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(57) ABSTRACT

The invention relates to compositions comprising, and meth-
ods utilizing PBK1 protein and DNA, including a method of
detecting type 1 diabetes; a mammalian pancreas-derived cell
comprising a recombinant nucleic acid encoding a PBK1
protein; a method of identifying a PBK1 modulator; a phar-
maceutical composition for treatment of type 2 diabetes in a
subject; a method of screening for an agent that treats a
metabolic disease; delivery of PBK-1 DNA to a subject to
stimulate pancreatic beta cell differentiation and/or regenera-
tion; a method for stimulating cell differentiation and/or
regeneration in a pancreatic beta cell; usage of transgenic
mice with targeted deletion or overexpression of the PBK-1
gene to test efficacy and specificity of PBK-1 modulator
compounds.
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METHODS AND COMPOSITIONS RELATING
TO PBK1

[0001] This application claims the benefit of priority from
U.S. provisional application 60/939,462, filed May 22, 2007,
the entire contents of which is hereby incorporated herein by
reference.

REFERENCE TO SEQUENCE LISTING
APPENDIX

[0002] Amino acid and nucleic acid sequences are shown in
appended pages marked “Appendix” and are also being sub-
mitted on the accompanying compact disc; said amino acid
and nucleic acid sequences are considered part of this appli-
cation and are incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

[0003] The invention relates to compositions comprising,
and methods utilizing PBK1 protein and DNA.

BACKGROUND OF THE INVENTION

[0004] It was estimated that approximately 150 million
people worldwide had type 2 diabetes (12D) in the year 2000,
with the prediction that this number could double to 300
million by 2025 (1). T2D is characterized by insulin resis-
tance in peripheral tissues and deficient f-cell insulin-secre-
tory response to glucose. Glucose-sensing by pancreatic
[-cell plays an important role in regulating glucose homeo-
stasis and onset of T2D. Normal pancreatic $-cells are able to
sense minor changes in blood glucose levels, and promptly
respond to such changes by adjusting insulin secretion rates
to maintain normoglycemia (2). In patients with insulin resis-
tance, the pancreatic f-cells have to secret higher levels of
insulin as a compensatory response to insulin resistance in
order to maintain normoglycemia, resulting in hyperinsuline-
mia. Consequently, T2D develops only in subjects that are
unable to sustain this f-cell compensatory response (3, 4).
This is supported by results from longitudinal studies of sub-
jects that develop T2D. These patients show a rise in insulin
levels in the normoglycemic and prediabetes phases, fol-
lowed by a decline in insulin secretion when f3 cells loss their
ability to sense glucose, resulting pancreatic [3 cell failure and
onset of diabetes (5). A longitudinal study in Pima Indians
also confirmed that -cell dysfunction was the major deter-
minant of progression from normoglycemia to diabetes (6).
Furthermore, the natural history of T2D entails progressive
deterioration in f3-cell function (7) and loss of § cell mass due
to apoptosis (8, 9).

[0005] Current treatment options for type 2 diabetes
include insulin, sulfonylureas, glitinides, acarbose, met-
formin, thiazolidinediones. These drugs lower blood glucose
through diverse mechanisms of action. However, many of the
drugs cannot prevent 3-cell death or re-establish -cell mass,
and most of the oral hypoglycemic agents lose their efficacy
over time, resulting in progressive deterioration in f-cell
function and loss of glycemic control. Moreover, sulfony-
lurea therapy has been shown to induce apoptosis in rodent
[-cells (10) or cultured human islets (11), thus likely exacer-
bating [-cell loss in T2D patients. Consequently, there has
been intense interest in the development of therapeutic agents
that preserve or restore functional -cell mass (12). Several
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agents with the potential to inhibit p-cell apoptosis and/or
increase (3-cell mass have been identified in preclinical stud-
ies (12). One of the agents, a GLP-1 analogue, commercially
known as Byetta (exenatide), has been shown to lower blood
glucose level by improving -cell function (§-15). Byettais a
peptide derived from the venom of the Gila monster, a poi-
sonous lizard. Treatment of f-cell with Byetta has been
shown to improve f-cell glucose sensing concurrent with
preservation of p-cell mass and stimulation of (3-cell regen-
eration (16). However, Byetta must be administered by injec-
tion twice daily, and long term usage of the drug has been
associated with development of anti-exenatide antibodies in
diabetic subjects. Additionally, the drug slows gastric empty-
ing, and causes gastrointestinal discomfort.

[0006] Thus, there is a continuing need for compositions
and methods for detection and treatment of diabetes in a
subject. Further, development, of an oral antidiabetic drug
that can improve glucose sensing by pancreatic -cells is
required for treatment of type 2 diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts a northern blot that indicates that
PBK1 mRNA is most abundantly expressed in human pan-
creas.

[0008] FIG. 2 depicts a western blot that indicates that
PBK1 is predominantly expressed in endocrine islets, and
that PBK1 protein expression was significantly up-regulated
in islets of diabetic db mice.

[0009] FIG. 3 graphically represents insulin levels at indi-
cated glucose concentrations for Min-6 cells comprising vec-
tor, PBK1, a dominant negative mutant of PBK1 (DN), and a
PKA phosphorylation defective mutant of PBK1 (T260A);
demonstrating that PBK1 overexpression improved glucose-
sensing by Min-6 cells.

[0010] FIG. 4 depicts RT-PCR and insulin secretion data
related to inhibition of PBK1 and PBK2 mRNA expression.
[0011] FIG. S graphically represents a time course for oral
glucose tolerance in PBK1 heterozygous knockout mice and
wild type controls.

[0012] FIG. 6 depicts western blot data related to subcellu-
lar localization of recombinant PBK1.

SUMMARY OF THE INVENTION

[0013] The invention relates to compositions comprising-,
and methods utilizing PBK1 protein and DNA.

[0014] In one aspect, the invention provides a method of
detecting type 1 diabetes in a patient, comprising: reacting a
patient sample with a PBK1 protein or a fragment thereof
under conditions that promote antibody-antigen binding; and
detecting the presence of an autoantibody in said sample.
[0015] In one embodiment of the present invention, the
PBK1 protein is immobilized on a solid support. In another
embodiment, the patient sample is selected from the group
consisting of: blood, serum, plasma, and a biopsy tissue. In
another, the detecting of the autoantibody comprises reacting
the autoantibody with an antibody having a detectable label.
[0016] Inanother aspect, the invention provides a mamma-
lian pancreas-derived cell comprising a recombinant nucleic
acid encoding a PBK1 protein.

[0017] Inoneembodiment ofthe present invention, the cell
is a cell of a mammalian pancreas-derived cell line. In another
embodiment, the cell is a Min6 cell transfected with a recom-
binant nucleic acid encoding a PBK1 protein.
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[0018] In another aspect, the invention provides a method
of detecting a PBK1 modulator, comprising: contacting
PBK1 with a compound; and detecting a change in PBK1
activity, the change in PBK1 activity indicative that the com-
pound is a PBK1 modulator.

[0019] In a related aspect, the invention encompasses a
pharmaceutical composition for treatment of type 2 diabetes
in a subject, the composition comprising a modulator of
PBK1.

[0020] In a further related aspect, the invention provides a
method of identifying a PBK1 modulator, comprising one or
more of: a) contacting a PBK1 protein with a test agent under
conditions that promote kinase activity of said PBK1 protein,
and detecting an increase in the kinase activity; and b) con-
tacting a cell that expresses a PBK1 protein with a test agent
under conditions that promote glucose-stimulated insulin
secretion from said cell, and detecting an increase in the
glucose-stimulated insulin secretion from the cell; wherein
said increase in a) or b) each indicates that the test agent is a
PBK1 modulator.

[0021] In one embodiment of the present invention, the
method further comprises determining that the increase in the
glucose-stimulated insulin secretion comprises potentiation
of secretagogue-stimulated insulin secretion from a cell that
expresses a PBK1 protein. In another embodiment, the cell is
a mammalian pancreas-derived cell. In another, the cell is a
MING cell. In another, the cell contains a recombinant nucleic
acid encoding a PBK1 protein.

[0022] In another aspect, the invention provides a method
of screening for an agent that treats a metabolic disease, said
method comprising one or more of:

[0023] a)contacting a PBK1 protein with a test agent under
conditions that promote binding of said test agent to said
PBK1 protein, and detecting binding of said test agent to said
PBK protein;

[0024] b)contacting a PBK1 protein with a test agent under
conditions that promote kinase activity of said PBK1 protein,
and detecting an increase in the kinase activity; and

[0025] c) contacting a cell that expresses a PBK protein
with a test agent under conditions that promote glucose-
stimulated insulin secretion from said cell, and detecting an
increase in the glucose-stimulated insulin secretion from the
cell; wherein said disorder is selected from diabetes, type 2
diabetes, obesity, and diabetic retinopathy.

[0026] In one embodiment of the present invention, the
screening method further comprises designating said test
agent as an agent that treats said disease. In another embodi-
ment, the screening method further comprises designating
said test agent as an agent that treats type 2 diabetes.

[0027] In another embodiment, the PBKI1 protein is
selected from a protein having a polypeptide sequence that
has at least 73%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to the protein
having a polypeptide sequence set forth in SEQ ID NO: 2.
[0028] In another embodiment, the PBKI1 protein is
selected from a protein having a polypeptide sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 6.

[0029] Inanother embodiment, step a) is performed priorto
step ¢). In another, step b) is performed prior to step ¢). In
another, step a) is performed prior to b), and step b) is per-
formed prior to step c).

[0030] In another embodiment, the screening method fur-
ther comprises determining that the increase in the glucose-
stimulated insulin secretion comprises potentiation of secre-
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tagogue-stimulated insulin secretion from a cell that
expresses a PBK1 protein. In another, the cell is a mammalian
pancreas-derived cell. In another, the cell is a MTNG6 cell. In
another, the cell contains a recombinant nucleic acid encod-
ing a PBK1 protein.

[0031] Inanother aspect, the invention comprehends deliv-
ery of PBK-1 DNA to a subject to stimulate pancreatic beta
cell differentiation and/or regeneration.

[0032] Inarelated aspect, the invention provides a method
for stimulating cell differentiation and/or regeneration in a
pancreatic beta cell comprising delivering PBK-1 DNA to
said cell. In one embodiment of the present invention, the
DNA is operably linked to a promoter that drives expression
of'said DNA in said cell. In one embodiment, the promoter is
an adenoviral promoter, retroviral promoter, or any promoter
that can direct expression of PBK1 expression in mammalian
cells, tissues, or living body.

[0033] In another aspect, the invention comprehends the
usage of transgenic mice with targeted deletion or overex-
pression of the PBK-1 gene to test efficacy and specificity of
PBK-1 modulator compounds.

[0034] In arelated aspect, the invention provides a method
for in vivo screening for an agent that treats diabetes, said
method comprising: a) subjecting a mammal comprising a
PBK1 knockout genome to a diet that promotes diabetes; b)
treating said mammal with a test agent; ¢) determining blood
glucose level of said mammal; and d) determining whether
said mammal is glucose tolerant. In one embodiment of the
present invention, the animal is heterozygous for the PBK1
knockout. In another, the animal is homozygous for the PBK1
knockout.

DETAILED DESCRIPTION OF THE INVENTION

[0035] PBKI1 (pancreas brain kinase), is shown herein to
play akey role in regulating glucose-sensing. Overexpression
of PBK1 in MING cells greatly improves their glucose-sens-
ing by more than three fold, much greater than that by GLP-1.
Moreover, data detailed herein show that PBK1 also enhances
insulin secretion stimulated by GLP-1 and other insulin
secretagogues by improving the stimulus-secretion coupling
function of f-cells. It is further demonstrated that PBK1 is a
“master” regulator of the networks that regulate glucose-
sensing, since PBKI1 is associated with both synaptic-like
microvesicles and insulin secretion granules. PBK1 is pre-
dominantly expressed in brain and pancreas, thus eliminating
or reducing potential problems of functionally related side
effects of an oral antidiabetic compound. Various embodi-
ments described herein refer to type 1 diabetes and/or type 2
diabetes. For the purposes of the invention described herein
these references to the types of diabetes are made consistently
with the 1997 recommendations of the American Diabetes
Association expert committee for universal adoption of sim-
plified terminology, with which recommendations the
National Institute of Diabetic and Digestive and Kidney Dis-
eases (NIDDK) agreed. Accordingly, for the purposes of the
invention described herein, type 1 diabetes encompasses art-
recognized references to type I diabetes, juvenile diabetes,
insulin-dependent diabetes mellitus, and/or IDDM; and type
2 diabetes encompasses art-recognized references to type 11
diabetes, adult-onset diabetes, noninsulin-dependent diabe-
tes mellitus, and/or NIDDM.

[0036] In accordance with the present invention, various
techniques and terms, including, but not limited to, conven-
tional molecular biology, microbiology, immunology and
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recombinant DNA techniques and terms may be used which
are known by those of skill in the art. Such techniques and
terms are described and/or defined in detail in standard ref-
erences such as Sambrook, et al., Molecular Cloning: A Labo-
ratory Manual, 2nd Ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989; Ausubel, F. et al.,
Current Protocols in Molecular Biology, John Wiley & Sons,
1994; Wild, D., The Immunoassay Handbook, 3rd Ed.,
Elsevier Science, 2005; Gosling, J. P., Immunoassays: A
Practical Approach, Practical Approach Series, Oxford Uni-
versity Press, 2005; and Harlow, E. and Lane, D., Antibodies:
A Laboratory Manual, Cold Spring Harbor Laboratory Press,
1988; and other references described herein.

[0037] PBKI protein provided in compositions and meth-
ods described herein may be isolated from natural sources,
such as brain or pancreas of an organism. Alternatively, PBK1
protein may be generated recombinantly, such as be expres-
sion using an expression construct, in vitro or in vivo. Nucleic
acid sequences encoding PBK1 have been isolated as exem-
plified by nucleic acid sequences described herein along with
amino acid sequences of PBK1. Methods and compositions
are not limited to PBK1 having the amino acid sequence
described herein in detail. Homologs, including orthologs, of
PBK1 may be used. In addition, as will be appreciated by one
of skill in the art, due to the degeneracy of the genetic code,
more than one nucleic acid will encode an identical protein.
Thus, nucleic acids encoding PBK1 or a homolog thereof are
not limited to those nucleic acids described herein in detail.

[0038] <“PBKI protein” means a protein having at least
73%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%., 98%, 99%, or 100% identity to the protein having
apolypeptide sequence set forth in SEQID NO: 1, or a protein
encoded by a nucleic acid sequence that hybridizes under
high stringency hybridization conditions to the nucleic acid
set forth in SEQ ID NO: 1 or a complement thereof so long as
the protein effects the function described in the particular
inventive method comprising use of the protein. For example,
in a method of screening of the invention, a protein encoded
by a nucleic acid sequence that hybridizes under high strin-
gency hybridization conditions to the nucleic acid set forth in
SEQ ID NO: 1 or a complement thereof is operable in the
inventive method so long as the protein effects the described
binding, kinase activity, or glucose-stimulated insulin secre-
tion.

[0039] High stringency hybridization conditions are known
to the ordinarily skilled artisan. For instance, high stringency
conditions can be achieved by incubating the blot overnight
(e.g., at least 12 hours) with a long polynucleotide probe in a
hybridization solution containing 7% SDS, 0.5 M NaPO,, pH
7, 1 mM EDTA at 65° C., followed by one or more washes
with a 0.1% SDS, 1xSSC solution at 65° C. Whereas high
stringency washes can allow for less than 5% mismatch,
reduced or low stringency conditions can permit up to 20%
nucleotide mismatch. A fragment of PBK1 protein is any
fragment of a PBK1 protein that is operable in the described
method utilizing the fragment, as understood by the ordi-
narily skilled artisan. A fragment of PBK 1 protein is operative
in any of the inventive methods described herein utilizing a
PBK1 protein. For example, in a method of the invention
comprising reacting a patient sample with a PBK1 protein or
a fragment thereof under conditions that promote antibody-
antigen binding, a fragment of the PBK1 will be such under-
stood to be operative, so long as the fragment effects the
described antibody-antigen binding. Furthermore, it is under-
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stood by the ordinarily skilled artisan that such binding refers
to specific binding as determinable by use of appropriate
controls to distinguish it from nonspecific binding. Similarly,
it is understood by the ordinarily skilled artisan that binding
of a test agent or modulator to PBK1 protein refers to specific
binding as determinable by use of appropriate controls to
distinguish it from nonspecific binding.

[0040] “PBK1 DNA” means an isolated DNA molecule
having a sequence that has at least 73%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity to the DNA sequence set forth in SEQ IDNO: 1, or an
isolated DNA molecule having a sequence that hybridizes
under high stringency hybridization conditions to the nucleic
acid set forth in SEQ ID NO: 1 or a complement thereof, so
long as the DNA effects the function described in the particu-
lar inventive method comprising use of the DNA. PBK1 DNA
includes an isolated DNA molecule that has a sequence set
forthin SEQIDNO: 1, SEQIDNO: 5, or SEQ IDNO: 18. A
fragment of PBK1 DNA is any fragment of a PBK1 protein
that is operable in the described method utilizing the frag-
ment, as understood by the ordinarily skilled artisan. A frag-
ment of PBK1 DNA is operative in any of the inventive
methods described herein utilizing a PBK1 DNA.

[0041] A “testagent” or “modulator” as described in any of
the inventive methods provided herein comprehends a com-
pound; small molecule; biochemical; cytokine; biological
including protein, peptide, antibody, or fragments thereof.
[0042] Conditions that promote binding, kinase activity, or
glucose-stimulated insulin secretion as described in any of
the inventive methods provided herein are well known in the
art; including such conditions described in the references
provided herein, and otherwise described or illustrated
herein.

[0043] Methods of detecting type 1 diabetes are provided
according to the present invention which include detecting an
autoantibody in a patient sample by reacting the patient
sample with a PBK1 protein. Detection of an autoantibody in
the sample is indicative of type 1 diabetes in the patient. In
particular embodiments, methods of the present invention for
detecting type 1 diabetes are advantageously used to screen
patients suspected of developing type 1 diabetes or likely to
be susceptible to developing type 1 diabetes. For example, an
inventive assay is used in a subject having a medical history or
genetic background which predisposes the subject to devel-
opment of type 1 diabetes.

[0044] Any of various techniques may be used to detect an
autoantibody to PBK1 in a sample obtained from a subject.
Standard immunomethods including, but not limited to,
ELISA, radioimmunoassay, immunoblotting, immunopre-
cipitation assay, or immunodiffusion assay, may be used to
detect an autoantibody to PBKI1 in a sample. Immu-
nomethods are described in detail in standard references such
as Wild, D., The Immunoassay Handbook, 3rd Ed., Elsevier
Science, 2005; Gosling, J. P., Immunoassays: A Practical
Approach, Practical Approach Series, Oxford University
Press, 2005; and Harlow, E. and Lane, D., Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press,
1988.

[0045] PBKI1 protein or its peptide analogues may be
immobilized on a solid support for incubation with the patient
sample in particular embodiments.

[0046] PBKI protein used in methods of the present inven-
tion for detection of type 1 diabetes is full-length PBK1 in
particular embodiments. In further embodiments, an anti-
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genic fragment of PBK1 is used. An antigenic fragment of
PBK1 is a portion of a PBK1 protein which stimulates an
immune response in a subject.

[0047] A patient sample is typically a blood, serum,
plasma, and/or biopsy tissue sample. A particular biopsy tis-
sue used in a method of the present invention is pancreas
biopsy tissue. In addition to detection of type 1 diabetes,
methods and compositions for use in treatment of diabetes are
provided according to embodiments of the present invention.
[0048] Inaparticular embodiment,a mammalian pancreas-
derived cell including a recombinant nucleic acid encoding
PBK1 is provided. A mammalian pancreas-derived cell
including a recombinant nucleic acid encoding PBK1 may be
a primary pancreas cell, such as a pancreatic beta cell ora cell
of a mammalian pancreas-derived cell line. In particular
embodiments a cell of a mammalian pancreas-derived cell
line is a Min6 cell. Further embodiments include any human
pancreatic beta cell line including a recombinant nucleic acid
encoding PBK1.

[0049] A method of treating type 1 diabetes in a subject is
provided which includes delivering a mammalian pancreas-
derived cell including a recombinant nucleic acid encoding
PBK1 to a subject. In preferred embodiments, the cell is a
glucose-sensing cell competent to secrete insulin. In particu-
lar embodiments, the mammalian pancreas-derived cell
including a recombinant nucleic acid encoding PBKI1 is
delivered to the pancreas. In further embodiments, the
microencapsulated mammalian pancreas-derived cell includ-
ing a recombinant nucleic acid encoding PBK1 is delivered to
liver or the kidney capsule of the subject.

[0050] An in vivo animal model for transplantation of
exogenous cells expressing a transgene to the pancreas is
exemplified by a model of type 1 diabetes generated by treat-
ment of an animal with streptozotocin (STZ). Streptozotocin
is well-known as a naturally occurring chemical that is par-
ticularly toxic to the insulin-producing beta cells of the pan-
creas. The STZ-diabetic animals will be transplanted with
pancreatic beta cell line stably overexpressing PBK1 gene to
test efficacy of the transplantation in the treatment of type 1
diabetes. Animals which may be used in a streptozotocin
model of type 1 diabetes include, but are not limited to,
rodents, rabbits and dogs.

[0051] In further embodiments, a nucleic acid encoding
PBK1 is delivered to a subject to stimulate pancreatic beta
cell differentiation and/or regeneration. Pancreatic [3-cell dif-
ferentiation/regeneration is measured by cell number count-
ing and by immunofluorescence analysis of BrdU incorpora-
tion in pancreatic f-cell lines overexpressing the PBK-1
kinase.

[0052] Methods of identifying a PBK1 modulator are pro-
vided according to embodiments of the present invention
which include contacting PBK1 with a putative modulator
compound and assaying for a change in PBK1 activity. For
example, a detected increase in PBK1 activity is indicative
that the putative activator compound is an PBK1 activator. A
detected decrease in PBK1 activity is indicative that the puta-
tive inhibitor compound is a PBK1 inhibitor. It is understood
by the ordinarily skilled artisan that the detected increase or
decrease in any of the inventive methods described herein
comprehends reference to appropriate controls for the pur-
poses of the particular method.

[0053] An assay used in methods of identifying a PBK1
modulator or in methods of screening described herein may
have any of various formats, including, but not limited to,
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cell-based and array assays. An array assay refers to an
ordered array of one or more materials, such as an arrange-
ment of addressable regions including putative activators, for
example.

[0054] In particular embodiments, the inventive method
includes detection of a change in secretagogue-stimulated
insulin secretion, such as glucose-stimulated, GLP-1-stimu-
lated and/or KCl-stimulated insulin secretion from a cell
expressing PBK1. A cell expressing PBK1 is a mammalian
pancreas-derived cell in particular embodiments of an inven-
tive method. For example, a cell expressing PBK1 for use in
an assay for detecting modulated PBK1 activity following
contact with a putative modulator is a MING6 cell containing a
recombinant nucleic acid encoding PBK1.

[0055] Assays for modulator activity or for the screening
described herein are optionally performed using a transgenic
non-human animal, such as a transgenic mouse, having tar-
geted deletion or overexpression of the PBK-1 gene, for
example to test efficacy and specificity of PBK-1 modulator
compounds. Methods for targeted deletion or overexpression
of a gene in a cell and/or in an animal, such as a transgenic
mouse, are known in the art as exemplified by description in
references including, but not limited to, U.S. Pat. Nos. 5,994,
618 and 6,891,082, Nagy, A. et al., Manipulating the Mouse
Embryo: A Laboratory Manual, 3 ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y., 2002 and Pinkert, C.
A., Transgenic Animal Technology, A Laboratory Handbook,
2"?ed., Academic Press, 2002. See also Kishi M. et al. (2005)
Science 37: 929-931.

[0056] A pharmaceutical composition for treatment of type
2 diabetes in a subject is provided which includes a modulator
of PBK1. A PBK1 modulator is an activator or inhibitor of
PBK-1 activity in particular embodiments.

[0057] In particular embodiments, a PBK1 modulator or
agent described herein is formulated for oral delivery to a
subject, in particular a subject having need of treatment for
type 2 diabetes. In further embodiments, the pharmaceutical
composition is formulated for parenteral, nasal, topical, ocu-
lar, buccal, pulmonary, or rectal delivery to the subject.

[0058] Formulation of pharmaceutical compositions for
particular routes of administration is known in the art and is
described in detail in references such as Allen, L. V. et al.,
Ansel’s Pharmaceutical Dosage Forms and Drug Delivery
Systems, 8% ed., Lippincott, Williams & Wilkins, 2005; and
Remington: The Science and Practice of Pharmacy, 21 ed.,
Lippincott, Williams & Wilkins, 2006.

[0059] The terms “subject” and “patient” are used inter-
changeably herein and refer to individual animals, particu-
larly mammals, including, but not limited to, humans.

[0060] The invention comprehends PBK1 as a drug target
to screen compounds to be used for the treatment of type 2
diabetes. In particular embodiments, activators of AMPK
(5'-AMP-activated protein kinase), related compounds and
derivatives are PBK1 activators for the treatment of type 2
diabetes which improve glucose-sensing of the pancreatic
beta-cells.

[0061] In further embodiments, inhibitors of PBK-1 are
identified. PBK-1 inhibitors are useful, for instance, to pre-
vent/treat hyperglycemia-induced apoptosis of pancreatic
beta cells, or used as reference compounds in the methods
described herein.

[0062] Embodiments of inventive compositions and meth-
ods are illustrated in the following examples. These examples



US 2010/0146642 Al

are provided for illustrative purposes and are not considered
limitations on the scope of inventive compositions and meth-
ods.

EXAMPLES
Example 1
Cloning and Expression
Molecular Cloning of PBK 1

[0063] The coding region of the human PBK1 cDNA (SEQ
IDNO: 18; NCBI Acc. AF533876) is amplified by PCR from
human fetal brain marathon-ready cDNA(BD Bioscience)
using primers by 5'-CGATGACATCGACGGGGAAGGAC-
3' (SEQ ID NO: 7) and 5-GATGGCCTCGTGGAGGTGA-
CATG-3' (SEQ ID NO: 8) and subcloned into Srf-1 site of
pCR-Script-Amp SK(+) vector. A flag-tagged version of
PBK1 is generated by PCR amplification by using primer
pairs 5'-GCCACCATGGATTACAAGGATGACGAC-
GATAAGACATCGACGGGGAAGGACGGCG GC-3'
(SEQ ID NO: 9), and 5'-GATGGCCTCGTGGAGGTGA-
CATG-3' (SEQ ID NO: 10). The resulting PCR product is
cloned into Srf-1 sites of pCR-Script-Amp SK(+) vector,
sequenced, and subcloned to the HindIII-Notl sites of
pcDNA3.1.

Retrovirus Expression Vector

[0064] The insert is excised with BamH1-Xhol from
pcDNA3.1-PBK1 and ligated into the BamH1 and Sall sites
of pBabe-puro to generate pBabe-PBK1 for retroviral expres-
sion in MING cells.

Mutants

[0065] Site-directed mutagenesis is performed by using
Quickchange multi-site kit (Strategene). Amino acid residue
Arg-48(K48M) or Thr-260(T260A) of PBK1 was replaced by
Met and Ala, respectively. The primers for these two mutants
are 5'-CCAGAAGGTGGCCATCATGATCGTCAAC-
CGTGAG-3' (SEQ ID NO: 11) (K48M) and 5-CGCCG-
CACGCCGCCTCGCGCTAGAGCACATTCAG-3'  (SEQ
IDNO: 12) (T260A). The mutants are confirmed by sequenc-
ing analysis.

Cell Culture and Retroviral Infection

[0066] Pancreatic beta-cell line, Min6 cells, described in
Miyazaki et al., Endocrinology, 1990 July; 127(1):126-32,
are cultured in DMEM with 15% FBS, 25 mM glucose, 100
micromolar beta-mercaptoethanol, 100 units/ml penicillin/
streptomycin. For retroviral infection, pBabe-puro constructs
are used to transfect 293T-derived phoenix cells by the cal-
cium phosphate method. Two days after transfection, super-
natants containing viral particles are harvested and used to
infect MING cells. The cells are then selected by 1 microgram/
ml puromycin.

Example 2
Human Tissue Distribution of PBK1 mRNA

[0067] Tissue distribution of PBK1 (pancreas brain kinase-
1), also known as BRSK2, SAD-A, SAD1, STK29, PEN11B,
Cllorf7 (18, 19) is examined. Northern blot analysis shows
that PBK1 is almost exclusively expressed in human pancreas
and brain, and most abundantly in human pancreas (FIG. 1);
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implicating an important role for PBK1 in regulating pan-
creas function. Similar results were obtained when heart tis-
sue was included in Northern blots. Northern blot analysis
was carried out using multi-tissue blot from Clontech and
radio-labeled human PBK1 as a probe.

Example 3

PBK1 Protein is Predominantly Expressed in Endo-
crine Islets

[0068] PBKI protein expression were analyzed by western
blot analysis using mouse monoclonal antibody to PBK1 and
protein lysate from Min6 cells, pancreatic islets and exocrine
pancreas isolated from C57B16 (B16), non-diabetic control
db mouse (Db-C), hyperglycemic db mouse (Db-HG), or db
mouse under normalglycemia (Db-LG), respectively. The
same blot was also used to analyze the expression level of
[-actin as an internal control for sample loading. The results
showed that PBK1 is predominantly expressed in endocrine
islet, but not detectable in exocrine pancreas. The results also
showed that PBK1 protein expression was significantly up-
regulated in islets of diabetic db mice. See FIG. 2.

Example 4

PBK1 Overexpression Improved Glucose-Sensing by
Min-6 Cells

[0069] Min-6 is a stable cell line derived from mouse pan-
creatic beta cells (25). In comparison with other pancreatic
beta-cell lines, MING cells maintain the integrity of glucose-
sensing ability. To achieve high transfection rates for the
expression of PBK1 in MING cells, a recombinant retroviral
expression system was created for PBK1 as described above,
and a flag tagged expression vector for PBK1 is generated to
facilitate analysis of its expression in MING6 cells, a mouse
islet beta-cell line. As shown in FIG. 3, overexpression of
PBK1 in MING cells significantly enhances glucose and KCl
stimulated insulin secretion. The effect of PBK1 on insulin
secretion is fully dependent on its kinase activity.

[0070] The Min-6 cells were cultured in DMEM medium
containing 4.5 g/l glucose and L-glutamine, and were
infected with recombinant retroviruses overexpressing the
human PBK1, a dominant negative mutant of PBK1 (DN), or
a PKA phosphorylation defective mutant of PBK1 (T260A).
The dominant negative mutant was generated by replacing
lysine at aa 48 with methionine. The PKA defective mutant
was generated by replacing threonine at aa 260 with an ala-
nine. The infected Min-6 cells were selected for puromycin
resistance as a stable pool. For measurement of glucose sens-
ing by Min-6 cells, the stable pool of the infected Min-6 cells
were preincubated for 1 hour at 37° C. in Krebs Ringer buffer
containing 0 mM glucose, followed by 2 hour incubation with
the indicated concentration of 2.8 mM, 16.7 mM, and 28 mM
of glucose or 50 mM KCIl. The supernatants were then col-
lected and analyzed for insulin levels by radioimmuno assays
using a kit from Linco Research, Inc. With respect to DN,
mutation of the key amino acids for the kinase activation of
PBK completely abolished its effect on insulin secretion.
With respect to T260A, the mutant PBK1 partially lost its
ability to improve insulin secretion by glucose and KCI1 (FIG.
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3). The results showed that the wild type PBK1, but not the
mutants, potentiated glucose- and KCl-stimulated insulin
secretion.

Example 5

PBK1 Deficiency Impaired Glucose-Stimulated
Insulin Secretion from Min-6 Cells

[0071] Endogenous mouse PBK1 (also known as SAD-A;
BRSK?2) and PBK2 (also known as SAD-B; BRSK1) mRNA
expression was inhibited by transient transfection of Min-6
cells with 200 nM of siRNAs targeting the coding region of
the mouse PBKI1 (194-214: 5-AGCGAGAGATTGC-
CATCTTGA-3") (SEQ ID NO: 16) and PBK2 (468-488:
5-GCCAGAGAACCTGCTGTTGGA-3") (SEQ ID NO: 17)
coding regions or a scrambled-sequence siRNA as a negative
control (Dharmacon) using Lipofectamine 2000 (Invitrogen).
Efficiency of PBK1 and PBK2 knockdown were assessed by
RT-PCR. The results showed more than 70% reduction of the
endogenous PBK1 and PBK2 mRNA expression (A). Sixty
hours after the transfection, insulin secretion was analyzed
from the Min-6 cells as described in FIG. 4. The results
showed that deficiency of PBK1, but not PBK2, resulted in
impaired glucose sensing by Min-6 cells (B).

Example 6
PBK1 Deficiency in Mice Caused Diabetes

[0072] Oral glucose tolerance test were carried out in awak-
ening PBK1 heterozygous knockout mice and the wild type
controls to analyze the onset of diabetes. The heterozygous
PBK1 knockout (n=4) and the wild type control mice (n=4) at
three months of age on regular chow were fasted overnight
and then analyzed for blood glucose levels using blood
samples collected by tail bleeding (0 min). The mice were
then given 50% glucose solution by oral gavage at 2.5 g
glucose/kg body weight. Blood samples were collected from
tail-bleeding at 30, 60, and 120 minutes, respectively, after
the glucose overload and analyzed for glucose levels by glu-
cose meter. The results (FIG. 5) showed that the heterozygous
PBK1 knockout mice have higher fasting blood glucose level
(panel A). One of the heterozygous mice developed diabetes
as judged by the fasting blood glucose level and glucose
tolerance test (panel B).

Example 7
Subcellular Fractionation of PBK1

[0073] PBK1 is associated with both synaptic-like
microvesicles and insulin secretion granules. Subcellular
localization of the recombinant PBK1 in MIN-6 cells was
analyzed by sucrose gradient and Western blot analysis using
markers for synaptic-like microvesicles and insulin secretion
granules. As shown by FIG. 6, the recombinant PBK1 is
co-localized with both Rim2 and VAMP?2 in subcellular frac-
tions segregated by sucrose gradient. Rim?2 is a putative effec-
tor protein for Rab3s, synaptic GTP-binding proteins. RIM2
is localized close to the active zone at the synapse and regu-
lates neurotransmitter releases (20). In insulin-secreting
[-cells, Rim2 interacts with cAMP-binding protein cAMP-
GEFII (or Epac 2), and mediates cAMP-dependent, PKA-
independent insulin secretion (21). VAMP2 is associated with
insulin secretory granules and regulates insulin exocytosis
from pancreatic (3-cells (22). The data support a dynamic role
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of PBK1 in regulating insulin secretion by interacting with
proteins of different networks involved in insulin secretion.
[0074] Sucrose gradient fractionation is performed by the
method of Mizuta et all (17). Briefly, a stable MING cell clone
overexpressing PBK1 is harvested by homogenization buffer
containing 200 mM sucrose, 50 mM NaCl, 2 mM EGTA, 10
mM HEPES at pH7.2, and 1 mM phenylmethylsulfony fluo-
ride and homogenized. The homogenate is centrifuged at
1770 g for 6 min at 4° C. The resulting postnuclear superna-
tant is applied to the top of sucrose gradients (0.4, 0.6, 0.8,
1.0,1.4,1.8 M) in 10 mM HEPES, pH 7.2, and 2 mM EGTA,
and centrifuged at 55,000 g for 2 hours at 4° C. The fractions
are collected from the top to bottom, precipitated with 15%
trichloroacetic acid, and subjected to immunoblot analysis
using anti-Flag antibody(Sigma), anti-Rim2 antibody (Syn-
aptic Systems), and anti-VAMP2 antibody (Calbiochem).

Example 8

Polymorphism Analysis for Early Diagnosis of Type
1 Diabetes and Type 2 Diabetes

[0075] PBKI1 is localized on chromosome 11pl15.5, an
IDDM2 diabetic locus. Sequence analysis of the 3'-untrans-
lated region revealed a polymorphism, described in Miura et
al. (18), which can be used to predict the onset of type 2
diabetes. The polymorphism will be investigated by analyz-
ing the patterns of DNA fragments from Hhal/BstUI diges-
tion of genomic DNAs of the 3' untranslated region of PBK1
gene from diabetic and non-diabetic subjects. The genomic
DNAs from diabetic and non-diabetic subjects will be ampli-
fied by PCR reactions (35 cycles of 94° C. for 30 seconds, 59°
C. for 30 seconds, and 72° C. for 90 seconds) using a primer
pair: 5-GTCACCTGACCCCTCAGCAA-3' (SEQ ID NO:
13) and 5'-CACCAGCTCTGTCCTCAGAG-3' (SEQIDNO:
14). The PCR product will be purified by Qiaquick PCR
purification kit (Qiagen), digested with Hhal/BstUI, and
separated on a 6% polyacrylamide gel.

Example 9
Early Diagnosis of Type 1 Diabetes

[0076] Type 1 diabetes is caused by autoimmune destruc-
tion of pancreatic beta cells, which generally occurs over a
period of several years leading to the eventual onset of overt
diabetes mellitus. During this extended pre-clinical phase, the
characteristic circulation of autoantibodies against a variety
of islet cell antigens including glutamic acid decarboxylase
(GADG65), TA-2 (a tyrosine phosphatase-like protein), and
insulin provides early markers of autoimmune disease activ-
ity as well as early diagnosis of type 1 diabetes. The present
invention comprehends PBK1 as an autoantigen in type 1
diabetes, and that the autoantigen can be used as a marker for
early diagnosis of type 1 diabetes by using enzyme-linked
immunosorbent assay (ELISA), radioimmuno assays (RIA),
and the like. In the ELISA assay, purified PBK1 protein will
be used to detect the presence of antoantibodies to PBK 1 from
serum of type 1 diabetic patients. Methods for detecting pres-
ence or absence of autoantigens are known to the ordinarily
skilled artisan. For example, such methods have been applied
to detect presence or absence of GAD65 and other autoanti-
gens (23).

Example 10

Application to Type 2 Diabetes

[0077] PBKI1 canbeused as a drug target to screen activator
compounds for the treatment of diabetes, obesity, diabetic
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retinopathy, and other metabolic diseases. The screening pro-
cess illustratively comprehends binding assay, kinase assay,
and functional assay. PBK1 activators can be identified by
measuring the binding potency of the compounds to the
kinase ATP binding site through competition with a conju-
gated binding probe as described in reference 24. PBK1 acti-
vators are expected to stimulate kinase activity in a kinase
assay. In the PBK1 kinase assay, purified PBK1 from E. coli
or sf-9 insect cells are incubated in a kinase buffer (Cell
Signaling Technology, USA) in the presence of 0.5 mM LNR
peptide (KKLNRTLSFAEPG) (SEQ ID NO: 15) in the pres-
ence of 10 pM ATP, and 1 ul [y->*P]-ATP (5 uCi). After
incubation at 30° C. for 30 min, 15 pl aceticacidglacial is
added to stop the reaction. The kinase activity is quantified by
radioactivity incorporated into the LNR peptide using phos-
phocellulose P-81 filter squares. For high throughput kinase
assay for PBKI1 activators, purified PBK1 protein is incu-

/translation =
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bated with sepharose beads coupled with LNR peptide in the
kinase buffer in the presence of 0.2 mM of [y->>P]-ATP for 30
min, and then washed three times before scintillation count-
ing of radioactivity. In the functional assay, PBK1 activators
are expected to potentiate glucose stimulated insulin secre-
tion from isolated islet beta cells or cultured pancreatic beta
cell lines, such as Min-6 cells. In this assay, addition of a
PBK1 activator potentiates glucose stimulated insulin secre-
tion in a glucose-dependent manner, but is ineffective in the
absence of glucose, as demonstrated by FIG. 3.

Example 11
Sequence Data

[0078] SEQIDNO.s: 1 and 2 are with reference to: Acces-
sion NO. NM__003957; 3506 bp; Homo sapiens BR serine/
threonine kinase 2 (BRSK?2) setting forth:

“MTSTGKDGGAQHAQYVGPYRLEKTLGKGQTGLVKLGVHCVTCQK

VAIKIVNREKLSESVLMKVEREIAILKLIEHPHVLKLHDVYENKKYLYLVLEHVSGGE

LFDYLVKKGRLTPKEARKFFRQIISALDFCHSHSICHRDLKPENLLLDEKNNIRIADF

GMASLQVGDSLLETSCGSPHYACPEVIRGEKYDGRKADVWSCGVILFALLVGALPFDD

DNLRQLLEKVKRGVFHMPHF IPPDCQSLLRGMI EVDAARRLTLEHIQKHIWY IGGKNE

PEPEQPIPRKVQIRSLPSLEDIDPDVLDSMHSLGCFRDRNKLLQDLLSEEENQEKMIY

FLLLDRKERYPSQEDEDLPPRNEIDPPRKRVDSPMLNRHGKRRPERKSMEVLSVTDGG

SPVPARRAIEMAQHGQORSRSISGASSGLSTSPLSSPRVTPHPSPRGSPLPTPKGTPVH

TPKESPAGTPNPTPPSSPSVGGVPWRARLNS IKNSFLGSPRFHRRKLOQVPTPEEMSNL

TPESSPELAKKSWFGNFISLEKEEQIFVVIKDKPLSSIKADIVHAFLSIPSLSHSVIS

QTSFRAEYKATGGPAVFQKPVKFQVDITYTEGGEAQKENGIYSVTFTLLSGPSRRFKR

VVETIQAQLLS THDPPAAQHLSDT TNCMEMMTGRLSKCGIIPKS”

ORIGIN
1 gctgttcgge

61 gacgggcgtyg

121 cggeggegga

tcagctgcac ggcteggete ggeteggete ggeteggetg cgcggecget

cgctggggge geggggegeg gggegeggge cteggeggeg geggeggegg

agecaggtge ccccgecege cctgtectet cgacgaggeg gaggegtege

181 cgegggecag gecteggact gecgegtegg agtggacgeg gggggceggeg gegegggegy

241 acgcgggcgg

cgcgaagcag cggggeccge gggggegece cggecgggte ggcgceggacg

301 gcactcggeg gacgegggeg gacgctggge ggeccctece tgceegegeg caegggegeo

361 cctggeegge geegggecee agagcgatga catcgacggg gaaggacgge ggegegeagC

421 acgcgcagta

tgttgggece taccggetgyg agaagacgct gggcaagggg cagacaggte

481 tggtgaagct gggggttcac tgcgtcacct gccagaaggt ggecatcaag atcgtcaacc

541 gtgagaagct
601 tcattgagca

661 acctggtgcet

cagcgagteg gtgctgatga aggtggageg ggagatcgceg atcctgaage
ccececcacgte ctaaagetge acgacgttta tgaaaacaaa aaatatttgt

agaacacgtg tcaggtggtg agctcttcga ctacctggtg aagaagggga

721 ggetgacgec taaggaggct cggaagttcet tceggcagat catctetgeg ctggacttet

781 gcecacageca ctccatatge cacagggate tgaaacctga aaacctectg ctggacgaga

841 agaacaacat ccgcatcgca gactttggca tggegtcect geaggttgge gacagectgt
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901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

tggagaccag
atgacggecg
gggctcetgece
tgttccacat
aggtggacgce
ggggcaagaa
tgceccagect
tcecgagaceg
tgatttactt
tgcccceeeg
ggcacggcaa
gctecceggt
ccatcagegyg
ctcacceccte
caaaggagag
gggtgeectg
tccaccgecg
cgtecccaga
agcagatctt
acgecttect
ccgagtacaa
atatcaccta
tcaccctget
agctgctgag
tggaaatgat
cctecacgag
teetgetgtt
tcetegecte
agceccggecg
geettetggyg
gectecacge
cgecteegtyg
teecettgect
cagagacacc
tgttatttat
cggecacate
ctetgaggac

attcctgcaa

ctgtgggtece
gaaggceggac
cttecgacgat
gccgeacttt
cgecacgeege
tgagccegaa
ggaggacatc
caacaagctg
cctectectyg
gaacgagata
gceggeggeca
gectgegegy
tgcctectea
accaaggggc
ceceggetgge
gagggegegy
gaaactgcaa
getggegaag
cgtggtcate
gtcgatteee
ggccacgggyg

cacggagggt

ctcaggcecece
cacacacgac
gacggggcygy
gccatectet
gctgeeggge
agctcegeac
acceggacte
gccaggaccce
cgcacctgga
tagtcttgge
catctggggce
ctgcggcacce
ttgcegtttt
ccetgeegte
agagctggtg

gatattttta

-continued

ccccactacyg
gtgtggagcet
gacaacttgce
atcccgeceg
ctcacgcetag
ccagagcage
gaccccgacyg
ctgcaggacc
gaccggaaag
gaccctecee
gaacgcaaat
cgggecattyg
ggccttteca
agtccectec
acgceccaacc
ctcaactcca
gttecgacge
aagtcctggt
aaagacaaac
agtctcagec
gggcecagcecg
ggggaggcege
agccgteget
cegectgegg
ctttecaaat
gtgaccgaag
agtgaggccc
ggccegtggy
ceggteaccet
ctggtgggca
ggcectecteg
ctceteagge
ggctgtggge
agagccttec
aatttatgga
tgcgtgtete
g99¢cgcgggy

taaacttttt

cetgecccga
geggegteat
gacagctget
actgccagag
agcacattca
ccattectey
tgctggacag
tgctgtecga
aaaggtaccc
ggaagcgtgt
ccatggaggt
agatggccca
ccagcccact
ccacceccececcaa
ccacgeceac
tcaagaacag
cggaggagat
ttgggaactt
ctetgagete
acagcgtcat
tgttccagaa
agaaggagaa
tcaagagggt
cccagecactt
gtggaattat
gcagetgetyg
agcccagege
aggaaggcca
gaccccteag
acgtagccac
caggceegty
tgcctecegt
tetggegetce
cagcaggcca
tteteegeac
aggcagtggyg
gggctggcga

tttettggty

ggtgatcegg
cetgttegec
ggagaaggty
tctgctacgg
gaaacacata
caaggtgcag
catgcactca
ggaggagaac
gagccaggag
ggactceceg
gctcagegtyg
gcacggecag
cagcageccc
ggggacacct
gtecagecce
ctttetggge
gtccaacctyg
catcagectyg
catcaaggct
ctcccaaacy
geceggteaag
cggcatctac
ggtggagacc
gtcagacacc
cccgaaaagt
cggaccegec
cecegtecacc
ggctecggggy
caagaacagc
aggaacaggc
ceceegectec
cctetegtet
ctetetgget
ggccgetggg
ctetgtteag
g9g9gctgggy
gctactgtaa

gtttttggaa

ggggagaagt
ttgetggtgy
aagcggggey
ggcatgatcg
tggtatatag
atcegetege
ctgggetget
caggagaaga
gatgaggacc
atgctgaacce
acggacggeg
aggtcteggt
cgggtgaccce
gtccacacgce
agegtcggag
tcaccceget
acaccagagt
gagaaggagg
gacatcgtge
agcttceggyg
tteccaggtty
tcegtcacet
atccaggecc
actaactgta
taacatgtca
cteeccteege
cegeggeage
agcctectee
ctgectggty
cecegtecace
ctggetgege
caccegegece
gaggtggaaa
ctgggatcag
ggaagggegy
ccagggegece

actttaaaga

aagggtgtgg
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-continued
3181 gggtgggggc gccgctgggyg cagggccagg ttttgtgttt tagtceccttg ctectgette

3241 tttctacaca cacatctaaa gacggtgcgg ctcgctectgt catgggttcc gtctcectetgt
3301 ggagaagcag ctccacctct gggggggctc ggggcagagg ggcggtgtct cgtagcgggce
3361 ggcagcgcca gcgeccectet gtcaggectgg ggcaatcttg gttttgtgte caaaggtgaa
3421 ggggtaggag gagggccctc agctggccct ccccacacac aggacggcag gggcactgtg

3481 aggcttttct tattaaaatg aaaaaa

[0079] SEQID NO/s: 3 and 4 are with reference to: Acces-
sion NO. NM__032430; 3109 bp; Homo sapiens BR serine/
threonine kinase 1 (BRSK1) setting forth:

/translation =
“"MSSGAKEGGGGSPAYNLPHPHPHPPQHAQYVGPYRLEKTLGKGQ

TGLVKLGVHCITGQKVAIKIVNREKLSESVLMKVEREIAILKLIEHPHVLKLHDVYEN
KKYLYLVLENVSGGELFDYLVKKGRLTPKEARKFFRQIVSALDFCHSYSICHRDLKPE
NLLLDEKNNIRIADFGMASLQVGDSLLETSCGSPHYACPEVIKGEKYDGRRADMWSCG
VILFALLVGALPFDDDNLRQLLEKVKRGVFHMPHFIPPDCQSLLRGMIEVEPEKRLSL
EQIQKHPWYLGGKHEPDPCLEPAPGRRVAMRSLPSNGELDPDVLESMASLGCFRDRER
LHRELRSEEENQEKMIYYLLLDRKERYPSCEDQDLPPRNDVDPPRKRVDSPMLSRHGK
RRPERKSMEVLSITDAGGGGSPVPTRRALEMAQHSQRSRSVSGASTGLSSSPLSSPRS
PVFSFSPEPGAGDEARGGGSPTSKTQTLPSRGPRGGGAGEQPPPPSARSTPLPGPPGS
PRSSGGTPLHSPLHTPRASPTGTPGTTPPPSPGGGVGGAAWRSRLNS IRNSFLGSPRF
NRRKMQVPTAEEMSSLTPESSPELAKRSWFGNFISLDKEEQIFLVLKDKPLSSIKADI
VHAFLSIPSLSHSVLSQTSFRAEYKASGGFSVFQKPVRFQVDISSSEGPEPSPRRDGS
GGGGIYSVTFTLISGPSRRFKRVVETIQAQLLSTHDQPSVQALADEKNGAQTRPAGAP
PRSLQPPPGRPDPELSSSPRRGPPKDKKLLATNGTPLP”

ORIGIN
1 gggggccgge cagaaacgdg ctggggaggg ggggecccge agcceccctg ggecatgetyg

61 actccegggg cctgacccce cecgggecage cccccctece ccagetcege ggcccgecga
121 ctgggggggg ccagceccage cccctgggga cccceggaga ggtgggggge agecgggggy
181 geccgggacgg agcggtegec ggecccecace ggagagacgg ggcgacggece geaggggggg

241 cggecggggg accggtceggg ccgggaccaa gggcaccatyg tcegteecgggg ccaaggaggg

301 aggtggggge tetccegect accaccteee ccacceccac ceecacecac cecageacyge
361 ccaatatgtg ggccectatce ggctggagaa gacgcetggge aaaggacaga cagggetggt
421 taaactcggg gtccactgca tcacgggtca gaaggtcgece atcaagatceg tgaaccggga
481 gaagctgteg gagtcggtge tgatgaaggt ggagegggag atcgecatcee tgaagetcat
541 cgaacaccca catgtcectca agetccacga cgtctacgag aacaagaaat atttgtacct
601 ggttctggag cacgtctcegg ggggtgaget attcgactac ctggtaaaga aggggagact
661 gacgcccaag gaggcccgaa agttcttcceg ccagattgtg tcetgegetgg acttctgeca
721 cagctactcce atctgecaca gagacctaaa geccgagaac ctgcttttgg atgagaaaaa

781 caacatccgce attgcagact tcggcatgge gteectgeag gtgggggaca gectectgga
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841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

gaccagctge
tggcegeegy
tectgeecttt
ccacatgecce
ggagcecgaa
gaaacacgag
cctgecatee
cttecagggac
gatgatatat
cctgectece
cegtcacggg
cgggggtggt
gagatccegt
aaggagtccg
gggctecceyg
cggggageag
cecegegetee
caccgggace
ctggaggagt
gcgeaagatg
ggagcetggea
attcctegtg
tectgtcegate
caaggccagt
ctectetgag
cteegteace
catccaggca
gaagaacggg
cggecgecca
gctectggee

ccecececteca

catgtcggga

ggcegtgeee

tatttattga

ggagggacdg

gtecgtececa

tgtacggatt

ctetgattece

gggtecccee
gcagacatgt
gatgacgaca
cacttcattc
aaaaggctca
ccagaccegt
aacggagagce
cgegagagge
tatctgettt
cggaatgatg
aagcggegac
ggcteccctyg
agcgtcagtg
gtettttect
acttccaaaa
cceecgecee
tectggeggga
ccggggacaa
cgtctceaact
caggtcecta
aaacgctect
ctaaaggaca
ceccagectga
ggcggecect
ggteccagage
ttcactctea
cagctectga
gceccagacee
gacccagagce
accaacggga

ccececcttee

ggggggtgga

aactgggggt

ttaatttatt

gagctggttg

acccectett

tgetcteegy

gccggcggcea

-continued

attatgegtg
ggagetgtgg
acctcecgeca
ctccagattg
gtetggagea
geetggagece
tggacccega
tgcatcgega
tggatcggaa
ttgacccccc
cagagcggaa
tacccacceg
gagcctccac
tttcaccgga
cgcagacget
ccagtgeccy
ceccecttgea
caccaccecc
ccatcegcaa
cegetgagga
ggttcgggaa
aacctctcag
gtcacagtgt
ccgtetteca
ceteeeegey
tetegggtec
gcactcatga
ggectgetgg
tgagcagctc
cecectetgec
gtgcecececa

cacaaaaacc

ggttctaggg

attttattta

gggtggctta

ccegggeccec

aaggaattct

aaaaaaaaaa

tccagaggty
agtcatcctce
getgetggag
ccagagectce
aattcagaaa
agccectgge
cgtcctagag
getgegeagt
ggagcggtat
cecggaagegt
gtccatggaa
acgggecttyg
gggtctgtcc
gceggggget
geettetegyg
ctecacaccc
ctegectety
cagceeegge
cagcttectyg
gatgtccage
cttcatctee
cagcatcaaa
gctgtcacag
aaagcccgtce
acgggacgge
cagcegtegy
ccageectec
tgccecacce
teccegecga
ctgaccccac
actgtgaatc

ggcecttgece

gaacaggggy

ttgatcaatc

gcagatcegyg

tccteecectg

ggtttegegt

aaaaaaaaaa

10

attaaggggy
ttegeectge
aaggtgaaac
ctgaggggaa
catccttggt
cgecgggtag
agcatggcat
gaggaggaga
ceccagetgty
gtggattcte
gtcctgagea
gagatggcce
tccageecte
ggagatgagg
ggecccaggg
ctgcceggec
cacacgcecc
ggtggegteg
ggctccecte
ttgacgccag
ttggacaaag
gcagacatcg
accagcttca
cgettecagg
agcggaggtg
ttcaagcgag
gtgcaggece
cgaagectge
ggceccecca
ggggecgggy
tgtaaataag
tgcagggatg
cgggggagcet
tetetgeggy
acagggcect
gtccteceece
gatcctgect

aaaaaaaaa

aaaaatatga
tegtggggge
ggggegtett
tgatcgaagt
acctaggegg
ccatgceggag
cactgggetyg
accaagaaaa
aggaccagga
ccatgctgag
tcaccgatge
agcacagcca
taagcagccce
ctegaggegy
gtgggggege
cececaggete
gggccagtece
ggggageege
gctttcaceyg
agtccteece
aagaacaaat
tcecatgectt
gggcegagta
tggacatcag
gtggcatcta
tggtggagac
tggcagacga
agceccccace
aggacaagaa
agggagggga
gcccaaggaa
gggctccaca

gtttctattt

gtggggtggg
ctgtecectgt

cacgacctte

gegtecgtgt
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[0080] SEQID NO’s. 5 and 6 are with reference to:

NEDO human c¢DNA sequencing project; 3576 b.p.; Ninomiya,K. et al.
/organism = “Homo sapiens”
/mol_type = “mRNA”

/db_xref = “taxon:9606"

/clone = “BRAMY3018357”
/tissue_type = “amygdala”
/clone_1lib = “BRAMY3”

/note = “cloning vector: pME18SFL3”
CDS 254 . . . 2554

/note = “unnamed protein product™
/codon_start = 1

/protein_id = “BAD18671.1"

/db_xref = “GI:47077575"

/translation =
“MSPEGHPSRWARPRRPCICPSSLCSPREPRSGPAVGRGGAAHHR

VPAGHTPGPQLLQPHLHLPQGQTWLCLQPSPAGLVKLGVHCVTCQKVAIKIVNREKLS
ESVLMKVEREIAILKLIEHPHVLKLHDVYENKKYLYLVLEHVSGGELFDYLVKKGRLT
PKEARKFFRQIISALDFCHSHSICHRDLKPENLLLDEKNNIRIADFGMASLQVGDSLL
ETSCGSPHYACPEVIRGEKYDGRKADVWSCGVILFALLVGALPFDDDNLRQLLEKVKR
GVFHMPHF IPPDCQSLLRGMI EVDAARRLTLEHIQKHIWY IGGKNEPEPEQPIPRKVQ
IRSLPSLEDIDPDVLDSMHSLGCFRDRNXLLQDLLSEEENQEKMI YFLLLDRKERYPS
QEDEDLPPRNEIDPPRKRVDSPMLNRHGKRRPERKSMEVLSVTDGGSPVPARRAIEMA
QHGQRSRSISGASSGLSTSPLSSPRVTPHPSPRGSPLPTPKGTPVHTPKESPAGTPNP
TPPSSPSVGGVPWRARLNS IKNSFLGSPRFHRRKLQVPTPEEMSNLTPESSPELAKKS
WEFGNFISLEKEEQIFVVIKDKPLSSIKADIVHAFLSIPSLSHSVISQTSFRAEYKATG
GPAVFQKPVKFQVDITYTEGGEAQKENGIYSVTFTLLSGPSRRFKRVVETIQAQLLST
HDPPAAQHLSDTTNCMEMMTGRLSKCDEKNGQAAQAPSTPAKRSAHGPLGDSAAAGPG
PGGDAEYPTGKDTAKMGPPTARREQP”

ORIGIN
1 agtctcagge tggctagttce ctecttectg gtecactgage cagecttget gaggggagag

61 cgggttetgg acgtgctetg agettectte cteacagect tgctectggg ccagatcage
121 aggaaagcag ccagtgcccec gecatggect gecegggtgg ggtectgaag ctggggecgg
181 agcagggggc acagttetge ceccatctgge cctagtttgg ggagggagece tggtagggca
241 ccagcctcac cccatgagec ctgagggceca cceccagecga tgggcacgte cecegecggec
301 ctgcatctgt ccttectcce tetgeteccce aagagagecce aggtcetggec cageggtggyg
361 caggggaggg gccgcacatc acagagtgec agetggecac actcccggec cacagetget
421 ccagcegcac ctccacctte ctcaaggcca gacctggete tgectgcage ccagceccagce
481 aggtctggtyg aagctggggg ttcactgegt cacctgecag aaggtggcca tcaagatcegt
541 caaccgtgag aagctcageg agteggtget gatgaaggtg gagcgggaga tcegegatcct
601 gaagctcatt gagcaccccc acgtcctaaa getgcacgac gtttatgaaa acaaaaaata
661 tttgtacctg gtgctagaac acgtgtcagg tggtgagctce ttcgactacce tggtgaagaa
721 ggggaggctg acgcctaagg aggcteggaa gttcettecegg cagatcatet ctgegetgga
781 cttctgccac agccactcca tatgecacag ggatctgaaa cctgaaaacce tectgetgga
841 cgagaagaac aacatccgca tegcagactt tggcatggeg tccectgeagyg ttggegacag

901 cctgttggag accagetgtg ggtecccceca ctacgectge cecgaggtga tceegggggga
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-continued

961 gaagtatgac ggccggaagg cggacgtgtg gagctgcggce gtcatcctgt tegecttget
1021 ggtgggggct ctgcccttcecg acgatgacaa cttgcgacag ctgctggaga aggtgaagcg
1081 gggcgtgttc cacatgccgce actttatccc gecccgactge cagagtctgce tacggggcat
1141 gatcgaggtg gacgccgcac gccgectcac gectagagcac attcagaaac acatatggta
1201 tatagggggc aagaatgagc ccgaaccaga dgcagcccatt cctcgecaagg tgcagatceg
1261 ctcgctgecce agectggagg acatcgaccce cgacgtgctyg gacagcatgce actcactggg
1321 ctgcttcecga gaccgcaaca agctgctgca ggacctgctg tccgaggagg agaaccagga
1381 gaagatgatt tacttcctcc tectggaccg gaaagaaagg taccegagcc aggaggatga
1441 ggacctgcce ccccggaacg agatagacoc tccccggaag cgtgtggact CCCCgatgCt
1501 gaaccggcac ggcaagcggc ggccagaacg caaatccatg gaggtgctca gecgtgacgga
1561 cggcggctcc ccggtgectg cgcggeggge cattgagatg gcoccagcacg gccagaggtce
1621 tcggtccatc agcggtgect cctcaggect ttccaccage ccactcagca gcccccgggt
1681 gacccctcac cecctcaccaa ggggcagtcecce cctecccacce cccaagggga cacctgtceca
1741 cacgccaaag gagagccecgg ctggcacgec caaccccacg cccccgtcecca gecccagegt
1801 cggaggggtyg ccctggaggg cgcggctcaa ctccatcaag aacagetttc tgggctcacc
1861 ccgcttccac cgccggaaac tgcaagttcc gacgccggag gagatgtcca acctgacacc
1921 agagtcgtcc ccagagctgg cgaagaagtc ctggtttggg aacttcatca gecctggagaa
1981 ggaggagcag atcttcgtgg tcatcaaaga caaacctctg agctccatca aggctgacat
2041 cgtgcacgcce ttecectgtega ttecccagtet cagccacage gtcatctecec aaacgagett
2101 ccgggccgag tacaaggcca cgggggggcc agccgtgttc cagaagccegg tcaagttcca
2161 ggttgatatc acctacacgg agggtgggga ggcgcagaag gagaacggca tctactccgt
2221 caccttcacc ctgctctcag gccccagecg tcegcttcaag agggtggtgg agaccatcca
2281 ggcccagetg ctgagcacac acgacccgec tgcggcccag cacttgtcag acaccactaa
2341 ctgtatggaa atgatgacgg ggcggctttc caaatgtgac gagaagaacg ggcaggcggc
2401 ccaggccccc agcacgccceg ccaageggag tgcccacgge ccactcggtyg actcegegge
2461 cgctggecect ggecccggag gggacgccga gtacccaacg ggcaaggaca cggccaagat
2521 gggccegecce accgcccgec gegagcagec ttagacacac tagecccccce ccccagcaca
2581 gcactgacag cggctgcctc gccgecccgec gecccgecctg cceccgagtgg acccgeggcec
2641 gcgccgeccg tccgtccaga ctgttctcag agcctgggag gaaaggaaag gggegttggg
2701 gececggectgt gggctgegece accecgegecece gectctetttt ctetetgtet ctgectcetge
2761 ctgtctctga cagcatcgct tgtttccact ctgataccag gaattatccc gaaaagttaa
2821 catgtcacct ccacgaggcc atcctctgtg accgaaggca gctgcectgegg acccgccecte
2881 cctceccgetece tgctgttget gecgggcagt gaggcccagce ccagcegceccce gtccacccceg
2941 cggcagctcce tcgectcage teccgcacggce ccecgtgggagg aaggccaggce tcegggggagce
3001 ctcctecage ceggccgacce cggactcceg gtcacctgac cectcagcaa gaacagectg
3061 cctggtggcce ttectggggec aggacccctg gtgggcaacg tagccacagg aacaggceccc
3121 gtccaccgcce tccacgcecge acctggaggce ctcctegecag gecegtgece cgccteectg

3181 gcecgegecge cteegtgtag tcecttggecte ctcaggetge ctecegtect ctegtcetceac
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-continued
3241 ccgegectece cttgectcat ctggggeggce tgtgggetcet ggegcetecte tectggetgag

3301 gtggaaacag agacaccctg cggcaccaga gccttcccag caggccagge cgctgggetg
3361 ggatcagtgt tatttatttg ccgttttaat ttatggattc tccgcacctc tgttcaggga
3421 agggcggcgg ccacatcccce tgccgtetge gtgtctcagg cagtgggggg gcectggggcca
3481 gggcgccctce tgaggacaga getggtgggg cgceggggggg ctggcgaget actgtaaact

3541 ttaaagaatt cctgcaagat atttttataa actttt

[0081] SEQ ID NO.s: 18 and 19 are with reference to:
Accession NO. AF533876; 3117 bp; Homo sapiens BR
serine/threonine kinase 1 (BRSK?2) setting forth:

/translation =
“"MTSTGKDGGAQHAQYVGPYRLEKTLGKGQTGLVKLGVHCVTCQK

VAIKIVNREKLSESVLMKVEREIAILKLIEHPHVLKLHDVYENKKYLYLVLEHVSGGE
LEFDYLVKKGRLTPKEARKFFRQIISALDFCHSHSICHRDLKPENLLLDEKNNIRIADF
GMASLQVGDSLLETSCGSPHYACPEVIRGEKYDGRKADVWSCGVILFALLVGALPFDD
DNLRQLLEKVKRGVFHMPHFIPPDCQSLLRGMSEVDAARRLTLEHIQKHIWYIGGKNE
PEPEQPIPRKVQIRSLPSLEDIDPDVLDSMHSLGCFRDRNKLLODLLSEEENQEKMIY
FLLLDRKERYPSQEDEDLPPRNEIDPPRKRVDSPMLNRHGKRRPERKSMEVLSVTDGG
SPVPARRAIEMAQHGQRSRSISGASSGLSTSPLSSPRVTPHPSPRGSPLPTPKGTPVH
TPKESPAGTPNPTPPSSPSVGGVPWRARLNSIKNSFLGSPRFHRRKLQVPTPEEMSNL
TPESSPELAKKSWFGNFISLEKEEQIFVVIKDKPLSSIKADIVHAFLSIPSLSHSVIS
QTSFRAEYKATGGPAVFQKPVKFQVDITYTEGGEAQKENGIYSVTFTLLSCPSRRFKR
VVETIQAQLLSTHDPPAAQHLSDTTNCMEMMTGRLSKCGIIPKS

ORIGIN
1 tgtteggcte agetgcacgg cteggetegg cteggetegyg cteggetgeg cggecgetga

61 cgggegtgeyg ctgggggege ggggegegyyg gegegggecet cggeggegge ggeggeggey
121 geggeggaag ccaggtgccce cegeccgece tgtecteteg acgaggegga ggcgtegeeg
181 cgggccagge ctcggactge cgcgteggag tggacgeggg gggeggegge gegggceggac
241 gegggeggeg cgaageageg gggeccgegg gggegecceg gecgggtegg cgeggacgge
301 actecggecgga cgegggcegga cgetgggegg cecectecctyg cecegegegee cgggegeccace
361 tggceggege tgggecccag agcgatgaca tcgacgggga aggacggegg cgegcageac
421 gegeagtatg ttgggeccta ceggetggag aagacgcetgg gcaaggggcea gacaggtetg
481 gtgaagcetgg gggttcactg cgtcacctge cagaaggtgg ccatcaagat cgtcaaccgt
541 gagaagctca gcgagtceggt getgatgaag gtggageggg agatcgegat cctgaagete
601 attgagcacc cccacgtcct aaagctgcac gacgtttatg aaaacaaaaa atatttgtac
661 ctggtgctag aacacgtgtc aggtggtgag ctettcegact acctggtgaa gaaggggagg
721 ctgacgccta aggaggcteg gaagttette cggcagatca tetctgeget ggacttetge
781 cacagocact ccatatgcca cagggatctg aaacctgaaa acctcectget ggacgagaag
841 aacaacatcc gcatcgcaga ctttggecatg gegtccctge aggttggega cagectgttg

901 gagaccagct gtgggtccee ccactacgece tgecccgagg tgatceegggg ggagaagtat
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-continued

961 gacggccgga aggcggacgt gtggagcetgce ggegtcatcce tgttegectt getggtgggg
1021 getetgecect tcgacgatga caacttgcga cagcetgcetgg agaaggtgaa gcggggcegtyg
1081 ttccacatgc cgcactttat cccgcccgac tgccagagtce tgctacgggg catgagcgag
1141 gtggacgccg cacgccgcect cacgctagag cacatteaga aacacatatg gtatataggg
1201 ggcaagaatg agcccgaacc agagcagccc attcecctcgeca aggtgcagat ccgctegetg
1261 cccagectgg aggacatcga ccccgacgtg ctggacagca tgcactcact gggcectgettce
1321 cgagaccgca acaagctgct gcaggacctg ctgtccgagg aggagaacca ggagaagatg
1381 atttacttcc tcctecctgga ccggaaagaa aggtacccga gccaggagga tgaggacctg
1441 cccccccgga acgagataga ccctccccgg aagegtgtgg actccccgat getgaaccgg
1501 cacggcaagc ggcggccaga acgcaaatcc atggaggtgce tcagegtgac ggacggegge
1561 tcceceggtge ctgegeggeg ggccattgag atggeccage acggecagag gtcteggtec
1621 atcagcggtg cctectcagg cectttecacce ageccactca gcagcccceeg ggtgacccect
1681 cacccctcac caaggggcag tcccctccec accecccaagg ggacacctgt ccacacgeca
1741 aaggagagcc cggctggcac geccaacccc acgeccccegt ccagecccag cgtceggaggg
1801 gtgcccectgga gggcgceggcet caactccatce aagaacaget ttetgggetce accccegette
1861 caccgccgaa aactgcaagt tccgacgccg gaggagatgt ccaacctgac accagagteg
1921 tccccagage tggcgaagaa gtcctggttt gggaacttca tcagectgga gaaggaggag
1981 cagatcttcg tggtcatcaa agacaaacct ctgagctcca tcaaggctga catcgtgcac
2041 gecttectgt cgattceccag tcectcageccac agegtcatct cccaaacgag cttcececgggec
2101 gagtacaagg ccacgggggg gccagccgtyg ttccagaagce cggtcaagtt ccaggttgat
2161 atcacctaca cggagggtgg ggaggcgcag aaggagaacg dgcatctactc cgtcaccttce
2221 accctgctcect caggccccag ccgtegettce aagagggtgg tggagaccat ccaggcccag
2281 ctgctgagca cacacgaccc gcctgeggec cagcacttgt cagacaccac taactgtatg
2341 gaaatgatga cggggcggcet ttccaaatgt ggaattatcc cgaaaagtta acatgtcacc
2401 tccacgaggc catcctetgt gaccgaaggce agctgctgeg gacccgecct ccctecgete
2461 ctgctgttgc tgccgggcag tgaggcccag cccagcgccc cgtccaccce gceggecagcete
2521 ctcgectcag ctcececgecacgg cccgtgggag gaaggccagg ctcecgggggag cctectecag
2581 cccggecgac ccggactccce ggtcacctga cccctcageca agaacagcect gectggtgge
2641 cttctggggc caggaccccc ggtgggcaac gtagccacag gaacaggccce cgtccaccgce
2701 ctccacgccg cacctggagg cctecctgcag gecccgtgecc cgectccctg gecgegecge
2761 ctcecgtgtag tcttggectce ctcaggctge ctcccecgtect ctegtcectcac ccgegectece
2821 cttgcctcat ctggggaggc tgtgggctet ggcgctecte tetggctgag gtggaaacag
2881 agacaccctg cggcaccaga gccttcccag caggccaggce cgectgggcetg ggatcagtgt

2941 tatttatttg ccgttttcca atttatggat tctccgcacc tctgttcagg gaagggcggc

3001 ggccacatcce cctgecgtet gegtgtceteca ggcagtgggg gggcetgggge cagggcgcecoc

3061 tctgaggaca gagctggtgg ggcgcggggyg ggctggcgag ctactgtaaa ctttaaa
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1

<211> LENGTH: 3506

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gctgttegge tcagetgeac ggeteggete ggeteggete ggeteggetyg cgeggecget 60

gacgggcgtyg cgetggggge geggggcgcy gggcegegggce cteggeggceyg geggcggegy 120

cggeggegga agecaggtge ccccgeccge cctgtectet cgacgaggeg gaggegtege 180

cgcgggecag gecteggact gecgegtegg agtggacgceg gggggceggcg gegegggcegg 240

acgegggegg cgcgaagcag cggggeccge gggggegece cggecgggte ggcgeggacg 300

gcacteggeg gacgegggeg gacgcetggge ggeccctece tgecegegeg ccegggegec 360

cectggeegge gecgggecce agagegatga catcgacggg gaaggacgge ggegegeage 420

acgcgcagta tgttgggece taccggctgg agaagacget gggcaagggg cagacaggte 480

tggtgaagct gggggttcac tgegtcacct gccagaaggt ggccatcaag atcgtcaacce 540

gtgagaaget cagegagteg gtgctgatga aggtggageg ggagategeg atcctgaage 600

tcattgagca cccccacgte ctaaagetge acgacgttta tgaaaacaaa aaatatttgt 660
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-continued
acctggtget agaacacgtg tcaggtggtg agetcttcga ctacctggtg aagaagggga 720
ggctgacgece taaggaggct cggaagttcet tccggcagat catctcetgeg ctggacttet 780
gccacagcca ctcecatatgce cacagggatc tgaaacctga aaacctectg ctggacgaga 840
agaacaacat ccgcatcgca gactttggeca tggcgtccet gcaggttgge gacagectgt 900
tggagaccag ctgtgggtce ccccactacg cctgecccga ggtgatcegg ggggagaagt 960

atgacggcecg gaaggcggac gtgtggaget gcggcgtcat cctgttegec ttgctggtgg 1020
gggctctgee cttcgacgat gacaacttgce gacagctgcet ggagaaggtg aagcggggcg 1080
tgttccacat gccgcacttt atcccgecceg actgccagag tcectgctacgg ggcatgateg 1140
aggtggacgc cgcacgccgce ctcacgctag agcacattca gaaacacata tggtatatag 1200
ggggcaagaa tgagcccgaa ccagagcagce ccattccteg caaggtgcag atccgctcege 1260
tgcccagect ggaggacatc gaccccgacg tgctggacag catgcactca ctgggctget 1320
tccgagaccg caacaagctg ctgcaggacce tgctgteccga ggaggagaac caggagaaga 1380
tgatttactt cctcctectg gaccggaaag aaaggtaccce gagccaggag gatgaggacce 1440
tgcceceecceg gaacgagata gaccctccece ggaagegtgt ggactccceg atgctgaacce 1500
ggcacggcaa gcggceggcca gaacgcaaat ccatggaggt gctcagegtg acggacggeyg 1560
gectecceggt gectgegegg cgggecattyg agatggccca gcacggecag aggtcteggt 1620
ccatcagcgg tgcctcctca ggectttcca ccagcccact cagcagccec cgggtgacce 1680
ctcacceccte accaaggggc agtcccctec ccacccccaa ggggacacct gtccacacgce 1740
caaaggagag cccggctgge acgcccaacc ccacgccccc gtccagecec agegtcggag 1800
gggtgccctg gagggcgcgg ctcaactcca tcaagaacag ctttctggge tcaccccget 1860
tccaccgceg gaaactgcaa gttccgacge cggaggagat gtccaacctg acaccagagt 1920
cgtccccaga gctggcgaag aagtcctggt ttgggaactt catcagectg gagaaggagg 1980
agcagatctt cgtggtcatc aaagacaaac ctctgagctc catcaaggct gacatcgtge 2040
acgccttect gtcecgattcece agtctcagcee acagegtcat ctceccaaacg agettceceggyg 2100
ccgagtacaa ggccacgggg gggccagcceg tgttccagaa gecggtcaag ttccaggttg 2160
atatcaccta cacggagggt ggggaggcgc agaaggagaa cggcatctac tccgtcacct 2220
tcaccectget ctcaggcccece agceccgteget tcaagagggt ggtggagacce atccaggcecce 2280
agctgctgag cacacacgac ccgcctgcgg cccagcactt gtcagacacc actaactgta 2340
tggaaatgat gacggggcgg ctttccaaat gtggaattat cccgaaaagt taacatgtca 2400
cctccacgag gccatcctet gtgaccgaag gcagetgctg cggacccgec ctcecteege 2460
tcetgetgtt getgecggge agtgaggccce agcccagcge cccgtcecacc ccegeggcage 2520
tcctegecte agectccgecac ggecegtggg aggaaggcca ggcteggggg agectcectece 2580
agcceggecg acccggacte ccggtcacct gacccectcag caagaacage ctgectggtg 2640
gecttetggg gccaggacce ctggtgggea acgtagccac aggaacaggce cccgtccacce 2700
gecteccacge cgcacctgga ggectecteg caggeccegtg ccccgectec ctggetgege 2760
cgccteegtyg tagtcttgge ctectcagge tgcectcecegt cctcectegtet cacccgegece 2820
tcecttgect catctgggge ggctgtggge tcectggegete ctetcectgget gaggtggaaa 2880

cagagacacc ctgcggcacce agagecttee cagcaggcca ggecgctggg ctgggatcag 2940
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tgttatttat ttgccgtttt aatttatgga ttctccgcac ctctgttcag ggaagggcgg 3000
cggccacatce ccctgcegte tgegtgtcete aggcagtggg ggggcetgggg ccagggegec 3060
ctctgaggac agagctggtg gggcgcgggg gggctggcga gctactgtaa actttaaaga 3120
attcctgcaa gatattttta taaacttttt tttecttggtg gtttttggaa aagggtgtgg 3180
gggtggggge gccgetgggg cagggccagg ttttgtgttt tagtceettg ctectgette 3240
tttctacaca cacatctaaa gacggtgcgg ctcgctcectgt catgggttec gtctctetgt 3300
ggagaagcag ctccacctct gggggggctce ggggcagagg ggcggtgtct cgtagceggge 3360
ggcagcgcca gcgceccectet gtcaggetgg ggcaatcttg gttttgtgte caaaggtgaa 3420
ggggtaggag gagggccctc agctggccct ccccacacac aggacggcag gggcactgtg 3480
aggcttttct tattaaaatg aaaaaa 3506
<210> SEQ ID NO 2

<211> LENGTH: 668

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Thr Ser Thr Gly Lys Asp Gly Gly Ala Gln His Ala Gln Tyr Val
1 5 10 15

Gly Pro Tyr Arg Leu Glu Lys Thr Leu Gly Lys Gly Gln Thr Gly Leu
20 25 30

Val Lys Leu Gly Val His Cys Val Thr Cys Gln Lys Val Ala Ile Lys
35 40 45

Ile Val Asn Arg Glu Lys Leu Ser Glu Ser Val Leu Met Lys Val Glu
50 55 60

Arg Glu Ile Ala Ile Leu Lys Leu Ile Glu His Pro His Val Leu Lys
65 70 75 80

Leu His Asp Val Tyr Glu Asn Lys Lys Tyr Leu Tyr Leu Val Leu Glu
85 90 95

His Val Ser Gly Gly Glu Leu Phe Asp Tyr Leu Val Lys Lys Gly Arg
100 105 110

Leu Thr Pro Lys Glu Ala Arg Lys Phe Phe Arg Gln Ile Ile Ser Ala
115 120 125

Leu Asp Phe Cys His Ser His Ser Ile Cys His Arg Asp Leu Lys Pro
130 135 140

Glu Asn Leu Leu Leu Asp Glu Lys Asn Asn Ile Arg Ile Ala Asp Phe
145 150 155 160

Gly Met Ala Ser Leu Gln Val Gly Asp Ser Leu Leu Glu Thr Ser Cys
165 170 175

Gly Ser Pro His Tyr Ala Cys Pro Glu Val Ile Arg Gly Glu Lys Tyr
180 185 190

Asp Gly Arg Lys Ala Asp Val Trp Ser Cys Gly Val Ile Leu Phe Ala
195 200 205

Leu Leu Val Gly Ala Leu Pro Phe Asp Asp Asp Asn Leu Arg Gln Leu
210 215 220

Leu Glu Lys Val Lys Arg Gly Val Phe His Met Pro His Phe Ile Pro
225 230 235 240

Pro Asp Cys Gln Ser Leu Leu Arg Gly Met Ile Glu Val Asp Ala Ala
245 250 255
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Arg Arg Leu Thr Leu Glu His Ile Gln Lys His Ile Trp Tyr Ile Gly
260 265 270

Gly Lys Asn Glu Pro Glu Pro Glu Gln Pro Ile Pro Arg Lys Val Gln
275 280 285

Ile Arg Ser Leu Pro Ser Leu Glu Asp Ile Asp Pro Asp Val Leu Asp
290 295 300

Ser Met His Ser Leu Gly Cys Phe Arg Asp Arg Asn Lys Leu Leu Gln
305 310 315 320

Asp Leu Leu Ser Glu Glu Glu Asn Gln Glu Lys Met Ile Tyr Phe Leu
325 330 335

Leu Leu Asp Arg Lys Glu Arg Tyr Pro Ser Gln Glu Asp Glu Asp Leu
340 345 350

Pro Pro Arg Asn Glu Ile Asp Pro Pro Arg Lys Arg Val Asp Ser Pro
355 360 365

Met Leu Asn Arg His Gly Lys Arg Arg Pro Glu Arg Lys Ser Met Glu
370 375 380

Val Leu Ser Val Thr Asp Gly Gly Ser Pro Val Pro Ala Arg Arg Ala
385 390 395 400

Ile Glu Met Ala Gln His Gly Gln Arg Ser Arg Ser Ile Ser Gly Ala
405 410 415

Ser Ser Gly Leu Ser Thr Ser Pro Leu Ser Ser Pro Arg Val Thr Pro
420 425 430

His Pro Ser Pro Arg Gly Ser Pro Leu Pro Thr Pro Lys Gly Thr Pro
435 440 445

Val His Thr Pro Lys Glu Ser Pro Ala Gly Thr Pro Asn Pro Thr Pro
450 455 460

Pro Ser Ser Pro Ser Val Gly Gly Val Pro Trp Arg Ala Arg Leu Asn
465 470 475 480

Ser Ile Lys Asn Ser Phe Leu Gly Ser Pro Arg Phe His Arg Arg Lys
485 490 495

Leu Gln Val Pro Thr Pro Glu Glu Met Ser Asn Leu Thr Pro Glu Ser
500 505 510

Ser Pro Glu Leu Ala Lys Lys Ser Trp Phe Gly Asn Phe Ile Ser Leu
515 520 525

Glu Lys Glu Glu Gln Ile Phe Val Val Ile Lys Asp Lys Pro Leu Ser
530 535 540

Ser Ile Lys Ala Asp Ile Val His Ala Phe Leu Ser Ile Pro Ser Leu
545 550 555 560

Ser His Ser Val Ile Ser Gln Thr Ser Phe Arg Ala Glu Tyr Lys Ala
565 570 575

Thr Gly Gly Pro Ala Val Phe Gln Lys Pro Val Lys Phe Gln Val Asp
580 585 590

Ile Thr Tyr Thr Glu Gly Gly Glu Ala Gln Lys Glu Asn Gly Ile Tyr
595 600 605

Ser Val Thr Phe Thr Leu Leu Ser Gly Pro Ser Arg Arg Phe Lys Arg
610 615 620

Val Val Glu Thr Ile Gln Ala Gln Leu Leu Ser Thr His Asp Pro Pro
625 630 635 640

Ala Ala Gln His Leu Ser Asp Thr Thr Asn Cys Met Glu Met Met Thr
645 650 655
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Gly Arg Leu Ser Lys Cys Gly Ile Ile Pro Lys Ser
660 665

<210> SEQ ID NO 3

<211> LENGTH: 3109

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

gggggcegge cagaaacggg ctggggaggg ggggccccge agecccecectyg ggecatgetg
actceegggg cctgaccecee cegggccage ccccectece ccagetcecege ggeccgecga
ctgggggggg ccagcccage cccctgggga cccccggaga ggtggggggce agcecgggggy
gecgggacgg agcggtcegece ggeccccace ggagagacgg ggcgacggcece gcaggggggy
cggeegggygg accggteggg ccgggaccaa gggcaccatg tegtceegggg ccaaggaggyg
aggtggggge tctcccgect accacctcecee ccacccccac ccccacccac cccagcacge
ccaatatgtg ggccectate ggctggagaa gacgetggge aaaggacaga cagggctggt
taaactcggg gtccactgeca tcacgggtca gaaggtegece atcaagatcg tgaaccggga
gaagctgteg gagteggtge tgatgaaggt ggagegggag atcgecatcee tgaagetcat
cgaacaccca catgtcectca agetccacga cgtctacgag aacaagaaat atttgtacct
ggttctggag cacgtctegg ggggtgaget attcgactac ctggtaaaga aggggagact
gacgcccaag gaggcccgaa agttcettceeg ccagattgtg tcetgegetgg acttcetgeca
cagctactee atctgccaca gagacctaaa gcccgagaac ctgettttgg atgagaaaaa
caacatcecge attgcagact tcggcatgge gtecctgeag gtgggggaca gectectgga
gaccagctge gggtecccee attatgegtg tccagaggtyg attaaggggg aaaaatatga
tggcegecgg gcagacatgt ggagetgtgg agtcatecte ttegecctge tegtggggge
tctgeecttt gatgacgaca acctccgeca getgetggag aaggtgaaac ggggegtett
ccacatgece cacttcattce ctccagattg ccagagecte ctgaggggaa tgatcgaagt
ggagcccgaa aaaaggctca gtcetggagca aattcagaaa catcettggt acctaggegg
gaaacacgag ccagacccegt gectggagece agecectgge cgecgggtag ccatgeggag
cctgecatece aacggagage tggaccccga cgtcectagag agcatggcat cactgggetg
cttcagggac cgcgagaggce tgcatcgcga gectgegcagt gaggaggaga accaagaaaa
gatgatatat tatctgettt tggatcggaa ggagcggtat cccagetgtyg aggaccagga
cctgecteee cggaatgatg ttgacccccee ccggaagegt gtggattcete ccatgcetgag
ccgtcacggg aageggcgac cagagcggaa gtccatggaa gtcectgagca tcaccgatge
cgggggtggt ggctceccctg tacccacceg acgggecttg gagatggccce agcacagceca
gagatccegt agegtcagtg gagectcecac gggtctgtee tecageecte taagcagecce
aaggagtceg gtettttect tttcaccgga geeggggget ggagatgagg ctcegaggegyg
gggctccceg acttcecaaaa cgcagacgcet gecttetegg ggecccaggg gtgggggege
cggggageag cececgeccee ccagtgeceg ctecacaccee ctgecceggece ccccaggete
ccegegetee tetggeggga cceccecttgea ctegectetg cacacgecce gggccagtec
caccgggace ccggggacaa caccaccccece cagecccegge ggtggegteg ggggagecge

ctggaggagt cgtctcaact ccatccgcaa cagettcctg ggetccecte gettteaceg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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gcgcaagatg caggtcccta ccgctgagga gatgtccage ttgacgccag agtcctcccce 2040
ggagctggca aaacgctcct ggttcgggaa cttcatctec ttggacaaag aagaacaaat 2100
attcctegtg ctaaaggaca aacctctcag cagcatcaaa gcagacatcg tccatgectt 2160
tctgtcgate cccagectga gtcacagtgt gctgtcacag accagcttca gggccgagta 2220
caaggccagt ggcggcccct cegtettcca aaagccegte cgettccagg tggacatcag 2280
ctcctetgag ggtccagage ccteccegeg acgggacgge agcggaggtg gtggcatcta 2340
ctcegtecace ttcactcteca tcectegggtec cagccgtegg ttcaagcgag tggtggagac 2400
catccaggca cagctcctga gcactcatga ccagccctcc gtgcaggecc tggcagacga 2460
gaagaacggg gcccagaccc ggcctgetgg tgccccacce cgaagectgce agcccccacce 2520
cggccgecca gacccagagce tgagcagctce tccccgecga ggccccccca aggacaagaa 2580
gctectggee accaacggga cccctcetgece ctgaccccac ggggecgggg agggagggga 2640
ccecececteca cecccecttec gtgeccceccca actgtgaatce tgtaaataag gcccaaggaa 2700
catgtcggga ggggggtgga cacaaaaacc ggccttgcce tgcagggatg gggctccaca 2760
ggcegtgeee aactgggggt ggttcectaggg gaacaggggg cgggggagcet gtttcetattt 2820
tatttattga ttaatttatt attttattta ttgatcaatc tctctgcggg gtggggtggg 2880
ggagggacgg gagctggttg gggtggctta gcagatccgg acagggccct ctgteccctgt 2940
gtcgtceeccca acccectett cececgggeccee tectecectg gtectecceee cacgacctte 3000
tgtacggatt tgctctccgg aaggaattct ggtttegegt gatcctgect gegtcecegtgt 3060
ctctgattece geccggeggca aaaaaaaaaa aaaaaaaaaa aaaaaaaaa 3109
<210> SEQ ID NO 4

<211> LENGTH: 778

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Ser Ser Gly Ala Lys Glu Gly Gly Gly Gly Ser Pro Ala Tyr His
1 5 10 15

Leu Pro His Pro His Pro His Pro Pro Gln His Ala Gln Tyr Val Gly
20 25 30

Pro Tyr Arg Leu Glu Lys Thr Leu Gly Lys Gly Gln Thr Gly Leu Val
35 40 45

Lys Leu Gly Val His Cys Ile Thr Gly Gln Lys Val Ala Ile Lys Ile
50 55 60

Val Asn Arg Glu Lys Leu Ser Glu Ser Val Leu Met Lys Val Glu Arg
65 70 75 80

Glu Ile Ala Ile Leu Lys Leu Ile Glu His Pro His Val Leu Lys Leu
85 90 95

His Asp Val Tyr Glu Asn Lys Lys Tyr Leu Tyr Leu Val Leu Glu His
100 105 110

Val Ser Gly Gly Glu Leu Phe Asp Tyr Leu Val Lys Lys Gly Arg Leu
115 120 125

Thr Pro Lys Glu Ala Arg Lys Phe Phe Arg Gln Ile Val Ser Ala Leu
130 135 140

Asp Phe Cys His Ser Tyr Ser Ile Cys His Arg Asp Leu Lys Pro Glu
145 150 155 160
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Asn Leu Leu Leu Asp Glu Lys Asn Asn Ile Arg Ile Ala Asp Phe Gly
165 170 175

Met Ala Ser Leu Gln Val Gly Asp Ser Leu Leu Glu Thr Ser Cys Gly
180 185 190

Ser Pro His Tyr Ala Cys Pro Glu Val Ile Lys Gly Glu Lys Tyr Asp
195 200 205

Gly Arg Arg Ala Asp Met Trp Ser Cys Gly Val Ile Leu Phe Ala Leu
210 215 220

Leu Val Gly Ala Leu Pro Phe Asp Asp Asp Asn Leu Arg Gln Leu Leu
225 230 235 240

Glu Lys Val Lys Arg Gly Val Phe His Met Pro His Phe Ile Pro Pro
245 250 255

Asp Cys Gln Ser Leu Leu Arg Gly Met Ile Glu Val Glu Pro Glu Lys
260 265 270

Arg Leu Ser Leu Glu Gln Ile Gln Lys His Pro Trp Tyr Leu Gly Gly
275 280 285

Lys His Glu Pro Asp Pro Cys Leu Glu Pro Ala Pro Gly Arg Arg Val
290 295 300

Ala Met Arg Ser Leu Pro Ser Asn Gly Glu Leu Asp Pro Asp Val Leu
305 310 315 320

Glu Ser Met Ala Ser Leu Gly Cys Phe Arg Asp Arg Glu Arg Leu His
325 330 335

Arg Glu Leu Arg Ser Glu Glu Glu Asn Gln Glu Lys Met Ile Tyr Tyr
340 345 350

Leu Leu Leu Asp Arg Lys Glu Arg Tyr Pro Ser Cys Glu Asp Gln Asp
355 360 365

Leu Pro Pro Arg Asn Asp Val Asp Pro Pro Arg Lys Arg Val Asp Ser
370 375 380

Pro Met Leu Ser Arg His Gly Lys Arg Arg Pro Glu Arg Lys Ser Met
385 390 395 400

Glu Val Leu Ser Ile Thr Asp Ala Gly Gly Gly Gly Ser Pro Val Pro
405 410 415

Thr Arg Arg Ala Leu Glu Met Ala Gln His Ser Gln Arg Ser Arg Ser
420 425 430

Val Ser Gly Ala Ser Thr Gly Leu Ser Ser Ser Pro Leu Ser Ser Pro
435 440 445

Arg Ser Pro Val Phe Ser Phe Ser Pro Glu Pro Gly Ala Gly Asp Glu
450 455 460

Ala Arg Gly Gly Gly Ser Pro Thr Ser Lys Thr Gln Thr Leu Pro Ser
465 470 475 480

Arg Gly Pro Arg Gly Gly Gly Ala Gly Glu Gln Pro Pro Pro Pro Ser
485 490 495

Ala Arg Ser Thr Pro Leu Pro Gly Pro Pro Gly Ser Pro Arg Ser Ser
500 505 510

Gly Gly Thr Pro Leu His Ser Pro Leu His Thr Pro Arg Ala Ser Pro
515 520 525

Thr Gly Thr Pro Gly Thr Thr Pro Pro Pro Ser Pro Gly Gly Gly Val
530 535 540

Gly Gly Ala Ala Trp Arg Ser Arg Leu Asn Ser Ile Arg Asn Ser Phe
545 550 555 560
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Leu Gly Ser Pro Arg Phe His Arg Arg Lys Met Gln Val Pro Thr Ala
565 570 575

Glu Glu Met Ser Ser Leu Thr Pro Glu Ser Ser Pro Glu Leu Ala Lys
580 585 590

Arg Ser Trp Phe Gly Asn Phe Ile Ser Leu Asp Lys Glu Glu Gln Ile
595 600 605

Phe Leu Val Leu Lys Asp Lys Pro Leu Ser Ser Ile Lys Ala Asp Ile
610 615 620

Val His Ala Phe Leu Ser Ile Pro Ser Leu Ser His Ser Val Leu Ser
625 630 635 640

Gln Thr Ser Phe Arg Ala Glu Tyr Lys Ala Ser Gly Gly Pro Ser Val
645 650 655

Phe Gln Lys Pro Val Arg Phe Gln Val Asp Ile Ser Ser Ser Glu Gly
660 665 670

Pro Glu Pro Ser Pro Arg Arg Asp Gly Ser Gly Gly Gly Gly Ile Tyr
675 680 685

Ser Val Thr Phe Thr Leu Ile Ser Gly Pro Ser Arg Arg Phe Lys Arg
690 695 700

Val Val Glu Thr Ile Gln Ala Gln Leu Leu Ser Thr His Asp Gln Pro
705 710 715 720

Ser Val Gln Ala Leu Ala Asp Glu Lys Asn Gly Ala Gln Thr Arg Pro
725 730 735

Ala Gly Ala Pro Pro Arg Ser Leu Gln Pro Pro Pro Gly Arg Pro Asp
740 745 750

Pro Glu Leu Ser Ser Ser Pro Arg Arg Gly Pro Pro Lys Asp Lys Lys
755 760 765

Leu Leu Ala Thr Asn Gly Thr Pro Leu Pro
770 775

<210> SEQ ID NO 5

<211> LENGTH: 3576

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

agtctcagge tggctagttce ctecttectyg gteactgage cagecttget gaggggagag 60
cgggttetgg acgtgetetg agettectte ctcacagect tgetceetggg ccagatcage 120

aggaaagcag ccagtgccce gecatggect gecegggtgg ggtectgaag ctggggecgyg 180

agcagggggce acagttctge cccatctgge cctagtttgg ggagggagece tggtagggea 240

ccagcctcac cccatgagcec ctgagggcca ccccagecga tgggcacgtc cccgecggec 300
ctgcatctgt ccttecctecee tetgetccee aagagagccc aggtctggec cageggtggg 360
caggggaggg gccgcacatc acagagtgcc agctggecac actccceggec cacagcetget 420
ccagccgcac ctccacctte ctcaaggcca gacctggete tgectgcage ccageccage 480
aggtctggtg aagctggggyg ttcactgegt cacctgecag aaggtggcca tcaagatcgt 540
caaccgtgag aagctcageg agtcggtgct gatgaaggtg gagcgggaga tcgcgatcect 600
gaagctcatt gagcacccce acgtcctaaa gctgcacgac dgtttatgaaa acaaaaaata 660
tttgtacctg gtgctagaac acgtgtcagg tggtgagctc ttcgactacc tggtgaagaa 720

ggggaggetg acgectaagg aggctcggaa gttetteegg cagatcatcet ctgegetgga 780
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cttctgccac agccactcca tatgccacag ggatctgaaa cctgaaaacc tcctgetgga 840
cgagaagaac aacatccgca tcgcagactt tggcatggeg tcecctgcagg ttggcgacag 900
cectgttggag accagectgtg ggtcccceccca ctacgectge cccgaggtga teccgggggga 960

gaagtatgac ggccggaagg cggacgtgtg gagctgegge gtcatcectgt tegecttget 1020
ggtgggggct ctgccctteg acgatgacaa cttgcgacag ctgctggaga aggtgaagcg 1080
gggegtgtte cacatgeccge actttatcece geccgactge cagagtectgce tacggggeat 1140
gatcgaggtg gacgccgcac gccgcectcac gctagagcac attcagaaac acatatggta 1200
tatagggggc aagaatgagc ccgaaccaga gcagcccatt cctcgcaagg tgcagatccg 1260
ctcgetgcee agecctggagg acatcgaccce cgacgtgctg gacagcatgce actcactggg 1320
ctgcttccga gaccgcaaca agctgctgca ggacctgctg tccgaggagg agaaccagga 1380
gaagatgatt tacttcctce tcectggaccg gaaagaaagg tacccgagcec aggaggatga 1440
ggacctgcce ccccggaacg agatagacce tcccecggaag cgtgtggact ccccgatget 1500
gaaccggcac ggcaagcggce ggccagaacg caaatccatg gaggtgctca gegtgacgga 1560
cggeggetcee cecggtgectyg cgeggeggge cattgagatg geccagcacg gccagaggtce 1620
tcggtecate ageggtgect cctcaggect ttecaccage ccactcagca gceeccceccegggt 1680
gacccctcac ccctcaccaa ggggcagtece ccteeccacce cccaagggga cacctgtceca 1740
cacgccaaag gagagcccgg ctggcacgcec caaccccacg cceccgteca gecccagegt 1800
cggaggggtyg ccctggaggg cgcggctcaa ctccatcaag aacagctttce tgggctcacce 1860
ccgetteccac cgccggaaac tgcaagttcc gacgccggag gagatgtcca acctgacacce 1920
agagtcgtecce ccagagctgg cgaagaagtc ctggtttggg aacttcatca gcctggagaa 1980
ggaggagcag atcttcgtgg tcatcaaaga caaacctctg agctccatca aggctgacat 2040
cgtgcacgcce ttcctgtcga ttcecccagtct cagccacage gtcatctccecce aaacgagcett 2100
ccgggecgag tacaaggcca cgggggggcec agecgtgtte cagaagecgg tcaagttcca 2160
ggttgatatc acctacacgg agggtgggga ggcgcagaag gagaacggca tctactccegt 2220
caccttcacce ctgctctcag gecccagecg tegettcaag agggtggtgg agaccatcca 2280
ggcecagetg ctgagcacac acgacccgec tgcggcccag cacttgtcag acaccactaa 2340
ctgtatggaa atgatgacgg ggcggctttc caaatgtgac gagaagaacg ggcaggcggc 2400
ccaggcccce agcacgcccg ccaagcggag tgcccacggce ccactceggtg actccgegge 2460
cgctggecct ggccccggag gggacgccga gtacccaacg ggcaaggaca cggccaagat 2520
gggcccgece accgeccgcece gcgagcagece ttagacacac tagccccccce ccccagcaca 2580
gcactgacag cggctgcctce gcecgceccgece geccgecctg ccccecgagtgg acccgeggec 2640
gecgecgeceg tcecgteccaga ctgttctcag agectgggag gaaaggaaag gggcgttggg 2700
gceggectgt gggctgegee acccgegece gectctetttt ctectcectgtet ctgcctcetge 2760
ctgtctetga cagcatcget tgtttccact ctgataccag gaattatccce gaaaagttaa 2820
catgtcacct ccacgaggcec atcctcetgtg accgaaggca gctgetgegg acccgceccte 2880
ccteegetee tgetgttget gecgggcagt gaggcccage ccagcgcecec gtccaccccg 2940
cggcagctce tcgcctcage tccgcacgge ccgtgggagg aaggccaggce tcegggggage 3000

ctectecage ceggecgace cggactceceg gtcacctgac cectcagcaa gaacagectg 3060
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cctggtggee ttcectggggece aggacccctg gtgggcaacg tagccacagg aacaggcccce 3120
gtccaccgee tccacgecge acctggagge ctectegecag gccegtgece cgectcecctg 3180
gcegegecge ctecegtgtag tecttggecte ctcaggetge ctecccgtect ctegtcetceac 3240
ccgegectee cttgectcat ctggggegge tgtgggetet ggecgetecte tcetggcetgag 3300
gtggaaacag agacaccctg cggcaccaga gcecttecccag caggccaggce cgcetgggetg 3360

ggatcagtgt tatttatttg ccgttttaat ttatggatte tccgcaccte tgttcaggga 3420

agggeggegg ccacatcccee tgccgtetge gtgtetcagg cagtgggggg gctggggeca 3480
gggcgccecte tgaggacaga getggtgggg cgeggggggy ctggegaget actgtaaact 3540
ttaaagaatt cctgcaagat atttttataa actttt 3576
<210> SEQ ID NO 6

<211> LENGTH: 766

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Ser Pro Glu Gly His Pro Ser Arg Trp Ala Arg Pro Arg Arg Pro
1 5 10 15

Cys Ile Cys Pro Ser Ser Leu Cys Ser Pro Arg Glu Pro Arg Ser Gly
20 25 30

Pro Ala Val Gly Arg Gly Gly Ala Ala His His Arg Val Pro Ala Gly
35 40 45

His Thr Pro Gly Pro Gln Leu Leu Gln Pro His Leu His Leu Pro Gln
50 55 60

Gly Gln Thr Trp Leu Cys Leu Gln Pro Ser Pro Ala Gly Leu Val Lys
65 70 75 80

Leu Gly Val His Cys Val Thr Cys Gln Lys Val Ala Ile Lys Ile Val
85 90 95

Asn Arg Glu Lys Leu Ser Glu Ser Val Leu Met Lys Val Glu Arg Glu
100 105 110

Ile Ala Ile Leu Lys Leu Ile Glu His Pro His Val Leu Lys Leu His
115 120 125

Asp Val Tyr Glu Asn Lys Lys Tyr Leu Tyr Leu Val Leu Glu His Val
130 135 140

Ser Gly Gly Glu Leu Phe Asp Tyr Leu Val Lys Lys Gly Arg Leu Thr
145 150 155 160

Pro Lys Glu Ala Arg Lys Phe Phe Arg Gln Ile Ile Ser Ala Leu Asp
165 170 175

Phe Cys His Ser His Ser Ile Cys His Arg Asp Leu Lys Pro Glu Asn
180 185 190

Leu Leu Leu Asp Glu Lys Asn Asn Ile Arg Ile Ala Asp Phe Gly Met
195 200 205

Ala Ser Leu Gln Val Gly Asp Ser Leu Leu Glu Thr Ser Cys Gly Ser
210 215 220

Pro His Tyr Ala Cys Pro Glu Val Ile Arg Gly Glu Lys Tyr Asp Gly
225 230 235 240

Arg Lys Ala Asp Val Trp Ser Cys Gly Val Ile Leu Phe Ala Leu Leu
245 250 255

Val Gly Ala Leu Pro Phe Asp Asp Asp Asn Leu Arg Gln Leu Leu Glu
260 265 270
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Lys Val Lys Arg Gly Val Phe His Met Pro His Phe Ile Pro Pro Asp
275 280 285

Cys Gln Ser Leu Leu Arg Gly Met Ile Glu Val Asp Ala Ala Arg Arg
290 295 300

Leu Thr Leu Glu His Ile Gln Lys His Ile Trp Tyr Ile Gly Gly Lys
305 310 315 320

Asn Glu Pro Glu Pro Glu Gln Pro Ile Pro Arg Lys Val Gln Ile Arg
325 330 335

Ser Leu Pro Ser Leu Glu Asp Ile Asp Pro Asp Val Leu Asp Ser Met
340 345 350

His Ser Leu Gly Cys Phe Arg Asp Arg Asn Lys Leu Leu Gln Asp Leu
355 360 365

Leu Ser Glu Glu Glu Asn Gln Glu Lys Met Ile Tyr Phe Leu Leu Leu
370 375 380

Asp Arg Lys Glu Arg Tyr Pro Ser Gln Glu Asp Glu Asp Leu Pro Pro
385 390 395 400

Arg Asn Glu Ile Asp Pro Pro Arg Lys Arg Val Asp Ser Pro Met Leu
405 410 415

Asn Arg His Gly Lys Arg Arg Pro Glu Arg Lys Ser Met Glu Val Leu
420 425 430

Ser Val Thr Asp Gly Gly Ser Pro Val Pro Ala Arg Arg Ala Ile Glu
435 440 445

Met Ala Gln His Gly Gln Arg Ser Arg Ser Ile Ser Gly Ala Ser Ser
450 455 460

Gly Leu Ser Thr Ser Pro Leu Ser Ser Pro Arg Val Thr Pro His Pro
465 470 475 480

Ser Pro Arg Gly Ser Pro Leu Pro Thr Pro Lys Gly Thr Pro Val His
485 490 495

Thr Pro Lys Glu Ser Pro Ala Gly Thr Pro Asn Pro Thr Pro Pro Ser
500 505 510

Ser Pro Ser Val Gly Gly Val Pro Trp Arg Ala Arg Leu Asn Ser Ile
515 520 525

Lys Asn Ser Phe Leu Gly Ser Pro Arg Phe His Arg Arg Lys Leu Gln
530 535 540

Val Pro Thr Pro Glu Glu Met Ser Asn Leu Thr Pro Glu Ser Ser Pro
545 550 555 560

Glu Leu Ala Lys Lys Ser Trp Phe Gly Asn Phe Ile Ser Leu Glu Lys
565 570 575

Glu Glu Gln Ile Phe Val Val Ile Lys Asp Lys Pro Leu Ser Ser Ile
580 585 590

Lys Ala Asp Ile Val His Ala Phe Leu Ser Ile Pro Ser Leu Ser His
595 600 605

Ser Val Ile Ser Gln Thr Ser Phe Arg Ala Glu Tyr Lys Ala Thr Gly
610 615 620

Gly Pro Ala Val Phe Gln Lys Pro Val Lys Phe Gln Val Asp Ile Thr
625 630 635 640

Tyr Thr Glu Gly Gly Glu Ala Gln Lys Glu Asn Gly Ile Tyr Ser Val
645 650 655

Thr Phe Thr Leu Leu Ser Gly Pro Ser Arg Arg Phe Lys Arg Val Val
660 665 670
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Glu Thr Ile Gln Ala Gln Leu Leu Ser Thr His Asp Pro Pro Ala Ala
675 680 685

Gln His Leu Ser Asp Thr Thr Asn Cys Met Glu Met Met Thr Gly Arg
690 695 700

Leu Ser Lys Cys Asp Glu Lys Asn Gly Gln Ala Ala Gln Ala Pro Ser
705 710 715 720

Thr Pro Ala Lys Arg Ser Ala His Gly Pro Leu Gly Asp Ser Ala Ala
725 730 735

Ala Gly Pro Gly Pro Gly Gly Asp Ala Glu Tyr Pro Thr Gly Lys Asp
740 745 750

Thr Ala Lys Met Gly Pro Pro Thr Ala Arg Arg Glu Gln Pro
755 760 765

<210> SEQ ID NO 7

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 7

cgatgacatc gacggggaag gac 23

<210> SEQ ID NO 8

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 8

gatggccteg tggaggtgac atg 23

<210> SEQ ID NO 9

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 9

gccaccatgg attacaagga tgacgacgat aagacatcga cggggaagga cggegge 57

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 10

gatggccteg tggaggtgac atg 23

<210> SEQ ID NO 11

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 11
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ccagaaggtg gccatcatga tcgtcaaccg tgag

<210> SEQ ID NO 12

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 12

cgecgeacge cgectegege tagagcacat tcag

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 13

gtcacctgac ccctcagcaa

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: DNA primer

<400> SEQUENCE: 14

caccagetet gtcctcagag

<210> SEQ ID NO 15

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: enzyme substrate

<400> SEQUENCE: 15

Lys Lys Leu Asn Arg Thr Leu Ser Phe Ala Glu Pro Gly
1 5 10

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 16
agcgagagat tgccatcttg a
<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 17
gccagagaac ctgctgttgg a
<210> SEQ ID NO 18

<211> LENGTH: 3117

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

34

34

20

20

21

21
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<400> SEQUENCE: 18

tgtteggete agetgcacgg cteggctegg cteggetegg cteggetgeg cggecgetga 60
cgggegtgeg ctgggggege ggggegeggy gcgcegggect cggeggceggce ggcggceggcy 120
gcggcggaag ccaggtgccc cecgeecgecce tgtCCtCth acgaggcgga ggcgtcgccg 180
cgggccagge ctcggactge cgegteggag tggacgceggg gggeggcegge gegggcggac 240
gegggeggeg cgaagcageg gggcccegegg gggegecceceg gecgggtegg cgeggacgge 300
acteggegga cgegggegga cgetgggegyg ccecteectg cecgegegee cgggegeced 360
tggecggege tgggecccag agcgatgaca tcgacgggga aggacggegg cgcgcageac 420

gcgeagtatg ttgggeccta ceggetggag aagacgetgg gcaaggggca gacaggtetg 480

gtgaagctgg gggttcactg cgtcacctge cagaaggtgg ccatcaagat cgtcaaccgt 540
gagaagctca gcgagteggt getgatgaag gtggageggg agatcgegat cctgaagetce 600
attgagcacce cccacgtcct aaagctgcac gacgtttatg aaaacaaaaa atatttgtac 660
ctggtgetag aacacgtgtc aggtggtgag ctettegact acctggtgaa gaaggggagy 720
ctgacgecta aggaggcteg gaagttette cggcagatca tetetgeget ggacttetge 780
cacagccact ccatatgcca cagggatctg aaacctgaaa acctectget ggacgagaag 840
aacaacatcc gcatcgcaga ctttggcatg gegtecctge aggttggega cagectgttyg 900
gagaccagct gtgggtecee ccactacgcece tgccccgagg tgatcegggg ggagaagtat 960

gacggccgga aggcggacgt gtggagctge ggcgtcatcce tgttegectt getggtgggg 1020
gctctgecect tcgacgatga caacttgcga cagctgctgg agaaggtgaa gcggggegtyg 1080
ttccacatgce cgcactttat cccgcccgac tgccagagtce tgctacgggg catgagcgag 1140
gtggacgcecg cacgccgect cacgctagag cacattcaga aacacatatg gtatataggg 1200
ggcaagaatg agcccgaacc agagcagccce attcctcegea aggtgcagat ccegetegetg 1260
cccagectgg aggacatcga ccccgacgtg ctggacagca tgcactcact gggcectgette 1320
cgagaccgca acaagctgcet gcaggacctg ctgtccgagg aggagaacca ggagaagatg 1380
atttacttcc tcctcctgga ccggaaagaa aggtacccga gccaggagga tgaggacctg 1440
ccccececgga acgagataga ccctecccgg aagegtgtgg actccccgat gctgaaccgg 1500
cacggcaagc ggcggccaga acgcaaatcc atggaggtgc tcagcgtgac ggacggcgge 1560
tcecceggtge ctgcgeggeg ggccattgag atggcccage acggccagag gtcteggtcec 1620
atcagcggtg cctcectcagg cctttcecace agcecccactca gcagccececg ggtgaccect 1680
cacccctcac caaggggcag tcccctccce acccccaagg ggacacctgt ccacacgceca 1740
aaggagagcc cggctggcac gcccaacccce acgcccccgt ccagccccag cgtcggaggg 1800
gtgcecctgga gggcgecggcet caactccatc aagaacagcet ttctgggcectce accccgcette 1860
caccgccgaa aactgcaagt tccgacgceg gaggagatgt ccaacctgac accagagtcg 1920
tcececcagage tggcgaagaa gtcectggttt gggaacttca tcagectgga gaaggaggag 1980
cagatcttcg tggtcatcaa agacaaacct ctgagctcca tcaaggctga catcgtgcac 2040
gcecttectgt cgattcccag tctcageccac agcgtcatct cccaaacgag cttceecgggece 2100
gagtacaagg ccacgggggg gccagccgtg ttccagaage cggtcaagtt ccaggttgat 2160

atcacctaca cggagggtgg ggaggcgcag aaggagaacg gcatctacte cgtcacctte 2220
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accctgctet caggccccag ccgtegettce aagagggtgg tggagaccat ccaggcccag 2280
ctgctgagca cacacgaccc gcctgcggcece cagcacttgt cagacaccac taactgtatg 2340
gaaatgatga cggggcggct ttccaaatgt ggaattatcc cgaaaagtta acatgtcacc 2400
tccacgagge catcctetgt gaccgaagge agetgectgeg gacccegecct ccectecgete 2460
ctgectgttge tgccgggcag tgaggcccag ceccagegecoce cgtcecacccece gceggcagetce 2520
ctegectecag ctecgcacgg cccgtgggag gaaggccagg ctegggggag cctcectecag 2580
ceceggecgac ccggactcece ggtcacctga ccecctcagca agaacagect gectggtgge 2640
cttctgggge caggacccece ggtgggcaac gtagccacag gaacaggccc cgtccaccge 2700
ctccacgeeg cacctggagg cctectgecag gecccgtgece cgectccoctg gecgegecge 2760
ctcecgtgtag tecttggecte ctcaggectge cteccgtect ctegtcetcac cecgegectece 2820
cttgcctcat ctggggaggc tgtgggctct ggcegctccte tectggctgag gtggaaacag 2880
agacaccctg cggcaccaga gcctteeccag caggecagge cgetgggetg ggatcagtgt 2940
tatttatttg ccgttttcca atttatggat tctccgcacce tectgttcagg gaagggceggce 3000

ggccacatce cctgecgtcet gegtgtctceca ggcagtgggg gggctgggge cagggegecc 3060

tctgaggaca gagcetggtgg ggcegegggygg ggetggcegag ctactgtaaa ctttaaa 3117
<210> SEQ ID NO 19

<211> LENGTH: 668

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Met Thr Ser Thr Gly Lys Asp Gly Gly Ala Gln His Ala Gln Tyr Val
1 5 10 15

Gly Pro Tyr Arg Leu Glu Lys Thr Leu Gly Lys Gly Gln Thr Gly Leu
20 25 30

Val Lys Leu Gly Val His Cys Val Thr Cys Gln Lys Val Ala Ile Lys
35 40 45

Ile Val Asn Arg Glu Lys Leu Ser Glu Ser Val Leu Met Lys Val Glu
50 55 60

Arg Glu Ile Ala Ile Leu Lys Leu Ile Glu His Pro His Val Leu Lys
65 70 75 80

Leu His Asp Val Tyr Glu Asn Lys Lys Tyr Leu Tyr Leu Val Leu Glu
85 90 95

His Val Ser Gly Gly Glu Leu Phe Asp Tyr Leu Val Lys Lys Gly Arg
100 105 110

Leu Thr Pro Lys Glu Ala Arg Lys Phe Phe Arg Gln Ile Ile Ser Ala
115 120 125

Leu Asp Phe Cys His Ser His Ser Ile Cys His Arg Asp Leu Lys Pro
130 135 140

Glu Asn Leu Leu Leu Asp Glu Lys Asn Asn Ile Arg Ile Ala Asp Phe
145 150 155 160

Gly Met Ala Ser Leu Gln Val Gly Asp Ser Leu Leu Glu Thr Ser Cys
165 170 175

Gly Ser Pro His Tyr Ala Cys Pro Glu Val Ile Arg Gly Glu Lys Tyr
180 185 190

Asp Gly Arg Lys Ala Asp Val Trp Ser Cys Gly Val Ile Leu Phe Ala
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195 200 205

Leu Leu Val Gly Ala Leu Pro Phe Asp Asp Asp Asn Leu Arg Gln Leu
210 215 220

Leu Glu Lys Val Lys Arg Gly Val Phe His Met Pro His Phe Ile Pro
225 230 235 240

Pro Asp Cys Gln Ser Leu Leu Arg Gly Met Ser Glu Val Asp Ala Ala
245 250 255

Arg Arg Leu Thr Leu Glu His Ile Gln Lys His Ile Trp Tyr Ile Gly
260 265 270

Gly Lys Asn Glu Pro Glu Pro Glu Gln Pro Ile Pro Arg Lys Val Gln
275 280 285

Ile Arg Ser Leu Pro Ser Leu Glu Asp Ile Asp Pro Asp Val Leu Asp
290 295 300

Ser Met His Ser Leu Gly Cys Phe Arg Asp Arg Asn Lys Leu Leu Gln
305 310 315 320

Asp Leu Leu Ser Glu Glu Glu Asn Gln Glu Lys Met Ile Tyr Phe Leu
325 330 335

Leu Leu Asp Arg Lys Glu Arg Tyr Pro Ser Gln Glu Asp Glu Asp Leu
340 345 350

Pro Pro Arg Asn Glu Ile Asp Pro Pro Arg Lys Arg Val Asp Ser Pro
355 360 365

Met Leu Asn Arg His Gly Lys Arg Arg Pro Glu Arg Lys Ser Met Glu
370 375 380

Val Leu Ser Val Thr Asp Gly Gly Ser Pro Val Pro Ala Arg Arg Ala
385 390 395 400

Ile Glu Met Ala Gln His Gly Gln Arg Ser Arg Ser Ile Ser Gly Ala
405 410 415

Ser Ser Gly Leu Ser Thr Ser Pro Leu Ser Ser Pro Arg Val Thr Pro
420 425 430

His Pro Ser Pro Arg Gly Ser Pro Leu Pro Thr Pro Lys Gly Thr Pro
435 440 445

Val His Thr Pro Lys Glu Ser Pro Ala Gly Thr Pro Asn Pro Thr Pro
450 455 460

Pro Ser Ser Pro Ser Val Gly Gly Val Pro Trp Arg Ala Arg Leu Asn
465 470 475 480

Ser Ile Lys Asn Ser Phe Leu Gly Ser Pro Arg Phe His Arg Arg Lys
485 490 495

Leu Gln Val Pro Thr Pro Glu Glu Met Ser Asn Leu Thr Pro Glu Ser
500 505 510

Ser Pro Glu Leu Ala Lys Lys Ser Trp Phe Gly Asn Phe Ile Ser Leu
515 520 525

Glu Lys Glu Glu Gln Ile Phe Val Val Ile Lys Asp Lys Pro Leu Ser
530 535 540

Ser Ile Lys Ala Asp Ile Val His Ala Phe Leu Ser Ile Pro Ser Leu
545 550 555 560

Ser His Ser Val Ile Ser Gln Thr Ser Phe Arg Ala Glu Tyr Lys Ala
565 570 575

Thr Gly Gly Pro Ala Val Phe Gln Lys Pro Val Lys Phe Gln Val Asp
580 585 590

Ile Thr Tyr Thr Glu Gly Gly Glu Ala Gln Lys Glu Asn Gly Ile Tyr
595 600 605
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Ser Val Thr Phe Thr Leu Leu Ser Gly Pro Ser Arg Arg Phe Lys Arg

610 615 620

Val Val Glu Thr Ile Gln Ala Gln Leu Leu Ser Thr His Asp Pro Pro

625 630 635

640

Ala Ala Gln His Leu Ser Asp Thr Thr Asn Cys Met Glu Met Met Thr

645 650

Gly Arg Leu Ser Lys Cys Gly Ile Ile Pro Lys Ser
660 665

655

1. A method of detecting type 1 diabetes in a patient,
comprising:

reacting a patient sample with a PBK1 protein or a frag-
ment thereof under conditions that promote antibody-
antigen binding; and

detecting the presence of an autoantibody in said sample.

2. The method of claim 1 wherein the PBK1 protein is
immobilized on a solid support.

3. The method of claim 1 wherein the patient sample is
selected from the group consisting of: blood, serum, plasma,
and a biopsy tissue.

4. The method of claim 1 wherein the detecting of the
autoantibody comprises reacting the autoantibody with an
antibody having a detectable label.

5. A mammalian pancreas-derived cell comprising a
recombinant nucleic acid encoding a PBK1 protein.

6. The mammalian pancreas-derived cell of claim 5
wherein the cell is a cell of a mammalian pancreas-derived
cell line.

7. The pancreas-derived cell of claim 5 wherein the cell is
a Min6 cell transfected with a recombinant nucleic acid
encoding a PBK1 protein.

8. A method of identifying a PBK1 modulator, comprising
one or more of:

a) contacting a PBK1 protein with a test agent under con-
ditions that promote kinase activity of said PBK1 pro-
tein, and detecting an increase in the kinase activity; and

b) contacting a cell that expresses a PBK1 protein with a
test agent under conditions that promote glucose-stimu-
lated insulin secretion from said cell, and detecting an
increase in the glucose-stimulated insulin secretion from
the cell; wherein

said increase in a) or b) each indicates that the test agent is
a PBK1 modulator.

9. The method of claim 8 further comprising determining
that the increase in the glucose-stimulated insulin secretion
comprises potentiation of secretagogue-stimulated insulin
secretion from a cell that expresses a PBK1 protein.

10. The method of claim 8 wherein the cell is a mammalian
pancreas-derived cell.

11. The method of claim 8 wherein the cell is a MING6 cell.

12. The method of claim 8 wherein the cell contains a
recombinant nucleic acid encoding a PBK1 protein.

13. A method of screening for an agent that treats a meta-
bolic disease, said method comprising one or more of:

a) contacting a PBK1 protein with a test agent under con-
ditions that promote binding of said test agent to said
PBK1 protein, and detecting binding of said test agent to
said PBK protein;

b) contacting a PBK1 protein with a test agent under con-
ditions that promote kinase activity of said PBK1 pro-
tein, and detecting an increase in the kinase activity; and

¢) contacting a cell that expresses a PBK protein with a test
agent under conditions that promote glucose-stimulated
insulin secretion from said cell, and detecting an
increase in the glucose-stimulated insulin secretion from
the cell; wherein

said disorder is selected from diabetes, type 2 diabetes,

obesity, and diabetic retinopathy.

14. The method of claim 13, further comprising designat-
ing said test agent as a compound that treats said disease.

15. The method of claim 13, further comprising designat-
ing said test agent as a compound that treats said disease.

16. The method of claim 13, further comprising designat-
ing said test agent as a compound that treats type 2 diabetes.

17. The method of claim 13, wherein said PBK1 protein is
selected from a protein having a polypeptide sequence that
has at least 73%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity to the protein
having a polypeptide sequence set forth in SEQ ID NO: 2.

18. The method of claim 17, wherein said PBK1 protein is
selected from a protein having a polypeptide sequence set
forth in SEQ ID NO: 2 or SEQ ID NO: 6

19. The method of claim 13 wherein a) is performed prior
to c).

20. The method of claim 13 wherein b) is performed prior
to ¢).

21. The method of claim 13 wherein a) is performed prior
to b), and b) is performed prior to c).

22. The method of claim 13 further comprising determin-
ing that the increase in the glucose-stimulated insulin secre-
tion comprises potentiation of secretagogue-stimulated insu-
lin secretion from a cell that expresses a PBK1 protein.

23. The method of claim 13 wherein the cell is a mamma-
lian pancreas-derived cell.

24. The method of claim 13 wherein the cell is a MING cell.

25. The method of claim 13 wherein the cell contains a
recombinant nucleic acid encoding a PBK1 protein.

26. A method for stimulating cell differentiation and/or
regeneration in a pancreatic beta cell comprising delivering
PBK-1 DNA to said cell.

27. The method of claim 26 wherein said DNA is operably
linked to a promoter that drives expression of said DNA in
said cell.

28. A method for in vivo screening for an agent that treats
diabetes, said method comprising:

a) subjecting a mammal comprising a PBK1 knockout

genome to a diet that promotes diabetes;

b) treating said mammal with a test agent;

¢) determining blood glucose level of said mammal; and

d) determining whether said mammal is glucose tolerant.

* * sk L
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