotation of 075385
(LBDG1) as containing a Nuclear Hormone Receptor Ligand Binding Domain. The
significance of TYR1008 of 075385 (LBDG1) occupying position “a” on helix “al0” is
enhanced by the observation that TYR1008 is conserved in the three 075385 (LBDG1)
homologues (070405, BAA31598.1 and BAA77341.1, see Figure 14 box “a”).

The N-terminal half of helix “0.10” also contains a number of other positions (boxes ¢, d,
e, f and h, Figore 14) which are occupied by conserved hydrophobic residues in known
Ligand Binding Domains. These hydrophobic residues are either solvent exposed and
contribute to the hydrophobic interaction with the dimerisation partner or are buried and
are involved in folding helix “0:10” against the main body of the Ligand Binding Domain
(eg. LEUSO7 and LEUS14 of ERa). According to the Genome Threader alignment of
075385 (LBDG1) with the Homo sapiens Estrogen Receptor alpha Ligand Binding
Domain (IERR:A), hydrophobic residues would occupy all of these positions in 075385
(LBDG1) (ALA1010 in position “c”, LEU1011 in position “d”, LEU1014 in position “e”,
LEU1017 in position “f” and MET1020 in position “h”, see Figure 14). This supports the
annotation of 075385 (LBDG1) as containing a Nuclear Hormone Receptor Ligand

Binding Domain. The significance of hydrophobic residues occupying positions.c, d, ¢, f,
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and h, in 075385 (LBDG]1) is further enhanced by the observation that hydrophobic
residues also occupy these positions in the three 075385 (LBDG1) homologues (070405,
BAA31598.1 and BAA77341.1, see Figure 14).

Taken together, this residue analysis indicates that 075385 (LBDGI) possesses the
appropriate complement of residues (at the N-terminus of helix “0.10”) to homo- or
hetero-dimerise with Nuclear Hormone Ligand Binding Domains. This supports the
annotation of 075385 (LBDGI) as containing a Nuclear Hormone Receptor Ligand
Binding Domain.

A further test of the Genome Threader annotation of 075385 (LBDG1) as containing a
Nuclear Hormone Receptor Ligand Binding Domain is to attempt to construct a
homology model of 075385 (LBDG1) adopting the LBD fold. A homology model of
075385 (LBDG1) was constructed by submitting the Genome Threader alignment of
075385 (LBDG1) with the Homo sapiens Retinoic Acid Receptor gamma structure
JFCX to Modeller version 5 (Sali, A and Blundell T.L. Comparative protein modelling
by satisfaction of spatial restraints. J. Mol. Biol. 234,779-815, 1993).

An overall view of the homology model is presented in Figure 16. It can be seen that
075385 (LBDG1) has been successfully modelled onto the IFCX structure and exhibits
the typical organization of cross-latticed o-helices which make up the LBD fold. Figure
17 focuses on the two key alpha helices “03” and “a5” (which correspond to 3 and o5
in known Nuclear Hormone Receptor Ligand Binding Domain structures). Figure 18
zooms in on the predicted Co-Activator binding site. In known LBD structures the Co-
Activator binding site is a groove formed between a3 and o5 on the Ligand Binding
Domain surface. Figure 19 shows the same view, but with a cartoon of the interacting
Co-Activator helix added to illustrate the predicted mode of Co-Activator binding to the
groove). The five residues of the predicted “LBD motif” in 075385 (LBDG1), LEUS878,
ASP885, GLN886, LEU889 and LEU890 are marked in dark grey, and are all in the
appropriate orientations to fulfill their roles without any clashes or steric hindrance. For
example, GLN886 is in a suitable position to interact with the C-terminus of the Co-
Activator helix, just as is observed for the equivalent residue GLN375 of Estrogen
receptor alpha, when it binds the Co-activator helix of SRC-1 (A. K. Shiau, D. Barstad, P.
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M. Loria, Lin Cheng, P. J. Kushner, D. A. Agard, and G. L. Greene, “The Structural
Basis of Estrogen Receptor/Coactivator Recognition and the Antagonism of This
Interaction by Tamoxifen”, Cell -1998 95: 927). Similarly, LEU890 projects into the
groove and could make hydrophobic contacts with several of the Leucines present in the
LXXLL Co-Activator helix, just as is observed for the equivalent residue LEU379 of
Estrogen receptor alpha, when it binds the Co-activator helix of SRC-1 (A. K. Shiau, D.
Barstad, P. M. Loria, Lin Cheng, P. J. Kushner, D. A. Agard, and G. L. Greene, The
Structural Basis of Estrogen Receptor/Coactivator Recognition and the Antagonism of
This Interaction by Tamoxifen Cell 1998 95: 927).

Residues outside of the “LBD motif” are also positioned in appropriate orientations to
fulfill their roles. For example, residues predicted to be positioned at the N-terminus of
the “dimerisation” helix “ct10are in suvitable orientations to participate in interactions
with a dimerisation partner. Figure 20 shows an overview of the structure of the Homo
sapiens Estrogen Receptor alpha homodimer. The principle feature of the homodimer
interface is the intertwined helices “a10” of each monomer. Figure 21 compares the
Estrogen Receptor alpha monomer (Figure 21A) with the homology model of 075385
(LBDG1) adopting the LBD fold (Figure 21B). It is clear that the region of 075385
(LBDG1) predicted by Genome Threader to be positioned at helix “ct10” has been
successfully modelled as a long continuous alpha helix without any clashes or steric
hindrance. This supports the Genome Threader annotation of 075385 (LBDGI) as
containing a Nuclear Hormone Receptor Ligand Binding Domain. Furthermore, residues
predicted to make key charge/polar interactions are in the appropriate orientation to
interact with a dimerisation partner. For example, LYS1009 of 075385 (LBDGI1)
projects away from the body of the Ligand Binding Domain, towards where a
dimerisation partner would be located, just as is observed for the equivalent residue
GLNS506 of Estrogen receptor alpha. For example, GLN1018 of 075385 (LBDGI)
projects away from the body of the Ligand Binding Domain, towards where a
dimerisation partner would be located, just as is observed for the equivalent residue
ARGS]5 of Estrogen receptor alpha. Furthermore, residues predicted to make key
hydrophobic interactions are in the appropriate orientation to interact with a dimerisation

partner. For example, TYR1007 of 075385 (LBDG1) projects away from the body of the
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Ligand Binding Domain, towards where a dimerisation partner would be located, just as
is observed for the equivalent residue LEUS04 of Estrogen receptor alpha. Figure 21
shows a close-up of helix “0.10” for both ERalpha (Figure 21A) and the homology model
of 075385 (LBDGI) adopting the LBD fold (Figure 21B). Figure 21 also reveals that
residues predicted by the Genome Threader alignment to function in the folding of helix
“al0” against the body of the Ligand Binding Domain are in the appropriate orientation
to fulfill this role without any clashes or steric hindrance. For example, ALA1010 of
075385 (LBDG1) projects into the body of the Ligand Binding Domain, where it can
make hydrophobic contacts with the core of the structure, just as is observed for the
equivalent residue LEUS07 of Estrogen Receptor alpha. For example, LEU1017 of
075385 (LBDG1) projects into the body of the Ligand Binding Domain, where it can
make hydrophobic contacts with the core of the structure, just as is observed for the

equivalent residue TLES14 of Estrogen receptor alpha.

The homology modelling of 075385 (LBDG1) as a Ligand Binding Domain supports the
Genome Threader annotation of 075385 (LBDG1) as containing a Ligand Binding Domain.

Example 3

This example relates to a novel protein, termed BAA31598.1 herein identified as a

Nuclear Hormone Receptor Ligand Binding Domain and to the use of this protein and
nucleic acid sequence from the encoding gene in the diagnosis, prevention and treatment

of disease.

This protein is a Homo sapiens paralogue of 075385 (LBDG1), and will be referred to
herein as LBDG4 (BAA31598.1). This protein has 51% sequence identity to 075385
(LBDG1), and furthermore, residues predicted to play key roles in the Ligand Binding
Domain fold of 075385 (LBDG1) are conserved in BAA31598.1 (LBDG4, see Figure
22). On the basis of the high homology to 075385 (LBDG1), and the conservation of key
predicted residues, we annotate BAA31598.1 (LBDG4) as also containing a Nuclear

Hormone Receptor Ligand Binding Domain.

The Homo sapiens Estrogen Receptor alpha Ligand Binding Domain contains an “LBD

motif” which has been found in all annotated Nuclear Hormone Receptor Ligand Binding
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Domains to date. The “LBD motif” is involved in recruiting Nuclear Hormone Receptor
Co-Activators and Co-Repressors. The 6 residues PHE367, LEU370, ASP374, GLN375,
LEU378 and LEU379 constitute this motif in the Homo sapiens Estrogen Receptor alpha
Ligand Binding Domain (see Figure 22: 1ERR:A). Three of these “LBD motif” residues
are precisely conserved in BAA31598.1 (LBDG4). 1IERR:A ASP374 is conserved as
ASP870 in BAA31598.1 (LBDG4). 1ERR:A GLN375 is conserved as GLN871 in
BAA31598.1 (LBDG4). 1ERR:A LEU379 is conserved as LEU875 in BAA31598.1
(LBDG4). A fourth residue of the 1IERR:A “LBD motif”, PHE367 is conservatively
substituted by ILE863 in BAA31598.1 (LBDG4). This supports the annotation of
BAA31598.1 (LBDG4) as containing a Nuclear Hormone Receptor Ligand Binding

Domain.

In addition to the “LBD motif” residues, there are other residues which are well
conserved in known Nuclear Hormone Receptor Ligand Binding Domains. A further test
of the annotation of BAA31598.1 (LBDG4) as containing a Nuclear Hormone Receptor
Ligand Binding Domain is to analyse whether important residues outside of the “LBD
motif” are conserved in BAA31598.1 (LBDG4).

In addition to Ligand binding and Co-Activator/Co-Repressor recruitment, another
characteristic property. of Nuclear Hormone Receptor Ligand Binding Domains is their
ability to dimerise with other Nuclear Hormone Receptor Ligand Binding Domains. For
example, the Estrogen Receptor alpha (ERo) Ligand Binding Domain can homodimerise

with itself.

Another example is that the Peroxisome Proliferator Activated Receptor gamma (PPARY)
Ligand Binding domain can heterodimerise with the Retinoid X Receptor alpha (RXRo:)
Ligand Binding Domain. Regardless of whether a Ligand Binding Domain is forming a
homo- or hetero-dimer, the same general mode of interaction underlies the association.
Crystallographic and mutagenesis experiments have identified the N-terminal half of
helix “@:10” as the primary site of interaction between two dimerising Ligand Binding
Domains (Gampe, R T., Montana, V G., Lambert, M H., Miller, A B., Bledsoe, R K.,
Milbum, M V., Kliewer, $ A., Willson, T M., Xu, H E., Mol. Cell. 2000, 5 (3):545-55
and (Brzozowski, A M., Pike, A C., Dauter, Z., Hubbard, R E., Bonn, T., Engstrom, O.,
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Ohman, L., Greene, G L., Gustafsson, ] A., Carlquist, M., Nature. 1997, vol.389

6652):753-8).  The functional importance of the N-terminal half of helix “wl0” is

reflected in the strong conservation of particular residues in this region. Figure 14 shows
BAA31598.1 (LBDG4), and its three homologues, aligned with the N-terminal half of

helix “a10” sequences for Homo sapiens ERa, AR, RARy, RXRa, PPARy and RORB. To -

form a dimer, the “a10” helix of each monomer intertwine to form a rigid backbone, and
this is driven by a combination of polar and hydrophobic interactions. There are two
residue positions on helix “a10” which play a significant role in the polar component of
the dimerisation interactions (these are marked as box “b” and box “g” in Figure 14).
Position “b” on helix “«10” is normally occupied by a polar residue (eg. GLN506 in
ERo) or a positively charged residue (eg. LYS417 in RXRa), which have the appropriate

* side chain propetties to make a polar/charge interaction with the dimerisation partner.

According to the alignment of BAA31598.1 (LBDG4) with Homo sapiens Estrogen
Receptor alpha Ligand Binding Domain (1ERR:A), LYS994 of BAA31598.1 (LBDG4)
would occupy position “b” on helix “a10”. Clearly LYS994 has the appropriate side
chain properties to make a polar/charge interaction with the dimerisation pariner. This
supports the annotation of BAA31598.1 (LBDG4) as containing a Nuclear Hormone
Receptor Ligand Binding Domain.

Position “g” on helix “¢10” is normally occupied by a positively charged residue (eg.
ARG516 in ERa) or a pelar residue (eg. THR417 in RORbeta), which have the
appropriate side chain properties to make a polar/charge interaction with the dimerisation
partner. According to the alignment of BAA31598.1 (LBDG4) with Homo sapiens
Estrogen Receptor alpha Ligand Binding Domain (1ERR:A), SER1003 of BAA31598.1
(LBDG4) would occupy position “g” on helix “al0”. Clearly SER1003 has the
appropriate side chain properties to make a polar/charge interaction with the dimerisation
partner. This supports the annotation of BAA31598.1 (LBDG4) as containing a Nuclear
Hormone Receptor Ligand Binding Domain.

Dimerisation of Ligand Binding Domains is also driven by a number of hydrophobic
interactions. For example, position “a” on helix “al0” is normally occupied by an

aromatic residue (eg. PHE432 in PPARY) or a large hydrophobic residue (eg. LEUS04 in
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ER0) which have the appropriate side chain properties to make a hydrophobic interaction
with the dimerisation partner.- According to the alignment of BAA31598.1 (LBDG4) with
Homo sapiens Estrogen Receptor alpha Ligand Binding Domain (1ERR:A), TYR992 of
BAA31598.1 (LBDG4) would occupy position “a” on helix “al0”, Clearly TYR992 has
the appropriate side chain propesties to make a hydrophobic interaction with the
dimerisation partner. This supports the annotation of BAA31598.1 (LBDG4) as

containing a Nuclear Hormone Receptor Ligand Binding Domain.

The N-terminal half of helix “a10” also contains a number of other positions (boxes ¢, d,
e, T and h, Figure 14) which are occupied by conserved hydrophobic residues in known
Ligand Binding Domains. These hydrophobic residues are either solvent exposed and
contribute to the hydrophobic interaction with the dimerisation partner or are buried and
are involved in folding helix “a10” against the main body of the Ligand Binding Domain
(eg. LEUS07 and LEU514 of ERa). According to the alignment of BAA31598.1
(LBDG4) with the Homo sapiens Estrogen Receptor alpha Ligand Binding Domain
(1ERR:A), hydrophobic residues would occupy all of these positions in BAA31598.1
(LBDG4) (ALA995 in position *“c”, ALA996 in position *“d”, LEU999 in position “e”,
LEU1002 in position “f” and ILE1005 in position “h”, see Figure 14). This supports the
annotation of BAA31598.1 (LBDG4) as containing a Nuclear Hormone Receptor Ligand
Binding Domain. Taken together, this residue analysis indicates that BAA31598.1
(LBDG4) possesses the appropriate complement of residues (at the N-terminus of helix
“a10™) to homo- or hetero-dimerise with Nuclear Hormone Ligand Binding Domains.
This supports the annotation of BAA31598.1 (LBDG4) as containing a Nuclear Hormone

Receptor Ligand Binding Domain.

A farther test of the annotation of BAA31598.1 (LBDG4) as containing a Nuclear
Hormone Receptor Ligand Binding Domain is to attempt to construct a homology model
of BAA31598.1 (LBDG4) adopting the LBD fold. A Eomo]ogy model of BAA31598.1
(LBDG4) was constructed based on the alignment shown in Figure 22. The homology
modeling was performed uvsing Modeller version 5 (Sali, A and Blundell T.L.
Comparative protein modelling by satisfaction of spatial restraints. J. Mol. Biol. 234,779-
815, 1993).
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An overall view of the homology model is presented in Figure 23. It can be seen that
BAA31598.1 (LBDG4) has been successfully modelled on the LBD fold and exhibits the
typical organization of cross-latticed a-helices which make up the LBD fold. The four
residues of the predicted “LBD motif” in BAA31598.1 (LBDG4), ILE863, ASPS70,
GLN871 and LEU875 are marked in black, and are all in the appropriate orientations to

fulfill their roles without any clashes or steric hindrance.

Residues outside of the “LBD motif” are also positioned in appropriate orientations to
fulfill their roles. For example, residues predicted to be positioned at the N-terminus of
the “dimerisation” helix “al0”are in suitable orientations to participate in interactions
with a dimerisation partner (Figure 24). It is clear that the region of BAA31598.1
(LBDG4) predicted to be positioned at the N-terminus of helix “al0” has been
successfully modelled as an alpha helix without any clashes or steric hindrance. This
supports the Genome annotation of BAA31598.1 (LBDG4) as containing a Nuclear
Hormone Receptor Ligand Binding Domain, Furthermore, residues predicted to make
key charge/polar interactions are in the appropriate orientation to interact with a
dimerisation partner. For example, LYS994 of BAA31598.1 (LBDG4) projects away
from the body of the Ligand Binding Domain, towards where a dimerisation partner
would be located, just as is observed for the equivalent residue GLN506 of Estrogen
receptor alpha. For example, SER1003 of BAA31598.1 (LBDG4) projects away from the
body of the Ligand Binding Domain, towards where a dimerisation partner would be
located, just as is observed for the equivalent residue ARGS51S of Estrogen receptor
alpha. Furthermore, residues predicted to make key hydrophobic interactions are in the
appropriate orientation to interact with a dimerisation partner. For example, TYR992 of
BAA31598.1 (LBDG4) projects away from the body of the Ligand Binding Domain,
towards where a dimerisation partner would be located, just as is observed for the
equivalent residue LEUS504 of Estrogen recepbtor alpha. Figure 24B and 24C show a
close-up of helix “a10” for the homology model of BAA31598.1 (LBDG4) adopting the
LBD fold. Figure‘ 24B and 24C also reveals that residues predicted to function in the
folding of helix “al0” against the body of the Ligand Binding Domain are in the
appropriate orientation to fulfill this role without any clashes or steric hindrance. For

example, ALA995 of BAA31598.1 (LBDG4) projects into the body of the Ligand
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Binding Domain, where it can make hydrophobic contacts with the core of the structure,
just as is observed for the equivalent residue LEUS07 of Estrogen receptor alpha. For
example, LEU1002 of BAA31598.1 (LBDG4) projects into the body of the Ligand
Binding Domain, where it can make hydrophobic contacts with the core of the structure,

just as is observed for the equivalent residue ILES14 of Estrogen receptor alpha.

The homology modelling of BAA31598.1 (LBDG4) as a Ligand Binding Domain
supports the annotation of BAA31598.1 (LBDG4) as containing a Ligand Binding

Domain.
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CLAIMS

1.

w

A polypeptide, which polypeptide:

(i) comprises or consists of the amino acid sequence as recited in SEQ ID
NO:2;
(ii) is a fragment thereof having Nuclear Hormone Receptor Ligand Binding

Domain activity or having an antigenic determinant in common with the

polypeptide of (i); or

(iid) is a functional equivalent of (i) or (ii).

. A polypeptide which is a fragment according to claim 1(ii), which includes the

Nuclear Hormone Receptor Ligand Binding Domain region of the LBDGI
polypeptide, said Nuclear Hormone Receptor Ligand Binding Domain region being
defined as including residues 822 to 1020 inclusive, of the amino acid sequence
recited in SEQ ID NO:2, wherein said fragment possesses the “LBD motif” residues
LEU878, ASP885, GLN886 LLEU889 and LEUS890, or equivalent residues, and

possesses Nuclear Hormone Receptor Ligand Binding Domain activity.

. A polypeptide which is a functional equivalent according to claim 1(iii), is

homologous to the amino acid sequence as recited in SEQ ID NO:2, possesses the
catalytic residues LEU878, ASP88S, GLN886 LEU889 and LEU890, or equivalent

residues, and has Nuclear Hormone Receptor Ligand Binding Domain activity.

. A polypeptide, which polypeptide:

i) comprises or consists of the amino acid sequence as recited in SEQ 1D
NO:4;
(ii) is a fragment thereof having Nuclear Hormone Receptor Ligand Binding

Domain activity or having an antigenic determinant in common with the

polypeptide of (i); or

(iii) is a functional equivalent of (i) or (ii).
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5. A polypeptide which is a fragment according to claim 4(ii), which includes the
Nuclear Hormone Receptor Ligand Binding Domain region of the LBDG4
polypeptide, said Nuclear Hormone Receptor Ligand Binding Domain region being
defined as including residues 805 to 1005 inclusive, of the amino acid sequence
recited in SEQ ID NO:4, wherein said fragment possesses the “LBD motif” residues
ILE863, ASP870, GLN871 and LEUS87S, or equivalent residues, and possesses

Nuclear Hormone Receptor Ligand Binding Domain activity.

6. A polypeptide which is a functional equivalent according to claim 4(iii), is
homologous to the amino acid sequence as recited in SEQ ID NO:4, possesses the
catalytic residues ILE863, ASP870, GLN871 and LEUS875, or equivalent residues,

and has Nuclear Hormone Receptor Ligand Binding Domain activity.

7. A polypeptide according to claim 3 or 6, wherein said functional equivalent is

homologous to the Nuclear Hormone Receptor Ligand Binding Domain region of the
LBDG]I polypeptide.

8. A fragment or functional equivalent according to any one of claims 1-7, which has
greater than 80% sequence identity with an amino acid sequence as recited in SEQ ID
NO:2 or SEQ ID NO:4, or with a fragment thereof that possesses Nuclear Hormone
Receptor Ligand Binding Domain activity, preferably greater than 85%, 90%, 95%,
98% or 99% sequence identity, as determined using BLAST version 2.1.3 using the
default parameters specified by the NCBI (the National Center for Biotechnology
Information; http://www.ncbi.nlm.nih.gov/) [Blosum 62 matrix; gap open penalty=11

and gap extension penalty=1].

9. A functional equivalent according to any one of claims 1-8, which exhibits significant

structural homology with a polypeptide having the amino acid sequence given in any
one of SEQ ID NO:2 or SEQ ID NO:4, or with a fragment thereof that possesses

Nuclear Hormone Receptor Ligand Binding Domain activity.

10. A fragment as recited in claim 1, 2, 4 or 5, having an antigenic determinant in
common with the polypeptide of claim 1(i), which consists of 7 or more (for example,
8, 10, 12, 14, 16, 18, 20 or more) amino acid residues from the sequence of SEQ ID
NO:2 or SEQ ID NO:4.
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. A purified nucleic acid molecule which encodes a polypeptide according to any one

of the preceding claims.

. A purified nucleic acid molecule according to claim 11, which has the nucleic acid

sequence as recited in SEQ ID NO:1 or SEQ ID NO:3, or is a redundant equivalent or

fragment thereof.

. A fragment of a purified nucleic acid molecule according to claim 11 or claim 12,

which comprises nucleotides 2732 to 3328 of SEQ ID NQ:1 or nucleotides 2913 to
3515 of SEQ ID NO:3, or is a redundant equivalent thereof,

. A purified nucleic acid molecule which hybridizes under high stringency conditions

with a nucleic acid molecule according to any one of claims 11-13.

. A vector comprising a nucleic acid molecule as recited in any one of claims 11-14.
. A host cell transformed with a vector according to claim 15.

. A ligand which binds specifically to, and which preferably inhibits the Nuclear

Hormone Receptor Ligand Binding Domain activity of, a polypeptide according to

any one of claims 1-10.

A ligand according to claim 17, which is an antibody.

. A compound that either increases or decreases the level of expression or activity of a

polypeptide according to any one of claims 1-10.

A compound according to claim 19 that binds to a polypeptide according to any one
of claims 1-10 without inducing any of the biological effects of the polypeptide.

. A compound according to claim 19 or claim 20, which is a natural or modified

substrate, ligand, enzyme, receptor or structural or functional mimetic.

A polypeptide according to any one of claims 1-10, a nucleic acid molecule according
to any one of claims 11-14, a vector according to claim 15, a ligand according to
claim 17 or 18, or a compound according to any one of claims 19-21, for use in

therapy or diagnosis of disease.

3. A method of diagnosing a disease in a patient, comprising assessing the level of

expression of a natural gene encoding a polypeptide according to any one of claim 1-
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10, or assessing the activity of a polypeptide according to any one of claim 1-10, in
tissue from said patient and comparing said level of expression or activity to a control

level, wherein a level that is different to said control level is indicative of disease.

A method according to claim 23 that is carried out in virro.

. A method according to claim 23 or claim 24, which comprises the steps of: (a)

contacting a ligand according to claim 17 or claim 18 with a biological sample under
conditions suitable for the formation of a ligand-polypeptide complex; and (b)

detecting said complex.
A method according to claim 23 or claim 24, comprising the steps of:

contacting a sample of tissue from the patient with a nucleic acid probe under
stringent conditions that allow the formation of a hybrid complex between a nucleic

acid molecule according to any one of claims 11-14 and the probe;

contacting a control sample with said probe under the same conditions used in step a);

and
detecting the presence of hybrid complexes in said samples;

wherein detection of levels of the hybrid complex in the patient sample that differ

from levels of the hybrid complex in the control sample is indicative of disease.
A method according to claim 23 or claim 24, comprising:

a) contacting a sample of nucleic acid from tissue of the patient with a nucleic acid
primer under stringent conditions that allow the formation of a hybrid complex
between a nucleic acid molecule according to any one of claims 11-14 and the
primer;

b) contacting a control sample with said primer under the same conditions used in
step a); and

¢) amplifying the sampled nucleic acid; and

d) detecting the level of amplified nucleic acid from both patient and control

samples;
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wherein detection of levels of the amplified nucleic acid in the patient sample that
differ significantly from levels of the amplified nucleic acid in the control sample is

indicative of disease.

28. A method according to claim 23 or claim 24 comprising:

a) obtaining a tissue sample from a patient being tested for disease;

b) isolating a nucleic acid molecule according to any one of claims 11-14 from said

tissue sample; and

¢) diagnosing the patient for disease by detecting the presence of a mutation which is

associated with disease in the nucleic acid molecule as an indication of the disease.

-3

. The method of claim 28, further comprising amplifying the nucleic acid molecule to
form an amplified product and detecting the presence or absence of a mutation in the

amplified product.

=3

. The method of either claim 28 or 29, wherein the presence or absence of the mutation
in the patient is detected by contacting said nucleic acid molecule with a nucleic acid
probe that hybridises to said nucleic acid molecule under stringent conditions to form
a hybrid double-stranded molecule, the hybrid double-stranded molecule having an
unhybridised portion of the nucleic acid probe strand at any portion corresponding to
a mutation associated with disease; and detecting the presence or absence of an
unhybridised portion of the probe strand as an indication of the presence or absence

of a disease-associated mutation.

95

. A method according to any one of claims 23-30, wherein said disease is selected from
cell proliferative disorders, including neoplasm, melanoma, lung, colorectal, breast,
pancreas, head and neck and other solid tumours, myeloproliferative disorders, such
as leukemia, non-Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis
disorder, Kaposis' sarcoma, autoimmune/inflammatory disorders, including allergy,
inflammatory bowel disease, arthritis, psoriasis and respiratory tract inflammation,
asthma, and organ transplant rejection, cardiovascular disorders, including
hypertension, oedema, angina, atherosclerosis, thrombosis, sepsis, shock, reperfusion

injury, heart arrhythmia, and ischemia, neurological disorders including, central
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nervous system disease, Alzheimer's disease, brain injury, stroke, amyotrophic lateral
sclerosis, anxiety, depression, and pain, developmental disorders, metabolic disorders
including diabetes mellitus, osteoporosis, lipid metabolism disorder, hyperthyroidism,
hyperparathyroidism, hypercalcemia, hypercholestrolemia, hyperlipidemia, and
obesity, renal disorders, including glomerulonephritis, renovascular hypertension,
dermatological disorders, including, acne, eczema, and wound healing, negative
effects of aging, AIDS, infections including viral infection, bacterial infection, fungal
infection and parasitic infection and other pathological conditions, particularly those

in which nuclear hormone receptors are implicated.

. Use of a polypeptide according to any one of claims 1-10 as a Nuclear Hormone

Receptor Ligand Binding Domain.

. Use of a nucleic acid molecule according to any one of claims 11-14 to express a

protein that possesses Nuclear Hormone Receptor Ligand Binding Domain activity.

A method for effecting cell-cell adhesion, utilising a polypeptide according to any

one of claims 1-10.

A pharmaceutical composition comprising a polypeptide according to any one of
claims 1-10, a mucleic acid molecule according to any one of claims 11-14, a vector
according to claim 15, a ligand according to claim 17 or 18, or a compound according

to any one of claims 19-21.

A vaccine composition comprising a polypeptide according to any one of claims 1-10

or a nucleic acid molecule according to any one of claims 11-14.

A polypeptide according to any one of claims 1-10, a nucleic acid molecule according
to any one of claims 11-14, a vector according to claim 15, a ligand according to
claim 17 or 18, a compound according to any one of claims 19-21, or a
pharmaceutical composition according to claim 35 for use in the manufacture of a
medicament for the treatment of a cell proliferative disorders, including neoplasm,
melanoma, lung, colorectal, breast, pancreas, head and neck and other solid tumours,
myeloproliferative disorders, such as leukemia, non-Hodgkin lymphoma, leukopenia,

thrombocytopenia, angiogenesis disorder, Kaposis' sarcoma,
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39.

40.

autoimmune/inflammatory disorders, including allergy, inflammatory bowel disease,
arthritis, psotiasis and respiratory tract inflammation, asthma, and organ transplant
rejection, cardiovascular disorders, including hypertension, oedema, angina,
atherosclerosis, thrombosis, sepsis, shock, reperfusion injury, heart arrhythmia, and
ischemia, neurological disorders including, central nervous system disease,
Alzheimer's disease, brain injury, stroke, amyotrophic lateral sclerosis, anxiety,
depression, and pain, developmental disorders, metabolic disorders including diabetes
mellitus,  osteoporosis,  lipid  metabolism  disorder,  hyperthyroidism,
hyperparathyroidism, hypercalcemia, hypercholestrolemia, hyperlipidemia, and
obesity, renal disorders, including glomerulonephritis, renovascular hypertension,
dermatological disorders, including, acne, eczema, and wound healing, negative
effects of aging, AIDS, infections including viral infection, bacterial infection, fungal
infection and parasitic infection and other pathological conditions, particularly those

in which nuclear hormone receptors are implicated.

A method of treating a disease in a patient, comprising administering to the patient a
polypeptide according to any one of claims J-10, a nucleic acid molecule according to
any one of claims 11-14, a vector according to claim 15, a ligand according to claim
17 or 18, a compound according to any one of claims 19-21, or a-pharmaceutical

composition according to claim 35.

A method according to claim 38, wherein, for diseases in which the expression of the
natural gene or the activity of the polypeptide is lower in a diseased patient when
compared to the level of expression or activity in a healthy patient, the polypeptide,
nucleic acid molecule, vector, ligand, compound or composition administered to the

patient is an agonist.

A method according to claim 38, wherein, for diseases in which the expression of the
natural gene or activity of the polypeptide is higher in a diseased patient when
compared to the level of expression or activity in a healthy patient, the polypeptide,
nucleic acid molecule, vector, ligand, compound or composition administered to the

patient is an antagonist.
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A method of monitoring the therapeutic treatment of disease in a patient, comprising
monitoring over a period of time the level of expression or activity of a polypeptide
according to any one of claims 1-10, or the level of expression of a nucleic acid
molecule according to any one of claims 11-14 in tissue from said patient, wherein
altering said level of expression or activity over the period of time towards a control

level is indicative of regression of said disease.

A method for the identification of a compound that is effective in the treatment and/or
diagnosis of disease, comprising contacting a polypeptide according to any one of
claims 1-10, a nucleic acid molecule according to any one of claims 11-14, or a host
cell according to claim 16 with one or more compounds suspected of possessing
binding affinity for said polypeptide or nucleic acid molecule, and selecting a

compound that binds specifically to said nucleic acid molecule or polypeptide.

. A kit useful for diagnosing disease comprising a first container containing a nucleic

acid probe that hybridises under stringent conditions with a nucleic acid molecule
according to any one of clajms 11-14; a second container containing primers useful
for amplifying said nucleic acid molecule; and instructions for using the probe and

primers for facilitating the diagnosis of disease.

The kit of claim 43, further comprising a third container holding an agent for
digesting unhybridised RNA.

A kit comprising an array of nucleic acid molecules, at least one of which is a nucleic

acid molecule according to any one of claims 11-14.

A kit comprising one or more antibodies that bind to a polypeptide as recited in any
one of claims 1-10; and a rcagent useful for the detection of a binding reaction

between said antibody and said polypeptide.

A transgenic or knockout non-human animal that has been transformed to express

higher, lower or absent levels of a polypeptide according to any one of claims 1-10.

A method for screening for a compound effective to treat disease, by contacting a
non-human transgenic animal according to claim 47 with a candidate compound and

determining the effect of the compound on the disease of the animal.
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FIG. 11
;’ UniGene
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BIOLOGICAL SOURCE
UniGene Donor: Adult
Tissue: nervous_normal
LIBRARY CONSTRUCTION DETAILS
Vector: pucl8
Cloning sites: Smal : Smal
SUBMITTOR’S COMMENTS
A mini-library was made by cloning products derived from ORESTES PCR
UniGene (U.S. Letters Patent application No. 196,716 - Ludwig Institute for Cancer
Homo sapiens Research) profiles into the pUC 18 vector. Reverse transcription of tissue
mRNA and cDNA amplification were performed under low stringency
conditions.
LIBRARY DISCOVERY AND DIVERSITY STATISTICS
Weekly Library Diversity . .
Library Report Graph Library Discovery Graph
SEQUENCES
ESTs: 418 sequences
Genes: 364 ESTs have been classified, 55
gene sets
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FIG. 12

Expression profile
RT'PCR-ELISA Description
. *\
L& “\%& ‘Q“é%ﬁ\mm &

C:JE-C:ED-[:J

| || T R IR
0.0-1.0 10 100 1000

Experimental conditions

Primer_f : TTTGTTCAAGCGTTCCICTGG

Primer_r : CCTGTGCCATCTGCCTCTAAC

PCR conditions :95°C  30sec 55°C 30sec 72°C 60sec 30cycles

RH mapping information Description

Chromosome No. : 12

Experimental conditions

Panel name : GeneBridge 4

Primer_f : TTTGTTCAAGCGTTCCTCTGG
Primer_r : CCTGTGCCATCTGCCTCTAAC

PCR product length : 209 bp
PCRconditions ~ :95°C 15sec 64°C 60sec 30cycles

How to obtain KIAA clone(s)

Back to the HUGE Protein Database homepage
Send a message to huge@kazusa.orjp
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FIG. 13

Expression of the ULKI Gene in Adult Human
Tissues

Tissue expression of ULK] was investigated by
Northern blot analysis (Fig. 5). A single 6.0-kb tran-
script was detected in varying degrees in all adult
tissues examined. The highest gene expression of
ULK1 was detected in the skeletal muscle and heart,
moderate expression was detected in the pancreas,
brain, placenta, and liver, and the lowest expression
was found in the kidney and lung. While UNC-51in C.
elegans is specifically express_ed in neurons, its human
homologue ULK1 showed ubiquitous expression, sug-
gesting that this class of serine/threonine kinase may
have acquired transcriptional specificities in molecular
evolution. Gene amplifications may contribute to func-
tional diversity in the evolution of the vertebrate ge-
neme.

Chromaosome Mapping of the Human ULK1 Gene

Chromosoma) localization of the human ULKI gene
was determined by FISH and radiation hybrid map-
ping. FISH analysis using 2 human ULK1 ¢DNA probe
revealed that the human ULKI gene was assigned to
12q24.3 (Fig. 6). Analysis of a somatic cell hybrid panel
showed that the samples containing human chromo-
some 12 specifically produced a DNA fragrent of the
expected size, indicating that the human ULKI gene is
located on chromosome 12. For further determination,
radiation hybrid-based mapping was performed. The
data vector obtained for human ULK1 was 0000100001
0000100001 1100000110 0011010000 0000110000
1000000000 0000001010 1011110001 0100011011 010.
Statistical analysis of the data vector indicated that
the ULKI locus was mapped to a location distal to
D128367. a genetic marker on chromosome 12q24.3.
With reference to Human Gene Mapping (Kucherlapati
et al., 1995) and OMIM, two hereditary diseases have
been assigned to this region: the causal gene for distal
hereditary motor neuropathy type II idistal HMN IIh
has recently been assigned to the 13-cM interval be-
tween D12586 and D128340 on chromosome 12q24
(Timmerman et al., 1996), and the causal gene for
scapuloperoneal spinal muscular atrophy (SPSMAI
has also been assigned to the 19-cM interval between
D125338 and D128366 on chromosome 12q24.1-
q24.31 {Tsozumi et al.,, 1996). As the marker D125367 is
located distal to these intervals, it is less likely that
ULK! is related to these hereditary diseases. Further
genetic or gene-targeting strategies would be needed to
define the disease that is defective for ULKI kinase in
human or mouse in the future.
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FIG. 15-2
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FIG. 16
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FIG. 21B
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Sequence Listing

SEQ ID NO: 1 Nucleotide coding sequence for 075385 (LBDG1) protein

1 ggatcecggat tcggattage agoccgggaa

901

261

1021

1081

1141

1201

1261

1321

1381

gcgacceteg
ggegegeggce
gceegecage
cgeeecgege
gggcaagttc
caagggecge
gaacetegec
acatgaaaac
tatggagtac
cgaggacace
caaaggcatc
ccgeegegee
cctecagage
ggtcatcatg
ctaccagtgc
gttctacgag
geggeagetg
gtttrttcat
tgtgcecteg
cctggectee
ggctgacace
ctgtgacaca

ggcgcccagt

gacccegect
cceggagatg
coeggecege
cececggeccy
gagttctcee
caccgegaga
aagtctcaga
atcgtggece
tgcaacggtyg
atcaggctet
atccaccgeg
aaccccaaca
aacatgatgg
tcccageact
ctgacgggga
aagaacaaga
cteetggeed
caccetttee
tacccaagct
ccgeegteee
gctggettee
gacgacttcg

gccaaacece

ggceegegyy
cgecctegec
gectecgeet
cctgegecat
gcaaggacct
agcacgattt
cgctgetggy
tgtacgactt
gggacctgge
tcectgeagea
acctgaaacc
gcatccgegt
cggccacact
acgacgggaa
aggecgeectt
cgttggtcec
tactgcaacg
tcgatgeeag
cggggtcegy
tgggcgagat
tgcacagete
tcatggtcce

cgecagacag

gagtgcegtg
getgggacee
cggcecegeyg
gagtcceceg
ggagceogge
gatcggecac
ggaggtegee
gaaggaaatc
ccaggaaatg
cgactaccty
gategeggge
gcagaacatc
caagatcget
ctgeggetce
ggeggacctyg

ccaggeoage

geacaggege
ggecceggee
cceccggeee
cgecettggece
cgeggeggea
ggegectteg
gtcaagtgca
aaaatcctga
gctaattctg
cacgccatge
gccatgegge
ctgetgteeca
gacttegget
cecatgtaca
tggagcateg

agcecccagy
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cggagggage
tgcecgatgg
cgegeceeeg
cgccacceee
cagagaccgt
cggtggtett
ttaacaagaa
aggaactgaa
tctacctggt
gcacgetgag
ttetgcacag
acecccgeegg
tegegeggta
tggececcga
gcaccatcgt

acctgegect

caccatecc
caaccacaag
ccecteggte
cagcagctcc
gcagcagety
cegggactet
cgegeagttt

cotgatgtge
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<! ct
gaccgcatgg
aggaaatcce
agcagcagcet
cagaagacca
ggtggcagea
cecaggtgacc

agtgggagcet

gct
acttcgatga
cacccgtgeo
ccacctececa
tggectacce
aggactectte
tggtggctga

cactggtgge
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1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

ctctgegggce
ccceagtece
catcccagtc
cacccagttc
gggctttgea
caggaagatg
ccctgagegy
caggteccer
ctgecgectg
caaaccecee
gccgtcceac
cectgecagega
tgacttcceg
ggtgatgacg
tggtcagccy
gtetttecage
cecggaceeg
tggctttgga
ggtggtctte
caggatgtte
tgggecectge
tgecgacece
tgaggagace
gctgttegtyg
ggggggcect
ccgagaatgg

ctecggeetyg

ttggagagee
teaggceggy
cecacgcagy
caaacaccte
agggccagec
tctcegggty
ccaggctgga
cgtecagget
cacagegeee
acggacccec
ggcctgeagt
aaccccetge
aagaccceca
ccecctogaa
ttgggcectg
accagcegee
ggcagcacgg
gggagcetge
accgtgggct
tcagegggee
agegaggeoe
attgectgega
ctcatggagce
cagcacgtcc
gagtaccagce
ggcttegegy

caaagtgcca

acggccggac
ctggccegtt
tgcagaacta
ggtcetetge
cetegeeece
gaggceggcee
gegggacgee
cctetgeace
ccaacctgte
tgggagetgt
cctgceggaa
ceccccatect
geteccagaa
accggacget
gectgeggeco
tcactgacct
agagcctgea
acccaggagce
cteecccegag
ccactggete
cagccectga
acctggaggyg
aagagcacac
tggagatcge
tgcaggagag
aacagctggt

tcgaccagat

cccatcteca

ctccageage

ccagegeatt

catcogeagg

tgcccacget

ctacacgcca
ctecccacag
cgagcactet

tgacttgeac
gttecagccca
cctgeggggc
gggctccece
cctgetggee
gcccgacete
aggcgaggac
gcteettaag
ggagaagccc
cegtgetggg
cgggageacg
tgccagetet
gcteecetget
ggctgtgace
ggagatcctyg
agccctgaag
tgtggtggee
gctgtacctg

cegggecgge
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tcececaceet
aggtgcggeg
gagcgaaace
tcaggcagca
gagcatggag
tctecteaag
ggagctgaga
ceecgeactt
gtegteegee
ccacaggeea
tcacccaage
accaaggetg
ctcetagece
teggaggtgy
cccaagggee
gcggegtttg
atggagatcg
ggcaccagca
cceccecagg
tetgecegea
ccaggacacg
ttcgaggeec
cgtggcctge
ggcagegeca
gaccagatca
aaggtggccg

aagetctgee
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gcageagete
cctetgtece
tgcagteace
ccagcecect
gegtectgge
ttggaaccat
tgcggggtyg
ccgggetggy
cecaagctgee
gcceteecea
tgcccgactt
tgcectectt
ggeagggegt
gaccetteca
cectttggeeg
ggacacaagc
caccetcage
gcecetecee
geccccgeac
acctggtgee
gctgeagett
cogaccteoeo
getteacget
gtgaggcgge
gectgetgag
agctactgtc

tgtecgtcecac
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3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

tgtgaagcayg
gggcctgage
tecacagcate
tgecctggac
gctgeteetyg
caagtgcaag
acctttctgyg
ctggetggac
ggccccacgyg
ctggagccac
ctgecectee
agccceggag
tgcttaggge
agtectccagyg
ttatgcatat
agtggcctgy
geaccggace
gtggggeect
cagcagagge
cctaaaacgt
tgtttaagaa
gggcgtatag
geeccteeet
ggaageagat
gtccagettt
cctgteecte

ccttceggat

gtggtgegea
ctgcggetge
actgcecgaga
gagatgttce
gaggggctge
ctgtgcattyg
cctggetggg
teetegggac
acagtcagcee
acagcttggg
agctgeetgg
gacaggcaag
aggtcagcag
agcctctece
agagacagaa
tgtttgtaca
acgttgetgce
gcgctagagg
accgtgttet
gtettatttt
ttggttttgg
cgggegggty
gtggcagcag
gaggggaata
gacagtcagt
cctgecteeg

teccaggeggy

W

ggctgaatga
agegettett
ggctcatett
agcaccgtga
agcacatget
agcggagact
ccocceegtee
aageccatgg
tgceggecte
gggtgtctee
cteagcagge
ggcctgagac
gcactgtgee
tcegagatac
cctggacctc
tacacatatg
ccaggtetgy
cagaggcagt
ctcagccetyg
tatgcagete
gagggcgagy
aggctgettt
caggacaggt
cttcatgcaa
tttgatgtea
ccttgeecaa

catgecctge

gctgtacaag
cctggacaag
cagccacget
gggctgegte
cteggaccag
cteggegety
tgccgagecec
cgctgatege
cctgeagete
catecttttac
gtgggtgeca
cactgccgac
caggaagagc
ccacccaget
accagggact
cagacacatg
acctcagegg
tctttgttea
gatacgtctt
attctttett
actgggccag
geacacctgt
gtgtgcccag
agaaaaaagt
getectegge
ggccacggag

aaaccecgec
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gccagegtgg
cageggetee
gtgcagatgg
ccacgetace
gecgacateg
ctgactggca
tgcagagtgg
tggtgctgag
acggggeaga
aggtggggat
ccacccteta
tcaaagccaa
ctgcggecte
ttgtcaatca
getgggeage
ccagggecce
gagaactgge
agcgtteete
gtaatctttc
taaaggagaa
gttagaggca
gttggtgget
cacccteeet
aacatgtgea
agggtaggee
ggcgtetgea

tgggcctcee
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tgtectgeca
tggaccgeat
tgcagtcgge
acaaggccct
agaacgtcac
tetgtgecty
gctetgtgtyg
cectgeectg
accagcacat
cacagaattt
gceceeaggge
agegagetac
ggecgtcecee
cccaageact
gattectgge
ccaagcecga
tccgggggga
tggggacegg
acactttatt
aacttgtagg
gatggcacag
gtccectgee
acetgggecet
aaagctecee
tgatgacagc
gagaggccty

ttggtctgee
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4681 cagccctegg
4741 aggcagtggt
4801 acaaaaatac
4861 gacttagaag
4921 cettgtgyyg
4981 agctggcact
5041 tgtgcgtaty
5101 ttgatagtgc
5161 gegttatatt

5221 aaaaaaaa

ttagcectge
ggggceatgg
acacacgtgt
aagaaaatcc
catgtttgaa
geggggatet
teccaagcagg
tggacecttt

gtataatacc

ctgaatcagt
acccatgegg
gttrtteoctt
cegtgactre
tttattgett
tgeceggtgt
tcectgggege
gtctatttta

aacgtaagga

agatacttga

ggggttceagy

gcaatacttg

ttecteatcea

catggccgac

cctggtecte

ctcaactget

aagcgaattt

aataaacctt

SEQ ID NO: 2 Protein sequence for 075385 (LBDG1)

1 mepgrggtet vgkfefsrkd lighgafavv

61 gkeikilkel
121 giagamrllh
181 lcgspmymap
241 ptipretsap
301 gsssssssts
361 pagfpgdiva
421 fsssrcgasv
481 pahaehggvl
541 pehsprtsgl
501 nlrgspklpd
661 lpdlsevgpt
721 gekpmeiaps
781 sasssarhlv
841 teilrglrft
901 vlylkvaell
961 £ldkqrildr

1021 lsdgadienv

khenivalyd
skgiihrdlk
evimsghydg
lrglllallqg
hlasppslge
eapsakpppd
pipvptgvan
arkmslgggr
gerlhsapnl
flgrnplppi
hgaplgpglr
agfggslhpg
pgpcseapap
lifvghvlei
ssglgsaidg
ihsitaerli

tkckleierr

fgemansvyl
penillsnpa
kadlwsigti
ronhkdrmdfd
mgqlgktlas
slmesgsslv
ygriexnlgs
pYtpspgvgt
sdlhvvrpkl
lgsptkavps
pgedpkgpfg
araggtssps
elpapghges
aalkgsasea
iragklclss
fshavgmvys
lsalltgica

fkgrhrekhd
vmeycnggdl
grranpnsir
vygcltgkap
effnhpflda
padtagflhs
asagleshgr
ptafgtprss
iperpgwsgt
pkpptdplga
fdfpktpssq
rsfstsrltd
pvvitvgspp
fadpiaanle
aggpeyqglqe
tvkquvrrln
aaldemfghr

SUBSTITUTE SHEET (RULE 26)

acgagtccoe
ggtcacacgc
aaatattgcc
cecttgatggce
tggaatectg
ttgctteegt
gccecetggtt
tgtgtgattt

tggaattgtt

levavkeink
adylhamrtl
vkiadfgfar
fgasspgdlir
spsvrksppv
srdsggskds
tpsSpsppess
airrsgstsp
pspggaemrg
visppgaspp
nllallarqg
1llkaafgtg
Sgstppagpr
gavtfeapdl
svvadgisll
elykasvvsc

egcvpryhka

(180)

PCT/GB02/00948

agtctgeggg
cacataacag
actgtgcttg
tttattctca
agtectggga
cgeggecgea
gaatgttcte
cctgoecttt

gaaaaaaaaa

knlaksqgtll
sedtirlflyg
ylgsnmmaat
1fyeknktlv
PVPSYypssgs
scdtddfvmv
spspsgragp
lgfaraspsp
grsprpgssa
gpshglgscr
vvmtpprnrt
apdpgstesl
trmfsagptg
peetlmegeh
srewgfaeqgl
gglslrlqrf
1llileglghm
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SEQ ID NO:3 (Genbank nucleotide accession number AB014523; coding for LBDG4)

-

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

gegegegega
gggttctagg
ggcccgacga
gctetgggeg
cgccagacag
ctegetgace
agagtccgee
gggeccgegg
tgtgeceegg
tecgtgggaca
gggaggtage
gaaaggaaat
ttcaggaatt
cagattattt
agattgctge
cacagaacat
tcaaaatagc
tgtgtggate
aggctgactt
ttcaggccaa
ctagtattec
gaaaccaaaa
gtccagtaaa
gctectgtgg
agcatattca
tttccaaaga
ttttggtgee
gcagacgtge
ctcacagcga
agcagaatct
cagtggtacg
cagtaccagc
cttactcace
ggcatcctea
ctcagtecce

acatctatca

gggcgttygg
gcggeggecyg
gctggggatg
cgcacagtga
ccagcggecg
ctggctcege
cgggeecggyg
agcegeggtg
gggcgeggece
cggggectte
tattaaaagt
taaaatctta
acccaactct
gcaagcgaaa
tgccatgega
cttgctgtee
ggattttggt
ccegatgtac
gtggagcata
tagtcctcaa
cagagaaaca
agatagaatg
aaaatcttgc
cagctctececa
ggaagaaaac
ttetgecagt
acacaacatc
ttcaaatgaa
aacagcacca
tacatctact
aaggtccaac
agacacagca
ttecectttg
gggccatgac
acagtctcte

gaacaagcag

cgecegecgeg
tcgeegtege
gagagtaccg
cggtgacgge
geggeaggeo
geggeagett
getgeggety
ctgatacctg
atggaggtag
gecegtggtet
attaataaaa
aaggaacttc
gtctttttgg
gggactctca
atcctgceaca
tatgccaate
tttgctegtt
atggctectg
ggaacagtga
gacttaagga
tcaccttatt
gactttgaag
ccagttccag
tcttgtegtt
ttatcttcee
actagtagca
tcgtcagace
ttcttggtgt
attccagttce
gccagctcag
accagcccea
cagacagttg
gttggtacca
tccaggagta
ttatcgagtg

aagctcagaa

aggeggggaa
agcagcgeec
ggecececteac
acccctggec
ggyccatgag
ccceagttte
cceccagacen
cgcegeactyg
tgggtgactt
tcegggggeg
agaacttgte
agcatgaaaa
tgatggagta
gtgaagacac
gcaaaggaat
gcagaaaatc
acctacatag
aggttattat
tataccaatg
tgttttatga
tggctaatct
cgttttttag
tgcccatgta
ttgcttctce
caccattggg
agaactectte
actcatgtga
gtggagggea
ctactcaaat
gcacaaatgt
tgggctteet
gacgaaggct
ttcctgagea
gaaactccte
ctagactgca

aacagcactc

SUBSTITUTE SHEET (RULE 26)

gegeggggee
cgagegggga
tgectcagag
cggcagegee
cggcagggge
cgcteeggte
gcecgeacgcet
cgcegeccge
cgagtacage
gcaccgecag
aaaatcacaa
tattgtagea
ttgcaatggt
gatcagagtg
catccacaga
aagtgtcagt
taacatgatg
gtctcaacat
cetagttgga
aaaaaacagg
ccttttgggt
ccateectttt
ttctggttet
accatcecctt
tceteeccaac
ttgtgacacg
tatgccaatg
gtgtcagcct
aaggaattat
acatggttct
ccggeeggga
ctccactggg
attcagtcag
aggttctcca
gagegeecee

tgacccecgtyg

gcggeggtge
gggccgagga
cgegtgtgeg
gaggcegett
cgggceggge
tcteggeatg
ggcgegetee
ccgteccgetyg
aagagggatc
aaaactgatt
atactgcttg
ctctatgatg
ggagaccteg
tttectgecate
gatctcaaac
ggtattcgea
gctgcaacac
tatgatgcta
aaaccacctt
agcttaatge
ttgcttcaga
cttgagcaag
gtctctggaa
ccagatatgce
tatctacaag
gatgactttyg
gggactgety
actgtgtcac
cagcgceatag
ccaagatctg
tcatgctcce
tettctagge
tgctgetgtyg
gtgccacaag
accctcactg

tgcccateee

JP 2005-500012 A 2005.1.6
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2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3301
3961
4021
4081
4141
4201
4261
4321
4381

atactgggge
ctcccaccaa
tgccaacaat
aagcatctte
aagatgggaa
agegggccga
cagatcaaca
cagaacgacc
caggtacagce
cggcagecee
gecaactccgy
gcccaggctt
cttacggtge
cggaggagac
tgatgttcac
gcacatctge
agctgagcaa
tgcttgegge
ccacagctgt
tgcgcaagaa
atgaaatcaa
agtctgcagce
aggcagccect
atgtgcataa
caaccgtgtg
ttgggattac
tgactaccaa
tgtaggaaat
agcaagagtg
aatcggtaca
ggttcatcag
tcacccctea
ctttaaacag
ttttgaaatce
attgcactaa
ggacttgttt
aatctccagt
trttttttta

tgggtacagce
gcacttgggg
cattggetet
caacctgtta
tgagccacgg
gcagcagage
aggaaagact
aatggatata
agcaagttcc
cacttgtacc
gggetetett
cggctcttce
ttcaccecce
gctgatggag
tgagtgtgtyg
tgtgtcettyg
agactggggy
ttctetgeat
gaaacaagtt
acttacagaa
cagtgtgact
cctggatgag
tettttggaa
atataaatgt
agcagcagge
agcttgagtt
agaacaagca
ctgecttatt
tttggectece
gttattctta
agcagtgtgt
tccaggcagt
ctcaggaaga
ttcaatttgs
tttattasas
aaaatatttt
gaacttttaa

cttcttrate

tactcgecte
tcetetecac
cctactaaga
geecttggtta
gaatgtgcee
aaggcagtgt
cctatatgte
gctecggeag
aaggctgtce
cacatgttcc
tgtgccatga
cctcecaggag
agcctagagg
cgggaacaca
ctggacctga
taccagatcc
cgggtggage
cttgccaaag
gtcaagaatc
aagctgaatc
gcagagaaac
atgtttcagc
ggcctaagta
agtattgaga
tcatcecgtg
ctgtcaccece
gtgatttgaa
ggagaaaatc
agtttggact
aagataatta
gaaattccat
ttgatatttg
aatagcttaa
tcctaatatg
caactgtgta
acttgattgt
gtggttaaaa

tacacctaca

ageccagteg
ggagttctga
ccacagcetee
ctcgtcatgg
attgectett
ttggcagatc
gacatcaggg
gagcetgtgg
tcttcactgt
ttcgaacaag
gtggeegegt
cagaggcage
ggctcatcac
cagacacctt
cagccatgag
aggagagtgt
agctggtgtt
cccagatcaa
tgaacgaacg
gattcttcte
tcatctataa
agaccgaaga
ggattctaca
gaagactgtc
gaccggtggt
atccccagga
aaaggaaaaa
accecttteee
tggtgaataa
aaaatgaaac
gtgtttgetyg
gagtaagttt
gaagaagtga
gatacatgtt
ttggattttg
atacatagac
cttgtattca

gattttctca

SUBSTITUTE SHEET (RULE 26)

(182)

PCT/GB02/00948

gectggeage
ctggttettt
tttcaaaatc
gectgetgaa
agtgcaagga
tgtcagtacce
cagcacagac
tggtgttetg
agggtctect
aacaacctca
gtgegtygygy
tcccagectg
ctttgaagcc
acgccatetg
gggaggaaac
ggtggtggac
gtacatgaaa
gtcegggaaa
atataaattc
tgacaaacag
ttgtgetgta
tattgtttat
ggaccctgca
ggegetetge
gggaacgtga
aactgtaget
caatccaaaa
tttttettty
atgtacctta
aaagtgagtg
aggtgtaaag
gtttaaatct
aacatggatc
aatcttccaa
taatttaact
cctttccaga
tgtgaacctt
gtaatgtttt

cttggaactt
aaaactcett
cctaaaacte
gaacagtcga
agtgagaggc
gggaagttat
agtttaaata
gcaccteetyg
ccacacagtg
gtggggecca
teceegectg
agatacgtge
cctgaactge
aatgtgatge
cectgagetgt
cagatcagtc
gcageacage
ctgageccat
tgcatcacca
aggtttattg
gaaatggttc
cgctatcata
gatattgaaa
catagcaccg
ggtgatgect
tcttaactgg
actacatatt
tagaagcagg
gaactaggat
ctcgtcactg
gtaaatgtat
gagcatgcat
ttggaagaaa
aatctttecat
aaggcacaat
attcacatgt
tgeacatttt
tgttagettt
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4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761

tggttccatt
taaaggctag
gataatttga
ttcctacatg
cttectgecta
gagaatgcag
tggtttcttt
ttattttaat
tggcattaat
aaagtaatgt
ttatttatat
aactgecatge
tttattattg
ggtgtagctg
agacttggce
caggcttcca
ttattttata
cctgtgttat
ttaacacagg
gcaagtggtc
aaggtcttgg
aatgtaaatt
ttttgectty

ttttattgty
gtttatttgg
atagggccaa
cagtgagtyy
atgtgtattt
gcagttaact
tacttacctg
ccttttacat
ctaattttaa
aatttttacc
gacgtttgta
attattcttg
cctgtacaaa
ggtacatatt
atgaatatcc
ggaacataga
taatattttt
ctcagttgta
atgaaacagg
aagccatget
ggtagatggt
catgaataat

agtatagcaa

SEQ ID NO:4 (Genbank protein

1 mevvgdfeys

61
121
181
241
301
361
421
481
541
601
661

kelgheniva
ilhskgiihr
mapevimsgh
spylanlllg
scrfasppsl
ssdhscdmpm
assgtnvhgs
vgtipeqfsqg
klrkghsdpv
ptkttapfki

kavfgrsvst

krdlvghgat
lydvgelpns
dlkpgnills
ydakadlwsi
1lgrngkdrm
pdmghigeen
gtagrrasne
prsavvrrsn
cceghpgghd
cpshtgagys
pktgassnll
gklsdqggkt

catgcagaat
gcagtattag
aacaaagttg
aaaatgaagt
ttcatgttaa
taatatcecct
cttgaatact
aaaataatct
tgtactgata
ttatttatet
tttttaggte
aaactaggta
tgtatattaa
aagtggcttg
tttgtcctge
ctgttttace
tattcacagt
ggtttattet
ttcagagagy
ttgtgacttt
gtgtgtgaaa
ggttctgatt

taatazacaa

avvirgrhrg
vflvmeyeng
yanrrkssvs
gtviygclvg
dfeaffshpf
lsspplgppn
flvegggegp
tspmgflrpg
SrSrnssgsp
ySpgpsrpgs
alvtrhgpae
picrhggstd

gtacattgat
aaacaaaatc
gtgacctaaa
tegttttcte
ttctgacagt
ccaggaatgg
tgaataaacc
gaactctttg
asaacaaaca
gtatgaaatt
tttaatacag
aaactcactg
ggtaaaataa
ttgagccagyg
ccecaggattt
tccacaacce
gaaatttecat
atcctetect
ggaagtgatt
caagttaatt
cagtgaagtc
atacttccat

atgctttatg

ktdwevaiks

gdladylgak
girikiadfg
kppfqanspg
leqgpvkksc
ylgvskdsas
tvsphsetap
scspyvpadta
vpgagspgsl
lgtsptkhlg
egskdgnepr

slnterpmdi

SUBSTITUTE SHEET (RULE 26)

(183)

PCT/GB02/00948

gcetgtgace
atggatcaag
ggcttgttag
ttaggaaaat
tcaccaaata
ttcctacgtt
attcaccaat
acaaattgca
tggttgtect
ccagtagtta
tatttctace
aattgttgtyg
aactgacaaa
tacttcctta
agatcttggce
tatttgttat
tcatgttctt
cttectetee
ggcctaaagt
cttcttgttc
tcaacagcag
tatcaagget
tttcectyg

accession BAA31598.1; LBDG4)

inkknlsksg
gtlsedtirv
farylhsnmm
dirmfyeknr
PVPVPmMysgs
tssknsscdt
ipvptqgirny
gtvgrrlstg
lsgarlgsap
ssprssdwff
ecahcllvgg
apagacggvl

ttaggtttat
agatactctt
tgatgtggag
gggcagctgt
gctagtcatg
gtgtattatt
tttaatcectt
cagagctctt
ttactttgac
atttgaacat
tctcatttgt
taatagcett
gtgtttctag
gtgagtttag
tactgtcatg
tagtgatact
tecagttatcea
catttetttt
caggaactag
ttgtatatta
aaaagaacaa

aattaagaga

illgkeikil

flhgiaaamr
aatlcgspmy
slmpsipret
VSgSSCYssp
adfvlvphni
griegnltst
ssrpyspspl
tltdiygnkg
ktplptiigs
serqraeqqs

appagtaass

JP 2005-500012 A 2005.1.6
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721
781
841
901
961
1021

kavlftvgsp
ppgaeaapsl
ldltamrggn
lakagiksgk
aekliyncav

sierrlsalc

phsaaaptct hmflrtrtts vgpsnsggsl
ryvpygaspp sleglitfea pelpeetlme
pelctsavsl ygigesvvvd gisqlskdwg
lspstavkqv vknlnerykf citmrkklte
emvgsaalde mfqqtedivy ryhkaallle
hstatv

SUBSTITUTE SHEET (RULE 26)

(184)

PCT/GB02/00948

cansgrvevyg sppgpgfgss
rehtdtlrhl nvmlmftecv
rveglviymk aagllaaslh
klnrffsdkq rfideinsvt
glsrilgdpa dienvhkykc

JP 2005-500012 A 2005.1.6
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International application No.

INTERNATIONAL SEARCH REPORT PCT/GB 02/00948

Box I Observations where certain claims were found unsearchable {Continuation of item 1 of first sheet)

This Intemational Ssarch Repoit has not been established in respsct of certain claims under Article 17(2){a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. [X] caims hos. 17, 19-21
because they relate to parts of the International Application that do not comply with the preseribed requirements to such
an extent that no meaningful international Search can be carried out, specfically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:

because they are dependent olaims and are not drafted in accordance with the second and third sentencss of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This Intemational Searching Authority found multipla Inventions in this intemational application, as follaws:

see additional sheet

1 D As all required additional search fees were imely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without affort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3 D As only same of the required additionsl ssarch fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I-X_—‘ No required additional search fees were timely paid by the applicant. Consequently, this international Search Reportis
reslricled to the invention first mentionad in the claims; it is covered by claims Nos.:

1-3 all completely; 7-48 partially

Remark on Protest D The additional search fees were accompanled by the applicant's protest.

|:| No protest accompanied the payment of additional search fees.

Form PCT/I$A/210 (continuation of first sheet (1)) (July 1598)
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INTERNATIONAL SEARCH REPORT

International Application No. PCT/AB 02 00948

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-3 a1l completely and 7-48 all partially

Polypeptides, nucleic acids, vectors, host cells, ligands,
agonists, antagonists, pharmaceuticals, vaccines, kits,
transgenic animals and methods relating to the LBDGL peptide
(Acc. No.: 075385) (SEQ ID Nos:1 and 2).

2. Claims: 4-6 all completely and 7-48 all partially

Polypeptides, nucleic acids, vectors, host cells, 1igands,
agonists, antagonists, pharmaceuticals, vaccines, Kkits,
transgenic animals and methods relating to the LBDG4 peptide
(Acc. No.: BAA31598.1) (SEQ ID Nos:3 and 4).
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INTERNATIONAL SEARCH REPORT

international Applicaton No. PCT/AB 02 00948

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.1

Although claims 38-41 and 48 are directed to a method of treatment of the
human/animal body, the search has been carried out and based an the
alleged effects of the compound/composition.

Although claims 23, 25, 26-31 are directed to a diagnostic method
practised on the human/animal body, the search has been carried out and
based on the alleged effects of the compound/composition.

Continuation of Box I.2

Claims Nos.: 17, 19-21

Present claims 17 and 19-21 relate to compounds dafined by reference to a
desirable characteristic or property, namely their ability to bind to a
claimed polypeptide or their ability to increase or decrease the Tevel of
expression or activity of a claimed polypeptide.

The claims cover 21l compounds having this characteristic or property,
whereas the application provides no support within the meaning of Article
6 PCT and/or disclosure within the meaning of Article 5 PCT for any such
compound. In the present case, the claims so lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the claimed scope is impossibie. Independent of the above reasoning,
the claims also lack clarity (Article 6 PCT). An attempt is made to
define the compound by reference to a result to be achieved. Again, this
lack of clarity in the present case is such as to render a meaningful
search over the whole of the claimed scope impossible. Consequently, no
search has been carried out for these claims.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended folTowing
receipt of the search report or during any Chapter II procedure.
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INTERNATIONAL SEARCH REPORT ' ot
Internat™iBl Application No
rmati members
Information on patent famlly PCT/GB 02/00948
Palenl document Publication Patent family ’ Publication
cited in search report date member(s) date

WO 9849276 A 05-11-1998 AU 6421498 A 24-11-1998
Wo 9849276 AL 05-11-1998
us 6358720 Bl 19-03-2002

Fom PCTASA/210 (oatent family nnex; (July 1992)
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