Office de la Propriete Canadian CA 2439203 A1 2002/09/12

Intellectuelle Intellectual Property
du Canada Office (21) 2 439 203
- organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de dépot PCT/PCT Filing Date: 2002/03/05 (51) CL.Int.”/Int.CI." C12N 15/16, A61K 31/7088, A61K 39/00,
(87) Date publication PCT/PCT Publication Date: 2002/09/12 ég;*é ﬁ’i% 'é%;f( ?Z//%Q é‘i%ﬂ%%oi &027NK 115%38’
(85) Entrée phase nationale/National Entry: 2003/08/25 GO1N 33/53’ | | |
(86) N demande PCT/PCT Application No.: GB 2002/0009638| (71) Demandeur/Applicant:
(87) N° publication PCT/PCT Publication No.: 2002/070562 INPRARMATICA LIMITED, GB
(30) Priorite/Priority: 2001/03/05 (0105401.4) GB (72) Inventeurs/Inventors:

FAGAN, RICHARD JOSEPH, GB;
PHELPS, CHRISTOPHER BENJAMIN, GB

(74) Agent: KIRBY EADES GALE BAKER

(54) Titre : DOMAINE DE LIAISON DU LIGAND DU RECEPTEUR HORMONAL NUCLEAIRE
(54) Title: NUCLEAR HORMONE RECEPTOR LIGAND BINDING DOMAIN

(57) Abrége/Abstract:
This invention relates to a novel protein, termed BAA74848.1, 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.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




02/070562 A2

CA 02439203 2003-08-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
12 September 2002 (12.09.2002)

(51) International Patent Classification’: CO7K 14/705

(21) International Application Number: PCT/GB02/00968

(22) International Filing Date: 5 March 2002 (05.03.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

0105401 .4 5 March 2001 (05.03.2001) GB

(71) Applicant (for all designated States except US): INPHAR-
MATICA LIMITED [GB/GB]; 60 Charlotte Street, L.on-
don W1T 2NU (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FAGAN, Richard,
Joseph [US/GB]; Inpharmatica Limited, 60 Charlotte
Street, London W1T 2NU (GB). PHELPS, Christopher,
Benjamin [GB/GB]; Inpharmatica Limited, 60 Charlotte
Street, London WI1T 2NU (GB).

(74) Agents: MERCER, Christopher, Paul et al.; Carpmaels
& Ransford, 43 Bloomsbury Square, London WC1A 2RA
(GB).

PCT

(10) International Publication Number

WO 02/070562 A2

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, Bl, CFL, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NUCLEAR HORMONE RECEPTOR LIGAND BINDING DOMAIN

o (57) Abstract: This invention relates to a novel protein, termed BAA74848.1, 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.



10

15

20

25

CA 02439203 2003-08-25
WO 02/070562 PCT/GB02/00968

NUCLEAR HORMONE RECEPTOR LIGAND BINDING DOMAIN

This invention relates to a novel protein, termed BAA74848.1 herein 1identified 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.

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 18 rapidgliy 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
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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 1s 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 1s only possible for proteins that
exhibit a high degree of sequence identity (above about 20%-30% i1dentity) 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 1s recorded in a publicly available database as
KIAAO0825 protein (NCBI Genebank nucleotide accession number AB020632 and a
Genebank protein accession number BAA74848.1), 1s 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 monomers, 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 (PSOOO3 1).
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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 “LLBD 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 1s
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 DAX]1. Thus we annotate these
DBD-less hits not as “Nuclear Hormone Receptors” but rather as containing a

“Nuclear Hormone Receptor Ligand Binding Domain™.
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Family: Steroid Hormone Receptors

PubiRmilics Glucocorticoid Receptors

P —

Progesterone Receptors

Androgen Receptors

Estrogen Receptors

Family: %mid Hormone Receptor-like F actors

Subfamilies Retinoic Acid Receptors (RARSs)

Retinoid X Receptors (RXRS)

il =,

Thyroid Hormone Receptors

o p—-

Vitamin D Receptor

NGFI-B

FTZ-F1

Peroxisome Proliferator Activated Receptors (PPARS)

Ecdysone Receptors

Retinoid Orphan Receptors (RORs)

p———— e ——— - sin i

Tailess/COUP

HNEF-4

——— - e .

CF1

Knirps

' Family: DAX]

p——— SR i

Subfamilies
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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 1-letter code. Letters within one column are
all acceptable for that position within the motif, For example L, I, 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.

1 2 3 4 S 6 7 8 9 10 | 11 | 12 13
L L D | Q L | L
| [ E N | |
| - .
A A R Al A
Any 3 resid i Any 2 |1
ny 3 residues
v Any 2 v d H residues v v
| y (or 2 residues | (or 1 or 3 .
residues or 1 or
| M M or 4 residues) s | M M
_— residues) —
F F S F | F
Y Y T Y | Y
\ W W W
_ _____ - I
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11. 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
Receptor

' <Pl P

Disease

Androgen Receptor

Androgen Insensitivity Syndrome (Lubahn ez al. 1989

P

Proc. Natl. Acad. Sci. USA 86, 9534-9538).

Reifenstein syndrome (Wooster et al. 1992 N at. Genet. 2,
132-134). )

AR e o

X-linked recessive spinal and bulbar muscular atrophy
(MacLean et al. 1995 Mol. Cell. Endocrinol. 112,133-
141).

Male breast cancer ((Wooster ef al. 1992 Nat. Genet. 2,
132-134).

Glucocorticoid Receptor

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

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

| Mineralocorticoid
| Receptor

Pseudohypoaldosteronism (Chung ez al. 1995 J. Clin.
Endocrinol. Metab. 80, 3341-3345).

Estrogen Receptor alpha

e

ER alpha expression is elevated in a subset of human
breast cancers. The application of Tamoxifen is the major
therapy to prevent breast tumour progression.
Unfortunately 35% of ER alpha positive breast cancers are

Tamoxifen resistant (Petrangeli et 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 e al. 1988 Science 242,
1702-1725).

Retinoic Acid Receptor B
| alpha

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

Thyroid Hormone
Receptor beta

DAX1

e PP - S —— T A

| 1483).

“Generalised Resistance to Thyroid Hormones” (GRTH)
(Refetoff 1994 Thyroid 4, 345-349). |

X-linked Adrenal Hypoplasia Congenita (AHC) and |
Hypogonadism (Ito ef al. 1997 Mol. Cell. Biol. 17, 1476-

]

i R —— e il
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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 1dentification 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 1s based on the discovery that the BAA74848.1 protein functions as a

Nuclear Hormone Receptor Ligand Binding Domain.

For the BAA74848.1 protein, it has been found that a region including residues 114-301
of this protein sequence adopts an equivalent fold to residues 16 (Pro232) to 192
(Val408) of the Rat Oestrogen Receptor beta (PDB code 1QKN:A). Rat Oestrogen
Receptor beta 1s known to function as a Nuclear Hormone Receptor Ligand Binding
Domain. Furthermore, the “LBD motif” residues PHE274, LEU277, ASP281, GLN282,
LEU285 and LEU286 of the Rat Oestrogen Receptor beta aie conserved as PHE173,
PHE176, ASP180, ASN181, LEU182 and MET 183 in BAA74848.1, respectively. This
relationship is not just to Rat Oestrogen Receptor beta, but rather to the Nuclear Hormone
Receptor Ligand Binding Domain family as a whole. Thus, by reference to the Genome
Threader™ alignment of BAA74848.1 with the Rat Oestrogen Receptor beta (1QKN:A)

PHE173, PHE176, ASP180, ASN181, Leul82 and Met 183 of BAA74848.1 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 BAA748438.1, and therefore proteins that include

this region, as possessing Nuclear Hormone Receptor Ligand Binding Domain activity.
In a first aspect, the invention provides a polypeptide, which polypeptide:

(1) comprises the amino acid sequence as recited in SEQ ID NO:2;
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(11))  1s a fragment thereof having Nuclear Hormone Receptor Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(i); or

(1i1)  1s a functional equivalent of (1) or (ii).

Preferably, the polypeptide:

(1) consists of the amino acid sequence as recited in SEQ ID NO:2;

(1))  1s a fragment thereof having Nuclear Hormone Receptor Ligand Binding Domain
activity or having an antigenic determinant in common with the polypeptides of
(1); or

(111)  1s a functional equivalent of (1) or (11).

The polypeptide having the sequence recited 1n SEQ ID NO:2 is referred to hereafter as
"the LBDS2 polypeptide”.

According to this aspect of the invention, a preferred polypeptide fragment according to
part i1) above includes the region of the LBDS2 polypeptide that is predicted as that
responsible for Nuclear Hormone Receptor Ligand Binding Domain activity (hereafter,
the “LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region™), or is a variant
thereof that possesses the “LBD motif” (PHE173, PHE176, ASP180, ASN181, Leuld2
and Met 183, or equivalent residues). As defined herein, the LBDS2 Nuclear Hormone
Receptor Ligand Binding Domain region is considered to extend residue 114 and residue

301 ot the LBDS2 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 puritied nucleic acid molecule that encodes a
polypeptide of 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 L.LBDS2

~ polypeptide), or is a redundant equivalent or fragment of this sequence. A preferred

nucleic acid fragment is one that encodes a polypeptide fragment according to part ii)
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above, preferably a polypeptide fragment that includes the LBDS2 Nuclear Hormone
Receptor Ligand Binding Domain region, 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 specitically 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 1s 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
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 LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region of the LBDS2
polypeptide, respectively, allows for the design of screening methods capable of
identifying compounds that are effective in the treatment and/or diagnosis of diseases 1n

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, cancer and myeloproliferative disorders and
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angiogenesis, metabolic disorders, including obesity, osteoporosis, non-insulin dependent
diabetes, lipid metabolism disorder, hyperthyroidism, hyperparathyroidism,
hypercalcemia, hypercholestrolemia, hyperlipidemia, cardiovascular disorders including,
hypertension, athersclerosis, hyperinsulinemia, heart arrhythmia, renal disorders,
including glomerulonephritis, renovascular hypertension, skin disorders including
dermatological disease, psoriasis, acne, aging, eczema, wound healing, inflammation,
including inflammatory bowel disease, respiratory tract inflammation, emphysema,
asthma, immune disorder, autoimmune disease, multiple sclerosis, nervous system
disorders, including anxiety, depression, neurodegenerative disease, Alzheimer's disease
Parkinson's disease, brain injury, stroke and pain, infection, including virus infection, and

other conditions in which nuclear hormones 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
invention in tissue from said patient and comparing said level of expression or activity to
a control level, wherein a level that i1s 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 preterred 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 number 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
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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 mvention 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 twelith aspect, the present 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 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, cancer and myeloproliferative disorders and
angiogenesis, metabolic disorders, including obesity, osteoporosis, non-insulin dependent
diabetes, lipid metabolism disorder, hyperthyroidism, hyperparathyroidism,
hypercalcemia, hypercholestrolemia, hyperlipidemia, cardiovascular disorders including,
hypertension, athersclerosis, hyperinsulinemia, heart arrhythmia, renal disorders,
including glomerulonephritis, renovascular hypertension, skin disorders including
dermatological disease, psoriasis, acne, aging, eczema, wound healing, inflammation,
including inflammatory bowel disease, respiratory tract inflammation, emphysema,
asthma, immune disorder, autoimmune disease, multiple sclerosis, nervous system
disorders, including anxiety, depression, neurodegenerative disease, Alzheimer's disease
Parkinson's disease, brain injury, stroke and pain, infection, including virus infection, and

other conditions 1n which nuclear hormones are implicated.
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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, 1s lower in a diseased patient when compared to the level of expression or
activity 1n 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
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 compéund administered to the patient should be an
antagonist. Examples of such antagonists include antisense nucleic acid molecﬁles,

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 1s 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
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technology and immunology, which are within the skill of 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 II (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.I. 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 Transter Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987,
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 1sosteres. 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

1s 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
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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-translational 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 residues, 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
phosphatidylinositol,  cross-linking, cyclization, disulphide bond formation,
demethylation, formation of covalent cross-links, formation of cysteine, formation of
pyroglutamate, formylation, GPI anchor formation, 1odination, methylation,
myristoylation, oxidation, proteolytic processing, phosphorylation, prenylaﬁon,
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 preseﬁt n

polypeptides of the present invention.

The modifications that occur in a polypeptide often will be a function of how the
polypeptide 1s 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),
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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 LBDS2 polypeptide. Two polypeptides are said
to be "homologous", as the term 1s 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 readily calculated
(Computational Molecular Biology, Lesk, A.M., 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 Grittin, 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 LBDS2Z 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, 1.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.
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Such mutants also include polypeptides in which one or more of the amino acid residues

include a substituent group.

Typically, greater than 80% identity between two polypeptides (preferably, over a
specified region) 1s considered to be an indication of functional equivalence. Preferably,
tunctionally equivalent polypeptides of the first aspect of the invention have a degree of
sequence 1dentity with the LBDS2 polypeptide, or with active fragments thereof, of
greater than 80%. More preferred polypeptides have degrees of identity of greater than
83%, 0%, 95%, 98% or 99%, respectively with the LBDS2 polypeptide, 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 LBDS2 polypeptide are those that
include the LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region and
which possess the “LBD motif” of residues PHE173, PHE176, ASP180, ASN181,
Leuld2 and Met 183, 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 PHE173 may be replaced by LEU, ILE, ALA,
VAL, MET, TYR or TRP. For example PHE176 may be replaced by LEU, ILE, ALA,
VAL, MET, TYR or TRP. For example ASP180 may be replaced by GLU. For example
ASN181 may be replaced by GLN, ARG, HIS, LYS, SER or THR. For example LEU182
may be replaced by ILE, ALA, VAL, MET, PHE, TYR, or TRP. For example MET 183
may be replaced by LEU, ILE, ALA, VAL, PHE, TYR, or TRP. 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%, respecti{/ely, with the Nuclear
Hormone Receptor Ligand Binding Domain region of the LBDS2 polypeptide and which
possess the “LBD motif” of PHE173, PHE176, ASP180, ASN181, Leul82 and Met 183,

or equivalent residues. As discussed above, the LBDS2 Nuclear Hormone Receptor
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Ligand Binding Domain region is considered to extend between residue 114 and residue

301 of the LBDS2 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
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 1dentity
polypeptides of presently-unknown function which, while having low sequence 1dentity
as compared to the LBDS?2 polypeptide, are predicted to have Nuclear Hormone Receptor
Ligand Binding Domain activity, by virtue of sharing significant structural homology

with the LBDS2 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 0 and 1. However, again as the number of proteiﬂs 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 i1s a reflection of how

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

Structural homologues of LBDS2 should share structural homology with the LBDS2

Nuclear Hormone Receptor Ligand Binding Domain region and possess the “LBD motit™

residues PHE173, PHE176, ASP180, ASN181, Leul82 and Met 183, or equivalent
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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 LBDS2
polypeptide, functional equivalents of the fragments of the LBDS2 polypeptide, and
fragments of the functional equivalents of the LBDS2 polypeptides, provided that those
functional equivalents and fragments retain Nuclear Hormone Receptor Ligand Binding

Domain activity or have an antigenic determinant in common with the LBDS?2

polypeptide.

As used herein, the term "fragment" refers to a polypeptide having an amino acid
sequence that 1s the same as part, but not all, of the amino acid sequence of the LBDS2
polypeptides or one of its functional equivalents. The fragments should comprise at least
n consecutive amino acids from the sequence and, depending on the particular sequence,
n preferably 1s 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 LBDS2 Nuclear Hormone Receptor Ligand
Binding Domain region of the LBDS2 polypeptides, respectively. These regions are the

regions that have been annotated as Nuclear Hormone Receptor Ligand Binding Domain.

For the LBDS2 polypeptide, this region is considered to extend between residue 114 and
residue 301.

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.

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 Recéptor
Ligand Binding Domain region of the LBDS2 polypeptide will fold correctly and show

Nuclear Hormone Receptor Ligand Binding Domain activity if additional residues C
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terminal and/or N terminal of these boundaries in the LBDS2 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 LBDS2 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 LBDS?2 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 LBDS2 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 LBDS2 polypeptide, although the “LBD .
motif” residues (PHE173, PHE176, ASP180, ASNI181, Leul82 and Met 183), 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 ILBDS2 polypeptide and which possess
the “LBD motif” residues (PHE173, PHE176, ASP180, ASN181, Leul82 and Met 183),
or equivalent residues, provided that said variants retain activity as an Nuclear Hormone

Receptor Ligand Binding Domain.

Homologues 1nclude those polypeptide molecules that possess greater than 30% identity
with the LBDS2 Nuclear Hormone Receptor Ligand Binding Domain regions, of the
LBDS2 polypeptides, respectively. Percentage identity is as determined using BLAST
version 2.1.3 using the default parameters specitied 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
L.BDS2 Nuclear Hormone Receptor Ligand Binding Domain regions, of the LBDS2
polypeptides, respectively, of greater than 80%. More preferred variant polypeptides have
degrees of 1dentity of greater than 85%, 90%, 95%, 98% or 99%, respectively with the
[LBDS2 Nuclear Hormone Receptor Ligand Binding Domain regions of the LBDS2,
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polypeptides, provided that said variants retain activity as é Nuclear Hormone Receptor
Ligand Binding Domain. Variant polypeptides also include homologues of the truncated
forms of the polypeptide fragments 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 LBDS2 Nuclear Hormone Receptor Ligand Binding
Domain regions, of the LBDS2 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 LLBDS2 Nuclear Hormone
Receptor Ligand Binding Domain regions of the LBDS2 polypeptide sequence should
adopt the same fold as that adopted by this polypeptide fragment, as this fold is detfined

above.

- Structural homologues of the polypeptide fragment defined by the LLBDS2 Nuclear

Hormone Receptor Ligand Binding Domain region should also retain the “LBD motif”
residues PHE173, PHE176, ASP180, ASN181, LEU182 and MET 183, or equivalent

residues.

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 fragmgnts (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
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also be employed as diagnostic or therapeutic aids, amongst other applications, as will be

apparent to the skilled reader.

The term "tmmunospecific" 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 aépect 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.

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 methodoldgy for making
monoclonal antibodies using hybridoma technology i1s well known (see, for example,
Kohler, G. and Milstein, C., Nature 256: 495-497 (1975); Kozbor et al., Inmunology
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, i1.e., for 1sotype, 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
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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 et al., J. Immunol., 147: 1709 (1991); Queen et 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
PCR amplified V-genes of lymphocytes from humans screened for poxssessing the
relevant antibodies, or from naive libraries (McCaftferty, J. ef al., (1990), Nature 348,
552-554; Marks, J. 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, and functionally
equivalent polypeptides, including active fragments of the LBDS2 polypeptide, such as a
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fragment including the LBDS2 Nuclear Hormone Receptor Ligand Binding Domain
region of the LBDS?2 polypeptide sequence, or a homologue thereot.

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 i1nvention 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
synthetic techniques or by a combination thereof. The nucleic 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

solubility to the composition. PNAs may be pegylated to extend their lifespan in a cell,
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where they preferentially bind complementary single stranded DNA and RNA and stop
transcript elongation (Nielsen, P.E. ef 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 1dentical 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 LBDS?2 polypeptide, such as a tfragment including the LBDS2
Nuclear Hormone Receptor Ligand Binding Domain region, or a homologue thereof. The
LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region 1s considered to
extend between residue 114 and residue 301 of the LBDS2 polypeptide sequence. In SEQ
ID NO:1 the LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region is thus
encoded by a nucleic acid molecule including nucleotide 342 to 905. 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 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, t"ogether 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 LBDS2 polypeptide is a fragment
including the LBDS2 Nuclear Hormone Receptor Ligand Binding Domain region, or a
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homologue thereof. The Nuclear Hormone Receptor Ligahd Binding Domain region is

encoded by a nucleic acid molecule including nucleotide 342 to 905 of SEQ ID NO:1.

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 organismes.

Among variants in this regard are variants 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 produce

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 1n 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 et 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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>