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OVARY-SPECIFIC GENES AND PROTEINS

[0001] This application is a continuation-in-part of U.S. Application 09/844,864,
which was filed on April 27, 2001, which is a continuation-in-part application of International
Application Number PCT/US99/25209 filed October 28, 1999, which is an international
application claiming priority to U.S. Provisional Application Number 60/106,020 filed October
28,1998.

BACKGROUND OF THE INVENTION

A, Field of the Invention
[0002] The present invention relates generally to ovary-specific genes and the

proteins they encode.

B. Description of Related Art

[0003] Reproductive development and function are complex processes involving
both genetically-determined and physiological events. Identification of the critical protein
products of genes involved in these processes is necessary to characterize how these processes
are regulated. Although important molecular events occur during the early phases of mammalian
oogenesis and folliculogenesis, to date, few “candidate” regulatory molecules have been
identified and characterized thoroughly. Several stﬁdies have suggested that both endocrine
factors, such luteinizing hormone (LH) and follicle stimulating hormone (FSH) from the
pituitary, as well as paracrine factors secreted from the oocyte influence folliculogenesis. FSH
and LH are known to bind to granulosa and thecal cells which in turn are required for oocyte
growth and maturation and maintenance of oocyte meiotic competence. Likewise, ooéytes may
secrete factors which are necessary for normal granulosa cell and thecal cell function. Because
oocyte growth is coordinated with the development and growth of the surrounding somatic cells
(i.e., granulosa cells initially and thecal cells later), understanding the molecular events at early
stages will give important clues about the paracrine factors mediating the reciprocal interactions
between oocytes and somatic cells, the development of competence for trophic hormone

stimulation, and the process of follicular recruitment.

[0004] Disruption of the hypothalamic-pituitary-gonadal reproductive axis by

administration of steroids containing synthetic estrogens and progestins has been one of the
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oldest methods of hormonal contraception. However, the latest report of the Institute of
Medicine emphasizes the importance of developing strategies for new contraceptives. According
to the report, some of the long-term contraceptive strategies for women include inhibition of
ovulation, prevention of fertilization, or blocking of implantation of a fertilized egg into the
uterine lining. Furthermore, infertility affects ~15% of couples, and in ~40% of the cases, the
female is believed to be the sole cause of the infertility. Thus, it is critical to identify novel

ovary-specific gene products which could be potential targets for new contraceptive agents.

[0005] One function of the ovary is to produce an oocyte that is fully capable of
supplying all the necessary proteins and factors for fertilization and early embryonic
development. Oocyte-derived mRNA and proteins are necessary for the removal of the sperm
nuclear envelope, the decondensation of the sperm nucleus (including the removal of
protamines), the assembly of histones on the sperm DNA and chromatin condensation, the
completion of oocyte meiotic maturation and extrusion of the second polar body, the formation
of male and female pronuclei, the fusion of male and female pronuclei, the replication of DNA,
and the initiation of zygote and early embryonic cleavages [reviewed in (Perreault, 1992)].
Oocyte-derived factors are necessary since the sperm contains mainly DNA (i.e., no cytoplasm
or nucleoplasm), and many of the factors necessary for early post-fertilization events in
mammals are acquired during oocyte meiotic maturation (McLay and Clarke, 1997). These
oocyte proteins are predicted to be highly conserved through evolution since oocytes can
efficiently remodel heterologous sperm or somatic cell nuclei into pronuclei (Perreault, 1992).
Although histones are involved in the modification of the sperm chromatin to resemble that of a
somatic cell, the other non-histone proteins involved in these processes are unknown in
mammals. In Xenopus laevis, a key factor in sperm decondensation is nucleoplasmin which was
isolated and cloned over a decade ago (Burglin et al, 1987; Dingwall et al., 1987). Sperm
chromatin decondensation occurs after a spermatotozoon enters an egg. In Xenopus laevis,
although reduction of the protamine disulfide bonds by ooplasmic glutathione is important,
nucleoplasmin (also called nucleoplasmin A or Xnpm?2) is necessary and sufficient to initiate the
decondensation of sperm nuclei (Philpott ef al., 1991). Nucleoplasmin, an acidic, thermostable
protein, is the most abundant protein in the nucleus of Xenopus laevis oocytes and eggs, making
up 7-10% of the total nuclear protein (Krohne and Franke, 1980a; Mills et al., 1980). After
germinal vesicle breakdown, nucleoplasmin [present in the egg nucleoplasm but not bound to

DNA (Mills et al., 1980)], is released into the ooplasm where it functions to bind protamines
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tightly and strip them from the sperm nucleus within 5 minutes of sperm entry, resulting in
sperm decondensation (Ohsumi and Katagiri, 1991; Philpott and Leno, 1992; Philpott et al.,
1991). This process allows egg histones to subsequently bind the sperm DNA. Immunodepletion
of nucleoplasmin from egg exiracts prevents sperm decondensation (Philpott e al., 1991). Direct
interaction of nucleoplasmin with protamine was observed in in vitro experiments, which suggest
that the nucleoplasmin is bound to protamine in a 1:1 ratio and that the polyglutamic acid tract in
nucleoplasmin plays a critical role for binding to protamine (Iwata et al., 1999). Interestingly,
injection of sperm DNA into oocyte nuclei, male or female pronuclei of fertilized eggs, or nuclei
of 2 cell embryos leads to sperm decondensation (Maeda et al, 1998), suggesting that
nucleoplasmin is functional at all of these stages. Nucleoplasmin can also interact with histones
as a pentamer (Earnshaw et al., 1980; Laskey et al., 1993). Nucleoplasmin binds specifically to
histones H2A and H2B and along with the proteins N1/N2 that bind histones H3 and H4, can
promote nucleosome assembly onto DNA (Dilworth et al., 1987; Laskey et al., 1993). Thus,
these observations suggest that during oogenesis and during oogenesis and at fertilization, the
oocyte-derived nucleoplasmin interacts with the female pronucleus and male pronucleus,
interacts with histones, and is required in some way for chromatin assembly. (Laskey et al.,
1993; Philpott et al, 1991). Although “ubiquitous” proteins with low homology to
nucleoplasmin have been cloned in mammals and Drosophila (Chan et al., 1989; Crevel et al.,
1997; Ito et al., 1996; MacArthur and Shackleford, 1997b; Schmidt-Zachmann and Franke,

1988), an oocyte-equivalent ortholog in mammals had not yet been identified.

[0006] The basic functional unit within the ovary is the follicle, which consists of
the oocyte and its surrounding somatic cells. Fertility in female mammals depends on the ability
of the ovaries to produce Graafian (pre-ovulatory) (pre-ovulatory) follicles, which ovulate
fertilizable oocytes at mid-cycle (Erickson and Shimasaki, 2000). This process, termed
folliculogenesis, requires a precise coordinate regulation between extraovarian and intraovarian
factors (Richards et al., 1995). Compared to the knowledge of extraovarian regulatory hormones
at the levels of the hypothalamus (i.e., GnRH) and anterior pituitary (i.e., FSH and LH), little is
known about paracrine and autocrine factors within the ovaries, though oocyte-somatic cell
communication has been long recognized as important (Falck, 1959). Accumulating evidence
shows that factors secreted by the oocyte promote the proliferation of surrounding granulosa
cells, and inhibit premature luteinization of these cells during folliculogenesis (El-Fouly et al.,

1970; Channing, 1970). Oocyte factors have been implicated in controlling granulosa cell
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synthesis of hyaluronic acid, urokinase plasminogen activator (uPA), LH receptor, steroidsand
prostaglandins and prostaglandins (El-Fouly et al., 1970; Nekola and Nalbandov, 1971; Salustri
et al., 1985; Vanderhyden et al., 1993; Eppig et al., 1997a,b).

[0007]  Several novel regulatory proteins have been recently discovered within
oocytes. Growth differentiation factor 9 (GDF-9 or Gdf9), a member of transforming growth
factor B (TGF-B) superfamily, is one of the most important signaling factors. Oocyte expression
of GDF-9 begins at the primary follicle stage, and persists through ovulation in the mouse
(McGrath et al., 1995; Elvin et al., 2000). Female Gdf9 knockout mice are infertile due to a
block of folliculogenesis at the type 3b (primary) follicle stage, accompanied by defects in
granulosa cell growth and differentiation, theca cell formation, and oocyte meiotic competence
(Dong et al.,, 1996; Carabatsos et al., 1998, Elvin et al, 1999A). Also, recombinant GDF-9
affects the expression of the genes encoding hyaluronan synthase 2 (Has2), cyclooxygenase 2
(Cox2), steroid acute regulatory protein (StAR), the prostaglandin E2 receptor EP2, pentaraxin 3,
LH receptor and uPA (Elvin et al., 1999B, Elvin et al., 2000).

[0008] To identify key proteins in the hypothalamic-pituitary-gonadal axis, several
important knockout mouse models have been generated, including four which have ovarian
defects. Mice lacking gonadal/pituitary peptide inhibin have secondary infertility due to the
onset of ovarian or testicular tumors which appear as early as 4 weeks of age (Matzuk, et al.,
1992). Mice lacking activin receptor type II‘ (dcvr2) survive to adulthood but display
reproductive defects. Male mice show reduced testes size and demonstrate delayed fertility
(Matzuk, et al. 1995). In contrast, female mice have a block in folliculogenesis at the early
antral follicle stage leading to infertility. Consistent with the known role of activins in FSH
homeostasis, both pituitary and serum FSH levels are dramatically reduced in these Acvr2
knockout mice. Female mice lacking FSH, due to a mutation in the FSHbeta gene, are infertile
(Kumar et al., 1997). However, these mice have an earlier block in folliculogenesis prior to
antral follicle formation. Thus, FSH is not required for formation of a multi-layer pre-antral
follicle, but it is required for progression to antral follicle formation. Finally, growth
differentiation factor 9(Gdf9) knockout mice have been used to determine at which stage in
follicular development GDF-9 is required (Dong et al., 1996). Within the ovary, expression of
Gdf9 mRNA is limited to the oocyte and is seen at the early one-layer primary follicle stage and

persists through ovulation. Absence of GDF-9 results in ovaries that fail to demonstrate any
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normal follicles beyond the primary follicle stage. Although oocytes surrounded by a single
layer of granulosa cells are present and appear normal histologically, no normal two-layered
follicles are present. Follicles beyond the one-layer stage are abnormal, contain atypical
granulosa cells, and display asymmetric growth of these cells. Furthermore, as determined by
light and electron microscopy, a thecal cell layer does not form in these Gdf9 knockout ovaries
(Dong et al., 1996; Elvin et al., 1999). Thus, in contrast to kit ligand and other growth factors
which are synthesized by the somatic cells and influence oocyte growth, GDF-9 functions in the

reciprocal manner as an oocyte-derived growth factor which is required for somatic cell function.
BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides three ovary-specific and oocyte-specific
polynucleotide  sequences, 0O1-180 (SEQ.ID.NO.1, SEQ.ID.NO.11, SEQ.ID.NO.12,
SEQ.ID.NO.13), 01-184 (SEQ.ID.NO.3) and O1-236 (SEQ.ID.NO.5, SEQ.ID.NO.7,
SEQ.ID.NO.8; SEQ.ID.NO.10, and SEQ.ID.NO.14), the protein products they encode,
fragments and derivatives thereof, and antibodies which are immunoreactive with these protein
products. These genes and their protein products appear to relate to various cell proliferative or
degenerative disorders, especially those involving ovarian tumors, such as germ cell tumors and

granulosa cell tumors, or infertility, such as premature ovarian failure.

[0010] Thus, in one embodiment, the invention provides methods for detecting cell
proliferative or degenerative disorders of ovarian origin and which are associated with O1-180,
01-184 or 01-236. In another embodiment, the invention provides method of treating cell
proliferative or degenerative disorders associated with abnormal levels of expression of O1-180,

01-184 or O1-236, by suppressing or enhancing their respective activities.

[0011] In a specific embodiments, the present invention provides a pharmaceutical
composition comprising a modulator of O1-180, O1-184 and/or O1-236 expression dispersed in
a pharmaceutically acceptable carrier. The modulator may suﬁpress or enhance transcription of
an O1-180, O1-184 and/or O1-236 gene. The modulator may be a polypeptide sequence, a
protein, a small molecule, or a polynucleotide sequence. Specifically, the polynucleotide
sequence is DNA or RNA. In further embodiments, the polynucleotide sequence is comprised in

an expression vector operatively linked to a promoter.
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[0012] A further embodiment of the present invention is a pharmaceutical
composition comprising a modulator of 01-180, 01-184 and/or O1-236 activity dispersed in a
pharmaceutically acceptable carrier. The composition may inhibit or stimulate O1-180, O1-184
and/or 01-236 activity. The composition may be a protein, polypeptide sequence, small

molecule, or polynucleotide sequence.

[0013] Another embodiment of the present invention is a method of modulating
contraception comprising administering to an animal an effective amount of a modulator of O1-
180, O1-184 and/or O1-236 activity dispersed in a pharmacologically acceptable carrier, wherein

said amount is capable of decreasing conception. The animal may be a male or a female.

[0014] A further embodiment is a method of enhancing fertility comprising
administering to an animal an effective amount of a modulator of O1-180, O1-184 and/or O1-
236 activity dispersed in a pharmacologically acceptable carrier, wherein said amount is capable

of increasing conception.

[0015] Yet further, another embodiment is a method of screening for a modulator
of 01-180, 01-184 and/or O1-236 activity comprising the steps of: providing a cell expressing
an 01-180, O1-184 and/or O1-236 polypeptide; contacting said cell with a candidate modulator;
measuring 01-180, O1-184 and/or O1-236 expression; and comparing the O1-180, O1-184
and/or O1-236 expression in the presence of the candidate modulator with the expression of O1-
180, O1-184 and/or O1-236 expression in the absence of the candidate modulator; wherein a
difference in the expression of 01-180, O1-184 and/or O1-236 in the presence of the candidate
modulator, as compared with the expression of O1-180, O1-184 and/or O1-236 in the absence of
the candidate modulator, identifies the candidate modulator as a modulator of O1-180, O1-184

and/or Q1-236 expression.

[0016] A specific embodiment of the present invention is a method of identifying
compounds that modulate the activity of O1-180, O1-184 and/or O1-236 comprising the steps of
obtaining an isolated O1-180, O1-184 and/or O1-236 polypeptide or functional equivalent
thereof; admixing the O1-180, O1-184 and/or O1-236 polypeptide or functional equivalent
thereof with a candidate compound; and measuring an effect of said candidate compound on the

activity of 01-180, O1-184 and/or O1-236.
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[0017] Another embodiment is method of screening for a compound which
modulates the activity of 01-180, O1-184 and/or O1-236 comprising exposing O1-180, 01-184
and/or O1-236 or a 01-180, O1-184 and/or O1-236 binding fragment thereof to a candidate
compound; and determining whether said compound binds to 01-180, O1-184 and/or 01-236 or
the 01-180, O1-184 and/or O1-236 binding partner thereof; and further determining whether

said compound modulates O1-180 or the O1-180 interaction with a binding partner.

[0018] Yet further, another embodiment is a method of screening for an interactive
compound which binds with O1-180, O1-184 and/or O1-236 comprising exposing a 01-180, O1-
184 and/or O1-236 protein, or a fragment thereof to a compound; and determining whether said
compound bound to the O1-180, O1-184 and/or O1-236.

[0019] Another embodiment is a method of identifying a compound that effects
01-180, O1-184 and/or O1-236 activity comprising providing a group of transgenic animals
having (1) a regulatable one or more O1-180, O1-184 and/or O1-236 protein genes, (2) a knock-
out of one or more O1-180, O1-184 and/or O1-236 protein genes, or (3) a knock-in of one or
more 01-180, O1-184 and/or O1-236 protein genes; providing a second group of control animals
respectively for the group of transgenic animals; and exposing the transgenic animal group and
control animal group to a potential 01-180, O1-184 and/or O1-236-modulating compounds; and
comparing the transgenic animal group and the control animal group and determining the effect
of the compound on one or more proteins related to infertility or fertility in the transgenic

animals as compared to the control animals.

[0020] In specific embodiments, the present invention provides a method of
detecting a binding interaction of a first peptide and a second peptide of a peptide binding pair,
comprising culturing at least one eukaryotic cell under conditions suitable to detect the selected
phenotype; wherein the cell comprises; a nucleotide sequence encoding a first heterologous
fusion protein comprising the first peptide or a segment thereof joined to a transcriptional
activation protein DNA binding domain; a nucleotide sequence encoding a second heterologous
fusion protein comprising the second peptide or a segment thereof joined to a transcriptional
activation protein transcriptional activation domain; wherein binding of the first peptide or
segment thereof and the second peptide or segment thereof reconstitutes a transcriptional
activation protein; and a reporter element activated under positive transcriptional control of the

reconstituted transcriptional activation protein, wherein expression of the reporter element
7
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produces a selected phenotype; detecting the binding interaction of the peptide binding pair by
determining the level of the expression of the reporter element which produces the selected
phenotype; wherein said first or second peptide is an O1-180, O1-184 and/or O1-236 peptide and
the other peptide is a test peptide, preferably selected peptides/proteins present in a reproductive
tissue. In specific embodiments the reproductive tissue is an ovary or testis. Other reproductive
tissues may also include the uterus, vagina, oviduct, cerivx, gonads, vas deferens, prostate,

seminal vesicles and epididymis.

[0021] A further embodiment is a rescue screen for detecting the binding
interaction of a first peptide and a second peptide of a peptide binding pair, comprising: culturing
at least oﬁe eukaryotic cell under conditions to detect a selected phenotype or the absence of such
phenotype, wherein the cell comprises; a nucleotide sequence encoding a first heterologous
fusion protein comprising the first peptide or a segment thereof joined to a DNA binding domain
of a transcriptional activation protein; a nucleotide sequence encoding a second heterologous
fusion protein comprising the second peptide or a segment thereof joined to a transcriptional
activation domain of a transcriptional activation protein; wherein binding of the first peptide or
segment thereof and the second peptide or segment thereof reconstitutes a transcriptional
activation protein; and a reporter element activated under positive transcriptional control of the
reconstituted transcriptional activation protein, wherein expression of the reporter element
prevents exhibition of a selected phenotype; detecting the ability of the test peptide to interact
with 01-180, O1-184 and/or O1-236 by determining whether the test peptide affects the
expression of the reporter element which prevents exhibition of the selected phenotype, wherein
said first or second peptide is an 01-180, O1-184 and/or O1-236 peptide and the other peptide is
a test peptide, preferably selected peptides/proteins present in a reproductive tissue. In specific

embodiments, the reproductive tissue is an ovary or testis.

[0022] Yet further, another embodiment is a method of identifying binding partners
for 01-180, 01-184 and/or O1-236 comprising the steps of: exposing the protein to a potential
binding partner; and determining if the potential binding partner binds to 01-180, O1-184 and/or
01-236.

[0023] The present invention provides key in vitro and in vivo reagents for
studying ovarian development and function. The possible applications of these reagents are far-

reaching, and are expected to range from use as tools in the study of development to therapeutic
8
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reagents against cancer. The major application of these novel ovarian gene products is to us
them as reagents to evaluate potential contraceptives to block ovulation in women in a reversible
or irreversible manner. It will also be expected that these novel ovarian gene products will be
useful to screen for genetic mutations in components of these signaling pathways that are
associated with some forms of human infertility or gynecological cancers or other cancers
associated with reproductive tissues. In addition, depending on the phenotypes of humans with
mutations in these genes or signaling pathways, the inventors may consider using these novel
ovarian gene products as reagent tools to generate a number of mutant mice for the further study
of oogenesis, folliculogenesis, and/or early embryogenesis as maternal effect genes. Such
knockout mouse models will provide key insights into the roles of these gene products in human
female reproduction and permit the use of these gene products as practical reagents for

evaluation of new contraceptives.

[0024] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will be
described hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth
in the appended claims. The novel features which are believed to be characteristic of the
invention, both as to its organization and method of operation, together with further objects and
advantages will be better understood from the following description when considered in
connection with the accompanying figures. It is to be expressly understood, however, that each
of the figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a more complete understanding of the present invention, reference is

now made to the following descriptions taken in conjunction with the accompanying drawings.
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[0026] FIGURE 1. Multi-tissue Northern blot analysis of ovary-specific genes.
Northern blot analysis was performed on total RNA using O1-180, O1-184, and O1-236 probes.
These gene products demonstrate an ovary-specific pattern (OV, ovary; WT, wild-type; -/-, Gdf9
knockout) as shown. The migration positions of 18S and 28S ribosomal RNA are indicated. All
lanes had approximately equal loading as demonstrated using an 18S rRNA cDNA probe. Br,
brain; Lu, lung; He, heart; St, stomach; Sp, spleen; Li, liver; Si, small intestine; Ki, kidney; Te,

testes, Ut, uterus.

[0027] FIGURES 2A-2F. In situ hybridization analysis of ovary-specific genes in
mouse ovaries. In situ hybridization was performed using anti-sense probes to O1-180 (Figures
2A-2B), 01-184 (Figures 2C-2D) and O1-236 (Figures 2E-2F). Figures 2A, 2C, and 2E are
brightfield analysis of the ovaries. Figures 2B, 2D, and 2F are darkfield analysis of the same
ovary sections. All genes demonstrate specific expression in the oocyte beginning at the one
layer primary follicle stage (small arrows) and continuing through the antral follicle stage (large

arows).

[0028] FIGURES 3A and 3B. In situ hybridization analysis of 01-236 in mouse
ovaries. In situ hybridization was performed using probe 01-236 (partial Npm2 cDNA
fragment). Brightfield analysis (Figure 3A) and darkfield analysis (Figure 3B) of the 01-236
mRNA in the same adult ovary sections. The probe demonstrates specific expression in all
growing oocytes. QOocyte-specific expression is first seen in the early one layer primary follicle
(type 3a), with higher expression in the one layer type 3b follicle and all subsequent stages

including antral (an) follicles.

[0029] FIGURE 4. Npm2 cDNA representation. Schematic representation of the
mouse Npm2 cDNA sequence (984 bp) and two of the clones isolated from the mouse ovary
cDNA libraries. The original 01-236 probe (749 bp) is shown at the top and encompasses the
entire Npm2 open reading frame. The open reading frame (solid box) is 621 bp and the 5' UTR
and 3' UTR sequences (thin lines) are 155 bp and 205 bp, respectively. The polyA sequences are
not depicted. Clone 236-1 (Npm2) was isolated from the wild-type ovary cDNA library and
clone 236-3 was isolated from the Gdf9 knockout ovary cDNA library. Clone 236-3 (984 bp
excluding polyA sequence) is 4 bp longer at the 5' end and 1 bp longer at the 3' end than clone
236-1 (979 bp excluding polyA sequences). |

10
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[0030] FIGURE 5. Amino acid sequence conservation among Xenopus laevis
(SEQ.ID.NO.15), mouse (SEQ.ID. NO.6), and human (SEQ.ID.NO.9) NPM2 proteins. Using the
NCBI blast search tools and Megalign software, comparison of mouse (m), human (h), and
Xenopus laevis NPM2 amino acid sequences reveals high identity (amino acids highlighted in
blue). Spaces between the amino acids indicate gaps to aid in the alignment. Also identified are
the conserved bipartite nuclear localization signal (red), the highly acidic histone and protamine
binding region (red), and several conserved casein kinase II (CK2) and protein kinase C (PKC)
phosphorylation sites (underlined and marked with “CK” or “PKC”). Other predicted

phosphorylation sites in the nucleoplasmins, which are not conserved, are not shown.

[0031] FIGURE 6A and FIGURE 6B. Structure of the mouse Npm2 gene (Figure
6A). Two overlapping recombinant lambda clones (236-13 and 236-14), isolated from a mouse
129/SvEv library, are shown at the top, and a schematic enlargement of the Npm2 gene is also
depicted. Open boxes represent untranslated regions and solid black boxes represent protein
coding regions. The 236-13 insert is ~19.0 kb and 236-14 insert is ~21.0 kb. The entire contig is
~37 kb. All 9 exons of the Npm?2 gene are encompassed on a single 6.9 kb Xbal (X) fragment as
shown. The size of exons and introns are shown at the bottom. Abbreviations: B, BamH]1; (B),
predicted but unmapped BamH]1; (N), Notl from phage cloning site. Figure 6B shows the
structure of the human Npm2 gene.

[0032] FIGURES 7A and 7B. Mouse Npm?2 gene (SEQ ID NO: 7) and amino acid
sequences (SEQ.ID.NO.6). Uppercase letters represent sequence identity with the Npm2 cDNA
sequences; non-transcribed 5' and 3' sequences and intron sequences are shown in lowercase.
The predicted transcription initiation codon, the termination codon, and the polyadenylation
signal sequence are all underlined. Numbers along the left side represent the amino acids. The
underlined and bolded “T” in codon 36, the bolded “c” for amino a;:id 26, and the underlined and
bolded “C: in the 3’ UTR sequence indicate differences between the cDNA and gene sequences.
Arrows indicate where the O1-236 fragment initiates and ends in the cDNA sequence.

[0033] FIGURE 8. Chromosomal localization of the mouse Ni)m2 gene. (Top)
Map figure from the T31 radiation hybrid database at The Jackson Laboratory showing
Chromosome 14 data. The map is depicted with the centromere toward the top. Distances
between adjacent loci in centiRay3000 are shown to the left of the chromosome bar. The

positions of some of the chromosome 14 MIT markers are shown on the right. The mouse Npm2
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gene is positioned between D14Mit203 and D14Mit32. Missing typings were inferred from
surrounding data where assignment was unambiguous. (Bottom) Haplotype figure from the T31
radiation hybrid database at The Jackson Laboratory showing part of Chromosome 14 with loci
linked to Npm2. Loci are listed in the best fit order with the most proximal at the top. The black
boxes represent hybrid cell lines scoring positive for the mouse fragment and the white boxes
represent cell lines scoring as negative. The grey box indicates an untyped or ambiguous line.
The number of lines with each haplotype is given at the bottom of each column of boxes.

Missing typings were inferred from surrounding data where assignment was unambiguous.

[0034] FIGURES 9A-9H. Analysis of Npm2 mRNA and NPM2 protein in
mouse ovaries and early embryos. In situ hybridization was performed using probe O1-236
(partial Npm2 cDNA fragment). Brightfield analysis (Figure 9A) and darkfield analysis (Figure
9B) of the O1-236 mRNA in the same adult ovary sections. (Figure 9C) Immunohistochemistry
of ovaries from a 5-week old mouse stained for NPM2 in the nuclei (bright red) of oocytes from
type 3 (arrow) to antral follicles. (Figure 9D) In preovulatory GVB oocytes induced by
luteinizing hormone (hCG), NPM2 is evenly stained in the cytoplasm (arrow). An LH (hCG)
unresponsive preantral follicle (upper right) continues to demonstrate an oocyte with NPM2
protein localized to the nucleus. (Figure 9E) After fertilization, NPM2 begins to localize in the
pronuclei; the formation of one pronucleus (arrow), is in the process of forming and some of
NPM2 staining continues to be present in the cytoplasm of this early one cell embryo. (Figure
9F) The pronuclei stain strongly in an advanced one cell embryo where very little NPM2 remains
in the cytoplasm. NPM2 antibodies also specifically stain the nuclei of two cell (Figure 9G) and
eight cell (FIGURE 9H) embryos.

[0035] FIGURES 10A-10C. Gene targeting construct for a knockout of Npm2
and genotype analysis of offspring from heterozygote intercrosses. (Figure 10A) The targeting
strategy used to delete exon 2, exon 3, and the junction region of exon 4. PGK-hprt and MC1-tk
expression cassettes are shown. Recombination were detected by Southern blot analysis using 5’
and 3’ probes. (B, BamH]1; Bg, Bgl II; P, Pst I). (Figure 10B) Southern blot analysis of genomic
DNA isolated from mice generated from intercrosses of Npm2*” mice. The 3’ probe identifies
the wild-type 7.5-kb band and the mutant 10.3-kb band when DNA was digested with Bgl II.
(Figure 10C) When DNA was digested with Pst 1, the exon 2 probe against only detected the
wild-type 4.5-kb fragment.
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[0036] FIGURES 11A-11F. Histological analysis of ovaries from wild-type,
Npm2*", and Nme'/' mice. (Figure 11A-11D) Immunohistochemistry of ovaries from 6-week
old mice stained for Npm2 in the nuclei of oocytes (Figure 11A and Figure 11C for Npm2™”
ovaries; FIGUE 11B and FIGURE 11D for Nme'/' ovaries). (Figure 11E-11F) PAS (Periodic
acid Schiff)/hematoxylin staining of ovaries from 12 week old mice wild-type (Figure 11E) and
Npm2™” (Figure 11F) ovaries. Arrows show large antral follicles; “CL” denote corpora lutea.

[0037] FIGURES 12A-12D. In vitro culture of eggs and fluorescent-labeling of
DNA from fertilized eggs from Npm2” and control mice. Eggs were isolated from the oviducts
of immature mice after superovulation and cultured in vitro. Pictures were taken under a
microscope at 24 and 48 hours of culture. (Figures 12A, 12C) Most of the eggs from wild-type
mice divided to form two cell embryos by 24 h; some of two cell embryos progressed to the four
cell stage after 48 h of culture. (Figures 12B, 12D) Very few eggs from Nme'/ " mice cleaved
into two cell embryos; no four cell embryos were detected after 48 hours of culture. Some

developmentally abnormal or apparently apoptosed embryos from Npm2” mice were detected.

[0038] FIGURES 13A-13F. Localization of O1-180 in mouse ovaries.
Expression of 01-180 in PMSG-treated wild-type (Figures 13A and 13B) and Gdf9 knockout
(Figures 13C-13F) ovaries was analyzed by in situ hybridization with a specific antisense probe.
The expression of O1-180 gene was detectable at early primary follicle stage (type 3a) through
ovulatory follicle stage, but not in primordial follicles in wild-type ovaries. In Gdf9 knockout
ovaries, the follicle numbers was increased per unit volume due to the arrest of follicle
development at primary follicle stage, more O1-180 positive signal were detected in each
section. Figures 13A, 13C and 13E, brightfield analysis of the ovaries; Figures 13B, 13D and
13F, corresponding darkfield analysis of the same ovary sections. Figures 13E and 13F were

high power magnification of the same sections shown in Figures 13C and 13D.

[0039] FIGURE 14. Structure of the O1-180 (SEQ.ID.NO.11) gene and O1-180
(SEQ.ID.NO.12) pseudogene. Diagrams representing the O1-180 pseudogene and the O1-180
gene are shown at the top along with unique restriction endonucleases sites which were
important in constructing the linear map shown at the bottom. Exons and introns are drawn to
scale. Boxes denote exons, hatched regions denote protein coding portions and the solid regions
~ denote the untranslated portions. Lines connecting boxes denote introns. O1-180ps: 01-180

pseudogene; O1-180: O1-180 gene; B: BamHI; S: Sall; X: Xhol;
13
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[0040] FIGURES 15A and 15B. Comparison of O1-180 gene and O1-180
pseudogene. Sequences of exons, exon-intron boundaries and the size of each intron are shown.
Different nucleotides between the two genes and consensus polyadenylation sequence are
underlined. The translation start codon and stop codon are shown in bold. Upper case: exon

sequences; lower case: intron sequences.

[0041] FIGURE 16. Maps of mouse chromosome 5, showing the position in
centiMorgan (cM) of the marker best linked to O1-180 gene (A) and its related pseudogene (B)

(data and maps generated at the Jackson Laboratory Bioinformatics Server).

[0042] FIGURE 17. Gene targeting constructs for O1-180. The targeting strategy

used to delete exon 1. PGK-hprt and MC1-tk expression cassettes are shown.

[0043] FIGURE 18. Northern blot analysis of O1-180 mRNA expression in

multiple tissues.
[0044] FIGURE 19. Western blot analysis of recombinant O1-180.

[0045] FIGURES 20A-20F. Immunostaning of O1-180 in mouse ovaries. Anti-
01-180 polyclonal antibodies (made in goats) were used for IHC to detect the expression of O1-
180 in mouse ovary sections. Figures 20A-Figure 20D are wild-type ovaries; Figure 20E-Figure
20F are Gdf9 knockout ovaries. Figure 20b is a negative control with normal goat serum. The
01-180 protein was localized specifically to the cytoplasm of mouse oocytes and zygotes but

disappears after this point. Staining indicates the location of the O1-180 protein.

[0046] FIGURES 21A AND 21B. In vitro culture of O1-190 mouse embryos.
FIGURE 21A shows embryos cultured from O1-180" mice and Figure 21B shows embryos
cultred from 01-1807 mice. On the third day of in vitro culture in M16 medium, most control
embryos progressed to the morula or blastocyst stage, while zygotes in O1-180 knockout mice

still remained at the one-cell or two-cell stage.

[0047] FIGURE 22. This figure shows a comparison of the human and mouse

01-180 proteins. The differences are underlined. The proteins have a similarity of 91.3%.
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DETAILED DESCRIPTION OF THE INVENTION

[0048] It is readily apparent to one skilled in the art that various embodiments and
modifications can be made to the invention disclosed in this Application without departing from

the scope and spirit of the invention.

[0049] As used herein, the use of the word “a” or “an” when used in conjunction
with the term “comprising” in the sentences and/or the specification may mean “one,” but it is

2% <6

also consistent with the meaning of “one or more,” “at least one,” and “one or more than one.”

[0050] As used herein, the term “animal” refers to a mammal, such as human, non-
human primates, horse, cow, elephant, cat, dog, rat or mouse. In specific embodiments, the

animal is a human.

[0051]  As used herein, the term "antibody" is intended to refer broadly to any
immunologic binding agent such as IgG, IgM, IgA, IgD and IgE. Generally, IgG and/or IgM are
preferred because they are the most common antibodies in the physiological situation and
because they are most easily made in a laboratory setting. Thus, one of skill in the art
understands that the term "antibody" refers to any antibody-like molecule that has an antigen
binding region, and includes antibody fragments such as Fab', Fab, F(ab'),, single domain
antibodies (DABs), Fv, scFv (single chain Fv), and the like. The techniques for preparing and
using various antibody-based constructs and fragments are well known in the art. (See, e.g.,

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988).

[0052] As used herein, the term “binding protein” refers to proteins that
demonstrate binding affinity for a specific ligand. Binding proteins may be produced from
separate and distinct genes. For a given ligand, the binding proteins that are produced from
specific genes are distinct from the ligand binding domain of the receptor.sub.r or its soluble

receptor

[0053] As used herein, the term “conception” refers to the union of the male sperm

and the ovum of the female; fertilization.

[0054) As used herein, the term “contraception” refers to the prevention or

blocking of conception. A contraceptive device, thus, refers to any process, device, or method
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that prevents conception. Well known categories of contraceptives include, steroids, chemical
barrier, physical barrier; combinations of chemical and physical barriers; use of
immunocontraceptive methods by giving either antibodies to the reproductive antigen of interest
or by developing a natural immune response to the administered reproductive antigen; abstinence
and permanent surgical procedureé. Contraceptives can be administered to either males or

females.
[0055] As used herein, the term “DNA” is defined as deoxyribonucleic acid.

[0056] As used herein, the term "DNA segment" refers to a DNA molecule that has
been isolated free of total genomic DNA of a particular species. Included within the term "DNA
segment" are DNA segments and smaller fragments of such segments, and also recombinant

vectors, including, for example, plasmids, cosmids, phage, viruses, and the like.

[0057] As used herein, the term “expression construct” or “transgene” is defined as
any type of genetic construct containing a nucleic acid coding for gene products in which part or
all of the nucleic acid encoding sequence is capable of being transcribed can be inserted into the
vector. The transcript is translated into a protein, but it need not be. In certain embodiments,
expression includes both transcription of a gene and translation of mRNA into a gene product.
In other embodiments, expression only includes transcription of the nucleic acid encoding genes
of interest. In the present invention, the term “therapeutic construct” may also be used to refer to
the expression construct or transgene. One skilled in the art realizes that the present invention
utilizes the expression construct or transgene as a therapy to treat infertility. Yet further, the
present invention utilizes the expression construct or transgene as a “prophylactic construct” for

contraception. Thus, the “prophylactic construct” is a contraceptive.

[0058] As used herein, the term “expression vector” refers to a vector containing a
nucleic acid sequence coding for at least part of a gene product capable of being transcribed. In
some cases, RNA molecules are then translated into a protein, polypeptide, or peptide. In other
cases, these sequences are not translated, for example, in the production of antisense molecules
or ribozymes. Expression vectors can contain a variety of control sequences, which refer to
nucleic acid sequences necessary for the transcription and possibly translation of an operatively

linked coding sequence in a particular host organism. In addition to control sequences that
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govern transcription and translation, vectors and expression vectors may contain nucleic acid

sequences that serve other functions as well and are described infra.

[0059] As used herein, the term "gene" is used for simplicity to refer to a functional
protein, polypeptide or peptide encoding unit. This functional term includes both genomic
sequences, cDNA sequences and engineered segments that express, or may be adapted to
express, proteins, polypeptides, domains, peptides, fusion proteins and mutant. Thus, one of skill
in the art is aware that the term “native gene” refers to a gene as found in nature with its own
regulatory sequences and the term “chimetic gene” refers to any gene that is not a native gene,
comprising regulatory and coding sequences that are not found together in nature. Accordingly,
a chimeric gene may comprise regulatory sequences and coding sequences that are derived from
different sources, or regulatory sequences and coding sequences that are derived from the same

source, but arranged in a manner different than that found in nature.

[0060] As used herein, the term “fertility” refers to the quality of being productive

or able to conceive. Fertility relates to both male and female animals.

[0061] The term “hyperproliferative disease” is defined as a disease that results
from a hyperproliferation of cells. Hyperproliferative disease is further defined as cancer. The
hyperproliferation of cells results in unregulated growth, lack of differentiation, local tissue
invasion, and metastasis. Exemplary hyperproliferative diseases include, but are not limited to
cancer or autoimmune diseases. Other hyperproliferative diseases can include vascular

occlusion, restenosis, atherosclerosis, or inflammatory bowel disease.

[0062] As used herein, the term “infertility” refers to the inability or diminished
ability to conceive or produce offspring. Infertility can be present in either male or female. In
the present invention, administration of a composition to enhance infertility or decrease fertility

is reversible.
[0063] Asused herin, the terms “O1-180” and “Oo1” are interchangeable.

[0064] As used herein, ther terms “01-236”, Npm2” or ‘“NPM2” are

interchangeable.
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[0065] As used herein, the term “peptide binding pair” refers to any pair of
peptides having a known binding affinity for which the DNA sequence is known or can be
deduced. The peptides of the peptide binding pair must exhibit preferential binding for each

other over any other components of the modified cell.

[0066] As used herein, "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and agents for pharmaceutically active
substances is well know in the art. Except insofar as any conventional media or agent is
incompatible with the vectors or cells of the present invention, its use in therapeutic and/or
prophylactic compositions is contemplated. Supplementary active ingredients also can be

incorporated into the compositions.

[0067] As used herein, the term “polynucleotide” is defined as a chain of
nucleotides. Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids and
polynucleotides as used herein are interchangeable. One skilled in the art has the general
knowledge that nucleic acids are polynucleotides, which can be hydrolyzed into the monomeric
“nucleotides.” The monomeric nucleotides can be hydrolyzed into nucleosides. As used herein
polynucleotides include, but are not limited to, all nucleic acid sequences which are obtained by
any means available in the art, including, without limitation, recombinant means, i.e., the cloning
of nucleic acid sequences from a recombinant library or a cell genome, using ordinary cloning
technology and PCR™, and the like, and by synthetic means. Furthermore, one skilled in the art
is cognizant that polynucleotides include mutations of the polynucleotides, include but are not

limited to, mutation of the nucleotides, or nucleosides by methods well known in the art.

[0068] As used herein, the term “polypeptide” is defined as a chain of amino acid
residues, usually having a defined sequence. As used herein the term polypeptide is

interchangeable with the terms “peptides” and “proteins”.

[0069] As used herein, the term "promoter" is defined as a DNA sequence
recognized by the synthetic machinery of the cell, or introduced synthetic machinery, required to

initiate the specific transcription of a gene.
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[0070] As used herein, the term "purified protein or peptide", is intended to refer to
a composition, isolatable from other components, wherein the protein or peptide is purified to
any degree relative to its naturally-obtainable state. A purified protein or peptide therefore also

refers to a protein or peptide, free from the environment in which it may naturally occur.
[0071] As used herein, the term “RNA” is defined as ribonucleic acid.

[0072] As used herein, the term “RNA interference” or “iRNA” is an RNA

molecule that is used to inhibit a particular gene of interest.

[0073]  As used herein, the term "under transcriptional control" or “operatively
linked” is defined as the promoter is in the correct location and orientation in relation to the

nucleic acid to control RNA polymerase initiation and expression of the gene.

[0074] In an effort to identify other novel ovarian-expressed genes that may play
key functions in ovarian physiology, fertilization and early cleavage events, the inventors have
used a subtractive hybridization approach. Several novel oocyte-expressed genes have been
identified by the inventors which are important in regulating oogenesis, folliculogenesis,
fertilization, and/or early embryogenesis. One of these oocyte-specific gene products,
nucleoplasmin 2 (01-236 or NPM2), is the mammalian ortholog of Xenopus laevis
nucleoplasmin (xXNPM2)(Burglin et al., 1987; Dingwall et al., 1987). The 207 amino acid open
reading frame of NMP2 demonstrated high homology to the family of proteins called
nucleoplasmins or nucleophosmins (nomenclature designation = species). NPM2 human gene,
Npm2 mouse gene, and Xnpm2 Xenopus gene; NPM2 = protein in all species). Human
nucleophosmingene gene (NPMI also called NO38; accession # M23613) maps to human
chromosome 5q35, encodes a 294 amino acid protein, and has orthologs in mouse (Npm!, also
called B23, accession # Q61937) and Xenopus laevis (Xnpml or N038 accession # X05496).
Mouse nucleoplasmin/nucleophosmin homolog Npm3, which has been mapped to mouse
chromosome 19, encodes a protein of 175 amino acids [accession # U64450, (MacArthur and
Shackleford, 1997a)], and there is an apparent human NPM3 homolog gene (accession #
AF081280). In contrast to Npm2, the genes Npm1 and Npm3 are ubiquitously expressed, and the
structure of the mouse Npm2 gene is considerably divergent compared to the mouse Npm3 gene
(MacArthur and Shackleford, 1997a).
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[0075] The Npm2 cDNA sequences have been used by the inventors to obtain the
mouse Npm2 gene and the human NPM2 cDNA and gene and also map these genes. Mice
lacking Npm2 have defects in fertility due to abnormalities in early post-fertilization cleavage
events. The discovery of the mammalian homolog of the most abundant nuclear protein in
Xenopus laevis oocytes and eggs (Krohne and Franke, 1980a; Mills et al., 1980) is important for
a clear understanding of oogenesis, fertilization, and post-fertilization development in mammals
and possibly also to define further oocyte factors which are necessary in mammalian cloning

experiments.

[0076] Likewise, several studies have shown that phosphorylation of
nucleoplasmin influences its function. Comparison of the forms of nucleoplasmin from the
oocyte (i.e., in the ovary) versus egg (i.e., after ovulation and ready for fertilization) demonstrate
dramatic differences in the level of phosphorylation. Xenopus laevis egg nucleoplasmin is
substantially larger than the oocyte form, migrating ~15,000 daltons larger on SDS-PAGE due to
phosphorylation differences (Sealy et al, 1986). Nucleoplasmin has ~20 phosphate
groups/protein in the egg compared to <10 phosphate groups/proteins in the oocyte, and an egg
kinase preparation can modify the oocyte nucleoplasmin so it resembles the egg form (Cotten et
al., 1986). Functionally, this hyperphosphorylation of nucleoplasmin stimulates its nuclear
transport (Vancurova et al., 1995) and also results in a more active form, leading to increased
nucleosome assembly (Sealy et al., 1986) and sperm decondensation (Leno et al, 1996). A
hyperphosphorylated form of nucleoplasmin is also present during the early stages of Xenopus
laevis embryogenesis where it is believed to play some function during the rapid cell cycles and
DNA replication (Burglin ef al., 1987). The high percentage of serine and threonine residues in
frog and mammalian NPM2 suggest a similar role of phosphorylation of mammalian
nucleoplasmin 2 in mammalian eggs. Phosphorylation could act to regulate when NPM2 acts,
making it inactive until the critical time (i.e., histon addition to maile and femal pronuclei or
during transcriptional arrest). Although there are multiple putative kinase sites in both frog and
mammalian NPM?2,, casein kinase II specifically interacts with nucleoplasmin and
phosphorylates it, and an inhibitor of casein kinase II can block nuclear transport of Xenopus
laevis nucleoplasmin (Vancurova et al., 1995). Interestingly, two of the predicted casein kinase
II phosphorylation sites are conserved betweenfrog nucleoplasmin2 (Ser125 and Ser177), mouse
NPM2 (Thr123 and Ser184), and human NPM2 (Thr127 and Ser191). Although other
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phosphorylation sites are likely important, a casein kinase II-NPM?2 interaction in vivo could be

predicted in mammals.

[0077] The present invention provides three novel proteins, O1-180
(SEQID.NO.2, SEQ.ID.NO.16), 01-184 (SEQID.NO.4), 01-236 (SEQ.ID.NO.6,
SEQ.ID.NO.9), the polynucleotide sequences that encode them, and fragments and derivatives
thereof. Expression of O1-180, O1-184, 01-236 is highly tissue-specific, being expressed in cells
primarily in ovarian tissue. In one embodiment, the invention provides a method for detection of
a cell proliferative or degenerative disorder of the ovary, which is associated with expression of
01-180, O1-184 or O1-236. In another embodiment, the invention provides a method for treating
a cell proliferative or degenerative disorder associated with abnormal expression of O1- O1-180,

01-184, 01-236 by using an agent which suppresses or enhances their respective activities.

[0078] Based on the known activities of many other ovary specific proteins, it can
be expected that 01-180, 01-184 and 01-236, as well as fragments and derivatives thereof, will
also possess biological activities that will make them useful as diagnostic and therapeutic

reagents.

[0079]  For example, GDF-9 is an oocyte-expressed gene product which has a
similar pattern of expression as O1-180, 01-184, and O1-236. It has been shown that mice
lacking GDF-9 are infertile at a very early stage of follicular development, at the one-layer
primary follicle stage (Dong, et al.). These studies demonstrate that agents which block GDF-9
function would be useful as contraceptive agents in human females. Since O1-180, O1-184, and
01-236 have an expression pattern in the oocyte (Figure 2) which is nearly identical to GDF-9,
this suggests that mice and humans or any other mammal lacking any of all of these gene
products would also be infertile. Thus, blocking the function of any or all of these gene products

would result in a contraceptive action.

[0080] Another regulatory protein that has been found to have ovary-specific
expression is inhibin, a specific and potent polypeptide inhibitor of the pituitary secretion of
FSH. Inhibin has been isolated from ovarian follicular fluid. Because of its suppression of FSH,
inhibin has been advanced as a potential contraceptive in both males and females. O1-180, O1-
184 and O1-236 may possess similar biological activity since they are also ovarian specific

peptides. Inhibin has also been shown to be useful as a marker for certain ovarian tumors
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(Lappohn et al., 1989). 01-180, 01-184, O1-236 may also be useful as markers for identifying
primary and metastatic neoplasms of ovarian origin. Likewise, mice which lack inhibin develop
granulosa cell tumors (Matzuk et al, 1992). Similarly, O1-180, O1-184 and O1-236 may be
useful as indicators of developmental or reproductive anomalies in prenatal screening

procedures.

[0081] Mullerian inhibiting substance (MIS or anti-Mullerian hormone) peptide,
which is produced by the testis and is responsible for the regression of the Mullerian ducts in the
male embryo, has been shown to inhibit the growth of human ovarian cancer in nude mice
(Donahoe et al., 1981). 01-180, O1-184 and O1-236 may function similarly and may, therefore,

be targets for anti-cancer agents, such as for the treatment of ovarian cancer.

[0082] O1-180, O1-184 and O1-236 proteins, agonists and antagonists thereof can
be used to identify agents which inhibit fertility (e.g., act as a contraceptive) in a mammal (e.g.,
human). Additionally, O1-180, O1-184 and O1-236 and agonists and antagonists thereof can be
used to identify agents which enhance fertility (e.g., increase the success of in vivo or in vitro
fertilization) in a mammal. Likewise, assays of these or related oocyte-expressed gene products
can be used in diagnostic assays for detecting forms of infertility (e.g., in an assay to analyze
activity of these gene products) or other diseases (e.g., germ cell tumors, polycystic ovary
syndrome). Yet further, these proteins or agents which act on these pathways may also function
as growth stimulatory factors and, therefore, be useful for the survival of various cell populations
in vitro. In particular, if O1-180, O1-184 and/or O1-236 play a role in oocyte maturation, they

may be useful targets for in vitro fertilization procedures, e.g., in enhancing the success rate.

A. Proteins
[0083] The present invention relates to O1-180 (SEQ.ID.NO.2, SEQ.ID.NO.16),
01-184 (SEQ.ID.NO.4) and 0O1-236 (SEQ.ID. NO 6, SEQ.ID.NO.9) polypeptides, proteins, or

agents thereof.

[0084] In addition to the entire O1-180, O1-184 or O1-236 molecules, the present
invention also relates to fragments of the polypeptides that may or may not retain the functions
described below. Fragments, including the N-terminus of the molecule, may be generated by
genetic engineering of translation stop sites within the coding region. Alternatively, treatment of

the O1-180, O1-184 or O1-236 with proteolytic enzymes, known as proteases, can produce a
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variety of N-terminal, C-terminal and internal fragments. Fragments of proteins are seen to
include any peptide that contains 6 contiguous amino acids or more that are identical to 6
contiguous amino acids of sequences of SEQ.ID.NO. 2, SEQ.ID.NO. 4, SEQ.ID.NO. 6,
SEQ.ID.NO. 9 and SEQ.ID.NO.16. Fragments that contain 7, 8, 9, 10, 11, 12, 13, 14 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65, 75, 80, 85, 90, 95, 100, 200 or more
contiguous amino acids or more that are identical to a corresponding number of amino acids of
any of the sequences of SEQ.ID.NO. 2, SEQ.ID.NO. 4, SEQ.ID.NO. 6, SEQ.ID.NO. 9 and
SEQ.ID.NO.16 are also contemplated. Fragments may be used to generate antibodies.
Particularly useful fragments will be those that make up domains of O1-180, O1-184 or O1-236.
Domains are defined as portions of the proteins having a discrete tertiary structure and that is
maintained in the absence of the remainder of the protein. Such structures can be found by
techniques known to those skilled in the art. The protein is partially digested with a protease
such as subtilisin, trypsin, chymotrypsin or the like and then subjected to polyacrylamide gel
electrophoresis to separate the protein fragments. The fragments can then be transferred to a
PVDF membrane and subjected to micro sequencing to determine the amino acid sequence of the

N-terminal of the fragments.

[0085] The term substantially pure as used herein refers to O1-180, O1-184 and
01-236 which are substantially free of other proteins, lipids, carbohydrates or other materials
with which they are naturally associated. One skilled in the art can purify 01-180, O1-184 and
01-236 using standard techniques for protein purification. The substantially pure polypeptide
will yield a single major band on a non-reducing polyacrylamide gel. The purity of the O1-180,
01-184 and O1-236 polypeptides can also be determined by amino-terminal amino acid
sequence analysis. O1-180, O1-184 and O1-236 polypeptides include functional fragments of the
polypeptides, as long as their activities remain. Smaller peptides containing the biological

activities of 01-180, O1-184 and O1-236.

[0086]  The polypeptides of the invention include the disclosed sequences and
conservative variations thereof. The term conservative variation as used herein denotes the
replacement of an amino acid residue by another, biologically similar residue. Examples of
conservative variations include the substitution of one hydrophobic residue such as isoleucine,
valine, leucine or methionine for another, or the substitution of one polar residue for another,

such as the substitution of arginine for lysine, glutamic acid for aspartic acid, or glutamine for
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asparagine, and the like. The term "conservative variation" also includes the use of a substituted
amino acid in place of an unsubstituted parent amino acid provided that antibodies raised to the

substituted polypeptide also immunoreact with the unsubstituted polypep-tide.

[0087] Minor modifications of the recombinant O1-180, O1-184 and O1-236
primary amino acid sequences may result in proteins which have substantially equivalent activity
as compared to the respective O1-180, O1-184 and O1-236 polypeptides described herein. Such
modifications may be deliberate, as by site-directed mutagenesis, or may be spontaneous. All of
the polypeptides produced by these modifications are included herein as long as the biological
activity of 01-180, O1-184 or O1-236 still exists. Further, deletion of one or more amino acids
can also result in a modification of the structure of the resultant molecule without significantly
altering its biological activity. This can lead to the development of a smaller active molecule
which would have broader utility. For example, one could remove amino or carboxy terminal

amino acids which may not be required for biological activity of O1-180, O1-184 or O1-236.

[0088] For the purpose of this invention, the term derivative shall mean any
molecules which are within the skill of the ordinary practitioner to make and use, which are
made by modifying the subject compound, and which do not destroy the activity of the
derivatized compound. Compounds which meet the foregoing criteria which diminish, but do
not destroy, the activity of the derivatized compound are considered to be within the scope of the
term derivative. Thus, according to the invention, a derivative of a compound comprising amino
acids in a sequence corresponding to the sequence of O1-180, O1-184 or O1-236, need not
comprise a sequence of amino acids that corresponds exactly to the sequence of O1-180, O1-184
or 0O1-236, so long as it retains a measurable amount of the activity of the O1-180, O1-184 or
01-236.

[0089]  Equally, the same considerations may be employed to create a protein,
polypeptide or peptide with countervailing, e.g., antagonistic properties. This is relevant to the
present invention in which O1-180, O1-184 or 01-236 mutants or analogues may be generated.
For example, a O1-180, O1-184 or O1-236 mutant may be generated and tested for O1-180, O1-
184 or 01-236 activity to identify those residues important for O1-180, O1-184 or O1-236
activity. 01-180, O1-184 or O1-236 mutants may also be synthesized to reflect a O1-180, O1-
184 or O1-236 mutant that occurs in the human population and that is linked to the development

of cancer. Also, 01-180, O1-184 or O1-236 mutants may be used as antagonists to inhibit or
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enhance fertitlity. Thus, 01-180, O1-184 or O1-236 mutants may be used as potential

contraceptive compositions and/or fertility enhancement compostions.

B. Nucleic Acids

[0090] The invention also provides polynucleotides encoding the O1-180
(SEQ.ID.NO.1, SEQ.ID.NO.11, SEQ.ID.NO.13 and SEQ.ID.NO.12), O1-184 (SEQ.ID.NO.3) or
01-236 (SEQ.ID.NO.5, SEQ.ID.NO.7, SEQ.ID.NO.8; SEQ.ID.NO.10, and SEQ.ID.NO.14)
proteins and fragments and derivatives thereof. These polynucleotides include DNA, ¢cDNA and
RNA sequences which encode O1-180, O1-184 or 0O1-236. It is understood that all
polynucleotides encoding all or a portion of O1-180, O1-184 and/or O1-236 are also included
herein, as long as they encode a polypeptide with the activity of O1-180 (SEQ.ID.NO.1,
SEQ.ID.NO.11, SEQ.ID.NO.13 and SEQ.ID.NO.12), 0O1-184 (SEQ.ID.NO.3) or 0O1-236
(SEQ.ID.NO.5, SEQ.ID.NO.7, SEQ.ID.NO.8; SEQ.ID.NO.10, and SEQ.ID.NO.14). Such
polynucleotides include naturally occurring, synthetic, and intentionally manipulated
polynucleotides. For example, polynucleotides of O1-180 (SEQ.ID.NO.1, SEQ.ID.NO.11,
SEQ.ID.NO.13 and SEQ.ID.NO.12), 0O1-184 (SEQ.ID.NO.3) or 01-236 (SEQ.ID.NO.5,
SEQ.ID.NO.7, SEQ.ID.NO.8; SEQ.ID.NO.10, and SEQ.ID.NO.14) may be subjected to site-
directed mutagenesis. The polynucleotide sequences for O1-180, O1-184 and O1-236 also
includes antisense sequences. The polynucleotides of the invention include sequences that are
degenerate as a result of the genetic code. There are 20 natural amino acids, most of which are
specified by more than one codon. Therefore, all degenerate nucleotide sequences are included in
the invention as long as the amino acid sequences of 01-180, O1-184 and O1-236 polypeptides

encoded by the nucleotide sequences are functionally unchanged.

[0091] DNA sequences of the invention can be obtained by several methods. For
example, the DNA can be isolated using hybridization or amplification techniques which are
well known in the art. These include, but are not limited to: 1 ) hybridization of genomic or
cDNA libraries with probes to detect homologous nucleotide sequences, 2) antibody screening of
expression libraries to detect cloned DNA fragments with shared structural features, or 3) use of

oligonucleotides related to these sequences and the technique of the polymerase chain reaction.

[0092] Preferably the O1-180, O1-184 and 0O1-236 polynucleotides of the
invention are derived from a mammalian organism, and most preferably from a mouse, rat,

elephant, pig, cow or human. Screening procedures which rely on nucleic acid hybridization
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make it possible to isolate any gene sequence from any organism, provided the appropriate probe
is available. Oligonucleotide probes, which correspond to a part of the sequence encoding the
protein in question, can be synthesized chemically. This fequires that short, oligopeptide
stretches of amino acid sequence must be known. The DNA sequence encoding the protein can
be deduced from the genetic code, however, the degeneracy of the code must be taken into
account. It is possible to perform a mixed addition reaction when the sequence is degenerate.
This includes a heterogeneous mixture of denatured double-stranded DNA. For such screening,
hybridization is preferably performed on either single-stranded DNA or denatured double-
stranded DNA. Hybridization is particularly useful in the detection of cDNA clones derived
from sources where an extremely low amount of mRNA sequences relating to the polypeptide of
interest are present. In other words, by using stringent hybridization conditions directed to avoid
non-specific binding, it is possible, for example, to allow the autoradiographic visualization of a
specific cDNA done by the hybridization of the target DNA to that single probe in the mixture
which is its complete complement (Wallace ez al., 1981).

[0093] The development of specific DNA sequences encoding O1-180, 01-184
and O1-236 can also be obtained by: 1) isolation of double-stranded DNA sequences from the
genomic DNA; 2) chemical manufacture of a DNA sequence to provide the necessary codons for
the polypeptides of interest; and 3) in vitro synthesis of a double- stranded DNA sequence by
reverse transcription of mRNA isolated from a eukaryotic donor cell. In the latter case, a double-
stranded DNA complement of mRNA is eventually formed which is generally referred to as
cDNA.

[0094] Of the three above-noted methods for developing specific DNA sequences
for use in recombinant procedures, the isolation of genomic DNA isolates is the least common.
This is especially true when it is desirable to obtain the microbial expression of mammalian

polypeptides due to the presence of introns.

[0095] The synthesis of DNA sequences is frequently the method of choice when
the entire sequence of amino acid residues of the desired polypeptide product is known. When
the entire sequence of amino acid residues of the desired polypeptides is not known, the direct
synthesis of DNA sequences is not possible and the method of choice is the synthesis of cDNA
sequences. Among the standard procedures for isolating cDNA sequences of interest is the

formation of plasmid- or phage-carrying cDNA libraries, which are derived from reverse
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transcription of mRNA which is abundant in donor cells that have a high level of genetfc
expression. When used in combination with polymerase chain reaction technology, even rare
expression products can be cloned. In those cases where significant portions of the amino acid
sequence of the polypeptide are known, the production of labeled single or double-stranded DNA
or RNA probe sequences duplicating a sequence putatively present in the target cDNA may be
employed in DNA/DNA hybridization procedures which are carried out on cloned copies of the
c¢DNA which have been denatured into a single-stranded form (Jay et al., 1983).

[0096] A cDNA expression library, such as lambda gt11, can be screened indirectly
for 01-180, 01-184 and/or O1-236 peptides having at least one epitope, using antibodies
specific for 01-180, O1-184 and/or O1-236. Such antibodies can be either polyclonally or
monoclonally derived and used to detect expression product indicative of the presence of O1-

180, O1-184 and/or O1-236 cDNA.

[0097] DNA sequences encoding O1-180, O1-184 or O1-236 can be expressed in
vitro by DNA transfer into a suitable host cell. Host cells are cells in which a vector can be
propagated and its DNA expressed. The term also includes any progeny of the subject host cell.
- It is understood that all progeny may not be identical to the parental cell since there may be
mutations that occur during replication. However, such progeny are included when the term host
cell is used. Methods of stable transfer, meaning that the foreign DNA is continuously

maintained in the host, are known in the art.

[0098] In the present invention, the O1-180, O1-184 and/or O1-236 polynucleotide
sequences may be inserted into a recombinant expression vector. The term recombinant
expression vectors refers to a plasmid, virus or other vehicle known in the art that has been
manipulated by insertion or incorporation of the O1-180, O1-184 or O1-236 genetic sequences.
Such expression vectors contain a promoter sequence which facilitates the efficient transcription
of the inserted genetic sequence of the host. The expression vector typically contains an origin of
replication, a promoter, as well as specific genes which allow phenotypic selection of the
transformed cells. Vectors suitable for use in the present invention include, but are not limited to
the T7-based expression vector for expression in bacteria (Rosenberg et al., 1987), the pMSXND
expression vector for expression in mammalian cells (Lee and Nathans, 1988) and baculovirus-
derived vectors for expression in insect cells. The DNA segment can be present in the vector

operably linked to regulatory elements, for example, a promoter (e.g., T7, metallothionein 1, or
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polyhedrin promoters). Polynucleotide sequences encoding O1-180, O1-184 or O1-236 can be
expressed in either prokaryotes or eukaryotes. Hosts can include microbial, yeast, insect and
mammalian organisms. Methods of expressing DNA sequences having eukaryotic or viral
sequences in prokaryotes are well known in the art. Biologically functional viral and plasmid
DNA vectors capable of expression and replication in a host are known in the art. Such vectors

are used to incorporate DNA sequences of the invention.

[0099] Transformation of a host cell with recombinant DNA may be carried out by
conventional techniques as are well known to those skilled in the art. Where the host is
prokaryotic, such as E coli, competent cells which are capable of DNA uptake can be prepared
from cells harvested after exponential growth phase and subsequently treated by the CaCl,
method using procedures well known in the art. Alternatively, MgCl, or RbCl can be used.

Transformation can also be performed after forming a protoplast of the host cell if desired.

[0100] When the host is a eukaryote, such methods of transfection of DNA as
calcium phosphate co-precipitates, conventional mechanical procedures such as microinjection,
electroporation, insertion of a plasmid encased in liposomes, or virus vectors may be used.
Eukaryotic cells can also be co-transformed with DNA sequences encoding the O1-180, O1-184
or 01-236 cDNA sequences of the invention, and a second foreign DNA molecule encoding a
selectable phenotype, such as the neomycin resistance gene. Another method is to use a
eukaryotic viral vector, such as simian virus 40 (SV40) or bovine papilloma virus, to transiently
infect or transform eukaryotic cells and express the protein. (see for example, Eukaryotic Viral

Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 1982).

[0101] Isolation and purification of microbial expressed polypeptide, or fragments
thereof, provided by the invention, may be carried out by conventional means induding
preparative chromatography and immunological separations involving monoclonal or polyclonal

antibodies.

[0102] The invention includes antibodies immunoreactive with O1-180, O1-184 or
01-236 polypeptides or functional fragments thereof. Antibodies, which consists essentially of
pooled monoclonal antibodies with different epitopic specificities, as well as distinct monoclonal
antibodies, are provided. Monoclonal antibodies are made from antigen containing fragments of

the protein by methods well known to those skilled in the art (Kohler, et al., Nature, 256:495,
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1975). The term antibody as used in this invention is meant to include intact molecules as well as
fragments thereof, such as Fab and F(ab")2, which are capable of binding an epitopic determinant
on 01-180, O1-184 or O1-236.

C. Diagnositic Uses

[0103] The term cell-degenerative disorder denotes the loss of any type of cell in
the ovary, either directly or indirectly. For example, in the absence of GDF-9, there is a block in
the growth of the granulosa cells leading to eventual degeneration (i.e., death) of the oocytes
(Dong et al., 1996). This death of the oocyte appears to lead to differentiation of the granulosa
cells. In addition, in the absence of GDF-9, no normal thecal cell layer is formed around the
follicles. Thus, in the absence of one oocyte-specific protein, GDF-9, there are defects in three
different cell lineages, oocytes, granulosa cells, and thecal cells. In a similar way, death or
differentiation of these various cell lineages could be affected by absence or misexpression of

01-180, O1-184, or O1-236.

[0087] Absence or misexpression of O1-180, O1-184, or O1-236 could result in
defects in the oocyte/egg leading to the inability of the egg to be fertilized by spermatozoa.
Alternatively, embryos may not develop or halt development during the early stage of
embryogenesis or show defects in fertilization secondary to absence of these oocyte derived
factors. Therefore, O1-180, O1-184 or O1-236 compositions may be employed as a diagnostic or
prognostic indicator of infertility in general. More specifically, point mutations, deletions,
insertions or regulatory perturbations can be identified. The present invention contemplates
further the diagnosis of infertility detecting changes in the levels of O1-180, O1-184 or 01-236

expression.

[0104] One embodiment of the instant invention comprises a method for detecting
variation in the expression of O1-180, O1-184 or 01-236. This may comprise determining the
level of O1-180, O1-184 or O1-236 expressed, or determining specific alterations in the
expressed product. In specific embodiments, alterations are detected in the expression of O1-
180, O1-184 or O1-236.

[0105] The biological sample can be tissue or fluid. Various embodiments include
cells from the testes and ovaries. Other embodiments include fluid samples such as vaginal fluid

or seminal fluid.
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[0106] Nucleic acids used are isolated from cells contained in the biological
sample, according to standard methodologies (Sambrook et al., 1989). The nucleic acid may be
genomic DNA or fractionated or whole cell RNA. Where RNA is used, it may be desired to
convert the RNA to a complementary DNA (cDNA). In one embodiment, the RNA is whole cell
RNA,; in another, it is poly-A RNA. Normally, the nucleic acid is amplified.

[0107] Depending on the format, the specific nucleic acid of interest is identified in
the sample directly using amplification or with a second, known nucleic acid following
amplification. Next, the identified product is detected. In certain applications, the detection may
be performed by visual means (e.g., ethidium bromide staining of a gel). Alternatively, the
detection may involve indirect identification of the product via chemiluminescence, radioactive
scintigraphy of radiolabel or fluorescent label or even via a system using electrical or thermal

impulse signals (Affymax Technology; Bellus, 1994).

[0108] Following detection, one may compare the results seen in a given patient
with a statistically significant reference group of normal patients and patients that have been

diagnosed with infertility.

[0109] It is contemplated that other mutations in the O1-180, O1-184 or O1-236
polynucleotide sequences may be identified in accordance with the present invention by
detecting a nucleotide change in particular nucleic acids (U.S. Patent 4,988,617, incorporated
herein by reference). A variety of different assays are contemplated in this regard, including but
not limited to, fluorescent in situ hybridization (FISH; U.S. Patent 5,633,365 and U.S. Patent
5,665,549, each incorporated herein by reference), direct DNA sequencing, PFGE analysis,
Southern or Northern blotting, single-stranded conformation analysis (SSCA), RN Ase protection
assay, allele-specific oligonucleotide (ASO, e.g., U.S. Patent 5,639,611), dot blot analysis,
denaturing gradient gel electrophoresis (e.g., U.S. Patent 5,190,856 incorporated herein by
reference), RFLP (e.g., U.S. Patent 5,324,631 incorporated herein by reference) and PCR™-
SSCP. Methods for detecting and quantitating gene sequences, such as mutated genes and
oncogenes, in for example biological fluids are described in U.S. Patent 5,496,699, incorporated

herein by reference.

[0110] Yet further, it is contemplated by that chip-based DNA technologies such as
those described by Hacia et al. (1996) and Shoemaker et al. (1996) can be used for diagnosis of
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infertility. Briefly, these techniques involve quantitative methods for analyzing large numbers of
genes rapidly and accurately. By tagging genes with oligonucleotides or using fixed probe
arrays, one can employ chip technology to segregate target molecules as high density arrays and
screen these molecules on the basis of hybridization. See also Pease et al., (1994); Fodor et al.,
(1991).

[0111] Antibodies can be used in characterizing the O1-180, O1-184 or 01-236
content through techniques such as ELISAs and Western blot analysis. This may provide a

prenatal screen or in counseling for those individuals seeking to have children.

[0112]  The steps of various other useful immunodetection methods have been
described in the scientific literature, such as, e.g., Nakamura et al, (1987). Immunoassays, in
their most simple and direct sense, are binding assays. Certain preferred immunoassays are the
various types of radioimmunoassays (RIA) and immunobead capture assay.
Immunohistochemical detection using tissue sections also is particularly useful. However, it will
be readily appreciated that detection is not limited to such techniques, and Western blotting, dot

blotting, FACS analyses, and the like also may be used in connection with the present invention.

[0113] The antibodies of the invention can be bound to many different carriers and
used to detect the presence of an antigen comprising the polypeptide of the invention. Samples of
well-known carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon,
amylases, natural and modified celluloses, polyacrylamides, agaroses and magnetite. The nature
of the carrier can be either soluble or insoluble for purposes of the invention. Those skilled in the
art will know of other suitable carriers for binding antibodies, or will be able to ascertain such,

using routine experimentation.

[0114] There are many different labels and methods of labeling known to those of
ordinary skill in the art. Examples of the types of labels which can be used in the present
invention include enzymes, radioisotopes, fluorescent compounds, colloidal ' metals,
chemiluminescent compounds, phosphorescent compounds, and bioluminescent compounds.
Those of ordinary skill in the art will know of other suitable labels for binding to the antibody, or

will be able to ascertain such, using routine experimentation.
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[0115] Another technique which may also result in greater sensitivity consists of
coupling the antibodies to low molecular weight haptens. These haptens can then be specifically
detected by means of a second reaction. For example, it is common to use such haptens as biotin,
which reacts with avidin, or dinitrophenyl, puridoxal, and fluorescein, which can react with

specific anti-hapten antibodies.

[0116] In using the monoclonal antibodies of the invention for the in vivo detection
of antigen, the detectably labeled antibody is given a dose which is diagnostically effective. The
term diagnostically effective means that the amount of detectably labeled monoclonal antibody is
administered in sufficient quantity to enable detection of the site having the antigen composing a
polypeptide of the invention for which the monoclonal antibodies are specific. The
concentration of detectably labeled monoclonal antibody which is administered should be
sufficient such that the binding to those cells having the polypeptide is detectable compared to
the background. Further, it is desirable that the detectably labeled monoclonal antibody be
rapidly cleared from the circulatory system in order to give the best target-to-background signal
ratio. Asa rule, the dosage of detectably labeled monoclonal antibody for in vivo diagnosis will
vary depending on such factors as age, sex, and extent of disease of the individual. Such dosages
may vary, for example, depending on whether multiple injections are given, antigenic burden,

and other factors known to those of skill in the art.

[0117] For in vivo diagnostic imaging, the type of detection instrument available is
a major factor in selecting a given radioisotope. The radioisotope chosen must have a type of
decay which is detectable for a given type of instrument. Still another important factor in
selecting a radioisotope for in vivo diagnosis is that deleterious radiation with respect to the host
is minimized. Ideally, a radioisotope used for in vivo imaging will lack a particle emission, but
produce a large number of photons in the 140-250 keV range, which may readily be detected by

conventional gamma cameras.

[0118] For in vivo diagnosis, radioisotopes may be bound to immunoglobulin either
directly or indirectly by using an intermediate functional group. Intermediate functional groups
which often are used to bind radioisotopes which exist as metallic ions to immunoglobulins are
the bifunctional chelating agents such as diethylenetriaminepentacetic acid (DTPA) and

ethylenediaminetetraacetic acid (EDTA) and similar molecules. Typical examples of metallic
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ions which can be bound to the monoclonal antibodies of the invention are 111In, 97Ru, 67Ga,

%Ga, " As, Zr and 2°'Ti.

[0119]  The monoclonal antibodies of the invention can also be labeled with a
paramagnetic isotope for purposes of in vivo diagnosis, as in magnetic resonance imaging (MRI)
or electron spin resonance (ESR). In general, any conventional method for visualizing diagnostic
imaging can be utilized. Usually gamma and positron emitting radioisotopes are used for camera
imaging and paramagnetic isotopes for MRIL. Elements which are particularly useful in such
techniques include 157Gd, >SMn, 162Dy, 35Cr and >Fe.

[0120] The term cell-proliferative disorder or hyperproliferative disorder denotes
malignant as well as non-malignant cell populations which often appear to differ from the
surrounding tissue both morphologically and genotypically. The O1-180, O1-184 and O1-236
polynucleotides that are antisense molecules are useful in treating malignancies of the various
organ systems, particularly, for example, the ovaries. Essentially, any disorder which is
etiologically linked to altered expression of O1-180, O1-184 or 01-236 could be considered
susceptible to treatment with a O1-180, O1-184 or O1-236 suppressing reagent, respectively.

[0121] The invention provides a method for detecting a cell proliferative disorder
of the ovary which comprises contacting an anti-O1-180, O1-184 or 01-236 antibody with a cell
suspected of having an O1-180, O1-184 or O1-236 associated disorder and detecting binding to
the antibody. The antibody reactive with O1-180, O1-184 or O1-236 is labeled with a compound
which allows detection of binding to O1-180, O1-184 or O1-236, respectively. For purposes of
the invention, an antibody specific for an O1-180, O1-184 or O1-236 polypeptide may be used to
detect the level of O1-180, O1-184 or O1-236, respectively, in biological fluids and tissues. Any
specimen containing a detectable amount of antigen can be used. A preferred sample of this
invention is tissue of ovarian origin, specifically tissue containing oocytes or ovarian follicular
fluid. The level of 01-180, O1-184 or O1-236 in the suspect cell can be compared with the level
in a normal cell to determine whether the subject has an O1-180, O1-184 or O1-236-associated
cell proliferative disorder. Preferably the subject is human. The antibodies of the invention can
be used in any subject in which, it is desirable to administer iz vitro or in vivo immunodiagnosis
or immunotherapy. The antibodies of the invention are suited for use, for example, in immuno
assays in which they can be utilized in liquid phase or bound to a solid phase carrier. In addition,

the antibodies in these immunoassays can be detectably labeled in various ways. Examples of
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types of immunoassays which can utilize antibodies of the invention are competitive and non-
competitive immunoassays in either a direct or indirect format. Examples of such immunoassays
are the radioimmunoassay (RIA) and the sandwich (ELISA) assay. Detection of the antigens
using the antibodies of the invention can be done utilizing immunoassays which are run in either
the forward, reverse, or simultaneous modes, including immunohistochemical assays on
physiological samples. Those of skill in the art will know, or can readily discern, other

immunoassay formats without undue experimentation.

D. Therapeutic Uses

[0122] Due to the expression of O1-180, O1-184 and O1-236 in the reproductive
tract, there are a variety of applications using the polypeptides, polynucleotides and antibodies of
the invention, related to contraception, fertility and pregnancy. O1-180, O1-184 and O1-236
could play a role in regulation of the menstrual cycle and, therefore, could be useful in various

contraceptive regimens.

[0123] It is also contemplated that O1-180, O1-184, or 01-236 polynucleotide
sequences, polypeptide sequences, antibodies, fragments thereof or mutants thereof may be used
to inhibit or enhance early embryogenesis by distrubing the maternal genome. One of skill in the
art is aware that disruptions of the maternal genome that cause phenotypes in embryonic
development are termed maternal effect mutations. Two such examples have been characterized
in mice using knockout technology. In each example, the gene product is normally accumulated
in growing oocytes and persists in the early developing embryo and the phenotype affects
offspring of knockout females, regardless of their genotype or gender. The first identified gene
encodes MATER (maternal antigen that embryos require), which is necessary for development
beyond the two-cell stage and has been implicated in establishing embryonic genome
transcription patterns (Tong et al., 2000). The second identified gene encodes DNMT1o, an
oocyte-specific DNA methyltransferase critical for maintaining imprinting patterns established in
the embryonic genome and the viability of the developing mouse during the last third of
gestation (Howell ez al., 2001). Presumably many other oocyte-derived factors mediate the
complexities of early embryogenesis, thus, it is contemplated that the O1-180 and O1-236 are

maternal effect genes since they function in processes of early embryogenesis.

[0124] In further embodiments, it is contemplated that O1-236 or NPM2 may play

a role in in chromatin remodeling during early embryoonic development. For example, studies
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have predicted the presence of a mammalian nuclear protein that is necessary for oocyte
remodeling of sperm DNA, and is released into the ooplasm at germinal vesicle breakdown
(Maeda et al., 1998). Yet further, it is known that oocytes can efficiently remodel not only sperm
nuclei during fertilization, but also somatic cell nuclei. Thus, the inventors have contemplated
the role of NPM2 in nuclear transfer cloning (Zuccotti et al., 2000). It envisioned that NPM2
(encoded by 01-236) is a critical factor in mammalian oocytes for chromatin remodeling during
early embryonic development. Thus, supplementing enucleated oocytes with NPM2 may

facilitate cloning by nuclear transfer technologies.

[0125] The monoclonal antibodies of the invention can be used in vitro and in vivo
to monitor the course of amelioration of an O1-180, O1-184 or O1-236-associated disease in a
subject. Thus, for example, by measuring the increase or decrease in the number of cells
expressing antigen comprising a polypeptide of the invention or changes in the concentration of
such antigen present in various body fluids, it would be possible to determine whether a
particular therapeutic regimen aimed at ameliorating the 01-180, O1-184 or O1-236-associated
disease is effective. The term ameliorate denotes a lessening of the detrimental effect of the O1-

180, O1-184 or O1-236-associated disease in the subject receiving therapy.

[0126] The present invention identifies nucleotide sequences that can be expressed
in an altered manner as compared to expression in a normal cell, therefore, it is possible to
design appropriate therapeutic or diagnostic techniques directed to this sequence. Thus, where a
cell-proliferative disorder is associated with the expression of O1-180, 01-184 or 01-236,
nucleic acid sequences that interfere with the expression of O1-180, O1-184 or 01-236,
respectively, at the translational level can be used. This approach utilizes, for example, antisense
nucleic acids or ribozymes to block translation of a specific O1-180, O1-184 or O1-236 mRNA,

either by masking that mRNA with an antisense nucleic acid or by cleaving it with a ribozyme.

[0127] Antisense nucleic acids are DNA or RNA molecules that are
complementary to at least a portion of a specific mRNA molecule (Weintraub, 1990). In the cell,
the antisense nucleic acids hybridize to the corresponding mRNA, forming a double-stranded
molecule. The antisense ﬂucleic acids interfere with the translation of the mRNA, since the cell
will not translate a mRNA that is double-stranded. Antisense oligomers of about 15 nucleotides
are preferred, since they are easily synthesized and are less likely to cause problems than larger

molecules when introduced into the target O1-180, O1-184 or O1-236-producing cell. The use
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of antisense methods to inhibit the in vitro translation of genes is well known in the art (Marcus-

Sakura, 1988).

[0128] Ribozymes are RNA molecules possessing the ability to specifically cleave
other single-stranded RNA in a manner analogous to DNA restriction endonucleases. Through
the modification of nucleotide sequences which encode these RNAs, it is possible to engineer
molecules that recognize specific micleotide sequences in an RNA molecule and cleave it (Cech,
1988). A major advantage of this approach is that, because they are sequence-specific, only

mRNAs with particular sequences are inactivated.

[0129] There are two basic types of ribozymes namely, tetrahymena-type
(Hasselhoff, 1988) and “hammerhead”-type. Tetrahymena-type ribozymes recognize sequences
which are four bases in length, while “hammerhead”-type ribozymes recognize base sequences
11-18 bases in length. The longer the recognition sequence, the greater the likelihood that the
sequence will occur exclusively in the target mRNA species. Consequently, hammerhead-type
ribozymes are preferable to tetrahymena-type ribozymes for inactivating a specific mRNA

species and 18-based recognition sequences are preferable to shorter recognition sequences.

[0130] The present invention also provides gene therapy for the treatment of cell
proliferative or degenerative disorders which are mediated by O1-180, O1-184 or O01-236
proteins. Such therapy would achieve its therapeutic effect by introduction of the respective O1-
180, O1-184 or O1-236 ¢cDNAs or 01-180, O1-184, or O1-236 antisense polynucleotide into
cells having the proliferative or degenerative disorder. Delivery of 01-180, 01-184, or 01-236
cDNAs or antisense O1-180, O1-184 or 01-236 polynucleotides can be achieved using a
recombinant expression vector such as a chimeric virus or a colloidal dispersion system.
Especially preferred for therapeutic delivery of cDNAs or antisense sequences is the use of

targeted liposomes.

[0131] Various viral vectors which can be utilized for gene therapy as taught herein
include adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a retrovirus.
Preferably, the retroviral vector is a derivative of a murine or avian retrovirus. Examples of
retroviral vectors in which a single foreign gene can be inserted include, but are not limited to:
Moloney murine leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine

mammary tumor virus (MuMTYV), and Rous Sarcoma Virus (RSV). A number of additional
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retroviral vectors can incorporate multiple genes. All of these vectors can transfer or incorporate
a gene for a selectable marker so that transduced cells can be identified and generated. By
inserting an O1-180, O1-184 or 01-236 sequence of interest into the viral vector, along with
another gene which encodes the ligand for a receptor on a specific target cell, for example, the
vector is now target specific. Retroviral vectors can be made target specific by inserting, for
example, a polynucleotide encoding a sugar, a glycolipid, or a protein. Preferred targeting is
accomplished by using an antibody to target the retroviral vector. Those of skill in the art will
know of, or can readily ascertain without undue experimentation, specific polynucleotide
sequences which can be inserted into the retroviral genome to allow target specific delivery of
the retroviral vector containing an O1-180, O1-184 or O1-236 cDNA or 01-180, O1-184, or O1-

236 antisense polynucleotides.

[0132]  Since recombinant retroviruses are defective, they require assistance in
order to produce infectious vector particles. This assistance can be provided, for example, by
using helper cell lines that contain plasmids encoding all of the structural genes of the retrovirus
under the control of regulatory sequences within the LTR. These plasmids are missing a
nucleotide sequence which enables the packing mechanism to recognize an RNA transcript for
encapsidation. Helper cell lines which have deletions of the packaging signal include, but are
not limited to y2, PA317 and PA12, for example. These cell lines produce empty virions, since
no genome is packaged. If a retroviral vector is introduced into such cells in which the
packaging signal is intact, but the structural genes are replaced by other genes of interest, the

vector can be packaged and vector virion produced.

[0133] Alternatively NIH 3T3 or other tissue culture cells can be directly
transfected with plasmids encoding the retroviral structural genes gag, pol and env, by
conventional calcium phosphate transfection. These cells are then transfected with the vector
plasmid containing the genes of interest. The resulting cells release the retroviral vector into the

culture medium.

[0134] Another targeted delivery system for O1-180, O1-184 or O1-236 cDNAs or
01-180, O1-184, or O1-236 antisense polynucleotides is a colloidal dispersion system. Colloidal
dispersion systems include macromolecule complexes, nanocapsules complexes, nanocapsules,
microspheres, beads, and lipid-based systems including oil-in-water emulsions, micelles, mixed

micelles, and liposomes. The preferred colloidal system of this invention is a liposome.
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Liposomes are artificial membrane vesicles which are useful as delivery vehicles in vitro and in
vivo. It has been shown that large unilamellar vesicles (LUV), which range in size from 0.2-4.0
pm can encapsulate a substantial percentage of an aqueous buffer containing large
macromolecules. RNA, DNA and intact virions can be encapsulated within the aqueous interior
and be delivered to cells in a biologically active form (Fraley et @/1981). In addition to
mammalian cells, liposomes have been used for delivery of polynucleotides in plant, yeast and
bacterial cells. In order for a liposome to be an efficient gene transfer vehicle, the following
characteristics should be present: (1) encapsulation of the genes of interest at high exigency
while not compromising their biological activity; (2) preferential and substantial binding to a
target cell in comparison to non-target cells; (3) delivery of the aqueous contents of the vesicle to
the target cell cytoplasm at high efficiency; and (4) accurate and effective expression of genetic

information (Manning ef al., 1988).

[0135] The composition of the liposome is usually a combination of phospholipids,
particularly high-phase-transition-temperature phospholipids, usually in combination with
steroids, especially cholesterol. Other phospholipids or other lipids may also be used. The
physical characteristics of liposomes depend on pH, ionic strength, and the presence of divalent

cations.

[0136] Examples of lipids useful in liposome production include phosphatidyl
compounds, such as phosphatidylglycerol, phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and gangliosides. Particularly useful are
diacylphosphatidylglycerols, where the lipid moiety contains from 14-18 carbon atoms,
particularly from 16-18 carbon atoms, and is saturated. Illustrative phospholipids include egg
phosphatidylcholine, dipalmitoylphosphatidylcholine and distearoylphosphatidylcholine.

[0137] The targeting of liposomes can be classified based on anatomical and
mechanistic factors. Anatomical classification is based on the level of selectivity, for example,
organ-specific, cell-specific, and organelle-specific. Mechanistic targeting can be distinguished
based upon whether it is passive or active. Passive targeting utilizes the natural tendency of
liposomes to distribute to cells of the reticulo-endothelial system (RES) in organs which contain
sinusoidal capillaries. Active targeting, on the other hand, involves alteration of the liposome by

coupling the liposome to a specific ligand such as a monoclonal antibody, sugar, glycolipid, or
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protein, or by changing the composition or size of the liposome in order to achieve targeting to

organs and cell types other than the naturally occurring sites of localization.

[0138] The surface of the targeted delivery system may be modified in a variety of
ways. In the case of a liposomal targeted delivery system, lipid groups can be incorporated into
the lipid bilayer of the liposome in order to maintain the targeting ligand in stable association
with the liposomal bilayer. Various linking groups can be used for joining the lipid chains to the

targeting ligand.

E. Screening for Modulators

[0139] The present invention also contemplates the use of 01-180, O1-184 or O1-
236 and active fragments, and nucleic acids coding therefore, in the screening of compounds for
activity in either stimulating O1-180, O1-184 or 01-236, overcoming the lack of O1-180, O1-
184 or O1-236 or blocking or inhibiting the effect of an O1-180, O1-184 or O1-236 molecule.
These dssays may make use of a variety of different formats and may depend on the kind of

“activity” for which the screen is being conducted.

[0140] In one embodiment, the invention is to be applied for the screening of
compounds that bind to the O1-180, 0O1-184 or 01-236 polyfxeptide or fragment thereof. The
polypeptide or fragment may be either free in solution, fixed to a support, expressed in or on the
surface of a cell. Either the polypeptide or the compound may be labeled, thereby permitting

determining of binding.

[0141] In another embodiment, the assay may measure the inhibition of binding of
01-180, O1-184 or O1-236 to a natural or artificial substrate or binding partner. Competitive
binding assays can be performed in which one of the agents (O1-180, O1-184 or 01-236,
binding partner or compound) is labeled. Usually, the polypeptide will be the labeled species.
One may measure the amount of free label versus bound label to determine binding or inhibition

of binding.

[0142] Another technique for high throughput screening of compounds is described
in WO 84/03564. Large numbers of small peptide test compounds are synthesized on a solid

substrate, such as plastic pins or some other surface. The peptide test compounds are reacted
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with 01-180, O1-184 or O1-236 and washed. Bound polypeptide is detected by various

methods.

[0143] Purified 01-180, O1-184 or O1-236 can be coated directly onto plates for
use in the aforementioned drug screening techniques. However, non-neutralizing antibodies to
the polypeptide can be used to immobilize the polypeptide to a solid phase. Also, fusion proteins
containing a reactive region (preferably a terminal region) may be used to link the O1-180, O1-

184 or O1-236 active region to a solid phase.

[0144] Various cell lines containing wild-type or natural or engineered mutations
in 01-180, O1-184 or O1-236 gene can be used to study various functional attributes of O1-180,
01-184 or O1-236 and how a candidate compound affects these attributes. Methods for
- engineering mutations are described elsewhere in this document, as are naturally-occurring
mutations in O1-180, O1-184 or O1-236 that lead to, contribute to and/or otherwise cause
infertility. In such assays, the compound would be formulated appropriately, given its
biochemical nature, and contacted with a target cell. Depending on the assay, culture may be
required. The cell may then be examined by virtue of a number of different physiologic assays.
Alternatively, molecular analysis may be performed in which the function of O1-180, O1-184 or
01-236, or related pathways, may be explored.

[0145] In a specific embodiment, yeast two-hybrid analysis is performed by
standard means in the art with the polypeptides of the present invention, i.e., 01-180, 01-184 or
01-236. Two hybrid screen is used to elucidate or characterize the function of a protein by
identifying other proteins with which it interacts. The protein of unknown function, herein
referred to as the “bait” is produced as a chimeric protein additionally containing the DNA
binding domain of GAL4. Plasmids containing nucleotide sequences which express this
chimeric protein are transformed into yeast cells, which also contain a representative plasmid
from a library containing the GAL4 activation domain fused to different nucleotide sequences
encoding different potential target proteins. If the bait protein physically interacts with a target
protein, the GAL4 activation domain and GAL4 DNA binding domain are tethered and are
thereby able to act conjunctively to promote transcription of a reporter gene. If no interaction
occurs between the bait protein and the potential target protein in a particular cell, the GAL4
components remain separate and unable to promote reporter gene transcription on their own.

One skilled in the art is aware that different reporter genes can be utilized, including B-
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galactosidase, HIS3, ADE2, or URA3. Furthermore, multiple reporter sequences, each under the
control of a different inducible promoter, can be utilized within the same cell to indicate
interaction of the GAL4 components (and thus a specific bait and target protein). A skilled
artisan is aware that use of multiple reporter sequences decreases the chances of obtaining false
positive candidates. Also, alternative DNA-binding domain/activation domain components may
be used, such as LexA. One skilled in the art is aware that any activation domain may be paired
with any DNA binding domain so long as they are able to generate transactivation of a reporter
gene. Furthermore, a skilled artisan is aware that either of the two components may be of
prokaryotic origin, as long as the other component is present and they jointly allow

transactivation of the reporter gene, as with the LexA system.

[0146] Two hybrid experimental reagents and design are well known to those
skilled in the art (see The Yeast Two-Hybrid System by P. L. Bartel and S. Fields (eds.) (Oxford
University Press, 1997), including the most updated improvements of the system (Fashena et al.,
2000). A skilled artisan is aware of commercially available vectors, such as the Matchmaker™ ™
Systems from Clontech (Palo Alto, CA) or the HybriZAP® 2.1 Two Hybrid System (Stratagene;
La Jolla, CA), or vectors available through the research community (Yang et al., 1995; James et
al, 1996). In alternative embodiments, organisms other than yeast are used for two hybrid
analysis, such as mammals (Mammalian Two Hybrid Assay Kit from Stratagene (La Jolla, CA))
or E. coli (Hu et al., 2000).

[0147] In an alternative embodiment, a two hybrid system is utilized wherein
protein-protein interactions are detected in a cytoplasmic-based assay. In this embodiment,
proteins are expressed in the cytoplasm, which allows posttranslational modifications to occur
and permits transcriptional activators and inhibitors to be used as bait in the screen. An example
of such a system is the CytoTrap® Two-Hybrid System from Stratagene (La Jolla, CA), in which
a target protein becomes anchored to a cell membrane of a yeast which contains a temperature
sensitive mutation in the cdc25 gene, the yeast homologue for hSos (a guanyl nucleotide
exchange factor). Upon binding of a bait protein to the target, hSos is localized to the
membrane, which allows activation of RAS by promoting GDP/GTP exchange. RAS then
activates a signaling cascade which allows growth at 37°C of a mutant yeast cdc25H. Vectors

(such as pMyr and pSos) and other experimental details are available for this system to a skilled
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artisan through Stratagene (La Jolla, CA). (See also, for example, U.S. Patent No. 5,776,689,

herein incorporated by reference).

[0148] Thus, in accordance with an embodiment of the present invention, there is a
method of screening for a peptide which interacts with 01-180, O1-184 or O1-236 comprising
introducing into a cell a first nucleic acid comprising a DNA segment encoding a test peptide,
wherein the test peptide is fused to a DNA binding domain, and a second nucleic acid
comprising a DNA segment encoding at least part of O1-180, O1-184 or O1-236, respectively,
wherein the at least part of O1-180, O1-184 or O1-236 respectively, is fused to a DNA activation
domain. Subsequently, there is an assay for interaction between the test peptide and the O1-180,
01-184 or O1-236 polypeptide or fragment thereof by assaying for interaction between the DNA
binding domain and the DNA activation domain. For example, the assay for interaction between

the DNA binding and activation domains may be activation of expression of §-galactosidase.

[0149] An alternative method is screening of lambda.gtll, lambda.LZAP
(Stratagene) or equivalent cDNA expression libraries with recombinant O1-180, O1-184 or O1-
236. Recombinant O1-180, 01-184 or O1-236 or fragments thereof are fused to small peptide
tags such as FLAG, HSV or GST. The peptide tags can possess convenient phosphorylation
sites for a kinase such as heart muscle creatine kinase or they can be biotinylated. Recombinant
01-180, O1-184 or 01-236 can be phosphorylated with **[P] or used unlabeled and detected
with streptavidin or antibodies against the tags. .lambda.gtl1cDNA expression libraries are
made from cells of interest and are incubated with the recombinant O1-180, O1-184 or O1-236,
washed and cDNA clones which interact with O1-180, O1-184 or O1-236 isolated. Such

methods are routinely used by skilled artisans. See, e.g., Sambrook (supra).

[0150] Another method is the screening of a mammalian expression library in
which the cDNAs are cloned into a vector between a mammalian promoter and polyadenylation
site and transiently transfected in cells. Forty-eight hours later the binding protein is detected by
incubation of fixed and washed cells with a labeled 01-180, O1-184 or O1-236. In this manner,
pools of cDNAs containing the cDNA encoding the binding protein of interest can be selected
and the cDNA of interest can be isolated by further subdivision of each pool followed by cycles
of transient transfection, binding and autoradiography. Alternatively, the cDNA of interest can

be isolated by transfecting the entire cDNA library into mammalian cells and panning the cells
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on a dish containing the 01-180, 01-184 or O1-236 bound to the plate. Cells which attach after
washing are lysed and the plasmid DNA isolated, amplified in bacteria, and the cycle of
transfection and panning repeated until a single cDNA clone is obtained. See Seed et al., 1987
and Aruffo et al, 1987 which are herein incorporated by reference. If the binding protein is
secreted, its cDNA can be obtained by a similar pooling strategy once a binding or neutralizing
assay has been established for assaying supernatants from transiently transfected cells. General

methods for screening supernatants are disclosed in Wong et al., (1985).

[0151] Another alternative method is isolation of proteins interacting with the O1-
180, O1-184 or O1-236 directly from cells. Fusion proteins of O1-180, O1-184 or O1-236 with
GST or small peptide tags are made and immobilized on beads. Biosynthetically labeled or
unlabeled protein extracts from the cells of interest are prepared, incubated with the beads and
washed with buffer. Proteins interacting with the O1-180, O1-184 or O1-236 are eluted
specifically from the beads and analyzed by SDS-PAGE. Binding partner primary amino acid
sequence data are obtained by microsequencing. Optionally, the cells can be treated with agents
that induce a functional response such as tyrosine phosphorylation of cellular proteins. An

example of such an agent would be a growth factor or cytokine such as interleukin-2.

[0152] Another alternative method is immunoaffinity purification. Recombinant
01-180, 0O1-184 or 0O1-236 is incubated with labeled or unlabeled cell extracts and
immunoprecipitated with anti- 01-180, O1-184 or 01-236 antibodies. The immunoprecipitate is
recovered with protein A-Sepharose and analyzed by SDS-PAGE. Unlabelled proteins are
labeled by biotinylation and detected on SDS gels with streptavidin. Binding partner proteins are
analyzed by microsequencing. Further, standard biochemical purification steps known to those

skilled in the art may be used prior to microsequencing.

[0153] Yet another alternative method is screening of peptide libraries for binding
partners. Recombinant tagged or labeled O1-180, O1-184 or O1-236 is used to select peptides
from a peptide or phosphopeptide library which interact with the O1-180, O1-184 or O1-236.
Sequencing of the peptides leads to identification of consensus peptide sequences which might

be found in interacting proteins.

[0154] The present invention also encompasses the use of various animal models.

Thus, any identity seen between human and other animal O1-180, O1-184 or 01-236 provides an
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excellent opportunity to examine the function of 01-180, O1-184 or 01-236 in a whole animal
system where it is normally expressed. By developing or isolating mutant cells lines that fail to
express normal 01-180, O1-184 or O1-236, one can generate models in mice that enable one to
study the mechanism of O1-180, O1-184 or O1-236 and its role in oogenesis and embryonic

development.

[0155] Treatment of animals with test compounds will involve the administration
of the compound, in an appropriate form, to the animal. Administration will be by any route that
could be utilized for clinical or non-clinical purposes, including but not limited to oral, nasal,
buccal, rectal, vaginal or topical. Alternatively, administration may be by intratracheal
instillation, bronchial instillation, intradermal, subcutaneous, intramuscular, intraperitoneal or
intravenous injection. Specifically contemplated are systemic intravenous injection, regional

administration via blood or lymph supply and intratumoral injection.

[0156] Determining the effectiveness of a compound iz vivo may involve a variety
of different criteria. Such criteria include, but are not limited to, increased fertility, decreased

fertility or contraception.

[0157] In one embodiment of the invention, transgenic animals are produced which
contain a functional transgene encoding a functional O1-180, O1-184 or O1-236 polypeptide or
variants thereof. Transgenic animals expressing O1-180, O1-184 or O1-236 transgenes,
recombinant cell lines derived from such animals and transgenic embryos may be useful in
methods for screening for and identifying agents that induce or repress function of O1-180, O1-
184 or O1-236. Transgenic animals of the present invention also can be used as models for

studying disease states.

[0158] In one embodiment of the invention, an O1-180, O1-184 or 01-236
transgene is introduced into a non-human host to produce a transgenic animal expressing an O1-
180, O1-184 or O1-236. The transgenic animal is produced by the integration of the transgene
into the genome in a manner that permits the expression of the transgene. Methods for
producing transgenic animals are generally described by Wagner and Hoppe (U.S. Patent
4,873,191; which is incorporated herein by reference), Brinster et al, 1985; which is

incorporated herein by reference in its entirety) and in “Manipulating the Mouse Embryo; A
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Laboratory Manual” 2nd edition (eds., Hogan, Beddington, Costantimi and Long, Cold Spring

Harbor Laboratory Press, 1994; which is incorporated herein by reference in its entirety).

[0159] It may be desirable to replace the endogenous O1-180, O1-184 or O1-236
by homologous recombination between the transgene and the endogenous gene; or the
endogenous gene may be eliminated by deletion as in the preparation of "knock-out" animals.
Typcially, targeting vectors that contain a portion of the gene of interest and a selection marker
are generated and transfected into embryonic stem (ES) cells. These targeting vectors are
electroporated into the hprt-negative ES cell line and selected in HAT and FIAU. ES cells with
the correct mutation are injected into blastocysts to generate chimeras and eventually
heterozygotes and homozygotes for the mutant O1-180, O1-184 and Q1-236 genes. Thus, the
absence of O1-180, 01-184 or 01-236 in “knock-out” mice permits the study of the effects that
loss of 01-180, 01-184 or O1-236 protein has on a cell in vivo.

[0160] As noted above, transgenic animals and cell lines derived from such
animals may find use in certain testing experiments. In this regard, transgenic animals and cell
" lines capable of expressing wild-type or mutant O1-180, O1-184 or O1-236 may be exposed to
test substances. These test substances can be screened for the ability to enhance wild-type O1-
180, O1-184 or O1-236 expression and or function or impair the expression or function of
mutant O1-180, O1-184 or O1-236.

F. Formulations and Routes for Administration to Patients

[0161] Where clinical applications are contemplated, it will be necessary to prepare
pharmaceutical compositions - expression vectors, virus stocks, proteins, antibodies and drugs -
in a form appropriate for the intended application. Generally, this will entail preparing
compositions that are essentially free of pyrogens, as well as other impurities that could be

harmful to humans or animals.

[0162] One will generally desire to employ appropriate salts and buffers to render
delivery vectors stable and allow for uptake by target cells. Buffers also will be employed when
recombinant cells are introduced into a patient. Aqueous compositions of the present invention
comprise an effective amount of the vector to cells, dissolved or dispersed in a pharmaceutically
acceptable carrier or aqueous medium. Such compositions a}so are referred to as inocula. The

phrase "pharmaceutically or pharmacologically acceptable” refer to molecular entities and
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compositions that do not produce adverse, allergic, or other untoward reactions when
administered to an animal or a human. As used herein, "pharmaceutically acceptable carrier"
includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances is well know in the art. Except insofar as any conventional
media or agent is incompatible with the vectors or cells of the present invention, its use in
therapeutic compositions is contemplated. Supplementary active ingredients also can be

incorporated into the compositions.

[0163] The active compositions of the present invention may include classic
pharmaceutical preparations. Administration of these compositions according to the present
invention will be via any common route so long as the target tissue is available via that route.
This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively, administration may be
by orthotopic, intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection.
Such compositions would normally be administered as pharmaceutically acceptable

compositions, described supra.

[0164] The active compounds also may be administered parenterally or
intraperitoneally.  Solutions of the active compounds as free base or pharmacologically
acceptable salts can be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these

preparations contain a preservative to prevent the growth of microorganisms.

[0165] The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the form must be sterile and must be fluid to the
extent that easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms, such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the

required particle size in the case of dispersion and by the use of surfactants. The prevention of
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the action of microorganisms can be brought about by various antibacterial an antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the

compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.

[0166] Sterile injectable solutions are prepared by incorporating the active
compounds in the required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a sterile
vehicle which contains the basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying techniques
which yield a powder of the active ingredient plus any additional desired ingredient from a

previously sterile-filtered solution thereof.

[0167] As used herein, "pharmaceutically acceptable carrier" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and agents for pharmaceutical active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the active ingredient, its use in the therapeutic compositions is contemplated.

Supplementary active ingredients can also be incorporated into the compositions.

[0168] For oral administration the polypeptides of the present invention may be
incorporated with excipients and used in the form of non-ingestible mouthwashes and
dentifrices. A mouthwash may be prepared incorporating the active ingredient in the required
amount in an appropriate solvent, such as a sodium borate solution (Dobell's Solution).
Alternatively, the active ingredient may be incorporated into an antiseptic wash containing
sodium borate, glycerin and potassium bicarbonate. The active ingredient also may be dispersed
in dentifrices, including: gels, pastes, powders and slurries. The active ingredient may be added
in a therapeutically effective amount to a paste dentifrice that may include water, binders,

abrasives, flavoring agents, foaming agents, and humectants.
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[0169] The compositions of the present invention may be formulated in a neutral or
salt form. Pharmaceutically-acceptable salts include the acid addition salts (formed with the free
amino groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts formed with the free carboxyl groups can also be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such

organic bases as isopropylamine, trimethylamine, histidine, procaine and the like.

[0170] Upon formulation, solutions will be administered in a manner compatible
with the dosage formulation and in such amount as is therapeutically effective. The formulations
are easily administered in a variety of dosage forms such as injectable solutions, drug release
capsules and the like. For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection,
sterile aqueous media which can be employed will be known to those of skill in the art in light of
the present disclosure. For example, one dosage could be dissolved in 1 ml of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of
infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035-
1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, general safety and purity

standards as required by FDA Office of Biologics standards.

G. Examples

[0171] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to constitute
" preferred modes for its practice. However, those of skill in the art should, in light of the present

disclosure, appreciate that many changes can be made in the specific embodiments which are
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disclosed and still obtain a like or similar result without departing from the spirit and scope of

the invention.

Example 1
Creation of a cDNA subtractive hybridization library

[0172] Ovaries from Gdf9 knockout mice are histologically very different from
wild-type ovaries due to the early block in folliculogenesis. In particular, one layer primary
follicles are relatively enriched in Gdf9 knockout ovaries and abnormal follicular nests are
formed after oocyte loss. The inventors took advantage of these differences in ovary
composition and related them to alterations in gene expression patterns to clone novel ovary-

expressed transcripts which are upregulated in the Gdf9 knockout ovaries.

[0173]  Ovaries from either Gdf9 knockout mice (C57BL/6/129SvEv hybrid) or
wild-type mice were collected and polyA+ mRNA was made from each pool. Using a modified
version of the CLONTECH PCR-Select Subtraction kit, the inventors generated a pBluescript
SK+plasmid-based cDNA library which was expected to be enriched for sequences upregulated
in the Gdf9 knockout ovaries.

[0174] Ligations into the Notl site of pBluescript SK+ were performed with a low
molar ratio of Eagl-digested cDNA fragment inserts to vector to prevent multiple inserts into the
vector. Transformations were performed, and > 1000 independent bacterial clones were picked
and stored in glycerol at -80°C. The remainder of the ligation mix was stored at -80°C for future

transformations.

Example 2
Initial sequence analysis of pOvaryl (pO1) Library inserts

[0175] The inventors performed sequence analysis of 331 inserts from the pO1
subtractive hybridization of cDNA library. An Applied Biosystems 373 DNA Sequencer was
used to sequence these clones. BLAST searches the inventorsre performed using the National
Center for Biotechnology Information databases. Novel sequences were analyzed for open
reading frames and compared to previously identified novel sequences using DNASTAR

analysis programs. A summary of the data is presented in Table 1. As shown, the majority of the
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clones were known genes or matched mouse or human ESTs. 9.4% of the clones failed to match

any known sequence in the database.

Table 1. Summary of database searches of pO1 cDNA clones
pO1 ¢cDNA Matches Number identified Percentage
Known Genes 180 54.4%
Mouse /Human EST 120 36.2%
RARE ESTs (1 EST match) (8) (2.4%)
ESTs from 2-cell library 3 (0.9%)
No match 31 9.4%
Total 331 100%

Example 3

Expression analysis and cDNA screening of ovarian-expressed genes

[0176] Northern blot analysis was performed on all cDNAs which failed to match
sequences in any database. Additionally, sequences matching ESTs derived predominantly from
mouse 2-cell embryo ¢cDNA libraries (e.g., 01-184, and O1-236) were analyzed. The rationale
for analyzing this last group of ESTs was that mRNAs expressed at high levels in oocytes may
persist until the 2-cell stage and may play a role in early embryonic development including

fertilization of the egg or fusion of the male and female pronuclei.

[0177] The results of the initial screen of novel ovarian genes is presented in Table
2. Northern blot analysis of 23 clones demonstrated that 8 of these clones were upregulated in
the Gdf9 knockout ovary indicating that the subtractive hybridization protocol used was
adequate. Northern blot analysis using total RNA isolated from either adult C57BL/6/129SvEv
hybrid mice (the ovarian RNA) or Swiss WEBSTER mice (all other tissues) also demonstrated
that four of these clones including 2 clones which matched ESTs sequenced from 2-cell libraries
were only expressed in the ovary (Figure 1). The O1-236 fragment probe (749 bp) detected a
transcript of approximately 1.0 kb (Figure 1). Several clones have so far been analyzed for their
ovarian localization by in sifu hybridization analysis (Figure 2). Clones O1-180, O1-184, and
01-236 were oocyte-specific and expressed in oocytes of primary (one-layer) preantral follicles

through ovulation (Figure 2).
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Table 2. Analysis of ovarian cDNAs with no known function

PO1 Adult Upregulated in | Database Further studies

Cdna | mRNA Gdf9 knockout match (in situ hybridization;
Expression | ovary chromosomal mapping)

PO1 Adult Upregulated in | Database Further studies

Cdna mRNA GDF-9-deficient | match (in situ hybridization;
Expression | ovary chromosomal mapping)

24 Multiple No - No

27 Multiple Yes - Qocyte-specific by in situ

37 Multiple Yes - No

70 Multiple No - No

91 1 EST (2-cell)

97 Multiple No ? No

101 Multiple Nol - No

114 Multiple No - No

110 Multiple Yes - No

126 Multiple Yes - No

180 Ovary- Yes - Qocyte-specific by in situ
specific

184 Ovary- Yes >1 EST (All 2- | Oocyte-specific by in situ
specific cell)

186 Ovary- Yes - Granulosa cell-specific by
specific in situ

223 Multiple No - No

224 Multiple No - No

236 Ovary- Yes 6 EST (2 c-cell | Oocyte-specific by in situ
specific and others)

255 Multiple No “zinc-finger”

domains

279 Multiple No - No

317 Multiple No - No

330 Multiple No - No

331 Multiple No - No

332 Multiple No - No

334 Multiple No - No

371 Multiple No - No

[0178] The O1-236 gene product was oocyte-specific (Figure 3). O1-236 was not
expressed in oocytes of primordial (type 2) or small type 3a follicles (Pedersen et al., 1968), but
was first detected in oocytes of intermediate-size type 3a follicles and all type 3b follicles (i.e.,
follicles with >20 granulosa cells surrounding the oocyte in largest cross-section). Expression of
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the O1-236 mRNA persisted through the antral follicle stage. Interestingly, the oocyte-specific,
expression pattern of the O1-236 gene product paralleled the expression of other oocyte-specific
genes which the inventors have studied including Gdf9 (McGrath et al, 1995) and bone
morphogenetic protein 15 (Dube et al., 1998).

Example 4
Cloning of Npm?2

[0179] Wild-type ovary and Gdf9 knockout ZAP Express ovary cDNA libraries
were synthesized and were screened to isolate full-length cDNAs for the above-mentioned three
clones. Each full-length cDNA was again subjected to database searches and analyzed for an
open reading frame, initiation ATG, and protein homology. The full-length cDNAs approximate
the mRNA sizes determined from Northern blot analysis. Database searches using the predicted
amino acid sequence permitted the identification of important domains (e.g., signal peptide
sequences, transmembrane domains, zinc fingers, etc.) which are useful to define the possible

function and cellular localization of the novel protein.

[0180] The O1-236 partial cDNA fragment identified in Example 1 was used to
screen Matzuk laboratory ZAP Express (Stratagene) ovarian cDNA libraries generated from
either wild-type or GDF-9 deficient ovaries as per manufacturer’s instructions and as in Dube et
al., 1998). In brief, approximately 300,000 clones of either wild-type or GDF-9 knockout mouse
ovary cDNA libraries were hybridized to [alpha-**P] dCTP random-primed probes in Church’s
solution at 63°C. Filters were washed with 0.1X Church’s solution and exposed overnight at -

80°C.

[0181] Upon primary screening of the mouse ovarian cDNA libraries, the 01-236
c¢DNA fragment detected 22 positive phage clones out of 300,000 screened. Two of these clones
(236-1 and 236-3), which approximated the mRNA size and which were derived from the two
independent libraries, were analyzed further by restriction endonuclease digestion and DNA
sequence analysis. These independent clones form a 984 bp overlapping contig (excluding the
polyA sequences) and encode a 207 amino acid open reading frame (Figure 4). Including the
polyA tail, this sequence approximates the 1.0 kb mRNA seen by Northern blot analysis
suggesting that nearly all of the 5' UTR sequence had been isolated. When the nucleotide

sequence was subjected to public database search, no significant matches were derived.
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However, database search with the 207 amino acid open reading frame demonstrated high
homology with several nucleoplasmin homologs from several species. Interestingly, 01-236
showed highest homology with Xenopus laevis nucleoplasmin. At the amino acid level, O1-236
was 48% identical to Xenopus laevis nucleoplasmin (Figure 4). Based on this homology and the
expression patterns of both gene products in oocytes, the inventors termed the gene Npm?2 since
it was the mammalian ortholog of Xenopus laevis nucleoplasmin [called Xnpm2 in (MacArthur

et al., 1997)]

[0182] Using the Npm2 cDNA sequence to search the EST database, two human
c¢DNA clones containing sequences homologous to the mouse Npm2 were found. Sequence
analysis of these two ESTs was performed. The two independent clones form a 923 bp
overlapping contig which encoded a 214 amino acid open reading frame. At the amino acid
level, human NPM2 was 48% and 67% identical to Xnpm2 and mouse NpmZ2, respectably
(Figure 5).

[0183] When the frog and mammalian NPM2 sequences were compared, several
interesting features were realized. Nucleoplasmin had a bipartite nuclear localization signal
consisting of KR-(X)10- KKKK (Dingwall et al., 1987). Deletion of either of these basic amino
acid clusters in nucleoplasmin prevented translocation to the nucleus (Robbins et al, 1991).
When the mouse and human NPM2 sequences were analyzed, this bipartite sequence was 100%
conserved between the two proteins (Figure 5). Thus, mammalian NPM?2 was predicated to

translocate to the nucleus where it would primarily function.

[0184]  Also, conserved between NPM2 and nucleplasmin was a long stretch of
negatively charged residues. Amino acids 125-144 of NPM2 and amino acids 128-146 of
nucleoplasmin are mostly glutamic acid and aspartic acid residues, with 19 out of the 20 residues
for NPM2 and 16 out of the 19 residues for nucleoplasmin either Asp or Glu. This region of
Xenopus laevis nucleoplasmin has been implicated to bind the positively charged protamines and

histones. Thus, a similar function for this acidic region of NPM2 was predicted.

[0185] The last obvious feature of the NPM2 and nucleoplasmin sequences was the
high number of serine and threonine residues. The NPM2 sequence contained 19 serine and 17
threonines (i.e.,, 17.2% of the residues) and nucleoplasmin had 12 serine and 11 threonine

residues (i.e., 11.5% of the residues). Multiple putative phosphorylation sites were predicted
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from the NPM2 and nucleoplasmin sequences. Several putative phosphorylation sequences that
were conserved between the two proteins are shown in Figure 5. Phosphorylation of
nucleoplasmin was believed to increase its translocation to the nucleus and also its activity
(Sealy ef al., 1986, Cotten et al., 1986, Vancurova et al., 1995, Leno et al., 1996). Similarly,
phosphorylation may also alter NPM2 activity. Thus, since both mouse and human NPM2 and
Xenopus laevis nucleoplasm are oocyte (and egg)-specific at the mRNA level and share highest

identity, it was concluded that mammalian NPM2 and frog nucleoplasmin were orthologs.

Example 5
Structure of the Npm2 gene

[0186] The studies show that all three of the novel oocyte-specific cDNAs have

open reading frames.

[0187] One of the full length Npm2 ¢cDNAs (clone 236-1) was used to screen a
mouse 129/SvEv genomic library (Stratagene) to identify the mouse Npm2 gene. 500,000 phage
were screened and 12 positive were identified. Two of these overlapping phage clones, 236-13
and 236-14 (~37 kb of total genomic sequence), were used to determine the structure of the
mouse Npm2 gene. The mouse Npm2 was encoded by 9 exons and spans ~6.6 kb (Figures 6 and
7A and 7B (SEQ ID NO: 7A)). Two moderate size introns (introns 4 and 5) contributed the
majority of the gene size. The initiation ATG codon resided in exon 2 and the termination codon
in exon 9. The splice donor and acceptor sites (Figures 7A and 7B (SEQ ID NO: 7)) matched
well with the consensus sequences found in rodents, and all of the intron-exon boundaries
conformed to the "GT-AG" rule (Senapathy ef al.,, 1990). A consensus polyadenylation signal
sequence was found upstream of the polyA tracts which were present in the two isolated cDNAs
(Figures 7A and 7B (SEQ ID NO: 7).

Example 6
Chromosomal mapping of the mouse NpmZ2 gene

[0188] Chromosomal mapping of genes in the mouse identifies candidate genes
associated with spontaneous or induced mouse mutations. To further aid in the functional
analysis of the isolated novel ovary-specific cDNAs, these mouse genes were mapped using the
Research Genetics Radiation Hybrid Panel. Table 3 shows the genes that have been mapped

using this technique. Also, identification of the syntenic region on the human chromosome may
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identify one or more of these novel ovarian genes as candidate genes for known human diseases

which map to these regions. '

Table 3. Analysis of partial or full-length cDNAs

pO1 cDNA ORF Database Homolog

01-180 361 aa No

01-184 426 No

01-236 207 Yes; Xenopus laevis
nucleoplosmin homolog
(81% similar)

[0189] To map the mouse Npm2 gene, the inventors used the Research Genetics
radiation hybrid panel, The Jackson Laboratory Backcross DNA Panel Mapping Resource, and
The Jackson Laboratory Mouse Radiation Hybrid Database. Forward (SEQ.ID.NO.17:
GCAAAGAAGCCAGTGACCAAGAAATGA) and reverse (SEQ.ID.NO.18: CCTGATCATG
CAAATTTTATTGTGGCC) primers within the last exon were used to PCR amplify a 229 bp
fragment from mouse but not hamster. Using these primers, the mouse Npm2 gene was mapped
to the middle of chromosome 14 (Figure 8). NpmZ2 showed linkage to D14Mit32 with a LOD of
11.2 and also had a LOD of 7.8 to D14Mit203. This region was syntenic with human

chromosome 8p21.

Example 7
Generation of knockout mice lacking novel ovary-expressed genes

[0190] Using the gene sequences obtained above, the inventors generate a targeting
vector to mutate the 01-180, O1-184 and 01-236 genes in embryonic stem (ES) cells. These
targeting vectors are electroporated into the hprt-negative AB2.1 ES cell line and selected in
HAT and FIAU. Clones are processed for Southern blot analysis and screened using 5' and 3'
external probes. ES cells with the correct mutation are injected into blastocysts to generate
chimeras and eventually heterozygotes and homozygotes for the mutant 01-180, O1-184 and
01-236 genes.

[0191] Since expression of 01-180, O1-184 and O1-236 was limited to the ovary,
the inventors anticipate that these O1-180-knockout, O1-184-knockout and O1-236-knockout
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mice are viable, but that females lacking these gene products can have fertility alterations (i.e.,
be infertile, subfertile, or superfertile). Mutant mice are analyzed for morphological, histological
and biochemical information relating to intraovarian proteins required for folliculogenesis,
oogenesis, or fertilization using techniques well within the ability of the person of ordinary skill
in the art. It is envisioned that the absence of these proteins can result in female mice having
increased or decreased fertility. These studies will lead a search for human reproductive

conditions with similar idiopathic phenotypes.

Example 8
Generation of O1-184 Transgenic Animals

[0192] The O1-184 gene is flanked by genomic sequences and is transferred by
microinjection into a fertilized egg. The microinjected eggs are implanted into a host female,
and the progeny are screened for the expression of the transgene. Transgenic animals may be
produced from the fertilized eggs from a number of animals including, but not limited to reptiles,
amphibians, birds, mammals, and fish. These animals are generated to overexpress O1-184 or

express a mutant form of the polypeptide.

Example 9
Ovarian-specific expression of mouse Npm2

[0193] To define the cell-specific expression of the Npm2 gene product, in situ

hybridization analysis was performed using wild-type mouse ovaries.

[0194] In situ hybridization was performed as described previously (Albrecht et al.,
1997; Elvin et al., 1999). Briefly, ovaries were dissected from C57B16/129SvEv mice and fixed
overnight in 4% paraformaldehyde in PBS before processing, embedding in paraffin and
sectioning at 5 um. The fragment O1-236 was used as the template for generating sense and
antisense strands with [o**P]-dUTP using the Riboprobe T7/SP6 combination system (Promega).
Hybridization was carried out at 50-55°C with 5x10° cpm for each riboprobe per slide for 16
hours in 50% deionized formamide/0.3 M NaCl/20 mM Tris-HCI (pH 8.0)/5 mM EDTA/10 mM
NaPO4 (pHS8.0)/10% dextran sulphate/1xDenhardts/0.5 mg/ml yeast RNA. High stringency
washes were carried out in 2xSSC/50% formamide and 0.1X SSC at 65°C. Dehydrated sections
were dipped in NTB-2 emulsion (Eastman Kodak, Rochester, NY) and exposed for 4-7 days at
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40°C. After the slides were developed and fixed, they were stained with hematoxylin and

mounted for photography.

[0195] The Npm2 gene product was oocyte-specific (Figures 9A and 9B). The
probe demonstrates specific expression in all growing oocytes. Oocyte-specific expression is first
seen in the early one layer primary follicle (type 3a), with higher expression in the one layer type
3b follicle and all subsequent stages including antral (an) follicles. The “sense” probe does not

detect a signal for this oocyte-specific gene.

Example 10
Subcellular localization of NPM2
[0196] The subcellular localization of NPM2 protein was determined by

immunohistostaining of mouse ovaries with anti-NPM2 antibodies.

[0197] The cDNA encoding the full-length mouse NPM2 protein was amplified by
PCR to introduce a BamH1 site before the start codon and a Xhol site before the stop codon.
This PCR fragment was cloned into pET-23b(+)(Novagen) to produce a His-tagged NPM2
protein and sequenced to confirm the absence of mutations. The recombinant NPM2 protein was
purified as described in the pET System Manual (Novagen). Two goats were immunized with the

purified His-tagged NPM2 to produce specific and high affinity antibodies.

[0198]  Ovaries were fixed in 4% paraformaldehyde in PBS for 2 h, processed,
embedded in paraffin, and sectioned at 5 um thickness. Goat anti-NPM2 polyclonal antiserum
was diluted 1:2000 in Common Antibody Dilute (BioGenex). The pre-immune goat serum from
the same goat was used as a control. All section were blocked for 10 min in Universal Blocking
Reagent (BioGenex), and incubated with the primary antibody for 1 h at room temperature.
NPM2 detection was accomplished using anti-goat biotinylated secondary antibody, streptavidin-
conjugated alkaline phosphatase label and New Fuschin substrate (BioGenex Laboratories, Inc.,
San Ramon, CA).

[0199] One to eight-cell embryos and blastocysts were fixed in 4%
paraformaldehyde in PBS for 2 h in 96-well round bottom plate, washed with 0.85% saline, and
embedded in a few drops of 1.5% agarose. The agarose-containing embryos were dehydrated,

embedded in paraffin, and analyzed as described above.
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[0200] Consistent with the expression pattern of Npm2 mRNA, NPM2 protein was
expressed in oocytes from type 3 to antral follicle stages. In randomly cycling mice, the anti-
NPM2 antibody strongly and specifically stained the nucleus (Figure 9C). The oocyte nucleus is
also called the germinal vesicle (GV). The preovulatory surge of luteinizing hormone (LH)
accelerates the maturation of GV oocytes and promotes GV breakdown (GVB). When mice were
injected with PMSG and hCG to induce superovulation, the NPM2 protein redistributes in the
oocytes of antral follicles after germinal vesicle breakdown. In preovulatory GVB oocytes, the
NPM2 was evenly distributed in the cytoplasm of the oocyte (Figure 9D). Since xXNPM?2 has
been implied to play a role in sperm DNA decondensation and pronuclei formation after
fertilization, this redistribution suggested that the cytoplasmic NPM2 was now properly
positioned to interact with the sperm nucleus at the time of fertilization. To examine the NPM2
expression after fertilization, early embryos were fixed, sectioned and stained with anti-NPM2
antibodies. In zygotes, NPM2 began to translocate back to the nucleus. Figure 9E shows an
intermediate stage in which one pronucleus was formed but other was not yet complete and some
NPM2 was still present in the cytoplasm. At a later point (Figure 9F), all of the NPM2 was
present in the pronuclei. In two-cell (Figure 9G) and eight-cell (Figure 9H) embryos, the
antibody continued to detect the NPM2 protein exclusively in the nucleus. NPM2 contiﬁued to
be detected at significantly reduced levels in blastocysts (embryonic day 3.5), but in embryonic

day 6.5 embryos, NPM2 expression was undetectable.

Example 11
Targeted disruption of the mouse Npm?Z gene and generation of Npm2 knockout mice

[0201] To study the role of NPM2 in mammalian oocyte development and early

embryo development, the inventors disrupted the mouse Npm2 locus using ES cell technology.

[0202] A targeting vector for Npm2 was constructed to delete exons 2 and 3 and
the splice junction of exon 4. The deletion targeting vector contains from left to right, 2.2 kb of
5’ Npm2 homology, a PGK-hprt expression cassette, 4.6 kb of 3’ Npm2 homology and an MC1-tk
(thymidine kinase) expression cassette. The linearized Npm2 targeting vector was electroporated
into AB2.1 ES cells. ES cell clones were selected in M15 medium containing HAT
(hypoxanthine, aminopterine and thymidine and FIAU [1-(2’-deoxy-2’-fluoro-B-D-
arabinofuranosyl)-5’-iodouracil]. Culturing of ES cells and collection and injection of blastocysts

have been previously described by Matzuk et al, 1992. For genomic Southern blot analysis,
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Bglll-digested DNA was transferred to GeneScreen Plus nylon membrane and probed with an
external 190 bp PCR synthesized fragment corresponding to exon 9 sequence (3’ probe). An
internal 200 bp PCR synthesized fragment (49 bp exon 1 plus 150 bp 5’ upstream sequence) was
also used to distinguish the wild-type and Npm2 null (Npm2tm1Zuk) alleles when DNA was
digested with BamH1. A PCR-synthesized probe containing the 137 bp exon 2 sequence was
used to verify that exon 2 was absent in mice homozygous for the Npm2tm1Zuk allele when
DNA was digested with Pstl. A single correctly targeted ES cell clone (named Npm2-118-B11)
was expanded, and ES cells were injected into C57Bl/6 blastocysts to obtain chimeric mice

which ultimately produced C57B16/129/SvEv hybrid and 129/SvEv inbred F1 progeny.

[0203] The targeting vector was constructed to delete exon 2 which contains the
translation initiation codon and also exon 3 and the exon 4 splice junction (Figure 10A). Outside
of exon 2, only one other ATG was present in the remaining sequence (exon 6), and this ATG
was positioned downstream of the acidic domain and between the bipartite nuclear localization
consensus sequence. Thus, this vector generated an Apm2 null allele. F1 heterozygous
(Npm2tm1Zuk/+; herein called Npm2*") mice were viable and fertile, and were intercrossed to
investigate the developmental consequences of NPM2 absence. Genotype analysis of 230 F2
offspring from these intercrosses (Figure 10B; Table 4) was consistent with a normal Mendelian
ratio of 1:2:1, and a similar number of male and female homozygotes (Nme'/' ) were produced.
Therefore, Npm2 homozygous mutant male and female mice were viable and appeared to have

normal sexual differentiation demonstrating that Npm2 was not required prior to birth.

Table 4. Heterozygous mating

-/- +/- Wild type Total
Male 27 71 19 117
Female 27 53 33 113
Total 54 124 52 230
% 23 54 23 100

[0204] To confirm that the mice genotyped as Npm2 homozygotes lacked Npm2, a
¢DNA probe that hybridized to exon 2 of the wild-type Npm2 gene was used for Southern blot
analysis. As shown (Figure 10C), this probe failed to detect any signal in DNA derived from
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homozygous (Npm2'/ ) mice in which exon 2 had been deleted. Furthermore, Npm2
immunohistochemical analysis was performed on Npm2 homozygotes and controls. Whereas the
expression of NPM2 protein was noted in the ovaries from the heterozygous controls (Figure
11A and 11C), no protein was detected in oocytes in the homozygote ovaries (Figure 11B and
11D). This confirmed that the Npm2tmlZuk mutation was a null allele and that Npm2
homozygotes were completely lacking NPM2 protein.,

Example 12
Loss of Npm2 results in female infertility and subfertility

[0205] To study the function of NPM2 in reproductive function, adult homozygous
hybrid (C57Bl/6/129SvEv) male or female mice were intercrossed with control hybrid mice
(C57B1/6/129SvEv) mice. Consistent with the female-specific expression of Npm2 mRNA and
protein, Npm2”" male mice were fertile and had no gross or histological defects in the testes (data
not shown). Similarly, intercrosses of 10 female Npm2 heterozygotes with heterozygous males
during a 5-8 month period resulted in 53 litters with 8.55 offspring/litter (0.97
litters/month)(Table 5). In contrast, only 9 out of 12 Npm2” female mice became pregnant over
a 5-8 month period resulting in 32 litters with an average of 2.75 offspring/litter (0.43
litters/month)(Table 5). Thus, deficiency of Npm2 leads to subfertility and infertility in females

but not males.

Table 5: Matings of Npm2 Knockout Mice
Genotype of Parents Mothers Litters Average Litters/month
Male Female Litter size (Mean tSEM)

(Mean +SEM)

+- X +/- 8 51 8.55 £ 0.34* 0.97 £ 0.03**
WT X -/- 12%s%* 32 2.75 £ 0.25%* 0.43 £0.10%*
* P<0.001
ok P<0.005

*%%  Three mice are infertile

Example 13
Early cleavage defect in Npm2-null fertilized eggs

[0206] To determine the causes of the fertility defects in the Nme'/ " female mice,

ovaries were first examined morphologically and histologically. There is no significant
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difference between Npm2”" and control ovaries at the gross or histological levels (Figure 11E and
11F). Normal folliculogenesis including the formation of corpora lutea were observed in the

Npm?2”" ovaries suggesting that ovulation occurred in these mice.

[0207] To confirm that ovulation was occurring and to further study the cause of
the infertility and subfertility of the Npm2™ mice, pharmacological superovulation of wild-type,
heterozygous, and homozygous mice was performed and the eggs were collected from the

oviducts and cultured in vitro.

[0208] Immature (21-24 day old) females were injected intraperitoneally with 5 IU
PMSG (pregnant mare serum gonadotropin) followed by injection of 5 TU hCG (human
chorionic gonadotropin) to induce superovulation as described (Hogan et al., 1994; Matzuk et
al., 1996). The injected mice were mated to wild-type male mice. Eggs were harvested the next
morning from the oviducts of these mice. Cumulus cells were removed from the eggs by using
0.3 mg/ml hyaluronidase in M2 medium (Sigma). Eggs were cultured in M16 Medium (Sigma)
covered with light paraffin oil in a humidified 37°C incubator with an atmosphere of 5% CO,
and 95% air (Hogan et al., 1994).

[0209] For the staining of DNA, eggs were washed once in PBS, incubated in 4%
paraformaldehyde in PBS containing 10 ug/ml bisbenzimide (Hoechst 33258) for 20 min at room
temperature, washed twice with PBS, mounted with Fluoromount-G, and photographed by using

fluorescence microscopy (Axioplan 2 imaging, Carl Zeiss).

[0210] Pregnant mare serum gonadotropin/human chorionic gonadotropin
superovulation treatment of 21-24 day old mice resulted in similar numbers of eggs ovulated in
Nme'/ " females compared to wild-type or heterozygote controls (Table 6). The eggs from Npm2
” mice appear to be fertilized by spermatozoa normally because there were no significant
differences between the Npm2™ and controls in the formation of the second polar body, evidence
of fertilization. However, there was a substantial defect in the cleavage of one cell embryos into
two cell embryos in the Npm2” mice (Table 6, Figure 12A-12D). Besides a significant reduction
in the number of two cell embryos, some bizarre, developmentally-abnormal embryos appeared
during the 24 hours of in vitro culture (Figure 12B). Unlike control eggs (Figure 12C), Npm2”
eggs could not progress to the four cell embryo stage the current in vitro culture assay (Figure

12D). Thus, the defect in the Nme'/' mice appeared to result in a reduced viability of embryos.
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Table 6: In vitro culture of eggs released by superovulation

Genotype | Number of | Eggs Presence of polar | 2 cell embryos
females (Mean+SEM) body (Mean+SEM) | (Mean+SEM (%)
Wild type 7 144+£38 8.6+1.4 7.3 £ 2.1%%(50.5%)
Npm2* 21 126+2.1 6.9 +0.9 7.1+ 1.3%%(56.3%)
Npm2™” 15 15.7+£39 72+1.7 1.3 £ 0.4*%(8.3%)

*Percentage of 2 cell embryos developed from total eggs
** P<0.001

Example 14
Structure of the O1-180 gene and O1-180 pseudogene

[0211] A ZAP-express mouse ovary cDNA library was screened to isolate the full-
length O1-180 ¢cDNA. Excluding the polyA tail, the full-length O1-180 cDNA is about 1.3kb,
and encodes an open reading frame from nucleotides 26 to 1108. The O1-180 cDNA is
homologous to several ESTs in the database, including ESTs in a mouse sixteen-cell embryo
cDNA library (AU044294) and a mouse unfertilized egg cDNA library (AU023153). The
polypeptide predicted from the O1-180 cDNA ORF consists of 361 amino acids, with a
molecular mass of 40 kDa. Searching the public protein database failed to identify any known
protein homologues. A bipartite nuclear localization signal was found at positions 333 to 350
(SEQ.ID.NO.19: Lys-Arg-Pro-His-Arg-Gln-Asp-Leu-Cys-Gly-Arg-Cys-Lys-Asp-Lys-Arg-Leu-
Ser), strongly suggesting that O1-180 may migrate to the oocyte or embryo nucleus.

[0212] To clone the mouse O1-180 gene, a mouse genomic A Fix II phage library
generated from mouse 129SVEv strain was screened with the full length O1-180 cDNA. Twelve
independent A recombinant clones were isolated; eight of which were identified as unique clones
and were further characterized by subcloning, Southern blot analysis, and sequencing.
Surprisingly, only one genomic insert DNA starting 650 nucleotide upstream of exon 2 of the
gene corresponded to the 3’-portion of the O1-180 gene. The remaining clones corresponded to a
closely related gene, in which the exons share 98% identity with O1-180 ¢cDNA. Based on the
exon differences, O1-180 gene- and the related gene-specific primers were designed and reverse
transcription-polymerase chain reactions (RT-PCR) were performed. cDNAs from 8-week-old
C57 mouse tissues, including brain, heart, lung, spleen, liver, small intestine, stomach, kidney,

uterus, testis, and ovary, were used as templates. Consistent with the Northern blot analysis, O1-
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180 cDNA was amplified exclusively in the ovary; while the related gene cDNA was not
detectable in any of the tissues. This indicated that the related gene isolated from the mouse
genomic A Fix II phage library was a pseudogene. A BAC 129Sv] mouse genomic library was
screened by PCR with two sets of O1-180 gene-specific primers, and only one BAC clone was
isolated. Sequencing of the entire coding region and exon-intron boundaries of the BAC and A
phage clones showed that both the O1-180 and the O1-180 pseudogene contained four exons and
three introns (Figure 14). As shown in Figure 15, all of the exon-intron boundaries satisfied the
GT-AG intron donor-acceptor splice rule. The major difference between the O1-180 gene and
the pseudogene was a 13-nt gap in exon 1 of the pseudogene, which the inventors expect results
in a frame shift and early termination in exon 2 of the pseudogene. The sequences of exon 2 in
both the 01-180 gene and pseudogene were identical, and there are single base pair mutations in
exons 3 and 4 (Figure 15) (SEQ ID NO:11 and SEQ ID NO:12).

Example 15
Mouse chromosome 5

[0213] The whole genome-radiation hybrid panel T31 (McCarthy et al., 1997)
were purchased from Research Genetics (Huntsville, AL) and used according to the
manufacturer’s instruction. The panel was constructed by fusing irradiated mouse embryo
primary cells (129aa) with hamster cells. Because the sequence of the hamster homologues for
01-180 is unknown, the inventors designed the reverse primers from the 3’-untranslated region
of the murine sequence to minimize the risk of coamplification of the hamster homologues
(Makalowski and Boguski, 1998). O1-180 gene specific primers were (SEQ.ID.NO.20) §'-
CTAGAAAAGGGGACTGTAGTCACT-3' forward, and (SEQ.ID.NO.21) 5'-
TGCATCTCCCACACAAGTCTTGCC-3' reverse; pseudo O1-180 gene specific primers were
(SEQ.ID.NO.22) 5-CTAGAAAAGGGGACTATAGGCACC-3' forward, and (SEQ.ID.NO.23)
5-TGCATCTCTCACACAAGTGTTGCT-3' reverse. Specificity of the two sets of primers was
tested with A23 hamster DNA and 129 mouse DNA. The PCR reactions were performed in 15pul
final volume, containing 1pl of each panel DNA, 1.25u of Taq platinum DNA polymerase
(Gibco, Rockville, MD), companion reagents (0.25mM dNTPs, 1.5mM MgCl2, 1xPCR buffer),
and 0.4uM of each primer. An initial denaturation step of 4 min at 94°C was followed by
amplification for 30 cycles (40s at 94°C, 30s at 60°C, and 30s at 72°C) and final elongation at
72°C for 7min.
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[0214] Both O1-180 gene and O1-180 pseudogene specific primers were designed
respectively, and all 100 of the cell line DNAs of the T31 Mouse Radiation Hybrid Panel were
screened by PCR in a duplicate assay. The data for each gene were submitted for analysis at the
Jackson Laboratory Mouse Radiation Hybrid Mapper Server. Both genes were placed in the
same region on mouse Chromosome 5. The O1-180 locus is at 40cM, between two markers
D5Buc48 and Txk, while the O1-180 pseudogene lies at 41¢M, between Tec and D5Mit356, just

distal to the coding locus (Figure 16). This is syntenic to a region in humans Chromosome 4p12.

Example 16
Localization of O1-180 in mouse ovaries

[0215]  In situ hybridization was performed with the O1-180 specific probe. [o-
3Q]UTP-labeled antisense and sense probes were generated by the Riboprobe T7/T3
combination system (Promega, Madison, WI). Hybridization was carried out according to
methods described by Albrecht et al., 1997 and Elvin et al., 1999A.

[0216] In situ hybridization showed high level expression of O1-180 localized to
the oocytes within these ovaries. The expression of O1-180 within oocytes was evident at the
one-layer (primary) follicle stage through the antral follicle stage, but no expression was
observed at the primordial follicle stage. Because the number of follicles is increased in Gdf9
knockout ovaries due to the arrest of follicle development at the primary follicle stage, more O1-

180 positive oocytes were detected in each section (Figure 13).

Example 17
Analysis of 01-180

[0217] Northern blot analysis was performed using standard techniques well
known and used in the art. Briefly, ovarian mRNA was isolated from wildtype and GDF-9(-/-)

mice. Figure 18 shows that O1-180 is specific for ovarian tissue.

[0218] Western blot analysis was performed using standard techniques well known
and used in the art. Briefly, ovarian protein was isolated from wildtype and GDF-9(-/-) mice.
Antibodies to O1-180 were used to compare the size of the recombinant O1-180 protein to a
native O1-180 protein. Figure 19 revealed that the recombinant O1-180 protein is similar in size

to the native O1-180 protein from isolated ovaries from GDF-9(-/-) mice.
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Example 18
Subcellular localization of O1-180

[0219] The subcellular localization of O1-180 protein was determined by

immunohistostaining of mouse ovaries with anti-O1-180 antibodies.

[0220] The cDNA encoding the full-length mouse O1-180 protein was amplified
by PCR to introduce a BamH]1 site before the start codon and a Xhol site before the stop codon.
This PCR fragment was cloned into pET-23b(+)(Novagen) to produce a His-tagged O1-180
protein and sequenced to confirm the absence of mutations. The recombinant O1-180 protein
was purified as described in the pET System Manual (Novagen). Two goats were immunized

with the purified His-tagged O1-180 to produce specific and high affinity antibodies.

[0221] Ovaries were fixed in 4% paraformaldehyde in PBS for 2 h, processed,
embedded in paraffin, and sectioned at 5 um thickness. Goat anti- O1-180 polyclonal antiserum
was diluted 1:2000 in Common Antibody Dilute (BioGenex). The pre-immune goat serum from
the same goat was used as a control. All section were blocked for 10 min in Universal Blocking
Reagent (BioGenex), and incubated with the primary antibody for 1 h at room temperature.
Npm?2 detection was accomplished using anti-goat biotinylated secondary antibody, streptavidin-
conjugated alkaline phosphatase label and New Fuschin substrate (BioGenex Laboratories, Inc.,
San Ramon, CA).

[0222] Figure 20 shows immunostaning of O1-180 in mouse ovaries. As shown in
Figure 20, the O1-180 protein was localized specifically to the cytoplasm of mouse oocytes and
zygotes but disappeared after this point.

Example 19
Generation of O1-180 knockout mice

[0223] A targeting vector to mutate the O1-180 gene was constructed from the
isolated sequences (Figure 17). To study the role of O1-180 in mammalian oocyte development
and early embryo ‘development, the inventors disrupted the mouse O1-180 locus using ES cell
technology. The targeting vector was constructed to delete exon 1 which contains the translation

initiation codon. Thus, this vector generated an O1-180 null allele.
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Example 20
Loss of O1-180 results in female infertility and subfertility

[0224] To study the function of O1-180 in reproductive function, adult
homozygous hybrid (C57B1/6/129/vEv) male or female mice were intercrossed with control
hybrid mice (C57B1/6/129/SvEv) mice. Consistent with the female-specific expression of O1-
180 mRNA and protein, O1-180"" male mice are fertile and had no gross or histological defects
in the testes. Similarly, intercrosses of female O1-180 heterozygotes with heterozygous males
during a 5-8 month period resulted in 7.1 offspring/litter (Table 7). In contrast, none of the O1-
1807 female mice became pregnant over a 5-8 month period (Table 7). Thus, deficiency of O1-
180 leads to subfertility and infertility in females but not males.

Table 7. Fertility of O1-180 Mice

Breeder Average Litter Sex Ratio Genotype of Pups
F M Size (Female/Male) Wt +/- -/-
(pups/litter)
+/- +/- 7.1 1. (119/114) 53(23%) | 121 (52%) | 59 (25%)
+/- -/- 8.8 0.94 (103/109) 0 111(52%) | 101 (48%)
-/~ |+~ 0
or Wt
Example 21

Defect in O1-180-null fertilized eggs

[0225] To determine the causes of the fertility defects in the 01-1807, 01-180*"

female mice, ovaries were first examined morphologically and histologically.

[0226] To confirm that ovulation was occurring and to further study the cause of
the infertility and subfertility of the 01-180"", 01-180™" mice, pharmacological superovulation
of wild-type, heterozygous, and homozygous mice was performed and the eggs were collected
from the oviducts and cultured in vitro. As shown in Figure 21 and Table 8, by day 2, only a few
01-180™ zygotes developed to 2-cell stage and none of tﬁem developed to a 4-cell stage by day
3. This was in contrast to the 01-180"" zygotes which most of them developed to a 2-cell
embroyo by day 2 and of these most of them developed into blastocysts by day 3 and day 4.
Thus, the defect in the O1-180" mice appeared to initiate after fertilization and before the

development of the blastocyst.
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Table 8: Embryonic Development of O1-180 Mutant Mice in vivo

01-180 +/- (n=8) 01-180 -/~ (n=13)
Total 2-4-cell (D2) | >4-cell (D3) Total 2-4-cell (D2) Sd-cell
Zygotes Zygotes (b3
(01) 1)
Mean | 31.63 28.25 23.63 34.31 7.15 0.00
SD % | 13.51 11.70 13.60 14.84 5.44 0.00
SEM 83.30 74.70 20.83 0.00
4.78 4.14 4.81 4.12 1.51 0
Example 22
Two-hybrid analysis
[0227] Two hybrid screen is used to elucidate or characterize the function of a

protein by identifying other proteins with which it interacts.

[0228]
which contains a DNA binding domain of GAL4 along with the DNA for the protein of interest.

The protein O1-180 or O1-236 or O1-184 is made into a chimeric protein,

Plasmids containing nucleotide sequences which express this chimeric protein are transformed
into eukaryotic cells, which also contain a representative plasmid from a library containing the
GAL4 activation domain fused to different nucleotide sequences encoding different potential
target proteins. If the protein of interest (O1-180, O1-236 or O1-184) physically interacts with a
target protein, the GAL4 activation domain and GAL4 DNA binding domain are tethered and are
thereby able to act conjunctively to promote transcription of a reporter gene. If no interaction
occurs between the 01-180, O1-236 or O1-184 protein and the potential target protein in a
particular cell, the GAL4 components remain separate and unable to promote reporter gene

transcription on their own.

[0229]

detail, it should be understood that various changes, substitutions and alterations can be made

Although the present invention and its advantages have been described in

herein without departing from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,

compositions of matter, means, methods, or steps, presently existing or later to be developed that
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perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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10.

11.

12.

CLAIMS

‘What is claimed is;

An isolated polynucleotide sequence comprising a nucleic acid sequence of
SEQ.ID.NO:11.

An isolated polynucleotide sequence comprising a nucleic acid sequence of

SEQ.ID.NO:13.

A pharmaceutical composition comprising a modulator of O1-180 expression

dispersed in a pharmaceutically acceptable carrier.

The composition of sentence 3, wherein the modulator suppresses transcription of

an OI-180 gene.

The composition of sentence 3, wherein the modulator enhances transcription of

an O1-180 gene.
The composition of sentence 3, wherein the modulator is a polypeptide.
The composition of sentence 3, wherein the modulator is a small molecule.

The composition of sentence 3, wherein the modulator is a polynucleotide

sequence.

The composition of sentence 9, wherein the polynucleotide sequence is DNA or
RNA.

The composition of sentence 9 further comprising an expression vector, wherein
the expression vector comprises a promoter and the polynucleotide sequence,

operatively linked.

A pharmaceutical composition comprising a modulator of O1-180 activity

dispersed in a pharmaceutically acceptable catrier.

The composition of sentence 11, wherein the composition inhibits O1-180
activity.
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13.

14.

15.

16.

17.

18.

19.

of:

The composition of sentence 11, wherein the composition stimulates O1-180

activity.

A method of modulating contraception comprising administering to an animal an
effective amount of a modulator of O1-180 activity dispersed in a
pharmacologically acceptable carrier, wherein said amount is capable of

decreasing conception.
The method of sentence 14, wherein the animal is female.
The method of sentence 14, wherein the animal is male.

A method of enhancing fertility comprising administering to an animal an
effective amount of a modulator of OI1-180 activity dispersed in a
pharmacologically acceptable carrier, wherein said amount is capable of

increasing conception.

A method of screening for a modulator of O1-180 activity comprising the steps

providing a cell expressing an O1-180 polypeptide
contacting said cell with a candidate modulator;
measuring O1-180 expression; and

comparing said O1-180 expression in the presence of said candidate modulator
with the expression of O1-180 expression in the absence of said candidate
modulator; wherein a difference in the expression of O1-180 in the presence of
said candidate modulator, as compared with the expression of O1-180 in the
absence of said candidate modulator, identifies said candidate modulator as a

modulator of O1-180 expression.

A method of identifying compounds that modulate the activity of O1-180

comprising the steps of:

obtaining an isolated O1-180 polypeptide or functional equivalent thereof;
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admixing the O1-180 polypeptide or functional equivalent thereof with a candidate

compound;
and measuring an effect of said candidate compound on the activity of O1-180.

20. A method of screening for a compound which modulates the activity of O1-180

comprising:

exposing O1-180 or a O1-180 binding fragment thereof to a candidate compound;

and

determining whether said compound binds to O1-180 or the O1-180 binding

partner thereof;, and

further determining whether said compound modulates O1-180 or the O1-180

interaction with a binding partner.

21. A method of screening for an interactive compound which binds with O1-180

comprising:
exposing a O1-180 protein, or a fragment thereof to a compound; and
determining whether said compound bound to the O1-180.
22, A method of identifying a compound that effects O1-180 activity comprising

(a) providing a group of transgenic animals having (1) a regulatable one or more
0O1-180 protein genes, (2) a knock-out of one or more O1-180 protein genes, or (3) a

knock-in of one or more O1-180 protein genes;

(b) providing a second group of control animals respectively for the group of

transgenic animals in step (a); and

(c) exposing the transgenic animal group and control animal group to a potential

01-180-modulating compounds; and

(d) comparing the transgenic animal group and the control animal group and
determining the effect of the compound on one or more proteins related to infertility or

fertility in the transgenic animals as compared to the control animals.

23. A method of detecting a binding interaction of a first peptide and a second peptide of a

peptide binding pair, comprising:
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0] culturing at least one eukaryotic cell under conditions suitable to detect the

selected phenotype; wherein the cell comprises;
a) a nucleotide sequence encoding a first heterologous fusion

protein comprising the first peptide or a segment thereof joined to a transcriptional

activation protein DNA binding domain;
b) a nucleotide sequence encoding a second heterologous

fusion protein comprising the second peptide or a segment thereof joined to a

transcriptional activation protein transcriptional activation domain;

wherein binding of the first peptide or segment thereof and the second peptide or segment

thereof reconstitutes a transcriptional activation protein; and

c) a reporter element activated under positive transcriptional control
of the reconstituted transcriptional activation protein, wherein expression of the reporter element

produces a selected phenotype;

(ii) detecting the binding interaction of the peptide binding pair by determining the level

of the expression of the reporter element which produces the selected phenotype;

wherein said first or second peptide is an O1-180 peptide and the other peptide is a test
peptidé, preferably selected peptides/proteins present in the ovary.

24, A rescue screen for detecting the binding interaction of a first peptide and a second

peptide of a peptide binding pair, comprising:

@) culturing at least one eukaryotic cell under conditions to detect a selected

phenotype or the absence of such phenotype, wherein the cell comprises;
a) a nucleotide sequence encoding a first heterologous fusion

protein comprising the first peptide or a segment thereof joined to a DNA binding domain

of a transcriptional activation protein;
b) a nucleotide sequence encoding a second heterologous

fusion protein comprising the second peptide or a segment thereof joined to a

transcriptional activation domain of a transcriptional activation protein;
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wherein binding of the first peptide or segment thereof and the second peptide or segment

thereof reconstitutes a transcriptional activation protein; and

c) a reporter element activated under positive transcriptional control
of the reconstituted transcriptional activation protein, wherein expression of the reporter element

prevents exhibition of a selected phenotype;

(ii)  detecting the ability of the test peptide to interact with O1-180 by determining
whether the test peptide affects the expression of the reporter element which prevents exhibition

of the selected phenotype,

wherein said first or second peptide is an O1-180 peptide and the other peptide is a test
peptide, preferably selected peptides/proteins present in the ovary.

A method of identifying binding partners for O1-180 comprising the steps of:
exposing the protein to a potential binding partner; and
determining if the potential binding partner binds to O1-180.

A pharmaceutical composition comprising a modulator of O1-236 expression dispersed

in a pharmaceutically acceptable carrier.

The composition of sentence 26, wherein the modulator suppresses transcription of an

01-236 gene.

The composition of sentence 26, wherein the modulator enhances transcription of an O7-

236 gene.

The composition of sentence 26, wherein the modulator is a polypeptide.

The composition of sentence 26, wherein the modulator is a small molecule.

The composition of sentence 26, wherein the modulator is a polynucleotide sequence.
The composition of sentence 31, wherein the polynucleotide sequence is DNA or RNA.

The composition of sentence 31 further comprising an expression vector, wherein the
expression vector comprises a promoter and the polynucleotide sequence, operatively
linked.

A pharmaceutical composition comprising a modulator of O1-236 activity dispersed in a

pharmaceutically acceptable carrier.
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35. The composition of sentence 34, wherein the composition inhibits O1-236 activity.
36. The composition of sentence 34, wherein the composition stimulates 01-236 activity.
37. A method of modulating contraception comprising administering to an animal an

effective amount of a modulator of 01-236 activity dispersed in a pharmacologically

acceptable carrier, wherein said amount is capable of decreasing conception.

38. The method of sentence 37, wherein the animal is female.
39. The method of sentence 37, wherein the animal is male.
40. A method of enhancing fertility comprising administering to an animal an effective

amount of a modulator of O1-236 activity dispersed in a pharmacologically acceptable

carrier, wherein said amount is capable of increasing conception.
41. A method of screening for a modulator of O1-236 activity comprising the steps of:
providing a cell expressing an O1-236 polypeptide
contacting said cell with a candidate modulator;
measuring O1-236 expression; and

comparing said O1-236 expression in the presence of said candidate modulator
with the expression of O1-236 expression in the absence of 'said candidate
modulator; wherein a difference in the expression of O1-236 in the presence of
said candidate modulator, as compared with the expression of O1-236 in the
absence of said candidate modulator, identifies said ca}ndidate modulator as a

modulator of O1-236 expression.

42, A method of identifying compounds that modulate the activity of O1-236 comprising the
steps of:

obtaining an isolated O1-236 polypeptide or functional equivalent thereof;

admixing the O1-236 polypeptide or functional equivalent thereof with a candidate

compound;
and measuring an effect of said candidate compound on the activity of O1-236.

43. A method of screening for a compound which modulates the activity of 01-236
comprising:
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exposing 01-236 or a 01-236 binding fragment thereof to a candidate compound;

and

determining whether said compound binds to O1-236 or the O1-236 binding
partner thereof; and

further determining whether said compound modulates O1-236 or the 01-236

interaction with a binding partner.

A method of screening for an interactive compound which binds with O1-236

comprising:
exposing a O1-236 protein, or a fragment thereof to a compound; and
determining whether said compound bound to the O1-236.

A method of identifying a compound that effects O1-236 activity comprising

(a) providing a group of transgenic animals having (1) a regulatable one or more
0O1-180 protein genes, (2) a knock-out of one or more O1-236 protein genes, or (3) a

knock-in of one or more O1-236 protein genes;

(b) providing a second group of control animals respectively for the group of

transgenic animals in step (a); and

(c) exposing the transgenic animal group and control animal group to a potential

01-236-modulating compounds; and

(d) comparing the transgenic animal group and the control animal group and
determining the effect of the compound on one or more proteins related to infertility or

fertility in the transgenic animals as compared to the control animals.

A method of detecting a binding interaction of a first peptide and a second peptide of a

peptide binding pair, comprising:

1) culturing at least one eukaryotic cell under conditions suitable to detect the

selected phenotype; wherein the cell comprises;

a) a nucleotide sequence encoding a first heterologous fusion

protein comprising the first peptide or a segment thereof joined to a transcriptional

activation protein DNA binding domain;
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b) a nucleotide sequence encoding a second heterologous

fusion protein comprising the second peptide or a segment thereof joined to a

transcriptional activation protein transcriptional activation domain;

wherein binding of the first peptide or segment thereof and the second peptide or segment

thereof reconstitutes a transcriptional activation protein; and

c) a reporter element activated under positive transcriptional control
of the reconstituted transcriptional activation protein, wherein expression of the reporter element

produces a selected phenotype;

(ii) detecting the binding interaction of the peptide binding pair by determining the level

of the expression of the reporter element which produces the selected phenotype;

wherein said first or second peptide is an 01-236 peptide and the other peptide is a test
_ peptide, preferably selected peptides/proteins present in the ovary.

47. A rescue screen for detecting thee binding interaction of a first peptide and a second

peptide of a peptide binding pair, comprising:

(1) culturing at least one yeast cell under conditions to detect a selected phenotype or

the absence of such phenotype, wherein the yeast cell comprises;
a) a nucleotide sequence encoding a first heterologous fusion

protein comprising the first peptide or a segment thereof joined to a DNA binding domain

of a transcriptional activation protein;
b) a nucleotide sequence encoding a second heterologous

fusion protein comprising the second peptide or a segrneﬁt thereof joined to a

transcriptional activation domain of a transcriptional activation protein;

wherein binding of the first peptide or segment thereof and the second peptide or segment

thereof reconstitutes a transcriptional activation protein; and

c) a reporter element activated under positive transcriptional control
of the reconstituted transcriptional activation protein, wherein expression of the reporter element

prevents exhibition of a selected phenotype;
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(i)  detecting the ability of the test peptide to interact with O1-236 by determining
whether the test peptide affects the expression of the reporter element which prevents exhibition

of the selected phenotype,

wherein said first or second peptide is an O1-236 peptide and the other peptide is a test
peptide, preferably selected peptides/proteins present in the ovary.

48. A method of identifying binding partners for O1-236 comprising the steps of:
exposing the protein to a potential binding partner; and

determining if the potential binding partner binds to O1-236.
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Mouse Npm2 Gene Sequences
acagcagaggtgatgetcagaaatcaagtittaacagaggeccaggtg
ctictagagtaggaggegaltgeacacctccecaceecctectettic
ccaggettettaacagectgetgtgggaagetgacecttagatggage
¢cctgaaGCCATATTGAGGACCTGCAGTAGAGGTGGAACCCATGACTGG
CAGCGCAgtaagettgageagg... intron 1= 343bp
..ctitgcattactcagAACACAGTGATAACAGCTGAGCTCCAAGCA
AGGACCCAGGACCTTGCCTCACCACAGACATAATCTTTCCCCACAACA
CCTCCACCAAGCCGCCCTGTAAATCGAC ATG AGT CGC CAC AGC
M 8§ R H 5§

ACC AGC AGC GTG ACC GAA ACC ACA GCA AAA AAC ATG
T § 8§ V T E T T A K N M

CTC TGG Ggtaagggctaagget... intron 2 = 134bp
L W

grettegetgtgeagGT AGT GAA CTC AAT CAG GAA AAG
G §S E L N Q E K

CAG ACT TGC ACC TTT AGA GGC CAA TGC GAG AAG AAG
Q TC T F R G Q C E K K

GAC AGC TGT AAA CTC TTG CTC AGC ACGgtgggtgtctece
D S C K L L L S T

aa... intron 3 = 92bp ...catcacctttctcagATC
|

TGC CTG GGG GAG AAA GCC AAA GAG GAG GTG AAC CGT
¢Cc L G E K A X E E V N R

GTG GAA GTC CTC TCC CAG GAA GGC AGA AAA CCA CCA
vV E VvV L §8 Q E G R K P P

ATC ACT ATT GCT ACG CTG AAG GCA TCA GTC CTG CCC
1 T I A T L K A 8 V L P

ATGgtgagtcttctetee... intron 4 = 2.8kb ...agaa
M
gegggacacagGTC ACT GTG TCA GGT ATA GAG CTT TCT
v T VvV 8§ G I E L 8§

CCT CCA GTA ACT TTT CGG CTC AGG ACT GGC TCA GGA
P P V T F R L R T G § G

FIG. 7A
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108

118

130

142

154

166

169

176

183

185

194

195

207

9/26

CCT GTG TTC CTC AGT GGC CTG GAA TGT TAT Ggtaagtt
P vV F L 8 G L E C Y

gtagecta,.. intron 5 = 1.35kb «.ggctacecattee

agAG ACT TCG GAC CTG ACC TGG GAA GAT GAC GAG GAA
E'T S DL T W E D D E E

GAG GAG GAA GAG GAG GAG GAA GAG GAT GAA GAT GAG
E E E E E E E E D E D E

GAT GCA GAT ATA TCG CTA GAG GAG ATA CCT GTC AAA
D A DI S L E E 1 P VvV K

CAA GTC AAA AGG GTG GCT CCC CAG AAG CAG ATG AGC
Q V X RV A P Q K Q M 8§

ATA GCA AAGgtegggggaaaagaa... intron 6 = 186bp
I A K

~tggttttigiteccagAAA AAG AAG GTG GAA AAA GAA
K K K VvV E K E

GAG GAT GAA ACA GTA GTG AGgtaattcatgeagtt...
E D E T VvV V R

intron 7 = 0.5kb ... ctattecctttecagG CCC AGC
P 8

CCT CAG GAC AAG AGT CCC TGG AAG AAG gtgagcaataag
P Q D K 8 P W K K

aag... intron 8 = 92bp ...ctcttatctgeacagGAG
E

AAA TCT ACA CCC AGA GCA AAG AAG CCA GTG ACC AAG
K § T P R A K K P V T K

AAA TGA CCTCATCTTAGCATCTTCTGCGTCCAAGGCAGGATGTCCA
K *

GCAGCTGTGTTCTGGTGCAGGTGTCCAGCCCCACCACCCTAGTCTGAA
TGTAATAAGGTGGTGTGGCTGTAACCCTGTAACCCAGCCCTCCAGTTT
CCGGAGGTTTTTGGTGAAGAGCCCCCAGCAAGTTCGCCTAGGGCCACA
ATAAAATTTGCATGATCAGGacctecetetgecteecectecctggat
gggtelectegetgetgegatageteatgtgeccageagagggeaace

acgagcaagaaaccagecceatgt

FIG. 7B
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GGCGBGCEAGGCECEEEACGCACCCATETTCCCGECGAGCACGTTCCACCCCTGCCCGCATCCTTATCCG
GGCGGGCGAGECRCGEGACGCACCCATETTCCCGGLEAGCACGTTTCCACCCCTGCCCGCATCCTTATCCG

CAGGCCACCAAAGCCGGGGBQGGCTGGAGGTTCGGRGCCAGGGGCTGCCGACCCGCéCCCCCGTCCTTCC
CAGGCCACCAMAGCCGRGGATOGCTGGAGETTCGGAGCCAGEERLTECCBACCCGCECCCCCCTCCTTOC
TCCCCGECTACAGACAGCTCATGECCECGGAGTACGTCGACAGCCACCAGRGBGCACAGCTCATGGLCCT
TCCCCGECTACAGACAGCTCATEECCOUGEAGTACGTCEACAGCCACCAGCGGGCALAGCTCATGECCOT
GCTGTCECAGATCGETCCCCEETCOETCAGCAGCCOTGACGCTGCGGTGCAGETGABCCCGLECCGUBAT
GCTGTCGCEEATGGETCCCCGETCEETCAGCAGCCETIGACECTGCEETGCAGETGAACCCGCECCGCEAC
GCCTCGGTGCAGTGTTCACTCEGECECOECACGCTGCAGCCTGCAGGGTECCEAGCCAGTCCCEACGLCE
GCCTCRGTECACTGTTCACTCGEGLECCECACBCTECAGUCTGUACGGTECCEASCCAGCLCUGACGLLC
GATCGGETTCCTIGTCAACCOCCTRGCCACGUCEECECCBEEAGATCCCCGCEATCCTGECAGACCETAGC
GETCEGGTTCCTGICAACCCCETAECCACCCLEECGCCEEGAGATCCCCGCGATCOTCGCABACCETAGC

CCCEITCTCETCCEIGACCTICTGTEECCTCTCCTCCTCACTGEAGGTTGCGCCAGECAGGCAGACACCE

CCCBTTCTUGTCCEIGACCTTCTRTBECCTCTCCTCCTCACTAGAGCTTGCGEGAGGCABGCAGACACCE -

ACGAAGGGAGAGGGGAGCCCEELATCCTCGEGEACCIGEEAALCGEAGCCCAGAGAGGTEGCCGUGAGEA
ACGAAGGCAGAGGEEAGCCCEECATCCTCEGEGACCCGEEAACCGGAGCCEAGAGAGGTGGCCETEAGGA

ARGCGETCCCCCABCCCCEAAGCEAGEAGGELEATGTTCAGGLTGCAGGEGCAGGCCEEGTGGGAGLAGCA
AAGCGGTCCCCCAGCCCCGAACCGAGBAGGGUGACGTTCAGGLTGCAGBECAGGUCHGGTGEEAGCAGCA

GCCACCACCGGAGGACCGGAACAGTOTGECEGCEATGCAGTCTGAGCCTGEGAGCGAGGAGCCATGTCCT
GCCACCACCGGAGGACCGGAACAGTGTGGCEGUCATGCAGTCTGAGCCTGGRAGCGAGGAGCCATGTCCT

GCCECAGAGATGGCTCAGEACCCCERTEATTCAEATCCCCCTCGAGACCAGGCCTCCCCCCARAGCACES
GCCGCAGABATGGCTCAGGACCCCGETGATTCEGATECLTCT  m rmmm wim e mmm o wCCCGCAAAGCACCA

AGCAGGACAAGGAGCECCTGCETTICCAGEgaggecageetga. . intron 1 (1.8kb)... taccctge
AGCAGGACAAGGAGCTCCTGCGTTTCCAGEIgaggccageetgg. . .intron 1 (1.8kb)... taccetge

tgtlCagTTC T TAGAGCAGRAGTACGGC TACTATCACTGCAAGGACTGCARAATCCGGTGEGAGAGCECCT
tgltCag TTCTIAGAGCAGAAGTACGGCTACTATCACTGC ARGGACTCCARRATCCGETGOCAGAGCGCCT

AMGTGTGETGTGTGCAGGGCACCAGTAAGE aagagacacegtg. . intron 2 (78bp)... tetttctect
ATGTGTGGTGTGTGCAGGGCACCAGTARGEaagagacaceglg. ..intron 2 (78bp)... tetttetect

CECAZGTETACTTCAARCAGTTCTCCLGAGTG TG TGAGARATCC TACAACCCTPACAGAGTGGAGGACAT
CgﬁﬂgGTGTACTTCAAACAGTTCTGCCGAGEGTGTG&G&AATCCTACAACCCTTACAG&GTGGAGGACQT

cacerercaagtaaaccaaacgtit. . intron 3 (878bp)...actecgattiiicagacT TG TAAAAGAACT
caccTeTcaagtaaaccaaacgtit, .. intron 3 (878bp)...getctgagtttcagacTIGTAAAGGAACT

FIG. 15A
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AGATGTGCCTGCCCAGTCAGACTTCGCCACGTGGACCCTAAACGCCCCCATCGGCAAGACTTGTETEEGA 1052
AGATGTGCCTGCCCAGTCAGACCTCGCCACGTGTACCTTAGACGCCCCCATCAGCAAGACTTGTGTGAGA

GATGCAAGGACAAATGCTTGTCCTGCGACAGCACCTTCAGCTTCAAATACATCATTTAGTCGAGAGTACGA 1122
GATGCAAGGACAAACGCCTGTCCTGCGACAGCACCGTCAGCTTCAAATACATGATTTAGTGAGAGTCGAA

AACGTTTCTGCTAGATGGGEGCTAATGGAATGGACAAGTGAGCTTTCTCCCCTCTTCCCTCTTCCCATTIC 1192
AACGTTTCTGCTAGATGGGGCTAATGGAATGGACAAGTGAGCTTTCTCCCCTCTTCACCTCTTCCQTTTC

CAAATTCTTCATGACAGACAGTGTTACTTGGATATAAAGCCTCTGAATAAAAGGTATTGCAAACA 1257
CAAATTCTTCATGACAGACAGTGTTACTTGGATATAAAGCCTGTGAATAAAAGGTATTGCARACA

FIG. 15B
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<110> Wang

Wu, X

, Peil
uemel

SEQUENCE LISTING

Matzuk, Martin M.

Bai,
<120>
<130> PO19

<140>
<141> 2001
<150>
<151>

Us 0
2001

<160> 23
<170>
<210> 1

<211> 1258
<212> DNA
<213>

<400> 1
ggcgggcgac

tccttateeg
acccgecgecce
ccgecaccag
cagccgtgac
cgggcgecge
ctgtcaaccc
cccgtteteg
gcagacaccc
gagagaggtg
ggctgcaggg
ggcgatgcag
ccccggtgat
ggagcgcecetyg
caaaatccgg
caaacagttc

ctgtcaaagt

Yuchen

25wWo2

PCT/US 02/13245

-04-27

9/844,864
-04-27

Mus musculus

gcgcegggacyg
caggccacca
cceteettece
cgggcacagc
gctgeggtge
acgctgcagce
cgtggecacg
tcegtgaccet
acgaagggag
gccgegagga
caggccgggt
tctgagectyg
tecggatgcece
cgttteccagt
tgggagagcyg
tgccgagtgt

tgtaaaagaa

PatentIn version 3.1

cacccatgtt
aagccgggga
tceeccggeta
tcatggecect
aggtgaaccc
ctgcagggtyg
ccggegecgyg
tetgtggecet
aggggagcecc
aagcggtcce
gggagcagca
ggagcgagga
ctcgagacca
tcttagagea
cctatgtgtyg
gtgagaaatc

ctagatgtgce

Ovary-Specific Genes and Proteins

cccggegagce
tggctggagg
cagacagctce
gctgtegegg
gcgccgegac
ccgagecagc
gagatccccg
ctecctectea
ggcatccteg
ccagcecgega
gccaccaccg
gccatgtect
ggccteceeg
gaagtacggc
gtgtgtgcag
ctacaaccct

ctgceccagtce

1/36

acgttccace
tteggageca
atggccgegg
atgggtccce
geccteggtge
cccgacgeec
cgatcctgge
ctggaggttg
gggacccggg
agcgaggagd
gaggaccgga
gccgcagaga
caaagcacgg
tactatcact
ggcaccagta
tacagagtgg

agacttcgcce

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
cctgececgea 60
ggggctgccg 120
agtacgtcga 180
ggteggtcag 240
agtgttcact 300
gatcgggtte 360
agaccgtagc 420
cgggaggcag 480
aaccggagcc 540
gcgatgttca 600
acagtgtgge 660
tggctcagga 720
agcaggacaa 780
gcaaggactg 840
aggtgtactt 500
aggacatcac 960
acgtggaccce 1020
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taaacgccce catcggcaag acttgtgtgg gagatgcaag gacaaacgcc tgtcectgcega 1080
cagcaccttc agcttcaaat acatcattta gtgagagtcg aaaacgtttce tgctagatgg 1140

ggctaatgga atggacaagt gacgtttctc ccctecttcac ctcttceceectt tcecaaattcet 1200

tcatgacaga cagtattact tgagtataaa gcctgtgaat aaaaggtatt gcaaacaa 1258
<210> 2

<211> 36l

<212> PRT

<213> Mus musculus
<400> 2

Met Phe Pro Ala Ser Thr Phe His Pro Cys Pro His Pro Tyr Pro Gln
1 5 10 15

Ala Thr Lys Ala Gly Asp Gly Trp Arg Phe Gly Ala Arg Gly Cys Arg
20 25 30

Pro Ala Pro Pro Ser Phe Leu Pro Gly Tyr Arg Gln Leu Met Ala Ala
35 40 45

Glu Tyr Val Asp Ser His Gln Arg Ala Gln Leu Met Ala Leu Leu Ser
50 55 60

Arg Met Gly Pro Arg Ser Val Ser Ser Arg Asp Ala Ala Val Gln Val
65 70 75 80

Asn Pro Arg Arg Asp Ala Ser Val Gln Cys Ser Leu Gly Arg Arg Thr

Leu Gln Pro Ala Gly Cys Arg Ala Ser Pro Asp Ala Arg Ser Gly Ser
100 105 110

Cys Gln Pro Arg Gly His Ala Gly Ala Gly Arg Ser Pro Arg Ser Trp
115 120 125

Gln Thr Val Ala Pro Phe Ser Ser Val Thr Phe Cys Gly Leu Ser Ser
130 135 140

Ser Leu Glu Val Ala Gly Gly Arg Gln Thr Pro Thr Lys Gly Glu Gly
145 150 155 160

Ser Pro Ala Ser Ser Gly Thr Arg Glu Pro Glu Pro Arg Glu Val Ala
165 170 175

Ala Arg Lys Ala Val Pro Gln Pro Arg Ser Glu Glu Gly Asp Val Gln

2/36
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180 185 190

Ala Ala Gly Gln Ala Gly Trp Glu Gln Gln Pro Pro Pro Glu Asp Arg
185 200 205

Asn Ser Val Ala Ala Met Gln Ser Glu Pro Gly Ser Glu Glu Pro Cys
210 215 220

Pro Ala Ala Glu Met Ala Gln Asp Pro Gly Asp Ser Asp Ala Pro Arg
225 230 235 240

Asp Gln Ala Ser Pro Gln Ser Thr Glu Gln Asp Lys Glu Arg Leu Arg
245 250 255

Phe Gln Phe Leu Glu Gln Lys Tyr Gly Tyr Tyr His Cys Lys Asp Cys
260 265 270

Lys Ile Arg Trp Glu Ser Ala Tyr Val Trp Cys Val Gln Gly Thr Ser
275 280 285

Lys Val Tyr Phe Lys Gln Phe Cys Arg Val Cys Glu Lys Ser Tyr Asn
290 295 300

Pro Tyr Arg Val Glu Asp Ile Thr Cys Gln Ser Cys Lys Arg Thr Arg
305 310 315 320

Cys Ala Cys Pro Val Arg Phe Arg His Val Asp Pro Lys Arg Pro His
325 330 335

Arg Gln Asp Leu Cys Gly Arg Cys Lys Asp Lys Arg Leu Ser Cys Asp
340 345 350

Ser Thr Phe Ser Phe Lys Tyr Ile Ile

355 360
<210> 3
<211> 1817
<212> DNA

<213> Mus musculus

<400> 3
gtcacagctt tccecctgecce gaatatggtg atctgtcectcece attgtccaga tcaggatgat 60
tctttagaag aagtcacaga ggaatgctat tccccaccca ccctccagaa cctggceaatt 120

cagagtctac tgagggatga ggccttggee atttctgete tcacggacct gccccagagt 180

ctgttcccag taatttttga ggaggccttce actgatggat atatagggat cttgaaggec 240

3/36
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atgatacctg
ctggagactt
accagtaggt
ggatcccatyg
agtgctggcet
ggcagacttg
attcatctat
atcttcaaaa
gaagagttgg
ctagatcaca
atattcagct
gatgtccctt
gagacacttt
tgcctgaata
ctccttgage
ttggattcat
tgttctcacc
acaacttcta
tctagagtge
tgagcttctg
caaatgctct
tgtggaacta
gatgaaatcce
agtctgagat
tgtagaaagt
gactggcccea
aaaaaaaaaa
<210> 4

<211> 426
<212> PRT
<213> Mus

<400> 4

tgtggccectt
tgaaggctat
gcaaactcag
aaggtgaagg
gtgaggtgaa
atgaatctac
tctgtagaaa
ctgtacacge
cttttcttaa
tcataggtac
tgatttctca
ttataaaagg
gcatcagtaa
tttgtgaact
ctcttggttt
gttgtatagt
tcagagaggt
caccacacag
tatgatgaca
gatatactga
aaatgtggtg
ctataagctt
taagtgaatg
acacaggaaa
atcaagcact
atctgttgac

aaaaaaa

musculus

cccatacctt
gettgaggga
agtaattaat
cttaccagat
gaaagaattg
cacatacttg
gctactaatt
agactgtata
tccctacetg
cttcagtttg
acttcccaca
caacctgaaa
ctgtgacctc
caaacatctg
tectccttgag
ggactttcag
cactttctat
ccctgetgag
gtggtgtaat
gagccaaaag
ggtgctacat
gattgtgaaa
tccactgceta
gtcaataact
tgtagtttga

tgcatacaat

tctttaggaa
ctagatatac
tggagagaag
ttcaggacag
aaggtgacga
ttgcagtggg
gaaggcttaa
caggagctta
aaactgatga
ggtgattctg
ctccactgte
gaatacctca
tcacagtcag
catattagtg
agagttggag
ttcagtgcet
gataatgatg
tcagctgate
actaacacac
acagctccat
ttatgatcgg
ctgagaaata
aatggagcat
tcctcetgage
atgtgttaca

aaatctgttg

4/36

agcagataaa
tgcttgcaca
atgacttgaa
agaagcagcce
ctgaagtcct
cccagcagag
ccaaagcctc
tcctaagatg
aaagtctttt
aaaagcttga
tccagaaact
ggtgcctgaa
acttggattg
atatatattt
ataccctgaa
tgctgeetge
tttctetgece
tatgagtgtt
agattagaaa
agtgtctcct
catacccaat
gaaacttagt
gaaaatgtca
tggtgaatgg
atagaagcac

acttattaaa

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
taattgcaac 300
aaaggttcaa 360
gatatgggct 420
aattgagaac 480
tcgcatgaag 540
aaaagattct 600
agtgatagaa 660
tatctgcata 720
cacactcaca 780
tgaggagaca 840
ctatgtaaat 900
aaagcccttg 960
cctgeccctat 1020
atgtgattta 1080
aaccctggaa 1140
cctaagccaa 1200
tttecttgaaa 1260
accctgececce 1320
gtttttgtce 1380
ttcaaacaac 1440
gttgcecgttt 1500
attggggact 1560
atcacctaaa 1620
atgttgcate 1680
cattttatga 1740
tttttaaaaa 1800

1817



Met

Val

Gln

Leu

Gly

65

Tyx

Lys

Thr

Lys

Thr

145

Glu

Glu

Ile

Ser

Leu
225

WO 02/088314

Val

Thr

Ser

Pro

50

Tyr

Leu

Ala

Ser

Ile

130

Glu

Leu

Ser

His

Val

210

Ile

Ile

Glu

Leu

35

Gln

Ile

Ser

Met

Arg

115

Trp

Lys

Lys

Thr

Leu

185

Ile

Leu

Cys
Glu
20

Leu
Ser
Gly
Leu
Leu
100
Cys
Ala
Gln
Val
Thr
180
Phe

Glu

Arg

Leu

Cys

Arg

Leu

Ile

Gly

85

Glu

Lys

Gly

Pro

Thr

165

Tyr

Cys

Ile

Cys

His

Tyr

Asp

Phe

Leu

70

Lys

Gly

Leu

Ser

Ile

150

Thr

Leu

Arg

Phe

Ile
230

Cys

Ser

Glu

Pro

55

Lys

Gln

Leu

Arg

His

135

Glu

Glu

Leu

Lys

Lys

215

Cys

Pro

Pro

Ala

40

Val

Ala

Ile

Asp

Val

120

Glu

Asn

Val

Gln

Leu

200

Thr

Ile

Asp

Pro

25

Leu

Ile

Met

Asn

Ile

105

Ile

Gly

Ser

Leu

Trp

185

Leu

Val

Glu

Gln

10

Thr

Ala

Phe

Ile

Asn

90

Leu

Asn

Glu

Ala

Arg

170

Ala

Ile

His

Glu

5/36

Asp

Leu

Ile

Glu

Pro

75

Cys

Leu

Trp

Gly

Gly

155

Met

Gln

Glu

Ala

Leu
235

Asp

Gln

Ser

Glu

60

Val

Asn

Ala

Arg

Leu

140

Cys

Lys

Gln

Gly

Asp

220

Ala

Ser

Asn

Ala

45

Ala

Trp

Leu

Gln

Glu

125

Pro

Glu

Gly

Arg

Leu

205

Cys

Phe

Leu

Leu

30

Leu

Phe

Pro

Glu

Lys

110

Asp

Asp

Val

Arg

Lys

190

Thr

Ile

Leu

SUBSTITUTE SHEET (RULE 26)

Glu

15

Ala

Thr

Thr

Phe

Thr

95

Val

Asp

Phe

Lys

Leu

175

Asp

Lys

Gln

Asn

PCT/US02/13245

Glu

Ile

Asp

Asp

Pro

80

Leu

Gln

Leu

Arg

Lys

160

Asp

Ser

Ala

Glu

Pro
240



WO 02/088314 PCT/US02/13245

His Ile

255

Met Leu

245

Phe Thr

250

Tyr Leu Lys Leu Lys Ser Leu Leu Thr Asp

Glu
270

Ile Thr Phe

260

Ser Glu Leu Glu Thr

265

Gly Ser Leu Gly Asp Lys Asp

Ile Phe Ile Gln Leu Pro Thr Leu His Leu Gln

280

Ser Leu Ser

275

Cys
285

Lys

Val Val Pro Phe Ile Glu

295

Leu Asn Asn Leu

300

Tyr
290

Asp Lys Gly Lys Tyr

Glu Thr Leu Ile Ser Asn

315

Leu Leu Pro Leu

305

Arg Cys Lys Lys

310

Cys Cys

320

Gln Asn Ile

335

Leu Pro Leu

330

Ser Leu

325

Asp Leu Ser Asp Asp Cys Tyr Cys

Ile Ser Ile Leu Leu

345

Glu Leu Lys His Leu His

340

Asp Tyr Cys

350

Cys Asp

Glu Phe

355

Leu Leu Glu Val Thr Leu

360

Leu Leu Pro Leu Gly Gly

365

Arg Asp

Thr
370

Glu Ser Ile Val Phe Gln Phe Ser

375

Lys Leu Leu Asp Cys Cys Asp

380

Ala
385

Ala Leu Gln Glu Vval

390

Thr
400

His Leu

395

Leu Leu Pro Ser Cys Ser Arg

Phe Asn Val Ser Leu Pro Phe Thr Thr

410

Ser Thr

415

Asp Leu

405

Tyr Asp Lys

Pro Ala Glu Ser Ala Leu

420

Pro His Ser Asp

425

<210> 5

<211> 1018

<212> DNA

<213> Mus musculus

<400> 5

gccatattga
aacagctgag
cacaacacct

tgaccgaaac

ggacctgcag
ctccaagcaa
ccaccaagcc

cacagcaaaa

tagaggtgga
ggacccagga
gcectgtaaa

aacatgctct

acccatgact
ccttgectca
tcgacatgag

ggggtagtga

6/36

ggcagcgcaa
ccacagacat
tcgccacage

actcaatcag

SUBSTITUTE SHEET (RULE 26)

acacagtgat
aatctttcce
accagcagcg

gaaaagcaga

60

120

180

240



WO 02/088314 PCT/US02/13245
cttgcacctt tagaggccaa ggcgagaaga aggacagctg taaactcttg ctcagca&ga 300
tctgectggg ggagaaagec aaagaggagg tgaaccgtgt ggaagtcctce teccaggaag 360
gcagaaaacc accaatcact attgctacgc tgaaggcatc agtcctgecc atggtcactg 420
tgtcaggtat agagctttct cctccagtaa cttttcegget caggactgge tcaggacctg 480
tgttcctcag tggcctggaa tgttatgaga cttcggacct gacctgggaa gatgacgagg 540
aagaggagga agaggaggag gaagaggatg aagatgagga tgcagatata tcgctagagg 600
agatacctgt caaacaagtc aaaagggtgg ctccccagaa gcagatgagc atagcaaaga 660
aaaagaaggt ggaaaaagaa gaggatgaaa cagtagtgag gcccagccct caggacaaga 720
gtccetggaa gaaggagaaa tctacaccca gagcaaagaa gccagtgacc aagaaatgac 780
ctcatecttag catcttctge gtccaaggca ggatgtccag cagectgtgtt ttggtgcagg 840
tgtccagece caccacccta gtctgaatgt aataaggtgg tgtggectgta accctgtaac 900
ccagccctcece agtttecegga ggtttttggt gaagagcccce cagcaagttc gcctagggece 960
acaataaaat ttgcatgatc aggaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaa 1018
<210> 6
<211> 207
<212> PRT
<213> Mus musculus
<400> 6
Met Ser Arg His Ser Thr Ser Ser Val Thr Glu Thr Thr Ala Lys Asn
1 5 10 15
Met Leu Trp Gly Ser Glu Leu Asn Gln Glu Lys Gln Thr Cys Thr Phe

20 25 30
Arg Gly Gln Gly Glu Lys Lys Asp Ser Cys Lys Leu Leu Leu Ser Thr

35 40 45
Ile Cys Leu Gly Glu Lys Ala Lys Glu Glu Val Asn Arg Val Glu Val
50 55 60
Leu Ser Gln Glu Gly Arg Lys Pro Pro Ile Thr Ile Ala Thr Leu Lys
65 70 75 80
Ala Ser Val Leu Pro Met Val Thr Val Ser Gly Ile Glu Leu Ser Pro
85 90 95

Pro Val Thr Phe Arg Leu Arg Thr Gly Ser Gly Pro Val Phe Leu Ser

100 105 110

7/36

SUBSTITUTE SHEET (RULE 26)



WO 02/088314 PCT/US02/13245
Gly Leu Glu Cys Tyr Glu Thr Ser Asp Leu Thr Trp Glu Asp Asp Glu
115 120 125
Glu Glu Glu Glu Glu Glu Glu Glu Glu Asp Glu Asp Glu Asp Ala Asp
130 135 140
Ile Ser Leu Glu Glu Ile Pro Val Lys Gln Val Lys Arg Val Ala Pro
145 150 155 160
Gln Lys Gln Met Ser Ile Ala Lys Lys Lys Lys Val Glu Lys Glu Glu
165 170 175
Asp Glu Thr Val Val Arg Pro Ser Pro Gln Asp Lys Ser Pro Trp Lys
180 185 190
Lys Glu Lys Ser Thr Pro Arg Ala Lys Lys Pro Val Thr Lys Lys
185 200 205
<210> 7
<211> 6970
<212> DNA
<213> Mus musculus
<220>
<221> misc feature
<222> (1)..(6970)
<223> N equals unknown
<400> 7
acagcagagg tgatgctcag aaatcaagtt ttaacagagg gccaggtget tctagagtag 60
gaggggattg cacacctccc cacccecctece tectttcecag gettcettaac agectgetgt 120
gggaagctga cccttagatg gagccctgaa gccatattga ggacctgcag tagaggtgga 180
acccatgact ggcagcgcag taagcttgag caggnnnnnn nnnnnnnnnn nnnnnnnnnn 240
nnnnnnnnnn NNNNNNONnn Qnnnnnnnnn nnnnnnnnonn NRNnnnannn nnnnnnnnnn 300
nnnnnnnnnn nonnnnnonnn nonnnNnnnnnn nnnnnnnnnn nonnnnnnnn nnnnnnnnnn 360
nnnnnnnninn nnnnnnnnnn nnnnnnnnnn Innnnnnonn nnninnnnnnn pnnnnnonnnn 420
nnnnnnnnnn NNNNNNNNNN DONNNNNNNN DNNnnnninn NNNNNnannnn nnnnnnnnnn 480
nnnnnnnnnn NNNNNNANNNn NNNNNNNNNN Dhnnnnnninn nnhnnnnhnn nnnnnnnnnn 540
nnnnnnnnnn nnonnnnctt tgcattactc agaacacagt gataacagct gagctccaag 600
caaggaccca ggaccttgce tcaccacaga cataatcttt ccccacaaca cctccaccaa 660
gccgecetgt aaatcgacat gagtcgecac agecaccageca gegtgaccga aaccacagca 720
8/36

SUBSTITUTE SHEET (RULE 26)



WO 02/088314

aaaaacatgc
nnnannnnnn
nnonnnnnnn
gtagtgaact
acagctgtaa
nnnnnnnnnn
nnnhnnnnnn
gaaccgtgtg
gaaggcatca
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnonnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

tctggggtaa
nnnnnnnnnn
nonnnnnnnn
caatcaggaa
actcttgcte
nnnnnnnnnn
nnncatcacc
gaagtcctet
gtecctgecea
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

gggctaagge

nnnnnnnnnn
nnnnnnnnnn
aagcagactt
agcacggtgyg
nnnnnnnnnn
tttctcagat
cccaggaagg
tggtgagtct
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnNNnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnannnnnn
nnnnonnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

tnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
gcacctttag
gtgtctccca
nnnnnnnnnn
ctgcetgggyg
cagaaaacca
tctcteennn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnonnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

9/36

nnnnnnnnnn
nnnnnnnnnn
nnnnngtctt
aggccaatgc
annnnnnnnn
nnnnnnnnnn
gagaaagcca
ccaatcacta
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
nnnnnnnnnn 780
nnnnnnnnnn 840
cgctgtgeag 900
gagaagaagqg 960
nnnnnnnnnn 1020
nnnnnnnnnn 1080
aagaggaggt 1140
ttgctacget 1200
nnnnnnnnnn 1260
nnnnnnnnnn 1320
nnnnnannnn 1380
nnnnnnnnnn 1440
nnnnnnnnnn 1500
nnnnnnnnnn 1560
nnnnnnnnnn 1620
nnnnnnnnnn 1680
nnnnnnnnnn 1740
nnnnnnnnnn 1800
nnnnnnnnnn 1860
nnnnnnnnnn 1920
nnnnnnnnnn 1980
nnnnnnnnnn 2040
nnnnnnnnnn 2100
nnnnnnnnnn 2160
nnnnnnnnnn 2220
nnannnnnnn 2280
nnnnnnnnnn 2340
nnnnnnnnnn 2400
nnnnnnnnnn 2460
nnnnnnnnnn 2520



WO 02/088314

nnnnnnnnnn
nnnnnhnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnannnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnannnnnn
nnnnnnnnnn
NNNNNNnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ctccagtaac
gttatggtaa
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnonnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnaga
ttttcggetce
gttgtagect
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnon
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnannnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
agggggacac
aggactggct
annnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnonnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
aggtcactgt
caggacctgt
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnonninnnn

10/36

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnonnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
gtcaggtata
gttcctcagt
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
nnnnnnnnnn 2580
nnnnnnnnnn 2640
nnnnnnnnnn 2700
nnnnnnnnnn 2760
nnnnnnnnnn 2820
nnnnnnnnnn 2880
nnnnnnnnnn 2940
nnnnnnnnnn 3000
nnnnnnnnnn 3060
nnnnnnnnnn 3120
nnnnnnnnnn 3180
nnnnnnnnnn 3240
nnnnnnnnnn 3300
nnnnnnnnnn 3360
nnnnnnnnnn 3420
nnnnnnnnnn 3480
nnnnnnnnnn 3540
nnnnnnnnnn 3600
nnnnnnnnnn 3660
nnnnnnnnnn 3720
nnnnnnnnnn 3780
nnnnnnnnnn 3840
nnnnnnnnnn 3900
nnnnnnnnnn, 3960
nnnnnnnnnn 4020
gagctttctce 4080
ggcctggaat 4140
nnnnnnnnnn 4200
nnnnnnnnnn 4260
nnnnnnnnnn 4320
nnnnnnnnnn 4380



WO 02/088314

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ttccagagac
aagaggatga
aaagggtgge
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ggtttttgtt
tcatgcagtt
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnannnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ttcggacctg
agatgaggat
tccccagaag
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ccagaaaaag
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
acctgggaag
gcagatatat
cagatgagca
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
aaggtggaaa
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
atgacgagga
cgctagagga
tagcaaaggt
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
aagaagagga
nnnnnnnnnn
nonnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

11/36

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
agaggaggaa
gatacctgte
ggggggaaaa
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tgaaacagta
nnnnnnnnnn
nonnnnnonn
nnnnnnnnnn

nnnnnnnnnn

SUBSTITUTE SHEET (RULE 26)
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nnnnnnnnnn 4440
nnnnnnnnnn 4500
nnnnnnnnnn 4560
nnnnnnnnnn 4620
nnnnnnnnnn 4680
nnnnnnnnnn 4740
nnnnnnnnnn 4800
nnnnnnnnnn 4860
nnnnnnnnnn 4920
nnnnnnnnnn 4980
nnnnnnnnnn 5040
nnnnnnnnnn 5100
nnnnnonnnnn 5160
nnnnnnnnnn 5220
nnnnnnnnnn 5280
nnnnnnnnnn 5340
nnnnnnnnnn 5400
nnnnnnnnnn 5460
nggctaccca 5520
gaggaggagg 5580
aaacaagtca 5640
gaannnnnnn 5700
nnnnnnnnnn 5760
nnnnnnnnnn 5820
nnnnnnnnnt 5880
gtgaggtaat 5940
nnnnnnnnnn 6000
nnnnnnnnnn 6060
nnnnnnnnnn 6120
nnnnnnnnnn 6180



WO 02/088314

nnnnnnnnnn
nnnnnonnnn
nnnnnannnn
nnnnnnnnnn
nnnnnnnnnn
caagagtcce
nnnnnnnnnn
nnnnnnctct
aaatgacctc
gtgcaggtgt
ctgtaaccca
tagggccaca
gtctectege
agccccatgt
<210> 8

<211>
<212>
<213>

<400> 8
agggggegec

tcctgggeeg
cccacccaga
agccctcecag
ttgcgetgeg
ccecggecagce
aaaaggcagt
ccttecagacc
tgggggagaa
aggacaagaa
tctecatggt
gacccgtgtt

aggaggaaga

1207
DNA
Human

nnnnnnnhnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tggaagaagg
nnnnnnnnnn
tatctgcaca
atcttagcat
ccagccccac
gcectecagt
ataaaatttg

tgctgecgata

aggaggcctce
gcatcatcag
ccgacgccaa
gcttettage
ctccgggage
ccgettctcet
gacgaccgtg
ccagctggag
agccaaagag
gatgcagccg
aggagtgcag
cctcagtgge

agaaggggag

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tgagcaataa
nnnnnnnnnn
ggagaaatct
cttetgegte
caccctagte
ttceggaggt
catgatcagg

gctcatgtgce

ggcgggtecyg
cctcacctgg
gggcagctgt
ccgggettgg
gccgatggeg
gcceggagec
ctctggggcet
gggaagcaga
gagatgcatc
gtcaccattg
ctttetceee
caggaacgtt

gaggaggaag

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ctattcecctt
gaagnnnnnn
nnnnnnnnnn
acacccagag
caaggcagga
tgaatgtaat
ttttggtgaa

acctcectcet

ccagcagagg

caattggccg
gaactggtta
ggagtgggge
acagécgcct
tgactggcce
atgaatctca
gcgagctcag
gctgcaggcet
gcgtggagat
cctcactcca
cagttacttt
atgaagcatc

aggaagagga

12/36

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tccaggccceca
nnnnnnnnnn
nnnnnnnnnn
caaagaagcc
tgtecagcag
aaggtggtgt
gagccccceag
gcctcecceect

gcaaccacga

ggacagcttc
gaactacaaa
gcggcaatgce
tcecggcceaga
cgcgeggage
gtagcgccag
tcaggagagg
gttgettceat
cctgececcea
ggcctcagte
ccagctcegg
agacctaacc

agatgatgag

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
nnnnnnnnnn 6240
nnnnnnnnnn 6300
nnnnnnnnnn 6360
nnnnnnnnnn 6420
gccetcagga 6480
nnnnnnnnnn 6540
nnnnnnnnnn 6600
agtgaccaag 6660
ctgtgttetg 6720
ggctgtaacc 6780
caagttcgcec 6840
ccctggatgg 6900
gcaagaaacc 6960

6970
tcacgaaagg 60
ttcecctegge 120
gccecttaac 180
ggggatgagy 240
agcgacactg 300
tagcacgagg 360
cggacttgga 420
acgatttget 480
gcaaaccagg 540
ctccecatygyg 600
gctggetcag 660
tgggaggagg 720
gatgaggatg 780



WO 02/088

cagatatatc
agcaggcgag
gcgttagaga
gattcaagaa
ctgtgctgcea
gggtgttgeg
ccagtgaaga
aaaaaaa
<210>

<211>

<212>
<213>

214
PRT
Huma

<400> 9
Met Asn Leu

1 .

Val Leu Trp

Gln
35

Arg Pro

Ile Cys Leu

50

Leu Pro Pro

65

Ala Ser Leu

Gln Leu Ser

Val Phe Leu

115

Glu Glu

130

Glu

Asp Asp Glu

314

tectggaggag
cgtggctaag
caagagccct
atgaggagcc
ggcacagggt
ggggcaacat

gcecccaccte

n

Ser Ser Al

Gly Gl

20

Cys

Leu Glu Gl

Gly Glu

Ala Gl

70

Asn

Gln Ala Se

85

Pro Pro Va

100

Ser Gly Gl

Glu Glu G1

Asp Glu As

Lys

caaagccctg
aaaaaaaagc
gtgaaaaagg
acgccttggg
gccecctgtcece
gagagcccct

ggggtcacaa

a Ser Ser

u Leu Ser

Gln
40

y Lys

Ala
55

Lys

n Glu Asp

r Val Leu

1 Thr Phe

n Glu Arg

120

Glu
135

u Gly

Ala

p Asp

tcaaacaagt
tggaaaaaga
ccaaagccac
gggcacggtyg
agcccctcca
cacccccaac

taaagttgce

Glu
10

Thr Glu

Gln
25

Glu Arg

Ser Cys Arg

Glu Glu Met

Met
75

Lys Lys

Met
90

Pro Val

Gln
105

Leu Arg

Tyr Glu Ala

Glu Glu Glu

Ile Ser Leu

13/36

caaaaggctg
agaagaggaa
agccagagcc
caaagtgggce
cctgtgtetg
tectccacttt

tggtcaggaa

Lys Ala Val

Arg Thr Trp

30

Leu Leu

45

Leu

His Val

60

Arg

Gln Pro Val

Ser Met Val

Ala Ser

110

Gly

Ser Asp Leu

125

Glu Glu Glu

140

Glu Glu Gln

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
gtgcececaga 840
ataagagcca 900
aagaagccag 960
cttcectgag 1020
aatgcaacag 1080
caggaggccc 1140
aaaaaaaaaa 1200

1207

Thr Thr
15

Thr Phe
His Thr
Glu Ile
Thr Ile

80

Gly Vval
95

Gly Pro
Thr Trp
Glu Glu
Ser Pro



WO 02/088314

145

Val Lys Gln

Lys Lys Lys

Arg Asp Lys

195

Lys Pro
210

Gly

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

10
1995
DNA
Huma

<400> 10
ggcatcccea

aggttgatta
ataagttgat
tagctagaag
gcccagtgge
aggtcaggag
tgaaaattag
caggagaatc
actccagcct
aaataatgtt
taaaaatatc
aatgacgatg
ctatgaatta
gttccagtgt
tagccttcac
tagcetgggg
ccctttgagg

caccgtttgt

150

Val Lys Arg

165

Lys Leu Glu

180

Ser Pro Val

200

Phe Lys Lys

1

n

tatgatggtt
atgggtacaa
agtacagtag
agaagatttg
tcatgcctgt
ttcgagacca
ctgggcatgg
gcttgaacat
gggtgatgag
gaaggtaccc
atatgtaccc
gtaccaatat
acacacctga
cccagctceta
tgtgaccccce
ccactgaagg
ggctgtcgta

tgagtgaatt

actagcggct
acatactgtt
ggtgactata
aaatgtttcc
aatcccagca
acctggccaa
tggtaagcac
gggaggcaga
agtgaaacgc
cagttaccct
cataaatatg
tatagcctca
aatcacagag
ggtcatgacc
agctgcagcce
ccggtttgcet
ttcaccgcgg

cttgaacgtc

Leu Val Pro

Lys Glu Glu

Lys Lys Ala

155

Gln Lys
170

Glu Glu
185

Lys Ala

gggaagtggyg
tgatggaaat
gttaacaata
aacacaaaga
ctttgggagyg
catggtgaaa
ctataaaccce
ggttatagtg
catcteccaaa
gatttgctea
tacaattaat
tttagcagat
cacagtccag
tcagggtcat
tgacatcagt
ttgagcactg
gatgcccagg

tgtgcatgge

14/36

PCT/US02/13245

160

Gln Ala Ser Val Ala

Ile Arg Ala
190

175

Ser Val

Thr Ala Arg Ala Lys

205

ggtgggggga
aagataagtt
atttattgta
aatgataaat
cctaggcagg
ccccatctet
agctacttgg
agctgagatg
aaaaaaaaaa
ttacacattg
atgtatcagt
gaggaaactg
acttgaaccc
cccecteccee
gtgattatte
ctctccaatg
tcccgcccaa

atgcatgtge

SUBSTITUTE SHEET (RULE 26)

ggatgaacag
gaaataagaa
tatttcaaaa
gtttagcegyg
aggatcactg
agtaaaaata
gaggctgagg
gcaccaccgc
aaaagaaaag
tgtgcaagta
ttaaaaagtt
aggcactgag
agactgtcca

tgcctecatt

acggggtggg
aggctggaag
ttggcggaat

ctgccatttg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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ctcatcttta
gacagagagc
agggggccect
ctgaccccag
caggggtgtyg
cccacttect
tgtagcgtceg
ctececeggete
gttctggaga
ttaggaaagg
agaaggaggy
ctgaggettce
ttggccggga
ctggttagaa
gtggggcgeg
aaagaatggg
gccettecce
gatgaggttg
gacagtaagg
gtctggtgga
cgcggecttt
gtacgcgceccece
aggagttgcc
gtacctgcecceg
aaggcctcac
ccatgaatct
gtgagtgggg
ggggcgcagg
cctecgeagg
aggggaagca

aagatggtgt

ccacacactt
tcagggacag
ggcaggccce
cttccaggaa
cgggagatcc
cttcactgcece
ctagccgtgce
acctccccac
cagggctcge
cccatgetgt
ctteccaactg
ctctccatgg
cagcttcteca
ctacaaattc
gcaatgegee
agaagggaag
ttcccaggcet
cgctgegete
ctgtgtgggyg
ggtgcacaga
caagectgag
ggtcgagcecc
ggtgagccct
atgcctgctyg
gcgggegecce
cagtagcgcece
actcaggctc
tgagccccte
ctgcgagcetce
gagctgcagg

ccgggaactt

ggctgcaatg
ccaaggagac
caagcctcectc
taaaagattc
ctggttatct
cactgagcct
tcctecagttg
cccacctgece
tcgetctceac
ataaggcatg
cagcttecctg
gctggggagg
cgaaaggtcc
ccteggceccce
ccttaacagce
gggagaggga
tcttagceeg
cgggagegec
ggagctggga
ggcttttgag
cteggtggac
cgggctgege
tgaccgtgge
gtctctggea
tccttgeage
agtagcacgg
cttcccagag
ctttgggaac
agtcaggaga
ctgttgctte

tctggtcccea

gctgtcacct
tggaactgcet
ctgggttgtec
tgacctctcec
gaggtgtctc
gggaccagct
tgctceceege
cgctgeggcet
ggtaggctygg
gggaaaggaa
ccggetgeag
gggcgccadg

tgggcecggea

acccagaccg
cctccaggtyg
ggcggcettet
ggcttggaca
gatggcgtga
cctaageccge
tcaggcccaa
agctccctet
accccgctag
aggtccecte
tcctecagte
tgcececggcecea
aggaaaaggc
acacgccccea
gaatggaggyg
ggcggacttg
atacggtagg

acggagggct

15/36

tcaataggcg
cagctgggga
ctggccaatt
gtggcaatga
cagggtatat
gctggtcecacy
cccetgecge
ctceggegygyg
aagaacgggc
aggaagaaag
gcctccectte
aggcctcggce
tcatcagcect
acgccaaggg
attctgcecege
ttgcgactaa
gccgecttee
ctggccecege
gcgcacacce
gcgcagcecag
ccecgtgagte
gaggtgggta
cagccgcgag
gagggtcagg
gcecgettet
agtgacgacc
ccteeggtge
ccccacttee
gaccttcaga
tgttcccaaa

atggatttet

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
ccttgeccagg 1140
tagggagcct 1200
cacagggagg 1260
gcecectgtee 1320
ccgctgaaac 1380
tgcttggece 1440
ggcgectege 1500
agatctcacc 1560
tgtctgggece 1620
gcaacgaaca 1680
ctaagctgag 1740
gggtccgeaa 1800
cacctgggaa 1860
cagctgtgga 1920
gcagaggagg 1980
ttggacacct 2040
ggccagaggyg 2100
gcggagecagce 2160
ctttctctge 2220
gtgacctcce 2280
ccgctgtect 2340
ctegtectece 2400
cgacccctcea 2460
gtcagggagc 2520
ctgcceggag 2580
gtgctctggg 2640
gcggcagcett 2700
ctcectttcet 2760
ccecagetgg 2820
agaggggagy 2880
ccegteggec 2940
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ctcagggtga
caaagaggag
gcagccggtce
gctggetgga
agggtgcatt
agcceggggte
tgtctgcaaa
tcgtectgtt
ccetgagece
ctatggtaag
ctgatctgag
aaaaattgtc
aaccattcac
attctctagt
ttettgeett
tgcagtggtyg
gcctecagect
gtatttttag
tcaggtgatt
gccaggtectt
tggaatattg
aaaagaagca
tgcttttaaa
ttttctattc
atatctgagt
tttgttttac
aagtgatagt
tctectattce
agacccctet

gatctcatcc

tgaggggect
atgcatcgcg
accattgect
agactgctgt
caccctacag
cagcccagcet
aattacactt
aggaaccggyg
tgccteecgt
ctgtgegtge
gtggagcagt
ttccaggaaa
tgctagtgac
ttctaataac
tttttttttt
caatctcagce
tcggagtage
tagagacagg
cgcecgectt
ttttectttct
ggtgaacatg
tttggtaagt
aaattgcecttt
atatgattct
tcectttgeca
tcatatattg
atttaggtgt
cctggaacag
gtcaaactgc

tttectgtgy

ctattttcaa
tggagatcct
cactccaggce
cagcctcecacc
aaatgagcca
caccccttece
taaaccaggg
cagcacagca
cagatcagag
gaggggtcta
ttcatcccaa
ccattccctg
aggaacatgg
ttaagttttc
ttttttgaga
tcactgcaat
tgggattaca
gtttcacaat
ggcctcecega
ttetttettt
agatcaggtc
acattttgtc
gctttgaaat
aggttcttta
tcctgggata
agcccttttt
tcaggacatg
tgaatggaag
cctcagactt

ttttcaagac

ccccgceteag
gcccccagea
ctcagtecctc
ctcacccttg
tgctagggag
tagagctgtg
gtccceaact
ggaggtgage
cggcattaga
ggttgcatgc
aaccaccccc
gttccacaat
tcgatctaca
tatgcatata
tggagtttca
ttctgectcee
ggtgtgcacc
gttgceccagg
agtgctggga
taatcctact
tgacatcctt
aggttaagga
cactagaggg
gtccacgtgg
aatactactg
tttacctgta
ctagcctcat
actaggatca
tcctgttcta

catctaaaca

16/36

atttgettgg

aaccaggagg
cccatggtge
ggtggggatg
gtagcacagc
tgaccttggg
gccgggtcecaa
agccagctag
ttectcagagg
ttcttatgag
cactcccacc
gattggagac
tattggttgt
ataattgtga
ctctgtcacce
caggttcaag
accatgccetg
ctagtctcga
ttacaggegt
gcactggcta
atttccttct
agtccccatce
ggttaaattt
taaattgtat
gtcatgttac
tacatgtgag
gcactgaggyg
gctgtecttg
tttacacata

aatgaagact

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245

gggagaaagc
acaagaagat
gcatttccct
gacacacacg
ccatgcagaa
ccagttaagce
ggaccagaac
ccagcattac
agcatgaacc
aatcgaatgce
ccatccatge
tgctgettta
gcatccagaa
ataatggcag
caggctggag
caattctagt
gctaattttt
actcctgacc
gagtcaccac
ggccctgeag
tgttttttaa
taaaaccctc
taccaaatge
gaagagaata
aaattctaga
gttggcctat
tggagggtte
gaggtttggg
ctttgcagge

caggaactta

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740
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tttctgtaaa
agatatctaa
ctaatccacc
tagccaagac
cccaggetgg
agcgattctc
aggctaattt
gaactcctga
atgagccacce
agtcctgtt&
gctacccctg
ctggtctacc
gcttgaatct
cattegtttg
ccatggagac
ttcctggtet
tgagacagaa
gcaacctcceca
tttttttttt
cttgaacttc
ggcgtgagcee
ttctctgcta
attatggcct
gttttatgtc
tatctggcca
tactttgtac
agattaatta
taattttttt
attaatgttt
ttttttattt

cttgactcac

ctcaacctct
taaatatcce
cgecteccet
aaagctcttt
agtgcaatgg
ccatctcage
ttgtaatttt
cctcaggtga
acacccagcc
tctetgeecce
gtacaggtga
taccatcaca
aggctgctge
taccctgtee
catatggttt
gtgctccaca
tecttgetttg
ccteecttagt
ttttgtaatt
tgacttcaag
actatgcccea
gaatagttag
gcttcgaagc
ttatgttcca
gtatagtctg
ccctacttte
aagttccttt
actgtttatc
tatgtcctece
tcgaaatgga

tgcaacctet

cttgagctec
aaatttaaca
tcaacctgat
tttttttttt
tgcgcteteg
ctcccaagta
agtagagatg
tatacccgcece
aaatcctctt
catcttatac
cagttgcctg
tggtccectg
ctggttttgt
atggctgcett
gcaaacctaa
cagctgccaa
ataccagggc
agccgggaca
tttagtagag
tgatccacct
gccaaaaaga
gtcatggctce
ctttgtgtte
ggtatgtatc
tattcattgt
cttgettttt
tceccttete
tttaattttt
cagacaatcc
gtctcacttt

gcttececagg

aagtcctata
tgtctaaatc
tttctctcag
ttcecectgag
gctcactgca
gctgggatta
ggtttttgece
ttggectcce
ttttcccaca
cccaatggac
tggctccecatt
tagtctattc
aagtagtttt
ttecteccta
aatattacct
aaagattttt
tggaatgcag
acaggcgcetce
acggggtttce
gcctcagecet
tccttttaaa
tctctecattt
tggcetcage
ttttacacag
gattgctgat
tattttctte
tactggtttg
ttaacaatca
aaggagcttt
gtttcccagg

tgattcaagt

17/36

tccaactaaa
cacatattca
aaaacagctg
atggagtttc
acctcecgceat
caggcatgtt
atgttggtca
aaagtgctgg
cccatatctg
cacatctcat
ttaattgcac
cagggtaggce
actgggaaca
acagcagatt
tctggctett
tttttttttt
tggcttaatc
cccaccatge
accatgttgg
cccaaagtge
cacaggttag
ggaataagag
aacctctctg
tatgtagcta
gtaattggat
teccttttect
gaagttatag
tacattactc
tctgattcete
ctagagtgca

gattctectg

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
tggctttgat 4800
atttttatct 4860
ttttteccagt 4920
actcttatca 4980
cccatgtteg 5040
ccactacgcce 5100
ggctggtcte 5160
atttacaggc 5220
atctaccagce 5280
catcttcecct 5340
agccttccac 5400
aaactagagg 5460
cagccacact 5520
tgagtagtct 5580
aacagaaagt 5640
tttttttttt 5700
tcggetcact 5760
ccagctgatt 5820
ccaggctggt 5880
tgagattata 5940
atcatgtggce 6000
ccgagagtgt 6060
tttcaggtgt 6120
gattttgtte 6180
ttgtggcatg 6240
atattttatt 6300
aatctcattc 6360
aaagtttaga 6420
ctttttttat 6480
gtggtgcaat 6540
cctecagecte 6600
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ccaagtaget
agagacaggyg
tcetgeettg
ttcetecatett
ctcaacacta
tttgtttacc
taatttctta
ggctttgtet
tataattcta
ttgctgttga
ggcttatttt
aggtgtagat
gtctttgatc
agtctcccta
gttagctccc
tcacagcatt
ttgatcaggt
ggagtgcagt
tcccactcag
tttattattt
tgacttcaag
accatgccca
cttttcataa
aacatataca
tecttgetetg
actcctgagt
tgcaccaaca
cgggctagtce
tgttttgtaa

ttcgatgtgg

gggattacag
attcaccacg
gcctcccaaa
tttaacttca
ctcattacta
aattagtttg
tcectttttag
ggaaatatca
gatagagagt
agtcctcaat
aagataatgt
ttattttttt
aattctggaa
gtccctttte
ccaatgttte
attgatcata
tttcttttat
ggcctgatca
cctecctaagt
ttttgtagag
cactcctcee
tcecteagett
tgtettgtte
tatatatata
tcgeccagte
tcaagcgatc
cacccagctt
tgcagtcact
ttttatacgg

cctgagtttyg

gtatgcacca
ttggccagge
gtgctggaat
atattattat
gtactattgt
gttaccactg
caacatactt
tgattttgcee
ttcettcage
ctgtctgatt
cttttgtttt
tgtctgttca
aattattggt
caattagata
tttaaatctc
ctaattctgce
ttttgtttta
tggctcactg
agctgggact
ctggagtctce
acctcagect
tgggtgtttt
ttatgattat
tatgtacata
tggagtgcat
tteceggecte
tatctgatat
tgatttettt
tgagctcatc

gggagtgttc

tcatgceccag
tggtcttgaa
tataggtgtg
caagtgttct
attttccagt
cttctagcac
tagtaagcct
ctcattcctt
tttgaagcetg
attccetttt
tattttctat
ggacttaggt
tgtttttect
tatgttggge
tccetetetg
ttectgetggt
aagacaaggt
cagcctcaaa
acaggcatga
actatgttat
ctcaaagtgc
atatctagaa
gattcctact
tttctgtata
tgttgcaatc
agceccececy
ttttttagat
ctgttgacte
tttagtttat

caacagagtg

18/36

ctaatttttg
ctcectgaget
agctaccgcea
agctccaact
taattcttat
ccacttcette
gagaatagta
catgatggtt
ttctattetg
tggagatgtc
agttttacca
tttcagacat
ttgaatattg
cttctcacte
ccttatactg
tttttctgcet
cttgctetgt
ctcectggget
gccaccatge
ccaggctggt
tgggattata
agctgcattt
tttatattta
tacatatttt
atagctcact
agtagcctgg
cagtgttcta
tagctggatt
tttgtttttt

gtttcgtgtt

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
tatttttagt 6660
caggtgatcc 6720
cctggeetga 6780
tgtcagccta 6840
gtaggtttac 6900
cttcttgatc 6960
aacttattca 7020
tggctgtgta 7080
gttcccaatg 7140
tttcectctet 7200
tgatgtgttc 7260
gaggatctat 7320
actgtcttec 7380
tgtcceccegt 7440
ggtaattcct 7500
ttttaatcat 7560
tgcctaggtt 7620
caagtgatcc 7680
ccagctaatg 7740
ttctaatttc 7800
ggtgtgagcc 7860
ggttcttttt 7920
cttggtttta 7980
agagacaaga 8040
gcagccttga 8100
gctacaggceg 8160
agttcttggt 8220
gtttcttgta 8280
tccaaaagaa 8340
tgcttctgee 8400



WO 02/088314

atttacctca
tcactgagta
tggagacttc
gttttgattt
taatcctcaa
tcececatggt
gactgtgaag
ccaggctgge
gcagttctcc
ggctaatttt
aactcctgac
tgagccaccg
tcaggtccat
ttttttcettt
gaggattctt
ggcatttcta
ttagagttta
tcagtactta
tagcagggtg
aaaatttggg
tatggttage
ataagacaaa
cacgctegtyg
ctgatgtgaa
tcggtgtcte
aacagacgtt
ttgggttctyg
cacgtgtggy
aaggtactag

aggcctgcecat

ggatgggggy

ggaatatcat
aattcagacc
ttttatttcce
ttgtttttca
cacttacctt
ggtctcaget
attttgttgt
acgcagtggce
tgcectcagece
tgtattttta
ctcaagttat
tgcgtgeteg
ttecccetegg
ttttcattca
ctgtcttact
agtgtctctg
gaagctgtaa
catcatgggt
cctgacacgt
aagtttggaa
actttaatat
agtagtactg
tgtaaggtgt
gaaagcaagc
agtctgccceca
ttctcacact
gtaagggtce
gcaggagagt
ttctatcatg
ttctaaatac

aatggccata

aagcttggga
ccataagtga
attcatgett
tttttgagga
gggcctcteca
acaactctcc
tgttctgttg
gcaatctcgg
ccectgagtag
gtagaaacag
ccgectgect
gcctgtgtgt
ttgcagcaca
tcactaatca
gttcagccat
gctgcagagt
gttattcact
ttettgtgag
ggcagaagct
aagtataaat
attttaaacc
tagaggctct
gcctececaca
agcactgtac
agttgctata
tctggaggcet
tctccectgag
ggagagaaag
agggtcctge
tatcacactg

atttagccca

ttttctgtac
gaggtacagce
tgttgttage
gaagagggct
ctaagggtat
tcettgectg
tgttttttaa
ctcactgcag
ctgggattac
ggtttcacca
tggcctccca
gagttttgaa
ccagctecctg
gaaggcatcc
gcagtagaaa
ttgttttcac
ctaagtctca
gatttaatga
caaaacaata
acaataaata
tttattctta
tgtcatttat
aacctggtta
ataaaatcat
acaaaatacc
ttgaggtetyg
ttgcagacgg
agagtgagtt
cctecatgacce

gaggataggg

tactaatcag

19/36

atttettgge
tatggggtat
ttcctttaat
ggtttggget
agcccettgag
agcccaagge
agacagtctt
ccteegette
aggtgtgcac
tgttgeccag
aagtgcttgg
gcaaaaagtc
cacctgcectyg
tctctteatt
cactgaatta
ttattacctc
gtttcctcct
gataaagcag
agctatcatt
ccttactatc
tgtatatcca
aagtgtgatg
cgagttggea
gcatctgcett
acagactgga
agatcagggyg
cagccettett
ctctagtgtce
ccaaacctaa
cttcaacata

attcctctat

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
ttggcagtac 8460
gggctctcac 8520
ggtggctagg 8580
tttgagtctc 8640
ggtcctacce 8700
cttgtctect 8760
gttctgtege 8820
ctgggttcaa 8880
catcacacct 8940
gctggtctca 9000
attacaggca 9060
ctggctgttt 9120
tcttcattte 9180
ttttatgtac 9240
catcctctct 9300
ctgtctgaac 9360
ctgtaaagta 9420
ataaaatgct 9480
gtcattcgag 9540
gactgacaat 9600
tacattatac 9660
attggggttt 9720
catcacctgt 9780
tctegtttga 9840
gggctttage 9900
gceggecatgg 9960
gctatgtgtt 10020
tctttttgta 10080
tgacctccca 10140
ggaatttgga 10200
ctgacggctg 10260
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ccecttcaget
cttggacaga
aactcagtat
ttctetgett
ctttccagcet
agtcagagcc
actagctact
atgacagcca
ctgccatgac
gaataaatgg
ttcaggatgt
ccatagcaac
gtatgattat
ttctcettagg
tecetettect
tcececectect
gcagggcttt
ggtgccgece
ccagggcagt
ctectgaagct
gggaggagga
tgaggatgca
gccccagaag
gtggtaccce
cagaatgagt
agggaccttg
tacactgttt
actctttcta
atactgtgct

caggcacatg

tggaagccca
atccacctca
ttctgectga
ccteccectg
ccgggcetgge
tgcgatcagg
caaacactgg
gcagcctgga
ctctgtagge
gatattcagg
ggctgctgeca
gcecggcatgat
gcctcattea
ataaggtttc
cccctactet
acccagccag
cctagacccce
tgtacaggtg
gcttggagea
gtgcccctge
ggaggaagag
gatatatctc
caggcgagcg
tacagaagca
gtacaggatg
tggactttgg
tttggttcee
cctattaaat
gttgggatgt

ggtatggaag

tctgtgagcet
gcaggggctyg
ggccagtcce
caggtctcca
tcaggacccg
aaggtccgtg
agggattctt
ctggaaggca
tgcagcccect
aaaagcactc
gtgatgcaga
gctgactcct
tcagggtact
aattctttag
gcctaccttt
agccacttcc
ctaccctacc
gcaggcaggt
acacggatca
atcctttcce
aaggggagga
tggaggagca
tggctaaggt
cttaagaggg
ggccaaggce
gaatctgttg
agaaaaaaaa
tagccaaagt
acgtgtacaa

tgctgaaggg

tagcaagaat
agtagtgtgt
cgagaggtge
tggtaggagt
tgttcctcag
agtaccgtge
gaatgttgga
agggcgctgg
cacttgtaaa
agcgtaatac
ccatagcaac
tcaaggtccc
ctcctgctaa
ctatttgttt
agccttggee
cctgecectet
ctggcctcca
aaccactgtc
cagaatggga
atgctattac
ggaggaagag
aagccctgte
gggggaagga
gtgggccacce
acctcagcta
tggctctgga
gctggaaaaa
ctccagetga
atgtacacac

tggcatcacc

20/36

gggattacca
agggtttggg
caggcctaag
gcagctttet
tggccaggaa
taggcagggyg
agaaaatcce
tcecetgttcet
cttcaaagag
ccagcactag
gcagaccata
ttcaactggc
aaagccttgg
tagattcttt
ccagcccettg
ttctaccacc
ctgttgggag
aactccaggc
ggtgggcatt
agaagcatca
gaagaggaag
aaacaagtca
gcgtggetgt
gggagccetgg
gttctggceca
ctttgtctga
gaagaagagg
gatatacagt
ggtgtgtcta

tttctggaag

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245

ggttcaaatt
gagggaaatc
tggeccctgte
cccccagtta
cgttatggta
ctcgggacat
caaaggcaac
tcttetttac
cagttgtgaa
ggaaccactg
gcaacgcaga
cctcttttet
caggtcccac
ccccctetece
ccaatatgaa
ccagcccectet
ggccagaaag
taggattcct
gattctgtag
gacctaacct
atgatgagga
aaaggctggt
ttggaaggaa
gccagcctee
ggagctcagce
actctcataa
aaataaggta
gttagaaaga
cctgcactcg

agcattacaa

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

115940

12000

12060



WO 02/088314

cgttcttatc
atttcagggg
ctgtaatccc
gactagecctg
cctggtggea
cccggggaaa
gcgagactceca
tgaaaaaatg
cttctcaatg
atagttttgg
tgatggcaca
ctcagcttte
gttttgtgta
aagcaatcect
ctgataagaa
atatttttaa
ctttgggaag
acatagcaaa
ctgtaatccc
ggatgcagtg
atctcaaaaa
caccaaaatg
ttgctatatt
gtgtggtggt
gagcccagga
aacagaacca
tgaagatgga
ttgtttaaag
cactgggagg
cctgctecge

tgagtaggac

ttgggatcta
aaattacctg
agcactttygg
gtcaacatga
ttcttgtaat
agttgcagtyg
gtctgaaaaa
gaagcattct
gaatattaca
tttgtttgtt
atcatggctc
caagtagcta
gagacagggt
cctgcctcag
tattgatagt
aaagagtttg
ccaaggtggg
accctgtcte
agctactcgg
aaccaagatc
aaaaaaaaaa
tttagtgtgg
ttgtacaaaa
gcacacctgce
ggtcgagget
gactccatct
agcctaagga
agtccgagtg
gccacgecge
tccaccctgt

cagagggctt

attccagtga
cactaagatg
gaggctaagyg
tgaaaccctg
cccagctact
agccgagate
acaaaatttt
aaatgtctac
taatgcttat
taatgagaca
actgcagcect
ggactatagg
ctttctatgt
cctecccaaag
tcatacagca
accaggccgg
aggatcactt
tactaaaata
gaggctgagg
acaccactgc
agtttgacca
gcagtaaaga
tggttaatat
agtcccagct
gcagtgagct
caaaaacaaa
aaacacatat
gtcecccagga
tggtctggag
tgcagagcca

tggceccttgg

aggcaattcc
cttctcacgg
caggcagatc
tectctactaa
caggaggctg
gtgccactge
aaaaagacgc
caatataaca
gaagaatata
gggttttgcet
tagcttectyg
cacgtgccac
tgccecaggcet
cactggaatt
ggacataaag
gtacggtgge
gaggtcagga
caaaattcag
caggagaatc
acaccagcct
agaaaaaaat
aaactataag
tttataatga
tetcaggagyg
gtgatagtgt
acaaaacaaa
gcgtatgcecat
ggagcagcca
ctgagctctc
gcgttagaga

gacaggcgag

21/36

ttccacagaa
ccaggcettgg
acttgaggtc
aaacacaaaa
aggcatgaga
gcteccagect
ttatggcatt
attcactaag
gcaacctgga
ctgccaccca
ggctcaagca
tatgecatggce
gatctcaaac
acaagtgtga
tcatttttat
tcacgectgt
gttcaagacc
ctgggegtgg
acttagaccc
gggcaacaga
aataaccctyg
taatgtattt
aaaagacatt
ctgaggcagyg
cactgcactc
agacatttgt
gcacacgcac
ggcttgcecttt
tcectgacce
caagagccct

tattctctgg

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245

ttccatccaa
tggcccacge
aggagctcga
attaaccgag
attgcttgag
ggatgacaga
attcgaatag
ctacatccct
aagtatgtgt
ggctggagtyg
atcctcccac
taacttttaa
tcetgaccte
gcctctgeac
tttatttcac
aatcccagcea
agccttgeca
tggcatgtge
ggaatgcgaa
gcaagactcc
aaagaaaata
tcttgtcetat
tgtgggccag
aggatcactc
cagcctgggce
gataactaaa
acacatccct
ccagggtggy
caatcccact
gtgaaaaagg

agggggctge

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920
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ctggtatgga
cagccagagc
gcaaagtggg
acctgtgtct
ctctecactt
ctggtcagga
agtgccegge
ccctgeacce
tctceccccag
ggatttccag
cggctgcectca
ctgaccttat
atcecgetcte
gtgaagatct
gagtagacag
gtcaagcata
ctccctggtg
ttectagaac
ctgctggett
tggggagcetg
gctctttgaa
agcttetttt
taatttttat
cacagtctta
ctcccaaagt
ttgtagagat
agatcctect
ccecagggtgg
ctgcccteca

gggacaaacc

gaagggaacg
caagaagcca
ccttecetgg
gaatgcaaca
tcaggaggcec
cttteccttcet
agagggcagc
agcccecgeg
tggcgaggga
cctgcaccct
agctaccaga
tcctgtcagg
cctgettget
gtgtcaggca
ggtgagcttt
ggggcgaggc
tgcagagggg
aggcggacac
ctccectgece
gtecctgcetgt
cacctgccta
gagaccagag
tttttttaga
gctcacggcea
gctggaacta
ggggggtctt
gccteagect
cgttctecct
acagacaagc

actaacttca

ggaccctgga
ggattcaaga
gctgtgetge
ggggtgttge
cccagtgaag
ctteccctgga
cttgaaccgg
gcctgagect
agagcctaga
ccctctgggé
aggggectey
cagctactgt
tecgttaggg
ggagccagag
acagaggcgc
caagagagga
actctggagg
acagatgagc
ctccecagea
cctgcttagt
ggaaagtcaa
acagaggtag
gacagggtct
gcctcgacct
caggcacgag
gttaagttge
cccaaaatge
gcatgtttce
cactaacttt

ggtcacccag

gccctgectt
aatgaggagc
aggcacaggg

gggggcaaca

agccccacct
gccagcectcee
tgcaccecggyg
gctgtgtccce
gtctgeette
agagctaggt
ccctaggggg
gtgcagagca
gccagctcat
gcccgcacct
caagccccac
étggaaaatg
gctgttcacc
cctacactcet
ccectetgggg
acccccaggt
caaccaggct
cagagggcag
cactctgtca
cctggactca
ccaccacacc
ccaggccagt
tgggattaca
tacacccatg
aggtcaccca

agagtgacaa

22/36

ccctecacag
cacgccttgg
tgcccetgte
tgagagccce
cggggtcaca
ttgtecegetg
ccctgaggte
tcgtectegg
tgctgagcetg
ttataggcac
ccagccceca
tctataggga
cttataggga
tcaaaaaaac

atgctatcga

gggtggggga
tgtgggtgac
gggttatcca
tcaggececcga
atggggccca
ggggcctcct
ggttgtattec
ccgaggetgyg
agcaatcctc
aaaacaaatt
ctccaactce
gacgtcagcc
agacagatgt
gagtcccacc

gggggactgc

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
gccaaagcca 13980
ggggcacggt 14040
cagccecctec 14100
tcacccccaa 14160
ataaagttge 14220
caccagccee 14280
atacctgcct 14340
cacccccaat 14400
tgtgtcaggt 14460
ccaagggcta 14520
gggtcttcte 14580
actcagggac 14640
cctcccacat 14700
ctttgaggtg 14760
gtaggcctca 14820
cccccaccect 14880
cctggecgcag 14940
tgcagcgect 15000
agtgaaccag 15060
ggaggtcgga 15120
gtccagctat 15180
attttttttt 15240
agggcagtgg 15300
ccacctcaac 15360
ttaaaatttt 15420
tgggctcaag 15480
actgcaccca 15540
gggtgctgte 15600
ctccaacaaa 15660
tccatgtgag 15720
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cagctggtge
ccttcaagtce
gtgctttgaa
aggtctcctg
gaggacgttc
aagggggatc
aaccgtgect
agatactggg
gcagcctega
ctacaggcat
atctcactat
cctecccaaag
agatgaggaa
agaggagcca
gaggcatgag
cagtcaacca
tatttggccc
tttgcaagca
cctataatce
agaccagcct
tgtggtggcg
aacccaggaa
acaagaatga
tgctagggtg
tcagcaggaa
gggctctgtg
ggggggtgtt
tcagttceet
cecttcettec
taggtcaact

gegtttetgt

tttttgaact
acttacagtc
gggagtggaa
gaggaggcga
ctgggaacag
ggctgcagtg
taaggggatt
tcacactctg
actctgggcet
gcaccactat
gtggcccagg
tgctgggatt
agtgtggcac
gggagtccca
ccggtgcaca
tgtaatggga
caagcacaag
ggcagtagga
cagcactttg
gaccaacacg
ggcacctgta
gcagaggttyg
aactccgtct
ccctttgece
gagggtgggce
tttgcaccag
gaacttggeca
tatcacctcc
ctcccecttt
gaggctaagce

gagtccttta

tggtttcatc
tagtggaaac
caggtgaact
cggacaagaa
gaacagagca
acagcttcta
gtgactggct
tcagccaggt
ccgectatec
acccagctca
ctagtctcaa
acaggtgtga
agagaggtta
ccccagagec
gtttatgaag
gtccteaagg
aaggcgcgca
aataaattgce
ggaggccaag
gagaaacccc
atcccagcta
cggtgagetg
caaaaaagaa
tetgececttt
tgggctcaag
ctgggetgtt
ctatggggtyg
tgaaccccac
ccccgagete
cacaaaaagg

tctcagctga

tacagtgacc
aaaacccaac
tgaggggcag
gggctcaatg
tgcaaagggt
atacccacga
ccatttcttt
tggagtgtag
teectgettea
ttttttttta
actcctgacc
gccaccacac
gacaagttge
ctggattttg
tcgtgtaaac
gacagctagg
acagataaac
aaaggtggag
gtgggcagat
gtctctacta
cttgggaggce
agatcgegec
aaatttgcaa
gcccttceee
caggtggtgg
aggagaggca
aggattaacc
ccceccecagea
actccagtca
gccectgece

cgtggatgge

23/36

cggggtaacc
acaatttcag
gaggaagcag
ggcttcatta
ccgaggcaga
cccactecett
ctctttttaa
tggcacgatc
gcceccteaa
acatttttgt
tcacactatc
ctggcccecage
cccaaggtga
accactctgce
tgagagcagg
cgtttctaca
cagtgatcac
gccggatgcea
cacttgaggt
aaaatacaaa
taaggcatga
attgcactcc
aggtgagggt
tgccccaact
caagtggctg
ggcgtgagac
acagcagccce
atgaatgtta
agggagagag
ccattcttgt

ggtggttttyg

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245

caattcctca
ttactgtetg
tttggtgaga
ggagctggca
gcccecacttg
caaccctcat
tttttttttt
atggcttact
gtagctggga
agagatgggg
cttctategg
cccatttceccc
cacggctggce
tgatgggagg
agttagaagt
gccaagcgcea
ttgattttga
gtgtctcatg
cgggagtttg
attagctggg
gaatcatttg
agcctgaaca
ccatcctcat
cttetgtttt
acctgcaggt
gaccccagcet
aggctacttc
ataaacccca
tctgacagtt
ggcacttgat

acagtatccc

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580
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tgctggtage
tgccacaggt
tcecatgetge
accaagttag
tcttgectgt
aggcccagcet
gccagtgatg
gagtggctcc
ccacctttcg
gtgtctgtgce
aggttgaagyg
actgcagatg
cagagaggtg
gaggctttgg
acaaatgatg
accctggact
aggcagcacc
agctgecctge
gagctcagga
taggtaaata
actccaggga
gagaccccca
aacagcatgg
aaaacccagg
gtggcaactc
ttcactagct
caaaatgggce
ggctggtagg
ccgagctget

aatggtgagt

catttecttt
cacacagcgt
ctccecactt
aaggccaggc
gacacaggcce
tgactgctgg
gcaggccctg
cactgtcceccece
ccccecaget
tctetttaat
tttctcaggg
atgggaagaa
ggcacgcggyg
gcgagtccct
aatccctaag
ccceccaggta
cactcctggg
actggtcagt
aggtgagaag
aatccacatc
gcccagagcet
agccctcecta
agctctetgt
aaggcttctg
aatccatgca
gggccattct
tagtcgctgg
cacttcatcce

cctagctcag

ggagctgggt

ttataaactg
ataaggacca
ggggcccacce
ctgcaggtgc
atccagccat
catctgttac
tceccatgga
atggccagtg
gacacctcca
gccctgectg
aatgagccag
cgcggaacag
cacctggtac
tgccetctet
accccttcta
agcaaggcca
ctgggttcce
gcatgggggce
ggacccacag
cgccacttcce
gaggcctgag
tcttctgeag
tcaccggtct
tatccctaca
gaacagaaga
gagcaaacta
cattgtaccg
caggcagctg
agaggctcta

ctcagaacac

ggaccctgaa
gggcaaaggyg
actggcttcce
ccaacaggaa
gcccagagcet
catggagacc
tagaaacagg
agtecccgaca
ccaacccaag
ggggctggga
agctgccaga
aagtgacctg
cttgtcceag
ggctctcatc
ggtttgacat
gggcttgccce
gaggaagagc
aggggtggca
gtgagagttt
ccttecctte
ctctgcttge
tcaccgtcat
ccaggacctc
atgaagcagg
agcatggact
cctcecaatg
agcagtatga
cEcagggaca
gggacaggca

agacatcttg

24/36

accagagaag
gcggggataa
ccatgggegt
gggacaagga
aacccecetgg
caggctggee
tgcttgggcet
gcataaattg
gcctgagcetg
gtggtgagga
agaggcagag
aaggatccgce
ccatgccacc
caaggaatga
tctttgagtt
catccteccce
ctgcggagag
gaccactttg
cgctceccectg
ccaccctggg
tcacactggg
ccacttttet
ggattccacc
tttggggctyg
tttcecattct
tgcctcagtt
gaccggaggt
tgggacacag
ctggaaggaa

aagtctgcta

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245

tgaagggact
aatcaagggce
aaaggagcaa
gccacagctg
ctaagcceeg
tgagggctgg
cagaggcctt
gaaccgttac
tcecectcecac
tgtggatgtg
tgtaacccag
agggggaaag
agctagctgt
ggaagttgga
gcattccaaa
acacaagctc
gagaccccgg
tggattgatg
gtcatctctt
ggcgetgaga
tcttcectcea
gtagggaggyg
tttaatcctg
gatctgcagg
ggctattcca
tcecteatcetg
catgggaaga
ggaggggact

ggggatgcag

tgtgctgatt

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380



WO 02/088314

tcacacttga
agaggcccaa
caggctagct
acccacctct
acccctecett
aggcggctcc
ccagccccac
aggagacgca
cgtcgagttt
cttcagaagg
<210>
<211>

<212>
<213>

11

mus

<400> 11
ggatccctgt

gggggaattt
tcaacagtge
aaacacccta
tacagaatta
ttgtttecat
ctaagttagt
aatttcaagt
ctcagcccat
cagtgaatta
gggtctgeet
tcagaaggag
gccactggat
tgcgaggtta
ggttgcccat
tggttectttt

caactgttta

6873
DNA

ccececcaaca
ggaaaagggg
tttgcaactc
gacccccaac
ccecgggeaat
ttttaaggct
ttgacacctg
gacctggaag
ggccagtctg

ccececaccgce

musculus

tgcagtcata
agatatttgt
acatttgacc
agaatcacaa
aaaacaattc
actcttagcecce
tttecattgta
agaaagcaca
aactgggttce
agcacacacg
agtaacggta
tagtctgtct
atcaagctag
gaatggatgt
gtgtttettt
cataatgact

cgtggtegece

ccctgaggca
cttaggccag
tccattggga
ctgttgegee
cagctgctece
gcttctggga
cggctcacce
ggctceccecect
tgagggtcag

tccatcectg

ccctatggga
gcatcctctt
cggcecagtag
gaaacttaca
atcatacctt
atctttggag
agtgctagcea
gagttcagga
ttgggctaaa
aagagtacta
acctttcect
gtatgtcett
gtctccaagc
agcttgtcca
tcttaccagg
ggcaccatgce

atttttatge

ttactgtcct
gacacccagc
ttcttectag
cagtatttge
aagccaagcc
atttccactc
ttggggaggt
ccctgacctg
gaatagagca

Cc

aaagagcaac
tcacttgaat
caacatacct
gtttttcaga
agaattttct
ctatactttg
gcctttgett
gagatgaaga
ttctagetge
aacgttgegt
gatctctggt
ccatcccaag
agttatgtct
gatgcctect
tttecetgtg
tgggacctga

ctetggegge

25/36

catttctcag
tcttctccaa
atctccatct
tgccgatcag
cacccctgece
cagagccaga
ggggcgecag
ccacacatcg

ggagacagca

ttacctatct
gagaacaatg
aaaactacct
gacaaatcaa
ctaatcgaat
aaggttaaaa
tctggtgtga
ctatgttgce
teccattggaa
ggccaaggcc
ttatcegtttt
caagtgaaga
aaggagcttc
cagtgatgtt
gtectctgett
actgctggceca

tacgcctcegg

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
atggaactac 194490
gtgtctgtet 19500
gtacctgcca 19560
gacagcctta 19620
ccctggaggg 19680
accagagacc 19740
acctgagtgce 19800
agtttgtctg 19860
gggccacctc 19920

19951
taaggagatt 60
taccagatcg 120
caccattgta 180
ggagcagagt 240
gagttgataa 300
atatcctaga 360
aataagaact 420
caggctagtc 480
ataagcaaga 540
gagaggctga 600
gaagaccttt 660
gcccagagga 720
aggctttgtt 780
gttgttgata 840
gtgaccctgg 900
agcattccca 960
gttatggctt 1020



WO 02/088314

agctacccte
agaacgtgca
gtacatgttc
tgatctacaa
aagacaccga
gcaccgtggyg
ggagatacac
tcgecatecgg
atgtagtatc
ttacacctgg
ttgttttttg
ggggttggaa
ctgttcaggg
caggatagca
ctagtatcta
atgtttcctg
acttaggaaa
tggéaaaggg
cactgctctg
.ctaaccttgg
agacatctgg
tggggttgaa
aagctctttt
ggaaggtttt
cgcctattta
aggcgcggga
cgcaggccac
cccectectt
agcgggcaca
acgctgecggt

gcacgctgca

ttecaccteeg
gcttctgeac
ccttetgete
aatgtacgga
tatttcttat
gacgcatgac
gggagctgaa
gataaagatg
tcagtattac
atcagctaaa
ttttgttttg
atgtttgtaa
cgagcctgta
ttgcatcgtce
ttgttaatgg
tatgtgtata
atgcgtagac
ctgtggctac
gtagactgga
tattttgcte
agctacagac
ttctcatctce
tctgcatcca
gctectcatg
acgcagcgtg
cgcacccatg
caaagccggg
cctcececegge
gctcatggcecce
gcaggtgaac

gcctgeaggy

cccaactgca
tgcgattcectt
tacgccttet
agtgagatac
aagaaactga
ttagtgatga
acatcacttc
ggttgacatt
ccatgtgttt
gtgccgegte
tttttttcca
aacagaacca
ttgagaaaag
aagccagaga
ccatcaacat
aacgcatctc
ctcacctcag
aggctttect
gctgtgatct
cctaatcaga
atgggggccc
atctagttcce
cgagggagtg
gcaacagcag
gagggcagct
ttceceggega
gatggctgga
tacagacagce
ctgectgtege
ccgegecgceg

tgcecgageca

agaggactgt
aaacttcccg
tccagtetge
tgcacaagcg
aagaagagga
tggagaccac
ctatttgtga
tcctgtaaca
ttctaactca
ctectgcttaa
tttccaccag
tgggtttgtt
tccaaaacgg
aaaccgtatt
tgtgcagggg

agctccattt

ggagagaaaa-

tccggaaagg
gagacaacct
cacactggce
acctggetcg
cctacaaatc
gg9gtggggyg
gtggtaggge
gggctgeget
gcacgttcca
ggttcggage
tcatggecge
ggatgggtcc
acgccteggt

gcccecgacgce
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gtgtctggaa
cctegettta
cgaggcaggqg
agaggcccta
aatggcagac
ccagaccgcec
ccattggtag
gatttgctct
acagagtgtc
gtagtgtgcet
cattgctaca
caacttacaa
gtcaaaaagg
aatgtgtgtg
tgaaaggcat
atcgtctgaa
tgggccactt
cetgtggctg
aagaggttca
tceccttgtet
gctaatcteg
cttgctgtgg
tcgectetta
tttttctacc
gatggctgec
ccectgeceg
caggggctge
ggagtacgtc
ccggteggtce
gcagtgttca

ccgatcgggt

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
acaggaagtc 1080
taggtagcat 1140
gtcttcgtgt 1200
gacgaagacg 1260
acctcctatg 1320
ctctgactga 1380
cgagtatggt 1440
tcccactgta 1500
ccaatattge 1560
gtttgtttgt 1620
gataggaaat 1680
acaaccgatt 1740
gttgaaacga 1800
actacttgat 1860
ttttccceat 1920
ggaatgattt 1980
tgttcatccg 2040
gacactgtcc 2100
gagcagtcte 2160
téttcatgac 2220
gtgatgattce 2280
ctagcaagga 2340
accagtgtgg 2400
agtgcgcgge 2460
tgggcgggeg 2520
catccttate 2580
cgacccgege 2640
gacagccacc 2700
agcagccgtg 2760
ctegggegee 2820
tecetgteaac 2880
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ccecgtggeca
cgtcegtgac
ccacgaaggg
tggccgegag
ggcaggccgyg
agtctgagcece
attcggatgce
tgcgtttcca
cagggctaag
tggttttgtt
tacacttcgt
gactggecgtt
cctctagaag
aggattttge
ccatatgtgt
ctgatcacat
accaaacttc
aacttcgttg
atctgtcttg
ctgtcaactg
caaaacaccc
aéataaaaga
tggatggtct
tcgtataccc
tecttgtttt
ggtgtcagaa
taggcagaaa
ttaagagttc
cttgtttgte

gttcatacca

cgccggegece
cttctgtgge
agaggggagc
gaaagcggte
gtgggagcag
tgggagcgag
ccectegagac
ggtgaggcca
ctggtggcte
tgtttgtttg
tgtagtggag
ttacagatgg
aacagggtgt
agccgctgece
cctgacccac
aaacgctaca
agatggctga
cggggagagt
gttaacttgc
aagcttctct
cccccaaaaa
aaaaaaaaac
tgagttgctg
ccaccaaaga
tcagtcattt
aaaatagaaa
tceecaagttt
ttccaagcee
actaagtggg

aatgagctag

gggagatccc
ctecteetect
ccggeatect
ccccagecgce
cagccaccac
gagccatgte
caggcctece
gcctgatgge
tgggtgatge
tttgtaacat
agatgggagc
ttgtgagtca
tgtttcacag
tgttaataca
tggcagcectce
catgaggtct
aggaagataa
cggtttccca
cggettgtte
ctcccaaact
aaaaaacaac
cactctccce
cctgtgctag
aatggagagc
caaggctggt
agtgcttgge
tcgggectcet
tgccactcect
aagcttggga

acttgggtag

cgcgatcectg
cactggaggt
cggggacccyg
gaagcgagga
cggaggaccg
ctgccgcaga
cgcaaagcac
ctggacgcct
agaacataga
gtttggtgtt
agaagagggt
ccatgtgagt
ctgagccatc
atgggaggcyg
tgctcctggg
ccgeggagaa
gtgcacacat
aggctccttt
tataccagcce
tgcctggett
aaaaaaaaaa
attcatcgag
caaacaagga
cctgagetce
gtgtttgagyg
ggttgctgtt
gtggtggtcg
aaagacttag
agtttaagaa

gtagcgggac
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gcagaccgta
tgcgggagge
ggaaccggag
gggcgatgtt
gaacagtgtg
gatggctcag
ggagcaggac
ccagaattgt
attcttccat
ttgattgcat
gteggatccg
tttaggatcg
tcteccagete
tttacacaat
gaatgccagt
tgcgcacagt
ggcagaaaca
ttttatttce
cctteectte
aaaaaacaaa
aagaaaagaa
gccagccact
ggcacaaaga
aggagaggac
ttggggtggce
cacagctggg
ttcacctata
ttataaaaac
ccaggtgcta

tcttttggaa

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
gccecegttet 2940
aggcagacac 3000
ccgagagagg 3060
caggctgcag 3120
gcggcgatge 3180
gaccccggtg 3240
aaggagcgcce 3300
agggctcett 3360
gccatccgte 3420
gttgtatctg 3480
gatcceccectgg 3540
gaattacggt 3600
tttggcatat 3660
aaaaaccaac 3720
tgtaattatt 3780
ctgggtttgg 3840
taatcttttg 3900
cctctagatg 3960
gtttctgaag 4020
caaacaaaaa 4080
aaagaaaaag 4140
gctaagctgt 4200
gtgctgtagg 4260
tctgagacat 4320
agtggaatgg 4380
tgtgatctct 4440
aaaaattgca 4500
ttgtttccaa 4560
acactatgta 4620
acttacctag 4680
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catcaaggaa
ttcggeataa
cgggaagaat
aaaccactta
gtttgattga
taccacggta
actcgggcat
cggctactat
gcagggcacc
tgtetgcectece
gtgtgagaaa
gtttgcattt
gtttccagta
ttggtggtag
aacttgattg
ttacctggcet
ctgctagcett
agcatatgaa
cctgtaagac
gtttgcttge
tttacctgtt
gtgcacttaa
gaatggaaag
aaggggcctt
ccacttgtte
ttgtactttt
cagacttcgce
ggacaaacgc
gaaaacgttt
cctettcect

aaaaggtatt

aatttagtat
caactttcce
cccaaactct
tcggtctget
gctattagtt
atcttaaagt
cacttgctta
cactgcaagg
agtaaggtaa
atgccgatgt
tcctacaacce
tggaagaggg
gctttaggcet
aaagtcccct
catgcecctet
tcttcecact
gagatggtac
acacaagaaa
catcctacac
ttagtattaa
aaaattaatg
agttggtaat
ccactaaaga
aaacttccct
tgtaatctgt
cactccgatt
cacgtggacc
ctgtcctgeg
ctgctagatg
tteccaaatte

gcaaacaagt

tggttgaaga
atgtgtgagt
aaaccgcacg
gctatatgaa
cacctggtta
atcaagtgga
aagtctggta
actgcaaaat
gagacaccgt
ctttctectce
cttacagagt
gtttggtgca
ctacctttte
ccactgtaaa
cttgcatctg
cggacctaag
acattaccce
ttgagctctg
tgtctagetce
tttagcactg
acagagataa
tggagaatta
ctccatctag
aagcttccct
tttgaagctc
tttcagaagt
ctaaacgccc
acagcacctt
gggctaatgg
ttcatgacag

ttgaggettt

ctttcaaagg
gtcctaatgce
atttggcttc
ctatcttgtt
acttagaggt
atgtggtcce
ccctgetgtt
ccggtgggag
gcagccctce
gcaggtgtac
ggaggacatc
cgactttgag
cctectectt
tggggtgttt
gttaccttgt
ggaaaacata
aatgctacat
gcttttcttg
tatgcagttt
tgccaaggga
aggaattcga
attaccttag
aaaaggggac
gcacttggtt
caagaatcga
tgtaaaagaa
ccatcggcaa
cagcttcaaa
aatggacaag
acagtgtdct

atccaattca
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ttttagaaga
atcgcccaca
tcecettgtet
tggcctecegt
tgacccaagt
aggttctgaa
cagttcttag
agcgectatg
tgctctgetg
ttcaaacagt
acctgtcaag
tatatttcct
ccttttcatt
actcccttet
tagcagtaga
ttgcaaaaca
aggaaacaca
agagtttaca
acccataact
cttagataac
attccacatc
ggtgggccct
tgtagtcact
ctcagtgcecece
gtggagacag
ctaagatgtg
gacttgtgtg
tacatcattt
tgagctttet
tggatataaa

tgtgtcagtt

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
gcctttctet 4740
taaaatgcca 4800
gaggggggaa 48690
ttacatattt 4920
ctaaccttac 4980
aattagggtc 5040
agcagaagta 5100
tgtggtgtgt 5160
tgttgccgag 5220
tctgeccegagt 5280
taaaccaaac 5340
gaaggaggtg 5400
tttgactagg 5460
gctgttgtaa 5520
aagggcttge 5580
gagtgcettt 5640
ttcccaagtt 5700
aagggagttt 5760
gtggctaaga 5820
cttgaaaaca 5880
tgagagccca 5940
gtgaaaccga 6000
tttctacaat 6060
agcacacagg 6120
ggctcaccct 6180
cctgceccagt 6240
ggagatgcaa 6300
agtgagagtc 6360
ccecctettea 6420
gcectgtgaat 6480
tgaggggtgce 6540
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atgtgcggag
aaggaagtta
attttattta
tcagatccca
cctctggaag
atcttaaggt
<210>
<211>

<212>
<213>

12

DNA
<220>
<221>

<222>
<223>

<400> 12

ggcgggcgag
teccttatceg
acccgegecce
cagccaccag
cagccgtgac
cgggcgecge
ctgtcaacce
cccegttceteg
gcagacaccc
gagagaggtyg
ggctgcaggg
ggcgatgcag
cceeggtgat
ttecaggtga
nnnnnnnnnn
nnnnnnannn
nnnnnnnnnn

nnnnnnnnnn

4090

(1) .

agtcaataac
aaggcacctc
taaatatatg
ttacagatag
agcagttggt

tttacagaca

Mus musculus

misc_feature
. (4090)
N equals unknown

gcgegggacyg
caggccacca

ccctecttec

cgggcacagc
gctgeggtge
acgctgcage
cgtggccacyg
tccgtgacct
acgaagggag
gccgtgagga
caggcegggt
tctgagectg
tcggatgcecce
ggccagcctg
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

tttcttaaca
attcaacaat
agtacactgt
ttgtgagcca
aaaccccttt

agaatattac

cacccatgtt
aagccgggga
tecceceggeta
tcatggcecct
aggtgaaccc
ctgcagggtyg
ccggegcecgg
tctgtggect
aggggageccc
aagcggtccce
gggagcagca
ggagcgagga
ctccecegeaa
gnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn

tttgttgatg
taagattttt
agctgtctte
ccatgtggtt

cttaactgct

agg

cceggegage
tggctggagg
cagacagctce
gctgtegegg
gcgecgegac
ccgagccagc
gagatccccg
ctecctectcea
ggcatcctcg
ccagccgcga
gccaccaccg
gccatgtecct
agcaccaagc
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn

nnnnnnnnnn
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agagtgagtc
ctttettttt
agacacacca
gctgggactt

gaaccatctc

acgttccacc
ttcggagcca
atggccgegg
atgggtcccce
gccteggtge
cccgacgece
cgatcctgge
ctggaggttyg
gggacccggg
agcgaggagyg
gaggaccgga
gccgcagaga
aggacaagga
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnonnnnnnn

nnnnnnnnnn

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
aggctgactt 6600
gtttagtttt 6660
aaagaaggca 6720
gaactccgga 6780
teccagcecaa 6840

6873
cctgcecegea 60
ggggetgeceg 120
agtacgtcga 180
ggtcggtecag 240
agtgttcact 300
ggtcgggtte 360
agaccgtagce 420
cgggaggcecag 480
aaccggagcce 540
gcgacgttcea 600
acagtgtggce 660
tggctcagga 720
gctectgegt 780
nnnnnnnnnn 840
nnnnnnnnnn 900
nnnnnnnnnn 960
nnnonnnnnn 1020
nnnnnnnnnn 1080
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nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tatcactgca
accagtaagg
nnnnnonnnn

tacttcaaac

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
aggactgcaa
taagagacac
nnnnnnnnnn

agttctgcceg

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnhnnnnnn
nnnnnnnnnn
nnnnhnnnnn
nnnnnnnnnn
nnnnhnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ntaccctgcect
aatccggtgg
cgtgnnnnnﬁ

nnnnnnnnnn

agtgtgtgag

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnunnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
gttcagttct
gagagcgcct
nnnnnnnnnn
nnnnnnnnnn

aaatcctaca

30/36

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tagagcagaa
atgtgtggtg
nnnnnnnnnn
nntectttcte

acccttacag

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
nnnnnnnnnn 1140
nnnnnnnnnn 1200
nnnnnnnnnn 1260
nnnnnnnnnn 1320
nnnnnnnnnn 1380
nnnnnnnnnn 1440
nnnnnnnnnn 1500
nnnnnnhnnn 1560
nnnnnnnnnn 1620
nnnnnnnnnn 1680
nnnnnnnnnn 1740
nnnnnnnnnn 1800
nnnnnnnnnn 1860
nnnnnnnnnn 1920
nnnnnnnnnn 1980
nnnnnnnnnn 2040
nnnannnnnn 2100
nnnnnnnnnn 2160
nnnnnnnnnn 2220
nnnnnnnnnn 2280
nnnnnnnnnn 2340
nnnnnnnnnn 2400
nnnnnnnnnn 2460
nnnnnnnnnn 2520
nnnnnnnnnn 2580
gtacggctac 2640
tgtgcagggce 2700
nnnnnnnnnn 2760
ctcgtaggtg 2820
agtggaggac 2880
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gtcacctgtc
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnngctct
gccacgtgta
gcectgtectg
ttctgctaga
ctttccaaat
attgcaaaca
<210>
<211>

<212>
<213>

13
2075
DNA

<400> 13

gttaaattga
aaggactgca
gtaagaaata
atcctctttg
taacccttac

tgacctgggce

aagtaaacca
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
gagttttcag
ccttagacge
cgacagcacc
tggggctaat

tcttcatgac

human

catatcctgt
acatccgetg
ccaggtaact
tcaFcacagg
cgagtggagg

agtcgtcgag

aacgtttnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
agttgtaaag
cccecatcage
gtcagcttca
ggaatggaca

agacagtgtt

tgttcagtte
ggagagtgcet
ggcatcttet
tttacttcaa
atatcacctg

ggtttttagt

nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnonnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
gaactagatg
aagacttgtg
aatacatgat
agtgagcttt

acttggatat

ttagagcaga
tatgtgtggt
tgctgaaagt
acagttttge
tcaagtaaat

atagtttgag
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nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
tgcctgeccea
tgagagatgc
ttagtgagag
ctccectett

aaagcctgtg

aatatggcta
gtgtacaggg
gtcaaggcga
agaacttgtc
cagatgtttt

tatacttcca

SUBSTITUTE SHEET (RULE 26)

PCT/US02/13245
nnnnnnnnnn 2940
nnnnnnnnnn 3000
nnnnnnnnnn 3060
nnnnnnnnnn 3120
nnnnnnnnnn 3180
nnnnnnnnnn 3240
nnnnnnnnnn 3300
nnnnnnnnnn 3360
nnnnnnnnnn 3420
nnnnnnnnnn 3480
nnnnnnnnnn 3540
nnnnnnnnnn 3600
nnnnnnhnnn 3660
nnnnnnnnnn 3720
nnnnnnnnnn 3780
gtcagacctc 3840
aaggacaaac 3900
tcgaaaacgt 3960
cacctcttcce 4020
aataaaaggt 4080

4090
ttaccactge 60
aactaacaag 120
ttttaagttt 180
agaagtctta 240
gcattttgte 300
aaaagaggcc 360
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aggcccccag
ctgggaaacg
cctcttctaa
ttagtctaat
aggttgactg
gggggttagt
gtctagcttt
cttaagcgct
aagtgactac
gcctaatcaa
ggagagaaac
ctaaaagagg
ttgttctcta
gatctgatgce
cattgctacg
gcacattcat
gggtttatct
tgttcectgec
tgcggtagat
atttaggtga
cgtgectcete
aaagccttca
aaataaagtt
atgaatgctt
aaaacaattt
tgaagcttag
cagcctgggt
aaggcattct
aggttaacgt

<210>
<211>

14
1118

accttaggtt
gggccttggt
aactgttaac
gtataagaaa
ttttaccgaa
ttgtcttgee
atggggagtt
tgcttgetat
attcgectce
tacacttgac
taagtatgga
atgccttaac
ccctttctet
aatatagcag
taggtaggga
taagtacttg
tctgecatgece
cagtaaaact
gcaaaggcaa
aagtcagtgt
ctccacctct
aataaaggta
tcaagagcgc
gctgatggceca
aggggggtge
aaggaagtta
gacagagtga
tttgggagag

tgagtaagaa

tcaactggcet
gttagcttct
ctcacttgcea
atcaacaaaa
acgcttctta
tgaaagctca
gactataatg
taactgtgct
tgtcacacag
ccacgttgga
aagccactta
cactctgcecte
taaacagttg
cagtacagca
tgtagaggga
aatggactag
cttctgtatt
tcgecacgtg
acgccetgtee
tgctgtgeat
cccttcteaa
ttgcaacacg
ttgtettgtg
tagagtgggce
ttgtagacga
actgaataaa
gactccatct
gtggaggcag

tgctgagtygg

tttgttagga
ttetggccett
atatggaaga
acatgcttgt
tgaagcacaa
caaagggaca
gtaagcaagc
aaggggctta
ctaatggagt
tatttaaaag
gaatcactta
ttggtgttca
ttgtaaaaga
tggttaaaca
aaacaagatt
aaaaatgttg
ttttteccce
gaccctaaac
tgtgacagca
gegetgatgg
aatacttcat
atttatacat
ctaacagtct
caggctctga
ggtctactta
aagccgecta
caaaaaaaaa

agccatttat

cggtg
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gtggtagaaa
gcaaatcttg
atacttgtet
cagctaacat
ccttaaagta
gtttaagata
aatatgttaa
gctaatcttt
ctgaattgcecce
cattaacacc
gatcagagct
ttgtcaaatt
aatttcacaa
cccactatte
actatgggac
aagtcctagg
agagttgtaa
ggccccaceg
ctttcagett
agtagacgag
gaaaggcagt
tgcataaaat
gggectgtcea
gttaggctge
tttaggcagg
gcgatcgege
agctgcctag

tggttgcatg
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caatactcag 420
ctgttgttaa 480
tacttgctac 540
gaggtagtca 600
cttaagcaca 660
aatctaagtt 720
ctaagcattg 780
aagaggaaag 840
agttgagaca 900
ctggggtggt 960
gggcatgttt 1020
catccctgac 1080
ttcataattg 1140
ctageccectgt 1200
cttgcttaga 1260
aaatcactaa 1320
acaaacgaga 1380
tcaagatttyg 1440
caaatacatc 1500
tgagctttte 1560
gtattctgaa 1620
ctgtctttga 1680
cttcaccttt 1740
agccacttgg 1800
tctggaggac 1860
cactgcactc 1920
ctgtaacatt 1980
agaccgttgg 2040

2075



WO 02/088314

<212> DNA
<213>

<400> 14
ggggggagct

cagaggcttt
tgagctcggt
gceceeggget
atgaatctca
tgcgagctca
agctgcaggce
cgcgtggaga
gectcactce
ccagttactt
tatgaagcat
gaggaagagg
gtcaaacaag
ctggaaaaag
gccaaagcca
ggggcacggt
cagcceccctece
tcacccccaa
ataaagttgce
<210>
<211>

<212>
<213>

15
200
PRT

<400> 15

human

gggacctaag
tgagtcagge
ggacagctcc
gcgcacéccg
gtagcgeccag
gtcaggagag
tgttgcttca
tecctgeccce
aggcctecagt
tccagcetecg
cagacctaac
aagatgatga
tcaaaaggct
aagaagagga
cagccagagc
gcaaagtggyg
acctgtgtct
ctctccactt

ctggtcagga

xeniopus laevis

ccgegegeac
ccaagcgcag
ctctececgtyg
ctaggagctg
tagcacggag
gcggacttgyg
tacgatttge
agcaaaccag
cctecececatg
ggctggctcea
ctgggaggag
ggatgaggat
ggtgccccag
aataagagcce
caagaagcca
ccttcectgg
gaatgcaaca

tcaggaggcece

aaaaaaaaaa

acccctttcet
ccaggtgacc
agtcccgetg
ccecggecage
gaaaaggcag
accttcagac
ttgggggaga
gaggacaaga
gtctccatgg
ggacccgtgt
gaggaggaad
gcagatatat
aagcaggcga
agcgttagag
ggattcaaga
gctgtgctge
ggggtgttge
cccagtgaag

aaaaaaaa

ctgcgtctgg
teceecegegge
tcctgtacge
ccgcttetcet
tgacgaccgt
cccagctgga
aagccaaaga
agatgcagcc
taggagtgca
tectcagtgg
aagaagggga
ctctggagga
gcgtggcectaa
acaagagccc
aatgaggagc
aggcacaggg

gggggcaaca

agccccacct

PCT/US02/13245
tggaggtgca 60
ctttcaagce 120
gcceggtega 180
gcccggagec 240
gctctggggce 300
ggggaagcag 360
ggagatgcat 420
ggtcaccatt 480
gctttctece 540
ccaggaacgt 600
ggaggaggaa 660
gcaaagccct 720
gaaaaaaaag 780
tgtgaaaaag 840
cacgccttgg 900
tgccectgte 960
tgagagcccc 1020
cggggtcaca 1080
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Met Ala Ser Thr Val Ser Asn Thr Ser Lys Leu Glu Lys Pro Val Ser

1

5

10

15

Leu Ile Trp Gly Cys Glu Leu Asn Glu Gln Asp Lys Thr Phe Glu Phe

20

25

30

Lys Val Glu Asp Asp Glu Glu Lys Cys Glu His Gln Leu Ala Leu Arg

35

40
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Thr

Ile

65

Leu

Thr

Ile

Glu

Glu

145

Lys

Ser

Gly
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Val

50

Val

Lys

Pro

Ser

Glu

130

Asp

Lys

Ser

Arg

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

<400>

Cys

Thr

Pro

Leu

Gln

Ser

Pro Val

Gly
115

Asp

Gln

Ala

Glu

Lys
195

16
103
PRT
human

16

100

Gln
Glu
F;lu
Gly
Glu

180

Pro

Phe Leu Glu Gln

1

Arg Trp Glu Ser

20

Tyr Phe Lys Gln

35

Arg Val Glu Asp

Gly

Glu

Ile

85

Thr

His

Gly

Ser

Gln

165

Asp

Ala

Lys

Ala

Phe

Ile

Asp

Glu

70

Leu

Phe

Val

Glu

Pro

150

Ala

Ser

Ala

Tyr

Tyr

Cys

Thr

Lys
55

Gly
Pro
Arg
Ala
Ala
135
Pro
Lys

Pro

Lys

Gly

Val

Arg

Cys

Ala

Ala

Met

Leu

Met

120

Glu

Lys

Lys

Thr

Lys
200

Tyr

Trp

Thr

40

Gln

Lys

Glu

Ala

Lys

105

Glu

Gly

Ala

Lys

Lys
185

Tyr

Cys

25

Cys

Ser

Asp

Lys

Thr

90

Ala

Glu

Glu

Val

Lys

170

Lys

His
10

val

Gln

Cys
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Glu

Ser

75

Met

Gly

Asp

Glu

Lys

155

Leu

Gly

Cys

Gln

Lys

Lys

Phe

60

Val

Val

Ser

Tyr

Glu

140

Arg

Asp

Lys

Lys

Gly

Ser

Gln

Asn

Pro

Gly

Gly

Ser

125

Glu

Pro

Lys

Gly

Asp

Thr

Tyr

45

Thr

Ile

Ile

Ile

Pro

110

Trp

Glu

Ala

Glu

Ala
190

Cys

Asn

30

Asn

Arg
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Val

Ala

Glu

95

Leu

Ala

Glu

Ala

Asp

175

Gly

Asn

15

Lys

Pro

Cys
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Glu

Thr

80

Leu

Tyr

Glu

Glu

Thr

160

Glu

Arg

Ile

Val

Tyr

Ser



WO 02/088314 PCT/US02/13245

50 55 60

Cys Pro Val Lys Leu Arg His Val Asp Pro Lys Arg Pro His Arg Gln
65 70 75 80

Asp Leu Cys Gly Arg Cys Lys Gly Lys Arg Leu Ser Cys Asp Ser Thr
85 90 95

Phe Ser Phe Lys Tyr Ile Ile
100

<210> 17

<211> 27

<212> DNA

<213> Mus musculus

<400> 17
gcaaagaagc cagtgaccaa gaaatga 27

<210> 18

<211> 27

<212> DNA

<213> Mus musculus

<400> 18
cctgatcatg caaattttat tgtggcc 27

<210> 19

<211> 18

<212> PRT

<213> Mus musculus

<400> ‘19

Lys Arg Pro His Arg Gln Asp Leu Cys Gly Arg Cys Lys Asp Lys Arg
1 5 10 15

Leu Ser

<210> 20

<211> 24

<212> DNA

<213> Mus musculus

<400> 20
ctagaaaagg ggactgtagt cact 24

<210> 21

<211> 24

<212> DNA

<213> Mus musculus
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<400>

21

tgcatctece

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

<400>

22
24
DNA
Mus

22

ctagaaaagg

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

<400>

23
24
DNA
Mus

23

tgcatctcte

acacaagtct tgce

musculus

ggactatagg cacc

musculus

acacaagtgt tgct
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