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MRACS AS MODIFIERS OF THE RAC PATHWAY AND METHODS OF
USE

REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. provisional patent application 60/495,193
filed 8/14/2003. The contents of the prior application are hereby incorporated in their

entirety.

BACKGROUND OF THE INVENTION

Cell movement is an important part of normal developmental and physiological
processes (e.g. epiboly, gastrulation and wound healing), and is also important in
pathologies such as tumor progression and metastasis, angiogenesis, inflammation and
atherosclerosis. The process of cell movement involves alterations of cell-cell and cell-
matrix interactions in response to signals, as well as rearrangement of the actin and
microtubule cytoskeletons. The small GTPases of the Rho/Rac family interact with a
variety of molecules to regulate the processes of cell motility, cell-cell adhesion and cell-
matrix adhesion. Cdc42 and Rac are implicated in the formation of filopodia and
lamellipodia required for initiating cell movement, and Rho regulates stress fiber and focal
adhesion formation. Rho/Rac proteins are effectors of cadherin/catenin-mediated cell-cell
adhesion, and function downstream of integrins and growth factor receptors to regulate
cytoskeletal changes important for cell adhesion and motility.

There are five members of the Rho/Rac family in the C. elegans genome. rho-1
encodes a protein most similar to human RhoA and RhoC, cdc-42 encodes an ortholog of
human Cdc42, and ced-10, mig-2 and rac-2 encode Rac-related proteins. ced-10, mig-2
and rac-2 have partially redundant functions in the control of a number of cell and axonal
migrations in the worm, as inactivation of two or all three of these genes causes enhanced
migration defects when compared to the single mutants. Furthermore, ced-10; mig-2
double mutants have gross morphological and movement defects not seen in either single
mutant, possibly as a secondary effect of defects in cell migration or movements during
morphogenesis. These defects include a completely penetrant uncoordinated phenotype,
as well as variably penetrant slow-growth, vulval, withered tail, and sterility defects, none
of which are seen in either single mutant.

The ability to manipulate the genomes of model organisms such as C. elegans

provides a powerful means to analyze biochemical processes that, due to significant
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evolutionary conservation, have direct relevance to more complex vertebrate organisms.
Due to a high level of gene and pathway conservation, the strong similarity of cellular
processes, and the functional conservation of genes between these model organisms and
mammals, identification of the involvement of novel genes in particular pathways and
their functions in such model organisms can directly contribute to the understanding of the
correlative pathways and methods of modulating them in mammals (see, for example,
Dulubova I, et al, J Neurochem 2001 Apr;77(1):229-38; Cai T, et al., Diabetologia 2001
Jan;44(1):81-8; Pasquinelli AE, et al., Nature. 2000 Nov 2;408(6808):37-8; Ivanov IP, et
al., EMBO J 2000 Apr 17;19(8):1907-17; Vajo Z et al., Mamm Genome 1999
Oct;10(10):1000-4). For example, a genetic screen can be carried out in an invertebrate
model organism having underexpression (e.g. knockout) or overexpression of a gene
(referred to as a “genetic entry point”) that yields a visible phenotype. Additional genes
are mutated in a random or targeted manner. When a gene mutation changes the original
phenotype caused by the mutation in the genetic entry point, the gene is identified as a
“modifier” involved in the same or overlapping pathway as the genetic entry point. When
the genetic entry point is an ortholog of a human gene implicated in a disease pathway,
such as RAC, modifier genes can be identified that may be attractive candidate targets for
novel therapeutics.

All references cited herein, including patents, patent applications, publications, and
sequence information in referenced Genbank identifier numbers, are incorporated herein in

their entireties.

SUMMARY OF THE INVENTION

We have discovered genes that modify the RAC pathway in C. elegans, and
identified their human orthologs, hereinafter referred to as Modifier of RAC (MRAC).
The invention provides methods for utilizing these RAC modifier genes and polypeptides
to identify MR AC-modulating agents that are candidate therapeutic agents that can be
used in the treatment of disorders associated with defective or impaired RAC function
and/or MRAC function. Preferred MRAC-modulating agents specifically bind to MRAC
polypeptides and restore RAC function. Other preferred MRAC-modulating agents are
nucleic acid modulators such as antisense oligomers and RNAI that repress MRAC gene
expression or product activity by, for example, binding to and inhibiting the respective
nucleic acid (i.e. DNA or mRNA).
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MRAC modulating agents may be evaluated by any convenient in vitro or in vivo
assay for molecular interaction with én MRAC polypeptide or nucleic acid. In one
embodiment, candidate MRAC modulating agents are tested with an assay system
comprising an MRAC polypeptide or nucleic acid. Agents that produce a change in the
activity of the assay system relative to controls are identified as candidate RAC
modulating agents. The assay system may be cell-based or cell-free. MRAC-modulating
agents include MRAC related proteins (e.g. dominant negative mutants, and
biotherapeutics); MRAC -specific antibodies; MRAC -specific antisense oligomers and
other nucleic acid modulators; and chemical agents that specifically bind to or interact
with MRAC or compete with MRAC binding partner (e.g. by binding to an MRAC
binding partner). In one specific embodiment, a small molecule modulator is identified
using a binding assay. In specific embodiments, the screening assay system is selected
from an apoptosis assay, a cell proliferation assay, an angiogenesis assay, and a hypoxic
induction assay.

In another embodiment, candidate RAC pathway modulating agents are further
tested using a second assay system that detects changes in the RAC pathway, such as
angiogenic, apoptotic, or cell proliferation changes produced by the originally identified
candidate agent or an agent derived from the original agent. The second assay system may
use cultured cells or non-human animals. In specific embodiments, the secondary assay
system uses non-human animals, including animals predetermined to have a disease or
disorder implicating the RAC pathway, such as an angiogenic, apoptotic, or cell
proliferation disorder (e.g. cancer).

The invention further provides methods for modulating the MRAC function and/or
the RAC pathway in a mammalian cell by contacting the mammalian cell with an agent
that specifically binds an MRAC polypeptide or nucleic acid. The agent may be a small
molecule modulator, a nucleic acid modulator, or an antibody and may be administered to
a mammalian animal predetermined to have a pathology associated with the RAC

pathway.

DETAILED DESCRIPTION OF THE INVENTION
A genetic screen was designed to identify modifiers of the Rac signaling pathway
that also affect cell migrations in C. elegans, where various specific genes were silenced
by RNA inhibition (RNAI) in a ced-10; mig-2 double mutant background. Modifiers were
identified followed by identification of their orthologs. Accordingly, vertebrate orthologs
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of these modifiers, and preferably the human orthologs, MRAC genes (i.e., nucleic acids
and polypeptides) are attractive drug targets for the treatment of pathologies associated
with a defective RAC signaling pathway, such as cancer. Table 1 (Example II) lists the
modifiers and their orthologs.

In vitro and in vivo methods of assessing MRAC function are provided herein.
Modulation of the MRAC or their respective binding partners is useful for understanding
the association of the RAC pathway and its members in normal and disease conditions and
for developing diagnostics and therapeutic modalities for RAC related pathologies.
MRAC-modulating agents that act by inhibiting or enhancing MRAC expression, directly
or indirectly, for example, by affecting an MRAC function such as enzymatic (e.g.,
catalytic) or binding activity, can be identified using methods provided herein. MRAC

modulating agents are useful in diagnosis, therapy and pharmaceutical development.

Nucleic acids and polypeptides of the invention

Sequences related to MRAC nucleic acids and polypeptides that can be used in the
invention are disclosed in Genbank (referenced by Genbank identifier (GI) or RefSeq
number), shown in Table 1 and in the appended sequence listing.

The term “MRAC polypeptide” refers to a full-length MRAC protein or a
functionally active fragment or derivative thereof. A “functionally active” MRAC
fragment or derivative exhibits one or more functional activities associated with a full-
length, wild-type MRAC protein, such as antigenic or immunogenic activity, enzymatic
activity, ability to bind natural cellular substrates, etc. The functional activity of MRAC
proteins, derivatives and fragments can be assayed by various methods known to one
skilled in the art (Current Protocols in Protein Science (1998) Coligan et al., eds., John
Wiley & Sons, Inc., Somerset, New Jersey) and as further discussed below. In one
embodiment, a functionally active MRAC polypeptide is an MRAC derivative capable of
rescuing defective endogenous MRAC activity, such as in cell based or animal assays; the
rescuing derivative may be from the same or a different species. For purposes herein,
functionally active fragments also include those fragments that comprise one or more
structural domains of an MRAC, such as a binding domain. Protein domains can be
identified using the PFAM program (Bateman A., et al., Nucleic Acids Res, 1999, 27:260-
2). Methods for obtaining MRAC polypeptides are also further described below. In some
embodiments, preferred fragments are functionally active, domain-containing fragments

comprising at least 25 contiguous amino acids, preferably at least 50, more preferably 75,
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and most preferably at least 100 contiguous amino acids of an MRAC. In further
preferred embodiments, the fragment comprises the entire functionally active domain.
The term "MRAC nucleic acid" refers to a DNA or RNA molecule that encodes an
MRAC polypeptide. Preferably, the MRAC polypeptide or nucleic acid or fragment
thereof is from a human, but can also be an ortholog, or derivative thereof with at least
70% sequence identity, preferably at least 80%, more preferably 85%, still more
preferably 90%, and most preferably at least 95% sequence identity with human MRAC.
Methods of identifying orthlogs are known in the art. Normally, orthologs in different
species retain the same function, due to presence of one or more protein motifs and/or 3-
dimensional structures. Orthologs are generally identified by sequence homology
analysis, such as BLAST analysis, usually using protein bait sequences. Sequences are
assigned as a potential ortholog if the best hit sequence from the forward BLAST result
retrieves the original query sequence in the reverse BLAST (Huynen MA and Bork P,
Proc Natl Acad Sci (1998) 95:5849-5856; Huynen MA er al., Genome Research (2000)
10:1204-1210). Programs for multiple sequence alignment, such as CLUSTAL
(Thompson JD et al, 1994, Nucleic Acids Res 22:4673-4680) may be used to highlight
conserved regions and/or residues of orthologous proteins and to generate phylogenetic
trees. In a phylogenetic tree representing multiple homologous sequences from diverse
species (e.g., retrieved through BLAST analysis), orthologous sequences from two species
generally appear closest on the tree with respect to all other sequences from these two
species. Structural threading or other analysis of protein folding (e.g., using software by
ProCeryon, Biosciences, Salzburg, Austria) may also identify potential orthologs. In
evolution, when a gene duplication event follows speciation, a single gene in one species,
such as C. elegans, may correspond to multiple genes (paralogs) in another, such as
human. As used herein, the term “orthologs” encompasses paralogs. As used herein,
“percent (%) sequence identity” with respect to a subject sequence, or a specified portion
of a subject sequence, is defined as the percentage of nucleotides or amino acids in the
candidate derivative sequence identical with the nucleotides or amino acids in the subject
sequence (or specified portion thereof), after aligning the sequences and introducing gaps,
if necessary to achieve the maximum percent sequence identity, as generated by the
program WU-BLAST-2.0a19 (Altschul et al., J. Mol. Biol. (1997) 215:403-410) with all
the search parameters set to default values. The HSP S and HSP S2 parameters are
dynamic values and are established by the program itself depending upon the composition

of the particular sequence and composition of the particular database against which the
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sequence of interest is being searched. A % identity value is determined by the number of
matching identical nucleotides or amino acids divided by the sequence length for which
the percent identity is being reported. “Percent (%) amino acid sequence similarity” is
determined by doing the same calculation as for determining % amino acid sequence
identity, but including conservative amino acid substitutions in addition to identical amino
acids in the computation.

A conservative amino acid substitution is one in which an amino acid is substituted
for another amino acid having similar properties such that the folding or activity of the
protein is not significantly affected. Aromatic amino acids that can be substituted for each
other are phenylalanine, tryptophan, and tyrosine; interchangeable hydrophobic amino
acids are leucine, isoleucine, methionine, and valine; interchangeable polar amino acids
are glutamine and asparagine; interchangeable basic amino acids are arginine, lysine and
histidine; interchangeable acidic amino acids are aspartic acid and glutamic acid; and
interchangeable small amino acids are alanine, serine, threonine, cysteine and glycine.

Alternatively, an alignment for nucleic acid sequences is provided by the local
homology algorithm of Smith and Waterman (Smith and Waterman, 1981, Advances in
Applied Mathematics 2:482-489; database: European Bioinformatics Institute; Smith and
Waterman, 1981, J. of Molec.Biol., 147:195-197; Nicholas et al., 1998, "A Tutorial on
Searching Sequence Databases and Sequence Scoring Methods" (www.psc.edu) and
references cited therein.; W.R. Pearson, 1991, Genomics 11:635-650). This algorithm can
be applied to amino acid sequences by using the scoring matrix developed by Dayhoff
(Dayhoff: Atlas of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl. 3:353-
358, National Biomedical Research Foundation, Washington, D.C., USA), and normalized
by Gribskov (Gribskov 1986 Nucl. Acids Res. 14(6):6745-6763). The Smith-Waterman
algorithm may be employed where default parameters are used for scoring (for example,
gap open penalty of 12, gap extension penalty of two). From the data generated, the
"Match" value reflects "sequence identity."

Derivative nucleic acid molecules of the subject nucleic acid molecules include
sequences that hybridize to the nucleic acid sequence of an MRAC. The stringency of
hybridization can be controlled by temperature, ionic strength, pH, and the presence of
denaturing agents such as formamide during hybridization and washing. Conditions
routinely used are set out in readily available procedure texts (e.g., Current Protocol in
Molecular Biology, Vol. 1, Chap. 2.10, John Wiley & Sons, Publishers (1994); Sambrook

et al., Molecular Cloning, Cold Spring Harbor (1989)). In some embodiments, a nucleic
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acid molecule of the invention is capable of hybridizing to a nucleic acid molecule
containing the nucleotide sequence of an MRAC under high stringency hybridization
conditions that are: prehybridization of filters containing nucleic acid for 8 hours to
overnight at 65° C in a solution comprising 6X single strength citrate (SSC) (1X SSC is
0.15 M NaCl, 0.015 M Na citrate; pH 7.0), 5X Denhardt's solution, 0.05% sodium
pyrophosphate and 100 pg/ml herring sperm DNA; hybridization for 18-20 hours at 65° C
in a solution containing 6X SSC, 1X Denhardt's solution, 100 pg/ml yeast tRNA and
0.05% sodium pyrophosphate; and washing of filters at 65° C for 1hin a solution
containing 0.1X SSC and 0.1% SDS (sodium dodecyl sulfate).

In other embodiments, moderately stringent hybridization conditions are used that
are: pretreatment of filters containing nucleic acid for 6 h at 40° C in a solution containing
35% formamide, 5X SSC, 50 mM Tris-HCI (pH7.5), 5SmM EDTA, 0.1% PVP, 0.1%
Ficoll, 1% BSA, and 500 pg/ml denatured salmon sperm DNA; hybridization for 18-20h
at 40° C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCI (pH7.5),
5mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml salmon sperm DNA, and
10% (wt/vol) dextran sulfate; followed by washing twice for 1 hour at 55° C in a solution
containing 2X SSC and 0.1% SDS.

Alternatively, low stringency conditions can be used that are: incubation for 8
hours to overnight at 37° C in a solution comprising 20% formamide, 5 x SSC, 50 mM
sodium phosphate (pH 7.6), 5X Denhardt’s solution, 10% dextran sulfate, and 20 pg/ml
denatured sheared salmon sperm DNA; hybridization in the same buffer for 18 to 20

hours; and washing of filters in 1 x SSC at about 37° C for 1 hour.

Isolation, Production, Expression, and Mis-expression of MRAC Nucleic
Acids and Polypeptides

MRAC nucleic acids and polypeptides are useful for identifying and testing agents
that modulate MRAC function and for other applications related to the involvement of
MRAC in the RAC pathway. MRAC nucleic acids and derivatives and orthologs thereof
may be obtained using any available method. For instance, techniques for isolating cDNA
or genomic DNA sequences of interest by screening DNA libraries or by using polymerase
chain reaction (PCR) are well known in the art. In general, the particular use for the
protein will dictate the particulars of expression, production, and purification methods.

For instance, production of proteins for use in screening for modulating agents may

require methods that preserve specific biological activities of these proteins, whereas
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production of proteins for antibody generation may require structural integrity of particular
epitopes. Expression of proteins to be purified for screening or antibody production may
require the addition of specific tags (e.g., generation of fusion proteins). Overexpression
of an MRAC protein for assays used to assess MRAC function, such as involvement in
cell cycle regulation or hypoxic response, may require expression in eukaryotic cell lines
capable of these cellular activities. Techniques for the expression, production, and
purification of proteins are well known in the art; any suitable means therefore may be
used (e.g., Higgins SJ and Hames BD (eds.) Protein Expression: A Practical Approach,
Oxford University Press Inc., New York 1999; Stanbury PF et al., Principles of
Fermentation Technology, 2" edition, Elsevier Science, New York, 1995; Doonan S (ed.)
Protein Purification Protocols, Humana Press, New Jersey, 1996; Coligan JE et al, Current
Protocols in Protein Science (eds.), 1999, John Wiley & Sons, New York). In particular
embodiments, recombinant MRAC is expressed in a cell line known to have defective
RAC function. The recombinant cells are used in cell-based screening assay systems of
the invention, as described further below.

The nucleotide sequence encoding an MRAC polypeptide can be inserted into any
appropriate expression vector. The necessary transcriptional and translational signals,
including promoter/enhancer element, can derive from the native MRAC gene and/or its
flanking regions or can be heterologous. A variety of host-vector expression systems may
be utilized, such as mammalian cell systems infected with virus (e.g. vaccinia virus,
adenovirus, etc.); insect cell systems infected with virus (e.g. baculovirus);
microorganisms such as yeast containing yeast vectors, or bacteria transformed with
bacteriophage, plasmid, or cosmid DNA. An isolated host cell strain that modulates the
expression of, modifies, and/or specifically processes the gene product may be used.

To detect expression of the MRAC gene product, the expression vector can
comprise a promoter operably linked to an MRAC gene nucleic acid, one or more origins
of replication, and, one or more selectable markers (e.g. thymidine kinase activity,
resistance to antibiotics, etc.). Alternatively, recombinant expression vectors can be
identified by assaying for the expression of the MRAC gene product based on the physical
or functional properties of the MRAC protein in in vitro assay systems (e.g.
immunoassays).

The MRAC protein, fragment, or derivative may be optionally expressed as a
fusion, or chimeric protein product (i.e. it is joined via a peptide bond to a heterologous

protein sequence of a different protein), for example to facilitate purification or detection.
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A chimeric product can be made by ligating the appropriate nucleic acid sequences
encoding the desired amino acid sequences to each other using standard methods and
expressing the chimeric product. A chimeric product may also be made by protein
synthetic techniques, e.g. by use of a peptide synthesizer (Hunkapiller ez al., Nature (1984)
310:105-111).

Once a recombinant cell that expresses the MRAC gene sequence is identified, the
gene product can be isolated and purified using standard methods (e.g. ion exchange,
affinity, and gel exclusion chromatography; centrifugation; differential solubility;
electrophoresis). Alternatively, native MRAC proteins can be purified from natural
sources, by standard methods (e.g. immunoaffinity purification). Once a protein is
obtained, it may be quantified and its activity measured by appropriate methods, such as
immunoassay, bioassay, or other measurements of physical properties, such as
crystallography.

The methods of this invention may also use cells that have been engineered for
altered expression (mis-expression) of MRAC or other genes associated with the RAC
pathway. As used herein, mis-expression encompasses ectopic expression, over-
expression, under-expression, and non-expression (e.g. by gene knock-out or blocking

expression that would otherwise normally occur).

Genetically modified animals

Animal models that have been genetically modified to alter MRAC expression may
be used in in vivo assays to test for activity of a candidate RAC modulating agent, or to
further assess the role of MRAC in a RAC pathway process such as apoptosis or cell
proliferation. Preferably, the altered MRAC expression results in a detectable phenotype,
such as decreased or increased levels of cell proliferation, angiogenesis, or apoptosis
compared to control animals having normal MRAC expression. The genetically modified
animal may additionally have altered RAC expression (e.g. RAC knockout). Preferred
genetically modified animals are mammals such as primates, rodents (preferably mice or
rats), among others. Preferred non-mammalian species include zebrafish, C. elegans, and
Drosophila. Preferred genetically modified animals are transgenic animals having a
heterologous nucleic acid sequence present as an extrachromosomal element in a portion
of its cells, i.e. mosaic animals (see, for example, techniques described by Jakobovits,
1994, Curr. Biol. 4:761-763.) or stably integrated into its germ line DNA (i.e., in the

genomic sequence of most or all of its cells). Heterologous nucleic acid is introduced into
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the germ line of such transgenic animals by genetic manipulation of, for example, embryos
or embryonic stem cells of the host animal.

Methods of making transgenic animals are well-known in the art (for transgenic
mice see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442 (1985), U.S. Pat. Nos.
4,736,866 and 4,870,009, both by Leder et al., U.S. Pat. No. 4,873,191 by Wagner et al.,
and Hogan, B., Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., (1986); for particle bombardment see U.S. Pat. No., 4,945,050,
by Sandford et al.; for transgenic Drosophila see Rubin and Spradling, Science (1982)
218:348-53 and U.S. Pat. No. 4,670,388; for transgenic insects see Berghammer A.J. et
al., A Universal Marker for Transgenic Insects (1999) Nature 402:370-371; for transgenic
Zebrafish see Lin S., Transgenic Zebrafish, Methods Mol Biol. (2000);136:375-3830); for
microinjection procedures for fish, amphibian eggs and birds see Houdebine and
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer e? al., Cell
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent
production of transgenic animals by the introduction of DNA into ES cells using methods
such as electroporation, calcium phosphate/DNA precipitation and direct injection see,
e.g., Teratocarcinomas and Embryonic Stem Cells, A Practical Approach, E. J. Robertson,
ed., IRL Press (1987)). Clones of the nonhuman transgenic animals can be produced
according to available methods (see Wilmut, I. et al. (1997) Nature 385:810-813; and PCT
International Publication Nos. WO 97/07668 and WO 97/07669).

In one embodiment, the transgenic animal is a “knock-out” animal having a
heterozygous or homozygous alteration in the sequence of an endogenous MRAC gene
that results in a decrease of MRAC function, preferably such that MRAC expression is
undetectable or insignificant. Knock-out animals are typically generated by homologous
recombination with a vector comprising a transgene having at least a portion of the gene to
be knocked out. Typically a deletion, addition or substitution has been introduced into the
transgene to functionally disrupt it. The transgene can be a human gene (e.g., from a
human genomic clone) but more preferably is an ortholog of the human gene derived from
the transgenic host species. For example, a mouse MRAC gene is used to construct a
homologous recombination vector suitable for altering an endogenous MRAC gene in the
mouse genome. Detailed methodologies for homologous recombination in mice are
available (see Capecchi, Science (1989) 244:1288-1292; Joyner e al., Nature (1989)
338:153-156). Procedures for the production of non-rodent transgenic mammals and other

animals are also available (Houdebine and Chourrout, supra; Pursel et al., Science (1989)
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244:1281-1288; Simms e al., Bio/Technology (1988) 6:179-183). In a preferred
embodiment, knock-out animals, such as mice harboring a knockout of a specific gene,
may be used to produce antibodies against the human counterpart of the gene that has been
knocked out (Claesson MH et al., (1994) Scan J Immunol 40:257-264; Declerck PJ et
al., (1995) J Biol Chem. 270:8397-400).

In another embodiment, the transgenic animal is a “knock-in” animal having an
alteration in its genome that results in altered expression (e.g., increased (including
ectopic) or decreased expression) of the MRAC gene, e.g., by introduction of additional
copies of MRAC, or by operatively inserting a regulatory sequence that provides for
altered expression of an endogenous copy of the MRAC gene. Such regulatory sequences
include inducible, tissue-specific, and constitutive promoters and enhancer elements. The
knock-in can be homozygous or heterozygous.

Transgenic nonhuman animals can also be produced that contain selected systems
allowing for regulated expression of the transgene. One example of such a system that
may be produced is the cre/loxP recombinase system of bacteriophage P1 (Lakso et al.,
PNAS (1992) 89:6232-6236; U.S. Pat. No. 4,959,317). If a cre/loxP recombinase system
is used to regulate expression of the transgene, animals containing transgenes encoding
both the Cre recombinase and a selected protein are required. Such animals can be
provided through the construction of "double" transgenic animals, e.g., by mating two
transgenic animals, one containing a transgene encoding a selected protein and the other
containing a transgene encoding a recombinase. Another example of a recombinase
system is the FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et al.
(1991) Science 251:1351-1355; U.S. Pat. No. 5,654,182). In a preferred embodiment,
both Cre-LoxP and Flp-Frt are used in the same system to regulate expression of the
transgene, and for sequential deletion of vector sequences in the same cell (Sun X et al
(2000) Nat Genet 25:83-6).

The genetically modified animals can be used in genetic studies to further elucidate
the RAC pathway, as animal models of disease and disorders implicating defective RAC
function, and for in vivo testing of candidate therapeutic agents, such as those identified in
screens described below. The candidate therapeutic agents are administered to a
genetically modified animal having altered MRAC function and phenotypic changes are
compared with appropriate control animals such as genetically modified animals that
receive placebo treatment, and/or animals with unaltered MRAC expression that receive

candidate therapeutic agent.

11



10

15

20

25

30

WO 2005/017120 PCT/US2004/026340

In addition to the above-described genetically modified animals having altered
MRAC function, animal models having defective RAC function (and otherwise normal
MRAC function), can be used in the methods of the present invention. For example, a
RAC knockout mouse can be used to assess, in vivo, the activity of a candidate RAC
modulating agent identified in one of the in vitro assays described below. Preferably, the
candidate RAC modulating agent when administered to a model system with cells
defective in RAC function, produces a detectable phenotypic change in the model system
indicating that the RAC function is restored, i.e., the cells exhibit normal cell cycle

progression.

Modulating A gents

The invention provides methods to identify agents that interact with and/or
modulate the function of MRAC and/or the RAC pathway. Modulating agents identified
by the methods are also part of the invention. Such agents are useful in a variety of
diagnostic and therapeutic applications associated with the RAC pathway, as well as in
further analysis of the MRAC protein and its contribution to the RAC pathway.
Accordingly, the invention also provides methods for modulating the RAC pathway
comprising the step of specifically modulating MRAC activity by administering an
MRAC-interacting or -modulating agent.

As used herein, an “MRAC-modulating agent” is any agent that modulates MRAC
function, for example, an agent that interacts with MRAC to inhibit or enhance MRAC
activity or otherwise affect normal MRAC function. MRAC function can be affected at
any level, including transcription, protein expression, protein localization, and cellular or
extra-cellular activity. In a preferred embodiment, the MRAC - modulating agent
specifically modulates the function of the MRAC. The phrases “specific modulating
agent”, “specifically modulates”, etc., are used herein to refer to modulating agents that
directly bind to the MRAC polypeptide or nucleic acid, and preferably inhibit, enhance, or
otherwise alter, the function of the MRAC. These phrases also encompass modulating
agents that alter the interaction of the MRAC with a binding partner, substrate, or cofactor
(e.g. by binding to a binding partner of an MRAC, or to a protein/binding partner complex,
and altering MRAC function). In a further preferred embodiment, the MRAC- modulating
agent is a modulator of the RAC pathway (e.g. it restores and/or upregulates RAC

function) and thus is also a RAC-modulating agent.
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Preferred MRAC-modulating agents include small molecule compounds; MRAC-
interacting proteins, including antibodies and other biotherapeutics; and nucleic acid
modulators such as antisense and RNA inhibitors. The modulating agents may be
formulated in pharmaceutical compositions, for example, as compositions that may
comprise other active ingredients, as in combination therapy, and/or suitable carriers or
excipients. Techniques for formulation and administration of the compounds may be
found in “Remington’s Pharmaceutical Sciences” Mack Publishing Co., Easton, PA, 19%

edition.

Small molecule modulators

Small molecules are often preferred to modulate function of proteins with
enzymatic function, and/or containing protein interaction domains. Chemical agents,
referred to in the art as "small molecule" compounds are typically organic, non-peptide
molecules, having a molecular weight up to 10,000, preferably up to 5,000, more
preferably up to 1,000, and most preferably up to 500 daltons. This class of modulators
includes chemically synthesized molecules, for instance, compounds from combinatorial
chemical libraries. Synthetic compounds may be rationally designed or identified based
on known or inferred properties of the MRAC protein or may be identified by screening
compound libraries. Alternative appropriate modulators of this class are natural products,
particularly secondary metabolites from organisms such as plants or fungi, which can also
be identified by screening compound libraries for MRAC-modulating activity. Methods
for generating and obtaining compounds are well known in the art (Schreiber SL, Science
(2000) 151: 1964-1969; Radmann J and Gunther J, Science (2000) 151:1947-1948).

Small molecule modulators identified from screening assays, as.described below,
can be used as lead compounds from which candidate clinical compounds may be
designed, optimized, and synthesized. Such clinical compounds may have utility in
treating pathologies associated with the RAC pathway. The activity of candidate small
molecule modulating agents may be improved several-fold through iterative secondary
functional validation, as further described below, structure determination, and candidate
modulator modification and testing. Additionally, candidate clinical compounds are
generated with specific regard to clinical and pharmacological properties. For example, the
reagents may be derivatized and re-screened using in vitro and in vivo assays to optimize

activity and minimize toxicity for pharmaceutical development.

13



10

15

20

25

30

WO 2005/017120 PCT/US2004/026340

Protein Modulators

Specific MRAC-interacting proteins are useful in a variety of diagnostic and
therapeutic applications related to the RAC pathway and related disorders, as well as in
validation assays for other MRAC-modulating agents. In a preferred embodiment,
MRAC-interacting proteins affect normal MRAC function, including transcription, protein
expression, protein localization, and cellular or extra-cellular activity. In another
embodiment, MRAC-interacting proteins are useful in detecting and providing
information about the function of MRAC proteins, as is relevant to RAC related disorders,
such as cancer (e.g., for diagnostic means).

An MRAC-interacting protein may be endogenous, i.e. one that naturally interacts
genetically or biochemically with an MRAC, such as a member of the MRAC pathway
that modulates MRAC expression, localization, and/or activity. MRAC-modulators
include dominant negative forms of MRAC-interacting proteins and of MRAC proteins
themselves. Yeast two-hybrid and variant screens offer preferred methods for identifying
endogenous MRAC-interacting proteins (Finley, R. L. et al. (1996) in DNA Cloning-
Expression Systems: A Practical Approach, eds. Glover D. & Hames B. D (Oxford
University Press, Oxford, England), pp. 169-203; Fashema SF et al., Gene (2000) 250:1-
14; Drees BL Curr Opin Chem Biol (1999) 3:64-70; Vidal M and Legrain P Nucleic Acids
Res (1999) 27:919-29; and U.S. Pat. No. 5,928,868). Mass spectrometry is an alternative
preferred method for the elucidation of protein complexes (reviewed in, e.g., Pandley A
and Mann M, Nature (2000) 405:837-846; Yates JR 3" Trends Genet (2000) 16:5-8).

An MRAC-interacting protein may be an exogenous protein, such as an MRAC-
specific antibody or a T-cell antigen receptor (see, e.g., Harlow and Lane (1988)
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory; Harlow and Lane
(1999) Using antibodies: a laboratory manual. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press). MRAC antibodies are further discussed below.

In preferred embodiments, an MRAC-interacting protein specifically binds an
MRAC protein. In alternative preferred embodiments, an MRAC-modulating agent binds
an MRAC substrate, binding partner, or cofactor.

Antibodies
In another embodiment, the protein modulator is an MRAC specific antibody
agonist or antagonist. The antibodies have therapeutic and diagnostic utilities, and can be

used in screening assays to identify MRAC modulators. The antibodies can also be used
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in dissecting the portions of the MRAC pathway responsible for various cellular responses
and in the general processing and maturation of the MRAC.

Antibodies that specifically bind MRAC polypeptides can be generated using
known methods. Preferably the antibody is specific to a mammalian ortholog of MRAC
polypeptide, and more preferably, to human MRAC. Antibodies may be polyclonal,
monoclonal (mAbs), humanized or chimeric antibodies, single chain antibodies, Fab
fragments, F(ab').sub.2 fragments, fragments produced by a FAb expression library, anti-
idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the above.

Epitopes of MRAC which are particularly antigenic can be selected, for example, by
routine screening of MRAC polypeptides for antigenicity or by applying a theoretical
method for selecting antigenic regions of a protein (Hopp and Wood (1981), Proc. Nati.
Acad. Sci. U.S.A. 78:3824-28; Hopp and Wood, (1983) Mol. Immunol. 20:483-89;
Sutcliffe et al., (1983) Science 219:660-66) to the amino acid sequence of an MRAC.
Monoclonal antibodies with affinities of 108 M! preferably 10° M™* to 10" M, or
stronger can be made by standard procedures as described (Harlow and Lane, supra;
Goding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) Academic Press,
New York; and U.S. Pat. Nos. 4,381,292; 4,451,570; and 4,618,577). Antibodies may be
generated against crude cell extracts of MRAC or substantially purified fragments thereof.
If MRAC fragments are used, they preferably comprise at least 10, and more preferably, at
least 20 contiguous amino acids of an MRAC protein. In a particular embodiment,
MRAC-specific antigens and/or immunogens are coupled to carrier proteins that stimulate
the immune response. For example, the subject polypeptides are covalently coupled to the
keyhole limpet hemocyanin (KLH) carrier, and the conjugate is emulsified in Freund’s
complete adjuvant, which enhances the immune response. An appropriate immune system
such as a labora‘tory rabbit or moﬁse is immunized according to conventional protocols.

The presence of MRAC-specific antibodies is assayed by an appropriate assay such
as a solid phase enzyme-linked immunosorbant assay (ELISA) using immobilized
corresponding MRAC polypeptides. Other assays, such as radioimmunoassays or
fluorescent assays might also be used.

Chimeric antibodies specific to MRAC polypeptides can be made that contain
different portions from different animal species. For instance, a human immunoglobulin
constant region may be linked to a variable region of a murine mAb, such that the
antibody derives its biological activity from the human antibody, and its binding

specificity from the murine fragment. Chimeric antibodies are produced by splicing
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together genes that encode the appropriate regions from each species (Morrison et al.,
Proc. Natl. Acad. Sci. (1984) 81:6851-6855; Neuberger et al., Nature (1984) 312:604-608;
Takeda et al., Nature (1985) 31:452-454). Humanized antibodies, which are a form of
chimeric antibodies, can be generated by grafting complementary-determining regions
(CDRs) (Carlos, T. M., J. M. Harlan. 1994. Blood 84:2068-2101) of mouse antibodies
into a background of human framework regions and constant regions by recombinant
DNA technology (Riechmann LM, et al., 1988 Nature 323: 323-327). Humanized
antibodies contain ~10% murine sequences and ~90% human sequences, and thus further
reduce or eliminate immunogenicity, while retaining the antibody specificities (Co MS,
and Queen C. 1991 Nature 351: 501-501; Morrison SL. 1992 Ann. Rev. Immun.
10:239-265). Humanized antibodies and methods of their production are well-known in
the art (U.S. Pat. Nos. 5,530,101, 5,585,089, 5,693,762, and 6,180,370).

MRAC-specific single chain antibodies which are recombinant, single chain
polypeptides formed by linking the heavy and light chain fragments of the Fv regions via
an amino acid bridge, can be produced by methods known in the art (U.S. Pat. No.
4,946,778; Bird, Science (1988) 242:423-426; Huston et al., Proc. Natl. Acad. Sci. USA
(1988) 85:5879-5883; and Ward et al., Nature (1989) 334:544-546).

Other suitable techniques for antibody production involve in vitro exposure of
lymphocytes to the antigenic polypeptides or alternatively to selection of libraries of
antibodies in phage or similar vectors (Huse et al., Science (1989) 246:1275-1281). As
used herein, T-cell antigen receptors are included within the scope of antibody modulators
(Harlow and Lane, 1988, supra).

The polypeptides and antibodies of the present invention may be used with or
without modification. Frequently, antibodies will be labeled by joining, either covalently
or non-covalently, a substance that provides for a detectable signal, or that is toxic to cells
that express the targeted protein (Menard S, et al., Int J. Biol Markers (1989) 4:131-134).
A wide variety of labels and conjugation techniques are known and are reported
extensively in both the scientific and patent literature. Suitable labels include
radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent moieties, fluorescent
emitting lanthanide metals, chemiluminescent moieties, bioluminescent moieties,
magnetic particles, and the like (U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350,
3,996,345; 4,277,437; 4,275,149; and 4,366,241). Also, recombinant immunoglobulins
may be produced (U.S. Pat. No. 4,816,567). Antibodies to cytoplasmic polypeptides may
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be delivered and reach their targets by conjugation with membrane-penetrating toxin
proteins (U.S. Pat. No. 6,086,900).

When used therapeutically in a patient, the antibodies of the subject invention are
typically administered parenterally, when possible at the target site, or intravenously. The
therapeutically effective dose and dosage regimen is determined by clinical studies.
Typically, the amount of antibody administered is in the range of about 0.1 mg/kg —to
about 10 mg/kg of patient weight. For parenteral administration, the antibodies are
formulated in a unit dosage injectable form (e.g., solution, suspension, emulsion) in
association with a pharmaceutically acceptable vehicle. Such vehicles are inherently
nontoxic and non-therapeutic. Examples are water, saline, Ringer's solution, dextrose
solution, and 5% human serum albumin. Nonaqueous vehicles such as fixed oils, ethyl
oleate, or liposome carriers may also be used. The vehicle may contain minor amounts of
additives, such as buffers and preservatives, which enhance isotonicity and chemical
stability or otherwise enhance therapeutic potential. The antibodies’ concentrations in
such vehicles are typically in the range of about 1 mg/ml to about10 mg/ml.
Immunotherapeutic methods are further described in the literature (US Pat. No. 5,859,206;
WO00073469).

Specific biotherapeutics

In a preferred embodiment, an MR AC-interacting protein may have biotherapeutic
applications. Biotherapeutic agents formulated in pharmaceutically acceptable carriers
and dosages may be used to activate or inhibit signal transduction pathways. This
modulation may be accomplished by binding a ligand, thus inhibiting the activity of the
pathway; or by binding a receptor, either to inhibit activation of, or to activate, the
receptor. Alternatively, the biotherapeutic may itself be a ligand capable of activating or
inhibiting a receptor. Biotherapeutic agents and methods of producing them are described
in detail in U.S. Pat. No. 6,146,628.

When the MRAC is a ligand, it may be used as a biotherapeutic agent to activate or
inhibit its natural receptor. Alternatively, antibodies against MRAC, as described in the
previous section, may be used as biotherapeutic agents.

When the MRAC is a receptor, its ligand(s), antibodies to the ligand(s) or the
MRAC itself may be used as biotherapeutics to modulate the activity of MRAC in the
RAC pathway.
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Nucleic Acid Modulators

Other preferred MRAC-modulating agents comprise nucleic acid molecules, such
as antisense oligomers or double stranded RNA (dsRNA), which generally inhibit MRAC
activity. Preferred nucleic acid modulators interfere with the function of the MRAC
nucleic acid such as DNA replication, transcription, translocation of the MRAC RNA to
the site of protein translation, translation of protein from the MRAC RNA, splicing of the
MRAC RNA to yield one or more mRNA species, or catalytic activity which may be
engaged in or facilitated by the MRAC RNA.

In one embodiment, the antisense oligomer is an oligonucleotide that is sufficiently
complementary to an MRAC mRNA to bind to and prevent translation, preferably by
binding to the 5” untranslated region. MRAC-specific antisense oligonucleotides,
preferably range from at least 6 to about 200 nucleotides. In some embodiments the
oligonucleotide is preferably at least 10, 15, or 20 nucleotides in length. In other
embodiments, the oligonucleotide is preferably less than 50, 40, or 30 nucleotides in
length. The oligonucleotide can be DNA or RNA or a chimeric mixture or derivatives or
modified versions thereof, single-stranded or double-stranded. The oligonucleotide can be
modified at the base moiety, sugar moiety, or phosphate backbone. The oligonucleotide
may include other appending groups such as peptides, agents that facilitate transport
across the cell membrane, hybridization-triggered cleavage agents, and intercalating
agents.

In another embodiment, the antisense oligomer is a phosphothioate morpholino
oligomer (PMO). PMOs are assembled from four different morpholino subunits, each of
which contain one of four genetic bases (A, C, G, or T) linked to a six-membered
morpholine ring. Polymers of these subunits are joined by non-ionic phosphodiamidate
intersubunit linkages. Details of how to make and use PMOs and other antisense
oligomers are well known in the art (e.g. see W099/18193; Probst JC, Antisense
Oligodeoxynucleotide and Ribozyme Design, Methods. (2000) 22(3):271-281; Summerton
J, and Weller D. 1997 Antisense Nucleic Acid Drug Dev. :7:187-95; US Pat. No.
5,235,033; and US Pat No. 5,378,841).

Alternative preferred MRAC nucleic acid modulators are double-stranded RNA
species mediating RNA interference (RNAi). RNAI is the process of sequence-specific,
post-transcriptional gene silencing in animals and plants, initiated by double-stranded
RNA (dsRNA) that is homologous in sequence to the silenced gene. Methods relating to

the use of RNAI to silence genes in C. elegans, Drosophila, plants, and humans are known
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in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A. Trends Genet. 15, 358-363
(1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490 (2001); Hammond,
S. M., et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem. Biochem. 2, 239-
245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond, S. M., et al.,
Nature 404, 293-296 (2000); Zamore, P. D., et al., Cell 101, 25-33 (2000); Bernstein, E.,
et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al., Genes Dev. 15, 188-200
(2001); WO0129058; W09932619; Elbashir SM, et al., 2001 Nature 411:494-498).
Nucleic acid modulators are commonly used as research reagents, diagnostics, and
therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene
expression with exquisite specificity, are often used to elucidate the function of particular
genes (see, for example, U.S. Pat. No. 6,165,790). Nucleic acid modulators are also used,
for example, to distinguish between functions of various members of a biological pathway.
For example, antisense oligomers have been employed as therapeutic moieties in the
treatment of disease states in animals and man and have been demonstrated in numerous
clinical trials to be safe and effective (Milligan JF, et al, Current Concepts in Antisense
Drug Design, J Med Chem. (1993) 36:1923-1937; Tonkinson JL et al., Antisense
Oligodeoxynuclcot\ides as Clinical Therapeutic Agents, Cancer Invest. (1996) 14:54-65).
Accordingly, in one aspect of the invention, an MRAC-specific nucleic acid modulator is
used in an assay to further elucidate the role of the MRAC in the RAC pathway, and/or its
relationship to other members of the pathway. In another aspect of the invention, an
MRAC-specific antisense oligomer is used as a therapeutic agent for treatment of RAC-

related disease states.

Assay Systems

The invention provides assay systems and screening methods for identifying
specific modulators of MRAC activity. As used herein, an "assay system" encompasses
all the components required for performing and analyzing results of an assay that detects
and/or measures a particular event. In general, primary assays are used to identify or
confirm a modulator's specific biochemical or molecular effect with respect to the MRAC
nucleic acid or protein. In general, secondary assays further assess the activity of an
MRAC modulating agent identified by a primary assay and may confirm that the
modulating agent affects MRAC in a manner relevant to the RAC pathway. In some

cases, MRAC modulators will be directly tested in a secondary assay.
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In a preferred embodiment, the screening method comprises contacting a suitable
assay system comprising an MRAC polypeptide or nucleic acid with a candidate agent
under conditions whereby, but for the presence of the agent, the system provides a
reference activity (e.g. binding activity), which is based on the particular molecular event
the screening method detects. A statistically significant difference between the agent-
biased activity and the reference activity indicates that the candidate agent modulates
MRAC activity, and hence the RAC pathway. The MRAC polypeptide or nucleic acid

used in the assay may comprise any of the nucleic acids or polypeptides described above.

Primary Assays

The type of modulator tested generally determines the type of primary assay.

Primary assays for small molecule modulators

For small molecule modulators, screening assays are used to identify candidate
modulators. Screening assays may be cell-based or may use a cell-free system that
recreates or retains the relevant biochemical reaction of the target protein (reviewed in
Sittampalam GS et al., Curr Opin Chem Biol (1997) 1:384-91 and accompanying
references). As used herein the term "cell-based" refers to assays using live cells, dead
cells, or a particular cellular fraction, such as a membrane, endoplasmic reticulum, or
mitochondrial fraction. The term "cell free" encompasses assays using substantially
purified protein (either endogenous or recombinantly produced), partially purified or crude
cellular extracts, Screening assays may detect a variety of molecular events, including
protein-DNA interactions, protein-protein interactions (e.g., receptor-ligand binding),
transcriptional activity (e.g., using a reporter gene), enzymatic activity (e.g., via a property
of the substrate), activity of second messengers, immunogenicty and changes in cellular
morphology or other cellular characteristics. Appropriate screening assays may use a wide
range of detection methods including fluorescent, radioactive, colorimetric,
spectrophotometric, and amperometric methods, to provide a read-out for the particular
molecular event detected.

Cell-based screening assays usually require systems for recombinant expression of
MRAC and any auxiliary proteins demanded by the particular assay. Appropriate methods
for generating recombinant proteins produce sufficient quantities of proteins that retain
their relevant biological activities and are of sufficient purity to optimize activity and

assure assay reproducibility. Yeast two-hybrid and variant screens, and mass spectrometry
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provide preferred methods for determining protein-protein interactions and elucidation of
protein complexes. In certain applications, when MRAC-interacting proteins are used in
screens to identify small molecule modulators, the binding specificity of the interacting
protein to the MRAC protein may be assayed by various known methods such as substrate
processing (e.g. ability of the candidate MRAC-specific binding agents to function as
negative effectors in MRAC-expressing cells), binding equilibrium constants (usually at
least about 10’ M7, preferably at least about 108 M}, more preferably at least about 10° M
1Y, and immunogenicity (e.g. ability to elicit MRAC specific antibody in a heterologous
host such as a mouse, rat, goat or rabbit). For enzymes and receptors, binding may be
assayed by, respectively, substrate and ligand processing.

The screening assay may measure a candidate agent’s ability to specifically bind to
or modulate activity of an MRAC polypeptide, a fusion protein thereof, or to cells or
membranes bearing the polypeptide or fusion protein. The MRAC polypeptide can be full
length or a fragment thereof that retains functional MRAC activity. The MRAC
polypeptide may be fused to another polypeptide, such as a peptide tag for detection or
anchoring, or to another tag. The MRAC polypeptide is preferably human MRAC, or is
an ortholog or derivative thereof as described above. In a preferred embodiment, the
screening assay detects candidate agent-based modulation of MRAC interaction with a
binding target, such as an endogenous or exogenous protein or other substrate that has
MRAC —specific binding activity, and can be used to assess normal MRAC gene function.

Suitable assay formats that may be adapted to screen for MRAC modulators are
known in the art. Preferred screening assays are high throughput or ultra high throughput
and thus provide automated, cost-effective means of screening compound libraries for lead
compounds (Fernandes PB, Curr Opin Chem Biol (1998) 2:597-603; Sundberg SA, Curr
Opin Biotechnol 2000, 11:47-53). In one preferred embodiment, screening assays uses
fluorescence technologies, including fluorescence polarization, time-resolved
fluorescence, and fluorescence resonance energy transfer. These systems offer means to
monitor protein-protein or DNA-protein interactions in which the intensity of the signal
emitted from dye-labeled molecules depends upon their interactions with partner
molecules (e.g., Selvin PR, Nat Struct Biol (2000) 7:730-4; Fernandes PB, supra;
Hertzberg RP and Pope AJ, Curr Opin Chem Biol (2000) 4:445-451).

A variety of suitable assay systems may be used to identify candidate MRAC and
RAC pathway modulators (e.g. U.S. Pat. Nos. 5,550,019 and 6,133,437 (apoptosis assays);
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and U.S. Pat. Nos. 5,976,782, 6,225,118 and 6,444,434 (angiogenesis assays), among
others). Specific preferred assays are described in more detail below.

G-protein-coupled receptors (GPCRs) comprise a large family of cell surface
receptors that mediate a diverse array of biological functions. They selectively respond to
a wide variety of extracellular chemical stimuli to activate specific signaling cascades.
Assays may measure reporter gene activity or changes in intracellular calcium ions, or
other second messengers (Durocher Y et al., Anal Biochem (2000) 284: 316-326; Miller
TR et al., J Biomol Screen (1999) 4:249-258). Such assays may utilize chimeric Go
proteins that will couple to many different GPCRs and thus facilitate "universal" screening
assays (Coward P et al., Anal Biochem (1999) 270:242-248; Milligan G and Rees S et al.,
Trends Pharmacol Sci (1999) 20:118-124).

GPCRs exert their effects through heterotrimeric G proteins, which cycle between
active GTP- and inactive GDP-bound forms. Receptors catalyze the activation of G
proteins by promoting exchange of GDP for GTP, while G proteins catalyze their own
deactivation through their intrinsic GTPase activity. GEFs accelerate GDP dissociation
and GTP binding, while GAPs stimulate GTP hydrolysis to GDP. The same assays used
to monitor GPCR activity may thus be applied to monitor the activity of GEFs or GAPs.
Alternatively, GEF activity may be assayed by the release of labeled GDP from the
appropriate GTPase or by the uptake of labelled GTP. GAP activity may be monitored via
a GTP hydrolysis assay using labeled GTP (e.g., Jones S et al., Molec Biol Cell (1998)
9:2819-2837).

Transporter proteins carry a range of substrates, including nutrients, ions, amino
acids, and drugs, across cell membranes. Assays for modulators of transporters may use
labeled substrates. For instance, exemplary high throughput screens to identify
compounds that interact with different peptide and anion transporters both use
fluorescently labeled substrates; the assay for peptide transport additionally uses
multiscreen filtration plates (Blevitt JM et al., J Biomol Screen 1999, 4:87-91; Cihlar T
and Ho ES, Anal Biochem 2000, 283:49-55).

Apoptosis assays. Assays for apoptosis may be performed by terminal
deoxynucleotidyl transferase-mediated digoxigenin-11-dUTP nick end labeling (TUNEL)
assay. The TUNEL assay is used to measure nuclear DNA fragmentation characteristic of
apoptosis ( Lazebnik et al., 1994, Nature 371, 346), by following the incorporation of
fluorescein-dUTP (Yonehara et al., 1989, J. Exp. Med. 169, 1747). Apoptosis may further
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be assayed by acridine orange staining of tissue culture cells (Lucas, R., et al., 1998, Blood
15:4730-41). Other cell-based apoptosis assays include the caspase-3/7 assay and the cell
death nucleosome ELISA assay. The caspase 3/7 assay is based on the activation of the
caspase cleavage activity as part of a cascade of events that occur during programmed cell
death in many apoptotic pathways. In the caspase 3/7 assay (commercially available Apo-
ONE™ Homogeneous Caspase-3/7 assay from Promega, cat# 67790), lysis buffer and
caspase substrate are mixed and added to cells. The caspase substrate becomes fluorescent
when cleaved by active caspase 3/7. The nucleosome ELISA assay is a general cell death
assay known to those skilled in the art, and available commercially (Roche, Cat#
1774425). This assay is a quantitative sandwich-enzyme-immunoassay which uses
monoclonal antibodies directed against DNA and histones respectively, thus specifically
determining amount of mono- and oligonucleosomes in the cytoplasmic fraction of cell
lysates. Mono and oligonucleosomes are enriched in the cytoplasm during apoptosis due
to the fact that DNA fragmentation occurs several hours before the plasma membrane
breaks down, allowing for accumalation in the cytoplasm. Nucleosomes are not present in
the cytoplasmic fraction of cells that are not undergoing apoptosis. An apoptosis assay
system may comprise a cell that expresses an MRAC, and that optionally has defective
RAC function (e.g. RAC is over-expressed or under-expressed relative to wild-type cells).
A test agent can be added to the apoptosis assay system and changes in induction of
apoptosis relative to controls where no test agent is added, identify candidate RAC
modulating agents. In some embodiments of the invention, an apoptosis assay may be
used as a secondary assay to test a candidate RAC modulating agents that is initially
identified using a cell-free assay system. An apoptosis assay may also be used to test
whether MRAC function plays a direct role in apoptosis. For example, an apoptosis assay
may be performed on cells that over- or under-express MRAC relative to wild type cells.
Differences in apoptotic response compared to wild type cells suggests that the MRAC
plays a direct role in the apoptotic response. Apoptosis assays are described further in US
Pat. No. 6,133,437.

Cell proliferation and cell cycle assays. Cell proliferation may be assayed via
bromodeoxyuridine (BRDU) incorporation. This assay identifies a cell population
undergoing DNA synthesis by incorporation of BRDU into newly-synthesized DNA.
Newly-synthesized DNA may then be detected using an anti-BRDU antibody (Hoshino et
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al., 1986, Int. J. Cancer 38, 369; Campana et al., 1988, J. Immunol. Meth. 107, 79), or by
other means.

Cell proliferation is also assayed via phospho-histone H3 staining, which identifies
a cell population undergoing mitosis by phosphorylation of histone H3. Phosphorylation
of histone H3 at serine 10 is detected using an antibody specfic to the phosphorylated form
of the serine 10 residue of histone H3. (Chadlee,D.N. 1995, J. Biol. Chem 270:20098-
105). Cell Proliferation may also be examined using [*H]-thymidine incorporation (Chen,
J., 1996, Oncogene 13:1395-403; Jeoung, J., 1995, J. Biol. Chem. 270:18367-73). This
assay allows for quantitative characterization of S-phase DNA syntheses. In this assay,
cells synthesizing DNA will incorporate [*H]-thymidine into newly synthesized DNA.
Incorporation can then be measured by standard techniques such as by counting of
radioisotope in a scintillation counter (e.g., Beckman LS 3800 Liquid Scintillation
Counter). Another proliferation assay uses the dye Alamar Blue (available from
Biosource International), which fluoresces when reduced in living cells and provides an
indirect measurement of cell number (Voytik-Harbin SL et al., 1998, In Vitro Cell Dev
Biol Anim 34:239-46). Yet another proliferation assay, the MTS assay, is based on in
vitro cytotoxicity assessment of industrial chemicals, and uses the soluble tetrazolium salt,
MTS. MTS assays are commercially available, for example, the Promega CellTiter 96°
AQueous Non-Radioactive Cell Proliferation Assay (Cat.# G5421).

Cell proliferation may also be assayed by colony formation in soft agar (Sambrook
et al., Molecular Cloning, Cold Spring Harbor (1989)). For example, cells transformed
with MRAC are seeded in soft agar plates, and colonies are measured and counted after
two weeks incubation.

Cell proliferation may also be assayed by measuring ATP levels as indicator of
metabolically active cells. Such assays are commercially available, for example Cell
Titer-Glo™, which is a luminescent homogeneous assay available from Promega.

Involvement of a gene in the cell cycle may be assayed by flow cytometry (Gray
JW et al. (1986) Int J Radiat Biol Relat Stud Phys Chem Med 49:237-55). Cells
transfected with an MRAC may be stained with propidium iodide and evaluated in a flow
cytometer (available from Becton Dickinson), which indicates accumulation of cells in
different stages of the cell cycle.

Accordingly, a cell proliferation or cell cycle assay system may comprise a cell
that expresses an MRAC, and that optionally has defective RAC function (e.g. RAC is

over-expressed or under-expressed relative to wild-type cells). A test agent can be added
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to the assay system and changes in cell proliferation or cell cycle relative to controls where
no test agent is added, identify candidate RAC modulating agents. In some embodiments
of the invention, the cell proliferation or cell cycle assay may be used as a secondary assay
to test a candidate RAC modulating agents that is initially identified using another assay
system such as a cell-free assay system. A cell proliferation assay may also be used to test
whether MRAC function plays a direct role in cell proliferation or cell cycle. For
example, a cell proliferation or cell cycle assay may be performed on cells that over- or
under-express MRAC relative to wild type cells. Differences in proliferation or cell cycle
compared to wild type cells suggests that the MRAC plays a direct role in cell

proliferation or cell cycle.

Angiogenesis. Angiogenesis may be assayed using various human endothelial cell
systems, such as umbilical vein, coronary artery, or dermal cells. Suitable assays include
Alamar Blue based assays (available from Biosource International) to measure
proliferation; migration assays using fluorescent molecules, such as the use of Becton
Dickinson Falcon HTS FluoroBlock cell culture inserts to measure migration of cells
through membranes in presence or absence of angiogenesis enhancer or suppressors; and
tubule formation assays based on the formation of tubular structures by endothelial cells
on Matrigel® (Becton Dickinson). Accordingly, an angiogenesis assay system may
comprise a cell that expresses an MRAC, and that optionally has defective RAC function
(e.g. RAC is over-expressed or under-expressed relative to wild-type cells). A test agent
can be added to the angiogenesis assay system and changes in angiogenesis relative to
controls where no test agent is added, identify candidate RAC modulating agents. In some
embodiments of the invention, the angiogenesis assay may be used as a secondary assay to
test a candidate RAC modulating agents that is initially identified using another assay
system. An angiogenesis assay may also be used to test whether MRAC function plays a
direct role in cell proliferation. For example, an angiogenesis assay may be performed on
cells that over- or under-express MRAC relative to wild type cells. Differences in
angiogenesis compared to wild type cells suggests that the MRAC plays a direct role in
angiogenesis. U.S. Pat. Nos. 5,976,782, 6,225,118 and 6,444,434, among others, describe

various angiogenesis assays.

Hypoxic induction. The alpha subunit of the transcription factor, hypoxia

inducible factor-1 (HIF-1), is upregulated in tumor cells following exposure to hypoxia in
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vitro. Under hypoxic conditions, HIF-1 stimulates the expression of genes known to be
important in tumour cell survival, such as those encoding glyolytic enzymes and VEGF.
Induction of such genes by hypoxic conditions may be assayed by growing cells
transfected with MRAC in hypoxic conditions (such as with 0.1% 02, 5% CO2, and
balance N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic
conditions, followed by assessment of gene activity or expression by Tagman®. For
example, a hypoxic induction assay system may comprise a cell that expresses an MRAC,
and that optionally has defective RAC function (e.g. RAC is over-expressed or under-
expressed relative to wild-type cells). A test agent can be added to the hypoxic induction
assay system and changes in hypoxic response relative to controls where no test agent is
added, identify candidate RAC modulating agents. In some embodiments of the invention,
the hypoxic induction assay may be used as a secondary assay to test a candidate RAC
modulating agents that is initially identified using another assay system. A hypoxic
induction assay may also be used to test whether MRAC function plays a direct role in the
hypoxic response. For example, a hypoxic induction assay may be performed on cells that
over- or under-express MRAC relative to wild type cells. Differences in hypoxic response
compared to wild type cells suggests that the MRAC plays a direct role in hypoxic

induction.

Cell adhesion. Cell adhesion assays measure adhesion of cells to purified
adhesion proteins, or adhesion of cells to each other, in presence or absence of candidate
modulating agents. Cell-protein adhesion assays measure the ability of agents to modulate
the adhesion of cells to purified proteins. For example, recombinant proteins are
produced, diluted to 2.5g/mL in PBS, and used to coat the wells of a microtiter plate. The
wells used for negative control are not coated. Coated wells are then washed, blocked
with 1% BSA, and washed again. Compounds are diluted to 2x final test concentration
and added to the blocked, coated wells. Cells are then added to the wells, and the unbound
cells are washed off. Retained cells are labeled directly on the plate by adding a
membrane-permeable fluorescent dye, such as calcein-AM, and the signal is quantified in
a fluorescent microplate reader.

Cell-cell adhesion assays measure the ability of agents to modulate binding of cell
adhesion proteins with their native ligands. These assays use cells that naturally or
recombinantly express the adhesion protein of choice. In an exemplary assay, cells

expressing the cell adhesion protein are plated in wells of a multiwell plate. Cells
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expressing the ligand are labeled with a membrane-permeable fluorescent dye, such as
BCECF, and allowed to adhere to the monolayers in the presence of candidate agents.
Unbound cells are washed off, and bound cells are detected using a fluorescence plate
reader.

High-throughput cell adhesion assays have also been described. In one such assay,
small molecule ligands and peptides are bound to the surface of microscope slides using a
microarray spotter, intact cells are then contacted with the slides, and unbound cells are
washed off. In this assay, not only the binding specificity of the peptides and modulators
against cell lines are determined, but also the functional cell signaling of attached cells
using immunofluorescence techniques in situ on the microchip is measured (Falsey JR et

al., Bioconjug Chem. 2001 May-Jun;12(3):346-53).

Tubulogenesis. Tubulogenesis assays monitor the ability of cultured cells,
generally endothelial cells, to form tubular structures on a matrix substrate, which
generally simulates the environment of the extracellular matrix. Exemplary substrates
include Matri gelTM (Becton Dickinson), an extract of basement membrane proteins
containing laminin, collagen IV, and heparin sulfate proteoglycan, which is liquid at 4°C
and forms a solid gel at 37° C. Other suitable matrices comprise extracellular components
such as collagen, fibronectin, and/or fibrin. Cells are stimulated with a pro-angiogenic
stimulant, and their ability to form tubules is detected by imaging. Tubules can generally
be detected after an overnight incubation with stimuli, but longer or shorter time frames
may also be used. Tube formation assays are well known in the art (e.g., Jones MK et al.,
1999, Nature Medicine 5:1418-1423). These assays have traditionally involved
stimulation with serum or with the growth factors FGF or VEGF. Serum represents an
undefined source of growth factors. In a preferred embodiment, the assay is performed
with cells cultured in serum free medium, in order to control which process or pathway a
candidate agent modulates. Moreover, we have found that different target genes respond
differently to stimulation with different pro-angiogenic agents, including inflammatory
angiogenic factors such as TNF-alpa. Thus, in a further preferred embodiment, a
tubulogenesis assay system comprises testing an MRAC's response to a variety of factors,
such as FGF, VEGF, phorbol myristate acetate (PMA), TNF-alpha, ephrin, etc.

Cell Migration. An invasion/migration assay (also called a migration assay) tests

the ability of cells to overcome a physical barrier and to migrate towards pro-angiogenic

27



10

15

20

25

30

WO 2005/017120 PCT/US2004/026340

signals. Migration assays are known in the art (e.g., Paik JH et al., 2001, J Biol Chem
276:11830-11837). In a typical experimental set-up, cultured endothelial cells are seeded
onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell
size. The matrix generally simulates the environment of the extracellular matrix, as
described above. The lamina is typically a membrane, such as the transwell polycarbonate
membrane (Corning Costar Corporation, Cambridge, MA), and is generally part of an
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but
longer or shorter time frames may also be used. Migration is assessed as the number of
cells that crossed the lamina, and may be detected by staining cells with hemotoxylin
solution (VWR Scientific, South San Francisco, CA), or by any other method for
determining cell number. In another exemplary set up, cells are fluorescently labeled and
migration is detected using fluorescent readings, for instance using the Falcon HTS
FluoroBlok (Becton Dickinson). While some migration is observed in the absence of
stimulus, migration is greatly increased in response to pro-angiogenic factors. As
described above, a preferred assay system for migration/invasion assays comprises testing
an MRAC's response to a variety of pro-angiogenic factors, including tumor angiogenic

and inflammatory angiogenic agents, and culturing the cells in serum free medium.

Sprouting assay. A sprouting assay is a three-dimensional in vitro angiogenesis
assay that uses a cell-number defined spheroid aggregation of endothelial cells
("spheroid"), embedded in a collagen gel-based matrix. The spheroid can serve as a
starting point for the sprouting of capillary-like structures by invasion into the
extracellular matrix (termed "cell sprouting") and the subsequent formation of complex
anastomosing networks (Korff and Augustin, 1999, J Cell Sci 112:3249-58). In an
exemplary experimental set-up, spheroids are prepared by pipetting 400 human umbilical
vein endothelial cells into individual wells of a nonadhesive 96-well plates to allow
overnight spheroidal aggregation (Korff and Augustin: J Cell Biol 143: 1341-52, 1998).
Spheroids are harvested and seeded in 900u1 of methocel-collagen solution and pipetted
into individual wells of a 24 well plate to allow collagen gel polymerization. Test agents
are added after 30 min by pipetting 100 ul of 10-fold concentrated working dilution of the
test substances on top of the gel. Plates are incubated at 37°C for 24h. Dishes are fixed at

the end of the experimental incubation period by addition of paraformaldehyde. Sprouting
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intensity of endothelial cells can be quantitated by an automated image analysis system to

determine the cumulative sprout length per spheroid.

Primary assays for antibody modulators

For antibody modulators, appropriate primary assays test is a binding assay that
tests the antibody's affinity to and specificity for the MRAC protein. Methods for testing
antibody affinity and specificity are well known in the art (Harlow and Lane, 1988, 1999,
supra). The enzyme-linked immunosorbant assay (ELISA) is a preferred method for
detecting MRAC-specific antibodies; others include FACS assays, radioimmunoassays,
and fluorescent assays.

In some cases, screening assays described for small molecule modulators may also

be used to test antibody modulators.

Primary assays for nucleic acid modulators

For nucleic acid modulators, primary assays may test the ability of the nucleic acid
modulator to inhibit or enhance MRAC gene expression, preferably mRNA expression. In
general, expression analysis comprises comparing MRAC expression in like populations
of cells (e.g., two pools of cells that endogenously or recombinantly express MRAC) in
the presence and absence of the nucleic acid modulator. Methods for analyzing mRNA
and protein expression are well known in the art. For instance, Northern blotting, slot
blotting, ribonuclease protection, quantitative RT-PCR (e.g., using the TagMan®, PE
Applied Biosystems), or microarray analysis may be used to confirm that MRAC mRNA
expression is reduced in cells treated with the nucleic acid modulator (e.g., Current
Protocols in Molecular Biology (1994) Ausubel FM et al., eds., John Wiley & Sons, Inc.,
chapter 4; Freeman WM et al., Biotechniques (1999) 26:112-125; Kallioniemi OP, Ann
Med 2001, 33:142-147; Blohm DH and Guiseppi-Elie, A Curr Opin Biotechnol 2001,
12:41-47). Protein expression may also be monitored. Proteins are most commonly
detected with specific antibodies or antisera directed against either the MRAC protein or
specific peptides. A variety of means including Western blotting, ELISA, or in situ
detection, are available (Harlow E and Lane D, 1988 and 1999, supra).

In some cases, screening assays described for small molecule modulators,
particularly in assay systems that involve MRAC mRNA expression, may also be used to

test nucleic acid modulators.
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Secondary Assays

Secondary assays may be used to further assess the activity of MRAC-modulating
agent identified by any of the above methods to confirm that the modulating agent affects
MRAC in a manner relevant to the RAC pathway. As used herein, MRAC-modulating
agents encompass candidate clinical compounds or other agents derived from previously
identified modulating agent. Secondary assays can also be used to test the activity of a
modulating agent on a particular genetic or biochemical pathway or to test the specificity
of the modulating agent's interaction with MRAC.

Secondary assays generally compare like populations of cells or animals (e.g., two
pools of cells or animals that endogenously or recombinantly express MRAC) in the
presence and absence of the candidate modulator. In general, such assays test whether
treatment of cells or animals with a candidate MRAC-modulating agent results in changes
in the RAC pathway in comparison to untreated (or mock- or placebo-treated) cells or
animals. Certain assays use “sensitized genetic backgrounds”, which, as used herein,
describe cells or animals engineered for altered expression of genes in the RAC or

interacting pathways.

Cell-based assays

Cell based assays may detect endogenous RAC pathway activity or may rely on
recombinant expression of RAC pathway components. Any of the aforementioned assays
may be used in this cell-based format. Candidate modulators are typically added to the

cell media but may also be injected into cells or delivered by any other efficacious means.

Animal Assays

A variety of non-human animal models of normal or defective RAC pathway may
be used to test candidate MRAC modulators. Models for defective RAC pathway
typically use genetically modified animals that have been engineered to mis-express (e.§g.,
over-express or lack expression in) genes involved in the RAC pathway. Assays generally
require systemic delivery of the candidate modulators, such as by oral administration,
injection, etc.

In a preferred embodiment, RAC pathway activity is assessed by monitoring
neovascularization and angiogenesis. Animal models with defective and normal RAC are
used to test the candidate modulator’s affect on MRAC in Matrigel® assays. Matrigel® is

an extract of basement membrane proteins, and is composed primarily of laminin, collagen
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IV, and heparin sulfate proteoglycan. It is provided as a sterile liquid at 4° C, but rapidly
forms a solid gel at 37°C. Liquid Matrigel® is mixed with various angiogenic agents,
such as bFGF and VEGF, or with human tumor cells which over-express the MRAC. The
mixture is then injected subcutaneously(SC) into female athymic nude mice (Taconic,
Germantown, NY) to support an intense vascular response. Mice with Matrigel® pellets
may be dosed via oral (PO), intraperitoneal (IP), or intravenous (IV) routes with the
candidate modulator. Mice are euthanized 5 - 12 days post-injection, and the Matrigel®
pellet is harvested for hemoglobin analysis (Sigma plasma hemoglobin kit). Hemoglobin
content of the gel is found to correlate the degree of neovascularization in the gel.

In another preferred embodiment, the effect of the candidate modulator on MRAC
is assessed via tumorigenicity assays. Tumor xenograft assays are known in the art (see,
e.g., Ogawa K et al., 2000, Oncogene 19:6043-6052). Xenografts are typically implanted
SC into female athymic mice, 6-7 week old, as single cell suspensions either from a pre-
existing tumor or from in vitro culture. The tumors which express the MRAC
endogenously are injected in the flank, 1 x 10°to 1 x 107 cells per mouse in a volume of
100 pL using a 27gauge needle. Mice are then ear tagged and tumors are measured twice
weekly. Candidate modulator treatment is initiated on the day the mean tumor weight
reaches 100 mg. Candidate modulator is delivered IV, SC, IP, or PO by bolus
administration. Depending upon the pharmacokinetics of each unique candidate
modulator, dosing can be performed multiple times per day. The tumor weight is assessed
by measuring perpendicular diameters with a caliper and calculated by multiplying the
measurements of diameters in two dimensions. At the end of the experiment, the excised
tumors maybe utilized for biomarker identification or further analyses. For
immunohistochemistry staining, xenograft tumors are fixed in 4% paraformaldehyde,
0.1M phosphate, pH 7.2, for 6 hours at 4°C, immersed in 30% sucrose in PBS, and rapidly
frozen in isopentane cooled with liquid nitrogen.

In another preferred embodiment, tumorogenicity is monitored using a hollow fiber
assay, which is described in U.S. Pat No. US 5,698,413. Briefly, the method comprises
implanting into a laboratory animal a biocompatible, semi-permeable encapsulation device
containing target cells, treating the laboratory animal with a candidate modulating agent,
and evaluating the target cells for reaction to the candidate modulator. Implanted cells are
generally human cells from a pre-existing tumor or a tumor cell line. After an appropriate
period of time, generally around six days, the implanted samples are harvested for

evaluation of the candidate modulator. Tumorogenicity and modulator efficacy may be
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evaluated by assaying the quantity of viable cells present in the macrocapsule, which can
be determined by tests known in the art, for example, MTT dye conversion assay, neutral
red dye uptake, trypan blue staining, viable cell counts, the number of colonies formed in
soft agar, the cépacity of the cells to recover and replicate in vitro, etc.

In another preferred embodiment, a tumorogenicity assay use a transgenic animal,
usually a mouse, carrying a dominant oncogene or tumor suppressor gene knockout under
the control of tissue specific regulatory sequences; these assays are generally referred to as
transgenic tumor assays. In a preferred application, tumor development in the transgenic
model is well characterized or is controlled. In an exemplary model, the "RIP1-Tag2"
transgene, comprising the SV40 large T-antigen oncogene under control of the insulin
gene regulatory regions is expressed in pancreatic beta cells and results in islet cell
carcinomas (Hanahan D, 1985, Nature 315:115-122; Parangi S et al, 1996, Proc Natl Acad
Sci USA 93: 2002-2007; Bergers G et al, 1999, Science 284:808-812). An "angiogenic
switch," occurs at approximately five weeks, as normally quiescent capillaries in a subset
of hyperproliferative islets become angiogenic. The RIP1-TAG2 mice die by age 14
weeks. Candidate modulators may be administered at a variety of stages, including just
prior to the angiogenic switch (e.g., for a model of tumor prevention), during the growth of
small tumors (e.g., for a model of intervention), or during the growth of large and/or
invasive tumors (e.g., for a model of regression). Tumorogenicity and modulator efficacy
can be evaluating life-span extension and/or tumor characteristics, including number of

tumors, tumor size, tumor morphology, vessel density, apoptotic index, etc.

Diagnostic and therapeutic uses
Specific MRAC-modulating agents are useful in a variety of diagnostic and

therapeutic applications where disease or disease prognosis is related to defects in the
RAC pathway, such as angiogenic, apoptotic, or cell proliferation disorders. Accordingly,
the invention also provides methods for modulating the RAC pathway in a cell, preferably
a cell pre-determined to have defective or impaired RAC function (e.g. due to
overexpression, underexpression, or misexpression of RAC, or due to gene mutations),
comprising the step of administering an agent to the cell that specifically modulates
MRAC activity. Preferably, the modulating agent produces a detectable phenotypic
change in the cell indicating that the RAC function is restored. The phrase “function is
restored”, and equivalents, as used herein, means that the desired phenotype is achieved,

or is brought closer to normal compared to untreated cells. For example, with restored
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RAC function, cell proliferation and/or progression through cell cycle may normalize, or
be brought closer to normal relative to untreated cells. The invention also provides
methods for treating disorders or disease associated with impaired RAC function by
administering a therapeutically effective amount of an MRAC -modulating agent that
modulates the RAC pathway. The invention further provides methods for modulating
MRAC function in a cell, preferably a cell pre-determined to have defective or impaired
MRAC function, by administering an MRAC -modulating agent. Additionally, the
invention provides a method for treating disorders or disease associated with impaired
MRAC function by administering a therapeutically effective amount of an MRAC -
modulating agent.

The discovery that MRAC is implicated in RAC pathway provides for a variety of
methods that can be employed for the diagnostic and prognostic evaluation of diseases and
disorders involving defects in the RAC pathway and for the identification of subjects
having a predisposition to such diseases and disorders.

Various expression analysis methods can be used to diagnose whether MRAC
expression occurs in a particular sample, including Northern blotting, slot blotting,
ribonuclease protection, quantitative RT-PCR, and microarray analysis. (e.g., Current
Protocols in Molecular Biology (1994) Ausubel FM et al., eds., John Wiley & Sons, Inc.,
chapter 4; Freeman WM et al., Biotechniques (1999) 26:112-125; Kallioniemi OP, Ann
Med 2001, 33:142-147; Blohm and Guiseppi-Elie, Curr Opin Biotechnol 2001, 12:41-47).
Tissues having a disease or disorder implicating defective RAC signaling that express an
MRAC, are identified as amenable to treatment with an MRAC modulating agent. In a
preferred application, the RAC defective tissue overexpresses an MRAC relative to
normal tissue. For example, a Northern blot analysis of mRNA from tumor and normal
cell lines, or from tumor and matching normal tissue samples from the same patient, using
full or partial MRAC cDNA sequences as probes, can determine whether particular tumors
express or overexpress MRAC. Alternatively, the TagMan® is used for quantitative RT-
PCR analysis of MRAC expression in cell lines, normal tissues and tumor samples (PE
Applied Biosystems).

Various other diagnostic methods may be performed, for example, utilizing
reagents such as the MRAC oligonucleotides, and antibodies directed against an MRAC,
as described above for: (1) the detection of the presence of MRAC gene mutations, or the
detection of either over- or under-expression of MRAC mRNA relative to the non-disorder

state; (2) the detection of either an over- or an under-abundance of MRAC gene product
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relative to the non-disorder state; and (3) the detection of perturbations or abnormalities in
the signal transduction pathway mediated by MRAC.

Kits for detecting expression of MRAC in various samples, comprising at least one
antibody specific to MRAC,all reagents and/or devices suitable for the detection of
antibodies, the immobilization of antibodies, and the like, and instructions for using such
kits in diagnosis or therapy are also provided.

Thus, in a specific embodiment, the invention is drawn to a method for diagnosing
a disease or disorder in a patient that is associated with alterations in MRAC expression,
the method comprising: a) obtaining a biological sample from the patient; b) contacting
the sample with a probe for MRAC expression; ¢) comparing results from step (b) with a
control; and d) determining whether step (c) indicates a likelihood of the disease or
disorder. Preferably, the disease is cancer. The probe may be either DNA or protein,

including an antibody.

EXAMPLES
The following experimental section and examples are offered by way of illustration

and not by way of limitation.

L C. elegans RAC enhancer screen
A genetic screen was designed to identify modifiers of the Rac signaling pathway

that also affect cell migrations in C. elegans. The basis of this screen is the observation
that ced-10 and mig-2 single mutants resemble wildtype worms in morphology and
movement, whereas double mutants have strong morphological and movement defects. In
the primary screen, the function of individual genes is inactivated by RNA interference
(RNAI) in wildtype, ced-10 and mig-2 worms at the 14 stage. The progeny of the RNA
treated animals are then examined for morphological and movement defects resembling
those of the ced-10; mig-2 double mutant. All genes that give such a phenotype in a ced-
10 or mig-2 mutant background but not in a wildtype background are then tested in a
direct cell migration assay. In the cell migration assay, a subset of mechanosensory
neurons known as AVM and ALM are scored for their final positions in the animal using a
GFP marker expressed in these cells. This migration assay is done in both wildtype and a
ced-10 or mig-2 mutant background. Since the AVM and ALM cells normally migrate
and reach their final position during the first larval stage, scoring of position is done in

later larval or adult stages. Those genes that cause short or misguided migrations of these
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neurons when inactivated in a wildtype or rac mutant background are potentially relevant

for treatment of diseases that involve cell migrations.

1L Analysis of Table 1
BLAST analysis (Altschul et al., supra) was employed to identify orthologs of C.

elegans modifiers. The columns “MRAC symbol”, and “MRAC name aliases ” provide a
symbol and the known name abbreviations for the Targets, where available, from
Genbank. “MRAC RefSeq_NA or GI_NA”, “MRAC GI_AA”, “MRAC NAME”, and
“MRAC Description” provide the reference DNA sequences for the MRAC:s as available
from National Center for Biology Information (NCBI), MRAC protein Genbank identifier
number (GI#), MRAC name, and MRAC description, all available from Genbank,
respectively. The length of each amino acid is in the “MRAC Protein Length” column.

Names and Protein sequences of C. elegans modifiers of RAC from screen
(Example I), are represented in the “Modifier Name” and “Modifier GI_AA” column by
GI#, respectively.

Table 1
MRAC |MRAC Name MRAC NAMRAC [AAMRAC |MRAC MR A Modifi|Modifi
Symbol (Aliases RefSeq_NA |SE |GI_aa (SE [name |Description - [C er er
or GI_NA Q Q Prote [Name |GI_aa
1D 1D in
NO NO lengt
h
ITGA3 [ITGA3|VL3A| [NM_002204||1 [450474(17 (integrin, small GTPase |1051 |ina-1 [175539
CD49C | CD49c | [NM_005501 7 alpha 3 [mediated 40
GAPB3 | integrin, (antigen [signal
alpha 3 (antigen CD49C, |transduction;
CD49C, alpha 3 alpha 3 |phagocytosis;
subunit of VLA-3 subunit [integrin-
receptor) . of VLA-|mediated
3 signaling
receptor [pathway;
) integrin-
mediated
signaling
pathway;
integrin-
mediated
signaling
pathway;
protein
complex
assembly; cell
motility; cell-
matrix
adhesion; cell
proliferation
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ITGA6

ITGAG6 | CD49f |
integrin, alpha 6

INM_000210

5

455767

alpha 6

18 lintegrin, lwound healing;

small GTPase
mediated
signal
transduction;
epidermal
differentiation;
integrin-
mediated
signaling
pathway;
integrin-
mediated
signaling
pathway;
regulation of
cell adhesion;
cell-matrix
adhesion;
response to
wounding;
progesterone
biosynthesis;
cell migration;
cell-substrate
junction
assembly; anti-
apoptosis; T-
cell
differentiation;
delayed
hypersensitivit
y response;
signal
transduction;
luteinization

1073

ina-1

175539
40

ITGA7

ITGA7 | integrin,
alpha 7

NM_002206

3

450475

integrin,
alpha 7

muscle
development;
homophilic cell
adhesion; cell-
matrix
adhesion

1137

ina-1

175539
40

LAMA3

LAMA3 [E170 |
LAMNA | epiligrin
| BM600 150kD
subunit | nicein
150kD subunit |
kalinin 165kD
subunit | laminin
alpha-3 chain |
laminin-5, alpha3
chain | epiligrin
170 kda subunit |
epiligrin alpha 3

subunit | laminin,
alpha 3

INM_000227

1

455771

laminin,
alpha 3

regulation of
cell shape; cell
adhesion;
epidermal
differentiation;
integrin-
mediated
signaling
pathway; cell-
matrix
adhesion;
response to
wounding; cell
migration

1713

epi-1

175396
24
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LAMAS|LAMAS | INM_005560 |5 [212646[21 [laminin, [wound healing;[3695 |epi-1 {175396
KIAA1907| 02 alpha 5 |cell adhesion; 24
laminin alpha-5 cell-matrix
chain | laminin, adhesion;
alpha 5 leukocyte cell
adhesion;
substrate-
bound cell
migration
MCF2 [MCF2|DBL | NM_005369 |6 (19923322 [MCF.2 [activationof (925 |XD41 [251512
Oncogene MCF2 10 cell line [JUN kinase; 7 18
(oncogene DBL) | derived |Rho protein
MCF.2 cell line transfor [signal
derived ming |transduction;
transforming sequenc [actin
sequence e cytoskeleton
organization
and biogenesis;
actin filament-
based process;
cell
proliferation
MCF2L MCF2L |DBS| [NM_024979 {7 [277776[23 [MCF.2 [negative 084 [XD41 [251512
OST | ARHGEF14 55 cell line [regulation of 7 18
| FLJ12122 | derived [cell
KIAA0362 | DBL's transfor [proliferation
big sister | guanine ming
nucleotide sequenc
exchange factor e-like
DBS | MCF2
transforming
sequence-like
protein | MCF.2
cell line derived
transforming
sequence-like
KIAAO8KIAA0861 |[Rho [NM_015078 |8 (279038 (24 [Rho small GTPase {1031 [XD41 [251512
61 family guanine- 23 family |mediated 7 18
nucleotide guanine-{signal
exchange factor nucleoti [transduction;
de negative
exchang [regulation of
e factor [cell
proliferation;
axon guidance;
cell growth
and/or
maintenance;
signal
transduction
LOCI26[LOC126147 | NM_145807 [9 24308025 |hypothetcell adhesion; [489 [unc-6 {175701
147 hypothetical 65 ical axon guidance; 67
protein BC018697 protein [cell motility;
BCO0186 [morphogenesis
97 ; neurogenesis;
cell migration;
cell growth
NTN1 [NTN1|NTNIL| [NM_004822 |10 [475884[26 netrin 1 [axon guidance; (604 [unc-6 |175701
netrin 1, mouse, 0 cell motility; 67
homolog of I netrin neurogenesis;
cell-cell
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signaling
NTN2L [NTN2L | netrin2 [NM_006181 |11 (54538127 |netrin 2-|axon guidance; (580 [unc-6 |175701
(chicken)-like | 0 like chemotaxis 67
Netrin-2, chicken, (chicken
homolog of, like | )
netrin 2-like
(chicken)
NTN4 [NTN4|PRO3091 | [NM_021229 |12 {111393 |28 |netrin 4 |cell adhesion; (628 [unc-6 [175701
beta-netrin ] netrin 01 axon guidance; 67
4 cell growth
and/or
maintenance;
morphogenesis
; neurogenesis
SDC1 |SDC1|SDC| NM_002997 |13 (29568029 |syndeca [cell adhesion {310 |sdn-1 [251505
CD138 | SYND1 | 86 nl 17
syndecan 1
SDC2 |SDC2 | HSPG | NM_002998 |14 278043 [30 |syndeca [cell adhesion; (201 |sdn-1 [251505
HSPG1 | SYND2 | 07 n2 cell adhesion; 17
fibroglycan | (heparan|FGF receptor
heparan sulfate sulfate [signaling
proteoglycan core proteogl [pathway; cell
protein | syndecan ycan 1, |migration; cell
2 (heparan sulfate cell differentiation;
proteoglycan 1, cell surface- [positive
surface-associated, associat [regulation of
fibroglycan) ed, cell
fibrogly |proliferation;
can) positive
regulation of
cell
proliferation;
development;
MAPKKK
cascade;
activation of
MAPK
SDC3 |SDC3|SDCN| [NM_014654 {15 (76621331 |syndeca [regulationof [384 ([sdn-1 1251505
SYND3 | 8 n 3 (N- |[cell shape; 17
KIAA0468 | syndeca |cytoskeleton
syndecan 3 (N- n) organization
syndecan) and biogenesis;
hemopoiesis;
angiogenesis;

cell surface
receptor linked
signal
transduction;
cell
communication
; feeding
behavior; cell
growth and/or
maintenance;
formation of a
cell surface

projection
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SDC4 |SDC4|SYND4| [NM_002999 {16 450686 (32 |syndeca [cell adhesion; [198 [sdn-1 [251505

RYUDOCAN | 1 n4 cell adhesion; 17
syndecan 4 (amphig |cell growth
(amphiglycan, lycan, [and/or
ryudocan) ryudoca [maintenance;
n) response to
wounding;

regulation of
proteolysis and
peptidolysis;
cell
proliferation;
negative
regulation of
blood
coagulation;
cell growth;
development;
inflammatory
response

I1I. High-Throughput In Vitro Fluorescence Polarization Assay

Fluorescently-labeled MRAC peptide/substrate are added to each well of a 96-well
microtiter plate, along with a test agent in a test buffer (10 mM HEPES, 10 mM NaCl, 6
mM magnesium chloride, pH 7.6). Changes in fluorescence polarization, determined by
using a Fluorolite FPM-2 Fluorescence Polarization Microtiter System (Dynatech
Laboratories, Inc), relative to control values indicates the test compound is a candidate

modifier of MRAC activity.

1V. High-Throughput In Vitro Binding Assay.
3p_labeled MRAC peptide is added in an assay buffer (100 mM KCl, 20 mM
HEPES pH 7.6, 1 mM MgCl,, 1% glycerol, 0.5% NP-40, 50 mM beta-mercaptoethanol, 1

mg/ml BSA, cocktail of protease inhibitors) along with a test agent to the wells of a
Neutralite-avidin coated assay plate and incubated at 25°C for 1 hour. Biotinylated
substrate is then added to each well and incubated for 1 hour. Reactions are stopped by
washing with PBS, and counted in a scintillation counter. Test agents that cause a
difference in activity relative to control without test agent are identified as candidate RAC

modulating agents.

V. Immunoprecipitations and Immunoblotting
For coprecipitation of transfected proteins, 3 x 10° appropriate recombinant cells

containing the MRAC proteins are plated on 10-cm dishes and transfected on the

following day with expression constructs. The total amount of DNA is kept constant in
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each transfection by adding empty vector. After 24 h, cells are collected, washed once
with phosphate-buffered saline and lysed for 20 min on ice in 1 ml of lysis buffer
containing 50 mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM
sodium orthovanadate, 5 mM p-nitrophenyl phosphate, 2 mM dithiothreitol, protease
inhibitors (complete, Roche Molecular Biochemicals), and 1% Nonidet P-40. Cellular
debris is removed by centrifugation twice at 15,000 x g for 15 min. The cell lysate is
incubated with 25 ul of M2 beads (Sigma) for 2 h at 4 °C with gentle rocking.

After extensive washing with lysis buffer, proteins bound to the beads are
solubilized by boiling in SDS sample buffer, fractionated by SDS-polyacrylamide gel
electrophoresis, transferred to polyvinylidene difluoride membrane and blotted with the
indicated antibodies. The reactive bands are visualized with horseradish peroxidase
coupled to the appropriate secondary antibodies and the enhanced chemiluminescence

(ECL) Western blotting detection system (Amersham Pharmacia Biotech).

VI Expression analysis

All cell lines used in the following experiments are NCI (National Cancer Institute)
lines, and are available from ATCC (American Type Culture Collection, Manassas, VA
20110-2209). Normal and tumor tissues are obtained from Impath, UC Davis, Clontech,
Stratagene, Ardais, Genome Collaborative, and Ambion.

TagMan® analysis is used to assess expression levels of the disclosed genes in
various samples.

RNA is extracted from each tissue sample using Qiagen (Valencia, CA) RNeasy
kits, following manufacturer’s protocols, to a final concentration of 50ng/pl. Single
stranded cDNA is then synthesized by reverse transcribing the RNA samples using
random hexamers and 500ng of total RNA per reaction, following protocol 4304965 of
Applied Biosystems (Foster City, CA).

Primers for expression analysis using TagMan® assay (Applied Biosystems,
Foster City, CA) are prepared according to the TagMan® protocols, and the following
criteria: a) primer pairs are designed to span introns to eliminate genomic contamination,
and b) each primer pair produced only one product. Expression analysis is performed
using a 7900HT instrument. ‘

TagMan® reactions are carried out following manufacturer’s protocols, in 25 pl
total volume for 96-well plates and 10 pl total volume for 384-well plates, using 300nM
primer and 250 nM probe, and approximately 25ng of cDNA. The standard curve for
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result analysis is prepared using a universal pool of human cDNA samples, which is a
mixture of cDNAs from a wide variety of tissues so that the chance that a target will be
present in appreciable amounts is good. The raw data are normalized using 18S rRNA
(universally expressed in all tissues and cells).

For each expression analysis, tumor tissue samples are compared with matched
normal tissues from the same patient. A gene is considered overexpressed in a tumor
when the level of expression of the gene is 2 fold or higher in the tumor compared with its
matched normal sample. In cases where normal tissue is not available, a universal pool of
cDNA samples is used instead. In these cases, a gene is considered overexpressed in a
tumor sample when the difference of expression levels between a tumor sample and the
average of all normal samples from the same tissue type is greater than 2 times the
standard deviation of all normal samples (i.e., Tumor — average(all normal samples) > 2 x
STDEV(all normal samples) ).

A modulator identified by an assay described herein can be further validated for
therapeutic effect by administration to a tumor in which the gene is overexpressed. A
decrease in tumor growth confirms therapeutic utility of the modulator. Prior to treating a
patient with the modulator, the likelihood that the patient will respond to treatment can be
diagnosed by obtaining a tumor sample from the patient, and assaying for expression of
the gene targeted by the modulator. The expression data for the gene(s) can also be used
as a diagnostic marker for disease progression. The assay can be performed by expression
analysis as described above, by antibody directed to the gene target, or by any other

available detection method.
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WHAT IS CLAIMED IS:

1. A method of identifying a candidate RAC pathway modulating agent, said

method comprising the steps of:

(a) providing an assay system comprising an MRAC polypeptide or nucleic
acid;

(b) contacting the assay system with a test agent under conditions whereby,
but for the presence of the test agent, the system provides a reference activity; and

(c) detecting a test agent-biased activity of the assay system, wherein a
difference between the test agent-biased activity and the reference activity identifies the

test agent as a candidate RAC pathway modulating agent.

2. The method of Claim 1 wherein the assay system comprises cultured cells that

express the MRAC polypeptide.

3. The method of Claim 2 wherein the cultured cells additionally have defective

RAC function.

4. The method of Claim 1 wherein the assay system includes a screening assay
comprising an MRAC polypeptide, and the candidate test agent is a small molecule
modulator.

5. The method of Claim 4 wherein the assay is a binding assay.

6. The method of Claim 1 wherein the assay system is selected from the group
consisting of an apoptosis assay system, a cell proliferation assay system, an angiogenesis

assay system, and a hypoxic induction assay system.

7. The method of Claim 1 wherein the assay system includes a binding assay

comprising an MRAC polypeptide and the candidate test agent is an antibody.
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8. The method of Claim 1 wherein the assay system includes an expression assay
comprising an MRAC nucleic acid and the candidate test agent is a nucleic acid

modulator.

9. The method of claim 8 wherein the nucleic acid modulator is an antisense

oligomer.

10. The method of Claim 8 wherein the nucleic acid modulator is a PMO.

11. The method of Claim 1 additionally comprising:
(d) administering the candidate RAC pathway modulating agent identified
in (c) to a model system comprising cells defective in RAC function and, detecting a

phenotypic change in the model system that indicates that the RAC function is restored.

12. The method of Claim 11 wherein the model system is a mouse model with

defective RAC function.

13. A method for modulating a RAC pathway of a cell comprising contacting a
cell defective in RAC function with a candidate modulator that specifically binds to an

MRAC polypeptide, whereby RAC function is restored.

14. The method of claim 13 wherein the candidate modulator is administered to a
vertebrate animal predetermined to have a disease or disorder resulting from a defect in

RAC function.

15. The method of Claim 13 wherein the candidate modulator is selected from the

group consisting of an antibody and a small molecule.

16. The method of Claim 1, comprising the additional steps of:
(d) providing a secondary assay system comprising cultured cells or a non-
human animal expressing MRAC ,
(e) contacting the secondary assay system with the test agent of (b) or an
agent derived therefrom under conditions whereby, but for the presence of the test agent or

agent derived therefrom, the system provides a reference activity; and
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(f) detecting an agent-biased activity of the second assay system,
wherein a difference between the agent-biased activity and the reference activity of
the second assay system confirms the test agent or agent derived therefrom as a candidate
RAC pathway modulating agent,

and wherein the second assay detects an agent-biased change in the RAC pathway.

17. The method of Claim 16 wherein the secondary assay system comprises

cultured cells.

18. The method of Claim 16 wherein the secondary assay system comprises a non-

human animal.

19. The method of Claim 18 wherein the non-human animal mis-expresses a RAC

pathway gene.

20. A method of modulating RAC pathway in a mammalian cell comprising
contacting the cell with an agent that specifically binds an MRAC polypeptide or nucleic

acid.

21. The method of Claim 20 wherein the agent is administered to a mammalian

animal predetermined to have a pathology associated with the RAC pathway.

22. The method of Claim 20 wherein the agent is a small molecule modulator, a

nucleic acid modulator, or an antibody.

23. A method for diagnosing a disease in a patient comprising:
obtaining a biological sample from the patient;

contacting the sample with a probe for MRAC expression;
comparing results from step (b) with a control;

determining whether step (c) indicates a likelihood of disease.

24. The method of claim 23 wherein said disease is cancer.
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<110>
<120>
<130> EX04

<150>
<151>

Us 6
2003

<160> 32
<170>
<210> 1

<211> 4637
<212> DNA
<213>

<400> 1
aggtgaacag

tcecgetggea
ctgtgcgetce
tacccgatte
cgccctceeat
ggagctcgcet
cactgcccac
tcacattatt
agttctggtc
gcgcatggtyg
ctggcagacc
gtgccagctg
tgcctacaac
gtatagttac
aggcagcttc
acatatgggce
ggtgctggag
gaacaatgat
ggaagtaggyg

ccecteacte

EXELIXIS,

INC.

-055C-pPC

0/495,193
-08-14

Homo sapiens

gtcctcacge
gccatgggece
gcecttgatgg
ctggtagtga
cggcagacag
gtgcccecgatyg
aaggatgact
gaggacatgt
tgtgcccacce
ggcaagtgct
taccacaacg
ggcaccagcg
tggaaaggaa
aaggacccag
atcctgcacc
gcggtgttcet
ggctecgeagyg
gggtggcagyg
ggtgccatcet

cttettecatg

SEQUENCE LISTING

PatentIn version 3.2

ccagctecge
ccggecccag
tggcggeegy
aggaggccgyg
agcggcagca
gctacaccaa
gtgagcggat
ggcttggagt
gctacaccca
acgtgcgagg
agatgtgcaa
gtggcttcac
acagctacat
aggaccaagg
ccaaaaacat
tgctgagcca
tgggcgecta
acctcctggt
atgtcttcat

gceccagtgg

ccecctcacge
ccgegegecce
cggctgegtce
gaacccgggce
gcgetacctg
ccggactggt
gaacatcaca
gactgtggece
ggtgctgtgg
caatgaccta
tagcaacaca
ccagaacact
gattcagcge
aaacctctat
caccattgtg
ggaggcaggc
ttttggcage
gggcgececc
gaaccaggcg

ctctgeettt

gctectegecg
cgcgecccac
gtctececgect
agcctctteg
ctecectggetg
gctgtgtacce
gtgaaaaatg
agccagggcec
tcagggtcag
gagctggact
gactacctgg
gtgtacttcecg
aaggagtggg
attgggtaca
acaggtgecc
ggagacctgce
gcaattgccce
tactacttcg
ggaacctcect

ggtttatctg

PCT/US2004/026340

MRACS AS MODIFIERS OF THE RAC PATHWAY AND METHODS OF USE

ggaccccget
gcctgatget
tcaacctgga
gctactecggt
gtgccececeeg
tgtgeccact
accctggeca
ctgcaggcag
aagaccagcg
ccagtgatga
agacgggcat
gcgeccecgg
acttatctga
cgatgcaggt
cacggcaccg
ggaggaggca
tggcagacct
agaggaaaga
tccetgetcea

tggccagceat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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tggtgacatc
gggcaaagtg
aatccatgga
gcagatggat
cattgtgctyg
gccagetgtg
ctttgcttac
cactctggag
cgctgtettce
cctgatggac
acctttgcgg
cctcaaccag
gcctgacaac
gcagaagctg
cgtgacgaac
cctggtggtyg
taatgagacc
gctcatcgee
gcagctctcce
ggactataca
ggggacagtg
gtatgaattc
aggtctggag
caccgtccat
caacctcact
gctggatcca
caagtctgag
cccecatceect
caccttcatce
attcctcega

ggacattgac

aaccaggatg
tacatctatc
gagaagctgg
gtggatgaga
ctgcgggecce
ctggaccctg
aaccagagtg
gctgacaggg
cacggcttct
aacctccegtg
atgececcgate
gcacaggctce
aagtgtgaga
agcaggctcc
acccggacct
cctecececgece
atcttttgcg
tttgaggtca
acgtcgagtce
ctccagacct
atgggtgagt
caggtgggcece
tggccctacg
ggcaatgggt
ctttctgacc
gggggaggcc
actgtgctga
gatgccececg
gaggattaca
accagcatcce

tcggagctgyg

gatttcagga
acagtagctc
gactgcctgg
acttctaccc
ggccagtcat
cactttgcac
ccgggaaccce
accgeccggcec
tctcecatgee
acaaactccg
gcececceegget
tggagaacca
gcaacttgca
agtacagcag
cggagcgctce
tgctgctgte
agctggggaa

tcggggtgac
accaggacaa
cgcttagcecat
ctggcatgaa
caatggggga
aagtcagcaa
cctggeectg
ctggggacag
agggccccecc
cctgtgccac
ttgtcaccaa
gagactttga
ccaccatcaa

tggaggagct

tattgctgtg
taaggggctc
gttggccacc
agaccttcta
caacatcgte
ggccacctcet
caactacagg
gcecccggete
cgagatgcgce
ccccatcecate
ggggctgegg
cactgaggtce
gatgcgggcea
agacgtccgg
cggggaggac
ctcagtgege
ccccttecaaa
cctgcacaca
cctgtggecece
ggtaaatcac
aactgtggag
ggggctggtg
tggcaagtgg
ccgaccacct
gccatcatcc
acctgtcact
agggcgtgec
cgtgactgtg
ccgagteccgg
catggagaac

gececggecgaa

ggagcteegt
cttagacagc
ttcggectatt
gtgggaagcce
cacaagacct
tgtgtgcaag
cgaaacatca
cgctttgeeg
tgccagaagce
atctccatga
tccctggacg
cagttccaga
gcettegtgt
aaattactcc
gcccacgagg
ccceeecgggg
cggaaccaga
agggaccttc
atgatcctceca
cggctacaaa
gatgtaggaa
ggcctgggga
ctgctgtatc
ggagacctta
ccacagcgca
ctggctgetg
cactgtgtgt
aaggcacgag
gtaaatggct
aagaccacgt

atcgagctgt

PCT/US2004/026340
ttgaaggctt 1260
cccagcaggt 1320
ccctecagtgg 1380
tgtcagacca 1440
tggtgcccag 1500
tggagctgtg 1560
ccctggecta 1620
gcagtgagtc 1680
tggagctget 1740
actactcttt 1800
cctacccgat 1860
aggagtgcgg 1920
cagagcagca 1980
tgagcatcaa 2040
cgctgetcac 2100
cctgeccaage 2160
ggatggagcect 2220
aggtgcagct 2280
ctctgetggt 2340
gettetttgg 2400
gcecccctceaa 2460
ccetggtect 2520
ccacggagat 2580
tcaaccctet 2640
ggcgccgaca 2700
ccaaaaaagc 2760
ggctagagtg 2820
tgtggaacag 2880
gggctaccct 2940
ggttctctgt 3000
ggctggtgct 3060
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ggtggecegtg
cggcttcectte
gatgaagagc
cccgeccecyg
ccaagtacca
tgcccaccaa
ctececetgatce
tgcctetgac
acacctecgtce
agcgetgtgg
gcccactget
agcctctgec
aaaggcccct
cagtcactgg
gctggtggge
tacgggggca
ggacccagaa
aactcgcagg
tcactgtgct
cagatgttgg
cagaaggccce
taggcagggy
ctagaggtgg
ccatgggetg
gacccctgec
gggaattccce
aacagctccce
<210> 2

<211> 5611

<212> DNA
<213> Homo

ggtgcagggc
aagcgagcecc
cagccgtcag
gcccacctgg
cgcagtgcgyg
gaagcactgg
ccacccccte
agtccacagg
aagagcatgce
accttacaac
cgtggactgt
agcgccageg
gcaatgtggt
attgactttg
ccccaattga
cttggaggac
ggcttgcettt
gagtgcagca
ggggcatggce
gaggatacag
cagagagacc
gccctgceccac
agttcttagce
tgtcctaagg
tgttggcage
tceccctect

agtttgt

sapiens

tgctgetgcet
gcactcgege
agacagagag
tgtgacttct
atccgggagg
gtgaccagct
ctcceccagt
ggccaccacce
acatgctgtc
gccgagtgea
gctggtgcat
ccaaaacaag
gacacctccc
ctgtcaaaac
cacccatgcece
ctggcgtgcet
cctgecatctce
ggaaggaaca
gggatcctcc
aggagatgcce
ctgcaagacc
cccatccage
tatccttgge
cccatttgag
ccactcecceca

tgtgccttcet

ggggctgatc
cctgtatgaa
gctgaccgac
ttaagcggac
aggagcgcta
ggcagactcg
gtccecttte
tttggctggt
tggcectggyg
ctgcattcct
cacggatggt
ccaaagagcc
ctttcacacc
tactgacagg
agagaggtgg
cagacccaac
tgtgaagcecct
aagacaggca
acagagagga
acttctcact
acggagggayg
cagaccccag
tttctgtgece
aagctgaggc
gcecccagece

ttgtatatag

atcctecctge
gctaagaggc
gactactgag
ccgetattat
cccaccteca
ggaccaatac
ttcctattta
agcagcaggc
gatcttccca
gtgccctaga
gcatgggctce
tceccaccaga
tggatccatce
gagcagcccce
ggatcctgcece
agcaaaggaa
ctcteettgg
aacggcaacg
ggggaccaat
caccactacc
ccgacacttg
ctgaacéatg
agcctggete
tagttccaaa
cttccatggt

gcttectecacce

PCT/US2004/026340
tgtggaagtg 3120
agaaggcgga 3180
ggggcagecec 3240
cagatcatgc 3300
gggagcaccc 3360
tactgacgtc 3420
tcataagtta 3480
tcaggcacat 3540
caggagggce 3600
tgcacgtggg 3660
gcegtgtete 3720
gccgggagga 3780
ttgagagcca 3840
cgggcegetg 3900
taaggttgtce 3960
ctagaaagaa 4020
ccacagactg 4080
tagcctggge 4140
tctggacaga 4200
agccagectce 4260
aatgtagtaa 4320
cgtcaggggce 4380
tgceccectecece 4440
aacctctect 4500
actgtagcag 4560
gcgaccaata 4620

4637
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<400> 2
gcgcgaccgt

gtagcagcag
ccgcteecct
tgtcggcggyg
acgtgatccg
ggcaactgca
ttccactgceca
ggccatgcac
atcagtggat
ctcaccgata
ggcggtgtta
ggagettttg
tagcagctac
actggaaagg
ttgaagatgg
ttcctgctaa
atgagatcac
tgaagagaga
tggcctette
atatagttat
atgtctacat
ccaaagattc
acccagatat
gatctgcaaa
ttggatattc
ttggttcecct
aaaccatcac
ctagtgggat
ataatccttc

ggctatecte

cccgggggtyg
cgcggcagec
cceegtgegt
gctcctgtee
gaaatatgga
gceccgaggac
gagagccaac
gcggatcgag
gggggtcacc
tgaaaaaagg
tgtcctgagt
tgatgggcga
ttttactaaa
gattgttegt
gccttatgaa
cagttactta
ttttgtatct
catgaagtct
atttggctat
tggagcccca
gaaccagcaa
tatgtttggce
tgcagttgga
tggaataaat
aattgctgga
ctcagattca
agtaactcct
atgcctecag
aatatcaatt

aagagttcag

gggccgggcyg
tcggacccag
ccgcceccatgg
cggcteggeg
gaccccggga
aagcggctgt
agaacgggag
tttgataacg
gtccagagcec
cagcatgtta
cagaatctca
ttgagaggcc
gactttcatt
gtagagcaaa
gttggtggag
ggtttttett
ggtgctccca
gcacatctcc
gatgtggcgg
cagtattttg
ggcaéatgga
attgcagtaa
gcteegtatg
accaaaccaa
aacatggacc
gtaactattt
aacagaattg
gttaaatcct
gtgggcacac

tttecgaaacc

cagcggcgag
cccggagege
ccgecgecgyg
cagccttcaa
gcctettegg
tgctegtggg
ggctgtacag
atgctgacce
aaggtccagg
atacgaagca
ggattgaaga
atgagaaatt
acattgtatt
agaataacac
agactgagca
tggactcagg
gagccaatca
tcectgagea
tggtggacct
atagagatgg
ataatgtgaa
aaaatattgg
atgacttggg
cacaggttct
ttgatcgaaa
tcagatcceg
acctccgeca
gttttgaata
ttgaagctga

aaggttctga

aggaggcgaa
agggcggccg
gcagctgtgce
cttggacact
cttctegetg
ggcecegege
ctgcgacatc
cacgtcagaa
gggcaaggte
ggaatcccga
cgatatggat
tggctcttge
tggagcecceccyg
tttttttgac
tgatgaaagt
gaaaggtatt
cagtggagcecce
catattcgat
caacaaggat
agaagttgga
gccaattcgt
agatattaat
aaaggttttt
caagggtata
ttcctaccct
gcctgtgatt
gaaaacagcg
tactgctaac
aaaagaaaga

gcccaaatat

PCT/US2004/026340

ggtggctgeg
ctgcaggtce
ttgctctacce
cgggaggaca
gccatgcact
ggagaagcgce
accgcecggg
agcaaggaag
gtgacatgtg
gacatctttg
gggggagatt
cagcaaggtg
ggtacttata
atgaacatct
ctcgttectg
gtttctaaag
gtggttttge
ggagaaggtc
gggtggcaag
ggtgcagtgt
cttaatggaa
caagatggcect
atctatcatg
tcaccttatt
gatgttgctg
aatattcaga
tgtggggege
ccegetggtt
agaaaatctg

actcaagaac

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
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taactctgaa
atatcagaga
gctctegtag
ccaagacagc
gtaacagcaa
tttcttattt
ttgctttaga
gcgatgacgce
catatagaga
gctcgcaage
atttggtttt
agttagaaac
ttattgaact
gtacagttgt
atgaattcag
acattcagtg
aatccaaagg
taacggagtc
acagaaaatt
tgaactgtgt
tgcgetcecgag
acattctcat
atgcaggcac
gagtaccttyg
tagtgtttat
ccacatatca
atgcatagta
gacagtgttce
gaaaagtata
agctactcat

caactcagaa

gaggcagaaa
taaactgcgt
gcgagtgaat
tcatattgat
ccttaaacta
accaattcaa
aataacagﬁg
ccatgaggct
actgagggct
tgactgtgag
aagtacaact
aacaagcaat
gcttttateg
tggcgagcaa
ggtaataaac
gccaaaagaa
attggaaaag
tcacaactca
ttctttattt
gaacatcaga
gttatggaac
gcgagectte
tcaggttcga
gtggatcatc
actatggaag
caaggctgag
ttgatctact
cccgatacca
ttgataacct
agcgggggcec

attcaatttg

cagaaagtgt
cccattcecea
tcacttccag
gttcacttct
gaatataaat
aaaggtgtac
acaaacagcc
aaactgattg
ttcecectgaga
ctcggaaatc
gaagtcacct
caagataatt
gtctcgggag
gctatgaaat
ttaggtaaac
attagcaatg
gtaacttgtg
agaaagaaac
gctgaaagaa
tgcccgetge
agcacatttc
attgatgtga
gtgactagtgt
ctagtggcta
tgtggtttet
atccatgctce
tctgtaattg
tgctgtaagg
tgaaaaaaaa
taaaaaaaaa

gatttaaaag

gcatggagga
taactgccte
aagttcttcecce
taaaagaggg
tttgcacceyg
cagaactagt
ctteccaaccc
caacgtttcc
aacagttgag
cttttaaaag
ttgacaccce
tggctccaat
ttgctaaacc
ctgaagatga
ctcttacaaa
ggaaatggtt
agccacaaaa
gggaaattac
aataccagac
gggggctgga
tagaggaata
ctgctgctge
ttccctcaaa
ttetegetgg
tcaagagaaa
agccatctga
tgtggattct
atccggaaag
cagtggatca
aaagcttcac

cctgcectcaat

aaccctgtgg
agtggagatc
aattctgaat
atgtggagac
agaaggaaat
tctaaaagat
aaggaatccce
agacacttta
ttgtgttgece
aaattcaaat
atatctggat
tacagctaaa
ttcccaggtyg
agtgggaagt
cctecggeaca
gctttatttg
ggagataaac
tgaaaaacag
tcttaactgt
cagcaaggcg
ttccaaactg
cgaaaatatc
gactgtaget
gatcttgatg
taagaaagat
taaagagagg
ttaaacgctc
aagagcgaga
caaagtggaa
agtacccaaa

ccctgaggac

PCT/US2004/026340
ctacaggata 1860
caagagccaa 1920
tcagatgaac 1980
gacaatgtat 2040
caagacaaat 2100
cagaaggata 2160
acaaaagatg 2220
acctattctg 2280
aaccagaatg 2340
gtcacttttt 2400
attaatctga 2460
gcaaaagtgg 2520
tattttggag 2580
ttaatagagt 2640
gcaaccttga 2700
gtgaaagtag 2760
tcectgaacce 2820
atagatgata 2880
agcgtgaacg 2940
tctecttattt 3000
aactacttgg 3060
aggctgccaa 3120
cagtattcgg 3180
cttgctttat 3240
cattatgatg 3300
cttacttctg 3360
taggtacgat 3420
gatcaaagat 3480
cagaaatgaa 3540
ctgctttttce 3600
tgatttcaga 3660
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gtgactacac
ctcctgtttt
atttaacttt
agggcctgec
acactcacct
tcacgttagce
agtgctgtct
tgtttectag
tcactaaaaa
atttattttt
cagtttaccc
tcactatgac
ttgttttaat
acccaaaagg
attttttact
ttcttggaga
actgtatatt
gatccagtat
tattttttgt
aacaagaact
atacattcaa
caatgttaag
taagcagtgt
ggggggcttt
ttggttgtac
acaggttata
tgttagattg
aaaaaaaaga
gttatggtgt

tttgcatttg

acagtacgaa
gcacagccaa
ctgggttgec
cagttgcact
gcactaacag
tgtcccacat
taaactaaat
ctgtgtgaat
cacacaggtg
tcttttettt
ttcaggttgg
ctaaattatt
aacttatcta
tttaagaaat
ttagaagcct
agatgggttt
caggacttga
aagactactg
tttgtttecet
ttaaattgtg
cagagactga
ttatatgggg
ctgtgttttg
ttttettttt
ttggaattct
acagtgttta
ctagattget
tgaatgtegg
fttagacttat

atacattttt

cctacagttt
atttaaaact
tttgtttttg
caggtgacat
agtggccgte
cacaagacta
gtgcaataga
acctgctcac
caacagactt
acaaaccatt
tttaatcaat
tactgcaaaa
taaactataa
agaattataa
gcataatgtt
attcactgaa
aagaaatggt
aatctgctac
ccecctatetg
ttttaattgt
atagatatga
agcaacagca
aaagaataga
ccggaaaatc
tagtcacaaa
aagtctcagt
aaggagctga
aaaagggtgt
ggttgttaaa

gtactaacta

taactgtgga
gttggaatgg
gcgtggctga
cctccagata
ctaacctcgg
tgccattggg
aggtgatgtt
gtcaaatgca
gaatgctagt
ttgttattga
cagaattaga
agaaaatctt
cctctcpttc
ctgtaaagat
tctggattta
ctctagtgceg
gaatgcctat
caaaacagtt
tattcccaaa
aaaaatggca
aagctgattt
aacaggtgcet
acacagtttg
cttaaacctt
atatattttg
ttcttgettg
tacttgacag
tgggagggtyg
aatgtcatct

gcattgtaaa

tattgttacg
atttttettt
cttacatcat
gtgtagctga
gcetgetgeg
gtagttgtgt
gccatcctac
tacaagtttc
tatacttatt
ctaacaggcc
attagagcat
tataaatgta
atgacagcct
gtttatttca
catactgtaa
gtttactcac
ggaactagtg
aatcagtgag
aattactttg
gggggtggaa
tttttaatta
aatttgtttt
tagtgccact
aagatactaa
tttacaaaaa
gggaacttgt
ttttttagac
gtcaacaaag
caagtcaagt

attatttcat

PCT/US2004/026340
tagcctaagg 3720
aactgccgta 3780
gtgttgggga 3840
ggaggcacct 3900
cagacgtcca 3960
ttcaacggaa 4020
cgtettttee 4080
attctceccett 4140
tgtatatggt 4200
aaagagtctce 4260
gggagggtca 4320
ccagagagag 4380
ccaccceccaca 4440
ggcattggat 4500
cattcaggaa 4560
tgctgcaaat 4620
gatccaaact 4680
tcgagtgttce 4740
gggctaattt 4800
ttattactct 4860
ccatgecttca 4920
ggatatagta 4980
gttgttttgg 5040
ggacgttgtt 5100
tttctgtaaa 5160
gtccctaatg 5220
ctgtgttact 5280
aaacaaagat 5340
cactggtctg 5400
gattagaaat 5460
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tacctgtgga tatttgtata aaagtgtgaa ataaattttt tataaaagtg ttcattgttt

cgtaacacag cattgtatat gtgaagcaaa ctctaaaatt ataaatgaca acctgaatta

tctatttcat caaaaaaaaa aaaaaaaaaa a

<210> 3

<211> 4079
<212> DNA
<213> Homo

<400> 3
ggagcggcgyg

aacgagactt
tttcecettge
gcgacccttg
tcttctcacg
agccaggcag
agagctggct
gcactggagyg
acatcgacca
gtgttcggag
ggcagcgagt
gccaggacct
gccceccaagg
ctgatagcca
ttgtgaccaa
ctgaccgget
ttgactcggg
gcgccaacca
ccgaggttat
ctgacctcaa
gccaagaaga
ggatctccce
tcctggggga

gtgatgggaa

sapiens

gcgggcggga
tggagaccag
attcgctggg
gggggcctcece
ggctgtcgece
cctettegge
gctggtgggt
cctetteget
gggagctgat
ccaggggect
ggaccagatc
ggccatcegy
ccatgaacaa
ctacctceccte
cattgatagc
cccaggacca
gaaaggtctg
caagggtgct
gctgtetggg
cagtgatggc
gctggggggt
tcteecggete
cctcaaccaa

agtcttcatce

gggctggegg
ggacgcgcct
agctcgegea
gggatttgcet
ttcaatctgg
ttctetgtgg
gctecececagy
tgcccgttga
atgcaaaagg
gggggcaaga
ctggagacgc
gatgagttgg
tttgggttct
tttggggccc
tcagaccccg
gccggagact
gtgcgtgcag
gtggttatcce
gagcgcctga
tggccagacc
gctgtgtatg
tgcggcectecece
gatggecttte

taccatggga

ggcgaacgtce
ggggggacct
gggatcgtcce
acctttttgg
acgtgatggg
ccctgcacceg
ccetggetet
gcctggagga
aaagcaagga
ttgttacctg
gggatatgat
atggtgggga
gccagcaggyg
caggaaccta
accagctggt
tggccctcaa
aagagctgag
tgcgcaagga
cctceggett
tgatagtggg
tgtacttgaa
ctgactccat
cagatattgc

gcagecctgag

tgggagacgt
ggggettggg
catggccggg
étccctgctc
tgccttgegc
gcagttgcag
tcctgggcag
gactgactgce
gaaccagtgg
tgcacaccga
tggtcgctge
atggaagttc
cacagctgece
taattggaag
gtataaaact
tagctactta
ctttgtggct
cagcgccagt
tggctactca
tgcceccectac
ccaggggggt
gttcgggate
agtgggtgce

ggttgtegec

ctgaaagacc
gcgtgcgaga
gctcecggagece
gtcgaactge
aaggagggcyg
cccegaccecee
caggcgaatc
tacagagtgg
ttgggagtca
tatgaggcaa
tttgtgctceca
tgtgagggac
gecttetecee
gggttgecttt
ttggaccctg
ggcttctceta
ggagcccecce
cgectggtge
ctggctgtgy
ttctttgage
cactgggctg
agcctggetyg
ccetttgatg

aaaccttcac

5520
5580

5611

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380

1440
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aggtgctgga
tggatatgga
tgctcttecag
gcatcgacct
tctgtttcag
tgttagatgce
gccgtaacct
atgaccgagt
gggccattgt
ctggccaggyg
gggcagagat
tgcagctggt
ccatggatgt
tggagctgat
atgcccatga
gggccctgga
agtgtgagcect
gcacctecgg
tcagtgagca
tgtccattge
agagagccat
ccaaccaagg
atgagattgc
aggggcctgg
acagtaggga
ggcaggagcc
ccctggactg
ttgaccgcege
agtactcagc
ccataaagaa

accccatgge

gggcgaggcet
tgggaaccaa
ggccagaccce
ggagcagccc
ctacattgca
ggacacagac
ggaagaaccc
ctgtggagac
agtgaccttg
gctgectceca
ccacttcctg
ccacgcccge
ggatggaaca
ggtcaccaac
agcccagctce
ccectgeggag
ggggaacccc
gatcagcatt
ggagctgcat
aggaatggcece
gcagtctgag
ccagtcgete
caatgggaag
gcagaaaggyg
taggaggcgy
cagcatgtcc
cgceceggggc
ggctgtgetg
tgtgaagtcc
cttgatgctc

tgtggtggcea

gtgggcatca
taccctgacce
atccteccatg
aactgtgctg
gtccecagea
cggaggctce
aagcaccagg
gccatgttcce
tcctacagte
gtggccececca
aagcaaggct
ttctgtaccce
acagccctgt
ctgccatcgg
ctggtcatge
aagccactct
atgaagagag
gagaccacgg
ccagtctcetg
attccceccage
cgggatgtgg
agaaccctgg
tggttgectgt
ctttgectcte
cgggagetgg
tggtggccag
acggccaact
catgtetggg
ctggaagtga
cgagatgcct

gaaggagtgce

agagcttecgg
tgctggtggg

tctcecatga

gcggecacte

gctatagccce
ggggeccaggt
cctecgggecac
agctccagga
tccagacccce
tcctcaatge
gtggtgaaga
gggtcagcga
ttgcactgag
acccagccca
ttcctgacte
gcctgtecaa
gtgcccaggt
aactggaggt
cacgagcccyg
aactcttctt
gcagcaaggt
gctectgectt
acccaatgca
ccaggcccaa
agccacctga
tgtectctge
gtgtggtgtt
gcegtetetg
ttgtccgggac
ccacagtgat

cctggtgggt

ctactcectg
ctccctgget
ggtctctatt
ggtctgtgtg
tactgtggee
tceccegtgtg
cgtgtggcetg
aaatgtcaaa
tcggetecegg
ccaccagccece
caagatctge
cacggaattce
tgggcagcca
gccecaggcet
actgcactac
tgagaatgcce
caccttctac
agagctgctg
tgtcttecatt
ctctggtgtg
caagtatgag
cctcaacatce
ggttgagectg
catcctccac
gcagcaggag
tgagaagaag
cagctgccecca
gaacagcacc
caacatcaca
cccagtgatg

catcctectg

PCT/US2004/026340
tcaggcagcet 1500
gacaccgcag 1560
gcteccacgaa 1620
gacctaaggg 1680
ctggactatg 1740
acgttcctga 1800
aagcaccagc 1860
gacaagcttc 1920
cgacaggctce 1980
agcacccagc 2040
cagagcaatc 2100
caacctctge 2160
gtcattggece 2220
gatggggatg 2280
tcaggggtcce 2340
tcccatgttg 2400
ctcatcectta 2460
ttggccacga 2520
gagctgccac 2580
gtgaggggcyg 2640
gtcacggttt 2700
atgtggcectce 2760
gagggcgggce 2820
ctggatgtgyg 2880
cctggtgage 2940
aaaaacatca 3000
ctectacaget 3060
tttctggagyg 3120
gtgaagtcct 3180
gtatacttgg 3240
gctgtactgg 3300
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ctgggctgcect
gggcgaagca
accgacagca
cccggeggga
gceccgatgg
ggctgeccte
gctggtgteg
ccacaagaac
tcagggacag
gagaagggat
tgcceteececg
gctgectectt
gtttecgtggt
<210> 4

<211>
<212>

<213>

<400> 4
atgggatggce

cagcaaaggyg
gagtttagac
accggacggt
ggcatatgtyg
ggctactatg
agctttgeca
tacacaggaa
ggaggtagct
ctgactggag
gattgcgaca
cgectggtea
aggcacatgg

atttcaaatc

5433
DNA
Homo sapiens

ggtgctagca
cccecgaggec
gttcaaggag
gggccecggat
gcatccaggg
catcccttece
catcaagatt
teccteccacce
ggccatgggg
cctaatcect
gaagtgcctt
ctctagtttce

ttegtcetatt

tgtggatctt
tgccatttct
ccagccaggg
gtgttecectg
ttaactgtca
gcaacgccgt
ctggctgtgt
cacagtgtga
gccaaccatg
actgcataaa
gctgtgtgat
agtctcagcet
agacccaggc

atggatcaaa

ctgctggtge
accgtgcecece
gagaagacgg
gcacacccca
ccaggcaccg
ccagagatgg
tggcaggatc
caacttcccce
tagggtgaga

tecctetecca

.aacctagagg

ccctetceate

tattaaaaaa

tggggcagcee

tcagcctecee
ttgtagccct
caattgcaac
gcacaacacc
ccacggatcc
ggtgaatggg
aaggtgtgca
cagttgtaac
ccaagaaccce
gaccctcetg
gcagggcctg
caaggacctg

aatagaaggc

tgctcctgtg
agtaccatgc
gcaccatcct
tectggetge
cctaggttcce
ctececttggga
ggcttcctca
ttagagtgct
agggcagggg
ttcaccctgt
gtcggggagyg
tgaccttagt

tatttgagaa

ctggggcagt

ggtcaaagtc
ggatactatc
ggacattcaa
gcgggagagce
tgcagggcet
ggagacgtgce
ccgggatatt
agcaatggce
aaagatagca
aacgacctgg
agtgccagceg
aggaatcagt

ctggaaagag

gaagatggga
ggtgaagatt
gaggaacaac
tgacgggcat
catgtcccag
tgaagagggt
ggggcacaga
gtgagatgag
tgtcctgatg
gtaacaggac
aggttgtgte
ttgctgeceat

caaaaaaaaa

gtctgggcta
aactgcaagc
gggatcataa
atcaatgcca
actgtgaacg
gcccatgtece
ggtgcteccetg
tcgggaatcc
agctgggcag
gcectgecaga
ccaccatggg
cagggcttet
tgctcaacta

aactgactga

PCT/US2004/026340
ttcttcaaac 3360
cctecgggaag 3420
tggggcagcc 3480
cccgagetgg 3540
cctggectgt 3600
agagtgggct 3660
cctecteccac 3720
agtgggtaaa 3780
caaaggtggg 3840
cccaaggacce 3900
actgactcag 3960
cagtctagtg 4020
aaaaaaaaa 4079
cagttcacag 60
gagttatgtg 120
aggcttgtat 180
ggatggctca 240
ctgccaggag 300
tcacactaac 360
caaagctggg 420
ccagaaattc 480
ctgtcatcce 540
agaatgtgat 600
cgagcagcte 660
ggagcagatg 720
ccgttetgee 780
tttgaatcaa 840
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gaatttgaga
aacaatgtta
atccggaatg
gtgcecttcag
cggaacagga
ctcttgctga
gctaacagta
cggctgcagg
agagctttgg
accaagtatc
atggagaaaa
gaactaagtg
gaggcagaaa
agaaacgcca
aacatcctca
gaatctgccce
tccaacagtg
gtcagtccag
gtgatagaca
attgatgcta
gaggttctgg
gggaggacac
aagttaacca
ttgceccttgg
agagatgctg
gtccgactge
caaaggccca
aataaagatg
gtctacaacc

gagactaagg

ctttgcaaga
atcgggcaac
tgcacattcet
gtgacttttc
actttggaaa
accggataag
tccgggatte
aggcagctgce
gagccattca
taaccactgce
gccagaagga
acaaagtaag
agcacgcgcg
gcggggatga
atgccatcaa
tccagacagt
ataaactgtt
ctctcaacaa
ccaatctcac
tgatcagtag
atgggctcaa
agaacgaaga
acaaactacc
gaaacatctce
ccagtaaggt
caaatgacct
actcaagaga
cctececggga

tgggggaccyg

aggcagttat

aaaggctcaa
acaaagcgca
tttaaagcag
cagagagtgg
gcacctcaga
gacctggecag
tttaaatgaa
ccaagccaag
gagacaagtg
agactcatct
atatgaaaaa
agaactttcc
gtccettacaa
gctggtgege
agcggcecgag
gataaaggaa
aaatgaagcc
cctacagcaa
aactctccga
tgcaaagagc
ccccatceccag
cttcaaaaag
tgatctttgg
tgacaacatg
tgctgtcececce
ggaagatttg
aaatgggggt
ctacatcggc
tgaggctgaa

ggatcgggty

gtaaattcca
aaagaactgg
atctctggga
gctgaagccce
gaagcagaag
aaaacccacc
tacgaagcca
caggcaaatg
aaagaaataa
ttgttgcaaa
ttagctgcecca
agatctgctg
gagctggcaa
tgtgctgtgg
gacgcagcca
gatctgccaa
aagatgacac
accctgaata
gatggtctte
atggtcagaa
acagatgtgg
gctctgactg
cgcaagattg
gacagaatac
atgaggttca
aaaggatata
actgagaata
atggcagttg
ctccaagtgg

aaatttcaga

10

gaaaagcaca
atgtgaagat
cagatggaga
agcgcatgat
ctgataaaag
agggggagaa
aactcagtga
gcttgaacca
attccectgea
ccaacattge
gtttaaatga
gcaaaacatc
agcagctgga
atgccgecac
acagggctgce
gaaaagctaa
aaaagaagct
ttgtgacagt
atgggataca
aggccaacga
aaagaattaa
atgcagataa
aaagtatcaa
gagaactaat
atggtaaatc
catctctgte
tgtttgtgat
tggatggcca
accagatctt

gaatttatca

PCT/US2004/026340
aacattaaac 900
taaaaatgtc 960
gggaaacaac 1020
gagggaactg 1080
ggagtcgcag 1140
caatgggcett 1200
ccttegtget 1260
agaaaacgag 1320
gagtgatttc 1380
gctgcagetg 1440
agcaagacaa 1500
ccttgtggag 1560
agagatcaag 1620
cgectacgag 1680
cagtgcatct 1740
aaccctgagt 1800
aaagcaagaa 1860
tcagaaagaa 1920
gagaggtgat 1980
catcacagat 2040
ggacacctat 2100
ctcggtgaat 2160
ccaacagctg 2220
tcagcaggcce 2280
tggagtcgaa 2340
cttgtttete 2400
gtaccttgga 2460
gctcacctgt 2520
gaccaagagt 2580
gtttgcaagg 2640
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cttaattaca
gatggtagaa
ggaggttacc
tgtattgaat
ttcaatctca
aattattttg
acctttggac
ggggatcget
aattcagagc
tcgattcaga
aacactataa
attgcaatca
ttgaagaaaa
tcggaagact
actgatttgg
caacccagtg
gaagatggtt
cagacgtata
cggcttctca
tccecggecagt
gtccagaggt
gatgtgtcce
tctaccaggt
gtggectcece
caggccaatc
cttcctcagy
tccagaggac
aaaggacgte
gagaaatgca
cgettggttyg

agcatcagag

ccaaaggagc
atagcaatac
cacctgattt
tagatgacct
acacaactga
aaggtacggyg
agacaattca
tcatatctcet
taccaaaaga
tcaaaattgg
ttgatggtga
gggaaagatt
ccagtggtgt
ggaagcttgt
gcttaccacce
gcatattatt
acattgaatt
tggatggttt
tcgatgacca
ctctgegtet
tatcactgag
tgggaggctyg
ttaacaagac
caaggagcgt
atggagccct
agctgctgaa
tggtgtttca
tggtectttge
atgatgggaa
tggatggact

cgeccagttta

cacatccagt
actccttaat
taaacttccc
caatgaaaat
agtggagect
ctatgctcga
gaccaccgtg
aaatatagaa
gagaggagtt
aaaactccaa
agtatttgat
taacatttct
cgttagattg
gcgatctgece
tactgaccac
agatcatcag
gagcaccagc
actgcattat
gcttétgaga
gggcgggagce
tcctgaagtce
cagtttaaac
caagactttt
gaaggtgtgg
ccagtttggg
acccaggtca
cacgggcact
actggggaca
atggcacacg
gagggccegyg

cctgggatca

aaaccagaaa
ttggatcctg
agtcgactaa
gttctgagcet
tgtagaagga
gttccaactce
gatagaggct
gatggcaagc
ggagacgcca
aagcgtatgt
ttcagcacat
acgecctgett
aatgatactg
tcattctcca
ctccaggeet
acatggacaa
gatagcgécg
gtatctgtaa
aatagcaaaa
aattttgagg
ctagatttga
aaaccacctt
cgtatcaacc
caagatgctt
gacattccca
cagtttgcetg
aagaactcct
gatgggaaaa
gtggtgtttg
gagggaagtt

cctccatcag

11

cacccggagt
aaaatgttgt
gtttcecetee
tgtacaactt
ggaaggaaga
aaccacatgc
tgctgttett
tcatggtgag
taaacaacgg
ggataaatgt
attatctggg
tccgaggetg
tgggagtaac
gaggaggaca
catttggatt
ggaacctgca
gcccaatttt
taagcgacaa
ggctaaaaca
gttgtattag
ccagtaactc
ttctaatgtt
agctgttgceca
gctcaccact
ccagcecactt
tggacatgca
ttatggctct
aattgaggat
gccatgatgg
tgecctggaaa

ggaaaccaaa
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ctatgacatg
attttatgtt
atacaaaggt
caaaaaaaca
gtcagacaaa
tccecatecca
tgcagaaaac
atacaaactg
cagagaccat
ggacgttcaa
aggaattcca
catgaaaaat
caaaaagtgc
attgagtttc
tcagaccttt
ggtcactctg
taaatctcca
ctctggacta
catttcaagt
caatgttttt
tctcaagaga
gcttaaaggt
ggacacacca
tcccaagace
gctattcaag
gacaacatcce
ttatctttceca
caaaagcaag
ggaaaaggdg
ctecaccatc

gagcctececce

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500
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acaaacagct
ccttcttcaa
ttctctgaag
aagcttgttt
cagcccggga
agtggggcag
tggcactcgg
agtagctaca
cttggaggtyg
ggctgtctga
gtccagggge
caaggaaatt
tcattctteca
gaccatggat
catttcttga
tattaatttc
<210> 5

<211>
<212>
<213>

<400> 5
agacccgecg

cgggaagatg
ccecegegecyg
ggcgggcggc
cgcegectee
ggacctttac
ccggggccag
caatgccatc
gtacaacgag
catcaagttt

cggcegeacc

ttgtgggatg
gctteggggt
aaggaggtca
tcagcatccyg
agcacttatg
gtgggacctc
tggcagtcac
cagctggaca
ctccagccaa
ggaatattca
ctgtcagtcet
caccttcaaa
attaggacac
acccatcact
agataaaaaa

cactaaaaaa

11426
DNA
Homo sapiens

ggcteccegece
gcgaagcggce
ctgctgetgg
ggcttcagec
gcgacctgeg
tgcaagctgy
tactgtgaca
gatggcacgyg
gtcaacgtca
gccaactcac

taccageccect

cctgaagaac
gtcttecctge
tgtcgtcettg
cccaagaagt
tgtttacctg
aacgtcggtce
cataaaacaa
gatcccecette
tttgacgaca
tgtcaatcac
gaatggttgt
agcactgatt
aaaccagaca
ttggcattca
attgttattc

ttaaatgtct

gcgegegetg
tctgegeggg
tegggetgge
tgcacccgec
gagaggaggc
tagggggccc
tctgcacggce
agcgctggtg
ccctggacct
ccecggecgga

ggcagttctt

tttcagctgg
ttgggtggte
gctcactcectg
ctcactggga
gaggcaggaa
acaccaaagc
cacatcctge
ccacctgeca
ctgaggatcc
atccctgtee
cctgaccagt
acccaatgca
ggtttaatag
gtgctacatg
aaattgttat

ttt

tcecectggage
gagcgcactg
gctgetggge
ctacttcaac
cceggegege
cgtggccgge
tgccaacagce
gcagagtcca
gggccaggtce
cctectgggtg

tgecctectec

12

attcaaaacc
ctttggagaa
tattgttggg
tcctaataca
aggtcacggce
agtctctgtg
acctggaact
gcactcaaga
ctgtgtggaa
ctgtcactga
aacccaagcc
cctecctece
cgaatctaat
tgtattttat

gcacagaatg

tcggggacge
tgtgttcgeg
gcggcgceggyg
ctggccgagy
ggctcceege
ggcgacccca
aacaaggcac
cegetgtece
ttccacgtgg
ctggagcggt

aagagggact
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cttgtatacc
aggcatttat
gccagaattt
catcggaagt
ctctatggac
tgatggacag
ggacacagac
gccactacac
atcattcttt
agccttggaa
tatttcacag
cagctcgaga
tttgaattct
ataaaaatcc

tttttggtaa

ggcccggage
gcecececcgggg
cgcgggagga
gcgecccgceat
gcecccaccga
accagaccat
accccgcgag
gcggectgga
cctacgtcct
ccatggactt

gtctggageg

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5433

60

120

180

240

300

360

420

480

540

600

660
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gttcgggeca
gtactcacgc
tccgggegec
cgtececgectyg
gcgggacccce
ccgetgtgte
caggctgcag
cggcttcaat
ctgtaactgc
cgccagecag
ccacaccacc
ccetetegac
cacctgcgag
tgacgtgtgt
caatgacacc
ggcagggacc
acccaacttc
ccagccetge
ccagtgecagg
ctttcactte
ctgcgatgag
gtgccgeect
agccctggac
cactgcctge
ctgctetget
ccggeccegt
ctactgcgaa
tgaggcacag
caaacctggg

cgacctcagg

cagacgctgg
atcgtgccecce
atgaatttct
cgcttectge
acggtcaccc
tgccacggcece
tgcacctgcece
cagcagccgt
tacggccatg
agcctggatg
ggcgtcaact
tcgcccecacyg
gacctgacgg
gccgagggcet
agggagcagg
cagggcaacg
caaggcaccc
cagtgttcca
tgccgagtgg
cctctetgee
gccggecget
ggctaccatg
cagctctgtg
caggaatgca
gaaggctccce
gtgacggggce
gctggcetett
gttcectgta
ttctggggac

ggcacactgg

agcgcatcac
tggagaacgg
cctactcegee
gtaccaacac
gccggtatta
acgcggatgce
agcacaacac
ggaagcctge
ccaccgactg
gcacctatca
gtgagcgetg
tctgccgecg
gtcgatgeta
tcacgggcett
tgctgccage
cctgcecggaa
attgtgaget
gcecctggagt
gcttcgaggy
agttgtgtgg
gcctatgeca
gtttcecccaa
gggycgggagyg
gccccggett
tgcécgcagc
tgcggtgtga
gccaccctge
tgtgeccggge
tgagccccag

gtggagttgce

acgggacgac
agagatcgtg
gctgctacgt
gctgetggge
ttacagcatc
ctgcgatgece
ctgcgggggce
gactgccaac
ttactacgac
gggtgggggt
cctgeeegge
ctgcaactgce
ctgceggecec
cccaagctge
cggccagatt
ggacccaagg
ctgcgegeca
ggccgatgac
ggccacatgt
ctgcagccect
gcectgagttt
ctgccaagca
tttgtgeccge
tcacggcectte
ctgtgacccce
cacatgtgtg
cggtctggcce
tcacgtggag
caaccccgag

tgagtgccag

13

gcggcecatcet
gtgtceetgg
gagttcacca
catctcatgg
aaggatatca
aaagacccca
acctgecgacce
agtgccaacg
cctgaggtgg
gtctgtatcg
ttctaccget
gagtccgact
aacttctctg
tacccgacge
gtgaattgtg
gtgggacgct
gggttctacg
cgctgtgacc
gatcgctgtg
gcaggaacct
gctggacctce
tgcacctgcg
tgccgececeeg
cccagetgtg
cggagtggge
cceggtgect
ccagtggatc
gggccgagcet
ggctgtacce

ccgggcaceg
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gcaccaccga
tgaacggacg
aggccaccaa
ggaaggcget
gcatcggagg
cggacccegtt
gctgctgecce
agtgccagte
accggcgecg
actgccagca
ctcccaacca
tcacggatgg
gggagcggtyg
cctecgtecte
actgcagcge
gtctgtgcaa
gcececggetg
ctgacacagg
cceecggceta
tgcccgaggg
attgtgaccg
accctecgggg
gctacacagg
tceectgeeca
agtgcagctg
acaacttccce
ctgeecettec
gtgaccgcetg
gctgcagetg

gccagtgett

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400

2460
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ctgcaagccece
ggatcaggct
ccagagctgt
ctgcagcgag
ggaggaggct
cgagaacttc
caggctgaac
ggccatgagt
caactgcaca
caccgtgecc
gcgtgtggag
cgaggcggcg
gcagtctggce
cgcecgggetg
gcagctcagce
gcttcaagtg
ggatgccege
gctgetcetcece
ccaggaccac
acaggcacgc
gttcgtggag
cgcectgtetyg
ggtgatcccg
gtcceccaget
cctgetgegt
ctatgccttce
catcaacgcc
cggctgecege
gctcactgtyg
ggtcectgag

tgacttcatc

cacgtgtgcg
gactattttg
gaaccgagga
cctgcgaggyg
gccacacctg
agctggaggy
ctgacctccce
gtgagcgggce
gcacagagtc
cagaggggct
gccgaagggg
ctcecectgeage
gacaactgce
gaggccctgt
ccgtegeacce
gcagtgccac
caggaggtgg
ctgcacccect
ctggctgtct
ttcttectge
cccegggtcea
cectegeget
ctgcegeceg
ggaccccgac
gagccccagg
ctgctgcacg
ggccgegtgt
accctggtgg
accgtgegtg
aacgtctaca

agccactgcg

gccaggectg
gctgeegeag
cgggegtetyg
accactacct
agggtcacgce
gctacgcegea
ctgacctttt
gggtctctgt
agccegtgge
tcggagagcc
tgctecctgga
tgcgggtgac
tcectctacac
gtcgeccagga
cgccactgat
agccaggcceg
gcgtggecgt
gcctgtacag
tccacctgga
acggggtcac
gctgcatcag
tcccaaagcece
gcecteecget
ctecggecccee
ccaccgtggt
gctaccagece
ggcagggcecea
tgtgtgaggg
tgcccaaggg
gctttggceta

cagcccaggg

cgcgtectge
ctgccggtgt
ccggtgecge
cccggacctyg
cgtgecgettt
gatggcacct
ctggctcgte
gcgagaggag
cttcccacce
ctttgtgectg
ctacgtggtt
tgaggcctge
acacctcccce
caacagcctg
cacctgcacyg
ctatgcccta
gcacacccca
caccctgtge
ctcggaggcce
tctggtgecece
cagccacggce
gcccecagecce
gacccacgcg
caccgetgtg
cttcaccacc
agcccacccce
cgccaacgcc
ccaggccctyg
ccggtggete
cctececgggag

ctaccacatc

14

aaggatggct
gacattggeg
cccaacaccc
caccacctge
ggcttcaacc
gtccagecca
ttccgatacg
ggcaggtcgg
agcacggagc
aaccctggca
ctgectgecta
acataccgtc
ctggatggct
cccecggecect
ggcagtgatg
gtggtggagt
cagcegggecce
cggggcactyg
agcgtgaggc
attgaggagt
gcectttggece
atcatcctca
caggatctca
gaccctgatg
catgtgcecca
accttcecceeg
agcttetgte
ctggacgtga
tggctggatt
gagcecetgg

agccecagea
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tctttggact
gtgcactggyg
agggccccac
gcctggaget
ccectegagtt
ggatcgtgge
tcaaccgggg
ccacctgege
ctgecectteat
cctgggecect
gcgecatacta
cctetgecca
tcecectegge
gcceccacgga
tggacgtcca
acgccaatga
ccecagcaggg
ccegggatac
tcacagccga
tcagcccecgga
ccaacagtgc
gggactgcca
ctccagecat
cagagcccac
cgctgggeeg
tggaagtcct
cacatggcta
cccacagega
atgtactcgt
ataaatccta

gctcatccecet

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260

4320
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gttctgccga
tggctgccac
ctgccatgece
ccccaactge
catctgcccg
ctgccacccce
cacagaccct
gcgeegetgt
ctgtcacgag
taaggagaac
tgctgccaac
gagctcgtcc
tgaccggcag
gcggecacgtyg
ctcctacctyg
agagacccag
gggcaaccag
ccgtgggecag
gtcecegegag
cttctcacag
agcaggccag
gggggactca
gggccgatgt
cgtctgtgtg
cttcgtgage
agtgccttce
ctgcaaacct
cccactggtg
cttgctctte

cactgggccce

aacgctgctg
gaagtaggtg
catgtcattg
aggccctgtg
ccacgcacca
ctggtcgget
acctgtgaca
gatacctgct
gcgggcactg
gtgcagggcc
cccaaaggtt
tacacccgcece
gtggtgcccece
cctgaggcectg
ggggaccggg
cggggagatg
atgagcatca
ctgcagetgg
gagctcatga
atctcctecgy
ggggcectgg
tgccaggaat
gtcecttgte
gactgccagce
agcagggacg
aacaacttcg
ggttatgcag
ctgggcagcect
agcgactgceg

cgctgcgaga

cttcectcete
ctacaggcce
gccgtgactg
actgcggtgce
tceceogececga
gtgaggagtg
cagacagcgg
ctecegggcett
cgecetggegt
ccaaatgtga
gcacccgctg
aggagttcgt
acgagcggca
tgceecgagge
tgtcatccta
tctttgtece
cattcctgga
tggaggggaa
tggtgctgge
ctgtcttect
ccagcaatgt
gtgcceecegyg
agtgccatgg
acaacaccga
accccagegce
cegagggety
gtgcctectg
cctgcecagec
accccctgac

tctgtgeccee

cctcettctat
cacgtgtgag
ctcecegetgt
ccgectetgt
ctgectgcetg
taactgcfca
ccagtgcaag
ccatggctac
gtgtgacccc
ccagtgcagce
cttctgettt
ggatatggag
gccagggacyg
tttccecgag
cggtgggacc
catggagagc
gccggcatac
cttcceggeat
cagcctggag
gcgcagggtyg
ggagctgtge
cttctategg
acact;agac
aggggcccac
cceetgtgte
tgtcctgega
cgagcggtgt
atgcgactgc
gggcgectge

cggettetac

15

aacaacggag
cccttegggg
gccaccggat
gacgagctca
tgccagecece
gggcccggcea
tgcagaccca
cceegetgece
ctcacagggce
cttgggacct
ggggccacgg
ggatgggtgc
gagatgctcce
ctgtactggc
ctccgttatg
aggccggatg
cccacgectg
acggagacgc
cagctgcaga
gcactggagg
ctgtgecececeg
gacgtcaaag
cgctgectee
tgtgagecget
agctgccect
ggcggcecgcea
gcgeecggat
agcggcaacg
cgtggetgece

ggcaacgccce
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cccgtcecatg
gccagtgtcc
actggggctt
cgggccagtyg
agacctttgg
tccaggagcet
acgtgactgg
gcecectgtga
agtgctactg
tctcactgga
agcgctgeeg
tgctgagcac
gtgcagacct
aggccccacc
aactgcactc
tggtgctgca
gccacgtteca
gcaacactgt
tccgtgecect
tggccagcecce
ccagctacceg
gtctcttect
ctggctctgg
gceaggctgyg
gceccecctete
ccecagtgecet
tctttgggaa
gtgaccccaa
tgcgccacac

tgctgecegg

4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060

6120



WO 2005/017120

caactgcacc
gcactgectyg
ttttggttte
ctecgagtgce
gtgccgegag
gtgccectggg
cggggagcgce
gggccacagce
ggaacgggcc
ctccatggcece
gctecggage
gcagagcaca
agaccaggcg
gttggcggce
cctggggctg
ggtggagcgg
tgaggctgag
cctctgggag
ggccggecte
ccaggagctce
gctgtececegg
cagcgtcttce
cgccagectg
gggcagcaag
ggcactcaat
catcgaggcc
tgctggccag
ggtggaccga
ggaacagcag
agatgtccgg

tgccatggac

cggtgcgact
tgcaaggcgyg
gatggctgcg
cacccccaga
tgtgccectg
ggcegetgtg
tgcgacacct
atccactgtg
ggcgccectece
tgggcccgte
cccctgggcee
agcctcgggce
agccaattge
atccgggctg
gccaatgect
ctgctctggg
ttggctgcag
gagaaccagg
atggacctgce
aacagccgea
gacaatgcca
agattgctge
gatggggctc
ctgcegtctag
ctgtccagceca
tccaacgecet
gcectgeage
gcccageage
aggctgggec
gccaagaagg

acagacgaga

gtaccccatg
gcgtgactgy
ggggctgeceg
gcggacagtg
gctactgggg
accctcacac
gcagccagca
aagtgtgtga
tcececcegececat
tgcacaggcet
cccgecatga
aggacgcacg
tggcecggeac
tggaccgcac
cggctccatc
agatgcgggc
cacagagatt
cactggccac
gagaggcttt
accaggagcg
ccctgecagge
acagcctgga
ggaccccact
tggaggccgce
tcatcctgga
acagccgcat
aggcggacca
teetggecaa
ttgtgtgggc
accagctgga

caagcaagaa

tgggacagag
gcggegetgt
ccegtgtget
ccactgccga
gctcecctgag
gggccgctge
gcatcaggtg
ccactgtgtg
tcacgagcaa
gaacgcctcece
gacggcacag
gcggetagge
cgaggccaca
cctgagcgag
aggtgagcag
ccgggacctg
gctggeeegyg
acaaacccgc

gaaccgggeca

‘cctggaggaa

cactctgcat
ccaggctaag
gctgcagagg
cgaggcccac
cgtcaaccag
cctgcaggece
cacgtgggcyg
cagcactgca
tgceectecag
ggcgcacatc

gatcgcacat

16

gcctgegace
gaccgctgee
tgtggaccgg
ccagggacca
cagggctgca
aactgccccecce
cctgttecag
gtcctgetec
ctgcgtggca
atcgectgacc
cagctggagg
ggccaggccg
ctgggccatg
ctcatgtecce
ctgctcegga
ggggccccegce
gtgcaggage
gaccggetgg
gtggacgcca
gccectgcaaa
gcggetaggg
gaggagctgg
atgcagacct
gcacagcagc
gaccgcctceca
gtgcaggctg
acggtggtgce
ctagaagagg
ggtgccagga
caggcggcgce

gccaaggctg
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cccacagcgg
aggagggaca
ccgccgaggyg
tgggacccca
ggecgctgeca
cggggctcag
gcgggectgt
tggatgacct
tcaatgccag
tgcagagcca
tgctggagcea
tggggacccg
cgaagacgct
agacgggcca
cactggccga
aggcagcagc
agctgagcag
cccagcacga
cacgggaggc
ggaagcagga
acaccctgge
agcgectege
tcteceeegge
tgggccaget
cccagagggc
ccgaggatge
ggcagggcct
ccatgctcecceca
cccagcetecg
aggccatget

tggctgctga

6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920

7980
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agcccaggac
gcggtggeag
cgcaggccac
catcctggag
cgtgcgagag
gttcaacggg
ctacactgcce
ggatcgettt
tctgegtgac
aagcatcgat
gtttggccac
ggtggecect
cggggggtac
ctgcatcgag
cttccagetg
gtggctcacg
tcagatcagc
gctettette
cgtgcectgttg
gcecectgace
tgtgctggtyg
gctggeccgac
acggctcettce
caagtatgtg
cctgetggtyg
gaacgtggca
cagtgccectg
gggcegtgtyg
tggtgcecce

tgaccagcte

accgccaccc
ggccagtacg
tcagtgtcca
aaccgtgggg
ctcattgcce
cgctcagggyg
ctcaagttct
gtgatgtaca
aagaaggtgc
gaggacattg
atgtccgtca
ggggcagagg
cccagtacct
atggacacgce
gacacggctg
gacggctcect
accaccaagc
ctgaagcagce
tatgactttg
tcggccagea
cgtgtggage
gcctactacce
cccacecggag
gacctcaagce
gggcgcegeca
ccgetcactyg
ctctactacc
agcctacagce
cattacgtcg

cagcagatga

gtgtgcagtc
agggcctgeg
ccctggagaa
tgcacaacgce
aggcécgggg
tgcagctgeg
acctgcaggg
tgggcagecg
actgggtgta
gggagcagtt
cagtggagag
ggctgctcaa
tcacgccececec
tgaatgagga
tggacaggcc
acctggacgg
gcttcgagea
agagccagtt
gggctggcect
aggcgatcca
gggccacggt
tggggggcgt
gctcagtecg
ggctgaacac
tgactttcca
gcaacgtcta
gggcgtcecece
tcctgaggac
ccttctacag

agccececaceyg

ccagctgcag
gggccaggac
gacgctgccec
cagectggece
ggctgccagt
caccccacgyg
cccagagect
ccaggccact
tcagctgggt
cgcagctgtce
acagatgatc
cctgeggeca
tceceectgett
ggtggtcage
ttgtgccege
caccggcectte
ggagctgegyg
cctgtgettg
gaaaaaggcc
ggtgttcctyg
gtacagcgtg
gccgeccgac
tggctgegte
gacaggcgtg
tggccacgge
ctceggette
ggatgggcta
tgaagtgaaa
caatgccacg

gggaccaccc

17

gccatgcagy
ctgggecagg
cagctgctgg
ctgtccgeca
aaggtcaagg
gatcttgceecg
gagcctggge
ggggactaca
gaggcgggcce
agcctggaca
caggaaacca
gacgacttcg
cgcttecceg
ctctacaact
tccaagtecga
gccecgeateca
ctcgtgtect
gcegtgecaag
gtceccactge
ctggggggca
gagcaggaca
cagctgecece
aaaggcatca
agcgeceggcet
ttccttegec
ggcttccaca
tgccaggtgt
actcaagcgg
ggagtctggce

cccgagetec

PCT/US2004/026340

agaatgtgga
cagtgcttga
ccaagctgag
gcattggecg
tgcccatgaa
accttgetge
agggtaccga
tgggtgtgtce
ctgcagtcct
ggactctcca
agggtgacac
tcttectacgt
gctaccgggg
tcgagaggac
ccggggaccc
gcttcgacag
acagcggggt
aaggcagcct
agcccccacce
gccgcaageg
atgatctgga
cgagcctgeg
aggccctggg
gcaccgecga
tggecgcectcectce
gcgceccagga
ccctgcagca
gcttecgeccga
tgtatgtcga

agcecgeagec

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720

9780
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tgaggggccc
cagtggctgce
tctgcagcag
ccagaccccg
cagccgtcag
agactcctac
ccgacatagg
cctectette
tggccacttce
gecgeteeegg
gctggtgacg
ggcagagcac
ctccaaactt
gaggccccetg
ggaggcgggc
tacactgcct
cttccacttyg
agtcctgcetg
agtgctgtgt
gctggaggtg
tgcceccagee
cccecgectac
tcgctetgtg
agccaaccce
ctcataggtg
gtttaagtta
cccttccacc
aaaattaaaa
<210> 6

<211> 3652

<212> DNA
<213>

ccgaggctcece
atcagcaacg
aacctgggca
ggcctggggce
ccecgeccgge
cagtttgggyg
aactggccca
actgcccegte
gttgcacaga
cctggecget
gacggggccce
ccccageccce
ccggtgaccy
ggggccccca
ctgttcttece
gatgtgggcce
ggccaggecece
cgggcggatyg
gatggccagt
gacgcgcaga
cctectgtacce
tgcggctgeca
gaggtccacg
ggccectggt
tctatttgga
tagcttctta
catttttaat

agtaacttct

Homo sapiens

tecctgggagg

tcttcgtgca
gcgtcaatgt
ctagaggact
atcctgectg
gttccetgte
gtctctecat
tgaggccegg
tggaaggcecet
ggcacaaggt
gggcctggag
acaccctctt
tcgggttecag
cacggatggc
caggcagcegyg
tggaactgga
ggacgccccc
acggagcagg
ggcaccggct
gcaaccacac
tecgggggect
tgaggaggct
gggcagtggyg
caggcccecctg
ctctaagcetce
aacgaaagaa
tgtgagagat

gtgtaa

cctgectgag
gcggctectg
gagcacgggc
gcaggccacce
catgctgceccec
cagtcacctg
gcacgtccte
cagcccectcece
cgggactcgg
ctcegtgege
ccaggagggyg
tgtgggcgge
cggctgtgtg
aggggtcaca
gggagttatc
ggtgcggecc
ctacttgcag
ggagttctce
agcggtgatg
cgtgggecccece
gcctgagecece
ggcggtgaac
ggccagtgge
cagctgecte
tacgggtgac
taaaatactg

ttgtcaccaa

18

tctggcacca
ggcccacagce
tgtgcacccg
gcccggaagg
ccacacctca
gagtttgtgg
ccgcgaaget
ctggcgetet
ctecegegecee
tgggagaaga
ccgcaccgge
ctceccggeca
aagagactga
ccctgecatet
actttagacc
ctggcagtca
ttgcaggtga
acgtcagtga
aaaagcggga
ttgctggegyg
atggccgtge
cggteeccecg
tgcccageeg
acaccgcccc
agatcttgtt
caaaatgttt

tcatcactgg

PCT/US2004/026340

tttacaactt
gcgtatttga
ccetgeaage
ccteecegeceg
ggaccacccg
gcatcctgge
cccgaggect
tcctgagcaa
agagccgceca
accggatcct
agcaccaggg
gcagccacag
ggctgcacgg
tgggccccect
tcccaggage
ccggactgat
ccgagaagca
ccecgeccecte
atgtgctecg
ctgcagetgg
agcectggec
tcgccatgac
cctaggacac
ttgtgectege
tctgaagatg
ttatatttgg

ttcectectta

9840

9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400

11426
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<400> 6
tctttetttt

tgtttgatag
catcaatgtt
gaagcaaatc
aacttgcact
attggatttt
tcagttagtg
accttgcagt
ctcacagtga
gaactaccag
catctgttga
ctggaagtgce
agtggtgact
tttgatggat
tttgagcagg
gaactggctg
aacttagatg
cacaagcttg
ctacgttacc
aggaccttca
tgtecttctag
ctccaagaca
acactgcagt
atacaactca
aacctggcag
gtcacatctg
cagagcaact
tcctecagtt
ctgatacaga

geggagatgg

ttececteccaa
agatttttgg
gcgttgacaa
cccggagagy
tggttttggt
ggtttagtca
atttgctgac
actgccacag
aagaaatggc
atgatattcc
agaatgatat
ctgacactga
ggcaaactat
tttgggaaaa
attttcaaca
atgtaacagg
aaaattctca
cagcaaatca
tttctgatat
aaatgcataa
ctaatcagga
ttgaaaattt
atgaatttga
agcttgaaaa
ataagcatgt
ggacaccatt
taaaaattga
tggacaatgg
ctgagagagt

ataatccaga

cattgctgcc
ctgecegtttt
ttggaaaaga
caagatgagg
tttacgtcct
ggaggatttt
atacattgat
tgaatggatc
tcagatgtta
ctcaatagaa
tacagctgta
aggagctgtce
taataagttg
acatcaatta
gcttgtgact
gactataget
ggagctatta
ccattatgca
tttggttaat
actcctacag
aatagataag
tcttgaaatg
tgtaatatta
cattcgaagt
gaggccaatc
tttttcatct
agtggtgect
caatagcttg
ttatgttcga

gatgtttgat

actgtgctaa
taaatactac
aaagtgtaat
ttcagaagga
accagctttce
atgcctaaat
gacaagcaat
atcttcagaa
cagtcctttg
gaaattctgg
accaaagaag
agttcaagac
ctgactcaag
aaaatggagc
gaagttgaat
caagtaaaac
tcaaaggccce
cttgatttaa
gagataaaag
caggctcgtce
tttcagtcta
gctctaccct
tctecectgage
atatttgaga
caatttgtgg
aaacaaggga
gattgtcagg
gatgttttaa
gaactgtata

cttatgccac

19

tggaagcacc
ccaagaagca
tgcgtacagg
atgcggctte
ttcaacgaac
taccagttgt
taacccctga
atgctataga
gaactgaact
caattcgtge
gaaaaattct
tagaatgtca
tacatgatat
agtatctgca
ttctattaaa
aaaaaataaa
agtttgtgat
tctgecagag
caaaacggat
aatgctgtga
aagaagatgc
ttataaatta
ttaaggttca
accagcaggc
tacccacacc
agaagacttg
agaagagaag
agaaccacgt
ctgttttgtt

ctctectgag

PCT/US2004/026340

acggcagcett
gctcgtattt
cgaaatggca
cttcectggg
gttcacagac
tatgctgagce
gttaggcggce
aaattttgece
ggctgagaca
tgaaaggtat
gctaacaaat
tcggcaaata
ggaaacagct
actatggaag
ccaacaagca
aaaattggaa
attacatgga
gtgcaatgag
acaactcagce
tgaaggggaa
tcagaaagct
tgaacctgaa
aatgaagact
tggtttcagg
tgaaaatttg
gagacaaaat
ttctggteca
actaaatgaa
gggttataga

aaataaaaag

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
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gacattctct
agcctggaaa
gatgattttce
aggaagtatt
agactggatt
aaggagctat
gatgcaatgce
ggctatattg
tggatagggce
cagcgacacc
ggagaaggct
gttggaatca
aaggaagaag
gaaataagaa
caggatcaat
caacagggag
gaggtctgtg
tcacaatctg
acttatgatg
ctcctatatt
agctcatttg
tcaggttaat
gcttttaatt
cttgaaagat
taaccaaatg
tacggctgca
ttgaaaccac
aattctttte
aaattttcat

tttctggatt

ttggaaacat
attgtgctca
agatgtatgce
cagaatgcgc
cctatttact
taaaatatag
tggatttact
gaaacttaaa
acaagaaagg
ttttcttgta
ctgacagata
ctgaatatgt
tttatattgt
atattttgtt
taacagaacg
cttttataag
aggcaattgce
cagaaatctc
aaaatgaaga
gatgaagcta
gaaaaatact
ggacacgcaa
atggtacgcet
tctcatctea
caatcggtgt
aaatggctaa
agcttttgtg
ggggcatgag
gagagtagtt

tctgcttata

ggcagaaata
tgctccagaa
aaaatattgt
atttttccag
caaaccagtyg
caaagactgt
gaagtcagtt
tgaactgggce
tgctacaaaa
tgaaaaagcc
ccegtcecatac
aaaaggtgat
ccaggcettcet
gaagcagcag
ggataagttt
tactgaggaa
gtcagttcag
tgaagaacct
agaaaatagg
ctatgtcaaa
gcgcaaaaga
agaaaccaca
gtctttttaa
gaatactttt
gcettggatt
ggtcaagtaa
cccattgttt
taaattttgt
tacaaaagcc

attaatgtaa

tatgaattcc
agagtgggac
cagaataagc
gaatgtcaaa
caacgaatca
gaaggttctyg
aatgattcta
aagatgataa
atgaaggatt
attgtttttt
agttttaaac
aaccgcaagt
aatgtagatg
gaacttttga
cagatttctce
actgaattgg
gcagaagcaa
gcggaatggt
cccetecatga
tggcaagtag
cattgagctce
gcacatactt
aatcatgtat
ggacttgaaa
atttagttta
agcacaacat
taacttgtgt
tcagggctac
gtatttaaaa

cttaaattag

20

ataacgacat
cttgtttcet
ccagatcaga
gaaagttaaa
ctaaatatca
ctctgttgaa
tgcatcagat
tgcaaggtgg
tggctagatt
gcaaaaggcg
actgttggaa
ttgaaatctyg
tgaagatgac
cagttaaaaa
ttcagcagaa
aacacaccag
atacagtttg
caagcaacta
gacctgtgtc
ctectttectg
aaatgatgca
cttttcttte
ttaatgtgtce
attatttctt
ttaatgaatt
tatgatttaa
gaaacaatac
tgtctgtatg
gttaatattt

ttgtgetcectg

PCT/US2004/026340

tttcttgagce
ggaaaggaag
aacaatttgg
acacagactt
gttattgttg
gaaggcactc
tgcaataaat
attcagegtt
caaaccaatg
tgttgaaagt
aatggatgaa
gtatggtgaa
gtggctaaaa
aagaaagcaa
tgatgaaaag
cactgtggtyg
gactgaggca
tttctaccct
ggagatggct
cctgettcete
gatgttgttt
atttaataaa
agatattgtg
ctctactttg
aagtcaaaat
tatgcttttyg
aaagcccaga
tgcccagata
tcacactttt

ctattttetg

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600
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tatatttcat gttgtaattc tttttttcaa ataaaaatta attcttcagg tt

<210> 7

<211> 3463
<212> DNA
<213>

<400> 7
ggctgcectg

cgcggecaag
gagcegggte
gctgtgeegg
gcaccaggac
tgcttacctg
cceggecette
catccccage
caaatggacc
gcagctcgtc
tttcaaattc
accagactta
ggactactgc
ggtgaagcag
gcccaatgac
ggcgaaggag
ggagctgcag
caccgtgcag
ggcaaagcat
ccgggaggte
cggcaacagc
atcaggcgtg
gaacaagcac
tgaccagttc
gcaccgccgce

acaacctgtg

Homo sapiens

cagaggccag
atggtgctgg
gggggetect
gacctctggg
atcgtccege
tceggtggge
agcgagattc
ctgcaggacg
tcecgtgaagy
ctcgtgette
aatagagatg
cacggttaca
cactcceggt
acggctcaga
gtccagtcga
gatttgaggce
gctgagggcet
aggctecctgg
cagcagaaac
aaagccatcet
ctggecgcatg
gccgtggaga
tacgcggtag
tctgcggaga
ctggagacgt

gacaagtgcc

gtctgececag
tgctgecgeca
gactcgcatt
cgctgtgget
tctgtgetge
gggggcagga
cggacaagga
ctggcatcgg
cgtccgtect
gcccgacgyayg
actttaagat
tcgataagtc
ggctgtgecca
tgctgcagtce
caagctcagt
tggcactgaa
cagagcccag
cccagctgaa
tggagcagtg
tggacgcagce
tggagcacct
gggcccgggce
actccatecceg
tcgcaaggag
ccatgaagtg

agtcccagga

caaacccagg
tcectttgtgt
gggcagcatg
gctgctgaag
cgacatccag
cggaagccecg
gttccagaat
attcatcctg
gcgcatcgea
ttttttccaa
gaaggtgccyg
gcagctgacc
gcgcacggcec
cttegggacce
gctgtgtgcg
agaggggcac
tgtgaaccag
cgaaaccgag
tctgecagetce
gtcccagaag
gctgagggac
cctgtetetg
cccaaagtgce
gagggggctyg
gtgtgatgaa

cggcgcggag

21

aaggtgtggce
gcccgggaag
acggtgcgece
gccggegecag
gaccagctaa
gttatcacct
gtcatgacct
gtgatagacc
gcatctttee
aggactctct
gtcataatgce
gaggacctgg
atcgaaagtt
gagctggetg
cacacagaga
agtgtcctgg
gaccagcttg
gctgectteg
cggecactttg
atagcaacct
ctggccaget
gacggcgagc
caggagctcce
ctcagcaagt
gggatttacc

gctgeectee

gtceecegett
ggcgttecegg
ggctgtcact
atgaaatcat
agaagcgctt
tccectgacta
acctcaccag
ggcgacggga
cggcaaacct
ccgacatecge
tgagctccgt
gtgggaccct
tcgeecteat
aaacagagct
agaaggacaa
agagcctcag
acaaccaggc
atgagttctg
agcagggcectt
tcacagacat
tcgaggagaa
agctcattgg
ggcacctctg
ccctggaget
tgctggecte

aggaaatcga

3652

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
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gaagtttttg
atacgaatcc
ggcaagcatyg
gcagacgcgyg
cccecteccea
gagagggccc
agcgggggag
ggacacagaa
gatggataac
tttgtttgga
ggaaaactac
tttccagatc
gtgctccgac
ggactcctac
aatgctgaaa
catcctgggce
tgacgggaat
cgaccacaag
gcacctgttce
ggggtatgag
cattacggag
ggaggtctac
tcggaaagtg
ggagcagtca
ctcaaggaac
cgtcagectca
agaagagccc
ggagcctegg
ccgectecge
acacggtcac

agggttttgce

gagaccggtyg
atcctcaacc
gaggaggtgt
ccecgtgeage
ggcattcggce
taccggaggg
gaggaggaaa
cgggcctacyg
ccactgatgg
aacatggagg
actgactgee
tatgagaagt
tgccegtttt
ctgctgaage
tacagcagga
atcctgaagg
ctcggcgacce
aggggccaca
ctgcacgaga
aaagcteccect
aacgtgaagg
atcgtccagg
ctgaccagcce
cagagcctge
atcaagaagc
gcgccactga
ctcectcetec
ccgagegtge
atcgggttge
tagctctgcece

taacctcaaa

cggaaaataa
aagatctcat
tcecaccgecag
cggtggececce
gaggctctga
ccaagagtga
gcectggecat
tggaggagct
ctcacctecet
aaatctatca
cagaactggt
actgtcagaa
tccaggaatg
cagtgcagag
actgcgaggg
ccgtgaacga
tgggcaagcet
ccaaggtgaa
aggcagtgct
cctacagcta
gagatgctaa
cgccaactcce
agctgcaggce
ccctgecgge
tggaagaaag
caaagccccc
attgctectge
aacccggagce
gatgccectcet
tcagaaagct

ggtcagaaag

gatccaggag
ggagcacgtg
gcaggccagce
cagacccgag
gaactccagce
gatgagtgag
cctgecgcagg
gctgtgegte
gtcaacaggce
cttccacaac
tggaagatgce
caagccccge
ccagagaaag
gatcaccaag
ggctgaggac
ctccatgeac
gctgatgecag
ggagctggece
cttctgcaag
caagcagtcc
gaagttcgag
tgagattaaa
ttgtagagaa
cccgaccagce
gaaaacagac
cgaaaagggc
acccctgecat
cgecttggge
gcatagtttce
ctgcgettte

gtaaaagtag

22

ctcaacgcga
cgaaaggtct
ctgaagaagc
gcactggcaa
tccgagggeg
agccggeagg
cacgtgatga
ctggagggct
cttcacaaca
aggatattcc
tttctggaga
tctgagagece
ctggaccaca
taccagctgce
ctgcaggagg
ctcatcgcecta
ggctcgttca
aggttcaagce
aagagggagyg
ttaaacatgg
atctggtaca
gccgegtggg
gccagccage
accagtcect
cccctaagece
aaagagcccet
cagcaaggcce
ccteectgeg
tttctettece
cagaaagcgc

tgcetgeccece

PCT/US2004/026340
tttacaagga 1620
tccagaagca 1680
tggcggcecag 1740
agtcgecccetg 1800
gtgcegectecg 1860
gccgeggete 1920
gcgagctecet 1980
acgccgegga 2040
agaaggatgt 2100
tcagggagcet 2160
ggatggaaga 2220
tgtggagaca 2280
agctgagect 2340
tgctcaagga 2400
cgctgagete 2460
tcaccggcta 2520
gcgtetggac 2580
ccatgcagceg 2640
agaatgggga 2700
ctgcegttgg 2760
acgcgcgcga 2820
tgaatgaaat 2880
accgggcgcet 2940
caagaggaaa 3000
tggagggata 3060
aggaccccac 3120
agccccagaa 3180
acagccggac 3240
ttcatagatg 3300
tttaccctge 3360
aaaaaaaaaa 3420
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aaadaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa

<210> 8

<211> 4772
<212> DNA
<213>

<400> 8
ttgggcggag

tttatttata
ccccaggage
caggaagtca
attctttcag
gggttcaaac
cccagtgtgg
tggagctccg
ctcatattca
aaatactatc
gaccttcacyg
tatcgccacg
aagaccactg
agaagcatgce
caggatgagc
ccagcaacca
atggaaaggt
gagcatcatc
aaggctaagc
gacagcgtga
caggagcccc
caccattatg
gatttcatca
agacagctgg
gctgtagaca

ttectgggca

Homo sapiens

atgcctttaa
cggaatggtt
tcaccecggeg
gacccctgat
gaggccgagg
acatcccaga
aggctgccag
taaaggcatc
tcecttegtec
gaaatgagtt
gctacatcga
gtcagtgggt
cccagatgcet
tatccacgga
tgaaattact
aatgtcccaa
tattagttca
tgaagcttaa
ttgcecctgga
tgcacgtgga
tggaaaaggc
cagcagatgce
atggaaacaa
acaaggtcag
agtgccagtce

cagtcaagga

aaaatcatcc
tttcagtgaa
actggccaca
ggcggtggag
ggaggatggc
tgaagacttc
cattggattc
cttgacacga
atctcgettt
taaaacgaaa
caaaagccaa
aaatcaccgc
gcagacgttt
agaccttctc
tggaaagcag
cagcaaactc
actggatgaa
ccagtgccta
taatttgetg
gcagattcett
ccagctgcectg
catcaggceccce
gaaaaaatgg
ccaatggtgt
tcgagaaggg

gtacccgttg

accgcagcgyg
atgctgtcett
gtgatcactc
ataatagaac
gcccccatca
ctgaatgtca
attgttgtta
atagctgtgg
atccagagga
gtgccgatca
ctgacccggg
actgccatcg
gggtcctgee
atgtcccaca
gggaccacat
aatctcaacc
acagaaaaag
caactacagc
gaagagcaag
aaggaacaca
gcactggttg
cggtgtgtgy
gacattttag
gaggcaggaa
gttgatatcg

ctcagccecea

23

tagaaacagt
gcttaaaaga
atgtcgatga
aacttcacag
tcacgttcecce
tgacctacct
tcgacagacg
catttccagg
cattcactga
tcatggtaaa
aattaggggg
aaaactttgc
tggccacagce
caaggcagceg
tgctgtecatg
aacttgagaa
cctttagtca
attttgagca
cagagtttac
aaaaactgga
gggaccagcet
agctcaggca
gaaagtcctt
tctacctett
ccttgaacga

aggagtttta

PCT/US2004/026340

3463
tttgtttgge 60
agagatgcct 120
aattatgcag 180
acaatttgcc 240
agagttttcg 300
gactagcatc 360
aagagacaag 420
aaacttacag 480
cattggcatt 540
ctctgtctct 600
gactttggaa 660
cttgaccttg 720
agagctgccce 780
ggacaagctg 840
catccaagaa 900
tgtaactacc 960
cttttggtcet 1020
cgatttttgt 1080
aggcattgga 1140
ggaaaaaagc 1200
catccaaage 1260
cctctgtgac 1320
agagtttcat 1380
ggcttceccaa 1440
cattgcgaca 1500
caacgagttt 1560
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gagttgctge
gatgtccagg
actcgtccag
aaaaccagcc
ccttatacgg
gtcaagagtg
caggccaggc
gaagagattt
tttatttggce
gggaatatta
tgtgctgaga
atatatttta
gactgcgect
tatctcaaag
gatttcgagt
gatgggccaa
gtgatagagg
tgtccggacg
acaattcaca
caaatctacc
cagggattat
cgccagcettg
aaatacatcc
aaattattga
agcacgagca
accactagca
gagtttagcet
agcagtgctc
teccaaatctg

gaggaggaaa

tcaccctega
aaatatttca
tgcaacctgt
agccctceccac
agacagagtt
aagaaatctt
tcggagacct
acataaaaga
taaagcatct
gagaacttta
accctgaact
aataccataa
actttggggt
gaccaagcca
ctcctgaaga
agagaaccaa
atttgatcaa
atattggaaa
aggatcgtta
tatttgaaag
ctccteatta
gaagggggag
tgcaggcage
tggaacaaca
aaggcagtgg
aggaagaccc
ccatggacac
tgagtctcge
ctttcctgga

cggcgacecy

tgcaaaggcc
caagaggcaa
ggccccacat
ctecggtececet
gaactccecgg
tgaaagccat
ttececececge
gattaaaagc
aattccagat
cgaatttcac
tctggcacat
gaatctgccece
atgccagcgce
gagacttata
tatggagata
agattcagca
gtcctgtgag
actaggcaag
taaaatgaag
gggaatagtg
cagcttcaag
ccatagaaag
ttcaaaagaa
aaataatatc
agcaggatcc
ggcctececagce
ctttgaagac
gggcctttte
gaggggagaa

cagcaccgag

aaagcccaga
gtgagtctga
cctgagtett
ctagctecgte
ggaaaggaag
catgaaaggg
aggcgcatta
ataattgatg
gttcttcaga
aacaggactt
tgctttctceca
cgagctaggg
caactggatc
aaataccaga
gacccaggtg
ttctcaactg
ttggctgtgg
ctgttgctge
gatttgattc
ttctgtaaga
aagaccatga
tttgagattg
atcagagact
aaagaccaag
ggaccatgga
acaggaggga
tgtgaaggcy
cagtcggacg
agcagccagg

gaggagcgceyg

24

aagttttgca
tgaaactggce
caccaaaatg
ctctgagaac
atgatgagac
ggaaccctga
tacgtgactt
gatatatcac
ataacaagga
ttctaaaaga
agagaaaaga
caatctggca
acaatctccce
tgctgttgaa
aactaggagg
aactacaaca
acctagcagc
acggcccttt
gatttaaacc
tacgaatgga
agctgatgac
ccagtcgaaa
gttggtttte
gaaatccaca
ttaaaaatat
ttaaaggctyg
cagaagacat
acagtcacga
gagaaaaaga

ctggggegte

PCT/US2004/026340
gaggctggat 1620
agccaaacag 1680
ggtgtcatca 1740
gtctgaggaa 1800
taaatttgaa 1860
gctggagcag 1920
gcttgagact 1980
tccaatggat 2040
ctttectettt 2100
gttggaaaag 2160
agatcttcag 2220
agagtgtcaa 2280
tctttttaag 2340
gggtctgctyg 2400
ctcggctaag 2460
agctttggca 2520
agtgactgaa 2580
cagcgtetgg 2640
cagccagagg 2700
gcctggggac 2760
actttcaatt 2820
tggacttgag 2880
agaaataagt 2940
gtttgaaatg 3000
ggaaagagct 3060
cteccagecagg 3120
ggaaaaggag 3180
aacctgttcce 3240
agaacgcgatv 3300
cacgggcecgg 3360
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ctggctectyg
gcccaggaga
tcececgggaga
cctcggegge
tgggtgcgeg
cgagcagagc
attctttget
cctctaccca
gacaatcaaa
gagagccgcet
agactgggag
ttagtgccaa
ttatgtatcg
tagttttatt
cagttactgg
ttatatgtag
atttatttat
gtgcagtggt
cctecagectce
atttggattt
gacctcgtga
gcgececagec
catagttatt
tttgactatt
<210> 9

<211> 1898
<212> DNA
<213> Homo

<400> 9

cgggggcgac
gctgacctcc
ggcggtgtgg
ggcagaaagyg
cctagcteceg
ccgcagecca
gcgtgggett
ctaggtgcca
aatgcctgceca
tagcccgagce
ctcceggtece
gattgcttcg
atttattagt
agttgatttt
tttatagtta
ttgttttgtt
ttatttattt
gtgatctcgg
ctgagtagcet
ttagtagaga
tceceectgee
ggaatttatt
tcactttatc

aaacactcac

sapiens

ggctggttte
ctgcggacge
gggcccggge
ggacaaccag
cacgggggac
cgccttetecg
ctectgtgete
ggaatgcgcece
gacacgcccg
cttggaggag
gcctececcage
ttgtagagag
ttttaaatga
catttectttg
ctttattttc
ttaggagtta
atttttcgag
ctcactgcaa
gggactacag
cggggtttcce
tcggecetece
tttaattatc
ttattggagt

tggaagttca

caggcgaggag
ccecgetect
cctgeccage
ggcctectcece
ctcggagetg
accgcgcact
ccacggtagg
accccatect
catttctcca
ccggagccgce
atccctgega
agttcgttecc
gttttgttag
tagctttctg
aaagttattt
cagatgttca
acggagtctc
accgcctecee
gcgececcgeca
ccgtgttage
aaagtgctgg
tttacaatta

ttttgagtta

tg

cgctgegecec
cggctccaga
tacgcagaaa
gaggagcccyg
ctctaaggcg
tcgacatteg
atgtttagta
ccacccegec
gggcggggtyg
tcaaaccecgg
gcgttecatgg
aagttacttt
tttcagttgt
gttatttaat
agttgttcat
aattaatttg
gctetgtege
gggttcacge
ccacgccegg
caggatggtce
gattacaggc
ttatctgagt

tttattttta

PCT/US2004/026340
gaggacctcc 3420
gcgeeccgeat 3480
gcagccggag 3540
aggggtgtecc 3600
cctgcagagg 3660
gagccgggca 3720
gcacccectgyg 3780
cccaaatcgt 3840
ggaatcggtt 3900
cgggggcecgce 3960
ggtgttcgtg 4020
ctgaggtatt 4080
attttatttt 4140
tttatagttt 4200
tttcagttat 4260
cttggaattt 4320
ccaggctgga 4380
cattctectg 4440
ctaatttttt 4500
tcgatctect 4560
gtgagccacce 4620
tatttacctt 4680
cagtaactta 4740

4772

gagagcccac cgcgccacag cttggaggaa gagcctgegg ggaactggcet gcaggacget

ctecttcttga gtgcaggtgc tggctctget gtgaccatge ccgtgacctt tgcectectg

ctceteectgg geccaggecac tgcggaccca tgcectacgatc cacagggecg cccccaattce

25

60
120

180
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tgcctecege
ctgtccceccag
ctgggtggcce
gccctcecatec
cccgeetgge
cctaaggcca
gcggecagctg
cgtgceccgge
tgcegcecegt
tgcctacccet
agactgtcgg
cggcactgcecce
cgcagggect
cagaccagtyg
ggccctgget
acaaccaccc
tgcaatatgt
gttcteccgeg
gtgcgegtge
gcctgggtge
tacctgetge
cacggccteg
gaggagcgcyg
cactagacgt
gectgagectt
acgacactat
agcgggactt
tctgtttcecc
aaaaaaaaaa

10
1989

<210>
<211>

cagtgacaca
gaaaccacct
ccttecctect
tgtectgetge
ctggggcecctt
ctgtggcgge
ggctgagagg
ccceecgetyg
cccatcgaga
gctecectgecaa
gcggcceggag
actactgcca
gcagagcctg
ggcagtgcac
accagcagag
ttgccactac
cggacaccag
cgcaggtget
tggccgttta
cccgegecga
tgggcagcgce
cgctgcececatyg
ccggaggcty
gagatggggc
ctacctcgac
gcttgegeee
ctggtcccag
ccaataaagt

aaaaaaaaaa

gctggetgec
tggcgecagg
gacatctgtc
ctgggecctca
agggggccect
cagccacctce
ccgetgeecag
ccactgcege
ctggcecctgg
ccagcacgcc
tgggggtgtt
acctgggttc
ccagtgccac
ctgcaagtta
ccgeteccece
tcctggtgcet
ggtacacatg
agcgteccgag
caagcagcgg
cctgacctge
cgtgggcgac
gaggccgege
ccgeggegty
tgcctegage
ggtgcactgce
acgccgagca
catttectec
ctcaaatctt

aaaaaaaaaa

gtggeggect
gaaacctgca
agcttgeget
gggggtccct
gaaagggtga
cgtgtggagt
tgtcatggcc
caccatacca
cggcctgecca
cgacgctgece
tgtgagcggt
tggagggacc
cctattgggg
ggggtcacag
aggatgcect
tatagctctg
agccttcgga
gcggegggcec
gcgcagceccg
ggctgectge
cccgaccccea
tgggecccggce
cgggcaccca
accaacaaag
agagagccaa
ggcgtgcgga
tttggectgt
tgggaaaaaa

aaaaaaaa

26

cctgecectceca
atggcagcct
tctgtaccce
ggaggctget
ccttccactce
ttgggggcca
acgctgcceg
ctggecceggg
cgcecceggea
ggttcaactc
gccgecacca
ctagccagcec
caacaggagyg
gcctgaccetg
gccagcgaat
accctcagtg
ggtactgcca
cggcatggca
tgcgacgegg
gcctgecagee
cgcgectcecat
ccctgaageg
cacccagccc
taatttggga
tcagacgteg
acttttagca
ggcttattcce

aaaaaaaaaa

PCT/US2004/026340

ggcctgtgece
gactttggcce
aggacccceca
gtggcacagyg
cacaccaggt
ggccgggeta
ctgtgcegece
gtgcgagage
ccceccacccet
tgagctgtte
cacagctggg
tatcttcage
aacctgcaac
caaccgctgt
tccagaggea
tcaaaactac
gcaggaccat
gcggetggec
cgaccaggac
aggcaccgac
cctecgaccge
gctgcageag
caggccggag
gcgactagga
cagagccceg
aaaggcggca
ccgcecagtga

aaaaaaaaaa

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

1898
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<212>
<213>

DNA
<400> 10

agcttcgggyg
aggcggacag
agtgtgggag
cgggcccggg
gaacggccac
gcgegtgtec
cgaggagcgyg
gccegectte
ctacctgcag
gacctacgtg
catggactac
gtacaaccgg
cgactcgcac
cgggcggcece
cacagacatc
cteggagetyg
gtgcaagtgce
cgactgcagg
ccggecctgg
cctgeatgece
cggaggtgtce
ggagggctac
tgattgccac
ctgcaaggac
ccgetetecece
cagcgtggag
gattaacatg
ggacaaggcyg

cacgagccgce

Homo sapiens

gcgagegetce
atcctcggeg
gcgetggegg
ctcagcatgt
ccgegecget
agcacctgcg
ctgcgectegt
ctcaccgacc
ttcccgeaca
agcctgcagt
gggcgceacgt
ccgcacegeg
accgacatge
tcggecgecacyg
cgcgtggecet
gcgegegact
aacggccacg
cacaacacgg
cagcgcgeca
cggcgcectgec
tgcctcaact
taccgcgaca
cctgtgggtyg
ggcgtgacgg
atcgececceccecet
gagcctgaag
aaaaagtact
ggggactggt

atccgccgeg

gtgtgtgtga
cggcagggcee
cgctggegge
tcgegggeca
gcatcccgga
gccggeeccee
gccacctetg
tcaacaaccc
acgtcacgcet
tctgcetegec
gggtgceett
cgeccecatecac
gcecegetete
acttcgacaa
tcagecegect
cgtacttcta
cggeecgetg
ccggecegga
cagcccgega
gcttcaacat
gtcgccacaa
tgggcaagcc
ctgctggcaa
gtatcacctg
gcataaagat
actgcgattc
gcaagaagga
ggaagttcac

gtgaccagag

gtgecgecgeeg
ggggcaagct
ggtggcgtge
ggcggcgcag
ctttgtcaat
ggcgcgctac
caacgcgtcc
gcacaacctg
cacactgtcc
gcggcccegag
ccagttctac
caagcagaac
gggcggectce
ctcgeecgty
gcacacgttce
cgcggtgtece
cgtgcgcgac
gtgcgaccge
agccaacgag
ggagctctac
caccgccgge
catcacccac
aacctgcaac
caaccgcetge
ccctgtageg
ctactgcaag
ctatgcecgtce
ggtgaacatc

cctgtggatc

27

gcecagegege
ggacgcagca
ctggtgggcyg
ccecgateect
gcggeetteg
tgcgtggtga
gaccccaaga
acgtgcetgge
ctcggcaaga
tccatggceca
tccacgcagt
gagcaggagg
atcgecettca
ctgcaggact
ggcgacgaga
gacctgcagg
cgcaccgaca
tgcaagcect
tgcgtggect
aagctttcgg
cgccactgee
cggaaggcect
caaaccaccg
gccaaaggct
ccgeccgacga
gcctccaagg
cagatccaca
atctcegtgt

cgctecgeggy

PCT/US2004/026340
cttctgecggce 60
tgatgcgege 120
cggtgcgcgg 180
gctecggacga 240
gcaaggacgt 300
gcgagcgegyg 360
aggcgcaccce 420
agtccgagaa 480
agttcgaagt 540
tctacaagtc 600
gccgcaagat 660
ccgtgtgcecac 720
gcacgctgga 780
gggtcacggce 840
acgaggacga 900
tgggcggecyg 960
gcetggtgtg 1020
tccactacga 1080
gtaactgcaa 1140
ggcgcaagag 1200
attactgcaa 1260
gcaaagcctg 1320
gccagtgtcece 1380
accagcagag 1440
ctgcagccag 1500
ggaagctgaa 1560
tectgaagge 1620
ataagcaggg 1680
acatcgcectg 1740
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caagtgtccc
tccggaccag
gtgggcgegy
ctagcgccga
gcgettgge

<210>
<211>

<212>
<213>

11

DNA
<400> 11

gaggacgcgce
acctctgggce
ggcagaaccyg
gctgacccge
gcacgctctt
aggggggtgc
tgctggettce
gacgggcaca
ggcgctegga
aggcttttga
ccctgctcaa
actgtgacct
ctgaggcect
tcagcatgca
actgggtgac
ccagggacat
ggcgctgeaa
tectgcgactg
gcgacaggcec
gcaacggcca
gcagcggyggyg

gcecgggagay

1986

aaaatcaagce
agcggcatcg
cggctgcgea

ggcagcgggce

Homo sapiens

caacatcccec
cgggcetgggg
cggagagggc
agcggcteceg
cgcegecectg
gcecececgegge
cagcacgtge
ctcecececgec
gtccectgect
gctggtette
gtctcaggac
ggactatggce
gtgcttecce
ggacagcagc
cgccaccgac
ggaggccgte
gtgcaatgga
tcggcatgge
atggcagcgg
tgcecgecge
tgtectgtete

cttctatcga

ccctcaagaa
tggccgataa
agttccagca

gggcgggccyg

gctgctatge
ccgeeegggg
ttecttttece
gccatgecetg
agtcctgggce
tgcgtgccag
gggcggcecgg
ctecttactt
cgggcgecce
gtgagcctgce
catggccgca
cgtetgectyg
gcacccetgg
ccceccaggece
gtcecgtgtag
gtcccttact
catgcctcac
accgagggcc
gccactgecce
tgcegettea
aactgccgge

gaccctggec

gtacctgctg
aagcagcctg
gcgtgagaag

ggcgggcccyg

tgggcccggg
gcectgttec
caagggcagce
gctggecectg
cgccggegece
gactggtgaa
ccactcgggce
cceccaggggayg
tcaacgtgac
gcttetgete
gctgggececce
ccecectgecaa
cccagcectga
tggacctgga
tgctcacaag
cctacgecage
ggtgcctget
ctgactgcgg
gggaatccca
acatggagct
acaacaccgc

gtgccctgag

28

ctgggcaacg
gtgatccagt
aagggcaagt

agggcgggygc

gcgtgececge
tcggecattge
gtettgggge
ggggctgetyg
cgcecgaccce
cgcegecctg
ctgcgacgcee
cacggccagce
tctcacggtg
agctccccea
gctgggette
tggcccaget
tggcagcggce
cagcagccca
gcctagcacg
caccgacctc
ggacacacag
ccgctgcaag
cgcctgecete
gtaccgactg
cggccgecac

tgaccgtegg

PCT/US2004/026340
cggaggactc 1800
ggcgggacac 1860
gcaagaaggc 1920
gagcgagacg 1980

1989
cgctgetece 60
gggcctggtg 120
ccggccactyg 180
ctgacggcag 240
tgccacgatg 300
ggccgecgagg 360
tccgacceccege 420
cctctgtget 480
cccetgggea 540
gccteegtgg 600
ttctectece 660
ggccecagggc 720
cttectggect 780
gtgctccaag 840
gcaggtgacc 900
caggtgggcg 960
ggccacctga 1020
cccttectact 1080
gcttgectect 1140
tceggecegec 1200
tgccactact 1260
gcttgcaggg 1320
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cctgcgactg
gtcectgeaa
aaagccgctce
gcagecectgt
gcatcagccet
gcggcgaggce
gcggagagga
cctgecggetg
gagccgegge
tcgtgctacce
ggcgggggcyg
catcta
<210>

<211>

<212>
<213>

12

<400> 12
gggacgggag

ggaggcggcyg
gcgccgagece
ccaggccggc
cggtgegega
gcgaccgetg
ccgaggacgyg
cggceccgget
ctggggctge
tgaaaaagcc
caccacctge
gacttgtcgg
gccatctgec
ggatgtgcac

aattgtgatg

3607
DNA
Homo sapiens

tcacccggtt
ggatggcgtc
ccecagtggcg
gcagccccag
aaagaagttc
gcdcggcgcg
gcgegegegy
ccecgegectg
tgggggcgeg
ctggagggac

ctgcagecgcece

gagccggggc
gcggcggcecg
ccgggatage
tatggtcceg
gggtcacccce
accgagcccyg
cggcegetteca
gctecctgge
acggtggtgyg
tgcaaccctc
ggtcagaatg
cagcccaaat
atggcagact
agagaaaaga

ttcaagtcecc

ggtgctgetg
actggccteca
ccctgtgtta
gactgtgact
tgcaagaagg
tggacacgct
cgcgggagta
ctcéccggcc
gggggccggg
gcgtggacge

gectgagecce

agccagaaga
ggaagtgaaa
ggcagacgag
gggctccege
acctcceecge
gcgcecccagg
tcecegeagece
tcetecegge
ccgcaggact
ggatgggaaa
ctaccgaact
gtgacaagtg
catcctteeg
tccagttaga

ccaggecggce

gcaagacctg
cctgcaaccyg
agacccctat
cgcactgcaa
actatgcggt
tcecggtgge
gcgcegetgtyg
gcecgcetacct
ggcceggget
ggcgectgeg

gccggetggyg

ggtgggaaaa
ggtctcgcaa
cccgeagggce
cgccecceag
gcggtcecegg
aggaggaaga
cagaggtctce
catggggagc
gagtggagta
tttggctttg
gtactgcttce
caatgctgcce
gtttcectege
cctggaaget

tgeccatggtg

29

caaccagacc
ctgcgegect
ccctggacce
acctgecccegt
gcaggtggcg
ggtgctegee
ggtgccecgee
cctgctgggg
catcgecegece
gaggctgcag

cagggcggcc

gcggaggagyg
agttcatgcg
cgctecegegg
gtgcccggga
cceectggete
aaccagggcce
ggcteccectcee
tgcgegegge
gctggagtga
gggcgaaaac
tacagtgaga
tatcctcace
acatggtgac
gaattctact

ctggaccgct

PCT/US2004/026340
acaggccagt 1380
ggcttccage 1440
actgaggaca 1500
ggcagctacc 1560
gtgggtgege 1620
gtgttcecgga 1680
ggggatgcgg 1740
ggcgggectyg 1800
égcggaagcc 1860
cgacgcgaac 1920
gctgctecca 1980

1986
acgcccagga 60
gcggctgegg 120
ggcagcgcag 180
ccegecaggce 240
ccagctgecg 300
ccgttececte 360
ggcacccgece 420
tgctgetget 480
gttececcegetg 540
tctgggcaga 600
acaaggatct 660
tggctcacct 720
agtctgecgga 780
tcactcacct 840
cccaggactt 900
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tgggaaaaca
ggaagatgat
atgcactgga
ttacagtgcc
acgacagtct
ctatgcgatc
atgcatacct
tgggaagtgt
atacaatgac
agcctgcaag
atcagggaat
ttgccagagg
tgcttgcaaa
gaccttctge
ttgtgacagg
ctgtgcgggg
ctggtgtcat
gtgggaggat
acagacatta
aaagatttta
ggtcttaaaa
atggacggac
aggacatgag
ctggaaacct
ttaagatgga
aagacctcag
tgcatgggtc
tgaagagaaa
cttaactatt

gtacctctaa

tggaagcectt
gttgtcaaga
ggagaggtta
aaagttcagg
tgtcectgte
tatgatttca
gttcatggct
atgtgtaagce
cggccatggg
tgtaatgggc
cgtagtggtyg
tgcaagccag
ccgtgttect
gaccccagca
tgcatggtgg
agctgtgacc
gaagttcctg
gcgcaggggt
ggaaatgcca
tcagctcatg
tctaccaaac
agaggatgca
gatataagaa
tctcttggaa
tagcacataa
acaggaaact
ttatctaatt
tgaaaacccecc
aagaatattt

caaggacgcc

ataagtactt
agggcgctat
ttttcaaagc
agcagctgaa
agagaaatga
ttgtcaaggg
tcagacctgt
acaacacagc
aggcagctga
atgctgatac
gtgtctgtga
gcttctateg
gccatccagt
atggtgactg
gatactgggg
ctatcaccgg
acttccgtece
tttctgcact
aggcattctg
ataaaggtac
tgaagatttt
cttgtccaat
caggcaaact
gaaaagtcat
tggcacttgt
ggaatttttt
tatctettet
tacactgata
taatagcagc

tteccagette

tgcgactaac
ttgtacttcet
tttgtcacca
gatcaccaac
cctgaacgaa
cagctgcttce
caaggcccca
aggcagccac
tggcaaaacg
ctgtcacttc
tgactgtcag
tgacctgegg
aggatcagct
ccettgcaag
cttcggagac
agactgcatc
cgtgcacaat
tctacactca
tggaatgaaa
tcatgttgag
ccgaggaaag
cctcaatect
aattgtgaat
ggatatttta
ctatgtacaa
aaagtgccaa
ggacccatgt
tectgttttct
atgacattta

agctatgtta

30

tgctececgeta
aaatactcca
ccacacgata
cttecgegtge
gagcctcaac
tgcaatggcc
ggaacattcc
tgccagcact
ggggctccca
gacgttaatg
cacaacacag
agacccttct
gtccttectg
cctggggtygg
tatggctgtc
agcagccaca
aagagcgaac
ggtaaatgcg
tattcatatg
gtcaatgtga
cgaacattat
ggtttggaat
atgaaaagct
aaaagagagt
aacacaaact
aacatataga
ttaaatacag
atgggactga
gcagtaatcc

cttacgtttg

PCT/US2004/026340

catttggcct
gtecettttee
cagagaaccc
agctgctgaa
attttacaca
acgccgatca
acatggtcca
gtgccecegtt
acgagtgcag
tgtgggaggc
aaggacagta
cagctccaga
ccaactcagt
cagggcgacg
gaccatgtga
cagacataga
cagcctggga
aatgtaagga
tgctaaaaat
agattaaaaa
atccagaatc
accttgtage
ttgtccagca
gcaagtagca
ttagagcaag
aatgtttgaa
ttttatttca
ttctgaaatt
attaagggca

atgctactta

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640

2700
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aagtaatgaa
agégccttct
ccatgtgtat
acgtttggtg
ctgcacggcec
ctgaatactt
gtctcagett
gaagagcttt
aaatggactt
attgtagaca
agttttectc
aatgtatgtg
cataaccact
tatgaataat
atatatatat

tctgaaa

<210> 13
<211>
<212>

<213>

DNA

<400> 13
gtgggaaggg

tccgagecga
agcectegee
acccgcgaag
cgggcagcat
agccggecect
gggatgactc
cacagcagac
cagaacccac
ggcccaagga

agcaggagygc

3148

tgacgtttta
cttgtgtgtt
atagtattte
actgctgttyg
actacatgtg
ggagaaacta
tgagckggag
aaaataagag
taaattttaa
cagaatttgt
cttgtcetttc
atagtcaaaa
atacatagtt
ttcacataca

tgctttgtta

Homo sapiens

cctgtgggtt
gcggagagga
tgggacageg
ccggececgea
gaggcgcgeg
gccgcaaatt
tgacaacttc
ccecctecact
cggcctggag
gggagaggct

cacccceega

aggaatccct
acgcatgaac
cttgtataaa
aaagaaggaa
gacaaaagtg
ggtgaagatg
gctagaaaga
aaagaaatca
agagctcatt
tatatttttg
ttaacagtaa
aatcacagtt
tcttttgtac
gaaccttttt

atttgttttt

tattataagg
atccggcagt
gcgegetggg
gccgcgaccc
gcgetectgge
gtggctacta
tecggceteag
tggaaggaca
gctacagetg
gtagtectge

cccagggaga

aaccctacta
tttggtctgt
gcactttact
aagggtgtgt
aacatataaa
caaccagaaa
gcagccagag
taaatgtaga
tgcaatgcac
tgcttagtat
tagtcattat
tttcattatt
ttgaatatac
ttctctgaag

atatttcata

cggagctcgg
agagagcgga
caggcgcceca
gcgcagecetg
tctggectgtg
atttgcccecece
gtgcaggtgce
cgcagctect
cctccaccte
cagaagtgga

ccacacagct

31

tcagaaaagg
aggtgttaaa
acctaccact
gagaaagcct
agaagttaogtg
ggagaatatg
aactttttaa
catatgcttg
ttgtatacac
ttaaacctga
atttacctgt
attcatctte
aaaacatgaa
tcctgtggac

tatgtaataa

cgggagaggt
cteccageecgg
agagagcatc
ccgcetetece
cgcgetggceg
tgaagatcaa
tttgcaagat
gacggctatt
caccctgceg
gcctggecte

ccegaccact

PCT/US2004/026340

tgtttgttaa
tggaacctct
tgtgttgtga
actgaagcag
ctatttaact
Eatgcgtgaa
aaactaacca
gctaaagggyg
ttcaaaaatt
acattgaaac
tttttaacac
tgtacccacg
cacagtgcca
ttgcaaatat

aggaatatga

gcgggccgaa
cggaccctge
gagcagcgga
gccgeceggtce
ctgagcctge
gatggctectg
atcaccttgt
cccacgtetce
gctggagagy
accgceccggyg

catcaggect

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

3607

60
120
180
240
300
360
420
480
540
600

660
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caacgaccac
agcctggcca
cccacacaga
gtcagctccece
agaatacggc
gggccacggg
ccggaggect
tgaagaagaa
cctaccagaa
ctcecgeectyg
gccteccecetg
cggagtcgtyg
agggcaccag
cattctgact
agggggatcc
gggcttgggg
gcegetgagt
tcgacttgtt
acttctgagg
tggtcgggag
ccaaatctgg
atgtgtgcaa
aggctggcca
ccatgcegcetce
gaagtgaatg
ctggagatcc
tectectgga
aggccaggtt
tattttccaa
ttteccctgta

tgccactgcc

agccaccacg
ccatgagacc
ggatggaggt
agcagcagag
tgtagtggcce
ggcctcacag
cgtggggcetc
ggacgaaggdc
gcccaccaaa
ccactcacta
ccaccaggcec
gggtgtgctyg
gggtttcteg
cggtttctece
gactgctttg
ctcacacacc
ggcaggggac
tttgcacatg
taagttaagt
acagcatcag
aagccaaaat
cagggtatgg
gtccaggctyg
agggccatgce
ctgggactca
tcetgecagac
aattgacgag
ctcegttage
agagtgatag
cagtagattt

ttcgcttett

gcccaggagce
tcaaccccectg
ccttctgeca
ggctctgggg
gtggagcctg
ggcctectgy
atctttgetg
agctactect
caggaggaat
ggccccecact
acctccccag
ggagctccac
cataggacct
aaactgaagc
gacctaaatg
tgtagcactt
aggagtccac
tttectectag
aagttgattc
ggttaagaag
gtaggcttag
actatctgtce
cegtggggec
tgaggcctgg

gccttcagac

ccgecaccte
caggacccag
ccgagagggc
agcaggactt
accgccggaa
acaggaaaga
tgtgcctggt
tggaggagcc
tctatgectg
tgcctcttee
cattccagcce
tctgcttete
ttccaccaca
agcctectecee
gcctcatgtg
actggtagga
tttgtttegt
ttetttgtte
ggtatcccecce
actttttttt
tttgtgtgtt
tggtggecce
gccgectett
gcegetgeca

agagaggact

cacgccegte~ctgectgtgg

gggtgtettyg
tectgtggece
tcttttgett
tccaaatgta

gcetetgtge

ggcagagctg
ccaccctggg
ttggcaaaac
ataaacttta

tgtgtgtgac

32

ccacccccac
ccaagctgac
tgctgaggat
cacctttgaa
ccagtcccca
ggtgctggga
gggtttcatg
gaaacaagcc
acgcgggagc
ttgaagaact
cctetggteg
tgacttctge
gccagcacct
caggtccagce
gctggaagat
ccaagcatct
ggggaggtct
atagcccagt
catcttgett
ttttttttaa
gtctcttgag
gtttctggtg
tcaagcagtce
cgttggagaa
gtagggaggg
cgecgtetee
gctctgageg
ccctgggetyg
tctacttaat
atataaagta

gtgaccggac

PCT/US2004/026340
agggacatgc 720
cttcacactc 780
ggagcctceca 840
acctcgoggg 900
gtggatcagg 960
ggggtcattg 1020
ctgtaccgcea 1080
aacggcgggg 1140
catgcgcccece 1200
gcaggccctg 1260
ctecctgcececca 1320
ctggagactt 1380
ggcatcgcac 1440
tctggagggg 1500
cctgcgggty 1560
tgggggggtg 1620
aatctagata 1680
agaccttgtt 1740
ccctaatcta 1800
actaggagaa 1860
tttgtcgete 1920
gtectgttgge 1980
gtgcctgtgt 2040
gccegtgtga 2100
cggcaggggce 2160
aggggctget 2220
cctcecatceccea 2280
gaatcaggaa 2340
ccaatgggtt 2400
gtcctgtgaa 2460
ttttctgcaa 2520
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acaccaacat
ggattctggt
ggaggtcggt
ctccaagccce
gaggctgtgg
cctectecca
gcttatttga
gatcagagat
ctgcctggag
ctcatctgcet
caataaacgg
<210>
<211>

<212>
<213>

14

<400> 14
agataccccc

tctgecgtag
ggcacgggaa
agcagcctte
cgccgegtte
cgcececcgag
tccggatteg
ttgcaagcag
ctcaccttgg
aaagacatgt
gacgatgact
ctgactacat
accacgacgc
gataaagaga
acaaatgtgt

getgtcactyg

2172
DNA
Homo sapiens

gttgggaaac
tccagggtcc
aggttcagcce
catcttctaa
tcacagcgga
ccecggctgea
caacgtttca
gcaccaccaa
tgtatgactg
ggtcegtggg

tacttgtcat

ggagctccag
ctcecctttca
aggagtccgc
ccggageacce
ccggggegea
ccecegagecc
tgtgcgeggg
cggectgggag
gcttggtgge
accttgacaa
acgcttctge
ctcgaccact
tgaatataca
aagttcacct
atactgagaa

ctggtggagt

ttggctecgaa
ctctgtgtat
aaggttttat
atggcaaagg
ggtgtggagc
gaggccagag
gcgactcegt
gccaagggaa
cacatgactc
acggtgcceca

ttcgggca

ccgecgeggat
agccagcgaa
ggaggagcaa
aactccgtgt
gctgcgggey
gagtccccga
ctgcgecgag
cagccggtece
ctgegtgteg
cagctccatt
gtctggcteg
tccaaagata
gaacaagata
ctctgactca
acactcagac

tattggettt

tctetgtgee
ttgetttttt
aaggctgatg
aaggtggatg
cgaggectac
gcececccagece
tggccactce
cctgtgtecg
gggggtgggg

agccagaggc

cgcgcegetee
tttattcectt
aaccacagca
cgggagtgca
gcgggagcag
gcctgagecyg
cgctgggecag
ctggggaata
gcggagtcga
gaagaagctt
ggagctgatg
ctgttgacta
cctgctcaga
gaaaggaaaa
agtctgttta

ctctttgcaa

33

ttegtcttte
gttttggctg
tcaatttctg
gcceccageac
cccgcagaca
cagggctcct
gagaggtggg
gtattcgata
aaaggggtcg

tgggttcatt

cgccgetetg
aaaaccagaa
gagcaagaag
gaaaccaaca
gcgcaggagg
caatcgetge
gaggcttcgt
tgcggcgegce
gagcagagcet
caggagtgta
aggatgtaga
gtgctgctcee
caaagtcacc
tggacccagc
aacggacaga

tttttcttat

PCT/US2004/026340
ccatggggag 2580
aaattctect 2640
tgttgccaag 2700
agcttgacct 2760
ccttggacat 2820
gcacttactt 2880
ccagtetgtyg 2940
ctgcgacttt 3000
gctgaccatg 3060
tgtgtaacga 3120

3148
cccctaaact 60
actgaacctc 120
agcttcagag 180
agtgagaggg 240
aggaagcgag 300
ggtactctgc 360
tttgcectgg 420
gtggatecectg 480
gacatctgat 540
tcctattgat 600
gagtccagag 660
aaaagtggaa 720
tgaagaaact 780
cgaagaggat 840
agtcctagcea 900
cctgetgttg 960
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gtgtatcgca
agtgctgett
tctctattta
tectttgtttt
tatttaaaac
gtgttctgtg
ttggtttaaa
gaaagctgtt
tgttaattta
caaaccctat
ggtaatttag
tttttaagtg
ggcagatttg
tcatatctat
cagcaaaccc
gtatttgtta
ttgttcttaa
ttctatgtaa
ttggtatttt
taaattgtaa

aaaaaaaaaa

<210> 15
<211>
<212>

<213>

DNA
<400> 15

ctgagatgca
gctctgggga
gctecgggetg
cagcctcaac
gcctgggtca

ttectggggat

6400

tgagaaagaa
atcagaaggc
tgagatcact
ttgttttcat
atttcatgta
aatagcagtg
cttttatgcg
tecatttgtgt
tctgttgtcc
gccttttgta
tgtatatgtg
tcagactatc
caacagcaaa
ctaatcagat
aaagatgtta
atttcttgca
aaatgcattt
cttgttgcag
ataagcacag
tttgggaaca

aa

Homo sapiens

ggcccagegce
tgatgactcc
taagtacccc
tctgagaagce
ggcaagttct

agaacaagac

ggatgaagga
acctactaag
gaacttttca
taaagagcca
tttctttaga
gcaaaatatt
caaatacaaa
cagcatgtet
ccttectete
gctgtcatgg
attttcaaat
cattttacac
ttaatgtgta
cttecttttgg
acagtatttt
atttgaaggt
aagttgtaaa
actggtgtta
acaattctaa

taaaaactac

tggecgecagtyg
tttcecegatg
ccteectacce
ccacgggggyg
tcttgctcetg

ctgggaggac

agctatgacce
gagttttatg
aaataaagct
ttctggcact
acaacataaa
atgttatgaa
atgattgtct
cagattgacc
ctctgeecte
tgcaatttgt
atgtaaactt
ttgctttatt
aaattggatt
gaggatttga
aagaagttgce
acgagtagag
cgtcttttta
atgagtatat
tggtaacttt

tgaataaatc

agaacttcga
atgaactgga
tctgeetggg
cttgcttcag
gatccccaga

ctcagggceccce

34

ttggagaacg
cgtaaaactc
tttgcataga
ttaatgataa
attaaaattt
aaccctcgat
ttttectatg
ttaccaagtt
ccttettgtg
ctttggaaaa
taacttccac
tttcattacc
attactacaa
tgtaagttac
tgcagattcc
gtttaaagaa
agcctttgaa
gtaacagttt
tgtagtctta

atgtggccta

gagacccgtg
tgacctctac
ggcagtgacc
tgaggcaggg

acaagaaggg

agaatgtcca

PCT/US2004/026340
caaaccatcc 1020
caacttagtyg 1080
ataatgaaga 1140
aatcccattg 1200
aacatctgca 1260
gttcatggaa 1320
actcaaagat 1380
ggtcttactt 1440
cccttaaaac 1500
ttcagataat 1560
tttgtataaa 1620
tgtagectttyg 1680
aaccgtttag 1740
tgacgagcct 1800
tttggccact 1860
aaatcagttt 1920
gtgcctetga 1980
aaaaaaaaag 2040
tgaatagaca 2100
atattgaaaa 2160

2172
gacctggagg 60
tcggggtegg 120
agtctgtatc 180
ggcattcact 240
cagaacatcc 300
ggtctecagg 360
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gtceccacgtce
cggtggtcce
cagggcaggt
cagctgggtce
gcaactgtgt
gtgagaaata
tggcacagag
gtgagggcac
tceecacage
attaatcttt
tecceccteect
ccectactece
agattgctca
gcetetgggyg
tggggtctga
tgcagccagt
gggtgggcag
ttggcagaga
tcctttetet
ttgatggcca
ctctecectet
cgcttcagec
aacatccagc
ccagccacca
accgtctcca
acagtgcctg
gccaccactg
acagtggcta
gtcttggaca

gcecttecca

tgcatctttg
gtcaggtgca
gcttcaagtg
tagcagaatc
gccecteggt
cgacttcttce
gaggagctct
gggctggeat
cctegectet
gtaaaacccyg
cctgectggt
ccgtetcecatt
agcagttccc
gaagccctta
ctectteccag
agcgcectcag
gaatagtcaa
gaagttgggg
catcttttet
ttgcttacct
ccececeacece
cagatgtage
ctgtgggcac
gcececcectggt
ctaccatggc
ccacagtgge
ctgttataag
cggcacgggce
ccgaggeccc

ggeccggecac

tgtgtgctat
ataagectgtg
gtgcctggga
tcgggagaga
gctcececcte
tcagtgccte
caaaatggta
ctgaggagat
ggtctccect
tttatattgg
tccgagecca
tccteccaag
ctgcctcaag
gtgtaccacc
aatgccactce
ttgctgetge
ggaaggcttc
aacatcagca
gggaaaattg
gggatcctca
ctcagacttc
cctggeggtyg
accatttgaa
ggtgacagaa
taccactget
caccgccacce
gaccactggce
cactaccccc
aacacccagyg

cacccaggag

gtggctttct
gccaatggtg
tggceceegec
agggcaccgce
cctgaatccece
taggagggtt
gcaaaaagaa
ggtacggggt
ccttagccaa
gtcacatcte
ggagctgget
ttecttecact
ggcttetttt
cctgeccttga
ctgtgttece
ctggattcaa
ccgggagagyg
actgaccacc
ggtaaagaga
tgcccecteac
gagcaggagt
tccaccacac
gagctccect
gtcccggaag
gccacaagcea
cccagcaccce
gtacggaggc
gaggcgecct
ctggtcagca

cctgacatcece

35

ctgcagacct
gggttagggc
ctggggaagg
gaaccccact
tgtattttca
tgggatagga
ggcagctgag
ctgecacgcecca
gtcctttgag
tattcgcaaa
gtggcttcte
gtceeggett
ccecttttace
gcttgtggta
ctgcaagcce
cctcatagaa
cggcccccag
tttagctggce
gggggttggg
aaccacccag
cgggcattga
ctgcggtgcect
ctgagcgceccc
agcccagcca
caggggaccc
ctgcagcacc
ttectgectet
ccecgeccac
cagctacctc

ctgagaggag

PCT/US2004/026340
tgcttggtte 420
agtgatgaca 480
ggagccaggt 540
ctgccatgta 600
cctgtggatyg 660
agctggggtce 720
actgggccca 780
cagagctggce 840
cctecttteaa 900
gttccectgge 960
cctecceccat 1020
tgcgtcagee 1080
ctcecgectet 1140
ggggtgccett 1200
cagcaagttt 1260
actgtaggct 1320
aatttttgac 1380
tgtgccttcece 1440
agacctaatc 1500
ctcectaget 1560
gacagccatg 1620
gcccaccacy 1680
caccctggag 1740
gagagccacce 1800
gactgtggcce 1860
cccttttacg 1920
cccactgacce 1980
cacggcggct 2040
ccggecaaga 2100
caccctgecece 2160
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ctggggacca
ctgaccacaa
gagctgccag
ggggctgegg
cctggectcece
agtatcctgg
ctctttgetg
agctacacgc
gaggagttct
gtccagtccce
cagttcttct
ccccgaggaa
tgttcececte
ggaagaaagc
gcectgactt
aggctggttt
aacctcttge
cagcctgttt
cacatgtacc
tgctggggca
gcacagacac
gcatgcaatg
aacacacgcg
gtactgcaat
ccccaaatac
ggagggtgga
atactcagtce
tcagacacaa
agggaaacag
gcattgcatg

agagggggayd

ctgccectgg
tccgggatga
aagaagagac
ccaaggcatc
tggacaatgc
agcggaagga
ccttettggt
tggaggaacc
atgcctagtyg
cagcctggec
ctgcectete
gaggggctge
atccctgcca
tcctgattgg
ggcacccaca
ccaggacaaa
tcgtateccceca
tgtcctggte
cagacttcat
gccactggtg
cattgcccac
acaaaaccat
teccettecaag
gcaagtcact
acccacactce
atcgagccag
ccatgccatg
tccecatgtgg
gcaggccctt
caggtgggcce

gtttggggcc

acccacagag
gccagaggtt
cacacaacca
atctccacct
catcgactcg
ggtgctcgta
cacactgctc
caagcaggcg
gagccacagt
ccaccagcecc
tcccaaggtce
tgccatcetge
ccagtectggg
ctggtggtgg
gtgctcactg
catttggtaa
gggcctetet
tctctgggot
ttectttetge
aggaggggct
actatcacca
acgcaatcct
aatgtttate
agtcatggtc
tggcaccaca
aacaatcagc
gtgcccacac
atgcacagtce
gcectttecteg
tggcttcacc

agacccccac

gtggctcaga
ccggtgagtg
gacacagcca
gggacactgce
ggcagctcag
gctgtgattg
atctatcgta
agcgtcacat
gcetecectge
aagcctggga
tgcccagget
cccagactgt
gcttcaggac
aagaaagggt
agatctcctt
acacagccct
ctagectgggt
tgttgaatct
atcttcccce
gctctgatgt
tattttcact
gaccgcccag
ctcatgcatc
acatgacagt
cacattgtct
ccatattggg
caaccatgca
tcactccaca
gaaaaagtgt
cctacctget

tagctgggag

36

ccccaactcee
gggggcccag
atgaggtggt
ccaagggtgce
ctgctcaget
tgggcggggt
tgaagaaaaa
accagaagcc
agcctcaaca
ctgggeetgg
gccagectea
gcecttacga
ctcatgtcag
ggggcttgag
tttggggcag
tgaaatcatc
gagagggtgt
ctecctettge
aagaaacagc
ccctectatg
cagtcacaca
ccaatcaaga
acttacacac
gacagtgtgg
ccagctttca
tcececctaag
gccaccaacce
tgacctgctce
ggggccacag
tcctcecececac

cctgggggct

PCT/US2004/026340
agagaccttc 2220
tggagacttc 2280
agctgtggga 2340
ccgeeeggge 2400
gcctcagaag 2460
ggtgggcegece 2520
ggatgagggc 2580
tgacaagcag 2640
ccaccctget 2700
aacctggecce 2760
cacagatctt 2820
gctcatctct 2880
atggatggga 2940
atgagcctga 3000
agaggcactc 3060
tagacactgc 3120
cccttgteac 3180
ctgccaagta 3240
ttcctgaggg 3300
aggggactct 3360
caagacaaaa 3420
catatcacag 3480
ccccagacac 3540
cectectecta 3600
ggcttactgg 3660
ttgcccecegte 3720
ccagccagtg 3780
tcaatgctgg 3840
cccttttagg 3900
cgcagctggce 3960
cctctaagge 4020
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tgaggaagga
ccagggcagyg
ttgagctagg
gggccctceg
gcectececetg
ggccatgget
tgagaccagg
ttccatcggt
ggcctettgg
ccectecacce
aagatgccct
ggaggttcca
ccaaaaccct
gaagagtggg
tggagcagaa
tcecctggggt
ggctgagaaa
ctgggccccea
ggtgggggty
ggcttggget
caggggcctt
ggatgaggag
caagagagtt
catgtcccce
gcacagggayg
tgccagagca
gaggccagat
tggcaaccag
agccgectgt

atggggtagg

aatttggccce
gagggggcat
gggctgactce
caccctetge
tggacacccc
ggaagcagcc
tgatagtggg
attttaaatg
agccaaaggg
acatcccaga
ggcagcagat
ggggctgtee
ccttcacagg
catggggggc
gggctgggte
gctgetgtcet
ccagggagga
ggtgggagac
gcececcggeag
ccaggcactg
gttcatggat
tctgaccage
cagtgaggac
tacccctgece
ttccaaatga
cgaggcaggce
gggggecttyg
ggctgggcag
caggcctect

agtggctgec

caggttgttg
gtggttgggce
tgeccteecag
cctetgectg
ctcacctatt
cctgecagatce
ggaggggtta
tggggtcaca
atgtggtgtg
ttcaagtcag
ttctgcagga
cacagecctgt
gcccagaggce
ccctgatatce
ctggggccac
tggagagcac
tagaggagaa
ccaacagtgg
gcctggetece
gcttetette
ccctggaccce
ccaaatctgc
cagctagget
tgtgatggag
gagggagett
caggacctgg
cctgaaagac
ggcttagggt

ggtgggggcec

tcectgtgtte

gggggtcettg
tcctttatet
gacacaagtc
gcaggccaac
tggccaaaca
cctcaggcececce
cttectttgt
gatcttttgg
agttgcgatt
gaaggcaggt
tgaggggtag
cttttccagg
ttgtgaggaa
tggagggggc
agaccacaag
agctctggtyg
aagggcttgg
gtgcagtttc
tcacatccca
tctgtgtecct
aaggcagatg
cctggcecgge
ctcccaggtyg
tgttctgagg
ctgtggcttyg
agagcccaga
tggtecccett
gtgtgggcca
cctggacaca

tctggatttce

37

ggtctccecag
ccctgtgtece
tccaaagtge
ctcagcccac
attctggetg
cgaggtcagg
tacctagcaa
ggagggtgtg
ggctggcact
tttatttcag
cggtgtgtag
ctgggctcca
gccaggtgga
gggttggect
gctcagecte
agacggcctg
gcccccagcec
tcagtgggge
ggggttggct
tagcatttga
tccaggettt
ctgaccgggy
caatgtgggt
ggctttggca
agagcctctg
ccctgtetee
gatcgctgga
aaccccectg
gggagcagac

ttcteccaac

PCT/US2004/026340
gacggaaggc 4080
ccttectget 4140
ctgtgagggce 4200
ctgcccagag 4260
cagcttecagg 4320
gtttgaggga 4380
gtagggctat 4440
cttggcaggyg 4500
cacaccccca 4560
ggccctttte 4620
gcagtgaggg 4680
tecttecagte 4740
cccagccttg 4800
cagtcatctt 4860
cctaccctge 4920
ggcaggccga 4980
ccagaagatg 5040
tggagccaat 5100
tctgatttgg 5160
gagaagaggc 5220
atcctectga 5280
caaggcagtc 5340
gcagggcect 5400
tttgctggaa 5460
gggccttgge 5520
aggaggccag 5580
ggcatgtggg 5640
gggttggcaa 5700
cctetgecte 5760
aactacaacc 5820
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ctggacttge
acagaggcat
ccccaggtge
tatttttegt
tgagtccttt
ccaggcectte
gttcatggece
caaggcgcect
gtttttgttt
tgtgcceccatt
<210>
<211>

<212>
<213>

16

DNA
<400> 16

gcgegectte
tcttegtagg
tcctagaagg
ggcaggaatc
ccatgatcgg
gggcagggtc
tcceccaagag
ccagcactgt
tgggtggcat
tgaagaagaa
ccaccaatga
agggaagcca
gacttgtcag
tactgttctg
ttcaacttgg
agaatctagg

ccagggggct

2613

ctcecccagge
cgagactggg
ctgcctggeca
aggcagegtyg
ctcctgtaca
cctgeecectt
aaaaccttaa
gccccactge
ttgttttttt

tataagagga

Homo sapiens

tccagtecge
cggagtegece
ccgatactte
tgatgacttt
ccctgaagtt
tgggagccaa
aatctcaccce
gcagggcagc
cgtgggcatce
ggatgaaggc
gttctacgceg
ggggattttg
tatctccage
ccaggttcett
cctttectgaa
tcecgeectcea

aacggatgtt

ctettgectyg
ccetgggagt
ccacagtgac
gctccagaga
gaacctgect
ctctccectyg
ataagaaaaa
gggtactctc
tttttttgtt

aataaaatta

ggtgccatgg
gagtcgatcce
tceggagecc
gagctgtetg
gtccatcect
gtccccaccg
gttgaagaga
aacatctttyg
ctctttgecg
agctatgacc
tgaagcttgce
aagggtggac
tectgattacc
cttgagcttt
ggcaagactg
agcccatact

gtgtggagte

taaatagaag
tgccatctga
cctggectca
gccecctgaa
ggggtgggty
taacctgttt
caaaagaaaa
ctgttccage
tgtttgtttg

agctgaaatg

cccecegeccyg
gagagactga
taccagacga
gctctggaga
tggtgcectet
aacccaagaa
gtgaggatgt
agagaacgga
tctteetgat
tgggcaagaa
ttgtgggcac
attagggtag
tttgaagtgt
gggcctcagt
ggattggatc
gaccatgcct

ctggctggag

38

cccgcaaact
gagccgatgg
gcgtggcaaa
gacagtgtcecc
ggggtctgee
attaaccata
agacagtgga
cttgtgaagg

ttttttaaca

tctgttcgeg
ggtcatcgac
tgaggatgta
tctggatgac
agataaccat
actagaggag
gtccaacaag
ggtcctggcea
cctactgete
acccatctac
tggcttggac
ggtgaggtca
tcagaagaga
tgccectggea
acttcttaaa
catccagagc

gtecteceee

PCT/US2004/026340

gtacagattt
ccccagceatce
tgcatgtaaa
ctcectectg
attcecetcecce
cctgtectga
aaaaagagac
aactggtttt

cttcctgtge

ctgctgectge
ccccaggacc
gtggggcccg
ttggaagact
atccctgaga
aatgaggtta
gtgtcaatgt
gctctgattg
atgtaccgta
aagaaagccc
tttagcgggg
acctaatact
cattgtcttce
gaaaaatgga
cttccagtta
tcetetgaag

agtggeccettce

5880

5940

6000

6060

6120

6180

6240

6300

6360

6400

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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ctcecttect
tgcaccttga
tatatacctg
ttggggggga
ttgtaaatct
gtatatctct
ttccacagca
tgaaaatgag
tactatttat
taaacccctt
tttctgaage
gatcccaaaa
tattattctt
gtgtttccag
gtttttgect
ggtggatggt
ctttcttcag
ttaagccaat
tctagaggcyg
ctgttggaca
gctgggacga
cccagetggg
agcctgggca
ccttgctgeca
tgggtcctcet
ctgtaggcac
acctggtact
<210>
<211>

<212>
<213>

17

PRT

<400> 17

1051

ttcacagcceg
gatgtttctg
gggccattct
ggatggggaa
atttttagtg
gcetgggeaa
cctgctaagt
agaagagccg
agctttagat
ccccagtttt
tgcttectet
tataatgaag
ccttggttet
tttgatgttg
ttttctettg
tctacccttt
gctctagggce
taaaatcaca
tcactgtatg
gcactattet
ccettgtete
gcectgttgte
ggtcgtgtet
ccagtggceca
tctgececca
ctctcacact

ttctaaaaaa

Homo sapiens

gtctctetge
taaatgggta
aggctettte
aagagctgag
tttgttcgtt
gagtgtggag
ttgtatttaa
gagagatgat
agggcctecce
ttttttatac
tataaaatag
gggatggtgg
agaaaaatag
ctgggtggtt
ccctgttect
ctgecttctyg
tgtgctatcc
taagattaaa
tagttcatgg
agagaactaa
cctgggtagg
tgggaccctc
cctectgacce
ttagctecceg
gtgcecettee
gttgtetgtt

aaaaaaaaaa

caggaaatgg
cttgtgatca
aagtgacttt
agtttatgcet
tttttaactyg
gtgccgaggt
tggtttttgt
ttttattaat
ttececectett
tttaaacccc
cttttgcecga
gatatttgtg
ataaatatat
gagtgagtga
ggtgecttct
tttgggaccc
aatacagtaa
aattccttec
ctactgtact
actggcttaa
ggggggggaa
cctectectga
ccagtggcetg
tcaccactgce
ccttgggetg
actgattttt

aaa

39

gggaaggaac
cactacggga
tggaaatcaa
gaaatggatt
ttcattcctt
gtecttcattce
ttttgttttt
ttttttttte
ctttctttgt
gctcctcatg
aacatagttt
tctgtgttet
ttttttcagg
attttcatgt
gatggggctg
agctggtgtt
ccacatgcgg
tcagttgcac
gacagcgaga
cgagtcacag
tgggggaggg
gaggggaggc
cggtgagggg
aacccagggt
tgttggagtg

tttgataaaa

PCT/US2004/026340
tagaaccacc 1080
atctctgtgg 1140
ccttttttat 1200
tatagaatat 1260
tgtgcagagt 1320
tctecgcecacat 1380
gtttgtttct 1440
ttttttetet 1500
tctettteat 1560
gccttggece 1620
ttttttagca 1680
tataatatat 1740
aaatagtgtg 1800
ggctgggtgg 1860
gaatagttga 1920
ctttggtttg 1980
ctgtttaaag 2040
taaccacgtt 2100
gcatgtccat 2160
cctecagetgt 2220
ctgatgaggc 2280
ctggtggcett 2340
aaccacccte 2400
cccagctggce 2460
agcacctcct 2520
agataataaa 2580

2613
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Met Gly Pro Gly Pro Ser Arg Ala Pro Arg Ala Pro Arg Leu Met Leu

Cys Ala Leu Ala Leu Met Val Ala Ala Gly Gly Cys Val Val Ser Ala
20 25 30

Phe Asn Leu Asp Thr Arg Phe Leu Val Val Lys Glu Ala Gly Asn Pro
35 40 45

Gly Ser Leu Phe Gly Tyr Ser Val Ala Leu His Arg Gln Thr Glu Arg
50 55 60

Gln Gln Arg Tyr Leu Leu Leu Ala Gly Ala Pro Arg Glu Leu Ala Val
65 70 75 80

Pro Asp Gly Tyr Thr Asn Arg Thr Gly Ala Val Tyr Leu Cys Pro Leu
85 90 95

Thr Ala His Lys Asp Asp Cys Glu Arg Met Asn Ile Thr Val Lys Asn
100 105 110

Asp Pro Gly His His Ile Ile Glu Asp Met Trp Leu Gly Val Thr Val
115 120 125

Ala Ser Gln Gly Pro Ala Gly Arg Val Leu Val Cys Ala His Arg Tyr
130 135 140

Thr Gln Val Leu Trp Ser Gly Ser Glu Asp Gln Arg Arg Met Val Gly
145 150 155 160

Lys Cys Tyr Val Arg Gly Asn Asp Leu Glu Leu Asp Ser Ser Asp Asp
165 170 175

Trp Gln Thr Tyr His Asn Glu Met Cys Asn Ser Asn Thr Asp Tyr Leu
180 185 190

Glu Thr Gly Met Cys Gln Leu Gly Thr Ser Gly Gly Phe Thr Gln Asn
195 200 205

Thr Val Tyr Phe Gly Ala Pro Gly Ala Tyr Asn Trp Lys Gly Asn Ser
210 215 220

Tyr Met Ile Gln Arg Lys Glu Trp Asp Leu Ser Glu Tyr Ser Tyr Lys
225 230 235 240
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Asp Pro Glu Asp Gln Gly Asn Leu Tyr Ile Gly Tyr Thr Met Gln Val
245 250 255

Gly Ser Phe Ile Leu His Pro Lys Asn Ile Thr Ile Val Thr Gly Ala
260 265 270

Pro Arg His Arg His Met Gly Ala Val Phe Leu Leu Ser Gln Glu Ala
275 280 285

Gly Gly Asp Leu Arg Arg Arg Gln Val Leu Glu Gly Ser Gln Val Gly
290 295 300

Ala Tyr Phe Gly Ser Ala Ile Ala Leu Ala Asp Leu Asn Asn Asp Gly
305 310 315 320

Trp Gln Asp Leu Leu Val Gly Ala Pro Tyr Tyr Phe Glu Arg Lys Glu
325 330 335

Glu Val Gly Gly Ala Ile Tyr Val Phe Met Asn Gln Ala Gly Thr Ser
340 345 350

Phe Pro Ala His Pro Ser Leu Leu Leu His Gly Pro Ser Gly Ser Ala
355 360 365

Phe Gly Leu Ser Val Ala Ser Ile Gly Asp Ile Asn Gln Asp Gly Phe
370 375 380

Gln Asp Ile Ala Val Gly Ala Pro Phe Glu Gly Leu Gly Lys Val Tyr
385 390 395 400

Ile Tyr His Ser Ser Ser Lys Gly Leu Leu Arg Gln Pro Gln Gln Val
405 410 415

Ile His Gly Glu Lys Leu Gly Leu Pro Gly Leu Ala Thr Phe Gly Tyr
420 425 430

Ser Leu Ser Gly Gln Met Asp Val Asp Glu Asn Phe Tyr Pro Asp Leu
435 440 445

Leu Val Gly Ser Leu Ser Asp His Ile Val Leu Leu Arg Ala Arg Pro
450 455 460

val Ile Asn Ile Val His Lys Thr Leu Val Pro Arg Pro Ala Val Leu
465 470 475 480

Asp Pro Ala Leu Cys Thr Ala Thr Ser Cys Val Gln Val Glu Leu Cys
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485 490 495

Phe Ala Tyr Asn Gln Ser Ala Gly Asn Pro Asn Tyr Arg Arg Asn Ile
500 505 510

Thr Leu Ala Tyr Thr Leu Glu Ala Asp Arg Asp Arg Arg Pro Pro Arg
515 520 525

Leu Arg Phe Ala Gly Ser Glu Ser Ala Val Phe His Gly Phe Phe Ser
530 535 540

Met Pro Glu Met Arg Cys Gln Lys Leu Glu Leu Leu Leu Met Asp Asn
545 550 555 560

Leu Arg Asp Lys Leu Arg Pro Ile Ile Ile Ser Met Asn Tyr Ser Leu
565 570 575

Pro Leu Arg Met Pro Asp Arg Pro Arg Leu Gly Leu Arg Ser Leu Asp
580 585 590

Ala Tyr Pro Ile Leu Asn Gln Ala Gln Ala Leu Glu Asn His Thr Glu
595 600 605

Val Gln Phe Gln Lys Glu Cys Gly Pro Asp Asn Lys Cys Glu Ser Asn
610 615 620

Leu Gln Met Arg Ala Ala Phe Val Ser Glu Gln Gln Gln Lys Leu Ser
625 630 635 640

Arg Leu Gln Tyr Ser Arg Asp Val Arg Lys Leu Leu Leu Ser Ile Asn
645 650 655

Val Thr Asn Thr Arg Thr Ser Glu Arg Ser Gly Glu Asp Ala His Glu
660 665 670

Ala Leu Leu Thr Leu Val Val Pro Pro Ala Leu Leu Leu Ser Ser Val
675 680 685

Arg Pro Pro Gly Ala Cys Gln Ala Asn Glu Thr Ile Phe Cys Glu Leu
690 695 700

Gly Asn Pro Phe Lys Arg Asn Gln Arg Met Glu Leu Leu Ile Ala Phe
705 710 715 720

Glu Val Ile Gly Val Thr Leu His Thr Arg Asp Leu Gln Val Gln Leu
725 730 735
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Gln Leu Ser Thr Ser Ser His Gln Asp Asn Leu Trp Pro Met Ile Leu
740 745 750

Thr Leu Leu Val Asp Tyr Thr Leu Gln Thr Ser Leu Ser Met Val Asn
755 760 765

His Arg Leu Gln Ser Phe Phe Gly Gly Thr Val Met Gly Glu Ser Gly
770 775 780

Met Lys Thr val Glu Asp Val Gly Ser Pro Leu Lys Tyr Glu Phe Gln
785 790 795 800

Val Gly Pro Met Gly Glu Gly Leu Val Gly Leu Gly Thr Leu Val Leu
805 810 815

Gly Leu Glu Trp Pro Tyr Glu Val Ser Asn Gly Lys Trp Leu Leu Tyr
820 825 830

Pro Thr Glu Ile Thr Val His Gly Asn Gly Ser Trp Pro Cys Arg Pro
835 840 845

Pro Gly Asp Leu Ile Asn Pro Leu Asn Leu Thr Leu Ser Asp Pro Gly
850 855 860

Asp Arg Pro Ser Ser Pro Gln Arg Arg Arg Arg Gln Leu Asp Pro Gly
865 870 875 880

Gly Gly Gln Gly Pro Pro Pro Val Thr Leu Ala Ala Ala Lys Lys Ala
885 890 895

Lys Ser Glu Thr Val Leu Thr Cys Ala Thr Gly Arg Ala His Cys Val
900 905 910

Trp Leu Glu Cys Pro Ile Pro Asp Ala Pro Val Val Thr Asn Val Thr
915 920 925

Val Lys Ala Arg Val Trp Asn Ser Thr Phe Ile Glu Asp Tyr Arg Asp
930 935 940

Phe Asp Arg Val Arg Val Asn Gly Trp Ala Thr Leu Phe Leu Arg Thr
945 950 955 960

Ser Ile Pro Thr Ile Asn Met Glu Asn Lys Thr Thr Trp Phe Ser Vval
965 970 975
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Asp

Trp

Ile Asp Ser Glu Leu Val Glu Glu Leu Pro Ala Glu Ile Glu Leu
980 985 990

Leu Val Leu Val Ala Val Gly Ala Gly Leu Leu Leu Leu Gly Leu
995 1000 1005

Ile Tle ©Leu Leu Leu Trp Lys Cys Gly Phe Phe Lys Arg Ala Arg
1010 1015 1020

Thr Arg Ala Leu Tyr Glu Ala Lys Arg Gln Lys Ala Glu Met Lys
1025 1030 1035

Ser Gln Pro Ser Glu Thr Glu Arg Leu Thr Asp Asp Tyr
1040 1045 1050

<210> 18

<211> 1073

<212> PRT

<213> Homo sapiens

<400> 18

Met

-1

Leu

Val

Ala

Gly

65

Gly

Ile

Gln

Val

Ala Ala Ala Gly Gln Leu Cys Leu Leu Tyr Leu Ser Ala Gly Leu

Ser Arg Leu Gly Ala Ala Phe Asn Leu Asp Thr Arg Glu Asp Asn
20 25 30

Ile Arg Lys Tyr Gly Asp Pro Gly Ser Leu Phe Gly Phe Ser Leu
35 40 45

Met His Trp Gln Leu Gln Pro Glu Asp Lys Arg Leu Leu Leu Val
50 55 60

Ala Pro Arg Gly Glu Ala Leu Pro Leu Gln Arg Ala Asn Arg Thr
70 75 80

Gly Leu Tyr Ser Cys Asp Ile Thr Ala Arg Gly Pro Cys Thr Arg
85 90 95

Glu Phe Asp Asn Asp Ala Asp Pro Thr Ser Glu Ser Lys Glu Asp
100 105 110

Trp Met Gly Val Thr Val Gln Ser Gln Gly Pro Gly Gly Lys Val
115 120 125

Thr Cys Ala His Arg Tyr Glu Lys Arg Gln His Val Asn Thr Lys
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130 135 140

Gln Glu Ser Arg Asp Ile Phe Gly Arg Cys Tyr Val Leu Ser Gln Asn
145 150 155 160

Leu Arg Ile Glu Asp Asp Met Asp Gly Gly Asp Trp Ser Phe Cys Asp
165 170 175

Gly Arg Leu Arg Gly His Glu Lys Phe Gly Ser Cys Gln Gln Gly Val
180 185 190

Ala Ala Thr Phe Thr Lys Asp Phe His Tyr Ile Val Phe Gly Ala Pro
195 200 205

Gly Thr Tyr Asn Trp Lys Gly Ile Vval Arg Val Glu Gln Lys Asn Asn
210 215 220

Thr Phe Phe Asp Met Asn Ile Phe Glu Asp Gly Pro Tyr Glu Val Gly
225 230 235 240

Gly Glu Thr Glu His Asp Glu Ser Leu Val Pro Val Pro Ala Asn Ser
245 250 255

Tyr Leu Gly Phe Ser Leu Asp Ser Gly Lys Gly Ile Val Ser Lys Asp
260 265 270

Glu Ile Thr Phe Val Ser Gly Ala Pro Arg Ala Asn His Ser Gly Ala
275 280 285

val val Leu Leu Lys Arg Asp Met Lys Ser Ala His Leu Leu Pro Glu
290 295 300

His Ile Phe Asp Gly Glu Gly Leu Ala Ser Ser Phe Gly Tyr Asp Val
305 310 315 320

Ala Val Val Asp Leu Asn Lys Asp Gly Trp Gln Asp Ile val Ile Gly
325 330 335

Ala Pro Gln Tyr Phe Asp Arg Asp Gly Glu Val Gly Gly Ala Val Tyr
340 345 350

val Tyr Met Asn Gln Gln Gly Arg Trp Asn Asn Val Lys Pro Ile Arg
355 360 365

Leu Asn Gly Thr Lys Asp Ser Met Phe Gly Ile Ala Val Lys Asn Ile
370 375 380
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Gly Asp Ile Asn Gln Asp Gly Tyr Pro Asp Ile Ala Val Gly Ala Pro
385 390 395 400

Tyr Asp Asp Leu Gly Lys Val Phe Ile Tyr His Gly Ser Ala Asn Gly
405 410 415

Ile Asn Thr Lys Pro Thr Gln Val Leu Lys Gly Ile Ser Pro Tyr Phe
420 425 430

Gly Tyr Ser Ile Ala Gly Asn Met Asp Leu Asp Arg Asn Ser Tyr Pro
435 440 445

Asp Val Ala Val Gly Ser Leu Ser Asp Ser Val Thr Ile Phe Arg Ser
450 455 460

Arg Pro Val Ile Asn Ile Gln Lys Thr Ile Thr Val Thr Pro Asn Arg
465 470 475 480

Ile Asp Leu Arg Gln Lys Thr Ala Cys Gly Ala Pro Ser Gly Ile Cys
485 490 495

Leu Gln Val Lys Ser Cys Phe Glu Tyr Thr Ala Asn Pro Ala Gly Tyr
500 505 510

Asn Pro Ser Ile Ser Ile Val Gly Thr Leu Glu Ala Glu Lys Glu Arg
515 520 525

Arg Lys Ser Gly Leu Ser Ser Arg Val Gln Phe Arg Asn Gln Gly Ser
530 535 540

Glu Pro Lys Tyr Thr GIn Glu Leu Thr Leu Lys Arg Gln Lys Gln Lys
545 550 555 560

Val Cys Met Glu Glu Thr Leu Trp Leu Gln Asp Asn Ile Arg Asp Lys
565 570 575

Leu Arg Pro Ile Pro Ile Thr Ala Ser Val Glu Ile Gln Glu Pro Ser
580 585 590

Ser Arg Arg Arg Val Asn Ser Leu Pro Glu Val Leu Pro Ile Leu Asn
595 600 605

Ser Asp Glu Pro Lys Thr Ala His Ile Asp Val His Phe Leu Lys Glu
610 615 620
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Gly

625

Lys

Ile

Ala

Thr

Pro

705

Glu

Cys

Leu

Ile

Ile

785

Gly

Glu

Glu

Ala

Cys

Phe

Gln

Leu

Lys

690

Asp

Lys

Glu

Val

Asn

770

Thr

val

Gln

Phe

Thr
850

Gly

Cys

Lys

Glu

675

Asp

Thr

Gln

Leu

Leu

755

Leu

Ala

Ala

Ala

Arg

835

Leu

Asp

Thr

Gly

660

Ile

Gly

Leu

Leu

Gly

740

Ser

Lys

Lys

Lys

Met

820

val

Asn

Asp

Arg

645

Val

Thr

Asp

Thr

Ser

725

Asn

Thr

Leu

Ala

Pro

805

Lys

Ile

Ile

Asn

630

Glu

Pro

val

AsSp

Tyr

710

Cys

Pro

Thr

Glu

Lys

790

Ser

Ser

Asn

Gln

val

Gly

Glu

Thr

Ala

695

Ser

Val

Phe

Glu

Thr

775

val

Gln

Glu

Leu

Trp
855

Cys

Asn

Leu

Asn

680

His

Ala

Ala

Lys

val

760

Thr

val

val

Asp

Gly

840

Pro

Asn

Gln

Vval

665

Ser

Glu

Tyr

Asn

Arg

745

Thr

Ser

Ile

Tyr

Glu

825

Lys

Lys

Ser

Asp

650

Leu

Pro

Ala

Arg

Gln

730

Asn

Phe

Asn

Glu

Phe

810

val

Pro

Glu

47

Asn

635

Lys

Lys

Ser

Lys

Glu

715

Asn

Ser

Asp

Gln

Leu

795

Gly

Gly

Leu

Ile

Leu

Phe

Asp

Asn

Leu

700

Leu

Gly

Asn

Thr

Asp

780

Leu

Gly

Ser

Thr

Ser
860

Lys

Ser

Gln

Pro

685

Ile

Arg

Ser

val

Pro

765

Asn

Leu

Thr

Leu

Asn

845

Asn

Leu

Tyr

Lys

670

Arg

Ala

Ala

Gln

Thr
750

Tyr

Leu

Ser

val

Ile

830

Leu

Gly
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Glu Tyr
640

Leu Pro
655

Asp Ile

Asn Pro

Thr Phe

Phe Pro
720

Ala Asp
735

Phe Tyr

Leu Asp

Ala Pro

Val Ser

800

val Gly

815

Glu Tyr

Gly Thr

Lys Trp
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Leu Leu Tyr Leu Val Lys Val Glu Ser Lys
865 870

Cys Glu Pro Gln Lys Glu Ile Asn Ser Leu
885 890

Asn Ser Arg Lys Lys Arg Glu Ile Thr Glu
900 905

Arg Lys Phe Ser Leu Phe Ala Glu Arg Lys
915 920

Ser Val Asn Val Asn Cys Val Asn Ile Arg
930 935

Asp Ser Lys Ala Ser Leu Ile Leu Arg Ser
945 950

Phe Leu Glu Glu Tyr Ser Lys Leu Asn Tyr
965 970

Ala Phe Ile Asp Val Thr Ala Ala Ala Glu
980 985

Ala Gly Thr Gln Val Arg vVal Thr Val Phe Pro Ser Lys

995 1000

Gln Tyr Ser Gly Val Pro Trp Trp Ile Ile Leu

1010 1015

Ala Gly Ile Leu Met Leu Ala Leu Leu Val Phe

1025 1030

Cys Gly Phe Phe Lys Arg Asn Lys Lys Asp His

1040 1045

Tyr His Lys Ala Glu Ile His Ala Gln Pro Ser

1055 1060

Leu Thr Ser Asp Ala

1070
<210> 19
<211> 1137
<212> PRT

<213> Homo sapiens
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Gly

875

Asn

Lys

Tyr

Cys

Arg

955

Leu

Asn

Leu

Leu

Gln

Gln

Pro

940

Leu

Asp

Ile

Glu

Thr

Ile

Thr

925

Leu

Trp

Ile

Arg

Lys

Glu

Asp

910

Leu

Arg

Asn

Leu

Leu
990

PCT/US2004/026340

val Thr
880

Ser His
895

Asp Asn

Asn Cys

Gly Leu

Ser Thr
960

Met Arg
975

Pro Asn

Thr Val Ala

1005

1020

1035

1050

1065

val Ala Ile Leu

Ile Leu Trp Lys

Tyr Asp Ala Thr

Asp Lys Glu Arg
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<400> 19
Met Ala Gly Ala Arg Ser Arg Asp Pro Trp Gly Ala Ser Gly Ile Cys
1 5 10 15

Tyr Leu Phe Gly Ser Leu Leu Val Glu Leu Leu Phe Ser Arg Ala Val
20 25 30

Ala Phe Asn Leu Asp Val Met Gly Ala Leu Arg Lys Glu Gly Glu Pro
35 40 45

Gly Ser Leu Phe Gly Phe Ser Val Ala Leu His Arg Gln Leu Gln Pro
50 55 60

Arg Pro Gln Ser Trp Leu Leu Val Gly Ala Pro Gln Ala Leu Ala Leu

Pro Gly Gln Gln Ala Asn Arg Thr Gly Gly Leu Phe Ala Cys Pro Leu
85 90 95

Ser Leu Glu Glu Thr Asp Cys Tyr Arg Val Asp Ile Asp Gln Gly Ala
100 105 110

Asp Met Gln Lys Glu Ser Lys Glu Asn Gln Trp Leu Gly Val Ser Val
115 120 125

Arg Ser Gln Gly Pro Gly Gly Lys Ile val Thr Cys Ala His Arg Tyr
130 135 140

Glu Ala Arg Gln Arg Val Asp Gln Ile Leu Glu Thr Arg Asp Met Ile
145 150 155 160

Gly Arg Cys Phe Val Leu Ser Gln Asp Leu Ala Ile Arg Asp Glu Leu
165 170 175

Asp Gly Gly Glu Trp Lys Phe Cys Glu Gly Arg Pro Gln Gly His Glu
180 185 190

Gln Phe Gly Phe Cys Gln Gln Gly Thr Ala Ala Ala Phe Ser Pro Asp
195 200 205

Ser His Tyr Leu Leu Phe Gly Ala Pro Gly Thr Tyr Asn Trp Lys Gly
210 215 220

Leu Leu Phe val Thr Asn Ile Asp Ser Ser Asp Pro Asp Gln Leu Val
225 230 235 240
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Tyr Lys Thr Leu Asp Pro Ala Asp Arg Leu Pro Gly Pro Ala Gly Asp
245 250 255

Leu Ala Leu Asn Ser Tyr Leu Gly Phe Ser Ile Asp Ser Gly Lys Gly
260 265 270

Leu Val Arg Ala Glu Glu Leu Ser Phe Val Ala Gly Ala Pro Arg Ala
275 280 285

Asn His Lys Gly Ala Val Val Ile Leu Arg Lys Asp Ser Ala Ser Arg
290 295 300

Leu Val Pro Glu Val Met Leu Ser Gly Glu Arg Leu Thr Ser Gly Phe
305 310 315 320

Gly Tyr Ser Leu Ala Val Ala Asp Leu Asn Ser Asp Gly Trp Pro Asp
325 330 335

Leu Ile Val Gly Ala Pro Tyr Phe Phe Glu Arg Gln Glu Glu Leu Gly
340 345 350

Gly Ala Val Tyr Val Tyr Leu Asn Gln Gly Gly His Trp Ala Gly Ile
355 _ 360 365

Ser Pro Leu Arg Leu Cys Gly Ser Pro Asp Ser Met Phe Gly Ile Ser
370 ) 375 380

Leu Ala Val Leu Gly Asp Leu Asn Gln Asp Gly Phe Pro Asp Ile Ala
385 390 395 400

Val Gly Ala Pro Phe Asp Gly Asp Gly Lys Val Phe Ile Tyr His Gly
405 410 415

Ser Ser Leu Gly Vval val Ala Lys Pro Ser Gln Val Leu Glu Gly Glu
420 425 430

Ala Val Gly Ile Lys Ser Phe Gly Tyr Ser Leu Ser Gly Ser Leu Asp
435 440 445

Met Asp Gly Asn Gln Tyr Pro Asp Leu Leu Val Gly Ser Leu Ala Asp
450 455 460

Thr Ala Val Leu Phe Arg Ala Arg Pro Ile Leu His Val Ser His Glu
465 470 475 480
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Val Ser Ile Ala

Gly Gly His Ser
500

Ala Val Pro Ser
515

Asp Ala Asp Thr
530

Phe Leu Ser Arg
545

Val Trp Leu Lys

Gln Leu Gln Glu
580

Leu Ser Tyr Ser
595

Gln Gly Leu Pro
610

Thr Gln Arg Ala
625

Lys Ile Cys Gln

Arg Val Ser Asp
660

Thr Thr Ala Leu
675

Leu Met Val Thr
690

Gly Asp Asp Ala
705

Leu His Tyr Ser

Pro

485

val

Ser

Asp

Asn

His

565

Asn

Leu

Pro

Glu

Ser

645

Thr

Phe

Asn

His

Gly

Arg

Cys

Tyr

Arg

Leu

550

Gln

Val

Gln

val

Ile

630

Asn

Glu

Ala

Leu

Glu

710

val

Ser

val

Ser

Arg

535

Glu

His

Lys

Thr

Ala

615

His

Leu

Phe

Leu

Pro

695

Ala

Arg

Ile

Asp

Pro

520

Leu

Glu

Asp

Asp

Pro

600

Pro

Phe

Gln

Gln

Ser

680

Ser

Gln

Ala

Asp

Leu

505

Thr

Arg

Pro

Arg

Lys

585

Arg

Ile

Leu

Leu

Pro

665

Gly

Asp

Leu

Leu

Leu

490

Arg

val

Gly

Lys

val

570

Leu

Leu

Leu

Lys

val

650

Leu

Gln

Pro

Leu

Asp

51

Glu

Val

Ala

Gln

His

555

Cys

Arg

Arg

Asn

Gln

635

His

Pro

Pro

Ala

val

715

Pro

Gln

Cys

Leu

val

540

Gln

Gly

Ala

Arg

Ala

620

Gly

Ala

Met

Val

Gln

700

Met

Ala

Pro

Phe

Asp

525

Pro

Ala

Asp

Ile

Gln

605

His

Cys

Arg

Asp

Ile

685

Pro

Leu

Glu

Asn

Ser

510

Tyr

Arg

Ser

Ala

Val

590

Ala

Gln

Gly

Phe

Val

670

Gly

Gln

Pro

Lys
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Cys Ala
495

Tyr Ile

vVal Leu

vVal Thr

Gly Thr
560

Met Phe
575

Val Thr

Pro Gly

Pro Ser

Glu Asp

640

Cys Thr
655

Asp Gly

Leu Glu

Ala Asp

Asp Ser

720

Pro Leu
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725 730 735

Cys Leu Ser Asn Glu Asn Ala Ser His Val Glu Cys Glu Leu Gly Asn
740 745 750

Pro Met Lys Arg Gly Ala Gln Val Thr Phe Tyr Leu Ile Leu Ser Thr
755 760 765

Ser Gly Ile Ser Ile Glu Thr Thr Glu Leu Glu Val Glu Leu Leu Leu
770 775 780

Ala Thr Ile Ser Glu Gln Glu Leu His Pro Val Ser Ala Arg Ala Arg
785 790 795 800

Val Phe Ile Glu Leu Pro Leu Ser Ile Ala Gly Met Ala Ile Pro Gln
805 810 815

Gln Leu Phe Phe Ser Gly Val Val Arg Gly Glu Arg Ala Met Gln Ser
820 825 830

Glu Arg Asp Val Gly Ser Lys Val Lys Tyr Glu Val Thr Val Ser Asn
835 840 845

Gln Gly Gln Ser Leu Arg Thr Leu Gly Ser Ala Phe Leu Asn Ile Met
850 855 860

Trp Pro His Glu Ile Ala Asn Gly Lys Trp Leu Leu Tyr Pro Met Gln
865 870 875 880

Val Glu Leu Glu Gly Gly Gln Gly Pro Gly Gln Lys Gly Leu Cys Ser
885 890 895

Pro Arg Pro Asn Ile Leu His Leu Asp Val Asp Ser Arg Asp Arg Arg
900 905 910

Arg Arg Glu Leu Glu Pro Pro Glu Gln Gln Glu Pro Gly Glu Arg Gln
915 920 925

Glu Pro Ser Met Ser Trp Trp Pro Val Ser Ser Ala Glu Lys Lys Lys
930 935 940

Asn Ile Thr Leu Asp Cys Ala Arg Gly Thr Ala Asn Cys Val Val Phe
945 950 955 960

Ser Cys Pro Leu Tyr Ser Phe Asp Arg Ala Ala Val Leu His Val Trp
965 970 975
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Gly Arg Leu Trp Asn Ser Thr Phe Leu Glu Glu Tyr Ser Ala Val Lys
980 985 990

Ser Leu Glu Val Ile Val Arg Ala Asn Ile Thr Val Lys Ser Ser Ile
995 1000 1005

Lys Asn Leu Met Leu Arg Asp Ala Ser Thr Val Ile Pro Val Met
1010 1015 1020

Val Tyr Leu Asp Pro Met Ala Val val Ala Glu Gly Val Pro Trp
1025 1030 1035

Trp Val Ile Leu Leu Ala Val Leu Ala Gly Leu Leu Val Leu Ala
1040 1045 1050

Leu Leu Val Leu Leu Leu Trp Lys Met Gly Phe Phe Lys Arg Ala
1055 1060 1065

Lys His Pro Glu Ala Thr Val Pro Gln Tyr His Ala Val Lys Ile
1070 1075 1080

Pro Arg Glu Asp Arg Gln Gln Phe Lys Glu Glu Lys Thr Gly Thr
1085 1090 1095

Ile Leu Arg Asn Asn Trp Gly Ser Pro Arg Arg Glu Gly Pro Asp
1100 1105 1110

Ala His Pro Ile Leu Ala Ala Asp Gly His Pro Glu Leu Gly Pro
1115 1120 1125

Asp Gly His Pro Gly Pro Gly Thr Ala

1130 1135
<210> 20
<211> 1713
<212> PRT

<213> Homo sapiens

<400> 20

Met Gly Trp Leu Trp Ile Phe Gly Ala Ala Leu Gly Gln Cys Leu Gly
1 5 10 15

Tyr Ser Ser Gln Gln Gln Arg Val Pro Phe Leu Gln Pro Pro Gly Gln
20 25 30
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Ser Gln Leu Gln Ala Ser Tyr Val Glu Phe Arg Pro Ser Gln Gly Cys
35 40 45

Ser Pro Gly Tyr Tyr Arg Asp His Lys Gly Leu Tyr Thr Gly Arg Cys
50 55 60

Val Pro Cys Asn Cys Asn Gly His Ser Asn Gln Cys Gln Asp Gly Ser
65 70 75 80

Gly Ile Cys Val Asn Cys Gln His Asn Thr Ala Gly Glu His Cys Glu
85 90 95

Arg Cys Gln Glu Gly Tyr Tyr Gly Asn Ala Val His Gly Ser Cys Arg
100 105 110

Ala Cys Pro Cys Pro His Thr Asn Ser Phe Ala Thr Gly Cys Val Val
115 120 125

Asn Gly Gly Asp Val Arg Cys Ser Cys Lys Ala Gly Tyr Thr Gly Thr
130 135 140

Gln Cys Glu Arg Cys Ala Pro Gly Tyr Phe Gly Asn Pro Gln Lys Phe
145 150 155 160

Gly Gly Ser Cys Gln Pro Cys Ser Cys Asn Ser Asn Gly Gln Leu Gly
165 170 175

Ser Cys His Pro Leu Thr Gly Asp Cys Ile Asn Gln Glu Pro Lys Asp
180 185 190

Ser Ser Pro Ala Glu Glu Cys Asp Asp Cys Asp Ser Cys Val Met Thr
195 ' 200 205

Leu Leu Asn Asp Leu Ala Thr Met Gly Glu Gln Leu Arg Leu Val Lys
210 215 220

Ser Gln Leu Gln Gly Leu Ser Ala Ser Ala Gly Leu Leu Glu Gln Met
225 230 235 240

Arg His Met Glu Thr Gln Ala Lys Asp Leu Arg Asn Gln Leu Leu Asn
245 250 255

Tyr Arg Ser Ala Ile Ser Asn His Gly Ser Lys Ile Glu Gly Leu Glu
260 265 270

Arg Glu Leu Thr Asp Leu Asn Gln Glu Phe Glu Thr Leu Gln Glu Lys
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275 280 285

Ala Gln Val Asn Ser Arg Lys Ala Gln Thr Leu Asn Asn Asn Val Asn
290 295 300

Arg Ala Thr Gln Ser Ala Lys Glu Leu Asp Val Lys Ile Lys Asn Val
305 310 315 320

Ile Arg Asn Val His Ile Leu Leu Lys Gln Ile Ser Gly Thr Asp Gly
325 330 335

Glu Gly Asn Asn Val Pro Ser Gly Asp Phe Ser Arg Glu Trp Ala Glu
340 345 350

Ala Gln Arg Met Met Arg Glu Leu Arg Asn Arg Asn Phe Gly Lys His
355 360 365

Leu Arg Glu Ala Glu Ala Asp Lys Arg Glu Ser Gln Leu Leu Leu Asn
370 375 380

Arg Ile Arg Thr Trp Gln Lys Thr His Gln Gly Glu Asn Asn Gly Leu
385 390 395 400

Ala Asn Ser Ile Arg Asp Ser Leu Asn Glu Tyr Glu Ala Lys Leu Ser
405 410 415

Asp Leu Arg Ala Arg Leu Gln Glu Ala Ala Ala Gln Ala Lys Gln Ala
420 425 430

Asn Gly Leu Asn Gln Glu Asn Glu Arg Ala Leu Gly Ala Ile Gln Arg
435 440 445

Gln Val Lys Glu Ile Asn Ser Leu Gln Ser Asp Phe Thr Lys Tyr Leu
450 455 460

Thr Thr Ala Asp Ser Ser Leu Leu Gln Thr Asn Ile Ala Leu Gln Leu
465 470 475 480

Met Glu Lys Ser Gln Lys Glu Tyr Glu Lys Leu Ala Ala Ser Leu Asn
485 490 495

Glu Ala Arg Gln Glu Leu Ser Asp Lys Val Arg Glu Leu Ser Arg Ser
500 505 510

Ala Gly Lys Thr Ser Leu Val Glu Glu Ala Glu Lys His Ala Arg Ser
515 520 525
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Leu Gln Glu Leu Ala Lys Gln Leu Glu Glu Ile Lys Arg Asn Ala Ser
530 535 540

Gly Asp Glu Leu Val Arg Cys Ala Val Asp Ala Ala Thr Ala Tyr Glu
545 550 555 560

Asn Ile Leu Asn Ala Ile Lys Ala Ala Glu Asp Ala Ala Asn Arg Ala
565 570 575

Ala Ser Ala Ser Glu Ser Ala Leu Gln Thr Val Ile Lys Glu Asp Leu
580 585 590

Pro Arg Lys Ala Lys Thr Leu Ser Ser Asn Ser Asp Lys Leu Leu Asn
595 600 605

Glu Ala Lys Met Thr Gln Lys Lys Leu Lys Gln Glu Val Ser Pro Ala
610 615 620

Leu Asn Asn Leu Gln Gln Thr Leu Asn Ile Val Thr Val Gln Lys Glu
625 630 635 640

Val Ile Asp Thr Asn Leu Thr Thr Leu Arg Asp Gly Leu His Gly Ile
645 650 . 655

Gln Arg Gly Asp Ile Asp Ala Met Ile Ser Ser Ala Lys Ser Met Val
660 665 670

Arg Lys Ala Asn Asp Ile Thr Asp Glu Val Leu Asp Gly Leu Asn Pro
675 680 685

Ile Gln Thr Asp Val Glu Arg Ile Lys Asp Thr Tyr Gly Arg Thr Gln
690 695 700

Asn Glu Asp Phe Lys Lys Ala Leu Thr Asp Ala Asp Asn Ser Val Asn
705 710 715 720

Lys Leu Thr Asn Lys Leu Pro Asp Leu Trp Arg Lys Ile Glu Ser Ile
725 730 735

Asn Gln Gln Leu Leu Pro Leu Gly Asn Ile Ser Asp Asn Met Asp Arg
740 , 745 750

Ile Arg Glu Leu Ile Gln Gln Ala Arg Asp Ala Ala Ser Lys Val Ala
755 760 765
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val Pro Met Arg Phe Asn Gly Lys Ser Gly Val Glu vVal Arg Leu Pro
770 775 780

Asn Asp Leu Glu Asp Leu Lys Gly Tyr Thr Ser Leu Ser Leu Phe Leu
785 790 795 800

Gln Arg Pro Asn Ser Arg Glu Asn Gly Gly Thr Glu Asn Met Phe Val
805 810 815

Met Tyr Leu Gly Asn Lys Asp Ala Ser Arg Asp Tyr Ile Gly Met Ala
820 825 830

Val Val Asp Gly Gln Leu Thr Cys Val Tyr Asn Leu Gly Asp Arg Glu
835 840 845

Ala Glu Leu Gln Val Asp Gln Ile Leu Thr Lys Ser Glu Thr Lys Glu
850 855 860

Ala Val Met Asp Arg Val Lys Phe Gln Arg Ile Tyr Gln Phe Ala Arg
865 870 875 880

Leu Asn Tyr Thr Lys Gly Ala Thr Ser Ser Lys Pro Glu Thr Pro Gly
885 890 895

Val Tyr Asp Met Asp Gly Arg Asn Ser Asn Thr Leu Leu Asn Leu Asp
900 905 910

Pro Glu Asn Val vVal Phe Tyr Val Gly Gly Tyr Pro Pro Asp Phe Lys
915 920 925

Leu Pro Ser Arg Leu Ser Phe Pro Pro Tyr Lys Gly Cys Ile Glu Leu
930 935 940

Asp Asp Leu Asn Glu Asn Val Leu Ser Leu Tyr Asn Phe Lys Lys Thr
945 950 955 960

Phe Asn Leu Asn Thr Thr Glu Val Glu Pro Cys Arg Arg Arg Lys Glu
965 970 975

Glu Ser Asp Lys Asn Tyr Phe Glu Gly Thr Gly Tyr Ala Arg Val Pro
980 985 990

Thr Gln Pro His Ala Pro Ile Pro Thr Phe Gly Gln Thr Ile Gln Thr
995 1000 1005
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Thr Val Asp Arg Gly

Phe

Lys

Ile

Leu

Ile

Ile

Phe

Axrg

Trp

Ser

Ser

His

Tyr

Ser

Ile

1010

Ile
1025

Leu
1040

Asn
1055

Gln
1070

Asp
1085

Pro
1100

Arg
1115

Leu
1130

Lys
1145

Phe
1160

Phe
1175

Gln
1190

Ile
1205

Pro
1220

Ser

Ser

Asn

Asn

Lys

Gly

Ile

Gly

Asn

Leu

Thr

Gly

Thr

Glu

Gln

Asp

Leu

Ser

Gly

Arg

Glu

Ala

Cys

Asp

Val

Asp

Phe

Trp

Leu

Thr

Asn

Asn

Glu

Arg

Met

Vval

Ile

Met

Thr

Arg

Leu

Gln

Thr

Ser

Tyr

Ser

Leu

Ile

Leu

Asp

Trp

Phe

Arg

Lys

Val

Ser

Gly

Thr

Arg

Thr

Met

Gly

Leu
1015

Glu
1030

Pro
1045

His
1060

Ile
1075

Asp
1090

Glu
1105

Asn
1120

Gly
1135

Ala
1150

Leu
1165

Phe
1180

Asn
1195

Ser
1210

Asp
1225

Leu

Phe

Asp

Lys

Ser

Asn

Phe

Arg

Leu

val

Ser

Pro

Gln

Leu

Asp

Gly

Arg

Phe

Gly

Glu

Ile

Val

Ser

Phe

Lys

Thr

Phe

Pro

Pro

Gln

Ser

Leu

Leu

Ala

Lys

Arg

Gln

Asp

Thr
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Lys

Lys

Ser

Thr

Ser

val

Gly

Leu

Leu
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Glu

Leu

Gly

Ile

Val

Tyr

Ile

Thr

Lys

Arg

Asp

Gly

Thr

Gly

His

Ile

Asn
1020

Met
1035

Val
1050

Lys
1065

Gln
1080

Tyr
1095

Ser
1110

Ser
1125

Cys
1140

Gly
1155

His
1170
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1185

Leu
1200

Pro
1215

Tyr
1230

Asp

Gly

Val

Gly

Ile

Asn

Leu

Thr

Gly

Ser

Gly

Leu

Leu

Glu

Ile

Val

Asp
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val val
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Leu

Ser

val

Thr

Leu

Phe
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Cys
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1235

Arg
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1295
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1310
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Pro
1340
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1370

Leu
1385

Ser
1400
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Thr
1430
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1445

Gly
1460

Asn
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Leu Glu Val Gln Gly Pro Val Ser Leu Asn Gly Cys Pro Asp Gln

1700 1705 1710
<210> 21
<211> 3695
<212> PRT

<213> Homo sapiens
<400> 21

Met Ala Lys Arg Leu Cys Ala Gly Ser Ala Leu Cys Val Arg Gly Pro
1 5 10 15

Arg Gly Pro Ala Pro Leu Leu Leu Val Gly Leu Ala Leu Leu Gly Ala
20 25 30

Ala Arg Ala Arg Glu Glu Ala Gly Gly Gly Phe Ser Leu His Pro Pro
35 40 45

Tyr Phe Asn Leu Ala Glu Gly Ala Arg Ile Ala Ala Ser Ala Thr Cys
50 55 60

Gly Glu Glu Ala Pro Ala Arg Gly Ser Pro Arg Pro Thr Glu Asp Leu
65 70 75 80

Tyr Cys Lys Leu Val Gly Gly Pro val Ala Gly Gly Asp Pro Asn Gln
85 90 95

Thr Ile Arg Gly Gln Tyr Cys Asp Ile Cys Thr Ala Ala Asn Ser Asn
100 105 110

Lys Ala His Pro Ala Ser Asn Ala Ile Asp Gly Thr Glu Arg Trp Trp
115 120 125

Gln Ser Pro Pro Leu Ser Arg Gly Leu Glu Tyr Asn Glu Val Asn Val
130 135 140

Thr Leu Asp Leu Gly Gln Val Phe His Val Ala Tyr Val Leu Ile Lys
145 150 155 160

Phe Ala Asn Ser Pro Arg Pro Asp Leu Trp Val Leu Glu Arg Ser Met
165 170 175

Asp Phe Gly Arg Thr Tyr Gln Pro Trp Gln Phe Phe Ala Ser Ser Lys
180 185 190

Arg Asp Cys Leu Glu Arg Phe Gly Pro Gln Thr Leu Glu Arg Ile Thr
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195 200 205

Arg Asp Asp Ala Ala Ile Cys Thr Thr Glu Tyr Ser Arg Ile Val Pro
210 215 220

Leu Glu Asn Gly Glu Ile Val Val Ser Leu Val Asn Gly Arg Pro Gly
225 230 235 240

Ala Met Asn Phe Ser Tyr Ser Pro Leu Leu Arg Glu Phe Thr Lys Ala
245 250 255

- Thr Asn Val Arg Leu Arg Phe Leu Arg Thr Asn Thr Leu Leu Gly His
260 265 270

Leu Met Gly Lys Ala Leu Arg Asp Pro Thr Val Thr Arg Arg Tyr Tyr
275 280 285

Tyr Ser Ile Lys Asp Ile Ser Ile Gly Gly Arg Cys Val Cys His Gly
290 295 300

His Ala Asp Ala Cys Asp Ala Lys Asp Pro Thr Asp Pro Phe Arg Leu
305 310 315 320

Gln Cys Thr Cys Gln His Asn Thr Cys Gly Gly Thr Cys Asp Arg Cys
325 330 335

Cys Pro Gly Phe Asn Gln Gln Pro Trp Lys Pro Ala Thr Ala Asn Ser
340 345 350

Ala Asn Glu Cys Gln Ser Cys Asn Cys Tyr Gly His Ala Thr Asp Cys
355 360 365

Tyr Tyr Asp Pro Glu Val Asp Arg Arg Arg Ala Ser Gln Ser Leu Asp
370 375 380

Gly Thr Tyr Gln Gly Gly Gly Val Cys Ile Asp Cys Gln His His Thr
385 390 395 400

Thr Gly Val Asn Cys Glu Arg Cys Leu Pro Gly Phe Tyr Arg Ser Pro
405 410 415

Asn His Pro Leu Asp Ser Pro His Val Cys Arg Arg Cys Asn Cys Glu
420 425 430

Ser Asp Phe Thr Asp Gly Thr Cys Glu Asp Leu Thr Gly Arg Cys Tyr
435 440 445
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Thr
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Ala
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515

Pro

Gly

Arg

Phe

Leu

595

Phe

Pro

Leu

Thr

val
675

Asn

Phe

Gln

Gly

500

Leu

Gly

Vval

Val

His

580
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