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TITLE OF THE INVENTION
MURINE ORTHOLOG OF THE HUMAN DISRUPTED-IN-SCHIZOPHRENIA 1
GENE

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional
Application No. 60/383,191, filed May 24, 2002, hereby incorporated by reference

herein.

BACKGROUND OF THE INVENTION

The references cited throughout the present application are not
admitted to be prior art to the claimed invention.

Schizophrenia is a debilitating psychiatric disorder characterized by
disordered thinking, hallucinations, and cognitive dysfunction. (Frances et al. ed.
Diagnostic and Statistical Manual of Mental Disorders. Fourth Edition ed. 1994,
American Psychiatric Association: Washington, D.C.) Family, twin and adoption
studies have suggested that ~50% of the risk of developing schizophrenia is genetic.

The human disrupted-in-schizophrenia 1 (DISC1) and the disrupted-in-
schizophrenia 2 (DISC2) genes have been identified as genes that may play a role in
susceptibility to psychiatric illness. (Millar et al. (2000) Hum. Mol. Genet., 9(9),
1415-1423.)

DISCI and DISC2 genetic abnormalities have been associated with
schizophrenia and related disorders. In a single Scottish family, the DISCI open
reading frame was found to be truncated by a balanced (1:11)(q42.1;q14.3)
translocation. In this family, the translocation segregates not only with schizophrenia,
but with other major mental illnesses, including schizoaffective disorder, bipolar
disorder, and unipolar depression. The observed familial clustering of diseases is
typical of sporadic schizophrenia. (Millar et al. (2000) Hum. Mol. Genet., 9(9), 1415-
1423.))

Additional support for DISC! playing a role in psychiatric illness
comes from its chromosomal location. DISCI was found to map next to the
chromosomal marker D15251, which localizes DISCI to a region implicated in
psychiatric illness. (Millar et al. (2001) Mol. Psychiatry, 6(2), 173-178.)

DISC1 is estimated to be 300 kb and contains 13 exons. (Millar et al.
(2001) Mol. Psychiatry, 6(2), 173-178.) An identified open reading for DISCI
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encodes a putative protein of 854 amino acids. (Millar et al. (2000) Hum Mol Genet,
9(9), 1415-1423.) The putative DISC1 protein contains an N-terminal region (amino
acids 1-147) predicted to consist of one or more globular domains and a C-terminal
region predicted to consist entirely of a-helix interspersed with several short loops.
(Millar et al. (2000) Hum Mol Genet, 9(9), 1415-1423.)

DISC2 overlaps with DISC1 exon 9. (Millar et al. (2001) Mol
Psychiatry, 6(2), 173-178.) DISC2 has been suggested to specify a non-coding RNA
molecule that is antisense to DISCI1. (Millar et al. (2000) Hum Mol Genet, 9(9),
1415-1423.)

SUMMARY OF THE INVENTION

The present invention features Disc1 polypeptides, Discl nucleic acids,
and recombinant Discl altered mice. The Discl amino acid sequence of SEQ ID NO:
1 and the nucleic acid sequence of SEQ ID NO: 2 provide the mouse ortholog to the
human DISC1 amino acid sequence and nucleic acid sequence. ‘

SEQ ID NO: 1 provides a reference sequence for Discl polypeptides.
Disc1 polypeptides contain a region of at least 18 contiguous amino acids that is
present in SEQ ID NO: 1. Discl polypeptides may contain additional regions beyond
18 contiguous amino acids present in SEQ ID NO: 1 and may contain amino acid
regions not present in SEQ ID NO: 1.

SEQ ID NO: 2 provides a reference sequence for Discl nucleic acids.
Discl nucleic acids contain a region that encodes a Discl polypeptide or contains at
least 30 contiguous nucleotides that is present in SEQ. ID. NO. 2 or the complement
thereof. Such Discl nucleic acids may contain additional regions present, or not
present, in nucleic acid encoding for Discl, or present in SEQ. ID. NO. 2 or the
complement thereof.

Thus, a first aspect of the present invention describes a purified Discl
polypeptide. The polypeptide comprises at least 18 contiguous amino acids of SEQ
ID NO: 1.

A “purified polypeptide” represents at least 10% of the total protein
present in a sample or preparation. In preferred embodiments, the purified
polypeptide represents at least about 50%, at least about 75%, or at least about 95% of
the total protein in a sample or preparation. Reference to “purified polypeptide” does
not require that the polypeptide has undergone any purification and may include, for
example, chemically synthesized polypeptide that has not been purified.
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Another aspect of the present invention describes a recombinant
nucleic acid that either:

a) encodes a Discl polypeptide and is transcriptionally coupled to
an exogenous promoter;

b) is a Disc1 nucleotide sequence or the complement thereof and
is attached to a solid support;

c) is provided by SEQ ID NO: 2;

d) is provided by a modified SEQ ID NO: 2 sequence; or

e) is provided by SEQ ID NO: 4.

A recombinant nucleic acid is a nucleic acid that contains two or more
nucleic acid regions not naturally associated with each other and/or is present in a
different environment than found in nature. Examples of recombinant nucleic acid
includes nucleic acid containing a coding region and one or more regulatory elements
not naturally associated with the coding region, exons joined together in DNA,
expression vectors, and nucleic acid attached to a solid support. Recombinant nucleic
acid containing recombined regions can be present inside a genome or may exist
outside of the genome.

Another aspect of the present invention describes a recombinant cell
comprising a nucleotide sequence encoding a Disc1 polypeptide that is
transcriptionally coupled to an exogenous promoter. The exogenous promoter is a
promoter not naturally associated with the nucleotide sequence. The cell contains an
RNA polymerase that recognizes the promoter.

Another aspect of the present invention describes a recombinant cell
made by a process comprising the step of introducing into a mouse cellular genome a
recombinant nucleic acid encoding at least 18 contiguous bases of SEQ ID NO: 1.

Another aspect of the present invention features a purified antibody
preparation comprising an antibody that selective binds to a polypeptide of SEQ ID
NO: 1 over human DISC1 polypeptide (SEQ ID NO: 5). The antibody may also bind
to fragments and/or variants of SEQ ID NO: 1.

A “purified antibody preparation” is a preparation where at least 10%
of the antibodies present bind to a polypeptide of SEQ ID NO: 1. The preparation may
contain polyclonal or monoclonal antibodies. In preferred embodiments, antibodies
binding to Discl represent at least about 50%, at least about 75%, or at least about
95% of the total antibodies present. Reference to “purified antibody preparation”
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does not require that the antibodies in the preparation have undergone any
purification.

Another aspect of the invention describes a recombinant Disc1 altered
mouse. The mouse comprises an alteration in an allele encoding a Discl polypeptide
comprising at least 20 contiguous amino acids of SEQ ID NO: 1, wherein the
alteration substantially reduces, or increases, full length expression of Discl from the
allele. The presence of nucleic acid encoding at least 20 contiguous amino acids of
SEQ ID NO: 1 characterizes the nucleic acid as providing a Discl allele.

Another aspect of the present invention features a method for screening
for a compound able to bind to a Disc1 polypeptide. The method involves the step of
measuring the ability of the compound to bind to the polypeptide.

Other features and advantages of the present invention are apparent
from the additional descriptions provided herein including the different examples.
The provided examples illustrate different components and methodology useful in
practicing the present invention. The examples do not limit the claimed invention.
Based on the present disclosure the skilled artisan can identify and employ other

components and methodology useful for practicing the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Human DISCI (“oth:human”; SEQ ID NO: 5) and the
murine ortholog (“oth:mouse”; SEQ ID NO: 1) were aligned by Clustal W alignment.
There was 56% identity and 14% similarity (excludes identical amino acids) between
the two proteins. An InterPro domain search revealed a weak suggestion of a
tropomyosin (amino acids 349-366; and amino acids 556-581) and a bipartite nuclear
localization signal (amino acids 331-348) in the human sequence (Apweiler et al.
(2000) Bioinformatics, 16(12), 1145-1150). The mouse sequence had a low
homology to DUF232 (amino acids 454-477). Arrow indicates translocation
breakpoint. Bioinformatic analysis revealed three leucine zipper motifs conserved
between mouse (amino acids 454-475; amino acids 461-482; and amino acids 603-
624) and human (amino acids 458-479) (amino acids 465-486) (amino acids 607-
628).

Figures 2A, 2B, and 2C. Comparison of human DISC1 (“oth:human”;
SEQ ID NO: 6) and murine Disc1 nucleic acid (“oth:mouse”; SEQ ID NO: 2).

Figure 3. Mouse Discl splice variant amino acid sequence (SEQ ID
NO: 3).



WO 03/099995 PCT/US03/15741

10

15

20

25

30

35

Figure 4. Mouse Discl splice variant encoding nucleic acid sequence
along with a TGA stop codon (SEQ ID NO: 4).

Figure 5. A BAC map of the Discl genomic region. Two BACs were
identified using the TIGR BAC end sequencing database. (Zhao et al. (2001) Genome
Res, 11(10), 1736-1745.) 418L11 contains sequences from 946-1446 of the Tsnax
gene. 236F19 contains nucleotides 1500-2410 of the Tsnax. Bac259E12 was
identified by hybridization of a Disc! probe (nucleotides 2376-2490) against a mouse
BAC library (Incyte).

DETAILED DESCRIPTION OF THE INVENTION

Discl, the mouse ortholog to human DISC1, has been identified and
cloned. Human DISC]I translocation has been associated with psychiatric diseases
such as schizophrenia, schizoaffective disorder, bipolar disorder, and unipolar
depression.

The present invention include Disc1 polypeptides and nucleic acids.
Discl polypeptides and nucleic acids have a variety of different uses such as
providing research tools for studying Discl polypeptide function and expression in a
cell; studying the involvement of Discl with psychiatric diseases; identifying Discl
nucleotide polymorphism(s); and creating recombinant Discl deficient mice.

A recombinant Discl deficient mouse can be used, for example, as
model to examine the involvement of Discl with psychiatric diseases, and the ability

of compounds to compensate for the effect of a Discl alteration.

1. Discl Polypeptides

Discl polypeptides contain a region of at least 18 contiguous amino
acids that is present in SEQ ID NO: 1. Discl polypeptides have a variety of uses,
such as being used as an immunogen to produce antibodies binding to Discl and
being used as a target to identify compounds binding to the Discl.

The presence of at least 18 contiguous amino acids of SEQ ID NO: 1
provides a unique structural tag for a Discl polypeptide and a sufficient polypeptide
region to achieve a useful purpose. The at least 18 contiguous amino acids can, for
example, provide an immunogen to generate an antibody. In different embodiments
the Discl polypeptide contains a tag of at least 20 contiguous amino acids of SEQ ID
NO: 1; at least 40 contiguous amino acids of SEQ ID NO: 1, at least 80 contiguous
amino acids of SEQ ID NO: 1; or comprises or consists of SEQ ID NO: 1.
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Discl polypeptides may contain additional SEQ ID NO: 1 regions in
addition to a Discl tag and may contain amino acid regions not present in SEQ ID
NO: 1. Discl polypeptides include full length Discl of SEQ ID NO: 1, variants of
SEQ ID NO: 1 containing a Disc1 tag, and chimeric polypeptides containing a Discl
polypeptide and amino acid region(s) not from SEQ ID NO: 1.

Variants of SEQ ID NO: 1 containing a Disc1 tag include naturally
occurring variants such as splice variants and/or polymorphic variants. SEQ ID NO: 3
provides the sequence of a splice variant that has an amino acid alteration. Examples
of SEQ ID NO: 1 variants are also provided in Example 2, Table 3, infra. The
variants provided in Table 3 were obtained from a splice variant and different PCR
product reactions.

In additional embodiments concerning Disc1 polypeptide variants,
SEQ ID NO 1: is modified with one or more of the following modifications:
amino acid 46: Ato 'V,
amino acid 58: G to D;
amino acid 111: Eto D;
amino acid 214: FtoL; and
amino acid 231: CtoR.

Preferred combinations of modifications correspond to those found in a particular
PCR product (amino acids 46, 58, 111 and 201 were from one PCR product; amino
acid 214 was from one PCR product; and amino acids 231 and 397 was from a splice
variant).

Chimeric polypeptides containing a Discl tag can contain non-Discl
regions chosen to achieve a particular purpose or to produce a polypeptide that can
substitute for Disc1 or a fragment thereof. Particular purposes that can be achieved
using appropriate non-Disc1 regions include providing a marker for isolation and
enhancing an immune response.

In additional embodiments, the Discl polypeptide contains at least 18,
at least 20, at least 40 or at least 80 contiguous amino acids where the encoding
nucleic acid spans two or more exons. The amount of contiguous amino acids
corresponding to a particular exon can vary. In different embodiments the Discl
polypeptide contains at least 9, at least 10, at least 20, or at least 40 amino acids
contiguous amino acids corresponding to two or more different exons.

The amino acids sequences in SEQ ID NO: 1 encoded by different

exons are assigned as follows:
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Exon 1
MQGGGPRDAPIHSPSHGA

Exon 2
SGHGLPPAVAPQRRRLTRRPGYMRSTAGSGIGFLSPAVGMPHPSSAGLTGQQS
QHSQSKAGQCGLDPGSHCQASLVGKPFLKSSLVPAVASEGHLHPAQRSMRKR
PVHFGVHSKNDSRQSEKLTGSFKPGDSGCWQELLSSDSFKSLAPSLDAPWNT
GSRGLKTVKPLASSALNGPADIPSLPGFQDTFTSSFSFIQLSLGAAGERGEAEG
CLPSREAEPLHQRPQEMAAEASSSDRPHGDPRHLWTFSLHAAPGLADLAQVT
RSSSRQPECGTVSSSSDTVFSSQDASSAGGRGDQGGGWADAHGWHTLLREW
EPMLQDYLLSNRRQLE

Exon 3
VTSLILKLQKCQEKAVEDGDYDT

Exon 4
ETLRQRLEELEQEKGHLSWALPSQQPALRSFLGYLAAQIQVALHGATQ

Exon 5
AGSDDPEAPLEGQLRTTAQDSLPASITRRDWLIREKQQLQ

Exon 6
KEIEALQARMSALEAKEKRLSQELEEQEVLLRWPGCDLMALVAQMSPGQLQ
EVSKALGETLTSANQAPFHVEPPETLR

Exon7
LRERTKSLNLAVRELTAQ

Exon 8§
VCSGEKLCSSLRRRLSDLDTRLPALLEAKMLALS

Exon 9
SCFSTAKELTEEIWALSSEREGLEMFLGRLLALSSRNSRRLGILKEDYLRCRQD
LALQDAAH
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Exon 10
TRMKANTVKCMEVLEGQLS

Exon 11
CRCPLLGRVWKADLETCQLLMQSLQLQEAGSSPHAEDEEQVHSTGEAAQTA
ALAVPRTPHPEEEKSPLQVLQEWDTHSALSPHCAAGPWKE

Exon 12
DSHIVSAEVGEKCEAIGVRLLHLEDQLLGAMYSHDEALF

Exon 13
SLQGELQTVKETLQAMILQLQPTKEAGEASASYPTAGAQETEA

Polypeptides can be produced using standard techniques including
those involving chemical synthesis and those involving biochemical synthesis.
Techniques for chemical synthesis of polypeptides are well known in the art. (See
e.g., Vincent, in Peptide and Protein Drug Delivery, New York, N.Y., Decker, 1990.)

Biochemical synthesis techniques for polypeptides are also well known
in the art. Such techniques employ a nucleic acid template for polypeptide synthesis.
The genetic code providing the sequences of nucleic acid triplets coding for particular
amino acids is well known in the art. (See, e.g., Lewis GENES IV, p. 119, Oxford
University Press, 1990.) Examples of techniques for introducing nucleic acid into a
cell and expressing the nucleic acid to produce protein are provided in references such
as Ausubel, Current Protocols in Molecular Biology, John Wiley, 1987-1998, and
Sambrook et al., Molecular Cloning, A Laboratory Manual, ond Edition, Cold Spring
Harbor Laboratory Press, 1989.

II. Discl Antibodies
Antibodies recognizing Discl can be produced using a polypeptide

containing SEQ ID NO: 1 or a fragment thereof as an immunogen: Antibodies
recognizing Disc1 have different uses such as being used to identify the presence of
Discl, to isolate Discl polypeptides, and to study Discl expression.

Techniques for producing and using antibodies are well known in the
art. Examples of such techniques are described in Ausubel, Current Protocols in
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Manual, Cold Spring Harbor Laboratory, 1988; Kohler, et al., Nature 256:495-497,
1975; and Schweitzer et al. Current Opinion in Biotechnology 13:14-19, 2002.

III. Binding Assay

Discl polypeptides can be used in binding studies to identify
compounds binding to the receptor. Preferably, binding studies are performed using
Discl expressed from a recombinant nucleic acid. More preferably, recombinantly
expressed Disc1 consists of the SEQ. ID. NO. 1, SEQ. ID. NO. 3, or a modified SEQ.
ID. NO. 1 containing one or more modifications selected from the group consisting
of:
amino acid 46: A to V;
amino acid 58: G to D;
amino acid 111: Eto D;
amino acid 214: FtoL; and
amino acid 231: CtoR.

Binding assays can be performed using individual compounds or
preparations containing different numbers of compounds. A preparation containing
different numbers of compounds having the ability to bind to a Disc1 polypeptide can
be divided into smaller groups of compounds that can be tested to identify the
compound(s) binding to the Discl polypeptide.

Binding assays can be performed using Disc1 present in different
environments. Such environments include, for example, cell extracts and purified cell
extracts containing a Discl recombinant nucleic acid; and also include, for example,
the use of a purified Disc1 polypeptide produced by recombinant means which is
introduced into a different environment.

IV. Discl Nucleic Acid
Discl nucleic acid contains a region encoding a Discl polypeptide or

contains at least 30 contiguous nucleotides present in SEQ ID NO: 2 or the
complement thereof. Discl nucleic acids have a variety of uses, such as being used as
a hybridization probe or polymerase chain reaction (PCR) primer to identify the
presence of Discl variants and orthologs; being used as a hybridization probe to

monitor Discl expression; being used as an antisense nucleic acid to examine Discl
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functions; being used for recombinant expression of Disc1 polypeptides; and/or being
used in the construction of recombinant mice having an altered Disc! allele.

The presence of a region that encodes a Disc1 polypeptide or contains
at least 30 contiguous nucleotides that is present in SEQ ID NO: 2 or the complement
thereof provides a unique structural tag and a sufficient nucleic acid region to achieve
a useful purpose. Examples of particular purposes include providing a sequence that
encodes a Disc1 polypeptide and/or providing a sequence that can selectively
hybridize to Discl mRNA under appropriate stringency conditions. Selective
hybridization indicates that the nucleic acid region can preferentially hybridize to
murine Disc] mRNA over at least human DISC1 mRNA.

Discl nucleic acid may contain regions in addition to a region that
provides the Discl tag. Additional regions include Disc1 related regions such as
additional regions encoding for SEQ ID NO: 1 polypeptides or variants thereof,
additional SEQ ID NO: 3 regions or variants thereof, additional regions
complementary to SEQ ID NO: 3 and variants thereof; and non-Disc1 related regions.

Non-Discl related regions are preferably chosen to achieve a particular
purpose. Examples of non-Discl related regions that can be used to achieve a
particular purpose include capture regions that can be used as part of a sandwich
assay, reporter regions that can be probed to indicate the presence of the nucleic acid,
expression vector regions, and regions encoding for immune enhancing polypeptides.
Variants of SEQ ID NO: 1 are described above in Section 1.

Variants of SEQ ID NO: 2 contain a Discl tag and include naturally
occurring variants such as splice variants and/or polymorph variants of SEQ ID NO:
2. SEQ ID NO: 4 provides the sequence of a splice variant. Examples of SEQ ID
NO: 2 variants are also provided in Example 2, Table 3, infra. The variants provided
in Table 2 were obtained from a splice variant and different PCR product reactions.

In additional embodiments concerning Discl nucleic acid variants,
SEQ ID NO 2: is modified with one or more of the following modifications:
nucleotide 137: Cto T;
nucleotide 173: G to A;
nucleotide 333: G to T
nucleotide 606: Cto T;
nucleotide 640: T to C;
nucleotide 691: T to C; and
nucleotide 1191: G to A.

10
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Preferred combinations of modifications correspond to those found in a particular
PCR product (nucleotides 137, 173, 333 and 606 were from one PCR product;
nucleotide 640 was from one PCR product; and nucleotides 691 and 1191 was from
the splice variant).

In additional embodiments the Discl nucleic acid contains at least 30,
at least 60, or at least 90 contiguous nucleotides, where the nucleotides either encode
amino acids spanning at least two exons, are present in two or more exons, or are
complementary to nucleotides present in two or more exons. The amount of nucleic
acid corresponding to a particular exon can vary. In different embodiments the Discl
nucleic acid encodes a polypeptide containing at least 9, at least 10, at least 20, or at
least 40 contiguous amino acids from two or more different exons; and the Discl
nucleic acid contains at least 15, at least 30, or at least 45 contiguous bases from two
or more different exons, or the complement thereof.

Table 1 illustrates the intron/exon boundaries and genomic structure of

the Discl gene.

11
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Table 1
Exon | Exon | Position Intron Splice Acceptor Site Exon Boundary Splice Donor Site
Size In Size in Sequence
bp® | message® bp®
1 1-90 >48000 | | GCGCAG gtagggeecggggtictggaggagg
SEQID NO: 21
2 992 91- >1.9 acactgtttictettetetictcag ACAGTG...CTGGAG | gtgtgtgtgcttctggaatcgggte
1082 SEQ ID NO: 7 SEQ ID NO: 22
3 70 1083- 34,050 | atgtttccctttctcacccacacag GTCACT...ATACTG gtgagtccaaagctgttcgtagaca
1152 SEQ ID NO: 8 SEQ ID NO: 23
4 148 1153- 7,422 tgcttttaccictitgggtitccag CAGAGA...CCAAAG | gtgagtacccgtggatgccaccaca
1300 SEQ ID NO: 9 SEQ ID NO: 24
5 121 1301- 3,087 accaatgcatgtctgttacttgaag GGCCGG... TTGCAG gtgagtggaatagaatcticcagaa
1421 SEQ ID NO: 10 SEQID NO: 25
6 236 1422- >12,900 | atctgttcceectetetetetgeag AAGGAA...CAGGAG | gtactggtgactttctgagtitcca
1657 SEQ ID NO: 11 SEQ ID NO: 26
7 55 1658- 6541 caatgctectttctaattictctag CCTCCG...GCTCAG gtaagcecaccctecteccatttte
1712 SEQ ID NO: 12 SEQID NO: 27
8 103 1713- >9400 | ttgattctgcegtttetectggeag GTGTGC... TATCAG gtaactgcagaggcacttatattca
1815 SEQ ID NO: 13 SEQ ID NO: 28
9 189 1816- >51,900 | tectctetcccccactgtgttgeag GAAGCT...CCCACA gtgagtagcceecagecaaagecte
2004 SEQ ID NO: 14 SEQ ID NO: 29
10 61 2005- 14,626 | tgctcacgttgggtttttcttgcag AAACAC...GAGCAG | gtaagttgtgtgtgtatatgggges
2065 SEQ ID NO: 15 SEQ ID NO: 30
11 274 2066- 17,890 | ccatgcctgecttcetetgtegtag CTGCAG...AAAGAG | gttigtcctgtgtgtatggetttgt
2339 SEQ ID NO: 16 SEQID NO: 31
12 118 2340- 9949 gacacatctctcattctctgaccag GATTCT...TCTTTC atatccttttcagtctctcgggaat
2457 SEQ ID NO: 17 SEQ ID NO: 32
13 137 2458- 444 ttgtgtgctecttaacaatgtctac AGTCTC... TGAGGT gtgagtgtegagggggacggggoag
2594 SEQ ID NO: 18 SEQ ID NO: 33
14 263 2595- 24 tettetttctitettittccttcag CCTGCT...TGCTGC tgtcgecgeegeeaccaccaccac
2857 SEQ ID NO: 19 SEQ ID NO: 34
15 302 2858- tgtegecgeegecaccaccaccac | CACCAC ...
3159 SEQ ID NO: 20

*base pair(s)

® The nucleotide position of the exons in the DiscI message are indicated with the A of ATG being +1.

Nucleic acid having a desired sequence can be synthesized using

chemical and biochemical techniques. Examples of chemical techniques are

described in Ausubel, Current Protocols in Molecular Biology, John Wiley, 1987-
1998, and Sambrook et al., in Molecular Cloning, A Laboratory Manual, nd Edition,
Cold Spring Harbor Laboratory Press, 1989.

Starting with a particular amino acid sequence and the known

degeneracy of the genetic code, a large number of different encoding nucleic acid

sequences can be obtained. The degeneracy of the genetic code arises because almost

all amino acids are encoded by different combinations of nucleotide triplets or

“codons”. Amino acids are encoded by codons as follows:
A=Ala=Alanine: codons GCA, GCC, GCG, GCU
C=Cys=Cysteine: codons UGC, UGU

D=Asp=Aspartic acid: codons GAC, GAU
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E=Glu=Glutamic acid: codons GAA, GAG
F=Phe=Phenylalanine: codons UUC, UUU
G=Gly=Glycine: codons GGA, GGC, GGG, GGU
H=His=Histidine: codons CAC, CAU
I=Ile=Isoleucine: codons AUA, AUC, AUU
K=Lys=Lysine: codons AAA, AAG
L=Leu=Leucine: codons UUA, UUG, CUA, CUC, CUG, CUU
M=Met=Methionine: codon AUG
N=Asn=Asparagine: codons AAC, AAU
P=Pro=Proline: codons CCA, CCC, CCG, CCU
Q=GIn=Glutamine: codons CAA, CAG
R=Arg=Arginine: codons AGA, AGG, CGA, CGC, CGG, CGU
S=Ser=Serine: codons AGC, AGU, UCA, UCC, UCG, UCU
T=Thr=Threonine: codons ACA, ACC, ACG, ACU
V=Val=Valine: codons GUA, GUC, GUG, GUU
W=Trp=Tryptophan: codon UGG
Y=Tyr=Tyrosine: codons UAC, UAU

Biochemical synthesis techniques involve the use of a nucleic acid
template and appropriate enzymes such as DNA and/or RNA polymerases. Examples
of such techniques include in vitro amplification techniques such as PCR and
transcription based amplification, and in vivo nucleic acid replication. Examples of
suitable techniques are provided by Ausubel, Current Protocols in Molecular Biology,
John Wiley, 1987-1998, Sambrook et al., Molecular Cloning, A Laboratory Manual,
2" Edition, Cold Spring Harbor Laboratory Press, 1989, and Kacian et al., U.S.
Patent No. 5,480,784,

V. Obtaining Additional Nucleic Acid Related To Discl

The guidance provided herein can be used to obtain nucleic acid

sequences encoding Disc1 related polypeptides from different sources. Obtaining
such nucleic acids is facilitated using probes and primers and by the proper selection
of hybridization conditions.

Probes and primers can be designed based on Disc1 nucleic acid and
amino acid sequences. Adjusting hybridization conditions is useful for controlling

probe or primer specificity.
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Techniques employed for hybridization detection and PCR cloning are
well known in the art. Nucleic acid detection techniques are described, for example,
in Sambrook et al., Molecular Cloning, A Laboratory Manual, 2" Edition, Cold
Spring Harbor Laboratory Press, 1989. PCR cloning techniques are described, for
example, in White, Methods in Molecular Cloning, volume 67, Humana Press, 1997.

Disc1 probes and primers can be used to screen nucleic acid libraries
containing, for example, genomic DNA or cDNA. Such libraries are commercially
available, and can be produced using techniques such as those described in Ausubel,

Current Protocols in Molecular Biology, John Wiley, 1987-1998.

VI. Discl Probes
Discl probes contain a region that can specifically hybridize to Disc1

target nucleic acid under appropriate hybridization conditions and can distinguish
Discl nucleic acid from non-target nucleic acids. Probes for Discl can also contain
nucleic acid that are not complementary to Discl nucleic acid.

Probes can be free in solution or attached to a solid support. Probes
covalently or non-covalently attached to a solid support can be used, for example, to
monitor expression of different genes. Probes can be attached to a solid support
through different techniques such as spotting synthesized probe onto a support or
synthesizing probes in a stepwise fashion onto a support. Techniques for monitoring
gene expression can be found in references such as U.S. Patent No. 5,965,352 and
U.S. Patent No. 6,203,987.

Probes are composed of nucleic acids or derivatives thereof such as
modified nucleic acid and peptide nucleic acid. Modified nucleic acid includes
nucleic acid with one or more altered sugar groups, altered internucleotide linkages,
and/or altered nucleotide purine or pyrimidine bases. References describing modified
nucleic acid include WO 98/02582, U.S. Patent No. 5,859,221 and U.S. Patent No.
5,852,188, each of which are hereby incorporated by reference herein.

Hybridization occurs through complementary nucleotide bases.
Hybridization conditions determine whether two molecules, or regions, have
sufficiently strong interactions with each other to form a stable hybrid.

The degree of interaction between two molecules that hybridize
together is reflected by the Tm of the produced hybrid. The higher the Tm the
stronger the interactions and the more stable the hybrid. Tm is affected by different
factors well known in the art such as the degree of complementarity, the type of
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complementary bases present (e.g., A-T hybridization versus G-C hybridization), the
presence of modified nucleic acid, and solution components. (E.g., Sambrook ez al.,
Molecular Cloning, A Laboratory Manual, 2" Edition, Cold Spring Harbor
Laboratory Press, 1989.)

Stable hybrids are formed when the Tm of a hybrid is greater than the
temperature employed under a particular set of hybridization assay conditions. The
degree of specificity of a probe can be varied by adjusting the hybridization stringency
conditions. Detecting probe hybridization is facilitated through the use of a detectable
label. Examples of detectable labels include luminescent, enzymatic, and radioactive
labels.

VII. Recombinant Expression

Discl polypeptides can be expressed from recombinant nucleic acid in
a suitable host, or in a test tube using a translation system. Preferably, expression is
achieved in a host cell using an expression vector.

An expression vector contains recombinant nucleic acid that includes a
region encoding a polypeptide along with regulatory elements for proper transcription
and processing. The regulatory elements that may be present include those naturally
associated with the recombinant nucleic acid and exogenous regulatory elements not
naturally associated with the recombinant nucleic acid. Exogenous regulatory
elements such as an exogenous promoter can be useful for expressing recombinant
nucleic acid in a particular host.

Generally, the regulatory elements that are present in an expression
vector include a transcriptional promoter, a ribosome binding site, a terminator, and
an optionally present operator. Another preferred element is a polyadenylation signal
providing for processing in eukaryotic cells. Preferably, an expression vector also
contains an origin of replication for autonomous replication in a host cell, a selectable
marker, a limited number of useful restriction enzyme sites, and a potential for high
copy number. Examples of expression vectors are cloning vectors, modified cloning
vectors, specifically designed plasmids and viruses.

Expression vectors providing suitable levels of polypeptide expression
in different hosts are well known in the art. Mammalian expression vectors well
known in the art include pcDNA3 (Invitrogen), pMClneo (Stratagene), pXT1
(Stratagene), pSGS (Stratagene), EBO-pSV2-neo (ATCC 37593), pBPV-1(8-2)
(ATCC 37110), pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 37199),
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pRSVneo (ATCC 37198), pSV2-dhfr (ATCC 37146), pUCTag (ATCC 37460), pCI-
neo (Promega) and .lambda.ZD35 (ATCC 37565). Bacterial expression vectors well
known in the art include pET11a (Novagen), lambda gt11 (Invitrogen), pcDNAII
(Invitrogen), and pKK223-3 (Pharmacia). Fungal cell expression vectors well known
in the art include pYES2 (Invitrogen) and Pichia expression vector (Invitrogen).
Insect cell expression vectors well known in the art include Blue Bac IIT (Invitrogen).

Recombinant host cells may be prokaryotic or eukaryotic. Examples
of recombinant host cells include the following: bacteria such as E. coli; fungal cells
such as yeast; mammalian cells such as human, bovine, porcine, monkey and rodent;
and insect cells such as Drosophila and silkworm derived cell lines. Commercially
available mammalian cell lines include L cells L-M(TK.sup.-) (ATCC CCL 1.3), L
cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), CV-1
(ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), CHO-K1
(ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC
CCL 2), C1271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC
CCL 171).

To enhance expression in a particular host it may be useful to modify a
particular encoding sequence to take into account codon usage of the host. Codon
usage of different organisms are well known in the art. (See, Ausubel, Current
Protocols in Molecular Biology, John Wiley, 1987-1998, Supplement 33 Appendix
1C)

Expression vectors may be introduced into host cells using standard
techniques. Examples of such techniques include transformation, transfection,
lipofection, protoplast fusion, and electroporation.

Nucleic acid encoding a polypeptide can be expressed in a cell without
the use of an expression vector. Additionally, nRNA can be translated in various
cell-free systems such as wheat germ extracts and reticulocyte extracts, as well as in
cell based systems, such as frog oocytes. Introduction of mRNA into cell based

systems can be achieved, for example, by microinjection.

VIII. Production of Discl Deficient and Transgenic Mice

Based on the guidance provided herein, different types of mice which
are deficient in Discl, or overexpress wild type, truncated, or otherwise mutant Discl
(referred to as knockout, transgenic, or knock-in mice), can be produced. Such mice

may mimic the truncation present in human schizophrenics with DISC1 truncation
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reported by Millar et al. (2000), thus producing a mouse model for aspects of the
human schizophrenic phenotype or schizophrenia as a whole. A scheme for
producing Discl deficient mice involves producing male and female mice with an
altered Discl allele and breeding the mice to produce mice having alterations in both
alleles.

Techniques for producing mice with an altered genome are well known
in the art. (Ausubel, Chapter 23, Manipulating the Mouse Genome, Current
Protocols in Molecular Biology, John Wiley, 2001). An example of a scheme for
producing a mouse with an altered Discl allele involves the following:

(a) altering the Discl allele in a mouse embryonic stem cell by
homologous recombination with a transgene to produce an altered embryonic stem
cell;

(b) introducing the altered embryonic stem cell into a mouse
blastocyst to produce an altered blastocyst;

(c) introducing the altered blastocyst into a pseudopregnant mouse
to produce a pregnant mouse;

(d) allowing the pregnant mouse to produce offspring; and

(e) screening the offspring for the presence of an altered Discl
allele to identify a Discl deficient mouse.

Genetic elements involved in gene expression include transcription and
translation elements such as a promoter, splicing sites, polyadenylation region, and
ribosome binding site. Removing or altering these elements will alter the production
of Discl protein from the Discl gene.

Discl structural gene alterations can be used to substantially reduce or
eliminate full-length expression of the polypeptide from the allele. Preferred
alterations to the Discl structural gene involve either knocking out the gene or
producing a gene that encodes bases 1-593 corresponding to the amino region up to
the translocation break point.

A deletion in a Disc! allele can be accompanied by an insertion of
additional nucleic acid. Additional nucleic acid that may be inserted includes nucleic
acid encoding a selectable marker having an independent promoter and nucleic acid
encoding a reporter protein transcriptionally coupled to the Discl promoter.
Examples of reporter protein that can be used in chimeric mice are (3-galactosidase
(lacZ) and green fluorescent protein (GFP) and its derivatives.
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Initial alterations are preferably produced using a transgene containing
one or more selectable makers and nucleic acid targeting Discl for insertion by
homologous recombination. Homologous recombination can be performed to create
alterations in Discl and/or remove Discl regions. Markers can be used to facilitate
screening for the insertion into a mouse genome, and for the insertion occurring by
homologous recombination. (Ausubel, Chapter 23, Manipulating the Mouse Genome,
Current Protocols in Molecular Biology, John Wiley, 2001.)

A transgene used for homologous recombination may contain
recombinase systems, which may be employed to excise inserted nucleic acid.
Examples of recombinase systems include the bacteriophage recombinase Cre/loxP
system and the yeast recombinase Flp/FRT system. (Ausubel, Chapter 23,
Manipulating the Mouse Genome, Current Protocols in Molecular Biology, John
Wiley, 2001, and U.S. Patent No. 5,564,182.) loxP recognition sites can be positioned
3’ and 5’ of a region to be removed and excised by Cre recombinase. Similarly, frt
recognition sites can be positioned 3’ and 5’ of a region to be removed and excised by
Flp recombinase.

Screening for mice containing an altered Disc1 allele can be achieved
using techniques such as those measuring the production of Discl mRNA transcripts
and whether any produced Disc1 transcript is different from wild-type transcript.
Techniques for measuring Discl mRNA transcripts and the type of transcript include
nucleic acid hybridization analysis such as a Southern analysis that can detect the
production and size of transcripts, and the use of smaller nucleic acid probes specific
for a particular sequence. PCR can also be employed to measure Discl mRNA
transcripts. Western blotting and immunohistochemistry can also be used to detect

any full length or partial Discl protein in these animals.

EXAMPLES
Examples are provided below to further illustrate different features of
the present invention. The examples also illustrate useful methodology for practicing

the invention. These examples do not limit the claimed invention.

Example 1: Materials and Methods

This example describes different materials and methods that were

employed to clone and study Discl.
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Genomic Identification

Bioinformatic analysis of the draft mouse genomic sequence identified
four mouse genomic sequences with homology to the human DISCI. The mouse
sequences were identified by searching public mouse genomic shotgun sequences
employing Blast (Altschul et al., (1997) Nucleic Acids Res, 25(17), 3389-402).

c¢DNA Cloning

Primers were designed based on mouse genomic sequences. A 1779
bp and a 1590 bp product were obtained by PCR using either mouse heart or brain
Marathon-Ready cDNA (Clontech) as template and primers
TTCATCCAACTCTCCCTTGG (SEQ ID NO: 35) and
GAGAGCTTCGTCGTGACTG (SEQ ID NO: 36). PCR was carried out using Pfu
Turbo DNA polymerase (Stratagene). Each 50 pl reaction contained 2.5 U of enzyme,
0.2 uM of each primer, 0.2 mM of each dNTP, 10 mM KCl, 10 mM (NH4)2SOy4, 20
mM Tris-Cl (pH 8.75), 20 mM MgSO4, 0.1% Triton X-100, 0.1 mg/ml BSA and 2 %
DMSO. The reaction utilized 35 cycles with a denaturation step of 20 seconds at
94°C, an annealing step of 1 minute at 60°C, and a synthesis step of 3 minutes at
72°C. The PCR products have been cloned into PCR-Blunt I-TOPO vector
(Invitrogen) using standard methods and sequenced.

5’RACE (Rapid Amplification of cDNA Ends) products were obtained
using the Pfu Turbo DNA polymerase and the same reaction buffer described above.
The PCR amplification was done with 32 cycles with a denaturation step of 20
seconds at 94°C, an annealing and synthesis step of 3 minutes at 68°C, with mouse
heart brain Marathon-Ready cDNA (Clontech) as template (gene-specific primer
CATTCTGGTTGCCTGCTGCTGC) (SEQ ID NO: 37). It was followed by a nested
PCR reaction using primer ACCTGAGCCAAGTCTGCCAAGC (SEQ ID NO: 38)
with 25 amplification cycles. The PCR products have been cloned into PCR-Blunt II-
TOPO vector (Invitrogen) using standard methods and sequenced.

3’RACE products were obtained using the Pfu Turbo DNA polymerase
and same reaction buffer above except excluding DMSO. PCR amplification was run
using 32 cycles with a denaturation step of 20 seconds at 94°C, an annealing and
synthesis step of 3 minutes at 68°C, with mouse heart brain Marathon-Ready cDNA
(Clontech) as template (gene-specific primer
CTGCTGAAGTTGGAGAAAAGTGCG) (SEQ ID NO: 39). It was followed by a
nested PCR reaction using primers GGCCATGTACAGTCACGACGAAG (SEQID
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NO: 40) or GAGCTCCAGACGGTGAAGGAAAC (SEQ ID NO: 41) with 25 cycles.
The PCR products have been cloned into PCR-Blunt II-TOPO vector (Invitrogen)

using standard methods and sequenced.

Genomic Structure

A 3’ mouse Discl cDNA sequence (nucleotides 2376-2490) was used
as a probe to screen a BAC (Bacterial Artificial Chromosome) Mouse library (Incyte
Genomics). Standard procedures were used for hybridization as recommended by the
manufacturer. Double-stranded probe was labeled with [a->*P]dCTP using rediprimer
II (Amersham Pharmacia Biotech rediprimer II random prime labeling system) and
purified using Princeton Separations Centri-Sep columns.

The positive BAC clone was confirmed by PCR (primer set 1,
GGATTCTCACATCGTTTCTGC (SEQ ID NO: 42) and
GAGAGCTTCGTCGTGACTG (SEQ ID NO: 43); primer set 2,
GAAATGGCCACTATACCTGC (SEQ ID NO: 44) and
CGGCAGCAGTGGTTGTGA) (SEQ ID NO: 45). PCR was carried out using
AmpliTaq Gold DNA polymerase (Applied Biosystems). Each 50 pl reaction
contained 1.25 U of enzyme, 0.2 uM of each primer, 0.2 mM of each dNTP, 10 mM
Tris-Cl (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 0.001% (w/v)gelatin. Following 9
minutes incubation at 94°C, the reaction utilized 32 cycles with a denaturation step of
20 seconds at 94°C, an annealing step of 30 seconds at 60°C, and a synthesis step of 1
minute at 72°C.

The TRAX gene is located upstream from DISCI on human
chromosome 1g42. PCR results showed one of the mouse BAC clone positive for 3’
mouse TRAX is also positive for 5’ mouse Discl by PCR. Primers
CCACATGCTTTCAACGAGTT (SEQ ID NO: 46) and
AGAGCAGGTACCAGGACTGAC (SEQ ID NO: 47) were used for Tsnax. Two
Discl primer sets were used (set 1, TTCATCCAACTCTCCCTTGG (SEQ ID NO:
48) and GGGCCTGTCTGAGCTAGATG (SEQ ID NO: 49); set 2,
AGACTTGGCTCAGGTGACGA (SEQ ID NO: 50) and
GCGGTTGCTCAGTAGGTAG) (SEQ ID NO: 51). PCR conditions were as same as

above.
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Northern Blot Analysis

Clontech mouse multiple tissue were probed with DiscI (nucleotides
2376-2490). The probe was obtained by PCR using mouse heart Marathon-Ready
cDNA (Clontech) as template. Discl is weakly present as transcripts of ~7 kb and
~4 .4k b in heart, brain, kidney and testis.

Low stringency hybridization was carried out on Clontech rat multiple
tissue northern blots at 60°C. A probe corresponding to nucleotides 1138-2497 of
Discl was obtained by excising one of the Disc] heart cDNA clones using HindIII
and EcoR1. A ~7kb transcript showed in heart, and skeletal muscle, and another
~1.35 kb transcript showed in heart, liver, kidney and brain. Expression level was

higher in heart and liver than in skeletal muscle and brain.

Bioinformatic Analysis

Two BACs were identified from the TIGR BAC end sequencing
project by submitting murine TRAX cDNA sequence to the database www.tigr.org.
(Zhao et al. (2001) Genome Res, 11(10), 1736-1745.)

Human DISCland mouse Discl DNA and protein sequences were
aligned using a Clustal W program. (Thompson et al., (1994) Nucleic Acids Res,
22(22), 4673-80.) The human and murine sequences were characterized for
subsequences using PROSITE. (Bairoch, (1991) Nucleic Acids Res, 19(Suppl), 2241-
2245, Henikoff et al., (1991) Nucleic Acids Res, 19(23), 6565-6572.) Human and
murine DISC1 sequences were both positive for leucine zipper motifs. Homologies to
DUF232, tropomyosin and bipartite nuclear localization signal were found by
searching the murine or human sequence using the InterPro program. (Apweiler ez al.
(2000) Bioinformatics, 16(12), 1145-1150.)

In Situ Hybridization

C57BL6 male mice (20-25g; Taconic; Germantown, NY) were housed
in the animal care facility (AAALAC certified) with a 12-hour light, 12-hour dark
photoperiod and free access to tap water and rodent chow. After acclimation (5-10
days), the animals were euthanized with an overdose of CO», their brains frozen and
20 wm coronal cryostat sections collected on gelatin-coated slides.

A fragment (bases 1138-2497) of the mouse Discl was excised from a
heart cDNA clone with HindIII and EcoRI and subcloned into a pBluscript vector
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(Stratagene, La Jolla, CA). The plasmid was then used to generate 3S-UTP labeled
cRNA probes for in situ hybridization.

Briefly, the section-mounted slides were postfixed in 4%
paraformaldehyde, treated with acetic anhydride and then delipidated and dehydrated
with chloroform and ethanol. The slides were then hybridized with 200 pl (6x10°
DPM/slide) of an antisense or sense (control) riboprobe for Disc] mRNA in a 50%
formamide hybridization mix and incubated overnight at 55°C in a humidified slide
chamber without coverslipping. In the morning, the slides were washed in 2X
SSC/10mM DTT, treated with RNase A (20pg/ml) and washed in 67°C in 0.1X SSC
to remove nonspecific label. After dehydration, the slides were opposed to BioMax
(BMR-1; Kodak) x-ray film for 3 days and then dipped in NTB2 nuclear emulsion.
The slides were exposed for 4-6 weeks, photographically processed, stained in cresyl

violet and cover-slipped.

Example 2: Cloning of Discl

Searching the DISCI protein sequence against the public mouse
genomic database (http://www.ncbi.nlm.nih.gov/genome/seqg/MmHome.html)
identified four mouse genomic DNA sequences corresponding to DISCI sequences
(Table 2). These sequences corresponded to exons 2, 6, 12 and 13 of the human
DISC1 genomic sequence. (Millar et al. (2001) Mol Psychiatry, 6(2), 173-178.)
Primers against mouse genomic fragments 1 and 4 were used to PCR amplify the
central portion of the DiscI from both whole brain and heart cDNA libraries. 5’ and
3’ RACE were then used to obtain the rest of the orthologous Discl sequence.

Table 2

Amino Acid in Human Exon Amino Acid in

Human Mouse
Genomic 123-322 Exon 2 133-322
sequence 1
Genomic 465-544 Exon 6 461-540
sequence 2
Genomic 769-807 Exon 12 768-806
sequence 3
Genomic 808-842 Exon 13 807-840
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sequence 4

The Discl cDNA is 3190 bp in length, with an open reading frame of
2553 bp, corresponding to a protein 851 amino acids in length. An in-frame splice
variant was also identified (SEQ ID NOs: 3 and 4).

The splice variant is 3001 bp in length, with 189 base pairs deleted
compared to the full-length mouse cDNA. With nucleotide +1 being from the ATG,
nucleotides +1843 to +2031 are spliced out in this variant; it has an open reading
frame of 2364 bp, corresponding to a protein 788 amino acids in length.

A splice variant of human DISCI was previously identified. (Millar ez
al. (2000) Hum. Mol. Genet, 9(9), 1415-23.) However, it is in a different location in
the gene than the Discl splice variant. Both the full-length Discl sequence and the
splice variant sequence were amplified in the brain and the heart cDNA libraries.

Multiple single nucleotide polymorphisms (SNPs) were also identified
during the cloning of Discl (Table 3)

Table 3: Single Nucleotide Polymorphisms

Position (A in ATG is +1) Nucleotide Change Amino Acid
137 C>T A2V
173 G2>A G->D
333 G->T E—->D
606 C>T P->P
640 T->C F->L
691* T>C C—2>R
1191* G2 A Q2Q

* polymorphism found in splice variant
The polymorphisms at positions 137,173,333, 606 are from the same PCR product
and the polymorphism at position 640 is from a different PCR product.
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Example 3: Bioinformatic Analysis
Clustal W (Thompson et al. (1994) Nucleic Acids Res, 22(22), 4673-
4680) alignment of the human and murine DNA sequences revealed 60% identity

between the sequences. Protein alignment between the human and mouse protein
sequences (Figure 1) demonstrated 56% identity and 14% similarity (excludes
identical amino acids) between the protein sequences. This is a lower degree of
homology than is typically seen between mouse and human orthologs. (Makalowski
et al. (1996) Genome Res, 6(9), 846-857.)

Bioinformatic analysis using PROSITE revealed that three leucine
zipper motifs seen in the human DISC1 sequence are conserved in the mouse.
Bioinformatic analysis techniques are described by Landschulz ez al. (1988) Science,
240(4860), 1759-1764, Bairoch (1991) Nucleic Acids Res, 19(Suppl), 2241-2245, and
Henikoff et al. (1991) Nucleic Acids Res, 19(23), 6565-6572. The leucine zipper
motifs were located as follows: amino acids 454-475, amino acids 461-482 and amino
acids 603-624 in Discl and amino acids 458-479, amino acids 465-486, and amino
acids 607-628 in DISCI.

The potential coiled-coil domain in the C-terminal end of the human
DISC1 protein previously described (Millar ez al. (2000) Hum. Mol. Genet., 9(9),
1415-1423), is also conserved in the mouse protein. In addition, InterproScan
database (Apweiler, et al. (2000) Bioinformatics, 16(12), 1145-1150) searching of the
mouse sequence revealed a low homology to a putative prefolding chaperone, DUF23
(Mori et al. (1998) J. Biol. Chem, 273(45), 29794-29800). In contrast, neither the
suggested bipartite nuclear localization signal (Dingwall et al. (1986) Annu. Rev. Cell.
Biol., 2, 367-390), or the weak homology to tropomysoin (MacLeod (1987) 6(5), 208-
212) found in human DISCI were found in Discl.

Example 4: Discl Chromosomal Localization

Due to the low homology level between the mouse Disl and human
DISC1 sequence, mouse genomic sequence was examined to verify that it was the true
ortholog of DISCI by demonstrating that the cloned Discl gene sequence came from
the syntenic region corresponding to human chromosome 1q42 in the mouse genome.
TRAX (Translin-associated Factor X; Tsnax, NM_016909) has been verified to be 35
kb (kilobase) proximal to the human DISC1 sequence on chromosome 1. (Millar ez al.
(2000) Genomics, 67(1), 69-71.)
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Mouse BACs were identified by searching the TIGR mouse BAC end
sequencing database with the mouse TRAX (Tsnax, NM_016909) sequence
(www.tigr.org). (Zhao et al. (2001). Genome Res, 11(10), 1736-1745.)

Two BACs were identified that contained Tsnax sequence. BAC
418L11 contained nucleotides 964-1446 and BAC 236F19 contained nucleotides
1500-2410 of Tsnax (Figure 5). A BAC containing Discl sequence, 259E12, was
also identified by hybridization of a Discl probe against an ES BAC library.

To confirm that Tsnax was located proximal to Discl in the mouse
genome, PCR amplification using primers from T'snax and Discl was performed on
each of the identified BACs. 418L11 was positive for Tsnax DNA sequence for
amino acids (aa) 733-983 whereas it was negative for Tsnax sequence 3’ using Tsnax
DNA ‘primers for aal524-1660. 236F19 contains genomic mouse sequence distal to
418L11. PCR results demonstrated that it was negative for Tsnax sequence for
aal524-1660, but positive for Tsnax sequence aa2036-2258. In addition, 236F19 was
positive for Discl sequence using primers for aa640-771 and aa828-1035. This result
demonstrated that Discl was the true ortholog of DISC! because it was in the mouse

syntenic region corresponding to human chromosome 1q42.

Example 5: Northern Analysis

Discl probe was hybridized against a Clontech mouse multiple tissue
northern blot. With low-stringency washing conditions, Disc/ transcripts were
identified in heart, brain, kidney and testis. The heart had transcripts at 7.0 and 4.4
kb, testis at 10 and 4.4 kb and kidney had one transcript at 4.4 kb. A faint transcript
was also identified in the brain at 7.0 kb. The Discl probe was also hybridized
against a Clontech rat multiple tissue northern blot. With low-stringency washing
conditions, Discl transcripts were identified in the heart, brain, liver, skeletal muscle,
kidney and testis. Upon higher stringency washing, only the heart transcript at 7.0 kb

was identified.

Example 6: In Situ Hybridization

In situ hybridization analysis was performed on adult mouse brain
using a Discl riboprobe on C57BL6 mice brain sections. High level of expression
was seen in the dentate gyrus of the hippocampus, with lower level expression in the
olfactory bulbs, cerebellum, and CA1, CA2 and CA3 fields of the hippocampus.
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Other embodiments are within the following claims. While several
embodiments have been shown and described, various modifications may be made

without departing from the spirit and scope of the present invention.
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WHAT IS CLAIMED 1IS:

1. A purified polypeptide comprising at least 18 contiguous amino
acids of SEQ ID NO: 1.

2. The polypeptide of claim 1, wherein said polypeptide
comprises at least 50 contiguous amino acids of SEQ ID NO: 1.

3. The polypeptide of claim 1, wherein said polypeptide
comprises at least 9 contiguous amino acids of two or more contiguous exon encoded
regions selected from the group consisting of:
exon 1 - exon 2;
exon 2 - exon 3;
exon 3 - exon 4;
exon 4 - exon 5;
exon 5 - exon 6;
exon 6 - exon 7;
exon 7 - exon §;
exon 8 - exon 9;
exon 9 - exon 10;
exon 10 - exon 11;
exon 11 - exon 12; and

exon 12 - exon 13.

4. The polypeptide of claim 1, wherein said polypeptide
comprises the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 3, or a modified
SEQ ID NO: 1, wherein said modified SEQ ID NO: 1 contains one or more
modifications selected from the group consisting of:
amino acid 46: Ato V;
amino acid 58: G toD;
amino acid 111: Eto D;
amino acid 214: FtoL; and
amino acid 231: CtoR.
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5. The polypeptide of claim 1, wherein said polypeptide consists
of the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 3, or a modified SEQ ID
NO: 1, wherein said modified SEQ ID NO: 1 contains one or more modifications
selected from the group consisting of:
amino acid 46: AtoV;
amino acid 58: Gto D;
amino acid 111: E to D;
amino acid 214: Fto L; and
amino acid 231: CtoR.

6. The polypeptide of claim 1, wherein said polypeptide consists
of the amino acid sequence of SEQ ID NO: 1.

1. A recombinant nucleic acid comprising a nucleotide sequence

that either:

a) encodes the polypeptide of any one of claims 1-6 and is
transcriptionally coupled to an exogenous promoter;,

b) is at least 30 contiguous bases present in SEQ ID NO: 2
or the complement thereof, and is attached to a solid support;

C) is SEQ ID NO: 2;

d) is a modified SEQ ID NO: 2, wherein said modified
SEQ ID NO: 2 contains one or more modifications selected from the group consisting
of:
nucleotide 137: Cto T;
nucleotide 173: G to A;
nucleotide 333: G to T;
nucleotide 606: C to T;
nucleotide 640: T to C;
nucleotide 691: T to C; and
nucleotide 1191: G to A; and

e) is SEQ ID NO: 4.

8. .The recombinant nucleic acid of claim 7, wherein said
nucleotide sequence is either SEQ ID NO: 2, SEQ ID NO: 4, or is a modified SEQ ID
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NO: 2, wherein said modified SEQ ID NO: 2 contains one or more modifications
selected from the group consisting of:
nucleotide 137: Cto T;
nucleotide 173: G to A;
nucleotide 333: Gto T;
nucleotide 606: C to T;
nucleotide 640: T to C;
nucleotide 691: T to C; and
nucleotide 1191: G to A; and
said nucleotide sequence is transcriptionally coupled to an exogenous

promoter.

9. The recombinant nucleic acid of claim 8, wherein said

recombinant nucleic acid is an expression vector.

10. A recombinant cell comprising the recombinant nucleic acid of
claim 9, wherein said cell comprises an RNA polymerase recognized by said

promoter.

11. A recombinant cell made by a process comprising the step of
introducing into a murine cellular genome a recombinant nucleic acid encoding at
least 20 contiguous bases of SEQ ID NO: 1.

12. A purified antibody preparation comprising an antibody that
selectively binds to a polypeptide of SEQ ID NO: 1 over the human disrupted-in-
schizophrenia 1 polypeptide.

13. A recombinant mouse comprising an alteration in an allele
encoding a disrupted-in-schizophrenia 1 (Disc1) polypeptide comprising at least 20
contiguous amino acids of SEQ ID NO: 1, wherein said alteration substantially

reduces, or increases, full length expression of said polypeptide from said allele.

14. The recombinant mouse of claim 13, wherein said Discl
polypeptide consists of SEQ ID NO: 1, SEQ ID NO: 3, or a modified SEQ ID NO: 1,
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wherein said modified SEQ ID NO: 1 contains at least one modification selected from
the group consisting of:

amino acid 46: AtoV;

amino acid 58: GtoD;

amino acid 111: E to D;

amino acid 214: FtoL; and

amino acid 231: CtoR.

15. The recombinant mouse of claim 13, wherein said alteration

substantially eliminates expression of said polypeptide.

16. The recombinant mouse of claims 13, wherein said alteration

results in the production of a truncated polypeptide.

17. The recombinant mouse of claim 13, wherein said mouse
comprises alterations in both Disc! alleles, wherein said alterations substantially

reduce full-length expression of said polypeptide from said allele.

18. A method for screening for a compound able to bind to a Discl
polypeptide comprising the steps of:

(a) contacting said Discl polypeptide with said compound,
wherein said compound comprises at least about 20 contiguous amino acids of SEQ
ID NO: 1; and

(b) measuring the ability of said compound to bind to said

Discl polypeptide.

19.  The method of claim 18, wherein said polypeptide consists of
SEQ ID NO: 1, SEQ ID NO: 3, or a modified SEQ ID NO: 1, wherein said modified
SEQ ID NO: 1 contains at least one modification selected from the group consisting
of:
amino acid 46: AtoV;
amino acid 58: GtoD;
amino acid 111: E to D;
amino acid 214: FtoL; and
amino acid 231: CtoR.
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MPGGGPQGAPAAAGGGGVSHRAGSRDCLPPAACFRRRRLARRPGYMRSSTGPGIGFLSPA
MQGGGPRDAPIHSP----SHGADSGHGLPPAVAPQRRRLTRRPGYMRSTAGSGIGFLSPA

VGTLFRFPGGVSGEESHHSESRARQCGLDS----RGLLVRSPVSKSAAAPTVT------~-
VGMPHPSSAGLTGQQSQHSQSKAGQCGLDPGSHCQASLVGKPFLKSSLVPAVASEGHLHP

~-~SVRGTSAHFGIQLRGGTRLPDRLSWPCGPGSAGWQQEFAAMDSSETLDASWEAACSD
AQRSMRKRPVHFGVHSKNDSRQSEKLTGSFKPGDSGCWQELLSSDSFKSLAPSLDAPWNT

GARRVRAAGSLPSAELSSNSCSPGCGPEVPPTPPGSHSAFTSSFSFIRLSLGSAGERGEA
GSRGLKTVKPLASSALN-------- GPADIPSLPGFQDTFTSSFSFIQLSLGAAGERGEA

EGCPPSREAESHCQSPQEMGAKAASLDGPHEDPRCLSQPFSLLATRVSADLAQAARNSSR
EGCLPSREAEPLHQRPQEMAAEASS SDRPHGDPRHLWT-FSLHAAPGLADLAQVTRSSSR

PERDMHSLPDMDPGSSSSLDPSLAGCGGDGSSGSGDAHSWDTLLRKWEPVLRDCLLRNRR
-QPECGTVSSSSDTVFSSQDASSAGGRGDQGGGWADAHGWHTLLREWEPMLQDYLLSNRR

QMEVISLRLKLQKLQEDAVENDDYDKAETLQQORLEDLEQEKISLHFQLPSRQPALSSFLG
QLEVTSLILKLQKCQEKAVEDGDYDTAETLRQRLEELEQEKGHLSWALPSQQPALRSFLG

HLAAQVQAATL.RRGATQQASGDDTHTPLRMEPRLLEPTAQDSLHVSITRRDWLLQEKQQLQ
YLAAQTQVALH-GATQRAGSDDPEAPLEGQ---LRTTAQDSLPASITRRDWLIREKQQLQ

KEIEALQARMFVLEAKDQQLRREIEEQEQQLOWQGCDLTPLVGQLSLGQLQEVSKALQDT
KEIEALQARMSALEAKEKRLSQELEEQEVLLRWPGCDLMALVAQMSPGQLQEVSKALGET

LASAGQIPFHAEPPETIRSLQERIKSLNLSLKEITTKVCMSEKFCSTLRKKVNDIETQLP
LTSANQAPFHVEPPETLRSLRERTKSLNLAVRELTAQVCSGEKLCSSLRRRLSDLDTRLP

!

ALLEAKMHAISGNHFWTAKDLTEEIRSLTSEREGLEGLLSKLLVLSSRNVKKLGSVKEDY
ALLEAKMLALSGSCFSTAKELTEEIWALSSEREGLEMFLGRLLALSSRNSRRLGILKEDY

NRLRREVEHQETAYETSVKENTMKYMETLKNKLCSCKCPLLGKVWEADLEACRLLIQCLQ
LRCRQDLALQDAAHKTRMKANTVKCMEVLEGQLSSCRCPLLGRVWKADLETCQLLMQSLQ

LQEARGSLSVEDERQMDDLEGAAPPIP---PRLHSEDKRKTPLKVLEEWKTHLIPSLHCA
LQEAGSSPHAEDEEQVHSTGEAAQTAALAVPRTPHPEEEKSPLQVLQEWDTHSALSPHCA

GGEQKEESYILSAELGEKCEDIGKKLLYLEDQLHTAIHSHDEDLIQSLRRELOMVKETLQ
AGPWKEDSHIVSAEVGEKCEAIGVRLLHLEDQLLGAMYSHDEALFQSLQGELQTVKETLQ

AMILQLQFAKEAGEREAAASCMTAGVHEAQA
AMILQLQPTKEAG--EASASYPTAGAQETEA
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ATGCCAGGCGGGGGTCCTCAGGGCGCCCCAGCCGCCGCCGGCGGCGGCGGCGTGAGCCALC
ATGCAGGGCGGGGGTCCCCGGGACGCTCCGATCC~~——~~=~= -~ =~ ACAGTCCGAGCCAC

CGCGCAGGCAGCCGGGATTGCTTACCACCTGCAGCGTGCTTTCGGAGGCGGCGGCTGGCA
GGCGCAGACAGTGGGCATGGCTTACCGCCTGCAGTAGCCCCTCAGAGGCGGCGGCTGACA

CGGAGGCCGGGCTACATGAGAAGCTCGACAGGGCCTGGGATCGGGTTCCTTTCCCCAGCA
CGGAGACCAGGCTACATGAGAAGCACAGCGGGTTCTGGGATCGGGTTCCTCTCTCCAGCA

GTGGGCACACTGTTCCGGTTCCCAGGAGGGGTGTCTGGCGAGGAGTCCCACCACTCGGAG
GTGGGCATGCCACACCCGAGCTCAGCAGGGCTGACAGGCCAGCAGTCCCAACACTCACAG

TCCAGGGCCAGACAGTGTGGCCTTGACTCGAGAGGCCTCT-—----—=~---~— TGGTCCGG
TCCAAGGCTGGGCAGTGCGGACTTGACCCTGGGAGCCACTGCCAAGCCTCACTGGTGGGC

AGCCCTGTTTCCAAGAGTGCAGCAGCCCCTACTGTGACCTCTG~~-——-=-———====~~
AAGCCTTTTCTCAAGAGCTCCCTTGTCCCTGCTGTGGCCTCTGAGGGCCACCTGCACCCA

————————————— TGAGAGGAACCTCGGCGCACTTTGGGATTCAGCTCAGAGGTGGCACC
GCCCAGCGCTCTATGAGAAAAAGACCAGTGCACTTTGGGGTTCATTCCAAGAATGACAGT

AGATTGCCTGACAGGCTTAGCTGGCCGTGTGGCCCTGGGAGTGCTGGGTGGCAGCAAGAG
AGACAATCTGAGAAGCTGACTGGGTCATTTAAGCCTGGGGACAGTGGGTGTTGGCAAGAA

TTTGCAGCCATGGATAGTTCTGAGACCCTGGACGCCAGCTGGGAGGCAGCCTGCAGCGAT
TTATTATCTTCAGACAGCTTTAAGTCTCTGGCTCCTAGCCTTGATGCACCCTGGAACACG

GGAGCAAGGCGTGTCCGGGCAGCAGGCTCTCTGCCATCAGCAGAGTTGAGTAGCAACAGC
GGATCAAGGGGCCTGAAGACTGTGAAACCTCTGGCATCATCGGCGTTGAAT -~ -—-——-——

TGCAGCCCTGGCTGTGGCCCTGAGGTCCCCCCAACCCCTCCTGGCTCTCACAGTGCCTTT
——————————————— GGCCCCGCTGATATCCCATCCCTTCCCGGCTTCCAAGACACCTTT

ACCTCAAGCTTTAGCTTTATTCGGCTCTCGCTTGGCTCTGCCGGGGAACGTGGAGAAGCA
ACTTCCAGCTTCAGCTTCATCCAACTCTCCCTTGGTGCTGCTGGAGAACGCGGAGAAGCA

GAAGGCTGCCCACCATCCAGAGAGGCTGAGTCCCATTGCCAGAGCCCCCAGGAGATGGGA
GAAGGTTGCCTGCCATCCAGAGAGGCCGAACCTCTGCATCAGAGGCCCCAAGAGATGGCA

GCCAAAGCTGCCAGCTTGGACGGGCCTCACGAGGACCCGCGATGTCTCTCTCAGCCCTTC
GCTGAAGCATCTAGCTCAGACAGGCCCCATGGGGACCCTCGGCATCTCT---GGACCTTC

AGTCTCTTGGCTACACGGGTCTCTGCAGACTTGGCCCAGGCCGCAAGGAACAGCTCCAGG
AGTCTTCACGCTGCTCCAGGCTTGGCAGACTTGGCTCAGGTGACGAGGAGCAGCAGCAGG

C--~CAGAGCGTGACATGCATTCTTTACCAGACATGGACCCTGGCTCCTCCAGTTCTCTG
CAACCAGAATGTGGCACGGTCTCCTCCTC---CTCGGATACTGTCTTCTC---TTCCCAG

GATCCCTCACTGGCTGGCTGTGGTGGTGATGGGAGCAGCGGCTCAGGGGATGCCCACTCT
GATGCATCCTCCGCTGGTGGGCGGGGCGACCAGGGCGGCGGCTGGGCCGATGCCCATGGA

TGGGACACCCTGCTCAGGAAATGGGAGCCAGTGCTGCGGGACTGCCTGCTGAGAAACCGG
TGGCATACATTGCTCAGGGAATGGGAGCCCATGCTGCAGGACTACCTACTGAGCAACCGC

AGGCAGATGGAGGTAATATCCTTAAGATTAAAACTTCAGAAACTTCAGGAAGATGCAGTT
AGGCAGCTGGAGGTCACTTCCTTAATTTTAAAGCTTCAGAAATGTCAAGAAAAAGCGGTC

FIG. 2A
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GAGAATGATGATTATGATAAAGCTGAGACGTTACAACAAAGATTAGAAGACCTGGAACAA
GAGGATGGCGATTACGATACTGCAGAGACATTGAGACAGAGGTTGGAAGAACTGGAACAG

GAGAAAATCAGCCTGCACTTTCAACTTCCTTCAAGGCAGCCAGCTCTTAGCAGTTTCCTG
GAGAAAGGCCACCTGTCCTGGGCTCTGCCTTCACAGCAACCTGCTCTTCGCAGCTTCTTG

GGTCACCTGGCAGCACAAGTCCAGGCTGCCTTGCGCCGTGGGGCCACTCAGCAGGCCAGC
GGTTACCTGGCAGCACAGATACAGGTGGCCTTG- - -CATGGAGCCACCCAAAGGGCCGGC

GGAGATGACACCCACACCCCACTGAGAATGGAGCCGAGGCTGTTGGAACCCACTGCTCAG
AGCGATGATCCAGAAGCCCCACTTGAAGGACAGCTGAGGA---=---~-~ CTACCGCCCAG

GACAGCTTGCACGTGTCCATCACGAGACGAGACTGGCTTCTTCAGGAAAAGCAGCAGCTA
GATAGCCTGCCTGCATCCATCACCAGGAGGGACTGGCTTATTCGAGAGAAACAGCAATTG

CAGAAAGAAATCGAAGCTCTCCAAGCAAGGATGTTTGTGCTGGAAGCCAAAGATCAACAG
CAGAAGGAAATCGAAGCTCTCCAAGCACGGATGTCTGCGCTGGAGGCAAAGGAAAAACGG

CTGAGAAGGGAAATAGAGGAGCAAGAGCAGCAACTCCAGTGGCAGGGCTGCGACCTGACC
CTGAGCCAAGAGTTGGAGGAGCAGGAGGTGCTGCTCCGGTGGCCAGGCTGTGACCTGATG

CCACTGGTGGGCCAGCTGTCCCTGGGTCAGCTGCAGGAGGTCAGCAAGGCCTTGCAGGAC
GCACTGGTGGCCCAGATGTCCCCAGGCCAGCTGCAGGAGGTCAGCAAGGCCTTGGGAGAG

ACCCTGGCCTCAGCCGGTCAGATTCCCTTCCATGCAGAGCCACCGGAAACCATAAGGAGC
ACCCTGACCTCTGCCAACCAGGCTCCCTTCCACGTGGAGCCACCTGAGACCCTCAGGAGC

CTCCAGGAAAGAATAAAATCCCTCAACTTGTCACTTAAAGAAATCACTACTAAGGTGTGT
CTCCGGGAAAGGACAAAATCATTGAACCTGGCTGTCAGAGAACTCACTGCTCAGGTGTGC

ATGAGTGAGAAATTCTGCAGCACCCTGAGGAAGAAAGTTAACGATATTGAAACCCAACTA
TCAGGTGAGAAGCTGTGCAGCTCTCTGAGGAGGAGACTCAGTGACCTCGACACCAGGCTG

CCAGCCTTGCTTGAAGCCAAAATGCATGCCATATCAGGAAACCATTTCTGGACGGCTAAA
CCTGCCTTGCTGGAAGCCAAGATGCTGGCCCTATCAGGAAGCTGCTTCTCCACAGCCAAG

GACCTCACCGAGGAGATTAGATCATTAACATCAGAGAGAGAAGGGCTGGAGGGACTCCTC
GAGCTCACGGAGGAGATTTGGGCCTTGTCGTCAGAGCGGGAAGGGCTAGAGATGTTCCTG

AGCAAGCTGTTGGTGTTGAGTTCCAGGAATGTCAAAAAGCTGGGAAGTGTTAAAGAAGAT
GGCAGGCTGTTGGCACTCAGCTCCAGGAACAGCAGAAGGCTAGGCATCCTCAAAGAGGAT

TACAACAGACTGAGAAGAGAAGTGGAGCACCAGGAGACTGCCTATGAAACAAGTGTGAAG
TACCTCAGGTGCAGGCAGGACCTGGCACTCCAGGACGCCGCCCACAAAACACGCATGAAG

GAAAATACTATGAAGTACATGGAAACACTTAAGAATAAACTGTGCAGCTGCAAGTGTCCA
GCAAACACTGTGAAGTGCATGGAAGTGTTGGAAGGTCAGCTGAGCAGCTGCAGGTGCCCG

CTGCTTGGGAAAGTGTGGGAAGCTGACTTGGAAGCTTGTCGATTGCTTATCCAGTGCCTA
CTGCTTGGGAGAGTGTGGAAAGCAGACTTGGAGACTTGTCAGTTGCTAATGCAGAGCCTG

CAGCTCCAGGAAGCCAGGGGAAGCCTGTCTGTAGAAGATGAGAGGCAGATGGATGACTTA
CAGCTTCAGGAAGCAGGCAGCAGCCCACACGCAGAGGACGAGGAGCAGGTGCATAGCACA

GAGGG-----~--~=—~- AGCTGCTCCTCCTATTCCCCCCAGGCTCCACTCCGAGGATAAA
GGAGAGGCCGCCCAGACAGCTGCTCTGGCTGTCCCTCGAACACCCCACCCTGAAGAAGAA

FIG. 2B
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AGGAAGACCCCTTTGAAGGTATTGGAAGAATGGAAGACTCACCTCATCCCCTCTCTGCAC
A---AGTCCCCCTTGCAGGTGCTCCAGGAGTGGGACACCCACTCAGCTCTTTCACCACAC

TGTGCTGGAGGTGAACAGAAAGAGGAATCTTACATCCTTTCTGCAGAACTTGGAGAAAAG
TGTGCTGCAGGCCCATGGAAAGAGGATTCTCACATCGTTTCTGCTGAAGTTGGAGAAAAG

TGTGAAGACATAGGCAAGAAGCTATTGTACTTGGAAGATCAACTTCACACAGCAATCCAC
TGCGAAGCCATAGGCGTGAGGCTCCTACACCTGGAAGACCAGCTTCTCGGGGCCATGTAC

AGTCATGATGAAGATCTCATTCAGTCTCTCAGGAGGGAGCTCCAGATGGTGAAGGAAACT
AGTCACGACGAAGCTCTCTTTCAGTCTCTCCAGGGGGAGCTCCAGACGGTGAAGGAAACA

CTGCAGGCCATGATCCTGCAGCTCCAGCCAGCAAAGGAGGCGGGAGAAAGAGAAGCTGCA
CTGCAGGCCATGATCCTGCAGCTCCAGCCAACAAAGGAGGCAGGA-~--~--~- GAGGCCTCA

GCTTCCTGCATGACAGCTGGTGTCCACGAAGCACAAGCCTGA
GCTTCCTATCCGACAGCTGGTGCTCAGGAAACCGAGGCCTGA

FIG. 2C
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MQGGGPRDAPIHSPSHGADSGHGLPPAVAPQRRRLTRRPGYMRSTAGSGIGF
LSPAVGMPHPSSAGLTGQQSQHSQSKAGQCGLDPGSHCQASLVGKPFLKSSL
VPAVASEGHLHPAQRSMRKRPVHFGVHSKNDSRQSEKLTGSFKPGDSGCWQE
LLSSDSFKSLAPSLDAPWNTGSRGLKTVKPLASSALNGPADIPSLPGFQDTFTSS
FSFIQLSLGAAGERGEAEGCLPSREAEPLHQRPQEMAAEASSSDRPHGDPRHL
WTFSLHAAPGLADLAQVTRSSSRQPECGTVSSSSDTVFSSQDASSAGGRGDQ
GGGWADAHGWHTLLREWEPMLQDYLLSNRRQLEVTSLILKLQKCQEKAVEDG
DYDTAETLRQRLEELEQEKGHLSWALPSQQPALRSFLGYLAAQIQVALHGATQR
AGSDDPEAPLEGQLRTTAQDSLPASITRRDWLIREKQQLQKEIEALQARMSALE
AKEKRLSQELEEQEVLLRWPGCDLMALVAQMSPGQLQEVSKALGETLTSANQA
PFHVEPPETLRSLRERTKSLNLAVRELTAQVCSGEKLCSSLRRRLSDLDTRLPAL
LEAKMLALSETRMKANTVKCMEVLEGQLSSCRCPLLGRVWKADLETCQLLMQS
LQLQEAGSSPHAEDEEQVHSTGEAAQTAALAVPRTPHPEEEKSPLQVLQEWDT
HSALSPHCAAGPWKEDSHIVSAEVGEKCEAIGVRLLHLEDQLLGAMYSHDEALF
QSLQGELQTVKETLQAMILQLQPTKEAGEASASYPTAGAQETEA

FIG. 3
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ATGCAGGGCGGGGGTCCCCGGGACGCTCCGATCCACAGTCCGAGCCACGG
CGCAGACAGTGGGCATGGCTTACCGCCTGCAGTAGCCCCTCAGAGGCGGC
GGCTGACACGGAGACCAGGCTACATGAGAAGCACAGCGGGTTCTGGGATC
GGGTTCCTCTCTCCAGCAGTGGGCATGCCACACCCGAGCTCAGCAGGGCTG
ACAGGCCAGCAGTCCCAACACTCACAGTCCAAGGCTGGGCAGTGCGGACTT
GACCCTGGGAGCCACTGCCAAGCCTCACTGGTGGGCAAGCCTTTTCTCAAG
AGCTCCCTTGTCCCTGCTGTGGCCTCTGAGGGCCACCTGCACCCAGCCCAG
CGCTCTATGAGAAAAAGACCAGTGCACTTTGGGGTTCATTCCAAGAATGACA
GTAGACAATCTGAGAAGCTGACTGGGTCATTTAAGCCTGGGGACAGTGGGT
GTTGGCAAGAATTATTATCTTCAGACAGCTTTAAGTCTCTGGCTCCTAGCCTT
GATGCACCCTGGAACACGGGATCAAGGGGCCTGAAGACTGTGAAACCTCTG
GCATCATCGGCGTTGAATGGCCCCGCTGATATCCCATCCCTTCCCGGCTTC
CAAGACACCTTTACTTCCAGCTTCAGCTTCATCCAACTCTCCCTTGGTGCTG
CTGGAGAACGCGGAGAAGCAGAAGGTTGCCTGCCATCCAGAGAGGCCGAA
CCTCTGCATCAGAGGCCCCAAGAGATGGCAGCTGAAGCATCTAGCTCAGAC
AGGCCCCATGGGGACCCTCGGCATCTCTGGACCTTCAGTCTTCACGCTGCT
CCAGGCTTGGCAGACTTGGCTCAGGTGACGAGGAGCAGCAGCAGGCAACC
AGAATGTGGCACGGTCTCCTCCTCCTCGGATACTGTCTTCTCTTCCCAGGAT
GCATCCTCCGCTGGTGGGCGGGGCGACCAGGGCGGCGGCTGGGCCGATG
CCCATGGATGGCATACATTGCTCAGGGAATGGGAGCCCATGCTGCAGGACT
ACCTACTGAGCAACCGCAGGCAGCTGGAGGTCACTTCCTTAATTTTAAAGCT
TCAGAAATGTCAAGAAAAAGCGGTCGAGGATGGCGATTACGATACTGCAGA
GACATTGAGACAGAGGTTGGAAGAACTGGAACAGGAGAAAGGCCACCTGTC
CTGGGCTCTGCCTTCACAGCAACCTGCTCTTCGCAGCTTCTTGGGTTACCTG
GCAGCACAGATACAGGTGGCCTTGCATGGAGCCACCCAAAGGGCCGGCAG
CGATGATCCAGAAGCCCCACTTGAAGGACAGCTGAGGACTACCGCCCAGGA
TAGCCTGCCTGCATCCATCACCAGGAGGGACTGGCTTATTCGAGAGAAACA
GCAATTGCAGAAGGAAATCGAAGCTCTCCAAGCACGGATGTCTGCGCTGGA
GGCAAAGGAAAAACGGCTGAGCCAAGAGTTGGAGGAGCAGGAGGTGCTGC
TCCGGTGGCCAGGCTGTGACCTGATGGCACTGGTGGCCCAGATGTCCCCA
GGCCAGCTGCAGGAGGTCAGCAAGGCCTTGGGAGAGACCCTGACCTCTGC
CAACCAGGCTCCCTTCCACGTGGAGCCACCTGAGACCCTCAGGAGCCTCCG
GGAAAGGACAAAATCATTGAACCTGGCTGTCAGAGAACTCACTGCTCAGGTG
TGCTCAGGTGAGAAGCTGTGCAGCTCTCTGAGGAGGAGACTCAGTGACCTC
GACACCAGGCTGCCTGCCTTGCTGGAAGCCAAGATGCTGGCCCTATCAGAA
ACACGCATGAAGGCAAACACTGTGAAGTGCATGGAAGTGTTGGAAGGTCAG
CTGAGCAGCTGCAGGTGCCCGCTGCTTGGGAGAGTGTGGAAAGCAGACTTG
GAGACTTGTCAGTTGCTAATGCAGAGCCTGCAGCTTCAGGAAGCAGGCAGC
AGCCCACACGCAGAGGACGAGGAGCAGGTGCATAGCACAGGAGAGGCCGC
CCAGACAGCTGCTCTGGCTGTCCCTCGAACACCCCACCCTGAAGAAGAAAA
GTCCCCCTTGCAGGTGCTCCAGGAGTGGGACACCCACTCAGCTCTTTCACC
ACACTGTGCTGCAGGCCCATGGAAAGAGGATTCTCACATCGTTTCTGCTGAA
GTTGGAGAAAAGTGCGAAGCCATAGGCGTGAGGCTCCTACACCTGGAAGAC
CAGCTTCTCGGGGCCATGTACAGTCACGACGAAGCTCTCTTTCAGTCTCTCC
AGGGGGAGCTCCAGACGGTGAAGGAAACACTGCAGGCCATGATCCTGCAG
CTCCAGCCAACAAAGGAGGCAGGAGAGGCCTCAGCTTCCTATCCGACAGCT
GGTGCTCAGGAAACCGAGGCCTGA

FIG. 4



WO 03/099995

<110> Merck & Co.,

Inc.

SEQUENCE LISTING

<120> MURINE ORTHOLOG OF THE HUMAN
DISRUPTED-IN-SCHIZOPHRENIA 1 GENE

<130> PCT 21105

<150>
<151>

<160> 51

<170>

<210> 1
<211> 85

<212>

<213> Mo

<400> 1

Met
1
Gly
Arg
Gly
Ala
65
Gln
Lys
His
Gly
Ser
145
Asp
Gly
Asn
Thr
Arg

225
His

Gln
Ala
Arg
Ile
50

Gly
Cys
Pro
Leu
Val
130
Phe
Ser
Ser
Gly
Ser
210
Gly

Gln

1

PRT

use

Gly
Asp
Leu
35

Gly
Leu
Gly
Phe
His
115
His
Lys
Phe
Arg
Pro
195
Ser

Glu

Arg

60/383,191
2002-05-24

Gly
Ser
20

Thr
Phe
Thr
Leu
Leu
100
Pro
Ser
Pro
Lys
Gly
180
Ala
Phe

Ala

Pro

Gly
Gly
Arg
Leu
Gly
Asp
85

Lys
Ala
Lys
Gly
Ser
165
Leu
Asp
Ser

Glu

Gln
245

Pro
His
Arg
Ser
Gln
70

Pro
Ser
Gln
Asn
Asp
150
Leu
Lys
Ile
Phe
Gly

230
Glu

Arg
Gly
Pro
Pro
55

Gln
Gly
Ser
Arg
Asp
135
Ser
Ala
Thr
Pro
Ile
215
Cys

Met

Asp
Leu
Gly
40

Ala
Ser
Ser
Leu
Ser
120
Ser
Gly
Pro
val
Ser
200
Gln

Leu

Ala

Ala
Pro
25

TYyr
val
Gln
His
val
105
Met
Arg
Cys
Ser
Lys
185
Leu
Leu

Pro

Ala

FastSEQ for Windows Version 4.0

Pro
10

Pro
Met
Gly
His
Cys
90

Pro
Arg
Gln
Trp
Leu
170
Pro
Pro
Ser

Ser

Glu
250

Ile
Ala
Arg
Met
Ser
75

Gln
Ala
Lys
Ser
Gln
155
Asp
Leu
Gly
Leu
Arg

235
Ala

His
vVal
Ser
Pro
60

Gln
Ala
Val
Arg
Glu
140
Glu
Ala
Ala
Phe
Gly
220
Glu

Ser

Ser
Ala
Thr
45

His
Ser
Ser
Ala
Pro
125
Lys
Leu
Pro
Ser
Gln
205
Ala

Ala

Ser

Pro
Pro
30

Ala
Pro
Lys
Leu
Ser
110
val
Leu
Leu
Trp
Ser
190
Asp
Ala
Glu

Ser

Ser
15

Gln
Gly
Ser
Ala
Val
95

Glu
His
Thr
Ser
Asn
175
Ala
Thr
Gly

Pro

Asp
255

PCT/US03/15741

His
Arg
Ser
Ser
Gly
80

Gly
Gly
Phe
Gly
Ser
160
Thr
Leu
Phe
Glu
Leu

240
Arg
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Pro
Pro
Pro
Gln
305
Ala
Leu
Leu
Asp
Gln
385
Leu
His
Glu
Thr
Ile
465
Arg
Gly
Gln
Ala
Arg
545
Cys
Leu
Ser
Ala
Leu
625
Asp

Lys

Gly

His
Gly
Glu
290
Asp
Asp
Gln

Ile

Tyr
370
Glu
Arg
Gly
Gly
Arg
450
Glu
Leu
Cys
Glu
Pro
530
Thr
Ser
Asp
Gly
Leu
610
Ala
Tyr

Thr

Gln

Gly
Leu
275
Cys
Ala
Ala
Asp
Leu
355
Asp
Lys
Ser
Ala
Gln
435
Arg
Ala
Ser
Asp
val
515
Phe
Lys
Gly
Thr
Ser
595
Ser
Leu
Leu

Arg

Leu
675

Asp
260
Ala
Gly
Ser
His
TYyr
340
Lys
Thr
Gly
Phe
Thr
420
Leu
Asp
Leu
Gln
Leu
500
Ser
His
Ser
Glu
Arg
580
Cys
Ser
Ser
Arg
Met

660
Ser

Pro
As;p
Thr
Ser
Gly
325
Leu
Leu
Ala
His
Leu
405
Gln
Arg
Trp
Gln
Glu
485
Met
Lys
Val
Leu
Lys
565
Leu
Phe
Glu
Ser
Cys
645

Lys

Ser

Arg
Leu
val
Ala
310
Trp
Leu
Gln
Glu
Leu
390
Gly
Arg
Thr
Leu
Ala
470
Leu
Ala
Ala
Glu
Asn
550
Leu
Pro
Ser
Arg
Arg
630
Arg

Ala

Cys

His
Ala
Ser
295
Gly
His
Ser
Lys
Thr
375
Ser
Tyr
Ala
Thr
Ile
455
Arg
Glu
Leu
Leu
Pro
535
Leu
Cys
Ala
Thr
Glu
615
Asn
Gln

Asn

Arg

Leu
Gln
280
Ser
Gly
Thr
Asn
Cys
360
Leu
Trp
Leu
Gly
Ala
440
Arg
Met
Glu
Val
Gly
520
Pro
Ala
Ser
Leu
Ala
600
Gly
Ser
Asp

Thr

Cys
680

Trp
265
val
Ser
Arg
Leu
Arg
345
Gln
Arg
Ala
Ala
Ser
425
Gln
Glu
Ser
Gln
Ala
505
Glu
Glu
val
Ser
Leu
585
Lys
Leu
Arg
Leu
val

665
Pro

Thr
Thr
Ser
Gly
Leu
330
Arg
Glu
Gln
Leu
Ala
410
Asp
Asp
Lys
Ala
Glu
490
Gln
Thr
Thr
Arg
Leu
570
Glu
Glu
Glu
Arg
Ala
650

Lys

Leu

Phe
Arg
Asp
Asp
315
Arg
Gln
Lys
Arg
Pro
395
Gln
Asp
Ser
Gln
Leu
475
Val
Met
Leu
Leu
Glu
555
Arg
Ala
Leu
Met
Leu
635
Leu

Cys

Leu

Ser
Ser
Thr
300
Gln
Glu
Leu
Ala
Leu
380
Ser
Ile
Pro
Leu
Gln
460
Glu
Leu
Ser
Thr
Axrg
540
Leu
Arg
Lys
Thr
Phe
620
Gly
Gln

Met

Gly

Leu
Ser
285
val
Gly
Trp
Glu
val
365
Glu
Gln
Gln
Glu
Pro
445
Leu
Ala
Leu
Pro
Ser
525
Ser
Thr
Arg
Met
Glu
605
Leu
Ile
Asp

Glu

Arg
685

His
270
Ser
Phe
Gly
Glu
val
350
Glu
Glu
Gln
val
Ala
430
Ala
Gln
Lys
Arg
Gly
510
Ala
Leu
Ala
Leu
Leu
590
Glu
Gly
Leu
Ala
val

670
val

Ala
Arg
Ser
Gly
Pro
335
Thr
Asp
Leu
Pro
Ala
415
Pro
Ser
Lys
Glu
Trp
495
Gln
Asn
Arg
Gln
Ser
575
Ala
Ile
Arg
Lys
Ala
655

Leu

Trp

PCT/US03/15741

Ala
Gln
Ser
Trp
320
Met
Ser
Gly
Glu
Ala
400
Leu
Leu
Ile
Glu
Lys
480
Pro
Leu
Gln
Glu
val
560
Asp
Leu
Trp
Leu
Glu
640
His

Glu

Lys
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Gln Gln Gln Gln

695
His

Met Ser Leu Leu

700
Glu

Ala Asp Leu Glu Thr Leu Leu

690
Ala

Cys

Ser
720
Pro

Glu His
715

Ala

Glu Ala Glu Gln val

705
Thr

Pro
710
Gln

Gly Ser Ser Asp

val Thx
735

Trp

Thr Ala Ala Leu Pro

730
Gln

Ala
725
Glu

Gly Glu Ala Arg

Gln Glu
750

Trp

Glu Glu Val Leu

740
Ala

Leu
745
Cys

His Pro Lys Ser Pro Asp

Ala Ala Gly Pro Glu

765
Cys

His
760
Glu

Ser Leu Ser Pro

755
His

Thr His Lys

Ala val Glu Glu Ala Ile

775
Leu

Ile vVal Ser Gly Lys

780
Leu

Ser
770
val

Asp

Glu Gln Leu Gly Ala Met

795
Gln

His
790
Leu

Gly Leu
785

Ser

Tyr
800
Thr

Arg Leu Asp

Glu Gln
815
Thr

Ala Phe Leu
805

Leu

Gln Leu Gly
810

Leu

His Asp Glu Ser

Ile Gln Gln
825

TYTr

Gln Ala Pro
830

Ala

Glu Thr Leu
820

Glu

Val Lys Met Lys

Glu Ala Gly Ala Ser Ala Ser Pro Thr Ala Gly Gln Glu

835
Glu Ala

850

Thr

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

2
2556
DNA

<220>
<223> cDNA
<400> 2

atgcagggcg
gggcatggct
tacatgagaa
cacccgagct
cagtgcggac
aagagctccc
atgagaaaaa
aagctgactg
gacagcttta
ctgaagactg
cttceegget
gctgctggag
catcagaggc
cctecggceatce
gtgacgagga
gtcttctctt
gccgatgcececce
ctactgagca
caagaaaaag
gaagaactgg
cttcgcaget
caaagggccyg

840

Artificial Sequence

encoding mouse Discl

ggggtccceg
taccgcectge
gcacagcggg
cagcagggct
ttgaccctgg
ttgtcecctge
gaccagtgca
ggtcatttaa
agtctctgge
tgaaacctct
tccaagacac
aacgcggaga
cccaagagat
tctggacctt
gcagcagcag
cccaggatgce
atggatggca
accgcaggcea
cggtcgagga
aacaggagaa
tcttgggtta
gcagcgatga

ggacgctccg
agtagcccct
ttctgggatc
gacaggccag
gagccactgc
tgtggcctct
ctttggggtt
gcctggggac
tcctagectt
ggcatcatcg
ctttacttcc
agcagaaggt
ggcagctgaa
cagtcttcac
gcaaccagaa
atcctececget
tacattgctc
gctggaggtc
tggcgattac
aggccacctg
cctggcagca
tccagaagcc

atccacagtc
cagaggcggce
gggttcctcet
cagtcccaac
caagcctcac
gagggccacc
cattccaaga
agtgggtgtt
gatgcaccct
gcgttgaatyg
agcttcagct
tgcectgecat
gcatctagcect
gctgctccag
tgtggcacgg
ggtgggcggg

agggaatggg
acttccttaa

gatactgcag
tcectgggcetce
cagatacagg
ccacttgaag

-3

845

cgagcecacgg
ggctgacacg
ctccagcagt
actcacagtc
tggtgggcaa
tgcacccagc
atgacagtag
ggcaagaatt
ggaacacggg
gcceecgetga
tcatccaact
ccagagaggc
cagacaggcc
gcttggcaga
tctectecte
gcgaccaggg
agcccatget
ttttaaagct
agacattgag
tgccttcaca
tggccttgeca
gacagctgag

cgcagacagt
gagaccaggc
gggcatgcca
caaggctggyg
gccttttete
ccagcgcetcet
acaatctgag
attatcttca
atcaaggggc
tatcccatce
ctcccttggt
cgaacctctg
ccatggggac
cttggctcag
ctcggatact
cggcggctgg
gcaggactac
tcagaaatgt
acagaggttg
gcaacctgct
tggagccacc
gactaccgcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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caggatagcc
ttgcagaagg
cggctgagcc
atggcactgg
gagaccctga
agcctceggg
tgctcaggtyg
ctgcctgect
aaggagctca
ctgggcaggce
gattacctca
aaggcaaaca
ccgetgettg
ctgcagcttc
acaggagagyg
gaaaagtccc
tgtgctgcag
tgcgaagcca
agtcacgacg
ctgcaggcca
tatccgacag

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

3

788
PRT
Mouse

<400> 3
Met Gln
1
Gly

Gly

Ala Asp
Leu
35

Gly

Arg Arg
Ile
50

Gly

Gly

Ala
65
Gln

Leu

Cys Gly

Lys Pro Phe
His
115
His

His Leu
val
130
Phe

Gly

Ser
145
Asp

Lys

Ser Phe

Gly Ser Arg

Gly Pro

195

Asn

tgcctgceatce
aaatcgaagc
aagagttgga
tggcccagat
cctctgccaa
aaaggacaaa
agaagctgtg
tgctggaagc
cggaggagat
tgttggcact
ggtgcaggca
ctgtgaagtg
ggagagtgtg
aggaagcagg
ccgcccagac
ccttgcaggt
gcccatggaa
taggcgtgag
aagctctcectt
tgatcctgca
ctggtgctca

Gly Gly
Ser
20

Thr

Gly
Arg

Phe Leu

Thr Gly

Leu Asp
85

Leu Lys
100
Pro Ala

Ser Lys

Pro Gly

Pro
His
Arg
Ser
Gln
70

Pro
Ser
Gln

Asn

Asp

catcaccagg
tctccaagca
ggagcaggag
gtccccaggce
ccaggctcecec
atcattgaac
cagctctcectg
caagatgctg
ttgggccttg
cagctccagg
ggacctggca
catggaagtyg
gaaagcagac
cagcagccca
agctgcectctg
gctccaggag
agaggattct
gctcctacac
tcagtctctc
gctccageca
ggaaaccgag

Arg Asp

Gly Leu
Gly
40

Ala

Pro

Pro
55
Gln Ser

Gly Ser

Ser Leu

Ser
120
Ser

Arg

Asp
135

Ser Gly

150

Ser
165
Leu

Lys

Gly
180

Ala Asp

Leu
Lys

Ile

Ala Pro

Thr val

Ser
200

Pro

agggactggc
cggatgtctg
gtgctgctcce
cagctgcagg
ttccacgtgg
ctggctgtca
aggaggagac
gccctatcag
tcgtcagagce
aacagcagaa
ctccaggacg
ttggaaggtc
ttggagactt
cacgcagagg
gctgtcecte
tgggacaccc
cacatcgttt
ctggaagacc
cagggggagc
acaaaggagg
gcctga

Ala Pro Ile

10
Pro Pro Ala
25
Tyr

Met Arg

Val Gly Met
Ser
75

Gln

Gln His

His Cys
90

Val Pro Ala
105
Met

Arg Lys

Arg Gln Ser
Gln
155

Asp

Cys Trp
Leu
170
Pro

Ser

Lys Leu

185
Leu

Pro Gly

ttattcgaga
cgctggagge
ggtggccagyg
aggtcagcaa
agccacctga
gagaactcac
tcagtgacct
gaagctgcett
gggaagggct
ggctaggcat
ccgceccacaa
agctgagcag
gtcagttgct
acgaggagca
gaacacccca
actcagctct
ctgctgaagt
agcttctcgg
tccagacggt
caggagaggc

His Ser Pro

Val Ala Pro
30
Thr Ala
45

His

Ser

Pro Pro

60

Gln Ser Lys

Ala Ser Leu

vVal Ala Ser
110
Pro Val
125

Lys

Arg

Glu
140
Glu

Leu

Leu Leu

Ala Pro Trp

Ala Ser
190

Asp

Ser

Gln
205

Phe

PCT/US03/15741

gaaacagcaa
aaaggaaaaa
ctgtgacctg
ggccttggga
gaccctcagg
tgctcaggtg
cgacaccagg
ctccacagcc
agagatgttc
cctcaaagag
aacacgcatg
ctgcaggtgce
aatgcagagc
ggtgcatagc
ccctgaagaa
ttcaccacac
tggagaaaag
ggccatgtac
gaaggaaaca
ctcagcttcec

Ser His
15
Gln Arg

Gly Ser

Ser Ser

Ala Gly
80
Val Gly
95
Glu Gly

His Phe

Thr Gly
Ser
160
Thr

Ser

Asn
175
Ala Leu

Thr Phe

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2556
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Thr
Arg
225
His
Pro
Pro
Pro
Gln
305
Ala
Leu
Leu
Asp
Gln
385
Leu
His
Glu
Thr
Ile
465
Arg
Gly
Gln
Ala
Arg
545
Cys
Leu
Ser

Glu

Lys
625

Ser
210
Gly
Gln
His
Gly
Glu
290
Asp
AsSp
Gln
Ile
Tyr
370
Glu
Arg
Gly
Gly
Arg
450
Glu
Leu
Cys
Glu
Pro
530
Thr
Ser
Asp
Glu
Gly

610
Ala

Ser
Glu
Arg
Gly
Leu
275
Cys
Ala
Ala
Asp
Leu
355
Asp
Lys
Ser
Ala
Gln
435
Arg
Ala
Ser
Asp
Val
515
Phe
Lys
Gly
Thr
Thr
595
Gln

Asp

Phe
Ala
Pro
Asp
260
Ala
Gly
Ser
His
Tyr
340
Lys
Thr
Gly
Phe
Thr
420
Leu
Asp
Leu
Gln
Leu
500
Ser
His
Ser
Glu
Arg
580
Arg

Leu

Leu

Ser
Glu
Gln

245
Pro

Asp ©

Thr
Ser
Gly
325
Leu
Leu
Ala
His
Leu
405
Gln
Arg
Trp
Gln
Glu
485
Met
Lys
val
Leu
Lys
565
Leu
Met

Ser

Glu

Phe
Gly
230
Glu

Arg

vVal
Ala
310
Trp
Leu
Gln
Glu
Leu
390
Gly
Arg
Thr
Leu
Ala
470
Leu
Ala
Ala
Glu
Asn
550
Leu
Pro
Lys

Ser

Thr
630

Ile
215
Cys
Met
His
Ala
Ser
295
Gly
His
Ser
Lys
Thr
375
Ser
Yr
Ala
Thr
Ile
455
Arg
Glu
Leu
Leu
Pro
535
Leu
Cys
Ala
Ala
Cys

615
Cys

Gln
Leu
Ala
Leu
Gln
280
Ser
Gly
Thr
Asn
Cys
360
Leu
Trp
Leu
Gly
Ala
440
Arg
Met
Glu
Val
Gly
520
Pro
Ala
Ser
Leu
Asn
600

Arg

Gln

Leu
Pro
Ala
Trp
265
val
Ser
Arg
Leu
Arg
345
Gln
Arg
Ala
Ala
Ser
425
Gln
Glu
Ser
Gln
Ala
505
Glu
Glu
Val
Ser
Leu
585
Thr

Cys

Leu

Ser
Ser
Glu
250
Thr
Thr
Ser
Gly
Leu
330
Arg
Glu
Gln
Leu
Ala
410
Asp
Asp
Lys
Ala
Glu
490
Gln
Thr
Thr
Arg
Leu
570
Glu
val

Pro

Leu

Leu
Arg
235
Ala
Phe
Arg
Asp
Asp
315
Arg
Gln
Lys
Axrg
Pro
395
Gln
Asp
Ser
Gln
Leu
475
val
Met
Leu
Leu
Glu
555
Arg
Ala
Lys

Leu

Met
635

Gly
220
Glu
Ser
Ser
Ser
Thr
300
Gln
Glu
Leu
Ala
Leu
380
Ser
Ile
Pro
Leu
Gln
460
Glu
Leu
Ser
Thr
Arg
540
Leu
Arg
Lys
Cys
Leu

620
Gln

Ala
Ala
Ser
Leu
Ser
285
val
Gly
Trp
Glu
Val
365
Glu
Gln
Gln
Glu
Pro
445
Leu
Ala
Leu
Pro
Ser
525
Ser
Thr
Arg
Met
Met
605
Gly

Ser

Ala
Glu
Ser
His
270
Ser
Phe
Gly
Glu
val
350
Glu
Glu
Gln
val
Ala
430
Ala
Gln
Lys
Arg
Gly
510
Ala
Leu
Ala
Leu
Leu
590
Glu

Arg

Leu

Gly
Pro
Asp
255
Ala
Arg
Ser
Gly
Pro
335
Thr
Asp
Leu
Pro
Ala
415
Pro
Ser
Lys
Glu
Trp
495
Gln
Asn
Arg
Gln
Ser
575
Ala
val
val

Gln

PCT/US03/15741

Glu
Leu
240
Arg
Ala
Gln
Ser
Trp
320
Met
Ser
Gly
Glu
Ala
400
Leu
Leu
Ile
Glu
Lys
480
Pro
Leu
Gln
Glu
val
560
Asp
Leu
Leu

Trp

Leu
640
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Gln Glu Ala

Ser Thr Gly
Pro
675

His

Pro His
Thr
690
Asp

Asp

Glu
705
Ile

Ser

Gly val

Tyr Ser His

Thr vVal Lys
755
Glu Ala
770

Thr

Lys
Glu Glu
785

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

4
2367
DNA

<220>
<223> cDNA
<400> 4

atgcagggcg
gggcatggcet
tacatgagaa
cacccgagcet
cagtgcggac
aagagctccc
atgagaaaaa
aagctgactg
gacagcttta
ctgaagactg
ctteececgget
gctgctggag
catcagaggc
cctcggcatc
gtgacgagga
gtecttctctt
gcecgatgecc
ctactgagca
caagaaaaag
gaagaactgg
cttcgcagcet
caaagggccg
caggatagcc
ttgcagaagg

95

Gly Ser
645
Glu Ala
660
Glu Glu

Ser Ala

His Ile

Ser

Ala

Glu

Leu

val

Pro His

Gln Thr

Ser
680
Pro

Lys

Ser
695

Ser Ala

710

Leu
725
Glu

Arg

Asp
740
Glu Thr

Gly Glu

Ala

Leu

Ala

Leu

Ala

His Leu

Leu Phe

Gln Ala
760
Ser Ala

775

Artificial Sequence

encoding Discl splice

ggggtccccg
taccgcctgce
gcacagcggy
cagcagggct
ttgaccctgg
ttgtcecctge
gaccagtgca
ggtcatttaa
agtctctggce
tgaaacctct
tccaagacac
aacgcggaga
cccaagagat
tctggacctt
gcagcagcag
cccaggatgce
atggatggca
accgcaggca
cggtcgagga
aacaggagaa
tcttgggtta
gcagcgatga
tgcctgcecatce
aaatcgaagc

ggacgctccyg
agtagcccct
ttctgggatce
gacaggccag
gagccactgce
tgtggecctcet
ctttggggtt
gcectggggac
tcctagectt
ggcatcatcg
ctttacttcc
agcagaaggt
ggcagctgaa
cagtcttcac
gcaaccagaa
atccteceget
tacattgctc
gctggaggtce
tggcgattac
aggccacctg
cctggcagca
tccagaagcc
catcaccagg
tctccaagca

Ala
Ala
665
Pro
His
Glu
Glu
Gln
745

Met

Ser

Glu
650
Ala

Asp
Leu

Leu Gln

Cys Ala

val Gly
715
Asp Gln
730
Ser Leu

Ile Leu

Tyr Pro

variant

atccacagtc
cagaggcgge
gggttcctcet
cagtcccaac
caagcctcac
gagggccacc
cattccaaga
agtgggtgtt
gatgcaccct
gcgttgaatg
agcttcagct
tgcctgeceat
gcatctagcet
gctgctccag
tgtggcacgg
ggtgggcggg
agggaatggg
acttccttaa
gatactgcag
tcctgggcetce
cagatacagg
ccacttgaag
agggactggc
cggatgtctg

-6-

Glu Glu Gln

Ala Val Pro
670

Val Leu Gln
685

Ala Gly

700

Glu

Pro

Lys Cys

Leu Leu Gly

Gln Glu
750
Gln

Gly
Gln Leu
765
Thr Ala

780

Gly

cgagccacgyg
ggctgacacg
ctccagcagt
actcacagtc
tggtgggcaa
tgcacccagc
atgacagtag
ggcaagaatt
ggaacacggg
gceccegcetga
tcatccaact
ccagagaggc
cagacaggcc
gcttggcaga
tctcctectce
gcgaccaggg
agcccatget
ttttaaagct
agacattgag
tgccttcaca
tggccttgeca
gacagctgag
ttattcgaga
cgctggaggce

PCT/US03/15741

Val His
655
Arg Thr

Glu Trp

Trp Lys
Ala
720
Met

Glu

Ala
735
Leu Gln

Pro Thr

Ala Gln

cgcagacagt
gagaccaggc
gggcatgcca
caaggctggyg
gccttttete
ccagcgctcect
acaatctgag
attatcttca
atcaaggggc
tatcccatcc
ctcececttggt
cgaacctctg
ccatggggac
cttggctcag
ctcggatact
cggcggcetgg
gcaggactac
tcagaaatgt
acagaggttg
gcaacctgcet
tggagccacc
gactaccgcc
gaaacagcaa
aaaggaaaaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
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cggctgagcec
atggcactgg
gagaccctga
agcctcecggg
tgctcaggtg
ctgcctgect
actgtgaagt
gggagagtgt
caggaagcag
gccgcececaga
cccttgecagg
ggcccatgga
ataggcgtga
gaagctctct
atgatcctgce
gctggtgctc

<210> 5
<211> 854
<212> PRT
<213> Human

<400> 5

Met Pro Gly
1

Gly

Val Ser

Cys Phe Arg
35
Thr Gly
50

Arg

Ser

Phe
65
Ser

Phe

Arg-Ala

Ser Pro Val

Thr Ser
115

Arg

Gly
Pro Asp
130
Gln Glu
145

Glu

Phe

Ala Ala

Leu Pro Ser
val
195

Ser

Pro Glu
Phe
210
Ala

Ser

Glu
225
Ser

Glu

Pro Gln

aagagttgga
tggcccagat
cctctgccaa
aaaggacaaa
agaagctgtg
tgctggaagc
gcatggaagt
ggaaagcaga
gcagcagccc
cagctgctct
tgctccagga
aagaggattc
ggctcctaca
ttcagtctct
agctccagcc
aggaaaccga

Gly Gly

His
20
Arg

Arg
Arg
Pro Gly
Pro Gly
Gln

85
Lys

Arg

Ser
100
Ala His

Leu Ser

Ala Ala

Pro
Ala
Arg
Ile
Gly
70

Cys
Ser
Phe

Trp

Met

ggagcaggag
gtccccaggce
ccaggctcecc
atcattgaac
cagctctctg
caagatgctg
gttggaaggt
cttggagact
acacgcagag
ggctgtccct
gtgggacacc
tcacatcgtt
cctggaagac
ccagggggag
aacaaaggag
ggcctga

Gln Gly

Gly Ser
Ala
40

Phe

Leu

Gly
55
Val Ser

Gly Leu

Ala Ala

Ile
120
Cys

Gly

Pro
135

Asp Ser

150

Ser
165
Glu

Cys

Ala
180
Pro Pro

Phe Ile

Gly Cys

Asp

Leu

Thr

Arg

Pro

Gly Ala

Ser Ser

Pro
200
Ser

Pro

Leu
215

Pro Ser

230

Glu Met

245

Gly

Ala Lys

Ala
Arg
25

Arg
Leu
Gly
Asp
Ala
105
Gln
Gly
Ser
Arg
Asn
185
Gly
Leu

Arg

Ala

gtgctgcectcece
cagctgcagg
ttccacgtgg
ctggctgtca
aggaggagac
gccctatcag
cagctgagca
tgtcagttgce
gacgaggagc
cgaacacccce
cactcagctc
tctgctgaag
cagcttctceg
ctccagacgg

gcaggagagg

Pro Ala
10
Asp Cys

Arg Pro

Ser Pro

Glu Glu
75
Ser Arg
90
Pro Thr

Leu Arg

Pro Gly
Thr
155
vVal

Glu

Arg
170
Ser Cys

Ser His

Gly Ser

Ala
235
Ser

Glu

Ala
250

ggtggccagg
aggtcagcaa
agccacctga
gagaactcac
tcagtgacct
aaacacgcat
gctgcaggtyg
taatgcagag
aggtgcatag
accctgaaga
tttcaccaca
ttggagaaaa
gggccatgta
tgaaggaaac
cctcagcecttc

Ala Ala Gly
Pro
30

Met

Leu Pro

Gly Tyr
45
Ala Val
60

Ser

Gly

His His

Gly Leu Leu

val Thr Ser

110

Gly Gly Thr

125
Ser Ala Gly
140
Leu

Asp Ala

Arg Ala Ala

Pro Gly
190
Phe

Ser

Ala
205
Gly

Ser

Ala Glu

220
Glu

Ser His

Leu Asp Gly

PCT/US03/15741

ctgtgacctg
ggccttggga
gaccctcagg
tgctcaggtg
cgacaccagyg
gaaggcaaac
ccegetgett
cctgcagcectt
cacaggagag
agaaaagtcc
ctgtgctgca
gtgcgaagcc
cagtcacgac
actgcaggcc
ctatccgaca

Gly Gly

Ala Ala

Arg Ser

Thr Leu

Glu
80
Arg

Ser

val
95
Val Arg

Arg Leu

Trp Gln

Ser Trp
160
Gly Ser
175
Cys Gly

Thr Ser

Arg Gly

Gln
240
His

Cys

Pro
255

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2367
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Glu
vVal
Arg
Leu
305
Gly
Leu
Leu
Asp
Gln
385
Leu
Arg
Leu
His
Leu
465
Ala
Leu
Leu
Ser
Ser
545
Thr
Lys
Met
Glu
Leu
625
Ser

Glu

Glu

Asp
Ser
Asp
290
Asp
Asp
Arg
Arg
Tyr
370
Glu
Ser
Arg
Arg
Val
450
Gln
Lys
Gln
Gly
Ala
530
Leu
Thr
Val
His
Glu
610
Ser
Val

Thr

Thr

Pro
Ala
275
Met
Pro
Ala
Asp
Leu
355
AsSp
Lys
Ser
Gly
Met
435
Ser
Lys
Asp
Trp
Gln
515
Gly
Gln
Lys
Asn
Ala
595
Ile
Lys
Lys

Ala

Leu
675

Arg
260
Asp
His
Ser
His
Cys
340
Lys
Lys
Tle
Phe
Ala
420
Glu
Ile
Glu
Gln
Gln
500
Leu
Gln
Glu
val
Asp
580
Ile
Arg
Leu
Glu
Tyr

660
Lys

Cys
Leu
Ser
Leu
Ser
325
Leu
Leu
Ala
Ser
Leu
405
Thr
Pro
Thr
Ile
Gln
485
Gly
Gln
Ile
Arg
Cys
565
Ile
Ser
Ser
Leu
Asp
645
Glu

Asn

Leu
Ala
Leu
Ala
310
Trp
Leu
Gln
Glu
Leu
390
Gly
Gln
Arg
Arg
Glu
470
Leu
Cys
Glu
Pro
Ile
550
Met
Glu
Gly

Leu

val
630

Tyr
Thr

Lys

Ser
Gln
Pro
295
Gly
Asp
Arg
Lys
Thr
375
His
His
Gln
Leu
Arg
455
Ala
Arg
Asp
Val
Phe
535
Lys
Ser
Thr
Asn
Thr
615
Leu
Asn

Ser

Leu

Gln
Ala
280
Asp
Cys
Thr
Asn
Leu
360
Leu
Phe
Leu
Ala
Leu
440
Asp
Leu
Arg
Leu
Ser
520
His
Ser
Glu
Gln
His
600
Ser
Ser
Arg

val

Cys
680

Pro
265
Ala
Met
Gly
Leu
Arg
345
Gln
Gln
Gln
Ala
Ser
425
Glu
Trp
Gln
Glu
Thr
505
Lys
Ala
Leu
Lys
Leu
585
Phe
Glu
Ser
Leu
Lys

665
Ser

Phe
Arg
Asp
Gly
Leu
330
Arg
Glu
Gln
Leu
Ala
410
Gly
Pro
Leu
Ala
Ile
490
Pro
Ala
Glu
Asn
Phe
570
Pro
Trp
Arg
Arg
Arg
650
Glu

Cys

Ser Leu
Asn Ser

Pro Gly
300

Asp Gly

315

Arg Lys

Gln Met
Asp Ala

Arg Leu
380

Pro Ser

395

Gln Vval

Asp Asp
Thr Ala

Leu Gln
460

Arg Met

475

Glu Glu

Leu Val
Leu Gln
Pro Pro
540
Leu Ser
555
Cys Ser
Ala Leu
Thr Ala
Glu Gly
620
Asn Val
635
Arg Glu
Asn Thr

Lys Cys

Leu
Ser
285
Ser
Ser
Trp
Glu
Val
365
Glu
Arg
Gln
Thr
Gln
445
Glu
Phe
Gln
Gly
Asp
525
Glu
Leu
Thr
Leu
Lys
605
Leu
Lys
val

Met

Pro
685

Ala
270
Arg
Ser
Ser
Glu
val
350
Glu
Asp
Gln
Ala
His
430
Asp
Lys
val
Glu
Gln
510
Thr
Thr
Lys
Leu
Glu
590
Asp
Glu
Lys
Glu
Lys

670
Leu

Thr
Pro
Ser
Gly
Pro
335
Ile
Asn
Leu
Pro
Ala
415
Thr
Ser
Gln
Leu
Gln
495
Leu
Leu
Ile
Glu
Arg
575
Ala
Leu
Gly
Leu
His
655

Tyr

Leu

PCT/US03/15741

Arg
Glu
Ser
Ser
320
val
Ser
Asp
Glu
Ala
400
Leu
Pro
Leu
Gln
Glu
480
Gln
Ser
Ala
Arg
Ile
560
Lys
Lys
Thr
Leu
Gly
640
Gln

Met

Gly
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Val
690
Gln

Lys Trp

Leu Leu
705
Gln

Met Asp

His Ser Glu

Thr His
755
Ser

Lys
Glu Glu
770
Ile Gly
785

His

Lys

Ser His

Met Val Lys

Glu Ala
835
Glu

Lys

His
850

val

<210> 6

<211> 2565
<212> DNA
<213>

<220>
<223> cDNA
<400> 6

atgccaggcg
cgcgcaggca
cggaggccgyg
gtgggcacac
tccagggcca
aagagtgcag
cagctcagag
gctgggtggce
gaggcagcct
gagttgagta
ggctctcaca
ggggaacgtg
agcccccagyg
tgtctctctc
gcaaggaaca
tccteccagtt
ggggatgccc
ctgctgagaa
caggaagatg
gaagacctgg
cttagcagtt
actcagcagg

Glu Ala

Gln Glu

Asp

Ala

Leu Glu
695

Axrg Gly

710

Leu
725
Lys

Asp

Asp
740
Leu Ile

Tyr Ile

Lys Leu

Glu

Arg

Pro

Leu

Leu

Gly Ala

Lys Thr
Leu
760
Ala

Ser

Ser
775

Tyr Leu

790

Glu
805
Thr

Asp

Glu
820
Gly Glu

Ala Gln

Asp

Leu

Arg

Leu Ile

Gln Ala

Ala
840

Glu

Ala

Artificial Sequence

encoding human Discl

ggggtcctca
gccgggattg
gctacatgag
tgttccggtt
gacagtgtgg
cagcccctac
gtggcaccag
agcaagagtt
gcagcgatgg
gcaacagctg
gtgcctttac
gagaagcaga
agatgggagc
agcccttcag
gctccaggec
ctctggatcc
actcttggga
accggaggca
cagttgagaa
aacaagagaa
tcctgggtca
ccagcggaga

gggcgcccca
cttaccacct
aagctcgaca
cccaggaggag
ccttgactcg
tgtgacctct
attgcctgac
tgcagccatg
agcaaggcgt
cagccctggce
ctcaagcttt
aggctgccca
caaagctgcc
tctettggcet
agagcgtgac
ctcactggct
caccctgctce
gatggaggta
tgatgattat
aatcagcctg
cctggcagca
tgacacccac

Ala
Ser
Ala
Pro
745
His
Glu
Glu
Gln
Met

825
Ala

Cys Arg
Ser
715
Pro

Leu

Pro
730
Leu Lys

Cys Ala

Leu Gly
Gln
795
Leu

Asp

Ser
810
Ile Leu

Ala Ser

gccgcecgecy
gcagcgtget
gggcctggga
gtgtctggeg
agaggcctct
gtgagaggaa
aggcttaget
gatagttctg
gtccgggcag
tgtggcecctg
agctttattce
ccatccagag
agcttggacg
acacgggtcect
atgcattctt
ggctgtggtg
aggaaatggg
atatccttaa
gataaagctg
cactttcaac
caagtccagg
accccactga

.9.

Leu Leu Ile
700
Val

Glu Asp

Ile Pro Pro
Glu
750

Glu

val Leu

Gly Gly
765
Glu Lys
780

Leu

Cys

His Thr

Arg Arg Glu
Gln
830

Thr

Gln Leu

Met
845

Cys

gcggcggcgg
ttcggaggcg
tcgggttect
aggagtccca
tggtccggag
cctcggecgca
ggccgtgtgg
agaccctgga
caggctctct
aggtcccccce
ggctctecget
aggctgagtc
ggcctcacga
ctgcagactt
taccagacat
gtgatgggag
agccagtgct
gattaaaact
agacgttaca
ttccttcaag
ctgccttgceg
gaatggagcc

PCT/US03/15741

Gln Cys

Glu Arg
720
Arg Leu
735
Glu Trp

Gln Lys

Glu Asp
Ile
800
Gln

Ala

Leu
815
Pro Ala

Ala Gly

cgtgagccac
gcggcetggea
ttccecagea
ccactcggag
ccctgtttcec
ctttgggatt
ccctgggagt
cgccagctgg
gccatcagca
aacccctcecet
tggctctgcecc
ccattgccag
ggacccgcga
ggcccaggcce
ggaccctggce
cagcggctca
gcgggactge
tcagaaactt
acaaagatta
gcagccagcet
ccgtggggcec
gaggctgttg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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gaacccactg
gaaaagcagc
gccaaagatc
ggctgcgacc
aaggccttge
gaaaccataa
actactaagg
attgaaaccc
ttctggacgg
ctggagggac
agtgttaaag
gaaacaagtg
agctgcaagt
cttatccagt
cagatggatg
aaaaggaaga
cactgtgctg
aagtgtgaag
cacagtcatg
actctgcagg
gcagcttcct

<210> 7
<211> 25
<212> DNA
<213>

<220>
<223>

<400> 7

ctcaggacag
agctacagaa
aacagctgag
tgaccccact
aggacaccct
ggagcctceca
tgtgtatgag
aactaccagc
ctaaagacct
tcctcagcaa
aagattacaa
tgaaggaaaa
gtccactgcet
gcctacagct
acttagaggyg
cccectttgaa
gaggtgaaca
acataggcaa
atgaagatct
ccatgatcct
gcatgacagc

cttgcacgtg
agaaatcgaa
aagggaaata
ggtgggccag
ggcctcagcecce
ggaaagaata
tgagaaattc
cttgcttgaa
caccgaggag
gctgttggtyg
cagactgaga
tactatgaag
tgggaaagtyg
ccaggaagcc
agctgctect
ggtattggaa
gaaagaggaa
gaagctattg
cattcagtct
gcagctccag
tggtgtccac

Artificial Sequence

Splice Acceptor Site

acactgtttt ctcttctctt ctcag

<210> 8
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 8

Splice Acceptor Site

atgtttcecct ttctcaccca cacag

<210> 9
<211> 25
<212> DNA
<213>

<220>
<223>

<400> 9

Artificial Sequence

Splice Acceptor Site

tgcttttace tctttgggtt tccag

tccatcacga
gctctccaag
gaggagcaag
ctgtcectgg
ggtcagattc
aaatccctca
tgcagcaccc
gccaaaatgce
attagatcat
ttgagttcca
agagaagtgg
tacatggaaa
tgggaagctg
aggggaagcc
cctattcccc
gaatggaaga
tcttacatcce
tacttggaag
ctcaggaggg
ccagcaaagyg
gaagcacaag

-10-

gacgagactg
caaggatgtt
agcagcaact
gtcagctgca
ccttcecatge
acttgtcact
tgaggaagaa
atgccatatc
taacatcaga
ggaatgtcaa
agcaccagga
cacttaagaa
acttggaagc
tgtctgtaga
ccaggctcca
ctcacctcat
tttctgcaga
atcaacttca
agctccagat
aggcgggaga
cctga

PCT/US03/15741

gcttcttcag
tgtgctggaa
ccagtggcag
ggaggtcagc
agagccaccg
taaagaaatc
agttaacgat
aggaaaccat
gagagaaggg
aaagctggga
gactgcctat
taaactgtgc
ttgtcgattyg
agatgagagg
ctccgaggat
ccecctetetg
acttggagaa
cacagcaatc
ggtgaaggaa
aagagaagct

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2565

25

25

25



WO 03/099995

<210> 10

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 10
accaatgcat gtctgttact tgaag

<210> 11

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 11
atctgttcce cctcectectete tgcag

<210> 12

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 12
caatgctcecct ttctaatttc tctag

<210> 13

<211> 25

<212> DNA

<213> Artificial Seguence

<220>
<223> Splice Acceptor Site

<400> 13
ttgattctge cgtttctect ggcag

<210> 14

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 14
tcctetetee cccactgtgt tgcag

PCT/US03/15741
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25

25

25

25
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<210> 15

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 15
tgctcacgtt gggtttttct tgcag

<210> 16

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 16
ccatgcctge cttectetgt cgtag

<210> 17

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 17
gacacatctc tcattctctg accag

<210> 18

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 18
ttgtgtgcte cttaacaatg tctac

<210> 19

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 19
ttttctttct ttctttttcc ttcag

PCT/US03/15741
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25

25

25

25
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<210> 20

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Acceptor Site

<400> 20
tgtcgcecgecec gccaccacca ccac

<210> 21

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 21
gtagggccecg gggttctgga ggagg

<210> 22

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 22
gtgtgtgtge ttctggaatc gggtc

<210> 23

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 23
gtgagtccaa agctgttcgt agaca

<210> 24

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 24
gtgagtaccc gtggatgcca ccaca

PCT/US03/15741
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25

25

25

25

-13-



WO 03/099995

<210> 25

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 25
gtgagtggaa tagaatcttc cagaa

<210> 26

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 26
gtactggtga ctttctgagt ttcca

<210> 27

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 27
gtaagcccac cctcctecca tttte

<210> 28

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 28
gtaactgcag aggcacttat attca

<210> 29

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 29
gtgagtagcc cccagccaaa gcctc

PCT/US03/15741
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25

25

25

25
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<210> 30

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 30
gtaagttgtg tgtgtgtgtg ggggg

<210> 31

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 31
gtttgtcectg tgtgtatgge tttgt

<210> 32

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 32
atatcctttt cagtctctcg ggaat

<210> 33

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 33
gtgagtgtgg agggggacgg gggag

<210> 34

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Splice Doner Site

<400> 34
tgtcgeccgec gccaccacca ccac

PCT/US03/15741
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25

25

25

24
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<210> 35

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 35
ttcatccaac tctecccttgg

<210> 36

<211> 19

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 36
gagagcttcg tcgtgactg

<210> 37

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 37
cattctggtt gcctgctget gce

<210> 38

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 38
acctgagcca agtctgccaa gc

<210> 39

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 39
ctgctgaagt tggagaaaag tgcg

PCT/US03/15741

20

19

22

22

24
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<210> 40

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 40
ggccatgtac agtcacgacg aag

<210> 41

<211> 23

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 41
gagctccaga cggtgaagga aac

<210> 42

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 42
ggattctcac atcgtttctg ¢

<210> 43

<211> 19

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 43
gagagcttcg tcgtgactg

<210> 44

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 44
gaaatggcca ctatacctgce
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23

23

21
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<210> 45

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 45
cggcagcagt ggttgtga

<210> 46

<211> 20

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 46
ccacatgctt tcaacgagtt

<210> 47

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 47
agagcaggta ccaggactga ¢

<210> 48

<211> 20

<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer

<400> 48
ttcatccaac tctcccttgg

<210> 49

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 49
gggcctgtct gagctagatg

- 18-
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18

20
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20
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

20

DNA

Artificial Sequence

Primer

50

agacttggct caggtgacga

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

<220>
<223>

<400>

51

19

DNA

Artificial Sequence

Primer

51

gcggttgete agtaggtag
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20

19
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