EP 1 364 025 B1

(19)

(12)

(45)

(21)

(22)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 1 364 025 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
31.07.2013 Bulletin 2013/31
Application number: 02711634.2

Date of filing: 31.01.2002

(51) IntCl:

C12N 15/12 (2006.01)
CO7K 14/435 (2006.01)
AG61K 48/00 (2006.01)

C12N 15/63 (2006.01)
CO7K 16/18 (2006.01)
AG61K 39/395 (2006.01)

(86) International application number:

PCT/AU2002/000096

(87) International publication number:

WO 2002/061081 (08.08.2002 Gazette 2002/32)

(54)

A NOVEL GENE BNO1 MAPPING TO CHROMOSOME 16Q24.3
NEUES, AUF CHROMOSOM 16Q24.3 KARTIERTES GEN BNO1
UNE NOUVELLE CARTOGRAPHIE DU GENE BNO1 AU CHROMOSOME 16Q24.3

(84)

(30)

(43)

(73)

(72)

(74)

(56)

Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR

Priority: 31.01.2001 AU PP278301

Date of publication of application:
26.11.2003 Bulletin 2003/48

Proprietor: Bionomics Limited
Thebarton, S.A. 5031 (AU)

Inventors:

CALLEN, David, Frederick
Malvern, S.A. 5061 (AU)
POWELL, Jason, Anthony
Warradale, S.A. 5046 (AU)
KREMMIDIOTIS, Gabriel
Aberfoyle Park, S.A. 5159 (AU)
GARDNER, Alison, Elaine
North Brighton, S.A. 5048 (AU)
CRAWFORD, Joanna

Stirling, S.A. 5152 (AU)

BAIS, Anthony, John

Kurralta Park, S.A. 5037 (AU)
KOCHETKOVA, Marina
Medindie, S.A. 5081 (AU)

Representative: Chapman, Paul Gilmour et al
Marks & Clerk LLP

Aurora

120 Bothwell Street

Glasgow G2 7JS (GB)

References cited:

WO-A-01/53312 WO-A-02/081514

¢ DROBNJAK MARIJA ET AL: "Altered expression

of p27 and Skp2 proteins in prostate cancer of
African-American patients.” CLINICAL CANCER
RESEARCH: AN OFFICIAL JOURNAL OF THE
AMERICAN ASSOCIATION FOR CANCER
RESEARCH. UNITED STATES JUL 2003, vol. 9,
no. 7, July 2003 (2003-07), pages 2613-2619,
XP002271709 ISSN: 1078-0432

DATABASE PROTEIN [Online] 15 September
1999 KOEHRERK.ET AL.:’Homo sapiens mRNA;
cDNA DKFZp434B027 (from clone
DKFZp434B027) partial cds’, XP008096945
Database accession no. (CAB55929) &
DATABASE PIR [Online] 15 October 1999
KOEHRER K. ET AL.: 'Hypothetical protein
DKFZp434B027.1 - human (fragment)’ Database
accession no. (T17239) & DATABASE EMBL
[Online] Database accession no. (AL117444)
DATABASE PROTEIN [Online] XP008096949
Database accession no. (AAH12748) &
DATABASE GENBANK [Online] 20 September
2001 STRAUSBERG R.: ’"Homo sapiens, clone
MGC:15419 IMAGE:3958783, mRNA, complete
cds’ Database accession no. (BC012748)
DATABASE PROTEIN [Online] XP008096946
Database accession no. (AAL55855) &
DATABASE GENBANK [Online] 01 January 2002
ZHOU X.M.ET AL.:’Homo sapiens pp2386 mRNA,
complete cds’ Database accession no.
(AF318348)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 1 364 025 B1

« DATABASE PROTEIN [Online] XP008096947
Database accession no. (BAA95069) &
DATABASE EMBL [Online] 30 April 2000 OSADA
N. ET AL.: ’Mus musculus brain cDNA, clone
MNCb-2609, similar to Homo sapiens mRNA;
cDNA DKFZp434B027’ Database accession no.
(AB041586)




10

15

20

25

30

35

40

45

50

55

EP 1 364 025 B1
Description
Technical Field

[0001] The present invention relates to a novel gene which has been identified at the distal tip of the long arm of
chromosome 16 at 16g24.3. The BNO1 gene encodes a polypeptide that forms part of a ubiquitin-ligase complex involved
in targeting proteins by ubiquitination for degradation by the proteasome. In view of the realisation that BNO1 is involved
in ubiquitination and protein degradation, the invention is also concerned with the therapy of disorders associated with
this process, such as cancer (in particular breast and prostate carcinoma), immune/inflammatory disease and neurological
disease. In addition, the invention is concerned with the diagnosis of disorders associated with ubiquitination and the
screening of drugs for therapeutic intervention in these disorders.

Background Art

[0002] The development of human carcinomas has been shown to arise from the accumulation of genetic changes
involving both positive regulators of cell function (oncogenes) and negative regulators (tumour suppressor genes). For
a normal somatic cell to evolve into a metastatic tumour it requires changes at the cellular level, such as immortalisation,
loss of contact inhibition and invasive growth capacity, and changes at the tissue level, such as evasion of host immune
responses and growth restraints imposed by surrounding cells, and the formation of a blood supply for the growing tumour.
[0003] Molecular genetic studies of colorectal carcinoma have provided substantial evidence that the generation of
malignancy requires the sequential accumulation of a number of genetic changes within the same epithelial stem cell
of the colon. For a normal colonic epithelial cell to become a benign adenoma, progress to intermediate and late ade-
nomas, and finally become a malignant cell, inactivating mutations in tumour suppressor genes and activating mutations
in proto-oncogenes are required (Fearon and Vogelstein,1990).

[0004] The employment of a number of techniques, such as loss of heterozygosity (LOH), comparative genomic
hybridisation (CGH) and cytogenetic studies of cancerous tissue, all of which exploit chromosomal abnormalities asso-
ciated with the affected cell, has aided in the identification of a number of tumour suppressor genes and oncogenes
associated with a range of tumour types.

[0005] In one aspect, studies of cancers such as retinoblastoma and colon carcinoma have supported the model that
LOH is a specific event in the pathogenesis of cancer and has provided a mechanism in which to identify the cancer
causing genes. This model is further highlighted in Von Hippel-Lindau (VHL) syndrome, a rare disorder that predisposes
individuals to a variety of tumours including clear cell carcinomas of the kidneys and islet cell tumours of the pancreas.
Both sporadic and inherited cases of the syndrome show LOH for the short arm of chromosome 3 and somatic translo-
cations involving 3p in sporadic tumours, and genetic linkage to the same region in affected families has also been
observed. The VHL tumour suppressor gene has since been identified from this region of chromosome 3 and mutations
in it have been detected in 100% of patients who carry a clinical diagnosis of VHL disease. In addition, the VHL gene is
inactivated in approximately 50-80% of the more common sporadic form of renal clear cell carcinoma.

[0006] The genetic determinants involved in breast cancer are not as well defined as that of colon cancer due in part
to the histological stages of breast cancer development being less well characterised. However, as with colon carcinoma,
it is believed that a number of genes need to become involved in a stepwise progression during breast tumourigenesis.
[0007] Certain women appear to be at an increased risk of developing breast cancer. Genetic linkage analysis has
shown that 5 to 10% of all breast cancers are due to at least two autosomal dominant susceptibility genes. Generally,
women carrying a mutation in a susceptibility gene develop breast cancer at a younger age compared to the general
population, often have bilateral breast tumours, and are at an increased risk of developing cancers in other organs,
particularly carcinoma of the ovary.

[0008] Genetic linkage analysis on families showing a high incidence of early-onset breast cancer (before the age of
46) was successful in mapping the first susceptibility gene, BRCA1, to chromosome 17921 (Hall et al., 1990). Subsequent
to this, the BRCA2 gene was mapped to chromosome 13q12-q13 (Wooster et al., 1994) with this gene conferring a
higher incidence of male breast cancer and a lower incidence of ovarian cancer when compared to BRCA1.

[0009] Both BRCA1 and BRCA2 have since been cloned (Miki et al., 1994; Wooster et al., 1995) and numerous
mutations have been identified in these genes in susceptible individuals with familial cases of breast cancer.

[0010] Additional inherited breast cancer syndromes exist, however they are rare. Inherited mutations in the TP53
gene have been identified in individuals with Li-Fraumeni syndrome, a familial cancer resulting in epithelial neoplasms
occurring at multiple sites including the breast. Similarly, germline mutations in the MMC4C1/PTEN gene involved in
Cowden’s disease and the ataxia telangiectasia (AT) gene have been shown to confer an increased risk of developing
breast cancer, among other clinical manifestations, but together account for only a small percentage of families with an
inherited predisposition to breast cancer.

[0011] Somatic mutations in the TP53 gene have been shown to occurin a high percentage of individuals with sporadic
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breast cancer. However, although LOH has been observed at the BRCA1 and BRCAZ2 loci at a frequency of 30 to 40%
in sporadic cases (Cleton-Jansen et al., 1995; Saito et al., 1993), there is virtually no sign of somatic mutations in the
retained allele of these two genes in sporadic cancers (Futreal et al., 1994; Miki et al., 1996). Recent data suggests that
DNA methylation of the promoter sequence of these genes may be an important mechanism of down-regulation. The
use of both restriction fragment length polymorphisms and small tandem repeat polymorphic markers has identified
numerous regions of allelic imbalance in breast cancer suggesting the presence of additional genes, which may be
implicatedin breast cancer. Data compiled from more than 30 studies reveals the loss of DNA from atleast 11 chromosome
arms at a frequency of more than 25%, with regions such as 16q and 17p affected in more than 50% of tumours (Devilee
and Cornelisse, 1994; Brenner and Aldaz, 1995). However only some of these regions are known to harbour tumour
suppressor genes shown to be mutated in individuals with both sporadic (TP53 and RB genes) and familial (TP53, RB,
BRCA1, and BRCAZ2 genes) forms of breast cancer.

[0012] Cytogenetic studies have implicated loss of the long arm of chromosome 16 as an early event in breast car-
cinogenesis since it is found in tumours with few or no other cytogenetic abnormalities. Alterations in chromosome 1
and 16 have also been seen in several cases of ductal carcinoma in situ (DCIS), the preinvasive stage of ductal breast
carcinoma. In addition, LOH studies on DCIS samples identified loss of 16q markers in 29 to 89% of the cases tested
(Chen et al., 1996; Radford et al., 1995). In addition, examination of tumours from other tissue types have indicated that
16g LOH is also frequently seen in prostate, liver, ovarian and primitive neuroectodermal carcinomas. Together, these
findings suggest the presence of a gene mapping to the long arm of chromosome 16 that is critically involved in the early
development of a large proportion of breast cancers as well as cancers from other tissue types, but to date no such
gene has been identified.

Disclosure of the Invention

[0013] The present invention provides an isolated BNO1 nucleic acid molecule mapping to chromosome 16924.3
comprising the nucleotide sequence set forth in SEQ ID Numbers: 1 or 3.

[0014] It also provides an isolated BNO1 nucleic acid molecule comprising the nucleotide sequence set forth in SEQ
ID Numbers: 1 or 3 which encodes a polypeptide that forms part of a ubiquitin-ligase complex involved in targeting
proteins by ubiquitination for degradation by the proteasome.

[0015] The invention also encompasses an isolated BNO1 nucleic acid molecule that is at least 95% identical to a
DNA molecule consisting of the nucleotide sequence set forthin SEQ ID Numbers: 1 or 3 and which encodes a polypeptide
that forms part of a ubiquitin-ligase complex involved in targeting proteins by ubiquitination for degradation by the
proteasome.

[0016] Any one of the polynucleotide variants described above can encode an amino acid sequence, which contains
at least one functional or structural characteristic of BNO1.

[0017] Typically, sequence identity is calculated using the BLASTN algorithm with the BLOSSUMG62 default matrix.
[0018] Theinvention also encompasses anisolated BNO1 nucleic acid molecule that encodes a polypeptide that forms
part of a ubiquitin-ligase complex involved in protein degradation through ubiquitination, and which hybridizes under
stringent conditions with a DNA molecule consisting of the nucleotide sequence set forth in SEQ ID Numbers: 1 or 3.
[0019] Under stringent conditions, hybridization will most preferably occur at 42°C in 750 mM NaCl, 75 mM trisodium
citrate, 2% SDS, 50% formamide, 1X Denhart’s, 10% (w/v) dextran sulphate and 100 pg/ml denatured salmon sperm
DNA. Useful variations on these conditions will be readily apparent to those skilled in the art. The washing steps which
follow hybridization most preferably occur at 65°C in 15 mM NaCl, 1.5 mM trisodium citrate, and 1% SDS. Additional
variations on these conditions will be readily apparent to those skilled in the art

[0020] The invention also provides an isolated BNO1 nucleic acid molecule which encodes a polypeptide having the
amino acid sequence set forth in SEQ ID Numbers: 2 or 4.

[0021] Preferably, sequence identity is determined using the BLASTP algorithm with the BLOSSUMG62 default matrix.
[0022] We also disclose an isolated nucleic acid molecule comprising exons 1 to 9 or exons 1, 2, 2.5, and 3 to 9
identified in the nucleotide sequences set forth in SEQ ID Numbers: 1 and 3 respectively.

[0023] Still further, there is provided an isolated nucleic acid molecule consisting of the nucleotide sequence set forth
in SEQ ID Numbers: 1 or 3.

[0024] We also disclose an isolated nucleic acid molecule consisting of the nucleotide sequence set forth in SEQ ID
NO: 1 from base 4 to base 1,621 or set forth in SEQ ID NO: 3 from base 4 to base 1,708.

[0025] We also disclose an isolated gene comprising the nucleotide sequence set forth in SEQ ID Numbers: 1 or 3
and BNO1 control elements.

[0026] Preferably, the BNO1 control elements are those which mediate expression in breast, prostate, liver and ovarian
tissue.

[0027] The nucleotide sequences of the present invention can be engineered using methods accepted in the art so
as to alter BNO1-encoding sequences for a variety of purposes. These include, but are not limited to, modification of
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the cloning, processing, and/or expression of the gene product. PCR reassembly of gene fragments and the use of
synthetic oligonucleotides allow the engineering of BNO1 nucleotide sequences. For example, oligonucleotide-mediated
site-directed mutagenesis can introduce mutations that create new restriction sites, alter glycosylation patterns and
produce splice variants etc.

[0028] As a result of the degeneracy of the genetic code, a number of polynucleotide sequences encoding BNO1,
some that may have minimal similarity to the polynucleotide sequences of any known and naturally occurring gene, may
be produced. Thus, we also disclose each and every possible variation of polynucleotide sequence that could be made
by selecting combinations based on possible codon choices. These combinations are made in accordance with the
standard triplet genetic code as applied to the polynucleotide sequence of naturally occurring BNO1, and all such
variations are to be considered as being specifically disclosed.

[0029] The polynucleotides of this invention include RNA, cDNA, genomic DNA, synthetic forms, and mixed polymers,
both sense and antisense strands, and may be chemically or biochemically modified, or may contain non-natural or
derivatised nucleotide bases as will be appreciated by those skilled in the art. Such modifications include labels, meth-
ylation, intercalators, alkylators and modified linkages. In some instances it may be advantageous to produce nucleotide
sequences encoding BNO1 or its derivatives possessing a substantially different codon usage than that of the naturally
occurring BNO1. For example, codons may be selected to increase the rate of expression of the peptide in a particular
prokaryotic or eukaryotic host corresponding with the frequency that particular codons are utilized by the host. Other
reasons to alter the nucleotide sequence encoding BNO1 and its derivatives without altering the encoded amino acid
sequences include the production of RNA transcripts having more desirable properties, such as a greater half-life, than
transcripts produced from the naturally occurring sequence.

[0030] The invention also encompasses production of DNA molecules, which encode BNO1 and its derivatives, or
fragments thereof, entirely by synthetic chemistry. Synthetic sequences may be inserted into expression vectors and
cell systems that contain the necessary elements for transcriptional and translational control of the inserted coding
sequence in a suitable host. These elements may include regulatory sequences, promoters, 5’ and 3’ untranslated
regions and specific initiation signals (such as an ATG initiation codon and Kozak consensus sequence) which allow
more efficient translation of sequences encoding BNO1. In cases where the complete BNO1 coding sequence including
its initiation codon and upstream regulatory sequences are inserted into the appropriate expression vector, additional
control signals may not be needed. However, in cases where only coding sequence, or a fragment thereof, is inserted,
exogenous translational control signals as described above should be provided by the vector. Such signals may be of
various origins, both natural and synthetic. The efficiency of expression may be enhanced by the inclusion of enhancers
appropriate for the particular host cell system used (Scharf et al., 1994).

[0031] The presentinvention allows for the preparation of purified BNO1 polypeptide or protein, from the polynucleotides
of the present invention or variants thereof. In order to do this, host cells may be transfected with a DNA molecule as
described above. Typically said host cells are transfected with an expression vector comprising a DNA molecule according
to the invention. A variety of expression vector/host systems may be utilized to contain and express sequences encoding
BNO1. These include, but are not limited to, microorganisms such as bacteria transformed with plasmid or cosmid DNA
expression vectors; yeast transformed with yeast expression vectors; insect cell systems infected with viral expression
vectors (e.g., baculovirus); or mouse or other animal or human tissue cell systems. Mammalian cells can also be used
to express the BNO1 protein using various expression vectors including plasmid, cosmid and viral systems such as
adenoviral, retroviral or vaccinia virus expression systems. The invention is not limited by the host cell employed.
[0032] The polynucleotide sequences, or variants thereof, of the present invention can be stably expressed in cell
lines to allow long term production of recombinant proteins in mammalian systems. Sequences encoding BNO1 can be
transformed into cell lines. using expression vectors which may contain viral origins of replication and/or endogenous
expression elements and a selectable marker gene on the same or on a separate vector. The selectable marker confers
resistance to a selective agent, and its presence allows growth and recovery of cells which successfully express the
introduced sequences. Resistant clones of stably transformed cells may be propagated using tissue culture techniques
appropriate to the cell type.

[0033] The protein produced by a transformed cell may be secreted or retained intracellularly depending on the se-
quence and/or the vector used. As will be understood by those of skill in the art, expression vectors containing polynu-
cleotides which encode BNO1 may be designed to contain signal sequences which direct secretion of BNO1 through a
prokaryotic or eukaryotic cell membrane.

[0034] In addition, a host cell strain may be chosen for its ability to modulate expression of the inserted sequences or
to process the expressed protein in the desired fashion. Such modifications of the polypeptide include, but are not limited
to, acetylation, glycosylation, phosphorylation, and acylation. Post-translational cleavage of a "prepro" form of the protein
may also be used to specify protein targeting, folding, and/or activity. Different host cells having specific cellular machinery
and characteristic mechanisms for post-translational activities (e.g., CHO or HeLa cells), are available from the American
Type Culture Collection (ATCC) and may be chosen to ensure the correct modification and processing of the foreign
protein.
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[0035] When large quantities of BNO1 are needed such as for antibody production, vectors which direct high levels
of expression of BNO1 may be used such as those containing the T5 or T7 inducible bacteriophage promoter. The
present invention also includes the use of the expression systems described above in generating and isolating fusion
proteins which contain important functional domains of the protein. These fusion proteins are used for binding, structural
and functional studies as well as for the generation of appropriate antibodies.

[0036] In order to express and purify the protein as a fusion protein, the appropriate BNO1 cDNA sequence is inserted
into a vector which contains a nucleotide sequence encoding another peptide (for example, glutathionine succinyl trans-
ferase). The fusion protein is expressed and recovered from prokaryotic or eukaryotic cells. The fusion protein can then
be purified by affinity chromatography based upon the fusion vector sequence and the BNO1 protein obtained by enzy-
matic cleavage of the fusion protein.

[0037] Fragments of BNO1 may also be produced by direct peptide synthesis using solid-phase techniques. Automated
synthesis may be achieved by using the ABI 431A Peptide Synthesizer (Perkin-Elmer). Various fragments of BNO1 may
be synthesized separately and then combined to produce the full-length molecule.

[0038] According to the invention there is provided an isolated polypeptide comprising the amino acid sequence set
forth in SEQ ID Numbers: 2 or 4.

[0039] According to a still further aspect of the invention there is provided an isolated polypeptide, comprising the
amino acid sequence set forth in SEQ ID Numbers: 2 or 4, that forms part of a ubiquitin-ligase complex involved in
protein degradation through ubiquitination.

[0040] The invention also encompasses an isolated polypeptide that forms part of a ubiquitin-ligase complex involved
in protein degradation through ubiquitination that has at least 95%, identity with the amino acid sequence set forth in
SEQ ID Numbers: 2 or 4.

[0041] Preferably, sequence identity is determined using the BLASTP algorithm with the BLOSSUMG62 default matrix.
[0042] Also envisaged is an isolated polypeptide consisting of the amino acid sequence set forth in SEQ ID Numbers:
2 or4.

[0043] In a further aspect of the invention there is provided a method of preparing a polypeptide as described above,
comprising the steps of:

(1) culturing the host cells under conditions effective for production of the polypeptide; and
(2) harvesting the polypeptide.

[0044] Substantially purified BNO1 protein or fragments thereof can then be used in further biochemical analyses to
establish secondary and tertiary structure for example by x-ray crystallography of BNO1 protein or by nuclear magnetic
resonance (NMR). Determination of structure allows for the rational design of pharmaceuticals to interact with the protein,
alter protein charge configuration or charge interaction with other proteins, or to alter its function in the cell.

[0045] The BNO1 gene has been identified from a region of restricted LOH seen in breast and prostate cancer and
appears to be down regulated in its expression in cancer cell lines derived from these tissues. In addition, chemical and
structural similarity in the context of sequences and motifs, exists between regions of BNO1 and F-box proteins. F-box
proteins are the substrate recognition components of one class of ubiquitin-E3 ligases, the so called "SCF" class, which
are involved in the degradation of proteins through ubiquitination and subsequent proteolysis carried out by the protea-
some. To date, proteins shown to be regulated by this mechanism include oncogenes, tumour suppressor genes,
transcription factors and other signalling molecules. These proteins influence many cellular processes such as modulation
of the immune and inflammatory responses, development and differentiation, as well as processes that are involved in
cancer development such as cell-cycle regulation and apoptosis. BNO1 has also been shown to interact with Skp1, an
essential component of SCF ubiquitin-E3 ligases.

[0046] A strong precedent for a tumour suppressor protein belonging to the ubiquitin-proteasome degradation system
has previously been provided by the VHL gene. This gene has been demonstrated to associate with elongin C, elongin
B, and cullin-2 in a complex termed VCB-CUL-2. This multiprotein complex exhibits structural and functional similarity
to SCF ubiquitin ligases and has been shown to be involved in the ubiquitination of VHL substrates.

[0047] Collectively, this information suggests BNO1 is involved in the processes that lead to cancer, particularly breast
and prostate carcinoma, most likely throughiits role in the ubiquitination of proteins involved in important cellular functions
such as cell cycle regulation. As BNO1 is expressed in many tissue types, alterations in BNO1 function may also cause
pathologies in these tissues through consequential abnormalities in the ubiquitination process.

[0048] With the identification of the BNO1 nucleotide and protein sequence, probes and antibodies raised to the gene
can be used in a variety of hybridisation and immunological assays to screen for and detect the presence of either a
normal or mutated gene or gene product. In addition the nucleotide and protein sequence of the BNO1 gene provided
in this invention enables therapeutic methods for the treatment of all diseases associated with abnormalities of BNO1
function, including cancer, immune/inflammatory disease and neurological disorders, and also enables methods for the
diagnosis or prognosis of all diseases associated with abnormalities of BNO1 function.



10

15

20

25

30

35

40

45

50

55

EP 1 364 025 B1

[0049] Examples of such disorders include, but are not limited to, cancers, immune/inflammatory disorders and neu-
rological disorders. Cancers include adenocarcinoma, leukemia, lymphoma, melanoma, myeloma, sarcoma, teratocar-
cinoma, and, in particular, cancers of the breast, prostate, liver, ovary, head and neck, heart, brain, pancreas, lung,
skeletal muscle, kidney, colon, uterus, testis, adrenal gland, blood, germ cells, placenta, synovial membrane, tonsil,
cervix, lymph tissue, skin, bladder, spinal cord, thyroid gland and stomach. Other cancers may include those of the bone,
bone marrow, gall bladder, ganglia, gastrointestinal tract, parathyroid, penis, salivary glands, spleen and thymus. Immune/
inflammatory disorders include acquired immunodeficiency syndrome (AIDS), Addison’s disease, adult respiratory dis-
tress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia, asthma, atherosclerosis. autoimmune hemolytic
anemia, autoimmune thyroiditis, autoimmune polyenodocrinopathy-candidiasis-ectodermal dystrophy (APECED), bron-
chitis, cholecystitis, contact dermatitis, Crohn’s disease, cystic fibrosis, atopic dermatitis, dermatomyositis, diabetes
mellitus, emphysema, episodic lymphopenia with lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic
gastritis, glomerulonephritis, Goodpasture’s syndrome, gout, Graves’ disease, Hashimoto’s thyroiditis, hypereosi-
nophilia, irritable bowel syndrome, multiple sclerosis, myasthenia gravis, myocardial or pericardial inflammation, oste-
oarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis, Reiter's syndrome, rheumatoid arthritis, scleroderma,
Sjogren’s syndrome, systemic anaphylaxis, systemic lupus erythematosus, systemic sclerosis, thrombocytopenic pur-
pura, ulcerative colitis, uveitis, Werner syndrome, complications of wound healing (eg scarring), cancer, hemodialysis,
and extracorporeal. circulation, viral, bacterial, fungal, parasitic, protozoal, and helminthic infections, and trauma. Neu-
rological disorders may include Parkinson’s disease and Alzheimer’s disease.

[0050] In the treatment of diseases associated with decreased BNO1 expression and/or activity, it is desirable to
increase the expression and/or activity of BNO1. In the treatment of disorders associated with increased BNO1 expression
and/or activity, it is desirable to decrease the expression. and/or activity of BNO1.

Enhancing BNO1 gene or protein function

[0051] Enhancing, stimulating or re-activating BNO1 gene or protein function can be achieved in a variety of ways.
We also disclose the administration of an isolated DNA molecule, as described above, to a subject in need of such
treatment may be initiated.

[0052] Typically, BNO1 is administered to a subject to treat or prevent a disorder associated with decreased activity
and/or expression of BNO1.

[0053] Inafurtheraspect,thereis provided the use of anisolated DNA molecule, as described above, in the manufacture
of a medicament for the treatment of a disorder associated with decreased activity and/or expression of BNO1.

[0054] Typically, a vector capable of expressing BNO1 or a fragment or derivative thereof may be administered to a
subject to treat or prevent a disorder associated with decreased activity and/or expression of TSG18 including, but not
limited to, those described above. Transducing retroviral vectors are often used for somatic cell gene therapy because
of their high efficiency of infection and stable integration and expression. The full length BNO1 gene, or portions thereof,
can be cloned into a retroviral vector and driven from its endogenous promoter or from the retroviral long terminal repeat
or from a promoter specific for the target cell type of interest. Other viral vectors can be used and include, as is known
in the art, adenoviruses, adeno-associated virus, vaccinia virus, papovaviruses, lentiviruses and retroviruses of avian,
murine and human origin.

[0055] Gene therapy would be carried out according to established methods (Friedman, 1991; Culver, 1996). A vector
containing a copy of the BNO1 gene linked to expression control elements and capable of replicating inside the cells is
prepared. Alternatively the vector may be replication deficient and may require helper cells or helper virus for replication
and virus production and use in gene therapy.

[0056] Gene transfer using non-viral methods of infection can also be used. These methods include direct injection
of DNA, uptake of naked DNA in the presence of calcium phosphate, electroporation, protoplast fusion or liposome
delivery. Gene transfer can also be achieved by delivery as a part of a human artificial chromosome or receptor-mediated
gene transfer. This involves linking the DNA to a targeting molecule that will bind to specific cell-surface receptors to
induce endocytosis and transfer of the DNA into mammalian cells. One such technique uses poly-L-lysine to link
asialoglycoprotein to DNA. An adenovirus is also added to the complex to disrupt the lysosomes and thus allow the DNA
to avoid degradation and move to the nucleus. Infusion of these particles intravenously has resulted in gene transfer
into hepatocytes.

[0057] Inaffected subjectsthatexpressamutated formof BNO1 itmay be possible to preventthe disorder by introducing
into the affected cells a wild-type copy of the gene such that it recombines with the mutant gene. This requires a double
recombination event for the correction of the gene mutation. Vectors for the introduction of genes in these ways are
known in the art, and any suitable vector may be used. Alternatively, introducing another copy of the gene bearing a
second mutation in that gene may be employed so as to negate the original gene mutation and block any negative effect.
[0058] In affected subjects that have decreased expression of BNO1, a mechanism of down-regulation may be ab-
normal methylation of the CpG island present in the 5’ end of the gene. Therefore, in an alternative approach to therapy,
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administration of agents that remove BNO1 promoter methylation will reactivate BNO1 gene expression and may sup-
press the associated disease phenotype.

[0059] In a further aspect, a suitable agonist may also include a small molecule or peptide that can mimic the function
of wild-type BNO1.

Inhibiting BNo1 gene or protein function

[0060] Inhibiting the function of a mutated gene or protein can be achieved in a variety of ways. We also disclose a
method of treating a disorder associated with increased activity and/or expression of BNO1, comprising administering
an antagonist of BNO1 to a subject in need of such treatment.

[0061] In still another aspect of the invention there is provided the use of an antagonist of BNO1 in the manufacture
of a medicament for the treatment of a disorder associated with increased activity and/or expression of BNO1.

[0062] Such disorders may include, but are not limited to, those discussed above. In one aspect of the invention an
isolated DNA molecule, which is the complement of any one of the DNA molecules described above and which encodes
an RNA molecule that hybridises with the mRNA encoded by BNO1, may be administered to a subject in need of such
treatment.

[0063] In a still further aspect of the invention there is provided the use of an isolated DNA molecule which is the
complement of a DNA molecule of the invention and which encodes an RNA molecule that hybridises with the mRNA
encoded by BNO1, in the manufacture of a medicament for the treatment of a disorder associated with increased activity
and/or expression of BNO1.

[0064] Typically, a vector expressing the complement of the polynucleotide encoding BNO1 may be administered to
a subject to treat or prevent a disorder associated with increased activity and/or expression of BNO1 including, but not
limited to, those described above. Antisense strategies may use a variety of approaches including the use of antisense
oligonucleotides, ribozymes, DNAzymes, injection of antisense RNA and transfection of antisense RNA expression
vectors. Many methods for introducing vectors into cells or tissues are available and equally suitable for use in vivo, in
vitro, and ex vivo. For ex vivo therapy, vectors may be introduced into stem cells except human embryonic stem cells
taken from the patient and clonally propagated for autologous transplant back into that same patient. Delivery by trans-
fection, by liposome injections, or by polycationic amino polymers may be achieved using methods which are well known
in the art. (For example, see Goldman et al., 1997).

[0065] We also disclose a method of treating a disorder associated with increased activity and/or expression of BNO1
comprising administering an antagonist of BNO1 to a subject in need of such treatment.

[0066] In still another aspect of the invention there is provided the use of an antagonist of BNO1 in the manufacture
of a medicament for the treatment of a disorder associated with increased activity and/or expression of BNO1.

[0067] Such disorders may include, but are not limited to, those discussed above. In one aspect purified protein
according to the invention may be used to produce antibodies which specifically bind BNO1. These antibodies may be
used directly as an antagonist or indirectly as a targeting or delivery mechanism for bringing a pharmaceutical agent to
cells or tissues that express BNO1. Such antibodies may include, but are not limited to, polyclonal, monoclonal, chimeric
and single chain antibodies as would be understood by the person skilled in the art.

[0068] For the production of antibodies, various hosts including rabbits, rats, goats, mice, humans, and others may
be immunized by injection with a protein of the invention or with any fragment or oligopeptide thereof, which has immu-
nogenic properties. various adjuvants may be used to increase immunological response and include, but are not limited
to, Freund’s, mineral gels such as aluminum hydroxide, and surface-active substances such as lysolecithin. Adjuvants
used in humans include BCG (bacilli Calmette-Guerin) and Corynebacterium parvum.

[0069] Itis preferred that the oligopeptides, peptides, or fragments used to induce antibodies to BNO1 have an amino
acid sequence consisting of at least about 5 amino acids, and, more preferably, of at least about 10 amino acids. It is
also preferable that these oligopeptides, peptides, or fragments are identical to a portion of the amino acid sequence of
the natural protein and contain the entire amino acid sequence of a small, naturally occurring molecule. Short stretches
of amino acids from these proteins may be fused with those of another protein, such as KLH, and antibodies to the
chimeric molecule may be produced.

[0070] Monoclonal antibodies to BNO1 may be prepared using any technique which provides for the production of
antibody molecules by continuous cell lines in culture. These include, but are not limited to, the hybridoma technique,
the human B-cell hybridoma technique, and the EBV-hybridoma technique. (For example, see Kohler etal., 1975; Kozbor
et al., 1985; Cote et al., 1983; Cole et al., 1984).

[0071] Antibodies may also be produced by inducing in vivo production in the lymphocyte population or by screening
immunoglobulin libraries or panels of highly specific binding reagents as disclosed in the literature. (For example, see
Orlandi et al., 1989; Winter et al., 1991).

[0072] Antibody fragments which contain specific binding sites for BNO1 may also be generated. For example, such
fragments include, F(ab’)2 fragments produced by pepsin digestion of the antibody molecule and Fab fragments gen-
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erated by reducing the disulfide bridges of the F(ab’)2 fragments. Alternatively, Fab expression libraries may be con-
structed to allow rapid and easy identification of monoclonal Fab fragments with the desired specificity. (For example,
see Huse et al., 1989).

[0073] Variousimmunoassays may be used for screening to identify antibodies having the desired specificity. Numer-
ous protocols for competitive binding or immunoradiometric assays using either polyclonal or monoclonal antibodies
with established specificities are well known in the art. Such immunoassays typically involve the measurement of complex
formation between a protein and its specific antibody. A two-site, monoclonal-based immunoassay utilizing monoclonal
antibodies reactive to two non-interfering epitopes is preferred, but a competitive binding assay may also be employed.
[0074] We also disclose a method for the treatment of a disorder shown to be associated with abnormal activity and/or
expression of BNO1, comprising administering a nucleic acid molecule, antibody or compound as described above, to
a subject in need of such treatment.

[0075] In another aspect the invention provides the use of a nucleic acid molecule, antibody or compound as described
above, in the manufacture of a medicament for the treatment of a disorder shown to be associated with abnormal activity
and/or expression of BNO1.

[0076] In a further aspect a pharmaceutical composition comprising a nucleic acid molecule, antibody or compound
as described above, and a pharmaceutically acceptable carrier may be administered.

[0077] The pharmaceutical composition may be administered to a subject to treat or prevent a disorder associated
with abnormal activity and/or expression of BNO1 including, but not limited to, those provided above. Pharmaceutical
compositions in accordance with the present invention are prepared by mixing BNO1 or active fragments or variants
thereof having the desired degree of purity, with acceptable carriers, excipients, or stabilizers which are well known.
Acceptable carriers, excipients or stabilizers are nontoxic at the dosages and concentrations employed, and include
buffers such as phosphate, citrate, and other organic acids; antioxidants including absorbic acid; low molecular weight
(less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine or lysine; mon-
osaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents such
as EDTA; sugar alcohols such as mannitrol or sorbitol; salt-forming counterions such as sodium; and/or nonionic sur-
factants such as Tween, Pluronics or polyethylene glycol (PEG).

[0078] In further embodiments, any of the genes, peptides, antagonists, antibodies, complementary sequences, or
vectors of the invention may be administered in combination with other appropriate therapeutic agents. Selection of the
appropriate agents may be made by those skilled in the art, according to conventional pharmaceutical principles. The
combination of therapeutic agents may act synergistically to effect the treatment or prevention of the various disorders
described above. Using this approach, therapeutic efficacy with lower dosages of each agent may be possible, thus
reducing the potential for adverse side effects.

Drug screening

[0079] According to still another aspect of the invention, peptides of the invention, particularly purified BNO1 polypep-
tides, and cells expressing these are useful for screening of candidate pharmaceutical agents in a variety of techniques
for the treatment of disorders associated with BNO1 dysfunction. Such techniques include, but are not limited to, utilising
eukaryotic or prokaryotic host cells that are stably transformed with recombinant molecules expressing the BNO1 polypep-
tide or fragment thereof, preferably in competitive binding assays. Binding assays will measure for the formation of
complexes between the BNO1 polypeptide, or fragments thereof, and the agent being tested, or will measure the degree
to which an agent being tested will interfere with the formation of a complex between the BNO1 polypeptide, or fragment
thereof, and a known ligand, particularly other members of the SCF complex and BNO1 substrates targeted for ubiqui-
tination.

[0080] Anothertechnique for drug screening provides high-throughput screening for compounds having suitable bind-
ing affinity tothe BNO1 polypeptide (see PCT published application WO84/03564). In this stated technique, large numbers
of small peptide test compounds can be synthesised on a solid substrate and can be assayed through BNO1 polypeptide
binding and washing. Bound BNO1 polypeptide is then detected by methods well known in the art. In a variation of this
technique, purified polypeptides can be coated directly onto plates to identify interacting test compounds.

[0081] An additional method for drug screening involves the use of host eukaryotic cell lines which carry mutations in
the BNO1 gene. The host cell lines are also defective at the polypeptide level. Other cell lines may be used where the
gene expression of BNO1 can be switched off. The host cell lines or cells are grown in the presence of various drug
compounds and the rate of growth of the host cells is measured to determine if the compound is capable of regulating
the growth of defective cells.

[0082] BNO1 polypeptide may also be used for screening compounds developed as a result of combinatorial library
technology. This provides a way to test a large number of different substances for their ability to modulate activity of a
polypeptide. The use of peptide libraries is preferred (see patent WO97/02048) with such libraries and their use known
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in the art.

[0083] A substance identified as a modulator of polypeptide function may be peptide or non-peptide in nature. Non-
peptide "small molecules" are often preferred for many in vivo pharmaceutical applications. In addition, a mimic or mimetic
of the substance may be designed for pharmaceutical use. The design of mimetics based on a known pharmaceutically
active compound ("lead" compound) is a common approach to the development of novel pharmaceuticals. This is often
desirable where the original active compound is difficult or expensive to synthesise or where it provides an unsuitable
method of administration. In the design of a mimetic, particular parts of the original active compound that are important
in determining the target property are identified. These parts or residues constituting the active region of the compound
are known as its pharmacophore. Once found, the pharmacophore structure is modelled according to its physical prop-
erties using data from a range of sources including x-ray diffraction data and NMR. A template molecule is then selected
onto which chemical groups which mimic the pharmacophore can be added. The selection can be made such that the
mimetic is easy to synthesise, is likely to be pharmacologically acceptable, does not degrade in vivo and retains the
biological activity of the lead compound. Further optimisation or modification can be carried out to select one or more
final mimetics useful for in vivo or clinical testing.

[0084] It is also possible to isolate a target-specific antibody and then solve its crystal structure. In principle, this
approach yields a pharmacophore upon which subsequent drug design can be based as described above. It may be
possible to avoid protein crystallography altogether by generating anti-idiotypic antibodies (anti-ids) to a functional,
pharmacologically active antibody. As a mirror image of a mirror image, the binding site of the anti-ids would be expected
to be an analogue of the original binding site. The anti-id could then be used to isolate peptides from chemically or
biologically produced peptide banks.

[0085] Any of the therapeutic methods described above may be applied to any subject in need of such therapy,
including, for example, mammals such as dogs, cats, cows, horses, rabbits, monkeys, and most preferably, humans.

Diagnostic and prognostic applications

[0086] Polynucleotide sequences encoding BNO1 may be used for the in-vitro diagnosis or prognosis of disorders
associated with BNO1 dysfunction, or a predisposition to such disorders. Examples of such disorders include, but are
not limited to, cancers, immune/inflammatory disorders and neurological disorders. Cancers include adenocarcinoma,
leukemia, lymphoma, melanoma, myeloma, sarcoma, teratocarcinoma, and, in particular, cancers of the breast, prostate,
liver, ovary, head and neck, heart, brain, pancreas, lung, skeletal muscle, kidney, colon, uterus, testis, adrenal gland,
blood, germ cells, placenta, synovial membrane, tonsil, cervix, lymph tissue, skin, bladder, spinal cord, thyroid gland
and stomach. Other cancers may include those of the bone, bone marrow, gall bladder, ganglia, gastrointestinal tract,
parathyroid, penis, salivary glands, spleen and thymus. Immune/inflammatory disorders include acquired immunodefi-
ciency syndrome (AIDS), Addison’s disease, adult respiratory distress syndrome, allergies, ankylosing spondylitis, amy-
loidosis, anemia, asthma, atherosclerosis. autoimmune hemolytic anemia, autoimmune thyroiditis, autoimmune polyen-
odocrinopathy-candidiasis-ectodermal dystrophy (APECED), bronchitis, cholecystitis, contact dermatitis, Crohn’s dis-
ease, cystic fibrosis, atopic dermatitis, dermatomyositis, diabetes mellitus, emphysema, episodic lymphopenia with
lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic gastritis, glomerulonephritis, Goodpasture’s syn-
drome, gout, Graves’ disease, Hashimoto’s thyroiditis, hypereosinophilia, irritable bowel syndrome, multiple sclerosis,
myasthenia gravis, myocardial or pericardial inflammation, osteoarthritis, osteoporosis, pancreatitis, polymyositis, pso-
riasis, Reiter’'s syndrome, rheumatoid arthritis, sclerodernna, Sjogren’s syndrome, systemic anaphylaxis, systemic lupus
erythematosus, systemic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis, Werner syndrome, complica-
tions of wound healing (eg scarring), cancer, hemodialysis, and extracorporeal circulation, viral, bacterial, fungal, parasitic,
protozoal, and helminthic infections, and trauma. Neurological disorders may include Parkinson’s disease and Alzhe-
imer’s disease.

[0087] diagnosis or prognosis may be used to determine the severity, type or stage of the disease state in order to
initiate an appropriate therapeutic intervention.

[0088] In another embodiment of the invention, the polynucleotides that may be used for diagnostic or prognostic
purposes include oligonucleotide sequences, genomic DNA and complementary RNA and DNA molecules. The poly-
nucleotides may be used to detect and quantitate gene expression in biopsied tissues in which mutations in BNO1 or
abnormal expression of BNO1 may be correlated with disease. Genomic DNA used for the diagnosis or prognosis may
be obtained from body cells, such as those present in the blood, tissue biopsy, surgical specimen, or autopsy material.
The DNA may be isolated and used directly for detection of a specific sequence or may be amplified by the polymerase
chain reaction (PCR) prior to analysis. Similarly, RNA or cDNA may also be used, with or without PCR amplification. To
detect a specific nucleic acid sequence, direct nucleotide sequencing, reverse transcriptase PCR (RT-PCR), hybridization
using specific oligonucleotides, restriction enzyme digest and mapping, PCR mapping, RNAse protection, and various
other methods may be employed. Oligonucleotides specific to particular sequences can be chemically synthesized and
labelled radioactively or non-radioactively and hybridised to individual samples immobilized on membranes or other
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solid-supports or in solution. The presence, absence or excess expression of BNO1 may then be visualized using
methods such as autoradiography, fluorometry, or colorimetry.

[0089] In a particular aspect, the nucleotide sequences encoding BNO1 may be useful in assays that detect the
presence of associated disorders, particularly those mentioned previously. The nucleotide sequences encoding BNO1
may be labelled by standard methods and added to a fluid or tissue sample from a patient under conditions suitable for
the formation of hybridization complexes. After a suitable incubation period, the sample is washed and the signal is
quantitated and compared with a standard value. If the amount of signal in the patient sample is significantly altered in
comparison to a control sample then the presence of altered levels of nucleotide sequences encoding BNO1 in the
sample indicates the presence of the associated disorder. Such assays may also be used to evaluate the efficacy of at
particular therapeutic treatment regimen in animal studies, in clinical trials, or to monitor the treatment of an individual
patient.

[0090] In order to provide a basis for the diagnosis or prognosis of a disorder shown to be associated with a mutation
in BNO1, the nucleotide sequence of the BNO1 gene can be compared between normal tissue and diseased tissue in
order to establish whether the patient expresses a mutant gene.

[0091] In order to provide a basis for the diagnosis or prognosis of a disorder shown to be associated with abnormal
expression of BNO1, a normal or standard profile for expression is established. This may be accomplished by combining
body fluids or cell extracts taken from normal subjects, either animal or human, with a sequence, or a fragment thereof,
encoding BNO1, under conditions suitable for hybridization or amplification. Standard hybridization may be quantified
by comparing the values obtained from normal subjects with values from an experiment in which a known amount of a
substantially purified polynucleotide is used. Another method to identify a normal or standard profile for expression of
BNO1 is through quantitative RT-PCR studies. RNA isolated from body cells of a normal individual, particularly RNA
isolated from tumour cells, is reverse transcribed and real-time PCR using oligonucleotides specific for the BNO1 gene
is conducted to establish a normal level of expression of the gene.

[0092] Standard values obtained in both these examples may be compared with values obtained from samples from
patients who are symptomatic for a disorder. Deviation from standard values is used to establish the presence of a
disorder.

[0093] Once the presence of a disorder is established and a treatment protocol is initiated, hybridization assays or
quantitative RT-PCR studies may be repeated on a regular basis to determine if the level of expression in the patient
begins to approximate that which is observed in the normal subject. The results obtained from successive assays may
be used to show the efficacy of treatment over a period ranging from several days to months.

[0094] In one aspect, hybridization with PCR probes which are capable of detecting polynucleotide sequences, in-
cluding genomic sequences, encoding BNO1 or closely related molecules may be used to identify nucleic acid sequences
which encode BNO1. The specificity of the probe, whether it is made from a highly specific region, e.g., the 5 regulatory
region, or from a less specific region, e.g., a conserved motif, and the stringency of the hybridization or amplification will
determine whether the probe identifies only naturally occurring sequences encoding BNO1, allelic variants, or related
sequences.

[0095] Probes may also be used for the detection of related sequences, and should preferably have at least 50%
sequence identity to any of the BNO1 encoding sequences. The hybridization probes of the subject invention may be
DNA or RNA and may be derived from the sequence of SEQ ID Numbers: 1 or 3 or from genomic sequences including
promoters, enhancers, and introns of the BNO1 gene (SEQ ID Numbers: 5-11).

[0096] Means forproducing specific hybridization probes for DNAs encoding BNO1 include the cloning of polynucleotide
sequences encoding BNO1 or BNO1 derivatives into vectors for the production of mRNA probes. Such vectors are
known in the art, and are commercially available. Hybridization probes may be labelled by radionuclides such as 32P
or 353, or by enzymatic labels, such as alkaline phosphatase coupled to the probe via avidin/biotin coupling systems,
or other methods known in the art.

[0097] According to a further aspect of the invention there is provided the use of a polypeptide as described above in
the diagnosis or prognosis of a disorder shown to be associated with BNO1, or a predisposition to such disorders.
[0098] When a diagnostic or prognostic assay is to be based upon the BNO1 protein, a variety of approaches are
possible. For example, diagnosis or prognosis can be achieved by monitoring differences in the electrophoretic mobility
of normal and mutant proteins. Such an approach will be particularly useful in identifying mutants in which charge
substitutions are present, or in which insertions, deletions or substitutions have resulted in a significant change in the
electrophoretic migration of the resultant protein. Alternatively, diagnosis may be based upon differences in the proteolytic
cleavage patterns of normal and mutant proteins, differences in molar ratios of the various amino acid residues, or by
functional assays demonstrating altered function of the gene products.

[0099] Inanotheraspect, antibodies that specifically bind BNO1 may be used for the diagnosis or prognosis of disorders
characterized by abnormal expression of BNO1, or in assays to monitor patients being treated with BNO1 or agonists,
antagonists, or inhibitors of BNO1. Antibodies useful for diagnostic purposes may be prepared in the same manner as
described above for therapeutics. Diagnostic or prognostic assays for BNO1 include methods that utilize the antibody
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and a label to detect BNO1 in human body fluids or in extracts of cells or tissues. The antibodies may be used with or
without modification, and may be labelled by covalent or non-covalent attachment of a reporter molecule.

[0100] A variety of protocols for measuring BNO1, including ELISAs, RIAs, and FACS, are known in the art and provide
a basis for diagnosing altered or abnormal levels of BNO1 expression. Normal or standard values for BNO1 expression
are established by combining body fluids or cell extracts taken from normal mammalian subjects, preferably human,
with antibody to BNO1 under conditions suitable for complex formation. The amount of standard complex formation may
be quantitated by various methods, preferably by photometric means. Quantities of BNO1 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.

[0101] Once anindividual has been diagnosed with a disorder, effective treatments can be initiated. These may include
administering a selective agonist to the mutant BNO1 so as to restore its function to a normal level or introduction of
wild-type BNO1, particularly through gene therapy approaches as described above. Typically, a vector capable of ex-
pressing the appropriate full-length BNO1 gene or a fragment or derivative thereof may be administered. In an alternative
approach to therapy, substantially purified BNO1 polypeptide and a pharmaceutically acceptable carrier may be admin-
istered as described above or drugs which can replace the function of, or mimic the action of BNO1 may be administered.
[0102] In the treatment of disorders shown to be associated with increased BNO1 expression and/or activity, the
affected individual may be treated with a selective antagonist such as an antibody to the relevant protein or an antisense
(complement) probe to the corresponding gene as described above, or through the use of drugs which may block the
action of BNO1.

Microarray

[0103] In further embodiment, complete cDNAs, oligonucleotides or longer fragments derived from any of the polynu-
cleotide sequences described herein may be used as targets in a microarray. The microarray can be used to monitor
the expression level of large numbers of genes simultaneously and to identify genetic variants, mutations, and polymor-
phisms. This information may be used to determine gene function, to understand the genetic basis of a disorder, to
diagnose or prognose a disorder, and to develop and monitor the activities of therapeutic agents. Microarrays may be
prepared, used, and analyzed using methods known in the art. (For example, see Schena et al., 1996; Heller et al., 1997).

Transformed hosts

[0104] The present invention also provides for the production of genetically modified (knock-out, knock-in and trans-
genic), non-human animal models transformed with the DNA molecules of the invention. These animals are useful for
the study of the BNO1 gene function, to study the mechanisms of disease as related to the BNO1 gene, for the screening
of candidate pharmaceutical compounds, for the creation of explanted mammalian cell cultures which express the protein
or mutant protein and for the evaluation of potential therapeutic interventions.

[0105] The BNO1. gene may have been inactivated by knock-out deletion, and knock-out genetically modified non-
human animals are therefore provided.

[0106] Animal species which are suitable for use in the animal models of the present invention are rats, mice, hamsters;
guinea pigs, rabbits, dogs, cats, goats, sheep, pigs, and non-human primates such as monkeys and chimpanzees. For
initial studies, genetically modified mice and rats are highly desirable due to their relative ease of maintenance and
shorter life spans. For certain studies, transgenic yeast or invertebrates may be suitable and preferred because they
allow for rapid screening and provide for much easier handling. For longer term studies, non-human primates may be
desired due to their similarity with humans.

[0107] To create an animal model for mutated BNO1 several methods can be employed. These include generation of
a specific mutation in a homologous animal gene, insertion of a wild type human gene and/or a humanized animal gene
by homologous recombination, insertion of a mutant (single or multiple) human gene as genomic or minigene cDNA
constructs using wild type or mutant or artificial promoter elements or insertion of artificially modified fragments of the
endogenous gene by homologous recombination. The modifications include insertion of mutant stop codons, the deletion
of DNA sequences, or the inclusion of recombination elements (lox p sites) recognized by enzymes such as Cre recom-
binase.

[0108] To create a transgenic mouse, which is preferred, a mutant version of BNO1 can be inserted into a mouse
germ line using standard techniques of oocyte microinjection or transfection or microinjection into embryonic stem cells.
Alternatively, if itis desired to inactivate or replace the endogenous BNO1 gene, homologous recombination using marine
embryonic stem cells may be applied.

[0109] Foroocyteinjection, one ormore copies of the mutant or wild type BNO1 gene can be inserted into the pronucleus
of a just-fertilized mouse oocyte. This oocyte is then reimplanted into a pseudo-pregnant foster mother. The liveborn
mice can then be screened for integrants using analysis of tail DNA for the presence of human BNO1 gene sequences.
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The transgene can be either a complete genomic sequence injected as a YAC, BAC, PAC or other chromosome DNA
fragment, a cDNA with ether the natural promoter or a heterologous promoter, or a minigene containing all of the coding
region and other elements found to be necessary for optimum expression.

[0110] According to still another aspect of the invention there is provided the use of genetically modified non-human
animals as described above for the screening of candidate pharmaceutical compounds.

[0111] Theidentification of the nucleotide and amino acid sequence of both isoforms of BNO1 enables the identification
of BNO1-specific protein substrates using protein interaction studies such as the yeast two-hybrid analysis as would be
understood by those skilled in the art. These protein substrates would be targets for degradation via ubiquitination
mediated by the BNO1-containing ubiquitin-E3 ligase. Each isoform of BNO1 may share common protein substrates or
may interact with isoform-specific substrates.

[0112] We also disclose a complex of wild-type BNO1 and a BNO1-specific substrate that is targeted for degradation
by ubiquitination.

[0113] We also disclose a complex of BNO1 and proteins of the ubiquitin-E3 ligase complex.

[0114] We also disclose a complex of wild-type BNO1 and the Skp1 protein.

[0115] We also disclose a nucleic acid encoding a mutant BNO1 polypeptide which cannot form a complex with wild-
type proteins with which wild-type BNO1 does form a complex. Typically one of these proteins is Skp1 while others are
BNO1-specific protein substrates targeted for degradation by ubiquitination.

[0116] We also disclose a mutant BNO1 polypeptide which cannot form a complex with wild-type proteins with which
wild-type BNO1 does form a complex. Typically one of these proteins is Skp1 while others are BNO1-specific protein
substrates targeted for degradation by ubiquitination.

[0117] We also disclose the use of complexes as described above in screening for candidate pharmaceutical com-
pounds. One may also screen for a drug which replaces the activity of BNO1 in a patient deficient in BNO1.

[0118] Itwill be clearly understood that, although a number of prior art publications are referred to herein, this reference
does not constitute an admission that any of these documents forms part of the common general knowledge in the art,
in Australia or in any other country. Throughout this specification and the claims, the words "comprise", "comprises" and
"comprising" are used in a non-exclusive sense, except where the context requires otherwise.

Brief Description of the Drawings

[0119]

Figure 1. Schematic representation of tumours with interstitial and terminal allelic loss on chromosome arm 16q in
the two series of tumour samples. Polymorphic markers are listed according to their order on 16q from centromere
to telomere and the markers used for each series are indicated by X. Tumour identification numbers are shown at
the top of each column. At the right of the figure, the three smallest regions of loss of heterozygosity are indicated.
Figure 2. Northern blot analysis of the BNO1 gene. The size of the BNO1 gene in kilobases is indicated by an arrow
on the left of the Northern. The blot contained RNA from the following tissues: 1: Mammary gland; 2: Bone marrow;
3: Testis; 4: Ovary; 5: Uterus; 6: Prostate; 7: Stomach; 8: Bladder; 9: Spinal cord; 10: Brain; 11: Pancreas; 12:
Thyroid. A single band of approximately 3.6 Kb was seen in all tissues except bone marrow. Strongest expression
of the gene was seen in the brain.

Figure 3. BNO1 F-box sequence alignment compared with the F-box consensus sequence as reported by Kipreos
and Pagano, (2000). The single letter amino-acid code is used. Bold capital letters indicate residues found in over
40% of F-box sequences; non-bold capital letters indicate residues found in 20-40% of F-box sequences; bold, lower
case letters indicate residues found in 15-19% of the F-boxes; non-bold lower case letters indicate residues found
in 10-14% of F-boxes. The top line represents the F-box motif of BNO1 indicating a high degree of homology with
the consensus.

Figure 4. Quantitative RT-PCR expression analysis of the BNO1 gene in breast cancer cell lines. BNO1 copy
numbers in normalized normal mammary gland (breast) cDNA were arbitrarily set to a 'baseline’ of 1.0e+06 (empty
bar). Breast cancer cell lines and other normal tissue cDNA copy numbers were calculated relative to the baseline’.
Grey filled bars represent amplicon fold expression down-regulation compared to the baseline reference, while black
filled bars represent amplicon fold expression up-regulation from the baseline reference. Note: replicate cell lines
(a and b) represent independent cell cultures, total RNA isolation and reverse transcription reactions. Replicates
served as another level of control to monitor the variability in gene expression resulting from differences in cell
confluency, total RNA integrity and reverse transcription efficiencies.
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Modes for performing the invention

EXAMPLE 1: Collection of breast cancer patient material

[0120] Two series of breast cancer patients were analysed for this study. Histopathological classification of each
tumour specimen was carried out by our collaborators according to World Health Organisation criteria (WHO, 1981).
Patients were graded histopathologically according to the modified Bloom and Richardson method (Elston and Ellis,
1990) and patient material was obtained upon approval of local Medical Ethics Committees. Tumour tissue DNA and
peripheral blood DNA from the same individual was isolated as previously described (Devilee et al., 1991) using standard
laboratory protocols.

[0121] Series 1 consisted of 189 patients operated on between 1986 and 1993 in three Dutch hospitals, a Dutch
University and two peripheral centres. Tumour tissue was snap frozen within a few hours of resection. For DNA isolation,
a tissue block was selected only if it contained at least 50% of tumour cells following examination of haematoxilin and
eosin stained tissue sections by a pathologist. Tissue blocks that contained fewer than 50% of tumour cells were omitted
from further analysis.

[0122] Series 2 consisted of 123 patients operated on between 1987 and 1997 at the Flinders Medical Centre in
Adelaide, Australia. Of these, 87 were collected as fresh specimens within a few hours of surgical resection, confirmed
as malignant tissue by pathological analysis, snap frozen in liquid nitrogen, and stored at-70°C. The remaining 36 tumour
tissue samples were obtained from archival paraffin embedded tumour blocks. Prior to DNA isolation, tumour cells were
microdissected from tissue sections mounted on glass slides so as to yield at least 80% tumour cells. In some instances,
no peripheral blood was available such that pathologically identified paraffin embedded non-malignant lymph node tissue
was used instead.

EXAMPLE 2: LOH analysis of chromosome 16q markers in breast cancer samples.

[0123] In order to identify the location of genes associated with breast cancer, LOH analysis of tumour samples was
conducted. A total of 45 genetic markers mapping to chromosome 16 were used for the LOH analysis of the breast
tumour and matched normal DNA samples collected for this study. Figure 1 indicates for which tumour series they were
used and their cytogenetic location. Details regarding all markers can be obtained from the Genome Database (GDB)
at http://www.gdb.org. The physical order of markers with respect to each other was determined from a combination of
information in GDB, by mapping on a chromosome 16 somatic cell hybrid map (Callen et al., 1995) and by genomic
sequence information.

[0124] Four alternative methods were used for the LOH analysis:

1) For RFLP and VNTR markers, Southern blotting was used to test for allelic imbalance. These markers were used
on only a subset of samples. Methods used were as previously described (Devilee et al., 1991).

2) Microsatellite markers were amplified from tumour and normal DNA using the polymerase chain reaction (PCR)
incorporating standard methodologies (Weber and May, 1989; Sambrook et al., 1989). A typical reaction consisted
of 12 ul and contained 100 ng of template, 5 pmol of both primers, 0.2 mM of each dNTP, 1 p.Curie [0-32P]dCTP,
1.5 mM MgCl,, 1.2 ul Supertaq buffer and 0.06 units of Supertaq (HT biotechnologies). A Phosphor Imager type
445 S| (Molecular Dynamics, Sunnyvale, CA) was used to quantify ambiguous results. In these cases, the Allelic
Imbalance Factor (AIF) was determined as the quotient of the peak height ratios from the normal and tumour DNA
pair. The threshold for allelic imbalance was defined as a 40% reduction of one allele, agreeing with an AIF of > 1.7
or <0.59. This threshold is in accordance with the selection of tumour tissue blocks containing at least 50% tumour
cells with a 10% error-range. The threshold for retention has been previously determined to range from 0.76 to 1.3
(Devilee et al., 1994). This leaves a range of AlFs (0.58 - 0.75 and 1.31 - 1.69) for which no definite decision has
been made. This "grey area" is indicated by grey boxes in Figure 1 and tumours with only "grey area" values were
discarded completely from the analysis.

3) The third method for determining allelic imbalance was similar to the second method above, however radioactively
labelled dCTP was omitted. Instead, PCR of polymorphic microsatellite markers was done with one of the PCR
primers labelled fluorescently with FAM, TET or HEX. Analysis of PCR products generated was on an ABI 377
automatic sequencer (PE Biosystems) using 6% polyacrylamide gels containing 8M urea. Peak height values and
peak sizes were analysed with the GeneScan programme (PE Biosystems). The same thresholds for allelic imbal-
ance, retention and grey areas were used as for the radioactive analysis.

4) An alternative fluorescent based system was also used. In this instance PCR primers were labelled with fluorescein
or hexachlorofluorescein. PCR reaction volumes were 20 pl and included 100 ng of template, 100 ng of each primer,
0.2 mM of each dNTP, 1-2 mM MgCl,, 1X AmpliTaq Gold bufferand 0.8 units AmpliTaq Gold enzyme (Perkin Elmer).
Cycling conditions were 10 cycles of 94°C for 30 seconds, 60°C for 30 seconds, 72°C for 1 minute, followed by 25
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cycles of 94°C 30 seconds, 55°C for 30 seconds, 72°C for 1 minute, with a final extension of 72°C for 10 minutes.
PCR amplimers were analysed on an ABI 373 automated sequencer (PE Biosystems) using the GeneScan pro-
gramme (PE Biosystems). The threshold range of AIF for allele retention was defined as 0.61 - 1.69, allelic loss as
<0.5 or >2.0, or the "grey area" as 051 - 0.6 or 1.7 - 1.99.

[0125] Thefirstthree methods were applied to the first tumour series while the last method was adopted for the second
series of tumour samples. For statistical analysis, a comparison of allelic imbalance data for validation of the different
detection methods and of the different tumour series was done using the Chi-square test.

[0126] The identification of the smallest region of overlap (SRO) involved in LOH is instrumental for narrowing down
the location of the gene targeted by LOH. Figure 1 shows the LOH results for tumour samples, which displayed small
regions of loss (ie interstitial and telomeric LOH) and does not include samples that showed complex LOH (alternating
loss and retention of markers). When comparing the two sample sets at least three consistent regions emerge with two
being at the telomere in band 16924.3 and one at 16922.1. The region at 16922.1 is defined by the markers D16S398
and D16S301 and is based on the interstitial LOH events seen in three tumours from series 1 (239/335/478) and one
tumour from series 2 (237). At the telomere (16924.2 - 16q24.3), the first region is defined by the markers D16S498 and
D16S3407 and is based on four tumours from series 2 (443/75/631/408) while the second region (16924.3) extends
from D16S3407 to the telomere and is based on one tumour from series 1 (559) and three from series 2 (97/240/466).
LOH limited to the telomere but involving both of the regions identified at this site could be found in an additional 17
tumour samples.

[0127] Other studies have shown that the long arm of chromosome 16 is also a target for LOH in prostate, lung,
hepatocellular, ovarian, rhabdomyosarcoma and Wilms’ tumours. Detailed analysis of prostate carcinomas has revealed
an overlap in the smallest regions of LOH seen in this cancer to that seen with breast cancer which suggests that 16q
harbours a gene implicated in many tumour types.

EXAMPLE 3: Construction of a physical map of 16q24.3

[0128] To identify novel candidate breast cancer genes mapping to the smallest regions of overlap at 16924.3, a clone
based physical map contig covering this region was needed. At the start of this phase of the project the most commonly
used and readily accessible cloned genomic DNA fragments were contained in lambda, cosmid or YAC vectors. During
the construction of whole chromosome 16 physical maps, clones from a number of YAC libraries were incorporated into
the map (Doggett et al., 1995). These included clones from a flow-sorted chromosome 16-specific YAC-library (McCor-
mick et al., 1993), from the CEPH Mark | and MegaYAC libraries and from a half-telomere YAC library (Riethman et al.,
1989). Detailed STS and Southern. analysis of YAC clones mapping at 16924.3 established that very few were localised
between the CY2/CY3 somatic cell hybrid breakpoint and the long arm telomere. However, those that were located in
this region gave inconsistent mapping results and were suspected to be rearranged or deleted. Coupled with the fact
that YAC clones make poor sequencing substrates, and the difficulty in isolating the cloned human DNA, a physical map
based on cosmid clones was the initial preferred option.

[0129] A flow-sorted chromosome 16 specific cosmid library had previously been constructed (Longmire et al., 1993),
with individual cosmid clones gridded in high-density arrays onto nylon membranes. These filters collectively contained
~15,000 clones representing an approximately 5.5 fold coverage of chromosome 16. Individual cosmids mapping to the
critical regions at 16924.3 were identified by the hybridisation of these membranes with markers identified by this and
previous studies to map to the region. The strategy to align overlapping cosmid clones was based on their STS content
and restriction endonuclease digestion pattern. Those clones extending furthest within each initial contig were then used
to walk along the chromosome by the hybridisation of the ends of these cosmids back to the high-density cosmid grids.
This process continued until all initial contigs were linked and therefore the region defining the location of the breast
cancer tumour suppressor genes would be contained within the map. Individual cosmid clones representing a minimum
tiling path in the contig were then used for the identification of transcribed sequences by exon trapping, and for genomic
sequencing.

[0130] Chromosome 16 was sorted from the mouse/human somatic cell hybrid CY18, which contains this chromosome
as the only human DNA, and Sau3A partially digested CY18 DNA was ligated into the BamH]I cloning site of the cosmid
sCOS-1 vector. All grids were hybridised and washed using methods described in Longmire et al. (1993). Briefly, the
10 filters were pre-hybridised in 2 large bottles for at least 2 hours in 20 ml of a solution containing 6X SSC; 10 mM
EDTA (pH8.0); 10X Denhardt’s; 1% SDS and 100 pwg/ml denatured fragmented salmon sperm DNA at 65°C. Overnight
hybridisations with [a-32P]dCTP labelled probes were performed in 20 ml of fresh hybridisation solution at 65°C. Filters
were washed sequentially in solutions of 2X SSC; 0.1% SDS (rinse at room temperature), 2X SSC; 0.1% SDS (room
temperature for 15 minutes), 0.1X SSC; 0.1% SDS (room temperature for 15 minutes), and 0.1X SSC; 0.1% SDS (twice
for 30 minutes at 50°C if needed). Membranes were exposed at -70°C for between 1 to 7 days.

[0131] Initial markers used for, cosmid grid screening were those known to be located below the somatic cell hybrid

15



10

15

20

25

30

35

40

45

50

55

EP 1 364 025 B1

breakpoints CY2/CY3 and the long arm telomere (Callen et al., 1995). These included three genes, CMAR, DPEP1,
and MC1R; the microsatellite marker D16S303; an end fragment from the cosmid 317E5, which contains the BBC1
gene; and four cDNA clones, yc81e09, yh09a04,. D16S532E, and ScDNA-C113. The IMAGE consortium cDNA clone,
yc81e09, was obtained through screening an arrayed normalised infant brain oligo-dT primed cDNA library (Soares et
al., 1994), with the insert from cDNA clone ScDNA-A55. Both the ScDNA-A55 and ScDNA-C113 clones were originally
isolated from a hexamer primed heteronuclear cDNA library constructed from the mouse/human somatic cell hybrid
CY18 (Whitmore et al., 1994). The IMAGE cDNA clone yh09a04 was identified from direct cDNA selection of the cosmid
37B2 which was previously shown to map between the CY18A(D2) breakpoint and the 16q telomere. The EST,
D16S532E, was also mapped to the same region. Subsequent to these initial screenings, restriction fragments repre-
senting the ends of cosmids were used to identify additional overlapping clones.

[0132] Contig assembly was based on methods previously described (Whitmore et al., 1998). Later during the physical
map construction, genomic libraries cloned into BAC or PAC vectors (Genome Systems or Rosewell Park Cancer.
Institute) became available. These libraries were screened to aid in chromosome walking or when gaps that could not
be bridged by using the cosmid filters were encountered. All BAC and PAC filters were hybridised and washed according
to manufacturers recommendations. Initially, membrane were individually pre-hybridised in large glass bottles for at
least2 hours in 20 ml of 6X SSC; 0.5% SDS; 5X Denhardt’s; 100 ng/ml denatured salmon sperm DNA at 65°C. Overnight
hybridisations with [a-32P]dCTP labelled probes were performed at 65°C in 20 ml of a solution containing 6X SSC; 0.5%
SDS; 100 pg/ml denatured salmon sperm DNA. Filters were washed sequentially in solutions of 2X SSC; 0.5% SDS
(room temperature 5 minutes), 2X SSC; 0.1% SDS (room temperature 15 minutes) and 0.1X SSC; 0.5% SDS (37°C 1
hour if needed). PAC or BAC clones identified were aligned to the existing contig based on their restriction enzyme
pattern or formed unique contigs which were extended by additional filter screens.

[0133] As the microsatellite D16S303 was known to be the most telomeric marker in the 16q24.3 region (Callen et al.,
1995), fluorescence in situ hybridisation (FISH) to normal metaphase chromosomes using whole cosmids mapping in
the vicinity of this marker, was used to define the telomeric limit for the contig. Whole cosmid DNA was nick translated
with biotin-14-dATP and hybridised in situ at a final concentration of 20 ng/pl to metaphases from 2 normal males. The
FISH method had been modified from that previously described (Callen et al., 1990). Chromosomes were stained before
analysis with both propidium iodide (as counter-stain) and DAPI (for chromosome identification). Images of metaphase
preparations were captured by a cooled CCD camera using the CytoVision Ultra image collection and enhancement
system (Applied Imagine Int. Ltd.). The cosmid 369E1 showed clear fluorescent signals at the telomere of the long arm
of chromosome 16. However, this probe also gave clear signal at the telomeres of chromosomal arms 3q, 7p, 9q, 11p,
and 17p. Conversely, the cosmid 439G8, which mapped proximal to D16S303, gave fluorescent signals only at 16qgter
with no consistent signal detected at other telomeres. These results enabled us to establish the microsatellite marker
D16S303 as the boundary of the transition from euchromatin to the subtelomeric repeats, providing a telomeric limit to
the contig (Whitmore et al., 1998).

[0134] A high-density physical map consisting of cosmid, BAC and PAC clones has been established, which extends
approximately 3 Mb from the telomere of the long arm of chromosome 16. This contig extends beyond the CY2/CY3
somatic cell hybrid breakpoint and includes the 2 regions of minimal LOH identified at the 16924.3 region in breast
cancer samples. To date, a single gap of unknown size exists in the contig and will be closed by additional contig
extension experiments. The depth of coverage has allowed the identification of a minimal tiling path of clones which
were subsequently used as templates for gene identification methods such as exon trapping and genomic DNA se-
quencing.

EXAMPLE 4: Identification of candidate breast cancer genes by analysis of genomic DNA sequence.

[0135] Selected minimal overlapping BAC and PAC clones from the physical map contig were sequenced in order to
aid in the identification of candidate breast cancer genes. DNA was prepared from selected clones using a large scale
DNA isolation kit (Qiagen). Approximately 25-50 ug of DNA was then sheared by nebulisation (10psi for 45 seconds)
and blunt ended using standard methodologies (Sambrook et al., 1989). Samples were then run on an agarose gel in
order to isolate DNA in the 2-4 Kb size range. These fragments were cleaned from the agarose using QIAquick columns
(Qiagen), ligated into puc18 and used to transform competent DH10B or DH5a E. coli cells. DNA was isolated from
transformed clones and was sequenced using vector specific primers on an ABI377 sequencer. Analysis of genomic
sequence was performed using PHRED, PHRAP and GAP4 software on a SUN workstation. To assist in the generation
of large contigs of genomic sequence, information present in the high-throughput genomic sequence (htgs) database
at NCBI was incorporated into the assembly phase of the sequence analysis. The resultant genomic sequence contigs
were masked for repeats and analysed using the BLAST algorithm (Altschul et al., 1997) to identify nucleotide and
protein homology to sequences in the GenBank non-redundant and EST databases at NCBI. The genomic sequence
was also analysed for predicted gene structure using the GENSCAN program.

[0136] Homologous IMAGE Consortium cDNA clones were purchased from Genome Systems and were sequenced.
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These longer stretches of sequence were then compared to known genes by nucleotide and amino acid sequence
comparisons using the above procedures. Any sequences that are expressed in the breast are considered to be candidate
breast cancer genes. Those genes whose function could implicate them in the tumourigenic process, as predicted from
homology searches with known proteins, were treated as the most likely candidates. Evidence that a particular candidate
is the responsible gene comes from the identification of defective alleles of the gene in affected individuals or from
analysis of the expression levels of a particular candidate gene in breast cancer samples compared with normal control
tissues.

EXAMPLE 5: Identification of the BNO1 sequence

Genomic Sequence Analysis

[0137] Sequences from BAC clones mapping close to the CY2/CY3 breakpoint were assembled and used in BLASTN
homology searches of the dbEST database at NCBI. (http://www.acbi.nim.nih.gov). A large number of cDNA clones
were identified to be part of the sequence in this region and these could be further characterised into distinct UniGene
clusters.

[0138] The human IMAGE cDNA clone 46795, corresponding to the UniGene cluster Hs.7970, was sequenced and
used in further database homology searches. This identified an overlapping cDNA clone present in the non-redundant
database (GenBank accession number AL117444) thatextended the sequence of clone 46795 further5’. As this additional
5’ sequence was also present in the genomic sequence located 5’ to the 46795 clone sequence, it confirmed that
AL117444 most likely belonged to the Hs.7970 transcript. To verify this fact, RT-PCR was done.

[0139] Briefly, polyA+ mRNA from normal mammary gland (Clontech) was initially primed with an oligo-dT primer and
reverse transcribed using the OmniScript RT kit (Qiagen) according to manufacturers conditions. Control reactions were
included for each RNA template which omitted reverse transcriptase from the cDNA synthesis step. This was to determine
the presence of any genomic DNA contamination in the RNA samples. The resulting first strand cDNA was PCR amplified
using primers AL-1 (specific for AL117444; SEQ ID NO: 20) and 7970-1 (specific for the 3’ end of Hs.7970; SEQ ID NO:
21) using the HotStarTaq kit (Qiagen) in a 10 ul reaction volume for 35 cycles. Initially, primers to the control house-
keeping gene Esterase D (SEQ ID Numbers: 22 and 23) were used in a separate reaction to confirm the presence of
cDNA templates for each reverse transcription reaction. Primer sequences are shown in Table 1. These experiments
confirmed that the AL117444 and IMAGE cDNA clone 46795 belonged to the Hs.7970 transcript.

Northern Analysis

[0140] To determine the size of the gene corresponding to Hs.7970, a polyA* Northern blot obtained from Clontech
was probed with a portion of the gene which was generated by PCR using primers BNO1-2 (SEQ ID NO: 24) and BNO1-3
(SEQ ID NO: 25). Table 1 lists the primer sequences used. Hybridisations were conducted in 10 ml of ExpressHyb
solution (Clontech) overnight at 65°C. Filters were washed, according to manufacturers conditions. Figure 2 shows the
results of the hybridisation. A single band of approximately 3.6 kb was detected in the mammary gland, testis, ovary,
uterus, prostate; stomach, bladder, spinal cord, brain, pancreas and thyroid. Strongest expression of the gene was seen
in the brain. The size of the mRNA corresponding to Hs.7970 as determined by the Northern hybridisation indicated that
additional 5’ sequence needed to be obtained for the gene.

5’ Sequence ldentification

[0141] Toidentify additional 5’ sequence for the His.7970 transcript, cDNA sequences presentin dbEST corresponding
to the mouse orthologue were utilised. The furthest 5’ extending mouse clone (AU080856) included a putative translation
start site. Alignment of AU080856 with the human genomic sequence containing Hs.7970 delineated the corresponding
human sequence of this transcript up to an identical translation start site. Additional RT-PCR experiments were conducted
which confirmed the presence of this 5’ sequence in the human Hs.7970 transcript. In addition, further dbEST blast
searches identified human cDNA clones containing the 5’ end of the gene (eg IMAGE clone 3958783).

[0142] The RT-PCR experiments also indicated that Hs.7970 exists as an alternatively spliced isoform. This variant
is due to the inclusion of an additional in-frame exon (exon 2.5) located between exons 2 and 3.

[0143] In combination, these experiments have established that the Hs.7970 transcript, termed BNO1, exists as two
alternatively spliced isoforms. One isoform is 3,574 bp in length (SEQ ID NO: 1) and is composed of 9 exons that span
approximately 55 Kb of genomic DNA, while the second form of BNO1, which contains exon 2.5, is 3,661 bp in length
(SEQ ID NO: 3). Table 2 shows the genomic structure of the gene indicating the size of introns and exons. Analysis of
the BNO1 isoforms indicates that isoform 1 (minus exon 2.5) has an open reading frame of 1,617 nucleotides which
codes for a protein of 539 amino acids (SEQ ID NO: 2). Isoform 2 (plus exon 2.5) of BNO1 has an open reading frame
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of 1,704 bp in length and codes for a protein of 568 amino acids (SEQ ID NO: 4). Partial genomic DNA sequences
indicating exon/intron junctions for BNO1 are set forth in SEQ ID Numbers: 5-11.

EXAMPLE 6: Characteristics of the BNO1 Sequence

Nucleotide Sequence

[0144] A large number of human cDNA clones are present in dbEST which represent the BNO1 gene. An observation
of the tissues these cDNA clones were derived from indicates that the gene is also expressed in the adrenal gland,
blood, colon, germ cells, heart, kidney, liver, lung, muscle, placenta, synovial membrane, tonsil, cervix, lymph tissue
and the skin. These tissues are in addition to those shown to express BNO1 from Northern analysis (eg mammary gland,
testis, ovary, uterus, prostate, stomach, bladder, spinal cord, brain, pancreas and thyroid) and RT-PCR procedures (eg
human mammary gland).

[0145] The human BNO1 nucleotide sequence also detects a large number of mouse cDNA clones as previously
mentioned. In silico BLAST analysis of mouse genomic DNA sequence in the htgs database at NCBI using the human
BNO1 nucleotide sequence was successful in identifying the mouse BNO1 nucleotide (SEQ ID NO: 12) and corresponding
amino acid sequence (SEQ ID NO: 13). The amino acid homology between the two genes is as high as 95% (from amino
acid 76 in exon 1 to amino acid 369 in exon 8) which suggests that the gene is highly conserved between the two species.
[0146] Analysis of the human genomic sequence located 3’ to the BNO1 gene identified the presence of a number of
additional UniGene clusters (Hs.130367, Hs.227170 and Hs.87068) running in the same orientation. RT-PCR experi-
ments using a Hs.130367 (130367-1; SEQ ID NO: 26) and Hs.87068 (87068-1; SEQ ID NO: 27) specific primer (see
Table 1 for primer sequences) indicated that these two UniGene clusters could be linked. Sequencing of the RT-PCR
product also identified the presence of the Hs.227170 cluster. Additional RT-PCR experiments using a BNO1 specific
primer (BNO1-1; SEQ ID NO: 28) in combination with a Hs. 130367 specific primer (130367-2; SEQ ID NO: 29) established
that Hs.130367 could also be linked to the BNO1 gene (see Table 1 for primer sequences). Therefore, the three UniGene
clusters lying 3' to BNO1 most likely represent variants of this gene that contain additional 3' UTR sequences. The
absence of Northern bands corresponding to the size of these BNO1 variants suggests that they are rare forms of the
gene. SEQ ID Numbers:14-19 represent the nucleotide sequences of these variants.

Amino Acid Sequence

[0147] The amino acid sequence of BNO1 was used for in silico analysis to identify homologous proteins in order to
establish the function of the gene product. Analysis of the BNO1 protein against the Prosite and PfScan databases (http:
/lwww.isrec.isb-sib.ch/software/PFSCAN_form.html), showed that both splice isoforms of this protein (SEQ ID Numbers:
2 and 4) contain an F-box domain at the amino terminal end with a highly significant expectation value of 5.6e-10. Figure
3 shows the sequence of the F-box of BNO1 compared to the consensus F-box sequence.

[0148] The F-box is a protein motif of approximately 50 amino acids that defines an expanding family of eukaryotic
proteins. F-box containing proteins are the substrate-recognition components of the SCF ubiquitin-ligase complexes.
These complexes contain four components: Skp1, Cullin, Rbx/Roc1/Hrt1, and an F-box protein. The F-box motif tethers
the F-box protein to other components of the SCF complex by binding the core SCF component, Skp1. This motif is
generally found in the amino half of the proteins and is often coupled with other protein domains in the variable carboxy
terminus of the protein. The most common carboxy terminal domains include leucine-rich repeats (LRRs) and WD-40
domains. There are currently three subdivisions of the F-box protein family based on the type of carboxy terminal motifs
present in the protein sequences. Following the pattern proposed by Cenciarelli et al (1999) and Winston et al (1999),
the nomenclature adopted by the Human Genome Organisation denotes F-boxes that contain LRRs as FBXL, those
containing WD repeats as FBXW, and those lacking all known protein-interaction domains FBXO. Analysis of the BNO1
sequence failed to identify additional protein motifs present in the gene indicating that BNO1 forms part of the FBXO
class of F-box proteins.

[0149] The ubiquitin-dependant proteasome degradation pathway is an important mechanism for regulating protein
abundance in eukaryotes. A wide variety of proteins have been shown to be regulated by this mechanism and include
oncogenes, tumour suppressor genes, transcription factors and other signalling molecules (Hershko and Ciechanover,
1998; Baumeister et al., 1998). These proteins influence a number of important cellular processes such as cell-cycle
regulation and apoptosis, modulation of the immune and inflammatory responses, development and differentiation. The
diverse range of proteins and processes that are regulated by ubiquitination suggests that pathologies arising from a
disruption of the ubiquitination process will also be diverse. For example there is precedence for this in neurodegenerative
disorders. Parkin, a protein mutated in inherited forms of Parkinson’s disease, is an E3 ubiquitin ligase (Shimura et al.,
2000) and in Alzheimer’s disease defective ubiquitination of cerebral proteins has been identified (Lopez Salon et al.,
2000).

18



10

15

20

25

30

35

40

45

50

55

EP 1 364 025 B1

[0150] The ubiquitination process begins with the addition of ubiquitin moieties (ubiquitination) to target proteins and
follows a multi-step process, the end point of which is the proteolysis of polyubiquitinated substrates by a 26S multi-
protein complex (Haas and Siepmann, 1997; Hochstrasser, 1996). Ubiquitination of substrates targeted for degradation
requires 3 classes of enzyme: the ubiquitin-activating enzymes (E1), the ubiquitin-conjugating enzymes (E2) and the
ubiquitin ligases (E3). The E3 proteins play an integral role in cell cycle progression. SCF complexes (a class of E3
ligases) have been shown to regulate the G1-S phase transition (reviewed in Peters, 1998). A wide variety of SCF targets
have been reported that include G1-phase cyclins, cyclin-dependant kinase inhibitors, DNA replication factors, transcrip-
tion factors that promote cell-cycle progression and other important cellular proteins. The sequences present in the
variable carboxy terminal region of the F-box proteins therefore allow recruitment of specific substrates for ubiquitination
and subsequent degradation.

[0151] Recentstudies ofthe Von Hippel-Lindau (VHL) tumour suppressor protein have shown thatitis part of a complex
that functions as a ubiquitin-protein ligase E3 (Zaibo et al., 2001). The VHL protein links the ligase complex to target
proteins which include HIF o (hypoxia inducible factor) (Ohh et al., 2000; Cockman et al., 2000) and VDU1 (VHL interacting
deubiquitinating enzyme 1) (Zaibo et al., 2001). HIFa has been shown to regulate genes involved in angiogenesis, a
process critical for the growth of tumours (Wang et al., 1995; Semenza, 2000), while VDU1 has deubiquitinating activity.
[0152] The predicted role of BNO1, based on the presence of the F-box domain, indicates that the gene may be
involved in a diverse range of cellular processes including cell-cycle regulation. Combined with the fact that BNO1 lies
in a region of LOH seen in breast and other tumour types suggests BNO1 is an ideal candidate breast cancer gene.

EXAMPLE 7: Examination of the expression level of BNO1 in breast cancer cell lines

[0153] To investigate a potential role of BNO1 in breast cancer, the level of expression of the gene was compared in
breast cancer cell lines with normal tissue controls. Examination of the genomic sequence surrounding BNO1 shows
that the 5’ end including exon 1 is extremely G-C rich suggesting the presence of a CpG island. While not wishing to be
bound by theory, this raises the possibility that epigenetic mechanisms to inactivate BNO1 function may exist. Abnormal
methylation at this site may result in a down-regulation of BNO1 transcription of the remaining copy of the gene. Recent
studies have shown that this mechanism has been responsible for the inactivation of other tumour suppressor genes
such as RB1 (Ohtani-Fuijita et al., 1997), VHL (Prowse et al., 1997), MLH1 (Herman et al., 1998) and BRCA1 (Esteller
et al,, 2000).

[0154] To detect the level of expression of BNO1 in cancer samples compared with normal controls, quantitative RT-
PCR using BNO1 specific primers was done. This initially involved the isolation of RNA from breast cancer cell lines
along with appropriate cell line controls.

Breast/Prostate Cancer Cell Lines and RNA Extraction

[0155] Cancer cell lines were purchased from ATCC (USA) and grown in the recommended tissue culture medium.
Breast cancer cell lines were chosen for RT-PCR analysis that demonstrated homozygosity for a number of markers
mapping to chromosome 16q indicating potential LOH for this chromosomal arm. Cells were harvested from confluent
cultures and total RNA was extracted using the RNAeasy kit (Qiagen). Breast cancer cell lines obtained for RNA extraction
were BT549, MDA-MB-468, CAMA-1, ZR75-30, MDA-MB-157, ZR75-1, SKBR3, MDA-MB-231, T47D, and MDA-MB-
436. The normal breast epithelial cell line MCF12A and the prostate cancer cell line PC3 were also purchased. PolyA*
mRNA was subsequently isolated from all sources using the Oligotex bead system (Qiagen). PolyA* mRNA from normal
mammary gland, prostate, ovary and liver was purchased commercially (Clontech, USA).

Reverse Transcription

[0156] PolyA* mRNA was primed with oligo-dT primers and reverse transcribed using the Omniscript RT kit (Qiagen)
according to manufacturers conditions. Control reactions were included for each RNA template which omitted reverse
transcriptase from the cDNA synthesis step. This was to determine the presence of any genomic DNA contamination
in the RNA samples.

cDNA Normalisation

[0157] Internal standard curve amplicons were generated from a mixed pool of normal tissue cDNA using the Hot-
StarTaq™ DNA Polymerase kit (Qiagen). A reaction mix sufficient to generate >1 ug of amplicon cDNA contained 10 ul
of 10x PCR buffer (containing 15 mM MgCl,), 2 ul of 10 mM dNTP mix, 0.5 uM of each primer, 0.5 ul of 2.5 units
HotStarTaq polymerase (Qiagen), 100 ng of cDNA template and DEPC treated water to 100 ul. Amplification cycling
was performed as follows: 94°C for 10 minutes followed by 35 cycles at 93°C for 20 seconds, 60°C for 30 seconds and
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70°C for 30 seconds with a final extension at 72°C for 4 minutes. Amplicons were purified using the QlAquick gel
extraction kit (Qiagen) according to manufacturers conditions and concentrations were measured at Ayg. Purified am-
plicons were serially diluted 10-fold from 10 ng/ul to 1 fg/ul. These dilutions served as internal standards of known
concentration for real-time analysis of BNO1 specific amplicons as described below.

Real-time PCR

[0158] All cDNA templates were amplified using the SYBR Green | PCR Master Mix kit (PE Biosystems, USA). PCR
reactions were in a volume of 25 ul and included 12.5 ul of SYBR Green | PCR Master mix, 0.5 uM of each primer, 2 ul
normalised cDNA template (see below) and 9.5 ul of water. Real-time PCR analysis was performed using the Rotor-
Gene™2000 (Corbett Research, AUS) with the following amplification cycling conditions: 94°C for 10 minutes followed
by 45 cycles of 93°C for 20 sec, 60°C for 30 sec and 70°C for 30 sec. Fluorescence data was acquired at 510 nm during
the 72°C extension phase. Melt curve analyses were performed with an initial 99-50°C cycling followed by fluorescence
monitoring during heating at 0.2°C/second to 99°C. Prior to real-time quantification, product size and specificity was
confirmed by ethidium bromide staining of 2.5% agarose gels following electrophoresis of completed PCRs. Control and
BNO1 specific primers used for all real-time PCR applications are listed in Table 1 and are represented by the SEQ ID
Numbers: 30-41.

Real-time PCR Quantification

[0159] Quantification analyses were performed on the Rotor-Gene™ DNA sample analysis system (Version 4.2, Build
96). Standard curves were generated by amplifying 10-fold serial dilutions (1 ul of 10 pg/ul down to 1 ul of 1 fg/ul in
triplicate) of the internal standard amplicon during real-time PCR of BNO1 amplicons from normal tissues and breast
cancer cell lines. Internal standard amplicon concentrations were arbitrarily set to 1.0e+12 copies for 10 pg standards
to 1.0e+08 copies for 1 fg standards. Ct (cycle threshold) coefficients of variation for all internal standard dilutions
averaged 2% between triplicate samples within the same and different runs. The Rotor-Gene™ quantification software
generated a line of best-fit at the parameter C; and determined unknown normal tissue and breast cancer cell line BNO1
amplicon copy numbers by interpolating the noise-band intercept of BNO1 amplicons against the internal standards with
known copy numbers.

Normalization and relative expression of data

[0160] To account for variation in sample-to-sample starting template concentrations, RiboGreen™ RNA quantitation
(Molecular Probes) was used to accurately assay 1 ug of normal tissue and breast cancer cell line RNA for cDNA
synthesis. Selected housekeeping gene expression levels were then analyzed in all samples to determine the most
accurate endogenous control for data normalization. Housekeeping amplicons included Esterase D (Accession Number
M13450), Cyclophilin (Accession Number X52851), APRT (Accession Number M16446) and RNA Polymerase Il (Ac-
cession Number Z47727). As Cyclophilin displayed the least variable expression profile, calculated BNO1 copy numbers
were divided by the respective Cyclophilin amplicon copy number for each breast cancer cell line and normal tissue
analyzed. BNO1 copy numbers in normalized normal breast cDNA were arbitrarily set to a 'baseline’ of 1.0e+06 copies.
Breast cancer cell lines and other normal tissue cDNA copy numbers were calculated relative to the ’baseline’. Data
was expressed as log relative mMRNA copy number. Figure 4 shows the results from these experiments.

[0161] The degree of variation in mMRNA expression levels for Cyclophilin, RNA polymerase Il subunit and APRT were
relatively uniform between the normal tissues and cancer cell lines. Three-way combinations for normalization between
Cyclophilin, RNA polymerase Il subunit and APRT demonstrated a mean 7-fold and maximum 50-fold variance in mRNA
expression level between samples. The significance of variable mMRNA expression levels within a gene of interest may
therefore reasonably be evaluated based on these normalization results. A predicted aberrant decrease in gene of
interest MRNA copy number of ~100 fold in breast cancer cell lines relative to a 'baseline’ normal breast expression
level was therefore considered to be significantly abnormal.

[0162] Figure 4 indicates that BNO1 amplicons specific for exon 5-7 and isoform 1 (minus exon 2.5) show a consistent
pattern of mMRNA expression among normal tissues and breast cancer cell lines. For both amplicons analyzed, the breast
cancer cell lines MDA-MB-468, SK-BR3, MDA-MB-231 and the prostate cancer cell line PC3 all display low-level mMRNA
expression with respect to the ’baseline’ normal breast tissue. A significant 725-fold reduction in BNO1 exon 5-7 mRNA
expression was detected in SK-BR3 with respect to the normal breast tissue expression (equivalent to an approximately
350,000-480,000 down-regulation in mMRNA molecule expression). Similar results were obtained for isoform 1 of BNO1
(minus exon 2.5), with a 248-fold reduction in mRNA expression in SK-BR3 (equivalent to an approximately
300,000-1,000,000 down-regulation in mMRNA molecule expression). BNO1 isoform 2 (plus exon 2.5) displayed signifi-
cantly low mRNA expression in the cell lines MDA-MB-468, CAMA-1, SK-BR3 and MDA-MB-231, with no expression
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detected in ZR75-30. These results indicate that both isoforms of the BNO1 gene are down-regulated in certain breast
cancer cell lines as well as a prostate cancer cell line. The exact mechanism of this down-regulation is not known at this
stage but may result from mechanisms such as mutation or promoter methylation. From these expression studies we
propose that BNO1 is a protein responsible for the development of breast and prostate cancer. Due to its broad tissue
expression pattern, BNO1 may also be implicated in cancers originating from other tissues.

[0163] Other methods to detect BNO1 expression levels may be used. These include the generation of polyclonal or
monoclonal antibodies, which are able to detect relative amounts of both normal and mutant forms of BNO1 using various
immunoassays such as ELISA assays (See Example 11 and 12).

EXAMPLE 8: Analysis of tumours and cell lines for BNO1 mutations

[0164] The BNO1 gene was screened by SSCP analysis in DNA isolated from tumours from series 1 as well as a
subset of series 2 tumours (not shown in Figure 1) that displayed loss of the whole long arm of chromosome 16. These
samples from series 2 were used due to larger amounts of DNA being available. In total 45 primary breast tumours with
16q LOH were examined for mutations.

[0165] A number of cell lines were also screened for mutations. These included 22 breast cancer cell lines (BT20,
BT474, BT483, BT549, CAMA-1, DU4475, Hs578T, MCF7, MB157, MB231, MB361, MB415, MB436, MB453, MB468,
SKBR3, T47D, UACCB893, ZR75-1, ZR75-30, MB134 and MB175), 2 prostate cancer cell lines (LNCAP and PC3), 2
gastric carcinoma cell lines (AGS and KATO), 1 liver cancer cell line (HEP2) and 2 normal breast epithelial cell lines
(HBL100 and MCF12A). All cell lines were purchased from ATCC, grown according to manufacturers conditions, and
DNA isolated from cultured cells using standard protocols (Wyman and White, 1980; Sambrook et al., 1989).

[0166] BNO1 exons were amplified by PCR using flanking intronic primers, which were labeled at their 5 ends with
HEX. An exception was made for exon 1 and 8, as due to their size had to be split into 2 overlapping amplimers. Table
3 lists the sequences of all primers used for the SSCP analysis, the expected amplimer size and the MgCl, concentration
used in the PCR reaction. Typical PCR reactions were performed in 96-well plates in a volume of 10 ul using 30 ng of
template DNA. Cycling conditions were an initial denaturation step at 94°C for 3 minutes followed by 35 cycles of 94°C
for 30 seconds, 60°C for 112 minutes and 72°C for 112 minutes. A final extension step of 72°C for 10 minutes followed.
Twenty ul of loading dye comprising 50% (v/v) formamide, 12.5 mM EDTA and 0.02% (w/v) bromophenol blue were
added to completed reactions which were subsequently run on 4% polyacrylamide gels and analysed on the GelScan
2000 system (Corbett Research, AUS) according to manufacturers specifications.

[0167] Of all 12 amplicons tested, only 2 identified SSCP bandshifts. In exon 2.5, identical bandshifts were seen in 2
tumour samples from series 1 (380 and 355) and the breast cancer cell line MCF7. SSCP analysis of the corresponding
normal DNA from sample 380 and 355 identified the same bandshift indicating the change was most likely not causative
for the disease. Sequence analysis of this bandshiftin all samples showed that a single nucleotide base change (-5T—C)
was responsible for this bandshift. This change does not affect the consensus splice acceptor site score for this exon
and hence most likely represents a polymorphism. The incidence of this change in the general population has not been
examined as yet. In exon 8b, a bandshift was identified in only a single cancer cell line (KATO). Sequencing of this
bandshift indicated a C—T change at position +10 of this amplicon which is located in the splice donor site (5’ splice
site). This base change occurs outside the splice junction consensus sequence and it is envisaged that the mutation
has no effect on splicing of this exon.

EXAMPLE 9: Immunoprecipitation of BNO1 and Skp1

[0168] Totestif BNO1 contained afunctional F-box motif, a co-immunoprecipitation assay was employed. This involved
cloning of the full-length Myc-tagged open reading frame of BNO1 into the Sall/Clal sites of the retroviral expression
vector LNCX2 (Clontech) using standard techniques (Sambrook et al., 1989). Following this, 107 293T cells were trans-
fected with 10 ug of the BNO1-LNCX2 construct or separately with LCNX2 vector alone as a control using Lipofectamine
2000 (Invitrogen) according to manufacturers instructions. Cells were harvested 24 hours post-transfection and lysed
in 2 ml of lysis buffer (50mM Tris-HCL [pH 7.5], 150mM NaCl, 0.5% Nonidet P-40 supplemented with TmM PMSF and
5wng/ml leupeptin, antipain and aprotenin). Following this, 0.5 ml of the cell lysate was incubated with 2 ug of anti-Myc
monoclonal antibody (Roche) or anti-p195kPT rabbit polyclonal antibody (Neo Markers, Fremont, CA) for 1 hour and
protein A-Sepharose for 1 hour at 4°C. Immune complexes were washed three times with 1 ml of lysis buffer followed
by separation on 10% SDS-PAGE and immunoblotting according to standard techniques (Sambrook et al., 1989).
[0169] Results from these experiments indicated that BNO1 specifically co-precipitated with endogenous Skp1, con-
firming both an association between these two proteins and the presence of a functional F-box within BNO1. This
interaction indicates that BNO1 belongs to a novel E3-ubiquitin ligase complex that may be critical for the controlled
degradation of BNO1 specific substrates.
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EXAMPLE 10: Analysis of the BNO1 gene
[0170] The following methods are used to determine the structure and function of BNO1.

Biological studies

[0171] Mammalian expression vectors containing BNO1 cDNA (representing both isoforms of BNO1) can be trans-
fected into breast, prostate or other carcinoma cell lines that have lesions in the gene. Phenotypic reversion in cultures
(eg cell morphology, growth of transformants in soft-agar, growth rate) and in non human animals (eg tumourigenicity
in nude mice) is examined. These studies can utilise wild-type or mutant forms of BNO1. Deletion and missense mutants
of BNO1 can be constructed by in vitro mutagenesis.

Molecular biological studies

[0172] The ability of both isoforms of the BNO1 protein to bind known and unknown proteins can be examined.
Procedures such as the yeast two-hybrid system are used to discover and identify any functional partners, particularly
BNO1 specific substrates or isoform-specific substrates that are targeted for degradation by ubiquitination. The principle
behind the yeast two-hybrid procedure is that many eukaryotic transcriptional activators, including those in yeast, consist
of two discrete modular domains. The first is a DNA-binding domain that binds to a specific promoter sequence and the
second is an activation domain that directs the RNA polymerase Il complex to transcribe the gene downstream of the
DNA binding site. Both domains are required for transcriptional activation as neither domain can activate transcription
on its own. In the yeast two-hybrid procedure, the gene of interest or parts thereof (BAIT), is cloned in such a way that
it is expressed as a fusion to a peptide that has a DNA binding domain. A second gene, or number of genes, such as
those from a cDNA library (TARGET), is cloned so that it is expressed as a fusion to an activation domain. Interaction
of the protein of interest with its binding partner brings the DNA-binding peptide together with the activation domain and
initiates transcription of the reporter genes. The first reporter gene will select for yeast cells that contain interacting
proteins (this reporter is usually a nutritional gene required for growth on selective media). The second reporter is used
for confirmation and while being expressed in response to interacting proteins it is usually not required for growth.
[0173] The nature of the BNO1 interacting genes and proteins can also be studied such that these partners can also
be targets for drug discovery. Of particular interest are those BNO1-interacting proteins that are targeted for ubiquitination
and subsequent degradation by the BNO1-containing ubiquitin-E3 ligase.

Structural studies

[0174] BNO1 recombinant proteins can be produced in bacterial, yeast, insect and/or mammalian cells and used in
crystallographical and NMR studies. Together with molecular modeling of the protein, structure-driven drug design can
be facilitated.

EXAMPLE 11: Generation of polyclonal antibodies against BNO1

[0175] The knowledge of the nucleotide and amino acid sequence of BNO1 allows for the production of antibodies,
which selectively bind to BNO1 protein or fragments thereof. Following the identification of mutations in the gene,
antibodies can also be made to selectively bind and distinguish mutant from normal protein. Antibodies specific for
mutagenised epitopes are especially useful in cell culture assays to screen for malignant cells at different stages of
malignant development. These antibodies may also be used to screen malignant cells, which have been treated with
pharmaceutical agents to evaluate the therapeutic potential of the agent.

[0176] To prepare polyclonal antibodies, short peptides can be designed homologous to the BNO1 amino acid se-
quence. Such peptides are typically 10 to 15 amino acids in length. These peptides should be designed in regions of
least homology to the mouse orthologue to avoid cross species interactions in further down-stream experiments such
as monoclonal antibody production. Synthetic peptides can then be conjugated to biotin (Sulfo-NHS-LC Biotin) using
standard protocols supplied with commercially available kits such as the PIERCE™ kit (PIERCE). Biotinylated peptides
are subsequently complexed with avidin in solution and for each peptide complex, 2 rabbits are immunized with 4 doses
of antigen (200 p.g per dose) in intervals of three weeks between doses. The initial dose is mixed with Freund’s Complete
adjuvant while subsequent doses are combined with Freund’s Immuno-adjuvant. After completion of the immunization,
rabbits are test bled and reactivity of sera assayed by dot blot with serial dilutions of the original peptides. If rabbits show
significant reactivity compared with pre-immune sera, they are then sacrificed and the blood collected such that immune
sera can separated for further experiments.
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EXAMPLE 12: Generation of monoclonal antibodies specific for BNO1

[0177] Monoclonal antibodies can be prepared for BNO1 in the following manner. Immunogen comprising intact BNO1
protein or BNO1 peptides (wild type or mutant) is injected in Freund’s adjuvant into mice with each mouse receiving four
injections of 10 to 100 ug of immunogen. After the fourth injection blood samples taken from the mice are examined for
the presence of antibody to the immunogen. Immune mice are sacrificed, their spleens removed and single cell suspen-
sions are prepared (Harlow and Lane, 1988). The spleen cells serve as a source of lymphocytes, which are then fused
with a permanently growing myeloma partner cell (Kohler and Milstein, 1975). Cells are plated at a density of 2X105
cells/well in 96 well plates and individual wells are examined for growth. These wells are then tested for the presence
of BNO1 specific antibodies by ELISA or RIA using wild type or mutant BNO1 target protein. Cells in positive wells are
expanded and subcloned to establish and confirm monoclonality. Clones with the desired specificity are expanded and
grown as ascites in mice followed by purification using affinity chromatography using Protein A Sepharose, ion-exchange
chromatography or variations and combinations of these techniques.

Industrial Applicability

[0178] The BNO1 gene is implicated in cancer and based on its role in the ubiquitination process, BNO1 may also be
implicated in cellular mechanisms which are regulated by this process. The novel DNA molecules of the presentinvention
are therefore useful in methods for the early detection of disease susceptible individuals as well as in therapeutic
procedures associated with these disease states.

TABLE 1
Primers Used for Analysis of BNO1
Primer Name Primer Sequence (5 — 3)

AL-1 GTG AAG AAG GAT GAG TTC TCC
7970-1 AGC TGA GCATCACAATCT CC
ESTD-F GGAGCTTCCCCAACTCATAAATGCC
ESTD-R GCATGATGTCTGATGTGGTCAGTAA
BNO1-2 TGC GAA GCT GCT TCA CCG AT
BNO1-3 GGC CGT ACATGC ACT CCA CTG

130367-1 GAG AAC CTG CAGTTG TGC TG
87068-1 ATG GTG CTG CTT GTA GCA AG
BNO1-1 TGC CCA TAT GAG ATG ACG AGG
130367-2 ACA CTC AGC AGT GGACAC TTG
Cyclophilin-F1 GGC AAA TGC TGG ACC CAA CAC AAA
Cyclophilin-R? CTAGGC ATG GGA GGG AAC AAG GAA
APRT-F1 GAC TGG GCT GCG TGC TCATCC
APRT-R! AGG CCC TGT GGT CAC TCATAC TGC
RNA Polymerase II-F1 AGG GGC TAACAATGG ACA CC

RNA Polymerase II-R? CCG AAGATAAGG GGG AACTACT
BNO1 (Exon 5-7)-F1 CCG GCG GGA GGC AGG AGG AGT
BNO1 (Exon 5-7)-R1 GCG GCG GTAGGT CAGGCAGTTGTC
BNO1 (Isoform 1)-F! TGC GAA GCT GCT TCA CCG AT
BNO1 (Isoform 1)-R! GGC CGT ACA TGC ACT CCA CTG
BNO1 (Isoform 2)-F! GTG AAG TCG GGACGTTTT GTG A
BNO1 (Isoform 2)-R* CCGTGG TGG GGC CCT TTG TGG

Note: 1These primers were labeled at their 5’ ends with HEX. Isoform

10of BNO1 lacks exon 2.5 (SEQ ID NO:1). Isoform 2 of BNO1 contains

exon 2.5 (SEQ ID NO:3).
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TABLE 2

Splice Sites of the BNO1 Gene

Exon Size (bp) 3’ Splice site Consensus 5’ Splice site (exon/ Consensus Intron size
P (intron/exon) shength (%) intron) strength (%) (bp)
1 343 5UTR TGCCGTGAGE/ 83.03 23042
gtgagcgcgce
cttgttacag/ TATGCGAAGC /
2 72 AGTATGGTGT 94.28 gtgagtgaat 75.36 1797
gtctgttcag/ TACACCTGCC/
25 87 GTATAAACCC 90.0 gtatgtacct 66.97 11160
cctectgtag/ GAACGTGGTG/
3 77 TGCTTCACCG 78.70 gtaagtooog 92.15 3408
cctectgtag/ CCACATCCAG/
4 168 GTGGACGGCC 84.95 gtgtatgcag 85.40 646
aacactgaag/ GAGGCAGGAG
5 75 ATTGTGAAGA 63.39 Igtgagcccac 90.87 6612
cttttggaag/ GTCAGTACGA/
6 110 GAGTTTCGGA 85.65 gtgagtacag 76.46 697
ctcceccacag/ CAAGATCACG/
7 154 CAACTGCCTG 85.32 gtgagtggcy 88.50 1017
tgctccacag/ GCAGGATGTG/
8 401 GGCGACCCCA 89.22 gtaaggatg 87.59 2375
ttctgctcag/ ,
9 2174 TTTTTATGGC 90.62 3'UTR
TABLE 3
Primers used for the SSCP analysis of BNO1
Exon Primer 1 (5’ —» 3) Primer 2 (5 — 3’) [MgCIl]  Product Size (bp)
1a GCGCTGGAGCGTGCGCACA AGCTCGGGCGGCAGCTCCA 2.0mM 269
1b GGTCGGGGGCGGCTTGTG GCCTCCACCTGGCAGGGA 2.0mM 252
2 CTGTCGCGTTATGAGTTGTTG GTACAAAGTTAATCATGGATGGT 2.0mM 168
2.5 AGGCATTGGGTCGTATTCAC AGAAGCCAAAGCTCGCAGGA 1.5mM 198
3 GGCACGCTGGGTCTAACAC CCTGCCCGTGCACAGACCT 1.5mM 167
4 CTCATGGACCTTTGCCCATCT GTCTGCAGCTGAGAATAGCAC 1.0mM 290
5 GTGATGGACTCTGTTCCTCAC AGGTCCGCACCATATGAACAC 2.0mM 170
6 CACAGCCTCiTGTCATATGG ACCCCAGCACCGAGCAGGA 1.5mM 187
7 GGCGTTCTCAGTCCTGCCT CCCTGACTCCACAGCCCAC 1.5mM 284
8a CTGGCCTGAGCCCTGCTGA ACCCTCTCGCGCACCTCCA 1.0mM 171
8b CAATGAGCTCTCCCGCATC CCATGCTGTCCCACCTTCA 1.5mM 354
9 AGAATGCTGTACGTGGCGTG AGGAGGTGAGGGACTGAATG 1.0mM 292

Note: All primes were labelled at their 5’ ends with HEX.
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SEQUENCE LISTING
[0180]
<110> Bionomics Limited
<120> BNO1
<130> P3
<160> 41
<170> PatentlIn version 3.1
<210> 1
<211> 3574
<212> DNA

<213> Homo sapiens

<400> 1
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ggcatggcoy
&0
cageagcgeco
120
gaggaggadgc
120
cogocgooco
240
gogtogetge
300
atecctcoacg
360
aacttgocgga
420
cacogatata
4BQ
chgaacgtgg
5440

coocacgtog

tgtgtgctcg
gggg;ccggc
goatcgaggo
cgogetgotc
cgggcacgya
cogacaccat
agctggagat
gacacattit
tggtggacgg

atgaccotat
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cctttgoggo

cgacacgged

tagogocagg

geotgetggay

Ccctacccago

ctggaggady

cacagygogtyg

gggattgtgg

cchgttocate

gagattcaag

gtogggccogt

goggocgaca

gbtcggugycy

ctgcocgocog

tbggcccagg

cgttgeogty

tottgtoggy

cagocagata

atcgggtgga

cototgties

27

cgogoggatg

gcgagocgga

gottgtgogo

agotgotggt

tebgoacgasa

aggagtatgg

acgtotatge

togggocata

bgtacotgec

ggatocacct

tcggogoogs

cacagacdoce

ggacecctog

ggagatctte

gttoocgogoga

tgtitgcgaa

gaagctgott

cggaggactg

Eccocatgag

gatggagagqg
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600
aaggctgoca
560
attgtgaaga
720
gacgygagga
750
gacatcttoo
840
tacgacaagct
500
atcaagccoty
60
agcttocacy
1020
gugcagaga
1080
cagogcaact
11490
gagcagcagy
1200
CLcoccagocaa
1260
coctggatgaag
1320
tatgggcagy
1350

cagbggagty

aggabtgagtt

aggaggagtt

acgagcacat

gcoetgacocta

goototbtoaa

goecggogtgo

cagtggagat

toaatgaget

aaggogggca

gooctgooca

atggtggcga

gagoagoogtt
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catgiacggco

ctocaccaad

toggacygtgy

gcaggagctc

cocgoogeatco

aggtacctat

caggggcacc

cgacctgagy

ctcoegeate

cgaggogggco

geoocagggoa

gcotggggat

catgctgooo

cacaaagggc

tgcaaccaga

cltgagggady

atcctgatbtga

tacctgooge

ggoagqocacdg

aagatracgyg

catocggatos

gtccoctggagyg

gagggtogtg

gaggegooca

gocecgtagoethg

gbgggcgtga

28

cocoaccacgg

cggaccacea

aatgggggcyg

agktcatcka

(aTed-Ta fedute ladulsd

gootggagat

gocgacocoaa

agqotgoecoga

tgcgcocgagag

googgoayggy

goaagggoce

coggeCaagcd

gctocagygaa

ccacatcdad
caggatgtec
cacgotoagag
cacragtoag
cgacgac§tc
tgtgatgctc
catcoocgot
cotocgagaac
ggtgogcoay
coocoogggay
agataggaca
gecbgoocag

tgagygactac
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coorgaacct
14440
agqocclgaac
1500
tggctoggage
1560
gabtgogeogt
1620
tgacoggoca
1680
dgtgaatagaa
17440
cggggggeces
18040
atatttgtca
1860
agoctgaata
1920
ggttcacgca
1280
gctcttectg
2040
cocoactockh
2100
cgaacagrko
2160
ggtaggatot
2220

geaggatgty

goacooCodd

tgaaabectt

Ccocacagge

catcctigeo

gragcabgoa

agtccagecs

gtgccatgat

cageagatgt

coctgggotg

tgagoggata

EEtgggygaa

aggcageogca

caggctiggy
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tetttartgge
goltotteate
cagootgrac
cbtegatgagy
goccacatccoc
cbbttggaaat
cocoocagoa
ggaagaaygch
aggggacaq§
gotgghggtt
gagtgataga
gccaggcaac
ggtgtgatgy

googgoactae

acaggoaetca

ctottogatg

agecgggtoc

atgoetoaadsa

gggtggctet

coggeobrtit

chttatgtag

gagcatgtct

cgtgggaceg

ttctcgggaa

cbtgggtegty

agdbggoctcet

goacagtacg

tggagtgaat

29

togogggeca

aggacogott

aggocacott

acattcagte

ggggctetga

gaccagaacy

agagtgtgac

taccaaasaac

cgtgagaatt

gocaggaccet

Egtgagacge

gagagygggyt

cagageaage

coccatttot

cggoticaco

cgogttogho

coggaacgaoa

cotocagotoe

actetgacct

cacacctogt

atagacctgeo

agagagaacg

gaagcggtgg

coctgactggt

atgtgcteca

cayggaaygady

tecgggaagtt

ctacoggott
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gcbiggagtt
2280
gLttagtgac
2340
gooocagooo
2400
cggootgbto
2460
gicaaaadca
2520
aagcagtgag
Zh30
tttgeaggtd
2640
Jaaagtggga
2700
catgftgtgt
2760
ctoctgaagsa
2820
teegtgeocy
2880
ggactagctce
2540
ggaaggtgac
3000

ttttcctgat

tgdgacagang

ctgagtocact

ctcocagottt

Cadacagogo

aagctgccggo

tggtecacac

ayggdgacagoc

coctocagoe

taacacctge

acagagagca

agtgggcgto

aagtoocitgt

agtetgtgtyg

gaatttctce
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catttecacct
aggdaatgtc
ggagccaagy
gbttgLcttg
cactgtetoc
aggfgccagg
thteotagaaa
Lggagaccoo
gtgtagggac
coggtgtocag
cc§agcgagc
gocltgggeace
cottgytgry

ttgacbgaco

ctgatctoag

acctgaatge

ceategtico

teccatgocth

agaacgcaaq

agtgrccata

agooacacct

atggactgat

cccatctgag

agctggecak

cttococotoha

ctggacacgt

gagaccaacs

tttaaagaac

30

cLtocoecaca
acagoccago
agccacttga
?ctccctgca
gctcéaggcc
tgagetgacyg
gcatcfgggg
gcefoccactyg
gtecttggetyg
Loocecages
tgccgcttgt
cotgotagtg
tgaggatgte

ataagaatic

tgtggagtygg

coatgeocacct

chgtcctcega

cgcacacgae

cgtgtgtetg

aggaaaccoe

acacacktbtyg

ctgtgtbtgocoe

aggttggecat

cacagocads

cottgtgteot

agggacctoy

ctgggaaatg

coatbgoecea
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3060
gococteagigeo
3120
tcctaaatagg
3180
gocgoocttoo
3240
cttogtgtgryg
3300
Tcoctgoocto
3360
écggtgactg
3420
attcaccatt
3430
Lctaagggac
3540
cacgtgotte
3574
<210> 2

<211> 539
<212> PRT

atttggcaaa

taatctggoc

agggcggcad

gocceagttt

tgtggtggte

tggoceocttgaa

gtttazaatas

geagtoctag

tgattaaagy

<213> Homo sapiens

<400> 2

EP 1 364 025 B1

tgettackit

ggcctygggag
cagocgggage
ctagoggott
actgbhttte
gcctggagga
aatcaagcaa
aggcgtgccg

aabtctcagat

Met Ala Val Cys Ala Arg Leu Cys

1

Arg Arg Arg Gln Gln Arg Arg Gly

5

24

gottoccaga
adagacicac
CAcgCagacc
ttgcagcatﬁ
toertottgooa
ctgbttgggca
atgctttttt

tLEggggott

ctca

gtcagagaat

gagaaaagoc

ccgaggogoa

agectacaag

aatgaggcag

tgtagactgg

accaagagcoc

gafgagoaca

tggcaaaggt

agbggagaaa

cotgoctggot

ctttogtcact

tetetgagtg

caccttgaang

cgagcctocgo

crgraggacy

Gly Val Gly Fro Ser arg Gly Cys

10

15

Pro Ala Glu Thr Ala Ala Rla Asp
30

25

S5er Glu Pro Asp Thr Asp Pro Glu Glu Glu Arg Ile Glu Ala Ser Ala

31
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Gl.};
Cya
05

sar
Phe
Glu
Val
ITi=
145
Asn
Fro
Lrg
Gly
zlu

225

Gly

Val
54

Ser

Leu

Arg

Glu

Ser

1348

Len

Val

His

Tle

Hi=

210

Fhe

35

Gly
Lieu
Pro
Arg
Tyt
115
Cys
Gly
Val
Asp
His
1an
Lys

Ser

Gln

Gly

Leu

Gly

Ile

lao

Gly

Arg

Lieu

Val

Bro

1EQ

Len

Gly

Tht

Glu

Sly

Glu

Thi

a5

Lew

Val

Asp

T

AsSp

165

His=

Met

Fro

Lys

Glu
245

Leu

Leu

70

ASp

His

Cys

Wal

Gln

150

Gly

Val

Glu

His

Cys

210

Fhe

EP 1 364 025 B1

Ty

55

Pro

Leu

Thr

Glu

Tyr

12%

Pro

Leu

hsp

His
215

ASTI

ATy

40

&la

Pro

AsSD

Asn

120

Ala

Asp

Phe

AED

Iys

200

Gly

3ln

Thr

32

Gly

Sar

Thr

105

Leu

Lys

Ile

Tle

Pro

185

Ala

His

Thr

Trp

Fro

Leu

Leu

20

Tle

Leu

Gly

Ile

170

Met

Ala

Ile

Azp

Leu
250

Ser

Leau

5

Ala

Trp

Lys

Leu

Pro

155

Gl

Arg

Thr

Gln

His

235

Arg

Fro
a0

Val

51ln

Leu

His

140

Tvr

TrE

FPhe

Yal

Ila

220

His

Glu

45

Fro

Giu

Val

Arg

(ERRY]

125

ATy

Gly

Met

b=

Glu

205

val

Arg

Gl

Pro
Tle
Cvsg
ATg

110

Ile
Tyr
Gly
Tyr
Pro
1840
Cys
Liys

Mat

Trp

Pro

The

Thr

a5

Cws

Thr

Arg

Leu

Leu

175

Leu

Met

Lys

Ser

Gly
255

Brer
Ala
20

Lvs
Ay
Gly
Hig
Leu
1ad
Pro
Phie
Tyt

Asp

Gly
240
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Thr

Lys

Ile

Fhe

305

Fhe

‘Tle

Gln

Ile

Glv

385

Gln

Asp

Ala

Fro

Met
465

Leu

Fhe

Tvr

290

Lvs

His

PFro

Leu

Val

370

His

Pro

Gly

Ala

al
450

Cys

Sl

ITle

275

Len

Gly

Gl

Ala

Pro

355

Leu

Gilu

Ser

Thr

Glu

41315

Gly

Fhe

Lap
260

Tvr

Id
M
o}

Thr

Lrg

Glvy

340

Asp

Glu

Ala

Pro

Fro

420

Gln

Val

Tyr

Ile

Thr

PG

Tyr

Arg

325

Gln

Leuw

Val

Gl

Ala

405

Gly

Brao

Ser

Gly

Phe

Ser

Sar

&la

Gln

Glu

ATg

Gla

2940

Gln

Glu

Ala

Ser

Thr
474
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His Glu Hiza Met

Gln

Aryg

285

Ser

Arg

Thr

Asn

Glu

375

Gly

Pro

AsSp

31ln

Arg

455

Gly

Tyr

280

Pro

His

Gly

Val

Gln

3al

Arg

AT

Gly

Cys

444

Asn

Leu

265

ﬁsp

Bup

Gl

Thi

Gl

345

Arg

Val

Gly

ala

Gly

425

Gly

Slua

Ile

33

hzn

Asp

Lel

Lys

33o

Ile

Asn

Arg

LArg

Glu

419

Glu

Gin

ASD

ala

Gln

Cws

Leu

Glu

315

Ile

AsSp

Fhe

Gln

Gln

les

Ala

Pro

Gl

Ty

Gly
475

Glu

Loy

Tle
304

Ile

Thr

Leu

Azn

Glu

380

Sly

Pro

Gl

Gln

Bro

460

His

L=u

Thy

285

Lys

YVal

Gly

Arg

2lu

365

Gln

Fro

Ser

Lsp

Pro

445

Gly

Tle

270

Tyr

Fro

Met

His

350

Lreu

Gln

Ay

Lys

Ala

430

Fhe

Thr

Fhe

Leu

Arg

Gly

Leur

Pro

i35

Arg

Ser

Glua

Gly

415

Val

Val

Cys

Thr

=t

Arcg

Leu

Ser

320

Asn

Ile

Arg

Gly

Ser

400

Pro

Ala

Leu

Arg

Ser
480
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Fro Glu

Glv Fhe

Gln Ala

Glu Met

Arg

val

Thr
515

b=
530

<210> 3
<211> 3661
<212> DNA

Thr Fro

485

Trp Leu

500

Phe Arg

Lys Asn

<213> Homo sapiens

<400> 3

ggcatggogg

60
Ccagoagogoc
120
gayggaggaqac
lao
Cogoocgooeo
240
gegtogotgo
300
atcctaocaca
360

aacttgogga

- 420

aaccetogog

420

tgtgtgotoy
ggggccoage
geatogagoe
cgégctgcté
cgggoacgga
cogacaccat
agctggagat

tgaagtoggg

Aszn Ala

ITle Gln Ser

EP 1 364 025 B1

Gly Val FPhe Ile Leu

Glu Leuw Lys

Ser

FPhe
499

Phe Ser

505

AsD
520

535

cothlgogys

cgagacggeg

tagcgcogdag

gctgctggag

cctacceagc

ctggaggagg

cacaggogtg

aogctttagtg

34

Ala

Leau

Pro Ser

Thr Ser

gtygggccegt

goggoogasa

gtegagggcg

ctgcogooog

ttggcocagg

cgitgcogltg

tettogtoggy

aaaattctec

Asp Glu Asp Arg Fhe

495

Leu Tyr Ser Arg WVal
E1Q

Pro Gln Ala Phe Asp

525

cgoagoggatyg

gogageogyga

gcttbtgtgogo

agoetgotggt

tctgecacgaa

agagagtatord

acgtctatge

ctagattatga

toggegocge

cCacagacccco

gagooccctog

ggégatcttc

gttecocggcac

tgtetgogaa

gaagcgtata

goacabggog
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tacagagacy
A0
cocagatatog
600
gggtggatgt
e60
ctaotteagga
720
aaagegecos
780
aaccagacag
40
agggaggaat
apo
ctgatgaagt
960
ctgceocgocca
1020
agccacggoc
1480
atcacgggoy
1144
cggatcecage
1200
ctggaggtgce
1280
ggtegtggeo
1320

tttacaccty

ggccatacgg

acctgeocteo

tecacctgat

accacggoca

acCacoacay

gagggogoean

tcatctacac

goocgocCrga

tggagattgt

acCoccaatat

tgecegacct

gcgagagggt

ggCagoqgoos
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cotgottoac

aggactgoityg

coatgacooe

ggagaggang

cabocagatt

gqatgtoogge

gotggaggac

cagtcagtac

cagacctoatc

gatgotcage

coocogotggg

cyagaacecag

gogCCaggac

cogggagtoe

cgatatagac

aacgtggtyg

cacgtoegaty

goctgocacag

gtgaagaagg

gagaggcagy

atcectoccacg

gacaactgco

aagoctggoc

Ltoccacggon

Ccagoagacag

cgcaacttca

cageaggaay

cagocaageds

35

acattttggg

toggacggeock

accctatgag

tggagtgcat

atgagttcte

aggagtttog

agcacatgca

tgacctaceoy

tcttoczaagg

ggegtygccag

tggagatcga

atgagctcto

Ao Cacga

ctgcecageco

atbgtggcag

gtbhcatcate

aibcaagoct

gtacggocac

caccaagbga

gacgt{gctg

gygagcetoatc

cogeatotac

tacctatggc

gggcaccaag

cotgaggeat

cogoatoghe

dJgcggygogay

cagggcagag
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gogoctagca
1380
gtagctgogy
1446
gycgtygagot
1500
ggccLcatocg
1561
ttcgatgagy
1620
cgggtccagy
1680
c¢hoaagaaca
1744
tggotctggyg
1800
gocttttgac
1869
tatgtagaga
1920
catgtcttac
19380
gggaccgegt
2040
togggaagca
21400

ggtcgtgtgt

agggoccaga

cogageagoe

cocaggaatrga

cgggccacgg

acogottegy

ccaccttceog

ttcagteoct

goctctgaact

cagaacgcac

gtogtgacata

Cadqaacada

gagaatitgaa

ggacoctoct

gagacgoaty

EP 1 364 025 B1

tgggacacct

tgccocagtogt

ggactacooc

ctrcacocagr

gtoegtotog

gaacgcagat

cacctoctga

ctgacctgtyg

acctbtocgtegg

gacctoocata

gagaacgagc

gogotggggt

gactggtget

tgotccacce

ggtgaggatg

goggcagoggo

coggacctgoa

cctgaacdgca

ctoggagotga

gogoegtooo

cocggecacat

aatagaagca

ggggoccagt

tttgtocagty

ctgaatacag

tecograceo

cttectgtga

cactccttti

36

gtggogagec

ggcoghtogt

ggatgbgttt

Coooccgoggt

aatoothtoag

cacaggoctlc

cottgocogooe

gocatgeactt

Coagooacoo

ccatgatdga

cagatgtagg

tgggctgact

goggatagag

gggggaagoec

tggggatgceg

gotogccogtg

Ltatgorcacs

ctbcatooto

corgtacags

cgatgagatg

acatccoggg

tggaaatooog

cocagoactht

agaagchygag

ggacagoogt

gutggtotte

tgatagacty

aggcaacagt
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2140
ggcototggg
2220
cagbacygcag
2280
agtgaatcoco
22410
atctcagckt
24ﬁD
tgaatgcaca
24640
Legbttoecage
2524
atgocttcoct
2580
acgcaaggek
26410
goocatatga
2700
cacacctgea
2760
gactgaktgoc
2820
atctgaggte
2880
tggoccttoe
2840

cocotoetotge

agggggtcag

ageaageotog

catttotcta

ccccacchgt

goccagooca

cacttogactg

coctgoacgo

ccaggocogt

gatgacgagg

tctggggaca

Cccactgotg

ttggctgagg

cocagcccag

cgetbgtoet

EP 1 364 025 B1

Jaagaggcga
ggaagttggt
coggotigot
ggagtgagtt
tgcacctgeo
toctogacgyg
acacggogtc
gbabotgaag
aaaccooktt
cactttggaa
tgtgccocat
Ltggeatcke
agcragctco

tgtgtctggg

37

acagctocagy

aggatctoay

tggagtitgg

tagkbgacctg

coagonocoto

cotgttoccag

aadaccaagd

cagtgagtag

gcaggtgagy

agtagggacoc

gttgtgttaa

Ctgaagaarca

gtgccocgagh

cbgotocaag

cageoegeaggt
gottggggoc
acagaagoat
agtecactagy
cagoctbtgga
acagggcgtF
Ltgooggooac
tocacacagg
Hgacagettt
tocagootogg
cacctgogtg
gagageacgg
gggogtocoo

toctigtget

gtgatgggca

gdgactctgg

Etcacctotg

gaatgtoaco

gocaaggooa

tgttttgtec

tgtctccaga

Ltoccaggadgt

ctagaaazngc

agaccccaty

tggggaceoc

tgtccagagce

agoegagoctt

gggcaccectyg
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3000
gacacgtoct
3060
accaacctga
3120
saagaacata
3180
tcccagagtc
31249
gactcacgag
3300
gragacoeoy
3360
cagcatitage
3420
ctEgocaaat
34380
Ltgggcatgt
3540
ctbttttace
3600
ggggctigaa
éGED

=1

3eel

<210> 4
<211> 568
<212> PRT

getogtgagy
dgatgtcoctyg
agaéttccaa
agagaattgg
aaaagccagt
aggogcaceot
ctacaagcttc
gagygcagtct
aga;tggcac
aagagccoga

gagcacactg

<213> Homo sapiens

<400> 4

EP 1 364 025 B1

gacctoggga
ggaaatgitt
ttgcooagec
caaaggttoco
Jogagafagcy
gctggoteott
tgtcactoeoe
ctgagtgaca
cttgaagatt
grootogobet

tgggacgcac

aggtgacagt

Lococtgatgaa

CLcagtgocatk

taaatggtaa

coottooagy

gtgtgtggcco

tycccectgt

gtgactgtgyg

caccattbgtt

aagggacgca

gtgcttctga

38

ctgtgtgect

thtotoctig

tgogrcaaatge

totggoogge

goggoags g

ccagtttcta

ggtggtcact

cottgaagoe

tasatamaat

ghoctagady

thaaaggaat

tggtgtagad
actggcoctte
tLactttgeot
CcLogggadgadas
cgggagecan
;cggcttttg
gbttttctet
tggaggactg
caagcaaaty
cgtgecettl

ctocagatbcte
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Met

Ardg

Ser

Gly

Cys

65

Ser

Fha

Glu

Wal

Ser

145%

Arg

Lau

Val

Ala
Arg
Glu
Val
50

Ser

Len

Elu
Ser
130
Gly
ASty

Trp

Asp

Val

Arg

Pro

25

Gly

Leu

Pro

Arg

Tyr

115

Cvs

Arg

Val

:ln

Gly
195

Cys
Fin
20

Asp
Gl
Leu
Gly
Ile
160
Glv

Arg

Phe

Fro
180

Leu

Ala

GIn

Thr

Gly

Glu

Thr

a5

Leu

Val

AsSp

Wal

Thr

165

Asp

Fhe

Ara

Asp

Len

Leu

7O

Fit=ye

His

Cys

Val

Lys

150

Cys

Ile

ITle

EP 1 364 025 B1

Leu Oyes Gly Val

Arg Gly

Pro Glu
40

Cys Ala
55

Fro Fro

Leu Pro

Thr Asp

GElu Asn
120

Tyr Ala

135

Ile Leuw

Lgu Lew

Gly Fro

Ile Gly
200

Pro
25

Glua

Glua

Sar

Thr

105

Tien

Lys

Pro

His

TyY

185

Trp

39

10

Ala

Glu

Pro

Leu

Leu

g0

Ile

Mat

Gly

Glu

Arg

Zer

Leu

75

Ala

Trp

Liwys

Ile

Tyr

155

Ty

Gly

ints o

Fro
Thr
Ile
ro
&

Val

Gln

Len
ABD
140
Glu
Arg

Leu

Leu

Ser

Ala

zln

45

Bro

Glu

Val

Arg

Glu

125

Pro

His

His

Leu

FPro
205

Arg

&la

30

Ala

Pro

Il=

CwVaE

Arg

118

ITle

Arg

Met

Ile

Asn

120

Pro

Gly

15

Ala

Ser

Prao

Phe

Thr

G5

Cys

Thr

Wal

Ala

Leu
175

‘Wal

His

Tys

Asp

aAla

Arg

hla

80

Lys

Gl

Lys

Ty

160

Gly

Wal

ASpD
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Fro

Leu

225

Gly

Thr

Glu

A3p

Thr

Gly

A2D

1gs

Glu

ala

His

210

Met

Pro

Liys

Glu

Ile

230

Th¥r

Pra

Tyr

Gln

370

Leau

Val

Gly

Val
zlu
His
Cys
EFhe
275
FPhe
Ser
Saer
Gl
Ala
355
Gln
Giu

Aryg

Gla

Asp

Arg

His

hzn

260

Fiys)

His

Gl

Arg

Ser

3an

Arg

Thr

ASIL

Giu

Gl
420

Asp

Lys=

Glyv

245

Gln

Thr

Glu

Ty 1

Pro

325

His

Gly

WVal

Gln

Arg

40%

Arg

Fro

Ala

230

His

Thr

Trp

Asp

310

AP

Gly

Thr

Glu

arg

380

Val

Gly
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Melbt Erg Phe Lys

215

Ala

Ile=

ASE

Leu

Met

295

Asn

A=p

Leu

Lys

Ile

375

4Asn

Arg

Arg

Thr

Gln

Arg

280

Gln

Cys

Lienw

31lu

Ile

360

Y=y

Phe

Gln

Gln

Val

Il=

His

285

Glu

Glu

L.=u

Ile

Ile

345

Thr

Leu

Azn

Glu

Gly
425

40

=1lu

Val

250

Arg

Glu

Leu

Thir

Lys

330

Wal

Gly

Arg

G3lu

Z1ln

4149

Pro

Prao

Cye=

235

Ly=

Met

TER

Ile

Ty
115

Pro

Mzt

Asp

His

Leu

395

31ln

Arg

Leu

220

Mat

Lys

Ser

Gly

Leu

300

Gly

Leu

Pro

Arg

380

Ser

Glu

Glu

Fhe

Tyr

BEp

Gly

ATg

285

Met

Leu

Sar

A=nN

365

I1le

ARG

Gly

Ser

LYoy

Glu
Gly
270
Thy
Lvs
Ile
Phe
Phe
350
ile
Gln
Ilie

Gly

=1ln
430

Ile

Hi=

Ehe

2558

Arg

Leu

Tyy

Lvs

335

Pro

L.eu

Val

His

415

Fro

Hi=

Lys

240

Ser

Gln

Ile

Leu

320

Gly

Ala

Fro

Leu

400

Zlu

Ser
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Fro

Fro

Gln

4£5

Val

Tyt

Thr

Trp

ala

Gl

450

Pro

Sar

Gly

Pro

Leu

530

AZn

<210> 5
<211> 2340
<212> DNA
<213> Homo sapiens

<400> 5

Gin

435

Glu

Ala

Ser

Gl

Sl5

Glu

Lsn

Ile

Pro

Lesp

Gln

Arg

Gly

5600

Val

Leu

Ala

Gln

Arg

Gly

Cys

ASI

435

Leu

Fhe

Lys

Ser
565

Ala

Gly

Gly

470

=1u

Ile

Il=

Ser

Ala

550

Leu
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Glu

Glu

455

Gln

Asp

Ala

Leu

Pha

535

BExro

Thr

ala

4410

Era

Gy

Tyr

Fhe

520

Ser

Ser

Ser

Brmo

Gl

Gln

Fro

(Wl
o -
{n

Asp

Leu

Pro

Ser

Asp

Fro

Arg

450

Gly

Glu

Tyr

Gln

Lys

Ala

Bhe

475

Thr

Fhe

Asp

Ser

Ii.ala
555

Gly

Val

460

Val

Cvs

Thr

Arg
540

Phe

Pro

445

Ala

Leu

Arg

Ser

Pha

525

Wal

Asp

Aon

ila

Pro

Met

Pro

510

Gly

Eln

31lu

Gly

Ala

Val

Cys

495

Glu

Ehe

Ala

Met

Thr

Glu

Gly

450

Fhe

Val

Thr

Leu

560

tatttgtttt gtagacagoay totegetgta ttgecccagdge cgygtetogay ctootgogcoct

f0

cgattgatac tocogeocetgg gectoccaaga gatggggbco gaggogagoc cacdgodacy

120

tgcgcggety ctoaggtgag aggacgectt cgoggteoace acocgoggac ctgggagacg

1EQ

41
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accocogctea
240
tgcaggaaca
300
cgcgcaﬁcac
360
cttccgcagg
420
tggttaccat
480
aggcocgeooott
40
ctactcaccyg
600
gggcgacooc
660
cgoagtaggc
720 |
geagtotaac
7a0
cgocctcacg
840
gagggggtgg
S00
gcgtggcgag
Se0

gogtgogeac

geggectogg

ggegscottt

cggatotott

gagctocggoa,

aadcggaddga

tggggttétg

guoggogoygy

tatctccaca

agocgogtcag

gttttgoact

ctggagggga

cgcggeogygyg

ctctgoggeg

aggeggeage
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cggagccoag

gggcygygogec

gagoCogoc

tococcocgaagy

cgatggaacy

gotgotgoet

cactagttbcy

Acdgecgcgg

tctocataates

cggcateaco

gggcageagt

goggagotct

ggggcgtygyc

agtggoegte

ctggagcagy

geabgygcago

ggcogocogec

toccctgcaga

cgoghtghtt

ctgtatttgg

ggogocgygas

cgogaagtgg

tgaagqgtcgt

aoctttotitct

gcggggtete

acgtaggggc

teggogetgg

actgggogge
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cogtbgogoggc

gqoctooobtt

cobocaagod

gotocegcagoe

caatggacaa

agagcligtaad

gogggacgca

togoogagoa

gagtbogago

choatgoocog

tgaggbogoo

ggggcragyc

cygddgcgggy

atggocagtgt

toocagoagco

Coagacoogag

CcLoccogagg

togggoctte

aagggctict

gogeatcttt

cgggcycgay

gcctcgttag

ctcacacggg

tCcacoggogogg

goococogoggg

tetocagggyg

cegocgetaga

gtgctogeck
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1020
ttgoggogiy
1080
gacggeggcg
1140
cgccggggte
1200
goctggagetg
120
acccagottg
1320
gaggaggegt
1380
tocctgocad
1440
coaccagttg
1500
cggtgacacce
1560
gogtoccaagag
1620
groectgacge
1680
atccoctogag
1740
tcttgaaggco
1EGO

aaatggaagc

gogooogbogo
gocgacagey
gyggggcgget
cogccogago
gcocaggtot
tgcecgtgagy
grogaggoct
gucgegyggye
acgttgaggg
aggcagacg;
ggggcacggy
gtctgcgcgﬁ

gagccgaggyg

aggocggacy
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grggatgtbog

agoCggacac

tgtgegcugy

tgoctggtgga

gocacgaagtt

gtoagcgogs

cggagetggg

Ccguocgatgt

ggcocagggay

ggtagggagyg

acaccacdag

ggocctaaget

tgcccogoty

caatticacg

gogeogooag

Agacoogad

cocotoacog

gatcttogoy

coggogoato

ggaggatggcyg

agrggogggg’

ggtgtittyg

gtattigagg

ggttgagyge

JUOgaggoog

gacgootaggy

gocctgacca

coctgtaatct

43

Ccagogoogdgg

gaggagagea

cogooocoge

togebgoodd

cbococacacog

gggCoggygay

gcggtggcco

gtotgggtgy

cggttaggga

gLocagggagg

tgecgggagc

ggcocgroctee

gagacgaggh

cageacttag

grooggeocga

tegaggeotag

gotgeoteget

goacggacch

acaccatoig

Jagogyggady

CHgrodaygag

ggagcggocyg

gggtcococgagy

catocgaagag

tggagctggy

tetgeccctg

gaacttgaag

gJgadggccgag
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1860
gogyggcgggr
1820
gtctoctactt
1580
gotactoggg
2040
gocaacatet
2100
acagoaacaa
élEG
gygggcgtaga
2220
ttoggatgtaa
2280
gtttaa;ggt
2340
<210> 6

<211> 2072
<212> DNA

caccbtgaggt

acaaaaararg

agggtgaggc

gooocattgo

aaanaattac

gagacggatg

cagatcacad

tgacagctct

<213> Homo sapiens

<400> 6

aaggaagcbtt tttgatotag

18]

ctbtgtggag tcatgtcoace

120

ggtgactete ttatgggact

180

atggtacaca goacgtggaa
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caggagrttog

aaaaakttagc

agaagaatgg

actocacoot

gggagtaggyg

gatcacagcg

gaggagatygt

ttgatgttca

gobteaatte

totoctgeact

gotgtaggat

agctcaatgc

agaccagcct

cgggogtggt

ctitgaacccg

aggogacaga

gaagoooaght

gtgogggotyg

ttatttaate

agcagotocat

crggtocoag

tgbtttetet

gocagtgaggt

aggtgttygce

44

gglgaagatyg

agCgggogoc

Fyagdgcggay

gtgcgactitg

gtocgggggel

gactttbtgcec

tggagtkboaa

atttaagtaa

ctgaccataa

gttagdaatayg

gatgoocage

ajgtagcaget

gt%aaacccc
tgtaatcocca
gttgractgs
gtoctcaaarsa
cctgatggtg
ttcagcaata
gogortototoet

asaggacagg

gotocaggre
agacgacagt
atggcttggc

cttggcoeat
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249
gtgcagtoct
300
agaccoaago
30
aaagtgcage
424
agggtgtgag
480
cotagooagt
540
tteggoottgg
c00
ctctggcact
660
tgtgtcocaga
720
ggtttgtgtg
TR0
asaggdatgac
840
aatgtggaga
900
gotaggtgty
950
gttgttgate

1020

gtagttgtgt
cygaggacct
tgtgotgogg
gacaggggtt
gaagaagdga
gotgagttga
gtctgaaccé
caactgaatt
gttaggetic
attgactaaa
agtcagtaaa
I

caccbkococt

ttamatbtet
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ggattagtoc

gggattitgn

tgggagtagy

gogagadggey

caatgttcac

acacacaggc

taacaccagt

ctgcctoacc

tagaacttatb

atagaataat

atctcoccacag

gocageocatce

gcaaatgbtt

ctggocggtet
ttgggacgtg
gaacaangadg
tocaggooco
cectitcocea
agcacaggga
gotgaatttyg
ttgttcataa
tagaatagac
gfcttcatcg
tgacaga;gc
agcagootgc

cttgttacad

45

ttoctittoaa

ctgggtgtty

gaaggtgctg

tgocactgggc

atgtottgoa

agtacatggg

tttccatgga

actagggatt

attgcagatt

gtgaacaagy

actctggaga

ceacgtetgt

agtatggtgt

aggcragegg

gtgattgtga

tcagcaggtyg

cotggocaag

cgghtooocho

gtggactggeo

aacatggoac

gtctgatatt

attattrtgt

gtgtttactg

tggggcetgag

cgegttatga

ttgcgaaaac
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ttgoggaaac
la&aq
atctattbrogc
1140
caaataatoa
1200
attttgaaka
1260
ccattctggg
1320

agaaatgtasg:

1380
tbotgogook
1440
tgocttotgt
1500
ttagocatteot
1560
gquttbocaga
1620
toettoccgog
1680
gctottggot
1740
atcbkteotgac
1800
gectotttgag

1260

tggagatcac

taccatocat

aagtgattta

gagecactggt

catcgtagat

gebtgocaccag

ccagoccttbca

Cccaagoocca

gtgageagye

gtcaactgitg

gotgtttott

tttttggatg

cattctttga

tttettagge
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aggcgtgtct
gattaacttt
gtccacacktt
agtaacagca
acitagtghtct
agcgacttgy

gaatgggact

ggtacggaga

Lgageoeeos

acactocacog

cagtgocagg

gtcagagagt

gottotttte

catttgggte

tgtegagacy

gtaccadaag

ttgktttcoctc

ctasaattag
tttaccaggc
gbtgtitcctgyg
gootgbgate
RCagoccocc
agocoergttte
atcaggcaga
géctttccca
Lictgtgagt
ttettrtcttt

atatcatctc

46

totabtgogaa

cagacagtge

agacaccalke

ggagggyaca

atcgaggccc

agagctgodtg

attgggaaat

tgctagagtt

catgtttcte

gagctocttgyg

tttoctfgote

gtcteatacc

tteatttctg

aaagtgacat

gogtgagbga

acatcaatga

ttacagtcac

ccgtattecte

tttagagcty

tbtoctetgge

gaagotgtoy

ctocttcoet

btgattcacoc

coccaggety

actgagacgaa

cocacgttetc

caaggcagtt

gaagacatat
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tbctetectaa
1820
ctgoocagat
1880
cagctgtggg
2040
catcocgggrea
2072
<210> 7

<211> 2087
<212> DNA

gagttgtcag

gitagggttt

ggtcggaggt

taggoaggca

<213> Homo sapiens

<400> 7

agagtigtca
60
tgttagggtt
1240
gggtcggadg
180
ataggcaggoe
240
ataggaggac
300
gtttgoaaaa
i60
titagtctgca
420
tectgbgaattc

480

goacoasaad

tecctglaaca

tgttgoctga

aggaggcagt

agggcattgg

tgcggagaat

gtogocazag

tgcbtttaadg
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caccaaaaght catgtceococgg tagggacaca ggtbgttoggo

cctgtaacag ccataggagt gtacacatgg atgeotoccttc

gttgoctgag cactgagteoc tectghcoceoctg tgggagagge

ggaggcagtyg

tcatgtocoy

gocataggad

goactgagte

gtggccgagyg

gagatttokt

tcacatgatc

caaatgtcag

cttatccagyg

tg

gtagogacac

tgtacacaty

cLcocotbtgbocth

gtagggcagg

tkcactgotg

tgtttcocogac

tgttcatott

agazaattac

47

aggtgttigyg

gatgctoctt

gtaggagagy

gggtgggcac

attotigace

agtgtttatt

cacagogaag

ttagotttgy

Cortgocoagy

ccagoctgtgg

ccatécgggc

agaqdagqgag

cocbtgaaagt

cecocgeaghg

caactgtgtt

gaacagygtay



10

15

20

25

30

35

40

45

50

55

togaagaaasn
540
chgtgacgag
600
tgagtatgtt
BaD
gacacoctgeoo
?20.
gtgotggoac
780
gtgagtitct
840
caggttbeote
204
atcacactgg
360
gggagceroatc
1020
togggacgit
1080
acctgcogta
1140
tacatgggga
1200
cbtocgbggett
12a0

tgacagagat

tcagoobbag

gocltggcctga

agooggggta

crocgaccto

cgggaggagt

ggtggcacca

agagocacct

tgaggggcag

cbtagocctt

ttgtgazaat

tgtacctcct

gggaccotetg

tttgtcatcoo

cacacctLgtg
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ctcoceagaaac gggbggrgta

gttagcaggo

agtgttectct

chgagococg

gtgatcaaat

ctgatggaag

ctohgtgtoo

geattgggteo

toccoctgotgtt

tetocctaat

gcgageottiog

attcacacat

tttocacgtto

tgttggaceoc

Egggaaacygs

agacggtcat

gtgagctgtg

atggaaagga

gaaaacgtgt

tgugtagety

gtattcacgg

gtotgttbocag

tatgagcaca

gohtctgogy

gggacagctt

acttgctgea

aggotgoaktc

48

gttgggcaac

cagutaggtyg

cocoagatgot

gococtbtggagoo

tttccaagct

cacagtgttg

cataaacacg

tgtttgcaca

gtataaacod

tggegtacag

CRygCccagoac

tggtcotgga

gcgtggorct

tggettacct

cttggatgac
ctgggoaaag
cac§tgccag
Cgecgggagt
tgotgocace
ttoetoctocag
aggggattgt
gbtcotgtaaa
tcgegtgaag
agacgtttac
ggccaagaac
geaagoggac
getbtcagcetyg

ttotgoagtg
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13z0
gtetCotoggt
1380
gaggagctac
1440
amagtgaaat
1560
ctabgtgaat
1560
agtt-gactoct
1620
Egtcacaacc
1e80
agagattacag
1740
ggtttcatca
1800
tebgggatta
1860
tortobttto
1920
ggcaggtgga
1980
atctctacta
2040
acccagaggc

2087

<210> 8
<211> 2077
<212> DNA

ackaccagte
tgragacaca
abgaababtt
taaazatcag
[ o o ol o e oy o
tctgcocctoct
geatacacca
tﬁttggccag
caggoatoayg
ggocagacat
toatctgagg
asagtacaaa

tgagotggay

<213> Homo sapiens
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gagatcactt
gagaggaacg
gacttctgac
atatgecatat
tgaggcagadg
cggttcaagt
ccétgcccag
gotggtcteca
gtaccgtgce
ggtggctaat
tcaggagttc
aattagctgg

gaatocgottg

49

taabtgoacat
aacagagtﬁg
ctttattagt
accctcaéta
Ectcactctg
aatactdgcca
cagattoott
agtgatctdc
tggctaacag
gocobgtaato
gagacctgtc
gtgtggtggc

aaccogggay

Eftcacatgt

aagctttaaa

tttaatcaca

macaaaggca

tcacccaaao

cCotoagocta

tgtattttta

ccatcbogge

ttgactcttt

ccagtgcttt

tggccaacat

gtgtgettgt

gtgaagg

atcgttratt

attttactct

ttttaatagc

gagtagcaaca

tgoagtacay

cocaggtagat

gtagagatygg

ctococagagt

agaacttaat

gogaggcodga

ggtgaaactc

aakcecaggt
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<400> 8

gutgatggag
B0
cgagggccta
120
aggocotgoct
180
gagcagaggec
240
cagooctitgacao
300
cagoedagtgt
360
cctkgtageyg
420
gtebttctgte
480
tgggaggoto
540
Ctctgatagt
600
tggagtgcayg
aal
cbtectgoote
720

cetettgtag

afogggeady

Jagoctggeog

gaagogdaddg

caggggcagc

tgaccattgg

gacattgtca

ctaccageat

ttatbcctag

atcactteat

[0l A 0 o o o o o

ttatgtgate

agdoctoocaa

ttttagtaga
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taggotggag
agggagtogt
cagctggtgc
Ltegaggoaty
ctggFaagga
ttgttggggt
cttggoattt
dagagagaght
gugagactca
EELEELEELE
toggotocact
gtagetaggga

gacggggttt

aggcaggaag

ggagagagyc

agtbggocccat

acctggagct

acgggatgga

agcttbaaadg

ggcaggtcta

cecccageetlh

ttttarcttag

ggagactgag

graagchcca

ctacaggcac

caccgtatta
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gtoggtggoa

agbgggtagy

acccoatggg

goctoaggaay

gaagttgtgt

atctgatogc

gtocagoteg

gobtgatthbc

goottortgag

tttocoictg

cetocococaggt

cogocaccac

goccaggaitgg

gocacatggo
ctoggggttc
gLgaaggoct
tgagatggceo
cotogggoote
ttatgacato
ctgttbogcac
cocccakbtga
gatagtttca
tcgecocggge
tcatgeoatt
accoggotaa

toetgaatoto
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el
ctgzccitgt
B4
cactchbgata
300
trgbgagtce
Sa0
dggtctaaca
10240
atttigggal
1680
agtocooagag
1140
atttgagggc
1200
caaaaaatte
1268
tttgettaga
1320
tggocttgtga
1380
toctggagece
1440
catggtgcac
1500
goctooogoo

1560

aatoogoocoa

catoctetadga

toatggtroec

cagagacttg

tgtggeagoc

cotogegacg

ctocttotacco

Etgototghe

gcaacacttc

gdagcctibtrge

gooecteagoec

tctgacgtot

cootgbgoco
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aagtgotggg

guettggtgt

tbhoctoccte

ctctetocot

agatatcgag

aggltctgtgo

tgggtacaag

acttbtragg

ggcottgtgy

ttcotggacg

aggtccttoo

gtttocttgg

tectactgga
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attaaaggcy

geatbgtgttt

tocggggttcco

coctoctgtag

ceatacggag

Aacgggcagdga

ctggcccaga

agoocaattth

cocgtoctty

cbgaggooca

gbtoctggta

gttctgeotgt

goototogaa

rgagecacag

gyagggotct

tgggctocct

tgottcaccg

gactgoctgaa

gtggtgoctt

tgtocgtttg

atttrtocaasa

gqactctotgg

togogoacat

tttgcoowce

ggacoogoten

cggaaagocao

raccoggoct

togcaagcoth

goggoacgct

abatagacac

cgtggtggata

acgtggagga

aggtaattac

tgagcaaadgy

tctgaggggg

gttggcgggg

atgttoccagc

Lgaccaccct

tgototgact
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ttgttgager
1820
aagteocagg
1680
Cggggtclga
1740
cobgtotagt
lano
taaatkcoceg
1860
tgaaagttto
1920
alalulalelat-Tolute:
1980
gaggccétgg
2040
gggotatogeyg
2077

<210>9
<211> 2889
<212> DNA

ctgggcaggt

tggtggcaga

ggaceogtga

cotgggkact

Cttttoggtg

Ettcgagtet

ctoactgtge

coooggectg

cgogboteayg

<213> Homo sapiens

<400> 9

EP 1 364 025 B1

ggctggoece

gkocgtotocg

ggacatttct

tgatcatggs

aagttttoct

AgCoCeCgeo

gococtbgggoac

cgagocazaagt

gcttggggaa

tgctagaaaq

tctocectect

ttecctgbtcyg

tggagatgga

tetetttgtt

ttttcteeotg

ttgotgagey

ggagtcaggg

gocgtoce

tgctagaacg

cocggoagoe

ttgggtctge

agbctgactt

aatcttLetg

atctococaggo

cogtggecty

cacotactet

tEgocagacygy

tgettgeodgt

catggcagtg

tocctittat

ggtacagtadg

gtgttggatg

gtctoctoaa

gogoaggoos

ggatgtttcc tctgagagac cagoocggea goctcacaggg tgggoagatt gotttocttth

&0

cttttagtgyg aggaagagha attgttitac ttactggrcag tgagtaatag agtazasaaaz

120

adadccocaa aaaacaaaan gragtggata attggggasa gbggagtoty tgagagaaca

1580

52
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goacragote
240
gttgctggay
oo
gtocttoctt
360
geatttgeac
424
thocogoteo
480
tttbgaagca
540
adagalaggayg
500
ggbtcctegtg
660
ctttgaatay
T20
actctttcct
780
gtoacttiet
844
tagtgetggy
500
aggagehbtot
960 |
cgggagocac

1020

acgctigaco

ctggcagtok

ataagcatgt

gatcggcgca

tgagocgocooco

aatccocaggo

gbgtittoctg

ttgeoctgttyg

caatttgttc

gttgggagat

ggattattct

attcgaggca

ctgtgecatt

tcatggacck
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caggeteghg

catgggtcce

ggctgctgtg

cggacacgog

Coocgaggto

cogtagcal i

catctcogtg

cocaggooak

agctcaggac

goaccococtt

gocotootoot

ccbogagggt

gragtgcggyg

ttgecccatet

ageracagaa

agctctocooa

goccagagogt

agatcgcacy

Ebggogtoks

tcagotbgtboo

tcactgocacg

gggakbtgottc

gogazcodagdd

tococctetgtco

agbgtocaco

gggcgtgcay

gagccgbgeyg

cotectgtag

53

atgatggaat

gaagoggghg

gotggggoca

gocaacgoac

totoctooce

gbcocbcogg

acctgacaaa

cchgatcate

coccttgoact

tggtoggeac

cgcatctoag

atcccatgtg

gggcogooct

gtggacggcc

toteteoctty
aggotaggot
acoocgootot
écctcggctc
Cgcacttcocgg
goagogoooet
aaobggocacac
tcaaagocto
gotgbttagt ks
ctocaccocgth
agetggaaga
ctggtchtgge
;gctctggcé

tgttcatcat
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cgggtggaty
10R80
totgttocagy
1140
cagagogoo
1200
toocaggget
1260
ctgggotgta
1320
ttacgoctoo
1380
gotchcagtt
1440
tgcamgaata
1500
goococooacgg
1560
tgotgototg
1620

ctgotettgy

1680

cgcatcttygg

1740

ctgectgggyg

1800

tacazacact

tacctgoctc

atccacctga

caccacagaos

gbocctgtgtg

gragatcggc

dtggegcagt

agagoogety

tecagtgtgga

tgagcacagc

tgtocacgctg

gggagtgttg

gtgcotgeag

tgggggatgc

gaagattgtyg
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cocatgacod

tagagadggaa

acabccagat

ggotocoagoo

ggatgagagg

ggactctgoa

tbtotttgoa

atcaagtgcg

gtgtcatctg

ggaaatgcaa

ctocagggaga

tggggtttgg

tgtgatggac

aagqaaggatg

cCcacgtogat

ggctaccaca

geglacageg

aggootgoocg

gaggctocgo

geggbcactt

acttcagttco

ctoctoctgtte

coacacorotg

acgeocactat

ckcagoctocco

tgggtgtggt

tctgttactg

agttecteocac

54

gaccogtatga

gtggagtgca

googggotgg

tgotattoto

cotgocchgo

gotggacocs

ctotbtgtotttt

tectgatctgyg

tgtgtgagat

ctcagatgtg

cecgeotggea

gagggagygg

actokecbot

caagtgcaac

gattcaagec

Lgtacggcca

grLoctoactg

agotgoagac

tgtgeoattgt

tetbgattct

ttttcctgel

tctggeaghg

goagecocttt

oeactgocto

cogogttggt

tegboggocac

ttecktgtgt

cagatygacc
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1860
aécacaggat
1520
ggtgcggacc
1580
ageatgegac
2040
gtgoatoogg
2100
ccctgocagaa
21640
gucgygoaca
2220
gggagacocoy
2280
gaggcttccg
2340
tcCtaatatt
2400
tactettaag
2460
aggcaagagg
2520
ctgtctetac
2580
getgaggtga
2640

cocacogoack

gteocggoggg
tttoccttteo
ctgocatggtg
cacactogag
cCHaacrgaace
tccaéttgct
agggotgoac
gatocgtgoca
accctbgagt
aaggaaggty
atcacttaasa
aaaaaccaaa
gaggattgto

cocecatgtggg
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agycagdaagg

noanggggas

gotgtiteac

gaacagcatc

acacaggoeg

gaggggttyc

CcocagagrLico

gtgcageggg

tetagettto

cggtaggetoa

gtcaggagtt

aatattagct

tgageocagg

tggcagagty

tgegoococaca

agtbacagacc

atggttoage

gtgcggygcgd

tttecttcagt

taggagacty

tgtgtttooe

gaagootatg

asggatctaa

cacctghtatt

cCdaaaccagoc

gggtatggtg

aggtggagac

agacectgeo

55

agocgacect

catgocgaggad

cgatattgic

geaggttgec

tagctetgot

cttetaggat

atcottgage

tgtgattgtt

gtocttactge

cocoagobott

ctggygcaaca

geatgorage

tgcagtgagce

tcaaaaggaa

gtgtbtocatat

agaagtcagc

Ggtgoagacao

ggtccoccEog

ttgoeoctot

ghgagoigea

agaccgtgLy

tgcetgagta

cotoCoaaaa

tgggaggcty

tagtgagaco

tactcaggag

tatgagocgea

aadacaaaaan
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2700

EP 1 364 025 B1

ttagocagge atgotaccat gotacggggt tatgocatgbt tgoocagygotl ggtcacaaac

27690

tectgggete aagocgtott ccocaccttga ccoctococcaaag tgctagaatt geaggtgtga

2420

gecatocgoge geoggroaggy tgbtgotttte ttagotagtt bgagbigtgg bggttioceo

Z2BE0
atcagcoag
2883

<210> 10

<211> 4378
<212> DNA

<213> Homo sapiens

<400> 10

gtggttctca
&0
ttttgaggat
120
gacabtasaan
180
gctoctgrag
244
gaccatcgty
ipg
gataatgact
360
attatgtaga
420

cagggcggac

daatagatct tasaacgtatt
ttbgtacata gaatttbtto
tccaggtjgc tteckgtgetg
tgatttoetgt CEctEgtegy
ttteootobLt tttgtgagﬁt
agasacachtyg tattgagcoty

atcaaaccat taagcacgaa

tggtggggeot goggagtttt

ttgtaacatt

asaztcttaktt

accatgtggt

agtttaggagc

gettatgogt

ggaacttgga

atatcctoag

tgggaacocds

56

tattcocaag

ttkbatattiEE

cotgocaggt

agtgatgtat

cectttecaga

agtttgggtg

caccatgtga

cttaacatac

tottatgttt
gtgcttgotag
gotoagtgea
gaaagogatt
gttaggtcta
aéttctgﬁaa
tggeagaarg

cbgettitog
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a4g0
ttiigaaaaadg
540

actocgcacgg
600
gagaagcagg
660
cococacegght
720
gocteocacctyg
T80
accttcactt
B40
crctiococag
200
tgﬁcaaagaa
g&0
cotgtcatat
1020
ggaggaatgg
1080
gatgaagttc
1140
agcectoteco
12040
ctttgtctca

1260

gaaaatccad

ctoagagity

cbtgagggact

gggcakbggaa

ggctcootgt

tttgttagca

cgocaagboc

ggacacackyg

ggatatitcak

gggcgcacgc

atctacacca

tggtgtgtgc

gtgggigcig
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ccagbecactg

gtagtgaggg

gtgctggea

gggaggeoca

agocceoctget

ggcacctotyg

atocgctcoccocoo

tgbcchatca

gacctgtgtt

tggaggarcat

gtcagtacga

toggggaccad

gggttecaged

57

gocogaggaot

ctitctggaac

goggocagagt

coctgaghbte

geotocogace

acgtggggtc

accaagagdd

goggcacagc

cttttggaag

cttocacgag

gtgagtgcgg

cecetgbocooy

ctcoctetoatg

cagbgoateg
actcaggcto
cigtgtagat
tggt;atggc
cagcagacca
aaatcogdgca
coctgoaggn
cggcagacto
gagtttogyga
cacatgoagdy
ctoctoorod
gtgggtgctg

ctggagacty

tootbggeto
cCaggagooa
goigtitcotg
tgtggcocoe
agggaccecgga
gctccccétt
gcctgtgcae
ttcacageoot
cgtggectgag
ageteatoct
gtgcetggggr
gggcatagtc

ggagtacagc
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coctoctoctot
1320
cccebortote
1380
agaccocatco
1440
ctggcactet
1500
gggcotoctit
1560
ctoctgoooig
1620
ggtgyggtgyt
lﬁéﬂ
cobggococtyg
1740
accbtgydgeg
1800
cocacagcas
14860
tcatcaagcco
1920
teagettoca
1980
gtfggtgggg
2040
gacactgate

2100

ctgggbgc

cgtaggtgct

cttcacccdyg

agagctcageo

ctocotgggta

gocgotgatgo

gagggtgagy

gttgagoctga

ttctecagtco

ctgcctgacc

tggocebottc

cggcoggogt

ctetggggge

cooggracce
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gaagcatagt

gggagrgoag

gtgtctatet

cccgctecage

atggagcaaa

cococottaac

gotcooctgy

gotgoocogoe

tgectgocoeo

taccgoogoa

aaaggtacct

gocaqgqgggca

acctggocca

ftgctcctca

togotottto

groctocotgt

ttatctgatt

ccagbtgocgogg

ctoggractta

cccagaagteo

gogeattget

Cctaccoogeo

acgaggtcete

toctacctgec

atggcagccs

coaagatoac

agtgggctgt

gagtgggett

58

tgtaggtact

agctgetgbg

tococtgtcaceo

gatccectoe

ctttteoccke

ctgttggaag

goicacaggo

ctgcaaagot

ctgtactgac

goccagoogo

cggectggay

ggtgagtggc

ggagtcaggg

goacctgoag

tggmacacag

geacagocco

cotgoraaca

atggbgactt

Ccocacctaaag

cgtgogbget

ctggtggacsa

catcectggo

cogtoogoito

cocgacgacc

akttgtgatgo

ggctgaccty

aactigggca

coococgggage



10

15

20

25

30

35

40

45

50

55

ttgggaaage
2160 |
agaccotbcag
2220
gooacootgyg
2280
cagatcttaac
23440
gtgotigoady
EQGO
tgagogtogy
2460
cbtcctggcac
2520
ctgaaggggo
2580
gggcatctccc
2640
chgecatoettoes

2700

ceccttggee

2760
agdtatgagc
2820
gggattchga
2880

tagctogetce

agattoctogg

ggagtcotgtg

cagooctgtyg

Eguggacagc

acagotoceca

ctgbgtggbg

atgcoctgceocog

gaagcctatt

tggacecocag

cagggctogg

Lgoctgocoag

cacogtocte

gacttcttcot

agccagagyt
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goccoagoca
Lgoibtarcaag
goggtttagga
ctyggaaagy
coctgteotga
ageocaycan
cotgocctga
cocogagoct
agttttgget
ctococgagch
ctetggygatg
agggycactc
tctgtaagay

gaatctggge

gooocactga

gtgacctioe

agbctggaca

ggoecdchtoca

gebtcagoag

tyaacaggygy

atggtitattg

Ccagggatca

cctggactoo

ctgeotitoa

ttctttgaac

ataggtgttg

acgktgctaa

tggagcoccac

59

acoadaattyg

cacagracogy

gragaccoca

gragcigcat

ctoctotoot

ctcatbgtcc

gggatcctyg

gggccacato

tocacggagtt

ggcagatada

ttctetggge

ctggooctgo

gtcagtagga

acagtggtac

catttccacg

cbcagocococg

cacagaggct

ggagaccctt

tggagtyggco

catgocaggg

Ccagacagegoe

tgacataatg

ttggggctga

tatogdgogotbtygc

gcagttgage

cactttctaa

gggctggtge

tgoctgotget



10

15

20

25

30

35

40

45

50

55

28410
gochggoctga
3000
agoageagac
3060
agegeaactt
3120
agcagoagga
3180
coccagoocaad
3240
ceggtgagga
33040
gtgggragyg
3360
cocogaacctg
3420
atgoggottes
3480
cacagagggc
3540
gttocceage
3800
ttccacocct
36860
teoctgoaat
3720

gtgaaatate

gcoctgctga
agtggégatc
caatgagote
Aggoegdggaoac
cootgoocag
tggtggcgag
geagecgtLtc
caggatgtog
gecgagggcec
ggcagocyggygt
acctygagcaa
tctggggtac
agbtgeocgoto

abtgtaaactyg
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ctgccacctyg

gqacotgagao

tcoogoatog

JaEgICIIICy

cocaggygcadg

cctagggatg

gtgctgoccg

tagggatgeog

cagococoaca

gotetaggac

goggocygodgc

chtcagagetyg

coococagggge

tooagoaget

60

ctocacaggyg

atocggatooa

‘tootggaggt

agggtoghtgg

aggogoccay

cogtaogotogo

togggcgtgag

goggotackg

cotageacad

aggagtgcgg

agctgggtoc

caggggcate

ttotaaagoet

ttgaaagtag

cgaccccaéc
gotgooogac
dogogagagy
cocggoagggeo
caagggoooa
ggccgagcag
ctocagdgaat
gggoctgaag
goggagaggg
cotebgaceo
cogtet tggag
aggotiocag
acttgtttéc

agaatgaaca

atccecgoty

ctogagaaco

gLtgogocoagyg

cocoggogagt

gatgggacac

cctgocccagt

gaggactacc

gtgggacagc

cotgtgacet

cttgggoeat

getectgtee

atguctcaca

agtcaatcaa

aggococttc
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CCCcAcCCcace
38440
tcacc£ttgg
3900
ccthocotoctgt
3ss0
ggacaccagoc
40240
goggectgaca
4080
tacagtttbg
4140
ctcatagatyg
4200
tgaactgaaa
42640
ctocatggoc
4320
ggttotgotg
4374
<210> 11

<211> 3174
<212> DNA

EP 1 364

ctgtggaaag cccgtotggt

ccatctoceocoyg gtgcgtggtt

acoctgoetan ctetactgtyg

tgcgactgey tgggaggggc

tgggacgaygy Chtgoacage

toctgggocac cgoctitocagt

aacaaggocrs bgocococeoghtgt

ctgaatatga azaatocagy

acatgtggot ggtggacagt

gacagtggce ttgggggcty

<213> Homo sapiens

<400> 11

025 B1

Litgatgtoet

cagatgtgygy

éCQQQCCagt

tggeattgeo

tgceagetes

gocacgggoo

cottaceot

coctoagoog

gcagctoctag

titbgagggt

cctggécagc
toctgortoc
gococttggtgy
goctgccachyg
tgtetegetyg
ccttgoogbt
tagagctgtt
cocaggecat
gacatitccat

cocgectgtaa

gtettgocag

ind ot [alodadndalislad

cCoagtggangt

cagggciigg

ackttttiita

caggoigote

taaattcaaa

gtttcaagty

caccacagag

gtctoctg

atagetaaan aagdaaaaag cbkctghbtace c¢tbcaaacat ctcagaactc ctaataccto

&0

acagbggygct cagagccagt ttgocgagtea cagcacgtge Lgeagecact gaccaggaayg

61
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120
acctgtocag
1g0
gggcteccgy
440
Lacagggaat
oo
ggoccctggaa
360
gobgtectet
420
ctogtoatet
480
gatgttgacc
540
gehgdctgta
600
cacattggge
664
acctogtttt
720
ctgegagtea
780
ggtgggotcg
B40
gqotgoooctg

500

cotoogbtone
gooctboact
goobghbtget
ctbkctoconcg
coocoggoct
gbtggaagaa
tcaaagccat
ttagagctaa
dtéctttatg
agttcagtgt
gogcocatod
gootgogooc

cagagacagg
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cagctaacct

gbtectagtbta

tLtettobga

agoctbgagaa

ttggagccto

tttagetget

aaatgggtgt

ttgtatgogy

azatgtgtgt

ttcagecattg

cecgagoage

ttagoctacco

ctggototgg

graggacagt

tggatotgoa

coacagtygoo

geocotoetgag

agtgggtaatc

tgcaagacag

ttgogactta

acataacktoo

tttggaacag

tgcagheoagt

cocgagotcet

cttcagagac

gagtcagctte

62

coctgacgtyg

gggoctyggee

gatggoogea

gocagygcoct

toccaggocay

acatasagtgt

tgagttaaty

cagacattaa

agotctetbgg

gggtgaatco

ggoctotgog -

aggctcagoao

ctgagcbtgatyg

ctgaatatgg
acggoacobg
coctgootohg
ggtccacggy
ceocobtactt
cbtoctgtot
tcagotgeoag
gabtcEtttt
gcctgcagég
ctecacgggtg
tecatcatea
CACACCCLCA

aacagtggat
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gtggotolitg
560
guoctocooo
1020
atcgogggoe
1080
gaggacegekt
12140
caggocaccet
12040
aacattoagt
1260
tggggetetg
1320
tgaccagaac
13840
gagagtgtgsa
1440
ttaccaaaaa
1500
gogtgagaat
1560
agcaggaceo
1620
gtgbtgagacy
1680

Lgggagaggd
1740

cagcacagag

agotcacagt

acggecttcac

tegggtbegt

tccggancgc

ccckaccte

aactotgace

gcacacctcg

catagaccty

cagagagaac

tgaagogag bt

tectgactgd

catghbgeocteco

tcaggaagag
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cggggtogoa

ttocotottyg

cagoocLgaa

ctggoctggag

agatgcgcoog

ctgaccggos

Lgtgaataga

tcggggggec

catatctgre

gagcotgaat

ggutbtocage

tgotottoct

acccogactceco

gogaacaget

gaatgctigta

ttectgotoa

cgcacoCoey

ctgaaatoot

tecccocadadgg

acatocttgac

agcagecatge

cagtccagcac

agtgccatoga

acagcagabg

acoctgggeot

gtgageggat

tcttggggga

caggcagegce

63

cgtggogtbgo

gtttttatgg

gogotcCtcat

toagoctgia

cetlcgatga

cgccacatoc

actttggaaa

agcocooage

Cygaagaagc

taggggacag

ggctggtggt

agagtgatag

agecaggcan

aggtgtgatg

attbgactca

cacaggocte

coftcttocgat

cagoeggate

gatgcocteaag

cggutggctc

tccgg;cttt

actttaktgta

tgagcatgtco

coeghbgggacc

tttctoggga

actgggtogt

cagtggeocte

ggcacagtac
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goagagoaadg
1800
tcceocatttbeo
18460
gocttoccooac
1920
Cacagoocag
1380
cagocactig
EﬁdD
tcotccotgo
2100
ggotooagge
2180
atgagatgac
2220
tgoatobgay
2280
tgcctocact
2340
ggtcbiggct
2400
ttoncocoage
2460
ctgoocgcttg
2520

tectgotggt

ctoeggaaagt

tctacoggot

ctgtggagty

cocatgcaco

actgtcctog

acgoacacgg

cogtgtgtcek

gaggaaacgs

gactacacttk

gotgtgtgon

gaggtiggea

ccacagocag

tocebtbgtgto

gJagaggacebe

EP 1 364 025 B1

tggtaggate

tgottagagt

ggtttagtga

Tgoccocaqoa

acggaoctgtt

cgtcaaaacc

gaagoagiga

ctttgcaggt

gganagtguyg

ccatgttgty

totbcoctgaag

cboccgtgoco

tgggetgoto

gugaaggtga

teaggottgy

ttagacagaa

ccbgagtoac

ccteccagott

ccagacaggg

aagotgoogy

giggtoccaca

gaggggacayg

acoctocage

ttaacacctg

aacagagago

gaglgggcgt

caagtoottg

cagbctghtgt

64

gogoogggact

gratttoaco

tagggaatgt

tggagccaag

cgtttgtttt

ccactgteke

caggtgocag

ctttctagaa

ctggagacos

cgtogtgggga

acggtgtcﬁa

cococagogayg

tgcbgggoac

goccttggtgt

chggagtgas

tetgatotoa

cacctgaatg

goeatogtto

gtecatgeot

cagaacgTan

gagbgocccat

aagccaraceo

catggactga

coccatectga

gagotggceo

cctihcootcet

cobggacacg

ggagaccaac
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2580
ctgaggatgl
2640
cataagaatt
3700
agbcagagaa
2760
cgagazaagc
2820
ccogaggoge
28EQ
tagcotacaa
25940
aaalgaggea

3000

atgtagactg

3060
taccaagagoc
3120
tgaagagcac
3174

<210> 12

<211> 1767
<212> DNA

cotaggaaat
qccattgccc
ttggcaaagg
cagFggagaa
acctgctggao
gotttgtoac
geototgagt
gocaccbtgma
cogageotog

actgtgggac

<213> Mus musculus

<400> 12

EP 1 364 025 B1

gttttcciga

agectcagky

CLtcctaaatyg

agcgocct o

tottghbgigt

tococtgoect

gacggtgact

gattcaccat

ctocbaaggga

gocacgtgott

tgaatttcEo

catCtggecasa

gtaatctggc

cCagogaoggog

ggcocccagtt

ctgtggtggt

gtoggoocttga

tgtttaaata

cgcagtocta

ctgattaaayg

cttgactgge

atgcttactt

cggoctggga

goagocdggag

tctagocggct

cactghbtttt

agoctggagy

daatcaagca

gadgogtgod

gaatctcaga

cCifzaagaa

tgerttoccag

gasagactoa

cracgoagad

tttgoagcat

cbtototigoo

actgttgggs

aatgotittt

cLttggggcht

teteo

cgoglboogryg tgogocgooctoc cogogotggbg acgggcatgg cggbgtgtge coggckEctge

60

ggcgtgggee Ccodocgogigg ghtgocogocge cgocagoage gocgogygecce ggoccgagacth

65
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120
gcggcggodg
180
aqogoegttget
240
cooggeacoyg
100
acggacacaa
360
aagetgogaga
420
agacacattt
480
gtogtggacd
544
ggagasccoca
600
acagtggagt
660
agggacgagt
20
caggaggagt
780
cacgagoaca
840
tgcctgacct
900

ggoctottea

acagtdgaggo

ctoctgotgga

acctgcocag

tctggagacg

tcacaggtgt

Lggggctgtyg

gactfgttcat

tgcggttcaa

gtabtgtacgg

totocaccaa

ttocggacgtg

tgcaggagct

accgacggat

agggoacota

EP 1 364 025 B1

ggacacygac
gotooogeat
cctggetcag
gogctgoogo
gtottgoogyg
gocagoccagat
caﬁtggctgg
gocacktgttt
Ceacaaagg
gtgtaaccag
gotgaaggag
gattctgétg
ctacctocog

tggeagocac

cococgaggagg

gagcectgctog

gtctgcageca

gaggagtatg

gacgkctatg

atocgggocgt

atgtacctgc

agaatccatc

cecccacaacg

acagatcace

gagtggggcc

aagtcocatet

cocagocaces

gggetygaga

66

agoaoatooaa

tggagatcltt

ggttcegoeg

gegtttgtoga

caanacigct

acggaggatt

cacctoatga

tgatggagag

geoacateca

acaggatgtc

geacgctgga

araccagtca

ctgacgacct

ttgtgatgot

ggcgoggygccd

cogegtogeotg

aatcktgoac

gaacctgogg

tcaccgatac

getgracgtc

ococoocacgtg

gaagtocggok

gattgtgaad

cggtgggadyg

agacatottc

gtacgacaac

catcaagoco

cagettocoac
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864
ggctcacgeg
1620
actgtagaga
i0B0
ttcaacgago
1140
gcoggogagg
1200
gctaaggacyg
1260
gogCaggggc
1320
cogcacttgog
1380
cotgagogca
1440
ctggaatbga
1500
gcgeoocgtogae
1550

cotocgoatco

1620
gaaatgaacg
1680
gtgtaacata

1740

cCtggggcac

ttgacctgca

tctoccaggat

gogocgogec

gcaaagagog

agcogttogt

goctatgktt

cococoggagh

agtectteag

cgoaggectt

gtgggoggag

cacacctbeoct

ctottgtaca

EP 1 364 025 B1

caagatcacg

gogocgoate

tgtocctggag

Accooggdad

tggaggtuga

gottcotgtyg

ctatggeocaca

cttogtoctg

cttgtacage

tgacgagaty

aggctgcace

cactggggtc

tttgacttat

gtgagaaaat aaacggagtt gagocag

1767

ggcgaceoca

cégctgccgg

gicogagagc

cctEcagoca

googaggoay

ggtgtcagot

ggoctoateog

cttgatgagg

cgagtocagg

ctoaggaaca

gagacccguy

ceggbogoea

tggtagotat

67

acatccocogo
acdgtggagaa
aggbgcggca
aggcoegctga
ctgagcagtc
cgaggaaéga
ctggocacgy
accgotbttgg
cocacctbtooa

tccagtetcor

tgggggaaac

cgggacogott

gaaggagaac

gggacagcag
coctcgaaac
gyagcagygay
tgggocacct
ggcctogtot
ggattacccc
cbttaccags
atttctgtgy
gaacgtoygco
cacotoectga
atgracttta
cttgtﬂtagf

getaagcatg
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<210> 13

<211> 507

<212> PRT
<213> Mus musculus

<400> 13

Met

1

Arg

Ser

Ala

Fhe

65

Ser

Cye

Thr

Arg

Leu

145

Lau

Ala

Glu

Arg

50

Lla

Arg

Gly

His

130

Leau

Pro

val

Arg

Ala

35

Cwvs

Ser

Phe

Glu

Val

115

Ile

Asn

Pro

Cys
Gln
210

LED

Ser

Leu

3lu
160
Ser
Leu
Val

His

Ala

Gln

Thr

Leu

Fro

Arg

BES

Tyr

Cys

Gly

Val

Asp
165

Arg

Asp

Leu

Gly

70

Ile

Glyvy

Fi% g |

Leu

Wal

150

Pro

EP 1 364 025 B1

Leu

Lra

Pra

Zlu

55

Thr

Leu-

Val

Asp

135

Asp

His

Cyso

Gly

=1lu

40

Lau

bap

His

Ovs

Val

120

Gln

Gly

WVal

Gly

Pro

25

Glu

Fro

Leu

Thr

Glu
145

TvYE

Pre

Leu

Gly

68

Val

16

hla

Gla

Prao

Frao

Acp

50

Asm

hla

AsSp

Fhe

AsSD
170

Gly

Glu

Arg

Glu

Ser

75

Thr

Leu

Lys=

Ile

Tle

155

ro

Pro

Thr

Lew
(=%

Leu
Ile
Arg
Leu
Gly
146G

Ii=

Mek

Ala

Ala

Glu

45

Len

Ala

Tri

Lys

Leu

125

Fro

Gly

Arg

Ala

30

Ala

Val

&ln

Leau

110

His

Tyr

Txp

Fhe

Gly

&la

Gly

E1lu

Val

Aror
g5

Gly

Met

Lys
175

Cve

Asp

Fro

Ile

Cys

80

Arg

Ile

T

Gly

Tvr

160

Pro
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Leu

Met

Arg

Ser

225

Glvy

Lew

Arg

Gly

Lien

305

Pro

Arg

Ser

Ala

ASDp
385

Fhe

Tyr

Bep

210

Gly

Arg

Met

Arg

Leu

2390

Ser

Asn

Ile

Ary

Gly

370

Gly

Arg

Gly

155

Glu

Cly

Thr

Lys

Ile

275

Fhe

Fhe

Ila

Gln

Ile

355

Zlu

Pro

Ile
180
His
Fhe
Ly
Len
Fhe
260
Tyr
Lys
His
Fro
Liau
340
Val

Gly

Pro

Hi=

Lys=

Ser

G1ln

Glu

245

Ile

Lien

Glvy

Gly

ala

325

Pro

Leun

Ala

Ala

Lieu

Gly

Thir

Glu

230

ASp

Tyr

Pro

Thr

Ser

310

Gly

Agp

Glu

Ala

Lys
igg

EP 1 364 025 B1

Met Glu Arg

Pro
Liys
215
Glu
Ile
Thr
Pro
Tvr
295
Gln
val
val
Ero
75

ASD

His

200

Cys

Phe

Fhe

Ser

Ser

480

Gly

Ala

Gln

Glu

Axeg

360

Pro

Gly

185

AST1

Acn

Arg

His

Gln

265

His

Ser

Trp

Thr

‘Asn

345

Glu

Aryg

Lys

69

Lws

Gl

S1ln

Thr

Glu

Ser

Hi=z

1Thr

Trp

235

His

250

Ty

Fro

His

Gly

Val

330

Leu

Gln

Glu

Glu

Asp

hap

Gly

Thr

315

Glu

Ary

wal

Pro

Pro
385

Ala

Ile

Asp

220

Leu

Met

AsSn

Asp

Leu

300

Lys

Ile

hsn

Ser
380

Gly

™Thr

Gln

205

Hi=

Lys

Slin

Cvys

Leu

285

Glu

Ile

Asp

Fhe

z1ln

365

Ala

Gly

Val

1340

Ile

His=

Giu

Glu

Ir=n

270

Ile

Ile

Thr

Leu

Asn

350

21lu

Ly=s

Gly

Glu

Val

Glu

Leu

255

Thr

Lys

Val

Gly

Eln

335

Glu

Eln

2la

Ala

Cys

Lys

Met

Trp

240

Ile

Tyr

Pro

Met

Asp

320

Arg

Leu

Glu

ala

Slu
400
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Ala

hla

Val

Leu Cys

Elu

Sl

Fhe

Ser
405

Gl

Val Ser

420

Tyr Gly

435

Glu
450

Pro

Gly Phe

465

Gln Ala

Glu M=t

<210> 14
<211> 5106
<212> DNA

Arg

Leu

Thr

Leau

Thr Pro

Trp Leu

Ala

Sor

Thr

Gly

Glu

EP 1 364 025 B1

Ser Ser

Asn

Arg

Leu
440

Gly

Val TFhe

455

Leu Liys

470

Fhe Gln

485

Ara Asn

500

<213> Homo sapiens

<400> 14

ggcatggogy
&0
cagcagogod
120
gaggagdgagc
180
cogocogoooo
240
gocgtogoctge
300

tatgtgctcg

Jgggcoocggo

goatocgaggo

coogotgeto

cgggcacgga

AsT:

Tie

Ala Aala

Gln ESer

cctttgoogge
cgagacggcy
tagoqgroggg
gotgctggag

cetacecage

Gln
410

Gly

Glu
425

Aszp

Ile Ala

WVal

Leu

Ser Phe

Gly

Tyr

Gly

Fhe

Ser

Gln Pro

Pro

Arg

Gly
445

His

A=p Glu

160

Leu Tyx

475

Ala Pro

490

Leu Thr

50%

gtgggccoegt

gocggocgaca

gtogggggoeg

ctgcocgoocg

ttggocecagy

70

Ser

Glo

Ser

cgogoggato

gegagcocgga

gottgtgeoge

agetgotggh

tetgcacdgaa

Phe

Thr

430

Phe

Asp

Ser

Ala

Val
415

Leu

Cvs Arg

Thr Ser

Phe

Arg

Val
480

Lrg

Fhe
495

Asp

toggogoogo

cacagacood

ggygccocteg

ggagatciLc

gttcoggoga
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atcotocaca
Jad
aacttgegga
&2
caccgabtata
480
ctgaacghbgyg
540
ccocacgtoyg
600
aaggoitgcca
&A1
attgtgaaga
T20
gdoggdgagde
FEO
gacatctbtoo
840
tacgaceact
540
atcaagoetg
2e0
agecittocacg
10290
gggcagcaga
16890

cagcgoaact

cogacaccat
agoetggagat
gacaéatttt
fggtggacgg
atgaccctat
cagtggaaty
agagatgagtt
aggaggagtt
acagagcacalt
gocctgaccta
gcétcttcaa
gcoggogtyge
cagtggagat

Lcaattgagct
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ctggaggagyg

cacaggcgtg

gggattygtygg

cctgbteoateo

gagattcaag

catgtadgge

cLocaccaay

tecggacgtgg

gqoaggageto

cogoogeatco

aggtacctat

caggggcacc

cgacctgagg

ctcoccgcatcoc

cygttgocgty

tctrtgtoeggo

cagecagata

atcgggtoga

cctotgttea

cacadaagggc

tgraaccaga

ctgagggadgg

atectgatga

tacctgoogo

ggcagoccacyg

aagatcacygg

catcggatee

gtcotggagy

71

aggagtatgy

acgtotatge

Legggoccata

tgtacctgec

ggatceoacck

cCcCaccacgg

COgacCacaa

aatgggggeg

agttoakckta

coagoogooc

gceotggagat

JUgacocCal,

agebgocodga

tgcgegagag

cgbttgcgaa

gaagobgeott

cggaggacty

tcoccoatgac

gatggagagg

ccacatceag

caggatgteo

cacgctggag

caccagbtcad

cgacgaccto

tgtgatgcte

catcooogel

cotogagaac

ggtgcgccag
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1140
gagoagcags
Y200
tcoccagecan
1260
cectggtgagy
1329
tgtgggcagg
1389
ccocgazacat
1440
agocctgaac
15040
cggctagage
1560
gatgogocgt
16240
tqacooggoos
1&6E0
gtgaatagaa
1740
cgggaggycoec
1800
atatttgtca
1860
ageotgaata
1820

ggttecegea

adgqCcogdgacda

gocchgooca

atggtggoga

ggcageoghbte

gocaggatgtyg

goaccocogyg

tgaaatcott

Cotcacagge

catcottgoc

goageatgea

agtccageca

gtgccatgat

cagoagatbgt

cootgggoety

EP 1 364 025 B1

cgagygeggyge

goocagggoa

gcotggggat

cogbgotgooo

tttttatggo

ggtcttcatc

cagecetghtac

cttcgatgag

gecacatood

ctttggaaat

ccococoocagoea

ggaagaadqet

aggggacage

goebtggtggtt

gagggtcgrg
gaggogcoca
gccgtagctg
gtgggoegtga
acaggocboa
ctottogatg
agécgggtca
atgctcaaga
gautggcotct
coggeoctttt
ctttatgtag
gagcatgtot
cgtgggaccyg

ttctegggaa

72

gocoeggeaggy

graagggooe

coggocgagoa

gokocagaaa

togoggooca

aggaccgett

aggececaccth

acattecagte

gaggctctga

gaccagaacg

agqagtagtdgac

taccaaaaac

cgtgagaatt

gocaggacoot

coceccgggag

agatgggaca

goctgoocad

Coaggactac

cggottcace

cgggttogto

coggaacgca

cotocacotoo

actctgacct

cacacctoegt

atagaccego

agagagaacy

gaadaggtag

cctgactggt
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1380
gototteckg
2040
ccocoactoct
21040
cgaacagcktc
2160
ggtaggatet
2220
gocttggagtt
2230
gbttagtgac
2340
gococagoos
2400
cggectgtto
2460
gtcaaaacca
2520
zagcagtgag
2580
tttgoaggig
26440
gaaagtggga
2700
catgttgtgt

2760

tgageggata

tEbtgggggaa

aggcagoegea

caggcttggg

tggacagaag

ctgagbaact

cbocagottt

cagacagdge

agqetgocggo

tggtccoacac

aggggacagc

coctocagec

taacacoctgo
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gagtgataaa

grCaggcaac

ggtgtygatgg

googggacto

catttcacct

agggaabgtec

ggagocaagy

gttitgttttg

cactagtoteoo

aggtgccagy

tttctagaaa

tggagaccoco

gtgtggggac

ctgggtegtyg

adgtggcctbct

goacagkacg

tggagtgaat

cbkgatctcag

acctgaatgc

ccategttbeo

tecatgectt

agaacgcaad

agtgoccata

agccacacct

atggactgat

cccatotgag

73

tgtgagacgo

gugaggaggt

cagagoadgo

coccatttot

cttcococacc

acagcocage

agocacttga

ccbocotgea

gotocaggog

tgagatgacg

gcatctgggg

goctocactg

gtottggetg

atgtocteoca

cagaaagagy

Jtogogaagth

ctacaggc?t
tgtagagtyy
ccatgcacot
ctgtcctoga
cogracacggs
cogtgtotctg
aggazsaccoec
acacactttyg
ctgtgtgccc

aggttggcat
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ctoottgaaga
2820
tocgtgooog
2880
gggctgocce
2940
ggaagutgac
1000
ttttcotgat
3060
geoctragtge

3120

tcotaaatgg

3180
gogoocchteo
3240
cttg;gtgtg
3300

Ecctgccctc

3360
acggtgacty
3420
attcaccatt
2480
tetaagggac
3540
cacgtgcttc

3600

gCagagadgca

agtgogogto

aagicotigL

agtcoctgtgtg

gaatthctee

attctggcaaa

taatctggeco

aggygcydcayg

gooocagttt

tgtgaotggteo

tggccttgaa

gtttaaataa

gocagktocetag

tgattaaagg

EP 1 364 025 B1

cugtglcoag

cocagogago

actgggoacs

ccttggtgtg

ttgactagecco

tgocttacttt

ggcctyggag

cagogggage

ctagoggott

actgttitte

gocctggagga

aatcaagcaa

agqgogtgooc

aatcbkcagakt

agctggooct

cttccototo

cbggacacgt

gagaccaacc

T

tttaaagaac

gottococcaga

aaagactcac

cacgcagacco

ttgcagoatt

toctottgoca

ctgttgggca

atgotthctt

tttggyggott

ctcaattacg

74

Loccocrocageg

taccgeottgl

cobtgotagtg

tgaggatglbc

ataagaattc

gtcagagaal

gadgagaqaatc

ccgaggegeoa

agccectacaag

aatgaggcag

tgtagactgg

accaagages

qaagaqgcaca

cttoccagtat

cacagooage

cottgtgtct

agqogacttog

clgagaaatyg

ceatigooca

tggcaaaggl

agtggagaan

ccbgotgget

ctttgtocact

tctoctgagtyg

caccttgaay

cgagcctege

ctgtgggacg

Cbgggtatag
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aaatagctitc
3660
ghtctggtgt
3720
ggcagggoca
3780
Lrcagtogig
384{]
ctocoggttot
3500
gogagagggc
3960
actocggaagg
4020
gbttoceoaagg
4080
ggggaaggtg
4140
cbttctgteyg
4200
tgcagtgoag
4260
tqaagattte
4320
tqaggaagtt
4380

tcagoooaco

cacccatcat

gtatgtrggy

daglcacacsa

actacaggtc

gtagggacag

atccaccote

gotgatatog

aggaggctga

graggtggag

ctgtetcact

CEctgcocacac

agagaggtca

graaacgact

tgggeoccgtga
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gtotcagoca
ggeggggyte
gooaggaaag
ttgtttttteo
goactgaatc
tcagaggatc
tcatcagagg
gtaaccoagt
ttgggaggtt
ctggggoagyg
ctgaacgtgt
ttggéggctt
tetgeoagget

cctcaagtgt

Lgggctgtig

rotocaltggt

goaggoCTLn

cgectoogatg

tgocgeocgocto

ttgcaggtgg

cetaagggca

tcaggacagc

gggactactos

atcaagtctg

tctttgtcocac

ttctgtgecg

gagattcaag

ceackgotga
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grecagttoat
ggtgaﬁctgﬂ
trgooogoac
tgtcottadc
aaaacageag
coccatttoct
gotgagagtt
caagcgcakt
atctcttgca
ctetotggag
ttgttﬁggaa
goactgaatg
gcaggtggta

gtgtgagtgyg

gtoggoctectyg

agtgatgoca

agccagrocc

cagtictbgy

cttoecottbtoeo

gcagygtgaga

ggataaaaco

aggctbgakt

ccacggacgo

tgggactgcc

atgatgtgat

ttcatttgca

Leggggtoca

ctttgoaggo
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4440
ctggtyggtgg
4500
tecagtotge
4540
CAaagCCCace
4620
tgocootgetyg
4580
tctctgagaa
4740
ggcttocctg
4800
gecatittea
4860
Facttcagaa
4920
gtettgogty
4920
cagotaggeot
5040
gaacacttac
5100
atcakrg

5106

<210> 15
<211> 5193
<212> DNA

gagagoctca
ctgcggekat
tgﬁcacacga
googotocat
cotgoagttyg
actcoctoagy
gtgctcogtag
cogoctgooca
Sgaacaggag
ctttftaggat

gggaatgtge

<213> Homo sapiens

<400> 15

EP 1 364 025 B1

ggctecectoe

gtggcatcoceoco

ggagggagoay

toltgagetrt

toctgoagoe

aogtgtibcan

gcagtcacgg

catgocatote

atgctgagct

gtctctatte

tcatagaacso

ttottegtte
tgcoctgaca
gtgggtggec
gtgcagaaag
gracgcaagg
coococaggott
acagcagoayg
ctgagobogi
gtggtccacce
tggttgctga

atcacctgtc

76

cbtgaccatygc.

cbgggeacct

atgtccttcc

ggotctgage

goocttoagr

totocacotgo

aaactcctca

grttogtoctea

gtecaaggkhy

cttocgtggtyg

ctgagaataa

cotgggooco

gtgcccctag

tctagocaca

tggagattto

cgotggotet

acacggttag

goeocectbEtgt

tggocgtggg

ctygcaganay

Laacttttaa

aactocctgga
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gucatggogy
&0
cagoagoges
120
gaggaggagc
180
CCcgoocgoooo
240
acgtcgotgo
300
atoctecaca
360
aacttgogga
420
aaccoctocgog
ABQD
tacagagacyg
540
ccagatatcg
STH
gggrtggatrgt
6al
ctgttcagga
7210
aaaggycoco
7aa

asccagacgy

tgtatgcocyg

ggggcceygge

gratcygagge

cgogotgoto

cggycacgga

ccgacaccat

agotggagat

tgaagtcggg

tttacacctyg

ggccatacdyg

acctgeocteoc

tocacctgat

accacoggooa

accaccacag
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cotttgoggo

cgagacgogcd

tagocgocoggg

gotgctguagy

cctacocage

ctggaggagyg

cacagdgoglg

acgttttgtyg

cobtgocticac

agogactgcty

coatgacooe

ggagadgaaqgq

catccagatt

gatgtceogge

gtgggccoogt

goggecgaca

gltcggggdcy

ctgoogoccog

thggcocagy

cgttgocgtg

tetbtatogyg

aaaattctca

cgabtatagac

aacgtggtgyg

cacgtogatg

gctgoccacag

gtgaagaagy

gggaggcagy

77

cgogoaggatyg

goegadCogoa

gecttgtgoge

agotgotggt

totgcacgaa

aggagtatgg

acgktctatge

ctgattatga

acabbttbggg

cggacggoct

accctatgag

tggagogcat

atgagttctc

aggagtttcg

Loggogoogo

cacagacooc

gggccocctoy

ggagatcttc

gttcoggogo

tgtbtgogaa

gaagogtata

goacatggcg

attgcggcag

gttcatcatae

attcaagoct

gtacggccac

caccaagtgc

gacgtggctg
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840
agggaggaat
Soo
ctgatgaagt
950
ctgococgoooa
1020
agocacggoc
1080
atocacggygog
1140
cggatccago
1200
ctggaggtgc
1260
ggtogtggceo
1320
gogeccagea
1380
gtagotgogy
1440
ggogtgagoh
1500
ggockbocatog
1560
ttogatgagy

1620

gggggcgeac

tcatctacas

JoCOgoCCoga

tggagatgt

acccocogacat

tgococogacaot

gocgagagagt

ggcagaagoos

agggoecaga

cogagoaqoc

cradggaalbga

cgggecacgy

accgottogy

EP 1 364 025 B1

getggaggac

cagtcagtas

cgacctoate

gatgobocade

cooogobagg

cgagazcoadg

gogoccaggadg

cogggagtoc

tgggacacct

tgccecagtgt

ggactaccco

ctteaccage

ghttogtoctgg

atcticcacg

gacaactgoo

aagcctggacc

thecacggoc

cagcagacay

cgcaacttea

cagcaggaay

cagocaaqaoc

ggtgaggatyg

gUacagagyc

cgaacctgea

cocbgaacgca

ctggagotga

78

agcacatgoa

tgacctadcg

tcttcaaagg

goocgtgoccag

togagatcga

abtgagctetco

gogggcacga

chgoccocageo

agtaggegagoo

agcogttogt

ggatgtgtth

coceceggagh

aatocctbecag

ggagoctoatc

cogeatectac

tacctatggc

gggcaccaag

cchtgaggcat

cogoategtoe

ggcgggogay

cagggcagayg

toggogatgoo

gactgccogtyg

ttatggcaca

cttbtocatooto

cectgtacages
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cgggEccagg
1580

ctcaagaaca
1740
tggctotagg
18G0
goctttbgac
1850
tatgtagaga
1920
catgtottac
1580
gggaccgagh
2040
tegggaadgoa
2106
ggtegtgtgt
21ls0
gugccteeggy
2220
cagtacgoag
2280
agtgaatbtcog

23440

atctecagatt

2400
tgaatgcaca

2460

ccacctiocg
ttcagtcocock
gqotoetogaact
cagaaégcac
gbkgtgacata
CAafaaficaga
gagadattgaa
ggaccctockt
gagacgcatyg
agggggtcag
agoaagotog
catttcoteta
cccecacckgt

gooCageoda
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gaacgcoagat
cacctechga
ctgacotgtg
éCthgtcgg
gacctgcata
gagaacgagoc
goggtuyagt
gactggtgeh
tgotbocaces
gaagaggoga
ggaagttggt
cocggottgot
ggagtgggtt

tgcacoctgoc

gogocogtoco

écggccacat

aatagaagoa

ggggccoagt

tttgtcagtg

ctgaatacag

tococogoacoo

cttococtgtga

cactocotttt

acagctcagq

aggatctcag

tggagtttag

tagtgacctg

cocagocochc

79

cacaggoctt
cettgoogoe
gcatgéactt
CeagoCaAToo
ccatgatgga
cagatgtagg
tgggctggct
geggatagag
dJaggggaagqaco
CagcgcaggF
gottggggee
mcagaagocat
agtcactagyg

cagetbtgga

cgatgagalts

acatccoggg

Cogganatoog

cocageactt

agaagctgag

ggacagcogt

gotaggottte

tgatagactg

aggraacagt

gtgatgggca

gggactotgg

ttcacototy

gaabtgtcace

gocaaggoda
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tocgttocage
2520
atgocottoct
2580
acgocaagqgot
2640
goocatakbkga
2700
cacacckgoa
2760
gacktgabgcc
2820
atctgaggfc
2880
cggceccobog
2940
cocctctctgo
000
gacacgtcct
1060
accaacctga
3120
aaagaacata
31ED
teceagagto
3240

gactcacgag

cacttgactyg

acctgoacgo

croaggocogh

gatgacaagy

tetggggacsa

toccacktgotg

ttggctgagy

coCagoocac

cgettgtoct

gctggtgagg

ggatgtootyg

agaaticcoca

agagaattygg

gaaaagocagt
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tcctogacgg

acacggoghc

gtgtctgaag

aaaccocttt

cactttggaa

tgtgoccocat

ttggcatctc

agocagctos

tgtgtctggg

gacctoggga

ggaaabgttt

ttgoocagon

caaaggttcc

ggagaaadcg

cctgttoccag
RARACCAAYC
cagtgagtgg
gc§ggtgagg
agtgggaccc
gttgtgttaa
ctgaagaaca
gtgcaocgagt
ctgctcéaag
aggtgacagt
toctgatgaa
tcagtgeatt

taaatggtaa

ccocttococagy

80

acagggogtt

cgooggocac

tocacacagy

ggacagettt

tccagcococtgg

cacctbgoogtg

Jgagagcacgy

gyggeghocec

Loctitgtgch

ctgtgtgect

tttctoctty

tggcaaatge

tctggcocgge

goggoagoeag

tgtEttgtoo

tgtoctocaga

tgcocaggagt

ctagaaaagc

agaccocatyg

Lyggggacoos

tgtecagage

agcgagosctt

aaggoacccotyg

tggtgtggag

actggoottt

ttactttget

ctgggagaaa

caggagocac
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3300
g;agacc:cg
3360
cagcattage
3420
cttgccaaat
3480
Ctgggcatgt
3540
cttttttaco
3600
ggggcttgaa
1650
aattacgcett
3720
goightggto
3780
ceabggtgogt
3840
ggccttttiyg
3500
Lccgatgtgt
3860
gogootoaas
4020
cagatggoee
4080

aagggeagcet

aggegoacet

ctacaagctt

gaggcagtet

agactggcac

adgaqcdcda

gagcacactyg

ccaghbgtttyg

agtbicatgtg

gacctgeagt

gocgoacage

cottagocag

acagcagcett

atttoctogea

gagagttgga
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gotggotctt

tgtcactoco

ctgagtgacg

cttgaagatt

goeoctogeotot

Cgggacgoac

ggtatagaaa

gotocctggEt

gatgcoccaggs

cagtcocktc

Ctcttggoho

coctbocggy

ggtgagaact

taaaaccgtt

81

gtgtgtggcc

tgcocctctoh

gtgactgtgy

caccatbgtt
aagoggacgca
gtgcttoctga
tagcttcocecac
ctggtgtgta
agggccagag
agtcgﬁgact
cggtectgta
ggagggcatc
cggaagggct

tocaaggag

ccagtttcta

ggtggtcact

ccttgaagoo

rtaaataaaat

gbectagaqgq

tLaaaggaat

ccatcatgtco

tgrrggggge

coacacagod

acagglcttg

gggacaggca

cacoototcea

gatgtogtca

aggoetgaghba

goggottitg

gttttootot

tagaggacty

caageaaatg

[adu s (nladud o ol of

ctoagatoto

tcagcoccatgg

gagggtoret

aggaaaggga

ttitbtteooge

ctgaatotgo

ggggatcoty

tocagaggect

acccagteca
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4140
ggacagodaa
42440
ackctecatc
4260
aagtctgctc
4320
ttgtcacttg
4380
tgtgcococggea
44410
attcaaggca
A500
cboctgagtyg
4560
tbegbtootg
4620
cobgacactg
4680
ggtggccatg
4740
cagaaceggyg
4800
cgcaagggec
4860
caggcocttEct

4920

qogoattagg
LLttgoacca
tctggagtgg
tttggaaatg
ctgaatgttc
gétggtattg
tgagtggett
accatgocect
ggracctgtyg
tccttoctot
tctgagetygy
c;tcagccgc

cacotgoaca
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cttgattggg

ogatgoctt

ggctgootgc

atgtgattga

atttgcatgea

gogtoecotea

tgcaggcctg

gugococcotte

ccoctagoaa

agccacatgoc

agatttttck

tggctctggc

cggttaggoe

gaaggtggoa
tctgﬁcgctg
agtgeagoto
agatttcaga
ggaragtbgea
FoClacotoy
gtggtgggag
agbotgcotg
goooacotgg
cotgotyggeco
ctgagaacct
ttcc&tgaet

attttcagtg

82

ggtggagtty

tetecactoteg

tgcacacoctg

gaggtcattg

aacgaocktbct

agrocgtgacet

agcoctoaggo

cggotoctgty

cacacgagga

gctocakbtct

gragttgtge

coctocagggodg

ctoegtgogooa

goacgttgog

gggcagygatc

aacgbgbtct

gaggctitto

gocaggctgag

caagtgteca

toccotoctbte

geatcccoctge

gggaggagly

gagcttigtg

tgcageogoa

ftgttcaccoe

gtoacggaca
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geagoagaaa
4580
agetogegot
5040
gtecacogbe
5100
ttgotgectt
5160
acctgtcotg
5193
<210> 16

<211> 5924
<212> DNA

ctoctocagoo

gtectecargr

caagygbogetyg

cgtggtgtaa

agaataaaac

<213> Homo sapiens

<400> 16

ggcatggegyg
&0
Cageagogos
120
gaggaggage
180
ccgoogoaoco
240
geghogotge
300
atcctocaca
360
aacttgogga

420

tgtgtgetcg
gogucoogyc
geatcgaggc
cgocgotgota
cgggcacgga
cogacaccat

agctyggadat

EP 1 364 025 B1

cobttgttac

cegtggggbc

caganagoag

cttttaagaa

tcctggaakbo

ccLEtgogge

cgagacygygcy

tagocgocogad

gotgotoggag

coctacocage

chagaggaag

cacaggogtg

ttcagaacgc

ttgggtgcga

ctaggctott

cacttacggyg

atog

gtagggccogt

goggccgaca

gbtcgggyggag

chtgoogoccy

ttggoocagyg

cgttgocgbyg

tettgtaggy

83

cogoccacat

acaggagatg

Ctaggatgtt

aatgtgctea

cgogeggatg

goCgagocgda

gebttgtgege

agotgctggat

totgoacgaa

aggagtatgg

acgtctatge

gcabtetibotg

ctgagctghtg

tctacttobtygy

tagaaccate

toggogoogo

cacagacccc

gggcccocchog

gaagatottc

giteocggege

tgttigogaa

gaagotgeott
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caccdgatata
480
ctgaacgtygy
540
coccangtod
00
aaggctgoca
660
attgtgaaga
720
ggcaggagge
780
gqacatcorteg
540
tacgacaact
a00 -
abtcaaqootdg
S95d
agcocttocacg
1020
gggcagcaga
1080
dagcgcaact
1140
gagcagcagy
1200
tcocragooaad

1260

gacacatLtt

tggtggacay

atgaccctat

cagtggagtg

aggatgagkt

agoaggadget

acgagoacat

gocctgaccta

gocecktcaa

goccggcgtge

cagtggagat

tcaatgagct

aaggcgggca

gocotgooca
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gagattgtdgy
cétgttcatc
gagattcaag
catgtacggc
ctccaccaag
tcggacygtgg
gcagéagctc
ccgocgoatco
agogtaccetat
Caggggoacso
cgacctgagy
ctoccogocatc
cgaggogyge

goocagggea

cagecadata
abcyggataga
coootgttea
cacaaaggge
tgcaaccaga
ctgagygdadyg
atcebgatga
tacctgoccgo
ggoagocacy
aagattcacgg
categgateco
dtcotgdgagg
gagggﬁégté

gaggogooa

84

Logggocecata
tgtacctgac
goatccacet
cococaccacgy
Ccggacoaccd
aatgggggcg
agttcatecta
ccagoogoog
goctaggagat
geogaccocaa
agctgoocoga
Lgcgcgagay
gocggcdgagy

goaaggdoco

cggaggacty

tocccatgac

gatagagagy

ccacatcecag

caggatgboc

cacgobggag

Cacoagtoagy

cgacgacctc

tgtgatgote

catococogot

cctocgagaag

ggtgcgccagy

coccogggag

agakgggaca
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cctggitgagy
1320
tgtgggcagg
1380
ccocogaacot
1440
agooctgaac
1500
cggotaggags
1560
gacgogocgt
1620
tgacoggoca
1680
gtgaatagaa
1740
cggggggcec
1800
atatttgtca
18&40
agoctgaata
1820
ggttcococogoa
1580
gebtottocty
2040

ooocactock

atggtggcga

ggcagocgit

SCcaggargtg

gacoCcocodd

tgaaatcotto

coCcacango

catccttgeco

goagcatgoa

agtccagcoca

gtgecatgat

cagoagatogt

coctgagetyg

tgagcggata

tttggggdaa
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gootggggat
catgotgooe
tcettakbggc
ggtotooate
cageotgthac
chtogatgag
goracatcoo
ctthgoaaat
coococcagea
ggaagaagct
aggggac%gc
gctggtggtt
Jagbtgataga

gocaggoaac

googtagetg

gtgggogtga

acaggeoctca

ctettogatg

agoogggtec

atgctcaaga

goggtggectott

cogogocttet

ctttatgtag

gageatgtet

cgtaggacey

ttoetegggaa

ctgggtoegtg

agbggoctct

85

cggocgagea

gotocaggas

Logogggoca

aggaccactt

adgecacctt

acattrocagte

ggggctactga

gaccagaacg

agagtgtgac

taccaaaaac

cgtgagaatt

graggaccoot

tgtgagacgo

gggagggggt

goocbtgoocday

tgaggactac

cggctbcaco

ogggttogto

coagaoaacgca

crbcacctec

actctgacct

cacacctogt

atagacctgo

agagagaacsg

gaagegygtgg

cectgactggt

atgtgctoca

caggaagady
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2100
cgaacagceko
2160
gagtagagatct
2220
et tggagkt
Z280
dtttagtgac
2340
Joocoagooo
2400
cogoctgtec
260
gtcaaaacca
2520
aagoagtgag
2580
Lttgoaggtg
2640
gazagtggga
2700
catgttgtgt
2760
ctectgaaga
2820
tcogtgocog
2880

gogctgetoeo

v

aggcagogoa

caggetiggg

tggacagaag

ctgagtcact

ctocagottct

cagacagggo

agctgoogge

tggtccacac

aggggacage

coctocagoo

taacacctgeo

acagagjgagca

agtgggegte

aagtoctigt
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ggtgtgatgg
gocogggacte
catttcacoet
agggaatghc
ggagccaagy
gtttgttttg
cactgtctae
aggtgccagyg
tttctagaaa
tyggagaccoes
gtgtggggac
cggigtecag
cocagogago

gotgggroacc

goacagtacy
tggagrgaat
c?gatctcag
acctgaatgc
ccatogttcco
tocatgoctt
agaacgcaad
agtgoceata
agecacacor

atggactgat

cecaktetgag

agoctggooct

cttcootobe

ctggacacgt

86

cagagcaago

cooCattoeh

ctkbkecccoace

Btagcccago

agccactbga

cotoeotgea

gchtacaggoo

togagatgacg

goatotgggg

gocteocactg

gtottggetg

tecoocoagoe

tagcogoebtgt

cotgotggtyg

tcgagaagtl

ctaccggeott

tgtggagtgg

ccatgrcacct

ctgtcctcga

cgcacacgge

cagtgtgtobyg

Aaggaamccoco

acacacttryg

ctagtgtgceoce

aggttggeaat

cacagocage

cottgtgtet

aggyacctog
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2540
gogaaggtgac
2000
tEttoctgat
2060
gocbteagtygo
31z0
tectaaatgg
3180
gogeccttbco
3240
cbtgtgtgty
33060
cootgoocte
3360
acggtgacty
3420
attcacecatt
3480
tctaagggac
3540
cacgtgettc
3600
aaatagctic
36670
gttotgagtgt

37320

agrtotgtgltg

gaatttctoc

atttggocaaa

taatctggcoe

agygcggoay

goococaghit

tatggtagte

tggccttgaa

gtttaaataa

gocagtooctayg

tgattaaagy

cacccakrat

gtatgtiggg

EP 1 364 025 B1

coebbgatakbg

ttgactggoc

tgcttacttt

ggcctgggag

CagCcggaagc

ctageggett

actgtLiLtto

goctggagyaa

adteoaagcaa

aggogtgece

aatctcagat

gtoctoageooa

ggoggggyate

87

gagaccaacao

tttaaagaac

getteocada

aaagactcac

cacgoagacso

Ltacagcatt

totottgoca

ctgttgggca

atgofLttit

tttggggett

cteaattacg

tgggetgilg

Coteocatggat

tgaggatgtc

atamgaattc

ghocagagaat

gagaaaadco

cogaggcgoa

agoctacaag

aatgaggcag

Egtagactay

gocaaqgagos

gaagagcaca
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1440
agccctgaac
1560
tggetggage
1560
gatgcgcegt
1620
Fgacocggoca
1680
gtgaatagas
1740
cgggygycoo
1840
atatttgtca
1860
agcdtgaata
13240
ggbtoccgca
1980
gotobtooty
2040
cooractoct
2100
cgaacagcoc
2150
gagtaggatct
2220

gottggaght

goacccoCcgg

tgamatocht

CooCacagyo

catocottgon

goageatgea

agtocagoca

gtgccatgat

cagqoagatygt

cocotgggety

Ctagageggata

Cttgugugaa

aggoagegea

caggcttggg

tggacagaag
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ggtcttoatc

cagocctgtac

cttogatgag

gecacatcec

ctbtggaaat

oooooCagca

ggaagaagot

aggggacage

gctggtggtt

gagtgataga

JeCcaygdcanc

ggtygtgatgg

gocegggacte

catttcacce

ctocttogaty

ascocgggbtoc

atgctcaaga

gggtggctet

coggoctttt

cttbatgtayg

gagcatgtoet

catgggaccyg

trtcoocgggaa

cbtgggtogtg

agtgacctct

goacagtacg

tggagtgaat

ctgatetoag

100

aggacogot

agoccacctt

acattcagtc

goggetctga

gaceagaacg

agadgtgtgac

taccaaaaac

cgbtgagaatt

goaggacock

tgtgagacgc

gggagggggt

Ccadagcaadc

coccatttct

cttcocccacc

caggbtogto

coggaacgoa

celcacctoo

actctgacct

cacacctegth

atagacctge

agagagaacyg

Jaagoggtag

cotgactogt

atgtgotcca

caJggandJayoy

tcgggzagtt

ctaccggoett

tgtggagtgy
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22380
gtttagtgas
2340
goeoragoos
2400
coggoctgtto
2460
gtcaaaacea
2520
sagcagtgag
2580
tttgocayggtyg
2640
gaaagiggga
2700
catgttgtgt
2760
ctootgaaga
2820
tcogtgoceog
2BE20O
gggotgotec
2540
ggaaggtgac
3000
ttttectygat

3060

chgagteact

cbocoagotLtt

cagacagggc

agotgoogge

tggtccacac

AgUdggacage

cochecagoo

taacacctge

acagagagea

agtgggcgte

aagtocttgt

agtotgrgty

gaatttckboo

EP 1 364 025 B1

agggaatgtc
gJogagooaagg
ghttgrrbty
cactgtcteo
aggtgccagg
tttctagaaa
tggagaccco
gtgtggggac
cggtgtocag
cococagogage
gotgggoacco
ccttggtgtg

ttgactggoe

acgtgaakge

ccategttec

tecatgoeott

agaacgoasd

agtgoccata

agorracaccot

atggactgat

cecatetaag

agctggocct

cttocooctoto

ctggacacgt

gagaccanacds

tttaaagaac

101

acagecocago

agccactbga

cotbtocctgea

gotocagaco

tgagatoaacyg

acatctgggg

gccoctoecactg

gtettggetyg

tccccocagoco

tgoocgotitgt

cotgobgghyg

tgaggatgtc

ataagaatte

coatgoacoes

ctgltectega

cgcacacgegc

cgtgtgtctg

aggazaccoo

acacactbtty

ctotgkgcor

aggttggcat

cacagacags

ccttgtgtot

agggacctog

ctgggaaatg

eeattgoccca
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goctoagtgo
3120
tocctaaatgy
3180
gogoocottoe
3240
cttgtgtgbg
33200
cootguectc
3360
acgogtgactg
3420
attcacoatt
3480
tctaagggac
3540
cacgtgctbe
500
aaatagcttc
1660
gttctggtigt
3740
ggoagggoca
3780

ttcagtegtg

‘36440

ctcecggttet

3900

atttagcaaa

taatctggeoc

agggoyggeay

gococcaghttt

tgtggtggtc

tggccttgaa

gtetaaaktaa

gragtoctag

tgattaaagy

caccoateat

gtatgttggg

gagccacaca

actacaggtc

agragggacag
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tgcocttactit

gdycctygggag

cago gggagc

ctagcggctt

actgttttte

gocetggagga

aatcaagcaa

aggogbgooc

aatctcagat

gtotcagcorsa

ggogggggie

gocaggasaag

ttgtottete

goactgaate

gottccoaga

adagactcac

cacgragacs

cLgcagcatt

tctottgeeca

ctattgagca

atgottttht

tetgguggett

chicaattacg

tgggectgttyg

toceccatggt

ggaggocttt

cgctacgatg

tgogogoeto

102

gicagagaat

gagaaaaqgoc

cogagagogoa

agcctacaag

afatgaggcag

tgtagactgg

acCaadagad

gamagagcaca

cttocagtgt

gtcagttcat

ggbtgacctgc

ttggcogoac

tgtocctiage

aaaacagoay

tggcaaaggt

agtggagaaa

cotgetgogak

cttbgteact

tctctgagty

caccbtgaag

cgagoctogo

ctgtgggacg

CLbgoggtatag

atggctcocctg

agtgatgcca

agccagtccc

cagbtettgg

crttococtbec
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gaggyaggge
3360

actoggaqang
4020

gtttocaagg

408D

ggggaauggty
4140
cCtbotbgteyg
4200
Cgeagtgcay
4260
tgaagatttc
4320
tgaggaagth
4380
toagoccace
4440
ctggtggtgg
4500
ttcagtoctbgo
4560
caagoccanse
4620
tgooctgotg
4680

totctgagas

arccacocctce
gctgatgtcg
aggaggcotga
gcéggtggag
ctgkbctecact
chotgoacac
adagaggtca
gradacgact
tgggocgtga
gagagcchca
ctgcggotct
tggcacacga
gococgotocat

cetgoagtiyg
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CCcagaggats

tcatcagagg

gJbaacccagt

ttgggaggtt

ctggggcagg

ctgaacgtgt

teEggaggctt

tctgocaggct.

oeboaagtgt

ggotooctog

gtggecatecc

ggagagaggy

totgagettt

tgorgocagoes

ctgcaggtgg
cchaagggca
tcaggacagc
gggactotoo
attaaétctg
tctttgtocac
Ltetgbtgoog
gagattecaag
ccactgotga
ttottogtte
tgoecctgaca
gtgggtagca
gtogragaacs

gocacgcaagg

103

cecalltboct

gctgagagtt

caagcgcatt

atottttgea

ocrototggad

ctgtttggaa

geactgaatg

graggtggta

gtgtgagtgg

ctgaccatge

ctagggcacct

atgtoecttoc

gggtctgadc

gocctibcage

goaggtgaga

ggatagaace

aggotbtgatt

ceacggatge

tggggetgoe

gtgatgtgat

ttcatttgea

Loggggbodc

ctrtgcaggo

cotgggooas

Jtgooccctag

CCoctagocaca

tggagatttt

cgetggctet
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47449
ggcticootbg
43010
gocattttcea
43670
tacktcagaa
49390
gtettgggtg
4980
cagdctaggct
5040
gaacactlac
5104
atcatgateca
5160
ggaacatcac
5220
tctocatgrg
52840
gggctggagt
5349
tgtctgeoecyg
5400
tggctaactt
5460
ccogatctca
5520

cecctgegoo

actoctocagy
gtgotegtgg
cacotgoooa
cgancaggas
cttttaggac
gggaétgtgc
agtcecagtgt
tggactasto
gotggtactt
gragagcgge
ecttagecks
gtttttgtag
ggtgabtccac

cocagoottgy
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gogtgttoad

geagtoacog

catgocatote

atgctgagct

gbtttctattc

tcatagaacc

taacagtgacc

atccocecegtaa

Lot ftgtitgt

gateatggot

caaagtagcf

agatggagtt

cegoctoggce

ggectgbtett

ccccaggctt
acageagoay
Ctogagotagt
gtggtecacc
tggttgctge
atcacctgbc
caacc?gtct
ttattbtadgady
tttotgagac
coctgaggoe
gggaccacadg
Ltgocatgtt
ctooccaaagh

tgaatgggasa

104

toctcacctge

amactootea

gtogtoctca

gbtocaagatyg

cbtogtagtyg

ctgagaataa

gtacttctgg

aagatgoaayg

aggogtettge

tcaacctact

geaccocacca

goitcaggttg

g;tgggatta'

tyagactygty

acacggttag

goocottbgt

tggcogtagy

ctygcagaaayg

Laactrttaa

aactootgaa

gaagagacca

cageagatag

tetgteacet

aggctocaage

ccaccatgot

gtctogaact

caggegkgaqg

cagacogligyg
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5580
actacootgt
5640
gggagacoag
5700
Etggrtgtket
5760
calgagecaceo
SEZQ
ggtaggcacc

5880

roLtgoboote

5940
atttfctttgg
6000
ctaggaacon
6060
ggagcattga
6120
acctggecatc
&l80
tagattttet
6240
gagggaatgt
6300
tttactaaac

6360

gbhoacocaca

cragageacg

ctgggggeca

tctgocacoog

cactaggtag

ctoacagttt

gaatatgagt

agactiooca

agggatgect

agaggtgtet

tagatttaag

goctgagageg

tcatatgtte
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grLcagtggs

aggggateay

tgtagectge

ctggtaaggt

‘gaccggagoa

caagtaaata

tggacggagy

gcttocttgag

tggagoocag

cgagbocorta

Ccaaagtgag

aggoagatga

ttgtaaacag

clbgoctbgoog

ggcetgtgtgg

ctgrattagg

gaccittgoadg

atcctggcady

cgttittgaa

cgagagcétt

gaagbtgtcag

acagbggtty

cocagggacs

Ctogcattbato

actgagogatbse

Ltctttageca

105

gooctocagad

gttttggoct

aaagogcbgt

Caggagctge

cogocacetg

ggcttgtigt

aagcocabgoeg

atttcoocyog

tecctbtabgte

cagagdgagtt

Ltgcaacgagyg

teattgakbot

tagacagtga

gotgotgaco
gabtctgocat
gccatétgat
gocotgoota
cacocgtgoa
ghgttttgtyg
ag?tgtcggc
ttgacagazag
cttcoctttg
cgggocccag
acagatatgg
ttcttttgty

aagtaccoec
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tgttotocakc
6420
tgtagaaaca
6430
ttggcaagtg
6540
goagctgttt
65600
tggcatctgcec
e6Ea0
gcagggatgt
£720
tacoggbggag
6780
adacaagtga
&840
attcatgtgt
6900
gteggagggt
6560
goatetgtto
TOz20
tggtlbcagaa
7080
cacccactgo
7140
tectgggtoo
T200

ccagyecctooe

ggatgttttc

tgattttceca

togggacage

arcotgaggt

tcattgotac

cracoocatge

gagatggtat

ggggaaaayc

agaactbcan

acctgtitgat

acaagoccoct

catcteoogot

coctocaggda
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cgtgagosac

catggtaaty-

agtgttggca
tggtactage
gtecacocto
actgtﬁacaa
tgtoacctgg
tggtgtaaca
tgaagatacyg
cEgbtrttgot
cotgataceg
cagacaggac
ggtctegggg

gagoagggga

tgctgoctazt
cactocgaagt
gtgatgcagg
tcatggeoact
gagoaacgcy
ctgtcacagyg
éagacgggca
tgtaaaaatg
cgtgggaatyg
ttaaaaagta
tggattacga
acagtgocca
ttgocacata

toegtygggtoo

106

taatgctgtt
acaccctoga
goaacaggaa
aaggacacosg
Agagecoang
coggaagdag
cacagcococttyg
caaatactt%
gtgtggbcac
aﬁgatcgcat
gaccocooct
ggggcagtga
goctgocage

ceggoggtoy

agcttggagt
tLtggcagaaa
cgraggtggy
goocagagac
catgggCCéc
gcaggtagac
ttocgttaca
atttttatca
ttotagggat
ggeagaactsa
¥
cttttotgtg

cebkgoaggeo

-tgeggetget

gtgtttcott
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ctoogggoad
7260
gobtgoetgtte
T320
teatocteayg
1380
atgocagoccto
7440
cocaggtcac
Th00
teteteottac

7521

<210> 19
<211> 7608
<212> DNA

agoagggoat

ccaggocttt

ctygcactyggg

ctgtciggac

agggggaagt

atattttatt

<213> Homo sapiens

<400> 19

gacatadogy

60

cagcagegec

120
gaggaggage
120
ccQCCQcccc
240
gogtogeotgo
300
atccteocaca

360

tgkbgtgckbeg

ggggCcogge

gcaktcgagge

cgogotgcto

cgggoacgga

cogacaccoat
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Cgtgggtoco

ctgtggggec

cgbtgcocaacc

gagaccotgo

gtggatctga

cctttgoggo

cgagacggoed

tagogcoggg

gctgctggag

cotacocage

ctggaggagy

cggtggtggg

tgggtoctgt

aczaacgagt

cocccacaga

taagggacta

gtgggooogt

Hoggocgaca

gtcgggggcg

ctgcogrceg

ttggeccagg

cgttgoogtg

107

tgtttecttc
cctggggoca
cackbtogctac
ctoggagacygc

aatgtggogt

cgcgoggatyg
gogagoogga
gettgtgeogo
agctgoctggt
totgeacgaa

aggagtatgg

tccaaggttt

agccacggyy

aagtagoacc

accccgattt

ctttcatatg

Coggoaocge

cacaqgaccdo

gggocccotodg

ggagatottc

gLiocoggoge

tgtttgcgaa
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aacttgcgga
420
aaccctogog
480
tacagagacy

540

ccagartatog

500
gggtggatgt
560
ctgttoagga
720
aaagyggeoecco
180
aaccagacgy
g4gd
agggaggaat
S0G
chgatgaagt
Se0
ctgoogoccea
1020
agccacggcoc
1080
atcacgggcy
1149

cggatcoagc

agctggagal

tgaagtcggg

tttacaccty

gogccatacgy

acctgooton

tccaceotgat

accacggeca

accaccacag

gUuagogCac

tcatctacac

gocgoecocga

tggagattgt

acooccaacatk

tgcccgacct
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cacvaggcgtg
acgttttgtg
cctgottcac
aggactgctg
ceatgacooo
gdagaggaayg
catocagatt
gatgtcogge
gﬂtggaggﬁc
cagtcagtac
cgacchcatc
gatgctcageo
cooogetgay

cgagaaccad

tettgtogag

aaaattctcc

cgatatagac

azacgtggtgg

cacgtogatg

gotgocacag

gtgaagaagy

gggaggcagy

abtctbocacg

gacaactgoc

aaqcoctagcco

ttccacggeo

cagcagacadg

cgcaacttea

108

acgtctatac

ctgattatga

mcattttbggy

tggacggcct

accctatgag

tggagtgoat

abtoagttote

aggagttitcyg

agcacatgea

tgaccibaccg

tcttcaaagg

ggcgtgccay

tggagatcga

abgagctete

gaagcgtata

gracatggoeg

attglbyggcag

gttcateatc

attcaagcct

gtacgygocac

caccaaqiogc

gacgtggety

gaagetoate

cegeatotac

tacctatggc

goagoaccaaqg

cotgaggeat

ccgoategio
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1200
ctggaggtge
1260
ggtcgtggcc
1320
Qoo Catfca
1380
gtagectgogg
1440
ggcgtgaget
1500
ggecteateg

1560
CLcgatgagg

1820

cgggtccagg

1680

cbcaagaaca
1740
cggctctggg
1800
gocttttgac
1860
tatgtagaga
1520
catgtottac

19840

gggaccgogt

gogagagggot

Jooadgagococ

agggoccaga

cCgagcagoo

ccaggaatga

cgggdoacgg

accgocttcgg

cocacottoog

ttcagtcoct

gectotgaact

cadgaacgcac

gbgtgacata

caaaaataga

gagaattgaa
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gogccagyag
ccgggagfcc
tgggacacet
tgcoccagtgt
ggactacocs
cttoaccage
gttogtctgg
gaacocagat
cacctocctga
cbtgacctgtyg
accEogtogg
gatctgeata
gagaacgags

grggtggggt

cagcaggaag

cagocaagoo

ggtgaggatg

ggycadagdc

cgaacctgca

ootgaacgca

chggagctga

gogoogboos

coggccacat

aatagaagca

ggggcecagt

tttgteagtg

ctgaatacag

tocogracog

109

gegdgeacga
ctgcococagoco
gtggcgagoc
agoogtitoegt
ggatgtbtgttt
cocecggggt
aatccttcag
cacaggcctc
ccttgoeoges
gcatgcactt
ccagocacoe
ccatgatgda
cagatgtagg

tgggotggot

gucygggigad
CagyICagacy
tggggatgoc
gctgoccotyg
ttatggcaca
cttcatccte
coetgtacage
cgatgagatg
acatceoggd
tggaéatccg
cocagoactt
agaagcotgag
ggacagoogth

ggtggtttto
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2040
Logggaanca
2100
gotcgbgtgt
2160
ggcctctyggg
2230
cagtacgoag
2280
agtgﬁatccc
2340
atctoagoett
2400
tgaatgcaca
2460
tegttocoage
2520
atgoctteoct
2580
acgcaaggct
2640
goccatatga
2700
cacacotgca
2760
gactgatgoc

2820

ggaccocktoct

gagacgcatg

agggggtcag

ageaagetoeyg

catttotcta

ceccaccigt

goccagoosa

cacttgacitg

coetgocacgeo

ccaggoocgt

gatgacgagq

tctgggoaca

tocactgoty
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gactggtgct

tgoctocacco

Jaagaggoyga

gogaagtbgat

coggottget

ggagtgggtt

tgoacckegec

tcotocgacygy

acacggogte

gtogtctgaag

_aaaccccttt

cacttbggaa

tgtgoocoat

cttochgtga
cactootttt
acagctcaag
aggatctcag
togagtttoy
tagtgacctyg
ccagococteo
cctgttccag
aasaccangc
cagtgagtgy
geagutgadd
agtgggaccc

gttgtgttaa

110

goggatagag

gggggaagac

cagogcaggt

gottguageco

acagaageat

agtcactagyg

cagetbtgga

acagggogtt

tgecggocac

tecacacagg

ggacadcrtot

tccagcctgg

caccbtgegtyg

tgatagactg

aggraacagt

gLgatgogca

gogactotyg

ttcacoteeyg

gaatgtcacc

gocaaggoca

tgttttgteoe

tgtctcocaga

tgoecaggagh

ctadaaaagc

agaccocaty

tggggaccco
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atctgaggbs
2880
tggeoocttoc
29440
ccoctotetgo
3000
gacacghbcct
3080
accaacctga
120 .
caagaacata
318{
toccagagto
3240
gactcacgag
3300
goagacoccoy
3360
cagcattageo
3420
ctEgccaaat
3480
ttgggeatgt
3540
ctttttitace
3600
ggggotigaa

3660

ttogetgagg

cocagoCcCac

cgottgboch

gctggtgagg

ggatgtcoctg

sagaattcoca

agagaattgyg

aadagccagt

afgoogoacc

ctacaaggott

gaggcagtcot

agactggeac

amgagcoccoga

gagcacachtg
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ttggeatete

agocaactoc

tgtgtctgug

gacctocggga

ggaaatbgkbit

tEgccoagec

caaaggtLes

ggagaaagey

gotggckatt

tgtcackeoo

ctgagtgacg

cttgaagatt

goctogoeict

toggacgcac

ctgaagaaca

gtgccogagt

ctgctooaay

aggtgacaght

toctogatgaa

tcagtgocatt

raaatggtaa

cocttroocagg

gtytgtggee

tgcococctotgt

gtgactgtgy

caccatigtt

aagggacgca

gtgctioctga

111

gagageacyd

gagogtocce

toccrtghact

cbgtgbgoct

tttetocktg

tggeazatge

toEggoogge

goegycageay

coagtttota

gotggtcact

cottgaageo

taaataasat

gtoctagagdg

ttaaaggaat

tgtccagage

agqgagcctt

gugcaccotyg

tggtgtagay

actggeottt

ttacttlgeot

ctgggagaza

cgggagccac-

agogyctt bty

gttttkotet

tggaggactyg

caagcaaatg

cgbtgccocttt

ctcagatcte
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aactacgoit
3720
gotgttggto
3780
ceatggtggt
38443
ggoctbttttg
3500
Lecgakbgtgt
£ L
aqogectoaas
4020
caggtggcec
4080
aagggoagch
4140
ggacagocaa
42010
actctceate
4260
aagtctaoro
4320
ttgtcacttyg
4380
tgtgocggea
4440

attcaaggca

ccagtgrtotg

agttcatgtyg

gacctbgoagt

gocgoacagoe

fcttadccag

acagoagett

atttcctgea

gagagttgga

gogcattagg

ttttgeacea

tetggagbyg

tttggaaatyg

ctgaatgttc

ggtggtattg
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ggtatag;aa
gctc;tggtt
gabgooaggu
cagtcecccttco
ttcttggeckc
coottoogagg
ggtgagaact
taaaaccgtt
cttgattgogy
cggatgcctt
ggotgootygc
atgtgattga
atttgeatga

gggtooctea

tagocbtccac

ctggtgtgta

agogooadgay

agtocgtgact

cggttotgta

ggagggcate

cggaagggcet

Eocaagorag

gaaggtggca

tetghegeotyg

agtgcageckc

agattbcaga

ggaagttgca

goocacotygg

112

ccatcatgibo

tgttggguge

coacacages

acaggtctig

gggacaggca

caccctotca

gatgtegtea

agoclbagagta

ggtggagttg

totcactetyg

tgcacacohbyg

gagdtcatitg

aacgactotet

goodtgacet

tcageratag

ggggogrotot

agfgaaaggga

tbEtttoogo

ctgaatctgc

ggggatcctg

tragaggoct

acccagttca

ggaggttagg

gugcaggato

aacgtgttot

gaggctotttc

geaggctgag

caagtgtocca
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4500
ctgctgaghkg
4560
tkogttoctg
46320
cctoacactyg
4680
ggtggccatyg
4740
cagaacogoud
4800
cgcaagggoco
4860
caggeotttcte
492ﬁ
gcagcagaaa
4580
agectogtatt
50440
gtocacogto
5100
ttgctgcctt
5160
acctgtocty
5220
cctatctgta
5280

tttagagaay

tgagtggctt

accatgooct

ggcacotgtg

LecbEoctet

tetgagetgg

cbtcagoogo

cacctgocaca

cbootcagce

gtccotcatgg

caagdgtgetg

cgtggtgtaa

agaataaaac

cttoctgggga

atgcaagcag
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tgcaggeotyg

ggogcocctte

cooctagcaa

agoecacatge

agatttttet

tggctotggc

cggttaggcc

coctbtgttac

cragtggggtc

Cagaaagcay

cttttaagaa

tcetggaate

gagaccagga

cagatagtct

gtggtgggag

agtctgoccta

gooccacctgg

cortgotggec

ctgagaacct

Ltocectgact

attrttcagtg

ttcagaacgc

ttgoggtgoga

ctaggctett

cacttacggy

atgatcaagt

acatcactogg

ccatgoggot

113

agccteaggo

coggotetogtbo

catacdgadgga

getecatbot

goagttgoge

cotcagggeg

ctcgtgagca

ctgococacat

acaggagatg

ttaggatgtte

aartgtgctca

ceagtgttaza

actcoccteate

ggtacttttt

tocctococtto

gratccoctge

gggaggggtg

gagetttgty

tgcagecogoa

tgttocacoco

gtcacggaca

goatottctyg

ctgagctgtyg

Ectattotgg

tagaaccatc

cgbtggeoccaa

cocgtaatta

togttgtttt
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3340
ttgagacagg
5400
tgadggcctoa
5460 |
accacaggoa
5520
ccatgttget
55840
ccaaaétgct
56440
ataggaatga
5704
cotgoaggoo
570
tgtgtgggtt
5820
cattaggaaa
5880
cttgeragcag
58440 |
ctyggeageeg
6000
ttttgaagge
6060
gagcetkaadg

6120

gtocttgotet
acctactagg
coccatoacca
caggtieagto
gogattacag
gactgtgcaa
ctecagggget
ttggcctgat
goegocbgtgeo
gagctgtgeoe
ccacctgeac
ttgttgtgty

coatgogago
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gtcacctggy

cbtcargotgt

ccatgettgy

tegaactooe

gqogtogagooo

accgtggact

gctgaccggy

totgcabttg

atctgatcat

ctgocctgggh

ccgtgcactt

ttttgtgatt

tgtcggoctg

chtggagtgca

chgcaocgeoct

ctaacttgtt

gatctoagyt

ctgogaoocca

accctgtbgia

agaccagoca

gttgtttctg

gagraccict

aggcacocac

gtttctccté

tetttgggaa

ggaacocadga

114

gagcggogat
tagcchkcoca
tttgtagaga
gatcoacoog
geottgggge
acccacaget
gagoacgagy
ggggccatgt
gcacc§CCtg
taggtaggac
acagtttcaa
tatgagtigyg

ctitcoccagot

catggotoce

agtagoctggyg

tggagttttyg

cotoggoete

ctogtottiga

cagtggectag

gggtcaggge

agcctgectg

gbaagdatgac

coggagcaato

gtagatcogt

acggaggcga

tcttgaggas
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gtgtcagatt
6180
gtggttgtcc
5240
agggacccag
6300
cabbatctgco
BIE0
gaggatctca
6420
Ctttagratag
£480
tgctaattéa
65540
tcaaagtaca
6600
atgcagagga
E&ED
ﬁggcactaag
6720
caacgcgaga
E7E80
tcacaggocg
6840
acgggcacac
s90a
adaaaatgoasa

6350

toceogogtig

cbgbgtockt

aggagttcgg

dafdaggacya

ttgatctthc

acagtgaagag

tgctgttage

cocCocgatto

acaguaacogoc

gacacgggcoe

goccaggeakt

Jaaggaggca

agocttgtte

atacttaatt
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acagaaggga

cectttgace

goccocrocagtag

gatatgggag

Loitatgbtt

taccoootgh

ttggaattgt

goagaaalbtg

aggtggggra

cagggactgg

gggocacgea

ggtggactac

cgttgcaaan

tttatcaatt

goattgaagy
tggeatcaga
attttcttag
ggaatgioot
actaaactca
toctcatocoa
Agaaacagga
gqeaagtgtga
getgttttgg
catoctgecate
gggatgttca
ggtggagoca
caagtdagag

catgtgtggg

115

gatgoctligyg

ggtgtobtooa

atttaagcca

gagagocagy

tatgtteoitg

gocctococoogt

tgttttccat

ttttocaagt

ggacagctgg

ctgaggtgtc

ttgctacact

cocatgetgt

atggtattgg

gasaagoctga

agoccagaca

gboeocctacco

aagltgagttg

cagatgaact

taaacagitc

gagtcactgc

ggtaatgcac

gttggeagtg

tactagctca

cacectoggyg

gtgacaactg

cacctggcag

tgtaacatgt

agatacgegh
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gggaatggty

7020
aaaagtaagg
TO80
attacgagaé
7140
gtgcccaggg
T200
cocacatagco
1260
tgggtccoeg
7320
tggtaggtgt
7384
gtoctgteoct
7440
aacgagtcac
7500
ccacagactg
7560
gggactazakt
7608
<210> 20

<211> 21
<212> DNA

tggocacttc

atcgoatggc

ccocoecctoket

gqcagtgacckt

fgccagctge

goggigggtg

(ol Wl el o o w0l

goggCcoadgoc

ttgotacaag

gagacggacc

gtggcocgtott

<213> Homo sapiens

<400> 20

<210> 21
<211> 20
<212> DNA
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taggggtgte

agaactagca

ttoootgtag

goaggoeoac

ggctgctboo

tttectbooe

aagogtttget

cacggggtca

cagcaccatg

cogatitiocco

tcatatgttt

ggagggtaga

tebegttocace

Ltoagazaca

ccactgooat

tgggtgooct

cgggdagagc

gqotgtttoca

tocctecagoeta

cagectoctg

aggtcacagy

ctcttacata

acttoaacbg
tgttgatcct
agoccchteay
cbtcogotggh
ceagggagayg
aggggatcgt
ggcctttétg
cactogggogt
tcoctggacgag
gggaagtgty

tetcattt

gtgaagaagg atgaghttcte o

21
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ttLtgotita

gatacocgtgg

acaggacaca

clocggggttg

caggggateg

gggtceccgg

tagaggcctygy

gecaaccaca

accocbgoodc

gatebgataa
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<213> Homo sapiens

<400> 21

<210> 22

<211> 25

<212> DNA

<213> Homo sapiens

<400> 22

<210> 23

<211> 25

<212> DNA

<213> Homo sapiens

<400> 23

<210> 24

<211> 20

<212> DNA

<213> Homo sapiens

<400> 24

<210> 25

<211> 21

<212> DNA

<213> Homo sapiens

<400> 25

<210> 26

dgagcttoce caactecataa atgeco

25

goatgatgte tgatgtggtc agtaa

45

agcetgagcat caczatctcec

20

tgogaagotyg cttecacegat

20

ggcogtacat goactocact g

21
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<211> 20
<212> DNA
<213> Homo sapiens

<400> 26

<210> 27

<211> 20

<212> DNA

<213> Homo sapiens

<400> 27

<210> 28

<211> 21

<212> DNA

<213> Homo sapiens

<400> 28

<210> 29

<211> 21

<212> DNA

<213> Homo sapiens

<400> 29

<210> 30

<211> 24

<212> DNA

<213> Homo sapiens

<400> 30

gagaacctge agttgtgetyg

20

atggtgctge. ttotagoaag

20

tgeccatatyg agatgacgag g

21

acactcagra gtggacactt g

21

ggcaaatgct agacooaaca caaa

24
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<210> 31

<211> 24

<212> DNA

<213> Homo sapiens

<400> 31

<210> 32

<211> 21

<212> DNA

<213> Homo sapiens

<400> 32

<210> 33

<211> 24

<212> DNA

<213> Homo sapiens

<400> 33

<210> 34

<211> 20

<212> DNA

<213> Homo sapiens

<400> 34

<210> 35

<211> 22

<212> DNA

<213> Homo sapiens

<400> 35
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ctaggcatgy gagggaacaa Jggaa

24

gactggoctyg cgtgcteate o

21

aggococtgtyg gteacteata ctge

24

agggygctaac aatggacacce

20
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<210> 36

<211> 21

<212> DNA

<213> Homo sapiens

<400> 36

<210> 37

<211> 24

<212> DNA

<213> Homo sapiens

<400> 37

<210> 38

<211> 20

<212> DNA

<213> Homo sapiens

<400> 38

<210> 39

<211> 21

<212> DNA

<213> Homo sapiens

<400> 39

<210> 40

<211> 22

<212> DNA

<213> Homo sapiens
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cogaagataa ggogggaacta o

22

coggegggay gcaggagdgag .

21l

docggoggtayg gtoagacagt tgtco

24

togcgaagety cttcaccgat

20

ggeocdtacat goactcocact g

21
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<400> 40
gtgaagtcgy gacgtttigt ga
22

<210> 41

<211> 21

<212> DNA

<213> Homo sapiens

<400> 41
ccgtggtggg gooctttgtg g
21

Claims

1. Anisolated BNO1 nucleic acid molecule mapping to human chromosome 16g24.3 and comprising the nucleotide
sequence set forth in SEQ ID Numbers: 1 or 3.

2. Anisolated BNO1 nucleic acid molecule comprising the nucleotide sequence set forth in SEQ ID Numbers: 1 or 3,
which encodes a polypeptide capable of forming part of a ubiquitin-ligase complex involved in targeting proteins by
ubiquitination for degradation by the proteasome.

3. Anisolated BNO1 nucleic acid molecule that is at least 95% identical to a DNA molecule consisting of the nucleotide
sequence set forthin SEQ ID Numbers: 1 or 3 and which encodes a polypeptide capable of forming part of a ubiquitin-
ligase complex involved in targeting proteins by ubiquitination for degradation by the proteasome.

4. Anisolated BNO1 nucleic acid molecule which encodes a polypeptide having the amino acid sequence set forth in
SEQ ID Numbers: 2 or 4.

5. Anisolated nucleic acid molecule consisting of the nucleotide sequence set forth in SEQ ID Numbers: 1 or 3.

6. An expression vector which comprises a nucleic acid molecule as defined in any one of claims 1 to 5 operably linked
to suitable control elements.

7. Anisolated cell transformed with the expression vector of claim 6.

8. Acell as claimed in claim 7 in which recombinant BNO1 expression may be switched off.

9. Acell as claimed in any one of claims 7 or 8 which is an eukaryotic cell.

10. A method of preparing a polypeptide encoded by any of the nucleic acids of claims 1 to 5, comprising the steps of:

(1) culturing a cell as defined in claim 7 or 9 under conditions effective for production of the polypeptide; and
(2) harvesting the polypeptide.

11. Anisolated BNO1 polypeptide comprising the amino acid sequence set forth in SEQ ID Numbers: 2 or 4.

12. Anisolated BNO1 polypeptide, comprising the amino acid sequence set forth in SEQ ID Numbers: 2 or 4, which is
capable of forming part of a ubiquitin-ligase complex involved in protein degradation through ubiquitination.

13. Anisolated BNO1 polypeptide capable of forming part of a ubiquitin-ligase complex involved in protein degradation
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.
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through ubiquitination that has atleast 95% identity with the amino acid sequence set forthin SEQ ID Numbers: 2 or 4.
An isolated BNO1 polypeptide consisting of the amino acid sequence set forth in SEQ ID Numbers: 2 or 4.

An antibody for detection fo BNO1 which is immunologically reactive with a polypeptide as defined in any one of
claims 11 to 14, preferably a monoclonal antibody, a humanised antibody, a chimaeric antibody or an antibody
fragment including a Fab fragment, F(ab’), fragment, Fv fragment, single chain antibodies and single domain anti-
bodies.

The use of a nucleic acid molecule as claimed in any one of claims 1 to 5 in the manufacture of a medicament for
the treatment of disorder associated with decreased expression or activity of BNO1.

The use as claimed in claim 16 wherein the nucleic acid molecule is a part of an expression vector which also
includes suitable control elements.

The use of an antagonist of BNO1 in the manufacture of a medicament for the treatment of a disorder associated
with increased expression or activity of BNO1, wherein said antagonist is an antibody as claimed in claim 15.

The use of an isolated nucleic acid molecule which is the complement of a nucleic acid molecule as defined in any
one of claims 1 to 5, the transcription product of which is a mRNA that hybridizes with the mRNA encoded by BNO1,
in the manufacture of a medicament for the treatment of a disorder associated with increased activity or expression
of BNO1.

A method for screening for a compound capable of modulating the activity of BNO1 comprising combining a peptide
as claimed in any one of claims 11 to 14 and a candidate compound, and determining the binding of said candidate
compound to said peptide.
A method of screening for drug candidates comprising the steps of:

(1) providing a cell as claimed in any one of claims 7 or 9;

(2) adding a drug candidate to said cell; and

(3) determining the effect of said drug candidate on the expression of BNO1 by said cell.

The use of a nucleic acid as claimed in any one of claims 1 to 5 in screening for drug candidates.

The in vitro use of a nucleic acid as claimed in any one of claims 1 to 5 for the diagnosis or prognosis of disorders
associated with BNO dysfunction, or a predisposition to such disorders.

The in vitro use of a polypeptide as claimed in any of claims 11 to 14 for the diagnosis or prognosis of disorders
associated with BNO1 dysfunction, or a predisposition to such disorders.

The in vitro use of an antibody as defined in claim 15 in the diagnosis or prognosis of a disorder associated with
BNO1, or a predisposition to such disorders.

Anin vitro method for the diagnosis or prognosis of a disorder associated with mutations in BNO1, or a predisposition
to such disorders in a patient, comprising the steps of:

comparing BNO1 or a nucleic acid which codes for BNO1 from a sample to be obtained from a patient with wild-
type BNO1 ora nucleic acid which codes for itin order to establish whether the person expresses a mutant BNO1.

A method as claimed in claim 26 wherein the nucleotide sequence of DNA from the patient is compared to the
sequence of DNA encoding wild-type BNO1.

An in vitro method for the diagnosis or prognosis of a disorder associated with abnormal expression or activity of
BNO1, or a predisposition to such disorders, comprising the steps of:

(1) establishing a profile for normal expression of BNO1 in unaffected subjects;
(2) measuring the level of expression of BNO1 in a person suspected of abnormal expression or activity of
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BNO1; and
(3) comparing the measured level of expression with the profile for normal expression.

29. A method as claimed in claim 28 wherein reverse transcriptase PCR is employed to measure levels of expression.

30. A method as claimed in claim 28 wherein a hybridisation assay using a probe derived from BNO1, or a fragment
thereof, is employed to measure levels of expression.

31. A method as claimed in claim 30 wherein the probe has at least 50% sequence identity to a nucleotide sequence
encoding BNO1, or a fragment thereof.

32. An in vitro method for the diagnosis or prognosis of a disorder associated with BNO1, or a predisposition to such
disorders, comprising the steps of:

(1) establishing a physical property of wild-type BNO1;

(2) measuring the property for a BNO1 expressed by a person suspected of an abnormality of BNO1; and,
(3) comparing itto the established property for wild-type BNO1 in order to establish whether the person expresses
a mutant BNO1.

33. A method as claimed in claim 32 wherein the property is the electrophoretic mobility.

34. A method as claimed in claim. 32 wherein the property is the proteolytic cleavage pattern.

35. A genetically modified non-human animal selected from the group consisting of rats, mice, hamsters, guinea pigs,
rabbits, dogs, cats, goats, sheep, pigs and non-human primates such as monkeys and chimpanzees, transformed
with an isolated nucleic acid molecule as defined in any one of claims 1 to 5.

36. A genetically modified non-human animal selected from the group consisting of rats, mice, hamsters, guinea pigs,
rabbits, dogs, cats, goats, sheep, pigs and non-human primates such as monkeys and chimpanzees, in which
homologous BNO1 gene and gene function has been knocked out.

37. The use of a genetically modified non-human animal as defined in either one of claims 35 or 36 in screening for
candidate pharmaceutical compounds.

38. A microarray for detecting od BNO1 comprising a nucleic acid encoding either isoform of BNO1 or, a fragment thereof,
or nucleic acids encoding both isoforms of BNO1, or fragments thereof.

Patentanspriiche

1. Isoliertes BNO1-Nucleinsauremolekiil, das auf dem menschlichen Chromosom 16g24.3 kartiert und die in SEQ ID
Nr.: 1 oder 3 dargestellte Nucleotidsequenz aufweist.

2. Isoliertes, die in SEQ ID Nr.: 1 oder 3 dargestellte Nucleotidsequenz aufweisendes BNO1-Nucleinsduremolekiil,
das fur ein Polypeptid codiert, das einen Teil eines Ubiquitin-Ligase-Komplexes bilden kann, der an der Adressierung
von Proteinen durch Ubiquitinierung zum Abbau durch das Proteasom beteiligt ist.

3. Isoliertes BNO1-Nucleinsauremolekiil, das zu mindestens 95% identisch mit einem DNA-Molekdil ist, das aus der
in SEQ ID Nr.: 1 oder 3 dargestellten Nucleotidsequenz besteht und fiir ein Polypeptid codiert, das einen Teil eines
Ubiquitin-Ligase-Komplexes bilden kann, der an der Adressierung von Proteinen durch Ubiquitinierung zum Abbau
durch das Proteasom beteiligt ist.

4. |Isoliertes BNO1-Nucleinsauremolekiil, das fur ein Polypeptid mit der in SEQ ID Nr.: 2 oder 4 dargestellten Amino-
sauresequenz codiert.

5. Isoliertes Nucleinsauremolekil, das aus der in SEQ ID Nr.: 1 oder 3 dargestellten Nucleotidsequenz besteht.

6. Expressionsvektor, der einin einem der Anspriiche 1 bis 5 definiertes Nucleinsduremolekl aufweist, das funktionell
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mit geeigneten Kontrollelementen verbunden ist.
Isolierte Zelle, die mit einem Expressionsvektor nach Anspruch 6 transformiert ist.
Zelle nach Anspruch 7, in der eine rekombinante BNO1-Expression abgeschaltet werden kann.
Zelle nach einem der Anspriiche 7 oder 8, die eine eukaryotische Zelle ist.

Verfahren zur Herstellung eines Polypeptids, das durch eine der Nucleinsauren nach einem der Anspriiche 1 bis 5
codiert wird, wobei das Verfahren die folgenden Schritte aufweist:

(1) Kultivieren einer Zelle gemaR der Definition in Anspruch 7 oder 9 unter Bedingungen, die fir die Produktion
des Polypeptids wirksam sind; und
(2) Ernten des Polypeptids.

Isoliertes BNO1-Polypeptid, das die in SEQ ID Nr.: 2 oder 4 dargestellte Aminosauresequenz aufweist.

Isoliertes, die in SEQ ID Nr.: 2 oder 4 dargestellte Aminosauresequenz aufweisendes BNO1-Polypeptid, das einen
Teil eines Ubiquitin-Ligase-Komplexes bilden kann, der am Proteinabbau durch Ubiquitinierung beteiligt ist.

Isoliertes BNO1-Polypeptid, das einen Teil eines am Proteinabbau durch Ubiquitinierung beteiligten Ubiquitin-Liga-
se-Komplexes bilden kann, wobei das Polypeptid zu mindestens 95% identisch mit der in SEQ ID Nr.: 2 oder 4
dargestellten Aminosauresequenz ist.

Isoliertes BNO1-Polypeptid, das aus der in SEQ ID Nr.: 2 oder 4 dargestellten Aminosauresequenz besteht.

Antikdrper zum Nachweis von BNO1, der mit einem in einem der Anspriche 11 bis 14 definierten Polypeptid im-
munologisch reaktiv ist, vorzugsweise ein monoklonaler Antikdrper, ein humanisierter Antikérper, ein chimarer An-
tikérper oder ein Antikérperfragment, das ein Fab-Fragment, F(ab’),-Fragment, Fv-Fragment einschliel3t, einkettige
Antikérper und Einzeldomanen-Antikorper.

Verwendung eines Nucleinsduremolekiils nach einem der Anspriiche 1 bis 5 bei der Herstellung eines Medikaments
zur Behandlung einer mit verminderter Expression oder Aktivitdt von BNO1 assoziierten Erkrankung.

Verwendung nach Anspruch 16, wobeidas Nucleinsauremolekdl ein Teil eines Expressionsvektors ist, der auRerdem
geeignete Kontrollelemente enthalt.

Verwendung eines Antagonisten von BNO1 bei der Herstellung eines Medikaments zur Behandlung einer Erkran-
kung, die mit erhdhter Expression oder Aktivitdt von BNO1 assoziiert ist, wobei der Antagonist ein Antikérper nach
Anspruch 15 ist.

Verwendung eines isolierten Nucleinsduremolekiils, das ein Komplement eines in einem der Anspriiche 1 bis 5
definierten Nucleinsauremolekiils ist, dessen Transkriptionsprodukt eine mRNA ist, die mit der durch BNO1 codierten
mRNA hybridisiert, bei der Herstellung eines Medikaments zur Behandlung einer mit erhéhter Aktivitat oder Expres-
sion von BNO1 assoziierten Erkrankung.

Verfahren zum Durchmustern auf eine Verbindung, welche die Aktivitdt von BNO1 modulieren kann, wobei das
Verfahren aufweist: Vereinigen eines Peptids nach einem der Anspriiche 11 bis 14 mit einer Kandidatenverbindung
und Bestimmen der Bindung der Kandidatenverbindung an das Peptid.
Durchmusterungsverfahren fir Wirkstoffkandidaten, das die folgenden Schritte aufweist:

(1) Bereitstellen einer Zelle nach einem der Anspriiche 7 oder 9;

(2) Zusatz eines Wirkstoffkandidaten zu der Zelle; und

(3) Bestimmen der Wirkung des Wirkstoffkandidaten auf die Expression von BNO1 durch die Zelle.

Verwendung einer Nucleinsdure nach einem der Anspriiche 1 bis 5 beim Durchmustern auf Wirkstoffkandidaten.
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In-vitro-Verwendung einer Nucleinsdure nach einem der Anspriiche 1 bis 5 fiir die Diagnose oder Prognose von
mit BNO1-Dysfunktion assoziierten Erkrankungen oder einer Pradisposition fiir solche Erkrankungen.

In-vitro-Verwendung eines Polypeptids nach einem der Anspriiche 11 bis 14 fir die Diagnose oder Prognose von
mit BNO1-Dysfunktion assoziierten Erkrankungen oder einer Pradisposition fiir solche Erkrankungen.

In-vitro-Verwendung eines Antikdrpers gemaR der Definition in Anspruch 15 bei der Diagnose oder Prognose von
mit BNO1 assoziierten Erkrankungen oder einer Pradisposition flr solche Erkrankungen.

In-vitro-Verfahren fir die Diagnose oder Prognose einer mit Mutationen in BNO1 assoziierten Erkrankung oder einer
Pradisposition flr solche Erkrankungen bei einem Patienten, wobei das Verfahren die folgenden Schritte aufweist:

Vergleich von BNO1 oder einer fir BNO1 codierenden Nucleinsaure aus einer von einem Patienten zu entneh-
menden Probe mit Wildtyp-BNO1 oder einer dafiir codierenden Nucleinsdure, um festzustellen, ob der Patient
ein mutiertes BNO1 exprimiert.

Verfahren nach Anspruch 26, wobei die Nucleotidsequenz der DNA von dem Patienten mit der fiir Wildtyp-BNO1
codierenden DNA-Sequenz verglichen wird.

In-vitro-Verfahren fur die Diagnose oder Prognose einer mit anomaler Expression oder Aktivitdt von BNO1 assozi-
ierten Erkrankung oder einer Pradisposition fur solche Erkrankungen, wobei das Verfahren die folgenden Schritte
aufweist:

(1) Ermitteln eines Profils fir normale Expression von BNO1 bei nicht betroffenen Probanden;

(2) Messen des Expressionsgrads von BNO1 bei einem Probanden mit Verdacht auf anomale Expression oder
Aktivitat von BNO1; und

(3) Vergleich des gemessenen Expressionsgrads mit dem Profil flir normale Expression.

Verfahren nach Anspruch 28, wobei zur Messung von Expressionsgraden Revertase-PCR angewandt wird.

Verfahren nach Anspruch 28, wobei zur Messung von Expressionsgraden ein Hybridisierungsassay mit einer von
BNO1 oder einem Fragment davon abgeleiteten Sonde angewandt wird.

Verfahren nach Anspruch 30, wobei die Sonde eine Sequenzidentitat von mindestens 50% mit einer fir BNO1 oder
ein Fragment davon codierenden Nucleotidsequenz aufweist.

In-vitro-Verfahren fur die Diagnose oder Prognose einer mit BNO1 assoziierten Erkrankung oder einer Pradisposition
fur solche Erkrankungen, wobei das Verfahren die folgenden Schritte aufweist:

(1) Ermitteln einer physikalischen Eigenschaft von Wildtyp-BNO1;

(2) Messen der Eigenschaft fur ein BNO1, das durch einen Probanden mit Verdacht auf eine Anomalitat von
BNO1 exprimiert wird; und

(3) Vergleich der Eigenschaft mit der ermittelten Eigenschaft fir Wildtyp-BNO1, um festzustellen, ob der Proband
ein mutiertes BNO1 exprimiert.

Verfahren nach Anspruch 32, wobei die Eigenschaft die elektrophoretische Beweglichkeit ist.
Verfahren nach Anspruch 32, wobei die Eigenschaft das proteolytische Spaltungsmuster ist.

Genetisch modifiziertes nichtmenschliches Tier, das aus der Gruppe ausgewahlt ist, die aus Ratten, Mausen, Ham-
stern, Meerschweinchen, Kaninchen, Hunden, Katzen, Ziegen, Schafen, Schweinen und nichtmenschlichen Prima-
ten, wie z. B. kleineren Affen oder Schimpansen besteht, wobei das Tier mit einem isolierten Nucleinsauremolekil
gemal der Definition in einem der Anspriiche 1 bis 5 transformiert ist.

Genetisch modifiziertes nichtmenschliches Tier, das aus der Gruppe ausgewahlt ist, die aus Ratten, Mausen, Ham-
stern, Meerschweinchen, Kaninchen, Hunden, Katzen, Ziegen, Schafen, Schweinen und nichtmenschlichen Prima-
ten, wie z. B. kleineren Affen oder Schimpansen besteht, in denen das homologe BNO1-Gen und die Genfunktion
inaktiviert worden sind.
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Verwendung eines genetisch maodifizierten nichtmenschlichen Tiers, wie in einem der Anspriiche 35 oder 36 definiert,
beim Durchmustern auf pharmazeutische Kandidatenverbindungen.

Mikroarray zum Nachweis von BNO1, der eine flr die eine oder andere Isoform von BNO1 oder einem Fragment
davon codierende Nucleinsdure oder Nucleinsduren aufweist, die fur beide Isoformen von BNO1 oder Fragmente
davon codieren.

Revendications

10.

1.

12

13.

14.

15.

Cartographie de la molécule d’acide nucléique BNO1 isolée au chromosome humain 16924.3 et comprenant la
séquence de nucléotides présentée dans la SEQ ID numéro: 1 ou 3.

Molécule d’acide nucléique BNO1 isolée comprenant la séquence de nucléotides présentée dans la SEQ ID numéro:
1 ou 3, qui code pour un polypeptide capable de former une partie d’'un complexe d’ubiquitine-ligase impliqué dans
le ciblage de protéines par ubiquitination pour une dégradation par le protéasome.

Molécule d’acide nucléique BNO1 isolée qui est au moins 95% identique a une molécule d’ADN constituée de la
séquence de nucléotides présentée dans la SEQ ID numéro: 1 ou 3 et qui code pour un polypeptide capable de
former une partie d’'un complexe d’ubiquitine-ligase impliqué dans le ciblage de protéines par ubiquitination pour

une dégradation par le protéasome.

Molécule d’acide nucléique BNO1 isolée qui code pour un polypeptide possédant la séquence d’acides aminés
présentée dans la SEQ ID numéro: 2 ou 4.

Molécule d’acide nucléique isolée constituée de la séquence de nucléotides présentée dans la SEQ ID numéro: 1
ou 3.

Vecteur d’expression qui comprend une molécule d’acide nucléique telle que définie dans I'une quelconque des
revendications 1 a 5 liée de maniere fonctionnelle a des éléments de contrdle appropriés.

Cellule isolée transformée avec le vecteur d’expression selon la revendication 6.
Cellule selon la revendication 7, dans laquelle I'expression de BNO1 recombinant peut étre interrompue.
Cellule selon 'une quelconque des revendications 7 et 8, qui est une cellule eucaryote.

Procédé pour la préparation d’un polypeptide codé par I'un quelconque des acides nucléiques selon les revendi-
cations 1 a 5, comprenant les étapes:

(1) de culture d’une cellule telle que définie dans la revendication 7 ou 9 dans des conditions efficaces pour la

production du polypeptide; et

(2) de récolte du polypeptide.
Polypeptide BNO1 isolé comprenant la séquence d’acides aminés présentée dans la SEQ ID numéro: 2 ou 4.
Polypeptide BNO1 isolé, comprenant la séquence d’acides aminés présentée dans la SEQ ID numéro: 2 ou 4, qui
est capable de former une partie d’'un complexe d’ubiquitine-ligase impliqué dans une dégradation de protéines par
ubiquitination.
Polypeptide BNO1 isolé capable de former une partie d'un complexe d’ubiquitine-ligase impliqué dans une dégra-
dation de protéines par ubiquitination qui posséde au moins 95% d’identité avec la séquence d’acides aminés
présentée dans la SEQ ID numéro: 2 ou 4.

Polypeptide BNO1 isolé constitué de la séquence d’acides aminés présentée dans la SEQ ID numéro: 2 ou 4.

Anticorps pour la détection de BNO1 qui est immunologiquement réactif avec un polypeptide tel que défini dans
'une quelconque des revendications 11 a 14, de préférence un anticorps monoclonal, un anticorps humanisé, un
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anticorps chimérique ou un fragment d’anticorps incluant un fragment Fab, un fragment F(ab’),, un fragment Fv,
des anticorps a une seule chaine et des anticorps a un seul domaine.

Utilisation d’'une molécule d’acide nucléique selon I'une quelconque des revendications 1 a 5 dans la fabrication
d’un médicament pour le traitement d’un trouble associé a une expression ou une activité diminuée de BNO1.

Utilisation selon la revendication 16, dans laquelle la molécule d’acide nucléique est une partie d'un vecteur d’ex-
pression qui inclut également des éléments de contrdle appropriés.

Utilisation d’'un antagoniste de BNO1 dans la fabrication d’'un médicament pour le traitement d’un trouble associé
a une expression ou une activité accrue de BNO1, dans laquelle ledit antagoniste est un anticorps selon la reven-
dication 15.

Utilisation d’'une molécule d’acide nucléique isolée qui est le complément d’'une molécule d’acide nucléique telle
que définie dans l'une quelconque des revendications 1 a 5, dont le produit de transcription est un ARNm qui
s’hybride avec 'ARNm codé par BNO1, dans la fabrication d’'un médicament pour le traitement d’un trouble associé
a une activité ou une expression accrue de BNO1.

Procédé pour le criblage d’'un composé capable de moduler I'activité de BNO1 comprenant la combinaison d’un
peptide selon 'une quelconque des revendications 11 a 14 et d'un composé candidat, et la détermination de la
liaison dudit composé candidat avec ledit peptide.

Procédé pour le criblage de médicaments candidats comprenant les étapes:

(1) de fourniture d’'une cellule selon I'une quelconque des revendications 7 et 9;
(2) d’ajout d’'un médicament candidat a ladite cellule; et
(3) de détermination de I'effet dudit médicament candidat sur I'expression de BNO1 par ladite cellule.

Utilisation d’un acide nucléique selon I'une quelconque des revendications 1 a 5 dans le criblage de médicaments
candidats.

Utilisation in vitro d’'un acide nucléique selon I'une quelconque des revendications 1 a 5 pour le diagnostic ou le
pronostic de troubles associés a un dysfonctionnement de BNO1 ou d'une prédisposition pour ces troubles.

Utilisation in vitro d’un polypeptide selon I'une quelconque des revendications 11 a 14 pour le diagnostic ou le
pronostic de troubles associés a un dysfonctionnement de BNO1 ou d'une prédisposition pour ces troubles.

Utilisation in vitro d’'un anticorps selon la revendication 15 dans le diagnostic ou le pronostic d’'un trouble associé a
BNO1 ou d’une prédisposition pour ces troubles.

Procédé in vitro pour le diagnostic ou le pronostic d’'un trouble associé a des mutations dans BNO1 ou d’une
prédisposition pour ces troubles chez un patient, comprenant les étapes:

de comparaison de BNO1 ou d’un acide nucléique qui code pour BNO1 avec un échantillon devant étre obtenu
a partir d’'un patient avec un BNO1 de type sauvage ou un acide nucléique qui code pour celui-ci dans le but
d’établir si la personne exprime un BNO1 mutant.

Procédé selon la revendication 26, dans lequel la séquence de nucléotides de I’ADN provenant du patient est
comparée a la séquence d’ADN codant pour un BNO1 de type sauvage.

Procédé in vitro pour le diagnostic ou le pronostic d’'un trouble associé a une expression ou une activité anormale
de BNO1 ou d’'une prédisposition pour ces troubles, comprenant les étapes:

(1) d’établissement d’un profil pour une expression normale de BNO1 chez des sujets non affectés;

(2) de mesure du niveau d’expression de BNO1 chez une personne suspectée d’une expression ou d’'une
activité anormale de BNO1; et

(3) de comparaison du niveau d’expression mesuré avec le profil pour une expression normale.
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Procédé selon la revendication 28, dans lequel une transcriptase inverse-PCR est employée pour mesurer les
niveaux d’expression.

Procédé selon la revendication 28, dans lequel un dosage d’hybridation utilisant une sonde dérivée de BNO1, ou
un fragment de celui-ci, est employé pour mesurer les niveaux d’expression.

Procédé selon la revendication 30, dans lequel la sonde posséde au moins 50% d’identité de séquence avec une
séquence de nucléotides codant pour BNO1 ou un fragment de celui-ci.

Procédé in vitro pour le diagnostic ou le pronostic d’'un trouble associé a BNO1 ou d’une prédisposition pour ces
troubles, comprenant les étapes:

(1) d’établissement d’'une propriété physique d’'un BNO1 de type sauvage;

(2) de mesure de la propriété pour un BNO1 exprimé par une personne suspectée d’'un BNO1 anormal; et
(3) de comparaison de celle-ci avec la propriété établie pour un BNO1 de type sauvage dans le but d’établir si
la personne exprime un BNO1 mutant.

Procédeé selon la revendication 32, dans lequel la propriété est la mobilité électrophorétique.
Procédé selon la revendication 32, dans lequel la propriété est le modéle de clivage protéolytique.

Animal non humain génétiquement modifié choisi dans le groupe constitué de rats, de souris, d’hamsters, de cobayes,
de lapins, de chiens, de chats, de chévres, de moutons, de cochons et de primates non humains tels que des singes
et des chimpanzés, transformé avec une molécule d’acide nucléique isolée telle que définie dans I'une quelconque
des revendications 1 a 5.

Animal non humain génétiquement modifié choisi dans le groupe constitué de rats, de souris, d’hamsters, de cobayes,
de lapins, de chiens, de chats, de chévres, de moutons, de cochons et de primates non humains tels que des singes
et des chimpanzés, dans lequel un géne BNO1 homologue et une fonction de géne ont été éliminés.

Utilisation d’un animal non humain génétiquement modifié tel que défini dans I'une ou I'autre des revendications 35
et 36 dans le criblage de composés pharmaceutiques candidats.

Micro-réseau pour la détection de BNO1 comprenant un acide nucléique codant pour I'une ou l'autre isoforme de

BNO1, ou un fragment de celui-ci, ou des acides nucléiques codant pour les deux isoformes de BNO1, ou des
fragments de celui-ci.
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Figure 2
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Figure 4
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