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1 ATGCGGCCGC TCAGCATGTC CGGGCACTTT CTGCTCGCAC CCATCCCCGA

51 GTCCTCCTCG GACTACCTAC TGCCCAAGGA CATCAAACTG GCGGTGCTGG
101 GCGCCGGCCG CGTGGGCAAG AGCGCAATGA TCGTGCGCTT CCTGACCAAG

151 AGATTCATTG GAGACTATGA ACCGAATACA GGCAAGCTGT ATTCACGGCT
201 GGTCTATGTC GAGGGGGACC AGCTCTCCCT GCAGATCCAG GATACTCCCG
251 GGGGCGTCCA GATCCAAGAC AGCCTCCCCC AGGTCGTCGA TTCCCTGTCC
301 AAATGCGTGC AGTGGGCCGA GGGTTTTCTG CTGGTCTATT CCATCACAGA
351 CTATGACAGC TACTTGTCCA TCCGACCCCT TTATCAGCAC ATCCGGAAGG
401 TCCACCCTGA CTCTAAAGCC CCTGTCATCA TCGTGGGCAA CAAGGGGGAC
451 CTTTTGCATG CCCGGCAGGT GCAGACACAG GACGGTATTC AGCTAGCCAA
501 TGAGCTGGGC AGCCTGTTCC TTGAAATTTC CACTAGCGAA AACTACGAAG
551 ATGTCTGTGA TGTGTTTCAG CATCTCTGCA AAGAAGTGAG CAAGATGCAC

601 GGCCTCAGTG GGGAAAGAAG AAGAGCCTCC ATCATCCCTC GGCCCCGLTC
651 TCCCAACATG CAGGACCTGA AGAGACGCTT CAAGCAGGCT CTGTCTCCCA
701 AAGTCAAAGC CCCCTCTGCA CTGGGGTGA (SEQ ID NO:1)
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(57) Abstract: The present invention provides
amino acid sequences of polypeptides that are
encoded by genes within the human genome,
the Ras-like protein polypeptides of the present
invention.  The present invention specifically
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molecules, methods of identifying orthologs and
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methods of identifying modulators of the Ras-like
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ISOLATED HUMAN RAS-LIKE PROTEINS, NUCLEIC ACID MOLECULES
ENCODING THESE HUMAN RAS-LIKE PROTEINS, AND USES THEREOF

FIELD OF THE INVENTION

The present invention is in the field of Ras-like proteins that are related to the Ras
subfamily, recombinant DNA molecules and protein production. The present invention
specifically provides novel Ras-like protein polypeptides and proteins and nucleic acid
molecules encoding such peptide and protein molecules, all of which are useful in the

development of human therapeutics and diagnostic compositions and methods.

BACKGROUND OF THE INVENTION

Ras-like proteins, particularly members of the Ras subfamilies, are a major target for
drug action and development. Accordingly, it is valuable to the field of pharmaceutical
development to identify and characterize previously unknown members of this subfamily of
Ras-like proteins. The present invention advances the state of the art by providing a previously

unidentified human Ras-like proteins that have homology to members of the Ras subfamilies.

Ras protein
The novel human protein, and encoding gene, provided by the present invention is

related to the Ras subfamily of Ras-like proteins. The Ras-like protein superfamily includes
Ras, as well as Rho, Ran, Rab, and ADP-ribosylation factor (ARF). Ras genes are essential in
the control of cell proliferation, and mutations in Ras genes have been associated with cancer.

Due to their importance in the pathologies of cancer, novel human Ras proteins/genes,
such as provided by the present invention, are valuable as potential targets and/or reagents for
the development of therapeutics/diagnostics to treat/diagnose cancer and other
diseases/disorders. Furthermore, SNPs in Ras genes may serve as valuable markers for the
diagnosis, prognosis, prevention, and/or treatment of such diseases/disorders. Using the
information provided by the present invention, reagents such as probes/primers for detecting
the SNPs or the expression of the protein/gene provided herein may be readily developed
and, if desired, incorporated into kit formats such as nucleic acid arrays, primer extension
reactions coupled with mass spec detection (for SNP detection), or TAQMAN PCR assays
(Applied Biosystems, Foster City, CA).
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For a further review of Ras and Ras-like genes/proteins, see Daniel et al., Oncogene
1994 Feb;9(2):501-8 and the following background information.

Ras proteins are small regulatory GTP-binding proteins, or small G proteins, which
belong to the Ras protein superfamily. They are monomeric GTPases, but their GTPase
activity is very slow (less than one GTP molecule per minute).

Ras proteins are key relays in the signal-transducing cascade induced by the binding
of a ligand to specific receptors such as receptor tyrosine kinases (RTKs), since they trigger
the MAP kinase cascade. The ligand can be a growth factor (epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), insulin, an interleukin (IL), granulocyte colony-
stimulating factor (G-CSF), granulocyte/macrophage colony-stimulating factor (GM-CSF).

Ras proteins contain sequences highly conserved during evolution. Their tertiary
structure includes ten loops connecting six strands of beta-sheet and five alpha helices.

In mammalians, there are four Ras proteins, which are encoded by Ha-ras, N-ras, Ki-
rasA and Ki-rasB genes. They are composed of about 170 residues and have a relative
molecular mass of 21 kD. Ras proteins contain covalently attached modified lipids allowing
these proteins to bind to the plasma membrane. Ha-Ras has a C-terminal farnesyl group, a C-
terminal palmitoyl group and a N-terminal myristoyl group. In Ki-Ras(B), a C-terminal
polylysine domain replaces the palmitoyl group.

Ras proteins alternate between an inactive form bound to GDP and an active form
bound to GTP. Their activation results from reactions induced by a guanine nucleotide-
exchange factor (GEF). Their inactivation results from reactions catalyzed by a GTPase-
activating protein (GAP).

When a Ras protein is activated by a GEF such as a Sos protein, the N-terminal region
of a serine/threonine kinase, called "Raf protein”, can bind to Ras protein. The C-terminal
region of the activated Raf thus formed binds to another protein, MEK, and phosphorylates it
on both specific tyrosine and serine residues. Active MEK phosphorylates and activates, in
turn, a MAP kinase (ERK 1 or ERK2), which is also a serine/threonine kinase. This
phosphorylation occurs on both specific tyrosine and threonine residues of MAP kinase.

MAP kinase phosphorylates many different proteins, especially nuclear transcription
factors (TFs) that regulate expression of many genes during cell proliferation and

differentiation.
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Recent researches suggest that, in mammalians, phosphatidyl inositol 3'-kinase (PI3-
kinase) might be a target of Ras protein, instead of Raf protein. In certain mutations, the

translation of ras genes may produce oncogenic Ras proteins.

Ras-like proteins

Guanine nucleotide-binding proteins (GTP-binding proteins, or G proteins) participate
in a wide range of regulatory functions including metabolism, growth, differentiation, signal
transduction, cytoskeletal organization, and intracellular vesicle transport and secretion.
These proteins control diverse sets of regulatory pathways in response to hormones, growth
factors, neuromodulators, or other signaling molecules. When these molecules bind to
transmembrane receptors, signals are propagated to effector molecules by intracellular signal
transducing proteins. Many of these signal-transducing proteins are members of the Ras
superfamily.

The Ras superfamily is a class of low molecular weight (LMW) GTP-binding proteins
that consist of 21-30 kDa polypeptides. These proteins regulate cell growth, cell cycle
control, protein secretion, and intracellular vesicle interaction. In particular, the LMW GTP-
binding proteins activate cellular proteins by transducing mitogenic signals involved in
various cell functions in response to extracellular signals from receptors (Tavitian, A. (1995)
C. R. Seances Soc. Biol. Fil. 189:7-12). During this process, the hydrolysis of GTP acts as an
energy source as well as an on-off switch for the GTPase activity of the LMW GTP-binding
proteins.

The Ras superfamily is comprised of five subfamilies: Ras, Rho, Ran, Rab, and ADP-
ribosylation factor (ARF). Specifically, Ras genes are essential in the control of cell
proliferation. Mutations in Ras genes have been associated with cancer. Rho proteins control
signal transduction in the process of linking receptors of growth factors to actin
polymerization that is necessary for cell division. Rab proteins control the translocation of
vesicles to and from membranes for protein localization, protein processing, and secretion.
Ran proteins are localized to the cell nucleus and play a key role in nuclear protein import,
control of DNA synthesis, and cell-cycle progression. ARF and ARF-like proteins participate
in a wide variety of cellular functions including vesicle trafficking, exocrine secretion,
regulation of phospholipase activity, and endocytosis.

Despite their sequence variations, all five subfamilies of the Ras superfamily share

conserved structural features. Four conserved sequence regions (motifs I-IV) have been
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studied in the LMW GTP-binding proteins. Motif I is the most variable but has the conserved
sequence, GXXXXGK. The lysine residue is essential in interacting with the .beta.- and
.gamma.-phosphates of GTP. Motif I, III, and IV contain highly conserved sequences of
DTAGQ, NKXD, and EXSAX, respectively. Specifically, Motif II regulates the binding of
gamma-phosphate of GTP; Motif IlI regulates the binding of GTP; and Motif IV regulates the
guanine base of GTP. Most of the membrane-bound LMW GTP-binding proteins generally
require a carboxy terminal isoprenyl group for membrane association and biological activity.
The isoprenyl group is added posttranslationally through recognition of a terminal cysteine
residue alone or a terminal cysteine-aliphatic amino acid-aliphatic amino acid-any amino acid
(CAAX) motif. Additional membrane-binding energy is often provided by either internal
palmitoylation or a carboxy terminal cluster of basic amino acids. The LMW GTP-binding
proteins also have a variable effector region, located between motifs I and II, which is
characterized as the interaction site for guanine nucleotide exchange factors (GEFs) or
GTPase-activating proteins (GAPs). GEFs induce the release of GDP from the active form of
the G protein, whereas GAPs interact with the inactive form by stimulating the GTPase
activity of the G protein.

The ARF subfamily has at least 15 distinct members encompassing both ARF and
ARF-like proteins. ARF proteins identified to date exhibit high structural similarity and
ADP-ribosylation enhancing activity. In contrast, several ARF-like proteins lack ADP-
ribosylation enhancing activity and bind GTP differently. An example of ARF-like proteins is
a rat protein, ARL184. ARL184 has been shown to have a molecular weight of 22 kDa and
four functional GTP-binding sites (Icard-Liepkalns, C. et al. (1997) Eur. J. Biochem. 246:
388-393). ARL184 is active in both the cytosol and the Golgi apparatus and is closely
associated with acetylcholine release, suggesting that ARL184 is a potential regulatory
protein associated with Ca.sup.2+ -dependent release of acetylcholine.

A number of Rho GTP-binding proteins have been identified in plasma membrane
and cytoplasm. These include RhoA, B and C, and D, rhoG, rac 1 and 2, G25K-A and B, and
TC10 (Hall, A. et al. (1993) Philos. Trans. R. Soc. Lond. (Biol.) 340:267-271). All Rho
proteins have a CAAX motif that binds a prenyl group and either a palmitoylation site or a
basic amino acid-rich region, suggesting their role in membrane-associated functions. In
particular, RhoD is a protein that functions in early endosome motility and distribution by
inducing rearrangement of actin cytoskeleton and cell surface (Murphy, C. et al. (1996)

Nature 384:427-432). During cell adhesion, the Rho proteins are essential for triggering focal
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complex assembly and integrin-dependent signal transduction (Hotchin, N. A. and Hall, A.
(1995) J. Cell Biol. 131:1857-1865).

The Ras subfamily proteins already indicated supra are essential in transducing
signals from receptor tyrosine kinases (RTKs) to a series of serine/threonine kinases which
control cell growth and differentiation. Mutant Ras proteins, which bind but cannot hydrolyze
GTP, are permanently activated and cause continuous cell proliferation or cancer. TC21, a
Ras-like protein, is found to be highly expressed in a human teratocarcinoma cell line
(Drivas, G. T. et al. (1990) Mol. Cell. Biol. 10: 1793-1798). Rin and Rit are characterized as
membrane-binding, Ras-like proteins without the lipid-binding CAAX motif and carboxy
terminal cysteine (Lee, C.-H. J. et al. (1996) J. Neurosci. 16: 6784-6794). Further, Rin is

shown to localize in neurons and have calcium-dependant calmodulin-binding activity.

The discovery of new human Ras-like proteins and the polynucleotides that encode
them satisfies a need in the art by providing new compositions that are useful in the
diagnosis, prevention, and treatment of inflammation and disorders associated with cell

proliferation and apoptosis.

SUMMARY OF THE INVENTION

The present invention is based in part on the identification of amino acid sequences of
human Ras-like protein polypeptides and proteins that are related to the Ras Ras-like protein
subfamily, as well as allelic variants and other mammalian orthologs thereof. These unique
peptide sequences, and nucleic acid sequences that encode these peptides, can be used as
models for the development of human therapeutic targets, aid in the identification of
therapeutic proteins, and serve as targets for the development of human therapeutic agents
that modulate Ras-like protein activity in cells and tissues that express the Ras-like protein.
Experimental data as provided in Figure 1 indicates expression in prostate, lung (carcinoid

tissue), kidney, and breast tissue.

DESCRIPTION OF THE FIGURE SHEETS

FIGURE 1 provides the nucleotide sequence of a transcript sequence that encodes the
Ras-like protein of the present invention. (SEQ ID NO:1) In addition, structure and

functional information is provided, such as ATG start, stop and tissue distribution, where
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available, that allows one to readily determine specific uses of inventions based on this
molecular sequence. Experimental data as provided in Figure 1 indicates expression in
prostate, lung (carcinoid tissue), kidney, and breast tissue.

FIGURE 2 provides the predicted amino acid sequence of the Ras-like protein of the
present invention. (SEQ ID NO:2) In addition structure and functional information such as
protein family, function, and modification sites is provided where available, allowing one to
readily determine specific uses of inventions based on this molecular sequence.

FIGURE 3 provides genomic sequences that span the gene encoding the Ras-like
protein of the present invention. (SEQ ID NO:3) In addition structure and functional
information, such as intron/exon structure, promoter location, etc., is provided where
available, allowing one to readily determine specific uses of inventions based on this
molecular sequence. As illustrated in Figure 3, identified SNP variations include T5602A
and A6062G.

DETAILED DESCRIPTION OF THE INVENTION

General Description

The present invention is based on the sequencing of the human genome. During the
sequencing and assembly of the human genome, analysis of the sequence information
revealed previously unidentified fragments of the human genome that encode peptides that
share structural and/or sequence homology to protein/peptide/domains identified and
characterized within the art as being a Ras-like protein or part of a Ras-like protein and are
related to the Ras subfamily. Utilizing these sequences, additional genomic sequences were
assembled and transcript and/or cDNA sequences were isolated and characterized. Based on
this analysis, the present invention provides amino acid sequences of human Ras-like protein
polypeptides that are related to the Ras subfamily, nucleic acid sequences in the form of
transcript sequences, cDNA sequences and/or genomic sequences that encode these Ras-like
protein polypeptide, nucleic acid variation (allelic information), tissue distribution of
expression, and information about the closest art known protein/peptide/domain that has
structural or sequence homology to the Ras-like protein of the present invention.

In addition to being previously unknown, the peptides that are provided in the present
invention are selected based on their ability to be used for the development of commercially

important products and services. Specifically, the present peptides are selected based on
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homology and/or structural relatedness to known Ras-like proteins of the Ras subfamily and
the expression pattern observed. Experimental data as provided in Figure 1 indicates
expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. The art has clearly
established the commercial importance of members of this family of proteins and proteins
that have expression patterns similar to that of the present gene. Some of the more specific
features of the peptides of the present invention, and the uses thereof, are described herein,
particularly in the Background of the Invention and in the annotation provided in the Figures,
and/or are known within the art for each of the known Ras family or subfamily of Ras-like

proteins.

Specific Embodiments

Peptide Molecules

The present invention provides nucleic acid sequences that encode protein molecules
that have been identified as being members of the Ras-like protein family and are related to
the Ras subfamily (protein sequences are provided in Figure 2, transcript/cDNA sequences
are provided in Figure 1 and genomic sequences are provided in Figure 3). The peptide
sequences provided in Figure 2, as well as the obvious variants described herein, particularly
allelic variants as identified herein and using the information in Figure 3, will be referred
herein as the Ras-like proteins or peptides of the present invention, Ras-like proteins or
peptides, or peptides/proteins of the present invention.

The present invention provides isolated peptide and protein molecules that consist of,
consist essentially of, or comprise the amino acid sequences of the Ras-like protein
polypeptide disclosed in the Figure 2, (encoded by the nucleic acid molecule shown in Figure
1, transcript/cDNA or Figure 3, genomic sequence), as well as all obvious variants of these
peptides that are within the art to make and use. Some of these variants are described in
detail below.

As used herein, a peptide is said to be "isolated" or "purified" when it is substantially
free of cellular material or free of chemical precursors or other chemicals. The peptides of the
present invention can be purified to homogeneity or other degrees of purity. The level of
purification will be based on the intended use. The critical feature is that the preparation allows
for the desired function of the peptide, even if in the presence of considerable amounts of other

components.
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In some uses, "substantially free of cellular material” includes preparations of the peptide
having less than about 30% (by dry weight) other proteins (i.e., contaminating protein), less than
about 20% other proteins, less than about 10% other proteins, or less than about 5% other
proteins. When the peptide is recombinantly produced, it can also be substantially free of culture
medium, i.e., culture medium represents less than about 20% of the volume of the protein
preparation.

The language "substantially free of chemical precursors or other chemicals" includes
preparations of the peptide in which it is separated from chemical precursors or other chemicals
that are involved in its synthesis. In one embodiment, the language "substantially free of
chemical precursors or other chemicals" includes preparations of the Ras-like protein
polypeptide having less than about 30% (by dry weight) chemical precursors or other chemicals,
less than about 20% chemical precursors or other chemicals, less than about 10% chemical
precursors or other chemicals, or less than about 5% chemical precursors or other chemicals.

The isolated Ras-like protein polypeptide can be purified from cells that naturally
express it, purified from cells that have been altered to express it (recombinant), or synthesized
using known protein synthesis methods. Experimental data as provided in Figure 1 indicates
expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. For example, a nucleic
acid molecule encoding the Ras-like protein polypeptide is cloned into an expression vector, the
expression vector introduced into a host cell and the protein expressed in the host cell. The
protein can then be isolated from the cells by an appropriate purification scheme using standard
protein purification techniques. Many of these techniques are described in detail below.

Accordingly, the present invention provides proteins that consist of the amino acid
sequences provided in Figure 2 (SEQ ID NO:2), for example, proteins encoded by the
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic
sequences provided in Figure 3 (SEQ ID NO:3). The amino acid sequence of such a protein is
provided in Figure 2. A protein consists of an amino acid sequence when the amino acid
sequence is the final amino acid sequence of the protein.

The present invention further provides proteins that consist essentially of the amino acid
sequences provided in Figure 2 (SEQ ID NO:2), for example, proteins encoded by the
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic
sequences provided in Figure 3 (SEQ ID NO:3). A protein consists essentially of an amino acid

sequence when such an amino acid sequence is present with only a few additional amino acid
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residues, for example from about 1 to about 100 or so additional residues, typically from 1 to
about 20 additional residues in the final protein.

The present invention further provides proteins that comprise the amino acid sequences
provided in Figure 2 (SEQ ID NO:2), for example, proteins encoded by the transcript/cDNA
nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic sequences provided
in Figure 3 (SEQ ID NO:3). A protein comprises an amino acid sequence when the amino acid
sequence is at least part of the final amino acid sequence of the protein. In such a fashion, the
protein can be only the peptide or have additional amino acid molecules, such as amino acid
residues (contiguous encoded sequence) that are naturally associated with it or heterologous
amino acid residues/peptide sequences. Such a protein can have a few additional amino acid
residues or can comprise several hundred or more additional amino acids. The preferred classes
of proteins that are comprised of the Ras-like protein polypeptide of the present invention are the
naturally occurring mature proteins. A brief description of how various types of these proteins
can be made/isolated is provided below.

The Ras-like protein polypeptides of the present invention can be attached to
heterologous sequences to form chimeric or fusion proteins. Such chimeric and fusion proteins
comprise a Ras-like protein polypeptide operatively linked to a heterologous protein having an
amino acid sequence not substantially homologous to the Ras-like protein polypeptide.
"Operatively linked" indicates that the Ras-like protein polypeptide and the heterologous protein
are fused in-frame. The heterologous protein can be fused to the N-terminus or C-terminus of
the Ras-like protein polypeptide.

In some uses, the fusion protein does not affect the activity of the Ras-like protein
polypeptide per se. For example, the fusion protein can include, but is not limited to, enzymatic
fusion proteins, for example beta-galactosidase fusions, yeast two-hybrid GAL fusions, poly-His
fusions, MY C-tagged, HI-tagged and Ig fusions. Such fusion proteins, particularly poly-His
fusions, can facilitate the purification of recombinant Ras-like protein polypeptide. In certain
host cells (e.g., mammalian host cells), expression and/or secretion of a protein can be increased
by using a heterologous signal sequence.

A chimeric or fusion protein can be produced by standard recombinant DNA techniques.
For example, DNA fragments coding for the different protein sequences are ligated together in-
frame in accordance with conventional techniques. In another embodiment, the fusion gene can
be synthesized by conventional techniques including automated DNA synthesizers.

Alternatively, PCR amplification of gene fragments can be carried out using anchor primers

9
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which give rise to complementary overhangs between two consecutive gene fragments which
can subsequently be annealed and re-amplified to generate a chimeric gene sequence (see
Ausubel et al., Current Protocols in Molecular Biology, 1992). Moreover, many expression
vectors are commercially available that already encode a fusion moiety (e.g., a GST protein). A
Ras-like protein polypeptide-encoding nucleic acid can be cloned into such an expression vector
such that the fusion moiety is linked in-frame to the Ras-like protein polypeptide.

As mentioned above, the present invention also provides and enables obvious variants of
the amino acid sequence of the peptides of the present invention, such as naturally occurring
mature forms of the peptide, allelic/sequence variants of the peptides, non-naturally occurring
recombinantly derived variants of the peptides, and orthologs and paralogs of the peptides. Such
variants can readily be generated using art know techniques in the fields of recombinant nucleic
acid technology and protein biochemistry. It is understood, however, that variants exclude any
amino acid sequences disclosed prior to the invention.

Such variants can readily be identified/made using molecular techniques and the
sequence information disclosed herein. Further, such variants can readily be distinguished from
other peptides based on sequence and/or structural homology to the Ras-like protein
polypeptides of the present invention. The degree of homology/identity present will be based
primarily on whether the peptide is a functional variant or non-functional variant, the amount of
divergence present in the paralog family, and the evolutionary distance between the orthologs.

To determine the percent identity of two amino acid sequences or two nucleic acid
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in one or both of a first and a second amino acid or nucleic acid sequence for
optimal alignment and non-homologous sequences can be disregarded for comparison
purposes). In a preferred embodiment, the length of a reference sequence aligned for
comparison purposes is at least 30%, 40%, 50%, 60%, 70%, 80%, or 90% or more of the
length of the reference sequence. The amino acid residues or nucleotides at corresponding
amino acid positions or nucleotide positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position (as used
herein amino acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid
"homology"). The percent identity between the two sequences is a function of the number of
identical positions shared by the sequences, taking into account the number of gaps, and the

length of each gap, which need to be introduced for optimal alignment of the two sequences.
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The comparison of sequences and determination of percent identity and similarity
between two sequences can be accomplished using a mathematical algorithm. (Computational
Molecular Biology, Lesk, AM., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic
Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press, New York, 1991). In a preferred embodiment, the percent identity between two amino
acid sequences is determined using the Needleman and Wunsch (J. Mol. Biol. (48):444-453
(1970)) algorithm which has been incorporated into the GAP program in the GCG software
package (available at http://www.gcg.com), using either a Blossom 62 matrix or a PAM250
matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6.
In yet another preferred embodiment, the percent identity between two nucleotide sequences
is determined using the GAP program in the GCG software package (Devereux, J., et al.,
Nucleic Acids Res. 12(1):387 (1984)) (available at http://www.gcg.com), using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1,
2,3,4, 5, or 6. In another embodiment, the percent identity between two amino acid or
nucleotide sequences is determined using the algorithm of E. Meyers and W. Miller
(CABIOS, 4:11-17 (1989)) which has been incorporated into the ALIGN program (version
2.0), using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of
4,

The nucleic acid and protein sequences of the present invention can further be used as
a "query sequence" to perform a search against sequence databases to, for example, identify
other family members or related sequences. Such searches can be performed using the
NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (J. Mol. Biol. 215:403-10
(1990)). BLAST nucleotide searches can be performed with the NBLAST program, score =
100, word length = 12 to obtain nucleotide sequences homologous to the nucleic acid
molecules of the invention. BLAST protein searches can be performed with the XBLAST
program, score = 50, word length = 3, to obtain amino acid sequences homologous to the
proteins of the invention. To obtain gapped alignments for comparison purposes, Gapped
BLAST can be utilized as described in Altschul et al. (Nucleic Acids Res. 25(17):3389-3402
(1997)). When utilizing BLAST and gapped BLAST programs, the default parameters of the

11



10

15

20

25

30

WO 03/074675 PCT/US03/06369

respective programs (e.g., XBLAST and NBLAST) can be used. See
http://www.ncbi.nlm.nih.gov.

Full-length pre-processed forms, as well as mature processed forms, of proteins that
comprise one of the peptides of the present invention can readily be identified as having
complete sequence identity to one of the Ras-like protein polypeptides of the present invention
as well as being encoded by the same genetic locus as the Ras-like protein polypeptide provided
herein. As indicated in Figure 3, the map position was determined to be on human chromosome
13.

Allelic variants of a Ras-like protein polypeptide can readily be identified as being a
human protein having a high degree (significant) of sequence homology/identity to at least a
portion of the Ras-like protein polypeptide as well as being encoded by the same genetic locus
as the Ras-like protein polypeptide provided herein. Genetic locus can readily be determined
based on the genomic information provided in Figure 3, such as the genomic sequence mapped
to the reference human. As indicated in Figure 3, the map position was determined to be on
human chromosome 13. As used herein, two proteins (or a region of the proteins) have
significant homology when the amino acid sequences are typically at least about 70-80%, 80-
90%, and more typically at least about 90-95% or more homologous. A significantly
homologous amino acid sequence, according to the present invention, will be encoded by a
nucleic acid sequence that will hybridize to a Ras-like protein polypeptide encoding nucleic
acid molecule under stringent conditions as more fully described below.

Figure 3 provides information on SNPs that have been found in the gene encoding the
Ras-like proteins of the present invention. The following variations were identified: TS602A
and A6062G.

Paralogs of a Ras-like protein polypeptide can readily be identified as having some
degree of significant sequence homology/identity to at least a portion of the Ras-like protein
polypeptide, as being encoded by a gene from humans, and as having similar activity or
function. Two proteins will typically be considered paralogs when the amino acid sequences
are typically at least about 40-50%, 50-60%, and more typically at least about 60-70% or
more homologous through a given region or domain. Such paralogs will be encoded by a
nucleic acid sequence that will hybridize to a Ras-like protein polypeptide encoding nucleic
acid molecule under moderate to stringent conditions as more fully described below.

Orthologs of a Ras-like protein polypeptide can readily be identified as having some
degree of significant sequence homology/identity to at least a portion of the Ras-like protein
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polypeptide as well as being encoded by a gene from another organism. Preferred orthologs will
be isolated from mammals, preferably primates, for the development of human therapeutic
targets and agents. Such orthologs will be encoded by a nucleic acid sequence that will
hybridize to a Ras-like protein polypeptide encoding nucleic acid molecule under moderate to
stringent conditions, as more fully described below, depending on the degree of relatedness
of the two organisms yielding the proteins.

Non-naturally occurring variants of the Ras-like protein polypeptides of the present
invention can readily be generated using recombinant techniques. Such variants include, but are
not limited to deletions, additions and substitutions in the amino acid sequence of the Ras-like
protein polypeptide. For example, one class of substitutions is conserved amino acid
substitutions. Such substitutions are those that substitute a given amino acid in a Ras-like
protein polypeptide by another amino acid of like characteristics. Typically seen as conservative
substitutions are the replacements, one for another, among the aliphatic amino acids Ala, Val,
Leu, and Ile; interchange of the hydroxyl residues Ser and Thr, exchange of the acidic residues
Asp and Glu, substitution between the amide residues Asn and Gln, exchange of the basic
residues Lys and Arg, replacements among the aromatic residues Phe, Tyr, and the like.
Guidance concerning which amino acid changes are likely to be phenotypically silent are found
in Bowie et al., Science 247:1306-1310 (1990).

Variant Ras-like protein polypeptides can be fully functional or can lack function in one
or more activities. Fully functional variants typically contain only conservative variations or
variations in non-critical residues or in non-critical regions. Functional variants can also contain
substitution of similar amino acids that result in no change or an insignificant change in
function. Alternatively, such substitutions may positively or negatively affect function to some
degree.

Non-functional variants typically contain one or more non-conservative amino acid
substitutions, deletions, insertions, inversions, or truncation or a substitution, insertion,
inversion, or deletion in a critical residue or critical region.

Amino acids that are essential for function can be identified by methods known in the
art, such as site-directed mutagenesis or alanine-scanning mutagenesis (Cunningham et al.,
Science 244:1081-1085 (1989)). The latter procedure introduces single alanine mutations at
every residue in the molecule. The resulting mutant molecules are then tested for biological
activity such as receptor binding or in vitro proliferative activity. Sites that are critical for

ligand-receptor binding can also be determined by structural analysis such as crystallography,
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nuclear magnetic resonance, or photoaffinity labeling (Smith ez al., J. Mol. Biol. 224:899-904
(1992); de Vos et al. Science 255:306-312 (1992)).

The present invention further provides fragments of the Ras-like protein polypeptides, in
addition to proteins and peptides that comprise and consist of such fragments. Particularly those
comprising the residues identified in Figure 2. The fragments to which the invention pertains,
however, are not to be construed as encompassing fragments that have been disclosed publicly
prior to the present invention.

As used herein, a fragment comprises at least 8, 10, 12, 14, 16 or more contiguous amino
acid residues from a Ras-like protein polypeptide. Such fragments can be chosen based on the
ability to retain one or more of the biological activities of the Ras-like protein polypeptide, or
can be chosen for the ability to perform a function, e.g., act as an immunogen. Particularly
important fragments are biologically active fragments, peptides that are, for example about 8 or
more amino acids in length. Such fragments will typically comprise a domain or motif of the
Ras-like protein polypeptide, €.g., active site. Further, possible fragments include, but are not
limited to, domain or motif containing fragments, soluble peptide fragments, and fragments
containing immunogenic structures. Predicted domains and functional sites are readily
identifiable by computer programs well known and readily available to those of skill in the art
(e.g., PROSITE, HMMer, eMOTTF, etc.). The results of one such analysis are provided in
Figure 2.

Polypeptides often contain amino acids other than the 20 amino acids commonly
referred to as the 20 naturally occurring amino acids. Further, many amino acids, including the
terminal amino acids, may be modified by natural processes, such as processing and other post-
translational modifications, or by chemical modification techniques well known in the art.
Common modifications that occur naturally in Ras-like protein polypeptides are described in
basic texts, detailed monographs, and the research literature, and they are well known to those of
skill in the art (some of these features are identified in Figure 2).

Known modifications include, but are not limited to, acetylation, acylation, ADP-
ribosylation, amidation, covalent attachment of flavin, covalent attachment of a heme moiety,
covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or
lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization, disulfide
bond formation, demethylation, formation of covalent crosslinks, formation of cystine,
formation of pyroglutamate, formylation, gamma carboxylation, glycosylation, GPI anchor

formation, hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic

14



10

15

20

25

30

WO 03/074675 PCT/US03/06369

processing, phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA
mediated addition of amino acids to proteins such as arginylation, and ubiquitination.

Such modifications are well known to those of skill in the art and have been described in
great detail in the scientific literature. Several particularly common modifications,
glycosylation, lipid attachment, sulfation, gamma-carboxylation of glutamic acid residues,
hydroxylation and ADP-ribosylation, for instance, are described in most basic texts, such as
Proteins - Structure and Molecular Properties, 2nd Ed., T.E. Creighton, W. H. Freeman and
Company, New York (1993). Many detailed reviews are available on this subject, such as by
Wold, F., Posttranslational Covalent Modification of Proteins, B.C. Johnson, Ed., Academic
Press, New York 1-12 (1983); Seifter et al. (Meth. Enzymol. 182: 626-646 (1990)) and Rattan et
al. (Ann. N.Y. Acad. Sci. 663:48-62 (1992)).

Accordingly, the Ras-like protein polypeptides of the present invention also encompass

derivatives or analogs in which a substituted amino acid residue is not one encoded by the

genetic code, in which a substituent group is included, in which the mature Ras-like protein
polypeptide is fused with another compound, such as a compound to increase the half-life of the
Ras-like protein polypeptide (for example, polyethylene glycol), or in which the additional
amino acids are fused to the mature Ras-like protein polypeptide, such as a leader or secretory
sequence or a sequence for purification of the mature Ras-like protein polypeptide, or a pro-

protein sequence.

Protein/Peptide Uses

The proteins of the present invention can be used in assays to determine the biological
activity of the protein, including in a panel of multiple proteins for high-throughput
screening; to raise antibodies or to elicit another immune response; as a reagent (including the
labeled reagent) in assays designed to quantitatively determine levels of the protein (or its
ligand or receptor) in biological fluids; and as markers for tissues in which the corresponding
protein is preferentially expressed (either constitutively or at a particular stage of tissue
differentiation or development or in a disease state). Where the protein binds or potentially
binds to another protein (such as, for example, in a receptor-ligand interaction), the protein
can be used to identify the binding partner so as to develop a system to identify inhibitors of
the binding interaction. Any or all of these research utilities are capable of being developed
into reagent grade or kit format for commercialization as research products.

Methods for performing the uses listed above are well known to those skilled in the

art. References disclosing such methods include "Molecular Cloning: A Laboratory Manual",
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2d ed., Cold Spring Harbor Laboratory Press, Sambrook, J., E. F. Fritsch and T. Maniatis
eds., 1989, and "Methods in Enzymology: Guide to Molecular Cloning Techniques",
Academic Press, Berger, S. L. and A. R. Kimmel eds., 1987.

The potential uses of the peptides of the present invention are based primarily on the
source of the protein as well as the class/action of the protein. For example, Ras-like proteins
isolated from humans and their human/mammalian orthologs serve as targets for identifying
agents for use in mammalian therapeutic applications, €.g. a human drug, particularly in
modulating a biological or pathological response in a cell or tissue that expresses the Ras-like
protein. Experimental data as provided in Figure 1 indicates that Ras-like proteins of the
present invention are expressed in prostate, lung (carcinoid tissue), kidney, and breast tissue,
as indicated by virtual northern blot analysis. A large percentage of pharmaceutical agents
are being developed that modulate the activity of Ras-like proteins, particularly members of
the Ras subfamily (see Background of the Invention). The structural and functional
information provided in the Background and Figures provide specific and substantial uses for
the molecules of the present invention, particularly in combination with the expression
information provided in Figure 1. Experimental data as provided in Figure 1 indicates
expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. Such uses can
readily be determined using the information provided herein, that which is known in the art,
and routine experimentation.

The proteins of the present invention (including variants and fragments that may have
been disclosed prior to the present invention) are useful for biological assays related to Ras-like
proteins that are related to members of the Ras subfamily. Such assays involve any of the
known Ras-like protein functions or activities or properties useful for diagnosis and treatment of
Ras-like protein-related conditions that are specific for the subfamily of Ras-like proteins that
the one of the present invention belongs to, particularly in cells and tissues that express the Ras-
like protein. Experimental data as provided in Figure 1 indicates that Ras-like proteins of the
present invention are expressed in prostate, lung (carcinoid tissue), kidney, and breast tissue, as
indicated by virtual northern blot analysis.

The proteins of the present invention are also useful in drug screening assays, in cell-
based or cell-free systems. Cell-based systems can be native, i.e., cells that normally express the
Ras-like protein, as a biopsy or expanded in cell culture. Experimental data as provided in

Figure 1 indicates expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. In an
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alternate embodiment, cell-based assays involve recombinant host cells expressing the Ras-like
protein.

The polypeptides can be used to identify compounds that modulate Ras-like protein
activity. Both the Ras-like protein of the present invention and appropriate variants and
fragments can be used in high-throughput screens to assay candidate compounds for the ability
to bind to the Ras-like protein. These compounds can be further screened against a functional
Ras-like protein to determine the effect of the compound on the Ras-like protein activity.
Further, these compounds can be tested in animal or invertebrate systems to determine
activity/effectiveness. Compounds can be identified that activate (agonist) or inactivate
(antagonist) the Ras-like protein to a desired degree.

Therefore, in one embodiment, Ras or a fragment or derivative thereof may be
administered to a subject to prevent or treat a disorder associated with an increase in
apoptosis. Such disorders include, but are not limited to, AIDS and other infectious or genetic
immunodeficiencies, neurodegenerative diseases such as Alzheimer's disease, Parkinson's
disease, amyotrophic lateral sclerosis, retinitis pigmentosa, and cerebellar degeneration,
myelodysplastic syndromes such as aplastic anemia, ischemic injuries such as myocardial
infarction, stroke, and reperfusion injury, toxin-induced diseases such as alcohol-induced
liver damage, cirrhosis, and lathyrism, wasting diseases such as cachexia, viral infections
such as those caused by hepatitis B and C, and osteoporosis.

In another embodiment, a pharmaceutical composition comprising Ras may be
administered to a subject to prevent or treat a disorder associated with increased apoptosis
including, but not limited to, those listed above.

In still another embodiment, an agonist which is specific for Ras may be administered to
prevent or treat a disorder associated with increased apoptosis including, but not limited to, those
listed above.

In a further embodiment, a vector capable of expressing Ras, or a fragment or a
derivative thereof, may be used to prevent or treat a disorder associated with increased apoptosis
including, but not limited to, those listed above.

In cancer, where Ras promotes cell proliferation, it is desirable to decrease its activity.
Therefore, in one embodiment, an antagonist of Ras may be administered to a subject to prevent
or treat cancer including, but not limited to, adenocarcinoma, leukemia, lymphoma, melanoma,
myeloma, sarcoma, and teratocarcinoma, and, in particular, cancers of the adrenal gland,

bladder, bone, bone marrow, brain, breast, cervix, gall bladder, ganglia, gastrointestinal tract,
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heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate, salivary glands,
skin, spleen, testis, thymus, thyroid, and uterus. In one aspect, an antibody specific for Ras may
be used directly as an antagonist, or indirectly as a targeting or delivery mechanism for bringing
a pharmaceutical agent to cells or tissue which express Ras.

In another embodiment, a vector expressing the complement of the polynucleotide
encoding Ras may be administered to a subject to prevent or treat a cancer including, but not
limited to, the types of cancer listed above.

In inflammation, where Ras promotes cell proliferation, it is desirable to decrease its
activity. Therefore, in one embodiment, an antagonist of Ras may be administered to a subject to
prevent or treat an inflammation. Disorders associated with inflammation include, but are not
limited to, Addison's disease, adult respiratory distress syndrome, allergies, anemia, asthma,
atherosclerosis, bronchitis, cholecystitis, Crohn's disease, ulcerative colitis, atopic dermatitis,
dermatomyositis, diabetes mellitus, emphysema, atrophic gastritis, glomerulonephritis, gout,
Graves' disease, hypereosinophilia, irritable bowel syndrome, lupus erythematosus, multiple
sclerosis, myasthenia gravis, myocardial or pericardial inflammation, osteoarthritis,
osteoporosis, pancreatitis, polymyositis, rheumatoid arthritis, scleroderma, Sjogren's syndrome,
and autoimmune thyroiditis; complications of cancer, hemodialysis, extracorporeal circulation;
viral, bacterial, fungal, parasitic, protozoal, and helminthic infections and trauma. In one aspect,
an antibody specific for Ras may be used directly as an antagonist, or indirectly as a targeting or
delivery mechanism for bringing a pharmaceutical agent to cells or tissue which express Ras.

Further, the Ras-like protein polypeptides can be used to screen a compound for the
ability to stimulate or inhibit interaction between the Ras-like protein and a molecule that
normally interacts with the Ras-like protein, e.g. a ligand or a component of the signal pathway
that the Ras-like protein normally interacts. Such assays typically include the steps of
combining the Ras-like protein with a candidate compound under conditions that allow the Ras-
like protein, or fragment, to interact with the target molecule, and to detect the formation of a
complex between the protein and the target or to detect the biochemical consequence of the
interaction with the Ras-like protein and the target, such as any of the associated effects of signal
transduction.

Candidate compounds include, for example, 1) peptides such as soluble peptides,
including Ig-tailed fusion peptides and members of random peptide libraries (see, e.g., Lam et
al., Nature 354:82-84 (1991); Houghten et al., Nature 354:84-86 (1991)) and combinatorial

chemistry-derived molecular libraries made of D- and/or L- configuration amino acids; 2)
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phosphopeptides (e.g., members of random and partially degenerate, directed phosphopeptide
libraries, see, €.g., Songyang et al., Cell 72:767-778 (1993)), 3) antibodies (e.g., polyclonal,
monoclonal, humanized, anti-idiotypic, chimeric, and single chain antibodies as well as Fab,
F(ab"),, Fab expression library fragments, and epitope-binding fragments of antibodies); and 4)
small organic and inorganic molecules (e.g., molecules obtained from combinatorial and natural
product libraries). (Hodgson, Bio/technology, 1992, Sept 10(9);973-80).

One candidate compound is a soluble fragment of the Ras-like protein that competes for
ligand binding. Other candidate compounds include mutant Ras-like proteins or appropriate
fragments containing mutations that affect Ras-like protein function and thus compete for
ligand. Accordingly, a fragment that competes for ligand, for example with a higher affinity, or
a fragment that binds ligand but does not allow release, is within the scope of the invention.

The invention further includes other end point assays to identify compounds that
modulate (stimulate or inhibit) Ras-like protein activity. The assays typically involve an assay
of events in the Ras-like protein mediated signal transduction pathway that indicate Ras-like
protein activity. Thus, the phosphorylation of a protein/ligand target, the expression of genes
that are up- or down-regulated in response to the Ras-like protein dependent signal cascade can
be assayed. In one embodiment, the regulatory region of such genes can be operably linked to a
marker that is easily detectable, such as luciferase. Alternatively, phosphorylation of the Ras-
like protein, or a Ras-like protein target, could also be measured.

Any of the biological or biochemical functions mediated by the Ras-like protein can be
used as an endpoint assay. These include all of the biochemical or biochemical/biological
events described herein, in the references cited herein, incorporated by reference for these
endpoint assay targets, and other functions known to those of ordinary skill in the art.

Binding and/or activating compounds can also be screened by using chimeric Ras-like
proteins in which any of the protein’s domains, or parts thereof, can be replaced by heterologous
domains or subregions. Accordingly, a different set of signal transduction components is
available as an end-point assay for activation. This allows for assays to be performed in other
than the specific host cell from which the Ras-like protein is derived.

The Ras-like protein polypeptide of the present invention is also useful in competition
binding assays in methods designed to discover compounds that interact with the Ras-like
protein. Thus, a compound is exposed to a Ras-like protein polypeptide under conditions that
allow the compound to bind or to otherwise interact with the polypeptide. Soluble Ras-like

protein polypeptide is also added to the mixture. If the test compound interacts with the soluble
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Ras-like protein polypeptide, it decreases the amount of complex formed or activity from the
Ras-like protein target. This type of assay is particularly useful in cases in which compounds
are sought that interact with specific regions of the Ras-like protein. Thus, the soluble
polypeptide that competes with the target Ras-like protein region is designed to contain peptide
sequences corresponding to the region of interest.

To perform cell free drug screening assays, it is sometimes desirable to immobilize
either the Ras-like protein, or fragment, or its target molecule to facilitate separation of
complexes from uncomplexed forms of one or both of the proteins, as well as to accommodate
automation of the assay.

Techniques for immobilizing proteins on matrices can be used in the drug screening
assays. In one embodiment, a fusion protein can be provided which adds a domain that allows
the protein to be bound to a matrix. For example, glutathione-S-transferase/15625 fusion
proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or
glutathione derivatized microtitre plates, which are then combined with the cell lysates (e.g., >S-
labeled) and the candidate compound, and the mixture incubated under conditions conducive to
complex formation (e.g., at physiological conditions for salt and pH). Following incubation, the
beads are washed to remove any unbound label, and the matrix immobilized and radiolabel
determined directly, or in the supernatant after the complexes are dissociated. Alternatively, the
complexes can be dissociated from the matrix, separated by SDS-PAGE, and the level of Ras-
like protein-binding protein found in the bead fraction quantitated from the gel using standard
electrophoretic techniques. For example, either the polypeptide or its target molecule can be
immobilized utilizing conjugation of biotin and streptavidin with techniques well known in the
art. Alternatively, antibodies reactive with the protein but which do not interfere with binding of
the protein to its target molecule can be derivatized to the wells of the plate, and the protein
trapped in the wells by antibody conjugation. Preparations of a Ras-like protein-binding protein
and a candidate compound are incubated in the Ras-like protein-presenting wells and the amount
of complex trapped in the well can be quantitated. Methods for detecting such complexes, in
addition to those described above for the GST-immobilized complexes, include
immunodetection of complexes using antibodies reactive with the Ras-like protein target
molecule, or which are reactive with Ras-like protein and compete with the target molecule, as
well as enzyme-linked assays which rely on detecting an enzymatic activity associated with the

target molecule.
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Agents that modulate one of the Ras-like proteins of the present invention can be
identified using one or more of the above assays, alone or in combination. It is generally
preferable to use a cell-based or cell free system first and then confirm activity in an
animal/insect model system. Such model systems are well known in the art and can readily be
employed in this context.

Modulators of Ras-like protein activity identified according to these drug screening
assays can be used to treat a subject with a disorder mediated by the Ras-like protein associated
pathway, by treating cells that express the Ras-like protein. Experimental data as provided in
Figure 1 indicates expression in prostate, lung (carcinoid tissue), kidney, and breast tissue.
These methods of treatment include the steps of administering the modulators of protein activity
in a pharmaceutical composition as described herein, to a subject in need of such treatment.

In yet another aspect of the invention, the Ras-like proteins can be used as "bait
proteins” in a two-hybrid assay or three-hybrid assay (see, €.g., U.S. Patent No. 5,283,317,
Zervos et al., Cell 72:223-232 (1993); Madura et al., J. Biol. Chem. 268:12046-12054 (1993);
Bartel et al., Biotechniques 14:920-924 (1993); Iwabuchi et al., Oncogene 8:1693-1696
(1993); and Brent W094/10300), to identify other proteins that bind to or interact with the
Ras-like protein and are involved in Ras-like protein activity. Such Ras-like protein-binding
proteins are also likely to be involved in the propagation of signals by the Ras-like proteins or
Ras-like protein targets as, for example, downstream elements of a Ras-like protein-mediated
signaling pathway, e.g., a pain signaling pathway. Alternatively, such Ras-like protein-
binding proteins are likely to be Ras-like protein inhibitors.

The two-hybrid system is based on the modular nature of most transcription factors,
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes
two different DNA constructs. In one construct, the gene that codes for a Ras-like protein is
fused to a gene encoding the DNA binding domain of a known transcription factor (e.g.,
GAL-4). In the other construct, a DNA sequence, from a library of DNA sequences, that
encodes an unidentified protein ("prey" or "sample") is fused to a gene that codes for the
activation domain of the known transcription factor. If the "bait" and the "prey" proteins are
able to interact, in vivo, forming a Ras-like protein-dependent complex, the DNA-binding and
activation domains of the transcription factor are brought into close proximity. This
proximity allows transcription of a reporter gene (e.g., LacZ) which is operably linked to a
transcriptional regulatory site responsive to the transcription factor. Expression of the

reporter gene can be detected and cell colonies containing the functional transcription factor
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can be isolated and used to obtain the cloned gene which encodes the protein which interacts
with the Ras-like protein.

This invention further pertains to novel agents identified by the above-described
screening assays. Accordingly, it is within the scope of this invention to further use an agent
identified as described herein in an appropriate animal model. For example, an agent
identified as described herein (e.g., a Ras-like protein modulating agent, an antisense Ras-like
protein nucleic acid molecule, a Ras-like protein-specific antibody, or a Ras-like protein-
binding partner) can be used in an animal or insect model to determine the efficacy, toxicity,
or side effects of treatment with such an agent. Alternatively, an agent identified as described
hereiﬁ can be used in an animal or insect model to determine the mechanism of action of such
an agent. Furthermore, this invention pertains to uses of novel agents identified by the
above-described screening assays for treatments as described herein.

The Ras-like proteins of the present invention are also useful to provide a target for
diagnosing a disease or predisposition to a disease mediated by the peptide, Accordingly, the
invention provides methods for detecting the presence, or levels of, the protein (or encoding
mRNA) in a cell, tissue, or organism. Experimental data as provided in Figure 1 indicates
expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. The method involves
contacting a biological sample with a compound capable of interacting with the receptor protein
such that the interaction can be detected. Such an assay can be provided in a single detection
format or a multi-detection format suZ:h as an antibody chip array.

One agent for detecting a protein in a sample is an antibody capable of selectively
binding to protein. A biological sample includes tissues, cells and biological fluids isolated from
a subject, as well as tissues, cells, and fluids present within a subject.

The peptides also are useful to provide a target for diagnosing a disease or predisposition
to a disease mediated by the peptide, Accordingly, the invention provides methods for detecting
the presence, or levels of, the protein in a cell, tissue, or organism. The method involves
contacting a biological sample with a compound capable of interacting with the receptor protein
such that the interaction can be detected.

The peptides of the present invention also provide targets for diagnosing active disease,
or predisposition to a disease, in a patient having a variant peptide. Thus, the peptide can be
isolated from a biological sample and assayed for the presence of a genetic mutation that results
in translation of an aberrant peptide. This includes amino acid substitution, deletion, insertion,

rearrangement, (as the result of aberrant splicing events), and inappropriate post-translational
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modification. Analytic methods include altered electrophoretic mobility, altered tryptic peptide
digest, altered receptor activity in cell-based or cell-free assay, alteration in ligand or antibody-
binding pattern, altered isoelectric point, direct amino acid sequencing, and any other of the
known assay techniques useful for detecting mutations in a protein. Such an assay can be
provided in a single detection format or a multi-detection format such as an antibody chip array.

In vitro techniques for detection of peptide include enzyme linked immunosorbent
assays (ELISAs), Western blots, immunoprecipitations, and immunofluorescence using a
detection reagents, such as an antibody or protein binding agent.. Alternatively, the peptide can
be detected in vivo in a subject by introducing into the subject a labeled anti-peptide antibody.
For example, the antibody can be labeled with a radioactive marker whose presence and location
in a subject can be detected by standard imaging techniques. Particularly useful are methods
that detect the allelic variant of a peptide expressed in a subject and methods which detect
fragments of a peptide in a sample.

The peptides are also useful in pharmacogenomic analysis. Pharmacogenomics deal
with clinically significant hereditary variations in the response to drugs due to altered drug
disposition and abnormal action in affected persons. See, e.g., Eichelbaum, M. (Clin. Exp.
Pharmacol. Physiol. 23(10-11) :983-985 (1996)), and Linder, M.W. (Clin. Chem. 43(2):254-266
(1997)). The clinical outcomes of these variations result in severe toxicity of therapeutic drugs
in certain individuals or therapeutic failure of drugs in certain individuals as a result of
individual variation in metabolism. Thus, the genotype of the individual can determine the way
a therapeutic compound acts on the body or the way the body metabolizes the compound.
Further, the activity of drug metabolizing enzymes effects both the intensity and duration of
drug action. Thus, the pharmacogenomics of the individual permit the selection of effective
compounds and effective dosages of such compounds for prophylactic or therapeutic treatment
based on the individual's genotype. The discovery of genetic polymorphisms in some drug
metabolizing enzymes has explained why some patients do not obtain the expected drug effects,
show an exaggerated drug effect, or experience serious toxicity from standard drug dosages.
Polymorphisms can be expressed in the phenotype of the extensive metabolizer and the '
phenotype of the poor metabolizer. Accordingly, genetic polymorphism may lead to allelic
protein variants of the receptor protein in which one or more of the receptor functions in one
population is different from those in another population. The peptides thus allow a target to
ascertain a genetic predisposition that can affect treatment modality. Thus, in a ligand-based

treatment, polymorphism may give rise to amino terminal extracellular domains and/or other
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ligand-binding regions that are more or less acﬁve in ligand binding, and receptor activation.
Accordingly, ligand dosage would necessarily be modified to maximize the therapeutic effect
within a given population containing a polymorphism. As an alternative to genotyping, specific
polymorphic peptides could be identified.

The peptides are also useful for treating a disorder characterized by an absence of,
inappropriate, or unwanted expression of the protein. Experimental data as provided in Figure 1
indicates expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. Accordingly,

methods for treatment include the use of the Ras-like protein or fragments.
Antibodies

The invention also provides antibodies that selectively bind to one of the peptides of the
present invention, a protein comprising such a peptide, as well as variants and fragments thereof.
As used herein, an antibody selectively binds a target peptide when it binds the target peptide
and does not significantly bind to unrelated proteins. An antibody is still considered to
selectively bind a peptide even if it also binds to other proteins that are not substantially
homologous with the target peptide so long as such proteins share homology with a fragment or
domain of the peptide target of the antibody. In this case, it would be understood that antibody
binding to the peptide is still selective despite some degree of cross-reactivity.

As used herein, an antibody is defined in terms consistent with that recognized within
the art: they are multi-subunit proteins produced by a mammalian organism in response to an
antigen challenge. The antibodies of the present invention include polyclonal antibodies and
monoclonal antibodies, as well as fragments of such antibodies, including, but not limited to,
Fab or F(ab’),, and Fv fragments.

Many methods are known for generating and/or identifying antibodies to a given target
peptide. Several such methods are described by Harlow, Antibodies, Cold Spring Harbor Press,
(1989).

In general, to generate antibodies, an isolated peptide is used as an immunogen and is
administered to a mammalian organism, such as a rat, rabbit or mouse. The full-length protein,
an antigenic peptide fragment or a fusion protein can be used. Particularly important fragments
are those covering functional domains, such as the domains identified in Figure 2, and domain of
sequence homology or divergence amongst the family, such as those that can readily be
identified using protein alignment methods and as presented in the Figures.

Antibodies are preferably prepared from regions or discrete fragments of the Ras-like

proteins. Antibodies can be prepared from any region of the peptide as described herein.
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However, preferred regions will include those involved in function/activity and/or
receptor/binding partner interaction. Figure 2 can be used to identify particularly important
regions while sequence alignment can be used to identify conserved and unique sequence
fragments.

An antigenic fragment will typically comprise at least 8 contiguous amino acid residues.
The antigenic peptide can comprise, howeyver, at least 10, 12, 14, 16 or more amino acid
residues. Such fragments can be selected on a physical property, such as fragments correspond
to regions that are located on the surface of the protein, e.g., hydrophilic regions or can be
selected based on sequence uniqueness (see Figure 2)..

Detection of an antibody of the present invention can be facilitated by coupling (i.e.,
physically linking) the antibody to a detectable substance. Examples of detectable substances
include various enzymes, prosthetic groups, fluorescent materials, luminescent materials,
bioluminescent materials, and radioactive materials. Examples of suitable enzymes include
horseradish peroxidase, alkaline phosphatase, B-galactosidase, or acetylcholinesterase; examples
of suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of
suitable fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate,
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of
a luminescent material includes luminol; examples of bioluminescent materials include

luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 1251,

13 359 or 31

Antibody Uses

The antibodies can be used to isolate one of the proteins of the present invention by
standard techniques, such as affinity chromatography or immunoprecipitation. The antibodies
can facilitate the purification of the natural protein from cells and recombinantly produced
protein expressed in host cells. In addition, such antibodies are useful to detect the presence of
one of the proteins of the present invention in cells or tissues to determine the pattern of
expression of the protein among various tissues in an organism and over the course of normal
development. Experimental data as provided in Figure 1 indicates that Ras-like proteins of the
present invention are expressed in prostate, lung (carcinoid tissue), kidney, and breast tissue, as
indicated by virtual northern blot analysis. Further, such antibodies can be used to detect protein
in situ, in vitro, or in a cell lysate or supematant in order to evaluate the abundance and pattern

of expression. Also, such antibodies can be used to assess abnormal tissue distribution or
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abnormal expression during development. Antibody detection of circulating fragments of the
full-length protein can be used to identify turnover.

Further, the antibodies can be used to assess expression in disease states such as in active
stages of the disease or in an individual with a predisposition toward disease related to the
protein’s function. When a disorder is caused by an inappropriate tissue distribution,
developmental expression, level of expression of the protein, or expressed/processed form, the
antibody can be prepared against the normal protein. Experimental data as provided in Figure 1
indicates expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. If a disorder is
characterized by a specific mutation in the protein, antibodies specific for this mutant protein can
be used to assay for the presence of the specific mutant protein.

The antibodies can also be used to assess normal and aberrant subcellular localization of
cells in the various tissues in an organism. Experimental data as provided in Figure 1 indicates
expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. The diagnostic uses can
be applied, not only in genetic testing, but also in monitoring a treatment modality.

Accordingly, where treatment is ultimately aimed at correcting expression level or the presence
of aberrant sequence and aberrant tissue distribution or developmental expression, antibodies
directed against the or relevant fragments can be used to monitor therapeutic efficacy.

Additionally, antibodies are useful in pharmacogenomic analysis. Thus, antibodies
prepared against polymorphic proteins can be used to identify individuals that require modified
treatment modalities. The antibodies are also useful as diagnostic tools as an immunological
marker for aberrant protein analyzed by electrophoretic mobility, isoelectric point, tryptic
peptide digest, and other physical éssays known to those in the art.

The antibodies are also useful for tissue typing. Experimental data as provided in Figure
1 indicates expression in prostate, lung (carcinoid tissue), kidney, and breast tissue. Thus, where
a specific protein has been correlated with expression in a specific tissue, antibodies that are
specific for this protein can be used to identify a tissue type.

The antibodies are also useful for inhibiting protein function, for example, blocking the
binding of the Ras-like protein to a binding partner such as a substrate. These uses can also be
applied in a therapeutic context in which treatment involves inhibiting the protein’s function.

An antibody can be used, for example, to block binding, thus modulating (agonizing or
antagonizing) the peptides activity. Antibodies can be prepared against specific fragments

containing sites required for function or against intact protein that is associated with a cell or cell
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membrane. See Figure 2 for structural information relating to the proteins of the present
invention.

The invention also encompasses kits for using antibodies to detect the presence of a
protein in a biological sample. The kit can comprise antibodies such as a labeled or labelable
antibody and a compound or agent for detecting protein in a biological sample; means for
determining the amount of protein in the sample; means for comparing the amount of protein in

the sample with a standard; and instructions for use.

Nucleic Acid Molecules

The present invention further provides isolated nucleic acid molecules that encode 5 Ras-
like protein polypeptide of the present invention. Such nucleic acid molecules will consist of,
consist essentially of, or comprise a nucleotide sequence that encodes one of the Ras-like protein
polypeptides of the present invention, an allelic variant thereof, or an ortholog or paralog
thereof.

As used herein, an "isolated" nucleic acid molecule is one that is separated from other
nucleic acid present in the natural source of the nucleic acid. Preferably, an "isolated" nucleic
acid is free of sequences which naturally flank the nucleic acid (i.e., sequences located at the 5’
and 3’ ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic
acid is derived. However, there can be some flanking nucleotide sequences, for example up to
about SKB, particularly contiguous peptide encoding sequences and peptide encoding sequences
within the same gene but separated by introns in the genomic sequence. The important point is
that the nucleic acid is isolated from remote and unimportant flanking sequences such that it can
be subjected to the specific manipulations described herein such as recombinant expression,
preparation of probes and primers, and other uses specific to the nucleic acid sequences.

Moreover, an "isolated" nucleic acid molecule, such as a cDNA molecule, can be
substantially free of other cellular material, or culture medium when produced by recombinant
techniques, or chemical precursors or other chemicals when chemically synthesized. However,
the nucleic acid molecule can be fused to other coding or regulatory sequences and still be
considered isolated.

For example, recombinant DNA molecules contained in a vector are considered isolated.
Further examples of isolated DNA molecules include recombinant DNA molecules maintained
in heterologous host cells or purified (partially or substantially) DNA molecules in solution.

Isolated RNA molecules include in vivo or in vitro RNA transcripts of the isolated DNA
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molecules of the present invention. Isolated nucleic acid molecules according to the present
invention further include such molecules produced synthetically.

Accordingly, the present invention provides nucleic acid molecules that consist of the
nucleotide sequence shown in Figure 1 or 3 (SEQ ID NO:1, transcript sequence and SEQ ID
NO:3, genomic sequence), or any nucleic acid molecule that encodes the protein provided in
Figure 2, SEQ ID NO:2. A nucleic acid molecule consists of a nucleotide sequence when the
nucleotide sequence is the complete nucleotide sequence of the nucleic acid molecule. The
present invention further provides nucleic acid molecules that consist essentially of the
nucleotide sequence shown in Figure 1 or 3 (SEQ ID NO:1, transcript sequence and SEQ ID
NO:3, genomic sequence), or any nucleic acid molecule that encodes the protein provided in
Figure 2, SEQ ID NO:2. A nucleic acid molecule consists essentially of a nucleotide sequence
when such a nucleotide sequence is present with only a few additional nucleic acid residues in
the final nucleic acid molecule.

The present invention further provides nucleic acid molecules that comprise the
nucleotide sequences shown in Figure 1 or 3 (SEQ ID NO:1, transcript sequence and SEQ ID
NO:3, genomic sequence), or any nucleic acid molecule that encodes the protein provided in
Figure 2, SEQ ID NO:2. A nucleic acid molecule comprises a nucleotide sequence when the
nucleotide sequence is at least part of the final nucleotide sequence of the nucleic acid molecule.
In such a fashion, the nucleic acid molecule can be only the nucleotide sequence or have
additional nucleic acid residues, such as nucleic acid residues that are naturally associated with it
or heterologous nucleotide sequences. Such a nucleic acid molecule can have a few additional
nucleotides or can comprises several hundred or more additional nucleotides. A brief
description of how various types of these nucleic acid molecules can be readily made/isolated is
provided below.

In Figures 1 and 3, both coding and non-coding sequences are provided. Because of
the source of the present invention, humans genomic sequence (Figure 3) and
cDNA/transcript sequences (Figure 1), the nucleic acid molecules in the Figures will contain
genomic intronic sequences, 5° and 3’ non-coding sequences, gene regulatory regions and
non-coding intergenic sequences. In general such sequence features are either noted in
Figures 1 and 3 or can readily be identified using computational tools known in the art. As
discussed below, some of the non-coding regions, particularly gene regulatory elements such

as promoters, are useful for a variety of purposes, €.g. control of heterologous gene
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expression, target for identifying gene activity modulating compounds, and are particularly
claimed as fragments of the genomic sequence provided herein.

Full-length genes may be cloned from known sequence using any one of a number of
methods known in the art. For example, a method which employs XL-PCR (Perkin-Elmer,
Foster City, Calif.) to amplify long pieces of DNA may be used. Other methods for obtaining
full-length sequences are well known in the art.

The isolated nucleic acid molecules can encode the mature protein plus additional amino
or carboxyl-terminal amino acids, or amino acids interior to the mature peptide (when the
mature form has more than one peptide chain, for instance). Such sequences may play a role in
processing of a protein from precursor to a mature form, facilitate protein trafficking, prolong or
shorten protein half-life, or facilitate manipulation of a protein for assay or production, among
other things. As generally is the case in situ, the additional amino acids may be processed away
from the mature protein by cellular enzymes.

As mentioned above, the isolated nucleic acid molecules include, but are not limited to,
the sequence encoding the Ras-like protein polypeptide alone, the sequence encoding the mature
peptide and additional coding sequences, such as a leader or secretory sequence (e.g., a pre-pro
or pro-protein sequence), the sequence encoding the mature peptide, with or without the
additional coding sequences, plus additional non-coding sequences, for example introns and
non-coding 5° and 3’ sequences such as transcribed but non-translated sequences that play a role
in transcription, mRNA processing (including splicing and polyadenylation signals), ribosome
binding, and stability of mRNA. In addition, the nucleic acid molecule may be fused to a
marker sequence encoding, for example, a peptide that facilitates purification.

Isolated nucleic acid molecules can be in the form of RNA, such as mRNA, or in the
form of DNA, including cDNA and genomic DNA obtained by cloning or produced by
chemical synthetic techniques or by a combination thereof. The nucleic acid, especially DNA,
can be double-stranded or single-stranded. Single-stranded nucleic acid can be the coding strand
(sense strand) or the non-coding strand (anti-sense strand).

The invention further provides nucleic acid molecules that encode fragments of the
peptides of the present invention and that encode obvious variants of the Ras-like proteins of the
present invention that are described above. Such nucleic acid molecules may be naturally
occurring, such as allelic variants (same locus), paralogs (different locus), and orthologs
(different organism), or may be constructed by recombinant DNA methods or by chemical

synthesis. Such non-naturally occurring variants may be made by mutagenesis techniques,
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including those applied to nucleic acid molecules, cells, or whole organisms. Accordingly, as
discussed above, the variants can contain nucleotide substitutions, deletions inversions, and/or
insertions. Variation can occur in either or both the coding and non-coding regions. The
variations can produce both conservative and non-conservative amino acid substitutions.

The present invention further provides non-coding fragments of the nucleic acid
molecules provided in the Figures 1 and 3. Preferred non-coding fragments include, but are not
limited to, promoter sequences, enhancer sequences, gene modulating sequences, and gene
termination sequences. Such fragments are useful in controlling heterologous gene expression
and in developing screens to identify gene-modulating agents.

A fragment comprises a contiguous nucleotide sequence greater than 12 or more
nucleotides. Further, a fragment could be at least 30, 40, 50, 100 250, or 500 nucleotides in
length. The length of the fragment will be based on its intended use. For example, the fragment
can encode epitope-bearing regions of the peptide, or can be useful as DNA probes and primers.
Such fragments can be isolated using the known nucleotide sequence to synthesize an
oligonucleotide probe. A labeled probe can then be used to screen a cDNA library, genomic
DNA library, or mRNA to isolate nucleic acid corresponding to the coding region. Further,
primers can be used in PCR reactions to clone specific regions of gene.

A probe/primer typically comprises substantially a purified oligonucleotide or
oligonucleotide pair. The oligonucleotide typically comprises a region of nucleotide sequence
that hybridizes under stringent conditions to at least about 12, 20, 25, 40, 50, or more
consecutive nucleotides.

Orthologs, homologs, and allelic variants can be identified using methods well known in
the art. As described in the Peptide Section, these variants comprise a nucleotide sequence
encoding a peptide that is typically 60-70%, 70-80%, 80-90%, and more typically at least about
90-95% or more homologous to the nucleotide sequence shown in the Figure sheets or a
fragment of this sequence. Such nucleic acid molecules can readily be identified as being able
to hybridize under moderate to stringent conditions, to the nucleotide sequence shown in the
Figure sheets or a fragment of the sequence. As indicated in Figure 3, the map position was
determined to be on human chromosome 13.

Figure 3 provides information on SNPs that have been found in the gene encoding the
Ras-like proteins of the present invention. The following variations were identified: TS602A
and A6062G.
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As used herein, the term "hybridizes under stringent conditions" is intended to describe
conditions for hybridization and washing under which nucleotide sequences encoding a peptide
at least 60-70% homologous to each other typically remain hybridized to each other. The
conditions can be such that sequences at least about 60%, at least about 70%, or at least about
80% or more homologous to each other typically remain hybridized to each other. Such
stringent conditions are known to those skilled in the art and can be found in Current Protocols
in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. One example of stringent
hybridization conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about
45C, followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C. Examples of

moderate to low stringency hybridization conditions are well known in the art.

Nucleic Acid Molecule Uses

The nucleic acid molecules of the present invention are useful for probes, primers,
chemical intermediates, and in biological assays. The nucleic acid molecules are useful as a
hybridization probe for messenger RNA, transcript/cDNA and genomic DNA to isolate full-
length cDNA and genomic clones encoding the peptide described in Figure 2 and to isolate
cDNA and genomic clones that correspond to variants (alleles, orthologs, etc.) producing the
same or related peptides shown in Figure 2. As illustrated in Figure 3, identified SNP variations
include TS602A and A6062G.

The probe can correspond to any sequence along the entire length of the nucleic acid
molecules provided in the Figures. Accordingly, it could be derived from 5’ noncoding regions,
the coding region, and 3’ noncoding regions. However, as discussed, fragments are not to be
construed as those, which may encompass fragments disclosed prior to the present invention.

The nucleic acid molecules are also useful as primers for PCR to amplify any given
region of a nucleic acid molecule and are useful to synthesize antisense molecules of desired
length and sequence.

The nucleic acid molecules are also useful for constructing recombinant vectors. Such
vectors include expression vectors that express a portion of, or all of, the peptide sequences.
Vectors also include insertion vectors, used to integrate into another nucleic acid molecule
sequence, such as into the cellular genome, to alter in situ expression of a gene and/or gene
product. For example, an endogenous coding sequence can be replaced via homologous
recombination with all or part of the coding region containing one or more specifically

introduced mutations.
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The nucleic acid molecules are also useful for expressing antigenic portions of the
proteins.

The nucleic acid molecules are also useful as probes for determining the chromosomal
positions of the nucleic acid molecules by means of in situ hybridization methods. As indicated
in Figure 3, the map position was determined to be on human chromosome 13.

The nucleic acid molecules are also useful in making vectors containing the gene
regulatory regions of the nucleic acid molecules of the present invention.

The nucleic acid molecules are also useful for designing ribozymes corresponding to all,
or a part, of the mRNA produced from the nucleic acid molecules described herein.

The nucleic acid molecules are also useful for constructing host cells expressing a part,
or all, of the nucleic acid molecules and peptides. Moreover, the nucleic acid molecules are
useful for constructing transgenic animals wherein a homolog of the nucleic acid molecule has
been “knocked-out” of the animal’s genome.

The nucleic acid molecules are also useful for constructing transgenic animals
expressing all, or a part, of the nucleic acid molecules and peptides.

The nucleic acid molecules are also useful for making vectors that express part, or all, of
the peptides.

The nucleic acid molecules are also useful as hybridization probes for determining the
presence, level, form, and distribution of nucleic acid expression. Experimental data as provided
in Figure 1 indicates that Ras-like proteins of the present invention are expressed in prostate,
lung (carcinoid tissue), kidney, and breast tissue, as indicated by virtual northern blot analysis.
Accordingly, the probes can be used to detect the presence of, or to determine levels of, a
specific nucleic acid molecule in cells, tissues, and in organisms. The nucleic acid whose level
is determined can be DNA or RNA. Accordingly, probes corresponding to the peptides
described herein can be used to assess expression and/or gene copy number in a given cell,
tissue, or organism. These uses are relevant for diagnosis of disorders involving an increase or
decrease in Ras-like protein expression relative to normal results.

In vitro techniques for detection of mRNA include Northern hybridizations and in situ
hybridizations. In vitro techniques for detecting DNA include Southern hybridizations and in
situ hybridization.

Probes can be used as a part of a diagnostic test kit for identifying cells or tissues that
express a Ras-like protein, such as by measuring a level of a receptor-encoding nucleic acid in a

sample of cells from a subject e.g., mMRNA or genomic DNA, or determining if a receptor gene
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has been mutated. Experimental data as provided in Figure 1 indicates that Ras-like proteins of
the present invention are expressed in prostate, lung (carcinoid tissue), kidney, and breast tissue,
as indicated by virtual northern blot analysis.

Nucleic acid expression assays are useful for drug screening to identify compounds that
modulate Ras-like protein nucleic acid expression.

The invention thus provides a method for identifying a compound that can be used to
treat a disorder associated with nucleic acid expression of the Ras-like protein gene, particularly
biological and pathological processes that are mediated by the Ras-like protein in cells and
tissues that express it. Experimental data as provided in Figure 1 indicates expression in prostate,
lung (carcinoid tissue), kidney, and breast tissue. The method typically includes assaying the
ability of the compound to modulate the expression of the Ras-like protein nucleic acid and thus
identifying a compound that can be used to treat a disorder characterized by undesired Ras-like
protein nucleic acid expression. The assays can be performed in cell-based and cell-free
systems. Cell-based assays include cells naturally expressing the Ras-like protein nucleic acid
or recombinant cells genetically engineered to express specific nucleic acid sequences.

The assay for Ras-like protein nucleic acid expression can involve direct assay of nucleic
acid levels, such as mRNA levels, or on collateral compounds involved in the signal pathway.
Further, the expression of genes that are up- or down-regulated in response to the Ras-like
protein signal pathway can also be assayed. In this embodiment the regulatory regions of these
genes can be operably linked to a reporter gene such as luciferase.

Thus, modulators of Ras-like protein gene expression can be identified in a method
wherein a cell is contacted with a candidate compound and the expression of mRNA
determined. The level of expression of Ras-like protein mRNA in the presence of the candidate
compound is compared to the level of expression of Ras-like protein mRNA in the absence of
the candidate compound. The candidate compound can then be identified as a modulator of
nucleic acid expression based on this comparison and be used, for example to treat a disorder
characterized by aberrant nucleic acid expression. When expression of mRNA is statistically
significantly greater in the presence of the candidate compound than in its absence, the candidate
compound is identified as a stimulator of nucleic acid expression. When nucleic acid expression
is statistically significantly less in the presence of the candidate compound than in its absence,
the candidate compound is identified as an inhibitor of nucleic acid expression.

The invention further provides methods of treatment, with the nucleic acid as a target,

using a compound identified through drug screening as a gene modulator to modulate Ras-like

33



10

15

20

25

30

WO 03/074675 PCT/US03/06369

protein nucleic acid expression in cells and tissues that express the Ras-like protein.
Experimental data as provided in Figure 1 indicates that Ras-like proteins of the present
invention are expressed in prostate, lung (carcinoid tissue), kidney, and breast tissue, as
indicated by virtual northern blot analysis. Modulation includes both up-regulation (i.e.
activation or agonization) or down-regulation (suppression or antagonization) of nucleic acid
expression.

Alternatively, a modulator for Ras-like protein nucleic acid expression can be a small
molecule or drug identified using the screening assays described herein as long as the drug or
small molecule inhibits the Ras-like protein nucleic acid expression in the cells and tissues that
express the protein. Experimental data as provided in Figure 1 indicates expression in prostate,
lung (carcinoid tissue), kidney, and breast tissue.

The nucleic acid molecules are also useful for monitoring the effectiveness of
modulating compounds on the expression or activity of the Ras-like protein gene in clinical trials
or in a treatment regimen. Thus, the gene expression pattern can serve as a barometer for the
continuing effectiveness of treatment with the compound, particularly with compounds to which
a patient can develop resistance. The gene expression pattern can also serve as a marker
indicative of a physiological response of the affected cells to the compound. Accordingly, such
monitoring would allow either increased administration of the compound or the administration
of alternative compounds to which the patient has not become resistant. Similarly, if the level of
nucleic acid expression falls below a desirable level, administration of the compound could be
commensurately decreased.

The nucleic acid molecules are also useful in diagnostic assays for qualitative changes in
Ras-like protein nucleic acid, and particularly in qualitative changes that lead to pathology. The
nucleic acid molecules can be used to detect mutations in Ras-like protein genes and gene
expression products such as mRNA. The nucleic acid molecules can be used as hybridization
probes to detect naturally occurring genetic mutations in the Ras-like protein gene and thereby to
determine whether a subject with the mutation is at risk for a disorder caused by the mutation.
Mutations include deletion, addition, or substitution of one or more nucleotides in the gene,
chromosomal rearrangement, such as inversion or transposition, modification of genomic DNA,
such as aberrant methylation patterns, or changes in gene copy number, such as amplification.
Detection of a mutated form of the Ras-like protein gene associated with a dysfunction provides
a diagnostic tool for an active disease or susceptibility to disease when the disease results from

overexpression, underexpression, or altered expression of a Ras-like protein.
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Individuals carrying mutations in the Ras-like protein gene can be detected at the nucleic
acid level by a variety of techniques. Figure 3 provides information on SNPs that have been
found in the gene encoding the Ras-like proteins of the present invention. The following
variations were identified: TS602A and A6062G. As indicated in Figure 3, the map position
was determined to be on human chromosome 13. Genomic DNA can be analyzed directly or
can be amplified by using PCR prior to analysis. RNA or cDNA can be used in the same way.
In some uses, detection of the mutation involves the use of a probe/primer in a polymerase chain
reaction (PCR) (see, e.g. U.S. Patent Nos. 4,683,195 and 4,683,202), such as anchor PCR or
RACE PCR, or, alternatively, in a ligation chain reaction (LCR) (see, e.g., Landegran et al.,
Science 241:1077-1080 (1988); and Nakazawa et al., PNAS 91:360-364 (1994)), the latter of
which can be particularly useful for detecting point mutations in the gene (see Abravaya et al.,
Nucleic Acids Res. 23:675-682 (1995)). This method can include the steps of collecting a
sample of cells from a patient, isolating nucleic acid (e.g., genomic, mRNA or both) from the
cells of the sample, contacting the nucleic acid sample with one or more primers which
specifically hybridize to a gene under conditions such that hybridization and amplification of the
gene (if present) occurs, and detecting the presence or absence of an amplification product, or
detecting the size of the amplification product and comparing the length to a control sample.
Deletions and insertions can be detected by a change in size of the amplified product compared
to the normal genotype. Point mutations can be identified by hybridizing amplified DNA to
normal RNA or antisense DNA sequences.

Alternatively, mutations in a Ras-like protein gene can be directly identified, for
example, by alterations in restriction enzyme digestion patterns determined by gel
electrophoresis.

Further, sequence-specific ribozymes (U.S. Patent No. 5,498,531) can be used to score
for the presence of specific mutations by development or loss of a ribozyme cleavage site.
Perfectly matched sequences can be distinguished from mismatched sequences by nuclease
cleavage digestion assays or by differences in melting temperature.

Sequence changes at specific locations can also be assessed by nuclease protection
assays such as RNase and S1 protection or the chemical cleavage method. Furthermore,
sequence differences between a mutant Ras-like protein gene and a wild-type gene can be
determined by direct DNA sequencing. A variety of automated sequencing procedures can be
utilized when performing the diagnostic assays (Naeve, C.W., Biotechniques 19:448 (1995)),
including sequencing by mass spectrometry (see, €.g., PCT International Publication No. WO
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94/16101; Cohen et al., Adv. Chromatogr. 36:127-162 (1996); and Griffin et al., Appl. Biochem.
Biotechnol. 38:147-159 (1993)).

Other methods for detecting mutations in the gene include methods in which protection
from cleavage agents is used to detect mismatched bases in RNA/RNA or RNA/DNA duplexes
(Myers et al., Science 230:1242 (1985)); Cotton et al., PNAS 85:4397 (1988); Saleeba et al.,
Meth. Enzymol. 217:286-295 (1992)), electrophoretic mobility of mutant and wild type nucleic
acid is compared (Orita et al., PNAS 86:2766 (1989); Cotton et al., Mutat. Res. 285:125-144
(1993); and Hayashi et al., Genet. Anal. Tech. Appl. 9:73-79 (1992)), and movement of mutant
or wild-type fragments in polyacrylamide gels containing a gradient of denaturant is assayed
using denaturing gradient gel electrophoresis (Myers et al., Nature 313:495 (1985)). Examples
of other techniques for detecting point mutations include, selective oligonucleotide
hybridization, selective amplification, and selective primer extension.

The nucleic acid molecules are also useful for testing an individual for a genotype that
while not necessarily causing the disease, nevertheless affects the treatment modality. Thus, the
nucleic acid molecules can be used to study the relationship between an individual's genotype
and the individual's response to a compound used for treatment (pharmacogenomic relationship).
Accordingly, the nucleic acid molecules described herein can be used to assess the mutation
content of the Ras-like protein gene in an individual in order to select an appropriate compound
or dosage regimen for treatment. Figure 3 provides information on SNPs that have been found in
the gene encoding the Ras-like proteins of the present invention. The following variations were
identified: T5602A and A6062G.

Thus nucleic acid molecules displaying genetic variations that affect treatment provide a
diagnostic target that can be used to tailor treatment in an individual. Accordingly, the
production of recombinant cells and animals containing these polymorphisms allow effective
clinical design of treatment compounds and dosage regimens.

The nucleic acid molecules are thus useful as antisense constructs to control Ras-like
protein gene expression in cells, tissues, and organisms. A DNA antisense nucleic acid
molecule is designed to be complementary to a region of the gene involved in transcription,
preventing transcription and hence production of Ras-like protein. An antisense RNA or DNA
nucleic acid molecule would hybridize to the mRNA and thus block translation of mRNA into
Ras-like protein.

Alternatively, a class of antisense molecules can be used to inactivate mRNA in order to

decrease expression of Ras-like protein nucleic acid. Accordingly, these molecules can treat a
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disorder characterized by abnormal or undesired Ras-like protein nucleic acid expression. This
technique involves cleavage by means of ribozymes containing nucleotide sequences
complementary to one or more regions in the mRNA that attenuate the ability of the mRNA to
be translated. Possible regions include coding regions and particularly coding regions
corresponding to the catalytic and other functional activities of the Ras-like protein, such as
ligand binding.

The nucleic acid molecules also provide vectors for gene therapy in patients containing
cells that are aberrant in Ras-like protein gene expression. Thus, recombinant cells, which
include the patient's cells that have been engineered ex vivo and returned to the patient, are
introduced into an individual where the cells produce the desired Ras-like protein to treat the
individual.

The invention also encompasses kits for detecting the presence of a Ras-like protein
nucleic acid in a biological sample. Experimental data as provided in Figure 1 indicates that
Ras-like proteins of the present invention are expressed in prostate, lung (carcinoid tissue),
kidney, and breast tissue, as indicated by virtual northern blot analysis. For example, the kit can
comprise reagents such as a labeled or labelable nucleic acid or agent capable of detecting Ras-
like protein nucleic acid in a biological sample; means for determining the amount of Ras-like
protein nucleic acid in the sample; and means for comparing the amount of Ras-like protein
nucleic acid in the sample with a standard. The compound or agent can be packaged in a
suitable container. The kit can further comprise instructions for using the kit to detect Ras-like
protein mRNA or DNA.

Nucleic Acid Arrays

The present invention further provides arrays or microarrays of nucleic acid
molecules that are based on the sequence information provided in Figures 1 and 3 (SEQ ID
NOS:1 and 3).

As used herein “Arrays” or "Microarrays" refers to an array of distinct
polynucleotides or oligonucleotides synthesized on a substrate, such as paper, nylon or other
type of membrane, filter, chip, glass slide, or any other suitable solid support. In one
embodiment, the microarray is prepared and used according to the methods described in US
Patent 5,837,832, Chee et al., PCT application W095/11995 (Chee et al.), Lockhart, D. J. et
al. (1996; Nat. Biotech. 14: 1675-1680) and Schena, M. et al. (1996; Proc. Natl. Acad. Sci.
93: 10614-10619), all of which are incorporated herein in their entirety by reference. In other
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embodiments, such arrays are produced by the methods described by Brown et. al., US Patent
No. 5,807,522.

The microarray is preferably composed of a large number of unique, single-stranded
nucleic acid sequences, usually either synthetic antisense oligonucleotides or fragments of
cDNAEs, fixed to a solid support. The oligonucleotides are preferably about 6-60 nucleotides
in length, more preferably 15-30 nucleotides in length, and most preferably about 20-25
nucleotides in length. For a certain type of microarray, it may be preferable to use
oligonucleotides that are only 7-20 nucleotides in length. The microarray may contain
oligonucleotides that cover the known 5', or 3', sequence, sequential oligonucleotides that
cover the full-length sequence; or unique oligonucleotides selected from particular areas
along the length of the sequence. Polynucleotides used in the microarray may be
oligonucleotides that are specific to a gene or genes of interest.

In order to produce oligonucleotides to a known sequence for a microarray, the
gene(s) of interest (or an ORF identified from the contigs of the present invention) is
typically examined using a computer algorithm that starts at the 5' or at the 3' end of the
nucleotide sequence. Typical algorithms will then identify oligomers of defined length that
are unique to the gene, have a GC content within a range suitable for hybridization, and lack
predicted secondary structure that may interfere with hybridization. In certain situations it
may be appropriate to use pairs of oligonucleotides on a microarray. The "pairs" will be
identical, except for one nucleotide that preferably is located in the center of the sequence.
The second oligonucleotide in the pair (mismatched by one) serves as a control. The number
of oligonucleotide pairs may range from two to one million. The oligomers are synthesized
at designated areas on a substrate using a light-directed chemical process. The substrate may
be paper, nylon or other type of membrane, filter, chip, glass slide or any other suitable solid
support.

In another aspect, an oligonucleotide may be synthesized on the surface of the
substrate by using a chemical coupling procedure and an ink jet application apparatus, as
described in PCT application W(095/251116 (Baldeschweiler et al.) which is incorporated
herein in its entirety by reference. In another aspect, a "gridded" array analogous to a dot (or
slot) blot may be used to arrange and link cDNA fragments or oligonucleotides to the surface
of a substrate using a vacuum system, thermal, UV, mechanical or chemical bonding
procedures. An array, such as those described above, may be produced by hand or by using

available devices (slot blot or dot blot apparatus), materials (any suitable solid support), and

38



10

15

20

25

30

WO 03/074675 PCT/US03/06369

machines (including robotic instruments), and may contain 8, 24, 96, 384, 1536, 6144 or
more oligonucleotides, or any other number between two and one million which lends itself
to the efficient use of commercially available instrumentation.

In order to conduct sample analysis using a microarray, the RNA or DNA from a
biological sample is made into hybridization probes. The mRNA is isolated, and cDNA is
produced and used as a template to make antisense RNA (aRNA). The aRNA is amplified in
the presence of fluorescent nucleotides, and labeled probes are incubated with the microarray
so that the probe sequences hybridize to complementary oligonucleotides of the microarray.
Incubation conditions are adjusted so that hybridization occurs with precise complementary
matches or with various degrees of less complementarity. After removal of nonhybridized
probes, a scanner is used to determine the levels and patterns of fluorescence. The scanned
images are examined to determine degree of complementarity and the relative abundance of
each oligonucleotide sequence on the microarray. The biological samples may be obtained
from any bodily fluids (such as blood, urine, saliva, phlegm, gastric juices, etc.), cultured
cells, biopsies, or other tissue preparations. A detection system may be used to measure the
absence, presence, and amount of hybridization for all of the distinct sequences
simultaneously. This data may be used for large-scale correlation studies on the sequences,
expression patterns, mutations, variants, or polymorphisms among samples.

Using such arrays, the present invention provides methods to identify the expression
of one or more of the proteins/peptides of the present invention. In detail, such methods
comprise incubating a test sample with one or more nucleic acid molecules and assaying for
binding of the nucleic acid molecule with components within the test sample. Such assays
will typically involve arrays comprising many genes, at least one of which is a gene of the
present invention. Figure 3 provides information on SNPs that have been found in the gene
encoding the Ras-like proteins of the present invention. The following variations were
identified: T5602A and A6062G.

Conditions for incubating a nucleic acid molecule with a test sample vary. Incubation
conditions depend on the format employed in the assay, the detection methods employed, and
the type and nature of the nucleic acid molecule used in the assay. One skilled in the art will
recognize that any one of the commonly available hybridization, amplification or array assay
formats can readily be adapted to employ the novel fragments of the human genome
disclosed herein. Examples of such assays can be found in Chard, T, An Introduction to

Radioimmunoassay and Related Techniques, Elsevier Science Publishers, Amsterdam, The
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Netherlands (1986); Bullock, G. R. et al., Techniques in Immunocytochemistry, Academic
Press, Orlando, FL Vol. 1 (1 982), Vol. 2 (1983), Vol. 3 (1985); Tijssen, P., Practice and
Theory of Enzyme Immunoassays: Laboratory Techniques in Biochemistry and Molecular
Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1985).

The test samples of the present invention include cells, protein or membrane extracts
of cells. The test sample used in the above-described method will vary based on the assay
format, nature of the detection method and the tissues, cells or extracts used as the sample to
be assayed. Methods for preparing nucleic acid extracts or of cells are well known in the art
and can be readily be adapted in order to obtain a sample that is compatible with the system
utilized.

In another embodiment of the present invention, kits are provided which contain the
necessary reagents to carry out the assays of the present invention.

Specifically, the invention provides a compartmentalized kit to receive, in close
confinement, one or more containers which comprises: (a) a first container comprising one of
the nucleic acid molecules that can bind to a fragment of the human genome disclosed herein;
and (b) one or more other containers comprising one or more of the following: wash reagents,
reagents capable of detecting presence of a bound nucleic acid. Preferred kits will include
chips that are capable of detecting the expression of 10 or more, 100 or more, or 500 or more,
1000 or more, or all of the genes expressed in Human.

In detail, a compartmentalized kit includes any kit in which reagents are contained in
separate containers. Such containers include small glass containers, plastic containers, strips
of plastic, glass or paper, or arraying material such as silica. Such containers allows one to
efficiently transfer reagents from one compartment to another compartment such that the
samples and reagents are not cross-contaminated, and the agents or solutions of each
container can be added in a quantitative fashion from one compartment to another. Such
containers will include a container which will accept the test sample, a container which
contains the nucleic acid probe, containers which contain wash reagents (such as phosphate
buffered saline, Tris-buffers, etc.), and containers which contain the reagents used to detect
the bound probe. One skilled in the art will readily recognize that the previously unidentified
Ras-like protein genes of the present invention can be routinely identified using the sequence
information disclosed herein can be readily incorporated into one of the established kit

formats which are well known in the art, particularly expression arrays.
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Vectors/host cells

The invention also provides vectors containing the nucleic acid molecules described
herein. The term "vector" refers to a vehicle, preferably a nucleic acid molecule, which can
transport the nucleic acid molecules. When the vector is a nucleic acid molecule, the nucleic
acid molecules are covalently linked to the vector nucleic acid. With this aspect of the
invention, the vector includes a plasmid, single or double stranded phage, a single or double
stranded RNA or DNA viral vector, or artificial chromosome, such as a BAC, PAC, YAC, OR
MAC.

A vector can be maintained in the host cell as an extrachromosomal element where it
replicates and produces additional copies of the nucleic acid molecules. Alternatively, the vector
may integrate into the host cell genome and produce additional copies of the nucleic acid
molecules when the host cell replicates.

The invention provides vectors for the maintenance (cloning vectors) or vectors for
expression (expression vectors) of the nucleic acid molecules. The vectors can function in
procaryotic or eukaryotic cells or in both (shuttle vectors).

Expression vectors contain cis-acting regulatory regions that are operably linked in the
vector to the nucleic acid molecules such that transcription of the nucleic acid molecules is
allowed in a host cell. The nucleic acid molecules can be introduced into the host cell with a
separate nucleic acid molecule capable of affecting transcription. Thus, the second nucleic acid
molecule may provide a trans-acting factor interacting with the cis-regulatory control region to
allow transcription of the nucleic acid molecules from the vector. Alternatively, a trans-acting
factor may be supplied by the host cell. Finally, a trans-acting factor can be produced from the
vector itself. It is understood, however, that in some embodiments, transcription and/or
translation of the nucleic acid molecules can occur in a cell-free system.

The regulatory sequence to which the nucleic acid molecules described herein can be
operably linked include promoters for directing mRNA transcription. These include, but are not
limited to, the left promoter from bacteriophage A, the lac, TRP, and TAC promoters from E.
coli, the early and late promoters from SV40, the CMV immediate early promoter, the
adenovirus early and late promoters, and retrovirus long-terminal repeats.

In addition to control regions that promote transcription, expression vectors may also
include regions that modulate transcription, such as repressor binding sites and enhancers.
Examples include the SV40 enhancer, the cytomegalovirus immediate early enhancer, polyoma

enhancer, adenovirus enhancers, and retrovirus LTR enhancers.
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In addition to containing sites for transcription initiation and control, expression vectors
can also contain sequences necessary for transcription termination and, in the transcribed region
a ribosome binding site for translation. Other regulatory control elements for expression include
initiation and termination codons as well as polyadenylation signals. The person of ordinary
skill in the art would be aware of the numerous regulatory sequences that are useful in
expression vectors. Such regulatory sequences are described, for example, in Sambrook et al.,
Molecular Cloning: A Laboratory Manual. 2nd. ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, (1989).

A variety of expression vectors can be used to express a nucleic acid molecule. Such
vectors include chromosomal, episomal, and virus-derived vectors, for example vectors derived
from bacterial plasmids, from bacteriophage, from yeast episomes, from yeast chromosomal
elements, including yeast artificial chromosomes, from viruses such as baculoviruses,
papovaviruses such as SV40, Vaccinia viruses, adenoviruses, poxviruses, pseudorabies viruses,
and retroviruses. Vectors may also be derived from combinations of these sources such as those
derived from plasmid and bacteriophage genetic elements, e.g. cosmids and phagemids.
Appropriate cloning and expression vectors for prokaryotic and eukaryotic hosts are described in
Sambrook et al., Molecular Cloning: A Laboratory Manual. 2nd. ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, (1989).

The regulatory sequence may provide constitutive expression in one or more host cells
(i.e. tissue specific) or may provide for inducible expression in one or more cell types such as by
temperature, nutrient additive, or exogenous factor such as a hormone or other ligand. A variety
of vectors providing for constitutive and inducible expression in prokaryotic and eukaryotic
hosts are well known to those of ordinary skill in the art.

The nucleic acid molecules can be inserted into the vector nucleic acid by well-known
methodology. Generally, the DNA sequence that will ultimately be expressed is joined to an
expression vector by cleaving the DNA sequence and the expression vector with one or more
restriction enzymes and then ligating the fragments together. Procedures for restriction enzyme
digestion and ligation are well known to those of ordinary skill in the art.

The vector containing the appropriate nucleic acid molecule can be introduced into an
appropriate host cell for propagation or expression using well-known techniques. Bacterial cells
include, but are not limited to, E. coli, Streptomyces, and Salmonella typhimurium. Eukaryotic
cells include, but are not limited to, yeast, insect cells such as Drosophila, animal cells such as
COS and CHO cells, and plant cells.
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As described herein, it may be desirable to express the peptide as a fusion protein.
Accordingly, the invention provides fusion vectors that allow for the production of the peptides.
Fusion vectors can increase the expression of a recombinant protein, increase the solubility of
the recombinant protein, and aid in the purification of the protein by acting for example as a
ligand for affinity purification. A proteolytic cleavage site may be introduced at the junction of
the fusion moiety so that the desired peptide can ultimately be separated from the fusion moiety.
Proteolytic enzymes include, but are not limited to, factor Xa, thrombin, and enteroRas-like
protein. Typical fusion expression vectors include pGEX (Smith et al., Gene 67:31-40 (1988)),
pMAL (New England Biolabs, Beverly, MA) and pRITS (Pharmacia, Piscataway, NJ) which
fuse glutathione S-transferase (GST), maltose E binding protein, or protein A, respectively, to
the target recombinant protein. Examples of suitable inducible non-fusion E. coli expression
vectors include pTrc (Amann et al., Gene 69:301-315 (1988)) and pET 11d (Studier et al., Gene
Expression Technology: Methods in Enzymology 185:60-89 (1990)).

Recombinant protein expression can be maximized in a host bacteria by providing a
genetic background wherein the host cell has an impaired capacity to proteolytically cleave the
recombinant protein. (Gottesman, S., Gene Expression Technology: Methods in Enzymology
185, Academic Press, San Diego, California (1990) 119-128). Alternatively, the sequence of
the nucleic acid molecule of interest can be altered to provide preferential codon usage for a
specific host cell, for example E. coli. (Wada et al., Nucleic Acids Res. 20:2111-2118 (1992)).

The nucleic acid molecules can also be expressed by expression vectors that are
operative in yeast. Examples of vectors for expression in yeast e.g., S. cerevisiae include
pYepSecl (Baldari, et al., EMBO J. 6:229-234 (1987)), pMFa (Kurjan et al., Cell 30:933-
943(1982)), pJRY 88 (Schultz ef al., Gene 54:113-123 (1987)), and pYES2 (Invitrogen
Corporation, San Diego, CA).

The nucleic acid molecules can also be expressed in insect cells using, for example,
baculovirus expression vectors. Baculovirus vectors available for expression of proteins in

cultured insect cells (e.g., ST 9 cells) include the pAc series (Smith et al., Mol. Cell Biol. 3:2156-

2165 (1983)) and the pVL series (Lucklow et al., Virology 170:31-39 (1989)).

In certain embodiments of the invention, the nucleic acid molecules described herein are
expressed in mammalian cells using mammalian expression vectors. Examples of mammalian
expression vectors include pCDMS8 (Seed, B. Nature 329:840(1987)) and pMT2PC (Kaufman et
al., EMBO J. 6:187-195 (1987)).
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The expression vectors listed herein are provided by way of example only of the well-
known vectors available to those of ordinary skill in the art that would be useful to express the
nucleic acid molecules. The person of ordinary skill in the art would be aware of other vectors
suitable for maintenance, propagation, or expression of the nucleic acid molecules described
herein. These are found for example in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular
Cloning: A Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989.

The invention also encompasses vectors in which the nucleic acid sequences described
herein are cloned into the vector in reverse orientation, but operably linked to a regulatory
sequence that permits transcription of antisense RNA. Thus, an antisense transcript can be
produced to all, or to a p/onion, of the nucleic acid molecule sequences described herein,
including both coding and non-coding regions. Expression of this antisense RNA is subject to
each of the parameters described above in relation to expression of the sense RNA (regulatory
sequences, constitutive or inducible expression, tissue-specific expression).

The invention also relates to recombinant host cells containing the vectors described
herein. Host cells therefore include prokaryotic cells, lower eukaryotic cells such as yeast, other
eukaryotic cells such as insect cells, and higher eukaryotic cells such as mammalian cells.

The recombinant host cells are prepared by introducing the vector constructs described
herein into the cells by techniques readity available to the person of ordinary skill in the art.
These include, but are not limited to, calcium phosphate transfection, DEAE-dextran-mediated
transfection, cationic lipid-mediated transfection, electroporation, transduction, infection,
lipofection, and other techniques such as those found in Sambrook, et al. (Molecular Cloning: A
Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, 1989).

Host cells can contain more than one vector. Thus, different nucleotide sequences can
be introduced on different vectors of the same cell. Similarly, the nucleic acid molecules can be
introduced either alone or with other nucleic acid molecules that are not related to the nucleic
acid molecules such as those providing trans-acting factors for expression vectors. When more
than one vector is introduced into a cell, the vectors can be introduced independently, co-
introduced, or joined to the nucleic acid molecule vector.

In the case of bacteriophage and viral vectors, these can be introduced into cells as
packaged or encapsulated virus by standard procedures for infection and transduction. Viral

vectors can be replication-competent or replication-defective. In the case in which viral
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. replication is defective, replication will occur in host cells providing functions that complement

the defects.

Vectors generally include selectable markers that enable the selection of the
subpopulation of cells that contain the recombinant vector constructs. The marker can be
contained in the same vector that contains the nucleic acid molecules described herein or may be
on a separate vector. Markers include tetracycline or ampicillin-resistance genes for prokaryotic
host cells and dihydrofolate reductase or neomycin resistance for eukaryotic host cells.
However, any marker that provides selection for a phenotypic trait will be effective.

While the mature proteins can be produced in bacteria, yeast, mammalian cells, and
other cells under the control of the appropriate regulatory sequences, cell- free transcription and
translation systems can also be used to produce these proteins using RNA derived from the
DNA constructs described herein.

Where secretion of the peptide is desired, which is difficult to achieve with multi-
transmembrane domain containing proteins such as kinases, appropriate secretion signals are
incorporated into the vector. The signal sequence can be endogenous to the peptides or
heterologous to these peptides.

Where the peptide is not secreted into the medium, which is typically the case with
kinases, the protein can be isolated from the host cell by standard disruption procedures,
including freeze thaw, sonication, mechanical disruption, use of lysing agents and the like. The
peptide can then be recovered and purified by well-known purification methods including
ammonium sulfate precipitation, acid extraction, anion or cationic exchange chromatography,
phosphocellulose chromatography, hydrophobic-interaction chromatography, affinity
chromatography, hydroxylapatite chromatography, lectin chromatography, or high performance
liquid chromatography.

It is also understood that depending upon the host cell in recombinant production of the
peptides described herein, the peptides can have various glycosylation patterns, depending upon
the cell, or maybe non-glycosylated as when produced in bacteria. In addition, the peptides may

include an initial modified methionine in some cases as a result of a host-mediated process.
Uses of vectors and host cells

The recombinant host cells expressing the peptides described herein have a variety of
uses. First, the cells are useful for producing a Ras-like protein polypeptide that can be further
purified to produce desired amounts of Ras-like protein or fragments. Thus, host cells

containing expression vectors are useful for peptide production.
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Host cells are also useful for conducting cell-based assays involving the Ras-like protein
or Ras-like protein fragments. Thus, a recombinant host cell expressing a native Ras-like
protein is useful for assaying compounds that stimulate or inhibit Ras-like protein function.

Host cells are also useful for identifying Ras-like protein mutants in which these
functions are affected. If the mutants naturally occur and give rise to a pathology, host cells
containing the mutations are useful to assay compounds that have a desired effect on the mutant
Ras-like protein (for example, stimulating or inhibiting function) which may not be indicated by
their effect on the native Ras-like protein.

Genetically engineered host cells can be further used to produce non-human transgenic
animals. A transgenic animal is preferably a mammal, for example a rodent, such as a rat or
mouse, in which one or more of the cells of the animal include a transgene. A transgene is
exogenous DNA which is integrated into the genome of a cell from which a transgenic animal
develops and which remains in the genome of the mature animal in one or more cell types or
tissues of the transgenic animal. These animals are useful for studying the function of a Ras-like
protein and identifying and evaluating modulators of Ras-like protein activity. Other examples
of transgenic animals include non-human primates, sheep, dogs, cows, goats, chickens, and
amphibians.

A transgenic animal can be produced by introducing nucleic acid into the male pronuclei
of a fertilized oocyte, e.g., by microinjection, retroviral infection, and allowing the oocyte to
develop in a pseudopregnant female foster animal. Any of the Ras-like protein nucleotide
sequences can be introduced as a transgene into the genome of a non-human animal, such as a
mouse.

Any of the regulatory or other sequences useful in expression vectors can form part of
the transgenic sequence. This includes intronic sequences and polyadenylation signals, if not
already included. A tissue-specific regulatory sequence(s) can be operably linked to the
transgene to direct expression of the Ras-like protein to particular cells.

Methods for generating transgenic animals via embryo manipulation and microinjection,
particularly animals such as mice, have become conventional in the art and are described, for
example, in U.S. Patent Nos. 4,736,866 and 4,870,009, both by Leder et al., U.S. Patent No.
4,873,191 by Wagner et al. and in Hogan, B., Manipulating the Mouse Embryo, (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar methods are used for
production of other transgenic animals. A transgenic founder animal can be identified based

upon the presence of the transgene in its genome and/or expression of transgenic mRNA in

46



10

15

20

25

30

WO 03/074675 PCT/US03/06369

. tissues or cells of the animals. A transgenic founder animal can then be used to breed additional

animals carrying the transgene. Moreover, transgenic animals carrying a transgene can further
be bred to other transgenic animals carrying other transgenes. A transgenic animal also includes
animals in which the entire animal or tissues in the animal have been produced using the
homologously recombinant host cells described herein.

In another embodiment, transgenic non-human animals can be produced which contain
selected systems which allow for regulated expression of the transgene. One example of such a
system is the cre/loxP recombinase system of bacteriophage P1. For a description of the
cre/loxP recombinase system, see, e.g., Lakso et al. PNAS §9:6232-6236 (1992). Another
example of a recombinase system is the FLP recombinase system of S. cerevisiae (O'Gorman et
al. Science 251:1351-1355 (1991). 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 is 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.

Clones of the non-human transgenic animals described herein can also be produced
according to the methods described in Wilmut, L. et al. Nature 385:810-813 (1997) and PCT
International Publication Nos. WO 97/07668 and WO 97/07669. In brief, a cell, e.g., a somatic
cell, from the transgenic animal can be isolated and induced to exit the growth cycle and enter
G, phase. The quiescent cell can then be fused, e.g., through the use of electrical pulses, to an
enucleated oocyte from an animal of the same species from which the quiescent cell is isolated.
The reconstructed oocyte is then cultured such that it develops to morula or blastocyst and then
transferred to pseudopregnant female foster animal. The offspring bom of this female foster
animal will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated.

Transgenic animals containing recombinant cells that express the peptides described
herein are useful to conduct the assays described herein in an in vivo context. Accordingly,
the various physiological factors that are present in vivo and that could effect ligand binding,
Ras-like protein activation, and signal transduction, may not be evident from in vitro cell-free
or cell-based assays. Accordingly, it is useful to provide non-human transgenic animals to
assay in vivo Ras-like protein function, including ligand interaction, the effect of specific
mutant Ras-like proteins on Ras-like protein function and ligand interaction, and the effect of
chimeric Ras-like proteins. It is also possible to assess the effect of null mutations, which is

mutations that substantially or completely eliminate one or more Ras-like protein functions.
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All publications and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the described method and
system of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in connection
with specific preferred embodiments, it should be understood that the invention as claimed
should not be unduly limited to such specific embodiments. Indeed, various modifications of
the above-described modes for carrying out the invention, which are obvious to those skilled
in the field of molecular biology or related fields, are intended to be within the scope of the

following claims.
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Claims

That which is claimed is:

L. An isolated polypeptide consisting of an amino acid sequence selected from the
group consisting of:

(a) an amino acid sequence shown in SEQ ID NO:2;

(b)  an amino acid sequence of an allelic variant of an amino acid sequence
shown in SEQ ID NO:2, wherein said allelic variant is encoded by a nucleic acid molecule that
hybridizes under stringent conditions to the opposite strand of a nucleic acid molecule shown in
SEQ ID NOS:1 or 3;

(©) an amino acid sequence of an ortholog of an amino acid sequence shown
in SEQ ID NO:2, wherein said ortholog is encoded by a nucleic acid molecule that hybridizes
under stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID
NOS:1 or 3; and

(d) a fragment of an amino acid sequence shown in SEQ ID NO:2, wherein

said fragment comprises at least 10 contiguous amino acids.

2. An isolated polypeptide comprising an amino acid sequence selected from the
group consisting of:

(@ an amino acid sequence shown in SEQ ID NO:2;

(b) an amino acid sequence of an allelic variant of an amino acid sequence
shown in SEQ ID NO:2, wherein said allelic variant is encoded by a nucleic acid molecule that
hybridizes under stringent conditions to the opposite strand of a nucleic acid molecule shown in
SEQ ID NOS:1 or 3;

(c) an amino acid sequence of an ortholog of an amino acid sequence shown
in SEQ ID NO:2, wherein said ortholog is encoded by a nucleic acid molecule that hybridizes
under stringent conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID
NOS:1 or 3; and

(d) a fragment of an amino acid sequence shown in SEQ ID NO:2, wherein

said fragment comprises at least 10 contiguous amino acids.

3. An isolated antibody that selectively binds to a polypeptide of claim 2.
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4. An isolated nucleic acid molecule consisting of a nucleotide sequence selected
from the group consisting of: |

(a) a nucleotide sequence that encodes an amino acid sequence shown in
SEQ ID NO:2;

(b)  anucleotide sequence that encodes of an allelic variant of an amino acid
sequence shown in SEQ ID NO:2, wherein said nucleotide sequence hybridizes under stringent
conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID NOS:1 or 3;

() a nucleotide sequence that encodes an ortholog of an amino acid
sequence shown in SEQ ID NO:2, wherein said nucleotide sequence hybridizes under stringent
conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID NOS:1 or 3;

(d) a nucleotide sequence that encodes a fragment of an amino acid sequence
shown in SEQ ID NO:2, wherein said fragment comprises at least 10 contiguous amino acids;
and

(e) a nucleotide sequence that is the complement of a nucleotide sequence of

(@-(d).

5. An isolated nucleic acid molecule comprising a nucleotide sequence selected
from the group consisting of:

(a) a nucleotide sequence that encodes an amino acid sequence shown in
SEQID NO:2;

(b)  anucleotide sequence that encodes of an allelic variant of an amino acid
sequence shown in SEQ ID NO:2, wherein said nucleotide sequence hybridizes under stringent
conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID NOS:1 or 3;

(©) a nucleotide sequence that encodes an ortholog of an amino acid
sequence shown in SEQ ID NO:2, wherein said nucleotide sequence hybridizes under stringent
conditions to the opposite strand of a nucleic acid molecule shown in SEQ ID NOS:1 or 3;

(d a nucleotide sequence that encodes a fragment of an amino acid sequence
shown in SEQ ID NO:2, wherein said fragment comprises at least 10 contiguous amino acids;
and

(e) a nucleotide sequence that is the complement of a nucleotide sequence of

(a)-(d).

6. A gene chip comprising a nucleic acid molecule of claim 5.
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7. A transgenic non-human animal comprising a nucleic acid molecule of claim 5.
8. A nucleic acid vector comprising a nucleic acid molecule of claim 5.
9. A host cell containing the vector of claim 8.

10. A method for producing any of the polypeptides of claim 1 comprising
introducing a nucleotide sequence encoding any of the amino acid sequences in (a)-(d) into a
host cell, and culturing the host cell under conditions in which the polypeptides are expressed

from the nucleotide sequence.

11. A method for producing any of the polypeptides of claim 2 comprising
introducing a nucleotide sequence encoding any of the amino acid sequences in (a)-(d) into a
host cell, and culturing the host cell under conditions in which the polypeptides are expressed

from the nucleotide sequence.

12. A method for detecting the presence of any of the polypeptides of claim 2 in a
sample, said method comprising contacting said sample with a detection agent that specifically
allows detection of the presence of the polypeptide in the sample and then detecting the presence

of the polypeptide.

13. A method for detecting the presence of a nucleic acid molecule of claim S in a
sample, said method comprising contacting the sample with an oligonucleotide that hybridizes to
said nucleic acid molecule under stringent conditions and determining whether the

oligonucleotide binds to said nucleic acid molecule in the sample.

14. A method for identifying a modulator of a polypeptide of claim 2, said method
comprising contacting said polypeptide with an agent and determining if said agent has

modulated the function or activity of said polypeptide.

15.  The method of claim 14, wherein said agent is administered to a host cell

comprising an expression vector that expresses said polypeptide.
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16. A method for identifying an agent that binds to any of the polypeptides of
claim 2, said method comprising contacting the polypeptide with an agent and assaying the

contacted mixture to determine whether a complex is formed with the agent bound to the

polypeptide.

17. A pharmaceutical composition comprising an agent identified by the method of

claim 16 and a pharmaceutically acceptable carrier therefor.

18. A method for treating a disease or condition mediated by a human Ras-like
protein, said method comprising administering to a patient a pharmaceutically effective amount

of an agent identified by the method of claim 16.

19. A method for identifying a modulator of the expression of a polypeptide of
claim 2, said method comprising contacting a cell expressing said polypeptide with an agent,

and determining if said agent has modulated the expression of said polypeptide.

20.  Anisolated human Ras-like protein polypeptide having an amino acid sequence

that shares at least 70% homology with an amino acid sequence shown in SEQ ID NO:2.

21. A polypeptide according to claim 20 that shares at least 90 percent homology

with an amino acid sequence shown in SEQ ID NO:2.
22.  Anisolated nucleic acid molecule encoding a human Ras-like protein
polypeptide, said nucleic acid molecule sharing at least 80 percent homology with a nucleic acid

molecule shown in SEQ ID NOS:1 or 3.

23. A nucleic acid molecule according to claim 22 that shares at least 90 percent

homology with a nucleic acid molecule shown in SEQ ID NOS:1 or 3.
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1
51
101
151
201
251
301
351
401
451
501
551
601
651

ATGCGGCCGC
GTCCTCCTCG
GCGCCGGCCG
AGATTCATTG
GGTCTATGTC
GGGGCGTCCA
AAATGCGTGC
CTATGACAGC
TCCACCCTGA
CTTTTGCATG
TGAGCTGGGC
ATGTCTGTGA
GGCCTCAGTG
TCCCAACATG

TCAGCATGTC
GACTACCTAC
CGTGGGCAAG
GAGACTATGA
GAGGGGGACC
GATCCAAGAC
AGTGGGCCGA
TACTTGTCCA
CTCTAAAGCC
CCCGGCAGGT
AGCCTGTTCC
TGTGTTTCAG
GGGAAAGAAG
CAGGACCTGA

CGGGCACTTT
TGCCCAAGGA
AGCGCAATGA
ACCGAATACA
AGCTCTCCCT
AGCCTCCCCC
GGGTTTTCTG
TCCGACCCCT
CCTGTCATCA
GCAGACACAG
TTGAAATTTC
CATCTCTGCA
AAGAGCCTCC
AGAGACGCTT

CTGCTCGCAC
CATCAAACTG
TCGTGCGCTT
GGCAAGCTGT
GCAGATCCAG
AGGTCGTCGA
CTGGTCTATT
TTATCAGCAC
TCGTGGGCAA
GACGGTATTC
CACTAGCGAA
AAGAAGTGAG
ATCATCCCTC
CAAGCAGGCT

CCATCCCCGA
GCGGTGCTGG
CCTGACCAAG
ATTCACGGCT
GATACTCCCG
TTCCCTGTCC
CCATCACAGA
ATCCGGAAGG
CAAGGGGGAC
AGCTAGCCAA
AACTACGAAG
CAAGATGCAC
GGCCCCGCTC
CTGTCTCCCA

PCT/US03/06369

701

FEATURES:
Start Codon: 1
Stop Codon: 727

AAGTCAAAGC CCCCTCTGCA CTGGGGTGA (SEQ ID NO:1)

Homologous proteins:
Top 10 BLAST Hits

Score
439
244
242
241
164
132
111
110
108
104

E
e-122
3e-63
2e-62
3e-62
3e-39
le-29
4e-23
9e-23
S5e-22
4e-21

CRA
CRA
CRA
CRA
CRA
CRA
CRA
CRA
CRA
CRA

98000043611637 /altid=gi|12835529 /def=dbj|BAB23278.1| (AKO...
114000110934320 /altid=gi|14198068 /def=gb|AAHO08101.1]|AAHOS...
98000043536669 /altid=g1|13027612 /def=ref|NP_076429.1| (NM...
78000169518691 /altid=gi|14041839 /def=dbj|BAB55008.1| C(AKO...
98000043611765 /altid=gi|12835767 /def=dbj|BAB23353.1| (AKO...
149000126078726 /altid=gi|14249704 /def=ref|NP_116307.1| (N...
18000005054675 /altid=g1|6677755 /def=ref|NP_033095.1] (NM_...
18000004880103 /altid=gi|417591 /def=sp|P32254|RASS_DICDI R...
18000005054673 /altid=gi|5902050 /def=ref|NP_008843.1] (NM_...
89000000199337 /altid=gi|7297244 /def=gb|AAF52508.1| (AE003..

Blast hits to dbEST:

CRA Number gi_Number Score Expect
CRA|330000005254697 9116991360 1100 bits (555) 0.0
CRA]116000043619806 g1 11449618 1100 bits (555) 0.0
CRA|26000027815649 gi]9512724 1019 bits (514) 0.0
CRA 1000490605893 g1/5397181 957 bits (483) 0.0
CRA 1000492611401 gi|5675202 938 bits (473) 0.0
CRA|1000493001374 915769535 894 bits (451) 0.0
CRA| 3000001108609 9112959283 827 bits (417) 0.0
CRA| 1000492608739 gi|5674965 823 bits (415) 0.0
CRA|3000000949946 gi(2328116 617 bits (311) le-174
CRA|162000005984552 0119202590 394 bits (199) le-107

EXPRESSION INFORMATION FOR MODULATORY USE:

Tibrary source:

gi Number organ Tissue Type
g1]11449618 rostate

gi]9512724 ung carcinoid
gi]5397181 Efostate

gi]5675202 idney

gi]5769535 Efostate

gi1/2959283 idney

gi]5674965 rostate normal prostate
gi|2328116 reast

gi|9202590 Tung carcinoid

FIGURE 1
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1 MRPLSMSGHF LLAPIPESSS DYLLPKDIKL AVLGAGRVGK SAMIVRFLTK
51 RFIGDYEPNT GKLYSRLVYV EGDQLSLQIQ DTPGGVQIQD SLPQVVDSLS
101 KCVQWAEGFL LVYSITDYDS YLSIRPLYQH IRKVHPDSKA PVIIVGNKGD
151 LLHARQVQTQ DGIQLANELG SLFLEISTSE NYEDVCDVFQ HLCKEVSKMH
201 GLSGERRRAS IIPRPRSPNM QDLKRRFKQA LSPKVKAPSA LG (SEQ ID NO:2)

FEATURES:

Functional domains and key regions:

Prosite results:

PDOC00004 PS00004 CAMP_PHOSPHO_SITE

CAMP- and cGMP-dependent protein kinase phosphorylation site
207-210 RRAS

PDOCO0005 PS00005 PKC_PHOSPHO___SITE_
Protein kinase C phosphorylation site
Number of matches: 4

1 49-51 TKR
2 60-62 TGK
3 123-125 SIR
4 232-234 SPK

PDOC00006 PS00006 CK2_PHOSPHO_SITE
Casein kinase II phosphorylation site
Number of matches: 3

1 18-21 SSSD
2 114-117 SITD
3 177-180 STSE

PDOCO0008 PS00008 MYRISTYL
N-myristoylation site
162-167 GIQLAN

PDOC00017 PSO0017 ATP_GTP_A

ATP/GTP-binding site motif A (P-loop)
34-41 GAGRVGKS
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. BLAST Alignment to Top Hit: .
>CRA|98000043611637 /altid=gi|12835529 /def=dbj|BAB23278.1]|

(AKQ04371) Ras fam11{ containing protein~data
source:Pfam, source key:PF00071, evidence:ISS~putative
[Mus musculus] /org=Mus musculus /taxon=10090 /div=ROD
/dataset=nraa /length=242

Length = 242
Score = 439 bits (1118), Expect = e-122
Identities = 216/242 (89%), Positives = 227/242 (93%)

Frame = +1

Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbhjct:
Query:
Sbjct:

73
1
253
61
433
121
613
181
793
241

MRPLSMSGHFLLAPIPESSSDYLLPKDIKLAVLGAGRVGKSAMIVRFLTKRFIGDYEPNT
MRPL+MSGHFLLAPIPESSSDYLLPKDIKLAVLGAG VGKSAMIVRFLTKRFIGDYEPNT
MRPLTMSGHFLLAPIPESSSDYLLPKDIKLAVLGAGCVGKSAMIVRFLTKRFIGDYEPNT

GKLYSRLVYVEGDQLSLQIQDTPGGVQIQDSLPQVVDSLSKCVQWAEGFLLVYSITDYDS
GKLYSRLVYVEGDQLSLQIQDTPGG+Q QDSL Q+VDSL+K V WAEGFLLVYSITDY+S
GKLYSRLVYVEGDQLSLQIQDTPGGIQAQDSLSQMVDSLTKSVHWAEGFLLVYSITDYES

YLSIRPLYQHIRKVHPDSKAPVIIVGNKGDLLHARQVQTQDGIQLANELGSLFLEISTSE
Y SIRPLYQHIRKVHPD KAP+ IVGNKGDLLHARQVQT +G+QLANELGSLFLEISTSE
YQSIRPLYQHIRKVHPDGKAPIFIVGNKGDLLHARQVQTHEGLQLANELGSLFLEISTSE

NYEDVCDVFQHLCKEVSKMHGLSGERRRASIIPRPRSPNMQDLKRRFKQALSPKVKAPSA
NYEDVCDVFQHLCKEV K+H L GERRRAS+IPRPRSPNMQDLKRRF+QALS K KA SA
NYEDVCDVFQHLCKEVIKVHRLGGERRRASVIPRPRSPNMQDLKRRFRQALSSKAKASSA

LG 798
LG
LG 242 (SEQ ID NO:4)

Hmmer search results (Pfam): . . .
scores for sequence family classification (score includes all domains):

Model

Description

score E-value

PCT/US03/06369

252
60

432
120
612
180
792
240

PFO0071 Ras family
CE00060 CEO00060 rab_ras_like
PFO0056 Tlactate/malate dehydrogenase

87.6
50.7
5.4

Parsed for domains:

Mode]l Domain _seq-f seq-t hmm-f hmm-t score E-value
PF00056 1/1 29 41 .. 1 14 [. 5.4 1.3
CE00060 1/2 29 57 .. 25 53 .. 2.4 13
PF00071 1/2 29 58 .. 1 30 [. 19.0 0.00015
PF00071 2/2 106 177 .. 72 155 .. 68.6 3e-19
CE00060 2/2 106 192 .. 97 184 .. 48.2 3.4e-12

- FIGURE 2B
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51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851
2901
2951
3001
3051
3101
3151
3201
3251
3301
3351
3401
3451

CAGTAGGGAT
GAACTTGGCG
ATGTCTCCCA
TGGTCAATTA
CCCTTTCACA
TTCCCTACTC
GAATGCAGCA
CCTTATCCAT
GGCAGGCCCT
CTACCCTCCC
CAAGGGCAGC
ATCAAAGGGC
TGGTGTGGCT
GTATGAATTA
GAACACAGGA
GTCCTGAGGC
ACCAGTCTAT
CTAGACCCCA
GCATGACTCA
GCCAGGGCCC
GTGCAACCCC
AACCATCACT
TGACTGCAGT
CCCCGCCCTT

ACAGAGGGAG
ATTAATCAAT
GGCTTGGGCC
CAAAAATGGA
CGTGACTTTT

CTTGAATATG
GAAGGGATGG
TTCCACCCAC
GGCCAACGTG
TCATCACAGC
CAGCCCCCAC
TCAACAACTG
TGTCATGCAG
GGGTGGGGCT
GGTCAGAGGC
TTCTGCTGTG
AGCTCTGTGT
CCATGCACCT
AGCACATAGG
CCAGCCAGTG
TGCCTGCAGA
GCCCCTAAGG
TGCCTCCACT
TTCCCATATT

TICTTITETY
GGAGTGCAGT
CAAGCGATTC
CACCACCACG
CCATGTTGGC
ACCTGGGCCT
GCCCCTTAGC
GTCCCATTGT
CGTCAACTCG
GGCTGGCTGC
ACTCGCGCGC
CCGCAGTCCT
CGAAGCGCAC
CCTCCCGGCC
CGCCGCGCTC
GTTCTGCAGG
CTGGCGAGCC
GCCGGACCCC
TTCTGCTCGC
GACATCAAAC
GTGCGGCGGG
ACTGGGGGCG
GTGCAGGTAG
CGGCCTGCTT
GGGATTGGCG
CGTACTCGCG
GCGAGCAGTG
GGTGCCTGGG
TTCCTTTTCA
ACTATGAACC
CTTGCGTGTT
CTACTTCATT
GGACCAGCTC
GAACCGCCAG
GGCACAGCAC
TCTAAACCGA
GGCCAGTGGT
AGCAGCCTCC
GTGGGCCATC
ATGGAACCAT
AAAAAAAGAG
TCTGCTTTTT
GGCTGGATCT
TCCTCGATTC
CGCCGGAACT
GGGTTTCACT

TTTITTITTITTG
GGTGCCATCT
TGCTGCCTCA
CCCCGCTAAT
CAGGCTGGTC
CCCAAAGTGC
ACCTTTTAAA
TGCAGAAACA
TAACTCCTAT
TGCGGGGCGA
TCTGGACGGT
GCCGCAGAGC
AGCCTCGGCG
GCTCCGGGAA
CCGGGCGCAC
CAGCCGCCGC
GGCTCCGGGT
GGGACGCGCT
ACCCATCCCC
TGGCGGTGCT
GACCCCCGGG
CTGCGGAGAG
AATCGGGCTG
CCCTGGCGTT
CCTGTTCGGG
GCCAAGCCCG
CCCACGGTTC
TTTGACAGGC
GCAATGATCG
GAATACAGGT
TCTTTTTACG
CTCCAGGCAA
TCCCTGCAGA
GGGCAAACAG
GTAGGGCGCC
CCTGTGCGTT
TGGGGTGTTA
TCTTGTTAAG
ACTACTTAAG
TAACAAAGAA
GTAGGATTCT
TTGAGACGGA
CAGCTCACTG
TCCTGCTTCA
CCCAGCTATT
ATGTTGGCCA

4/6

ACACCAAGAA
GTGGAAGTGA
ACTGGGTGGA
CCCCATTCTC
CTGCTGTTTC
GGCTGGCCCC
GTTCCTTCTC
TCTCTTGGAA
CTGAATGAGA
CAACAGCTGC
TTCCAGAACC
TAAGTGATTG
CAAAAACTGG
GTCTAATAGG
ATGAAGGTCT
CTATTTCTGG
CCTGTTCCTC
AGAAGTAAAT
ATAGTATTAA
GAGTGCTCAT
GGAGGGGCTG
GGACTTCATC
GATACTAATT
AATGTTACCC
AGACGGAGTT
CGGCTCACTG
GCCTCCCGAG
TTTTGTATTT
TTGAACTCCT
TGGGATTACA
AATAAAAAGG
TCCAACTGAT
CTCAAGTTCA
GGAGACTCGC
GGCCGTATCT
GCCTGGAGCC
ATAGTCAGCT
GGGGCGGAGA
CAAGCCCTTT
GGTCCCGGAC
GCGGCGAGGC
CCATGCGGCC
GAGTCCTCCT
GGGCGCCGGC
CGGCTTCGCT
AGGGCGCCTC
CTTTCGCGCT
TCCTGGTGCA
GATGGGGTGC
CGGCACCACG
TGCACCCTTC
TTGTTCTACT
TGCGCTTCCT
GAGAATACTT
GATGGGAGTT
GCTGTATTCA
TCCAGGATAC
CTCACCCCCA
CATGCTGGGC
TAGAGGGAGG
GAAACTCTCT
CACCTGACTT
CAGGTCTCAC
AAAAACGTTT
GATGGGAGAG
GTTTCACTCT
CAACTTCCGC
GTCTCCCGAG
TATCTATTTA
GGCTGGTCTC

ATATAGGAGG
GAGAGTGGGT
TGGAGACACA
CATCACTCTC
CACAAAGGGG
ATGACTTGCT
AAGGCCTAGG
CTCTGCTCAG
AGAGACATGT
CAGACATGAG
TGGAAGCTCC
TTGTTCTAAG
TACAACCAGG
CGATTAGGCA
TCTAACTGTT
TGGGCTCCAG
ACACTGCCCC
ATTTGGATAC
TGATGGACAC
GAGTGTTCAG
GGCATGGATA
TATCCCTAGC
CAGAGCTCTT
CTTAGCATCT
TCGCTCTTGT
CAACCTCCGC
TAGTTGGGAT
TTAGTAGAGA
GACCGCAGAT
GGCGTAAGCC
GCAGCGTTTT
TGCACTTTTT

CCCACAGGTC
AGAATGCCTG
CCAGGGTCTG
GCGAGCAGCT
CCGCGGCCTC
CGAGGAGGAG
AAAAGCCGCG
CTCTAGTCCC
CCAGCCCTCT
GCTCAGCATG
CGGACTACCT
CGCGTGGGCA
CCCCGGCTCC
GGCCGAAGCA
GGGTGGGTCC
TCTACTCCTG
GGGAGAGGTG
GCTTTGCGGA
ACTCCCCCCA
CCTTCGGTTG
GACCAAGAGA
TCACGCTCCC
TGAGAATTAA
CGGCTGGTCT
TCCCGGGGGC
CCCGTGAGAC
GCAGGGGTCT
AATGGGCTGT
AAGGGGGAGG
AACTTCACTT
CATTTCTTCC
AAAACAAAAC
ACTCTTCTCC
TGCCCAGGCT
CTCCTAGGTT
TAGCTGGGAC
TTTATTTATT
GAACTCCTGA

AGAAATGATG
AGAGTCAAGG
TTCATTAGCA
TGCTTCCTTG
CGGAGTGTAT
TTGGCCAACA
TCTCAAGAGG
CTACCATGAA
AACTCAGTCA
TAAGGCTATC
CTGCAGATGC
CCATCTAGTT
GTAGAGAAAG
AGTGAGGCTG
CAAGGTTAAA
AAATCCAAGA
CCACCCCACC
TGAAGCAAAT
TTAGTGCAGG
GAATGAGCCA
CTGAGATGCT
AAGGTCACAG
GCCCCCCGCC
TTITCTTTTICT
GGTCCAGGCT
CTCCCTAGTT
TACAGGCGCC
CAGCGTTTCG
GATCTTGCCC
ACCGCGCCCA
ACAGCAATCT
CTTCTTCTCT
TAGTGACTCC
ACTAGAGGCC
AGCCCCGGAG
AGCAGCCCGG
TGCTCCCGCC
CTGGGACGGC
GGCCTTGACA
GCACTCCCAG
CGGATTGCGC
TCCGGGCACT
ACTGCCCAAG
AGAGCGGTGA
GGCCGCGACC
GAGGGCGCGG
CGGTCCGTCC
GGATCTCGGC
TCCCGCCAGT
GCCTCTGGAA
GTTTGTCCGA
ATTTTCCTAT
TTCATTGGAG
TGCTTTTATG
AAAGCAAACT
ATGTCGAGGG
GTCCAGGTAA
CACCCCAGTG
GAGCAAGGCA
CCACAGGTGG
CATGGTTAGA
TGCAACCCTG
GGAGGTAGCC
AAAACAAAAC
CCTGGCAAGC
GGAGTGCAGT
CCAGCGATTC
TACAGGCACC
AGTAGAGATG
CCTCAAGTGA

FIGURE 3A
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. 3501
3551
3601
3651
3701
3751
3801
3851
3901
3951
4001
4051
4101
4151
4201
4251
4301
4351
4401
4451
4501
4551
4601
4651
4701
4751
4801
4851
4901
4951
5001
5051
5101
5151
5201
5251
5301
5351
5401
5451
5501
5551
5601
5651
5701
5751
5801
5851
5901
5951
6001
6051
6101
6151
6201
6251
6301
6351
6401
6451
6501
6551
6601
6651
6701
6751
6801
6851
6901
6951

TCCGCCCACC
GCGCCCGGCC
AAGTCAGTAA
ACTTGTTTAT
GTCTTGTGGA
GAAGTGCATG
TGGCTTATTT
TGAGCCATTC
GACTGCCTGA
TAAAGTAACT
AAAAGCCTGC
GATTTCTTTT
TTTATCTCCC
TCAGATCCAA
TGCAGTGGGC
AGCTACTTGT
TGACTCTAAA
ATGCCCGGCA
GGCAGCCTGT
TGATGTGTTT
GTGGGGAAAG
ATGCAGGACC
AGCCCCCTCT
TAATACGCAT
ACATTCAGAG
TTTCTGAAAA
TTIGTTTTATT
TGTAACTGCT
TTIGTTTICTC
TGCTGCTCCA
GGGGAGGAGT
TGGAGGAGGA
CTGCCACCAG
CAATGCTAAA
AGTTTATACT
ATGTCAGTAA
CCCTTCCAAT
AAAGCCTCAC
ATCTAGGCAA
GTCTCTTCAC
TTCTATAAAA
ATGAGACATG
CTCCTTCCAA
TCTCAGCTGC
CCCTTTGCCT
TCATCTTTAA
CTCTGGTCTT
CAGGTAGCTA
GCTGCATTTT
TAGAGTGGTA
CCACTTATGG
GTTACTTCTG
TGGTGGAAAG
CCTTCCAAAA
CCCTGTAGTT
AAAATTAGAT
GGATTCCATC
CAAAACAAAA
TTGTAGGTGT
TACAACATGT
GGAACTGAGA
GCTAAAGAAT
AAATGAGTGA
CAGGCTGTGG
GGGACTCACA
CACCCTACCC
AGGGCTTCAC
AGGAGCTGGC
TTCCCAGGCC
TGGTGCTTAG

TCGGCCTCCC
CAAGCACTGC
TTGCAATCAG
TAACCAGTTA
AGAACCCTAA
TTAAAAATGT
TCAAAGTTTT

TGGTTTGAGG
CAAGCAAGGG
CAGGCAGGGA
TTCTGCAGAA
TCAAGTGTTT
ACTGAGGGTT
GACAGCCTCC
CGAGGGTTTT

CCATCCGACC
GCCCCTGTCA
GGTGCAGACA
TCCTTGAAAT
CAGCATCTCT
AAGAAGAGCC
TGAAGAGACG
GCACTGGGGT
TTGTGCAGCT
TTTATTTTTA
TTCAAACAGT
AAAAGAACTT
GGCCACTTTT
AATGTCTTTT
TGCTTGCCCT
TCATGTAGAG
GAGGGATTTT
TCATGAAATT
ACGTTACAAG
CTACCCATAT
GTGGACCCTA
AGGGCACCAG
TGTCCCTTAA
GACTCATGTT
ATCAGAACAA
AACCCAGCTG
GCATCAAGAT
AACACACACC
TCCAGGCTCT
CAAATATTTT
AAACCCAAGT
CCTCTATTCC
TTTGTTACTC
ATGATCCTGT
AGTTTTAAGT
TGCCAAGGGT
CAGGGCAAGG
GGACTGACAT
GGACAGCTCT
GAAGGGAGTC
GATGCATGTC
TTTTAAAAAA
GCTCTGTCAT
AGACCCAAGA
CCAGACTGCC
TCAAACATCC
AAGACAAGAG
ATGGTAAGAA
ATCAGAAGGG
GCCTTGTGGG
TGTCTTCTTT
GGCCAGCTTT
TTGCTGGTCA
TCCTGCTGAT
GGAGCATCTG

5/6)

AAAGTGGTGG
TGAACTGCTG
ATAACCCCTT
CTAATTGCTA
GAAAGGAATT
TTTTATGAGT
GTTTATTATG
TCATTCTTCA
GTTTAAAAAT
GTTTGCCTGG
GCTGGGTGGA
CTTCAAGGGT
TCCTTGACTG
CCCAGGTCGT
CTGCTGGTCT
CCTTTATCAG
TCATCGTGGG
CAGGACGGTA
TTCCACTAGC
GCAAAGAAGT
TCCATCATCC
CTTCAAGCAG
GAACTATCTC
AAAAGACTGG
TAAAAAAATT
GATTGCCTAG

GATTATAGGC
CTGTTAATGG
GGCAGAGGGT
CTCCGTTCTC
TCTTTCTGTA
TTGGGAATAG
AGTTAGTGTT
GTCAGCCATG
AATGCAGGGA
GAATCTGTTC
AACTGAAAAC
TGCCTTGATG
GATCTCATTT
CGATTCCCTG
ATTCCATCAC
CACATCCGGA
CAACAAGGGG
TTCAGCTAGC
GAAAACTACG
GAGCAAGATG
CTCGGCCCCG
GCTCTGTCTC
AGACAGATGC
GCTTCTCGCT
GATTTTCAAG
AAGCTGGATA

TTTTTTTTTT
CCATTAAAGG
TATAGAAATT
CAGTCTGAAC
GGAGTCTGTT
AATAACGGCA
GACACTGTGT
CCATGAGTAA
TAAAAAACAA
CCACCCAAAA
ATATGTCCAT
TCTAGACCTC
TCTTGCCTTC
TGCTACTAAA
GTTTCCCCTT
TCTTTACCAC
AGCAGTCAGT
TTCATGTCTT
TTCTGATTCT
CACATGCTAT
TGGAGCATTT
CATTAGAAGG
CTTCCAATCT
AAACATATAA
CAATGATGGG
ACAGGTGTTC
ATGCAGCTTC
GTCCAGACCT
TACCTATACA
TAAAAGAGTG
TGCCTCACAT
CTGTTCTGCT
ACAACTGATT
ACCTGTCACC
CATGGGAAAA
ATGTCCCCAG
CAGAAAGTCA
TCAAAAGATG
CTCAGGCAGG
CTCTCCCAGC
ATTCTCTGGT
TGGAGAAACT
CAGCAGTGGG
GAAGGCTCCT

Ferrrreeed
CAAAATGGCA
GTACTTGCAC
TCTGATTGGT
GTGGGAGAAA
GGAGGTCTTT
GATTTTCAAG
CATTTATTGG
CCCCTTTTCT
GTTGCCTCAA
CCTCACTCCT
CCTTTGACTG
TAGAATGACA
ACTAACCCTA
AGCTACTGGT
CTCTCCAGGC
CCATTCCAAC
CCTGCCTTGG
ACACATAATG
ATTCAGCTCT
GTGTTATAAC
AGTCCCCCTC
TCTAGTTCAG
TGAATAAATG
AGATTACCAT
TGAGTAATTA
TGGCAATCAC
GTGATGTCAG
AAATGGCATG
TCCAAATAAA
TCTCCTTGTT
TCCTGCCGTG
CTCCTAGTCC
AGGGGCTTCT
AGTTAAATCA
GCCACCTATG
TCTTGAGCTC
AGTCCCAAGG
CTGATGGGCC
ATCATAAATA
CCCTGGAACT
TCGTTGCCTG
GTCTCTTGGG
GGGATGGTAG

FIGURE 3B

ATGAGCCACA
CTGTTCCCTC
CTAGAATGTA
CAGAGGAAAG
ACATTCTTAA
ATATTTATCT
TCCTAAAACT
GTTCACCAGA
TAACAGCTAA
TTTCCATATC
TGTATTTAGA
TTGTTTTGAG
TGATGTTTTC
TCCAAATGCG
AGACTATGAC
AGGTCCACCC
GACCTTTTGC
CAATGAGCTG
AAGATGTCTG
CACGGCCTCA
CTCTCCCAAC
CCAAAGTCAA
CTCTCCTTTT
TTTTAATCAC
TACATGTGTA
AAATTTTGTT
TTTTTTTTAC
ACATTGCTCA
CAGCGCCCAG
GTCTCGCAGT
GGAAAGTATG
AAATGGGACA
GGAAGGGGTA
TGCAAATGCA
AGTATTCCTT
AATTCTCCTT
GTTTTTCTCT
GCAGGCAAGA
TCTCCTAATT
ATCATTTTAT
TAAGATAGAC
TTATCAACCC
AGATTGTCTT
CACAAACTAT
GCTTGCTAAC
GAAATGCCTT
CCAACCCTGT
GAGGGCAGTA
TGCTTCCCCA
AATGAATGCA
GAAACAAATT
AAGATAGCTG
AGACCATTAC
CACCACTTTT
AAGGGTTAAG
ATATTAATTT
TGCGTGCTCT
CATCTTAACA
CTGCCATGCC
CTGCCTTCAA
TAATCTAAAA
ATCAAGTTTC
TTTAGGGGAG
CCATTTCAAA
AAGCAGAAAT
ATTGGCCTCC
GGCCCAGCAC
TGACCGCTCT
GATCATGGCA
CCCCGGAGAT
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WO 03/074675

7001
7051
7101
7151
7201
7251
7301
7351
7401
7451
7501
7551
7601

GGAAGAGGTG
GTAGGGAAGA
TAACAGGGGA
GGAGGGCATA
CAGAAGTCCT
CTTGGTGGAT
GCCTTACCTC
ATGAGAGAGG
CATCCCTGCC
CTGAAACCCC
GCTCAGTCAC
TTGCAATCAG
TTGTACATCC

FEATURES:
Genewise results:

Start:
Exon:
Exon:
Exon:
Exon:
Stop:

2073

AGCATGGAGT
GAGCTGAGGA
AGCTGAGCTC
GTTGAGAGAG
GAAACACTGG
GTGGAGAGAA
TGAGGTGTCA
TGGGACTGCG
TCTGTGGGAA
CAGGCCTCCA
TGATTCTGCT
TGTCGTTCTG
TGCAAACATT

2073-2196
2612-2668
2767-2846
4155-4619

4620

Sim4 results:

Exon:
EXon:
ExXon:
Exon:

2073-2196,
2612-2668,
2767-2846,
4155-4622,

CHROMOSOME MAP POSITION:
chromosome 13

ALLELIC VARIANTS (SNPS):

6/6)

TTTTGGAAAG
TATGGGCTTG
TAAGCCAACA
CCATGGGTGT
ACAGAACATT
CAGTATCTGT
CGGCCGGTGC
GCTTCCCCCA
GCATCCCTGT
CTGCTGGCAC
TTAAAACTCT
GAGAAATGGA

CGGTTAGATG
GCTGAGTGCT
TCCCCTTCCC
CATTATTTTG
GGGTAGAACA
GCATTTTATC
AAGAATTTAC
CCCACTTCAC
CTCAGTGGGA
TCGTTCTCCT
GCAGAATGAT
TGCAATCCAA

CCG (SEQ ID NO:3)

(Transcript Position:
(Transcript Position:
(Transcript Position:
(Transcript Position:

1-124)

125-181)
182-261)
262-729)

GGGAATTTGT
AAGGAAGCCC
TCACCAATGG
CAGGCGGGGT
TTAAAAAAAA
CAATAGTTTT

CTCTATCCTC
CTCCCTCCTC
AAATCTGTCT
TCTGGTCAAG
TTAATTAATG
AATGGCTAAA

PCT/US03/06369

DNA

Position Major Minor Domain

5602 T A Intron

6062 A G Intron

context:

DNA

Position

5602 CCTTCCAATAGGGCACCAGATATGTCCATCCTCACTCCTGTTTTTCTCTAAAGCCTCACT
GTCCCTTAATCTAGACCTCCCTTTGACTGGCAGGCAAGAATCTAGGCAAGACTCATGTTT
CTTGCCTTCTAGAATGACATCTCCTAATTGTCTCTTCACATCAGAACAATGCTACTAAAA
CTAACCCTAATCATTTTATTTCTATAAAAAACCCAGCTGGTTTCCCCTTAGCTACTGGTT
?AGA{AGACATGAGACATGGCATCAAGATTCTTTACCACCTCTCCAGGCTTATCAACCCC
T,A
CCTTCCAAAACACACACCAGCAGTCAGTCCATTCCAACAGATTGTCTTTCTCAGCTGCTC
CAGGCTCTTTCATGTCTTCCTGCCTTGGCACAAACTATCCCTTTGCCTCAAATATTTITT
CTGATTCTACACATAATGGCTTGCTAACTCATCTTTAAAAACCCAAGTCACATGCTATAT
TCAGCTCTGAAATGCCTTCTCTGGTCTTCCTCTATTCCTGGAGCATTTGTGTTATAACCC
AACCCTGTCAGGTAGCTATTTGTTACTCCATTAGAAGGAGTCCCCCTCGAGGGCAGTAGC

6062 AACCCAAGTCACATGCTATATTCAGCTCTGAAATGCCTTCTCTGGTCTTCCTCTATTCCT

GGAGCATTTGTGTTATAACCCAACCCTGTCAGGTAGCTATTTGTTACTCCATTAGAAGGA
GTCCCCCTCGAGGGCAGTAGCTGCATTTTATGATCCTGTCTTCCAATCTTCTAGTTCAGT
GCTTCCCCATAGAGTGGTAAGTTTTAAGTAAACATATAATGAATAAATGAATGAATGCAC
%ACT}ATGGTGCCAAGGGTCAATGATGGGAGATTACCATGAAACAAATTGTTACTTCTGC
A,G
GGGCAAGGACAGGTGTTCTGAGTAATTAAAGATAGCTGTGGTGGAAAGGGACTGACATAT
GCAGCTTCTGGCAATCACAGACCATTACCCTTCCAAAAGGACAGCTCTGTCCAGACCTGT
GATGTCAGCACCACTTTTCCCTGTAGTTGAAGGGAGTCTACCTATACAAAATGGCATGAA
GGGTTAAGAAAATTAGATGATGCATGTCTAAAAGAGTGTCCAAATAAAATATTAATTTGG
ATTCCATCTTTTAAAAAATGCCTCACATTCTCCTTGTTTGCGTGCTCTCAAAACAAAAGC

FIGURE 3C
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SEQUENCE LISTING

<110> APPLERA CORPORAITON et al.
<120> ISOLATED HUMAN RAS-LIKE PROTEINS,

NUCLEIC ACID MOLECULES ENCODING THESE HUMAN RAS-LIKE

PROTEINS, AND USES THEREOF
<130> CL001358-PCT
<160> 4
<170> FastSEQ for Windows Version 4.0
<210> 1
<211> 729
<212> DNA
<213> Homo sapiens
<400> 1
atgcggccgce tcagcatgtc cgggcacttt ctgcectecgcac ccatccccecga gtectecteg 60
gactacctac tgcccaagga catcaaactg gcggtgctgg gcgccggccg cgtgggcaag 120
agcgcaatga tcgtgcgcectt cctgaccaag agattcattg gagactatga accgaataca 180
ggcaagctgt attcacggct ggtctatgtc gagggggacc agctctccct gcagatccag 240
gatactceccg ggggcgtceca gatccaagac agectcecccce aggtcecgtcga tteectgtec 300
aaatgcgtgce agtgggccga gggttttctg ctggtctatt ccatcacaga ctatgacagc 360
tacttgtcca tccgaccccect ttatcagcac atccggaagg tccaccctga ctctaaagcc 420
cctgtcatca tcgtgggcaa caagggggac cttttgcatg cccggcaggt gcagacacag 480
gacggtattc agctagccaa tgagctggge agcctgttcc ttgaaatttc cactagcgaa 540
aactacgaag atgtctgtga tgtgtttcag catctctgca aagaagtgag caagatgcac 600
ggcctcagtg gggaaagaag aagagcctcc atcatccctc ggccccgetce tcccaacatg 660
caggacctga agagacgctt caagcaggct ctgtctccca aagtcaaagc cccctctgca 720
ctggggtga 729
<210> 2
<211> 242
<212> PRT
<213> Homo sapiens
<400> 2
Met Arg Pro Leu Ser Met Ser Gly His Phe Leu Leu Ala Pro Ile Pro

1 5 10 15
Glu Ser Ser Ser Asp Tyr Leu Leu Pro Lys Asp Ile Lys Leu Ala Val

20 25 30
Leu Gly Ala Gly Arg Val Gly Lys Ser Ala Met Ile Val Arg Phe Leu
35 40 45
Thr Lys Arg Phe Ile Gly Asp Tyr Glu Pro Asn Thr Gly Lys Leu Tyr
50 55 60
Ser Arg Leu Val Tyr Val Glu Gly Asp Gln Leu Ser Leu Gln Ile Gln
65 70 75 80
Asp Thr Pro Gly Gly Val Gln Ile Gln Asp Ser Leu Pro Gln Val Val
85 90 95
Asp Ser Leu Ser Lys Cys Val Gln Trp Ala Glu Gly Phe Leu Leu Val
100 105 110
Tyr Ser Ile Thr Asp Tyr Asp Ser Tyr Leu Ser Ile Arg Pro Leu Tyr
115 120 125
Gln His Ile Arg Lys Val His Pro Asp Ser Lys Ala Pro Val Ile Ile
130 135 140
Val Gly Asn Lys Gly Asp Leu Leu His Ala Arg Gln Val Gln Thr Gln
145 150 155 160
Asp Gly Ile Gln Leu Ala Asn Glu Leu Gly Ser Leu Phe Leu Glu Ile
165 170 175



WO 03/0746

Ser Thr Ser
Glu
195

Ile

Cys Lys

Ala Ser
210
Arg Arg Phe
225

Leu Gly

<210> 3

<211l> 7623
<212> DNA
<213> Homo

<400> 3

cagtagggat
attaatcaat
actgggtgga
catcactctc
cggagtgtat
gaatgcagca
ttccacccac
ctgaatgaga
cagacatgag
ctgcagatgc
tggtgtggct
gggtggggct
atgaaggtct
tgggctccag
ccaccccace
gcatgactca
ccagccagtg
ggaggggctg
tatccctage
gcececcccgee
ttcttttttt
ggtgccatct
gcctcccgag
ttagtagaga
gatcttgccc
gccccttagce
tgcagaaaca
ctcaagttca
agaatgcctg
agccccggag
cgaagcgcac
gctccgggaa
caagcccttt
ctctagtcce
cggattgcgce
ttctgctcege
tggcggtgcet
cggctteget
ggccgaagca
cggtecgtcc
gggattggcg
gccaagccecg
tgcaccctte
cctteggttg

75

Glu
180
Val
Ile

Lys

Asn Tyr
Ser Lys
Pro Arg

Gln Ala

Glu Asp
His
200
Arg

Met

Pro
215

Leu Ser

230

sapiens

acagagggag
gtggaagtga
tggagacaca
tgctteccttg
ttccctactce
gaagggatgg
tctcttggaa
agagacatgt
taaggctatc
atcaaagggc
tgtcatgcag
gtctaatagg
tctaactgtt
aaatccaaga
ctagacccca
agcacatagg
gagtgctcat
ggcatggata
aaggtcacag
cceccgecectt
tttttttttg
cggctcactg
tagttgggat
cagcgtttcg
acctgggcct
accttttaaa
tccaactgat
cccacaggtce
actagaggcc
ccgcagtcct
agccteggeg
ggggcggaga
aaaagccgcg
gcactcccag
gccggaccecce
acccatcccc
gggcgcecgge
cceceggetcece
gagggcgcegg
cggcctgett
cctgttcggg
cggcaccacg
actcccccca
attttcctat

acaccaagaa
gagagtgggt
ttcattagca
ccctttcaca
cttgaatatg
gttccttcte
ctctgctcag
aactcagtca
caagggcagc
tcaacaactg
caaaaactgg
cgattaggca
caaggttaaa
accagtctat
ccatgcacct
atagtattaa
gagtgttcag
ctgagatgct
tgactgcagt
ttcccatatt
agacggagtt
caacctccge
tacaggcgcc
ccatgttggce
cccaaagtgce
aataaaaagg
tgcacttttt
tagtgactcc
actcgcgcge
gccgcagagce
atagtcagct
cgaggaggag
ggccttgaca
ctggcgagcce
gggacgcgct
gagtcctcect
cgcgtgggca
ggccgcgacce
gtgcaggtag
ccetggegtt
gatggggtgc
gctttgecgga
gtttgtccga
ttcctttteca

val
185
Gly

Cys Asp

Leu Ser

Ser Pro Asn
Val

235

Pro Lys

atataggagg
agagtcaagg
tggtcaatta
cgtgactttt
ggctggcccce
aaggcctagg
ctaccatgaa
ctaccctcecce
cagcccccac
taagtgattg
tacaaccagg
agtgaggctg
gtcctgaggce
agctctgtgt
agaagtaaat
tgatggacac
gaatgagcca
aaccatcact
tgcctccact
aatgttaccc
tcgctecttgt
ctccctagtt
caccaccacg
caggctggtc
tgggattaca
gcagegtttt
cttecttectct
ggctggetge
tctggacggt
gcctggagcec
ccgcggectce
ctgggacggc
gttctgcagg
ggctccgggt
ccatgcggcc
cggactacct
agagcggtga
actgggggcg
aatcgggctg
tcctggtgea
gggagaggtg
gcctctggaa
ggtgcctggg
gcaatgatcg

2

Val Phe

190

Gly Glu

205

Met Gln
220

Lys Ala

agaaatgatg
atgtctccca
caaaaatgga
ctgctgttte
atgacttgct
tctcaagagg
ggcaggccct
tcatcacagc
ttccagaacc
ttgttctaag
gtagagaaag
gaacacagga
ttctgctgtg
cctgttcectce
atttggatac
ttagtgcagg
gtgcaaccce
gceccctaagg
gatactaatt
cttagcatct
ggtccaggct
caagcgattc
ccccgctaat
ttgaactcct
ggcgtaagcc
acagcaatct
cgtcaactcg
tgcggggcga
ggccgtatct
gcgagcagct
tgctceccgece
cgeccgcgcetce
cagccgcecge
gcggcgagge
gctcagcatg
actgcccaag
gtgcggcggg
ctgcggagag
ctttcgeget
tctactcctg
tccecgecagt
gcgagcagtg
tttgacaggc
tgcgettect

Gln His
Arg Arg
Asp Leu

Pro Ser

PCT/US03/06369

Leu
Arg
Lys

Ala
240

gaacttggeg
ggcttgggcce
cccecattcecte
cacaaagggg
ttggccaaca
ccttatccat
ggccaacgtg
caacagctgce
tggaagctcc
ccatctagtt
gtatgaatta
ggtcagaggc
ctatttctgg
acactgcccce
tgaagcaaat
gccagggcecce
tgcctgcaga
ggacttcatc
cagagctctt
tttcttttet
ggagtgcagt
tgctgcctceca
ttttgtattt
gaccgcagat
accgcgccca
gtcccattgt
taactcctat
ggagactcgc
ccagggtctg
agcagcccgg
ccteceecggece
ccgggcegceac
ggtcccggac
ccagccctcet
tcecgggeact
gacatcaaac
gacccccggg
agggcgcecte
gggtgggtcc
ggatctcggc
cgtactcgeg
cccacggtte
ttgttctact
gaccaagaga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
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
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ttcattggag
cttgcgtgtt
ctccaggcaa
tccaggatac
cccgtgagac
gagcaaggca
ggccagtggt
tcttgttaag
caggtctcac
aaaacaaaac
cctggcaagce
ggctggatct
tcetgcecttcea
tatctattta
gaactcctga
atgagccaca
aagtcagtaa
taaccagtta
gaaaggaatt
ttgggaatag
tcctaaaact
gactgcctga
caggcaggga
gctgggtgga
tgccttgatg
tgatgttttc
tgcagtgggce
ccatccgacc
tcatcgtggg
ttcagctagc
aagatgtctg
gtggggaaag
tgaagagacg
gaactatctc
gcttctcget
tacatgtgta
ttgttttatt
ggccactttt
tatagaaatt
tctgattggt
ggaaagtatg
ctgccaccag
acgttacaag
taaaaaacaa
gttgcctcaa
gtttttctct
atctaggcaa
atcagaacaa
gtttcccctt
ctctccaggce
agattgtcett
ccectttgect
aaacccaagt
tggagcattt
agtccccctce
tgcttcccecceca
ccacttatgg
cagggcaagg
atgcagcttc
gtgatgtcag
aagggttaag
ggattccatc

actatgaacc
tctttttacg
gctgtattca
tccecgggggc
caccccagtg
tctaaaccga
tggggtgtta
cacctgactt
catttcttce
aaaacaaaac
tctgettttt
cagctcactg
gtctcccecgag
tttatttatt
cctcaagtga
gcgcccggcec
ttgcaatcag
ctaattgcta
tctttctgta
atatttatct
tgagccattc
caagcaaggg
gtttgcctgg
aactgaaaac
ttgttttgag
tcagatccaa
cgagggtttt
cctttatcag
caacaagggg
caatgagctg
tgatgtgttt
aagaagagcc
cttcaagcag
agacagatgc
ttttaatcac
tttctgaaaa
aaaagaactt
ccattaaagg
gtacttgcac
gtctcgcagt
tggaggagga
tcatgaaatt
ccatgagtaa
cccecttttet
aattctccett
aaagcctcac
gactcatgtt
tgctactaaa
agctactggt
ttatcaaccc
tctcagectgce
caaatatttt
cacatgctat
gtgttataac
gagggcagta
tagagtggta
tgccaagggt
acaggtgttc
tggcaatcac
caccactttt
aaaattagat
ttttaaaaaa

gaatacaggt
gatgggagtt
cggctggtcect
gtccaggtaa
ggcacagcac
cctgtgegtt
gaaactctct
aacttcactt
ggaggtagcc
aaaaaaagag
ttgagacgga
caacttccge
tagctgggac
agtagagatg
tccgeccace
caagcactgc
ataacccctt
ctcegttcte
acattcttaa
tggcttattt
tggtttgagg
gtttaaaaat
gaatctgttc
tgtatttaga
tttatctccce
gacagcctcece
ctgctggtcet
cacatccgga
gaccttttgce
ggcagcctgt
cagcatctct
tccatcatcc
gctctgtectce
ctctcetttt
acattcagag
ttcaaacagt
ttttttettt
caaaatggca
cagcgceccag
ggggaggagt
gagggatttt
gacactgtgt
catttattgg
agtattcctt
cccttccaat
tgtcecttaa
tcttgcctte
actaacccta
taagatagac
ctccttceccaa
tccaggctcet
ttctgattct
attcagctct
ccaaccctgt
gctgcatttt
agttttaagt
caatgatggg
tgagtaatta
agaccattac
cecctgtagtt
gatgcatgtc
tgcctcacat

gagaatactt
tgagaattaa
atgtcgaggg
gaaccgccag
gtagggcgcce
tagagggagg
aagggggagg
tgcaaccctg
atggaaccat
gtaggattct
gtttcactct
ctcctaggtt
tacaggcacc
gggtttcact
tcggectcce
tgaactgctg
ggcagagggt
cagaggaaag
gaagtgcatg
tcaaagtttt
tcattcttca
aatgcaggga
tttccatatc
gatttctttt
actgagggtt
cccaggtegt
attccatcac
aggtccaccc
atgceccggcea
tccttgaaat
gcaaagaagt
ctcggccceg
ccaaagtcaa
taatacgcat
tttattttta
gattgectag
tttttettet
acattgctca
tgctgctcca
tcatgtagag
aataacggca
gattttcaag
tgcaaatgca
atgtcagtaa
agggcaccag
tctagaccte
tagaatgaca
atcattttat
atgagacatg
aacacacacc
ttcatgtett
acacataatg
gaaatgcctt
caggtagcta
atgatcctgt
aaacatataa
agattaccat
aagatagctg
ccttccaaaa
gaagggagtc
taaaagagtg
tctececttgtt

tcacgctcce
aaagcaaact
ggaccagctc
gggcaaacag
catgctgggce
aatgggctgt
catggttaga
gtgggccatc
taacaaagaa
gatgggagag
tgcccaggcet
ccagcgattc
cgcecggaact
atgttggcca
aaagtggtgg
ctgttaatgg
ctagaatgta
gtcttgtgga
ttaaaaatgt
gtttattatg
gtcagccatg
taacagctaa
aaaagcctgc
tcaagtgttt
tccttgactg
cgattccctg
agactatgac
tgactctaaa
ggtgcagaca
ttccactage
gagcaagatg
ctctcceccaac
agccccctet
ttgtgcagct
taaaaaaatt
aagctggata
ttttttttac
ttgttttcte
tgcttgcect
ggagtctgtt
ggaggtcttt
ggaaggggta
agtttatact
gtggacccta
atatgtccat
cctttgactg
tctcctaatt
ttctataaaa
gcatcaagat
agcagtcagt
cctgecttgg
gcttgctaac
ctctggtcett
tttgttactc
cttccaatct
tgaataaatg
gaaacaaatt
tggtggaaag
ggacagctct
tacctataca
tccaaataaa
tgcgtgcectcet
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tgcttttatg
ctacttcatt
tcecctgcecaga
ctcaccccceca
gcaggggtct
ccacaggtgg
agcagcctcc
actacttaag
aaaaacgttt
actcttctcce
ggagtgcagt
tcectcegattce
cccagctatt
ggctggtcte
gattataggc
ctgttccecte
acttgtttat
agaaccctaa
ttttatgagt
agttagtgtt
gttcaccaga
taaagtaact
ttctgcagaa
cttcaagggt
gatctcattt
tccaaatgcg
agctacttgt
gcccectgtca
caggacggta
gaaaactacg
cacggcctca
atgcaggacc
gcactggggt
aaaagactgg
gattttcaag
aaattttgtt
tgtaactgct
aatgtctttt
cagtctgaac
gtgggagaaa
aaatgggaca
caatgctaaa
ctacccatat
ccacccaaaa
cctcactcect
gcaggcaaga
gtctettcac
aacccagctg
tctttaccac
ccattccaac
cacaaactat
tcatctttaa
cctctattce
cattagaagg
tctagttcag
aatgaatgca
gttacttctg
ggactgacat
gtccagacct
aaatggcatg
atattaattt
caaaacaaaa

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
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
6180
6240
6300
6360
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- gctetgtcat ctgttctget tcctgeccgtg catcttaaca ttgtaggtgt agacccaaga 6420
acaactgatt ctcctagtcc ctgccatgcce tacaacath'pcagébtgéd acctgtcacc 6480
aggggcttct ctgccttcaa ggaactgaga tcaaacatcc catgggaaaa agttaaatca 6540
taatctaaaa gctaaagaat aagacaagag atgtccccag gccacctatg atcaagtttc 6600
aaatgagtga atggtaagaa cagaaagtca tcttgagctc tttaggggag caggctgtgg 6660
atcagaaggg tcaaaagatg agtcccaagg ccatttcaaa gggactcaca gccttgtggg 6720
ctcaggcagg ctgatgggcc aagcagaaat caccctaccce tgtcttcttt ctctceccage 6780
atcataaata attggcctcc agggcttcac ggccagcttt attctctggt ccctggaact 6840
ggcccagcac aggagctggce ttgctggtca tggagaaact tegttgectg tgaccgcectcet 6900
ttceccaggcecce tcctgetgat cagcagtggg gtectettggg gatcatggca tggtgettag 6960
ggagcatctg gaaggctcct gggatggtag ccccggagat ggaagaggtg agcatggagt 7020
ttttggaaag cggttagatg gggaatttgt gtagggaaga gagctgagga tatgggcttg 7080
gctgagtgct aaggaagccc taacagggga agctgagetc taagccaaca tccccttecce 7140
tcaccaatgg ggagggcata gttgagagag ccatgggtgt cattattttg caggcggggt 7200
cagaagtcct gaaacactgg acagaacatt gggtagaaca ttaaaaaaaa cttggtggat 7260
gtggagagaa cagtatctgt gcattttatc caatagtttt gccttacctce tgaggtgtca 7320
cggcecggtge aagaatttac ctctatcctc atgagagagg tgggactgcg gcttccccca 7380
cccacttcac cteccctecte catcectgec tcectgtgggaa gcatccctgt ctcagtggga 7440
aaatctgtct ctgaaacccc caggcctcca ctgctggcac tcgttctecct tctggtcaag 7500
gctcagtcac tgattctget ttaaaactct gcagaatgat ttaattaatg ttgcaatcag 7560
tgtcgttetg gagaaatgga tgcaatccaa aatggctaaa ttgtacatcc tgcaaacatt 7620
ccg 7623
<210> 4
<211> 242
<212> PRT
<213> Mus musculus
<400> 4
Met Arg Pro Leu Thr Met Ser Gly His Phe Leu Leu Ala Pro Ile Pro

1 5 10 15
Glu Ser Ser Ser Asp Tyr Leu Leu Pro Lys Asp Ile Lys Leu Ala Val
20 25 30
Leu Gly Ala Gly Cys Val Gly Lys Ser Ala Met Ile Val Arg Phe Leu
35 40 45
Thr Lys Arg Phe Ile Gly Asp Tyr Glu Pro Asn Thr Gly Lys Leu Tyr
50 55 60
Ser Arg Leu Val Tyr Val Glu Gly Asp Gln Leu Ser Leu Gln Ile Gln
65 70 75 80
Asp Thr Pro Gly Gly Ile Gln Ala Gln Asp Ser Leu Ser Gln Met Val
85 90 95
Asp Ser Leu Thr Lys Ser Val His Trp Ala Glu Gly Phe Leu Leu Val
100 105 110
Tyr Ser Ile Thr Asp Tyr Glu Ser Tyr Gln Ser Ile Arg Pro Leu Tyr
115 120 125
Gln His Ile Arg Lys Val His Pro Asp Gly Lys Ala Pro Ile Phe Ile
130 135 140
Val Gly Asn Lys Gly Asp Leu Leu His Ala Arg Gln Val Gln Thr His
145 150 155 160
Glu Gly Leu Gln Leu Ala Asn Glu Leu Gly Ser Leu Phe Leu Glu Ile
165 170 175
Ser Thr Ser Glu Asn Tyr Glu Asp Val Cys Asp Val Phe Gln His Leu
180 185 190
Cys Lys Glu Val Ile Lys Val His Arg Leu Gly Gly Glu Arg Arg Arg
195 200 205
Ala Ser vVal Ile Pro Arg Pro Arg Ser Pro Asn Met Gln Asp Leu Lys
210 215 220
Arg Arg Phe Arg Gln Ala Leu Ser Ser Lys Ala Lys Ala Ser Ser Ala
225 230 235 240
Leu Gly
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