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Bestrophin and Bestrophin homologous proteins involved in the regulation

of energy homeostasis
Description

This invention relates to the use of nucleic acid and amino acid sequences
of Bestrophin and Bestrophin homologous proteins (for example, VMD2,
VMD2-like protein 1, VMD2-like protéin 2, or VMD2-like protein 3), and to
the use of these sequences and effectors thereof in the diagnosis, study,
prevention, and treatment of diseases and disorders, for example, but not
limited to, metabolic diseases such as obesity, body-weight regulation,
thermogenesis as well as related disorders such as eating disorder,
cachexia, diabetes mellitus, hypertension, coronary heart disease,
hypercholesterolemia, osteoarthritis, gallstones, cancers of the

reproductive organs, and sleep apnea.

Obesity is one of the most prevalent metabolic disorders in the world. It is
a still poorly understood human disease that becomes more and more
relevant for western society. Obesity is defined as an excess of body fat,
frequently resulting in a significant impairment of health. Besides severe
risks of illness such as diabetes, hypertension and heart disease,
individuals suffering from obesity are often isolated socially. Obesity is
influenced by genetic, metabolic, biochemical, psychological, and
behavioral factors. As such, it is a complex disorder that must be
addressed on several fronts to achieve lasting positive clinical outcome.
Obese individuals are prone to ailments including: diabetes mellitus,
hypertension, coronary heart disease, hypercholesterolemia, osteoarthritis,

gallstones, cancers of the reproductive organs, and sleep apnea.

Obesity is not to be considered as a single disorder but a heterogeneous

group of conditions with (potential) multiple causes. For example, obesity
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is also characterized by elevated fasting plasma insulin and an exaggerated
insulin response to oral glucose intake (Koltermann, J. Clin. Invest 65,
1980, 1272-1284) and a clear involvement of obesity in type 2 diabetes
mellitus can be confirmed ( Kopelman, Nature 404, 2000, 635-643).

Even if several candidate genes have been described which are supposed
to influence the homeostatic system(s) that regulate body mass/weight,
like leptin, VCPI, VCPL, or the peroxisome proliferator-activated receptor
(PPAR)-gamma co-activator, the distinct molecular mechanisms and/or
molecules influencing obesity or body weight/body mass regulations are

not known,

Therefore, the technical problem underlying the present invention was to
provide for means and methods for modulating (pathological) metabolic
conditions influencing thermogenesis, body-weight regulation and/or
energy homeostatic circuits. The solution to said technical problem is

achieved by providing the embodiments characterized in the claims.

Accordingly, the present invention relates to a nucleic acid of the
Bestrophin gene family, particularly the human Bestrophin genes (for
example, VMD2, VMD2-like protein 1, VMD2-like protein 2, or VMD2-like
protein 3) having novel functions in body-weight regulation, energy
homeostasis, metabolism, and obesity as well as related disorders such as
eating disorder, cachexia, diabetes mellitus, hypertension, coronary heart
disease, hypercholesterolemia, osteoarthritis, gallstones, cancers of the
reproductive organs, and sleep apnea. The nucleic acid, the protein coding
therefore and an antibody, aptamer or another receptor recognizing the
nucleic acid or the protein may be used for diagnostic or therapeutic

purposes or as a target for the developmen’t of novel agents.
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One gene of the human Bestrophin family (also referred to as VMD2) is
expressed in several tissues including the retinal pigment epithelium (RPE)
where it is localized at the epithelial basolateral plasma membrane
(Petrukhin et al., 1998, Nat Genet 19: 241-247; Marmorstein et al., 2000,
Proc Natl Acad SciU S A, 97(23):12758-12763). Hetérozygous mutations’
of the Bestrophin (VDM2) gene are associated with Best macular dystrophy -
(BMD). Best macular dystrophy is a dominantly inherited, early onset

disease of macular degeneration that - may develop - subretinal -

‘neovascularisation similar to the -wet type of age-related macular

degeneration. Macular degeneration is a leading cause of blindness that -
affects the aged population. Best vitelliform macular dystrophy (VDM2) is
a macular degeneration characterized by the deposition of lipofuscin-like -
material within and below the RPE and is associated with degeneration of
the RPE and overlying photoreceptors {Allikmets, 1999, Hum Genet
104(6):449-453). Bestrophin is the protein identified as being responsible
for VDM2 and possibly other forms of maculopathy with pHenotypic

characteristics similar to Best disease.

Structural computer analysis of the Bestrophin gene sequence suggest that
the encoded peptide is a transmembrane protein that defines a new family
of anion, in particular chloride channels (ion exchangers) (Marmorstein AD.
et al. 2000, supra; Gomez A. et al. 2001, DNA Seq 12(5-6):431-435; Sun
et al., 2002, PNAS 99(6), 4008-4013). Bestrophins from different species
can form oligomeric chioride (anion, nitrate, bicarbonate) channels
responsible for the calcium sensitive chloride conductance in RPE cells.
Loss of chloride conductance can also impair the co-transport of nutrients
and other essential molecules in RPE which leads to the observed
degeneration of RPE, including accumulation of lipofuscin-like material
within and below the RPE (Sun H. et al., 2002, supra).

It has recently been shown that Bestrophin interacts physically and

functionally with Protein Phosphatase 2A (PP2A) (Marmorstein, 2002, J.
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Biol. Chem. 277(34), 30591-30597). The beta catalytic subunit of PP2A
(PP2Ac) and the structural scaffold subunit of PP2A were
immunoprecipitated together with Bestrophin. Bestrophinis phosphorylated
in RPE-J cells that is sensitive to the protein phosphatase inhibitor okadaic
acid. It was shown that PPZA dephosphorylates Bestrophin in vitro
suggesting the regulation of the Bestrophin-anion channel activity through
PP2A. Therefore, Bestrophin is a member of the signal transduction”
pathway that modulates the light peak in the eye (Marmorstein et al. 2002,

supra).

Recently, Bestrophin overexpression was shown to directly influence the
chloride conductance of HEK293 cells, which led the authors conclude to
assign chloride channel activity to bestrophin and thereby to suggest VMD
as channelopathy (Sun et al., 2002, supra). Furthermore, the physical
interaction between bestrophin and a protein phosphatase, PP2A, suggests
that phosphorylation or dephosphorylation of bestrophin may act as the
on/off switch for the light peak or modulate its amplitude or timing

(Marmorstein, 2002, supra).

Although a clear function of Bestrophins in Best macular dystrophy has
been shown, no function in the regulation of energy homeostasis has been
described up to date. Surprisingly, we found that Bestrophins are involved
in the regulation of energy homeostasis. A genetic screen was used to
identify that mutation of a Bestrophin homologous gene causes obesity,
reflected by a significant increase of triglyceride content, the major energy
storage substance. In this invention we demonstrate that the correct gene
dose of Bestrophin and Bestrophin homologous proteins is essential for
maintenance of energy homeostasis. In addition, we found that the
expression of Bestrophins is high in the hypothalamus and other brain
areas suggesting roles in the regulation of the metabolism. We could
clearly see that VDM2-like protein 3 and VDM2 are ubiquitously expressed

with high expression in white and brown adipose tissue. We could also see
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that the expression of VMD2 like protein 3 is downregulated in genetically
obese mice and in mice under high fat diet, whereas expression of VMD2
is upregulated in those obese mice. Further, VMD2 expression is

upregulated in human preadipocytes.

Based on these results, it can be-concluded that polynucleotides encoding
proteins with homologies to Bestrophins (for example, VMD2, VMD2-like
protein 1, VMD2-like protein 2, or VMD2-like protein 3) present the ~
opportunity to investigate diseases and disorders as described above.
Thus, new compositions useful in diagnosis, treatment, and prognosis of

metabolic diseases and disorders and related diseases are provided. '~ -

Before the present proteins, nucleotide sequences, and methods are
described, it is understood that this invention is not limited to the particular
methodology, protocols, cell lines, vectors, and reagents described as
these may vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention which will be
limited only by the appended claims. Unless defined otherwise, all technical -
and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in-the art to which this invention
belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present
invention, the preferred methods, devices, and materials are now
described. All publications mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing the cell lines,
vectors, and methodologies which are reported in the publications which
might be used in connection with the invention. Nothing herein is to be
construed as an admission that the invention is not entitled to antedate

such disclosure.
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The present invention discloses that Bestrophin homologous proteins (for
example, VMD2, VMD2-like protein 1, VMD2-like protein 2, or VMD2-like
protein 3) encoded by nucleic acids of the Bestrophin gene family are
regulating the energy homeostasis and fat metabolism, especially the
metabolism and storage of triglycerides. The invention also relates to
vectors, host cells, receptors or effectors of the proteins or nucleic acids
such as antibodies, aptamers, peptides, antisense molecules, ribozymes,
RNAi molecules or low molecular weight inhibitors or activators and
recombinant methods for producing the polypeptides ahd polynucleotides
of the invention. The invention also relates to the use of these molecules in
the diagnosis, study, prevention, and treatment of diseases and disorders

as described above.

The term "GenBank Accession number” relates to NCBI GenBank database
entries (Benson et al, Nucleic Acids Res. 28, 2000, 15-18).).

Bestrophin homologous proteins and nucleic acid molecules coding

therefore are obtainable from insect or vertebrate species, e.g. mammals or

birds. Particularly preferred are human  Bestrophin ‘homologous' nucleic

acids, particularly nucleic acids encoding a

(i) a human Bestrophin protein on chromosome 11 (or also refered to as
human vitelliform macular dystrophy, VMD2; Genbank Accession
No. NM 004183 and No. NP_004174; Swiss Prot. Accession
Number 076090; formerly Genbank Accession No. XM_043405; see
Figure 4A and 4B}, or

(ii) a Bestrophin homologous protein on human chromosome 12
(genomic sequence Genbank Accession No. AC016153, identical to
human VMD2-like protein 3, vitelliform macular dystrophy 2-like
protein 3; Genbank Accession Number AF440758_1, see Figure 4E
and 4F),

(i)  aBestrophin homologous protein on human chromosome 1 (genomic

sequence Genbank Accession No. AL592166, identical to encoding
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a human VMD2-like protein 2, vitelliform macular dystrophy 2-like
protein 2; Genbank Accession Number AF440757 1, see Figure 4G
and 4H), or

(iv) a Bestrophin homologous protein on human chromosome 19
(assembled from cDNA Genbank Accession No. NM_017682 and-

genomic sequence AC018761, similar to human VMD2-like protein

1, vitelliform macular dystrophy 2-like protein 1 (Genbank Accession
Number AF440756_1) which has an additional 43 amino acids at

the amino terminus, see Figure 4C-and 4D or Figure 4l and 4J).

The invention particularly relates to a nucleic acid molecule encoding a

polypeptide contributing to regulating the energy homeostasis and the

metabolism of triglycerides or a portion thereof, wherein said nucleic acid

molecule comprises

(a)

(b)

(c)

(d)

(e)

a Bestrophin nucleotide sequence as shown in figure 4 or the
complementary strand thereof,

a nucleotide sequence which hybridizes under stringent
conditions to a nucleic acid molecule encoding a Bestrophin
amino acid sequence as shown in figure 4 or the
complementary strand thereof,

a nucleotide sequence corresponding to the sequences of (a)
or (b} within the degeneration of the genetic code,

a nucleotide sequence which encodes a polypeptide which is
at least 85%, preferably at least S0%, more preferably at
least 95%, more preferably at least 98% and up to 99,6%
identical to an amino acid sequence as shown in figure 4,

a nucleotide sequence which differs from the nucleic acid
molecule of (a) to (d) by mutation and wherein said mutation
causes an alteration, deletion, duplication or premature stop
in the encoded polypeptide, or

a partial nucleotide sequence of any of the sequences of (a)

to (e) having a length of at least 15 bases, preferably at least
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20 bases, more preferably at least 25 bases and most

preferably at least 50 bases.

The invention is based on the result that Bestrophin homologous proteins
{for example, -VMD2, VMD2-like- protein’ 1, VMDZ2-like protein 2, or
VMD2-like protein 3; herein also referred to as Bestrophin or Bestrophins)
and the polynucleotides encoding these, are involved in the regulation of
triglyceride storage and therefore energy homeostasis. Mostly preferred are
nucleic acids encoding VMD2 or VMD2-like protein 3 and the

corresponding proteins and effectors thereof.

The invention describes the use of these compositions for the diagnosis,
study, prevention, or treatment of diseases and disorders related thereto,
including metabolic diseases such as obesity as well as related disorders
such as eating disorder, cachexia, diabetes mellitus, hypertension,
coronary heart disease, hypercholesterolemia, osteoarthritis, gallstones,

cancers of the reproductive organs, and sleep apnea.

To find genes with novel functions in energy homeostasis, metabolism, and
obesity, a functional genetic screen was performed with the model
organism Drosophila melanogaster (Meigen). One resource for screening
was a Drosophila melanogaster stock collection of EP-lines. The P-vector of
this collection has Gal4-UAS-binding sites fused to a basal promoter that
can transcribe adjacent genomic Drosophila sequences upon binding of
Gal4 to UAS-sites. This enables the EP-line collection for overexpression of
endogenous flanking Qene sequences. In addition, without activation of the
UAS-sites, integration of the EP-element into the gene is likely to cause a
reduction of gene activity, and allows determining its function by

evaluating the loss-of-function phenotype.

Triglycerides are the most efficient storage for energy in cells. Obese

people mainly show an significant increase in the content of triglycerides.



10

15

20

25

30

WO 03/030922 PCT/EP02/11321

-9.-

In order to isolate genes with a function in energy homeostasis, several
thousand EP-lines were tested for their triglyceride content after a
prolonged feeding period. Lines with significantly changed triglyceride
content were selected as positive candidates for further analysis as, for
example, but not for limiting the scope of the invention, is described below

in the examples section.

The result of the triglyceride content analysis is shown-in FIGURE 1. We
found that homozygous HD-EP(3)32517 and -HD-EP{3)36237flies have a

- higher triglyceride content than the controls (average triglyceride levels).

Therefore, the very likely loss of a gene activity in the gene locus
85F13-85F 14 (estimated chromosomal localisation where the EP-vector of
HD-EP(3)32517 and HD-EP{3)36237 flies is integrated) is responsible for
changes in the metabolism of the energy storage triglycerides, therefore

representing in both cases an obese fly model.

The increase of triglyceride content due to the loss of a gene function
suggests gene activities in energy homeostasis in a dose dependent

manner that controls the amount of energy stored as triglycerides.

Nucleic acids encoding the Bestrophin protein of. the present invention
were identified using a plasmid-rescue technique. Genomic DNA sequences
were isolated that are localised directly 5’ or 3’ to the EP(3)32517 and
HD-EP(3)36237 integrations. Using those isolated genomic sequences
public databases like Berkeley Drosophila Genome Project (GadFly) were
screened thereby confirming the integration side of EP(3)32517 and
HD-EP(3)36237 within a 5° exon or enhancer/promoter region of the
Bestrophin homologous gene (FIGURE 2). FIGURE 2 shows the molecular
organisation of this locus. Genomic DNA sequence is represented by the
assembly as a black dotted line in the middle that includes the integration
site of EP(3)32517 and HD-EP(3)36237. Numbers represent the
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coordinates of the genomic DNA. Grey bars on the two cDNA-lines
represent the predicted genes (GadFly & Magpie), and grey symbols on the
P-Elements-line the EP-vector integration sites. Predicted exons of gene
CG6264 are shown as dark grey bars and predicted introns as light grey

bars.

Bestrophin encodes for a gene that is predicted by GadFly sequence:
analysis programs (GadFly Accession Number CG6264). No functional data
described the regulation of obesity and metabolic diseases are available in
the prior art for the genes and proteins shown in Figs. 3, 4, and 5, referred

to as Bestrophin or Bestrophin homologues in the present invention.

The present invention further relates to a polypeptide encoded by the
nucleic acid as described above. Preferably the polypeptide comprises the
amino acid sequence of Bestrophin. A comparison (Clustal X 1.8 or
ClustaW 1.82) between the Bestrophin proteins of different species
(human, mouse, and Drosophila) was conducted and is shown in FIGURES
3 and 5.

Using TMHMM protein analysis tools (A. Krogh, et al., Journal of Molecular
Biology, 305(3):567-580, 2001.), it was found, for example, that the
Bestrophin protein of the invention has at least four characteristic protein
motifs (for example, transmembrane domains). These motifs are found
throughout the whole Bestrophin famliy. InterPro analysis (Apweiler et al.,
Nucleic Acids Research 29:37-40, 2001) of the Droso‘phila gene {(CG6264)
indicated the presence of a worm-family-8 domain (Sonnhammer and
Durbin, Genomics 46:200-216, 1997) typical for all Bestrophin
homologous proteins. Based upon homology, Bestrophin proteins of the
invention and each homologous protein or peptide may share at least some

activity.
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As shown in Figure 6, VDM2-like protein 3 shows clear expression in
adipose tissues. Under high fat diet, VDM2-like protein 3 is downregulated
in adipose tissues (WAT), suggesting that the protein is regulating the
adipogenesis, possibly as inhibitor of this process. The expression of three
Bestrophins (VMD2, VMD2-like protein 1, VMD2-like protein- 3) was
observed in adipose tissues as well as in the hypothalamus and to a lesser
degree in other brain areas. Thus, Bestrophins show a clear tissue specific
expression suggesting distinct roles in the metabolism (see Examples 4 and

5 and Figures 6, 7 and 8 and Figures 9 and 10 respectively).

The invention also encompasses polynucleotides that-encode Bestrophin
and homologous proteins. Accordingly, any nucleic acid sequence, which
encodes the amino acid sequences of Bestrophin, can be used to generate
recomb'inant molecules that express Bestrophin. In a particular
embodiment, the invention encompasses polynucleotides selected from
human Bestrophin nucleic acids as described above or fragments or
variants thereof. It will be appreciated by those skilled in the art that as a
result of the degeneracy of the genetic code, a multitude of nucleotide
sequences encoding Bestrophins, some bearing minimal homology to the -
nucleotide sequences of any known and naturally occurring gene, may be
produced. Thus, the invention contemplates each and every possible
variation of nucleotide 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
nucleotide sequences of naturally occurring Bestrophins, and all such
variations are to be considered as being specifically disclosed. Although
nucleotide sequences which encode Bestrophins and their variants are
preferably capable of hybridising to the naturally occurring nucleotide
sequences of Bestrophins (for example the sequences encoding VDM2,
VDM2-like protein 1, VDM2-like protein 2, or VDM2-like protein 3) under
appropriately selected conditions of stringency, it may be advantageous to

produce nucleotide sequences or their derivatives possessing a
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substantially different codon usage. Codons may be selected to increase
the rate at which expression of the peptide occurs in a particular
prokaryotic or eukaryotic host in accordance with the frequency with
which particular codons are utilised by the host. Other reasons for
substantially altering the nucleotide sequence encoding:Bestrophins-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
sequences. The invention also encompasses production of DNA sequences;
or portions thereof and its derivatives, entirely by synthetic chemistry..
After production, the synthetic sequence may be inserted .into any of the -
many available expression vectors and cell systems using reagents that are
well known in the art at the time of the filing of this application. Moreover,
synthetic chemistry may be used to introduce mutations into a sequence

encoding Bestrophin or any portion thereof.

Also encompassed by the invention are polynucleotide sequences that are
capable of hybridizing to the claimed nucleotide sequences, under various
conditions of stringency. Hybridization conditions are based on the melting
temperature (Tm) of the nucleic acid binding complex or probe, as taught
in Wahl, G. M. and S. L. Berger (1987: Methods Enzymol. 152:399-407)
and Kimmel, A. R. (1987; Methods Enzymol. 152:507-511), and may be
used at a defined stringency. Preferably, hybridization under stringent
conditions means that after washing for 1 h with 1 x SSC and 0.1% SDS
at 50°C, preferably at 55°C, more preferably at 62°C and most preferably
at 68°C, particularly for 1 h in 0.2 x SSC and 0.1% SDS at 50°C,
preferably at 55°C, more preferably at 62°C and most preferably at 68°C,
a positive hybridization signal is observed. Altered nucleic acid sequences
encoding Bestrophin which are encompassed by the invention include
deletions, insertions, or substitutions of different nucleotides resulting in a
polynucleotide that encodes the same or a functionally equivalent

Bestrophin.
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The encoded proteins may also contain deletions, insertions, or
substitutions of amino acid residues, which produce a silent change and

result in a functionally equivalent Bestrophin (for example, VDM2,

VDM2-like protein 1, VDM2-like protein 2, or VDMZ2-like protein 3).

Deliberate amino acid substitutions may -be made on the basis of similarity- - -

in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the
amphipathic nature of the residues as'long as the biological activity of
Bestrophin is retained. For example, negatively charged amino acids may
include aspartic acid and glutamic acid; positively charged amino acids may
include lysine and arginine; and amino acids with uncharged polar head .
groups having similar hydrophilicity values may include leucine, isoleucine,-
and valine; glycine and alanine; asparagine and glutamine; serine and

threonine; phenylalanine and tyrosine.

Also included within the scope of the present invention are alleles of the
genes encoding Bestrophins (for example, VDM2, VDM2-like protein 1,
VDM2-like protein 2, or VDM2-like protein3). As used herein, an "allele" or
"allelic sequence” js an alternative form of the gene, which may result from
at least one mutation in the nucleic acid sequence. Alleles may result in
altered mRNAs or polypeptides whose structures, or function may or may
not be altered. Any given gene may have none, one, or many allelic forms.
Common mutational changes, which give rise to alleles, are generally
ascribed to natural deletions, additions, or substitutions of nucleotides.
Each of these types of changes may occur alone, or in combination with
the others, one or more times in a given sequence. These changes may be
determined by DNA sequencing methods which are well known and

generally available in the art.

The nucleic acid sequences encoding Bestrophin (for example, VDMZ,
VDM2-like protein 1, VDM2-like protein 2, or VDMZ2-like protein 3) may be
extended utilising a partial nucleotide sequence and employing various

methods known in the art to detect upstream sequences such as
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promoters and/or regulatory elements. For example, one method which
méy be employed, "restriction-site" PCR, uses universal primers to retrieve
unknown sequence adjacent to a known locus (Sarkar, G. (1993) PCR
Methods Applic. 2:318-322). Inverse PCR may also be used to amplify or
extend sequences using. divergent primers based on a known region ..
(Triglia, T. et al. (1988) Nucleic Acids Res. 16:8186). Another method
which may be used is capture PCR which involves PCR amplification of

DNA fragments adjacent to a known sequence in human and yeast artificial

. chromosome DNA (Lagerstrom,. M. .et al. (PCR Methods Applic.

1:111-119). Another method which may be used to retrieve unknown .
sequences is that of Parker,, J.-D. et al. (1991; Nucleic Acids Res.
19:3055-3060). Additionally, one may use PCR, nested primers, and
PROMOTERFINDER libraries to walk in genomic DNA (Clontech, Palp Alto,
Calif.). This process avoids the need to screen libraries and is useful in

finding intron/exon junctions.

When screening for full-length cDNAs, it is preferable to use libraries that
have been size-selected to include larger cDNAs. Also, random-primed
libraries are preferable, in that they will contain more sequences, which
contain the 5’ regions of genes. Use of a randomly primed library may be
especially preferable for situations in which an oligo d(T) library does not
yield a full-length cDNA. Genomic libraries may be useful for extension of
sequence into the 5’ and 3’ non-transcribed regulatory regions. Capillary
electrophoresis systems, which are commercially available, may be used to
analyse the size or confi;m the nucleotide sequence of sequencing or PCR

products.

In another embodiment of the invention, polynucleotide sequences or
fragments thereof which encode Bestrophin, or fusion proteins or
functional equivalents thereof, may be used in recombinant DNA molecules
to direct expression of Bestrophin in appropriate host cells. Due to the

inherent degeneracy of the genetic code, other DNA sequencés, which
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encode substantially the same, or a functionally equivalent amino acid
sequence may be produced and these sequences may be used to clone and
express Bestrophin. As will be understood by those of skill in the art, it
may be advantageous to produce Bestrophin encoding nucleotide
sequences possessing non-naturally occurring codons. - For example, -
codons preferred by a particular prokaryotic or eukaryotic host can be
selected to increase the rate of protein expression or to produce a
recombinant RNA transcript having desirable properties, such as a half-life
which is longer than that of a transcript generated from the naturally -
occurring sequence. The nucleotide sequences of the present invention can
be engineeredusing methods ‘generally known in.the art-in order to alter ..
Bestrophin encoding sequences for a variety of reasons, including but not
limited to, alterations which modify the cloning, processing, and/or
expression of the gene product. DNA shuffling by random fragmentation
and PCR reassembly of gene fragments and synthetic oligonucleotides may
be used to engineer the nucleotide sequences. For example, site-directed
mutagenesis may be used to insert new restriction sites, alter glycosylation
patterns, change codon preference, produce splice variants, or introduce

mutations, and so forth.

In another embodiment of the invention, natural, modified, or recombinant
nucleic acid sequences encoding Bestrophin (for example, VDM2,
VDM2-like protein 1, VDM2-like protein 2, or VDM2-like protein 3) may be
ligated to a heterologous sequence to encode a fusion protein. For
example, to screen peptide libraries for modulators, e.g. inhibitors of
Bestrophin activities, it may be useful to use chimeric Bestrophin proteins
that can be recognised by a commercially available antibodies. A fusion
protein may also be engineered to contain a cleavage site located between
the Bestrophin encoding sequence and the heterologous protein sequences,
so that Bestrophin may be cleaved and purified away from the
heterologous moiety. In another embodiment, sequences encoding

Bestrophin may be synthesised, in whole or in part, using chemical
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methods well known in the art (see Caruthers, M. H. et al. (1980) Nucl.
Acids Res. Symp. Ser. 7:215-223, Horn, T. et al. (1980) Nucl. Acids Res.
Symp. Ser. 7:225-232). Alternatively, the proteins themselves may be
produced using chemical methods to synthesise the amino acid sequence
of Bestrophin, or a portion thereof. For example, peptide synthesis can be
performed using various solid-phase. techniques (Roberge, J. Y. et al.
{1995) Science 269:202-204) and automated synthesis may be achieved,
for example, using the ABI 431A peptide synthesiser (Perkin Elmer). The
newly synthesised peptide may be substantially purified by, preparative high
performance liquid chromatography (e.g., Creighton, T. (1983) Proteins,
Structures. and Molecular Principles, WH Freeman and Co,, New Yark, ..
N.Y.). The composition of the synthetic peptides may Be confirmed by
amino acid analysis or sequencing (e.g., the Edman degradation procedure;
Creighton, supra). Additionally, the amino acid sequences of Bestrophin ,
or any part thereof, may be altered during direct synthesis and/or combined
using chemical methods with sequences from other proteins, or any par{

thereof, to produce a variant polypeptide..

In order to express a biologically active Bestrophin (for example, VDMZ2,
VDM2-like protein 1, VDM2-like protein 2, or VDM2-like protein 3), the
nucleotide sequences encoding Bestrophin functional equivalents, may be
inserted into appropriate expression vectors, i.e., a vector, which contains
the necessary elements for the transcription and translation of the inserted
coding sequence. Methods, which are well known to those skilled in the
art, may be used to construct expression vectors containing sequences
encoding Bestrophin and appropriate transcriptional and translational
control elements. These methods include in vitro recombinant DNA
techniques. synthetic technigues, and in vivo genetic recombination. Such
techniques are described in Sambrook, J. et al. (1989) Molecular Cloning,
A Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y., and
Ausubel, F. M. et al. (1989) Current Protocols in Molecular Biology, John
Wiley & Sons, New York, N.Y.
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A variety of expression vector/host systems may be utilised to contain and
express sequences encoding Bestrophin (for example, VDM2, VDM2-like
protein 1, VDM2-like protein 2, or VDM2-like protein 3). These include, but
are not limited to, micro-organisms such as bacteria transformed with
recombinant bacteriophage, plasmid, or cosmid DNA expression-vectors;
yeast transformed with yeast expression- vectors; insect cell systems
infected with virus expression vectors (e.g., baculovirus); plant™ cell
systems transformed with virus expression vectors (e.g., cauliflower
mosaic virus, CaMV; tobacco mosaic virus, TMV) or with bacterial
expression vectors {e.g., Ti or PBR322 plasmids); or animal cell systems.
The vectors may comprise "control elements” or "regulatory sequences”,
i.e. non-translated regions including enhancers, promoters, 5 and 3’
untranslated regions which interact with host cellular proteins to carry out
transcription and translation. Such elements may vary in their strength and
specificity. Depending on the vector system and host utilised, any number
of suitable transcription and translation elements, including constitutive and
inducible promoters, may be used. For example, when cloning in bacterial
systems, inducible promoters such as the hybrid.lacZ promoter of the
BLUESCRIPT phagemid (Stratagene, LaJolla, Calif.) or PSPORT1 plasmid
(Gibco BRL) and the like may be used. The baculovirus polyhedrin promoter
may be used in insect cells. Promoters and enhancers derived from the
genomes of plant cells (e.g., heat shock, RUBISCO; and storage protein
genes) or from plant viruses (e.g., viral promoters and leader sequences)
may be cloned into the vector. In mammalian cell systems, promoters from
mammalian genes or from mammalian viruses are preferable. If it is
necessary to generate a cell line that contains multiple copies of the
sequences encoding Bestrophin, vectors based on SV40 or EBV may be

used with an appropriate selectable marker.

In bacterial systems, a number of expression vectors may be selected
depending upon the use intended for Bestrophin. For example, when large

quantities of Bestrophin are needed for the induction of antibodies, vectors,
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which direct high level expression of fusion proteins that are readily
purified, may be used. Such vectors include, but are not limited to, the
multifunctional E. coli cloning and expression vectors such as the
BLUESCRIPT phagemid (Stratagene), pIN vectors (Van Heeke, G. and S. M.
Schuster {1989) J. Bioi.. Chem: 264:5503-56509); and the like. PGEX.
vectors (Promega, Madison, Wis.) may also be used to express foreign
polypeptides as fusion proteins with Glutathione .S-Transferase (GST)..In

general, such fusion proteins are soluble and can easily be purified from

" lysed cells by adsorption to glutathione-agarose beads-followed by elution

in the presence of free glutathione. Proteins made in such systems may be--
designed to include heparin, thrombin; or factor XA protease cleavage sites. -
so that the cloned polypeptide of interest can be released from the GST
moiety at will. In the yeast, Saccharomyces cerevisiae, a number of
vectors containing constitutive or inducible promoters such as alpha factor,
alcohol oxidase, and PGH may be used. For reviews, see Ausubel et al.,
(supra) and Grantet al. (1987) Methods Enzymol. 153:516-544,

In cases where plant expression vectors are used, the expression of
sequences encoding Bestrophin. may be driven by any of a number of.
promoters. For example, viral promoters such as the 35S and 19S
promoters of CaMV may be used alone or in combination with the omega
leader sequence from TMV (Takamatsu, N. (1987) EMBO J. 6:307-311).
Alternatively, plant promoters such as the small subunit of RUBISCO or
heat shock promoters may be used (Coruzzi, G. et al. (1984) EMBO J.
3:1671-1680; Broglie, R. et al. (1984) Science 224:838-843; and Winter,
J. et al. (1991) Results Probl. Cell Differ. 17:85-105). These constructs
can be introduced into plant cells by direct DNA transformation or
pathogen-mediated transfection. Such techniques are described in a
number of generally available reviews (see, for example, Hobbs, S. or
Murry, L. E. in McGraw Hill Yearbook of Science and Technology (1992)
McGraw Hill, New York, N.Y.; pp. 191-196).
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An insect system may also be used to express Bestrophin. For example, in
one such system, Autographa californica nuclear polyhedrosis virus
(AcNPV) is used as a vector to express foreign genes in Spodoptera
frugiperda celis or in Trichoplusia larvae (Engelhard, E. K. et al. (1994)
Proc. Nat. Acad. Sci. 91:3224-3227). -~

In mammalian host cells, a number of non-viral or viral.expression systems:
may be utilised. In cases where an adenovirus is used as an expression
vector, sequences encoding Bestrophin may be ligated into an adenovirus
transcription/translation complex consisting .of the. late. promoter and .
tripartite leader sequence. Insertion in a non-essential .E1 or. E3 region of
the viral genome may be used to obtain viable viruses which are capable of
expressing Bestrophin in infected host cells (Logan, J. and Shenk, T.
(1984) Proc. Natl. Acad. Sci. 81:3655-3659). In addition, transcription
enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used

to increase expression in mammalian host cells.

In addition, a host cell strain may be chosen for its ability to modulate the
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, carboxylation, glycosylation,
phosphorylation, lipidation, and acylation. Post-translational processing
which cleaves a "prepro” form of the protein may also be used to facilitate
correct insertion, folding and/or function. Different host cells such as CHO,
Hela, MDCK, HEK293, and WI38, which have specific cellular machinery
and characteristic mechanisms for such post-translational activities, may
be chosen to ensure the correct modification and processing of the foreign

protein.

For long-term, high-yield production of recombinant proteins, stable
expression is preferred. For example, cell lines which stably express

Bestrophin may be transformed using expression vectors which may
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contain viral origins of replication and/or endogenous expression elements
and a selectable marker gene on the same or on a separate vector.
Following the introduction of the vector, cells may be allowed to grow for

1-2 days in an enriched media before they are switched to selective media.

" The purpose of the selectable marker is to confer resistance to selection; " :

and its presence allows growth and recovery of cells, which successfully
express the introduced sequences. Resistant clones of stably transformed
cells may be proliferated using tissue culture techniques appropriate to the
cell type. Any number of selection systems may be used to recover

transformed cell lines. These include, but-are not limited to, the herpes

- simpléx virus thymidine kinase (Wigler, M. et-al. (1977) Cell 11:223-32).

and adenine phosphoribosyltransferase (Lowy, . et al. (1980) Cell
22:817-23) genes, which can be employed in tk™ or aprt cells, respectively.
Also, antimetabolite, antibiotic or herbicide resistance can be used as the
basis for selection; for example, dhfr which confers resistance to
methotrexate (Wigler, M. et al. {1980) Proc. Natl. Acad. Sci. 77:3567-70);
npt, which confers resistance to the aminoglycosides neomycin and G-418
(Colbere-Garapin, F. et al (1981) J. Mol. Biol. 150:1-14) and als or pat,
which confer resistance to chlorsulfuron - and phosphinotricin
acetyltransferase, respectively (Murry, supra). Additional selectable genes
have been described, for example, trpB, which allows cells to utilise indole
in place of tryptophan, or hisD, which allows cells to utilise histinol in place
of histidine (Hartman, S. C. and R. C. Mulligan (1988) Proc. Natl. Acad.
Sci. 85:8047-51). Recently, the use of visible markers has gained
popularity with such markers as anthocyanins, 3- glucuronidase and its
substrate GUS, and luciferase and its substrate luciferin, being widely used
not only to identify transformants, but also to quantify the amount of
transient or stable protein expression attributable to a specific vector
system (Rhodes, C. A. et al. {(1995) Methods Mol. Biol. 65:121-131).

Although the presence/absence of marker gene expression suggests that

the gene of interest is also present, its presence and expression may need
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to be confirmed. For example, if the sequences encoding Bestrophin are
inserted within a marker gene sequence, recombinant cells containing
sequences encoding Bestrophin can be identified by the absence of marker
gene function. Alternatively, a marker gene can be placed in tandem with
sequences encoding Bestrophin- under the contrel of a single promoter:
Expression of the marker gene in response to induction.or selection usually
indicates expression of the tandem gene as well. Alternatively, host cells,
which contain the nucleic acid sequences encoding Bestrophin and express
Bestrophin, may be identified by a variety of procedures known to those of
skill in the art. These procedures include, but are not.limited to, DNA-DNA,
or DNA-RNA hybridisation and protein: -bioassay or.-immunoassay
techniques which include membrane, solution, or chip based technologies

for the detection and/or quantification of nucleic acid or protein.

The presence of polynucleotide sequences encoding Bestrophin can be
detected by DNA-DNA or DNA-RNA hybridisation or amplification using
primers, probes or portions or fragments of polynucleotides encoding.
Bestrophin. Nucleic acid amplification based assays involve the use of
oligonucleotides or oligomers based on the sequences encoding Bestrophin
to detect transformants containing DNA or RNA encoding Bestrophin. As
used herein "oligonucleotides"or "oligomers" refer to a nucleic acid
sequence of at least about 10 nucleotides and as many as about 60
nucleotides, preferably about 15 to 30 nucleotides, and more preferably

about 20-25 nucleotides, which can be used as a probe or amplimer.

A variety of protocols for detecting and measuring the expression of
Bestrophin, using either polyclonal or monoclonal antibodies specific for the
protein are known in the art. Examples include enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), and fluorescence
activated cell sorting (FACS). A two-site, monoclonal-based immunoassay
utilising monoclonal antibodies reactive to two non-interfering epitopes on

Bestrophin is preferred, but a competitive binding assay may be employed.
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These and other assays are described, among other places, in Hampton, R.
et al. (1990; Serological Methods, a Laboratory Manual, APS Press, St
Paul, Minn.) and Maddox, D. E. et al. (1983; J. Exp. Med.
158:1211-1216).

A wide variety of labels and conjugation techniques are known by those
skilled in the art and may be used in various nucleic acid and amino acid
assays. Means for producing labelied hybridisation or PCR probes for
detecting sequences related to-polynucleotides encoding Bestrophininclude
oligo-labelling, nick translation, end-labelling or PCR amplification using a

labelled nucleotide.

Alternatively, the sequences encoding Bestrophin (for example, VDM2,
VDM2-like protein 1, VDM2-like protein 2, or VDM2-like protein 3), or any
portion thereof may be cloned into a vector for the production of an mRNA
probe. Such vectors are known in the art, are commercially available, and
may be used to synthesise RNA probes in vitro by addition of an
appropriate RNA polymerase such as T7/, T3, or SP6 and labelled
nucleotides. These procedures may be conducted using a variety of
commercially available kits (Pharmacia & Upjohn, (Kalamazoo, Mich.);

Promega (Madison Wis.); and U.S. Biochemical Corp., (Cleveland, Ohio).

Suitable reporter molecules or labels, which may be used, include
radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic
agents as well as substrates, co-factors, inhibitors, magnetic particles, and

the like.

Host cells transformed with nucleotide sequences encoding Bestrophin may
be cultured under conditions suitable for the expression and recovery of
the protein from cell culture. The protein produced by a recombinant cell
may be secreted or contained intracellularly depending on the sequence

and/or the vector used. As will be understood by those of skill in the art,
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expression vectors containing polynucleotides which encode Bestrophin
may be designed to contain signal sequences, which direct secretion of
Bestrophin through a prokaryotic or eukaryotic cell membrane. Other

recombinant constructs may be used to join sequences encoding

Bestrophin to nucleotide sequence encoding. a polypeptide domain, which .= ..

will facilitate purification of soluble proteins. Such purification facilitating
domains include, but are not limited to, metal chelating peptides such as
histidine-tryptophan modules that allow purification on immobilised metals,
protein A domains that allow purification. on immobilised immunoglobulin,
and the domain utilised in the FLAG extension/affinity purification system
(Immunex Corp., Seattle,  Wash.) The _inclusion . of .cleavable. linker
sequences such as those specific for Factor XA or Enterokinase
(Invitrogen, San Diego, Calif.) between the purification domain and
Bestrophin may be used to facilitate purification. One such expression
vector provides for expression of a fusion protein containing Bestrophin
and a nucleic acid encbding 6 histidine residues preceding a Thioredoxine
or an Enterokinase cleavage site. The histidine residues facilitate
purification on IMIAC (immobilised metal ion affinity chromatography as
described in Porath, J. et al. (1992, Prot. Exp. Purif. 3: 263-281)} while
the Enterokinase cleavage site provides a means for purifying Bestrophin
from the fusion protein. A discussion of vectors which contain fusion
proteins is provided in Kroll, D. J. et al. (1993; DNA Cell Biol.
12:441-453). In addition to recombinant production, fragments of
Bestrophin may be produced by direct peptide synthesis using solid-phase
techniques (Merrifield J. (1963) J. Am. Chem. Soc. 85:2149-2154).
Protein synthesis may be performed using manual techniques or by
automation. Automated synthesis may be achieved, for example, using
Applied Biosystems 431A peptide synthesiser (Perkin Elmer). Various
fragments of Bestrophin may be chemically synthesised separately and

combined using chemical methods to produce the full length molecule.
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The data disclosed in this invention show that the nucleic acids and
proteins of the invention and effectors thereof are useful in diagnostic and
therapeutic applications implicated, for example but not limited to, in

metabolic disorders such as obesity as well as related disorders such as

eating disorder, cachexia, diabetes mellitus, hypertension, coronary heart - -

disease, hypercholesterolemia, osteoarthritis, gallstones, cancers .of the
reproductive organs, and sleep apnea. Hence, diagnostic and therapeutic
uses for the Bestrophin nucleic acids and proteins are, for example but not
limited to, the following: {i) protein therapeutic, (ii) small molecule drug.

target, (iii) antibody target (therapeutic, diagnostic, drug targeting/cytotoxic

- antibody), (iv) diagnostic and/or prognostic marker, (v) gene therapy (gene..

delivery/gene ablation), (vi) research tools, and {vii) tissue regeneration in
vitro and in vivo (regeneration for all these tissues and cell types

composing these tissues and cell types derived from these tissues).

The nucleic acids and proteins of the invention are particularly useful in
diagnostic and therapeutic applications as described below. For example,
but not limited to, cDNAs encoding the Bestrophin proteins of the invention
and particulariy their human homologues may be useful in gene therapy,
and the Bestrophin proteins of the invention and particularly their human
homologues may be useful when administered to a subject in need thereof.
By way of non-limiting example, the compaositions of the present invention
will have efficacy for prevention or treatment of patients suffering from

diseases and disorders as described above.

Bestrophin nucleic acids, or fragments thereof, may further be useful in
diagnostic applications, wherein the presence or amount of the nucleic
acids or the proteins are to be assessed. Bestrophin proteins or fragments
thereof are further useful in the generation of antibodies that bind
immunospecifically to the protein of the invention for use in therapeutic or

diagnostic methods.
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For example, in one aspect, antibodies which are specific for Bestrophin
may be used directly as an antagonist, or indirectly as a targeting or
delivery mechanism for bringing a pharmaceutical agent to cells or tissue
which express Bestrophin. The antibodies may be generated using methods
that are well known in the-art. Such -antibodies may include, but are not
limited to, polyclonal, monoclonal, chimeric, single chain, Fab fragments,
and fragments produced by a Fab expression library. . Neutralising
antibodies, (i.e., those which inhibit dimer formation) are especially

preferred for therapeutic use.

_For the production of antibodies, variaus.hosts. including. goats, rabbits, .

rats, mice, humans, and others, may be immunised by injection with
Bestrophin any fragment or oligopeptide thereof which has immunogenic
propefties. Depending on the host species, various adjuvants may be used
to increase immunological response. Such adjuvants include, but are not
limited to, Freund’s, mineral gels such as aluminium hydroxide, and surface
active substances such . as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin, and dinitrophenol.
Among adjuvants used in human, BCG (Bacille Calmette-Guerin) and
Corynebacterium parvum are especially preferable. It is preferred that the
peptides, fragments, or oligopeptides used to induce antibodies to
Bestrophin have an amino acid sequence consisting of at least five amino
acids, and more preferably at least 10 amino acids. It is preferable that
they are identical to a portion of the amino acid sequence of the natural
protein, and they may contain the entire amino acid sequence of a small,
naturally occurring molecule. Short stretches of Bestrophin amino acids
may be fused with those of a heterologous protein such as keyhole limpet

hemocyanin and antibodies produced against the chimeric molecule.

Monoclonal antibodies to Bestrophin 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
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technique, the human B-cell hybridoma technique, and the EBV-hybridoma
technique (K&hler, G. et al. (1975) Nature 256:495-497; Kozbor, D. et al.
(1985) J. Immunol. Methods 81:31-42; Cote, R. J. et al. Proc. Natl. Acad.
Sci. 80:2026-2030; Cole, S. P. et al. (1984) Mol. Cell Biol. 62:109-120).

In addition, technigues developed for the production of "chimeric
antibodies", the splicing of mouse antibody genes to human antibody
genes to obtain a molecule with appropriate antigen specificity and

biological activity can be used (Morrison, S. L. et al. (1984) Proc. Natl.

Acad. Sci. 81:6851-6855; Neuberger,. M. S. et al. (1984) Nature . ..
312:604-608; Takeda, S. .et al. (1985) Nature 314:452-454). .

Alternatively, techniques described for the production of single chain
antibodies may be adapted, using methods known in the art, to produce
Bestrophin-specific single chain antibodies. Antibodies with related
specificity, but of distinct idiotypiclcomposition, may be generated by
chain shuffling from random combinatorial immunoglobulin libraries (Burton,
D. R. (1991) Proc. Natl..Acad. Sci. 88:11120-3). Antibodies may also be
produced by inducing in vivo production in the lymphocyte population or
by screening recombinant immunoglobulin libraries or panels of highly
specific binding reagents as disclosed in the literature (Orlandi, R. et al.
(1989) Proc. Natl. Acad. Sci. 86:3833-3837; Winter, G. et al. (1991)
Nature 349:293-299).

Fragments of anti-Bestrophin antibodies, which contain specific binding
sites for Bestrophin, may also be generated. For example, such fragments
include, but are not limited to, the F{ab’), fragments which can be
produced by Pepsin digestion of the antibody molecule and the Fab
fragments which can be generated by reducing the disulfide bridges of
F(ab’), fragments. Alternatively, Fab expression libraries may be
constructed to allow rapid and easy identification of monoclonal Fab
fragments with the desired specificity (Huse, W. D. et al. (1989) Science
254:1275-1281).
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Various immunoassays may be used for screening to identify antibodies
having the desired specificity. Numerous protocols for competitive binding
and 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 Bestrophins and their specific antibody.

In another embodiment of the invention, the polynucleotides encoding
Bestrophin, or any fragment thereof, or effector nucleic acids such as
aptamers, antisense molecules, ribozymes or-RNAi molecules may be used
for therapeutic purposes. in one: aspect, -aptamers, i.e. -nucleic- acid
molecules capable of binding to a target protein and modulating its-activity
may be obtained by known methods, e.g. by affinity selection of

combinatorial nucleic acid libraries.

In a further aspect, antisense molecules may be used in situations in which
it would be desirable to block the transcription of the mRNA. In particular,
cells may be transformed with sequences complementary to
polynucleotides encoding Bestrophin. Thus, antisense molecules may be
used to modulate Bestrophin activity, or to achieve regulation of gene
function. Such technology is now well know in the art, and sense or
antisense oligomers or -larger fragments, can be designed from various
locations along the coding and/or control regions of sequences encoding
Bestrophin. Expression vectors derived from retroviruses, adenovirus,
herpes or vaccinia viruses, or from various bacterial plasmids may be used
for delivery of nucleotide sequences to the targeted organ, tissue or cell
population. Methods, which are well known to those skilled in the art, can
be used to construct recombinant vectors, which will express antisense
molecules complementary to the polynucleotides of the gene encoding
Bestrophin. These techniques are described both in Sambrook et al. (supra)
and in Ausubel et al. (supra). Genes encoding Bestrophin can be turned off

by transforming a cell or tissue with expression vectors which express high
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levels of polynucleotide or fragment thereof which encodes Bestrophin.
Such constructs may be used to introduce untranslatable sense or
antisense sequences into a cell. Even in the absence of integration into the
DNA, such vectors may continue to transcribe RNA molecules until they
are disabled by endogenous nucleases. Transient expression may last fora
month or more with a non-replicating vector and even longer if appropriate

replication elements are part of the vector system.

As mentioned above, modifications of gene expression can be obtained by

designing antisense molecules, e.g. DNA, RNA, or nucleic acid analogues- -

such as PNA,' to the controt regions of the gene encoding Bestrophin, i.e., - -

the promoters, enhancers, and/or introns. Oligonucleotides derived from
the transcription initiation site, e.g., between positions -10 and + 10 from
the start site, are preferred. Similarly, inhibition can be achieved using
"triple helix" base-pairing methodology. Triple helix pairing is useful
because it cause inhibition of the ability of the double helix to open
sufficiently for the binding of polymerases, transcription factors, or
regulatory molecules. Recent therapeutic advances using triplex DNA have
been described in the literature (Gee, J. E. et al. {(1994) In; Huber, B. E.
and B. I. Carr, Molecular and Immunologic Approaches, Futura Publishing

Co., Mt. Kisco, N.Y.). The antisense molecules may also be designed to

" block translation of mRNA by preventing the transcript from binding to

ribosomes.

Ribozymes, enzymatic RNA molecules, may also be used to catalyse the
specific cleavage of RNA. The mechanism of ribozyme action involves
sequence-specific hybridisation of the ribozyme molecule to complementary
target RNA, followed by endonucleolytic cleavage. Examples, which may
be used, include engineered hammerhead motif ribozyme molecules that
can be specifically and efficiently catalyse endonucleolytic cleavage of
target sequences. Specific ribozyme cleavage sites within any potential

RNA target are initially identified by scanning the target molecule for
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ribozyme cleavage sites which include the following sequences: GUA,
GUU, and GUC. Once identified, short RNA sequences of between 15 and
20 ribonucleotides corresponding to the region of the target gene
containing the cleavage site may be evaluated for secondary structural
features which may render the oligonucleotide inoperabie. The suitability of -
candidate targets may also be evaluated by testing accessibility to
hybridisation with complementary oligonucleotides using ribonuclease

protection assays.

Effector nucleic acids such as antisense molecules and ribozymes may be-
prepared by any method known in the art for the synthesis of nucleic acid
molecules. These include techniques for chemically synthesising
oligonucleotides such as solid phase phosphoramidite chemical synthesis.
Alternatively, RNA molecules may be generated by in vitro and in vivo
transcription of DNA sequences. Such DNA sequences may be
incorporated into a variety of vectors with suitable RNA polymerase
promoters such as T7 or SP6. Alternatively, these cDNA constructs that
synthesise RNA constitutively or inducibly can be introduced into cell lines,
cells, or tissues. RNA molecules may be modified to increase intracellular
stability and hali-life. Possible modifications include, but are not limited to,
the addition of flanking sequences at the 5’ and/or 3’ ends of the molecule
or the wuse of phosphorothioate or 2’ O-methyl rather than
phosphodiesterase linkages within the backbone of the molecule. This
concept is inherent in the production of PNAs and can be extended in all of
these molecules by the inclusion of non-traditional bases such as inosine,
queosine, and wybutosine, as well as acetyl-, methyi-, thio-, and similarly
modified forms of adenine, cytidine, guanine, thymine, and uridine which

are not as easily recognised by endogenous endonucleases.

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 taken from the patient and
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clonally propagated for autologous transplant back into that same patient.
Delivery by transfection and by liposome injections may be achieved using
methods, which are well known in the art. Any of the therapeutic methods
described above may be applied to any suitable subject including, for
example, mammals such as dogs, cats, cows, horses, rabbits, monkeys; -

and most preferably, humans.

An additional embodiment of the invention relates to the administration of
a pharmaceutical composition, in conjunction with a pharmaceutically

acceptable carrier, for any of the therapeutic effects discussed. above..

Such pharmaceutical compositions may consist of Bestrophin, comprise as

an active ingredient the protein, the nucleic acid coding therefor or a
receptor recognizing the protein or the nucleic acid, e.g. antibodies to
Bestrophin, mimetics, agonists, antagonists, activators or inhibitors of
Bestrophin. The compositions may be administered alone or in combination
with at least one other agent, such as stabilising compound, which may be
administered in any sterile, biocompatible pharmaceutical carrier, including,
but not limited to, saline, buffered saline, dextrose, and water. The
compositions may be administered to a patient alone, or in combination
with other agents, drugs or hormones. The pharmaceutical compositions
utilised in this invention may be administered by any number of routes
including, but not limited to, oral, intravenous, intramuscular, intra-arterial,
intramedullary, intrathecal, intraventricular, transdermal, subcutaneous,

intraperitoneal, intranasal, enteral, topical, sublingual, or rectal means.

In addition to the active ingredients, these pharmaceutical compositions
may contain suitable pharmaceutically-acceptable carriers comprising
excipients and auxiliaries, which facilitate processing of the active
compounds into preparations which, can be used pharmaceutically. Further
details on techniques for formulation and administration may be found in
the latest edition of Remington’s Pharmaceutical Sciences (Maack

Publishing Co., Easton, Pa.).
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The pharmaceutical compositions of the present invention may be
manufactured in a manner that is known in the art, e.g., by means of
conventional mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping, or lyophilising processes. After
pharmaceutical compositions have been prepared, they can be placed in an -
appropriate container and labelled for-treatment of an indicated condition.
For administration of Bestrophin, such labelling would inciude amount,

frequency, and method of administration.

Pharmaceutical compositions suitable for use in-the invention include

compositions wherein the active ingredients are contained in an effective - -

amount to achieve the intended purpose. The determination of an effective
dose is well within the capability of those skilled in the art. For any
compounds, the therapeuticaily effective does can be estimated initially
either in cell culture assays, e.g., of preadipocyte cell lines, or in animal
models, usually mice, rabbits, dogs, or pigs. The animal model may also be
used to determine the appropriate concentration range and route of
administration. Such information can then be used to determine useful
doses and routes for administration in humans. A therapeutically effective
dose refers to that amount of active ingredient, for example Bestrophin,
fragments thereof, antibodies of Bestrophin, which is effective against a
specific condition. Therapeutic efficacy and toxicity may be determined by
standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., ED50 (the dose therapeutically effective in 50% of the
population) and LD50 (the dose lethal to 50% of the population). The dose
ratio between therapeutic and toxic effects is the therapeutic index, and it
can be expressed as the ratio, LD50/ED50. Pharmaceutical compositions,
which exhibit large therapeutic indices, are preferred. The data obtained
from cell culture assays and animal studies is used in formulating a range
of dosage for human use. The dosage contained in such compositions is
preferably within a range of circulating concentrations that include the

ED50 with little or no toxicity. The dosage varies within this range
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depending upon the dosage from employed, sensitivity of the patient, and
the route of administration. The exact dosage will be determined by the
practitioner, in light of factors related to the subject that requires

treatment. Dosage and administration are adjusted to provide sufficient

levels of the active moiety or to maintain the desired effect. Factors, which- -

may be taken into account, include the severity of the disease state,
general health of the subject, age, weight, and gender of the subject, diet,
time and frequency of administration, drug combination(s),.- reaction
sensitivities, and tolerance/response to - therapy..- . Long-acting
pharmaceutical compositions may be administered every 3 to 4 days,.every . .
week, or once every two weeks depending-on half-life and clearance rate .
of the particular formulation. Normal dosage amounts may vary from 0.1 to
100,000 micrograms, up to a total dose of about 1 g, depending upon the
route of administration. Guidance as to particular dosages and methods of
delivery is provided in the literature and generally available to practitioners
in the art. Those skilled in the art employ different formulations for
nucleotides than for proteins or their inhibitors. Similarly, delivery of
polynucieotides or polypeptides will be specific to particular cells,

conditions, locations, etc.

In another embodiment, antibodies may be used for the diagnosis of
conditions or diseases characterised by or associated with. over- or
underexpression of Bestrophin, or in assays to monitor patients being
treated with Bestrophin, agonists, antagonists or inhibitors. The antibodies
useful for diagnostic purposes may be prepared in the same manner as
those described above for therapeutics. Diagnostic assays for Bestrophin
include methods, which utilise the antibody and a label to detect
Bestrophin in human body fluids or extracts of cells or tissues. The
antibodies may be used with or without modification, and may be labelled
by joining them, either covalently or non-covalently, with a reporter
molecule. A wide variety of reporter molecules which are known in the art

may be used several of which are described above.
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A variety of protocols including ELISA, RIA, and FACS for measuring
Bestrophin are known in the art and provide a basis for diagnosing altered
or abnormal levels of Bestrophin expression. Normal or standard values for
Bestrophin expression may be established by combining body fluids or cell
extracts taken from normal mammalian -subjects, -preferably human'
subjects, with antibodies to Bestrophin under conditions suitable for
complex formation. The amount of standard complex formation may be
quantified by various methods, but preferably by photometry, means.
Quantities of Bestrophin expressed in control and disease samples e.g. -

from biopsied tissues may be- compared with the standard -values.

" Deviation between standard and subject values establishes the parameters~ - - .

for diagnosing disease.

In another embodiment of the invention, the polynucleotides specific for
Bestrophin may be used for diagnostic purposes. The polynucleotides,
which may be used, include oligonucleotide sequences, antisense RNA and .
DNA molecules, and nucleic acid analogues such as PNAs. The
polynucleotides may be used to detect and quantitate gene expression in
samples, e.g. in biopsied tissues in which expression is correlated with
disease. The diagnostic assay may be used to distinguish between
absence, presence, and excess protein expression, and/or to monitor

regulation of Bestrophin levels during therapeutic intervention.

In one aspect, hybridisation with probes and/or primers which are capable
of detecting polynucleotide sequences, including genomic sequences,
encoding Bestrophin closely related molecules, may be used to identify
nucleic acid sequences which encode Bestrophin. The specificity of the
probe, whether it is made from a highly specific region, e.g., unique
nucleotides in the 5’ regulatory region, or a less specific region, e.g.,
especially in the 3’ coding region, and the stringency of the hybridisation
or amplification (maximal, high, intermediate, or low) will determine

whether the probe identifies only naturally occurring sequences encoding
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Bestrophin or alleles, or related sequences. Probes may also be used for
the detection of related sequences, and should preferably contain at least
50% of the nucleotides from any of the Bestrophin encoding sequences.
The hybridisation probes of the subject invention may be DNA, RNA or
nucleic acid analogues which: are preferably derived from the nucleotide
sequence of human Bestrophin cDNAs-or RNAs, or from a genomic
sequence including promoter, enhancer elements, and/or introns of the:
naturally occurring sequence. Means for producing specific hybridisation
probes for DNAs encoding Bestrophin include the cloning of nucleic acid

sequences encoding Bestrophin derivatives into vectors for the production

of mMRNA probes. Such vectors are ‘known in the art,. commercially .- . .

available, and may be used to synthesise RNA probes in vitro by means of
the addition of the appropriate RNA polymerases and the appropriate
labelled nucleotides. Hybridisation probes may be labelled by a variety of
reporter groups, for example, radionuclides such as 32P or 35S, or
enzymatic labels, such as alkaline phosphatase coupled to the probe via

avidin/biotin coupling systems, and the like..

Polynucleotide sequences specific for Bestrophin (for example, VDM2,
VDM2-like protein 1, VDM2-like protein 2, or VDM2-like protein 3) may be
used for the diagnosis of conditions or diseases, which are associated with
expression of Bestrophin. Examples of such conditions or diseases inciude,
but are not limited to, metabolic diseases and disorders, such as obesity
and diabetes. Polynucleotide sequences may also be used to monitor the
progress of patients receiving treatment for metabolic diseases and
disorders, including obesity and diabetes. The polynucleotide sequences
encoding Bestrophin may be used in Southern or Northern analysis, dot °
blot, or other membrane-based technologies; in PCR technologies; or in dip
stick, pin, ELISA or chip assays utilising fluids or tissues from patient
biopsies to detect altered Bestrophin expression. Such qualitative or

quantitative methods are well known in the art.
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In a particular aspect, the nucleotide sequences may be useful in assays
that detect activation or induction of various metabolic diseases such as
obesity as well as related disorders such as eating disorder, cachexia,
diabetes mellitus, hypertension, coronary heart disease,
hypercholesterolemia, © osteoarthritis, - galistones, - ‘cancers - of ‘the.«
reproductive organs, and sleep apnea. The nucleotide sequences may. be
labelled by standard methods, and added to a fluid or tissue sample from a-
patient under conditions suitable for the formation of hybridisation . .
complexes. After a suitable incubation period,. the sample is washed-and

the- signal is quantitated and compared with a standard- value. The .-

presence of signal values corresponding. to..altered.levels .of-nucleotide .- .

Bestrophin sequences in the sample indicates the presence of the
associated disease. Such assays may also be used to evaluate the efficacy
of a particular therapeutic treatment regimen in animal studies, in clinical

trials, or in monitoring the treatment of an individual patient.

In order to provide a basis for the diagnosis of disease associated with
expression of Bestrophin, 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 subjects with
a sequence, suitable as a probe or a primer, under conditions suitable for
hybridisation or amplification. Standard hybridisation may be quaﬁtified by
comparing the values obtained from normal subjects with those from an
experiment where a known amount of a substantially purified
polynucleotide is used. Standard values obtained from normal samples may
be compared with values obtained from samples from patients who are
symptomatic for disease. Deviation between standard and subject values
is used to establish the presence of disease. Once disease is established
and a treatment protocol is initiated, hybridisation assays may be repeated
on a regular basis to evaluate whether the level of expression in the patient

begins to approximate that, which is observed in the normal patient. The
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results obtained from successive assays may be used to show the efficacy

of treatment over a period ranging from several days to months.

With respect to metabolic diseases such as obesity as well as related
disorders such as eating disorder, . cachexia, diabetes mellitus,
hypertension, coronary heart disease, hypercholesterolemia, osteoarthritis,
gallstones, cancers of the reproductive organs,. and sleep apnea the
presence of a relatively high amount of transcript in biopsied tissue from an
individual may indicate a predisposition for the development of the disease,
or may provide a means for detecting the disease prior to the appearance
of actual clinical symptoms. A more definitive diagnosis of this type may .
allow health professionals to employ preventative measures or aggressive
treatment earlier thereby preventing the development or further progression
of the pancreatic diseases and disorders. Additional diagnostic uses for
oligonucleotides may involve the use of PCR. Such oligomers may be
chemically synthesised, generated enzymatically, or produced from a
recombinant source. Oligomers will preferably consist of two nucleotide
sequences, one with sense orientation (5'.fwdarw.3’) and another with
antisense (3’.rarw.5’), employed under optimised conditions for
identification of a specific gene or condition. The same two oligomers,
nested sets of oligomers, or even a degenerate pool of oligomers may be
employed under less stringent conditions for detection and/or quantification

of closely related DNA or RNA sequences.

Methods which may also be used to quantitate the expression of
Bestrophin include radiolabelling or biotinylating nucleotides,
coamplification of a control nucleic acid, and standard curves onto which
the experimental results are interpolated (Melby, P. C. et al. (1993) J.
Immunol. Methods, 159:235-244; Duplaa, C. et al. {1993) Anal. Biochem.
212:229-236). The speed of quantification of multiple samples may be

accelerated by running the assay in an ELISA format where the oligomer of
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interest is presented in various dilutions and a spectrophotometric or

colorimetric response gives rapid quantification.

In another embodiment of the invention, the nucleic acid sequences
specific for Bestrophin may also be used to generate hybridisation probes,
which are useful for mapping the naturally occurring genomic sequence.
The sequences may be mapped to a particular chromosome or to a specific
region of the chromosome using well known techniques. Such techniques
include FISH, FACS, or artificial chromosome constructions, such as yeast

artificial chromosomes, bacterial artificial chromosomes, bacterial P1

" constructions or single chromosome cDNA libraries as reviewed in'Price, C.

M. (1993) Blood Rev. 7:127-134, and Trask, B. J. (1991) Trends Genet.
7:149-154. FISH (as described in Verma et al. (1988) Human
Chromosomes: A Manual of Basic Techniques, Pergamon Press, New York,
N.Y.) may be correlated with other physical chromosome mapping
techniques and genetic map data. Examples of genetic map data can be
found in the 1994 Genome Issue of Science (265:1981f). Correlation
between the location of the gene encoding Bestrophin on a physical
chromosomal map and a specific disease, or predisposition to a specific
disease, may help to delimit the region of DNA associated with that genetic

disease.

The nucleotide sequences of the subject invention may be used to detect
differences in gene sequences between normal, carrier or affected
individuals. In situ hybridization of chromosomai preparations and physical
mapping techniques such as linkage analysis using established
chromosomal markers may be used for extending genetic maps. Often the
placement of a gene on the chromosome of another mammalian species,
such as mouse, may reveal associated markers even if the number or arm
of a particular human chromosome is not known. New sequences can be
assigned to chromosomal arms or parts thereof, by physical mapping. This

provides valuable information to investigators searching for disease genes
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using positional cloning or other gene discovery techniques. Once the
disease or syndrome has been crudely localized by genetic linkage to a
particular genomic region, for example, AT to 11q22-23 (Gatti, R. A. et al.
(1988) Nature 336:577-580), any sequences mapping to that area may

represent associated or regulatory genes for further ‘invéstigation. The

nucleotide sequences of the subject invention may also be used to detect
differences in the chromosomal location due to translocation, ‘inversion,

etc. among normal, carrier or affected individuals.

in another embodiment of the invention, the proteins of the invention, its
catalytic or imrnunogenic fragments or oligopeptides thereof, &@n'in vitro *
model, a genetically altered cell or animal, can be used for screening -
libraries of'compounds in any of a variety of drug screening techniques.
One can identify effectors, e.g. receptors, enzymes, ligands or substrates
that bind to, modulate or mimic the action of one or more of the proteins
of the invention. The protein or fragment thereof employed in such
screening may be free in solution, affixed to a solid support, borne on a cell
surface, or located intracellularly. The formation of binding complexes,
between the proteins of the invention and the agent tested, may be
measured. Agents could also, either directly or indirectly, influence the
activity of the proteins of the invention. Target mechanisms could for
example include the chloride channel or other conductance activities of
bestrophin as well as the regulation of bestrophin activity by
phosphorylation and dephosphorylation or other posttranslational
modifications. Moreover, agents could interfere with the dimerization or
oligomerization of bestrophins or, in a heterologous manner, of bestrophins
with other proteins, e.g. ion channels. Of particular interest are screening
assays for agents that have a low toxicity for mammalian cells. The term
"agent" as used herein describes any molecule, e.g. protein or
pharmaceutical, with the capability of altering or mimicking the
physiological function of one or more of the proteins of the invention.

Candidate agents encompass numerous chemical classes, though typically
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they are organic molecules, preferably small organic compounds having a
molecular weight of more than 50 and less than ébout 2,500 Daltons.
Candidate agents comprise functional groups necessary for structural
interaction with proteins, particularly hydrogen bonding, and typically
include at ieast an amine, carbonyl, hydroxyl or-carboxyl group, preferably
at least two of the functional chemiecal groups. The candidate agents often
comprise carbocyclic or heterocyclic -structures and/or aromatic or
polyaromatic structures substituted with one or more of the above:

functional groups.

. Candidate agents are also foeund.among:biomolecules including peptides, - . -

saccharides, fatty acids, stereids, purines, pyrimidines, nucleic acids and
derivatives, structural analogs or combinations thereof. Candidate agents
are obtained from a wide variety of sources including libraries of synthetic
or natural compounds. For example, numerous means are available for
random and directed synthesis of a wide variety of organic compounds and
biomolecules, including expression of randomized oligonucleotides and
oligopeptides. Alternatively, libraries of natural compounds in the form of
bacterial, fungal, plant and animal extracts are available or readily
produced. Additionally, natural or synthetically produced libraries and
compounds are readily modified through conventional chemical, physical
and biochemical means, and may be used to produce combinatorial
libraries. Known pharmacological agents may be subjected to directed or
random chemical modifications, such as acylation, alkylation, esterification,
amidification, etc. to produce structural analogs. Where the screening
assay is a binding assay, one or more of the molecules may be joined to a

label, where the label can directly or indirectly provide a detectable signal.

Another technique for drug screening, which may be used, provides for
high throughput screening of compounds having suitable binding affinity to
the protein of interest as described in published PCT application
WQ084/03564. In this method, as applied to the proteins of the invention
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large numbers of different small test compounds, e.g. aptamers, peptides,
low-molecular weight compounds etc., are provided or synthesized on a
solid substrate, such as plastic pins or some other surface. The test
compounds are reacted with the proteins or fragments thereof, and
washed. Bound proteins are then detected by methods well known in the. -
art. Purified proteins can alsc be coated directly onto plates for use in the
aforementioned drug screening techniques. Alternatively, non-neutralizing
antibodies can be used to capture the peptide and immobilize it on a solid
support. in another embodiment, one may use competitive drug screening
assays in which neutralizing- antibodies capable of binding-the protein
specifically comipete with a test compound for binding the protein. In this
fnanner, the antibodies can be used to detect the presence of any peptide,

which shares one or more antigenic determinants with the protein.

The nucleic acids encoding the proteins of the invention can be used to
generate transgenic cell lines and animals. These transgenic animals are
useful in the study of the function and regulation of the proteins of the
invention in vivo. Transgenic animals, particularly mammalian transgenic
animals, can serve as a model system for the investigation of many
developmental and cellular processes common to humans. Transgenic
animals may be made through homologous recombination in embryonic
stem cells, where the normal locus of the gene encoding the protein of the
invention is mutated. Alternatively, a nucleic acid construct encoding the
protein is injected into oocytes and is randomly integrated into the genome.
One may also express the genes of the invention or variants thereof in
tissues where they are not normally expressed or at abnormal times of
development. Furthermore, variants of the genes of the invention like
specific constructs expressing anti-sense molecules or expression of
dominant negative mutations, which will block or alter the expression of
the proteins of the invention may be randomly integrated into the genome.
A detectable marker, such as lac Z or luciferase may be introduced into the

locus of the genes of the invention, where upregulation of expression of
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the genes of the invention will result in an easily detectable change in
phenotype. Vectors for stable integration include plasmids, retroviruses and
other animal viruses, yeast artificial chromosomes (YACs), and the like.
DNA constructs for homologous recombination will contain at least
portions of the genes of the invention with the -desired genetic
modification, and will include regions of homology to the target locus.
Conveniently, markers for positive and negative selection are included.
DNA constructs for random integration do not need to contain regions of -
homology to mediate recornbination. DNA- constructs - for random

integration will consist of the nucleic acids encoding the:proteins of the .

invention, a regulatory element (promoter), anintron and-a poly-adenylation - :

signal. Methods for generating cells having targeted gene modifications
through homologous recombination are known in the field. For embryonic
stem (ES) cells, an ES cell line may be employed, or embryonic cells may
be obtained freshly from a host, e.g. mouse, rat, guinea pig, etc. Such
cells are grown on an appropriate fibroblast-feeder layer and are grown in
the presence of leukemia inhibiting factor (LIF). ES or embryonic cells may
be transfected and can then be used to produce transgenic animals. After
transfection, the ES cells are plated onto a feeder layer in an appropriate
medium. Cells containing the construct may be selected by empioying a
selection medium. After sufficient time for colonies to grow, they are
picked and analyzed for the occurrence of homologous recombination.
Colonies that are positive may then be used for embryo manipulation and
morula aggregation. Briefly, morulae are obtained from 4 to 6 week old
superovulated females, the Zona Pellucida is removed and the morulae are
put into small depressions of a tissue culture dish. The ES cells are
trypsinized, and the modified cells are placed into the depression closely to
the morulae. On the following day the aggregates are transfered into the
uterine horns of pseudopregnant females. Females are then allowed to go
to term. Chimeric offsprings can be readily detected by a change in coat
color and are subsequently screened for the transmission of the mutation

into the next generation (F1-generation). Offspring of the F1-generation are
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screened for the presence of the modified gene and males and females
having the modification are mated to produce homozygous progeny. If the
gene alterations cause lethality at some point in development, tissues or

organs can be maintained as allogenic or congenic grafts or transplants, or

in vitro culture.-The transgenic animals may be any non-human.mammal;, .~ . -.

such as laboratory animal, domestic animals, etc., for example, mouse, rat,
guinea pig, sheep, cow, pig, and others.The transgenic animals may be
used in functional studies, drug screening, and other applications and are
useful in the study of the function and regulation of the proteins of the.

invention in vivo.

Finally, the invention also relates to a kit comprising at least one of .

(a) a Bestrophin nucleic acid molecule or a fragment thereof;

(b)  a vector comprising the nucleic acid of (a);

(c) a host cell comprising the nucleic acid of (a) or the vector of (b);

(d) a polypeptide encoded by the nucleic acid of (a);

(e) a fusion polypeptide encoded by the nucleic acid of (a);

() an antibody, an aptamer or another receptor against the nucleic acid
of (a) or the polypeptide of (d) or (e} and

(g) an anti-sense oligonucleotide of the nucleic acid of (a).
The kit may be used for diagnostic or therapeutic purposes or for screening
applications as described above. The kit may further contain user

instructions.

The Figures show:

Figure 1 shows the increase of triglyceride content of EP(3)32517 and
HD-EP(3)36237 flies caused by homozygous viable integration of the

P-vector (in comparison to controls).
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Figure 2 shows the molecular organisation of the mutated Bestrophin
(Best1, CG6264) gene locus.

Figure 3 shows the comparison (CLUSTAL X 1.8) of human Bestrophin
proteins with the homologue Drosophila Bestrophin protein. Gaps in-the
alignment are represented as -.-In the Figure, - chr 12" refers to human
VDM2-like protein 3, chr1GENSCAN predicted_peptide’ refers to human
VDM2-like protein 2, hsXP_043405' refers to human VDM2 protein, hs
NP_060152_rnod’ refers to a protein similar to human VDM2-like protein 1,

and dmbest’ refers to Drosophila melanogaster bestrophin.. -

Figure 4 shows the nucleotide sequence of four human Bestrophin
homologues (SEQ ID NO. 1-8).

Figure 5 shows the comparison {(CLUSTAL W 1.82 multiple sequence
alignment ) of human, mouse, and Drosophila Bestrophin proteins. Gaps in
the alignment are represented as -.

Bestrph_Hs refers to |SWISS-PROT Accession Number 076090 or
GenBank Accession Number NP_004174;

Bestrph_Mm refers to Mouse EnsEMBL Genscan predicted peptide
19.9000001-10000000.20.329852.331536;

VMDY2 3 Hs GenBank Accession Number  AF440758 1, human
vitelliform macular dystrophy 2-like protein 3;

VMDY2_3_Mm refers to ENSEMBL Accession Number
ENSMUSP0O0000020378;

VMDY2_1_Hs refers to GenBank Accession Number AF440756_1, human
vitelliform macular dystrophy 2-like protein 1 ;

VMDY2_ 1 Mm refers to GenBank Accession Number NP_663363 or
ENSEMBL GenBank Accession Number ENSMUSP0O00000052786;
VMDY2_ 2 Hs refers to GenBank Accession Number AF440757_1, human

vitelliform macular dystrophy 2-like protein 2 [Homo sapiens];
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VMDY2_2 Mm refers to ENSEMBL Accession Number
ENSMUSP0O0000049289; and Bestrph_Dm’ refers to GenBank Accession
Number NP_652603.1.

FIGURE 6 shows the analysis of vitelliform macuiar dystrophy 2-iike protein
3 expression in mammalian tissues.

FIG. 6A. Real time PCR of VDM2-like protein 3 mRNA expression in mouse
wildtype tissues. - RS

FIG. 6B. VDM2-like protein 3 mRNA expression in mice expressing leptin--

{(wt mice) compared to -genetically: obese (ob/ob).. mice -witheut leptin « -

expression and to fasted mice (fasted-mice). -

FIG. 6C. Real-time PCR mediated analysis of vitelliform macular dystrophy
2 (VDM2)-like protein 3 mRBNA in genetically obese {db/db) mice without
leptin receptor expression compared to wild-type (wt) mice .

FIG. 6D. Expression of VDM2-like protein 3 mRNA in high fat (palmitat)
diet-mice compared to mice fed a normal diet.

FIG. 6E. Expression of VDM-like protein 3 mRNA in mammalian fibroblast
(3T3-L1) cells, during the differentiation from pre-adipocytes to mature

adipocytes.

FIGURE 7A shows the expression of mouse vitelliform macular dystrophy
protein (VDM2) mRNA in different mouse tissues.

FIGURE 7B shows the expression vitelliform macular dystrophy (VDM2)
protein mRNA in different mouse models, (wildtype mice, wt; genetically
obese mice, ob/ob fasted mice).

Figure 7C shows the expression of VDM2 in mice under a high fat
(palmitat) diet compared to mice fed a normal diet.

FIGURE 8 shows the expression profiling of mouse vitelliform macular
dystrophy 2-like protein 1 mRNA.

FIGURE 9 shows the expression of VMD2 mRNA in different human

tissues.
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FIGURE 10 shows the expression of VMD2-like protein 3 mRNA in different

human tissues.

The examples illustrate the invention:

Example 1: Measurement of triglyceride content of mutated flies

The average increase of triglyceride content - of homozygous
HD-EP(3)32517 and HD-EP(3)36237 flies was investigated in comparison
to control flies (FIGURE 1). For -determination of triglyceride, flies were

incubated for 5 min at 90°C in.an aqueous-buffer- using a waterbath,

followed by hot extractiori.’After another 5-min incubation at 90¢9C and .-

mild centrifugation, the triglyceride content of the flies extract was
determined using Sigma Triglyceride (INT 336-10 or -20) assay by
measuring changes in the optical density according to the manufacturer’s
protocol. As areference protein content of the same extract was measured
using BIO-RAD DC Protein Assay according to the manufacturer’s protocol.

The assay was repeated several times.

The average triglyceride level of EP collection is shown as 100% in FIGURE
1. HD-EP(3)32517 homozygous flies show constantly a higher triglyceride
content than the controls (260 %). In addition HD-EP(3)36237
homozygous flies also show constantly a higher triglyceride content than
the controls (160 %). Therefore, the loss of gene activity in the locus
85F13-85F14 (estimated), where the EP-vector of HD-EP(3)32517 and
HD-EP(3)36237 flies is homozygous viably integrated, is responsible for
changes in the metabolism of the energy storage triglycerides, therefore

representing in both cases an obese fly model.

Example 2: ldentification of the Bestrophin gene

In Figure 2, genomic DNA sequence is represented by the assembly as a
dotted black line (from position 5985465 to 5997965 on chromosome 3R)
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that includes the integration sites of HD-EP(3)32517 and HD-EP(3)36237.
Transcribed DNA sequences (ESTs) and predicted exons are shown as bars
in the lower two lines. Predicted exons of gene CG6264 encoding
Bestrophin (Best1; GadFly release 3, Bestrophin 1) are shown as dark grey
bars and introns as light grey bars. Bestrophin encodes for a gené that is™

predicted by GadFly sequence analysis programs as CG6264 {Genbank"

* Accession Number NP_652603.1). Using plasmid rescue method genomic

DNA sequences that are directly localised 5’ or 3’ of the HD-EP(3)32517

and HD-EP(3)36237 integration site were ‘isolated. Public “sequence =~
databases were screened thereby identifying the’ integration site' of -
" HD-EP(3)32517 and HD-EP(3)36237 causing an increase of triglyceride

content. HD-EP(3)32517 is integrated in the 5° exon of the gene Best1
(CG6264) and HD-EP(3)36237 is integrated into the enhancer/promoter
region 5’ of Best1 (CG6264). Therefore, expression of the gene Best1
(CG6264) could be effected by homozygous viable integration of
HD-EP(3)32517 and HD-EP(3)36237 leading to increase of the energy

storage triglycerides.

Example 3: ldentification of human Bestrophin homologues

Bestrophin homologous proteins and nucleic acid molecules coding
therefore are obtainable from insect or vertebrate species, e.g. mammals or
birds. Particularly preferred are human Bestrophin homologous nucleic
acids and polypeptides encoded thereby, particularly encoding (i) a human
Bestrophin protein on chromosome 11 (or also refered to as human
vitelliform macular dystrophy, VMD2; Genbank Accession No. NP_004174;
Swiss Prot. Accession Number 076090; formerly Genbank Accession No.
XM_043405, see Figure 4A and 4B; SEQ ID NO. 1/2), or (ii) a Bestrophin
homologous protein on human chromosome 12 (genomic sequence
Genbank Accession No. AC016153, see Figure 4E and 4F; SEQ ID NO.
5/6); identical to human vitelliform macular dystrophy 2-like protein 3;

Genbank Accession Number AF440758_1, (iii) a Bestrophin homologous
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protein on human chromosome 1 (genomic sequence Genbank Accession
No. AL592166, see Figure 4G and 4H; SEQ ID NO. 7/8) identical to
encoding a human vitelliform macular dystrophy 2-like protein 2; Genbank
Accession Number AF440757_1) or (iv) encoding a Bestrophin homologous
protein on human chromosome 19 (assembled from cDNA Genbank
Accession No. NM_017682 and genomic sequence AC018761, see Figure
4C and 4D or 41 and 4J; SEQ ID- NO. 3/4; similar to human vitelliform
macular dystrophy 2-like ‘protein 1 (Genbank Accession Number
AF440756_1) which "has an--additional 43 amino acids:at the amino -

terminus). An alignment of Bestrophin from different species has ‘been .

‘done by the CiustaW program and is illustrated in Figure-3-and Figure 5.: -

Example 4: Expression of the polypeptides in mammalian tissues

For analyzing thé expression of the polypeptides disclosed in this invention
in mammalian tissues, several mouse strains (preferrably mice strains
C57Bl/6J, C57BI/6 ob/ob and C57BI/KS db/db which are standard model
systems in obesity and diabetes research) were purchased from Harlan
Winkelmann (33178 Borchen, Germany) and maintained under constant
temperature (preferrably 22°C), 40 per cent humidity and a light / dark
cycle of preferrably 14 / 10 hours. The mice were fed a standard chow (for
example, from ssniff Spezialitdten GmbH, order number ssniff M-Z
V1126-000). Animals were sacrificed at an age of 6 to 8 weeks. The
animal tissues were isolated according to standard procedures known to
those skilled in the art, snap frozen in liquid nitrogen and stored at -80°C

until needed.

For analyzing the role of the proteins disclosed in this invention in the in
vitro differentiation of different mammalian cell culture cells for the
conversion of pre-adipocytes to adipocytes, mammalian fibroblast (3T3-L1)
cells (e.g., Green & Kehinde, Cell 1: 113-116, 1974) were obtained from
the American Tissue Culture Collection (ATCC, Hanassas, VA, USA;
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ATCC- CL 173). 3T3-L1 cells were maintained as fibroblasts and
differentiated into adipocytes as described in the prior art (e.g., Qiu. et al.,
J. Biol. Chem. 276:11988-95, 2001; Slieker et al., BBRC 251: 225-9,
1998). At various time points of the differentiation procedure, beginning
with day O (day of confluence) arid day 2 (Hormone additiéh’ for eXamiple,
dexamethason and 3-isobutyl-1-methyixanthin), up to 10 days of

differentiation, suitable aliquots of cells were taken every two days:

RNA was isolated from mouse tissues or cell -culture cells- using Trizol-

Reagent (for example, from invitrogen, Karlsruhe, Germany)-and further:

purified with .ihe RNeasy Kit (for ‘example, from -Qiagen, Germany) 'in-*

combination with an DNase-treatment according to the instructions of the
manufacturers and as known to those skilled in the art. Total RNA was
reverse transcribed (preferrably using Superscript | RNaseH- Reverse
Transcriptase, from Invitrogen, Karlsruhe, Germany) and subjected to
Tagman analysis preferrably using the Tagman 2xPCR Master Mix (from
Applied Biosystems, Weiterstadt, Germany; the Mix contains according to
the Manufacturer for example AmpliTag Gold DNA Polymerase, AmpErase
UNG, dNTPs with dUTP, passive reference Rox and optimized buffer
components) on a GeneAmp 5700 Sequence Detection System (from

Applied Biosystems, Weiterstadt, Germany).

Tagman analysis was performed preferrably using the following

primer/probe pairs:

For the amplification of mouse vitelliform macular dystrophy protein (VMD;
mouse EnsgEMBL Genscan predicted peptide
19.8000001-10000000.20.329852.331536):

Mouse VMD protein forward primer (SEQ ID NO: 9): 5-AAG GCCTATCTT
GGA GG TCG A-3’; mouse VMD protein reverse primer (SEQ D NO: 10):
5'-GTA CAC ACC TCATTC ATC AGG CTC-3'; Tagman probe (SEQ ID NO:
11): (5/6-FAM) TCC GGG ACA CCG TCC TGC TCC (5/6-TAMRA)



10

15

20

25

30

WO 03/030922 PCT/EP02/11321

- 49 -

For the amplification of mouse vitelliform macular dystrophy 2-like protein
1 (VMD2L1; GenBank Accession Number NP_663363 or ENSEMBL
GenBank Accession Number ENSMUSPO0000005276):

Mouse VMD2L1 forward primer (SEQ ID NO: 12): 5’- GCG CTA CGC AGG
GCT CT-3": mouse VMD2L:1 reverse primer {SEQID-NO:-13): 5'- CCG TTT
GAA GAC TGC TGT GC-3’; Tagman probe (SEQ ID NO: 14): (5/6-FAM)
CGC GGT GCT GAT CCT TCG TTC TG (5/6-TAMRA)

For the amplification of vitelliferm macular dystrophy 2-like protein 3.
VMD2L3; ENSEMBL Accession Number. ENSMUSPO0000020378):

Mouse VMD2L3 forward ptimer (SEQ ID:NQ: 15): 5’- AGG.TGG AGC CTG . -

CCA GAG T-3’: mouse VMD2L3 reverse primer (SEQ ID NO: 16): 5'-AGG
ATC TGG ACC TAA GTT TCC C-3’; Tagman probe (SEQ ID NO: 17):
(5/6-FAM) TCT GGA GTC CAG GCA CAC CTC GC (5/6-TAMRA).

As shown in Figure BA, real time PCR (Tagman) analysis of the expression
of the VMD2 like protein 3 mRNA in mammalian (mouse) tissues revealed
that VMD2 like protein 3 mRNA is expressed more ubiquitously in different
mammalian tissues with clear expression in white adipose tissue (WAT)
and brown adipose tissue (BAT). In addition, there are higher levels of
expression in muscle, testis, heart, lung, kidney, hypothalamus, and brain
tissues. Thus, our analysis shows clearly that fhe expression of VMD2 like
protein 3 mRNA is under metabolic control. In genetically obese (ob/ob)
mice (mice without leptin expression), the expression level of VMD2 like
protein 3 mRNA is prominently down-regulated (85 %) in WAT compared to
wildtype levels (FIG. 6B). In addition, the down-regulation in the VMD2 like
protein 3 mMRNA expression in the WAT of ob/ob mice is also seen in the
genetically obese mouse model db/db where the leptin-receptor is missing
(see FIG. 6C). Expression of VMD2 like protein 3 mRNA is strongly induced
(24fold upregulation) in the liver of fasted mice (FIG. 6B). In high fat
(palmitat) diet mice, the level of VMD2 like protein 3 mRNA is significantly
(86%) reduced in WAT compared to mice fed a standard diet (FIG. 6D).
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During the differentiation of mammalian fibroblast cells (for exampie,
3T3-L1) from pre-adipocytes to mature adipocytes, the expression of
VDMZ2 like protein 3 is significantly (81%) downregulated (FIG. 6E). This
could indicate that VDM2-like protein 3 is an inhibitor of adipocyte lipid

accumulation. - T e e e ey

As shown in Figure 7A, real time PCR (Tagman) analysis of the expression .
of the VMD2 protein mRNA in mammalian (mouse) tissues revealed that
VMD2 mRNA is expressed ubiquitously in different. mammalian tissues,
with clear expression in adipose tissues (WAT and BAT). (FIG. 7A). Our.
results clearly show that the expression of VDM2 mRNA is under metabolic
control. In genetically obese {ob/ob) mice, expression of VDM2 mRNA is
strongly induced in WAT (Fig. 7B). In mice under a high fat diet, a strong
upregulation of VDM2 mRNA can be observed in muscle (11 fold) and in
BAT, see Fig. 7C.

As shown in Figure 8, real time PCR (Tagman) analysis of the expression
of the VMD2 like protein 1 protein mRNA in mammalian {mouse) tissues
revealed that VMD2 like protein 1T mRNA is expressed in different
mammalian tissues, showing highest level of expression in colon and
higher levels in hypothalamus, brain and testis.

No results are shown for VDM2 like protein 2.

Although all proteins are expressed in the hypothalamus and to a lesser
degree in other brain areas they show a clear tissue specific expression
suggesting distinct roles in the different metabolic requirements of various

tissues.
Example 5: Expression of the polypeptides in mammalian (human) tissues

For analyzing the expression of the polypeptides disclosed in this invention

in mammalian tissues, human RNAs isolated from different tissues were
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obtained from Invitrogen Corp., Karlsruhe, Germany: (i) total RNA from
human adult skeletal muscle {Invitrogen Corp. Order Number 735030); (ii)
total RNA from human adult lung (Invitrogen Corp. Order Number 735020);
(iii} total RNA from human adult liver (Invitrogen Corp. Order Number
735018); (iv) total RNA from humar adult:placenta (Invitrogen Corp: Order.
Number 735026); (v) total RNA from human adult testis (Invitrogen Corp.
Order Number 64101-1); {vi) total RNA from human normal adipose tissue
(Invitrogen Corp. Order Number D6005-01);.(vii) total RNA from human
normal pancreas (Invitrogen Corp. Order-Number DG6101); (viii)total RNA

- from human normal brain.{lnvitrogen.Corp. Order Number D6030-01).

The RNA was treated with DNase according to the instructions of the
manufacturers (for example, from Qiagen, Germany) and as known to
those skilled in the art. Total RNA was reverse transcribed (preferrably
using Superscript [ RNaseH- Reverse Transcriptase, from Invitrogen,
Karlsruhe, Germany) and subjected to Tagman analysis preferrably using
the Tagman 2xPCR Master Mix’ (from Applied Biosystems, Weiterstadt,
Germany). The Tagman 2xPCR Master Mix contains according to the
Manufacturer for example AmpliTaq Gold DNA Polymerase, AmpkErase
UNG, dNTPs with dUTP, passive refere‘nce Rox and optimized buffer
components) on a GeneAmp 5700 Sequence Detection System (all

obtained from Applied Biosystems, Weiterstadt, Germany).

Tagman analysis was performed preferrably using the following

primer/probe pairs:

For the amplification of VMD2:

human VMD2 forward primer (SEQ ID NO: 18): 5’- TCA CGC TGG CAT
CAT TGG A-3’; human VMD2 reverse primer (SEQ ID NO: 19): 5’-CCC
TGG GAG GAT GG TGA TC -3’; Tagman probe (SEQ ID NO: 20):
(5/6-FAM) CGC TTC CTA GGC CTG CAG TCC CA (5/6-TAMRA)




10

15

20

25

30

WO 03/030922 PCT/EP02/11321

-52-

For the amplification of VMDZ2 like protein 3:

human VMD2 like3 forward primer (SEQ ID NO: 21): 5’- CCC ACC ATA
CAC ATT GGC AG -3’; human VMD2 like3 reverse primer (SEQ ID NO:
22): 5’- TTT CCC CAT CTG GAC TGT TGA -3’; Tagman probe (SEQ ID
NO: 23): (b/6-FAM) TGC TGA CTACTG CATACCCTCATTTCTGGGT
(5/6-TAMRA)

For the amplification of VMD2 like protein 1:

hurnan VMD2 like1 forward primer (SEQ ID NO: 24): 5'- AGG TCC CTG
CAC GGC A -3'; human VMD?2 like? reverse primer (SEQ ID NO: 25): 5'-
TTT ACA AAG GCA CAC GAG GCT -3"; Tagman probe {SEQ ID NO: 26):
(5/6-FAM) CCA CGC AGG TGT CCC GGT CTG (5/6-TAMRA)

For the amplification of VMD2 like protein 2:

human VMD2 like2 forward primer (SEQ ID NO: 27): 6’- CAT CAC GGA
AGG TCT TGT CAA A -3’; human VMD2 like2 reverse primer (SEQ ID NO:
28): 5'- TCC CAA ATC TAA CGT GCC AGA -3’; Tagman probe (SEQ ID
NO: 29): (5/6-FAM) TGC TGG GCA CCA CTC CCA GCA T (5/6-TAMRA)

As shown in Figure 9, real time PCR (Tagman) analysis of the expression
of VDM 2 protein in human tissues revealed that VDM2 is expressed in
different mammalian tissues, showing higher levels of expression in brain,
testis, lung and adipose tissue, suggesting a role in the regulation of
energy homeostasis. The data obtained with human tissue are in good
agreement with the data obtained with mouse tissues (see FIGURE 7A).

Particularly, an upregulation of VMD2 in human preadipocytes was found.

As shown in Figure 10, real time PCR (Tagman) analysis of the expression
of VDM2 like protein 3 in human tissues revealed that VDM2 like protein
3 is expressed in different human tissues, showing highest level of
expression in muscle and to a lesser extend in brain and testis. Similar

results were obtained with mouse tissues {see FIG. BA).
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Not shown are the results for VDM2 like protein 1 and VDM2 like protein

2 as these genes showed no detectable expression in the tissues analyzed

so far.
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Claims

A pharmaceutical composition comprising a nucleic acid molecule of
the Bestrophin gene family or a pelypeptide encoded thereby or a- .-
fragment or a variant of said nucleic .acid molecule or said
polypeptide or an antibody, an. -aptamer or- énother receptor:
recognizing a nucleic acid molecule of the Bestrophin gene family or
a polypeptide encoded thereby together with. pharmaceutically

acceptable carriers, diluents and/or adjuvants. .,

The composition of claim 1, wherein the nucleic acid molecule is a
vertebrate or insect Bestrophin nucleic acid, particularly a human
Bestrophin nucleic acid (i) encoding a Bestrophin homologous protein
on human chromosome 12 (SEQ ID NO. 5/6); referred to as human
vitelliform macular dystrophy 2-like protein 3, (ii) encoding a human
Bestrophin protein on human chromosome 11 (SEQ ID NO. 1/2);
referred to as human vitelliform macular dystrophy, VMD2, {iii}
encoding a Bestrophin homologous protein on human chromosome
1 (SEQ ID NO. 7/8); referred to as human vitelliform macular
dystrophy 2-like protein 2 or {iv) encoding a Bestrophin homologous
protein on human chromosome 19 (SEQ ID NO. 3/4); referred to a
human vitelliform macular dystrophy 2-like protein 1 or a fragment

thereof or a variant thereof.

The composition of claim 1 or 2, wherein said nucleic acid molecule

comprises

(a) a Bestrophin nucleotide sequence as shown in figure 4 or the
complementary strand thereof,

(b) a nucleotide sequence which hybridizes under stringent

conditions to a nucleic acid molecule encoding a Bestrophin

PCT/EP02/11321
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amino acid sequence as shown in figure 4 or the
complementary strand thereof,

a nucleotide sequence corresponding to the sequences of (a)

or (b) within the degeneration of the genetic code,

" a nucleotide sequence which encodes a polypeptide which-is :

at least 85%, preferably at least 90%, more preferably at
least 95%, more preferably at least 98% and up to 99,6%.
identical to the amino acid sequences shown in figure 4,

a nucleotide sequence which differs from the- nucleic. acid

molecule of {a) to {d) by mutation and wherein said mutation ..

.causes an alteration, deletion, duplication.or premature. stop

in the encoded polypeptide or

a partial nucleotide sequence of any of the sequences of (a)
to (e) having a length of at least 15 bases, preferably at least
20 bases, more preferably at least 25 bases and most -

preferably at least 50 bases.

4., The composition of any one of claims 1-3, wherein the nucleic acid
molecule is a DNA molecule, particularly a cDNA or a genomic DNA.

b. The composition of any one of claims 1-4, wherein said nucleic acid
encodes a polypeptide contributing to regulating the energy
homeostasis and/or the metabolism of triglycerides.

6. The compaosition of any one of claims 1-5, wherein said nucleic acid
molecule is a recombinant nucleic acid molecule.

7. The composition of any one of claims 1-6, wherein the nucleic acid
molecule is a vector, particularly an expression vector.

8. The composition of any one of claims 1-5, wherein the polypeptide

is a recombinant polypeptide.



10

15

20

25

30

WO 03/030922

9.

10.

11.

12.

13.

14.

- 56 -

The composition of claim 8, wherein said recombinant polypeptide is

a fusion polypeptide.

The composition of any one of claims 1-7, wherein said nucleic acid
moliecule is selected from ‘hybridization probes, primers and -

anti-sense oligonucleotides.

The composition of any one of claims 1-10 which is a diagnostic

composition.

The composition of any one of claims 1-10 which is a therapeutic

composition.

The composition of any one of claims 1-12 for the manufacture of
an agent for detecting and/or verifying, for the treatment, alleviation
and/or prevention of an disorders, including metabolic diseases such
as obesity and other body-weight regulation disorders as well as
related disorders such as eating disorder, cachexia, diabetes
mellitus, hypertension, coronary heart disease,
hypercholesterolemia, osteoarthritis, gallstones, cancers of the
reproductive organs, and sleep apnea and others, in cells, cell

masses, organs and/or subjects.

Use of a nucleic acid molecule of the Bestrophin gene family or a
polynucleotide encoded thereby or a fragment or a variant of said
nucleic acid molecule or said polypeptide or an antibody, an aptamer
or another receptor recognizing a nucleic acid molecule of the
Bestrophin gene family or a polypeptide encoded thereby for
controlling the function of a gene and/or a gene product which is

influenced and/or modified by a Bestrophin homologous polypeptide.

PCT/EP02/11321
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17.

18.

19.

20.

21.
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Use of the nucleic acid molecule of the Bestrophin gene family or a
polynucleotide encoded thereby or a fragment or a variant of said
nucleic acid molecule or said polypeptide or an antibody, an aptamer
or another receptor recognizing a nucleic acid molecule of the
Bestrophin gene family or a- polypeptide encoded thereby - for -
identifying substances capable of interacting with a Bestrophin

homologous polypeptide.

A non-human transgenic animal exhibiting a modified expression of

a Bestrophin homologous polypeptide. -

The animal of claim 16, wherein the expression of the Bestrophin

homologous polypeptide is increased and/or reduced.

A recombinant host cell exhibiting a modified expression of an

Bestrophin homologous polypeptide.
The cell of claim 18 which is a human cell.

A method of identifying a (poly)peptide involved in the regulation of

energy homeostasis and/or metabolism of triglycerides in a mammal

comprising the steps of

(a) contacting .a collection of (poly)peptides with a Bestrophin
homologous polypeptide or a fragment thereof under
conditions that allow binding of said (poly)peptides;

(b) removing (poly)peptides which do not bind and

(c) identifying (poly)peptides that bind to said Bestrophin

homologous polypeptide.

A method of screening for an agent which modulates the interaction
of a Bestrophin homologous polypeptide with a binding target/agent,

comprising the steps of
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(a) incubating a mixture comprising

(aa) a Bestrophin homologous polypeptide, or a fragment
thereof;

{(ab) a binding target/agent of said Bestrophin homologous
polypeptide or fragment thereof; - and -

(ac) a candidate agent .

under conditions whereby said Bestrophin polypeptide or fragment

thereof specifically binds to said binding target/agent at a reference

affinity;

(b) detecting the binding affinity of said Bestrophin polypeptide or
fragment thereof to -said.binding target.to determine -an
(candidate) agent-biased affinity; and

(c) determining a difference between (candidate) agent-biased

affinity and the reference affinity.

A method of screening for an agent which modulates the activity of
a Bestrophin homologous polypeptide, comprising the steps:
{a) incubating a mixture comprising
(aa) a Bestrophin homologous polypeptide, or a fragment
thereof;
(ab) a candidate agent;
under conditions whereby an activity of said Bestrophin polypeptide
or fragment thereof may be determined;
(b) determining the activity of said Bestrophin polypeptide or
fragment thereof in the presence of said candidate agent; and
(c) determining a difference between the activity in presence of

said candidate agent and a reference activity.

The method of claim 22 wherein the activity is selected from a

chloride channel or another conductance activity.

PCT/EP02/11321
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The method of claim 22 wherein the activity is selected from the

degree of phosphorylation or other posttranslational modifications.

A method of producing a composition comprising the (poly)peptide
identified by the method of claim-20 or the agent identified by the
method of any one of claims. 21-24 with a pharmaceutically .

acceptable carrier, diluent and/or adjuvant.

The method of claim 25 wherein said .composition is a
pharmaceutical composition for preventing, alleviating or treating of
diseases and disorders, including metabolic diseases such as obesity
and other body-weight regulation disorders as well as related
disorders such as eating disorder, cachexia, diabetes mellitus,
hypertension, coronary heart disease, hypercholesterolemia,
osteoarthritis, gallstones, cancers of the reproductive organs, and

sleep apnea and other diseases and disorders.

Use of a (poly)peptide as identified by the method of claim 20 or of
an agent as identified by the method of any one of claims 21-24 for
the preparation of a pharmaceutical composition for the treatment,
alleviation and/or prevention of of diseases and disorders, including
metabolic diseases such as obesity and other body-weight regulation
disorders as well as related disorders such as eating disorder,
cachexia, diabetes mellitus, hypertension, coronary heart disease,
hypercholesterolemia, osteoarthritis, gallstones, cancers of the
reproductive organs, and sleep apnea and other diseases and

disorders.

Use of a nucleic acid molecule of the Bestrophin family or of a
fragment thereof for the preparation of a non-human animal which

over- or under-expresses the Bestrophin gene product.

PCT/EP02/11321



10

WO 03/030922

29.

PCT/EP02/11321

- 60 -

Kit comprising at least one of

(a)
(b)
(c)

(d)
(e)
(f)

an Bestrophin nucleic acid molecule or a fragment thereof;

a vector comprising the nucleic acid of (a);

a host cell comprising the nucieic acid of (a) or the vector of
(b);

a polypeptide encoded by the nucleic acid of (a);

a fusion polypeptide encoded by the nucleic acid of (a);

an antibody, an aptamer or another receptor against the

nucleic acid of (a) or the polypeptide of (d) or (e) and

- an anti-sense oligonucleotide of the nucleic acid of (a).
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Fig. 1

Relative triglyceride content of HD-EP(3)32517 and HD-EP(3)36237 Dm Bestl
mutants. The triglyceride content (relative to protein content) is compared to the
average triglyceride content of the HD-EP collection (HD-EP-control). The HD-
EP(3)32517 and HD-EP(3)36237 bars shows the average value of at least three
independent experiments.
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Fig. 3. CLUSTAL X (1.8) multiple sequence alignment
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LPWPDRLMFLISSSVHGSDEHGRLLRRTLMRYVNLTSLLIFRSVSTAVYK
IPLPDQLMCVISASVHGVDORGRLLRRTLIRYANLASVLVLRSVSTRVLK
LPWPDRLMSLVSGFVEGKDEQGRLLRRTLIRYANLGNVLILRSVSTAVYK
MPLPDALMCVVAGTVHGRDDRGRLYRRTLMRYAGLSAVLILRSVSTAVEK
IPWPDPIAVFVSSNVHGQDERGRMMRRTIMRYVCLCLTMVLANVSPRVKK
* Kk g 1, K,k kggkkg kkdkgokk, X srr 1k, 3 og¥
RFPTMDHVVEAGFMTTDERKLFNHLKSPHL-~-KYWVPFIWFGNLATKAR
RFPTMEHVVDAGFMSQEERKKFESLKSDFN-~-KYWVPCVWFTNLAAQAR
RFPSAQHLVQAGFMTPAEHKQLEKLSLPHN~--MFWVPWVWEANLSMKAW
RFPTIDHVVEAGFMTREERKKFENLNSSYN~—-—-KYWVPCVWFSNLAAQAR
REFPGLNNLVEAGLLNDNEKTIIETMNKAFPRPSKHWLPIVWAASIITRAR

*E O oggzsi.Fii. oL 1 . L L A

NEGRIRDSVDLQSLMTEMNRYRSWCSLLFGYDWVGIPLVYTQVVTLAVYT
RDGRIRDDIALCLLLEELNKYRAKCSMLFHYDWISIPLVYTQVVTIAVYS
LGGRIRDPILLQSLLNEMNTLRTQCGHLYAYDWISIPLVYTQVVTVAVYS
REGRIRDNSALKLLLEELNVFRGKCGMLFHYDWISVPLVYTQVVTIALYS
KEGRIRDDFAVKTIIDELNKFRGQCGLLISYDTISVPLVYTQVVTILAVYS

*kk Kk s gy kiR ok kK kk g skkkkdkkkkkgdkgkg,
FFFACLIGRQFLDPTKGYAG HDLDLYIPIFTLLQF
FFALSLVGRQFVEPEAGAAKPQRLLKPGQEPAPALGDPDMYVPLTTLLQF
FFLTCLVGRQFLNPAKAYPGm~—mm—m = m e HELDLVVPVFTFLQF
YFLACLIGRQFLDPAQGYKDwm——m e — e HDLDLCVPIFTLLQF
YFLTCCMGQOWTDGRKVVGNT = m—mm e em e = TYLNKVDLYFPVFTTLQF
* P L I TRy o3 Kak¥w

FFYAGWLKVAEQLINPFGEDDDDFETNWCIDRNLQVSLLAVDEMHEMSLPK
FFYAGWLKVAEQIINPFGEDDDDFETNQLIDRNLQVSLLSVDEMYQNLPP
FFYVGWLKVAEQLINPFGEDDDDFETNWIVDRNLQVSLLAVDEMHQDLPR
FFYAGWLKVAEQLINPFGEDDDDFETNFLIDRNFQVSMLAVDEMYDDLAV
FFYMGWLKVAESLINPFGEDDDDFEVNWMVDRNLOVSYLIVDEMHHDHPE

ks kkkkkkk gk kkkghkkkEk Kk gkkkgkkk Kk kkkkg
MKKDIYWDDSAA-RPPYTLA~AADYCIPSFLGSTVQMGLSGSDFPDEEW-
AEKDQYWDEDQP-QPPYTVATAAESLRPSFLGSTFNLRMSD~———c——=m
MEPDMYWNKPEP-QPPYTAA-SAQFRRASFMGSTFNISLNK~~——- EEM-
LEKDLYWDAAEA-RAPYTAATVFQLROPSFQGSTFDITLAK--————===
LLKDQYWDEVFPNELPYTIA-AERFRENHPEPSTAKIEVPKNAAMPSTMS

* ok AL *% o
————— LWDYEKHGHRHSMIRRVKR~~=~-<~FLSAHEHPSSPRRRSYRRQT
------- DPEQS-——wmmnmmme—mm = m e LOVEASPGS = - — e m e e e =
————— EFQPNQEDEEDABAGIIGR~~-~—~~-FLGLOSHDHHP - - v e e
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hsNP_060152-mod
dmbest

chrl2

chrlGENSCAN_ predicted_peptide_
hsXP_043405

hsNP_060152-mod

dmbest

chrl2
chrlGENSCAN_predicted_peptide_
hsXP_043405

hsNP_060152~-mod

dmbest

chrl2

chrlGENSCAN predicted_peptide_
hsXP_043405 .
hsNP_060152-mod

dmbest

chrl2

chrlGENSCAN_ predicted_peptide_
hsXP_043405

hsNP_060152-mod

dmbest

chri2

chr1GENSCAN_predicted _peptide_
hsXP_043405

hsNP_060152-mod

dmbest

chrl2

chrlGENSCAN predicted peptide_
hsXP_043405

hsNP_060152-mod

dmbest

chri2

chr1GENSCAN_predicted peptide_
hsXP_043405

hsNP_060152-mod

dmbest

Identity/similarity values:
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--------- ED-—- - MOFQRLDGLm e e
SVRIDEMADDASGIHF SAGNGKMRLDSSPSLYSVSGTLSRVNT-———mem

-
H

SDSSMFLPRDDLSPARDLLDVPSRNPPRASPTWKKS--CFPEGSPTLHFS
- GRPAPAAQTPLLGR--FLGVGAPSPAIS

- PRANSRTKLLWPKRESLLHEGLPKNHKA
- DGPMGGAPGDFLQR--LLPAG--AGMVA
——————————— VASALKRFLSRDDSRPGSATPSQDQPYKFPASASSASLS

MGELSTIRETSQTSTLOSLTPQ——m—==w— SSVRTSPIKMPLVPEVLITAA
LRNFGRVRGTPRP~- —— PHLLRFRA
AKQNVRGQEDNRAWK == == i e e e e e LKAVDAFKSA
GGPLGRRLSFLLR~ - KNSCVSEA

GAVVGSATSAGKPAGSLRITQOVIEEVDEQATITSMRANDPRPNVMDIFA

EAP--VPTSGGYHHDSATS ILSSEFTGVOPSKTEQQmwr—mmemme QGPMGS
E —E-— W T—
P ——— LYQR——~w—— e PGYYSA
s i

QTSSGAGTSCPLQPPPAHSEPVDIPSRPPSYNRAQSQYEPNLFPPGGVDA

ILSPSEK - ETPPGGPSPQ=~——=—= TVSASAE
—————— - ——— - GDPE~~~~--AAARIEE
PQTPLSP - TPMFFPLEPS———m~—~. APSKLHS
——— —— ASCS CAVVPEG

LLSTSAPAGGSPLLLSNAATAPSSPVGESSKSLYDPQKGASRETVESMDL

o .

ENIFNCEEDPGDTFLKRWSLPGFLGSSHTSLGNLSPDPMSSQPALLIDTE
E-we—— SAESGDEALEP
VT-==~GIDTKDKSLKTVSSG~~AKKSFELLSESDGALMEHPEVSQVRRK
AAP~—-~ECSCGDPLLDPG-~=~=——m == LPEPEAPPPAGPEPLTLIPG

RSS---TDLLGDAAVQPEDEGD~DFDKLKAEREKEKLMRQQKNLARTIST
*

TSSE~ISGINIVAGSRVSSDMLYLMENLDTKETDIIELNKETEESPK~—~
TVEFNLTDMPEIPENH@KEPLEQSPTNIHTTLKDHMDPYWALENRDEAHS
PVEP-~-FSIVIMPGPRGPAPP-~-WLPSPIGEEEENLA
APGMEATAVPMVPMVPVNVAVQOAQLOPVASSADLLAGGDQFSNSTMKSE

DAINGS

Drosophila vs. Chr.l 49% identical, 68% similar in PFAM-domain
'Worm_family 8' aa 1-358 (Drosophila-Protein)

Drosophila vs. Chr.1l 51% identical, 67% similar in aa 1-378
Drosophila vs. Chr.12 49% identical, 67% similar in aa 1-359
Drosophila vs. Chr.19 52% identical, 68% similar in aa 1-378

There are no significant similarities carboxyterminal of the domain.
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Figure 3

Alignment of Drosophila melanogaster Bestrophin homologue (dmbest, AAF32327) with four
human Bestrophin homologues proteins on chromosomes 12, 1, 11 (hsXP_043405) and 19
(hsNP_060152-mod). Identity and similarity values are given below the alignment:
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Figure 4. Nucleotide sequences and the encoded amino acid sequences of
human Bestrophin homologous genes

FIGURE 4 A. Sequence of human vitelliform macular dystrophy (Bestrophin). -
mRNA; GenBank Accession Number NM_004183

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
o261
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741

atgaccatca
ctgctgtgct
ctctgctact
atgtttgaga
gtgctgggct
cecgtggeceg
ggccggcetge
cgcagcgtca
ggctttatga
ttctgggtge
atccgggacc
tgtggacacc
actgtggcgg
gccaaggect
ttecttettet
gatgatgatg
gctgtggatg
cccgagccac
ggctccacct
gacgaggagyg
caccatccte
ctccacgagg
gacaacaagg
aggccaggct
ctagaaccat
agcttaaaga
ggggccttga
ctgacggata
accaacatac
gatgaagcac

cttacacaag
ggcggggead
acatcatccg
aactgactct
tctacgtgac
accgcctceat
tgcggegeac
gcaccgcagt
ctccggcaga
cctgggtgty
ctatcctgcet
tgtatgccta
tgtacagctt
accctggeca
atgttggetg
attttgagac
agatgcacca
agccccccta
tcaacatcag
atgctcacge
ccagggcaaa
gcctgeccaa
cctggaagcet
actacagtge
cagcgccgte
ctgtgagtte
tggagcaccce
tgccagagat
acactacact
attcctaa

ccaagtggct
catctacaag
ctttatttat
gtattgcgac
gctggtegtg
gagcctggtg
gctcatcecge
ctacaagcgc
acacaagcag
gtttgccaac
ccagagcctyg
cgactggatt
cttectgact
tgagctggac
gctgaaggtg
caactggatt
ggacctgect
cacagctgct
cctgaacaaa
tggcatcatt
ctcaaggacc
aaaccacaag
taaggctgtg
cccacagaca
aaagcttcac
tggggccaag
agaagtatct
ccccgaaaat
caaagatcac

aatgceceget
ctgctatatg
aggctggccce
agctacatcce
acccgetggt
tcgggettcg
tacgccaacc
ttccecageg
ttggagaaac
ctgtcaatga
ctgaacgaga
agtatcccac
tgtctagttg
ctecgttgtge
gcagagcagce
gtcgacagga
cggatggagce
tccgeccagt
gaggagatgg
ggccgettece
aaactactgt
gcagccaaac
gacgccttca
ccectecagece
agtgtcacag
aaaagttttg
caagtgagga
cacctcaaag
atggatcctt

taggctcctt
gcgagttett
tcacggaaga
agctcatcce

.ggaaccagta

tcgaaggcaa
tgggcaacgt
cccagcacct
tgagcctacc
aggcgtgget
tgaacacctt
tggtgtatac
ggcggcagtt
ccgtcettcac
tcatcaaccce
atttgcaggt
cggacatgta
tcegtecgage
agttccagcc
taggcctgea
ggcccaagag
agaacgttag
agtctgccce
ccactcccat
gcatagacac
aattgctctc
ggaaaactgt
aacctttgga
attgggecctt

ctceegectg
aatcttcctg
acaacagctg
catttcctte
cgagaacctg:
ggacgagcaa
gctcatcctg.
ggtgcaagca
acacaacatg
tggaggtcga
gcgtactcag
acaggtggtg
tctgaaccca
gttecctgcag
ctttggagag
gtcectgttyg
ctggaataag
ctcctttatg
caatcaggag
gtcccatgat
ggaatccctt
gggccaggaa
actgtatcag
gttcttcece
caaagacaaa
agagagcgat
ggagtttaac
acaatcacca
ggaaaacagg

FIGURE 4 B Amino acid sequence encoding human bestrophin (VMD2; GenBank
Accession Number NP_004174)
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mtitytsgva
mfekltlycd
grllrrtlir
fwvpwvwEfan
tvavysfflt
ddddfetnwi
gstfnislnk
lheglpknhk
lepsapsklh
ltdmpeipen

narlgsfsrl
syiglipisf
vanlgnvlil
lsmkawlggr
clvgrgflnp
vdrnlgvsll
eemefgpnge
aakgnvrgge
svtgidtkdk
hlkeplegsp

llcwrgsiyk
vigfyvtlvv
rsvstavykr
irdpillgsl
akaypgheld
avdemhqgdlp
deedahagii
dnkawklkav
slktvssgak
tnihttlkdh
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1lygeflifl
trwwngyenl
fpsaghlvga
lnemntlrtg
lvvpvitflqg
rmepdmywnk
grflglgshd
dafksaplyq
ksfellsesd
mdpywalenr

leyyiirfiy
pwpdrlmslv
gfmtpaehkg
cghlyaydwi
fEffyvgwlkv
pepgppytaa
hhppransrt
rpgyysapqt
galmehpevs
deahs

rlalteeqgql
sgfvegkdeq
leklslphnm
siplvytquv
aeglinpfge
sagfrrasfm
kllwpkresl
plsptpmffp
gvrrktvefn
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FIGURE 4 C - Human chromosome 19 hypothetical protein FLJ20132 Protein

GenBank Accession Number NP_060152 (NH2-Term incomplete, corrected with
translated cDNA NM 017682 plus genomic from AC018761 based on sequence .
similarity identified with-programms halfwise and-tblastn); EnsEMBL. ID: -

ENSG00000039987;

ATGAAGGTCACGCAGGGGECACTGGGEECTGGACTAGACTGAGTAAAGCTGGGAGGAGAAG
GCAACTCAGGCAAGCGGTCAGGACTGARGGGETGEGCEGGGCCEGAACATEGGTGGARTCCCT
GTGCTCAGTTATCCCCGCACCTCTCCACCCACACCCGCAGCCCCCACCCGGGCCACCCAC
TCTCCCTTGGCCACACCTGCCGEETGCCACGATGACCGTCACCTACACAGCCCGAGTGGC
GAACGCCCGCTTCEGTGECTTCTCCCAGCTGCTGCTACTGTGGCGTGGGAGCATCTACAA
ACTCCTGTGGCEAGAGCTGCTCTGCTTCCTTGEGETTCTACATGGCGCTGAGTGCTGCCTA
CCGCTTTGTGCTCACCGAAGEGCAGAAGCGCTACTTCGAGAAGCTTGTGATTTATTGTGA
CCAGTATGCCAGCCTCATCCCTGTCTCCTTCETGCTTGGCTTTTATGTGACGCTGGTGGT
GAACCGCTGETGCAGCCAGTACCTATGCATGCCGCTGCCCGACGCGCTCATGTGCGTGGT
GGCGGECACCETGCACGRACGCGACGACCGCEGCCECCTCTACCGGCGCACACTCATGCG
CTACGCAGGGCTCTCGGCCETGCTCATCCTEGCGCTCCGTCAGCACCGCGGTGTTCAAGCG
CTTCCCCACCATAGACCACGTGGTGGAGGCTCEEGTTTATGACCCGCEGAGGAGCGCAAGAR
GTTTGAAAACCTGAACTCATCCTACAACAAGTACTGGGTGCCCTGCETCTGGTTCTCCAA
CCTGECEGCACAGECCCEACGCGAGGGCCECATCCGCGACAACAGCGCCCTTAAGCTGCT
GCTCGAGGAGCTGAATGTTTTTCGGGECAAATGTGGAATGCTCTTTCACTATGACTGGAT
TAGCGTACCCCTCETGTACACGCAGGTGETGACCATCGCACTGTACAGCTACTTCCTGGC
TTGCCTCATTGGTCGCCAGTTCCTGGACCCGECTCAGGGTTACARAAGACCACGACCTAGA
CCTGTETGTCCCCATCTTCACCCTCTTGCAGTTCTTCTTCTACGCCGGCTGGCTCAAGGT
AGCTGAGCAGCTCATCAACCCCTTCGGAGAGGACGATGATGACTTTGAGACCARCTTTCT
GATCGATAGAAACTTCCAGGTGTCCATGCTGCGCAGTGGACGAGATGTATGATGACCTGGC
TETGCTGGAGAAGGACTTGTACTGEGATGCAGCCGAGGCTCGCGCCCCATACACAGCGGC
TACTGTCTTCCAGCTGCEECAGCCTTCCTTCCAGGGCTCCACCTTTGACATCACGCTGEC
CAAAGAAGACATGCAGTTCCAGCGGCTGEGACGGCTTGGATGGACCGATGGGAGGGGCGCC
CGGCEACTTCCTGCAGCECCTCCTECCGGCEEECECEEECATGETCECGGGAGGCCCGCT
GGEGCEGCECCTETCCTTTCTACTCCGCARGARCAGCTGCGTGTCGGAGGCGTCTACTGG
GGCCAGCTGCTCATGCGCGETTEGTCCCCGARGGCGCGGCCCCCGEAGTGCAGCTGCGGGGA
CCCGCTGCTCGACCCCGGCCTGCCGGAGCCCGAGGCCCCGCCCCCTGCGGGTCCCGAACC
GCTTACCCTCATCCCTGEGCCTGTCGAGCCCTTCAGCATCEGTGACCATGCCCGGGCCCCG
GGGTCCGGCECCACCCTEECTGCCCAGCCCTATTGGCCAGGAGGAGCGAGAATCTGGCCTG
AGATCTTAGAGCCCAGCCCCCTAAGGACAGGGARCCAGGTCCCTGCACGGCACCCACGCA
GGTETCCCGETCTGCATAAGCCTCGTATGCCTTTGTARAGTCCACCTACACTTTTGACCA
GCTCTCGCTGCCCGCATGTETTTGGCACTGTEGCTAGGGGCCEGAGTTCTTCCAGACTCTT
GGACCAGCCCGCCCTGACCACCAGCTCTACTTCCCAACCCCCACTGCCTGAGAGGTCTCT
ATCAGTGTCCTGCCTGAATTCTTTCCTTCAAGTGAAGATGTGACTGACTACCTCCTCGAG
TTGTCATGAGGATGAAAGAATGGCATTARAGCATTTGGTATACAGTAGGTGCTCAATARAA
TTGCTAGTGATTTTTACTCARAAAAAAANAAARAAAR

FIGURE 4 D - Amino acid translation of the protein encoded by
the sequence shown in Fig. 4C.

MTVTYTARVANARFGGFSQLLLLWRGSIYKLLWRELLCFLGFYMALSAAYRFVLTEGQKR
YFEKLVIYCDQYASLIPVSFVLGFYVILVVNRWWSQYLCMPLPDATMCVVAGTVHGRDDR
GRLYRRTLMRYAGLSAVLILRSVSTAVFKRFPTIDHVVEAGFMTREERKKFENLNSSYNK
YWVPCVWFSNLAAQARREGRIRDNSALKLLLEELNVFRGKCGMLFHYDWISVPLVYTQVV
TIALYSYFLACLIGRQFLDPAQGYKDHDLDLCVPIFTLLOFFFYAGWLKVAEQLINPFGE
DDDDFETNFLIDRNFQVSMLAVDEMYDDLAVLEKDLYWDAAEARAPYTAATVFQLRQPSF
QGSTFDITLAKEDMQFQRLDGLDGPMGGAPGDFLQRLLPAGAGMVAGGPLGRRLSFLLRK
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NSCVSEASTGASCSCAVVPEGAAPECSCGDPLLDPGLPEPEAPPPAGPEPLTLIPGPVEP
FSIVIMPGPRGPAPPWLPSPIGEEEENLA
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FIGURE 4 E - human chromosome 12 NCBI genomic sequence AC016153. Gene
assembled from EnsEMBL transcript ENST00000261271_22 (incomplete at COOH-

Term) and GenScan as well as halfwise gene prediction; EnsEMBL

ID:ENSG00000127325; identical to human vitelliform macular dystrophy 2-like

protein 3 (GenBank Accession Number AF440758_1)

atgactgtcacttactccagtaaagtagcaaatgcaactttttttggatttecataggtta
ctcctcaagtggagaggcagcatctacaaactactgtacagggaatttattgtttetget
gttctttatacagcaataagtttggtatacagattgttacttacaggagtccaaaaacgt
tactttgaaaaattatcaatttactgtgacagatatgctgaacaaattccagtaaccttt
gtgcttgggttttatgttactctggtagtgaaccgatggtggaaccagtttgtgaatttg
ccctggeccagacaggcetaatgttectcatectetagecagtgttcacggaagegacgagcac
gggcgcctgcttagaaggacgctgatgcgctacgtcaatctcacctccctgctcatcttt
cgctcggtgagcactgctgtgtacaaaagatttcccacaatggaccacgtggttgaagca
ggttttatgacaacagatgaaaggaaattattcaaccacctcaagtctcctcatctgaaa
tattgggttccattcatctggtttggaaatcttgcaactaaagcccggaatgaaggtaga
atcagagacagtgttgatctgcaatcattgatgactgaaatgaatcgataccgectettgg
tgcagcctcttatteggttatgactgggttgggattcegetggtttacacccaggttgte
actcttgctgtctataccttettectttgegtgectgattggacgeccagtttttggateee
accaaaggctacgcagggcatgacttggatctttacattcccatecttcaccctectacaa
ttcttcttctatgcaggatggcttaaggattataataatgtaactaaagtagtagcagag
cagcttatcaacccttttggagaagatgatgatgattttgaaactaactggtgeattgac
agaaatttgcaggtctctcttttagctgtggacgaaatgcacatgagctfacccaagatg
aagaaggacatttactgggacgattctgctgctcgcccaccatacacattggcagctgct
gactactgcataccctcatttcetggggtcaacagteccagatgetgtetgggtecgacttt
cctgacgaggagtggctgtgggattatgagaagcatggeccatcggcattcecatgataaga
agagtcaagcggttcctgagtgeccacgaacaccccteccagecccagaagaagaagetac
aggaggcagacaagtgacagctccatgttcttacceccgagatgacctecageccagecagg
gacctactggatgtgccctcaagaaaccecceccagggectcacccacctggaagaaatcee
tgcttcecagaaggaagecccacgetgecacttcagecatgggagagetgtcecaccatcagg
gagaccagccagacaagcactttacagagectgaccccacagtecagtgtgagaacttece
cccatcaaaatgccactggtacctgaggtattgatcacagcagccgaagcaccagtgecee
acatcagggggctaccaccatgattccgectacctccatettgagetetgagtttacaggyg
gttcagccaagcaagactgagcagcagcagggccccatgggatccatcctgtctccctca
gagaaggagacacctcctggaggccccagtecccagacagtttecagecagecgetgaggaa
aatatattcaactgtgaagaagaccctggtgatacctttctaaaaaggtggagtcttceg
ggattcctggggtccagccacacttccctgggaaacctaagtccagaccccatgagctct
cagccagctcttttaattgacacagaaacatcctcagagatcagtgggatcaacattgtg
gctggctctegagtcetecttetgatatgetgtatttaatggaaaacctggacaccaaggaa
acagatatcatagagctgaacaaggaaactgaggaatcacccaaatga

FIGURE 4 F, Bmino acid sequence of the protein encoded by the sequence
shown in FIGURE 4E (human vitelliform macular dystrophy 2-like protein 3

(GenBank Accession Number AF440758_1)

MTVTYSSKVANATFFGFHRLLLKWRGSIYKLLYREFIVFAVLYTAISLVYRLLLTGVQKR
YFEKLSIYCDRYAEQI PVTFVLGFYVTLVVNRWWNQFVNLPWPDRLMFLISSSVHGSDEH
GRLLRRTLMRYVNLTSLIL,IFRSVSTAVYKRFPTMDHVVEAGFMTTDERKLFNHLKSPHLK
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FIGURE 4 G shows a human chromosome NCBI genomic sequence Accession Number
AL592166 (human vitelliform macular dystrophy 2-like protein 2 (GenBank

Accession Number AF440757_1)

atgacggtttcatacactctcaaagtggeggaggeccegetteggaggtttetetggeetg
cttctcegetggaggggaagcatctacaagetcetectacaaggaattectectetttggg
gecttgtacgetgtgettageatcacctaccggetgectgetgacccaggagcagaggtac
gtgtatgctcaggtggcccggtactgcaaccgectcagcagaccteatteccttgtecttt
gtattgggtttctatgtgactctcgtggtgaaccgctggtggtcccagtacacaagcatc
ccgetgccagaccagetgatgtgegteateteggectagegtgcacggegtggaccagegg
ggccgcctgctgcgccgcaccctcatccgctacgcgaacctggcgtccgtgctggtgctg
cgctcggtcagcacccgcgtgcttaagcgcttccccaccatggagcacgtggtggacgca
ggtttcatgtcccaggaagagaggaaaaagtttgagagcctgaaatccgacttcaacaag
tactgggtcccecctgegtetggttcaccaacctggecggeccaggcccggagggacgggega
atacgtgacgatatcgectctcetgtctacttttggaagagetgaacaagtaccgagccaag
tgcagcatgctattccactatgactggatcagcatcccecctegtctacacccaagtggtyg
accatagccgtctactcetttetttgecctcteecctggttggeecgecagtttgtggageca
gaggcaggggctgccaaacctcagaagettctgaageccaggccaggagccageceeagee
ctgggagacccggacatgtacgtgectctecaccactectgetgecagttettettetatget
ggctggectcaaggtggetgaacagatcatcaacccatttggtgaggatgatgacgacttt
gagacaaatcagctcatagaccgcaacttgcaggtgtccctgetatcecgtggacgaaatg
taccagaaccttccccecgetgagaaggaccagtactgggatgaggaccagccgecagceca
ccctacactgtggccacggeggecgagtetetgeggeecctcattectgggetecacctte
aacctgcgcatgagcgacgaccctgagcagagectgcaggtggaggegtececeggatet
ggtcggcccgcgcccgccgcgcagaccccgttgctcggccgcttcctgggcgtaggggcg
ccctececcggecatcagectececggaactteggeegegtgegaggcacccecegecceecyg
catctgctgegettecocgggeggaggagggeggcgacecegaggecgcageccgecategag
gaggaatcggcggagtccggggacgaggcectggageectga

FIGURE 4 H amino acid sequence of the protein encoded by the sequence shown
in FIGURE 4 G (human vitelliform macular dystrophy 2-like protein 2

(GenBank Accession Number AF440757_1)

MTVSYTLKVAEARFGGFSGLLLRWRGSIYKLLYKEFLLFGALYAVLSITYRLLLTQEQRY
VYAQVARYCNRSADLIPLSFVLGFYVTLVVNRWWSQYTSIPLPDQLMCVISASVHGVDQR
GRLLRRTLIRYANLASVLVLRSVSTRVLKRFPTMEHVVDAGFMSQEERKKFESLKSDFNK
YWVPCVWFTNLAAQARRDGRIRDDIALCLLLEELNKYRAKCSMLFHYDWISIPLVYTQVV
TIAVYSFFALSLVGRQFVEPEAGAAKPQKLLKPGQEPAPALGDPDMYVPLTTLLQFFFYA
GWLKVAEQI INPFGEDDDDFETNQLIDRNLQVSLLSVDEMYQNLPPAEKDQYWDEDQPQP
PYTVATAAESLRPSFLGSTFNLRMSDDPEQSLQVEASPGSGRPAPAAQTPLLGRFLGVGA
PSPAISLRNFGRVRGTPRPPHLLRFRAEEGGDPEAAARTIEEESAESGDEALEP

9/24



WO 03/030922

PCT/EP02/11321

FIGURE 4 I. Nucleotide sequence of vitelliform macular dystrophy
protein 1(GenBank Accession Number AF440756)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

atgaccgtca
ctgctactgt
gggttctaca
tacttcgaga
gtgcttggct
ccgcectgeccg
ggccgcctet
cgctececgtea
gggtttatga
tactgggtgce
atccgcgaca
tgtggaatgc
accatcgcac
gctcagggtt
ttettcttet
gacgatgatg
gcagtggacg
gcecgaggctce
cagggctcca
ggcttggatg
ggcgcegggca
aacagctgcg
ggcgcggecc
gaggcccecgce
ttcagcatcg
attggcgagg

cctacacagce
ggcgtgggag
tggcgctgag
agcttgtgat
tttatgtgac
acgcgcteat
accggcgcac
gcaccgcggt
cccgcgagga
cctgegtetg
acagcgccect
tctttcacta
tgtacagcta
acaaagacca
acgccggcetg
actttgagac
agatgtatga
gcgccccata
cctttgacat
gaccgatggg
tggtcgcggg
tgtcggaggce
cggagtgcag
cccetgeggg
tgaccatgcce

aggaggagaa

ccgagtggcg
catctacaaa
tgctgectac
ttattgtgac
gctggtggtg
gtgegtggtyg
actcatgcgc
gttcaagcge
gcgcaagaag
gttctccaac
t&agctgctg
tgactggatt
cttectgget
cgacctagac
gctcaaggta
caactttctg
tgacctggct
cacagcggct
cacgctggce
agaggcgccce
aggccegcetg
gtctactggg
ctgcggggac
tceccgaaccg

cgggcceegg
tctggectga

FIGURE 4 J. Coding sequence of vitelliform
Accession Number AF440756_1)

1 {GenBank

1
61
121
181
241
301
361
421
481

mtvtytarva
yEeklviyecd
grlyrrtlmr
ywvpcvwisn
tialysyfla
ddddfetnfl
ggstfditla
nscvseastg
fsivtmpgpr

narfggfsgl
gyaslipvsE
vaglsavlil
laagarregr
cligrgfldp
idrnfgvsml
kedmgfqgrld
ascscavvpe
gpappwlpsp

1llwrgsiyk
vigfyvtlvv
rsvstavikr
irdnsalkll
agqgykdhdld
avdemyddlia
gldgpmgeap
gaapecscgd
igeeeenla
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aacgccegcet
ctectgtgge
cgctttgtge
cagtatgcca
aaccgctggt
gcgggcaccyg
tacgcagggc
ttcceccacca
tttgaaaacc
ctggcggcac
ctcgaggagc
agcgtacccece
tgcctecattg
ctgtgtgtge
gctgagcagce
atcgatagaa
gtgctggaga
actgtcttcce
aaagaagaca
ggcgacttce
ggccggegec
gccagctget
ccgetgeteg
cttaccctca
ggtccggege

tcggtggett
gagagctgcect
tgaccgaagg
gcctcatece
ggagccagta
tgcacggacyg
tetecggeegt
tagaccacgt
tgaactcatc
aggcccgacg
tgaatgtttt
tcgtgtacac
gtcgceagtt
ccatcttcac
tcatcaaccc
acttccaggt
aggacttgta
agctgcggcea
tgcagttcca
tgcagcgect
tgtcctttet
catgcgcggt
accccggcect
tcecetgggee
caccctggcet

2-like

ctceccagcetg
ctgcttectt
gcagaagcgc
tgtctcctte
cctatgeatg .
cgacgaccgce
gctecatcectyg:
ggtggaggct
ctacaacaag
cgagggccegce
tcggggcaaa
gcaggtggtg
cctggacccg
cctcttgeag
cttcggagag
gtccatgcetg
ctgggatgca
gccttectte
gecggctggac
cctgeeggeg
actccgcaag
tgtccecgaa
gcecggagcecce
tgtegagecc
gcccagcecct

macular dystrophy 2-like protein

llwrellcfl
nrwwsqgylcm
fptidhvvea
leelnvfrgk
levpiftllg
vlekdlywda
gdflgrllpa
plldpglpep

gfymalsaay
plpdalmcvv
gfmtreerkk
cgmlfhydwi
fffyagwlkv
aearapytaa
gagmvaggpl
eapppagpep

rfvlteggkr
agtvhgrddr
fenlnssynk
svplvytqgvv
aeqlinpfge
tvEqlrgpsE
grrlsfllrk
ltlipgpvep
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FIGURE 5. CLUSTAL W (1.82) multiple sequence alignment of
Bestrophin homologous proteins from different species
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FIG. 6b. VDM2 like protein 3 expression in mice (ob/ob) mice
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FIGURE 6C. Expression of YDM2-like protein 3 in genetically obese (db/db) mice
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