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NEUROTRANSMITTER TRANSPORTERS

TECHNICAL FIELD
This invention relates to nucleic acid and amino acid sequences of neurotransmitter transporters
and to the use of these sequences in the diagnosis, treatment, and prevention of fransport, neurological
and psychiatric disorders, and in the assessment of the effects of exogenous compounds on the

expression of pucleic acid and amino acid sequences of nenrotransmitter transporters.

BACKGROUND OF THE INVENTION

The human nervous system, which regulates all bodily functions, is composed of the central
nervous system (CNS), consisting of the brain and spinal cord, and the peripheral nervous system
(PNS), consisting of afferent neural pathways for conducting nerve jmpuism from sensory organs to the
CNS, and efferent neoral pathways for conducting motor impulses from the CNS to effector organs,
The PNS can be furthier divided into the somatic nervous system, which regulates voluntary motor
activity such as for skeletal muscle, and the antonomic nervous system, which regulates involuntary
motor activity for internal organs such as the heart, Tungs, and viscera.

The central nervous system (CNS) is composed of more than 100 billion neurons at the spinal
cord Ievel, the lower brain Ievel, and the higher brain or cortical Ievel. Neurons transmit eleciric or
chemical signals between cells. The spinal cord, a thin, tubular extension of the central nervous
system within the bony spinal canal, contains ascending sensory and descending motor pathways, and
is covered by membranes confinuous with those of the brainstem and cerebral hemispheres. The
spinal cord contatns almost the entire motor output and sensory input systems of the trunk and limbs,
and nenronal circuits in the cord also control thythmic movements, such as walking, and a variety of
reflexes. The lower areas of the brain such as the medulla, pons, mesencephalon, cerebellum, basal
ganglia, substantia nigra, hypothalamus, and thalamus control unconscious activities including arterial
pressure and respiration, equilibrium, and feeding reflexes, such as salivation. Emetions, such as
anger, excitement, sexual response, and reaction to pain or pleasure, originate in the lower brain. The
cerebral cortex or higher brain is the largest structure, consisting of a right and a left hemisphere
interconnected by the corpus callosum. The cerebral cortex is involved in sensory, motor, and
integrative functions related to perception, votuntary musculoskeletal movements, and the broad
range of activities associated with consciousness, language, emotions, and memory. The cerebrum
functions in association with the Tower centers of the nervous system.

A nerve cell (newron) contains four regions, the cell body, axon, dendrites, and axon terminal,
The cell body contains the nucleus and other arganelles. The dendrites are processes which extend

1
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outward from the cell body and receive signals from sense organs or from the axons of other neurons.
These signals are converted to electrical impulses and transmitted to the cell body. The axon, whose
size can range from one millimeter to more than one meter, is a single process that conducts the nerve
impulse away from the cell body. Cytoskeletal fibers, including microtubules and neurofilaments, run
the length of the axon and function in transporting proteins, membrane vesicles, and ather
macromolecnles from the cell body along the axon to the axon terminal. Some axons are surrounded by
a myelin sheath made up of membranes from either an oligodendrocyte cell (CNS) or a Schwann cell
(PNS). Myelinated axons conduct electrical impuises faster than unmyelinated ones of the same
diameter. The axon terminal is at the tip of the axon away from the cell body. (See Lodish, H. et al.
(1986) Molecular Cell Biglogy Scientific American Books New York N, pp. 715-719.)

CNS-associated proteins bave roles in neuronal signaling, cell adhesion, nerve regeneration,
axon guidance, neurogeuesis,. and other functions. Certain CNS-associated proteins form an integral
part of a membrane or are attached to a membrane. For example, neural membrane protein 35
(NMP35) is closely associated with neuronal membranes and is known to be highly expressed in the rat
adult nervous system. (Schweitzer, B. ¢t al. (1998) Mol. Cell. Neurosci. 11:260-273.) Synaptophysin
(8Y) is a major integral membrane protein of small synaptic vesicles. The chromosomal location of SY
in human and mouse is on the X chromosome in subbands Xp11.22-p11.23. This region has been
implicated in several inherited diseases including Wiskott-Aldrich syndrome, three forms of X-linked
hypercalciuric nephrolithiaisis, and the eye disorders retinitis pigmentosa 2, congenital stationary might
blindness, and Aland Island eye disease. (Fisber, S. E. et al. (1997) Genomics 45:340-347.) Peripherin
or retinal degeneration slow protein (rds) is an integral membrane glycoprotein that is present in the
rims of photoreceptor outer segment disks. In mammals, 1ds is thought to stabilize the disk rim through
heterophilic interactions with related nonglycosylated proteins. Rds is 2 mouse neurological mutation
that is characterized by abnormal development of rod and cone photoreceptors followed by their slow
degeneration. (Kedzierski, W.J. et al. (1999) Neurochem. 72:430-438.)

43 KD postsynaptic protein or acteylcholine receptor-associated 43 KD protein (RAPSYN) is
thought to play a role in anchoring or stabilizing the nicotinic acetylcholine receptor at synaptic sites.
RAPSYN is involved in membrane association and may link the nicotinic acetylcholine receptor to the
underlying postsynaptic cytoskeleton. (Buckel, A. et al. (1996) Genomics 35:613-616.) Neuritin is a
protein whose gene is known to be induced by neural activity and by neurotrophins which promotes
neuritogenesis. Neuraxin is a structural protein of the rat central nervous system that is believed to be
immunologically refated to microtubule-associated protein 5 (MAPS). Neuraxin is a novel type of
neuron-specific protein which is characterized by an unusual amino acid composition, 12 central

heptadecarepeats and putative protein and membrane interaction sites. The gene encoding nenraxin is
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unicue in the haploid rat genome and is conserved in higher vertebrates. Nenraxin is implicated in
neuronal membrane-microtubule interactions and is expressed throughout the rodent central nervous
systerm (CNS). (Rienitz, A. et al. (1989) EMBO J. 8:2879-2888.)

NudC, a nuclear movement protein, interacts with the lissencephaly gene product LisI, a
protein involved in neuronal migration. People with Miller-Dieker syndrome (MDS) ar isolated
Tissencephaly sequence (ILS) have a hemizygous deletion or mutation in the LIS1 gepe. Both conditions
are characterized by a smooth cerebral surface, a thickened cortex with four abnormal layers, and
misplaced neurons. LIS1 is highly expressed in the veniricular zone and the cortical plate. The
interaction of Lis1 with NudC, in conjunction with the MDS and ILS phenotypes, raises the possibility
that nuclear movement in the ventricular zone is closely related to nenronal fates and to cortical
architecture. (Morris, S. M. et al. (1998) Curr. Biol. 8:603-606.)

CNS-associated proteins can also be phosphoproteins. For example, ARPP-21 (cyclic
AMP-regulated phosphoprotein) is a cytosolic neuronal phosphoprotein that is highly enriched in the
striatum and in other dopaminoceptive regions of the brain. The steady-state level of ARPP-21 mRINA.
is developmentally regulated. But, in the neonatal and mature animal, ARPP-21 mRNA is not altered
following 6-hydroxydopamine lesions of the substantia nigra or by pharmacologic treatments that
upregulate the D1- or D2-dopamine receptors. (Ehrlich, M. E. et al. (1991) Neurochem. 57:1985-~
1991.)

CNS-associated signaling proteins may contain PDZ domains. PDZ domains have been found
in proteins which act as adaptors in the assembly of multifunctional protein complexes involved in
signaling events at surfaces of cell membranes. PDZ domains are generally found in membrane-
associated proteins including neuronal nitric oxide synthase (NOS) and several dystrophin-associated
proteins. (Ponting, C. P. et al. (1997) Bicessays 19:469-479.)

CNS-associated proteins may also contain epidermal growth factor (EGF) domains. The Notch
prateins are transmewbrane proteins which contain extracellular regions of repeated EGF domains.
Notch proteins, such. as the Drosophila melanogaster neurogenic protein Notch, are generally involved
in the inhibition of developmental processes. Other members of the Notch family are the lin-12 and
glp-1 genes of Caenorhabditis elegans. Genetic studies indicate that the lin-12 and glp-1 proteins act as
receptors in specific developmental cell interactions which may be involved in certain embyronic
defects. (Tax, F. E. et al. (1994) Nature 368:150-154.) Pecanex, a maternal-effect neurogenic locus
of D. melanogaster is believed to encode a large transmembrane profein, In the absence of maternal
expression of the pecanex gene, an embrye develops severe hyperneuralization similar to that
characteristic of Notch mutant eémbryos. (LaBonne, S. G. et al. (1989) Dev. Biol. 136:1-116.) Other
CNS-associated signaling proteins contain WW domains. The WW domain is a protein motif with two

JP 2004-514411 A 2004.5.20
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highly conserved tryptophans. It is present in a number of signaling and regulatory proteins, including
Hunﬁngﬁn}ntaacﬁng protein. Several fibroblast growth factor (FGF) homologous factors (i.e., FHF
polypeptides) have also been implicated in nervous system development based on mRNA expression
patterns in mouse and human tissues. Members of the FHF family of polypeptides are structurally
distinct from prototypic FGFs, consistent with the unusual role of these FGF-related proteins
(Smaliwood, P.M. et al. (1996) Proc. Natl. Acad. Sci. U.S.A. 93:9850-9857 and Harfung, H. et al.
(1997) Mech. Dev. 64:31-39).

Adzhcimsr’s disease (AD} is a degenerative disorder of the CNS which causes progressive
memory loss and cognitive decline during mid to Iate adult life. AD is characterized by a wide range of
neuropathologic features including amyloid deposits and intra-penronal neurofibrillary tangles.
Although the pathogenic pathway leading to neurodegeneration and AD is not well understood, at least
three genetic Ioci that confer gedetic susceptibility to the disease bave been identified. (Schellenberg,
G.D. (1995) Proc. Natl. Acad. Sci. 92:8552~-8559; Sherrington, R. et al. (1995) Nature 375:754-760.)

Neuronal Thread Proteins (NTP) are a group of immunologically related molecules found in
the brain and neuroectodermal tumor cell lines. NTP expression is increased in neuronal cells during
proliferation, differentiation, brain development, in Alzbeimer’s disease (AD) brains, and in
pathological states associated with regenerative nerve sprouting (de 1a Monte, S.M. et al. (1996) J.
Neuropathol. Exp. Neurol. 55:1038-1050). Monoclonal antibodies generated to a recombinant NTP,
AD7c-NTP, isolated from an end-stage AD brain library, showed high levels of NTP
immunoreactivity in perikarya, nenropil fibers, and white matter fibers of AD brain tissue. In vitro
studies also demonstrated NTP upregulation, phosphorylation, and translocatioq from the perikarya to
cell processes and growth cones during growth factor-induced nenitic sprouting and neuronal
differentiation. Additionally, increased NTP immunoreactivity was found in Down syndrome brains
‘beginning in the second decade, prior to establishment of widespread AD neurodegeneration, and at
an age when a low-level or an absence of NTP expression was observed in control brains. These
findings indicaied that abnormal expression and accumulation of NTP in brain may be an early
marker of AD neurodegeneration in Down syndrome (de 1a Monte, 5. M. et al. (1996) J. Neurol. Sci.
135:118-125). Furthermore, the increased expression and accumulation of NTP in AD brain tissue
was paralleled by corresponding elevations of NTP in cerebrospinal fluid (CSF), and elevated levels
of NTP were detectable in the CSF early in the course of the disease.

Astrocytomas, and the more malignant glioblastomas, are the most common primary tumors
of the brain, accounting for over 65% of primary brain tumors. These mumors arise in glial cells of the
astrocyte lineage. Following infection by pathogens, astrocytes function as antigen-presenting cells and
modulate the activity of lymphocytes and macrophages. Astrocytomas constitutively express many
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cytokines and interlenkins that are normally produced only after infection by a pathogen (de Micco, C.
(1989) J. Neuroimmunol. 25:93-108). In the course of identifying genes related to astrocyte
differentiation, one cDNA. was isolated from an astrocytoma ¢cDNA. library that encodes a protein
structurally related to the plant pathogenesis-zelated (PR) proteins (Murphy, E.V. et al. (1995) Gene
159:131-135). The glioma pathogenesis-related protein (GliPR) is highly expressed in glioblastoma,
but not in fetal or adult brain, or in other nervous system tumors. PR proteins are a family of small
(10-20 kDa), protease resistant proteins induced in plants by viral infections, such as tobacco mosaic
virus. The synthesis of PR proteins is believed to be part of a primitive iramunological response in
plants (van Loon, L.C. (1985) Plant Mol. Biol. 4:111-116). GliPR shares up to 50% homology with
the PR-1 protein family over a region that comprises almost two thirds of the profein, inchuding a
conserved friad of amino acids, His-Glu-His, appropriately spaced to form a metal-binding domain
(Murphy et al., supra).

Fe65-like protein (Fe5L2), a new member of the Fe65 protein farnily, is one of ﬁm ligands that
interacts with the cytoplasmic domain of Alzheimer beta-amyloid precursor protein (APP). Transgenic
mice expressing APP are known to simulate some of the prominent behavioral and pathological features
of Alzheimer’s disease, including age-related impairment in learning and mermory, neuronal loss, gliosis,
neuritic changes, amyloid deposition, and abnormal tau phosphorylation. Proteins that interact with the
cytoplasmic domain of APP provide new insights into the physiological function of APP and, in turn,
into the pathogenesis of Alzheimer’s disease. (Duilio, A. et al. (1998) Biochem. I. 330:513-519.)

Contact from one neuron to another occurs at a specialized site called the synapse. At this site,
the axon terminal from one peuron (the presynaptic cell) sends a signal to another neuron (the
postsynaptic cell). Synapses may be connected either electrically or chemically. An electrical synapse
consists of gap junctions connecting the two neurons, allowing electrical impulses to pass directly from
the presynaptic to the postsynaptic cell. In a chemical synapse, the axon terminal of the presynaptic cell
contains membrane vesicles containing a particular nenrotransmitter molecule. A change in electrical
potential at the nerve terminal results in the influx of calcium ions through voltage-gated channels
which triggers the release of the neurotransmitter from the synaptic vesicle by exocytosis. The
nenrotransmitter rapidly diffuses across the synaptic cleft separating the presynaptic nerve cell from
the postsynaptic cell. The neurotransmitter then binds receptors and opens transmitter-gated ion
channels located in the plasma membrane of the postsynaptic cell, provoking a change in the cell’s
electrical potential. This change in membrane potential of the postsynaptic cell may serve ejther to
excite or inhibit further transmission of the nerve impulse. Presynaptic calcium channel activity is
modulated by cysteine-string proteins (CSPs). CSPs are secretary vesicle proteins that function in

neurotransmission as well as in exocytosis in other cefl-types. The effect of CSPs on calcium Tevels is

JP 2004-514411 A 2004.5.20
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likely to be downstream of calcium release and is likely to involve exocytosis, possibly in connection
with G-proteins (Magga, J.M. et al. (2000) Neuron 28:195-204; and Dawson-Scully, K. et al. (2000) J.
Neurosei. 20:6039-6047; and Chamberlain, L.H. et al. (2001) J. Cell Sci. 114:445-455).

Neurotransmitters comprise a diverse group of some 30 small molecules which include
acetylcholine, monoamines such as serotonin, dopamine, and histamine, and amino acids such as
gamma-aminobutyric acid (GABA), glutamate, and aspartate, and neuropeptides such as endorphins
and enkephalins. (McCance, K.L. and Huether, S.E. (1994) PATHOPHYSIOLOGY, The Biclogic
Basis for Disease in Aduits and Children, 2nd edition, Mosby, St. Louis, MO, pp 403-404.) Many of
these molecules have mare than one function and the effects may be excitatory, e.g. to depolarize the
postsynaptic cell plasma membrang and stimulate nerve impulse transmission, or inhibitory, e.g. to
hyperpolarize the plasma membrane and inhibit nerve impulse transmission.

Neurotransmitters and their receptors are targets of pharmacological agents aimed at
confrolling neurological function. For example GABA is the major inhibitory neurotransmitter in the
CNS, and GABA receptors are the principal target of sedatives such as benzodiazepines and
barbiturates which act by enhancing GABA-mediated effects (Katzang, B.G. (1995) Basic and Clinical
Pharmacology, 6th edition, Appleton & Lange, Norwalk, CT, pp. 338-339).

Two major classes of neurotransmitter transporters are essential to the function of the nervous
system. The first class is uptake carriers in the plasma membrane of neurons and glial cells, which
pump neurotransmitters from the extracellular space into the cell. This process relies on the Na*
gradient across the plasma membrane, particularly the co-transport of Na*. Two families of proteins
have been identified. One family includes the transporters for GABA, monoamines such as
noradrenaline, dopamine, serotonin, and amino acids such as glycine, and proline. Common
structural components include twelve putative transmembrane o-helical domains, cytoplasmic N- and
C- termini, and a Jarge glycosylated extracellular 10op separating transmembrane domains three and
four. This family of homologous proteins derives their energy from the co-transport of Na* and CI”
jons with the neurotransimitter into the cell (Na*/Cl” neurofransmitter transporters). The second family
includes transporters for excitatory amino acids such as glutamate. Common structural components
include putative 6-10 transmembrane domains, cytoplasmic N- and C- fermini, and glycosylations in
the extracellular Ioops. The excitatary amino acid transporters are not dependent on CI', and may
require intracellular K* ions (Na'*/K*- neurotransmitter transporters) (Liu, Y. et al. (1999) Trends Celt
Biol. 9:356-363).

The second class of nenrotransmitter transporters is present in the vesicle membrane, and
concentrates neurotransmitters from the cytoplasm into the vesicle, before exocytosis of the vesicular

contents during synaptic transmission. Vesicular transport uses the electrochemical gradient across
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the vesicular membrane generated by a H'-ATPase. Two families of proteins are involved in the
transport of neurotransmitters into vesicles. One family uses primarily proton exchange to drive
transport into secrefory vesicles and includes the transporters for monoamines and acetylcholine. For
example, the monoamine transporters exchange two luniinal protons for each molecule of cytoplasmic
transmitter. The second family includes the GABA. transporters, which relies on the positive charge
inside synaptic vesicles. The two classes of vesicular transporters show 1o sequence similarity to
each other and have structures distinct from those of the plasma membrane carriers (Schloss, P. et al.
(1994) Curr. Opin. Cell Biol. 6:595-599; Liu, Y. et al. (1999) Trends Cell Biol, 9:356-363).

GABA is the predominant inhibitory neurotransmitter and is widely distributed in the
mammalian nervous system. GABA is cleared from the synaptic cleft by specific, high-affinity, Na*-
and CT™- dependent transportess, which are thonght to be localized to both pre- and postsynaptic
neurons, as well as 10 surrounding glial cells. At least four GABA transporters (GAT1-GAT4) have
been cloned (Lin, Q.-R. et al. (1993) J. Biol. Chem. 268:2106-2112). Studies of [°H]-GABA uptake
into cultured cells and plasma-membrane vesicles isolated from various tissues revealed considerable
differences in GABA transporter heterogeneity. GABA transporters exhibit differences in substrate
affinity and specificity, distinct blocker pharmacologies, and different tissue localization. For
example, the K, values of GABA uptake of the expressed GAT1 to GAT4 are 6, 79, 18, and 0.8 pM,
tespectively. In addition to transporting GABA, GAT?2 also transports betaine; GAT3 and GAT4 also
transport B-alanine and taurine. Pharmacological studies revealed that GABA transport by GAT1 and
GAT4 is more sensitive to 2.4-diaminobutyric acid and guavicine than that by GAT2 and GAT3. In
site hybridization showed that GATI and GAT4 expressionis brain specific. GAT2 and GAT3
mRNAs were detected in tissues such as liver and kidney (Schloss, P. et al. (1994) Curr. Opin. Cell
Biol. 6:595-599; Borden, L.A. (1996) Neurochem. Int. 29:335-356; Nelson, N. (1998) J. Neurochem.
71:1785-1803).

Human studies indicated that GABA transporter function is reduced in epileptic hippocampi.
Decreased GAB Aergic neurotransmission has also been implicated in the pathophysiology of
schizophrepia (Simpson, M.D. et al. (1992) Psychiatry Res. 42:273-282).

Diazepam binding inhibitor (DBI), also known as endozepine and acyl-Coenzyme (CoA)-
binding protein, is an endogenous GABA receptor ligand which is thought to down-regulate the effects
of GABA. DBI binds medium- and long-chain acyl-CoA esters with very high affinity and may
function as an intracellular carrier of acyl-CoA esters (*125950 Diazepam Binding Inhibitor; DBI,
Online Mendelian Inberitance in Man (OMIM); PROSITE PDOC00686 Acyl-CoA-binding protein.
signature).

Glycine serves as one of the major inhibitory neurotransmitters in the mammalian nervons
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system by activating chloride-channel receptors, which are members of a ligand-gated ion-channel
superfamily (Betz, H. (1990) Neuron 5:383-392). Glycine also facilitates excitatory transmission
through an allosteric activation of the N-methyl- D- aspartate (NMDA) receptor (Johuson, J.W. and P.
Ascher (1987) Nature 325:529-531). Two forms of glycine transporters have been described to date,
GLYT 1 and GLYT 2. The two varianis of GLYT1 (GLYT1 a/b) are generated by alternative
splicing (Liu, Q.-R. et al. (1993) J. Biol. Chem. 268:22802-22808) and differ in their amino-terminal
sequences. The proteins have similar affinity for glycine and both are sensitive to
N-methyl-aminoacetic acid. I sizu hybridization revealed that GL.YT1a transcripts were detected in a
both neural and non-neural tissues, whereas GLYT1b was detected only in neural tissues (Borowsky,
B. et al. (1993) Neuron 10:851-863). High levels of GLYT1a/b mRNA were found in hippocampus
and cortex, suggesting a co-localization of this transporter with NMDA receptors and implying its
involvement in the regulation of excitatory synaptic transmission. Itis not élcar whether GLYT1ais
expressed in neurons, in ghia or in both. In contrast, GLYT1b is found almost exclusively in fiber
tracts, suggesting its localization in glial cells (Schloss, P. et al. (1994) Curr. Opin. Cell Biol.
6:595-599).

The second identified glycine transporter (GLYT2) differs from GLYT1a/b by its extended
intracellular amino terminus. The predominant localization of its mMRNA in brainstem and spinal cord
and its inseusitivity to N-methyl-aminoacetic acid suggests that GLYT2 terminates signal
transduction at the strychnine-sensitive inhibitory glycine receptor. It has been proposed that, upon
depolarization of cells harboring GLYT1b, the transporter runs backwards and releases glycine to act
as a neuromodulatory aming acid at the NMDA receptor (Attwell, D. and M. Bouvier (1992) Curr.
Biol. 2:541-543). Such a Ca *-independent, non-vesicular release of neurotransmitters by reverse
transport was demonstrated for glutamate and serotonin. This evidence suggests that the transmitter
transporters may be important for both the initiation and termination of neurotransmitter action
(Schloss, P. et al. (1994) Curr. Opin. Cell Biol. 6:595-599).

The plasma membrane dopamine transporter (DAT) is essential for the reuptake of released
dopamine from the synapse. Uptake of dopamine is temperaiure- and time-dependent, and is
inhibited by a variety of compounds, such as cocaine. DAT- knockout mice have been shown to
exhibit extreme hyperactivity and resistance to both cocaine and amphetamine, consistent with the
primary action of cocaine on DAT (Giros, B. et al. (1996) Nature 379:606-612). The perturbation of
the tightly regulated DAT also predisposes neurons to damage by a variety of insults. Most notable is
the selective degeneration of DAT-expressing dopamine nerve terminals in the striatum thought to
underlie Parkinson’s disease. DAT expression can predict the selective vulnerability of neuronal
populations, which suggests that therapeutic strategies aimed at altering DAT function could have
significant benefits in a variety of disorders (Gary, W.M. et al. (1999) Trends Pharmacol. Sci.

8



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

10

15

20

30

35

(102)

WO 01/90148 PCT/US01/16283

20:424-429).

Creatine transporters are strongly related to transporters for GABA. The primary sequence
identity between creatine transporter species homologs is very high (98-99%). Pharmacological
characterization demonstrated high affinity creatine uptake (27-43 uM), which was blocked by
creatine analogs with high affinity. Creatine transporters are widely expressed in a variety of
mammalian tissues, including brain, adrenal gland, intestine, colon, prostate, thymus, ovary, spleen,
pancreas, placenta, umbilical cord, thyroid, tongue, pbarnyx, vertebral discs, jaw, and nasal
epithelinm. Genetic mapping in the mouse localizes the creatine transporter to a region on the X.
chromosome in linkage conservation with the human region Xq28, the location of the genes for
several neuromuscular diseases (Nash, S.R. et al. (1994) Receptors Channels 2:165-174).

‘The substrates of a number of cDNA clones ‘eucoding proteins of the Na* /CI'-dependent
transporter families are still not identified. These are orphan transporters. Identification of the
substrates for orphan transporters has been difficult because in situ hybridization and

immunohistochemistry indicate that the transporters are synthesized by phenotypically different
neuronal populations, for example glutaninergic, GABAergic, histaminergic, or serotoninergic
neurons. One of the transporters, NTT4 exhibits the highest homology to the creatine transporter. It
differs structurally from other members of this family in having an wnusuafly Jong loop between
transmembranes seven and eight (Liu; Q.-R. et al. (1993) FEBS Lett. 315:114-118; Schloss, P. et al.
(1994) Curr. Opin. Cell Biol. 6:595-599).

Glutamate is a major excitatory neurotransmitter in the mammalian central nervous system.
Electrogenic (Na*/ K*)-coupled ghutamate transporters, located in the plasma membranes of nerve
terminals and glial cells, mediate removal of glutamate released at excitatory synapses and maintain
extracellular concentrations below neurototoxic levels. Ghutamate transporters achieve this process
by co-transport with three sodium ions and one proton, followed by translocation of a potassium ion
inthe opposite direction (Zerangue, N, and M.P. Kavanaugh (1996) Nature 383:634-637).

Glutamate transporters belong to a large family of transport proteins. The membrane
topology of the glutamate transporter reveals six membrane-spanning helices in the N-terminal part of
the proteins (Slotboom, D.J. et al. (1999} Microbiol. Mol. Biol. Rev. 63:293-307). The C-terminal
half of the glutamate transporter is well conserved and constitutes a major part of the translocation
pathway and contains the binding sites for the substrate and co-transported ions (Zhang, Y. and B.L
Kanner (1999) Proc. Natl. Acad. Sci. USA 96:1710-1715).

Impaired re-uptake of synaptic glutamate, and a reduced expression of glutamate transporters
have been found in the motor cartex of patients with amyotrophic lateral sclerosis (ALS). Inhibition
of the synthesis of each glutamate transporter subtype using chronic antisense oligonucleotide
administration, in vitro and in vivo, selectively and specifically reduced the protein expression and

9
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fonction of ghrta'mate transparters. The loss of glial glutamate transporters produced elevated
extracellular glutamate levels, neurodegeneration characteristic of excitotoxicity, and a progressive
paralysis. The loss of the neuronal ghitamate transporter did not elevate extracellular glutamate in the
striatirm but produced mild newrotoxicity and resulted in epilepsy (Rotbstein, J.D. et al. (1396)
Neuron 16:675-686).

The vesicular monoamine transporters (VMAT) package cytoplasmic monoamine
neurotransmitters into secretory vesicles for regulated exocytotic release. VMAT acts as an
electrogenic exchanger of protons and monoamines, using a proton electrochemical gradient. Two
‘VMAT transporters, VMAT1 and VMAT?2 have been cloned from rat, bovine and human. The
VMAT proteins possess twelve transmembrane segments, with both extremities Iying on the
cytoplasmic side. Examination of the subcellular localization of VMAT proteins indicates that they
are associated with distinct vesicle populations in neurons and neurcendocrine cells. In rat, VMATI
is expressed in the adrenal gland whereas VMAT? is expressed in the brain, In contrast, the bovine
adrenal gland expresses both VMAT1 and VMATZ (Henry, I.-P. et al, (1994) J. Exp. Biol.
196:251-262.).

‘Vesicular transport is inhibited by the antihypertensive drug reserpine and the related but
more centrally acting drug fetrabenazine. The mechanism of transport and the biochemistry of
‘VMAT have been analyzed with these drugs, using mainly the chromaffin granules from bovine
adrenal glands as a source of transporters (Peter, D. et al. (1994) J. Biol. Chem. 269:7231-7237).

Human studies indicated that reserpine can cause a syndrome resembling depression,
indicating the importance of vesicular transport activity for the control of mood and behavior. The
psychostimulant amphetamine also disrupts the storage of amines in secretory vesicles, further
indicating that alterations in vesicular monoamine fransport can affect behavior (Sulzer, D, and S.
Rayport (1990) Neuron 5:797-808).

Human diseases caused by defects in neurotransmitter transporters include schizophrenia,
Tourette’s syndrome, Parkinson’s disease, brain ischemia, amyotrophic lateral scerlosis, depression,
and epilepsy. For example, decreased GAB Aergic neurotransmission has been implicated in the
pathophysiology of CNS disorders such as epilepsy and schizophrenia. Impaired re-uptake of
synaptic glutamate, and a reduced expression of the glutamate transporter have been fouhd inthe
motor cortex of patients with amyotrophic lateral sclerosis (ALS). The loss of glial glutamate
transporters produces elevated exiracellular glutamate levels, neurodegeneration characteristic of
excitotoxicity, and a progressive paralysis. The loss of neuronal glutamate transporters produces mild
peurofoxicity and result in epilepsy (Rothstein, I.D. et al. (1996) Neuron 16:675-686).

Transporters for dopamine, norepinephrine, and serotonin have particular significance as
targets for clinically relevant psychoactive agents including cocaine, antidepressants, and
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amphetamines. Cocaine and antidepressants are transporter antagonists that act with varying degrees
of specificity to enhance synaptic concentrations of amines by limiting clearance. Amphetamines
ephance transporter mediated efflux in concert with a depletion of vesicular amine stores (Barker,
E.L. and R.D. Blakely (1995) Psychopharmacology 28:321-333; Sulzer, D, and S. Rayport (1990)
Neuron 5:797-808; Wall, $.C. et al. (1995) Mol. Pharmacol. 47:544-550).

Each of over a teillion neurons in adult humans connects with over a thousand target cells
(Tessier-Lavigne, M. et al. (1996) Science 274:1123-1133). These neuronal connections form during
embryonic development. Each differentiating neuron sends out an axon tipped at the leading edge by a
growth cone. Aided by molecular guidance cues, the growth cone migrates through the embryonic
environment to its synaptic target. Semaphorins are growth cone guidance signals that may function
during embryogenesis by providing local signals to specify territories inaccessible to growing axons
(Puschel, A W. et al. (1995) Neuron 14:941-948).

The guidance of axons during development involves both positive and negative effects (i.e.,
chemoattraction and chemorepulsion). The Slit family of proteins have been inplicated in promoting
axon branching, elongation, and repulsion. Members of the Slit family have been identified in a variety
of organisms, including insects, amphibians, birds, rodents and bumans (Guthtie, S. (1999) Current
Biology 9:R432-R435). Slit proteins appear to be ligands for the repulsive guidance receptor,
Roundabout (Robo); however, Slit also cause elongation in some assays. A post-translationally
processed form of Slit appears to the active form of the protein (Guthrie, S. supra and Brose, K. et al.
(1999) Cell 96:795-806).

Axon growth is also guided in part by contact-mediated mechanisms involving cell surface and
extracelfular matrix (ECM) molecules. Many ECM molecules, inchuding fibronectin, vitronectin,
members of the laminin, tenascin, collagen, and thrombospondin families, and a variety of
proteoglycans, can act either as promoters or inhibitors of neurite outgrowth and extension (Tessier-
Lavigne et al,, supra). Receptors for ECM molecules include integrins, immunoglobulin superfamily
‘members, and proteoglycans. ECM molecules and their receptors have also been implicated in the
adhesion, maintenance, and differentiation of nenrons (Reichardt, L.F. et al. (1991) Ann. Rev.
Nenrosci. 14:531-571). The proteoglycan testican is localized to the post-synaptic area of pyramidal
cells of the hippocampus and may play roles in receptor activity, nenramodulation, synaptic plasticity,
and nearotransmission (Bonnet, F. et al. (1996) J. Biol. Chem. 271:4373-4380).

Other nervous system-associated proteins have roles in nenron signaling, cell adhesion, nerve
regeneration, axon guidance, and neurogenesis. The neurexophilins are neuropeptide-like proteins
which are proteolytically processed after synthesis, They are ligands for the neuron-specific cell

surface proteins, the ¢-neurexins. Neurexophilins and neurexins may participate in a neuron signaling
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pathway (Missler, M. and T.C. Sudbof (1998) J. Neurosci. 18:3630-3638; Missler, M. et al. (1998) I.
Biol. Cbem. 273:34716-34723). Ninjurin is a neuron cefl surface protein which plays a role in cell
adhesion and in nerve regeneration following injury. Ninjurin is up-regulated after nerve injury in
dorsal root ganglion neurons and in Schwann cells (*602062 Ninjurin; NINJ1 OMIM; Araki, T. and
Milbrandt, J. (1996) Neuron 17:353-361). Mammalian Numb is a phosphotyrosine-binding (PTB)
domain-containing protein which may be involved in cortical neurogenesis and cell fate decisions in the
mammalian nervous system. Numb’s binding partner, the LNX protein, contains four PDZ domains
and a ring finger domain and may participate in a signaling pathway involving Numb. PDZ domains
have been found in proteins which act as adaptors in the assembly of multifunctional protein
complexes involved in signaling events at surfaces of cell membranes (Ponting, C.P. (1997)
Bioessays 19:469-479). LNX contains a tyrosine phosphorylation site which may be important for the
‘binding of other PTB-containing proteins such as SHC, an adaptor protein which associates with
tyrosine-phosphorylated growth factor receptors and downstream effectors (Dho, S.E. ef al. (1998) I.
Biol. Chem. 273:9179-9187).

Another family of molecules that appear to be important for neurctransmission is the choline-
transporter-like CTL1 proteins. The prototypic CTL1 was identified in yeast as a suppressor of a
choline transport mutation; however, mammalian homologues have been identified. The proteins
comprise approximately ten putative transmembrane domains in addition to transporter-tike motifs but
do ot appear to be canonical choline transporters. Choline transport is important to neurotransmission
because choline is a precursor of acetylcholine, required in abundance by cholinergic neurons (O'Regan,
S. et al. (2000) Proc. Natl. Acad. Sci. U.S.A. 97:1835-40).

‘The discovery of new neurotransmitter transporters and the polynucleotides encoding them
satisfies a need in the art by providing new compositions which are useful in. the diagnosis, prevention,
and treatment of fransport, neurclogical and psychiatric disorders, and in the assessment of the effects
of exogenous compounds on the expression of nucleic acid and amino acid sequences of

neurotransmitter transporters.

SUMMARY OF THE INVENTION
The invention features purified polypeptides, neurotransmitter transporters, referred to
collectively as “NTT” and individually as “NTT-1,” “NTT-2," “NTT-3,” “NTT-4,” “NTT-5,” and
“NTT-6,”. In one aspect, the invention provides an isolated polypeptide selected from the group
consisting of &) a polypeptide comprising an amino acid sequence selected from the group consisting of
SEQ ID NO:1-6, b) a naturally ocourring polypeptide comprising an amino acid sequence at least 90%
identical to an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, ¢) a
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biologically active fragment of a polypepﬁde'having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6, and d) an immunogenic fragment of a polypeptide having an amino acid
sequence selected from the group consisting of SEQ ID NO:1-6. In one alternative, the invention
provides an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:1-6.

The invention further provides an isolated polynncleotide 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:1-6, b) a naturally occurring palypeptide comprising an amino acid sequence
at least 90% identical to an amino acid sequence selected from the group censisting of SEQ ID NO:1-6,
c) a biologically active fragment of a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-6, and d) an imnmmnogenic fragment of a polypeptide having an.
amino acid sequence selected from the group consisting of SEQ ID NO:1-6. In one alternative, the
polynucleotide encodes a polypeptide selected from the group consisting of SEQ ID NO:1-6. In another
alternative, the palynucleotide is selected from the group cobsisting of SEQ ID NOQ:7-12.

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:1-6, b) a naturally occurring polypeptide comprising an amino acid sequence at least 90% identical
to an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, ¢) a biologically
active fragment of a polypeptide having an amino acid sequence selected from the group consisting of
SEQ ID NO:1-6, and d) an immunogenic fragment of a polypeptide having an amino acid sequence
selected fram the group consisting of SEQ ID NO:1-6. In one alternative, the invention provides a cell
transformed with the recombinant polynucleotide. In another alternative, the invention provides a
transgenic organism comprising the recombinant polynucleotide.

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:1-6, b) a naturally occurring polypeptide comprising an amino acid sequence at least 90%
identical to an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, ¢} a
biologically active fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6, and d) an immunogenic fragment of a polypeptide having an amino acid
sequence selected from the group consisting of SBQ ID NO:1-6. The method comprises a) culturing a
cell under conditions suitable for expression of the polypeptide, wherein said cell is transformed with a
recombinant polynucleotide comprising & promoter sequence operably linked to a polymacleotide
encoding the polypeptide, and b) recovering the polypeptide so expressed.

Additionally, the invention provides an isolated antibody which specifically binds to a
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polypeptide selected from the group consisting of ) a palypeptide comprising an amino acid sequence
selected from the group consisting of SEQ ID NO:1-6, b) a naturally occurring polypeptide comprising
an amino acid sequence at least 90% identical to an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6, ¢} a biologically active fragment of a polypeptide having an amino acid
sequence selected from the group consisting of SEQ ID NO:1-6, and d) an immunogenic fragment of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6.

The invention further provides an isolated polynucleotide selected from the group consisting of
a) a polynucleotide comprising a polymucleotide sequence selected from the group consisting of SEQ ID
NO:7-12, b) a naturally occurring polymcleotide comprising a polynucleotide sequence at least 90%
identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:7-12, ¢) a
polynuclectide complementary to the polynucleotide of a), d) a polyaucleotide complementary to the
polynucleotide of b), and €) an RNA equivalent of a)-d). In one alternative, the polynucleotide
comprises at least 60 contignous nucleotides.

Additionally, the invention provides a method for detecting a target polynucleotide in a sample,
said farget polynucleotide having a sequence of a polynucleotide selected from the group consisting of
2} a polynucleotide comprising a polymucleotide sequence selected from the group consisting of SEQ 1D
NO:7-12, b} a naturally occurring polynucleotide comprising a polynucleotide sequence at least 90%
identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:7-12, ¢) a
polynucleotide complementary to the palynucleotide of a), d) a polynucleotide complementary to the
polynucleotide of b), and e) an RNA equivalent of a)-d). The method comprises a) hybridizing the
sample with a probe comprising at least 20 contiguons mucleotides 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 b) detecting the presence or absence of
5aid hybridization complex, and optionally, if present, the amount thereof. In.one alternative, the probe
comprises at least 60 contigunous micleotides.

The invention further provides a method for detecting a target polynucleotide in a sample, said
target polynucleotide having a sequence of a polynucleotide selected from the group consisting of a) a
polynucleotide comprising a potynncleotide sequence selected from the group consisting of SEQ ID
NO:7-12, b) & natorally occurring polynucleotide comprising a polynucleotide sequence at least 90%
identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:7-12, ¢) a
polynucleotide complementary to the polynucleotide of a), d) a polynucleotide complementary to the
polynucleotide of b), and €) an RNA equivalent of a)-d). The method comprises a) amplifying said
target polynucleotide or fragment thereof using polymerase chain reaction amplification, and b)
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detecting the presence or absence of said amplified target polynucleotide or fragment thereof, and,
optionally, if present, the amount thereof.

The invention further provides a composition comprising an effective amount of a polypeptide
selected from the group con‘sisting of a) a polypeptide comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:1-6, b) a naturally occurring polypeptide comprising an amino acid
sequence at least 90% identical to an amino acid sequence selected from the group consisting of SEQ
ID NQ:1-6, ¢} a biologically active fragment of a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO:1-6, and d) an immunogenic fragment of a polypeptide having
an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, and a pharmaceutically
acceptable excipient. In one embodiment, the composition comprises an amino acid sequence selected
from the group consisting of SEQ ID NO:1-6. The invention additionally provides a method of treating
a disease or condition associated with decreased expression of functional NTT, 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 ID NO:1-6, b} a naturally occurring
polypeptide comprising an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:1-6, c) a biclogically active fragment of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, and
d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6. 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 compounnd 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 decreased expression of functional NTT, 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) a polypeptide compising an
amino acid sequence selected from the group consisting of SEQ ID NO:1-6, b) a naturally occurring
polypeptide comprising an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:1-6, ¢} a biologically active fragment of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, and
d) an immmunogenic fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6. The method comprises a) exposing a sample comprising the
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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 NTT, comprising
administering to a patient in need of such treatment the composition.

The invention further provides a method of scréening 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:1-6, b) a naturally occurring polypeptide
cmoprising an amino acid sequence at least 90% identical fo an amino acid sequence selected from the
group consisting of SEQ ID NO:1-6, ¢) a biclogically active fragment of & polypeptide having an amino
acid sequence selected from the group consisting of SEQ ID NO:1-6, and d) an immunogenic fragment
of a polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6.
The method comprises a) combining the polypeptide with at least one test compound under suitable
conditions, andb) detecting binding of the polypeptide to the test compound, thereby identifying a
compound that specifically binds to the polypeptide.

The invention farther provides a method of screeping for a compound that modulates the
activity of a polypeptide selected from the group consisting of a) a palypeptide comprising an amino
acid sequence selected from the group consisting of SEQ ID NO:1-6, b) a naturally occurring
polypeptide comprising an amino acid sequence at teast 90% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:I-S, ¢) a biologically active fragment of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6, and
d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO:1-6. The method comprises a) combining the polypeptide with at least one
test compound under conditions permissive for the activity of the polypeptide, b) assessing the
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 corpound for effectiveness in
altering expression of a target polynucleotide, wherein said target polynucleotide comprises a
sequence selected from the group consisting of SEQ ID NQ:7-12, the method comprising a) exposing
a sample comprising the target polynucleotide to a compound, and b) detécting altered expression of
the target polynucleotide.

The invention further provides a method for assessing toxicity of a test compound, said
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method comprising &) treating a biological sample containing nucleic acids with the test compound;
b) hybridizing tbe nucleic acids of the treated biological sample with a probe comprising at Ieast 20
contiguous mucleotides of a polynucleotide selected from. the group consisting of i) a polymucleotide
comprising a polynucleotide sequence selected from the group consisting of SEQ ID NO:7-12, ii) a
naturally occurring polynucleotide comprising a polynucleotide sequence at least 90% identical to a
polynucleotide sequence selected from the group consisting of SEQ ID NO:7-12, iii) a polynucleotide
having a sequence comy ¥y t0 1), iv} a polynucleotide comy ary to the polynucleotide of

i), and v) an RNA equivalent of i)-iv). Hybridization occurs under conditions wheteby 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:7-12, ii) a
naturally occurring polymucleotide comprising a polynucleotide sequence at Ieast 90% identical to a
polynucleotide sequence selected from the group consisting of SEQ ID N0:7-12, iii) a polymicleotide
complementary to the polynucleotide of i), iv) a polynucleotide complementary to the polynucleotide
of if), 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 bybridization 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 hybridieation complex in the treated
biological sample 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.
homolog 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 methods, algorithms, and searchable databases used for analysis of
the polypeptides.

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

Table 5 shows the representative cDNA library for polynucleotides of the invention.
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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 threshold parameters.

DESCRIPTION OF THE INVENTION

Before the present proteins, 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 anly, and is not intended to Jimit the scope of the present invenfion which will
be limited only by the appended claims.

Tt mmst be noted that as used herein and in the éppended claims, the singular forms “a,” “an,
and “the” include plural refer.ence 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
comnection with the invention. Nothing herein is to be construed as an admission that the invention is
not entitled to antedate such disclosure by virtue of prior invention.

DEFINITIONS

“NTT” refers to the amino acid sequences of substantially purified NTT obtained from any
species, particularly a mammalian species, including bovibe, 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 biological activity of
NTT. Agonists may include proteins, nucleic acids, carhohydrates, small molecules, or any other
compound or composition which modulates the activity of NTT either by direcily interacting with NTT
or by acting on components of the biological pathway in which NTT participates.

An “allelic variant” is an alternative form of the gene encoding NTT. Allelic variants may
result from at least one mutatiop. in the mucleic acid sequence and may result in altered mRNAs or in
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polypeptides whose structure or fanction 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 mcleotides.
Each of these types of changes may occur alone, or in combination with the others, one or more times in
a given sequence.

“Altered” mcleic acid sequences encoding NTT include those sequences with deletions,
insertions, or substitutions of different mucleotides, resulting in a polypeptide the same as NTT or a
potypeptide with at least one functional characteristic of NTT. Included within this definition are
polymorphisms which may or may not be readily detectable using a particular oligonucleotide probe of

- the polymacleotide encoding NTT, and improper or unexpected hybridization to allelic variants, with a

locus other than the normal chromosomal locus for the polynucleotide sequence encoding NTT. 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 NTT. Deliberate
amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, bydrophilicity, and/or the amphipathic nature of the residues, as long as the biclogical
or immunological activity of NTT 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 glutarnine; and serine and threonine. Amino acids with uncharged side chains
having similar hydrophilicity values may include: leucine, isol&xdne, and valine; glycine and alanine;
and phenylalanine and tyrosine. '

The terns “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 occurring or synthetic
molecules. Where “amino acid sequence” is recited to refer to a sequence of a naturally occurring
protein molecule, “amino acid sequence” and like terms are not meant to limit the amino acid sequence
o the complete native 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 o a molecule which inhibits or attenuates the biological activity of
NTT. Aniagonists may include proteins such as antibodies, nucleic acids, carbohydrates, small
molecules, ar any other compound or composition which modulates the activity of NTT either by
directly interacting with NTT or by acting on components of the biological pathway in which NTT
participates.

19
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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 NTT polypeptides can be prepared using intact polypeptides or using fragments
éomaimng small peptides of interest as the immunizing antigen. The polypeptide or oligopeptide nsed
to immunize an animal (e.g., 2 mouse, a rat, or a rabbif} can be derived from the translation of RNA, or
synthesized chemically, and can be conjugated to a carrier 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 used to immunize the animal.

The term “antigenic determinant™ refers to that region of a molecule (i.e., an epitope) that
makes contact with a pém‘cular antibody. When a protein or a fragment of & protein is used to
immunize a host animal, oumerous regions of the profein 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.e., the immunogen used to
elicit the immune response) for binding to an antibody.

The term “antisense’” refers to any composition capable of base-pairing with the “sense’”
(coding) strand of a specific mcleic acid sequence. Antisense compositions may include DNA; RNA;
peptide nucleic acid (PNA); oligonncleotides 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 baving
modified bases such as 5-methyl cytosine, 2'-deoxyuracil, or 7-deaza-2'-deoxyguanosine. Antisense
molecules may be prodnced by any method including chemical synthesis or transeription. Once
introduced info 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 profein having structural, regulatory, or biochemical
functions of a naturally occurring molecule. Likewise, “immunologically active” or “immunogenic”
refers to the capability of the natural, recombinant, or synthetic NTT, or of any oligopeptide thereof, to
induce & specific immune response in appropriate animals or cells and to bind with specific 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-5'.

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
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amino acid sequence. The composition may compyrise a dry formulation Or an aqueous solution.
Compositions comprising polynucleotide sequences encoding NTT or fragments of NTT 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 agueous solution containing salts (e.g., NaCl), detergents (e.g., sodium dodecyl sulfate;
SDS), and other components (e.g., Denbardt’s solution, dry milk, salmon sperm DNA, etc.).

“Consensus sequence’ refers to a nucleic acid sequence wiiich has been subjected to repeated
DNA sequence analysis to resolve uncalled bases, extended using the XL-PCR kit (Applied Biosystems,
Foster City CA) in the 5' and/or the 3' direction, and resequenced, or which has been assenbled 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 Washington, Seattle WA). Some sequences have been boih extended and assembled to
produce the consensus sequence.

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

Cys Ala, Ser

Gin Asn, Glu, His

Glu Asp, GIn, His

Gly Ala

His Asn, Arg, Gln, Glu

Tle Len, Val

Len e, Val

Lys Arg, Gln, Gln

Met Len, Ile

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

Thr Ser, Val

Tp Phe, Tyr

Tyr His, Phe, Trp

Val e, 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 befa sheet or alpba helical conformation,

JP 2004-514411 A 2004.5.20



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

10

15

25

30

(115)

WO 01/90148 PCT/US01/16283

(b) the charge or hydrophobicity of the molecule at the site of the substitution, and/ar (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 residues or nucleotides.

The term “derivative” refers to a chemically modified polynuclectide or polypeptide. Chemical
modifications of a polynucleotide can include, for example, replacement of hydrogen by an, alkyl, acyl,
hydroxyl, or amino group. A derivative polynucleotide encodes a palypeptide 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 pmceés that retains at least one biological or immunological
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
measurable signal and is covalently or noncovalently joined to a polynucleotide or polypeptide.

“Differential expression” refers to increased or upr or d d, downr d, or

absent gene ar protein expression, determined by comparing at least two different samples. Such
comparisons may be carried out between, for example, a treated and an untreated sample, or a diseased
and a normal sample.

A “fragmeni” is a unique portion of NTT or the polynucleotide encoding NTT 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, therapeutic molecule, or for other putposes, 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 inlength. Fragments may be preferentially selected from certain regions of a molecule. For
example, a polypeptide fragment may comprise a certain length of contiguous 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 Iength 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:7-12 comprises a region of unique polynucleotide sequence that
specifically identifies SEQ ID NO:7-12, for example, as distinct from any other sequence in the
genome from which the fragment was obtained. A fragment of SEQ ID NO:7-12 is useful, for
example, in hybridization and amplification technologies and in analogous methods that distingnish
SEQ ID NO:7-12 from related polynucleatide sequences. The precise length of a fragment of SEQ ID
NO:7-12 and the region of SEQ ID NO:7-12 to which the fragment corresponds are routinely
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determinable by one of ordinary skill in the art based on the intended purpose for the fragment.

A fragment of SEQ ID NO:1-6 is encoded by a fragment of SEQ ID NO:7-12. A fragment of
SEQ ID NO:1-6 comprises a region of unique amino acid sequence that specifically identifies SEQ ID
NO:1-6. For example, a fragment of SEQ ID NO:1-6 is useful as an immunogenic peptide for the
development of antibodies that specifically recognize SEQ ID NO:1-6. The precise length of a
fragment of SEQ ID NO:1-6 and the region of SEQ ID NO:1-6 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 js 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 polynuclectide 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 polynncleotide 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 twa sequences.

Percent identity between polynncleotide sequences may be determined using the default
parameters of the CLUSTAL 'V algorithm as incorporated into the MEGALIGN version 3.12e 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 alignments of polynucleotide sequences, the default parameters are set as follows:
Ktuple=2, gap penalty=5, 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 nsed 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
hitp://www.ncbi.nlm.nih.gov/BLAST/. The BLAST software suite inclndes various sequence analysis
programs including “blastn,” that is used to align a known polynucleotide sequence with other
polynucleotide sequences from a variety of databases. Also available is a tool called “BLAST 2
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Sequences” that is used for direct pairwise comparison of two mucleotide sequences. “BLAST 2
Sequences™ can be accessed and used interactively at http://www.nchi.nlm.nib. gov/gorf/bl2.tml. The
“BLAST 2 Sequences” tool can be used for both blastn and blastp (discussed below). BLAST
programs are commonty used with gap and other parameters set to default settings. For example, to
compare two nucleotide sequences, one may use blastn with the “BLAST 2 Sequences” tool Version
2.0.12 (April-21-2000) set at default parameters. Such default parameters may be, for example:

Matrix: BLOSUMG2

Reward for match: 1

Peralty for mismatch: -2

Open Gap: 5 and Extension Gap: 2 penalties

Gap x drop-aff: 50

Expect: 10

Word Size: 11

Filter: on

Percent identity may be measured over the Iength of an entire defined sequence, for example, as
defined by a particular SEQ ID number, or may be measured over a shorter length, for example, over
the Iength of a fragment taken from a larger, defined sequence, for instance, a fragment of at least 20, at
Teast 30, at least 40, atleast 50, at least 70, at least 100, or at least 200 contiguons nucleotides. Such.
lengths are exemplary only, and it is understood that any fragment length supparted 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 Jeast two polypeptide sequences aligned using a
standardized algorithm. Methods of polypeptide sequence alignment are well-known. Some alignment
methods take into acconnt conservative amino acid substitutions. Such conservative substitations,
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 defanlt 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
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CLUSTAL YV, the default parameters are set as follows: Ktuple=1, gap pepalty=3, window=5, and
“diagonals saved’=5. The PAM250 matrix is selected as the default residue weight table. As with
polynuclectide alignments, the percent identity is reported by CLUSTAL V as the “percent similarity™
between aligned polypeptide sequence pairs.

Alternatively the NCBI BLAST software snite may be used. For example, for a pairwise
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: 1 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 defived 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 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.

“Human artificial chromosomes™ (HACs) are linear microchromosomes which may contain
DNA sequences of about & kb to 10 Mb in size and which contain all of the elements required for
chromosome replication, segregation and maintenance.

The term “humanized antibody” refers to an antibody molecule in which the amino acid
sequence in the non-antigen binding 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 polymucleotide strand anmeals with a
complementary strand through base pairing under defined hybridization conditions. Specific
hybridization is an indication that two nucleic acid sequences share a high 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 important 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 sirands that are not perfectly matched. Permissive conditions for
annealing of nucleic acid sequences are routinely determinable by one of ordinary skill in the art and
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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/mi sheared, denatured salmon sperm DNA.

Generally, stringency of hybridization is expressed, in part, with reference to the temperature
under which the wash step is carried out. Such wash temperatures are typically selected to be about
5°C 1o 20°C lower than the thermal melting point (T,,) for the specific sequence at a defined jonic
strength and pH. The Ty, 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 conditions
for nucleic acid hybridization are well known and can be found in Sambrook, J. et al. (1989) Molecular
Cloning: A Laboratory Manual, 2* ed., vol. 1-3, Cold Spring Harbor Press, Plainview NY; specifically
see volume 2, chapter 9.

High stringency conditions far hybridization between polynucleotides of the present invention
include wash conditions of 68°C in the presence of about 0.2 x SSC 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
e varied from about 0.1 to 2 x §SC, with SDS being present at about 0.1%. Typically, blocking
Teagents 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 nsed 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 nucleotides. Such sinilarity is
strongly indicative 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 sclution. (e.g., Cgt or Rqt analysis) or formed between one mcleic 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 appropriafe 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 infections or genetic disease, etc. These conditions can be characterized by expression of
various factors, e.g., cytokines, chemokines, and other signaling molecules, which may affect ceflular
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and systemic defense systems.

An "immunogenic fragment" is a polypeptide or oligopeptide fragment of NTT 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
NTT which is useful in any of the antibody production methods disclosed herein or known in the art.

‘The term “microarray” refers to an arrangement of a plusality of polynucleotides, polypeptides,
or other chemical compounds on a substrate.

The terms “element™ 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 NTT. For example, modulation may
cause an increase or a decrease in protein activity, binding characteristics, or any other biological,
functional, or immunological properties of NTT.

The phrases “nucleic acid” and “mcleic acid sequence” refer 1o a nucleotide, oligonucleotide,
polynucleotide, or any fragment 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 RN A-like material.

"Operably linked" refers to the sitnation 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. Qperably linked DNA sequences inay 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-gens agent which.
comprises an oligonucleotide of at least about 5 mucleotides in length linked to a peptide backbone of
amino acid residues ending in lysine. The terminal Iysine confers solubility to the composition. PNAs
preferentially bind complementary 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 NTT may involve lipidation, glycosylation,
phosphorylation, acetylation, racemization, protealytic 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 milieu of NTT.

"Probe" refers to nucleic acid sequences encading NTT, their complements, or fragments
thereof, which are used to detect identical, allelic or related nucleic acid sequences. Prabes are
isolated oligonucleotides or polymucleotides attached to a detectable label or reporter molecule. Typical
labels include radioactive isotopes, ligands, chemiluminescent agents, and enzymes, “Primers” are
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short mcleic acids, usually DNA oligonucleotides, which may be annealed to a target polymicleotide 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 nucleic acid

sequence, e.g., by the polymerase chain reaction (PCR).

Probes and primers as nsed in the present invention typically comprise at least 15 contiguous
mucleotides of a known sequence. In order to enhance specificity, longer probes and primers may slso
‘e employed, such as probes and primers that comprise at least 20, 25, 30, 40, 50, 60. 70, 80, 90, 100,
or at least 150 consecutive nucleotides of the disclosed nucleic acid sequences. Probes and primers may
e considerably longer than these examples, and it is wnderstood that any length supported by the
specification, including the tables, figures, and Sequence Listing, may be used.

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

Oligonuclectides for use as primers are selected using software known in the art for such
purpose. For example, OLIGO 4.06 software is nseful 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 program (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,” in which sequences to avoid as primer
hinding sites are user-specified. Primer3 is useful, in particular, for the selection of oligonncleotides 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 primers 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.
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Hence, this program is useful for identification of both unique and conserved oligonucleotides and
polynucleotide fragments. The oligonucleatides 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 bas a sequence
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 micleic acids, e.g., by genetic engineering techniques
such 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 mucleic acid. Frequently, a
recombinant nucleic acid may include a nucleic acid sequence operably linked to 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 vectar, e.g., based on a
vaccinia virus, that could be use to vaccinate a mammal wherein the recombinant mucleic acid is
expressed, inducing a protective immunological response in the mammal.

A “regulatory element” refers to a nucleic acid sequence usually derived from untransiated
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 control transeription, transiation, or RNA
stability.

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

An “RNA equivalent,” in reference to a DNA sequence, is cowposed of the same linear
sequence of nucleatides 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 “sample” is used in its broadest sense. A sample snspected of containing NTT,
mucleic acids encoding NTT, or fragments thereof may comprise a bodily finid; an exiract 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; etc.

The terms “specific binding” and “specifically binding” refer to that interaction between a
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Ppratein or peptide and an agonist, an antibody, an. antagonist, a small molecule, or any natural or
synthetic binding composition. The interaction is dependent upon the presence of a particular structure
of the protein, e.g., the antigenic determinant or epitope, recoguized by tbe 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
removed from their natural environment and are isclated 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 nucleotides by
different amino acid residues or nucleotides, respectively. )

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

A “transcript 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 DNA is introduced into a recipient
cell. Transformation may occur under natural or artificial conditions according to various 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, heat shock, lipofection, and particle bombardment. The term *“transformed cells™
inchudes 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 organism,” as used herein, is any organism, including but xot limited to
animals and plants, in which one or more of the cells of the organism contains heterologous muéleic
acid introduced by way of human intervention, such as by transgenic techniques well known in the
art. The nucleic acid is introduced into the cefl, 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.
arecombinant virus. The term genetic manipulation does not include classical cross-breeding, or in
vitro fertilization, but rather is directed to the introduction of a recombinant DNA molecule. The
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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 mucleic acid sequence is defined as a nucleic acid sequence having at
least 40% sequence identity to the particnlar nucleic acid sequence over a certain Jength of one of the
mucleic 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 alternative splicing of exons during mRNA processing. The corresponding polypeptide may
paossess 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 refative 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 mucleotide 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 prapensity for a disease state.

A “varjant” of a particular palypeptide sequence is defined as a polypeptide sequence having at
Ieast 40% sequence identity to the particular polypeptide sequence over a certain length of one of the
palypeptide sequences using 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%, atleast 70%, at least 80%, at least 90%, atleast 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 Imman neurotransmitter transporters (NTT), the

palynucleotides encoding NTT, and the nse of these compositiops for the diagnosis, treatment, or
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prevention of transport, nenrological and psychiatric disorders.

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

Table 2 shows sequences with homology to the polypeptides of the invention as identified by
BLAST analysis against the GenBank protein (genpept) database. Columms 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 number (Genbank ID NO:) of the nearest GenBank homolog.
Colurn 4 shows the probability score for the match between each polypeptide and its GenBank
homolog. Column 5 shows the annotation of the GenBank homolog along with relevant citations where
applicable, all of which are expressly incorporated by reference herein.

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. Column 3
shows the number of amino acid residues in each polypeptide. Column 4 shows potential
phosphorylation sites, and cohmn 5 shows potential glycosylation sites, as determined by the MOTIFS
program of the GCG sequence analysis software package (Genetics Computer Group, Madison WI).
Colwmn 6 shows aming 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 summarize the properties of polypeptides of the invention, and these
properties establish that the claimed polypeptides are neurotransmitter transporters. For example, SEQ
ID NO4 is 95% identical to human taurine transporter (GenBank ID g799339) as determined by the
Basic Local Alignment Search Tacl (BLAST). (See Table 2.) The BLAST probability score is 0.0,
which indicates the probability of obtaining the observed polypeptide sequence alignment by chance.
SEQ ID NO:4 also contains a sodium:neurotransmitter symporter family (SNF) signature as determined
by searching for statistically significant matches in the hidden Markov model (HMM)-based PEAM
database of conserved protein family domains. (See Table 3.) Data from BLIMPS, MOTIFS, and
PROFILESCAN analyses provide further corroborative evidence that SEQ ID NO:4 is an SNF
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ueurotansmitter transporter. In an alternate example, SEQ ID NO:5 is 94% identical to Inoman
dopamine transporter (GenBank ID g181656) as determined by the Basic Local Aligoment Search Tool
(BLAST). (See Table 2.) The BLAST probability score is 0.0, which indicates the probability of
obtaining the observed polypeptide sequence alignment by chance, SEQ ID NO:5 also contains a
sodiwm nenrotransporter symporter family domain as determined by searching for statistically
significant matches in the hidden Markov model (HMM)-based PEAM database of conserved protein
family domains. (See Table 3.) Data from BLIMPS, MOTIFS, and PROFILESCAN analyses provide
further corroborative evidence that SEQ ID NO:5 is a dopamine transporter. In an alternate example,
SEQ ID NO:6 is 90% identical to rat neurotransmitter ransporter rB21a (GenBank ID g914028;
Smith, K.E. et al. (1995) FEBS Lett. 357:86-92) as determined by the Basic Local Alignment Search
Tool (BLAST). (See Table 2.) The BLAST probability score is 5.7e-300, which indicates the
prabability of obtaining the observed polypeptide sequence alignment by chance. SEQ ID NO:6 also
contains sodium:neurotransmitter symporter family domains as defermined by searching for statistically
significant matches in the hidden Markov model (HMM)-based PFAM database of conserved protein
family domains. (See Table 3.) Data from BLIMPS, PROFILESCAN, and BLAST analyses provide
further corroborative evidence that SEQ ID NO:6 is a sodiun:neurotransmitter symporter. SEQ ID
NO:1, SEQ ID NO:2, and SEQ ID NO:3 were analyzed and annotated in a similar manner. The
algorithrs and parameters for the analysis of SEQ ID NO:1-6 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. Columns 1 and 2 list the polynucleotide sequence
identification number (Polynuclectide SEQ ID NO:) and the corresponding Incyte polynucleotide
consensus sequence nnmber (Incyte Polynucleotide ID) for each polynucleotide of the invention.
Column 3 shows the Jength of each polynucleotide sequence in basepairs. Column 4 lsts fragments of
the polymucleotide sequences which are useful, for example, in hybridization or amplification
technologies that identify SEQ ID NO:7-12 or that distinguish between SEQ ID NO:7-12 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 polyrucleotide
sequences of the invention. Columns 6 and 7 of Table 4 show the nucleotide start (5') and stop (3")
positions of the cDNA and genoric 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,
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5407696F6 is the identification number of an Incyte cDNA sequence, and BRAMNOTO1 is the cDNA
library from which it is derived. Incyte cDNAs for which ¢cDNA libraries are not indicated were
Jerived from pooled cDNA libraries (e.g., 70501086V1). Alternatively, the identification numbers in
colummn 5 may refer to GenBank cDNAs or ESTs (e.g., g1748013) which contributed to the assembly of
the full length polynucleotide sequences. Alternatively, the identification numbers in column 5 may
refer to coding regions predicted by Genscan analysis of genomic DNA. The Genscan-predicted coding
sequences may have been edited prior to assembly. (See Example IV.) Alternatively, the identification
umbers in column 5 may refer to assemblages of both cDNA and Genscan-predicted exons brought
together by an “exon stitching” algorithm. (See Example V) Alternatively, the identification numbers
in column 5 may refer to assemblages of both cDNA and Genscan-predicted exons brought together by
an “exon-stretching” algorithm. For example, FL7472800_g7108462_g181656 is the identification
number of a “stretched” sequence, with 7472800 being the Incyte project identification number,
£7108462 being the GenBank identification number of the human genomic sequence to which. the
“exon-stretching” algorithm was applied, and g181656 being the GenBank identification mimber of the
nearest GenBank protein homolog. (See Example V.) In some cases, Incyte cDNA coverage redundant
with the sequence coverage shown in column 5 was obtained to confirm the final consensus
polyoucleotide sequence, but the relevant Incyte cDNA. identification numbers are not shown.

Table 5 shows the representative ¢cDNA Tibraries for those full length polynucleotide sequences
which were assembled using Incyte cDNA sequences. The representative cDNA library is the Incyte
¢DNA 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 encampasses NTT variants. A preferred NTT variant is ope which has at
least about 80%, or alternatively at least about 90%, or even at least about 95% amino acid sequence
identity to the NTT amino acid sequence, and which contains at least one functional or structural
characteristic of NTT.

The invention also encompasses polynucleotides which encode NTT. In a particular
embaodiment, the invention encompasses a polynucleotide sequence comprising a sequence selected from
the group consisting of SEQ ID NO:7-12, which encodes NTT. The polymucleotide sequences of SEQ
1D NO:7-12, 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 polymicleotide sequence encoding NTT. In
particular, such a variant polynucleotide sequence will have at least abont 70%, or alternatively at least
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about 85%, or even at least about 95% polynucleotide sequence identity to the polynucleotide sequence
encading NTT. A particular aspect of the invenﬁon encompasses a variant of a polynueleotide
Sequence comprising a sequence selected from the group consisting of SEQ ID NO:7-12 which has af
least 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 SEQ ID NO:7-12.
Any one of the polynucleotide variants described above can encode an amino acid sequence which
contains at least one functional or structoral characteristic of NTT.

It 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 NTT, some bearing minimal similarity to the
polymcleotide sequences of any known and naturally oconrring gene, may be produced. Thus, the
invention conterplates each and every possible variation of polymicleotide 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
occurzing NTT, and all such variations are to be considered as being specifically disclosed.

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

The invention also encompasses production of DNA sequences which encode NTT and NTT
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 chernistry may be used to introduce mutations into
a sequence encoding NTT or any fragment thereof.

Also encompassed by the invention are polynucleotide sequences that are capable of
hybridizing to the claimed polynucleotide sequences, and, in particular, to those shown in SEQ ID
NO:7-12 and fragments thereof under various conditions of stringency. (See, e.g., Wahl, G.M. and
S.L. Berger (1987) Methods Enzymal. 152:399-407; Kimmel, A.R. (1987) Methods Enzymol.
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152:507-511.) Hybridization conditions, including annealing and wash conditions, are described in
“Definitions.”

Methods 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 enzyimes as the Klenow fragment of
DNA polymerase I, SEQUENASE (US Biochemical, Cleveland OH), Taq palymerase (Applied
Biosystems), thermostable T7 polymerase (Amersham Pharmacia Biotech, Piscataway NI}, or
combinations of polymerases and proofreading exonucleases such as those 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 systems known in the art. The resulting sequences are analyzed using a
variety of algorithms which are well known in the art. (See, e.g., Ausubel, F.M. (1997) Short Protocols
in Molecular Biclogy. John Wiley & Sons, New York NY, ul}it 7.7; Meyers, R.A. (1995) Molecular
Biology and Biotechnology, Wiley VCH, New York NY, pp. 856-853;)

The nucleic acid sequences encoding NTT may be extended utilizing a partial nucleotide
sequence and employing various PCR-based methods known in the art to detect upsiream sequences,
such as pramoters and regulatory elements. For example, one method which may be émployad,
testriction-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 anplify 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
10 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, mmitiple restriction enzyme digestions and
ligations may be used to insert an engineered double-stranded sequence into a region of unknown
sequence before performing PCR.  Other methods which may be used to refrieve unknown seqnences
are known in the art. (See, e.g., Parker, I.D. et al. (1991) Nucleic Acids Res. 19:3055-3060).
Additionally, one 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 iniron/exon junctions. For all PCR-based methods, primers may be designed using
commiercially available software, such as OLIGO 4.06 primer analysis software (National Biosciences,
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Plymouth MN) or another appropriate program, to be about 22 to 30 nucleotides in length, to bave a
GC content of about 50% or mare, 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 use libraries that have been
size-selected to include larger ¢cDNASs. In addition, random-primed Iibraries, which often include
sequences containing the 5' regions of genes, are preferabie for situations in which an cligo d(T) library
does not yield a full-length cDNA. Genomic libraries may be useful for extension of sequence into 5'
non-transcribed regulatory regions.

Capillary electrophoresis systems 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 vsing 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 smafl DNA fragments
which may be present in limited amounts in a particular sample.

In another embodiment of the invention, polynucleotide sequences or fragments thereof which
encode NTT may be cloned in recombinant DNA molecules that direct expression of NTT, 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 NTT.

The nucleotide sequences of the present invention can be engineered using methods generally
known in the art in order to alter NTT-encoding sequences for a variety of purposes including, but not
limited to, modification of the cloning, pracessing, and/or expression of the gene product. DNA
shuffling by random fragmentation and PCR reassembly of gene fragments and synthetic
oligonncleotides may be used to engineer the nucleotide sequences. For 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 variants, and so forth,

The nucleotides of the present invention may be subjected to DNA shuffling techniques such
as MOLECULARBREEDING (Maxygen Inc., Santa Clara CA; described in U.S. Patent Number
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 NTT, such as its biological or enzymatic activity or its ability to
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bind to other molecules or compounds. DNA. shuffling is a process by which a library of gene
variangs 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 ronnds of
DNA. shuffling and selection/screening. Thus, genetic diversity is created through “artificial™
‘breeding and rapid molecular evolution. For example, fragments of a single gene containing random
point mutations may be recombined, screened, and then reshuffled until the desired properties are
optimized. Alternatively, fragients of a given gene may be recombined with fragments of
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 NTT may be synthesized, in whole or in part,
using chemical methods well known in the art. (See, e.g., Caruthers, MU H. et al. (1980) Nucleic Acids
Symp. Ser. 7:215-223; and Horn, T. et al. (1980) Nucleic Acids Symp. Ser. 7:225-232.) Alternatively,
NTT itself or a fragment thereof may be synthesized using chemical methods. For example, peptide
synthesis can be performed using various solution-phase or solid-phase techniques. (Seg, e.g.,
Creighton, T. (1984) Proteins. Structures and Molecular Properties, WH Freeman, New Yark NY, pp.
55-60; and Roberge, J.Y. et al. (1995) Science 269:202-204.) Automtcd synthesis may be achieved
using the ABI 431A peptide synthesizer (Applied Biosystems). Additionally, the amino acid sequence
of NTT, 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. Reguier (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 NTT, the nuclectide sequences encoding NTT or
derivatives thereof may be inserted into an appropriate expression vector, i.e., a vector which contains
the necessary €lements for transcriptional and translational control of the inserted coding se@@w ina
suitable host. These elements inchide regulatory sequences, such as enhancers, constitutive and
inducible promoters, and 5" and 3’ untranslated regions in the vector and in polynucleotide sequences
encoding NTT. Such elements may vary in their strength and specificity. Specific initiation signals
may also be used to achieve more efficient translation of sequences encoding NTT. Such signals
include the ATG initiation codon and adjacent sequences, e.g. the Kozak sequence. In cases where
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sequences encoding NTT and its initiation codon and upstream regulatory sequences are inserted into
the apprapriate 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
transtational control signals including an in-frame ATG initiation codon should be provided by the
vector. Exogenous translational elements and initiation codons may be of varions origins, both natural
and synthetic. The efficiency of expression may be enhanced by the inclusion of enhancers appropriate
for the particular host cell system useﬁ. (See, e.g., Scharf, D. et al. (1994) Resuits Probl. Cell Differ.
20:125-162.)

Methods which are well known to those skilled in the art may be used to construct expression
vectors containing sequences encoding NT'T and appropriate transcriptional and translational control
clements. These methods include in vifro recombinant DNA techniques, synthetic techuiques, and in
vivo genetic recombination. (See, e'.gﬂ Sambrook, T. et al. (1989) Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Press, Plainview NY, ch. 4, 8, and 16-17; Ausubel, F.M. et al. (1995)
Current Protocols in Molecular Biology, John Wiley & Sons, New York NY, ch. 9, 13, and 16.)

A variety of expression vector/host systems may be wtilized to contain and express sequences
encoding NTT. 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 virus, TMV) or with ba{cterial expression vectors (e.g., Ti or pBR322 plasmids); or
animal cell systems. (See, e.g., Sambrook, supra; Ausubel, supra; Van Heeke, G. and S.M. Schuster
(1989) J. Biol. Chem. 264:5503-5509; Engelhard, E.K. 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
1. 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
Harrington, 1.1. 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 nucleotide 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. Nafl. 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 systems, a number of cloning and expression vectors may be selected depending
upon the use intended for polynucleotide sequenices encoding NTT. For example, routine cloping,

39



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

10

15

20

30

(133)

WO 01/90148 PCT/US01/16283

subcloning, and propagation of polynucleotide sequences encoding NTT can be achieved using a
multifanctional E. coli vector such as PBLUESCRIPT (Stratagene, La Jolla CA) or PSPORTI plasmid
(Life Technologies). Ligation of sequences enceding NTT into the vector’s multiple Cloning site
disrupts the lacZ gene, allowing a colorimetric 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 NTT are needed, e.g. for the production of antibodies,
vectors which direct high level expression of NTT 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 NTT. A mumber of vectors containing
constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH promoters, may be
used in the yeast Saccharomyces cerevisiae or Pichia pastoris. In addition, such vectors direct either the
secretion or intracellular refention of expressed proteins and enable infegration of foreign sequences into
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 NTT. Transcription of sequences encoding
NTT may be driven by viral promoters, e.g., the 35S and 19S promoters of CaMV used alone or in
combination with the orhega 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, ¢.g.. Coruzzi, G. et al. (1984) EMBO I. 3:1671-1680; Broglie, R. et al. (1984) Science
224:338-843; and Winter, J. et al. (1991) Resulis Probl. Cell Differ. 17:35-105.) These constructs can
‘be introduced into plant cells by direct DNA. transformation or pathogen-mediated 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 oumber of viral-based expression systems may be utilized. In cases

where an adenovirus is used as an expression vector, sequences encoding NTT may be ligated into an
adenovirus transcription/transiation complex consisting of the late promoter and tripartite Teader
sequence. Insertion in a non-essential E1 or E3 region of the viral genome may be used to obtain
infective viras which expresses NTT in host cefls. (See, e.g., Logan, J. and T. Shenk (1984) Proc.
Natl. Acad. Sci. USA 81:3655-3659.) In addition, transcription enhancers, such as the Rous sarcoma
virus (RSV) enhancer, may be used to increase expression in mammalian host cells. SV40 or EBV-
based vectors may also be used for high-level protein expression.

40

JP 2004-514411 A 2004.5.20



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

10

15

20

25

30

(134) JP 2004-514411 A 2004.5.20

WO 01/90148 PCT/US01/16283

Human artificial chromosomes (FLACs) 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 t0 10 Mb are
constructed and delivered via conventional delivery methods (iposomes, polycationic amino polymers,
or vesicles) for therapeutic purposes. (See, e.g., Harrington, J.J. et al. (1997) Nat. Genet. 15:345-355.)

For long term. production of recombinant proteins in manumalian systems, stable expression of
NTT in cell lines is preferred. For example, sequences encoding NTT can be transformed 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 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 sclection 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 t& and apr cells, respectively. (See, e.g., Wigler, M. et al. (1977) Cell 11:223-232;
Lowy, I et al. (1980) Cell 22:817-823.) Also, antimetabolite, antibiotic, or herbicide resistance canbe
used as the basis for selection. For example, d7fr confers resistance to methotrexate; neo confers '
resistance to the aminoglycosides neomycin and G-418; and als and par 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., 7rpB and hisD, which alter cellular requirements
for metabolites. (See, e.g., Hartman, §.C. and R.C. Mulligan (1988) Proc. Natl. Acad. Sci. USA.
85:8047-8051.) Visible markers, e.g., anthocyanins, green fluorescent proteins (GFP; Clontech), B
glucuronidase and its substrate B-ghicuronide, or uciferase and its substrate luciferin may be used.
These markers can be nsed not only to identify transformants, but also to quantify the amount of
transient or stable protein expression attributable to a specific vector system. (See, ¢.g., Rhodes, 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 NTT is inserted within a marker gene sequence, transformed cells containing
sequences encoding NTT can be identified by the absence of marker gene function. Alternatively, a
marker gene can be placed in tandem with a sequence encoding NTT under the control of a single
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promoter. Expression of the marker gene in response to induction or selection usnally indicates
expression of the tandem gene as well.

In general, host cefls that contain the mucleic acid sequence encoding NTT and that express
NTT may be identified by a variety of procedures known 1o 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 immunoassay techniques which inclide membrane, solution, or chip based
technologies for the detection and/or quantification of nucleic acid or protein sequences.

Tmmunological methods for detecting and measuring the expression of NTT using either
specific palyclopal or monoclopal antibadies are known in the art. Examples of such techniques include
enzyme-linked immunosorbent assays (ELISAs), radioinmunoassays (RIAs), and flnorescence
activated cefl sorting (FACS). A two-site, monoclonal-based immunoassay utilizing monoclonal
antibodies reactive to two non-interfering epitopes on NTT 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) Serotogical Methods, a Laboratory Manual, APS Press, St. Paul MN, Sect. IV; Coligan, I.E. et
al. (1997) Current Protocols in Imnunclogy, Greene Pub. Associates and Wiley-Interscience, New
York NY; and Pound, J.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
ar PCR probes for detecting sequences related to polynucleotides encoding NTT inchude oligolabeling,
nick transtation, end-labeling, or PCR amplification using a labeled nuclectide. Aliernatively, the
sequences encoding NTT, 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
Kkits, such as those provided by Amersham Pharmacia Biotech, Promega (Madison W1}, and US
Biochemical. Suitable reporter molecules or labels which may be used for ease of detection include
radionuclides, enzymes, fluorescent, chemilumi nt, or chromogenic agents, as well as subsirates,
cofactors, inhibitors, magnetic particies, and the like.

Host cells transformed with micleotide sequences encoding NTT may be cultured under

conditions suitable for the expression and recavery of the protein from cell culture. The protein
produced by a transformed cell may be secreted or retained intracelinlarly depending on the sequence
and/ar the vector used. As will be understood by those of skill in the art, expression vectors containing
polynucleotides which encode NTT may be designed to contain signal sequences which direct secretion
of NTT through a prokaryotic or eukaryotic cell membrane.
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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, carboxylatian, glycosylation, phosphorylation,
lipidation, and acylation. Post-iranslatiopal 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-translational 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
sequences encoding NTT may be ligated to a heferologous sequence resulting in translation of a fusion
protein in any of the aforementioned host systems. For example, a chimeric NTT protein containing a4
heterologous moiety that can be recognized by a commercially available antibody may facilitate the
screening of peptide libraries for inhibitors of NTT activity. Heterclogous protein and peptide moieties
may alse 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), thiaredoxin (Trx), calmodulin binding peptide (CBP), 6-His, FLAG, c-#yc, and hemagglutinin
(HA). GST, MBP, Trx, CBP, and 6-His enable purification of their cognate fusion prateins on
immobilized ghrtathione, maltose, phenylarsine oxide, calmodulin, and metal-chelate resins,
respectively. FLAG, c-niye, and hemagghitinin (FLA) enable immunoaffinity purification of fusion
proteins using commercially available monoclonal and polycional antibodies that specifically recognize
these epitope tags. A fusion protein may also fe engineered to contain a proteolytic cleavage site «
located between the NTT encoding sequence and the heterologous protein sequence, 5o that NTT 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 NTT may be achieved g
vitro using the TNT rabbit reticulocyte Iysate or wheat germ extract system (Promega). These systems
couple transcription and translation of protein-coding sequences operably associated with the T7, T3, or
SPG promoters. Translation takes place in the presence of a radiolabeled amino acid precursor, for
example, S-methionine.

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

In one embodiment, the compound thus identified is closely related to the natural ligand of
NTT, e.g., a ligand or fragment thereof, a natural substrate, a structural or functional mimetic, or a
natural binding partner. (See, e.g., Coligan, I.E. etal. (1991) Current Protocols in Immunalogy 1(2):
Chapter 5.) Similarly, the compound can be closely related to the natural receptor to which NTT
binds, or to atleast a fragment of the receptor, e.g., the ligand binding site, In either case, the
compound can be rationally designed wsing known techniques. In one embodiment, screening for
these compounds involves producing appropriate cells which express NTT, either as a secreted
protein or on the cell membrane. Preferred cells include cells from mammals, yeast, Drosophila, or E.

cali. Cells ing NTT or cell memb fractions which contain NTT are then contacted with a
test compound and binding, sttmulation, or inhibition of activity of either NTT of the compounnd 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 NTT, either in
solution or affixed to a solid support, and detecting the binding of NTT 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.

NTT of the present invention or fragments thereof may be used to screen for compounds thaf
mogdulate the activity of NTT. Such compounds may include agonists, antagonists, or partial or
inverse agonists. In one embodiment, an assay is performed under conditions permissive for NTT
activity, wherein NTT is combined with at Ieast one test compound, and the activity of NTT in the
presence of 4 test campound is compared with the activity of NTT in the absence of the test compound.
A change in the activity of NTT in the presence of the test compound is indicative of a compound that
modulates the activity of NTT. Alternatively, a test compound is combined with an in vitro or céll-free

system comprising NTT under conditions snitable for NTT activity, and the assay is performed. In
cither of these assays, 4 test compound which modulates the activity of NTT may do so indirectly and
need not come in direct contact with the test compound. At least one and up o a plurality of test
compounds may be screened.

In another embodiment, polynucleotides encoding NTT or their mammalian homologs may be
“knocked out” in an animal model systern using homologous recombination in embryonic stem (ES)
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cells. Such techniques are well known in the art and are nseful for the generation of animal models of
human disease. (See, e.g., U.S. Patent Number 5,175,383 and U.S. Patent Number 5,767,337.) For
example, mouse ES cells, such as the mouse 129/SvJ cell line, are derived from the early mouse embryo
and grown in colture. The BS cells are transformed with a vector containing the gene of interest
disrupted by a marker gene, e.g., the neomycin phosphotransferase 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 inferest in a tissue- or developmental stage-specific manner (Marth, 1.D.
(1996) Clin. Invest. 97:1999-2002; Wagner, K.U. et al. (1997) Nucleic Acids Res. 25:4323-4330).
Transformed BS cells are identified and microinjected into mouse cell blastacysts 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 heterozygous or homozygous strains.
Transgepic animals thus generated may be tested with potential therapentic or toxic agents.
Polynucleotides encoding NTT may also be manipulated in vitro in ES cells derived from
human blastocysts. Human ES cells have the potential to differentiate into at least cight separate cell

lineages including endoderm, mesoderm, and ectodermal cell types. These cell lineages differentiate
into, for example, neural cells, hematopoietic lineages, and cardiomyocytes (Thomson, I.A. et al. (1998)
Science 282:1145-1147).

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

Chemical and structural similarity, e.g., in the context of sequences and motifs, exists
between regions of NTT and neurotransmitter transporters. In addition, the expression of NTT is
closely associated with brain, neurological, secretory, and tamor tissue. Therefore, NTT appears to
play arole in transport, neurological and psychiatric disorders. In the treatment of disorders
associated with increased NTT expression or activity, it is desirable to decrease the expression or
activity of NTT. In the treatment of disorders associated with decreased NTT expression or activity,
it is desirable to increase the expression or activity of NTT,
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Therefore, in one embodiment, NTT 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 NTT.
Examples of such disorders inchude, but are not limited to, a transport disorder such as akinesia,
amyotrophic lateral sclerosis, ataxia telangiectasia, cystic fibrosis, Becker’s muscular dystrophy,
Bell’s palsy, Charcot-Marie Tooth disease, diabetes mellitus, diabetes insipidus, diabetic neuropathy,
Duchenne muscolar dystrophy, hyperkalemic periodic paralysis, normokalemic periodic paralysis,
Parkinson’s disease, malignant hyperihermia, multidrug resistance, myasthenia gravis, myotonic
dystrophy, catatonia, tardive dyskinesia, dystonias, peripheral neuropathy, cerebral neoplasius,
prostate cancer; cardiac disorders associated with transport, e.g., angina, bradyarrythmia,
tachyarrytiwnia, hypertension, Long QT syndrome, myocarditis, cardiomyopathiy, nemaline
myopathy, centronuclear myopathy, lipid myopathy, mitachondrial myopathy, thyrotoxic myopathy,
ethanol myopathy, dermatomyositis, inclusion body myositis, infectious myositis, polynyositis;
nenrological disorders associated with transport, e.g., Alzheimer's disease, amnesia, bipolar disorder,
dementia, depression, epilepsy, Tourette's disorder, paranoid psychoses, and schizophrenia; and other
disorders associated with transport, e.g., neurofibromatosis, postherpetic neuralgia, trigeminal
neurcpathy, sarcoidosis, sickle cell anemia, Wilson's disease, cataracts, infertility, pulmonary artery
stenosis, sensorineural autosomal deafness, hyperglycemia, hypoglycemia, Grave's disease, goiter,
Cushing’s disease, Addison’s disease, glucose-galactose malabsorption syndrome,
hypercholesterolemia, adrenolenkodystrophy, Zellweger syndrome, Menkes disease, occipital horn
syndrome, von Gierke disease, cystinuria, inﬁnogl&cinuria, Hartup disease, and Fanconi disease; a
neurclogical 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 disarders, 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 infracranial thrombophiebitis, myelitis and radiculitis, viral central nervous
system disease, prion diseases including kuru, Crentzfeldt-Takob disease, and Gerstmann-
Straussler-Scheinker syndrome, fatal familial insomnia, nutritional and metabolic diseases of the
nervous system, neurofibromatosis, tuberous sclerosis, cerebelloretinal hemangioblastomatosis,
encephalotrigeminal syndrome, mental reftardation and otber developmental disorders of the central
nervous system including Down syndrorme, 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 myopatiiies, myasthenia gravis, periodic paralysis, mental
disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD),
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akathesia, amnesia, catatonia, diabetic neuropathy, tardive dyskinesia, dystonias, paranoid psychoses,
postherpetic neuralgia, Taurette’s disorder, progressive supranuclear palsy, corticobasal degeneration,
and familial frontotemporal dementia; and a psychiatric disorder such as acute stress disorder, alcohol
dependence, amphetamine dependence, anorexia nervosa, antisocial personality disorder,
atiention-deficit hyperaciivity disorder, autistic disorder, anxiety, avoidant personality disorder,
bipotar disorder, borderline personality disorder, brief psychotic disorder, bulimia nervosa, cannabis
dependence, cocaine dependence, conduct disorder, cyclothymic disorder, delirium, delusional
disorder, dementia, dependent personality disorder, depression, dysthymic disorder, hallucinogen
dependence, histrionic personality disorder, inhalant dependence, manic depression, multi-infarct
dementia, narcissistic personality disorder, nicotine dependence, obsessive-compulsive disorder,
opioid dependence, oppositional defiant disorder, panic disorder, paranoid personality disorder,
phencyclidine dependence, phobia, postiranmatic stress disorder, schizoaffective disorder, schizoid
personality disorder, schizophrenia, sedative dependence, separation anxiety disorder, and sleep
disorder. )

In another embodiment, a vector capable of expressing NTT 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 NTT inchading, but not limited to, those described above,

In a further embodiment, a composition comprising a substantially purified NTT in conjunction
with a suitable pharmacentical carrier may be administered to a subject to treat or prevent a disorder
associated with decreased expression or activity of NTT including, but not limited to, those provided
above,

In still another embodiment, an agonist which modulates the activity of N'TT may be
administered to a subject to treat or prevent a disorder associated with decreased expression or activity
of NTT including, but not limited to, those listed above.

In a forther embodiment, an antagonist of NTT may be administered to a subject to treat or
prevent a disorder associated with increased expression or activity of NTT. Examples of such
disorders include, but are not limited to, those transport, neurological and psychiatric disorders
de§ctibed above. In one aspect, an antibody which specifically binds NTT 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 NTT.

In an additional embodiment, a vector expressing the complement of the polynucleotide
encoding NTT may be administered to a subject to treat or prevent a disorder associated with increased
expression or activity of NTT inchiding, but not imited to, those described abpve.
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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
therapentic 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 pharmacentical principles. The combination
of therapeutic agents may act synergistically to effect the treatment or prevention of the various
disorders described above. Using this approach, one may be able to achieve therapentic efficacy with
lower dosages of each agent, thus reducing the potential for adverse side effects.

An antagonist of NTT may be produced using methods wisich are generally known in the art.
In particular, purified NTT may be used to produce antibodies or to screen libraries of pharmaceutical
agents to identify those which specifically bind NTT. Antibodies fo NTT may also be generated using
methods that are well known in the art. Such antibodies 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, lrﬁcc, humans,
and others may be immunized by injection with NTT or with any fragment or oligopeptide thereof
which has immunogenic properties. Depending on the host species, various adjuvants may be used to
increase immunological response. Such adjuvants include, but are not limited to, Freund’s, mineral gels
such as aluminum hydroxide, and surface active substances such as lysolecithin, pluronic polyals,
polyaniops, peptides, oil emulsions, KLH, and dinitrophenol. Among adjuvants used in humans, BCG
(bacilli Calmette-Guerin) and Corynebacterivm parvam are especially preferable,

It is preferred that the oligopeptides, peptides, or fragments used to induce antibodies to NTT
have an amino acid sequence consisting of at least about 5 amino acids, and generally will consist of at
least about 10 amino acids. It 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 NTT 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 NTT may be prepared using any technique which provides for the
production of antibody molecules by continuous cefl lines in culture. These include, but are not limited
to, the hybridoma technique, the human B-cell hybridoma technique, and the EBV-hybridoma
technique. (See, e.g., Kobler, G. et al. (1975) Nature 256:495-497; Kozbor, D. et al. (1985) J.
Imnmnol. Methods 81:31-42; Cote, R.J. et al. (1983) Proc. Natl. Acad. Sci. USA 80:2026-2030; and
Cole, S.P. et al. (1984) Mol. Cell Biol. 62:109-120.)
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In addition, techmiques developed for the production of “chimeric antibodies,”” such as the
splicing of mouse smtibod'y 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 NTT-specific single chain
antibodies. Antibodies with related specificity, but of distinct idiotypic composition, may be generated
by chain shuffling from random 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 lymphocyte population
or by screening i.rnmunogloﬁulin libraries or panels of highly specific binding reagents as disclosed in
the literature. (See, e.g., Orlandi, R. et al. (1989) Proc. Nafl. Acad. Sci. USA 86:3833-3837; Winter,
G. et al. (1991) Nature 349:293-299.)

Antibody fragments which contain specific binding sites for NTT may also be generated. For
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, €.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 competitive 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 NTT and its specific
antibody. A two-site, monoclonal-based immunoassay utilizing monoclonal antibodies reactive to two
non-interfering NTT epitopes is generally used, but a competitive binding assay may also be employed
(Pound, supra),

Various methods such as Scatchard analysis in conjunction with radioimmmnoassay techniques
may be used to assess the affinity of antibodies for NTT. Affinity is expressed as an association
constant, K,, which is defined as the molar concentration of NTT-antibody complex divided by the
molar concentrations of free antigen and free antibody under equilibrium conditions. The K, determined
for a preparation of polyclonal antibodies, which are heterogeneous in their affinities for multiple NTT
epitopes, represents the average affinity, or avidity, of the antibodies for NTT. The X, determined for a
preparation of monoclonal antibodies, which are monospecific for a particular NTT epitope, represents
a true measure of affinity. High-affinity antibody preparations with K, ranging from about 10° to 10"
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L/mole are preferred for use i immunoassays in which the NTT-antibody complex must withstand
rigorous manipulations. Low-affinity antibody preparations with K, ranging from about 10° to 107
L/mole are preferred for use in immunopurification and similar procedures which ultimately require
dissociation of NTT, preferably in active form, from the antibody (Catty, . (1988) Antibodies
YVolume 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 example, a

polyclonal antibody preparation containing at Ieast 1-2 mg specific antibody/ml, preferably 5-10 mg
specific antibody/ml, is generally employed in procedures requiring precipitation of NTT-antibady
complexes. Procedures for evaluating antibody specificity, titer, and avidity, and guidelines for
antibody guality and usage in various applications, are generally available. (See, e.g., Catty, supra, and
Coligan et al. supra.)

In another embodiment of the invention, the polynucleotides encoding NTT, or any fragment or
complement thereof, may be used for therapeutic 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 NTT,

Such technology is well known in the art, and antisense aligonuclectides or larger fragments can be
designed from. various locations along the coding or control regions of sequences encoding NTT. (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 vsed. 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, I.E. et al. (1998) J. Allergy Cli. Immunol. 102(3):469-475; and Scanlon, K.J, et al. (1995)
9(13):1288-1296.) Antisense sequences can also be introduced intracellularly 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, J.I. (1995) Br. Med. Bull. 51(1):217-225; Boado, RJ. 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 invention, polynucleotides encoding NTT may be used for
somatic or germline gene therapy. Gene therapy may be performed to (i) correct a genetic deficiency
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(e.g., inthe 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 fibrosts (Zabner, J. 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
hypercholesterclemia, 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 iniracellular parasites (e.g.,
agaiust human refroviruses, such as human immunodeficiency virus (HIV) (Baltimore, D. (1988)
Nature 335:395-396; Poeschila, E. et al. (1996) Proc. Natl. Acad. Sci. USA. 93:11395-11399),
hepatitis B or C virus (HBV, HCV); fungal parasites, such as Candida albicans and Paracaccidioides
brasiliensis; and protozoan parasites such as Plasmodinm falciparum and Trypanosoma cruzi). In the
case where 2 genetic deficiency in NTT expression or regulation canses disease, the expression of NTT
from. an appropriate population of transduced cells may alleviate the clinical manifestations caused by
the genetic deficiency.

In a further embadiment of the invention, diseases or disorders caused by deficiencies in NTT
are treated by constructing mammalian expression vectors encoding NTT and introducing these vectors
by mechanical means inio NTT-deficient cells. Mechanical transfer techmologies for use with cells in
¥ivo or ex vifro include (i) direct DNA microinjection into individual cells, (ii) ballistic gold particle
delivery, (iii) liposome-mediated transfection, (iv) receptor-mediated pene transfer, and (v) the use of
DNA transposons (Morgan, R.A. and W.F. Anderson (1993) Anm. Rev. Biochem. 62:191-217; Ivics,
Z. (1997) Cell 91:501-510; Boulay, I-L. and H. Récipon (1998) Curr. Opin. Biotechnal. 9:445-450).

Expression vectors that may be effective for the expression of NTT include, but are not limited
10, the PCDNA 3.1, EPITAG, PRCCMV2, PREP, PVAX 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). NTT 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), (if) 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), cammercially available in the T-REX plasmid (Invitrogen)); the
ecdysone-inducible promoter (available in the plasmids PVGRXR and PIND; Invitrogen); the
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FK506/rapamycin indocible promoter; or the RU486/mifepristone inducible promoter (Rossi, F.M.V.
and Blau, H.M. supra)), or (jii) a tissue-specific promoter or the native promoter of the endogenous
gene encoding NTT from a normal individual.

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
polymucleotides to target cells in culture and require minimal effort fo optimize experimental
parameters. In the alfernative, transformation is performed using the calcium phosphate method
(Graham, F.L. and A.J. Eb (1973) Virology 52:456-467), or by eleciroporation (Nevmann, E. et al.
(1982) EMBO J. 1:841-845). The infroduction of DNA to primary cells requires modification of these
standardized mammalian transfection protocols.

In another embodiment of the invention, diseases or disorders caunsed by genetic defects with
respect to NTT exbression are treated by constructing a refrovirus vector consisting of (i) the
polynucieotide encoding N'TT under the control of an independent promoter or the retrovirus long
terminal repeat (LTR) promater, (ii) appropriate RNA packaging signals, and (iif) a Rev-responsive
element (RRE) along with additional retrovirus cis-acting RNA sequences and coding sequences
required for efficient vector propagation. Retrovirus vectors (e.g., PFB and PFBNEO) are
commercially available (Stratagene) and are based on published data (Riviere, I. 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) I. Virol. 61:1639-1646; Adam, M.A. and
A.D. Miller (1988) J. Viral. 62:3802-3806; Dull, T. et al. (1998) J. Virol. 72:8463-8471; Zufferey, R.
et al. (1998) J. Virol. 72:9873-9880). U.S. Patent Number 5,910,434 to Rigg (“Method for obtaining
retrovirus packaging cell lines producing high transdncing efficiency retroviral supernatant” discloses a
method for obtaining retrovirus packaging cell lines and is hereby incorporated by reference.
Propagation of retrovirus 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. ef al. (1997) J. Virol. 71:7020-7029; Bauer, G. et
al. (1997) Blood 89:2259-2267; Bonybadi, 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 NTT to cells which have one or more genetic abnormalities with respect to the
expression of NTT. The consiruction 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
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for importing genes encoding immunoregulatory proteins into intact islets in the pancreas (Csete, M.E.
et al. (1995) Transplantation 27:263-268). Potentially useful adenoviral vectors are descrived in U.S.
Patent Number 5,707,618 to Armentano ("Adenovirus vectors for gene therapy™), hereby incorparated
by reference. For adenoviral vectors, see also Antinozzi, P.A. et al. (1999) Annu, Rev, Nutr.
19:511-544 and Verma, LM. and N. Somia (1997) Nature 18:382:239-242, both incorporated by
teference herein.

In another alternative, a herpes-based, gene therapy delivery system is used to deliver
polynucleotides encoding NTT to target cells which have one or more genetic abnormalities with respect
to the expression of NTT. The use of herpes simplex virus (HSV)-based vectors may be especially
valuable for introducing NTT to cells of the central nervous system, for which HSV bas a tropism. The
construction and packaging of herpes-based vectors are well known to those with ordinary skill in the
art, A repﬁcaﬁdn—campdmt herpes simplex virus (HSV) type 1-based vector has been used to deliver a
reporter gene to the eyes of primates (Liu, 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 Number 5,804,413
to DeLuca ("Herpes simplex virus strains for gene transfer"), which is hereby incorperated by
reference. U.S. Patent Number 5,804,413 teaches the use of recombinant HSV d92 which consists of a
genome containing at least ane exogenous gene 1o be fransferred to a cell under the control of the
appropriate promoter for purposes including buman gene therapy. Also taught by this patent are the
constriction and use of recombinant HSV strains deleted for ICP4, ICP27 and ICP22. For HSV
vectors, see also Goins, W.F. et al. (1999) I. Virol 73:519-532 and Xu, H. et al. (1994) Dev. Bicl.
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 cells with herpesvirus are techniques well known to those of ordinary skill in the art.

In another alternative, an alpbavirus (positive, single-stranded RNA virus) vector is used to
deliver polynucleotides encoding NTT to target cells. The biology of the prototypic alphavirus, Semliki
Farest 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 RNA 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 NTT into the alphavirus genome in place
aof the capsid-coding region results in the production of a large number of NTT-coding RNAs and the
synthesis of high levels of NTT in vector transduced cells. While alphavirus infection is typically
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associated with cell lysis within a few days, the ability to establish a persistent infection in bamster
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 N'TT
into a variety of cell types. The specific transduction of a subset of cells in a population may require
the sorting of cells prior to transduction. The methods of manipulating infections cDNA clones of
alphavituses, performing alphavirns 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 becanse it causes
inhibition of the ability of the double helix to open sufficiently for the binding of poiymerases,
transcription factors, or regulatory molecules. Recent therapentic advances using triplex DNA have
been described in the literature. (See, e.g., Gee, J.E. et al. (1994} in Huber, B.E. and B.I. Carr,
Molecuiar and Immunologic Approaches, Futura Publishing, Mt. Kisco NY, pp. 163-177.) A
com Y sequence or ani molecule may also be designed to block translation of mRNA by

preventing the transcript from binding to ribosomes.

Ribozymes, enzymatic RNA molecules, may also be nsed 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 NTT.

Specific ribozyme cleavage sites within any potential RNA target are initially identified by
scanning the target molecule for ribozyme cleavage sites, including the following sequences: GUA,
GUU, and GUC, Once identified, short RNA sequences of between 15 and 20 ribomucleotides,
corresponding 1o the region of the target gene containing the cleavage site, may be evaluaied for
secondary structural features which may render the oligonucleotide inoperable. ‘The suitability of
candidate targets may also be evaluated by testing accessibility to hybridization with complementary
oligonucleotides 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 mcleic acid molecules. These include techniques for
chemically synthesizing oligomuclectides such as solid phase phosphoramidite chernical synthesis.
Alternatively, RNA molecules may be generated by jn vitro and in vivo transcription of DNA sequences

encoding NTT. Such DNA sequences may be incorporated into a wide variety of vectors with suitable
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RNA polymerase promoters such as T7 or SP6. Alternatively, these cDNA constructs that synthesize
complementary RNA, constitutively or indncibly, 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-methyl rather than phosphodiesterase linkages
within the backbone of the maolecule. 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 a
compound which is effective in altering expression of a polynucleotide encoding NTT. Compounds
which may be effective in altering éxpression of a specific polynucleotide may include, but are not
limited to, oligomcleotides, antisense oligonncleotides, triple helix-forming oligonucleotides,
transcription factors and other polypeptide transcriptional regulators, and non-macromolecular
chemical entities which are capable of interacting with specific polynuclectide sequences. Effective
compounds may alter polynucleotide expression by acting as either inhibitors or promoters of
polynucleotide expression. Thus, in the treatment of disorders associated with increased NTT
expression or activity, a compound which specifically inhibits expression of the polynucleotide
encoding NTT may be therapeutically useful, and in the treament of disorders associated with
decreased NTT expression or activity, a compound which specifically promotes expression of the
polynucleotide encoding NTT may be therapeutically useful.

At least one, and up to a phurality, 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, inclnding chemical modification of a compound known to be effective in
altering polymcleotide expression; selection from an existing, commercially-available or proprietary
library of naturally-occurring or non-natural chemical compounds; rational design of a compound
based on chemical and/or structural properties of the target polynucleotide; and selection from a
library of chemical compounds created combinatorially or randomly. A sample comprising a
polynucleotide encoding NTT is exposed to at least one test compound thus obtained. The sample

may comprise, for example, an intact or permeabilized cell, or an in vitro cell-free or reconstituted

biochemical system. Alterations in the expression of a polymucleotide encoding NTT are assayed by
any method commeonly known in the art. Typically, the expression of a specific nucleotide is detected
by hybridization with a probe having a nucleatide sequence complementary to the sequence of the
polynucleotide encoding NTT. 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
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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) ora
human cell line such as HeL.a 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 oligomuclectides (such as deoxyribonucleotides, ribonucleotides, peptide nucleic acids, and
modified oligopucleotides) for antisense activity against a specific polymicleotide sequence (Bruice,
T.W. et al. (1997} U.S. Patent No. 5,686,242; Bruice, T.W. et al. (2000) U.S. Patent No. 6,022,691).
Many methods for infroducing 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 cefls taken

from the patient and clonally propagated for autologous transplant back into that same patient.
Delivery by transfection, by liposome injections, or by palycationic 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, cefluloses, gums, and proteins. Various
formulations are commonly known and are thoroughly discussed in the lafest edition of Remington’s
Pharmaceutical Sciences (Maack Publishing, Easton PA). Such compositions may consist of NTT,
antibodies to NTT, and mimetics, agonists, antagonists, or inhibitors of NTT.

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

Conpositions 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 malecules {e.g. traditional low molecular weight organic drugs), acrosol 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
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the practical delivery of drugs such as insulin to blood circulation. (see, e.g., Patton, J.S. et al, U.S.
Patent No. 5,997,848). Pulmonary delivery has the advantage of administration without needle
injection, and obviates the need for potentially toxic penetration enbancers.

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 intraceltular delivery of
macromolecules comprising NTT or fragments thereof. For example, liposome preparations containing
a cell-impermeable macromolecule may promote cell fusion and intracellular delivery of the
macromolecule. Alternatively, NTT 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 found 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).

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

A therapentically effective dose refers to that amount of active ingredient, for example NTT or
fragments thereof, antibodies of NTT, and agonists, antagonists or inhibitors of NTT, which
ameliorates the symptoms ar condition. Therapeutic efficacy and toxicity may be determined by
standard pharmaceutical procedures in cell cultures or with experimental animals, such as by
calculating the EDx, (the dose therapeutically effective in 50% of the population) or LDy, (the dose
lethal io 50% of the population) statistics. The dose ratio of toxic to therapentic effects is the
therapeutic index, which can be expressed as the LDs,/EDs, 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 cormpositions is
preferably within a range of circulating concentrations that includes the EDs, with little or no toxicity.
The dosage varies within this range depending upon the dosage form employed, the sensitivity of the
patient, and the route of administration. .,

The exact dosage will be determined by the practitioner, in light of factors related to the subject
Tequiring treatment. Dosage and administration are adjusted to provide sufficient levels of the active
moiety or to maintin the desired effect. Factors which may be taken into account include the severity
of the disease state, the general health of the subject, the age, weight, and gender of the subject, time
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and frequency of administration, dmg 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 rafe of the particular formulation.

Normal dosage amounts may vary from about 0.1 zg to 100,000 g, 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.
DIAGNOSTICS

In another embodiment, antibodies which specifically bind NTT may be used for the diagnosis
of disorders characterized by expression of NTT, or in. asséys to monitor patients being treated with
NTT or agonists, antagonists, or inhibitors of NTT. Antibodies useful for diagnostic purposes may be
prepared in the same manner as described above for therapeutics. Diagnostic assays for NTT include
methods which utilize the antibody and a label to detect NTT 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 riay be nsed.

A variety of protocols for measuring NTT, including ELISAs, RIAs, and FACS, are known in
the art and provide a basis for diagnosing altered or abnormal levels of NTT expression. Normal or
standard values for NTT expression are established by combining body fluids or cell extracts taken
from normal mammalian subjects, for example, human subjects, with antibodies to NTT under
conditions suitable for complex formation. The amount of standard complex formation may be
quantitated by various methods, such as photometric means. Quantities of NTT 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 NTT may be used for
diagnostic purposes. The palynucleotides which may be used include cligonucleotide 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 NTT may be correlated with
discase. The diagnostic assay may be used to determine absence, presence, and excess expression of
NTT, and to monitor regulation of NTT levels during therapeutic intervention.

In one aspect, hybridization with PCR probes which are capable of detecting polynucleotide
sequences, including genomic sequences, encoding NTT or closely related molecules may be used to

58



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

10

15

20

30

(152) JP 2004-514411 A 2004.5.20

WO 01/90148 PCT/US01/16283

identify nucleic acid sequences which encode NTT. 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 occurting sequences encoding NTT, 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 NTT encoding sequences. The hybridization probes of the subject
invention may be DNA or RNA. and may be derived from the sequence of SEQ ID NO:7-12 or from
genomic sequences including promoters, enbancers, and introns of the NTT gene.

Means for producing specific hybridization probes for DNAs encoding NTT include the
cloning of polynucleatide sequences encading NTT or NTT derivatives into vectors for the production
of mRNA probes. Such vectors are known in the art, are commercially available, and may be used to
smize RNA.probes in vitro by means of the addition of the abprcrpriate RNA polymerases and the
appropriate labeled nucleotides. Hybridization probes may be labeled by a variety of repm]‘tﬁr groups,

for example, by radionuclides such as **P 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 NTT may be used for the diagnosis of disorders associated
with expression of NTT. Examples of such disorders include, but are not limited to, a transport
disorder such as akinesia, amyotrophic lateral sclerosis, ataxia telangiectasia, cystic fibrosis, Becker’s
muscular dystrophy, Bell’s palsy, Charcot-Marie Tooth disease, diabetes mellitus, diabetes insipidus,
diabetic neuropathy, Duchenne muscular dystrophy, hyperkalemic periodic paralysis, normokalemic
periodic paralysis, Parkinson’s disease, malignant hyperthermia, multidrug resistance, myasthenia
grayis, myotonic dystrophy, catatonia, tardive dyskinesia, dystonias, peripheral neuropathy, cerebral
neoplasms, prostate cancer; cardiac disorders associated with transport, €.g., angina, bradyarrythmia,
tachyarrythmia, hypenensiﬁn, Long QT syndrome, myocarditis, cardiomyopathy, nemaline
myopathy, centronuclear myopathy, lipid myopathy, mitochondrial myopathy, thyrotoxic myopathy,
ethanol myopathy, dermatomyositis, inclusion body myositis, infectious myositis, polymyositis;
neurological disorders associated with transport, ¢.g., Alzheimer’s disease, amnesia, bipolar disorder,
dementia, depression, epilepsy, Tourette's disorder, paranoid psychoses, and schizophrenia; and other
disarders associated with transport, e.g., neurofibromatosis, postherpetic veuralgia, trigeminal
neuropathy, sarcoidosis, sickie cell anemia, Wilson’s disease, cataracts, infertility, pulmonary artery
stenosis, sensorineural autosomal deafness, hyperglycemia, hypoeglycemia, Grave's disease, goiter,
Cushing’s disease, Addison’s disease, glucose-galactose malabsorption syndrome,
hypercholesterolemia, adrenoleukodystrophy,-Zellweger syndrome, Menkes disease, occipital horn
syndrome, von Gierke disease, cystinuria, iminoglycinuria, Hartup disease, and Fanconi disease; a
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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 Iateral sclerosis and other motor neuron disorders, progressive
peural muscular atrophy, retinitis pigmentosa, hereditary ataxias, moultiple sclerosis and other
demyelinating diseases, bacterial and viral meningitis, brain abscess, subdural empyema, epidural
abscess, suppurative infracranial thrombophlebitis, myelitis and radiculitis, viral central nervous
system disease, prion diseases including kuru, Creutzfeldt-Jakob disease, and Gerstmann-
Straussler-Scheinker syndrome, fatal familial insomnia, nutritional and metabolic diseases of the
nervous system, newrofibromatosis, tuberous sclerosis, cerebelloretinal hemangioblastomatosis,
encephatotrigeminal syndrome, mental retardation 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 neryous system disorders, dermatomyositis and polymyositis,
inherited, metabolic, endocrine, and foxic myopathies, myasthenia gravis, periodic paralysis, mental
disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD),
akathesia, amnesia, catatonia, diabetic neuropathy, tardive dyskinesia, dystonias, parancid psychoses,
postherpetic neuralgia, Tourette’s disorder, progressive supranuclear palsy, corticobasal degeneration,
and familial frontotemporal dementia; and a psychiatric disorder such as acute stress disorder, alcohol
dependence, amphetamine dependence, anorexia nervosa, antisocial personality disorder,
attention-deficit hyperactivity disorder, autistic disorder, anxiety, avoidant personality disorder,
bipolar disorder, borderline personality disorder, brief psychotic disorder, bulimia nervosa, cannabis
dependence, cocaine dependence, conduct disorder, cyclothymic disarder, delirium, delusional
disorder, dementia, dependent personality disorder, depression, dysthymic disorder, hallucinogen
dependence, histrionic personality disorder, inhalant dependence, manic depression, multi-infarct
dementia, narcissistic personality disorder, nicotine dependence, obsessive-compulsive disorder,
opioid dependence, oppositional defiant disorder, panic disorder, paranoid personality disorder,
phencyclidine dependence, phobia, posttraumatic stress disorder, schizoaffective disorder, schizoid
personality disorder, schizophrenia, sedative dependence, separation anxiety disorder, and sleep
disorder. The polynucleotide sequences encoding NTT 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 microarrays utilizing fluids or tissues from patients to detect altered NTT
expression. Such qualitative or quantitative methods are well known in the art.

In a particular aspect, the mucleotide sequences encoding NTT may be useful in assays that
detect the presence of associated disorders, particularly those mentioned above. The nuclectide
sequences encoding NTT may be labeled by standard methods and added to a fluid or tissue sample
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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 ncleotide sequences encoding NTT in 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 NTT, 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 NTT, 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.

Once the presence of a disorder is established and a treatment protocl is initiated,
hybridization assays may be repeated on a regular basis to determine if the level of expression in the
patieni 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. X

‘With respect to cancer, the presence of an abnormal amount of transcript (either under- or
overexpressed) in biopsied tissue from. an individnal may indicate a predisposition for the development
of the disease, or may pravide 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 di ic uses for oli otides designed from the sequences encoding NTT may
involve the use of PCR. These oligomers may be chemically synthesized, generated enzymatically, or
produced in vitro. Oligomers will preferably contain a fragment of a polynucleotide encoding NTT, or
a fragment of a polynucleotide complementary to the polynncleotide encoding NTT, 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.
ar RNA sequences.
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In a particular aspect, oligomicleotide primers derived from the polynucleotide sequences
encoding NTT may be used to detect single nucleotide polymorphisms (SNPs). SNPs are substitutions,
insertions and deletions that are a frequent canse of inherited or acquired genetic disease in bumans.
Methods of SNP defection include, but are not limited to, single-stranded conformation polymorphism
(SSCP) and fluorescent SSCP (fSSCP) methods. In SSCP, oligonucleotide primers derived from the
polynucleotide sequences encoding NTT 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 electropboresis in non-
denaturing gels. In fSCCP, the cligonucleotide primers are fluorescently labeled, which allows
detection of the amplimers in high-throughput equipment such as DNA sequencing machines.
Additionally, sequence database analysis methods, termed in silico SNP (isSNP), are capable of
identifying polymorphisms by comparing the sequence of individual overlapping DNA fragments which
assemble into a common consensus 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 throughput MASSARRAY system
(Sequenom, Inc., San Diego CA).

Methods which may also be used to quantify the expression of NTT include radiolabeling or
biotinylating nucleotides, coampiification of a control nucleic acid, and interpolating results from
standard curves. (See, e.g., Melby, P.C. et al. (1993) T, Immuncl. Methods 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-thronghput format where the oligomer or potynacleotide of
interest is presented in variows dilutions and a spectrophotometric or colorimetric response gives rapid
quantitation.

In further embodiments, oligonucleotides or longer fragments derived from any of the
polynncleotide 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
numbers 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 paﬁcut in order to select the most appropriate and effective
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treaiment 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/ber pharmacogenomic profile.

In another embodiment, NTT, fragments of NTT, ar antibodies specific for NTT may be used
as elements on & microarray. The microarray may be used to monitor or measure protein-protein
interactions, drug-target interactions, and gene expression profiles, as described above.

A particular embodiment relates to the use of the polynucleotides 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 mimber 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 Number
5,840,484, expressly incarporated by reference herein.) Thus 2 transcript image may be generated by
hybridizing the polynucleotides of the present invention or their complements to the totality of
transcripis or reverse franscripts of a particular tissue or cell type. In one embodiment, the.
hiybridization 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 & 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 vive, as in the

case of a tissue or biopsy sample, or in viiro, as in the case of a cell line,

Transcript images which profile the expression of the polynucleatides of the present invention
may also be used in conjunction with in vitro model systens and preclinical evaluation of

pharmacenticals, as well as toxicological testing of industrizl and naturally-occurring environmental
compounds. All compounds induce characteristic gepe expression patterns, frequently termed
molecular fingerprints or toxicant signatures, which are indicative of mechanisms of action and toxicity
(Nuwaysir, E.F. et al. (1999)\1\{014 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 cormpound 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 Jarge number of genes and gene families. Ideally, 2 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 signatore aids in interpretation of toxicity mechanisms, knowledge of gene function is not
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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
Febrary 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 afl expressed
gene sequences. ‘

In one embodiment, the toxicity of a test compound is assessed by treating a biological sample
containing nucleic acids with the 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
Ppresent 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 franscript 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 protecme refers to the global
Ppattern of protein expression in a particular tissue or cell type. Each protein component of a proteome
can be subjected individually to further analysis. Proteome expression patterns, or profiles, are
analyzed by quantifying the number of expressed proteins and their relative abundance under given
conditions and at a 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 electropharesis, in which proteins from a sample are separated by
isoelectric focusing in the first dimension, and then according to molecular weight by sodium dodecyl
sulfate slab gel electrophoresis in the second dimension (Steiner and Anderson, supra). The proteins are
visualized in the gel as discrete and uniquely positioned spats, typically by staining the gel with an agent
such as Coomassic 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 fo 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 the protein in a spot may be determined by comparing its partial sequence, preferably of
at least 5 contignous 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 NTT to quantify the
levels of NTT expression. In one embodiment, the antibodies are used as elements on a microarray, and
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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 flucrescence bound at each array element.

Toxicant signatures at the proteome Tevel are also usefol for toxicological screening, and should
be analyzed in parailel with toxicant signatures at the transcript level, There is a poor correlation
between transcript and protein abundances for some proteins in some tissues (Anderson, N.L. and J,
Seithamer (1997) Electrophoresis 18:533-537), so proteome toxicant signatures 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 mMRNA, so proteornic 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 componnd. Protejns that are expressed in the treated biological
sample are separated so that the amount of each protein can be quantified. The amount of each protein
is compared to the amourit of the corresponding protein in an nntreated 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 seguencing 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 palypeptides 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 using methods known in the att, (See, e.g.,
Brennan, 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; Baldeschweler et al. (1995) PCT application WO95/251116; Shalon, D. et al.
(1995) PCT application W095/35505; Heller, R.A. et al. (1997) Proc. Natl. Acad. Sci. USA 94:2150-
2155; and Heller, M.J. et al. (1997) U.S. Patent No. 5,605,662.) Various types of microarrays are well
Jnown and thoroughly describect in DNA Microarrays: A Practical Approach, M. Schena, ed. (1999)
Oxford University Press, London, hereby expressly incorporated by reference.

In another embodiment of the invention, nucleic acid sequences encoding NTT may be used to
generate hybridization probes useful in mapping the naturally occurring genomic sequence. Either
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coding or noncoding sequences may be used, and in some i noncoding seq may be

preferable over coding sequences. For example, conservation of a coding sequence among members
of a multi-gene family may potentially cause nndesired cross hybridization during chromosomal
mapping. The sequences may be mapped to a particular chromosome, to a specific region of a
chromosome, or to artificial chromosome constructions, e.g., buman artificial chromosorues (HACs),
yeast artificial chromosomes (YACs), bacterial artificial chromosomes (BACs), bacterial P1
constructions, or single chromosome cDNA Iibraries. (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 restriction fragment length palymorphism (RFLP). (See, for
example, Lander, E.S. and D. Botstein (1986) Proc. Natl. Acad. Sci. USA 83:7353-7357.)
Fluorescent in situ hybridization (FISH) may be correlated with other physical and genetic map
data. (See, ¢.8., Heinz-Ulrich, et al. (1995) in Meyers, supra, pp. 965-968.) Examples of genetic map
da,té 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 NTT 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 an the chramosorme 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 forther investigation. (See, e.g.,
Gatti, R.A. et al. (1988) Nature 336:577-580.) The mucleotide sequence of the instant invention may
also be used o detect differences in the chromosomal location due to translocation, inversion, etc.,
among normal, carrier, or affected individuals,

In another embodiment of the invention, NTT, its catalytic or immunogenic fragments, or
oligopeptides thereof can be used for screening libraries of compounds in any of a variety of drug
screening techniques. The fragment employed in such screening may be free in solution, affixed to a
solid support, borne on a cell surface, or located intracellularly. The formation of binding complexes
between NTT and the agent being tested may be measured.
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Another technique for drug screening provides for high throughput screening of compounds
having suitable binding affinity to the protein of interest. (See, e.g., Geysen, et al. (1984) PCT
application WO84/03564.) In this method, large numbers of different small test compounds are
synthesized on a solid substrate. The test compounds are reacted with NTT, or fragments thereof, and
washed. Bound NTT is then detected by methods well known in the art, Purified NTT can also be
coated directly onto plates for use in the aforementioned drug screening techniques. Alternatively,
non-nentralizing antibodies can be used to capture the peptide and immobilize it on a solid support.

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

In additional embodiments, the nucleotide sequences which encode NTT may bé 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 code 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 illustrative, 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,
inciuding U.S. Ser. No. 60/205,518, U.S. Ser. No. 60/213,956, U.S. Ser. No. 60/215,105, U.S. Ser.
No. 60/218,947, and U.S. Ser. No. 60/221,488 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, column 5. Some tissues were homogenized
and Iysed in guanidinium isothiocyanate, while others were homogenized and lysed in phenol or in a
suitable mixture of denaturants, such as TRIZOL (Life Technologies), a monophasic solution of phenol
and guanidine isothiocyanate. The resulting Iysates were centrifuged over CsCl cushions or extracted
with chloroform. RNA. was precipitated from the lysates with efther isopropanol or sodium acetate and
ethanol, or by other routine methods.

Phenol extraction and precipitation of RNA. were repeated as necessary to increase RNA
purity. In some cases, RNA was treated with DNase. For most libraries, poly(A)+ RNA was isolated
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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
purification kit (Ambion, Austin TX), '

In some cases, Stratagene was provided with RNA and constructed the corresponding eDNA.
libraries. Otherwise, cDNA was synthesized and cDNA libraries were constructed with the UNIZAP
vector system (Stratagene) or SUPERSCRIPT plasmid system. (Life Technologies), using the
recommended procedures or sivilar methods known in the art. (See, e.g., Ausubel, 1997, sapra, 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 $1000, SEPHAROSE CL2B, or SEPHAROSE CL4B 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), PCDNA2.1 plasmid
(Invitrogen, Carlsbad CA), PBK-CMV plasmid (Stratagene), or pINCY (Incyte Genomics, Palo Alto
CA), or derivatives thereof. Recombinant plasmids were transformed into competent E. coli cells
including XT.1-Blue, XIL.1-BlueMRF, or SOLR from Stratagene or DHSa, DH10B, or ElectroMAX
DHI0B from Life Technologies.

1. Isolation of cDNA. Clenes - )
Plasmids obtained as described in Example I were recovered from host cells by in vivo 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 Minipreps 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 Iysates using direct link PCR ina
high-throughput format (Rao, V.B. (1994) Anal. Biochem. 216:1-14). Host cell 1ysis and thermal
cycling steps were carried out in a single reaction mixture. Samples were processed and stored in 384-
well plates, and the concendration of amplified plasmid DNA was quantified flnorometrically using
PICOGREEN dye (Molecular Probes, Bugene OR) and a FLUOROSKAN II fluorescence scanner
(Labsystems Oy, Helsinki, Finland).

ol Sequencing and Analysis
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Incyte cDNA recovered in plasmids as described in Example II were sequenced as follows.
Sequencing reactions were processed using standard methods or high-thronghput instrumentation
such as the ABI CATALYST 800 (Applied Biosystems) thermal cycler or the PTC-200 thermal cycler
(MI Research) in conjunction with the HYDRA microdispenser (Robbins Scientific) or the
MICROLAB 2200 (FHamilton) liquid transfer system. ¢cDNA 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 Dynamics); the ABI
PRISM 373 or 377 sequencing system (Applied Biosysterns) 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 selected for extension using the techniques
disclosed in Example VIIL

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
sequences 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 (HMM)-based protein family databases such as PFAM.
(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 Gepscan-predicted coding
sequences (see Bxamples IV and V) were used to extend Incyte cDNA assemblages to full length.
Assembly was performed using programs 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, Alternatively, a polypeptide of the invention may begin at any of the methionine
residues of the full Jength 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
famnily databases such as PEAM. Full length polynucleotide sequences are also analyzed using
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MACDNASIS PRO sofiware (Hitachi Software Engineering, South San Francisco CA) and
LASERGENE sofiware (DNASTAR). Polynucleotide and polypeptide sequence alignments are
generated using default parameters specified by the CLUSTAL algoritbm as incorporated into the
MEGALIGN multisequence alignment program (DNASTAR), which also calculates the percent
identity between aligned sequences.

Table 7 summarizes the tools, programs, and 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 a 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 polymicleotide sequence fragments from SEQ ID
NO:7-12. Fragments from about 20 to about 4000 nucleotides which are usefuol in hybridization and
amplification technologies are described in Table 4, column 4.

IV.  Identification and Editing of Coding Sequences from Genomic DNA

Putative neurotransmitter transporters were initially identified by running the Genscan gene
identification program against public genomic sequence databases (e.g., gbpri and gbhtg). Genscanis a
general-purpase gene identification program which analyzes genomic DNA sequences from a variety of
organisms (See Burge, C. and 8. Karlin (1997) J. Mol. Biol. 268:78-94, and Burge, C. and S. Karlin
(1998) Curr. Opin. Struct. Biol. 8:346-354). The program concatenates predicted exons to form 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 maximum range of sequence for
Genscan to analyze at once was set to 30 kb. To determine which of these Genscan predicted cDNA
sequences encode neurotransmitter transporters, the encoded polypeptides were analyzed by querying
against PFAM models for neurotransmitter transporters. Pofential neurotransmitter transporters were
also identified by homology to Incyte cDNA sequences that had been annotated as neurotransmitter
transporters. 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 hit from genpept to correct errors in the sequence predicted by
Genscan, such as extra 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.
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‘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 I Alternatively, fuil length polynucleotide sequences were
derived entirely from edited or unedited Genscan-predicted coding sequences.
V. Assembly of Genomic Sequence 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 IIT were mapped
10 genomic DNA and parsed into clusfers containing related cDNAs and Genscan exon predictions from
ane or more genomic sequences. Each cluster was analyzed using an algorithm based on graph theory
and dynamic programming to integrate cDNA abd genomic information, generating possible splice
variants that were subsequently confirmed, edited, or extended to create a full length 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 cansidered to be equivalent. This process allows unrelated but consecutive genomic sequences to
e brought together, bridged by cDNA sequence. Intervals thus identified were then “stitched” together
by the stitching algorithm in the order that they appear along their parent sequences to generate the
Tongesi possible sequence, as well as sequence varianis. Linkages between intervals which proceed
along one type of parent sequence (¢DNA to cDNA. or genomic sequence to genomic sequence) were
given preference over linkages which change parent type (cDNA to genomic sequence). The resuliant
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 geopept. 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 III 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 analysis
to either Incyte cDNA sequences or GenScan. exon predicted sequences described in Example IV. A
chimeric protein was generated by using the resultant high-scoring segment pairs (HSPs) to map the
translated sequences onto the GenBank protein homolog. Insertions or deletions may occur in the
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chimeric protein with respect to the original GenBank protein homolog. The GenBank protein bomolog,
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.

VI Chromosomal Mapping of NTT Enceding Polynucleotides

The sequences which were used to assemble SEQ ID NO:7-12 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:7-12 were assembled into clusters of contiguons 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 resulied in the assignment
of all sequences of that cluster, including its particalar SEQ ID NO:, to 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 markers. On average, 1 cM is roughly equivalent to 1 megabase (Mb) of DNA in
humans, although this can vary widely due to hot and cold spots of recombination.) The cM
distances are based on genetic markers mapped by Généthon which provide boundaries for radiation
‘hybrid 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
(bttp://www ncbi.ntm. nih.gov/genemap/), can be employed to determine if previously identified
disease genes map within or in proximity to the intervals indicated above.

VIL.  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 nucleotide sequence to a membrane on which RNAs from a
particular cell type or tissue bave been bound. (See, e.g., Sambrook, supra, ¢l 7; Ausubel (1995)
supra, ch. 4 and 16.)

Analogous computer techniques applying BLAST were used to search for identical ar related
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
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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 length
of the sequence match. The product score is a normalized value between O and 100, and is calculated
as follows: the BLAST score is multiplied by the percent miclectide identity and the product is divided
by (5 times the lengih 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 ope 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 only for 100% identity over the entire length of the shorter
of the two 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 cither by 100% identity and 50% overlap at one end, ar 79% identity and 100% overlap.
Alternatively, polynncleotide sequences encoding NTT are analyzed with respect to the tissue
sources from which they were derived. For example, some full Iength sequences are assembled, at least
in part, with overlapping Incyte cDNA sequences (see Example ITI). Each cDNA sequence is derived
from a cDNA library constructed from a human tissue. Each human tissue is classified into one of the
following argan/tissue categories: cardiovascular system; connective tissue; digestive systerm;
embryonic structures; endocrine system; exocrine glands; genitalia, female; genitalia, male; germ cells;
hemic and immune system; liver; mmsculoskeletal system; nervous system; pancieas; respiratory
system; sense organs; skin; stomatognathic system; unclassified/mixed; or urinary tract. The number of
libraries in each category is counted and divided by the total number of libraries across all categories.
Similarly, each human tissue is classified info one of the following disease/condition categories: cancer,
cell line, developmental, inflammation, neurological, travma, cardiovascular, pooled, and other, and the
number of libraries in each category is counted and divided by the total mumber of libraries across all
categories. The resulting percentages reflect the tissue- and disegse—sp&iﬁc expression of cDNA
encoding NTT. ¢DNA sequences and cDNA library/tissue information are found in the LIFESEQ
GOLD database (Incyte Genomics, Palo Alto CA).
VIIL.  Extension of NTT Encoding Polynucleotides
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Faull Jength polynucleotide sequences were also produced by extension of an appropriate
fragment of the full Iength molecule using oligonucleotide primers designed from this fragment. One
primer was ized to initiate 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
OLIGO 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 abneal to the target sequence
at temperatures of about 68°C to about 72°C. Any stretch of nucleotides which wonld result in hairpin

structures and primer-primer dimerizations was avoided.

Selected uman cDNA libraries were used to extend the sequence. If 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 att. 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,),SO;,
and 2-mercaptoethanol, Tag DNA polymerase (Anersham 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. Inthe
alternative, the parameters for primer pair T7 and SK+ were as follows: 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 concentration of DNA in each well was determined by dispensing 100 i PICOGREEN
quantitation reagent (0.25% (v/v) PICOGREEN; Molecular Probes, Bugene OR) dissalved in 1X TE
and 0.5 ul of undiluted PCR product into each well of an opaque fluorimeter plate (Corning Costar,
Acton MA), allowing the DNA to bind to the reagent. The plate was scanned in a Fluoroskan I
(Labsystems Oy, Helsinki, Finland) to measure the fluarescence of the sample and to quantify the
concentration of DNA. A § ulto 10 1 aliquot of the reaction mixture was analyzed by electrophoresis
ona 1 % agarose gel to determine which reactions were successful in extending the sequence.

The extended micleotides were desalted and concentrated, transferred to 384-well plates,
digested with Cvill cholera virus endonuclease (Molecular Biology Research, Madison WT), and
sanicated or sheared prior to religation into pUC 18 vector (Amersham Pharmacia Biotech). For
shotgun sequencing, the digested micleotides were separated on low concentration (0.6 to 0.8%) agarose
gels, fragments were excised, and agar digested with Agar ACE (Promega). Extended clones 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 resiriction site overhangs,
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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 Taq DNA polymerase (Amersham
Pharmacia Biotech) and Pfua DNA palymerase (Stratagene) with the following 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
Tepeated 29 times; Step 6: 72°C, 5 min; Step 7: storage at 4°C. DNA was quantified by PICOGREEN
reagent (Molecular Probes) as described above. Samples with low DNA recoveries were reamgliﬁed
using the same conditions as described above. Samples were diluted with 20% dimethysulfoxide (1:2,
v/v), and sequenced using DYBNAMIC energy transfer sequencing primers and the DYENAMIC
DIRECT kit (Amersham Pharmacia Biotech) or the ABI PRISM BIGDYE Terminator cycle
sequencing xeadﬁl reaction kit (Applied Biosystems). '

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

IX.  Labeling and Use of Individual Hybridization Probes

Hybridization probes derived from SEQ ID NO:7-12 are employed to screen cDNAs, genomic
DNAs, or mRNAs. Although the Iabeling of oligonucleotides, consisting of about 20 base pairs, is
specifically described, essentially the same procedure is used with larger nucleotide 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 (Amersham 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 aliquot containing 107 connts 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 1L, Eco RI, Pst I, Xba I, or
Pvu II (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 wasbed at room temperature
under conditions of up to, for example, 0.1 x saline sodium cjtrate and 0.5% sodium dodecyl sulfate.
Hybridization patterns are visualized using autoradiography or an alternative imaging means and
compared.

X. Microarrays
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The linkage or synthesis of array elements upon a microarray can be achieved utilizing
photolithography, piezoelectric printing (ink-jef printing, See, e.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. Alternatively, a procedure
analogous to a dot or slot blot may also beused to arrange and link elements to the surface of a
substrate using thermal, UV, chemical, or mechanical bonding procedures. A typical array may be
produced using available methods and machines well known to those of ordinary skill in the art and may
contain any appropriate nomber 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.)

Fulll length cDNAs, Expressed Sequence Tags (ESTS), or fragmenis ar 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 bybridized with polynucleotides in a biological sample. The polynucleotides in the
biological sample are canjugated to a fluorescent label or other molecular tag for ease of detection.
After hybridization, ponhybridized mcleotides from the biological sample are removed, and a
fluorescence scanner is used to detect hybridization at each array element. Alternatively, laser
desarbtion and mass spectrometry may be used for detection of hybridization, The degree of
complementarity and the relative abundance of each polynucleotide which bybridizes to an element on
the microarray may be assessed. In one embodiment, microarray preparation and usage is described in
detail below.

Tissue or Cell Sample Preparation

Total RNA is isolated from tissue samples using the guanidinium thiocyanate method and
poly(A)* RNA is purified using the oligo-(dT) celtulose method. Each poly(A)* RNA sample is
reverse transcribed using MMLV reverse-transcriptase, 0.05 pg/ul oligo-(dT) primer (21mer), 1X first
strand buffer, 0.03 units/ul RNase inhibitor, 500 pM dATP, 500 M dGTP, 500 uM dTTP, 40 pM
dCTP, 40 uM dCTP-Cy3 (BDS) or dCTP-Cy5 (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 filiration spin columns (CLONTECH Laboratories, Inc.
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(CLONTECH), Palo Atto CA) and after combining, both reaction samples are ethancl precipitated
using 1 mi of glycogen (1 mg/ml), 60 ml sodinm acetate, and 300 ml of 100% ethanol. The sawmple is
then dried to completion vsing 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. Each array clement is
amplified from bacterial cells containing vectors with cloned cDNA inserts. PCR amplification nses
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
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 (Corning) are cleaned by ultrasound in 0.1% SDS and acetone, with extensive distilled water
‘washes between and after treatments. Glass slides are etched in 4% hydréﬂuoﬂc 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
aven.

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

Microarrays are UV-crosslinked using a STRATALINKER 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 pl of sample mixture consisting of 0.2 pg each of Cy3 and
Cy5 labeled cDNA synthesis products in 5X $SC, 0.2% SDS hybridization buffer. The sample
iixture is heated to 65°C for 5 minutes and is aliquoted onto the microarray surface and covered with
an 1.8 em? 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% bumidity internally by the addition of
140 pl of 5X SSC in 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% SD8), three times for 10 minutes each at 45°C in a second wash buffer (0.1X SSC), and dried.
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Detection

Reporter-labeled hybridization complexes are defected with a microscope equipped with an
Innova 70 mixed gas 10 W laser (Coherent, Inc., Santa Clara CA) capable of generating spectral lines
at 488 nm for excitation of Cy3 and at 632 nm for excitation of Cy3. 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.

In two separate scans, a mixed gas multiline laser excites the two flsorophores sequentially,
Emitted light is split, based on wavelength, into two photomultiplier tube detectors (PMT R1477,
Hamamatsu Photonics Systems, Bridgewater NJ) corresponding to the two fluorophores. Appropriate
filters positioned between the array and the photomultiplier tubes are nsed to filter the signals. The
emission maxima of the finorophores 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 both flnorophores simultanecusty.

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 sources (e.g., representing test and control cells), each labeled with a different
fiuorophore, 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 psendocolor scale ranging from blue (low signal) to red (high
signal). The data is also analyzed quantitatively. Where two different fluorophores are excited and
measured simultaneously, the data are first comrected for optical crosstalk (due to overlaﬁping
emission spectra) between the fluorophores using each fluarophare’s emission spectrurm.

A grid is superimposed over the flnorescence 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 sofiware used
for signal analysis is the GEMTOOLS gene expression analysis program (Incyte).
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XI.  Compl 'y Polynucleotid

Sequences complementary to the NTT-encoding sequences, or any parts thereof, are used to
detect, decrease, or inhibit expression of aturally oceurring NTT. 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 (N aﬁoﬁa_‘l Biosciences) and the coding sequence of NTT. To inhibit transcription, a
complementary oligomcleotide is designed from the most nnique 5° sequence and used to prevent
promoter binding to the coding sequence. To inhibit translation, a complementary oligonucleotide is
designed to prevent ribosomal binding to the NTT-encoding transcript.

XII.  Expression of NTT

Expression and purification of NTT is achieved using bacterial or virus-based expression
systems. For cxpressioﬁ of NTT in bacteria, cDNA. is subcloned into an appropriate vector containing
ap, antibiotic resistance gene and an inducible promoter that directs high Ievels of cDNA transcription.
Examples of such promoters include, but are not limited to, the frp-lac (fac) 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 NTT upon induction. with. isopropyl beta-D-thiogalactopyranoside (IPTG).
Expression of NTT in eukaryotic cells is achieved by infecting insect or mammalian cell lines with
recombinant Autographica californica nuclear polyhedrosis virus (ACMNPYV), commonly known as
baculovirus. The nonessential polyhedrin gene of baculovirus is replaced with cDNA. encoding NTT 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
¢DNA transcription. Recombinant baculovirus is used to infect Spodoptera frugiperda (Sf9) insect
cells in most cases, or human hepatocytes, in some cases, Infection of the Iatter requires additional
genetic modifications to baculovirus. (See Engelhard, E.K. 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, NTT is synthesized as 2 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 Iysates. GST, a 26-kilodalton
enzyme from Schistosoma japonicum, enables the purification of fusion proteins on immobilized
glutathiope under conditions that maintain protein activity and antigenicity (Amersham Pharmacia
Biotech). Fallowing purification, the GST moiety can be proteolytically cleaved from NTT at
specifically engineered sites. FLAG, an 8-amino acid peptide, enables immunoaffinity purification
using commercially available monoclonal and polycional anti-FLAG antibodies (Eastman Kodak). 6-
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His, a stretch of six consecntive histidine residues, enables purification on metal-chelate resins
(QIAGEN). Methods for protein expression and purification are discussed in Ausubel (1995, supra,
ch. 10 and 16). Purified NTT obtained by these methods can be used direcily in the assays shown in
Examples X VI and XVII where applicable.

XIII. Functional Assays

NTT function is assessed by expressing the sequences encoding NTT at physiologically
elevated levels in mammalian cell culture systems. cDNA is subcloned into a mammalian expression
vector containing a strong promoter that drives high levels of cDNA expression. Vectors of choice
include PCMV SPORT (Life Technologies) and PCR3.1 (Invitrogen, Carlsbad CA), both of which
contain the cytomegalovirus promoter. 5-10 pg of recombinant vector are transienfly transfected into a
human ceil Iine, for example, an endothelial or hematopoietic cell line, wsing either liposome
formulations or electroporation. 1-2 g of an additional plasmid containing sequences encoding a
marker protein are co-transfected. Expression of 2 marker 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 defects and guantifies the uptake of
flnorescent 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 granularity as measured 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 infracellular 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 NTT on gene expression can be assessed using highly purified populations of
cells transfected with sequences encoding NTT 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 using
magnetic beads coated with either uman 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 NTT and other genes of interest can be analyzed by northern analysis ar microarray
techniques.
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XIV. Production of NTT Specific Antibodies

NTT substauﬁally‘pmiﬁad using polyacrylamide gel electrophoresis (PAGE; see, e.g.,
Harrington, M.G. (1990) Methods Enzymol. 182:488-495), or other purification techniques, is used to
immunize rabbits and to produce antibodies using standard protocols.

Alternatively, the NTT 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 welt
described in the art. (See, e.g., Ausubel, 1995, supra, ch. 11.) _

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
adligopeptide-KLH complex in complete Freund's adjuvant. Resulting antisera are tested for antipeptide
and anti-NTT activity by, for example, binding the peptide or NTT to a substrate, blocking with 1%
BSA, reacting with rabbit antisera, washing, and reacting with radio-jodinated goat anti-rabbit IgG.
XV.  Purification of Naturally Occurring NTT Using Specific Antibodies

Naturally occurring or recombinant NTT is substantially purified by immunoaffinity
chromatography using antibodies specific for NTT. An immunoaffinity column is constructed by
covalently coupling anti-NTT antibody to an activated chromatographic resin, 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 NTT are passed over the immunoaffinity column, and the column is washed
under conditioﬁs that allow the preferential absorbance of NTT (e.g., high ionic strength buffers in the
presence of detergent). The colurmn is eluted under conditions that disrupt antibody/NTT binding (e.g.,
a buffer of pH 2 to pH 3, or a high concentration of a chaotrope, such as urea or thiocyanate ion), and
NTT is collected.

XVI. Identification of Molecules Which Interact with NTT

NTT, or biologically active fragments thereof, are labeled with '*T Bolton-Hunter reagent.
(See, e.g., Bolton AE. and W.M. Hunter (1973) Biochem. 7. 133:529-539.) Candidate molecules
previously arrayed in the wells of a multi-well plate are incobated with the labeled NTT, washex, and
any wells with Iabeled NTT complex are assayed. Data obtained using different concentrations of NTT
areused to calenlate values for the number, affinity, and association of NTT with the candidate
molecules.
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Alternatively, molecules interacting with NTT 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).

NTT may aiso 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 interactions
between the proteins encoded by two large libraries of genes (Nandabalan, K. et al. (2000) U.S. Patent
No. 6,057,101).

XVII. Demenstration of NTT Activity

Measurements of NTT activity inclnde tracer fluxes and electrophysiological approaches.
Tracer fluxes are demonstrated by measuring uptake of labeled substrates into Xenopus laevis oocytes.
Qocytes at stages V and VI are injected with NTT mRNA (10 ng per oocyte) and incubated for three
days at 18°C in OR2 medium (82.5mM Nacl, 2.5 mM KCl, 1mM CaCl, 1mM MgCl,, 1mM
Na,HPO,, 5 mM Hepes, 3.8 mM NaOH , 50pg/ml gentamycin, pH 7.8) to allow expression of NTT
protein. Oaocytes are then transferred to standard uptake medium (100mM NaCl, 2 mM KCl, ImM.
CaCl,, TmM MgCl,, 10 mM Hepes/Tris pH 7.5). Uptake of various neurotransmitters is initiated by
adding a *H substrate to the cocytes. After incubating for 30 minutes, uptake is terminated by ‘washing
the oocytes three times in Na*-free medinin, measuring the incorporated °H, and comparing with
controls. NTT activity is proportional to the level of internatized *H substrate.

Alternatively, NTT activity can be demonstrated using an elecirophysiological assay for ion
conductance. Capped NTT mRNA. transcribed with T7 polymerase is injected into defolliculated stage
'V Xenopus oocytes, similar to previously described. Two to seven days later, transpart is measured by
two-¢lectrode voltage clamp recording. Two-glectrode voltage clamp recordings are performed at a
holding potential of S0 mV. The data are filtered at 10 Hz and recorded with MacLab digital-to-analog
converter and software for data acquisition and analysis (AD Instruments, Castle Hill, Australia). To
stndy the dependence of NTT on external ions, sedium can be replaced by choline or
N-methyl-D-glucamine and chloride by ghiconate, NOs, or SO4 (Kavanaugh, M.P, et al. (1992} J. Biol.
Chem. 267:22007-22009).

In the alternative, choline transporter activity or choline-transporter-like CTL1 protein
activity of NTT is determined by measuring choline uptake by yeast transformed with expression.
vectors harboring polynucleotides encoding NTT. The assay is performed in nitrogen-free medium at
30°C for 10 or 30 min in the presence of 25 nM [*HJcholine. The cells are then filtered, and washed.
The amount of [*H]choline present in the cells is proportional to the activity of NTT in the cells
(O'Regan, S. supra).
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Varions modifications and variations of the described methods and 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 Iimited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention which are obvious
0 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) apolypeptide comprising an amino acid sequence selected from the group consisting of
SEQ ID NO:1-6,

b) anaturally occurring polypeptide comprising an amino acid sequence at least 90%
identical to an amino acid sequence selected from the group consisting of SEQ ID NO:1-6,

¢) abiologically active fragment of a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO:1-6, and

d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from
the group consisting of SEQ ID NO:1-6.

2. Anisolated polypeptide of claim 1 selected from the group consisting of SEQ ID NO:1-6.
3. An isolated polynueleotide encoding a polypeptide of claim 1.
4. An isolated polynuclectide encoding a polypeptide of claim 2.

5. An isolated palynucleotide of claim 4 selected from the group consisting of SEQ ID
NO7-12.

6. A recombinant polynucleotide comprising a promoter sequence operably 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 for producing a polypeptide of claim 1, the method comprising:

) culturing a cell under conditions suitable for expression of the polypeptide, wherein said
cell is transformed with a recombinant polymucleotide, and said recombinant polynucleotide
comprises 2 promoter sequence operably linked to a polynucleotide encoding the polypeptide of claim.
1, and

b) recovering the polypeptide so expressed.

o
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10. An isolated antibody which specifically binds to a polypeptide of claim 1,

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

a) apolynucleotide comprising a polynucleotide sequence selected from the group consisting
of SEQ ID NO:7-12,

b) anaturally occurring polymicleotide comprising a polynucleotide sequence at least 90%
identical to a polynucleotide sequence selected from the group-consisting of SEQ ID NO:7-12,

) apolynucleotide complementary to a polynucleotide of a).

d) apolynucleotide complementary to a polynucleotide of b), and

€) an RNA equivalent of a)-d).

12. Anisolated polynucleotide comprising at least 60 contiguous nucleotides of a
polynucleotide of claim 11.

13. A method for detecting a target polynucleotide in a sample, said target polynucleotide
having a sequence of a polynucleotide of claim 11, the method comprising:

a) hybridizing the sample with a probe comprising at least 20 contignous 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 polymucleotide or fragments thereof, and

b) detecting the presence or absence of said hybridization comples, and, optionatly, if

present, the amount thereof.
14. A method of claim 13, wherein the probe comprises at least 60 contiguouns nucleotides.

15. A method for detecting a target polynucleotide in a sample, said target polynucleotide
having a sequence of a polymucleotide of claim 11, the method comprising:

a) amplifying said target polynucleotide or fragment thereof using polymerase chain reaction.
amplification, and

b) detecting the presence or absence of said amplified target polynucleotide or fragment
thereof, and, optionally, if present, the amount thereof,

16. A composition comprising a polypeptide of claim. 1 and a pharmacentically acceptable

excipient,

102
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17. A composition of claim 16, wherein the polypeptide has an amino acid sequence selected
from the group consisting of SEQ ID NO:1-6.

18. A method for treating a disease or condition associated with decreased expression of
functional NTT, comprising administering to a patient in. need of such treatment the composition of
claim 16.

19. A method for screening a compound for effectiveness as an agonist of a polypeptide of
cla;im 1, the method comprising:

a) exposing a sample comprising a polypeptide of claim 1 to a compound, and

b) detecting agonist activity in the sample.

20. A composition comprising an agonist compound identified by a method of claim 19 and
a pharmacentically accepiable excipient.

21. A method for treating a disease or condition associated with decreased expression of
functional NTT, comprising administering to a patient in need of such treatment a composition of
Claim 20.

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

a) exposing a sample comprising a polypeptide of claim 1 to a compound, and

b) detecting antagonist activity in the sample.

23. A compostiion comprising an antagonist compound identified by a method of claim 22

and a pharmacentically acceptable excipient.

24. A method for treating a disease or condition associated with overexpression of functional
NTT, comprising administering to a patient in need of such treatment a composition of claim 23.

25. A mefhod of screening for a compound that specifically binds to the polypeptide of claim
1, said method comprising the steps of:

a) combining the polypeptide of claim 1 with at least one test compound under suitable
conditions, and

“103°
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b) detecting binding of the polypeptide of claim 1 to the test compound, thereby identifying a
compound that specifically binds to the polypeptide of claim 1.

26. A method of s&eerﬂng for a compound that modulates the activity of the polypeptide of
claim 1, said method comprising:

a) combining the polypeptide of claim 1 with af least one test compound under conditions
permissive for the activity of the polypeptide of claim 1,

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

¢) comparing the activity of the palypeptide 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.

27. A method for screening a compound for effectiveness in altering expression of a target
polynucleotide, wherein said target polymucleotide comprises a sequence of claim 5, the method
comprising:

a) exposing a sample comprising the target polynucleotide to a compound, under conditions
suitable for the expression of the target polynuclectide,

b) detecting altcréd expression of the target polynucleotide, and

©) comparing the expr%sion of the target polynucleotide in the presence of varying amounts of
the compound and in the absence of the compound.

28. A method for assessing toxicity of a test compound, said method comprising:

a) treating a biological sample containing nucleic acids with the test compound;

b) hybridizing the nucleic acids of the treated biological sample with a probe comprising at
Teast 20 contiguous nucleotides of a polynucleotide of claim 11 under conditions whereby a specific
hybridization complex is formed between said probe and a target polynucleotide in the biological
sample, said target polynucleotide comprising a polynucleotide sequence of a polynucleotide of claim
11 or fragment thereof;

¢) 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 samyple is indicative of toxicity of the test
compound.
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29. A diagnostic test for a condition or disease associated with the expression of NTT in a
biological sample comprising the steps of:

a) combining the biological sample with an antibody of claim 10, under conditions suitable
for the antibody to bind the polypeptide and form an antibody:polypeptide complex; and

b detecu’.ng the complex, wherein the presence of the complex correlates with the presence
of the polypeptide in the biological sample.

30. The antibody of claim 10, wherein the antibody is:
a) achimeric antibody,

b) asingle chain antibody,

¢) aFab fragment,

d) aF(ab’), fragment, or

¢) ahumanized antibody.
31. A composition comprising an antibody of claim 10 and an acceptable excipient.

32. A method of diagnosing a condition or disease associated with the expression of NTT in
a subject, comprising administering to said subject an effective amount of the composition of claim
31.

33. A composition of claim 31, wherein the antibody is labeled.

34. A method of diagnosing a condition or disease associated with the expression of NTT in
a sybject, comprising administering to said subject an effective amount of the composition of claim.
33.

35. A method of preparing a polyclonal antibody with the specificity of the antibody of claim
10 comprising:

a) immunizing an animal with a polypeptide having an amino acid sequence selected from
the group consisting of SEQ ID NO;1-6, or an imnunogenic fragment thereof, under conditions to
elicit an antibody response;

b) isolating antibodies from said animal; and

105



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

10

20

30

(199) JP 2004-514411 A 2004.5.20

WO 01/90148 PCT/US01/16283

¢) 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:1-6.

36. An antibody produced by a method of claim 35.
37. A composition comprising the antibody of claim 36 and a suitable carrier.

38. A method of making a monoclonal antibody with the specificity of the antibody of claim
10 comprising:

a) immunizing an animal with a polypeptide baving an amino acid sequence selected from
the group consisting of SEQ ID NO:1-6, or an immunogenic fragment thereof, under conditions to
elicit an antibody response;

b) isclating antibody producing cells from the animal;

¢) fosing the antibady producing cells with immortalized cells to form monoclonal antibody-~
producing hybridoma cells;

d) culturing the hybridoma cells; and

¢) isolating from the culture monoclonal antibody which binds specifically to a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6.

39. A monoclonal antibody produced by a method of claim 38. *
40. A composition comprising the antibody of claim 39 and a suitable carrier.

41. The antibody of claim 10, wherein the antibody is produced by screening a Fab

expression library,

42. The antibody of claim 10, wherein the antibody is prodnced by screening a recombinant
immunoglobulin library.

43. A method for detecting épolypepﬁdc having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-6 in a sample, comprising the steps of:

a) incubating the antibody of claim 10 with a sample under conditions to allow specific
binding of the antibody and the polypeptide; and

Lo 106
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b) detecting specific binding, wherein specific binding indicates the presence of a
polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:1-6 in
the sample.

44. A method of purifying a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO:1-6 from. a sample, the method comprising:

a) incubating the antibody of claim 10 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 gronp consisting of SEQ 1D NO:1-6.

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

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

47. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:3.

48. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO4.

49. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:5.

50.

o

A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:6.

51. A polynucleotide of claim. 11, comprising the polynucleotide sequence of SEQ ID NO:7.

5

»

A polynucleotide of claim 11, comprising the polynucleotide sequence of SEQ ID NO:8.

53.

@

A polynucleotide of claim. 11, comprising the polynucleotide sequence of SEQ ID NO:9.

54. A polynuclectide of claim 11, comprising the polymucleotide sequence of SEQ ID
NO:10.

55. A polymicleotide of claim 11, comprising the polynucleotide sequence of SEQ ID
NO:11.
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56. A polynucleatide of claim 11, comprising the polynucleotide sequence of SEQ ID
NQ:12.

T 108

JP 2004-514411 A 2004.5.20



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

WO 01/90148

<110>

<120>
<130>

<140>
<141>

<150>
<151>

<160>
<170>

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>
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60/205,518; 60/213,956; 60/215,105; 60/218,947
1z

PERL Program

1

602

PRT
Home sapiens

misc_feature
Incyte ID No: 7617689CD1

1

Met Asp Ser Arg Val Ser Gly Thr Thr Ser Asn Gly Glu
1 5

Pro Val Tyr Pro Val Met Glu Lys Lys Glu Glu Asp Gly

Glu Arg Gly His Trp Asn Asn Lys Met Glu Phe Val Leu

Ala Gly Glu Ile Ile Gly Leu Gly Asn Val Trp Arg Phe

Leu Cys Tyr Lys Asn Gly Gly Gly Ala Phe Phe Ile Pro

Val Phe Leu Phe Thr Cys Gly Ile Pro Val Phe Leu Deu

Ala Leu Gly Gln Tyr Thr Ser Gln Gly Gly Val Thr Ala

Lys Ile Cys Pro Ile Phe Glu Gly Ile Gly Tyr Ala Sexr

Ile Val Ile Leu Leu Asn Val Tyr Tyr Ile Ile Val Leu

Ala Leu Phe Tyr Leu Phe Ser Ser Phe Thr Ile Asp Leu

140 145

Gly Gly Cys Tyr His Glu Trp Asn Thr Glu His Cys Met

155 160

Gln Lys Thr &sn Gly Ser Leu Asn Gly Thr Ser Glu Asn

170 175

Ser Pro Val Ile Glu Phe Txp Glu Arg Arg Val Leu Lys

185 is0

Asp Gly Ile Gln His Leu Gly Ala Leu Arg Trp Glu Leu

200 205

Cys Leu Leu Leu Ala Trp Val Ile Cys Tyr Phe Cys Ile

1/14

(202)

PCT/US01/16283

r 60/218,947
2000-05-19; 2000-06-22; 2000-06-28; 2000-07-14; 2000-07-14

Thr
Thr
Ser
Pro
Tyr
Glu
Trp
Gln
Ala
Pro
Glu
Ala
Ile
ala

Trp

Lys
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Ils

Val
Tyx
Gly
Arg
Phe
ger
Leu
Ile
Ile
Tyxr
Cys
Phe
Pro
Gly
Glu
Ser
Val
Asp
Leu
Leu
Pro
Met
Lys
Glu
Thr

cys

<210> 2

<211>
<212>
<213>

<220>

<221>
<223>

<400> 2
Met Pro Lys Asn Ser Lys Val Val Lys Arg Glu Leu Asp Asp Asp
1 5 10 i5

Lys
Leu
Ala
Leu
Phe
Tyr
Cys
Phe
Ser
Pro
Cys
val
His
Val
Gly
Gly
Ala
Met
Phe
Ile
Trp
val
Gly
Asp

Pro

730
PRT
Homo sapiens

Met
Ala
Trp
Ser
Asn
Phe
Sex
Glu
Arg
Phe
Cys
val
Ser

Gly

Trp
Iile
Leu
Lys

Trp

Fro
Leu

Arg

215
Thr
230
Leu
245
Gln
260
Asp
275
Phe
280
Lys
305
Leu
320
Ile
335
val
350
Ala
365
Phe
380

395
Phe
410

425
Met
440
Cys
455
val
470
Gly
485

500
Tyr
515

530
Ile
545
Phe
560
Pro
575
Thr
590

misc_feature
Incyte ID No: 6881669CD1

Val

Gln
Ile
His
Ser
Gly
Glu
Vval
Met
Ser
Lys
Ser
val
Leu
Gly
Arg
ala
Pro
Ala
Ala
Glu
Arg

Leu

Leu
Gln
Val
Cys
Asn
Gly
Phe
Ser
Met
val
Leu
Lys
Phe
Phe
Phe
Ala
Pro
Val
Leu
Leu
Trp
Arg
Asn

Leu

val
Leu
Phe
Trp
Leu
Asn
Thr
Met
Gly
Leu
val

Val

Leu
Gln
Val
Lys
Trp
Cys
Thr
Gly
Seax
Ile
Pro

Arg

220

535
Leu
550
Arg
565
Ala
580
Len
595

Phe

Arg

Thr
Gly
Tyr

Ala

Arg
val
elu
Leu
Sexr
Gly
Len
@lu
Leu
Asp
Phe
Tyr
Ile
Thr
Lys
Leu
Arg
Leu
Pro

Glu

Ala
val
Pro
cly
Thr
Asp
Ala
Gln
Ala
Pro
Leu
val
val
Ile
™YY
Glu
Asp
Lys

Phe

Ala
Leu
Mat
Ser

Leu

Thx
Thr
Asn
Thr
Ala
cys
Gly
Gly
Phe
Leu
Asp
Asp
Leu
Met
Tyx
Ser

Asn

Leu

Leu
Gly
Cys
Ala

Glu

228
Phe
240
Leu
255
Leu
270

285
Leu
300
Ile
315
Phe
330
val
345
Ile
360
Trp
375
Ser

Val Thr Glu Ser Val Lys Asp Leu Leu Ser Asn Glu Asp Ala Ala

2/14
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Asp
Glu
Arg
Gly
cys
Leu
Val
Ile

Cys

Ile

Ile

Asp Ala Phe

Lys
Pro
Phe
Gln
Leu
Gly
Ser
Tyr
Phe
Cys
cys
Lew
Lys
Ala
Ser
Ala
Thi
Ala
Val
Phe
Leu
val
Lys
His
Tyr
His
Gln
His
Leu
Ile
Leu

Phe

Asp
Ala
Ser
Lys
Met
Gln
Pro
Phe
TYY

Pro

Met
Ser
Phe
Pro
Ala
Ile
Asp
Ala
Ile
Phe
Ile
Asp

Leu

Phe
val
Val
Thr

Val

Thr
Trp
val
Asn
val
Arg
Lys
val
FPhe
Leu
cln
Ile
Thr
Ile
Len
Leu
Lys
Thxr
ala
Ala
Thr
Asn
Leu
Asn
Ile
asn

Thi

L]

Pro
Asn
Thr
Val

Gln

Lys

275
Leun

365
Lys
380
Leu
395
Ile
410
Ser
425
aly
440
Ala
455

Leu

470
Pro
485
Ile
500
Arg
515

Thi
Val
Ser
Leu

Gly

Lys

Val
Ser

Leu

Lys
Met

Ser

Ile

Cys

Ser
Glu
Lys
GLly
Gly
Ile
Arg
Gly
TYY
Ser
Asn
Ala
ser
Leu
Ile
Tyr
cly
Ile
Phe
Ser
Val
val

cys

Thr
Lys
Lys
Ala
Pro
Leu
Val
Cys

Gly

Glu
Glu
Leu
Rsn
Ala
Pro
Gly

Ile

Phe

Ala

Ile
Leu
Gln

Val

Met
Phe
Tyr
Ser
Phe
Ile
Asn
Val
val
Ile
Phe
Phe
Gly
Asp
Leu

Asn.

Leu
ser
Gly
Asn
Gln

Ser

Ser
Ala
Ser
Val
Ile
Leu
Ala
Asn
Phe
Ala
Thr
Ile
Thr
Lys
Glu
Ile
Trp
Ser
Thr
LDen

Tyr

250

Bsp
280
Glu
295
Leu
310
Lys
325
Ile
340

355
Gln
370
Ser
385
Ala
400

415
Glu
430
ala
445
Ser
460
Met
475
Phe
490
Ala
505
Phe
520

3/14

Asp
val
Lieu
Phe
Pro
Leu
Val
Ser
Ile
Leu
Phe
Trp
Gly
Val
Lys
Cys
Ile
Lys
Leu
Asp
Phe
Gly
Ser
Asp
Asp
Gla
Leu
Thr
Met
Gly
val
Cys
Thy

Gly
Glu
aAla

Pro

Glu
Trp
Cys
Gly
Pro
val
Tyr
Gly
Met
Ile
Phe
Arg
Val
cly
Asn
Phe
Fhe
Glu
Ile
Tyr
FPhe
Asn
Glu
Phe
Thr
Arg
Tle

Met

Gln
Asp
Gln
Tyr
Leu
Leu
Asn
Val
Trp
Trp
Glu
Arg
Leu
Val
Ile
Leu
His
Trp
Fhe
Asn
Thr
Lys
Thr
Ile
His
Pro
Lys
Ala
Phe
Ile
Lys
Gly

Phe

150
Ser
165
Asp

450
Leu
463
Glu
480
Glu
485
Leu
510
AsSp
525

(204)

PCT/US01/16283

JP 2004-514411 A 2004.5.20



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

WO 01/90148

Tyr
Ile
Leu
Met
Ala
Trp
Trp
Pro
Asp
val
Ile
Lys
Ala

Met

<210> 3

<211>
<212>
<213>

<220>

<221>
<223>

<400> 3

Met

1
Ser
Val
Trp
Ala

cly

Phe

Gln
Gly
Pro
arg
Gly
Pro
Thr
Ala
Gly
Thr
Leu
Lys
Ile

Ile

Ser
ala
Lys
Trp
Ser
Ile
Gly
val
Ser
Leu
His
Asn
Pro

Pro

523
PRT
Homo sapiens

Asp
Pro
Ala
Ser
val
Arg
Pro
Ala
Pro
Ile
Ala

Phe

ala

ala
Val
Asp
Lys
val
Glu
Leu
Pro
Ser
Lys
Gly
Ile
Asn

Asp

Cys
Gly
Glu
Sexr
His
Ala
Gly
Ser
Phe
Ile

Ser

Phe

Met

misc_feature
Incyte ID No:

Leu

Leu
Ile

Asn

Pro
val

Gly

Met
Ala
Cys
Phe
Leu
val
Fro
Lys
Tyr
Glu

Leu

Phe
Pro
Gly
Ber
Val
Ile
Ala
Asn
Ser

Gln

Sex

2742486CDL

Pro
Leu
Pro
Thr
Gly
Gly
Ser
Leu
Lys
Ile
Phe
Ala
Leu

Leu

Glu
Pro

Pro

Asp

Val

Leu
cly
Ala
Leu
Leu
clu
Ser
Val
Ser
Leu
clu

ser

LIle

Asp

Ala
ala
Leu
Glu
Asp
glu
Ser
Ala
Cly

2sn

Arg

Arg

Ile
535
Ile
550
Pro
565
Met
580
Ser
595
cla
610
Leu
625
Arg
640
Val
855
Glu
670
Met
685
Gly
700
Gly
715
Leu
730

Val

Lys

Val
Lys

Arg

Pro
Leun

val

Tyr
Asp
Ser
Pro

Leu

Ala
Arg
Pro
Gly
Gly
Gly
Phe
Cys
Lys
Ala
Val
Ser
Asp

Asp

Ile
Phe
VT
Ser
Gly
Sexr
FPhe
Asn
Lys
Asp
Pro
Thr

Met

Leu
Gly
Val
Ser
Asp
Ser
val
Tyr
cly
Leu
His
Gly
Gly

Ala

Leu
Met
Tyxr

Leu

Tyr
Ala
Leu
Arg
Thr
BAsn
Leu

ala

Gly

cys

Trp
Leu
Ala
Leu
Ser
ala
Phe
Ile
Gly
Pro

val

Glu
540
Glu
555

570
Leu
585
Asn
600
Pro
615
Ile
630
Ile
645
Gly
660
Ser
675

690
Asp
705
Asp
720

(205)
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Pha
Fhe
Ser
Tyr
Val

Thr

Ala
Pro
cly
Gln
Vval
Glu
Pro
cys
Lys
Met
Ser
AsnL
Ile
val
Pro
Deu
Ser
Glu
Ala
Tyx
Glu

<210> 4
<211> 649
<212> PRT
<213> Homo sapiens

<220>
<221> misc_feature
<223> Incyte ID No:

<400> 4

Met

1
Gly
Rla
Ile
Asp
Lys

Gly

cys
Cys
Thx
Leu
Glu
Ile

Asn

Ala
Asn
Leu
Ser
Leu

Ser

Pha
Phe
ala
28p
Leu
Leu
val
Glu
ser
Ile
Lys
Leu
Ser

Glu

Ala
Gly
Lys
Lys

Ala

Val

Ala
Asn
Gly
Phe
Leu
Asp
Val
Gly
Asn
Len
Lys
Ile
His
Ser
Ile

Thy

Ile
Ile

Arg

6lu
Asn
Glu
Pro
Glu
Phe

Trp

Lieu

Ser

515

Ser
5

Ala
Thr
Leu
GIu
Pro
Glu
Ile
Asp
Ala
Ala
Pro
Gly
Serx
Ser
Cys
Leu
Met
Glu

Leu

Thr

Ser
Val
Gly
Val
Leu
His
Ala
Pro
Gly
Ile
Leu
Cys
Gln
Ala
Ala

val

71556695CD1

Ala

Pro

Asp
Pro
Gln
Gly
Pro
Ser

Pro

Gly
Ser
Cys
Lys
Pro
Val

TYr

Ser
Leu
Pro
Pro
Asn
Ser
FPhe
Thr
Tyr
Ser
aArg
Tyr
Leu
Gly
His
Sexr
Pro
ala
Met
Lys

Leu

Ala
Thr
Leu
ser
Gln
Ala

Leu

Ser

310
Leu
325

340
ser
355
Lys
370
Met
385

400
Met
415
Glu
430
Gly
445
Thr
460
Ala
475
Gly
490
Ser
505
Pro
520

Ile Leu
Ser Leu
Vval Gly
Ile Val
Tyr Ile
Trp Lvs
Ile Asn
Sex Leu
Gly Leu
Pro Len
Trp bheu
Leu Leu
Leu Leu
Ser Ile
Asn Gly
Leu Phe
Leu Gly
Ala Ile
Leu Phe
Gln Asn

Asn Glu

Leu Gly
Glu Ser
Asp Phe
Gly Thr
Glu Lys
Gly Phe

Tyr Lys

Ala
Glu
Gly
Leu
Leu
Leu
Sexr
Phe
Val
Phe
Leu
Gly
val
Ile
Fhe

Ser

Ile

Thr

Pro
Lys
His
Arg
Trp
val

Asn

Lys
Thr
Phe
Gly
Pro
Ile
Leu
val
Phe
Gly
Val
Pro
Leu
Pro
Glu
Ala
Phe
Gly
Leu

Leu

Ala
Glu
Lys
Pro
Ser
Gly

Gly

Ala

315
Lau

480
Leu
495
Sexr
510
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Gly
Leu
Glu

Gly

Met
Cys
Ile

ala
Pro
Gly
Ile
Tyr
Phe
Thr
Trp
Phe
Pro
Trp
Gly
Leu
Gly
Pro
Ala
Tyx
asn
Leu
ala
Val
Ile
Glu
Arg
Ile
Tyx
Leu
Tyr
TyT
Pro
Val
Ile
Pro

Len

Phe

Val

Gln
Pro
Ile
Trp
Gly
Leu
Lys
val
Ile
Gln
Ile
Lys
Ser
Gly
Glu
Thr
Met
Gly
Lys
Ser
val
Leu
Gly
Arg
val

Pro

Leu

Val

Leu
Phe
Ile
TYyT
val
Lys

His

Glu
Ser
Val
val

Leu

Val
Cys
Tyr
Gly
Phe

Ser

Leu
Gln

Gly

Fhe
Trp
Gly
Pro
Leu
Leu
Leu
val

Aryg

245

275
Leu

305

Trp I

Val

Lys

YL
Glu
Txp
Val
Ala
Pro
Glu
Ser
val
Trp
Phe
Phe
Arg
Leu
Asp
Ala
Tyx
Phe
Gln
Gly
Leu
Leu
Ser
AYY
Gly
Phe
Phe
Leu
Trp
Gly
2sn
Ser
Tle

Tyr

Phe
Ile
Glu
Val
TER
Trp

Thr
Leu
Asp
Cys
Thr
Gly
TYT
Ala

Glu
Leu

Pro

Lys
Leu
Arg

Leu

Ile
Ile
Lys
Ile
Ala
Ala
Thr
Asn
Ser
Leu
Ile
Ala
Leu
Pro
Gly
Thr
Asp
ser
Gln
Ala
Thr
Leu
Val
Ile
Thr
Tyx
Glu
RBsp
Lys
Phe
Thr
Ala
Leu

Leu

Phe
115
Ile
130
Ile
145
Val
160
Thr
175
His
190
Met
205
Phe
220
Leu
235
Ala
250
Trp
265

280
Thr
295
Asp
310
Thr
325
Ser
340
Cys

Phe

6/14

Leau
Gly
Cys

Ser

Ser
Leu
Lys
Phe
Leu

Ile

Pha
Gln
Pro
Len
TYYX
Asn
Lys
Ser
Pro
Cys
cly
Pro

Pro

Ile

y GLly

Leu
ala
Asp

Ala

Gln
Tyx
Ala
Thr
Ala
val
Gliu
Trp
Ser
Tyr

Ser

Thr

Arg

cly
Tyr
Leu
Leu
Leu
His
Asn
Pro
GLy
Leu
Val
Phe

Gly

Phe
ser
Leu
Ile
Ile
TyT
Ile
Phe
Pro
Fhe
Glu
Ser
Ile
Asp
Ala
Leu
Pro
Met
clu

@lu

Ser
Thr
Phe
Asn
Phe
Ser
Lys
val
Ile
Leu
Arg
Ala
Ala
Leu
Phe
Tyr

Gly

Ala
Pro
Leu
val
Ser
val
Gly
Gly
Ala
Met
Val
Val
Asn
Leu
cly

Pro

Gly
120
Ser
135
ser
150
Val
185
Gln
180
Trp
195
ser
210
Ile
225
Asp
240
Lau
255
Ser
270

285
cly
300
Glu
315
Ser
330
Asn
345
Cys
350
Ser

570

Asn
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605 610
Arg Trp 2la Val Glu Arg Glu GLy Ala Thr
625
Thr Val Met Asn Gly Ala Leu Val Lys Pro
635 640

Glu Thr Met Met

<210> 5.

<211> 625

<212> PRT

<213> Homo sapiens

<220>
<221> misc_feature
<223> Incyte ID No: 7472800CDL

<220>

<221> unsure

<222> 564

<223> unknown or other

<400> 5
Met Ser Lys Ser Lys Cys Ser Val Gly Leu
1 5

Ala Pro Ala Lys G@lu Pro Asn Ala Val Gly
Leu Ile Leu Val Lys Glu Gln Asn Gly val
Thr Deu Thr Asn Pro Arg Gln Ser Pro Val
Glu Thr Trp Gly Lys Lys Ile Asp Phe Leu
Phe Ala Val Asp Leu Ala Asn Val Trp Arg
Tyr Lys Asn Gly Gly Gly Ala Phe Leu Val
Met Val Ile Ala Gly Met Pro Leu Phe Tyr
Gly Gln Phe Asn Arg Glu Gly Ala Ala Gly
Pro Ile Leu Lys Gly Val Gly Phe Thr Val
Tyr Val Gly Phe Phe Tyr Asn vVal Ile Ile
Tyr Leu Phe Ser Ser Phe Thr Thr Glu Leu
Asn Asn Ser Trp Asn Ser Pro Asm Cys Ser
Asp Ser Ser Gly Asp Ser Ser Gly Leu Asn
Thr Pro Ala Ala Glu Tyr Phe Glu Arg Gly

215 220
Gln ser His Gly Ile Asp asp Leu Gly Pro

230 235
Thr Ala Cys Leu Val Leu Val Ile Val Leu

245 250
Trp Lys Gly Val Lys Thr Ser Gly Lys Val

260 265
Thr Met Pre Tyr Val val Leu Thr Ala Len

275 280
Thr Leu Pro Gly Ala Ile Asp Gly Ile Arg

290 295
Asp Phe Tyr Arg Leu Cys Glu Ala Ser Val

305 310

Thr Gln Val Cys Phe Ser Leu Gly Val Gly
320 325

114

Pro Tyr Asn Sax

615
Arg
630

Thr His Ile Ile Val

Ser
Lys
Lieu
Ala
Ser
Pro
Tyx
Glu
Trp
Leu
Trp
Trp
Ala
Thr
Leu
Arg
Tyr
Trp
Leu
Tyr
Ile

Gly

Ser
Glu
Thr
Gln
val
™YY
Leu
Leu
Lys
Ile
Ala
Ile
His
Phe
His
Trp
Phe
Ile
Arg
Leu
Asp

val

val
Val
Ser
Asp
Ile
Leu
Leu
ala
Ile
Ser
Leu
His

Pro

Leu
Gln
Ser
Thr
Gly
Ser
Ala

Leu

645

195

330

(208)
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Ala Phe Ser
Ala Ile val
Gly Phe Val
Ser Val Pro
Leu His Leu
Gln Thr Ser
Leu Gly Ile
Gly Leu Ile
Phe Thr Leu
Cys Val Thr
Phe Ala Ala
ser @ly val
Gln Ary Pro
Pro Cys Phe
Arg Pro Pro
Ala Leu Gly
Ile Tyr Ala
Glu Lys Leu
Val Asp Arg
Leu Leu Gly
<210> 6

<211> 592
<212> PRT

Ser
Thr
Val
Ile
Gly
Ala

Asp

Phe
Asn
Gly
Gly

Ser

His
Trp
Ala
Ala
Gly

Leu

Tyr
335

350
Phe
365
Gly
380
Leu
395

410
Ser

<213> Homo sapiens

<220>

<221> misc_feature
<223> Incyte ID No:

<400> 6
Met Glu Lys
1

Phe Ala Cys
Phe Pro Tyr
Pro Tyr Ile
Lau Glu Leu
Ala Trp Arg
Ser Val Val

Asn Ala Trp

Ala
Ile
Deu
Ilse
ala
Thr
val

Ala

Arg
5

Asn
Ser
Ser
Asp
Leu
Ala
Ala
Phe
val
Gly
Leu
Phe
Tyr
FPhe

Ile
Lys
Ala
Val

Arg

Lys
Ile
Phe
val
Arg
val
Met
Gln
Leu
Tle
Meat
Ser
Trp
Val
Ala
Ala
Phe
Ile
Arg

Gly

Phe
Asn
Leu
Ala
Val
Val
Gly
Leu
Ala
Tyr
Asp
Asp
Axg
Val
Tyr
Thr
Cys
Ala
Gln

Asn

7475553CD1

Pro
TyY
Gln
Leu
Gly
Ser
Phe

Trp

Leu
Ala
Het
Ile
Gln
Pro
Phe

TYr

Trp
Val
Tyr
Val
Arg
Tyr
Leu

Leu

Thr
Ser
Gly
Lys
Ala
Phe
Gly
Leu
Thr
Val
Thr
Asp
Leu
Val
Ile
Xaa
Ser
Pro
Phe

Ser

Ala
Gly
Gly
Glu

Met

Ser

Phe

Asn
340
Leu
355
Tyr
370
ASp
385
Pro
400

415
Met
430
His
445
Ph=
460

475
Asp
490
Iile
505
cys
520
Val
535
Fhe
550
Ser
565
Leu
580
Glu
595
Thr
610
Glu
625

Cys
Ser
Ala
Glu
Pro
Met
Ser
His
Leu
Leu
Thr
Gln
Lys
Ile
Asp
Ala
Gly
Asp

Arg

Leu
Asn
Ser
Pro
Gly
Val
Tyr

Phe

Fhe
Gln
Pro
Ser
Leu
Val
Arg
Ser
Leu
Ser
Met
Leu
val
Trp
Met
Ser
Brg

Ser

@ln
Val
Fhe
Leu
Ser
Gly
Asn

Gln

Arg
Ser
Lys
Leu
Ser
Leu
Ile
cla
Leu
Asp
Ser
Thr
Val
Thx
Ala
Val
Phe
Glu

Aryg

FPhe
Trp

Leu

(209)

Asp
345
Ser
360
His
375
Leu
390
GIln
405

420
Thr
435
Leu
450
Phe

His
480
Pro
495
Gly
510
Ser
525

540
Asn
555
Pro
570

585
Leu
600
ser
815

Leu Tyr

Ile
Val
val

ASsp
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Leu
Asp
Arg
Val
val

val

Ile

Gly

Pro
Glu
Lys
Gln
Tyr
Tyr
Ile
Met
Ile
Gly
Cys
Ser
Ala
Leu
Asn
Lys
Ser
val
Ser
Met
Lys
Val
Ala
Leu
Tyr
Thr
Val
Asp
Ser
ala
Leu

Asp

<210> 7
<211> 2168

Trp
elu

Thr

Len
FPhe
Ary
Phe
Asn
Ser
Gln
Ile
Thr
Thi
Leu
TyT
Glu
Tyr
Val
Leu
Ile
Cys
Gly
Ser

val

Ser
Tyr
Glin

Ala
ala

Ser
cys
Deu
Gln
Cys
Thxr
Gly
Thr
Ala
Leu
Lys
Phe
Phe
Asn
Glu
ser
Leu
Thr
Leu
Gly
Ile
Leu
Asn
Leu
Tyr
Arg

Pro

aly
Ile
Ala

Asp

440

500
Leu
515
Leu
530
Gln
545
Gly
560
Leu
575
Pro
530

Leu
Thr

Leu

Pro
Ala
Ser
Leu
Arg
Leau
Leu
Ile
Gln
Phe
Ile
Ile
Glu
Asp
Lys
Phe
Ala
Ile
Phe
Ala
His
Cys
Phe
Ile
Arg
Ser
Ile
Gly
val
Leu
Thr
Ala

Leu
Ser
Pro
Cys
Sly
Pro

His

Ile
Ala
Ila
Val
Asn
Leu
Gly
Pro
val
Lys
Met
ala
Leu
Ala
Asp
Val
Arg
Trp
val
Thr
Thr
val

Phe

Asn
ser

Ser

Thr
Tyr
Gly
Gl
FPhe
Ser
Val
Thr
Cys
Glu
Tyr
Gln
Gln
Asn
Leu
Ile
Pro
Ile
Ile
Leu
Phe
Tyr
Ser
Leu
Lys
Ala

Val

Gly
130
Thr
145
Leu
160
Leuw
175
Glu
180

205
Ala
220
Leu
235
Phe
250
Ty
265
Ser
280
Phe
295
Leu
310
Asp
325
Leu
340
Ile
355
Gly
370
Met
385
Leuw
400
Leu
415
Lys

490

505
Leu
520
Lys
535
Asp
550
Ser
565
Gln
580

9/14

Asn

His

Glu
Ala
Thr
Leu
Asn
Asn
Leu
&lu
Ile
Ile
Lys
Phe
Ser

Asn

val

Leu

Pro

Arg

Thr
Fhe

Asn

Gly
Ile
Gly
Pro
Gly
Pro
Asn
Tyr
Val
Leu
Ala
Cys
Leu
Ser
Gly
Leu
Ile
Phe
Tyr
Ile
Leu
Met
Phe
Ala
Ala
Met

Leu

Gly
Trp
Qly
Leu
Lys
Ile

Leu

Leu
Ser
Ser
Gly
Ser

Thr

ser
Ala
Gln

Ile

Ser
Thr

Ala

ys

Trp

Trp
Tyr
cys

Lys

Tyr
135
Tyr
150
Gly
165
Val
180
Val
195
Tyr
210
Met
225
ala
240
Gly
285
Asn
270
Phe
285
Phe
300
Deu
315
2la
330
Pro
345
Leu
360

375
Leu

Arg
585

(210)

PCT/US01/16283
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<212> DNA
<213> Homo

<220>

sapiens

<221> misc_feature
<223> Incyte ID No: 7617689CBl

<400> 7

ccacgegtee
caaaaccagt
actggaacaa
acgtetggay
acctegtett
agtacactag
ttggctatge
cchgggeoct
accatgagty
gtacctetga
totetgatgyg
tggectgggt
tgtactteac
cgttgectgy
gggateccca
ttgggtgeet
gcatcgeeoct
cecatectggy
gcectgoect
tetgggecty
gtgtagaaag
accggaggga
tgctcacaga
tgtgeetect
agegettota
actgttgget
agtacactce
getggetect
gaaccctcaa
tgecccagey
gactcacaga
tggeettggy
cccgacctgy
cctececacty
gagtgteeet
ctggcttegy
aaaaaaaa

<210> 8

<211> 2709
<212> DNA
<213> Homo

<220>

gtaaggtygy
gtatccagte
caagatggag
gtttecctat
cctetttace
ccagggaggc
ctecocagaty
gttetaccte
gaacacagasa
gaatgccace
gatceageac
catctgetac
ggccacattt
ggcagcecaa
ggtgtyggaty
gacagceety
ctgecttecte
cttcatgtet
ggctttecate
ctgtttette
cetggtgaca
agtccteate
gggeggaaty
gttcgtggee
cgacaacate
cttecteaca
gctgacctac
ggctotgtee
gggceecetie
gaacccagca
getagagtet
gatggetgtyg
agtggataag
caacttttea
ctgagaccet
geceteteat

sapiens

<221> misc_feature

<223> Incyte ID No:

<4Q0> 8

catccteggl
tgecataagy
aaatagcaag
tetttecaat
ccaggaagag
ttggaacagt
tgtgtggcga
tttaatacta
aagaattcgg
tggatttgea
ctggagtttg

ctttacttee
gagtbtttttt
gtggtazaaa
gaagacgceay
aaagatacag
asactacaat
tttccatace
cttatggtaa
cgaggcagea
agttgtgtag
ttttattttt

6881669CBL

atggatagea
atggaaaaga
tthgtgetgt
ctetgetaca
tgtggeattc
gtcacageet
atcgteatoc
tteagcagcet
cactgtatgy
teteoctgtea
ctgggggeae
ttetgeatet
ccttacctea
ggaattcagt
gatgcaggca
ggcagctaca
aacagcggea
Caggageagy
gettaccege
tteatggteyg
gegetggtag
cthggagtat
tacgtgttce
atcttegagt
gaagacatga
ccagetgtgt
aacaagaagt
tecatggtet
agagagagaa
ggaccctegy
cactgetagg
dgagggaacgt
acaagaggoy
gcteagggot
tgggaagetg
cctiecattee

tatcaagtaa
ttttttitta
gagaattaga
ctgatgatge
atgttgaaga
acatectgge
tatgteagaa
taggtattee
ttggtgtaty
tgtgetattt
ctcagtcttt

gagtcteagy
aggaggaaga
cagtygetygy
aaaatggggy
ctgtettect
ggaggaagat
tecteaacgt
tecaccatega
agttccagaa
tegagttety
tgegetogga
ggaagggggt
tgctggtggt
tttacctgta
cccagatatt
acaagtacca
ccagetttgt
gggtgoocat
gggctgtagt
ttetectggy
acatgtacce
ctgtegtote
agctctttga
ccctetgtgt
ttgggtacag
goacagccac
acacgtacco
gcattectge
tecegteaget
ctcecegecac
gggcaggcec
ggcagaagca
tattttggag
tgttgaacag
ggtggggget
attaaatcca

cattgttity
aattacttcg
tgatgatgtt
ttttaagaca
aggatctyaa
ccaagtigga
gaatggggge
cettttttte
gaattacata
tgtagctote
teagecaacce

10/14

(211)

PCT/US01/16283

cacaaccagt aatggagaga
tggcaccety gageggggge
ggagatcatt ggettaggea
aggtgectte ttcatcccct
tctggagaca geactaggee
ctgeeccate tttgagggea
ctactacate attgtgtigy
cctgeeetgy ggeggetget
gaccaacgge tccectgaaty
ggageggegg gtottgasga
gctyggetetg tgectectge
gaagtecaca ggcaaggtyy
cctgttaatt cgaggggtga
cccaaaccte acgegtcetgt
cttcteoctte gecatetgte
caacaactge tacagggact
ggceggettt goecatettct
ttctgaggty gcegagtcag
gatgetgeoe tteteteocte
actggatage cagtttgtgt
tecacgtgtte cygcaagaaga
cttecttghby gggetgatca
ctactatgeca gecagtggea
ggcttgggtt tacggagceca
gceatggect cttatcaaat
ctttcteckhe tccctgataa
gtggtgggge gatgeeotgy
ctggagecte tacagactcg
catgtgccea gecgaggacce
ccccaggace tcactgetea
ttggatggty cchgtgtgec
gecceatgty cttecctgee
teeacctget gagetggagdg
atgtgaaagg ccagtgcceaa
gotaggtggy gegagactty
cattcttcee getgaazaza

azaaatagayg ttaacacatt
aatactctce aaatgeccaa
actgagtctg tcaaagacct
agtgaactaa ttgttgatgy
gtegaagatyg aaagaccage
ttttetgtag gtttaggaaa
ggtgeatate ttttaccata
ttggaactct ctgtgggtea
ageccctaaac tgggcegggat
tactacaacg tcatcattgg
ctgecttggg atcagtgtec

60
120
180
240
200
360
420
480
540
600
660
720
780
840
900
260
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2168

80

120
18¢
240
300
360
420
480
540
&00
660
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tttggtgaaa
cacctattac
cttaaactgyg
gatcaaagge
ggtacttatt
ccacatgttt
tactcaagty
caacaagaga
cacttetgte
aaatgagaaa
cattagtcag
tecatttagtt
caattcctgt
tattgecttt
tttceteaty
cacgcctatt
tetggeattt
gtttgatgat
tgtatgettt
tgcteecage
attgctaata
tgaagataag
ctetetggtt
ccttatagat
gaaagagcct
cgagatgeea
tetggatact
agatatgeca
ttttaccaat
atctcaggty
geattctttt
agggctgagy
atttctatct
tgttgacaat
gtgtcacac

<210> 9

<211> 2958
<212> DNA
<213> Homo

<220>

aatgcttcac acacttttgt
tggtacaggy aagcactgaa
aagatgacca tctgettgtt
attcagtett ctggaaaaat
tgettectea tcagageatt
acccctaage ttgaaataat
ttetttgeet taggtetggg
gacaacaact gccactttga
ctggecaacat tggtggtgtt
tgeattacac aaaattcaga
gatattatte cccatcatat
tatgacatca ttcasaaagt
aaaattgaag aagagctaaa
acagaagcga tgacacattt
ctggteaate taggccttgg
gtggacactt traaagtgag
tgtattggee tgatatttgt
tattctgeta cactgectet
gtttatggea tagatasgtt
agatattact actatatgtg
getagtgttyg tgaatatggg
geatctgaag aatttctgag
gtetttgecaa tactcccagt
gatagttetyg gtaatttage
gtgaacttag agggcgatga
tctecaaatt ttggtaaaaa
geteccaaty gacggtatgy
gaatctgatt tgtagetgyy
gaacattgge cctagtagga
ttecgtgget gtgatettta
ggattetttyg gtttacattt
tacatgtttyg ccaggatttt
cttaaaaaaa tggtattacc
taaaaatggt atacattaaa

sapiens

<221> misc_feature

<223> Indyte ID No:

<400> 9

caggtccaag
tggaccaacy
acaaggtcta
ctecagtaga
agetgetgee
aaaageacca
tecctettca
actcattcca
tttaatatge
ggcggatege
gecagagtge
tggggegeey
geaccaggag
gaacaggttt
tctatactty
ateggtatga
aactatctgyg
gyagttacaa
atgtgtttte
tettctatce
actitittcotg

2742486CB1

agattettet atctcageet
ctgggtggat ttotgtatga
tgggctectga taagttgatt
taaaacaage ccatggetaa
cattcaaaac caattttcte
attgaccaca ttgcactaaa
aacccatttt catgtycaca
geagagagge cacttacaac
aagattgcegy ggacccagag
tgcetgeagy gagtegggga
cagtggctece ttguaggtcy
gagtocacge accggggatyg
gtgatgatece tgcaggaagt
ttgtactgat atcyggcaget
gaccgttitt ccccaaagag
tetttggatyg ttttgetteg
tacatattgyg agcaaaattt
ttetetttgy tgtattggac
tagtgagagt aatggatgca
tggcaaagge ttttccaaat
gactgggget aatactaggt

agaaccagaa
tatttcaagt
ggctgectgg
catatatttt
ccttttaaat
getggagece
atttggtogt
tgctgtectg
tgcagttetyg
gacgatcaty
caaccttica
gaaagaagaa
taaagctgtt
tectgeatet
cagtatgttt
gaaagaaatt
geaacgetet
gctaattgta
tatggaagac
gaaatatatt
attaagtecct
ctatccaaca
ccctgtagtt
atctgtgace
tacaagccte
tatttatoga
aatagggtac
ggaaaagtca
gaageattag
atcctaacag
gtgcagaaag
tttttaagta
tecagttteta
atttataagt

cctgagtage
gaaaattyggt
agcecatggge
tacacttate
atacagaaat
aagacctgat
actgagaatt
taatatcage
tectggaagy
tgccaggtte
agtccaagga
gaggegetgy
gcaggagaga
tcggtgaact
gctgaaaaga
ttegagttge
atgtttgtag
cgagttccag
gttagettty
aacgtggeta
cetectgtay

11714

tgtgaacaaa
tececatttcty
gteatggttt
agttctotgt
gottcaattg
aaggtctgga
gtcattgeet
gtgtecttoa
ggcttcaaag
aaatttttga
actgttacty
gagtttectyg
caggggaceg
cectteotggt
ggaaccatty
cttactgtta
ggaaattact
gteattttgg
ctaaaagata
tetectctaa
cctggetata
tggggactgy
tteattgtte
tataagagag
attcacggaa
aracagagty
ttgatggcayg
gtagggtttta
getteactta
tatatgtecag
gattgcagac
cettbggtgt
ataatttety
tgccttcagyg

tgagattaca
tttgaatggg
ttgttttite
agagcccata
ccacccagey
acaagtccca
tcegggaaag
accagcagee
ctttggggag
cagctgagea
cgbggetiga
gtgacctgga
cccccyggtyg
taggttccat
agggagccay
tggecatectt
caggaatgtt
atgggecagt
ctgcageaat
cggtattggg
gtggetttrt

(212)

PCT/US01/16283

gttctgocac
asagtggyag
gettggetat
ttecatatgt
atggecatteg
gagaagcetge
tttcaagcta
teaatttttt
caaatgtcat
aaatggggaa
cagaagatta
ctetteatet
gcttagettt
cagtgatgtt
aagyggattgt
tetgttgtet
ttgttacaat
agaatattge
tgctgggett
tgctattatce
acgeatggat
ttgtttgtgt
gtegetteaa
gaagggtect
aaataccgayg
gatccecaac
atattatgee
tttggttcat
tcagagggeca
ttcaacttga
aaatcttagy
attttcaaat
ggtttagtag
gtaactteca

gtgcttittat
cageagetat
tecttgaata
gaccttgtat
ttggtcecat
atgtacttaa
ttygaattat
agagctgact
ctecgggeeg
gcggecgeec
agecgggage
gggaccacge
gctttegaga
gatgtgetat
caatacaatt
ggtatttgga
tgtcotcagga
atttatiget
gactgeatet
aagtcttgayg
gtatcaatcec

720

780

840

200

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2709

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
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tttggetatyg aagtgecttt
aatatgtata ttttacccaa
ategetkbtac ccaaagttgg
ggcttecteg atcctactet
tatgtgggac tagtattcct
ggtctectaa gtgatzazag
ateacagoeyg ggtgectacat
ctetggetge tggtgetgat
ccaactttece cggaaattcet
acattgggac ttgtatcagy
ccaacgetgyg gtggatttet
ggtctatggy ctetgataagy
aggagaaaaa ggtctaaatc
ttgeetaatg aaacctaghta
tectggectt aaacatcace
gacceegtge cagtgtetig
tacttactgt gatactgaaa
tgaaaggagt aattaaaaac
ttgtecttaa agatgttgtt
attctaagts cactgattck
aatttgatat gctctaaata
atcagttttt aaaagatata
gaagaattcht tgectgecat
aasaattctgt ttgtgtgaaa
cctacgtteca cttatgatct
tttaatgtet ctgttttttg
ggtagatgta tttecatcect
ttgttaggga agggcttect
tctattatgt aaaaasaa

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

10

2135

DA

Homo sapiens

misc_feature

tattgttctg
ttacgagtct
cekttatagec
gtctetettt
gggtatggea
gecaccteta
getettaggy
attagttgta
cagttgtgea
tctitttagt
gtatgagaaa
tggattagec
tcaaaacate
cgatggatcec
gtaggaaggy
gaagtgteaa
agetgteetyg
aagcaaaaca
attaactcga
gtgaatgtac
cataaaggtg
ctttetettt
acagaaactc
agtacaagaa
ggatttataa
gctetaccat
agagcaggte
ccaacttegt

Incyte ID No: 71556695CB1

10

ggaaaagggy cttggetece
tgcaggcagt gtgaccgttg
cccaaaacce cagecttaag
ccecgatgtyg tgcagaatcet
acaggectce aagtacccaa
tgaaagattt ccacaaggac
ctgaggacga ggctgagaga
ttgtgctete tgtggetgge
tctgetacaa gaatggtgga
goggectgee tgtgttttte
teacctgcty ggaaaagate
ttgtgtecct cctgaatgte
tecagtectt ccagaaggag
actgcatgga ggacaccatyg
acttcaccte cectgteatc
tegaccacce aggetctctyg
tgtgtttett ctgeatetgy
coacttttee attegecaty
cgggegeagy catcaagtte
tgtggattga cgctgggact
cetegetggg gagctacaac
gatgectgaa cagtggtace
tcatggcaca agagcaaggg
ccttecattge ctacccaaaa
thttttttat tatgettcte
agatcacatc cttggttgat
totteatege cttegtgtgh

tctggaccet
tgctgttatt
agcaagteca
geagatgggy
gaaagcaagyg
atcctgaage
aaaccteege
ggctiegtygy
ggtgaegttte
ttggagatca
tgceccttgt
tactacatcg
ctgecctyggg
cgcaagaaca
gagttetggy
aaatgggacc
aagggegtea
ctectggtge
tatctgtate
cagatattet
aagtacaagt
agttttgtgt
gtggacatty
gcetgtgacaa
ttgcttggac
ctttacccat
ageatcagcet

ggatgegtey
gateccaggty
ttegteatca
gttttggaga
ctgtectaty
aggaaatgge
cctgteecaa
agtggcctct
catgaaaaty
geaatggggt
attggtttiy
atgggettgt
ctcagcacayg
tggattgata
titttaaaat
egtgttttty
ctgrageage
aaacaagact
gttaghttctt
cttititatt
cttcaaaata
gtoctgaggt
tetageacte
taacaatact
acattacttyg
ctgbtbtgtt
agectectte
gtgaaattgt

tcacccagee
ggcctaaaca
acagtgedeg
ctgetetegy
agatggocac
cotcaccagy
agagggagaa
gettgggeaa
tecataccgta
tcataggcca
tetetggtat
tecatectgge
cacactgcaa
agagtgtetg
agegcaacgt
tegetctetg
gatccactgg
tgetggtecy
ctgacatcac
tetettatge
ataactogta
ctggettege
ctgatgtgge
tgatgecget
tggatageca
ccttectaag
acctgetggg

12/14

tittgetgat
aacactcatt
actecactcayg
agttcaatLt
ccatctctte
ttotggtgtt
tetigeatat
ctgetggaat
ggtttgaaga
caattggtge
aatgggcage
tttatctact
aggaggaacy
caaggttgag
tttacgegea
gatgatecty
tatatttygaa
tagtttttaa
atttectetyg
aacagggaaa
tgtagaaaca
tttteggtat
cctgacctta
tacaacttee
gtataacgtt
titgttttta
ccctaatgeg
gatgttgaag

cctgeaccet
catagcaaca
actecccagy
ccetgectat
caaggagaag
gaagagccea
gtggtctage
cgtetggege
ttttatttte
gtacacchet
cggetatgee
ctgggccaca
ccacagekga
gatcaccate
gctgagetty
ccttctttta
gaaggtegte
agggetgacg
cegeettgay
catctgectg
cagggactgt
aattttttec
tgagtcaggt
gcccacattt
gtttgttgaa
gaagggttat
dgctgacgatyg

(213)

PCT/US01/16283

dggtaccacte
ctggaaacty
cteogtgtttt
accagetgga
accactattt
tggcaactta
taaasgteag
gagtataatt
gggattaagt
ttttatggga
agctatacaa
ggagtattca
aactactete
aaatgaatge
amactcegty
tattgggetyg
atattaagta
atgaccaaac
tttattttit
gaaatgaatt
ttactatgaa
tgttcaaaag
agetttbcta
atttttgtaa
tttcatttcc
tctatateth
aatgettgtt
tgeataaaty

ggagcagage
ggaaaacaac
tcaggagaag
ggctgtggaa
ctgeagtgte
ggcacgegge
aagatcgact
ttcecgtace
ctotttyggga
gaaggggyca
teegttgtaa
tactacctgt
aacacacctc
agctocacca
teecctggaa
gtetggctag
tacttcacay
ctgecgggeg
gacceacagy
ggggctatga
atgetgetgy
atcctggget
cctggectgyg
tggtecattc
gttgaaggac
cgtegggaaa
gtgacggagy

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
2958

60
120
180
240
300
360
420
480Q
540
600
660
720
780
B840
900
360
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
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gtggeatgta
gggttgecatt
atggtattga
tgatcactec
tgacctacaa
cectttocte
ggcegttect
tggagegega
aaccgacaca

<210> 11

<211> 1987
<212> DNA
<213> Homo

<220>

tgtgttteag
ctttgaatgt
ggacatgatt
agttectetgt
caaaacatac
catgctectge
tgtgagagte
gggagceeaca
catcattgtyg

sapiens

<221> misc_feature

<223> Incykte ID No:

<220>

<221> unsure

<222> 1810
<223> a, t,

<400> 11

gagegggagy
gecegggeds
tgagtaagag
ccaatgeegt
agctcaccag
agacctgagg
ccaacgtcty
cctacetget
gccagtteaa
tgggcttcac
cctgggeget
acaactcetg
getegggect
tgetgeacct
cagectgect
ccteagggasa
tectgegtgy
acttctaccey
ceetgygegt
actgetacag
gettegtegt
acgtggecaa
cgecgagetc
tgggtatega
tcoagetget
tectgtecet
ttgcageegy
teagegacga
ggaagetggt
gacccecoca
tegecacatn
ctgggteett
tggacagagy
gggggaattc

«<210> 12

<211> 2774
«212> DNA
<213> Homo

<220>

ctetttgact
tttgttattg
ggctategge
gttggatgtt
gtgtaceccca
gttcccttog
aagtacctge
ccttacaact
gagaccatga

7472800CBL

¢, g, or other

ggaggctteg
ceagaccaag
caazatgctac
gggeccgaag
cteeaccete
caagaagatc
gegghtocee
ctteatggte
cagggaagay
ggtcatecte
gecactatcte
gaacagccoe
caacgacact
coaccagage
ggtgetggte
ggtggtatgy
ggtecacecte
gctoetygegay
ggggtteggg
dgacgegatt
cttetectte
ggacggtgag
tecageaaacc
cagcgecatyg
gcacagacac
gttetgegte
cacgttgaty
catccageayg
cagcecctyge
ctacggagee
cteeatggee
tegagagaaa
ggaggtgege
agaatga

sapiens

<221> misc_feature

cggaacgetc
agggaagaag
gtgggactca
gaggtggage
aceaaccege
gactttetee
tacctgtget
attgctggga
geegetggty
ateteactgt
ttotectect
aactgctogy
tttgggacca
catggecatcg
ategtgectge
atcacagcca
cckggageca
gegteggttt
gtgctgateg
gteaccaceh
ctggggtaca
ccectectge
tcagectyggg
gutggtatag
cgtgagctet
accaacggtg
gacactgaty
atgaccggge
tttctectgt
tacatcttee
atggtgecca
ctggectacg
cagttecacyy

actatgcage
cctggatata
cegggeccty
kcatcttete
actgggecat
teatogteat
tgaccecaay
ctegeacegt
tgtga

teggegacag
cacagaattc
tgtcttecgt
tecatccttgt
ggeagagecc
tgtecegtoat
acaaaaatgy
tgecactttt
tetggaagat
atgteggett
Leaccacgga
atgcccatece
cacctgetge
acgacctggy
tctacttecag
ceatgecata
tagacggcat
ggattgacge
cottctoeayg
ceateaacte
tggcacagaa
tgcacctggy
cegtggtett
agtcagtyat
tcacgctett
gcatctacgt
ccacctette
agaggcccag
tegtggtegt
ccgactggge
tetatgegge
ccattgcace
tgaggtegag

13/14

tageggtgta
tggagotgat
gatgaagtac
gctegtcaag
tgggctggge
cegectotge
ggaacccaac
catgaacgge

gactcgegty
ctecaactece
ggtagecceg
caaggagead
cgtggaggec
tggetttget
tggeggtgee
ctacatggag
ctgeeccata
cttetacaac
getooeetgy
tggtgactce
cgagtacttt
gectecgegy
cctectyggaag
cgtggtecte
cagagcatac
ggccacecag
ctacaacaag
cotgacgage
geacagtgtg
cctgeteegt
cttecateaty
caccgggete
categtocty
ctteacgete
tocctaagygt
cctgtactgg
ggtcagcatt
caacgegety
ctacaagtte
cgagaaggac
gtecotgetg

(214)
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tgecttttgt
aacctttatyg
agetgggetyg
tacgtaccce
tggagectgy
cagactgagy
cgetgggety
getetegtga

caaagcecay
agtgtgecceca
gctaaggage
aacdgagtge
caggateggy
gtggacctgg
ttectggteo
ctggecetoy
ctyaaaggtg
gteatcateg
atccactgea
agtggagaca
gaacgtggeg
tggcagetea
ggcgtgaaga
actgccctge
ctgagegttg
gtgtgetbet
ttecaccaaca
ttetecteeg
ceecategggy
gtagcaccag
ctgcteacce
atcgatgagt
gegacctiteo
ctggaccatt
gttagggcagt
cggetgtget
gtgaccttca
ggctgggtea
tgeageectge
cgtgagetgy
ggectetete

1680
1740
1800
1860
1920
1280
2040
2100
2135

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
360
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
1997
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<223> Incyte ID Ne: 7475553CBl

<220>

<221> unsure

<222> 2666
«223> a, t,

<400> 12

cgagecdgay
aactcgetac
cgattcecegt
atgcttatey
cggecagggea
gecagegtgy
ttetggtace
ggtaaccaca
tacaggaaaa
ceggegetgt
gagtecactg
tacctcatca
cecaagatag
tteteactty
aacaactgee
gccageattyg
ttgasgaagy
gccagcaace
gagatgttee
ggcactggee
ctgtggtegy
aacacagcgy
aaggaggceca
atggagactyg
ctgctoateg
gaaagtgacc
getggegtaa
cteacgggga
gattaccegg
atcccectygyg
cecgtggect
cggaaactee
cetgagtote
acaccctoce
ggctatgaaa
agggcacatt
ttgtttttgy
ggagttttga
ttttgagttg
tgacaagtca
ggtctctgac
tgcaaccccea
geattggaaa
cacggtgget
ggtcaggagt
aacaaattag
gacccadggy

¢, g, or other

cegagegege
agttcotgtt
acctgtgecca
tggagggaat
geateggege
tggtetettt
tettecacte
cgggetacga
cecteaatat
geeteetect
geaaggtggt
ggggectcac
agecagetgye
gectgggett
agaageacge
tcaccttcte
tgagtctget
tggagcaggt
cgcaaatcaa
tggeattcat
tgctctactt
ccatectcac
teteaggtet
ggaactactyg
tgctyggtgga
ttaaggecat
geccactget
ccctgaagta
cetatgeact
cggecctgyy
gagatgtggg
teggetgett
taaagaagat
gtggtggety
geeggtetea
gcaaactgaa
ctgaagagac
agtgectaag
tagtgaatat
taaagaaaga
agtgggteca
aaccacatta
aggagtcagy
aacgectgta
ttgaaggcag
ctggeattgy
gggy

cgaggeeggy
cgectgeata
gatgtacgge
geegetettg
ctggaggace
cttectetee
cktceaggat
tgaggagtge
cktegeegtee
ggcectggetg
gtatttcacy
gctecacgga
caaccccaag
cggcagectg
cateategty
catctatgge
gctgaccaac
gaagggetac
aaactgeage
cgtetacaca
ctteatgety
cectotgaca
ggtgtgectt
gtttgacata
gacgattgee
gaccggeaga
gattgtcage
tcaageetgy
ggctgteate
gactttitgtt
cttccecagee
tttcaaatge
gaggaagdtyg
ttecteectyg
aagataactg
atatgactat
accaazatat
atgacctatt
gcaatttetyg
agatcttigt
ggaccagace
gaagtctgty
agecactgtyg
atectageac
cctggneaaa
gggagggtty

gecatggaga
tegtacgeey
ggaggtagtt
tacctggaac
atcagceegt
atgtactaca
ccectgeegt
gagaaggegt
ctccaggaga
gtggtgtace
gegteactyge
gccaccaaty
gectggatoa
atcgectteg
tecetcatea
ttcaaggoca
acttttgace
ctegeatety
ttggaategy
gaggccatta
ctgatgctgy
gacagcaaga
gteaactgty
ttcaacgact
gtgtgctacg
getgtgaget
ctetttgtet
gacgectcece
gggctgoetty
cagegtaegee
gctecacggtt
ttaagccagy
tgcaggaaga
teacctgect
catectteat
aattcettatg
tagaggacan
tgtcagtogt
tgtteccatt
ckgggacece
tctctacaan
cagacatcce
aggtgagaat
cttgggggte
atggegaaaa
gagdaatega

14/14

aagegeggee
tgggectggg
tectggteee
tggetgtoay
acctcagtay
acgtcatcaa
ggtectgtety
cctecacaca
acggaggtgt
tgtgeatect
cctattgegt
gecteatgta
atgcagecac
ccagetacaa
acagebteac
ccttcaatta
ttgaagatgy
cctacccaay
agctagacac
azaacatgga
geattgggag
tecatctecag
ccattggeat
acgeggecac
togtacgggct
ggtactggaa
tetacctgag
agggccaget
tggeetecte
tcaagagggy
ttacagatac
agtgetecage
asactcectt
ccteatcatyg
tecaggaaag
ggaccaaatt
atatttttag
gcagaattaa
ccacccettta
caaagggatc
aaattgeece
tecgtggtygt
gaaagtggat
aaggtaggtyg
ceceatttcta
attaaagtta
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getgtgggee
caacgtgtgyg
ctacatcate
geagegeaty
tgteggggte
cgoectgggee
cccactgaat
gtacttetgy
gcagtgggag
gogtggeace
gcteateate
catgtteact
ccagatcttc
tygagecateo
ctecatattt
tgaaaactge
ctitttgaca
caaatacagc
ggecegtocag
ggtgteccag
catgetygggy
ccacctgoco
ggtgttcacy
actgtcectg
gaggagattt
ggtgatgtgy
cgactacatce
cgtgaccaaa
caccatgtge
agacgcagac
tatttacagy
ccatcaactt
gggagaacgc
gaagggagty
ccctagaatt
taagcaattt
atccatitaa
ttetetteott
aatcttagga
ctttetctaa
aactacagtt
gtgtettggt
cteagctggy
gatcacttga
ctaaaaatcc
tdagaaagagy

60
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pecause they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. [X7 ciaims Nos.: 20 and 23 partially
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no i ional Search can b ied out, ilically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.: . )

becausa they are dependent ctaims and are not drafied in with th d and third f Rule 6.4(a).
Box Il Observations where unity of i ion Is lacking (C ion of item 2 of first sheet)
This International Searching Authority found multiple i ions in this ir ion, as follows:

see additional sheet

1. As all required additional search fees wore timely paid by the applicant, this International Search Report covers all

searchable claims. X

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 D s only some of the required additional search faes were timely paid by the appiicant, this International 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 Internationai Search Report is
sestricted to the invention first mentionad in the claims; it is covered by claims Nos.:

1-44 (partially); 45, 51 (complete)

Remark on Protest The additional search fees were accompanied by the applicant’s protest.
p

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998)
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International Application No. PCT/US 01 /16283

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Continuation of Box I.1

Atthough claim(s) 32 and 34 are interpreted as directed to a diagnostic
method practised on the human/animal body, the search has been carried
out and based on the alleged effects of the compound.

Although claims 18, 21, 24 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound.

Continuation of Box 1.2

Claims Nos.: 20 and 23 partially

Present claims 20, and 23, relate to an extremely large number of
possible compounds. Support within the meaning of Article 6 PCT and/or
disclosure within the meaning of Article 5 PCT is to be found, however,
for only a very small proportion of the compounds claimed. 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 impossible. Consequently, the search has been carried out for those
parts of the claims which appear to be supported and disclosed, namely
those parts relating to the polypeptide and antibodies of the invention.

The applicant’'s attention is drawn to the fact that claims, or parts of
claims, relating to inventions 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 report or during any Chapter II procedure.

JP 2004-514411 A 2004.5.20
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International Application No. PCT/US 01 /16283

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

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

1. Claims: 1-44, all partially, and claims 45 and 51,
completely

Isolated peptide (Seq ID No 1), or a naturally occuring

biological active fragments, and immunogenic fragments

and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for
treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and

comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

polynucleotides encoding the polypeptide with Seq ID No 1,

90% identity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucleotides comprising said polynucleotides. A cell

comprising said polynucleotide. Method of detecting said
polynucieotides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucleotide.

2. Claims: 1-44, all partially, and claims 46 and 52,
completely

Isolated peptide (Seq ID No 2), or a naturally occuring

biological active fragments, and immunogenic fragments

and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for
treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and

comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

polynucleotides encoding the polypeptide with Seq ID No 2,

polypeptide comprising a sequence of at least 90% identity,

thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide

methods of diagnosis using specific antibodies. Compositions

the biological active fragments, and immunogenic fragments.
The polynucleotide with Seq ID No 7 and those with at least

transformed with said polynucleotide. A transgenic organism

polypeptide comprising a sequence of at least 90% identity,

thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide

methods of diagnosis using specific antibodies. Compositions

page 1 of 4
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International Application No. PCT/us 01/16283

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

the biological active fragments, and immunogenic fragments.
The polynucieotide with Seq ID No 8 and those with at least
90% identity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucleotides comprising said polynucieotides. A cell
transformed with said polynucleotide. A transgenic organism
comprising said polynucieotide. Method of detecting said
polynucieotides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucleotide.

3. Claims: 1-44, all partially, and claims 47 and 53,
completely

Isolated peptide (Seq ID No 3), or a naturally occuring
polypeptide comprising a sequence of at least 98% identity,
biological active fragments, and immunogenic fragments
thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide
and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for
treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and
methods of diagnosis using specific antibodies. Compositions
comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

Polynucleotides encoding the polypeptide with Seq ID No 3,
the biological active fragments, and immunogenic fragments.
The polynucleotide with Seq ID No 9 and those with at least
90% jdentity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucleotides comprising said polynuclectides. A cell
transformed with said polynucieotide. A transgenic organism
comprising said polynucleotide. Method of detecting said
polynucleotides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucleotide.

4. Claims: 1-44, all partially, and claims 48 and 54,
completely

Isolated peptide (Seq ID No 4), or a naturally occuring
polypeptide comprising a sequence of at least 90% identity,
biological active fragments, and immunogenic fragments
thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide
and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for

page 2 of 4
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Internationa! Appfication No. PCT/US 01/16283

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and
methods of diagnosis using specific antibodies. Compositions
comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

Polynucleotides encoding the polypeptide with Seq ID No 4,
the biological active fragments, and immunogenic fragments.
The polynucleotide with Seq ID No 16 and those with at least
90% identity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucleotides comprising said polynucleotides. A cell
transformed with said polynucleotide. A transgenic organism
comprising said polynucleotide. Method of detecting said
polynucleotides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucleotide.

5. Claims: 1-44, all partially, and claims 49 and 55,
completely

Isolated peptide (Seq ID No 5), or a naturally occuring
polypeptide comprising a sequence of at least 90% identity,
biological active fragments, and immunogenic fragments
thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide
and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for
treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and
methods of diagnosis using specific antibodies. Compositions
comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

Polynucleotides encoding the polypeptide with Seq ID No 5,
the biological active fragments, and immunogenic fragments.
The polynucleotide with Seq ID No 11 and those with at least
00% identity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucleotides comprising said polynucleotides, A cell
transformed with said polynucleotide. A transgenic organism
comprising said polynucleotide. Method of detecting said
polynuclectides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucieotide.

6. Claims: 1-44, all partially, and claims 50 and 56,
compietely

page 3 of 4
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International Application No. PCT/US 01 /16283

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Isolated peptide (Seq ID No 6), or a naturally occuring
polypeptide comprising a sequence of at least 90% identity,
biological active fragments, and immunogenic fragments
thereof. A method for producing said polypeptides. Specific
binding poly- and monoclonal antibodies to said polypeptide
and methods of generating said antibodies. Pharmaceutical
composition comprising said polypeptide. Methods for
treating diseases, and methods for screening for agonists,
antagonists and modulating compounds. Agonists and
antagonists isolated by said methods. Diagnostic test and
methods of diagnosis using specific antibodies. Compositions
comprising said antibodies. Methods of detecting and
purifying the polypeptide of the invention using said
antibodies.

Polynucleotides encoding the polypeptide with Seq ID No 6,
the biological active fragments, and immunogenic fragments.
The polynucleotide with Seq ID No 12 and those with at least
90% identity, and fragments of said polynucleotides
comprising at least 60 nucleotides. Recombinant
polynucieotides comprising said polynucleotides. A cell
transformed with said polynucleotide. A transgenic organism
comprising said polynucleotide. Method of detecting said
polynucleotides. Method for screening a compound, or
assessing the toxicity of a compound using said
polynucleotide.

page 4 of 4
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