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CARBOHYDRATE-ASSOCIATED PROTEINS

TECHNICAL FIELD
This invention relates to nucleic acid and amino acid sequences of carbohydrate-associated
proteins and to the use of these sequences in the diagnosis, treatment, and prevention of cell
proliferative, autoimmune/inflammatory, reproductive, and neurological disorders, and in the
assessment of the effects of exogenous compounds on the expression of nucleic acid and amino acid

sequences of carbobydrate-associated proteins.

BACKGROUND OF THE INVENTION

Proteins are associated with carbohydrates in several ways. Glycoproteins have covalently
attached carbobydrates which have been added to the proteius as they traverse the secretory pathway.
Some proteins noncovalently associate with carbohydrate-containing macromolecules for purposes of
binding, modifying, or degrading the carbohydrates. Carbohydrate-containing macromolecules,
which include glycoproteins, glycolipids, glycosaminogiycans, and proteoglycans, are found on the
cell surface and in the extracellular matrix. Glycosaminoglycans (GAGs) are linear unbranched
polysaccharides composed of repetitive disaccharide units. GAGs exist free or as part of
proteoglycans, large molecules composed of a core protein attached to one or more GAGs. (See
Lodish, H. et al. (1995) Molecular Cell Biology, Scientific American Books, New York NY, pp.
1136-1142.)

Cell surface carbohydrate-containing macromolecules, including glycoproteins, glycolipids,
and transmembrane proteoglycans, mediate adhesion with other cells and with components of the
extracellular matrix. The extracellular matrix is comprised of diverse glycoproteins, GAGS, and
carbohydrate-binding proteins which are secreted from the cell and assembled into an organized
meshwork in close association with the cell surface. The interaction of the cell with the surrounding
matrix profoundly influences cell shape, strength, flexibility, motility, and adhesion. These dynamic
properties are intimately associated with signal transduction pathways controlling cell proliferation
and differentiation, tissue construction, and embryonic development.

The GAG hyaluronan (HA) is found in the extracellular matrix of many cells, especially in
soft connective tissues, and is abundant in synovial fluid (Pitsillides, A.A. et al. (1993) Int. J. Exp.
Pathol. 74:27-34). HA seems to play important roles in cell regulation, development, and
differentiation (Laurent, T.C. and J.R. Fraser (1992) FASEB J. 6:2397-2404). HA functions in water
and plasma protein homeostasis (Laurent, supra). HA may play a role in mitosis as its production
increases in proliferating cells. HA is known to induce tumor cell adhesion and migration, and its

small fragments are angiogenic. HA has been chemically modified as a biomaterial for medical
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applications such as controlled drug release matrices, nerve guides, and wound dressings (Zhong, S.P.
et al. (1994) Biomaterials 15:359-365). HA’s tissue protective and rbeological properties have
proved useful in ophthatmic surgery. Serum HA is diagnostic of liver disease and various
inflammatory conditions, such as rheumatoid arthritis. Interstitial edema caused by accumulation of
HA may cause dysfunction in various organs (Laurent, supra).

Hyaluronidase is an enzyme that degrades HA to oligosaccharides by catalyzing the random
hydrolysis of 1,4-linkages between N-acetyl-beta-D-glucosamine and D-glucuronate residues.
Hyaluronidases have been found in organisms as diverse as bacteria, insects, reptiles, and mammals,
and smay function in cell adhesion, infection, angiogenesis, and signal transduction.

PH-20, a protein expressed in the mammalian testis and present on the plasma mexmbrane of
mouse and human sperm, has hyaluronidase activity (Lin, Y. et al. (1994) J. Cell Biol. 125:1157-
1163). PH-20 enables spexm to penetrate the manwmalian egg’s outer layer, which consists of about
3,000 cumulus cells embedded in an extracellular matrix rich in HA. Penetration of this layer is an
essential step in the fertilization process. PH-20 is also expressed in some tumor cells. Non-
testicular mammalian hyaluronidases also exist. The HYAL!1 hyaluronidase is expressed in human
serum while the lysosomal hyahironidase HFYAL? is expressed in many cells (Lepperdinger, G. et al.
(1998) I. Biol. Chem. 273:22466-22470). HYAL2 may have a role in producing distinct HA
fragments that can induce angi is and the expression of enzymes involved in signal transduction

pathways, such as nitric oxide synthase. A lysosomal-type hyaluronidase may degrade HA in lung
fibroblasts in a cytokine-regulated process (Sampson, P.M. et al. (1992) . Clin. Invest. 90:1492-
1503).

The venom of numerous animals including various snakes, bees, hornets, stone fish, platypus,
scorpions, and lizards contain hyaluronidase. Hyaluronidase from the white face hornet is an allergen
which induces an IgE response in susceptible people (Lu, G. et al. (1995) J. Biol. Chem. 270:4457-
4465). Venom hyaluronidase is thought to act as a “spreading factor”, an aid in the diffusion of
toxins. Researchers have found that lizard venom hyaluronidase promotes the spread of the
hemorrhagic area in mice injected with hemorrhagic toxin (Tu, A.T. and R.R. Herndon (1983} Comp.
Biochem. Physiol. B 76:377-383). Clostridium perfringens hyaluronidase is important for the
pathogenicity of this bacterium, which causes food poisoning and gas gangrene (Canard, B. et al.
(1994) Mol. Gen. Genet. 243:215-224). The hyaluronidase destroys connective tissue in the host,
allowing Clostridium perfringens to spread from the initial site of infection and to colonize and attack
surrounding tissue,

Hyaluronidases are associated with reproduction, cancer, and inflammation: Effective
contraception (100%) was obtained in male and female guinea pigs immunized with PH-20
(Primakoff, P. et al. (1988) Nature 335:543-546). Based on these results researchers are continuing
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efforts to make an anti-sperm PH-20 contraceptive vaccine suitable for humans (Zhu, X. and R K.
Nak (1994) Arch. Androl. 33:141-144). Hyaluronidase activity is significantly elevated in prostate
tumor tissue compared to that in both normal prostate and benign prostate hyperplasia (Lokeshwar,
V.B. et al. (1996) Cancai' Res. 56:651-657). Furthermore, hyaluronidase levels in tissues correlate
well with tumor progression. The combined therapy of hyaluronidase, vindesine, cisplatin, and
radiation is highly effective against advanced squamous cell cancer of the head and neck and is well
tolerated by most human patients (Klocker, I. et al. (1995) Am. J. Clin. Oncol. 18:425-428).
Hyaluronidase in combination with the chemotherapeutic drg vinblastine had significant antitumor
effects on SK-Mel-3 melanoma cells implanted in nude mice (Spruss, T. et al. (1995) J. Cancer Res.
Clin. Oncol. 121:193-202). Furthermore, hyaluronidase was well tolerated in test animals and

o 1 the local infl ion reactions that are commonly seen after subcutaneous vinblastine
injections. ‘

Lectins comprise a ubiquitons family of extracellular glycoproteins which bind cell surface
carbohydrates specifically and reversibly, resulting in the agglutination of cells. (Reviewed in
Drickamer, K. and MLE. Taylor (1993) Annu. Rev. Cell Biol. 9:237-264.) This function is
particularly important for activation of the inunune response. Lectins mediate the agglutination and
mitogenic stimulation of lymphacytes at sites of inflammation (Lasky, L.A. (1991) I. Cell. Biochem.
45:139-146; Paietta, E. et al. (1989) J. Immunol. 143:2850-2857).

Lectins are further classified into subfamilies based on carbohydrate-binding specificity.

The galectin subfamﬂy, in particular, includes lectins that bind B-galactoside carbohydrate moieties in
a thiol-dependent manner. (Reviewed in Hadari, Y.R. et al. (1995) I. Biol. Chem. 270:3447-3453.)
Galectins are widely expressed and developmentally regulated. Because all galectins lack an N-
terminal signal peptide, it is suggested that galectins are externalized through an atypical secretory
mechanism. Twao classes of galectins bave heen defined based on molecular weight and
oligomerization properties. Small galectins form homodimers and are about 14 to 16 kilodaltons in
mass, while large galectins are monomeric and about 29-37 kilodaltons. Galectins contain a
characteristic carbohydrate recognition domain (CRD), also known as a galaptin domain. The CRD is
about 140 amino acids long and contains several conserved residues. Secondary structure predictions
indicate that the CRD forms several B-sheets. Known galectins contain one ar two CRDs. (See
Prosite PDOC0O0279 Vertebrate galactoside-binding lectin signature.)

Galectins play a number of roles in diseases and conditions associated with cel-cell and cell-
matrix interactions. For example, certain galectins associate with sites of inflammation and bind to
cell surface immunoglobulin B molecules. In addition, galectins may play an important role in cancer
metastasis. Galectin overexpression is correlated with the metastatic potential of cancers in humans

and mice. Moreover, anti-galectin antibodies inhibit processes associated with cell transformation,
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such as cell aggregation and anchorage-independent growth.

Galectin-8, also known as prostate carcinoma tumor antigen 1 (PCTA-1), is a nove] galectin
implicated in cancer progression (Su, Z.-Z. et al. (1996) Proc. Nail. Acad. Sci. USA 93:7252-7257).
Galectin-8 was initially identified as the cell surface antigen recognized by a prostate tumor-directed
monoclonal antibody, Pro 1.5. The galectin-8 gene encodes a 317-amino acid protein whick contains
two CRDs. Galectin-8 is expressed in invasive prostate carcinomas and early-stage prostate cancers,
but not in normal prostate or benign prostatic hypertrophic tissue. In addition, galectin-8 is shed from
the surface of cultured prostate cancer cells into the growth media. Together, these results suggest
that detection of galectin-8 may be useful for early diagnosis of prostate cancer and th;e\t levels of
galectin-8 in the circulation may correlate with disease progression. In addition, preliminary studies
in mice suggest that the monoclonal antibody Pro 1.5 may itself be an effective therapeutic agent
against tumor progression.

Mucins are highly glycosylated glycoproteins that are the major structural component of the
mucus gel. The physiological functions of mucins are cytoprotection, mechanical protection,
maintenance of viscosity in secretions, and cellular recognition. There are two types of mucins,
secreted and membrane bound. Some of the secreted yoncins are gel-forming due to their polymeric
nature. The major mucin of the gastrointestinal tract is called MUC2 and is produced by the
intestinal goblet cells. This mucin has properties that is different from other mucins, in that it can
form insoluble mucus gels. MUCG is a human gastric mucin that is also found in gall bladder,
pancreas, seminal vesicles, and female reproductive tract (Toribara, N.W. et al. (1997} J. Biol. Chem.
272:16398-16403). The MUCS gene has been mapped to human chromosome 11 (Toribara, N'W. et
al. (1993) J. Biol. Chem. 268:5879-5885). Mucins have been shown to be involved in cystic fibrosis
and colon cancer development (Davril, M. (1999) Glycobiology 9:311-321; Lindhorst, E. (2000)
Tumour Biol. 21:116-122).

Extensins are hydoxyproline-rich glycoproteins (HRGPs). HRGPs have been shown to play
important structural and developmental roles (Hay, E.D. (1991) Cell Biology of Extracellnlar Matrix,
ed. Hay, E.D. , Plenum, New York NY, pp. 419-456). Extensins are one of the major components of
the primary wall, though their varied distribution suggests a more tissue-specific function. Bxtensins
are characterized by a repeating motif consisting of a serine residue followed by four hydroxyproline
residues (Varner, J.E. and L..S. Lin (1989) Cell 56:231-239). The insolubilization of extensins, which
involves H,O,-mediated oxidative cross-linking, is catalyzed by coexisting peroxidases and is induced
by microbial challenge, injury or other forms of stress (Cooper, J.B. and J.E. Varner (1984) Plant
Physiol. 76: 414-417).

The discovery of new carbohydrate-associated proteins, and the polynuclectides encoding

them, satisfies a need in the art by providing new compositions which are useful in the diagnosis,
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prevention, and treatment of cell proliferative, autoimmune/inflammatory, reproductive, and
neurological disorders, and in the assessment of the effects of exogenous compounds on the

expression of nucleic acid and amino acid sequences of carbohydrate-associated proteins.

SUMMARY OF THE INVENTION

The invention features purified polypeptides, carbohydrate-assaciated proteins, referred to
collectively as “CARBAP” and individually as “CARBAP-1,” and “CARBAP-2.” In one aspect, the
invention provides an isolated polypeptide selected from the group consisting of a) a polypeptide
comprising an amino acid sequence selected from the group consisting of SEQ ID NO:1-2,b) a
polypeptide comprising a naturally occurring amino acid sequence at least 90% identical to an amino
acid sequence selected from the group consisting of SEQ ID NO:1-2, ¢) 2 biologically active fragment
of a polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-
2, and d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-2. In one alternative, the invention provides an isolated
polypeptide comprising the amino acid sequence of SEQ ID NO:1-2.

The invention further provides an isolated polynucleotide encoding a polypeptide selected
from the group consisting of a) a polypeptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO:1-2, b} a polypeptide comprising a naturally occurting amino acid
sequence at least 90% identical to an amino acid sequence selected from the group consisting of SEQ
ID NO:1-2, ¢} a biologically active fragment of a polypeptide having an amino acid sequence selected
from the group consisting of SEQ D NO:1-2, and d) an immunogenic fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NQ:1-2. In one
alternative, the polynucleotide encodes a polypeptide selected from the group consisting of SEQ ID
NO:1-2. In another alternative, the polynucleotide is selected from the group consisting of SEQ ID
NO:3-4.

Additionally, the invention provides a recombinant polynucleotide comprising a promoter
sequence operably linked to a polynucleotide encoding a polypeptide selected from the group
consisting of a) a polypeptide comprising an amino acid sequence selected from the group consisting
of SEQ ID NO:1-2, b} a polypeptide comprising a naturally occurring amino acid sequence at least
90% identical to an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, ¢ a
biologically active fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2, and d) an immunogenic fragment of a polypeptide having an amino
acid sequence selected from the group consisting of SEQ ID NO:1-2. In one alternative, the invention
provides a cell transformed with the recombinant polynucleotide. In another alternative, the invention

provides a transgenic organisin comprising the recombinant polynucleotide.
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The invention also provides a method for producing a polypeptide selected from the group
consisting of a) a polypeptide comprising an amino acid sequence selected from the group consisting
of SEQ ID NO:1-2, b) a polypeptide comprising a naturally occurring amino acid sequence at least
90% identical to an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, ¢) a
biologically active fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2, and d) an immunogenic fragment of a polypeptide having an amino
acid sequence selected from the group consisting of SEQ ID NO:1-2. The method comprises a)
culturing a cell under conditions suitable for expression of the polypeptide, wherein said cell is
tramsformed with a recombinant polynucleotide comprising a promoter sequence operably linked to a
polynucleotide encoding the polypeptide, and b) recovering the polypeptide so expressed.

Additionally, the invention provides an isolated antibody which specifically binds to a
polypeptide selected from the group consisting of a) a polypeptide comprising an amino acid )
sequence selected from the group consisting of SEQ ID NO:1-2, b) a polypeptide comprising a
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, ¢) a biologically active fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, and d} an
immunogenic fra;gmant of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2.

The invention further provides an isolated polynucleotide selected from the group consisting
of a) a polynucleotide comprising a polynucleotide sequence selected from the group consisting of
SEQ ID NO:3-4, b) 2 polynucleotide comprising a naturally occurring polynucleotide sequence at
least 90% identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:3-
4, ¢} a polymucleotide complementary to the polynucleotide of a), d) a polynucleotide complementary’
to the polyaucleotide of b), and e) an RNA equivalent of )-d). In one alternative, the polynucleotide
comprises at least 60 contiguous nucleotides.

Additionally, the invention provides a method for detecting a target polynucleotide in 2

sample, said target polynucleotide having a sequence of a polynucleotide selected from the group

1

consisting of a) a po tide comprising a polynucleotide sequence selected from the group
consisting of SEQ ID NO:3-4, b) a polynucleotide comprising a naturally occurring polynucleotide
sequence at least 90% identica] to a polynucleotide sequence selected from the group consisting of
SEQ ID NO:3-4, ¢) a polynucleotide complementary to the polynucleotide of a), d) a polynucleotide
complementary to the polynucleotide of b), and ) an RNA equivalent of 2)-d). The method
comprises a) hybridizing the sample with a probe comprising at least 20 contiguous nucleotides
comprising a sequence complementary to said target polynucleotide in the sample, and which probe

specifically hybridizes to said target polynucleotide, under conditions whereby a hybridization

6
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complex is formed between said probe and said target polynucleotide or fragments thereof, and b)
detecting the presence or absence of said hybridization complex, and optionally, if present, the
amount thereof. In one alternative, the probe comprises at least 60 contignous nucleotides.

The invention farther provides a method for detecting a target polynuclectide in a sample,

said target polynucleotide having a seqy of a polynucleotide selected from the group consisting

of a) a polynucleotide comprising a polynucleotide sequence selected from the group consisting of
SEQ ID NO:3-4, b) a polynucleotide comprising a naturally occurring polynucleotide sequence at
least 90% identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:3-
4, c} a polymucleotide complementary to the polynucleotide of a), ) a polynucleotide complementary
to the polynucleotide of b), and e} an RNA equivalent of a)-d). The method comprises a) amplifying
said target polynucleotide or fragment thereof using polymerase chain reaction amplification, and b)
daeﬁng the presence or absence of said amplified target polynucleotide or fragment thereof, and,
optionally, if present, the amount thereof.

The tnvention further provides a composition comprising an effective amouat of a
polypeptide selected from the group consisting of a) a polypeptide comprising an amino acid
sequence selected from the group consisting of SEQ ID NO:1-2, b) a polypepﬁde comprising a
naturally occurring amino ‘acid sequence at least 90% identical fo an amino acid sequence selected
from. the group consisting of SEQ D NO:1-2, ¢} a biologically active fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, and d) an
immunogenic fragment of a polypeptide having an amino acid sequence selected from the group

. consisting of SEQ ID NO:1-2, and a pharmaceutically acceptable excipient. In one embodiment, the

composition comprises an amino acid sequence selected from the group consisting of SEQ ID NO:1-
2. The invention additionally provides a method of treating a disease or condition associated with
decreased expression of functional CARBAP, comprising administering to a patient in need of such
treatment the composition.

The invention also provides a method for screening a compound for effectiveness as an
agonist of a polypeptide selected from the group consisting of a) a polypeptide comprising an amino
acid sequence selected from the group consisting of SEQ 1D NO:1-2, b) a polypeptide comprising a
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, ¢) a biologically active fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, and d) an
immunogenic fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2. The method comprises a) exposing a sample comprising the
polypeptide to a compound, and b) detecting agonist activity in the sample. In one alternative, the

invention provides a composition comprising an agonist compound identified by the method and a
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pharmaceutically acceptable excipient. In another alternative, the invention provides a method of
treating a disease or condition associated with decreased expression of functional CARBAP,
comprising administering to a patient in need of such treatment the composition.

Additionally, the invention provides a method for screening a compound for effectiveness as
an antagonist of a polypeptide selected from the group consisting of a) 2 polypeptide comprising an
amino acid sequence selected from the group consisting of SEQ ID NO:1-2, b) a polypeptide
comprising a naturally occurting amino acid sequence at least 90% identical to an amino acid
sequence selected from the group consisting of SEQ D NO:1-2, ¢) a biologically active fragment of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2,
and d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-2. The method comprises a) expesing a sample comprising the
polypeptide to a compound, and b) detecting antagonist activity in the sample. In one alternative, the
invention provides a composition comprising an antagonist compound identified by the method and a
pharmaceutically acceptable excipient. In another alternative, the invention provides a method of
treating a disease or condition associated with overexpression of functional CARBAP, comprising
administering to a patient in need of such treatment the composition.

The invention further provides a method of screening for a compound that specifically binds
to a polypeptide selected from the group consisting of a) a polypeptide comprising an amino acid
sequence selected from the group consisting of SEQ ID NO:1-2, b) a polypeptide comprising a
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, ¢} a biologically active fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, and d) an
immunogenic fragmaﬁt of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2. The method comprises a) combining the polypeptide with at least one
test compound under suitable conditions, and b) detecting binding of the polypeptide to the test
compound, thereby identifying a compound that specifically binds to the polypeptide.

The invention further provides a method of screening for a compound that modulates the
activity of a polypeptide selected from the group consisting of a) a polypeptide comprising an amino
acid sequence selected from the group consisting of SEQ ID NQ:1-2, b) a polypeptide comprising a
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, ¢} a biologically active fragment of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-2, and d) an
immunogenic fragment ofa polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-2. The method comprises a) combining the polypeptide with at least one

test compound under conditions permissive far the activity of the polypeptide, b) assessing the
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activity of the polypeptide in the presence of the test compound, and ¢) comparing the activity of the
polypeptide in the presence of the test compound with the activity of the polypeptide in the absence
of the test compound, wherein a change in the activity of the polypeptide in the presence of the test
compound is indicative of a compound that modulates the activity of the polypeptide.

The invention further provides a method for screening a compound for effectiveness in
altering expression of a target polynucleotide, wherein said target polynucleotide comprises a
polynucleotide sequence selected from the group consisting of SEQ ID NQ:3-4, the method
comprising a) exposing a sample comprising the target ﬁolynucleon’de to a compound, and b)
detecting altered expression of the target polynucleotide.

The invention further provides a method for assessing toxicity of a test compound, said
method corprising a) treating a biological sample containing nucleic acids with the test compound;
b) hybridizing the nncleic acids of the treated biological sample with a probe comprising at least 20
contiguous nucleotides of a polynucleotide selected from the group consisting of i) a polynucleotide
comprising a polynucleotide sequence selected from the group copsisting of SEQ ID NO:3-4, ii) a
polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% identical to a

polynucieotide sequence selected from the group consisting of SEQ ID NQ:3-4, iii) a polynucleotide

having a sequence complementary to i), iv) a polynucleotide 'y to the pol Jeotide of

ii), and v) an RNA equivalent of i)-iv). Hybridization occurs under conditions whereby a specific
hybridization complex is formed between said probe and a target polynucleotide in the biological
sample, said target polynucleotide selected from the group consisting of i) a polynucleotide
comprising a polynucleotide sequence selected from the group consisting of SEQ ID NO:3-4, ii) a
polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% identical to a
polynucleotide sequence selected from the group consisting of SEQ ID NO:3-4, iii) a polynucleotide

compl y to the pol;

P

ide of i), i_v) a polynucleotide complementary to the polynucleotide
of ii), and v) an RNA equivalent of i)-iv). Alternatively, the target polynucleotide comprises a
fragment of a polynucleotide sequence selected from the group consisting of i)-v) above; ¢}
quantifying the amount of hybridization complex; and d) comparing the amount of hybridization
complex in the treated biological sample with the amount of hybridization complex in an untreated
biological sample, wherein a difference in the amount of hybridization complex in the treated

biological sanaple is indicative of toxicity of the test compound.

BRIEF DESCRIPTION OF THE TABLES
Table 1 summarizes the nomenclature for the full length polynucleotide and polypeptide
sequences of the present invention.

Table 2 shows the GenBank identification number and annotation of the nearest GenBank
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hemolog for polypeptides of the invention. The probability score for the match between each
polypeptide and its GenBank homolog is also shown.

Table 3 shows structural features of polypeptide sequences of the invention, including
predicted motifs and domains, along with the metbods, algorithms, and searchable databases used for
analysis of the polypeptides.

Table 4 lists the cDINA and/or genomic DNA fragments which were used to assemble
polynucleotide sequences of the invention, along with selected fragments of the polynucleotide
sequences.

Table 5 shows the representative cDNA library for polymucleotides of the invention.

Table 6 provides an appendix which describes the tissues and vectors used for construction of
the ¢cDNA libraries shown in Table 5.

Table 7 shows the tools, programs, and algorithms used to analyze the polynucleotides and
polypeptides of the invention, along with applicable descriptions, references, and thresbold

parameters.

DESCRIPTION OF THE INVENTION
Before the present fmteins, nucleotide sequences, and methods are described, it is understood
that this invention is not limited to the particular machines, materials and methods described, as these
may vary. It is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the scope of the present invention which
will be limited only by the appended claims.

5 4

It must be noted that as used herein and in the appended claims, the singular forms “a,” “an,”
and “the” nclude plural reference unless the context clearly dictates otherwise. Thus, for example, a
reference to “a host cell” includes a plurality of such host cells, and a reference to “an antibody™ is a
reference to one or more antibodies and equivalents thereof known to those skilled in the art, and so
forth.

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any machines, materials, and methods similar or equivalent to those described herein can be
used to practice or test the present invention, the preferred machines, materials and methods are now
described. All publications mentioned herein are cited for the purpose of describing and disclosing
the cell lines, protocols, reagents and vectors which are reported in the publications and which might
be used in connection with the invention. Nothing herein is to be consirued as an admission that the

invention is not entitled to antedate such disclosure by virtue of prior invention.
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DEFINITIONS

“CARBAP"” refers to the amino acid sequences of substantially purified CARBAP obtained
from any species, particularly 2 mammalian species, including bovine, ovine, porcine, murine, equine,
and human, and from any source, whether natural, synthetic, semi-synthetic, or recombinant.

The term “agonist” refers to a molecule which intensifies or mimics the bialogical activity of
CARBAP. Agonists may include proteins, nucleic acids, carbohydrates, small molecules, or any
other compound or composition which modulates the activity of CARBAP either by directly
interacting with CARBAP or by acting on components of the biological pathway in which CARBAP
participates,

An “allelic variant” is an alternative form of the gene encoding CARBAP. Allelic variants
may resnlt from at Jeast one mutation in the nuclejc acid sequence and may result in altered mRNAs
or in polypeptides whose structure or function may or may not be altered. A gene may have none,
one, or many allelic variants of its naturally occurring form. Common mutational changes which give
rise to allelic variants are generally ascribed to natural deletions, additions, or substitutions of
nucleotides. Bach of these types of changes may occur alone, or in combination with the others, one
or more times in a given sequence.

“Altered” nucleic acid sequences encoding CARBAP include those sequences with deletions,
insertions, or substitutions of different nucleotides, resulting in a polypeptide the same as CARBAP
or a polypeptide with at least one functional characteristic of CARBAP. Included within this
definition are polymorphisms which may or may not be readily detectable using a particular
oligonucleatide probe of the polynucleotide encading CARBAP, and improper or unexpected
hybridization to allelic variants, with a locus other than the normal chromosomal locus for the
polynuclectide sequence encoding CARBAP. The encoded protein may also be “altered,” and may
contain deletions, insertions, or substitutions of amino acid residues which produce a silent change
and result in a functionally equivalent CARBAP. Deliberate amino acid substitutions may be made
on the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the
amphipathic nature of the residues, as long as the biological or immunological activity of CARBAP is
retained. For example, negatively charged amino acids may include aspartic acid and glutamic acid,
and positively charged amino acids may include lysine and arginine. Amino acids with uncharged
polar side chains having similar hydrophilicity values may include: asparagine and glutamine; and
serine and threonine. Amino acids with uncharged side chains having similar hydrophilicity values
may include: leucine, isoleucine, and valine; glycine and alanine; and phenylalanine and tyrosine.

The terms “amino acid” and “amino acid sequence” refer to an oligopeptide, peptide,
polypeptide, or protein sequence, or a fragment of any of these, and to naturally occwrring or synthetic

molecules. Where “amino acid sequence™ is recited to refer to a sequence of a naturally occurring
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protein molecule, “amino acid sequence” and like terms are not meant to Himit the amino acid
sequence to the complete pative amino acid sequence associated with the recited protein molecule.

“Amplification” relates to the production of additional copies of a nucleic acid sequence.
Amplification is generally carried out using polymerase chain reaction (PCR) technologies well
known in the art.

The term “antagonist” refers to a molecule which inhibits or attenuates the biological activity
of CARBAP. Antagonists may include proteins such as antibodies, nucleic acids, carbohydrates,
small molecules, or any other compound or composition which modulates the activity of CARBAP
either by directly interacting with CARBAP or by acting on components of the biological pathway in
which CARBAP participates.

The term “antibody” refers to intact immunoglobulin molecules as well as to fragments
thereof, such as Fab, F(ab’),, and Fv fragments, which, are capable of binding an epitopic determinant.
Antibodies that bind CARBAP polypeptides can be prepared using intact polypeptides or using
fragments containing small peptides of interest as the immunizing antigen. The polypeptide or
oligopeptide used to immunize an animal (e.g., a mouse, a rat, or a rabbit) can be derived from the
translation of RNA, or synthesized chemically, and can be conjugated to a camrier protein if desired.
Commonly used carriers that are chemically coupled to peptides include bovine serum albumin,
thyroglobulin, and keyhole limpet hemocyanin (KLH). The coupled peptide is then vsed to immunize
the animal.

The term “antigenic determinant” refers to that region of a molecule (i.e., an epitope) that
makes contact with 2 particular antibody. When a protein or a fragmest of a proteiu is used to
immiunize a host animal, numerous regions of the protein may induce the production of antibodies
which bind specifically to antigenic determinants (particular regions or three-dimensional structures
on the protein). An antigenic determinant may compete with the intact antigen (i.c., the immunogen
used to elicit the immune response) for binding to an antibody.

The term “aptamer” refers to a nucleic acid or oligonucleotide molecule that binds to a
specific molecular target. Aptamers are derived from an in vifro evolutionary process (e.g., SELEX
(Systematic Evolution of Ligands by EXponential Bnrichiment), described in U.S. Patent No.
5,270,163), which selects for target-specific aptamer sequences from large combinatorial libraries.

Aptamer compositions may be double-stranded or single-stranded, and may include
deoxyribonucleotides, ribonucleotides, nucleotide derivatives, or other nucleotide-like molecules.

The nucleotide components of an aptamer may have modified sugar groups (e.g., the 2'-OH group of a
ribonucleotide may be replaced by 2'-F or 2'-NH,), which may improve a desired property, e.g.,
resistance to nucleases or longer lifetime in blood. Aptamers may be conjugated to other molecules,

e.g., a high molecular weight carrier to slow clearance of the aptamer from the circulatory system.
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Aptamers may be specifically cross-linked to their cognate ligands, e.g., by photo-activation of a
cross-linker. (See, e.g., Brody, EN. and L. Gold (2000) J. Biotechnol. 74:5-13.)

The term “intramer” refers o an aptamer which is expressed in vivo. For example, a vaccinia

virus-based RNA expression system has been used to express specific RNA aptamers at high levels in
the cytoplasm of leukocytes (Blind, M. et al. (1999) Proc. Natl Acad. Sci. USA 96:3606-3610).

The term “spiegelmer” refers to an aptamer which includes L-DNA, L-RNA, or other left-
handed nucleotide dexivatives or nucleotide-like molecules. Aptamers containing left-handed
nucleotides are resistant to degradation by naturally occurring enzymes, which normally act on
substrates containing right-handed nucleotides.

The term “antisense” refers to any composition capable of base-pairing with the “sense”
(coding) strand of a specific nucleic acid sequence. Antisense compositions may include DNA;
RNA; peptide nucleic acid (PNA); oligonucleotides having modified backbone linkages such as
phosphorothioates, methylphosphonates, or benzylphosphonates; oligonucleotides having modified
sugar groups such as 2-methoxyethyl sugars or 2-methoxyethoxy sugars; or oligonucleotides having
modified bases such as 5-methyl cytosine, 2'-deoxyuracil, or 7-deaza-2'-deoxyguanosine. Antisense
molecules may be produced by any method including chemical synthesis or transcription. Once
introduced into a cell, the complementary antisense molecule base-pairs with a naturally occurring
nucleic acid sequence produced by the cell to form duplexes which block either transcription or
translation. The designation “negative™ or “minus” can refer to the antisense strand, and the
designation “positive” or “plus” can refer to the sense strand of a reference DNA molecule.

The term “biclogically active” refers to a protein having structural, regulatory, or biochemical
functions of a naturally occurring molecule. Likewise, “immmnologically active” or “immunogenic”
refers to the capability of the natural, recombinant, or synthetic CARBAP, or of any oligopeptide
thereof, to induce a specific immune respense in appropriate animals or cells and to bind with Spociﬁc
antibodies.

“Complementary” describes the relationship between two single-stranded nucleic acid
sequences that anneal by base-pairing. For example, 5'-AGT-3' pairs with its complement,
3-TCA-S"

A “composition comprising a given polynucleotide sequence” and a “composition comprising
a given amino acid sequence” refer broadly to any composition containing the given polynucleotide
or amino acid sequence. The composition may comprise a dry formulation or an aqueous solution.
Compositions comprising polynuclectide sequences encoding CARBAP or fragments of CARBAP
may be employed as hybridization probes. The probes may be stored in freeze-dried form and may be
associated with a stabilizing agent such as a carbohydrate. In hybridizations, the probe may be
deployed in an aqueous solution containing salts (e.g., NaCl), detergents (e.g., sodium dodecyl
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sulfate; SDS), and other components (e.g., Denhardt’s solution, dry milk, salmon sperm DNA, efc:).

“Consensus sequence” refers to a nucleic acid sequence which has been subjected to repeated
DNA sequence analysis to resolve uncalled bases, sx;anded using the XI-PCR kit (Applied
Biosystems, Foster City CA) in the 5’ and/or the 3' direction, and resequenced, or which has been
assembled from one or more overlapping cDNA, EST, or genomic DNA fragments using a computer
program for fragment assembly, such as the GELVIEW fragment assembly system (GCG, Madison
‘WI) or Phrap (University of Washingtoﬁ, Seattle WA). Some sequences have been both extended and
assembled to produce the consensus sequencé.

' “Conservative amino acid substitutions” are those substitutions that are predicted to least
interfere with the properties of the original protein, i.e., the structure and especially the function of
the protein is conserved and not significantly changed by such substitutions. The table below shows
amino acids which may be substituted for an original amino acid in 2 protein and which are regarded

as conservative amino acid substitutions.

Original Residue Conservative Substitution
Ala Gly, Ser

Arg His, Lys

Asn . -Asp, Gln, His

Asp Asn, Glu

Cys Ala, Ser

Gln Asn, Glu, His

Glu Asp, Gln, His

Gly Ala

His Asn, Arg, Gln, Glu

Te Leu, Val

Leu Tle, Val

Lys . Arg, Gln, Gln

Met Leu, Ue .

Phe His, Met, Leu, Trp, Tyr
Ser Cys, Thr

Thr Ser, Val

Trp Phe, Tyr

Tyr His, Phe, Trp

Val De, Leu, Thr

Conservative amino acid substitutions generally maintain (a) the structure of the polypeptide
backbone in the area of the substitution, for example, as a beta sheet or alpha helical conformation,
(b) the charge or hydrophobicity of the molecule at the site of the substitution, and/or (c) the bulk of

"the side chain.

A “deletion” refers to a change in the amino acid or nucleotide sequence that results in the
absence of one or more amino acid residnes or nucleotides.
The term “derivative” refers to a chemically modified polynucleotide or polypeptide.

Chemical modifications of a polynucleotide can include, for example, replacersent of hydrogen by an
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alkyl, acyl, hydroxyl, or amino group. A derivative polynucleotide encodes a polypeptide which

retains at least one biological or immunological function of the natural molecule. A derivative

polypeptide is one modified by glycosylation, pegylation, or any similar process that retains at least
one biological or immunelegical function of the polypeptide from which it was derived.

A “detectable label” refers to a reporter molecule or enzyme that is capable of generating a
meastrable signal and is covalently or noncovalently joined to a polynucleotide or polypeptide.

“Differential expression” refers to increased or upregulated; or decreased, downregulated, or
absent gene or profein expression, determined by comparing at least two different samples. Such
comparisons may be carried out between, for example, a treated and an unireated sample, or a
diseased and a normal sample.

“Exon shuffling” refers to the recombination of different coding regions (exons). Since an
exon may represent a structural or functional domain of the encoded protein, new proteins may be
assembled through the novel reassortient of stable substructures, thus allowing acceleration of the
evolution of new protein functions.

A “fragment” is a unique portion of CARBAP or the polynucleotide encoding CARBAP
which is identical in sequence to but shorter in length than the parent sequence. A fragment may
comprise up to the entire length of the defined sequence, minus one nucleotide/amino acid residue.
For example, a fragment may comprise from 5 to 1000 contiguous nucleotides or amino acid residues.
A fragment used as a probe, primer, antigen, tham’peuﬁc molecule, or for other purposes, may be at
least 5, 10, 15, 16, 20, 25, 30, 40, 50, 60, 75, 100, 150, 250 or at least 500 contiguous nucleotides or
amino acid residues in length. Fragments may be preferentially selected from certain regions of a
molecule. For example, a polypeptide fragment may comprise a certain length of contignous amino
acids selected from the first 250 or 500 amino acids (or first 25% or 50%) of a polypeptide as shown
in a certain defined sequence. Clearly these lengths are exemplary, and any length that is supported
by the specification, including the Sequence Listing, tables, and figures, may be encompassed by the
present embodiments,

A fragment of SEQ ID NO:3-4 comprises a region of unique polynucleotide sequence that
specifically identifies SEQ ID NO:3-4, for example, as distinct from any other sequence in the
genome from which the fragment was obtained. A fragment of SEQ ID NO:3-4 is useful, for
example, in hybridization and amplification technologies and in analogous methods that distinguish
SEQ ID NO:3-4 from related polynucleotide sequences. The precise length of a fragment of SEQ ID
NO:3-4 and the region of SEQ ID NO:3-4 to which the fragment corresponds are routinely
determinable by one of ordinary skill in the art based on the intended purpose for the fragment.

A fragment of SEQ ID NO:1-2 is encoded by a fragment of SEQ ID NO:3-4. A fragment of
SEQ ID NO:1-2 comprises a region of unique amino acid sequence that specifically identifies SEQ ID
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NO:1-2. For example, a fragment of SEQ ID NO:1-2 is useful as an immunogenic peptide for the
development of antibodies thet specifically recognize SEQ ID NO:1-2. The precise length of a
fragment of SEQ ID NO:1-2 and the region of SEQ ID NO:1-2 to which the fragment corresponds are
routinely determinable by one of ordinary skill in the art based on the intended purpose for the
fragment.

A “full length” polynucleotide sequence is one containing at least a translation initiation
codon (e.g., methionine) followed by an open reading frame and a translation termination codon. A
“full length” polynucleotide sequence encodes a “full length” polypeptide sequence.

“Homology™ refers to sequence similarity or, interchangeably, sequence identity, between
two or more polynucleotide sequences or two or more polypeptide sequences.

The terms “percent identity” and “% identity,” as applied to polynucleotide sequences, refer
to the percentage of residue matches between at least two polynucleotide sequences aligned using a
standardized algorithm. Such an algorithm may insert, in a standardized and reproducible way, gaps
in the sequences being compared in order to optimize alignment between two sequences, and
therefore achieve a more meaningful comparison of the two sequences.

Peycent identity between polynucleotide sequences may be determined using the default
parameters of the CLUSTAL V algorithm as incorporated into the MEGALIGN version 3.12¢
sequence alignment program. This program is part of the LASERGENE software package, a suite of
molecular biological analysis programs (DNASTAR, Madison WI). CLUSTAL V is described in
Higgins, D.G. and P.M. Sharp (1989) CABIOS 5:151-153 and in Higgins, D.G. et al. (1992) CABIOS
8:189-191. For pairwise ali of pol, leotide seq) the default parameters are set as

follows: Ktuple=2, gap penalty=3, window=4, and “diagonals saved”=4. The “weighted” residue
weight table is selected as the default. Percent identity is reported by CLUSTAL V as the “percent
similarity” between aligned polynucleotide sequences.

Alternatively, a suite of commonly used and freely available sequence comparison algorithms
is provided by the National Center for Biotechnology Information (NCBI) Basic Local Alignment
Search Tool (BLAST) (Altschul, S.F. et al. (1990) J. Mol. Biol. 215:403-410), which is available
from several sources, including the NCBI, Bethesda, MD, and on the Internet at
http://ww&!,mbi.ulm.nihgnv/BLAST/. The BLAST software suite includes various sequence
analysis programs including “blastn,” that is used to align a kmown polynucleotide sequence with
other polynucleotide sequences from a variety of databases. Also‘available is a tool called “BLAST 2
Sequences” that is used for direct pairwise comparison of two mucleotide sequences. “BLAST 2
Sequences” can be accessed and used interactively at htip://www.ncbi.nlm.nih.gov/gorf/bl2.htmi.

The “BLAST 2 Sequences™ tool can be used for both blastn and blastp (discussed below). BLAST
programs are coromonly used with gap and other parameters set to default settings. For example, to
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compare two nucleotide sequences, one may use blastn with the “BLAST 2 Sequences” fool Version
2.0.12 (April-21-2000) set at default parameters. Such default parameters may be, for example:

Matrix: BLOSUM62

Reward for match: 1

Penalty for mismatch: -2

Open Gap: 5 and Extension Gap: 2 penalties

Gap x drop-off: 50

Expect: 10

Word Size: 11

Filter: on

Percent identity may be measured over the length of an entire defined sequence, for example,
as defined by a particular SEQ ID pumber, or may be measured over a shorter length, for example,
over the length of a fragment taken from a larger, defined sequence, for instance, a fragment of at
least 20, at least 30, at least 40, at Ieast 50, at least 70, at least 100, or at least 200 contiguous
nucleotides. Such lengths are exemplary only, and it is understood that any fragment length
supported by the sequences shown herein, in the tables, figures, or Sequence Listing, may be used to
describe a length over which percentage identity may be measured.

Nucleic acid sequences that do not show a high degree of identity may nevertheless encode
similar amino acid sequences due to the degeneracy of the genetic code. It is understood that changes
in a nucleic acid sequence can be made using this degeneracy to produce multiple nucleic acid
sequences that all encode substantially the same protein.

The phrases “percent identity” and “% identity,” as applied to polypeptide sequences, refer to
the percentage of residue matches between at least two polypeptide sequences aligned using a
standardized algorithm, Methods of polypeptide sequence aligoment are well-known. Some
alignment methods take into account conservative amino acid substitutions. Such conservative
substitutions, explained in more detail above, generally preserve the charge and hydrophobicity at the
site of substitution, thus preserving the structure (and therefore function) of the polypeptide.

Percent identity between polypeptide sequences may be determined using the default
parameters of the CLUSTAL V algorithm as incorporated into the MEGALIGN version 3.12¢
sequence alignment program (described and referenced above). For pairwise alignments of
polypeptide sequences using CLUSTAL V, the default parameters are set as follows: Ktuple=1, gap
penalty=3, window=5, and “diagonals saved”=5. The PAM?250 mairix is selected as the default
residue weight table. As with polynucleotide alignments, the percent identity is reported by
CLUSTAL V as the “percent similarity” between aligned polypeptide sequence pairs.

Alternatively the NCBI BLAST software suite may be used. For example, for a pairwise
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comparison of two polypeptide sequences, one may use the “BLAST 2 Sequences™ tool Version
2.0.12 (April-21-2000) with blastp set at default parameters. Such default parameters may be, for
example:

Matrix: BLOSUMG62

Open Gap: 11 and Extension Gap: I penalties

Gap x drop-off: 50

Expect: 10

Word Size: 3

Filter: on

Percent identity may be measured over the length of an entire defined polypeptide sequence,
for example, as defined by a particular SEQ ID number, or may be measured over a shorter length, for
example, over the length of a fragment taken from a larger, defined polypeptide sequence, for
instance, a fragment of at least 15, at Jeast 20, at least 30, at least 40, at least 50, at least 70 or at least
150 contiguous residues. Such lengths are exemplary only, and it is understood that any fragment
Tength supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be
used to describe a length over which percentage identity may be measured.

“Human artificial chromosomes” (HACs) are linear micrachromosomes which may contain
DNA sequences of about 6 kb to 10 Mb in size and which contain all of the elements required for

-

chromosome ion jon and mair

The term “humanized antibody” refers to an antibody molecule in which the amino acid
sequence in the non-antigen bi.nding regions has been altered so that the antibody more closely
resembles a human antibody, and still retains its original binding ability.

“Hybridization” refers to the process by which a polynucleotide strand anneals with a
complementary sirand through base pairing under defined hybridization conditions. Specific
bybridization is an indication that two nucleic acid sequences share a bigh degree of complementarity.
Specific hybridization complexes form under permissive annealing conditions and remain hybridized
after the “washing” step(s). The washing step(s) is particularly tmportant in determining the
stringency of the hybridization process, with more stringent conditions allowing less non-specific
binding, i.e., binding between pairs of nucleic acid strands that are not perfectly matched. Permissive
conditions for annealing of mucleic acid sequences are routinely determinable by one of ordinary skill
in the art and may be consistent among hybridization experiments, whereas wash conditions may be
varied among experiments to achieve the desired stringency, and therefore hybridization specificity.
Permissive annealing conditions occur, for example, at 68°C in the presence of about 6 x SSC, about
1% (w/v) SDS, and about 100 pg/ml sheared, denatured salmon sperm DNA.

Generally, stringency of hybridization is expressed, in part, with reference to the temperature
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under which the wash step is carried out. Such wash temperatures are typically selected to be about
5°C to 20°C lower than the thermal melting point (T,,) for the specific sequence at a defined ionic
strength and pH. The T, is the temperature (under defined ionic strength and pH) at which 50% of
the target sequence hybridizes to a perfectly matched probe. An equation for calculating T,, and
counditions for nucleic acid hybridization are well known and can be found in Sambroek, I. et al.
(1989) Molecular Cloning: A Laboratory Manual, 2™ ed., vol. 1-3, Cold Spring Harbor Press,
Plainview NY; specifically see volune 2, chapter 9.

High stringency conditions for hybridization between polynucleotides of the present
invention include wash conditions of 68°C in the presence of about 0.2 x 8SC and about 0.1% SDS,
for 1 hour. Alternatively, temperatures of about 65°C, 60°C, 55°C, or 42°C may be used. SSC
concentration may be varied from about 0.1 to 2 x SSC, with SDS being present at about 0.1%.
Typically, blocking reagents are used to block non-specific hybridization. Such blocking reagents
include, for instance, sheared and denatured salmon sperm DNA at about 100-200 pg/ml.” Organic
solvent, such as formamide at a concentration of about 35-50% v/v, may also be used under particular
circumstances, such as for RNA:DNA hybridizations. Useful variations on these wash conditions
will be readily apparent to those of ordinary skill in the art. Hybridization, particularly under high
stringency conditions, may be suggestive of evolutionary similarity between the mucleotides. Such
similarity is strongly indieative of a similar role for the nucleotides and their encoded polypeptides.

The term. “hybridization complex™ refers to a complex formed between two nucleic acid
sequences by virtue of the formation of hydrogen bonds between complementary bases. A
hybridization complex may be formed in solution (e.g., Cot or Ryt analysis) or formed between one
nucleic acid sequence present in solution and another nucleic acid sequence immobilized on a solid
support {e.g., paper, membranes, filters, chips, pins or glass slides, or any other appropriate substrate
to which cells or their nucleic acids have been fixed).

The words “insertion” and “‘addition” refer to changes in an amino acid or nucleotide
sequence resulting in the addition of one or more amino acid residues or nucleotides, respectively.

“Immune response” can refer to conditions associated with inflammation, trauma, immune
disorders, or infectious or genetic disease, etc. These conditions can be characterized by expression
of various factors, e.g., cytokines, chemokines, and other signaling melecules, which may affect
cellular and systemic defense systems.

An "immunogenic fragment" is a polypeptide or oligopeptide fragment of CARBAP which is
capable of eliciting an immune response when introduced into a living organism, for example, a
mammal. The term "immunogenic fragment” also includes any polypeptide or oligopeptide fragment
of CARBAP which is useful in any of the antibody production methods disclosed herein or known in
the art.

JP 2004-528009 A 2004.9.16
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The term “microarray” refers to an arrangement of a plurality of polynucleotides,
polypeptides, or other chemical compounds on a substrate.

The terms “clement” and “array element™ refer to a polynucleotide, polypeptide, or other
chemical compound having a unique and defined position on a microarray.

The term “modulate” refers to a change in the activity of CARBAP. For example,
modulation may cause an increase or a decrease in profein activity, binding characteristics, or any
other biological, functional, or imuunological properties of CARBAP.

The phrases “nucleic acid” and “nucleic acid sequence” refer to a nucleotide, oligonucleotide,
loatid

polynt

or any frags thereof. These phrases also refer to DNA or RNA. of genomic or

synthetic origin which may be single-stranded or double-stranded and may represent the sense or the
antisense strand, to peptide nucleic acid (PNA), or to any DNA-like or RNA-like material.

"Operably linked" refers to the situation in which a first nucleic acid sequence is placed in a
functional relationship with a second nucleic acid sequence. For instance, a promoter is operably
linked to a coding sequence if the promoter affects the transcription or expression of the coding
sequence. Operably linked DNA. sequences may-be in close proximity or contiguous and, where
necessary to join two protein coding regions, in the same reading frame.

“Peptide nucleic acid” (PNA) refers to an antisense molecule or anti-gene agent which
comprises an oligonucleotide of at least about 5 nucleotides in length linked to a peptide backbone of
amino acid residues ending in lysine. The terminal lysine canfers solubility to the composition.
PNAs preferentially bind compl 'y single stranded DNA or RNA and stop transcript

elongation, and may be pegylated to extend their lifespan in the cell.
“Post-translational modification” of an CARBAP may involve lipidation, glycosylation,

phospharylation, acetylation, r: ization, proteolytic cleavage, and other modifications known in
the art. These processes may occur synthetically or biochemically. Biochemical modifications will
vary by cell type depending on the enzymatic miliew of CARBAP.

“Probe” refers to nucleic acid sequences encoding CARBAP, their complements, or
fragments thereof, which are used to detect identical, allelic or related nucleic acid sequences. Probes
are isolated oligonucleotides or polynucleotides attached to a detectable label or reporter molecule.
Typical labels include radioactive isotopes, ligands, chemiluminescent agents, and enzymes.
“Primers” are short nucleic acids, usually DNA. oligonucleotides, which may be annealed to a target
polynucleotide by complementary base-pairing. The primer may then be extended along the target
DNA strand by a DNA polymerase enzyme. Primer pairs can be used for amplification (and
identification) of a nucleie acid sequence, e.g., by the polymerase chain reaction (PCR).

Probes and primers as used in the present invention typically comprise at least 15 contiguous

nucleotides of a known sequence. In oxder to enhance specificity, longer probes and primers may also
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be employed, such as probes and primers that comprise at least 20, 25, 30, 40, 50, 60, 70, 80, 50, 100,
or at Jeast 150 consecutive nucleotides of the disclosed nucleic acid sequences. Probes and primers
may be considerably longer than these examples, and it is understood that any length supported by the
specification, including the tables, figures, and Sequence Listing, may be used.

Methods for preparing aud using probes and primers are described in the references, for
example Sambrook, J. et al. (1989) Molecular Cloning: A Laboratory Mayual, 2™ ed., vol. 1-3, Cold
Spring Hatbor Press, Plainview NY; Ausubel, F.M. et al. (1987) Current Protocols in Molecular
Biology, Greene Publ. Assoc. & Wiley-Intersciences, New York NY; Innis, M. et al. (1990) PCR
Protocols, A Guide to Methads and Applications, Academic Press, San Diego CA. PCR primer pairs
can be derived from a known sequence, for example, by using computer programs intended for that
purpose such as Primer (Version 0.5, 1991, Whitehead Institote for Biomedical Research, Cambridge
MA). ’

Oligonucleotides for use as primers are selected using software known in the art for such
purpose. For example, OLIGO 4.06 software is useful for the selection of PCR primer pairs of up to
100 nucleotides each, and for the analysis of oligonucleotides and larger polynucleotides of up to
5,000 nucleotides from an input polynucleotide sequence of up to 32 kilobases. Similar primer
selection programs have incorporated additional features for expanded capabilities. For example, the
PrimOU primer selection l;rogram (available to the public from the Genome Center at University of
Texas South West Medical Center, Dallas TX) is capable of choosing specific primers from.
megabase sequences and is thus useful for designing primers on a genome-wide scope. The Primer3
primer selection program (available to the public from the Whitehead Institute/MIT Center for
Genome Research, Cambridge MA) allows the user to input a “mispriming library,” io which
sequences to avoid as primer binding sites are user-specified. Primer3 is useful, in particular, for the
selection of oligonucleotides for microarrays. (The source code for the latter two primer selection
programs may also be obtained from their respective sources and modified to meet the user’s specific
needs.) The PrimeGen program (available to the public from the UK Human Genome Mapping
Project Resource Centre, Cambridge UK) designs pritmers based on multiple sequence alignments,
thereby allowing selection of primers that hybridize to either the most conserved or least conserved
regions of aligned nucleic acid sequences. Hence, this program is useful for identification of both
unique and conserved oligonucleotides and polynucleotide fragments. The oligonucleotides and
polynucleotide fragments identified by any of the above selection methods are useful in hybridization
technologies, for example, as PCR or sequencing primers, microarray elements, or specific probes to
identify fully or partially complementary polynucleotides in a sample of nucleic acids. Methods of
oligonucleotide selection are not limited to those described above.

A “recombinant nucleic acid” is a sequence that is not naturally occurring or has a sequence
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that is made by an artificial combination of two or more otherwise separated segments of sequence.
This artificial combination is often accomplished by chemical synthesis or, more commonly, by the
artificial manipulation of isolated segments of nucleic acids, e.g., by genetic engineering techniques
snch as those described in Sambrook, supra. The term recombinant includes nucleic acids that have
been altered solely by addition, substitution, or deletion of a portion of the nucleic acid. Frequently, a
recombinant nucleic acid may include a nucleic acid sequence operably linked o a promoter
sequence. Such a recombinant nucleic acid may be part of a vector that is used, for example, to
transform a cell.

Alternatively, such recombinant nucleic acids may be part of a viral vector, e.g., based on a
vaceinia virus, that could be use to vaccinate a mammal wherein the recombinant nucleic acid is
expressed, inducing a protective immunological response in the nuammal.

A “regulatory element” refers to a nucleic acid sequence usnally derived from untranslated
regions of a gene and includes enhancers, promoters, introns, and 5' and 3' untranslated regions
(UTRs). Regulatory elements interact with host or viral proteins which conirol transcription,
translation, or RNA stability.

“Reporter molecules™ are chemical or biochemical moieties used for labeling a nucleic acid,
amino acid, or antibody. Reporter molecules include radionuclides; enzymes; fluorescent,
chemiluminescent, or chromogenic agents; substrates; cofactors; inhibitors; magnetic particles; and
other moieties known in the art.

An “RNA equivalent,” in reference to a DNA sequence, is composed of the same linear
sequence of nucleotides as the reference DNA sequence with the exception that all occurrences of the
nitrogenous base thymine are replaced with uracil, and the sugar backbone is composed of ribose
instead of deoxyribose.

The term “sarnple” s used in its broadest sense. A sample suspected of containing CARBAP,
nucleic acids encoding CARBAP, or fragments thereof may comprise a bodily fluid; an extract from a
cell, chromosome, organelle, or membrane isolated from a cell; a cell; genomic DNA, RNA, or
cDNA, in solution or bound to a substrate; a tissue; a 'tissue print; efc.

The terms “specific binding” and “specifically binding” refer to that interaction between a
protein or peptide and an agonist, an antibody, an antagonist, a small molecule, or any natural or
synthetic binding corzposition. The interaction is dependent upon the presence of a particular
structure of the protein, e.g., the antigenic determinant or epitope, recognized by the binding
molecule. For example, if an antibody is specific for epitope “A,” the presence of a polypeptide
comprising the epitope A, or the presence of free unlabeled A, in a reaction containing free labeled A
and the antibody will reduce the amount of labeled A that binds to the antibody.

The term “substantially purified” refers to nucleic acid or amino acid sequences that are
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removed from their natural environment and are isolated or separated, and are at least 60% free,
preferably at least 75% free, and most preferably at least 90% free from other components with which
they are naturally associated.

A “substitution” refers to the replacement of one or more amino acid residues or rucleotides
by different amino acid residues or nucleotides, respectively.

“Substrate” refers to any suitable rigid or semi-rigid support including membranes, filters,
chips, slides, wafers, fibers, magnetic or nonmagnetic beads, gels, tubing, plates, polymers,
microparticles and capillaries. The substrate can have a variety of surface forms, such as wells,
trenches, pins, chaonels and pores, to which polynucleotides or polypeptides are bound.

A “ranscript image” refers to the collective pattern of gene expression by a particular cell
type or tissue under given conditions at a given time.

“Transformation” describes a process by which exogenous DINA is introduced into a recipient
cell. Transformation may occur under natural or artificial conditions according to varions methods
well known in the art, and may rely on any known method for the insertion of foreign nucleic acid
sequences into a prokaryotic or enkaryotic host cell. The method for transformation is selected based
on the type of host cell being transformed and may include, but is not limited to, bacteriophage or
viral infection, electroporation, beat shock, lipofection, and particle bombardment. The term
“transformed cells” includes stably transformed cells in which the inserted DNA is capable of
replication either as an autonomously replicating plasmid or as part of the host chromosome, as well
as transiently transformed cells which express the inserted DNA or RNA. for limited periods of time.

A "transgenic organisi," as used herein, is any organism, including but not limited to
animals and plants, in which one or more of the cells of the organism contains heterologous nucleic
acid introduced by way of human intervention, such as by transgenic techmiques well known in the
art. The nucleic acid is introduced into the cell, directly or indirectly by introduction into a precursor
of the cell, by way of deliberate genetic manipulation, such as by microinjection or by infection with
a recombinant virus. The term genetic manipulation does not include classical cross-breeding, or in
vitro fertilization, but rather is directed fo the introduction of a recombinant DNA molecule. The
transgenic organisms contemplated in accordance with the present invention include bacteria,
cyanobacteria, fungi, plants and animals. The isolated DNA of the present invention can be
introduced into the host by methods known in the art, for example infection, transfection,
transformation or transconjugation. Techniques for transferring the DNA of the present invention
into such organisms are widely known and provided in references such as Sambrook et al. (1989),
supra.

A “variant” of a particular nucleic acid sequence is defined as a nucleic acid sequence having

at least 40% sequence identity to the particular nucleic acid sequence over a certain length of one of
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the nucleic acid sequences using blastn with the “BLAST 2 Sequences” tool Version 2.0.9 (May-07-
1999) set at default parameters. Such a pair of nucleic acids may show, for example, at least 50%, at
least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% or greater
sequence identity over a certain defined length. A variant may be described as, for example, an
“allelic” (as defined above), “splice,” “species,” or “polymorphic™ variant. A splice variant may have
significant identity to a reference molecule, but will generally have a greater or lesser number of
polynucleotides due to alternate splicing of exons during mRNA processing. The corresponding
pelypeptide may possess additional functional domains or lack domains that are present in the
reference molecule. Species variants are polynucleotide sequences that vary from one species to
another. The resulting polypeptides will generally have significant amino acid identity relative to
each other. A polymorphic variant is a variation in the polynucleotide sequence of a particular gene
between individuals of a given species. Polymorphic variants also may encompass “single nucleotide
polymorphisms” (SNPs) in which the polynucleotide sequence varies by one nucleotide base. The
presence of SNPs may be indicative of, for example, a certain population, a disease state, or a
propensity for a disease state.

.A “variant” of a particular polypeptide sequence is defined as a polypeptide sequence having
at least 40% sequence jdentity to the particular polypeptide sequence over a certain length of one of
the polypeptide sequences vsing blastp with the “BLAST 2 Sequences” tool Version 2.0.9 (May-07-
1999) set at default parameters. Such a pair of polypeptides may show, for example, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% or greater sequence
identity over a certain defined length of one of the polypeptides.

THE INVENTION

The invention is based on the discovery of new human carbohydrate-associated proteins
(CARBAP), the polynucleotides encoding CARBAP, and the use of these compositions for the
diagnosis, treatment, or prevention of cell proliferative, autoinmmune/inflammatory, reproductive, and
neurological disorders.

Table 1 summarizes the nomenclature for the full length polynucleotide and polypeptide
sequences of the invention. Bach polynucleotide and its corresponding polypeptide are correlated to a
single Incyte project identification number (Incyte Project ID). Each polypeptide sequence is denoted
by botha polyi:eptide sequence identification number (Polypeptide SEQ ID NO:) and an Incyte
polypeptide sequence number (Incyte Polypeptide ID) as shown. Each polynucleotide sequence is
denoted by both a polynucleotide sequence identification number (Polynucleotide SEQ ID NO:) and
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an Incyte polynucleotide consensus sequence number (Tncyte Polynucleotide ID) as shown.

Table 2 shows sequences with homology to the polypeptides of the iﬁvcnﬁon as identified by
BLAST analysis against the GenBank protein (genpept) database. Columus 1 and 2 show the
polypeptide sequence identification number (Polypeptide SEQ ID NO:) and the corresponding Incyte
polypeptide sequence number (Incyte Polypeptide ID) for polypeptides of the invention. Column 3
shows the GenBank identification nwmber (Genbank ID NC:) of the nearest GenBank homolog.
Column 4 shows the probability score for the match between each polypeptide and its GenBank
homolog. Column 5 shows the annotation of the GenBank homolog.

Table 3 shows various structural features of the polypeptides of the invention. Columns 1
and 2 show the polypeptide sequence identification number (SEQ ID NO:) and the corresponding
Incyte polypeptide sequence number (Incyte Polypeptide ID) for each polypeptide of the invention.
Colurn 3 shbws the number of amino acid residues in each polypeptide. Column 4 shows potential
phosphorylation sites, and column 5 shows potential glycosylation sites, as determined by the
MOTIFS program of the GCG sequence analysis software package (Genetics Computer Group,
Madison WI). Colummn 6 shows amino acid residues comprising signature sequences, domains, and
motifs. Column 7 shows analytical methods for protein structure/function analysis and in some cases,
searchable databases to which the analytical methods were applied.

Together, Tables 2 and 3 sumumarize the properties of polypeptides of the invention, and these
properties establish that the claimed polypeptides are carbohydrate-associated proteins. For example,
SEQ ID NO:1 is 28% identical to pig gastric mucin (GenBank ID g915208) as determined by the
Basic Local Alignment Search Tool (BLAST). The BLAST probability score is 7.9¢-15, which
indicates the probability of obtaining the observed polypeptide sequence alignment by chance. SEQ
ID NO:2 was analyzed and annotated in a similar anner. The algorithms and parameters for the
analysis of SEQ ID NO:1-2 are described in Table 7. '

As shown in Table 4, the full length polynucleotide sequences of the present invention were
assembled using cDNA sequences or coding (exon) sequences derived from. genomic DNA, or any
combination of these two types of sequences. Columms I and 2 list the polynucleotide sequence
identification number (Polynucleotide SEQ ID NO:) and the corresponding Incyte polynucleotide
consensus sequence number (Tncyte Polynucleotide ID) for each polynucleotide of the invention.
Column 3 shows the length of each polynucleotide sequence in basepairs. Column 4 lists fragment;
of the polynucleotide sequences which are useful, for example, in hybridization or amplification
technologies that identify SEQ ID NO:3+4 or that distinguish between SEQ ID NO:3-4 and related
polynucleotide sequences. Column 5 shows identification numbers corresponding to cDNA.
sequences, coding sequences (exons) predicted from genomic DNA, and/or sequence assemblages
comprised of both cDNA. and genomic DNA. These sequences were used to assemble the full length
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polynucleotide sequences of the invention. Columns 6 and 7 of Table 4 show the nucleotide start (5)
and stop (3') positions of the cDNA and/or genomic sequences in column 5 relative to their respective
full length sequences.

The identification numbers in Column 5 of Table 4 may refer specifically, for example, to
Incyte cDNAs along with their corresponding cDNA libraries. For example, 7050545H1 is the
identification number of an Incyte cDNA sequence, and BRACNOKO? is the cDNA library from
which it is derived. Incyte cDNAs for which ¢cDNA libraries are not indicated were derived from
pooled cDNA libraries (e.g., 70851245V 1). Alternatively, the identification numbers in column 5
may refer to GenBank cDNAs or ESTs (e.g., g1698302) which contributed to the assembly of the full
length polymcleotide sequences. In addition, the identification numbers in column 5 may identify
sequences derived from the ENSEMBL (The Sanger Centre, Cambridge, UK) database (i.c., those
sequences including the designation “ENST”). Alternatively, the identification pumbers in column 5
may be derived from the NCBI RefSeq Nucleotide Sequence Records Database (i.e., those sequences
including the designation “NM” or “NT*) or the NCBI RefSeq Protein Sequence Records (i.e., those
sequences including the designation “NP”). Alternatively, the identification mumbers in column 5
may refer to assemblages of both cDNA and Genscan-predicted exons brought together by an “exon
stitching” algorithm. For example, FL_XXXXXX_N, N, YYYYY_N, N, represents a “stitched”
sequence in which XXXXXX is the identification number of the cluster of sequences to which the
algorithm was applied, and YYYYY is the number of the prediction generated by the algorithm, and
N, 33, if present, represent specific exons that may have been manually edited during analysis (See
Example V). Alternatively, the identification numbers in column 5 may refer to ass'cmblaggs of
exons brought together by an “exon-stretching” algorithm. For example,
FLXXXXXX_gAAAAA_gBBBBB_1_N is the identification number of a “stretched” sequence, with
XXXXXX being the Incyte projcd identification number, gAAAAA being the GenBank identification
number of the human genomic sequence to which the “exon-stretching” algorithm was applied,
gBBBBB being the GenBank identification number or NCBI RefSeq identification number of the
nearest GenBank protein homolog, and N referring to specific exons (See Example V). In instances

where a RefSeq sequence was used as a protein homolog for the “exon-siretching” algorithm, a

- RefSeq identifier (denoted by “NM,” “NP,” or “NT"") may be used in place of the GenBank identifier

(i.e., zZBBBBB).

Alternatively, a prefix identifies component sequences that were hand-edited, predicted from
genomic DNA sequences, or derived from a combination of sequence analysis metbods. The
following Table lists examples of component sequence prefixes and corresponding sequence analysis
methods associated with the prefixes (see Example IV and Example V).
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Prefix ‘Type of analysis and/or examples of programs

GNN, GFG, | Exon prediction from genomic sequences using, for example,
ENST GENSCAN (Stanford University, CA, USA) or FGENES
(Computer Genomics Group, The Sanger Centre, Cambridge, UK).

GBI Hand-edited analysis of genomic sequences.
FL Stitched or streiched genomic sequences (see Example V).
INCY Full length transcript and exon prediction from mapping of EST

sequences to the genome. Genomic location and EST composition

data are combined to predict the exons and resulting transcript.

In some cases, Incyte cDNA coverage redundant with the sequence coverage shown in
colunmn 5 was obtained to confirm the final consensus polynucleotide sequence, but the relevant
Incyte cDNA identification numbers are not shown.

Table 5 shows the representative cDNA libraries for those full length polynucleotide
sequences which were assembled using Incyte cDNA sequences. The representative cDNA library is
the Incyte cDNA library which is most frequently represented by the Incyte cDNA sequences which
were used to assemble and confirm the above polynucleotide sequences. The tissues and vectors
which were used to construct the cDNA libraries shown in Table 5 are described in Table 6.

The invention also encompasses CARBAP variants. A preferred CARBAP variant is one
which has at least about 80%, or alternatively at least about 90%, or even at least about 95% aming
acid sequence identity to the CARBAP amino acid sequence, and which contains at least one
functional or structural characteristic of CARBAP.

The invention also encompasses polynucleotides which encode CARBAP. In a particular

embodiment, the invention encompasses a polynucleotide seq comprising a seq selected
from the group consisting of SEQ IID NO:3-4, which encodes CARBAP. The polynucleotide
.sequences of SEQ ID NO:3-4, as presented in the Sequence Listing, embrace the equivalent RNA
sequences, wherein occurrences of the nitrogenous base thymine are replaced with uracil, and the
sugar backbone is composed of ribose instead of deoxyribose.

The invention also encompasses a variant of a polynucleotide sequence encoding CARBAP.
In particular, such a variant polynucleotide sequence will have at least about 70%, or alternatively at
least about 85%, or even at least about 95% polynucleotide sequence identity to the polynucleotide
sequence encoding CARBAP. A particular aspect of the invention encompasses a variant of a
polynucleotide sequence comprising a sequence selected from the group consisting of SEQ ID NO:3-
4 which has at Jeast about 70%, or alternatively at least about 85%, or even at least about 95%
polynucleotide sequence identity to a nucleic acid sequence selected from the group consisting of
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SEQ ID NO:34. Any one of the polynucleotide variants described above can encode an amino acid
sequence which contains at least one functional or structural characteristic of CARBAP.

Tt will be appreciated by those skilled in the art that as a result of the degeneracy of the
genetic code, a multitude of polynucleotide sequences encoding CARBAP, some bearing minimal
similarity to the polynucleotide sequences of any known and naturally occurring gene, may be
produced. Thus, the invention contemplates each and every possible variation of polynucleotide
sequence that could be made by selecting combinations based on possible codon choices. These
combinations are made in accordance with the standard triplet genetic code as applied to the
polynucleotide sequence of naturally occurring CARBAP, and all such variations are to be considered
as being specifically disclosed.

Althongh nucleotide sequences which encode CARBAP and its variants are generally capable
of hybridizing to the nucleotide sequence of the naturally occurring CARBAP under appropriately
selected conditions of stringency, it may be advantageous to produce nucleotide sequences encoding
CARBAPY or its derivatives possessing a substantially different codon usage, e.g., inclusion of non-
naturally oceurring codons. Codons may be selected to inctease the rate at which expression of the
peptide occurs in a particular prokaryotic or eukaryotic host in accordance with the frequency with.
which particular codons are utilized by the host. Other reasons for substantially altering the
nucleotide sequence encoding CARBAP and jts derivatives without altering the encoded amino acid
sequences include the production of RNA transcripts having more desirable properties, such as a
greater half-life, than transcripts produced from the naturally occurring sequence.

The invention also encompasses production of DNA sequences which encode CARBAP and
CARBAP derivatives, or fragments thereof, entirely by synthetic chemistry. After production, the
synthetic sequence may be inserted into any of the many available expression vectors and cell
systems using reagents well known in the art. Moreover, synthetic chemistry may be used to
introduce mutations into a sequence encoding CARBAP or any fragment thereof.

Also encompassed by the invention are palynucleotide sequences that are capable of
hybridizing to the claimed polynucleotide sequences, and, in particular, to those shown in SEQ ID
NO:3-4 and fragments thereof under various conditions of stringency. (See, e.g., Wahl, G.M. and
S.L. Berger (1987) Methods Bozymol. 152:399-407; Kimmel, A R. (1987) Methods Enzymol.
152:507-511.) Hybridization conditions, including annealing aud wash conditions, are described in
“Definitions.”

Methads for DNA sequencing are well known in the art and may be used to practice any of

the embodiments of the invention. The methods may employ such enzymes as the Klenow fragment -

of DNA polymerase I, SEQUENASE (US Biochemical, Cleveland OH), Taq polymerase (Applied
Biosystems), thermostable T7 polymerase (Amersham Pharmacia Biotech, Piscataway NJ), or
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combinations of polymerases and proofreading exonucleases sncﬁ as thase found in the ELONGASE
amplification system (Life Technologies, Gaithersburg MD). Preferably, sequence preparation is
automated with machines such as the MICROLAB 2200 liquid transfer system (Hamilton, Reno NV),
PTC200 thermal cycler (MJ Research, Watertown MA) and ABI CATALYST 800 thermal cycler
(Applied Biosystems). Sequencing is then carried out using either the ABI 373 or 377 DNA
sequencing system (Applied Biosystems), the MEGABACE 1000 DNA sequencing system
(Molecular Dynamics, Sunnyvale CA), or other sysiems kndwn in the art. The resulting sequences
are analyzed nsing a variety of algorithms which are well known in the art. (See, e.g., Ausubel, FM.
(1997) Short Protocols in Molecular Biology, John Wiley & Sons, New York NY, unit 7.7; Meyers,
R.A. (1995) Molecular Biology and Biotechnology, Wiley VCH, New York NY, pp. 856-853.)

The nucleic acid sequences encoding CARBAP may be extended utilizing a partial nucleotide
sequence and employing various PCR-based methods known in the art to detect upstream sequences,
such as promoters and regulatory elements. For example, one method which may be employed,
restriction-site PCR, uses universal and nested primers to amplify unknown sequence from genomic
DNA within a cloning vector. (See, e.g., Sarkar, G. (1993) PCR Methods Applic. 2:318-322.)
Another method, inverse PCR, uses primers that extend in divergent directions to amplify unknown
sequence from a circularized template. The template is derived from restriction fragments comprising
a known genomic locus and surrounding sequences. (See, e.g., Triglia, T. et al. (1988) Nucleic Acids
Res. 16:8186.) A third method, capture PCR, involves PCR amplification of DNA fragments
adjacent to known sequences in human and yeast artificial chromosome DNA. (See, e.g., Lagerstrom,
M. et al. (1991) PCR Methods Applic. 1:111-119.) In this method, multiple restriction enzyme

digestions and ligations may be used to insert an engi d double- ded seq into a region

of unknown sequence before performing PCR. Other methods which may be used to retrieve
unknown sequences are known in the art. (See, e.g., Parker, I.D. et al. (1991) Nucleic Acids Res.
19:3055-3060). Additionally, ;n.e may use PCR, nested primers, and PROMOTERFINDER libraries
(Clontech, Palo Alto CA) to walk genomic DNA. This procedure avoids the need to screen libraries
and is useful in finding intron/exon junctions. For all PCR-based metheds, primers may be designed

. using commercially available software, such as OLIGO 4.06 primer analysis software (National

Biosciences, Plymouth MN) or another appropriate program, to be about 22 to 30 nucleotides in
length, to have a GC content of about 50% or more, and to anneal to the template at temperatures of
about 68°C to 72°C.

‘When screening for full length cDNAs, it is preferable to uss libraries that have been
size-selected to include larger cDNAs. In addition, random-primsed libraries, which often include
sequences contaiming the 5' regions of genes, are preferable for situations in which an oligo d(T)

library does not yield a full-length cDNA. Genomic libraries may be useful for extension of sequence
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into 5 non-transcribed regulatory regions.

Capillary electrophoresis systermns which are commercially available may be used to analyze
the size or confirm the nucleotide sequence of sequencing or PCR products. In particular, capillary
sequencing may employ flowable polymers for electrophoretic separation, four different nucleotide-
specific, laser-stimulated fluorescent dyes, and a charge coupled device camera for detection of the
emitted wavelengths. Output/light intensity may be converted to electrical signal using appropriate
software (e.g., GENOTYPER and SEQUENCE NAVIGATOR, Applied Biosystems), and the entire
process from loading of samples to computer analysis and electronic data display may be computer
controlled. Capillary electrophoresis is especially preferable for sequencing small DNA fragments
which may be present in limited amounts in a particular sample.

In another embodiment of tﬂe invention, polynucleotide sequences or fragments thereof
which encode CARBAP may be cloned in recombinant DNA molecules that direct expression of
CARBAP, or fragments or functional equivalents thereof, in appropriate host cells. Due to the
inherent degeneracy of the genetic code, other DNA sequences which encode substantially the same
or a functionally equivalent amino acid sequence may be produced and used to express CARBAP.

The nucleotide sequences of the present invention can be engineered using methods generally
known in the art in order to alter CARBAP-encoding sequences for a variety of purposes including,
‘but not limited to, modification of the cloning, processing, and/or expression of the gene product.
DNA shuffling by random fragmentation and PCR reassembly of gene fragments and synthetic
oligonucleotides may be nsed to engineer the nucleotide sequences. Por example, oligonucleotide-
mediated site-directed mutagenesis may be used to introduce mutations that create new restriction
sites, alter glycosylation patterns, change codon preference, produce splice varianis, and so forth.

The nucleotides of the present invention may be subjected to DNA shuffling technigques sach
as MOLECULARBREEDING (Maxygen Inc., Santa Clara CA; described in U.S. Patent No.
5,837,458; Chang, C.-C. et al. (1999) Nat. Biotechnol. 17:793-797; Christians, F.C. et al. (1999) Nat.
Biotechnol. 17:259-264; and Crameri, A. et al. (1996) Nat. Biotechnol. 14:315-319) to alter or
improve the biological properties of CARBAP, such as its biological or enzymatic activity or its
ability to bind to other molecules or compounds. DNA shuffling is a process by which a library of
gene variants is produced using PCR-mediated recombination of gene fragments. The library is then
subjected to selection or screening procedures that identify those gene variants with the desired
properties. These preferred variants may then be pooled and further subjected to recursive rounds of
DNA shuffling and selection/screening. Thus, genetic diversity is created through "artificial”
breeding and rapid molecular evolution. For example, ﬁagtﬁents of a single gene containing random.
point mutations may be recombined, screened, and then reshuffled until the desired properties are
optimized. Alternatively, fragments of a given gene may be recombined with fragments of
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homologous genes in the same gene family, either from the same or different species, thereby
maximizing the genetic diversity of multiple naturally occurring genes in a directed and controllable
manner.

In another embodiment, sequences encoding CARBAP may be synthesized, in whole or in
part, using chemical methods well known in the art. (See, e.g., Caruthers, MH. et al. (1980) Nucleic
Acids Symp. Ser. 7:215-223; and Horn, T. et al. (1980) Nucleic Acids Symp. Ser. 7:225-232.)
Alternatively, CARBAP itself or a fragment thercof may be synthesized using chermical methods. For
example, peptide synthesis can be performed using various solution-phase or solid-phase techniques.
(See, e.g., Creighton, T. (1984) Proteins. Structures and Molecular Properties, WH Freeman, New
York NY, pp. 55-60; and Roberge, I.Y. et al. (1995) Science 269:202-204.) Automated synthesis
may be achieved using the ABI431A peptide synthesizer (Applied Biosystems). Additionally, the
amino acid sequence of CARBAP, or any part thereof, may be altered during direct synthesis and/or
combined with sequences from other proteins, or any part thereof, to produce a variant polypeptide or
a polypeptide having a sequence of a naturally occurring polypeptide.

The peptide may be substantially purified by preparative high performance liquid
chromatography. (See, e.g., Chiez, R.M. and F.Z, Regnier (1990) Methods Enzymol. 182:392-421.)
The composition of the synthetic peptides may be confirmed by amino acid analysis or by
sequencing. (See, e.g., Creighton, supra, pp. 28-53.)

In order to express a biologically active CARBAP, the nucleotide sequences encoding
CARBAP or derivatives thereof may be inserted into an appropriate expression vector, i.e., a vector
which contains the necessary elements for transcriptional and translational control of the inserted
coding sequence in a suitable host. These elements incinde regulatory sequences, such as enhancers,
constitutive and inducible promoters, and 5° and 3’ untranslated regions in the vector and in
polynucleotide sequences encoding CARBAP. Such elements may vary in their strength and
specificity. Specific initiation signals may also be nsed to achieve more efficient translation of
sequences encoding CARBAP. Such signals include the ATG initiation codon and adjacent
sequences, e.g. the Kozak sequence. In cases where sequences encoding CARBAP and its initiation
codon and upstream regulatory sequences are inserted into the appropriate expression vector, no
additional transcriptional or translational control signals may be needed. However, in cases where
only coding sequence, or a fragment thereof, is inserted, exogenous translational control signals
including an in-frame ATG initiation codon should be provided by the vector. Bxogenous
translational elements and initiation codons may be of various origins, both natural and. synthetic.
The efficiency of expression may be enhanced by the inclusion of enhancers appropriate for the
particular host cell system used. (See, e.g., Scharf, D. et al. (1994) Results Probl. Cell Differ.
20:125-162.)
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Methods which are well known to those skilled in the art may be used to construct expression
vectors containing sequences encoding CARBAP and appropriate transcriptional and translational
control elements. These methods include in vitre recombinant DNA techniques, synthetic techniques,
and in vivo genetic recombination. (See, e.g., Sambrook, I. et al. (1989) Molecular Cloning. A
Laboratory Manual, Cold Spring Harbor Press, Plainview NY, ch. 4, 8, and 16-17; Ausubel, FM. et
al. (1995) Cuxrent Protocols in Molecular Biology, John Wiley & Sons, New York NY, ch. 9, 13,-and
16.)

A variety of expression vector/host systems may be utilized to contain and express sequences
encoding CARBAP. These include, but are not limited to, microorganisms such as bacteria
transformed with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors; yeast
transformed with yeast expression vectors; insect cell systems infected with viral expression vectors
{e.g., baculovirus); plant cell systems transformed with viral expression vectors (e.g., cauliflower
mosaic virus, CaMV, or tobacco mosaic virns, TMV) or with bacterial expression vectors (e.g., Ti or
pBR322 plasmids); or animal cell systems. (See, e.g., Sambrook, supra; Ausubel, supra; Van Heeke,
G. and 8.M. Schuster (1989) J. Biol. Chem. 264:5503-5509; Engelhard, EX. et al. (1994) Proc. Natl.
Acad. Sci. USA 91:3224-3227; Sandig, V. et al. (1996) Hum. Gene Ther. 7:1937-1945; Takamatsu,
N. (1987) EMBO J. 6:307-311; The McGraw Hill Yearbook of Science and Technology (1992)
McGraw Hill, New York NY, pp. 191-196; Logan, J. and T. Shenk (1984) Proc. Natl. Acad. Sci. USA
81:3655-3659; and Harringion, I.J. et al. (1997) Nat. Genet. 15:345-355.) Expression vectors derived
from retroviruses, adenoviruses, or herpes or vaccinia viruses, or from various bacterial plasmids,
may be used for delivery of nucfeotide sequences to the targeted organ, tissue, or cell population.
(See, e.g., Di Nicola, M. et al. (1998) Cancer Gen. Ther. 5(6):350-356; Yu, M. et al. (1993) Proc.
Natl. Acad. Sci. USA 90(13):6340-6344; Buller, R.M. et al. (1985) Nature 317(6040):813-815;
McGregor, D.P. et al. (1994) Mol. Immunol. 31(3):219-226; and Verma, LM. and N. Somia (1997)
Nature 389:239-242.) The invention is not limited by the host cell employed.

In bacterial systemns, a number of cloning and expression vectors may be selected depending
upon the use intended for polynucleotide sequences encoding CARBAP. For example, routine
cloning, subcloning, and propagation of polynucleotide sequences encoding CARBAP can be
achieved using a multifunctional B. coli vector such as PBLUESCRIPT (Stratagene, La Jolla CA) or
PSPORT] plasmid (Life Technologies). Ligation of sequences encoding CARBAP into the vector’s
multiple cloning site disrupts the lacZ gene, allowing a colotimetric screening procedure for
identification of transformed bacteria containing recombinant molecules. In addition, these vectors

may be useful for in vitro transcription, dideoxy sequencing, single strand rescue with helper phage,

and creation of nested deletions in the cloned sequence. (See, e.g., Van Heeke, G. and S.M. Schuster
(1989) J. Biol. Chem. 264:5503-5509.) When large quantities of CARBAP are needed, e.g. for the
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production of antibodies, vectors which direct high level expression of CARBAP may be used. For
example, vectors containing the strong, inducible SP6 or T7 bacteriophage promoter may be used.

Yeast expression systems may be used for production of CARBAP. A number of vectors
containing constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH
promoters, may be used in the yeast Saccharomyces cerevisiag or Pichia pastoris. In addition, such
vectors direct either the secretion or intracellular retention of expressed proteins and enable
integration of foreign sequences inio the host genome for stable propagation. (See, e.g., Ausubel,
1995, supra; Bitter, G.A. et al. (1987) Methods Enzymol. 153:516-544; and Scorer, C.A. et al. (1994)
Bio/Technology 12:181-184.)

Plant systems may also be used for expression of CARBAP. Transcription of sequences
encoding CARBAP may be driven by viral promoters, e.g., the 35S and 19S promoters of CaMV used
alone or in combination with the omega leader sequence from TMV (Takamatsu, N. (1987) EMBO J.
6:307-311), Alternatively, plant promoters such as the small subunit of RUBISCO or heat shock
promoters may be used. (See, e.g., Coruzzi, G. et al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al.
(1984) Science 224:838-843; and Winter, J. et al. (1991) Results Probl. Cell Differ. 17:85-105.)
These constructs can be infroduced into plant cells by direct DNA transformation or
path diated transfection. (See, e.g., The McGraw Hill Yearbook of Science and Technology
(1992) McGraw Hill, New York NY, pp. 191-196.)

In mammalian cells, a number of viral-based expression systems may be utilized. In cases

where an adenovirns is used as an expression vector, sequences encoding CARBAP may be ligated
into an adenovirus u’anscriptionltraﬁslation complex consisting of the late promoter and tripartite
leader sequence. Insertion in a non-essential E1 or E3 region of the viral genome may be used to
obtain infective virus which expresses CARBAP in host cells. (See, e.g., Logan, J. and T. Shenk
(1984) Proc. Natl. Acad. Sei. USA 81:3655-3659.) In addition, transcription enhancers, such as the
Rous sarcorna virus (RSV) enhancer, may be used to increase expression in mammalian host cells.
§V40 or EBV-based vectors may also be used for high-level protein expression.

Human artificial chromosomes (HHACs) may also be employed to deliver larger fragments of
DNA. than can be contained in and expressed from a plasmid. HACs of about 6 kb to 10 Mb are
constructed and delivered via conventional delivery methods (liposomes, polycationic amino
polymers, or vesicles) for therapeutic purposes. (See, e.g., Harrington, I.1. et al. (1997) Nat. Genet.
15:345.355.) ‘

For long term production of recombinant proteins in mammalian systems, stable expression
of CARBAP in cell lines is preferred. For example, sequences encoding CARBAP can be
transfofmed into cell lines using expression vectors which may contain viral origins of replication

and/or endogenous expression elements and a selectable marker gene on the same or on a separate
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vector. Following the introduction of the vector, cells may be allowed to grow for about 1 to 2 days
in enriched media before being switched to selective media. The purpose of the selectable marker is
to confer resistance to a selective agent, and its presence allows growth and recovery of cells which
successfully express the introduced sequences. Resistant clones of stably transformed cells may be
propagated using tissue culture techniques appropriate to the cell type.

Any number of selection systems may be used to recover transformed cell lines. These
include, but are not limited to, the herpes simplex virus thymidine kinase and adenine
phosphoribosyltransferase genes, for use in # and apr” cells, respectively. (See, e.g., Wigler, M. et
al. (1977) Cell 11:223-232; Lowy, L et al. (1980) Cell 22:817-823.) Also, antimetabolite, antibiotic,
or herbicide resistance can be used as the basis for selection. For example, dhfr confers resistance to
methotrexate; neo confers resistance to the aminoglycosides neomycin and G-418; and als and pat
confer resistance to chlorsulfuron and phosphinotricin acetyltransferase, respectively. (See, e.g.,
Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. USA 77:3567-3570; Colbere-Garapin, F. et al. (1981)
J. Mol. Biol. 150:1-14.) Additional selectable genes have been described, e.g., trpB and AisD, which
alter cellular requirements for metabolites. (See, e.g., Hartman, S.C. and R.C. Mulligan (1988) Proc.
Natl. Acad. Sci. USA 85:8047-8051.) Visible markers, e.g., anthocyanins, green flnorescent proteins
(GFP; Clootech),  glucuronidase and its substrate 3-glucuronide, or huciferase and its substrate
Iuciferin may be used. These markers can be used not only to identify transformants, but also to
quantify the amount of transient or stable protein expression attributable to a specific vector system.
(Ses, e.g., Rbodes, C.A. (1995) Methods Mol. Biol. 55:121-131.)

Although the presence/absence of marker gene expression suggests that the gene of interest is
also present, the presence and expression of the gene may need to be confirmed. For example, if the
sequence encoding CARBAP is inserted within a marker gene sequence, transformed cells containing
sequences encoding CARBAP can be identified by the absence of marker gene function.
Alternatively, a marker gene can be placed in tandem with a sequence encoding CARBAP under the
conirol of a single promoter. Expression of the marker gene in response to induction or selection
usually indicates expression of the tandem gene as well.

In general, host cells that contain the nucleic acid sequence encoding CARBAP and that
express CARBAP may be identified by a variety of procedures known te those of skill in the art.
These procedures include, but are not limited to, DNA-DNA or DNA-RNA hybridizations, PCR
amplification, and protein bioassay or intmunoassay techniques which include membrane, solution, or
chip based technologies for the detection and/or quantification of nucleic acid or protein sequences.

Imnmmological methods for detecting and measuring the expression of CARBAP using either
specific polyclonal or monoclonal antibodies are known in the art. Examples of such techniques
include enzyme-linked immunosorbent assays (ELISAs), radioimmunoassays (RIAs), and
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fluorescence activated cell sorting (FACS). A two-sife, monoclonal-based immunoassay utilizing
monoclonal antibodies reactive to two non-interfering epitopes on CARBAP is preferred, but a
competitive binding assay may be employed. These and other assays are well known in the art. (See,
e.g., Hampton, R. et al. (1990) Serological Methads, a Laboratory Manual, APS Press, St. Paul MN,
Sect. IV; Coligan, I.E. et al. (1997) Current Protocols in Imimunology, Greene Pub. Associates and
‘Wiley-Interscience, New York NY; and Pound, I.D. (1998) Immunochemical Protocols, Humana
Press, Totowa NJ.)

A wide variety of labels and conjugation techniques are known by those skilled in the art and
may be used in various nucleic acid and amino acid assays. Means for producing labeled
hybridization or PCR probes for detecting sequences related to polynucleotides encoding CARBAP
include oligolabeling, nick translation, end-labeling, or PCR amplification using a labeled nucleotide.
Alternatively, the sequences encoding CARBAP, or any fragments thereof, may be cloned into a
vector for the production of an mRNA probe. Such vectors are known in the art, are commercially
available, and may be used to synthesize RNA. probes in vitro by addition of an appropriate RNA

polymerase such as T7, T3, or SP6 and labeled nucleotides. These procedures may be conducted
using a variety of commercially available kits, such as those provided by Ametsham Pharmacia
Biotech, Promega (Madison WI), and US Biochemical. Suitable reporter molecules or labels which
may be used for ease of detection include radionuclides, enzymes, flnorescent, chemiluminescent, or
chromogenic agents, as well as substrates, cofactors, inhibitors, magnetic particles, and the like.
Host cells transformed with nucleotide sequences encoding CARBAP may be cultured under
conditions suitable for the expression and recavery of the protein from cell culture. The protein

Thlart

produced by a transformed cell may be ted or retained i 1y depending on the sequence

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

In addition, a host cell strain may be chosen for its ability to modulate expression of the
inserted sequences or to process the expressed protein in the desired fashion. Such modifications of
the polypeptide include, but are not limited to, acetylation, carboxylation, glycosylation,
phosphorylation, lipidation, and acylation. Post-translational processing which cleaves a “prepro” or
“pro” form of the protein may also be used to specify protein targeting, folding, and/or activity.
Different host cells which have specific cellular machinery and characteristic mechanisms for
post-iranslational activities (e.g., CHO, HeLa, MDCK, HEK293, and WI38) are available from the
American Type Culture Collection (ATCC, Manassas VA) and may be chosen to ensure the correct
modification and processing of the foreign protein.

In another embodiment of the invention, natural, modified, or recombinant nucleic acid
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sequences encoding CARBAP may be ligated to a heterologous sequence resulting in translation of a
fusion protein in any of the aforementioned host systems. For example, a chimeric CARBAP protein
containing a heterologous moiety that can be recognized by a commercially available antibody may
facilitate the screening of peptide libraries for inhibitors of CARBAP activity. Heterologous protein
and peptide moieties may also facilitate purification of fusion proteins using commercially available
affinity matrices. Such moieties include, but are not limited to, glutathione S-transferase (GST),
maltose binding protein (MBP), thioredoxin (Trx), calmodulin binding peptide (CBP), 6-His, FLAG,
c-myc, and hemagglutinin (HA). GST, MBP, Trx, CBP, and 6-His epable purification of their
cognate fusion proteins on immobilized glutathione, maltose, phenylarsine oxide, calmodulin, and
metal-chelate resins, respectively. FLAG, c-mye, and hemagglutinin (HA) enable immunoaffinity
purification of fusion proteins using commercially available monoclonal and polyclonal antibodies
that specifically recognize these epitope tags. A fusion protein may also be engineered to contain a
proteolytic cleavage site located between the CARBAP encoding sequence and the heterologous
protein sequence, so that CARBAP may be cleaved away from the heterologous moiety following
purification. Methods for fusion protein expression and purification are discussed in Ausubel (1995,
supra, ch. 10). A variety of commercially available kits may also be used to facilitate expression and
purification of fusion proteins.

In a further embodiment of the invention, synthesis of radiolabeled CARBAP may be

achieved in vitro using the TNT rabbit reticulocyte lysate or wheat germ exfract system (Promega).

These systems couple transcription and translation of protein-coding sequences operably associated
with the T7, T3, or SP6 promoters. Translation takes place in the presence of a radiolabeled amino
acid precursor, for example, **S-methionine.

CARBAP of the present invention or fragments thereof may be used to screen for compounds
that specifically bind to CARBAP. At least one and up to a plurality of test compounds may be
screened for specific binding to CARBAP. Examples of test compounds include antibodies,
oligonucleotides, proteins (e.g., receptors), or small molecules.

In one embodiment, the compound thus identified is closely related to the natural ligand of
CARBAP, e.g., a ligand or fragment thereof, a natural substrate, a structural or functional mimetic, or
a natural binding partner. (See, e.g., Coligan, J.E. et al. (1991) Current Protocols in Immunology
1¢2): Chapter 5.) Similarly, the compound can be closely related to the natural receptor o which
CARBAP binds, or to at least a fragment of the receptor, e.g., the ligand binding site. In either case,
the compound can be rationally designed using known technigues. In one embodiment, screening for
these compounds involves producing appropriate cells which express CARBAP, either as a secreted
protein or on the cell membrane. Preferred cells include cells from mammmals, yeast, Drosophila, or
E. coli. Cells expressing CARBAP or cell membrane fractions which contain CARBAP are then
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contacted with a test compound and binding, stimulation, or inhibition of actjvity of either CARBAP
or the compound is analyzed.

An assay may simply test binding of a test compound to the polypeptide, wherein binding is
detected by a fluorophore, radioisotope, enzyme conjugate, or other detectable label. For example,
the assay may comprise the steps of combining at least one test compound with CARBAP, either in
solution or affixed to a solid support, and detecting the binding of CARBAP to the compound.
Alternatively, the assay may detect or measure binding of a test compound in the presence of a
labeled competitor. Additionally, the assay may be carried out using cell-free preparations, chemical
libraries, or natural product mixtures, and the test compound(s) may be free in solution or affixed to a

. solid support.

CARBAP of the present invention or fragments thereof may be used to screen for compounds
that modulate the activity of CARBAP. Such compounds may include agonists, antagonists, or
partial or inverse agonists. In one embodiment, an assay is performed under conditions permissive
for CARBAP activity, wherein CARBAP is combined with at least one test compound, and the
activity of CARBAP in the presence of a test compound is compared with the activity of CARBAP in
the absence of the test compound. A change in the activity of CARBAP in the presence of the test
compound is indicative of a compound that modulates the activity of CARBAP. Alternatively, a test

compound is combined with an in vitro or cell-free system comprising CARBAP under conditions

suitable for CARBAP activity, and the assay is performed. In either of these assays, a test compound
which modulates the activity of CARBAP may do so indirectly and need not come in direct contact
with the test compound. At least one and up to a plurality of test compounds may be screened.

In another embodiment, polynucleotides encoding CARBAP or their mammalian homologs
may be “knocked out” in an animal model system using homologous recombipation in embryonic
stem. (ES) cells. Such techniques are well known in the art and are useful for the generation of animal
models of human disease. (See, e.g., U.S. Patent No. 5,175,383 and U.S. Patent No. 5,767,337.) For
example, mouse ES cells, such as the mouse 129/Sv] cell line, are derived from the carly mouse
embryo and grown in culture. The ES cells are transformed with a vector containing the gene of
interest disrupted by a marker gene, e.g., the neomycin phosphbotransferase gene (neo; Capecchi, M.R.
(1989) Science 244:1288-1292). The vector integrates into the corresponding region of the host
genome by homologous recombination. Alternatively, homologous recombination takes place using
the Cre-loxP system to knockout a gene of interest in a tissue- or developmental stage-specific
manner (Marth, 1.D. (1996) Clin. Invest. 97:1999-2002; Wagner, K.U. ei al. (1997) Nucleic Acids
Res. 25:4323-4330). Transformed ES cells are identified and microinjected into mouse cell
blastocysts such as those from the C57BL/6 mouse strain. The blastocysts are surgically transferred
to pseudopregnant dams, and the resulting chimeric progeny are genotyped and bred to produce
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heterozygous or homozygous strains. Transgenic animals thus generated may be tested with potential
therapeutic or toxic agents. V

Polynucleotides encoding CARBAP may also be manipulated in vitro in ES cells derived

from human blastocysts. Human ES cells have the potential to differentiate into at Jeast eight
separate cell lineages including endoderm, mesoderm, and ectodermal cell types. These cell lineages
differentiate into, for example, nevral cells, hematopoietic lineages, and cardiomyocytes (Thomson,
J.A. et al. (1998) Science 282:1145-1147).

Polynucleotides encoding CARBAP can also be used to create “knockin” humanized animals
(pigs) or transgenic animals (mice or rats) to model human disease. With knockin technology, a
region of a polynucleotide encoding CARBAP is injected into animal ES cells, and the injected
sequence integrates into the animal cell genome. Transformed cells are injected info blastulae, and
the blastulae are imiplanted as described above. Transgenic progeny or inbred lines are studied and
treated with potential pharmaceutical agents to obtain information on freatment of a human disease.
Alternatively, a mamnmal inbred to overexpress CARBAP, e.g., by secreting CARBAP in its milk,
may also serve as a convenient source of that protein (Janne, J. et al. (1998) Biotechmol. Annu. Rev.
4:55-74).
THERAPEUTICS

Chemical and structural similarity, e.g., in the context of sequences and motifs, exists
between regions of CARBAP and carbohydrate-associated proteins. In addition, the expression of
CARBAP is closely associated with adrenal tumor tissue and posterior cingulate tissue. Therefore,

CARBAP appears to play a role in cell proliferative, autoi /inflammatory, reptoductive, and

neurological disorders. In the treatment of disorders associated with increased CARBAP expression
or activity, it is desirable to decrease the expression or activity of CARBAP. In the treatment of

disorders assaciated with d d CARBAP expression or activity, it is desirable to increase the
expression or activity of CARBAP.

Therefore, in one embodiment, CARBAP or a fragment or derivative thereof may be
administered to a subject to treat or prevent a disorder associated with decreased expression or
activity of CARBAP. Examples of such disorders include, but are not limited to, a cell proliferative
disorder such as actinic keratosis, arteriosclerosis, atherosclerosis, bursitis, cirrhosis, hepatitis, mixed
connective tissue disease (MCTD), myelofibrosis, paraxysmal nocturnal hemoglobinuria,
polycythemia vera, psoriasis, primary thrombocythermia, and cancers including adenocarcinoma,
leukemia, lymphoma, melanoma, myeloma, sarcoma, teratocarcinoma, and, in particulat, cancers of
the adrenal gland, bladder, bone, bone marrow, brain, breast, cervix, gall bladder, ganglia,
gastrointestinal tract, heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate,
salivary glands, skin, spleen, testis, thymus, thyroid, and uterus; an autoimmune/inflammatory
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disorder such as acquired immunodeficiency syndrome (AIDS), Addison’s disease, adult respiratory

distress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia, asthma, atherosclerosis,

autoimmune hemolytic anemia, autof thyroiditis, autoi polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED), bronchitis, cholecystitis, contact dermatitis, Crobn's
disease, atopic dermatitis, dermatomyositis, diabetes mellitus, emphysema, episodic lymphopenia
with lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic gastritis,
glomerulonephritis, Goodpasture’s syndrome, gout, Graves® disease, Hashimoto’s thyroiditis,
hypereosinophilia, irritable bowel syndrome, multiple sclerosis, myasthenia gravis, myocardial or
pericardial inflammation, osteoarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis, Reiter’s
syndrome, theumatoid arthritis, scleroderma, Sjogren’s syndrome, systemic anaphylaxis, systemic
lupus erythematosus, systemic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis,
Werner syndrome, complications of cancer, hemodialysis, and extracorporeal circulation, vimL
bacterial, fungal, parasitic, protozoal, and helminthic infections, and trauma ; a reproductive disorder
such as a disorder of prolactin pmductiou, infertility, including tubal disease, ovulatory defects,
endometriosis, a disruption of the estrous cycle, a disruption of the menstrual cycle, polycystic ovary
syndrome, ovarian hyperstimulation syudréme. an endometrial or ovarian tumor, a uterine fibroid,
autoimmune disorders, ectopic pregnancy, teratogenesis; cancer of the breast, fibrocystic breast
disease, galactorthea; a disruption of spermatogenesis, abnormal sperm physiology, cancer of the
testis, cancer of the prostate, bepign prostatic hyperplasia, prostatitis, Peyronie’s disease, impotence,
carcinoma of the male breast, gynecomastia, hypergonadotropic and hiypogonadotropic
hypogonadism, pseudohermaphroditism, azoospermia, premature ovarian failure, acrosin deficiency,
delayed puperty, retrograde ejaculation and ancjaculation, haemangioblastomas,
cystsphacochromocytomas, paraganglioma, cystadenomas of the epididymis, and endolymphatic sac
tumours; and a neurological disorder such as epilepsy, ischemic cerebrovascular disease, stroke,
cerebral neoplasms, Alzheimer’s disease, Pick’s disease, Huntington’s disease, dementia, Parkinson’s
disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and other motor neuron
disorders, progressive neural muscular atrophy, retinitis pigmentosa, hereditary ataxias, multiple
sclerosis and other demyelinating diseases, bacterial and viral meningitis, brain abscess, subdural
empyema, epidural abscess, suppurative intracranial thrombophlebitis, myelitis and radiculitis, viral
central nervous system disease, prion diseases including kuru, Crentzfeldt-Jakob disease, and
Gerstmanu-Straussler-Scheinker syndrome, fatal familial insomnia, nutritional and metabolic diseases
of the nervous system, neurofibromatosis, tuberous sclerosis, cerebelloretinal bemangioblastomatosis,
encephalotrigeminal syndrome, mental retardation and other developmental disorders of the central
nervous system including Down syndrome, cerebral palsy, neuroskeletal disorders, autonomic

nexrvous system disorders, cranial nerve disorders, spinal cord diseases, muscular dystrophy and otber
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neuromuscular disorders, peripheral nervous system disorders, dermatomyasitis and polymyositis,
inberited, metabolic, endocrine, and toxic myopathies, myasthenia gravis, periodic paralysis, mental
disorders including mood, anxiety, and schizopbrenic disorders, seasonal affective disorder (SAD),
akathesia, amnesia, catatonia, diabetic nenropathy, tardive dyskinesia, dystonias, paranoid psychoses,
postherpetic neuralgia, Tourette’s disorder, progressive supranuclear palsy, corticobasal degeneration,
and famifial frontotemporal dementia.

In another embodiment, a vector capable of expressing CARBAP or a fragment or derivative
thereof may be administered to a subject to treat or prevent a disorder associated with decreased
expression or activity of CARBAP including, but not limited to, those described above.

In a further embodiment, a composition comprising a substantially purified CARBAP in

conjunciion with a suitable pharmaceutical carrier may be administered to a subject to treat or prevent

a disorder iated with d d jon or activity of CARBAP including, but not limited to,

those provided above.
In still another embodiment, an agonist which modulates the activity of CARBAP may be

M

p I or

administered to a subject to treat or prevent a disorder jated with d
activity of CARBAP including, but not limited to, those listed above.

In a further embodiment, an antagonist of CARBAP may be administered to a subject to treat
or prevent a disorder associated with increased expression or activity of CARBAP. Examples of such
disorders include, but are not linited to, those cell proliferative, autoimmune/inflammatory,
reproductive, and neurological disorders described above. In one aspect, an antibody which
specifically binds CARBAP may be used directly as an antagonist or indirectly as a targeting or
delivery mechanism for bringing a pharmaceutical agent to cells or tissues which express CARBAP.

In an additional embodiment, a vector expressing the complement of the polynucleotide
encoding CARBAP may be administered to a subject to treat or prevent a disorder associaied with
increased expression or activity of CARBAP including, but not limited to, those described above.

In other embodiments, any of the proteins, antagonists, antibodies, agonists, complementary
sequences, or vectors of the invention may be administered in combination with other appropriate
therapeutic agents. Selection of the appropriate agents for use in combination therapy may be made
by one of ordinary skill in the art, according to conventional pharmaceutical principles. The
combination of therapeutic agents may act sypergistically to effect the treatment or prevention of the
various disorders described above. Using this approach, one may be able ta achieve therapeutic
efficacy with lower dosages of each agent, thus reducing the potential for adverse side effects.

An antagonist of CARBAP may be produced using methoeds which are generally known in the
art. In particular, purified CARBAP may be used to produce antibodies or to screen libraries of
pharmaceutical agents to identify those which specifically bind CARBAP. Antibodies to CARBAP
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may also be generated using methods that are well known in the art. Such antibodics may include,
but are not limited to, polyclonal, monoclonal, chimeric, and single chain antibodies, Fab fragments,
and fragments produced by a Fab expression library. Neutralizing antibodies (i.e., those which inhibit
dimer formation) are generally preferred for therapeutic use.

For the production of antibodies, various hosts including goats, rabbits, rats, mice, humans,
and others may be immunized by injection with CARBAP or with any fragment or oligopeptide
thereof which has immunogenic properties. Depending on the host species, various adjuvants may be
used to increase immunological resimnse. Such adjuvants include, but are not limited to, Freund’s,

1

mineral gels such as aluminum hydroxide, and surface active such as lysolecithin, pluronic

polyols, polyanions, pepiides, oil emulsions, KLH, and dinitrophenol. Among adjuvants used in
humans, BCG (bacilli Calmetie-Guerin) and Corynebacterium paryum are especially preferable.

It is preferred that the oligopeptides, peptides, or fragments used to induce antibodies to
CARBAP have an amino acid sequence consisting of at least about 5 amino acids, and generally will
consist of at Jeast about 10 amino acids. Tt is also preferable that these oligopeptides, peptides, or
fragments are identical to a portion of the amino acid sequence of the natural protein. Short stretches
of CARBAP amino acids may be fused with those of another protein, such as KLH, and antibodies to
the chimeric molecule may be produced. :

Monoclonal antibodies to CARBAP may be prepared using any technigue which provides for
the production of antibody molecules by continuous cell lines in culture. These include, but are not
limited to, the hybridoma technique, the human B-cell hybridoma technique, and the EB V-hybridoma
technique. (See, e.g., Kohler, G. et al. (1975) Nature 256:495-497; Kozbor, D. et al. (1985) I.
Tmmunol. Methods 81:31-42; Cote, R.J. et al. (1983) Proc. Natl. Acad. Sci. USA 80:2026-2030; and
Cole, 8.P. et al. (1984) Mol. Cell Biol. 62:109-120.)

In addition, techniques developed for the production of “chimeric antibodies,” such as the
splicing of mouse énﬁbody genes to human antibody genes to obtain a molecule with appropriate
antigen specificity and biological activity, can be used. (See, e.g., Morrison, S.L. et al. (1984) Proc.
Natl. Acad. Sci. USA 81:6851-6855; Neuberger, M.S. et al. (1984) Nature 312:604-608; and Takeda,
S. et al. (1985) Nature 314:452-454.) Alternatively, techniques described for the production of single
chain antibodies may be adapted, using methods known in the art, to produce CARBAP-specific
single chain antibodies. Antibodies with related specificity, but of distinct idiotypic composition,
may be generated by chain shuffling from randomm combinatorial immunoglobulin libraries. (See,
e.g., Burton, D.R. (1991) Proc. Natl. Acad. Sci. USA 88:10134-10137.)

Antibodies may also be produced by inducing in vivo production in the [ympbocyte

population or by screening immunoglobulin libraries or panels of highly specific binding reagents as
disclosed in the literature. (See, e.g., Orlandi, R. et al. (1989) Proc. Natl. Acad. Sci. USA.
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86:3833-3837; Winter, G. et al. (1991) Nature 349:293-299.)

Antibody fragments which contain specific binding sites for CARBAP may also be generated.

TFor example, such fragments include, but are not limited to, F(ab?), fragments produced by pepsin
digestion of the antibody molecule and Fab fragments generated by reducing the disulfide bridges of
the F(ab?)2 fragments. Alternatively, Fab expression libraries may be constructed to allow rapid and
easy identification of monoclonal Fab fragments with the desired specificity. (See, e.g., Huse, W.D.
et al. (1989) Science 246:1275-1281.)

Various immunoassays may be used for screening to identify antibodies having the desired
specificity. Numerous protocols for compeﬁtive binding or immunoradiometric assays using either
polyclonal or monoclonal antibodies with established specificities are well known in the art. Such
immunoassays typically involve the measurement of complex formation between CARBAP and its
specific antibody. A two-site, monoclonal-based immunoassay utilizing moneclonal antibodies
Teactive to two non-interfering CARBAP epitopes is generally used, but a competitive binding assay
may also be employed (Pound, supra).

Various methods such as Scatchard analysis in conjunction with radioitnmunoassay
techniques mﬂy ‘be used to assess the affinity of antibodies for CARBAP. Affinity is expressed as an
association constant, K,, which is defined as the molar concentration of CARBAP-antibody complex
divided by the molar concenirations of free antigen and free antibody under equilibrinm conditions.
The K, determined for a preparation of polyclonal antibodies, which are heterogeneous in their
affinities for multiple CARBAP epitopes, represents the average affinity, or avidity, of the antibodies
for CARBAP. The K, determined for a preparation of monoclonal antibodies, which are
monospecific for a particular CARBAP epitope, represents a true measure of affinity. High-affinity
antibody preparations with K, ranging from about 10° to 10" L/mole are preferred for use in
immunoassays in which the CARBAP-antibody complex must withstand rigorous manipulations.
Low-affinity antibody preparations with K, ranging from about 10° to 107 I_/molé are preferred for
use in immunopurification and similar procedures which ultimately require dissociation of CARBAP,
preferably in active form, from the antibody (Catty, D. (1988) Antibodies, Volume I: A Practical
Approach, IRL Press, Washington DC; Liddell, I.E. and A. Cryer (1991) A Practical Guide to
Monoclonal Antibodies, John Wiley & Sons, New York NY).

The titer and avidity of polyclonal antibody preparations may be further evaluated to

determine the quality and suitability of such preparations for certain downstream applications. For v
example, a polyclonal antibody preparation containing at least 1-2 mg specific antibody/ml,
preferably 5-10 mg specific antibody/ml, is generally employed in procedures requiring precipitation
of CARBAP-antibody complexes. Procedures for evaluating antibedy specificity, titer, and avidity,
and guidelines for antibody quality and usage in various applications, are generally available. (See,
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e.g., Catty, supra, and Coligan et al. sppra.}

In another embodiment of the invention, the polynucleotides encoding CARBAP, or any
fragment or complement thereof, may be used for therapentic purposes. In one aspect, modifications
of gene expression can be achieved by designing complementary sequences or antisense molecules
(DNA, RNA, PNA, or modified oligonucleotides) to the coding or regulatory regions of the gene
encoding CARBAP. Such technology is well known in the art, and antiseuse oligonucleotides or
larger fragments can be designed from various locations along the coding or contral regions of
sequences encoding CARBAP. (See, e.g., Agrawal, S., ed. (1996) Antisense Therapeutics, Humana
Press Inc., Totawa NI.)

In therapeutic use, any gene delivery system suitable for introduction of the antisense
sequences into appropriate target cells can be used. Antisense sequences can be delivered
intracellularly in the form of an expression plasmid which, upon transcription, produces a sequence
complementary to at least a portion of the cellular sequence encoding the target protein. (See, e.g.,
Slater, L.E. et al. (1998) J. Allergy Clin. Immunol. 102(3):469-475; and Scanlon, K.J. et al. (1995)
9(13):1288-1296.) Antisense sequences can also be introduced mtracellularly through the use of viral
vectors, such as retrovirus and adeno-associated virus vectors. (See, e.g., Miller, A.D. (1990) Blood
76:271; Ausubel, supra; Uckert, W. and W. Walther (1994) Pharmacol. Ther. 63(3):323-347.) Other
gene delivery mechanisms include liposome-derived systems, artificial viral envelopes, and other
systems known in the art. (See, e.g., Rossi, I.T. (1995) Br. Med. Bull. 51(1):217-225; Boado, R.J. et
al. (1998) J. Pharm. Sci. 87(11):1308-1315; and Morris, M.C. et al. (1997) Nucleic Acids Res.
25(14):2730-2736.) '

In another embodiment of the mvention, polynuclectides encoding CARBAP may be used for
somatic or germline gene therapy. Gene therapy may be performed to (i) correct a genetic deficiency
(e.g., in the cases of severe combined immunodeficiency (SCID)-X1 disease characterized by X~
linked inheritance (Cavazzana-Calvo, M. et al. (2000) Science 288:669-672), severe combined
immunodeficiency syndrome associated with an inherited adenosine deaminase (ADA) deficiency
(Blaese, R-M. et al. (1995) Science 270:475-480; Bordignon, C. et al. (1995) Science 270:470-475),
cystic fibrosis (Zabner, I. et al. (1993) Cell 75:207-216; Crystal, R.G. et al. (1995) Hum. Gene
Therapy 6:643-666; Crystal, R.G. et al. (1995) Hum. Gene Therapy 6:667-703), thalassamias, familial
hypercholesterolemia, and hemophilia resulting from Factor VI or Factor IX deficiencies (Crystal,
R.G. (1995) Science 270:404-410; Verma, LM. and N. Somia (1997) Nature 389:239-242)), (ii)
express a conditionally lethal gene product (e.g., in the case of cancers which result from unregulated
cell proliferation), or (iii) express a protein which affords protection against intracellular parasites
(e.g., against human retroviruses, such as humen immunodeficiency virus (HIV) (Baltimore, D.
(1988) Nature 335:395-396; Poeschla, E. et al. (1996) Proc. Natl. Acad. Sci. USA. 93:11393-11399),
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hepatitis B or C virus (HBV, HCV); fungal pazasites, such as Candida albicans and Paracoccidioides
brasiliensis; and protozoan parasites such as Plasmodium falciparum and Trypanosoma cruzi). In the
case where a genetic deficiency in CARBAP expression or regulation causes disease, the expression
of CARBAP from an appropriate population of transduced cells may alleviate the clinical
manifestations cansed by the genetic deficiency.

Tn a further embodiment of the fnvention, diseases or disorders caused by deficiencies in
CARBAP are treated by constructing lian expression vectors ding CARBAP and

introducing these vectors by mechanical means into CARBAP-deficient cells. Mechanical transfer

technologies for use with cells in vivo or ex vitro include (i) direct DNA micreinjection into

individual cells, (ii) ballistic gold particle delivery, (iii) liposome-mediated transfection, (iv) receptor-
mediated gene transfer, and (v) the use of DNA ftransposons (Morgan,'R.A. and W.F. Anderson
(1993) Annu. Rev. Biochern. 62:191-217; Ivics, Z. (1997) Cell 91:501-510; Boulay, I-L. and H.
Récipon (1998) Curr. Opin. Biotechnol. 9:445-450).

Expression vectors that may be effective for the expression of CARBAP include, but are not
limited to, the PCDNA 3.1, BRITAG, PRCCMV2, PREP, PVAX, PCR2-TOPOTA vectors
(Invitrogen, Carlsbad CA), PCMV-SCRIPT, PCMV-TAG, PEGSH/PERV (Stratagene, La Jolla CA),
and PTET-OFF, PTET-ON, PTRE2, PTRE2-LUC, PTK-HYG (Clontech, Palo Alto CA). CARBAP
may be expressed using (i) a constitutively active promoter, (e.g., from cytomegalovirus (CMV},
Rous sarcoma virus (RSV), SV40 virus, thymidine kinase (TK), or B-actin genes), (ii) an inducible
promoter (e.g., the tetracycline-regulated promoter (Gossen, M. and H. Bujard (1992) Proc. Natl.
Acad. Sci. USA 89:5547-5551; Gossen, M. et al. (1995) Science 268:1766-1769; Rossi, F.M.V. and
H.M. Blau (1998) Curr. Opin. Biotechnol. 9:451-456), commercially available in the T-REX plasmid
(Invitrogen)); the ecdysone-inducible promoter (available in the plasmids PYGRXR and PIND;
Invitrogen); the FK506/rapamycin inducible promoter; or the RU486/mifepristone inducible promoter
(Rossi, EM.V. and Blau, HM. supra)), or (ifi) a tissue-specific promoter or the native promoter of the
endogenous gene encoding CARBAP from a normal individnal.

Commercially available liposome transformation kits (e.g., the PERFECT LIPID
TRANSFECTION KIT, available from Invitrogen) allow one with ordinary skill in the art to deliver
polynucleotides to target cells in culture and require minimal effort to optimize experimental
parameters. In the alternative, transformation is performed using the calcium phosphate method
(Graham, F.L. and A.J. Eb (1973) Virology 52:456-467), or by electroporation (Neumann, E. et al.
(1982) EMBQ J. 1:841-845). The introduction of DNA to primary cells reguires modification of
these standardized mammalian transfection protocols.

In another embodiment of the invention, diseases or disorders cansed by genetic defects with

respect to CARBAP expression are treated by constructing a retrovirus vector consisting of (i) the
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polynucleotide encoding CARBAP wnder the control of an independent promoter or the retrovirus
long terminal repeat (LTR) promoter, (ii) appropriate RNA packaging signals, and (ji) a Rev-
responsive element (RRE) along with additional retrovirus cis-acting RNA sequences and coding
sequences required for efficient vector propagation. Refrovirus vectors (e.g., PFB and PEBNEQ) are
commercially available (Stratagene) and are based on published data (Riviere, L et al. (1995) Proc.
Natl. Acad, Sci. USA 92:6733-6737), incorporated by reference herein. The vector is propagated in
an appropriate vector producing cell line (VPCL) that expresses an envelope gene with a tropism for
receptors on the target cells or a promiscuous envelope protein such as VSVg (Armentano, D. et al.
(1987} J. Virol. 61:1647-1650; Bender, M.A. et al. {1987) J. Virol. 61:1639-1646; Adam, M.A. and
AD. Miller (1988) I. Virol. 62:3802-3806; Dull, T. et al. (1998) I. Virol. 72:8463-8471; Zufferey, R.
et al. (1998) J. Virol. 72:9873-9880). U.S. Patent No. 5,910,434 to Rigg (“Method for obtaining
retrovirus packaging cell lines producing high transducing efficiency retroviral supernatant”)
discloses a method for obtaining retrovirus packaging cell lines and is bereby incorporated by
reference. Propagation of refrovirus vectors, transduction of a population of cells (e.g., CD4* T-
cells), and the return of transduced cells to a patient are procedures well known to persons skilled in
the art of gene therapy and have been well documented (Ranga, U. et al. (1997) J. Virol. 71:7020-
7029, Bauer, G. et al. (1997) Blood 89:2259-2267; Bonyhadi, M.L. (1997) J. Virol. 71:4707-4716;
Ranga, U. et al. (1998) Proc. Natl. Acad. Sci. USA 95:1201-1206; Su, L. (1997) Blood 89:2283-
2290).

In the alternative, an adenovirus-based gene therapy delivery system is used to deliver
polynucleotides encoding CARBAP to cells which have one or more genetic abnormalities with
respect to the expression of CARBAFP. The construction and packaging of adenovirus-based vectors
are well known to those with ordinary skill in the art. Replication defective adenovirus vectors have
proven to be versatile for importing genes encoding immunoregulatory profeins into intact islets in
the pancreas (Csete, MLE. et al. (1995) Transplantation 27:263-268). Potentially useful adenoviral
vectors are described in U.S. Patent No. 5,707,618 to Armentano ("Adenovirus vectors for gene
therapy"), hereby incorporated by reference. For adenoviral vectors, see also Antinozzi, P.A. ef al.
(1999) Annu. Rev. Nutr. 19:511-544 and Verma, LM. and N. Somia (1997) Nature 18:389:239-242,
both incorporated by reference herein.

In another alternative, a herpes-based, gene therapy delivery system is used to deliver
polynucleotides encoding CARBAP to target cells which have one or more genetic abnormalities with
respect to the expression of CARBAP. The use of herpes simplex virus (HSV)-based vectors may be
especially valuable for introducing CARBARP to cells of the central nervous system, for which HSV
has a tropism. The construction and packaging of herpes-based vectors are well known to those with

ordinary skill in the art. A replication-competent herpes simplex virus (HSV) type 1-based vector has
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been used to deliver a reporter gene to the eyes of primates (Liv, X. et al. (1999) Exp. Eye Res.
169:385-395). The construction of a HSV-1 virus vector has also been disclosed in detail in U.S.
Patent No. 5,804,413 to DeLuca ("Herpes simplex virus strains for gene transfer"), which is hereby
incorporated by reference. U.S. Patent No. 5,804,413 teaches the use of recombinant HSV d92 which
consists of a genome containing at least one exogenous gene to be transferred to a cell under the
control of the appropriate promoter for purposes including human gene therapy. Also taught by this
patent are the construction and use of recombinant HSV strains defeted for ICP4, ICP27 and ICP22.
For HSV vectors, see also Goins, W.F. et al. (1999) J. Virol. 73:519-532 and Xu, H. et al. (1994)
Dev. Biol. 163:152-161, hereby incorporated by reference. The manipulation of cloned herpesvirus
sequences, the generation of recombinant virus following the transfection of multiple plasmids
containing different segments of the large herpesvirus genomes, the growth and propagation of
herpesvirus, and the infection of cefls with herpesvirus are techniques well known to those of
ordinary skill in the art.

o another alternative, an alphavirus (positive, single-stranded RNA virus) vector is used to

deliver polynucleotides encoding CARBAP to target cells. The biology of the prototypic alphavirus,

- Semliki Forest Virus (SFV), has been studied extensively and gene transfer vectors have been based

on the SFV genome (Garoff, H. and K.-J. Li (1998) Curr. Opin. Biotechnol. 9:464-469). During
alphavirus RNA replication, a subgenomic RINA is generated that normally encodes the viral capsid
proteins. This subgenomic RNA replicates to higher levels than the full length genomic RNA,
resulting in the overproduction of capsid proteins relative to the viral proteins with enzymatic activity
(e.g., protease and polymerase). Similarly, inserting the coding sequence for CARBAP into the
alphavirus genome in place of the capsid-coding region results in the production of a large number of
CARBAP-coding RNAs and the synthesis of high levels of CARBAP in vector transduced cells.
While alphavirus infection is typically associated with cell lysis within a few days, the ability to
esiablish a persistent infection in hamster normal kidney cells (BHK-21) with a variant of Sindbis
virus (SIN) indicates that the lytic replication of alphaviruses can be altered to suit the needs of the
gene therapy application (Dryga, S.A. et al. (1997) Virology 228:74-83). The wide host range of
alphaviruses will allow the introduction of CARBAP into a variety of cell types. The specific
transduction of a subset of cells in a population may reguire the sorting of cells prior to transduction.
The methods of manipulating infectious cDNA clones of alphaviruses, performing alphavirus cDNA
and RNA transfections, and performing alphavirus infections, are well known to those with ordinary
skill in the art.

Oligonucleotides derived from the transcription initiation site, e.g., between about positions
-10 and +10 from the start site, may also be employed to inhibit gene expression. Similarly,
inhibition can be achieved using triple helix base-pairing methodology. Triple helix pairing is useful
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because it causes inhibition of the ability of the double helix to open sufficiently for the binding of
polymerases, transcription factors, or regulatory molecules. Recent therapeutic advances using
triplex DNA have been described in the liferature. (See, e.g., Gee, I.E. et al. (1994) in Huber, B.E.
and B.I. Carr, Molecular and Immmelogic Approaches, Futura Publishing, Mt. Kisco NY, pp- 163-
177.} A complementary sequence or antisense molecule may also be designed to block translation of
mRNA by preventing the transeript from binding to ribosomes.

Ribozymes, enzymatic RNA molecules, may also be used to catalyze the specific cleavage of
RNA. The mechanism of ribozyme action involves sequence-specific hybridization of the ribozyme
molecule to complementary target RNA, followed by endonucleolytic cleavage. For example,
engineered bammerhead motif ribozyme molecules may specifically and efficiently catalyze
endonucleolytic cleavage of sequences encoding CARBAP.

Specific ribozyme cleavage sites within any potential RNA target are initially identified by
scanning the target molecule for ribozyme cleavage sites, i { GUA,
GUU, and GUC. Once identified, short RNA sequences of between 15 and 20 ribonucleotides,

corresponding to the yegion of the target gene containing the cleavage site, may be evaluated for

T

the following

secondary structural features which may render the oligonucleotide inoperable. The suitability of

candidate targets may also be

1 by testing accessibility to hybridization with complementary
oligenucleotides using ribonuclease protection assays.

Complementary ribonucleic acid molecules and ribozymes of the invention may be prepared
by any method known in the art for the synthesis of nucleic acid molecules. These include techniques
for chemically synthesizing oligonucleotides such as solid phase phosphoramidite chemical synthesis.
Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DNA

sequences encoding CARBAP. Such DNA sequences may be incorporated into a wide variety of
vectors with suitable RNA polymerase promoters such as T7 or SP6. Alternatively, these cDNA
constructs that synthesize complementary RINA, constitutively or inducibly, can be introduced into
cell lines, cells, or tissues.

RNA molecules may be modified to increase intracellular stability and half-life. Possible
modifications include, but are not limited to, the addition of flanking sequences at the 5’ and/or 3°
ends of the molecule, or the use of phosphorothioate or 2° O-methy] rather than phosphodiesterase
linkages within the backbone of the molecule. This concept is inherent in the production of PNAs
and can be extended in all of these molecules by the inclusion of nontraditional bases such as inosine,
queosine, and wybutosine, as well as acetyl-, methyl-, thio-, and similarly modified forms of adenine,
cytidine, guanine, thymine, and uridine which are not as easily recognized by endogenous
endonucleases.

An additional embodiment of the invention encompasses a method for screening for 2
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compound which is effective in altering expression of a polynucleotide encoding CARBAP.
Compounds which may be effective in altering expression of a specific polynucleotide may inclode,
but are pot limited to, oligonucleotides, antisense oligonucleotides, triple helix-forming
oligonucleotides, transcription factors and other polypeptide transcriptional regulators, and non-
macromolecular chemical entities which are capable of interacting with specific polynucleotide
sequences. Effective compounds may alter polynucleotide expression by acting as either inhibitors or
promoters of polymucleotide expression. Thus, in the treatment of disorders associated with increased
CARBAP expression or activity, a compound which specifically inhibits expression of the
polynucleotide encading CARBAP rmay be therapeutically useful, and in the treatment of disorders
associated with decreased CARBAP expression or activity, a compound which specifically promotes
expression of the polynucleotide encoding CARBAP may be therapeutically useful.

At least one, and up to a plurality, of test compounds may be screened for effectiveness in

altering expression of a specific polynucleotide. A test compound may be obtained by any method

commonly known in the art, including chemical modification of a compound known to be effective in -

altering polynucleotide expression; selection from an existing, commescially-available or proprietary
library of naturally-occurring or non-natural chemical compounds; rational design of a compound
based on chemical and/or structural p&perﬁes of the target polynucleotide; and selection from a
library of chemical compounds created combinatorially ar randomly. A sample comprising a
polynucleotide encoding CARBAP is exposed to at least one test compound thus obtained. The

sample may comprise, for example, an intact or permeabilized cell, or an in vitre cell-free or

reconstituted biochemical system. Alterations in the expression of a polynucleotide encoding
CARBAP are assayed by any method commonly known in the art. Typically, the expression of a
specific nucleotide is detected by hybridization with a probe having a nucleotide sequence
complementary to the sequence of the polynucleotide encoding CARBAP. The amount of
hybridization may be quantified, thus forming the basis for a comparison of the expression of the
polynucleotide both with and without exposure to one or more test compounds. Detection of a
change in the expression of a polynucleotide exposed to a test compound indicates that the test
compound is effective in altering the expression of the polynucleotide. A screen for a compound
effective in altering expression of a specific polynucleotide can be carried out, for example, using a
Schizosaccharomyces pombe gene expression system (Atkins, D. et al. (1999) U.S. Patent No.
5,932,435; Arndt, G.M. et al. (2000) Nucleic Acids Res. 28:E15) or a human cell line such as HeLa
cell (Clarke, M.L. et al. (2000) Biochem. Biophys. Res. Commun. 268:8-13). A particular
embodiment of the present invention involves screening a combinatorial library of oligonucleotides

(such as deoxyribonucl , Tt leotides, peptide nucleic acids, and modified oligonucleotides)

for antisense activity against a specific polynucleotide sequence (Bruice, T.W. et al. (1997) U.S.
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Patent No. 5,686,242; Bruice, T.W. et al. (2000) U.S. Patent No. 6,022,691).
Many methods for introducing vectors into cells or tissues are available and equally suitable

for use in vivo, in vitro, and ex vivo. For ex vivo therapy, vectors may be introduced into stem cells

1 1

taken from the patient and clonally pr d for yus tr back into that same patient.

Delivery by transfection, by liposome injections, or by polycationic amino polymers may be achieved
using methods which are well known in the art. (See, e.g., Goldman, C.K. et al. (1997) Nat.
Biotechnol. 15:462-466.)

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

An additional embodiment of the invention relates to the administration of a composition
which generally comprises an active ingredient formulated with a pharmaceutically acceptable
excipient. Excipients may include, for example, sugars, starches, celluloses, gums, and proteins.
Various formulations are commonly known and are thoroughly discussed in the latest edition of
Remington’s Pharmacentical Sciences (Maack Publishing, Easton PA). Such compositions may
consist of CARBAP, antibodies to CARBAP, and mimetics, agonists, antagonists, or inhibitors of
CARBAP.

The compositions utilized in this invention may be administered by any number of routes
including, but not limited to, oral, intravenous, intramuscular, intra-arterial, intramedullary,
intrathecal, intraventricular, pulmonary, transdermal, subcutaneous, intraperitoneal, intranasal,
enteral, topical, sublingual, or rectal means.

Compositions for pulmonary administration may be prepared in liquid or dry powder form.
These compositions are generally aerosolized immediately prior to inhalation by the patient. In the
case of small molecules (e.g. traditional low molecular weight organic drugs), aerosol delivery of
fast-acting formulations is well-known in the art. In the case of macromolecules (e.g. larger peptides
and proteins), recent developments in the field of pulmonary delivery via the alveolar region of the
lung have enabled the practical delivery of drugs such as insulin to blood circulation (see, e.g., Patton,
3.8. et al., U.S. Patent No. 5,997,848). Pulmonary delivery bas the advantage of administration
without needle injection, and obviates the need for potentially toxic penetration enhancers.

Compositions suitable for use in the invention include compositions wherein the active
ingredients are contained in an effective amount to achieve the intended purpose. The determination
of an effective dose is well within the capability of those skilled in the art.

Specialized forms of compositions may be prepared for direct intracellular delivery of
macromolecules comprising CARBAP or fragments thereof. For example, liposome preparations

containing a cell-impermeable macromolecule may promote cell fusion and intraceflular delivery of
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the macromolecule. Alternatively, CARBAP or a fragment thereof may be joined to a short cationic
N-terminal portion from the HIV Tat-1 protein. Fusion proteins thus generated have been fo@d to
transduce into the cells of all tissues, including the brain, in a mouse model system (Schwarze, S.R. et
al. (1999) Science 285:1569-1572).

For any compound, the therapeutically effective dose can be estimated initially either in cell
culture assays, e.g., of neaplastic cells, or in animal models such as mice, rats, rabbits, dogs,
meonkeys, or pigs. An animal model may also be used to determine the appropriate concentration
1ange and route of administration. Such information can then be used to determine useful doses and
routes for administration in humans.

A therapentically effective dose refers to that amount of active ingredient, for example
CARBAP or fragments thereof, antibodies of CARBAP, and agonists, antagonists or inhibitors of
CARBAP, which ameliorates the symptoms or condition. Therapeutic efficacy and toxicity may be
determined by standard pharmaceutical pracedures in cell cultures or with experimental animals, such
as by calculating the EDy, (the dose therapeutically effective in 50% of the population) or LDy, (the
dose lethal to 50% of the population) statistics. The dose ratio of toxic to therapeutic effects is the
therapeutic index, which can be expressed as the LD/ED;, ratio. Compositions which exhibit large
therapeutic indices are preferred. The data obtained from cell culture assays and animal studies are
used to formulate a range of dosage for human use. The dosage contained in such compositions is
preferably within a range of circulating concentrations that includes the EDy, with little or no toxicity.
The dosage varies within this range depending upon the dosage form employed, the sepsitivity of the
patient, and the route of administration.

The exact dosage will be determined by the practitioner, in light of factors related to the
subject requiring treatment. Dosage and administration are adjusted to provide sufficient levels of the
active moiety or to maintain the desired effect. Factors which may be taken into account include the
severity of the discase state, the general health of the subject, the age, weight, and gender of the
subject, time and frequency of administration, drug combination(s), reaction sensitivities, and
response to therapy. Long-acting compositions may be administered every 3 to 4 days, every week,
or biweekly depending on the half-life and clearance rate of the particular formulation.

Normal dosage amounts may vary from about 0.1 ug to 100,000 ug, up to a total dose of
about 1 gram, depending upon the route of administration. Guidance as to particular dosages and
methods of delivery is provided in the literature and generally available to practitioners in the art.
Those skilled in the art will employ different formulations for nucleotides than for proteins or their
inhibitors. Similarly, delivery of polynucleotides or polypeptides will be specific to particular cells,
conditions, locations, etc.
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DIAGNOSTICS

In another embodiment, antibodies which specifically bind CARBAP may be used for the
diagnosis of disorders characterized by expression of CARBAP, or in assays to monitor patients being
treated with CARBAP or agonists, antagonists, or inhibitors of CARBAP. Antibodies usefal for
diagnostic purposes may be prepared in the same manner as described above for therapeutics,
Diagnostic assays for CARBAP include methods which utilize the antibody and a Jabel to detect
CARBAP in human body fluids or in extracts of cells or tissues. The antibodies may be used with or
without modification, and may be labeled by covalent or non-covalent attachment of a reporter
molecule. A wide variety of reporter molecules, several of which are described above, are known in
the art and may be used.

A variety of protocols for measuring CARBAP, including ELISAs, RIAs, and FACS, are
known in the art and provide a basis for diagnosing altered or abnormal levels of CARBAP
expression. Normal or standard values for CARBAP expression are established by combining body
fluids or cell extracts taken from normal mammalian subjects, for example, human subjects, with
antibodies to CARBAP under conditions suitable for complex formation. The amount of standard
complex formation may be quantitated by various methods, such as photometric means. Quantities of
CARBAP expressed in subject, control, and disease samples from biopsied tissues are compared with
the standard values. Deviation between standard and subject values establishes the parameters for
diagnosing disease.

In another embodiment of the invention, the polynucleotides encoding CARBAP may be used
for diagnostic purposes. The polyunucleotides which may be used include oligonucleotide sequences,
complementary RNA and DNA molecules, and PNAs. The polynucleotides may be used to detect
and quantify gene expression in biopsied tissues in which expression of CARBAP may be correlated
with disease. The diagnostic assay may be used to determine absence, presence, and excess
expression of CARBAP, and to monitor regulation of CARBAP levels during therapeutic
intervention.

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

Probes may also be used for the detection of related sequences, and may have at least 50%
sequence identity to any of the CARBAP encoding sequences. The hybridization prabes of the
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subject invention may be DNA or RNA and may be derived from the sequence of SEQ ID NO:3-4 or
from genomic sequences including promoters, enhancers, and introns of the CARBAP gene.

Means for producing specific hybridization probes for DNAs encoding CARBAP include the
cloning of polynucleotide sequences encoding CARBAP or CARBAP derivatives into vectors for the
production of mRNA probes. Such vectors are knows in the art, are commercially available, and may
be used to synthesize RNA probes in vitrg by means of the addition of the appropriate RNA

polymerases and the appropriate labeled nucleotides. Hybridization probes may be labeled by a
variety of reporter groups, for example, by radionuclides such as 3P or S, or by enzymatic labels,
such as alkaline phosphatase coupled to the probe via avidin/biotin coupling systems, and the like.
Polynucleotide sequences encoding CARBAP may be used for the diagnosis of disorders
associated with expression of CARBAP. Examples of such disorders include, but are not limited to, a
cell proliferative disorder such as aciinic keratosis, arteriosclerosis, atherosclerosis, bursitis, cirrhosis,
hepatitis, mixed connective tissue disease (MCTD), myelofibrosis, paroxysmal nocturnal
hemoglobinuria, polycythemia vera, psoriasis, primary thrombocythemia, and cancess including
adenocarcinoma, leukemia, lymphoma, melanoma, myeloma, sarcoma, teratocarcinoina, and, in
particular, cancers of the adrenal gland, bladder, bone, bone marrow, brain, breast, cervix, gall
bladder, ganglia, gastrointestinal tract, heart, kidney, liver, lung, muscle, ovary, pancreas,
parathyroid, penis. prostate, salivary glands, skin, spleen, testis, thymus, thyroid, and uierus; an
autoimmune/inflarmatory disorder such as acquired immunodeficiency syndrome (AIDS), Addison’s
disease, adult respiratory distress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia,
astlima, atherosclerosis, autoimnmune hemolytic anemia, autoimmune thyroiditis, autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), bronchitis, cholecystitis, contact
dermatitis, Crohn's disease, atopic dermatitis, dermatomyositis, diabetes mellitus, emphysema,
episodic lymphopenia with lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic
gastritis, glomerulonephritis, Goodpasture’s syndrome, gout, Graves® disease, Hashimoto’s
thyroiditis, hypereosinophilia, irtitable bowel syndrome, multiple sclerosis, myasthenia gravis,
myocardial or pericardial inflampiation, osteoarthritis, osteoporosis, pancreatitis, polymyositis,
psoriasis, Reiter’s syndrome, rheumatoid arthritis, scleroderma, Sjdgren’s syndrome, systemic
anaphylaxis, systemic lupus erythematosus, systemic sclerosis, thrombocytopenic purpura, ulcerative
colitis, uveitis, Werner syndrome, complications of cancer, hemodialysis, and extracorporeal
circulation, viral, bacterial, fungal, parasitic, protozoal, and helminthic infections, and trauma ; a
reproductive disorder such as a disorder of prolactin production, infertility, including tubal disease,
ovulatory defects, endometriosis, a disruption of the estrous cycle, a disruption of the menstrual cycle,
polycystic ovary syndrome, ovarian hyperstimulation syndrome, an endometrial or ovarian tumor, a

uterine fibroid, autoimmune disorders, ectopic pregnancy, teratogenesis; cancer of the breast,
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fibrocystic breast disease, galactorrhea; a disruption of spermatogenesis, abnormal spexrm physiology,
cancer of the testis, cancer of the prostate, benign prostatic hyperplasia, prostatitis, Peyronie’s
disease, impotence, carcinoma of the male breast, gynecomastia, hypergonadotropic and

hypogonadotropic hypogonadism, pseudohermaphroditism, azoospermia, premature ovarian failure,

acrosin deficiency, delayed puperty, retrograde ejaculation and anejaculation, haemangiobl N
cystsphacochromocytomas, paraganglioma, cystadenornas of the epididymis, and endolymphatic sac
tumours; and a neurological disorder such as epilepsy, ischentic cerebrovascular disease, stroke,
cercbral neoplasins, Alzheimer’s disease, Pick’s disease, Huntington’s disease, dementia, Parkinson’s
disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and other motor nenron
disorders, progressive neural muscular atrophy, retinitis pigmentosa, hereditary ataxias, multiple
sclerosis and other demyelinating diseases, bacterial and viral meningitis, brain abscess, subdural
espyema, epidural abscess, suppurative intracranial thrombophlebitis, myelitis and radiculitis, viral
central nervous system disease, prion di including kuru, Creutzfeldt-Jakob disease, and

Gerstmann-Straussler-Scheinker syndrome, fatal familial insomnia, nutritional and metabolic discases

of the nervous system, neurofibromatosis, taberous sclerosis, cerebelloretinal hemangioblastomatosis,

phalotrigeminal synd mental dation and other developmental disorders of the central

nervous system including Down syndrome, cerebral palsy, neuroskeletal disorders, autonomic
nervous system disorders, cranial nerve disorders, spinal cord diseases, muscular dystrophy and other
neuromuscular disorders, peripheral nervous system disorders, dermatomyositis and polymyositis,
inherited, metabolic, endocrine, and toxic tnyopathies, myasthenia gravis, periodic paralysis, mental
disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD),
akathesia, amnesia, catatonia, diabetic neuropathy, tardive dyskinesia, dystonias, paranoid psychoses,
postherpetic neuralgia, Tourette’s disorder, progressive supranuclear palsy, corticobasal degeneration,
and familial frontotemporal dementia. The polynucleotide sequences cncodiﬁg CARBAP may be
used in Southern or northern analysis, dot blot, or other membrane-based technologies; in PCR
technologies; in dipstick, pin, and multiformat ELISA-like assays; and in microatrays utilizing fluids
or tissues from patients to detect altered CARBAP expression. Such qualitative or quantitative
methods are well known in the art. )

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

In order to provide a basis for the diagnosis of a disorder associated with expression of
CARBAP, a normal or standard profile for expression is established. This may be accomplished by
combining body fluids or cell extracts taken from normal subjects, either animal or human, with a
sequence, or a fragment thereof, encoding CARBAP, under conditions suitable for hybridization or
amplification. Standard hybridization may be quantified by comparing the values obtained from
normal subjects with values from an experiment in which a known amount of a substantially purified
polynucleotide is used. Standard values obtained in this manner may be compared with values
obtained from samples from patients who are symptomatic for a disorder. Deviation from standard
values is used to establish the presence of a disorder.

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

‘With respect to cancer, the presence of an abnormal amount of transcript (either under- or
overexpressed) in biopsied tissue from an individual may indicate a predisposition for the
development of the disease, or may provide a means for detecting the disease prior to the appearance
of actual clinical symptoms. A more definitive diagnosis of this type may allow health professionals
to employ preventative measures or aggressive treatment earlier thereby preventing the development
or further progression of the cancer.

Additional diagnostic uses for oligonucleotides designed from the sequences encoding
CARBAP may involve the use of PCR. These oligomers may be chemically synthesized, generated
enzymatically, or produnced in vitro. Oligomers will preferably contain a fragment of a polynucleotide

encoding CARBAP, or a fragment of a polynucleotide compl 'y to the polynucleotidk d
CARBAP, and will be employed under optimized conditions for identification of a specific gene or
condition, Oligomers may also be employed under less stringent conditions for detection or
quantification of closely related DNA or RNA sequences.

Tn 2 particular aspect, oligonucleotide primers derived from the polynucleotide sequences
encoding CARBAP may be used to detect single nucleotide polymorphisms (SNPs). SNPs are
substitutions, insertions and deletions that are a frequent cause of inherited or acquired genetic
disease in bumans. Methods of SNP detection include, but are not limited to, single»st_randed
conformation polymorphism (SSCP) and fluorescent SSCP (£8SCP) methods. In SSCP,
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oligonucleotide primers derived from the polynucleotide sequences encoding CARBAP are used to
amplify DNA using the polymerase chain reaction (PCR). The DNA may be derived, for example,
from diseased or normal tissue, biopsy samples, bodily fluids, and the like. SNPs in the DNA cause
differences in the secondary and tertiary structures of PCR products in single-stranded form, and
these differences are detectable using gel electrophoresis in non-denaturing gels. In £SCCP, the
oligonucleotide primers are fluorescently labeled, which allows detection of the amplimers i high-
throughput equipment such as DNA sequencing machines. Additionally, sequence database analysis
methods, termed in silico SNP (isSNF), are capable of identifying polymorphistns by comparing the
sequence of individual overlapping DNA fragments which assemble into a commeon cqusensus
sequence. These computer-based methods filter out sequence variations due to laboratory preparation
of DNA and sequencing errors using statistical models and automated analyses of DNA sequence
chromatograms. In the alternative, SNPs may be detected and characterized by mass spectrometry
using, for example, the high thronghput MASSARRAY system (Sequenom, Inc., San Diego CA).

Methods which may aiso be used to quantify the expression of CARBAP include
radiolabeling or biotinylating nucleotides, coamplification of a control nucleic acid, and interpolating
resulis from standard curves. (See, e.g., Melby, P.C. et al. (1993) J. Tmntunol. Metheds 159:235-244;
Duplaa, C. et al. (1993) Anal. Biochem. 212:229-236.) The speed of quantitation of multiple samples
may be accelerated by running the assay in a high-throughput format where the oligomer or
polynucleotide of interest is presented in various dilutions and a spectrophotometric or colorimetric
response gives rapid guantitation.

In further embodiments, oligonucleotides or longer fragments derived from any of the
polynucieotide sequences described herein may be used as elements on a microarray. The microarray

can be used in transcript imaging techniques which monitor the relative expression levels of large

nurnbers of genes simultaneously as described below. The microarray may also be used to identify

genetic variants, mutations, and polymorphisms. This information may be used to determine gene
function, to understand the genetic basis of a disorder, to diagnose a disorder, to monitor
progression/regression of disease as a function of gene expression, and to develop and monitor the
activities of therapeutic agents in the treatment of disease. In particular, this information may be used
to develop a pharmacogenomic profile of a patient in order to select the most appropriate and
effective treatment regimen for that patient. For example, therapeutic agents which are highly
effective and display the fewest side effects may be selected for a patient based on his/her
pharmacogenomic profile.

In another embodiment, CARBAP, fragments of CARBAP, or mﬁbodes specific for
CARBAP may be used as elements on a microarray. The microarray mway be used to monitor or

measure protein-protein interactions, drug-target inferactions, and gene expression profiles, as
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described above.

A particular embodiment relates to the use of the polymucleotides of the present invention to
generate a transcript image of a tissue or cell type. A transcript image represents the global pattern of
gene expression by a particular tissue or cell type. Global gene expression patterns are analyzed by
quantifying the number of expressed genes and their relative abundance under given conditions and at
a given time. (See Seilhamer et al., “Comparative Gene Transcript Analysis,” U.S. Patent No.
5,840,484, expressly incorporated by reference berein.) Thus a transcript image may be generated by
hybridizing the polynucleotides of the present invention or their complerents io the totality of
franscripts or reverse transcripts of a particular tissue or cell type. In one embodiment, the
hybridization takes place in high-throughput format, wherein the polynucleotides of the present
invention or their complements comprise a subset of a plurality of elements on a microarray. The
resultant transcript image would provide a profile of gene activity.

Transcript images may be generated using transcripts isolated from tissues, cell lines,
biopsies, or other biological samples. The transcript image may thus reflect gene expression in vivo,
as in the case of a tissue or biopsy sample, or in vitro, as in the case of a cel! line.

Transcript images which profile the ion of the pol, leotides of the present

P

invention may, also be used in conjunction with in vitro model systeras and preclinical evaluation of

pharmaceuticals, as well as toxicological testing of industrial and naturally-occurring environmental
compounds. All compounds induce characteristic gene expression patterns, frequently termed
molecular fingerprints or toxicant signatures, which are indicative of mechanisms of action and
toxicity (Nuwaysix, E.F. et al. (1999) Mol. Carcinog. 24:153-159; Steiner, S. and N.L. Anderson
(2000) Toxicol. Lett. 112-113:467-471, expressly incorporated by reference herein). If a test
compound has a signature similar to that of a compound with known toxicity, it is likely to share
those toxic properties. These fingerprints or signatures are most useful and refined when they contain
expression information from a large number of genes and gene families. Ideally, a genome-wide
measurement of expression provides the highest quality signature. Even genes whose expression is
not altered by any tested compounds are important as well, as the levels of expression of these genes
are used to normalize the rest of the expression data. The normalization procedure is useful for
comparison of expression data after treatment with different compounds. While the assignment of
gene function to elements of a toxicant signature aids in interpretation of toxicity mechanisms,
knowledge of gene function is not necessary for the statistical matching of signatures which leads to
prediction of toxicity. (See, for example, Press Release 00-02 from the National Institute of
Environmental Health Sciences, released February 29, 2000, available at
http://www.niehs.nih.gov/oc/news/toxchip.htm.) Therefore, it is important and desirable in

toxicological screening using toxicant signatures to include all expressed gene sequences.
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In one embodiment, the toxicity of a test compound is assessed by treating a biological
sample containing nucleic acids with tbe test compound. Nucleic acids that are expressed in the
treated biological sample are hybridized with one or more probes specific to the polynucleotides of
the present invention, so that transcript levels corresponding to the polynucleotides of the present
invention may be quantified. The transcript levels in the treated biological sample are compared with
levels in an untreated biological sample. Differences in the transcript levels between the two samples
are indicative of a toxic response caused by the test compound in the treated sample.

Another particular embodiment relates to the use of the polypeptide sequences of the present
invention to analyze the proteome of a tissue or cell type. The term proteome refers to the global
pattern of protein expression in a particular tissue or cell type. Each protein component of a
proteome can be subjected individually to further analysis. Protecme expression patterns, or profiles,
are analyzed by quantifying the mumber of expressed proteins and their relative abundance under
given conditions and at 2 given time. A profile of a cell’s proteome may thus be generated by
separating and analyzing the polypeptides of a particular tissue or cell type. In one embodiment, the
separation is achieved using two-dimensional gel electrophoresis, in which proteins from.a sample are
separated by isoelectric focusing in the first dimension, and then according to molecular weight by
sodium dodecyl suifate slab gel electrophoresis in the secand dimension (Steiner and Anderson,
supra). The proteins are visualized in the gel as discrete and wniquely positioned spots, typicaily by
staining the gel with an agent such as Coomassie Blue or silver or fluorescent stains. The optical
density of each protein spot is generally proportional to the level of the protein in the sample. The
optical densities of equivalently positioned protein spots from different samples, for example, from
biological samples either treated or untreated with a test compound or therapeutic agent, are
compared to identify any changes in protein spot density related to the treatment. The proteins in the
spots are partially sequenced using, for example, standard methods employing chemical or enzymatic
cleavage followed by mass spectrometry. The identity of fhe protein in a spot may be determined by
comparing its partial sequence, preferably of at least 5 contiguous amino acid residues, to the
polypeptide sequences of the present invention. In some cases, further sequence data may be
obtained for definitive protein identification.

A proteomic profile may also be generated using antibodies specific for CARBAP to quantify
the levels of CARBAP expression. In one embodiment, the antibodies are used as elements on a

" microarray, and protein expression levels are quantified by exposing the microarray to the sample and

detecting the levels of protein bound to each array element (Lueking, A. et al. (1999) Anal. Biochem.
270:103-111; Mendoze, L.G. et al. (1999) Biotechniques 27:778-788). Detection may be performed
by a variety of methods known in the art, for example, by reacting the proteins in the sample with a
thiol- or amino-reactive fluorescent compound and detecting the amount of fluorescence bound at
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each array element. )

Toxicant signatures at the proieome level are also useful for toxicological screening, and
should be analyzed in paralle] with toxicant signatures at the transcript level. There is a poor
cotrelation between transcript and protein abundances for some proteins in some tissues (Anderson,
N.L. and J. Seilhamer (1997) Electrophoresis 18:533-537), so proteome toxicant signaftures may be
useful in the analysis of compounds which do not significantly affect the transcript image, but which
alter the proteomic profile. In addition, the analysis of transcripts in body fluids is difficult, due to
rapid degradation of mRINA, so proteomic profiling may be more reliable and informative in such
cases.

In another embodiment, the toxicity of a test compound is assessed by treating a biological
sample containing proteins with the test compound. Proteins that are expressed in the treated
biological saraple are separated so thai the amount of each protein can be quantified. The amount of
each protein is compared to the amount of the corresponding protein in an unireated biological
sample. A difference in the amount of protein between the two samples is indicative of a toxic
response to the test compound in the treated sample. Individual proteins are identified by sequencing
the amino acid residues of the individual proteins and comparing these partial sequences to the
polypeptides of the present invention.

In another embodiment, the toxicity of a test compound is assessed by treating a biological
sample containing proteins with the test compound. Proteins from the biological sample are
incubated with antibodies specific to the polypeptides of the present invention. The amount of
protein recognized by the antibodies is quantified. The amount of protein in the treated biological
sample is compared with the amount in an untreated biological sample. A difference in the amount of
protein between the two samples is indicative of a toxic response to the test compound in the treated
sample.

Microarrays may be prepared, used, and analyzed nsing methods known in the art. (See, e.g.,
Breonan, T.M. et al. (1995) U.S. Patent No. 5,474,796; Schena, M. et al. (1996) Proc. Natl. Acad. Sci.
USA 93:10614-10619; Baldeschweiler et al. (1995) PCT application W095/251116; Slmlén, D.etal.
(1995) PCT application WO95/35503; Heller, R.A. et al. (1997) Proc. Natl. Acad. Sci. USA 94:2150-
2155; and Heller, MLJ. et al. (1997) U.S. Patent No. 5,605,662.) Various types of microarrays are
well known and thoroughly described in DNA Microarrays: A Practical Approach, M. Schena, ed.
(1999) Oxford University Press, London, hereby expressly incorporated by reference.

I another embodiment of the invention, nucleic acid seqﬁences encoding CARBAP may be
used to generate hybridization probes useful in mapping the naturally occurring genomic sequence.
Either coding or noncoding sequences may be used, and in sone instances, noncoding sequences may

be preferable over coding sequences. For example, conservation of a coding sequence among
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members of a maulti-gene family may potentially cause undesired cross hybridization during

- chromosomal mapping. The sequences may be mapped to a particular chromosorme, to a specific

region of a chromosome, or to artificial chromosome constructions, e.g., human artificial
chromosomes (HACs), yeast artificial chromosomes (YACS), bacterial artificial chromosomes
(BACs), bacterial P1 constructions, or single chromosome cDNA libraries. (See, e.g., Harrington, J.J.
et al. (1997) Nat. Genet. 15:345-355; Price, C.M. (1993) Blood Rev. 7:127-134; and Trask, B.J.
(1991) Trends Genet. 7:149-154.) Once mapped, the nucleic acid sequences of the invention may be
used to develop genetic linkage maps, for example, which correlate the inheritance of a disease state
with the inheritance of a particular chromosome region or resiriction fragment length polymorphism
(RFLP). (See, for example, Lander, E.S. and D. Botstein (1986) Proc. Natl. Acad. Sci. USA §3:7353-
7357

Fluorescent in situ hybridization (FISH) may be correlated with other physical and genetic
map data. (See, e.g., Heinz-Ulrich, et al. (1995) in Meyers, supra, pp. 965-968.) Examples of genetic
map data can be found in various scientific journals or at the Online Mendelian Inheritance in Man
(OMIM) World Wide Web site. Correlation between the location of the gene encoding CARBAP on
a physical map and a specific disorder, or a predisposition to a specific disorder, may help define the
region of DNA associated with that disorder and thus may further positional cloning efforts.

In situ hybridization of chromosomal preparations and physical mapping techniques, such as
linkage analysis using established chromosomal markers, may be used for extending genetic maps.
Often the placement of a gene on the chromosome of another mammalian species, such as mouse,
may reveal associated markers even if the exact chromosomal locus is not known. This information is
valuable to investigators searching for disease genes using positional cloning or other gene discovery
techniques. Once the gene or genes responsible for a disease or syndrome have been crudely
localized by genetic linkage to a particular genomic region, e.g., ataxia-telangiectasia to 11q22-23,
any sequences mapping to that area may represent associated or regulatory genes for further
investigation. (See, e.g., Gatti, R.A. et al. (1988) Nature 336:577-580.) The nucleotide sequence of
the instant invention may also be used to detect differences in the chromosemal location due to
translocation, inversion, efc., among normal, carrier, or affected individuals.

In another embodiment of the invention, CARBAP, its catalytic or immunogenic fragments,
or oligopeptides thereof can be used for screening libraries of compounds in any of 2 variety of drug
screening techniques. The fragment émployed in such screening may be free in solution, affixed to a
solid support, borne on a cell surface, or located intraceltularly. The formation of binding complexes
between CARBAP and the agent being tested may be measured.

Another technique for drug screening provides for high througbput screening of compounds
having suitable binding affinity to the protein of interest. (See, e.g., Geysen, et al. (1984) PCT
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application WO84/03564.) In this method, large mumbers of different small test compounds are
synthesized on a solid substrate. The test compounds are reacted with CARBAP, or fragments
thereof, and washed. Bound CARBAP is then detected by methods well known in the art. Purified
CARBAP can also be coated directly onto plates for use in the aforementioned drug screening
techniques. Alternatively, non-neutralizing antibodies can be used to capture the peptide and
immobilize it on a solid support.

In another embodiment, one may use competitive drag screening assays in which neutralizing
antibodies capable of binding CARBAP specifically compete with a test compound for binding
CARBAP. In this manner, antibodies can be used to detect the presence of any peptide which shares
one or more antigenic determinants with CARBAP.

In additional embodiments, the nucleotide sequences which encode CARBAP may be used in
any molecular biology techniques that have yet to be developed, provided the new techniques rely on
properties of nucleotide sequences that are currently known, including, but not limited to, such
properties as the triplet genetic cade and specific base pair interactions.

‘Without further elaboration, it is believed that one skilled in the art can, using the preceding
description, utilize the present invention to its fullest extent. The following embodiments are,
therefore, to be construed as merely illusirative, and not limitative of the remainder of the disclosure
in any way whatsoever.

The disclosures of all patents, applications and publications, mentioned above and below,

including U.S. Ser. No. 60/237,456, are expressly incorporated by reference herein.

EXAMPLES
L Construction of cDNA Libraries

Incyte cDNAs were derived from cDNA libraries described in the LIFESEQ GOLD database
(Incyte Genomics, Palo Alto CA) and shown in Table 4, <‘;ol\1mn 5. Some tissues were homogenized
and lysed in guanidisium isothiocyanate, while others were homogenized and lysed in phenol or in a2
snitable mixture of denaturants, such as TRIZOL (Life Technologies), a monophasic solution of
phenol and guanidine isothiocyanate. The resulting lysates were centrifuged over CsCl cushions or
extracted with chloroform. RINA was precipitated from the lysaies with either isopropanol or sodium
acetate and ethanol, or by other routine methods.

Phenol extraction and precipitation of RNA were repeated as necessary to increase RNA
puwity. In some cases, RNA was treated with DNase. For most libraries, paly(A)+ RNA was isolated
using oligo d(T)-coupled paramagnetic particles (Promega), OLIGOTEX latex particles (QIAGEN,
Chatsworth CA), or an OLIGOTEX mRNA purification kit (QIAGEN). Alternatively, RNA was
isolated directly from tissue lysates using other RNA isolation kits, e.g., the POLY(A)PURE mRNA
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purification kit (Ambion, Austin TX).

In some cases, Stratagene was provided with RNA and constructed the corresponding cDNA
libraries. Otherwise, cDNA was synthesized and cDNA libraries were constructed with the UNIZAP
vector system (Stratagene) or SUPERSCRIPT plasmid system (Life Technologies), using the
recomnmended procedures or similar methods known in the art. (See, e.g., Ausubel, 1997, supra, units
5.1-6.6.) Reverse transcription was initiated using oligo d(T} or random primers. Synthetic
oligonucleotide adapters were ligated to double stranded cDNA, and the cDNA was digested with the
appropriate restriction enzyme or enzymes. For most libraries, the cDNA was size-selected (300-
1000 bp) using SEPHACRYL S1000, SEPHAROSE CL2B, or SEPHAROSE CLAB column
chromatography (Amersham Pharmacia Biotech) or preparative agarose gel electrophoresis. cDNAs
were ligated into compatible restriction enzyme sites of the polylinker of a suitable plasmid, e.g.,
PBLUESCRIPT plasmid (Stratagene), PSPORT1 plasmid (Life Technologies), PCDNAZ.1 plasmid
(Invitrogen, Carlsbad CA), PBK-CMV plasmid (Stratagene), PCR2-TOPOTA plasmid (Invitrogen),
PCMV-ICIS plasmid (Stratagene), pIGEN (Incyte Génomics, Palo Alto CA), or pINCY (Incyte
Genomics), or derivatives thereof. Recombinant plasmids were transformed into competent E. coli
cells including XL1-Blue, XL.1-BlueMRF, or SOLR from Stratagene or DHS50, DH10B, or
ElectroMAX DHI10B from Life Technologies.

IL Isolation of cDNA Clones

Plasmids obtained as described in Example I were recovered from host cells by in vive

excision using the UNIZAP vector system (Stratagene) or by cell lysis. Plasmids were purified using
at least one of the following: a Magic or WIZARD Miuipreps DNA purification system (Promega); an
AGTC Miniprep purification kit (Edge Biosystems, Gaithersburg MD); and QIAWELL 8 Plasmid,
QIAWELL 8 Plus Plasmid, QTAWELL 8 Ultra Plasmid purification systems or the R E.A.L. PREP 96
plasmid purification kit from QIAGEN. Following precipitation, plasmids were resuspended in 0.1
ml of distilled water and stored, with or without lyophilization, at 4°C.

Alternatively, plasmid DNA. was amplified from host cell lysates using direct link PCR in a
high-throughput format (Rao, V.B. (1994) Anal. Biochem. 216:1-14). Host cell lysis and thermal
cycling steps were carried out in a single reaction mixture. Samples were processed and stored in
384-well plates, and the concentration of amplified plasmid DNA was quantified fluorometrically
using PICOGREEN dye (Molecular Probes, Bugene OR) and a FLUOROSKAN 1I fluorescence
scanner (Labsystems Oy, Helsinki, Pinland).

IH.  Sequencing and Analysis

Incyte cDNA recovered in plasmids as described in Example II were sequenced as follows.
Sequencing reactions were processed using standard methods or high-throughput instrumentation
such as the ABICATALYST 800 (Applied Biosysterns) thermal cycler or the PTC-200 thermal
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cycler (MJ Research) in conjunction with the HYDRA microdispenser (Robbins Scientific) or the
MICROLAB 2200 (Hamilton) liquid transfer system. c¢DNA sequencing reactions were prepared
using reagents provided by Amersham Pharmacia Biotech or supplied in ABI sequencing kits such as
the ABI PRISM BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems).
Electrophoretic separation of cDNA sequencing reactions and detection of labeled polynucleotides
were carried out using the MEGABACE 1000 DNA sequencing system (Molecular Dynarmics); the
ABIPRISM 373 or 377 sequencing system (Applied Biosystems) in conjunction with standard ABI
protocols and base calling software; or other sequence analysis systems known in the art. Reading
frames within the cDNA sequences were identified using standard methods (reviewed in Ausubel,
1997, supra, unit 7.7). Some of the cDNA sequences were sclected for extension vsing the techniques
disclosed in Bxample VIL

The polynucleotide sequences derived from Incyte cDNAs were validated by removing
vector, linker, and poly(A) sequences and by masking ambiguous bases, using algorithms and
programs based on BLAST, dynamic programming, and dinucleotide nearest neighbor analysis. The
Incyte cDNA sequenices or translations thereof were then queried against a selection of public
databases such as the GenBank primate, rodent, mammalian, vertebrate, and eukaryote databases, and
BLOCKS, PRINTS, DOMO, PRODOM, and hidden Markov model (FEIMM)-based protein family
databases such as PEAM. (HMM is a probabilistic approach which analyzes consensus primary
structures of gene families. See, for example, Eddy, S.R. (1996) Curr. Opin. Struct. Biol. 6:361-365.)
The queries were performed using programs based on BLAST, FASTA, BLIMPS, and HMMER. The
Incyte cDNA sequences were assembled to produce full length polynucleotide sequences.
Alternatively, GenBank cDNAs, GenBank ESTs, stitched sequences, stretched sequences, or
Genscan-predicted coding sequences (see Examples IV and V) were used to extend Incyte cDNA
assemblages to full length. Assembly was performed using prograns based on Phred, Phrap, and
Consed, and cDNA assemblages were screened for open reading frames using programs based on
GeneMark, BLAST, and FASTA. The full length polynucleotide sequences were translated to derive
the corresponding full length polypeptide sequences. Altematively, a polypeptide of the invention
may begin at any of the methionine residues of the full length translated polypeptide. Full length
polypeptide sequences were subsequently analyzed by querying against databases such as the
GenBank protein databases (genpept), SwissProt, BLOCKS, PRINTS, DOMO, PRODOM, Prosite,
and hidden Markov model (HMM)-based protein family databases such as PFAM. Full length
polymucleotide sequences are also analyzed using MACDNASIS PRO software (Hitachi Software
Engineering, South San Francisco CA) and LASERGENE software (DNASTAR). Polynucleotide
and polypeptide sequence alignments are d using default p specified by the

CLUSTAL algorithm as incorporated into the MEGALIGN multisequence alignment program
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(DNASTAR), which also calculates the percent identity between aligned sequences.

Table 7 summarizes the tools, programs, aund algorithms used for the analysis and assembly of
Incyte cDNA and full length sequences and provides applicable descriptions, references, and
threshold parameters. The first column of Table 7 shows the tools, programs, and algorithms used,
the second column provides brief descriptions thereof, the third column presents appropriate
references, all of which are incorporated by reference herein in their entirety, and the fourth column
presents, where applicable, the scores, probability values, and other parameters used to evaluate the
strength of 2 match between two sequences (the higher the score or the lower the probability value,
the greater the identity between two sequences).

The programs described above for the assembly and analysis of full length polynucleotide
and polypeptide sequences were also used to identify polynucleotide sequence fragments from SEQ
ID NO:3-4. Fragments from about 20 to about 4000 nucleotides which are useful in hybridization and
amplification technologies are described in Table 4, column 4.

IV.  Identification and Editing of Coding Sequences from Genomic DNA

Putative carbohydrate-associated proteins were initially identified by running the Genscan
gene identification program against public genomic sequence databases (e.g., gbpti and gbhtg).
Genscan is a general-purpose gene identification program which analyzes genomic DNA sequences
from a variety of organistos (See Burge, C. and S. Karlin (1997) J. Mol. Biol. 268:78-94, and Burge,
C. and S. Katlin (1998) Curr. Opin. Struct. Biol. 8:346-354). The program concatenates predicted
exons to forn an assembled cDNA sequence extending from a methionine to a stop codon. The
output of Genscan is a FASTA database of polynucleotide and polypeptide sequences. The maxinmm
range of sequence for Genscan to analyze at once was set to 30 kb. To determine which of these
Genscan predicted cDNA sequences encode carbohydrate-associated proteins, the encoded
polypeptides were analyzed by querying against PFAM models for carbohydrate-associated proteins.
Potential carbohydrate-associated proteins were also identified by homology to Incyte cDNA
sequences that had been annotated as carbohydrate-associated proteins. These selected Genscan-
predicted sequences were then compared by BLAST analysis to the genpept and gbpri public
databases. Where necessary, the Genscan-predicted sequences were then edited by comparison to the
top BLAST bit from genpept to correct errors in the sequence predicted by Genscan, such as exira or
omitted exons. BLAST analysis was also used to find any Incyte cDNA or public cDNA coverage of
the Genscan-predicted sequences, thus providing evidence for transcription. When Incyte cDNA
coverage was available, this information was used to correct or confirm the Genscan predicted
sequence. Full length polynucleotide sequences were obtained by assembling Genscan-predicted
coding sequences with Incyte cDNA. sequences and/or public cDNA sequences using the assembly
process described in Example . Alternatively, full length polynucleotide sequences were derived
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entirely from edited or unedited Gensc: d coding

P

V. A bly of G ic S Data with cDNA Sequence Data

"Stitched" Sequences
Partial cDNA sequences were extended with exons predicted by the Genscan gene

identification program described in Example IV. Partial cDNAs assembled as described in Example
III were mapped,to genomic DNA and parsed into clusters containing related cDNAs and Genscan
exon predictions from. one or more genomic sequences. Each cluster was anaiyzed using an algorithm
based on graph theory and dynamic programming to integrate cDNA and genomic information,
generating possible splice variants that were subsequently confirmed, edited, or extended to create a
full Jength sequence. Sequence intervals in which the entire length of the interval was present on
more than one sequence in the cluster were identified, and intervals thus identified were considered to
be equivalent by transitivity. For example, if an interval was present on a cDNA and two genomic
sequences, then all three intervals were considered to be equivalent. This process allows unrelated
but consecutive genomic sequences to be brought together, bridged by cDNA sequence. Intervals
thus identified were then “stitched” together by the stitching algorithm in the order thaf they appear
along their parent sequences to generate the longest possible sequence, as well as sequence variants.

Linkages between intervals which proceed along one type of parent sequence (¢cDNA to cDNA or

. genomic sequence to genomic sequence) were given preference over linkages which change parent

type (cDNA to genomic sequence). The resultant stitched sequences were translated and compared
by BLAST analysis to the genpept and gbpri public databases. Incorrect exons predicted by Genscan
were corrected by comparison to the top BLAST hit from genpept. Sequences were further extended
with additional cDNA sequences, or by inspection of genomic DNA, when necessary.
“Stretched” Sequences

Partial DNA sequences were extended to full length with an algorithm based on BLAST
analysis. First, partial cDNAs assembled as described in Example ITI were queried against public
databases such as the GenBank primate, rodent, mammalian, vertebrate, and eukaryote databases
using the BLAST program. The nearest GenBank protein homolog was then compared by BLAST
epalysis to either Incyte cDNA sequences or GenScan exon predicted sequences described in
Example IV. A chimeric protein was generated by using the resultant )ﬁigh—scoﬂng segment pairs
(HSPs) to map the translated sequences onto the GenBank protein homolog. Insertions or deletions
may occur in the chimeric protein with respect to the original GenBank protein homolog. The
GenBank protein homolog, the chimeric protein, or both were used as probes to search for
homologous genomic sequences from the public human genome databases. Partial DNA sequences
were therefore “stretched” or extended by the addition of homologous genomic sequences. The

resultant stretched sequences were examined to determine whether it contained a complete gene.
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VL Chromosomal Mapping of CARBAP Encoding Polynucleotides

The sequences which were used to assemble SEQ IDi NO:3-4 were compared with sequences
from the Incyte LIFESEQ database and public domain databases using BLAST and other
implementations of the Smith-Waterman algorithm. Sequences from these databases that matched
SEQ ID NO:3-4 were assembled into clusters of contiguous and overlapping sequences using
assembly algorithms such as Phrap (Table 7). Radiation hybrid and genetic mapping data available
from public resources such as the Stanford Human Genome Center (SHGC), Whitehead Institute for
Genome Research (WIGR), and Généthon were used to determine if any of the clustered sequences
had been previously mapped. Inclusion of a mapped sequence in a cluster resulted in the assignment
of all sequences of that cluster, including its particular SEQ ID NO:, ta that map location.

Map locations are represented by ranges, or intervals, of human chromosomes. The map
position of an interval, in centiMorgans, is measured relative to the terminus of the chromosome’s p-
arm. (The centiMorgan (cM) is a unit of measurement based on recombination frequencies between
chromosomal rnarkers. On average, 1 cM is ronghly equivalent to 1 megabase (Mb) of DNA in
hurmans, although this can vary widely due to bot and cold spots of recombination.) The cM
distances are based on genetic markers mapped by Généthon which provide boundaries for radiation
Iiybrid markers whose sequences were included in each of the clusters. Human genome maps and
other resources available to the public, such as the NCBI "GeneMap’99" World Wide Web site
(http://www.ncbinbnnih.gov/genemap/); can be employed to determine if previously identified
disease genes map within or in proximity to the intervals indicated above.

VII.  Analysis of Polynucleotide Expression

Northern analysis is a laboratory technique used to detect the presence of a transcript of a
gene and involves the hybridization of a labeled nucleatide sequence to a membrane on which RNAs
from a particular cell type or tissue have been bound. (See, e.g., Sambrook, supra, ch. 7; Ausubel
(1995) supra, ch. 4 and 16.)

Amnalogous computer techniques applying BLAST were used to search for identical or refated
molecules in cDNA databases such as GenBank or LIFESEQ (Incyte Genomics). This analysis is
much faster than multiple membrane-based hybridizations. In addition, the sensitivity of the
computer search can be modified to determine whether any particular match is categorized as exact or

similar. The basis of the search is the product score, which is defined as:

BLAST Score x Percent Identity
5 x minimum {length(Seq. 1), length(Seq. 2)} -

The product score takes into account both the degree of similarity between two sequences and the
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lengih of the sequence match. The product score is a normalized value between ( and 100, and is
calculated as follows: the BLAST score is multiplied by the percent nucleotide identity and the
product is divided by (5 times the length of the shorter of the two sequences). The BLAST score is
calculated by assigning a score of +5 for every base that matches in a high-scoring segment pair
(HSP), and -4 for every mismatch. Two sequences may share more than one HSP (separated by
gaps). If there is more than one HSP, then the pair with the highest BLAST score is used to calculate
the product score. The product score represents a balance between fractional overlap and quality in a
BLAST alignment. For example, a product score of 100 is produced onty for 100% identity over the
entire length of the shorter of the iwo sequences being compared. A product score of 70 is produced
either by 100% identity and 70% overlap at one end, or by 88% identity and 100% overlap at the
other. A product score of 50 is produced either by 100% identity and 50% overlap at one end, or 79%
identity and 100% overlap.

Alternatively, polynucleotide sequences encoding CARBARP are analyzed with respect to the
tissue sources from which they were derived. For example, some full length sequences ate
assembled, at least in part, with overlapping Incyte cDNA sequences (see Example IIT). Each cDNA
sequence is derived from a cDNA ].ibrarAy constructed from a human tissue. Each human tissve is
classified into one of the following organ/tissue categories: cardiovascular system; connective tissue;
digestive system; embryonic structures; endocrine systen; exocrine glands; genitalia, female;
genitalia, male; germ cells; hemic and immune system; liver; musculoskeletal system; nervous
system; pancreas; respiratory system; sense organs; skin; stomatognathic systen; unclassified/mixed;
or urinary tract. The number of libraries in each category is counted and divided by the total number
of libraties across all categories. Similarly, each human tissue is classified into one of the following
disease/condition categories: cancer, cell line, developmental, inflammation, neurological, trauma,
cardiovascular, pooled, and other, and the number of libraries in each category is counted and divided
by the total number of libraries across all categories. The resulting percentages reflect the tissue- and
disease-specific expression of cDNA encoding CARBAP. ¢DNA sequences and cDNA library/tissue
information are found in the LIFESEQ GOLD database (Incyte Genomics, Palo Alto CA).

VIII. Extension of CARBAP Enwding Polynucleotides

Full Iength polynucleotide sequences were also produced by extension of an appropriate
fragment of the full length molecule using oligonucleotide primers designed from this fragment. One
pri.m&r was synthesized to injtiate 5 extension of the known fragment, and the other primer was
synthesized to initiate 3’ extension of the known fragment. The initial primers were designed using
OLIGQ 4.06 software (National Biosciences), or another appropriate program, to be about 22 to 30
nucleotides in length, to have a GC content of about 50% or more, and to anneal to the target
sequence at temperatures of about 68°C to about 72°C. Any stretch of nucleotides which would
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result in hairpin stractures and primer-primer dimerizations was avoided.

Selected human cDNA libraries were used to extend the sequence. Jf more than one
extension was necessary or desired, additional or nested sets of primers were designed.

High fidelity amplification was obtained by PCR using methods well known in the art. PCR
was performed in 96-well plates using the PTC-200 thermal cycler (MJ Research, Inc.). The reaction
mix contained DNA template, 200 nmol of each primer, reaction buffer containing Mg*, (NH,),SC,,
and 2-mescaptoethanol, Tag DNA. polymerase (Amersham Pharmacia Biotech), ELONGASE enzyme
(Life Technologies), and Pfu DNA polymerase (Stratagene), with the following parameters for primer
pair PCI A and PCI B: Step 1: 94°C, 3 min; Step 2: 94°C, 15 sec; Step 3: 60°C, 1 min; Step 4: 68°C,
2 min; Step 5: Steps 2, 3, and 4 repeated 20 times; Step 6: 68°C, 5 min; Step 7: storage at 4°C. In the
alternative, the parameters for primer pair T7 and SK+ were as foflows: Step 1: 94°C, 3 min; Step 2:
94°C, 15 sec; Step 3: 57°C, 1 min; Step 4: 68°C, 2 min; Step 5: Steps 2, 3, and 4 repeated 20 times;
Step 6: 68°C, 5 min; Step 7: storage at 4°C.

The conceniration of DNA in each well was determined by dispensing 100 sl PICOGREEN
quantitation reagent (0.25% (v/v) PICOGREEN; Molecular Probes. Eugene OR) dissolved in 1X TE
and 0.5 pl of undifuted PCR product into each well of an opaque flucrimeter plate (Corning Costar,
Acton MA), allowing the DNA to bind to the reagent. The plate was scanned in a Fluoroskan II
(Labsystenss Qy, Helsinki, Finland) to measure the fluorescence of the sample and to quantify the
concentration of DNA. A 5 pl to 10 .l aliguot of the reaction mixture was analyzed by
electrophoresis on a 1 % agarose gel fo determine which reactions were successful in extending the
sequence.

The extended nucleotides were desalted and concentrated, transferred to 384-well plates,
digested with CviJl cholera virus endonuclease (Molecular Biology Research, Madison WI), and
sonicated or sheared prior to religation into pUC 18 vector (Amersham Pharmacia Biotech). For
shotgun sequencing, the digested nucleotides were separated on low concentration (0.6 to 0.8%)
agarose gels, fragments were excised, and agar digested with Agar ACE (Promega). Extended clobes
were religated using T4 ligase (New England Biolabs, Beverly MA) into pUC 18 vector (Amersham
Pharmacia Biotech), treated with Pfu DNA polymerase (Stratagene) to fill-in restriction site
overbangs, and transfected into competent E. coli cells. Transformed cells were selected on
antibiotic-containing media, and individual colonies were picked and cultured overnight at 37°C in
384-well plates in LB/2x carb liquid media.

The cells were lysed, and DNA was amplified by PCR using Tag DNA polymerase
(Amersham Pharmacia Biotech) and Pfu DNA polymerase (Stratagene) with the follmi/iug
parameters: Step 1: 94°C, 3 min; Step 2: 94°C, 15 sec; Step 3: 60°C, 1 min; Step 4: 72°C, 2 min;
Step 5. steps 2, 3, and 4 repeated 29 times; Step 6: 72°C, 5 min; Step 7: storage at 4°C. DNA was
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quantified by PICOGREEN reagent (Molecular Probes) as described above, Samples with Jow DNA
recoveries were reanplified using the same conditions as described above. Samples were diluted
with 20% dimethysulfoxide (1:2, v/v), and sequenced using DYENAMIC energy transfer sequencing
primers and the DYENAMIC DIRECT kit (Amersham Pharmacia Biotech) or the ABT PRISM
BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems).

In like moanner, full length polymcleotide sequences are verified using the above procedure or
are used to obtain 5’ regulatory sequences using the above procedure along with oligonucleotides
designed for such extension, and an appropriate genomic library.

IX. Labeling and Use of Individual Hybridization Probes

Hybridization probes derived from SEQ ID NO:3-4 are employed to screen cDNAs, genomic
DNAs, or mRNAs. Although the labeling of oligonucleotides, consisting of about 20 base pairs, is
specifically described, essentially the same procedure is used with Iarger nueleotide fragments.
Oligonucleotides are designed using state-of-the-art software such as OLIGO 4.06 software (National
Biosciences) and labeled by combining 50 pmol of each oligomer, 250 uCi of [y-?P] adenosine
triphosphate (Aroersham Pharmacia Biotech), and T4 polynucleotide kinase (DuPont NEN, Boston
MA). The labeled oligonucleotides are substantially purified using a SEPHADEX G-25 superfine
size exclusion dextran bead column (Amersham Pharmacia Biotech). An aliqu(;t containing 107
counts per minute of the labeled probe is used in a typical membrane-based hybridization analysis of
human genomic DNA digested with one of the following endonucleases: Ase I, Bgl I, Eco RT, Pst I,
Xba I, or Pvu I (DuPont NEN).

The DNA from each digest is fractionated on a 0.7% agarose gel and transferred to nylon
‘membranes (Nytran Plus, Schieicher & Schuell, Durham NH). Hybridization is carried out for 16
hours at 40°C. To remove nonspecific signals, blots are sequentially washed at room temperature
under conditions of up to, for example, 0.1 x saline sodium citrate and 0.5% sodium dodecyl sulfate.
Hybridization patterns are visnalized using autoradiography or an alternative imaging means and
compared. )
X. Micrearrays

The linkage or synthesis of array elements upon a microarray can be achieved utilizing
photolithography, piezoeleciric printing (ink-jet printing, See, ¢.g., Baldeschweiler, supra.),
mechanical microspotting technologies, and derivatives thereof. The substrate in each of the
aforementioned technologies should be uniform and solid with a non-porous surface (Schena (1999),
supra). Suggested substrates include silicon, silica, glass slides, glass chips, and silicon wafers.
Mm@ﬁvely, a procedure analogous to a dot or slot blot may also be used to arrange and link
elements to the surface of a substrate using thermal, UV, chemical, or mecharu'cai bonding

procedures. A typical array may be produced using available methods and machines well known to
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those of ordinary skill in the art and may contain any appropriate number of elements. (See, e.g.,
Schena, M. et al. (1995) Science 270:467-470; Shalon, D. et al. (1996) Genome Res. 6:639-645;
Marshall, A. and J. Hodgson (1998) Nat. Biotechnol. 16:27-31.)

Full length cDNAs, Expressed Sequence Tags (BSTs), or fragments or oligomers thereof may
comprise the elements of the microarray. Fragments or oligomers suitable for hybridization can be
selected using software well known in the art such as LASERGENE software (DNASTAR). The
array elements are hybridized with polynucleotides in a biological sample. The polynucleotides in the
biological sample are conjugated to a fluorescent fabel or other molecular tag for ease of detection.
After bybridization, nonhybridized nucleotides from the biological sample are removed, and a
fluorescence scanner is used to detect hybridization at each array element. Alternatively, laser
desorbtion and mass spectrometry may be used for detection of hybridization. The degree of
complementarity and the relative abundance of each polynucleotide which hybridizes to an element
on the microarray may be assessed. In one embodiment, microarray preparation and usage is
described in detail below.

issue or Cell S: e Prej ion

Total RNA is isolated from tissue samples using the guanidinivm thiocyanate metbod and
poly(A)* RNA is purified using the oligo-(dT) cellulose method. Each poly(A)* RNA sample is
reverse transcribed using MMILV reverse-transcriptase, 0.05 pg/ul oligo-(dT) primer (21mer), 1X
first strand buffer, 0.03 units/p1 RNase inhibitor, 500 pM dATP, 500 pM dGTP, 500 pM dTTP, 40
H#M ACTP, 40 ¢M dCTP-Cy3 (BDS) or dCTP-CyS (Amersham Pharmacia Biotech). The reverse
transcription reaction is performed in a 25 ml volume containing 200 ng poly(A)* RNA with
GEMBRIGHT kits (Incyte). Specific control poly(A)* RNAs are synthesized by in vitro transcription

from non-coding yeast genomic DNA. After incubation at 37°C for 2 hr, each reaction sample (one
with Cy3 and another with Cy5 labeling) is treated with 2.5 ml of 0.5M sodium hydroxide and
incubated for 20 minutes at 85°C to the stop the reaction and degrade the RNA. Samples are purified
using two successive CHROMA. SPIN 30 gel filtration spin columns (CLONTECH Laboratories, Inc.
(CLONTECH), Palo Alto CA) and after combining, both reaction samples are ethanol precipitated
using 1 ml of glycogen (1 mg/ml), 60 m! sodium acetate, and 300 ml of 100% ethanol. The sample is
then dried to completion using a SpeedVAC (Savant Instruments Inc., Holbrook NY) and
resuspended in 14 pl 5X SSC/0.2% SDS.
Microarray Preparation

Sequences of the present invention are used to generate array elements. Bach array element
is amplified from bacterial cells containing vectors with cloned cDNA inserts. PCR amplification
uses primers complementary to the vector sequences flanking the cDNA insert. Array elements are
amplified in thirty cycles of PCR from an initial quantity of 1-2 ng to a final quantity greater than 5
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pg. Amplified array elements are then purified using SEPHACRYL-400 (Amersham Pharmacia
Biotech).

Purified array elements are immobilized on polymer-coated glass slides. Glass microscope
slides (Corn}ng) are cleaned by ultrasound in 0.1% SDS and acetone, with extensive distilled water
washes between and after ireatments. Glass slides are eiched in 4% hydrofluoric acid (VWR
Scientific Products Corporation (VWR), West Chester PA), washed extensively in distilled water,
and coated with 0.05% aminopropyl silane (Sigma) in 95% ethanol. Coated slides are cured in a
110°C oven.

Auray elements are applied to the coated glass substrate using a procedure described in U.S.
Patent No. 5,807,522, ipcorporated herein by reference. 1 pl of the array element DNA, at an average
concentration of 100 ng/gl, is loaded into the open capillary printing element by a high-speed robotic
apparatus. The apparatus then deposits about 5 nl of array element sample per slide.

Microarrays are UV-crosslinked using a STRATAL]NKER UV-crosslinker (Stratagene).
Microarrays are washed at room temperature once in 0.2% SDS and three times in distilled water.
Non-specific binding sites are blocked by incubation of microarrays in 0.2% casein in phosphate
buffered saline (PBS) (Tropix, Inc., Bedford MA) for 30 minutes at 60°C followed by washes in
0.2% SDS and distilled water as before.

Hybridization

Hybridization reactions contain 9 ¢l of sample mixture consisting of 0.2 pg each of Cy3 and
Cy3 labeled cDNA synthesis products in 5X SSC, 0.2% SDS hybridization buffer. The sample
mixture js heated to 65°C for 5 minuies and is aliquoted onto the microarray surface and covered
with an 1.8 cm® coverslip. The arrays are transferred to a waterproof chamber having a cavity just
slightly larger than a microscope slide. The chamber is kept at 100% humidity intemally by the
addition of 140 pl of 5X SSCin a corner of the chamber. The chamber containing the arrays is
incubated for about 6.5 hours at 60°C. The arrays are washed for 10 min at 45° C in a first wash
buffer (1X SSC, 0.1% SDS), three times for 10 minutes ecach at 45°Cin a second wash buffer (0.1X
$S8C), and dried.

Detection

Reporter-labeled hybridization complexes are detected with a microscope equipped with an
Tnnova 70 mixed gas 10 W laser (Coherent, Inc., Santa Clara CA) capable of generating spectral lines
at 488 num for excitation of Cy3 and at 632 nm for excitation of Cy5. The excitation laser light is
focused on the array using a 20X microscope objective (Nikon, Inc., Melville NY). The slide
containing the array is placed on a computer-controlled X-Y stage on the microscope and raster-
scanned past the objective. The 1.8 cm x 1.8 cm array used in the present example is scanned with a

resolution of 20 micrometers.
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In two separate scans, a mixed gas multiline laser excites the two flnorophores sequentially.
Emitted light is split, based on wavelength, into two pk [tiplier tube detectors (PMT R1477,

Hamamatsu Photonics Systems, Bridgewater NI) corresponding to the twa fluorophores. Approptiata
filters positioned between the array and the photemultiplier tubes are used to filter the signals. The
emission maxima of the fluorophores used are 565 nm for Cy3 and 650 nm for Cy5. Each array is
typically scanned twice, one scan per fluorophore using the appropriate filters at the laser source,
although the apparatus is capable of recording the spectra from hoth fluorophores simultaneously.

The sensitivity of the scans is typically calibrated using the signal intensity generated by a
cDNA control species added to the sample mixture at a known concentration. A specific location on
the array contains a complementary DNA sequence, allowing the intensity of the signal at that
location to be correlated with a weight ratio of hybridizing species of 1:100,000. When two samples
from different sonrces (e.g., representing test and control cells), each labeled with a different
fluorophore, are hybridized to a single array for the purpose of identifying genes that are
differentially expressed, the calibration is done by labeling samples of the calibrating cDNA with the
two fluorophores and adding identical amounts of each to the hybridization mixture.

The output of the photomultiplier tube is digitized using a 12-bit RTI-835H analog-to-digital
(A/D) conversion board (Analog Devices, Inc., Norwood MA) installed in an IBM-compatible PC
computer. The digitized data are displayed as an image where the signal intensity is mapped using a
linear 20-color transformation to a pseudocolor scale ranging from blue (low signal) to red (high
signal). The data is also analyzed quantitatively. Where two different fluorophores are excited and
measured stmultaneously, the data are first corrected for optical crosstalk (due to overlapping
emission spectra) between the fluorophores using each fluorophore’s emission spectrum.

A grid is superimposed over the fluorescence signal image such that the signal from each
spot is centered in each element of the grid. The fluorescence signal within each element is then
integrated to obtain a numerical value corresponding to the average intensity of the signal. The
software used for signal analysis is the GEMTOQLS gene expression analysis program (Incyte).

XL G y Polynucleotid
Sequences complementary to the CARBAP-encoding sequences, or any parts thereof, are

used to detect, decrease, or inhibit expression of naturally occurring CARBAP. Although use of
oligonucleotides comprising from about 15 to 30 base pairs is described, essentially the same
procedure is used with smaller or with larger sequence fragments. Appropriate oligonucleotides are
designed using OLIGO 4.06 software (National Biosciences) and the coding sequence of CARBAP.
To inhibit transeription, a complementary oligonucleotide is designed from the most unique 5°
sequence and used to prevent promoter binding o the coding sequence, To inhibit translation, a
complementary oligonucleotide is designed to prevent ribosomal binding to the CARBAP-encoding
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transeript.
XII. Expression of CARBAP

Expression and purification of CARBAP is achieved using bacterial or virus-based
expression systems. For expression of CARBAP in bacteria, cDNA is subcloned into an appropriate
vector containing an antibiotic resistance gene and an inducible promoter that directs high levels of
cDNA transcription. Examples of such promoters include, but are not limited to, the trp-lac (tac)
hybrid promoter and the T5 or T7 bacteriophage promoter in conjunction with the lac operator
regulatory element. Recombinant vectors are transformed into suitable bacterial hosts, e.g.,
BL21(DE3). Antibiotic resistant bacteria express CARBAP upon induction with isopropyl beta-D-
thiogalactopy ide (IPTG). E: ion of CARBAP in eukaryotic cells is achieved by infecting
insect or mammalian cell lines with recombinant Autographica californica nuclear polyhedrosis virus

(AcMNPV), commonly known as baculovirus. The nonessential polyhedrin gene of baculovirus is
replaced with cDNA encoding CARBAP by either homologous recombination or bacterial-mediated
transposition involving transfer plasmid intermediates. Viral infectivity is maintained and the strong
polyhedrin promoter drives high levels of cDNA transcription. Recombinant baculovirus is used to
infect Spodoptera frugiperda (Sf9) insect cefls in most cases, or human hepatocytes, in some cases.
Infection of the latter requires additional genetic modifications to baculovirus. (See Bngelhard, BK.
et al. (1994) Proc. Natl. Acad. Sci. USA 91:3224-3227; Sandig, V. et al. (1996) Hum. Gene Ther.
7:1937-1945.) '

In most expression systems, CARBAP is synthesized as a fusion protein with, e.g.,
glutathione S-transferase (GST) or a peptide epitope tag, such as FLAG or 6-His, permitting rapid,
single-step, affinity-based purification of recombinant fusion protein from crude cell lysates. GST, a
26-kilodalton enzyme from Schistosorna japonicum, enables the purification of fusion proteins on
immobilized glutathione under conditions that maintain protein activity and antigenicity (Amersham
Pharmacia Biotech). Following purification, the GST moiety can be proteolytically cleaved from.
CARBAP at specifically engineered sites. FLAG, an 8-amino acid peptide, enables immunoaffinity

purification using commercially available monoclonal and polyclonal anti-FLAG antibodies (Eastman

Kadak). 6-His, a stretch of six consecutive histidine residues, enables purification on metal-chelate
resins (QLAGEN). Methods for protein expression and purification are discussed in Ausubel (1995,
supra, ch. 10 and 16). Purified CARBAP obtained by these methods can be nsed directly in the
assays shown in Examples X VI and XVII, where applicable.
XIL Functional Assays '

CARBAP function is d by expressing the seq encoding CARBAP at
physiologically elevated levels in mammalian cell culture systems. ¢DNA is subcloned into a

mammalian expression vector containing a strong promoter that drives high levels of cDNA
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expression. Vectors of choice include PCMV SPORT (Life Technologies) and PCR3.1 (Juvitrogen,
Carlsbad CA), both of which contain the cytomegalovirus promoter. 5-10 g of recombinant vector
are transiently transfected into a human cell line, for example, an endothelial or hematopoieﬁ;: cell
line, vsing either liposome formulations or electroporation. 1-2 pig of an additional plasmid
containing sequences encoding a marker protein are co-transfected. Expression of a matker protein
provides a means to distinguish transfected cells from nontransfected cells and is a reliable predictor
of cDNA expression from the recombinant vector. Marker proteins of choice include, e.g., Green
Fluorescent Protein (GFP; Clontech), CD64, or a CD64-GFP fusion protein. Flow cytometry (FCM),
an automated, laser optics-based technique, is used to identify transfected cells expressing GFP or
CD64-GFP and to evaluate the apoptotic state of the cells and other cellular properties. FCM detects
and quantifies the nptake of fluorescent molecules that diagnose events preceding or coincident with
cell death. These events include changes in nuclear DNA content as measured by staining of DNA
with propidium iodide; changes in cell size and grannlarity as measnred by forward light scatter and
90 degree side light scatter; down-regulation of DNA. synthesis as measured by decrease in
bromodeoxyuridine uptake; alterations in expression of cell surface and intracellnlar proteins as
measured by reactivity with specific antibodies; and alterations in plasma membrane composition as
measured by the binding of fluorescein-conjugated Annexin V protein to the cell surface. Methods in
flow cytometry are discussed in Ormerod, M.G. (1994) Flow Cytometry, Oxford, New York NY.

The influence of CARBAP on gene expression can be assessed using highly purified
populations of cells transfected with sequences encoding CARBAP and either CD64 or CD64-GFP.
CD64 and CD64-GFP are expressed on the surface of transfected cells and bind to conserved regions
of human immunoglobulin G (IgG). Transfected cells are efficiently separated from nontransfected
cells vsing magnetic beads coated with either human IgG or‘ antibody against CD64 (DYNAL, Lake
Success NY). mRNA can be purified from the cells using methods well known by those of skill in
the art. Expression of mRNA encoding CARBAP and other genes of interest can be analyzed by
northern analysis or microarray technignes.
XIV. Production of CARBAP Specific Antibodies

CARBAP substantially purified using polyacrylamide ge! electrophoresis (PAGE; see, e.g.,
Hasrington, M.G. (1990) Methods Enzymol. 182:488-495), or other purification techniques, is used to
imimunize rabbits and to produce antibodies using standard protocols.

* Alternatively, the CARBAP amino acid sequence is analyzed using LASERGENE software
(DNASTAR) to determine regions of high immunogenicity, and a corresponding oligopeptide is
synthesized and used to raise antibodies by means known to those of skill in the art. Methods for
selection of appropriate epitopes, such as those near the C-terminus or in hydrophilic regions are well
described in the art. (See, e.g., Ausubel, 1995, supra, ch. 11.)

73



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

20

25

30

35

(154)

WO 02/29055 PCT/US01/30591

Typically, oligopeptides of about 15 residues in length are synthesized using an ABI431A
peptide synthesizer (Applied Biosystems) using FMOC chemistry and coupled to KLH (Sigma-
Aldrich, St. Louis MO} by reaction with N-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) to
increase immunogenicity. (See, €.g., Ausubel, 1995, supra.) Rabbits are immunized with the
oligopeptide-KLH complex in complete Freund’s adjuvant. Resulting antisera are tested for
antipeptide and anti-CARBAP activity by, for example, binding the peptide or CARBAP o a
substrate, blocking Witﬁ 1% BSA, reacting with rabbit antisera, washing, and reacting with radio-
jodinated goat anti-rabbit IgG.

XV. Purification of Naturally Occurring CARBAP Using Specific Antibodies

Naturally occurring or recombinant CARBAP is substantially purified by immunoaffinity
chromatography using antibodies specific for CARBAP. An immumoaffinity colunm is constructed
by covalently coupling anti-CARBAP antibody to an activated chromatographic resi, such as
CNBr-activated SEPHAROSE (Amersham Pharmacia Biotech). After the coupling, the resin is
blocked and washed according to the manufacturer’s instructions.

Media containing CARBAP are passed over the immunoaffinity colupin, and the column is
washed under conditions that allow the preferential absorbance of CARBAP (e.g., high ionic strength
buffers in the presence of detergent).. The colummn is eluted under conditions that disrupt
antibody/CARBAP binding (e.g., a buffer of pH 2 to pH 3, or a high concentration of a chaotrope,
such as urea or thiocyanate jon), and CARBAP is collected.

XVI. Identification of Molecules Which Interact with CARBAPR

CARBAP, or biologically active fragments thereof, are labeled with "I Bolton-Hunter
reagent. (See, e.g., Bolton, A.E. and W.M. Hunter (1973) Biochem. J. 133:529-539.) Candidate
molecules previously arrayed in the wells of a nmiti-well plate are incubated with the labeled
CARBAP, washed, and any wells with labeled CARBAP complex are assayed. Data obtained using
different concentrations of CARBAP are used to calculate values for the number, affinity, and
association of CARBAP with the candidate molecules. .

Alternatively, molecules interacting with CARBAP are analyzed using the yeast two-hybrid
system as described in Fields, S. and O. Song (1989) Nature 340:245-246, or using commercially
available kits based on the two-hybrid system, such as the MATCHMAXKER system (Clontech).

CARBAP may also be used in the PATHCALLING process (CuraGen Corp., New Haven
CT) which employs the yeast two-hybrid system in a high-throughput manner to determine all
intreracn'ons ‘between the proteins encoded by two large libraries of genes (Nandabalan, K. et al.
(2000) U.S. Patent No. 6,057,101).

XVIIL. Demonstration of CARBAP Activity
CARBAP activity is demonstrated as the ability to bind to B-galactoside sugars. CARBAP is
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applied to a lactosyl-Sepharose column, and the column is eluted with 0.1 M lactose. The presence of
CARBAP in the eluate is detected by sodium dodecyl sulfate polyacrylamide gel electrophoresis and
indicates the ability of CARBAP to bind B-galactoside sugars.

An alternative assay for CARBARP is demonstrated as the ability to hydrolyze HA
{Lepperdinger, supra). Radioactively labeled HA is immobilized on microtiter plates with the aid of
1-ethyl-3-(3-dimsthylaminopropyl)carbodiimide and N-hydroxy-sulfosuccinimide. The radioactivity
solubilized after incubation with CARBAP is measured using a liguid scintillation counter and is
proportional to the CARBAP in the starting sample.

Alternatively, CARBAP activity is measured by its ability to regulate transformation of
NIH3T3 mouse fibroblast cells. A cDNA encoding CARBAP is subcloned into an appropriate
enkaryotic expression vector. This construct is transfected into NIH3T3 cells using methods known
in the art. Transfected cells are compgred with non-transfected cells for the following gnantifiable
properties characteristic of oncogenically transformed cells: growth in culture to high density
associated with loss of contact inhibition, growth in suspension or in soft agar, lowered sernm
requirements, and ability fo induce tumors when injected info immuncdeficient mice. The activity of
CARBAP is proportional to the extent of transformation of NIH3T3 cells transfected with CARBAP
and non-transfected cells.

Various modifications and variations of the described methods ami systems 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 certain embodiments, it
should be understood that the invention as claimed should not be unduly Jimited to such specific
embodiments. Indeed, varions modifications of the described modes for carrying out the invention
which are obvious to those skilled in molecular biology or related fields are intended to be within the
scope of the following claims.
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‘What is claimed is:

1. An isolated polypeptide selected from the group consisting of:

a) a polypeptide comprising an amino acid sequence selected from the group consisting
of SEQ ID NO:1-2,
b) a polypeptide comprising a naturally occurring amino acid sequence at least 90%

identical to an amino acid sequence selected from the group consisting of SEQ ID
NO:1-2,

<) a biologically active fragment of a polypeptide having an amino acid sequence
selected from the group consisting of SEQ ID NO:1-2, and

d) an immunogenic fragment of a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2.

2. Anisolated polypeptide of claim I comprising an amino acid sequence selected from the

group consisting of SEQ ID NO:1-2.
3. An isolated polypucleotide encoding a polypeptide of claim 1.
4. An isolated polynucleotide encoding a polypeptide of claim 2.

5. Anisolated polynucleotide of claim 4 comprising a polynucleotide sequence selected from
the group consisting of SEQ ID NO:34.

6. A recombinant polynucleotide comprising a promoter sequence aperably linked to a

polynucleotide of claim 3.
7. A cell transformed with a recombinant polynucleotide of claim 6.
8. A transgenic organism comprising a recombinant polynucleotide of claim 6.

9. A method of producing a polypeptide of claim 1, the method comprising:

a) culturing a cell under conditions suitable for expression of the polypeptide, wherein
said cell is transformed with a recombinant polynucleotide, and said recombinant
polynucleotide comprises a promoter sequence operably linked to a polynucleotide

encoding the polypeptide of claim 1, and
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recovering the polypeptide so expressed.

10. A method of claim 9, wherein the polypeptide has an amino acid sequence selected from
the group consisting of SEQ ID NO:1-2.

11. An isolated antibody which specifically binds to a polypeptide of claim 1.

12. An isolated polynucleotide selected from the group consisting of:

a)

b)

)

d)
e}

a polynucleotide comprising a polynucleotide sequence selected from the group
consisting of SEQ ID NO:3-4,

a polynucleotide comprising a naturally occurring polynucleotide sequence at least
90% identical to a polynucleotide sequence sefected from the group consisting of
SEQ ID NO:34,

a polynucleotide complementary to a polynucleotide of a),

a polynucleotide cc y 1o a pol leotide of b), and

an RNA equivalent of a)-d).

13. Anisolated polynucleotide comprising at least 60 contignous nucleotides of a

polynucleotide of claim 12.

14. A method of detecting a target polynucleotide in a sample, said target polynucleotide

baving a sequence of a polynucleotide of claim 12, the method comprising:

a)

b)

hybridizing the sample with a probe comprising at least 20 contiguous nucleotides
comprising a sequence complementary to said target polynucleotide in the sample,
and which probe specifically hybridizes to said target polynucleotide, under
conditions whereby a hybridization complex is formed between said probe and said
target polynucleotide or fragments thereof, and

detecting the presence or absence of said hybridization complex, and, optionaily, if

present, the amount thereof.

15. A method of claim 14, wherein the probe comprises at least 60 contiguous nucleotides.

16. A method of detecting a target polynucleotide in a sample, said targef polynucleotide

having a sequence of a polynucleotide of claim 12, the method comprising:

)

amplifying said target polynucleotide or fragment thereof using polymerase chain
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reaction amplification, and
b) detecting the presence or absence of said amplified target polynucleotide or fragment

thereof, and, optionally, if present, the amount thereof.

17. A composition comprising a polypeptide of claim 1 and a pharmaceutically acceptable

excipient.

18. A composition of claim 17, wherein the polypeptide has an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2.

19. A method for treating a disease or condition iated with d d expression of

functional CARBAP, comprising administering to a patient in need of such treatiment the composition

of claim 17.

20. A method of screening a compound for effectiveness as an agonist of a polypeptide of
claim 1, the method comprising:
ay exposing a sample comprising a polypeptide of claim 1 to a corapound, and

b) detecting agonist activity in the sample.

21. A composition comprising an agonist compound identified by a method of claim 20 and a

pharmaceutically acceptable excipient.

22. A wethod for treating a disease or condition associated with decreased expression of
functional CARBAP, comprising administering to a patient in need of such treatment a composition

of claim 21.

23. A wethod of screening a compound for effectiveness as an antagonist of a polypeptide of
claim 1, the method comprising:

ay exposing a sample comprising a polypeptide of claim 1 to a corapound, and

by detecting antagonist activity in the sample.

24. A composition comprising an antagonist compound identified by a method of claim 23

and & pharmaceutically acceptable excipient.

25. A method for treating a disease or condition associated with overexpression of functional
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CARBAP, comprising administering to a patient in need of such treatment a composition of claim 24.

26. A method of screening for a compound that specifically binds to the polypeptide of claim

1, the method comprising:

a)

b)

combining the polypeptide of claim 1 with at least one test compound under suitable
conditions, and .
detecting binding of the polypeptide of claim 1 to the test cémpouud, thereby
identifying a compound that specifically binds to the polypeptide of claim 1.

27. A method of screening for a compound that modulates the activity of the polypeptide of

claim 1, the method comprising:

a)

b)

D]

‘combining the polypeptide of claim 1 with at least one test compound under
conditions permissive for the activity of the polypeptide of claim 1,

assessing the activity of the polypeptide of claim 1 in the presence of the test
compound, and .

comparing the activity of the polypeptide of claim 1 in the presence of the test
compound with the activity of the polypeptide of claim 1 in the absence of the test
compound, wherein a change in the activity of the polypeptide of claim 1 in the
presence of the test compound is indicative of a compound that modulates the activity

of the polypeptide of claim 1.

28. A method of screening a compound for effectiveness in altering expression of a target

polymucleotide, wherein said target polynucleotide comprises a sequence of claim 5, the method

comprising:

)

b)
c)

expasing a sample comprising the target polynucleotide to a compound, under
conditions suitable for the expression of the target polynucleotide,

detecting altered expression of the target polynucleotide, and

comparing the expression of the target polynucleotide in the presence of varying

amounts of the compound and in the absence of the compound.

29. A method of assessing toxicity of a test compound, the method comprising:

2)
b)

treating a biological sample containing npucleic acids with the test compound,
v bybridizing the nucleic acids of the treated biological sample with a probe comprising

at least 20 contiguous nucleotides of a polynucleotide of claim 12 wnder conditions

1 "

by a specific hybri complex is formed between said probe and a target
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polynucleotide in the biological sample, said target polynucleotide comprising a
polynucleotide sequence of a polynucleotide of claim 12 or fragment thereof,
quantifying the amount of hybridization complex, and

compating the amount of hybridization complex in the treated biological sample with
the amount of hybridization complex in an untreated biological sample, wherein a
difference in the amount of hybridization complex in the treated biological sample is

indicative of toxicity of the test compound.

30. A diagnostic test for a condition or disease associated with the expression of CARBAP in

a biological sample, the method comprising:

a)

b)

combining the biological sample with an antibody of claim 11, under conditions
suitable for the antibody to bind the polypeptide and form an antibody:polypeptide
complex, and

detecting the complex, wherein the presence of the complex correlates with the
presence of the polypeptide in the biological sample.

31. The antibody of claim 11, wherein the antibody is:

a)
b)
<)
d)
e)

a chimeric antibedy,

a single chain antibody,
a Fab fragment,

a F(ab’), fragment, or

a humanized antibody.

32. A composition comprising an antibody of claim 11 and an acceptable excipient.

33. A method of diagnosing a condition or disease associated with the expression of

CARBAP in a subject, comprising administering to said subject an effective amount of the

composition of claim 32.

34. A composition of claim 32, wherein the antibody is labeled.

35. A method of diagnosing a condition or disease associated with the expression of

CARBAP in a subject, comprising administering to said subject an effective amount of the

composition of claim 34.
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36. A method of preparing a polyclonal antibody with the specificity of the antibody of claira

11, the method comprising:

a)

b)
<)

immunizing an animal with a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, or an immunogenic fragment thereof,
under conditions to elicit an antibody response,

isolating antibodies from said animal, and

screening the isolated antibodies with the polypeptide, thereby identifying a
polyclonal antibody which binds specifically to a polypeptide having an amino acid
sequence selected from the group consisting of SEQ ID NO:1-2.

37. A polyclonal antibody produced by a method of claim 36.

38. A composition comprising the polyclonal antibody of claim 37 and a suitable carrier.

39. A method of making a monaclonal antibody with the specificity of the antibody of claim
11, the method comprising:

a)

b)

)

d)
)

immumizing an animal with a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO:1-2, or an immunogenic fragment thereof,
under conditions to elicit an antibody response,

isolating antibody producing cells from the animal,

fusing the antibody producing cells with immortalized cells to form monoclonal
antibody-producing hybridoma cells,

culturing the hybridoma cells, and

isolating from the culture moneclonal antibody which binds specifically to a
polypeptide having an amino acid sequence selected from the group consisting of
SEQ ID NO:1-2.

40. A monoclonal antibody preduced by a method of claim 39.

41. A composition comprising the monoclonal antibody of claim 40 and a snitable carrier.

42. The antibody of claim 11, wherein the antibody is produced by screening a Fab

expression library,

43. The antibody of claim 11, wherein the antibody is prodnced by screening a recombinant
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immunoglobulin library.

44. A method of detecting a polypeptide having an amino acid sequence selecied from the
group consisting of SEQ ID NO:1-2 in a sample, the method comprising:
a) incubating the antibody of claim 11 with a sample under conditions to allow specific
binding of the antibody and the polypeptide, and
b) detecting specific binding, wherein specific binding indicates the presence of a
polypeptide having an amino acid sequence selected from the group consisiing of
SEQ ID NO:1-2 in the sample.

45. A method of purifying a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-2 from a sample, the method comprising:
a) incubating the antibody of claim 11 with a sample under conditions to allow specific
binding of the antibody and the polypeptide, and
b) separating the antibody from the sample and obtaining the purified polypeptide
having an amino acid sequence selected from the group consisting of SEQ D NO:1-
2.

46. A microarray wherein at least one element of the microarray is a polynucleotide of claim
13,

47. A method of generating a transcript image of a sample which contains polynucleotides,
the method comprising:
a) labeling the polynucleotides of the sample,
b) contacting the elements of the microarray of claim 46 with the labeled
polynucleotides of the sample under conditions suitable for the formation of a
hybridization complex, and

c) quantifying the expression of the polynucleotides in the sample.

48. An ayray comprising different nucleotide molecules affixed in distinct physical locations
on a solid substrate, wherein at least one of said nucleotide molecules comprises a first
oliganucleotide or polynuclectide sequence specifically hybridizable with at least 30 contiguous
nucleotides of a target polynucleotide, and wherein said target polynucleotide is a polynucleotide of
claim 12.
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49. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is
completely complementary to at least 30 contignous nucleotides of said target polynucleotide.

50. An array of claim 48, wherein said first oligonucleotide or pelynucleotide sequence is

completely complementary to at least 60 contiguous nucleotides of said target polynucleotide.

51. An array of claim 48, wherein said first oligonucleotide or pofynucleotide sequence is

completely complementary to said target polynucleotide.
52. An array of claim 48, which is a microarray.

53. An array of claim 48, further comprising said target polynucleotide hybridized to a

nucleotide molecule comprising said first oligonucleotide or polynucleotide sequence.

54. An array of claim 48, wherein a linker joins at least one of said nucleotide molecules to

said solid substrate.

55. An array of claim 48, wherein each distinct physical location on the substrate contains
pwltiple nucleotide molecules, and the multiple nucleotide molecules at any single distinct physical
location have the same sequence, and each distinct physical location on the subsirate contains
nucleotide molecules having a sequence which differs from the sequence of nucleotide molecules at

another distinct physical location on the substrate.
56. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:1.

57. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:2.

58. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:3.

59. A polynucleotide of claim 12, comprising the polynucleotide sequence of SBQ ID NO:4.
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YUE, Henry
LAL, Preeti

WALIA,
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<120> CARBOHYDRATE-ASSOCIATED PROTEINS

<130> PF-0817 PCT

<140> To Be Assigned
<141> Herewith

<150> 60/237,456
<151> 2000-10-02

<160> 4

<170> PERL Program

<210> 1

<211> 878
<212> PRT
<213> Homo sapiens

<220>

<221> misc_feature
<223> Incyte ID No:

<400> 1
Met Ala

1
Arg Met
Glu Leu
Ser Ala
Phe Val
Val Pro

Tyr Asp

Glu Asp
Gln asn
Arg Leu
Leu Arg
Ala Leu
His Thr
Tyr Leu

Ile asp

Hig

RArg

Gly
5

Gly Thr Ser

ASp
His
Thr
Ile
Asn
Ile
Trp
Lys
Ala
Arg
Ala
Thr
Asp

Arg

Leu
Pro
Pro
Asp
Gln
Phe
Glu

Leu

val
Ser
Leu
Ala

Met

20
val

35
Asp

50
Arg

65
val

80
Lvs

95
Ala
110
Glu
125
Fhe
140
Leu
155
ala
170
val
185
val
200
Leu
215
Leu
230

2197815CD1

Gly
Leu
Phe

Ala

Glu
Ala
Arg
His
Asn

Ala

Ser
Glu
Gln

Val

Glu
Leu
Leu
Ser
Gln
Thr
Arg
Thr
Val
Lys
Asn

Asp

Thr
Thr

Ser

Arg
Phe
Asp
Ser
His
Val
Ser
Asp
Asn
Ile
Glu
Lys
Asp
Leu
Leu

Ser

Asp
Gln
His
ala
Glu
The
val

ala

Cys

Ser
Lys

Asn

160

150

235

Ser
Tyr

Pro

Cys

Thr
val
Ala
Thr
Ile
Pro
Glu
Pro
Trp
Leu
Asn
Arg
Ile
Met

Ile

Ser
His

Lys

Gln
Glu
val
Gln
Leu
Pro

Gly

Ala
Glu
Pro
Met
Ser
Pro
Glu
Pro
Met
Sexr
Pro
Axrg
TP
Ala
Thr

Ala

i80
Leu
195
Ala
210
Leu
225
Ala
240
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Gly

ala

Ala
Val
Pro
Pro
Leu
Ser
Vval
Pro
His
Phe
Pro
Asn
Lys
Asp
Thr
FPhe
Glu
Val
Arg
Ser
Lys
Ile
ala
Pro
Arg
Arg
Gly
Gly
Ala
Ser
Ser

Val

Glu
Gly
Leu
Thr
Gly
Gly
Arg
Ile
val
Fro
Leu
Sexr
Ile
Asn
Gln
Leu
Pro
Ala
Pro
Gly

Thr

Val
Pro
His
Pro
Gly
Gly
Lys
Glu
Ser

ala

2Ala
Val
Ile
Ser
Lys

Val

Ile
Ser
Leu
Leu

Leu

Leu
Ser
Thx
Arg
Arg
Ala
Asp
Lys
Ser
Leu
Glu
His
Lys
Pro
Lys
Glu
Gly
Thr

Thr

Leu
245
Leu
260
Leu
275
Axg
290
val
305
Gly
320
Lys
335
Leu
350
Val
365
Leu
380
Asp
395
Gln
410
Ala
425
Arg
440
Met
455
Gly
470
Asp
485
Arg
500
Ser
518
Leu
530
Val
545
Ser
560

575
Glu
580
Pro
605
Ile
620
Cys
635
Pro
650
Leu
665
Gly
680
Ala
635
Sexr

Pro
Ser

Thr

Sex
ys

ala

Leu
His
ala
His
Pro
Leu
Leu
Gly
Glu
val
Lys
His
Asn
Ser
Asp
Leu
Asp

Leu

Sexr
Thr
Leu
Lys
Glu
Ser
Val

Pro

Sexr
Ser

Gly

Leu
Asn
Ser
Arg
val
Gln
Glu
Trp
Tyr
2sp
Thr
Pro
Sexr
Lys

arg

Ala
Ala
Ala
Val
Val

Leu

Lys
Pro
Ser
Ser
Met
Leu
Ala
Ala

Sex

Leu
Lys
Ser
Phe
Ala
Cys
Ile
Asn
val
Gly
Pro
Glu
Leu
Ala

cys

Glu
Phe
Lys
Sex
Thr
Lys
Ala
Glu
Leu
Leu
Gln
Thr
Leu
Ser
Leu

Sexr

Lys
250
Pro
265
Gly
280
Trp
295
Thr
310
Leu
325
Hisg
340
Thr
355
Thr
370
Pro
385
val
400

415
val
430
Lys
445
Ile
460
Ala
475
Lys
490
Glu
505
Leu
520
Ser
535
Ser
550
Axg
565
Gln
580
Asp
595
Pro
610
Ile
625
Gly
640
Leu
655
Thr
670
Pro
685
His
700
Leu

2/6

Glu

Ser

Ala
Arg
Leu

Met

Lys

Thr

Pro

Pro
Lys
Ser
Ser
Leu
His
His
Ala
Val
Gly

Phe

Pro
Ala
Pro
Gln
Val
Pro
Arg
Ser
Gln
Ala
Gln
Ala
Pro
Leu

Gly

Trp
Leu
Sex
Gln
Leu
Met
Phe
Leu
val
Asp
val
Asp
Gly
Ser
Glu
His
Lys
Glu
Ser
Thr
Lys
Gln
Ile
Val
Lys
Gly
Pro
Ala
Lys
Ser
Gln

Ala

Pro
Val
Cys
val
Ile

Phe

clu
Ile
Met
Pro
Arg
Pro
Ser
Ser
Arg
Sex
Gln

Thr

Glu
Ser
Ser
Val
Ser

Thr

Pro
255
Gly
270
val
285
Ser
300
Asn
315
Gly
330
His
345
Ala
360
Leu
375
Asp
330
Gly
405
Arg
420
Ala
435
Gly
450
val
465
Gly
480
Rrg
495
Gly
510
Ser
525
Ser
540
Sex

690
Arg
705
Sexr
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Lys
Lys

Ala

Ser
Ser
Pro
Gly
Val
Pro
Leu
Ser
Gln
Ala

Gln

<210> 2

<211>
<212>
<213>

<220>

<221>
<223>

<400> 2

Met

1
His
Thr

Ala

Ala
Pro
Sex
Ary
Ser
Pro
Pro
Pro
Lys
Thx

Ser

<210> 3
<211> 4836
<212> DNA
<213> Homo sapiens

<220>

Ser
Lys
Gln
Ala
Ala
Thr
ala
Gly
Fro

Pro

156
PRT
Homo sapiens

Gln
Gln
Pro
Pro
Ser
Gln
Pro
Gln
Glu
Ala

Lys

Leu
Thr
Ala

Ile

Leu
Sex
Ser

Leu

Pro
Leu
Val
Cys
Pro
Leu
Met
Gly
Ala
Ala

Gly

710
Leu
725
Ser
740
Thr
755
Thr
770
Thr
785
Ile
800
Ser
815
Lys
830
Arg
845
Glu
860
Pro

875

misc_feature
Incyte ID No:

His

Asp
155

Gly Leu
Ser Val
Thr Gly

Leu Ser

Leu Pro
Val Pro
Ile Thr
Glu Ser

Pro Ala

Leu
Pro
Lys
Thr
Ser
Leu
Gly
Thr
Thr
Sexr

Pro

2369534CD1

Ser Gln
Pro Pro
Axrg Pro

Gln Leu

Pro Pro
Pro Trp
Asn Pro
Pro Leu
Gln Asp

Trp

Leu
Met
Arg
Thr
Leu
Met
Ala
Trp
Gly

His

Ser
ala
Leu
Ser
Leu

Leu

Thr
Pro
Pro
Gly
Thr
Ser
Pro
Thr

Arg

715

Phe.

730
Asn
745
Pro
760
Thr
775
Gly
790
Thr
B80S
Ala
820
Ile
835
Ser
850
Gln
865

130
Thr
145

3/6

Pro

val

Leu
Sex
Pro
val
Thr
Gly
Ile
Leu
Met

Leu

Met

arg

ala
His
Arg
Leu
Pro

Met

Gln
Pro
Met
Arg
Pro
Gly
Ser
Thx
Gly

Pro

Ala
Pro
Fhe
Ser
Ser
Pro
Leu
Gly
Glu

Gln

Asp
Gly
Gln
Thr
Gly
Leu

Asn

Sexr

Sexr

Gln
Pro
Pro
Ser
Gln
Pro
Ala
Gln

Ala

720
Ile
735
Pro
750
Sexr
765
Ile
780
Gly
795
ala
B1O
Gln
825
Arg
840
Gly
855
Ser
870

150
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<221> misc_:

feature

<223> Incyte ID No: 2197815CBl

<400> 3

acttaacaga
ggattecgett
cggeceegge
ctttcaacga
aagtggtgct
gteggtgage
gtggcaccat
ccccaccaga
taageatgtt
azacttttea
actgacatygg
acctogotge
catagetatyg
atgctetttg
gatgtggaga
gtogatgaaty
ceaccagagy
ctattcaaca
ggggcttgta
cggecaggcta
cttgtggaga
aaggggaaga
getgcaggag
gtgetttcte
tetggteect
ctgtectget
gtaggagttc
attcacagee
gtggectgte
ctgettacty
ccagtectet
ttocgggaga
ctcagaataa
tgtattcagg
atgggetcty
cgcagagact
aagctgceeg
tcecagtccca
agttcteage
gcteoaagtte
cagetgaage
aagatcaagg
caaggaagty
teagcagggy
ggtggagtet
ttgcacacac
acatcagcca
acctectggee
ttgcecacco
accattectg
gecatecace
ctggctcaga
cttegtggeo
tecegaggagt
tgaagatget
cctggacagg
tecatttttge
cagcaaggga
ctcagcagat

acttttgttt
ttttgaggcc
teeettegea
attcatattt
ggccaageaa
toteccgtta
agtttttttt
ggtctgeegt
agatggtgta
ctgcaggtoga
cocaccygggy
tettoccaget
coaagecttyg
tecacteceeg
cggtcacatc
agtgtgaacyg
actgggagga
agatcctcaa
atgagceagt
tggcaagtgt
ccttogagtet
teccaacctt
ctgaggectt
ataacaaacc
ccagctetgt
tgggcaaggt
tacagtgtet
atttcccaca
atgtgtcagt
tggatggcoc
ttgtcattgg
agattcgage
gcaaagcaaa
atgagattgt
aacctcggga
tggoctttga
cctecaccote
agaccaaagt
tgctgaagag
ccatttecatc
gacaccatee
tgteccttat
cteccagaage
ccaaggaget
cagecagece
tgcagagecg
gcagectect
ttecageaaa
cecatgcagag
tggecaccac
agctgctgac
tetetaacca
agecgageag
cetettecca
gtgtgataty
tgtgtggtec
ctetecgeca
agcaccatcg
ctggctgtac

cgcacaatac
ggcgttgece
ttgtcgttag
gtgatttcct
gtttactgte
ggtaatttca
trettttttt
gaaatggata
gattgggaga
ctagcatgea
tggggagagy
tteagtgcat
gagtgceccac
geggcageac
aacgcctatg
deatgtcate
gcatgtcaac
agccetgeag
gctgegeegt
gagctgggat
geeceatgetg
gattgaccgyg
gtectetecta
aagcaaactc
gtttcccact
catcectgta
cgagcatatyg
caaacceatt
aatggagtat
cagaggggat
tecagaattce
tgagaacagc
gaagaaatca
ggactttetg
teaggatget
agtcectgay
aggctcaggg
gaccacagtyg
acatgtgcag
agaaccacca
ctegagtece
cteccaaggg
tgcaggtggy
cacaggactt
agteccottca
cctggtggee
ccaaggecte
tcectececa
cctgggtgee
tecteteetee
caatgggggc
agcatcagge
gatcactaca
ggtgetgece
tectecttac
tgctgagety
actgtcttca
tecaggatcet
atggatcaga

gagaggcetty
tgcectttag
aggatggtgt
gtttgtcaaa
tgtccacgey
gttcgctaga
ttggtgttgy
ctcaatagga
aatttaggat
gatacccatg
gacttccaga
gaacgggage
ccagatgcca
gazagtacca
ccactctatg
tttgecagga
aggactgget
tctgacegge
gttgotgtogg
accaagetga
gcagectaco
atgettgtgt
ctgaagaggc
cctggetbete
tcacgoegee
gccacccate
attggggcag
atcttgattg
gtcactgecag
gtagatgatc
ctteaatgta
ttogtagtay
gaagggttga
actggagtge
gagaagaaga
cggggoagte
gatctcteeca
acctctgece
cggacagaag
gaggaaggag
cttectggea
gacacagctg
aagcccatca
ctcaccacag
gtggtctcea
acatctectyg
agcttcaget
ggaccageee
atcaccacgyg
ttgggtgeca
ctegetaagt
ttgaaggtcc
ctgagcecta
tecagetcac
caagttagtg
tecacgtgte
gagaaaccat
gcaaatctgg
accacttett

4/6

aagaagtgga
gggtgcccac
gaagcaacag
acccttectg
aggtctttct
ggttgagtat
tgtgggatte
atgatagtag
attggaattyg
ctetgacttt
cttecagcteg
tggacctggt
gtagtgceceg
ttgaatcaga
acaatcagaa
ctgatgcaga
ggacaatgge
ttgeecegett
acaagtgtge
tecagtgget
togatgettt
catccaacac
cctgggacee
cgetgattet
accgettety
tgetgaacaa
tgagaagcaa
gcetggaacac
ttgtctgeet
ccctottgga
accctgaage
ttgggggage
cteagagcat
tcactegtge
agaagccoceg
gacctgecte
gtgtgtocag
agaagtceag
ctgtgetgac
agaaagagga
gtaagaccte
gagggectty
ccatgacact
ccaagtccag
geagcactge
gecageteact
tgcaggatat
cacaggecac
goaccagecac
ctcectggtgg
tggcaagcag

ccaccaccat’

tgggcteagg
agegeetgee
atggctgect
ggaagacctg
taggttaggt
ttcctgggaa
ccececgetta
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gcocctagetg
gctctagetg
agatccttag
cccacctagg
gaaccttggg
gggacaactc
cacgaacegt
gttacaaaag
acctaaacty
ctgceectee
acgcatggge
ttttctggat
cceccacecgoe
cgtcccaata
ggcacgcage
tgcecectect
ccagaacaag
ggccaacgaa
aaggagagty
gcacaccacce
gcagacgetg
aaagactggg
tgctgtgggt
catcgcctee
gcaatcteag
tagcagtogy
agtgctggag
aggagettig
tgggtttect
tatgaagact
catggaggac
tgatgacaat
gotggacaga
tgagggteac
cgatgtggoo
ceceagetgee
cagccccace
tcagattgga
ccacaaacaa
tcttagggtt
caaacgaccy
tgctecottec
ggggcagget
ttcettetgaa
acccagtgee
cccaggggen
cagcagcaag
cagtgtgaag
cattgteoegt
gaageccaca
cctecetgge
tactctgaca
agcagcocea
tccageaccc
catggtagge
tttaagacag
gatacggtge
ccccagacta
agctgtggtt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2200
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
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tgacccaagg
aagtctgtge
ggagttagaa
gttecagagee
agagtgetee
ctoctggaaa
atcttteage
gggeocttty
tcagataage
taagccetgt
tggagataaa
tgtetecagt
caggaaactt
atgagacttt
cagggctgtt
aagatggage
agatttggtt
aggtaataaa
aagggcecac
tctataccayg
agaagggage
gggggatgty

<210> 4

<211> 3239
<212> DNA
<213> Homo

<220>

gtcagcatat
taccetctge
tggaaagctc
ggacgggett
ccatgcaact
cttetggtit
ctctitgact
tettttteac
tgaagaagag
ggtttgtget
sagaagaatt
ctetggaggt
gtggcattag
ttgtetteot
ggtaccaacc
tetgatcocee
tagaagchat
ttaggcaace
aacatggett
gteacctgtyg
tecatagtgte
tgtgatagga

sapiens

<221> misc_feature

<223> Incyte ID No:

<400> 4

taagcttgey
acaacttttt
tateccttee
aaatgccaaa

tttecagette

accagacagg
ggtgggagee
tggtccteag
attttgcaat
tgctttetge
tggatctgag
gggggtttet
aaaatagaca
ttragtetet
gggeoctggy
caccccagge
gecttgtggg
catcacagtc
tegtgeccca
ggteccagee
acacccaggg
gettectgage
ggagacageg
tatttccaay
cgggaatagg
ggtactgcac
cagctcaaca
cctgtggetg
actacctaac
atgtggaggt

accgoctttt
atttaaaagg
aaaagatcgg
gaccagoggg
cagacgtcat
gtagttggca
ttgagaaata
agaatccgag
cgtitagacg
aggtttttat
ctaggttggt
ggtccategy
ttcagcagac
tettaataca
ttggagttta
ctgcgggaac
gaccacccaa
cgcacggage
ggcacaccca
ccteectgea
teatggcact
ctggggeete
tcctacaaag
gatgtcectg
cctctagggyg
ctgtggcteoa
gacatgactg
cttgtttaaa
agcctctgat
gttgcagtga

aggactgect
gectagttgg
tttgctaaag
gttttggaca
ccaccttaga
ttgttagtat
tactctagat
catgetttgy
taatagaaca
taggtctety
tgccaagtcea
gaagcaggga
gacgatgaay
gcttacaagt
tgagcectat
tgettaccte
cctecagaac
caagtgtgac
aaaatgtagt
ttecaatctoy
taggagtctce
gagggtcect

2369534CB1

tbttttette
ccaataatga
cctatacatt
tccacteett
ttetgttgeh
cagcgtagge
getggotegyg
coacgggaga
ggttataata
tccteaaaaa
ctatetttte
agggatcaag
agaccacage
cagacaaacyg
geectgottyg
ggtggtettg
gececteteoa
ctggctgtaa
ccteacttet
cteteteege
gectggatte
ctectettte
gecctectaag
gagccctceca
aggagttgog
ccagccacct
ctgtcaacac
gggcatggga
agcagataca
caatcagtac

gctgcaﬁtta
gaggagacat
actggagtca
tecactgttge
aaccacgtca
cataatgaag
gttgggagea
geagtttotg
gcaaaggaag
ctetgetace
gagaagaaac
caataagcta
gccatgetia
gggaagatoa
aggtggeagt
ttcacaacac
aggcteccat
teccactcaag
ccatggttct
gagccttcect
aggcaaggta
aaaccc

tettttettt
gaataatgag
atgtataaag
cctctectaa
tttaagogtyg
actgccagca
acccatggeg
gcaaacgctyg
gaatctcatt
tgcagccaag
ctaattcaat
ggcatggtee
cagcgecatge
agcaaagaaa
gcteotgeceg
gtggtcttet
gacttgccca
ggctccactg
gectotttte
agctgtctygg
agtttgotaa
tececateet
agctgtgeoe
gctggtgcct
gacaggecte
gcacagggcc
agtggggcca
tagagaaaga
getttgetge
accgtgaaca

516

atgaaggtot
ccatetggte
tectggectyg
cttcactcay
gatactgagt
gcaaagagaa
gtggttgeca
tatccagaga
tggcttgaag
caaggaactg
cceaacceceg
aggtagtatce
agtgtttteg
ttgacagtga
cecotggagaa
ttgtgtgcaa
acttagaatg
tgtcoctttte
ggcccacagh
ggccagtety
ggtcagggta

ttttttttte
ttgcacaaga
ttagaataat
gecatettga
cttacccage
ggcccttggy
gggtttgtgt
cttccaaaac
cagatcttga
ctttgetgty
tgcctbtttt
tcacgtcteg
gaccagegte
aagctacttt
ctagtctcag
ctggeectte
gaggctgcac
aaatcccece
tgctggttte
tgggtygatgt
tcgteggeag
ggatgagcag
tgtgeccagga
ctgctgaggt
taggogagag
agcttecagee
ggccctggag
gtgtgttatt
tgttcttgaa
acacctgcca
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tteocttttog
tgggattteg
coaactgyty
cageeacggy
agettgetga
ctaggctgtc
ggtgaaacct
gtcecgeaggt
gatgtgetag
gtggttcage
gaaaatccte
ttggccatco
tttctattte
ctctactatg
gtggtcacag
agatagtttt
tttctagtta
tgtaggcagg
acagtgtgta
agtggcagee
ctgtgggeag

acactgcaaa
atgaaaacct
tctaaataca
cagtttcaca
cgtggtctot
agcttggega
gteaactcec
caaaggagga
aggttategy
cttatcttgg
ttgcaaggaa
tcaggagaca
gtttggctat
gteocaacacc
tcaggteact
cacctettet
gectetotgg
ggcgctgget
tggcoctgttt
gaaccaaggg
tctgteoecctg
gacacgctgg
aagcctecetyg
ctgtgagcag
cacacctcog
tcagcagtgt
actgacatct
ttaaagcetygg
gttcaaggty
ccaacgtoga

3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4836

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1620
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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cectgaagtyg
tggggactca
goagooccca
cactcacage
aggccccgeo
atggctagge
ctececeatgge
aggcccegee
aagtccecge
tetecgettg
acagecagge
cagctgaaga
gctggetttt
attggoctee
ceactggttc
cagctgecac
agggcttteg
acggagecty
acaccecacct
ceetgeacte
tggecactgee
gggectecte
tacaaaggca
gtcecctggag

gtagatgggy
ctctetactt
cagcteogee
tcaccectec
cacagctcac
cctgtccaca
taggacoccac
cacagctcac
agggecagaa
gtactgtcte
aggetgtacce
cactggetty
aaaagagcag
aagectgagg
ccaagagtga
aagagaacgy
aggtggactyg
getgtaagge
cacttctgee
tctecgeage
tggattcagt
ctettteteoe
toctaagage
ccetecaget

cctgettigg
cgtcteecece
cagecccacte
catggctagg
ctctocegtyg
gctecacccca
coacagcteg
cecctocccatg
ceocctggece
catggaacaa
cagcaaaggy
agaatgcatt
cecagetgea
caggaaagcc
geacgtoceg
agggtctece
gctectagga
tecactgaaa
tottttetge
tgtetggtgy
ttggtaateg
cecatcetgga
tgtgocctgt
ggtgcetetyg

cacttgacge
gggagttgte
caccagettyg
ccoccatecac
actaggeecc
cccatagcta
ccecgeacac
gctecatggg
cecaggeccty
aaccacactg
gactggtgac
geecatttace
ccagaggaca
ctctecatge
caagaaacag
ccagcgaatg
cctgaagett
teceeccecgge
tggtttctgg
agtgatgtgas
teggcagtet
tgagcaggac
gccaggaaag
ctgaggtctg

6/6

tggggcagga
tactttecta
ctgcteccat
agcteaccec
gcccacaget
gccccattea
agctcacceo
cttetettce
gggcegtogy
cagcgttceeca
cagcactgga
cagcgagett
tggeggttta
ctgtaaccca
cttogtttaa
Lgcaggtgte
tgagctgoca
gctggetteg
cctgtttggt
ccaagggaca
gtccctgget
acgctgggga
ccteetgtat
tgagcagegy
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gtceetttet
ggccectgeca
ggctcagece
teoccatgact
cacctttece
cagctcaccet
tecccatgact
ccteoctgect
caaggaggec
ggaccacaga
cactgggeat
caagatggat
tgtatggaac
aagctctagg
caagtgggag
tcactttete
agcagtcege
tgecccagge
cccagccact
cccagggtea
tectgagectg
gacagcgteco
ctccaaggat
gaataggae

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2840
3000
3060
3120
3180
3238
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searchable claims

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3, As only some of the required additional search fees were timely paid by the applicant, this Intermational Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-59 partially

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

]:‘ No protest accompanied the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet (1)) (July 1988}

JP 2004-528009 A 2004.9.16
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INTERNATIONAL SEARCH REPORT

Intemational Appiication No. PCTAJS 01 50591

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 21()
. '

Continuation of Box 1.2

Claims Nos.: 21,22,24,25

Present claims21,22,24,25, relaté to a compound defined by reference to a
desirable characteristic or property, namely binding to seq id 1 or seq
id 2

The claims cover all compounds having this characteristic or property,
whereas the application provides support within the meaning of Article 6
PCT and/or disclosure within the meaning of Articie 5 PCT for only a very
Timited number of such compounds. In the present case, the claims so lack
support, and the application so lacks disclosure, that a meaningful
search over the whole of the claimed scope is impossibie. Independent of
the above reasoning, the claims also ‘lack clarity (Article 6 PCT). An
attempt is made to define the compound by reference to a result to be
achieved. Again, this lack of clarity in the present case is such as to
render a meaningful search over the whole of the claimed scope
impossible. Consequently, no search has been carried out.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventicns in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search repert or during any Chapter II procedure.

JP 2004-528009 A 2004.9.16
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' INTERNATIONAL SEARCH REPORT

FURTHER INFORMATION CONTINUED FROM ,PCT/ISA/ 210

International Application No. PCTAIS 01 30591

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-59 (partially)

seq id 1 and seq id 3 and thereon defined éubject—matter as
claimed in claims 1-59. L !

2. Claims: 1-59 (partialiy)

seq id 2 and seq'id 4 and thereon defined subject-matter as
claimed in claims 1-59.

JP 2004-528009 A 2004.9.16
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i " "
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(184)

tional Application No

PC1/US 01730591

Patent document Publication Patent family I Publication
cited in search report member(s) date
W0 9938881 A 05-08-1999 AU 2471899 A 16-08-1999
, CA 2319129 Al 05-08-1999
EP 1051426 -A1 15-11-2000
JP 2002501738 T 22-01-2002
Wo .9938881 Al 05-08-1999
WO 0222815 A 21-03-2002 AU 8902701 A 26-03-2002
. AU 9054801 A 26-03-2002
Wo 0222660 A2 21-03-2002
Wo 0222815 Al 21-03-2002
Wo 0222780 A2 21-03-2002

Form PCTASA10 {patent iamiy annex) (July 1992)

JP 2004-528009 A 2004.9.16
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