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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates generally to pharmaceutical products and, more
specifically, to compositions suitable for increasing the mineral content of bone. Such
compositions may be utilized to treat a wide variety of conditions, including for example,
osteopenia, osteoporosis, fractures and other disorders in which low bone mineral density are
a hallmark of the disease.

BACKGROUND OF THE INVENTION

[0002] Two or three distinct phases of changes to bone mass occur over the life of an
individual (see Riggs, West J. Med. 154:63-77, 1991). The first phase occurs in both men and
women, and proceeds to attainment of a peak bone mass. This first phase is achieved through
linear growth of the endochondral growth plates, and radial growth due to a rate of periosteal
apposition. The second phase begins around age 30 for trabecular bone (flat bones such as
the vertebrae and pelvis) and about age 40 for cortical bone (e.g., long bones found in the
limbs) and continues to old age. This phase is characterized by slow bone loss, and occurs in
both men and women. In women, a third phase of bone loss also occurs, most likely due to
postmenopausal estrogen deficiencies. During this phase alone, women may lose an additional
10% of bone mass from the cortical bone and 25% from the trabecular compartment (see
Riggs, supra).

[0003] Loss of bone mineral content can be cased by a wide variety of conditions, and may
result in significant medical problems. For example, osteoporosis is a debilitating disease in
humans characterized by marked decreases in skeletal bone mass and mineral density,
structural deterioration of bone including degradation of bone microarchitecture and
corresponding increases in bone fragility and susceptibility to fracture in afflicted individuals.
Osteoporosis in humans is preceded by clinical osteopenia (bone mineral density that is
greater than one standard deviation but less than 2.5 standard deviations below the mean
value for young adult bone), a condition found in approximately 25 million people in the United
States. Another 7-8 million patients in the United States have been diagnosed with clinical
osteoporosis (defined as bone mineral content greater than 2.5 standard deviations below that
of mature young adult bone). Osteoporosis is one of the most expensive diseases for the
health care system, costing tens of billions of dollars annually in the United States. In addition
to health care-related costs, long-term residential care and lost working days add to the
financial and social costs of this disease. Worldwide approximately 75 million people are at risk
for osteoporosis.

[0004] The frequency of osteoporosis in the human population increases with age, and
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among Caucasians is predominant in women (who comprise 80% of the osteoporosis patient
pool in the United States). The increased fragility and susceptibility to fracture of skeletal bone
in the aged is aggravated by the greater risk of accidental falls in this population. More than 1.5
million osteoporosis-related bone fractures are reported in the United States each year.
Fractured hips, wrists, and vertebrae are among the most common injuries associated with
osteoporosis. Hip fractures in particular are extremely uncomfortable and expensive for the
patient, and for women correlate with high rates of mortality and morbidity.

[0005] Although osteoporosis has been defined as an increase in the risk of fracture due to
decreased bone mass, none of the presently available treatments for skeletal disorders can
substantially increase the bone density of adults. There is a strong perception among all
physicians that drugs are needed which could increase bone density in adults, particularly in
the bones of the wrist, spinal column and hip that are at risk in osteopenia and osteoporosis.

[0006] Current strategies for the prevention of osteoporosis may offer some benefit to
individuals but cannot ensure resolution of the disease. These strategies include moderating
physical activity (particularly in weight-bearing activities) with the onset of advanced age,
including adequate calcium in the diet, and avoiding consumption of products containing
alcohol or tobacco. For patients presenting with clinical osteopenia or osteoporosis, all current
therapeutic drugs and strategies are directed to reducing further loss of bone mass by
inhibiting the process of bone absorption, a natural component of the bone remodeling process
that occurs constitutively.

[0007] For example, estrogen is now being prescribed to retard bone loss. There is, however,
some controversy over whether there is any long term benefit to patients and whether there is
any effect at all on patients over 75 years old. Moreover, use of estrogen is believed to
increase the risk of breast and endometrial cancer.

[0008] High doses of dietary calcium, with or without vitamin D has also been suggested for
postmenopausal women. However, high doses of calcium can often have unpleasant
gastrointestinal side effects, and serum and urinary calcium levels must be continuously
monitored (see Khosla and Rigss, Mayo Clin. Proc. 70:978-982, 1995).

[0009] Other therapeutics which have been suggested include calcitonin, bisphosphonates,
anabolic steroids and sodium fluoride. Such therapeutics however, have undesirable side
effects (e.g., calcitonin and steroids may cause nausea and provoke an immune reaction,
bisphosphonates and sodium fluoride may inhibit repair of fractures, even though bone density
increases modestly) that may prevent their usage (see Khosla and Rigss, supra).

[0010] No currently practiced therapeutic strategy involves a drug that stimulates or enhances
the growth of new bone mass. The present invention provides compositions which can be
utilized to increase bone mineralization, and thus may be utilized to treat a wide variety of
conditions where it is desired to increase bone mass. Further, the present invention provides
other, related advantages.
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SUMMARY OF THE INVENTION

[0011] As noted above, the present invention provides an antibody or fragment thereof that
binds to a protein encoded by SEQ ID NO: 1.

[0012] Within one aspect of the present disclosure isolated nucleic acid molecules are
provided, wherein said nucleic acid molecules are selected from the group consisting of: (a) an
isolated nucleic acid molecule comprising sequence ID Nos. 1, 5, 7, 9, 11, 13, or, 15, or
complementary sequence thereof; (b) an isolated nucleic acid molecule that specifically
hybridizes to the nucleic acid molecule of (a) under conditions of high stringency; and (c) an
isolated nucleic acid that encodes a TGF-heta binding-protein according to (a) or (b). Within
related aspects of the present disclosure isolated nucleic acid molecules are provided based
upon hybridization to only a portion of one of the above-identified sequences (e.g., for (a)
hybridization may be to a probe of at least 20, 25, 50, or 100 nucleotides selected from
nucleotides 156 to 539 or 555 to 687 of Sequence ID No. 1). As should be readily evident, the
necessary stringency to be utilized for hybridization may vary based upon the size of the
probe. For example, for a 25-mer probe high stringency conditions could include: 60 mM Tris
pH 8.0, 2 mM EDTA, 5x Denhardt's, 6x SSC, 0.1% (w/v) N-laurylsarcosine, 0.5% (w/v) NP-40
(nonidet P-40) overnight at 45 degrees C, followed by two washes with with 0.2x SSC / 0.1%
SDS at 45-50 degrees. For a 100-mer probe under low stringency conditions, suitable
conditions might include the following: 5x SSPE, 5x Denhardt's, and 0.5% SDS overnight at 42-
50 degrees, followed by two washes with 2x SSPE (or 2x SSC) /0.1% SDS at 42-50 degrees.

[0013] Within related aspects of the present disclosure, isolated nucleic acid molecules are
provided which have homology to Sequence ID Nos. 1, 5, 7, 9, 11, 13, or 15, at a 50%, 60%,
75%, 80%, 90%, 95%, or 98% level of homology utilizing a Wilbur-Lipman algorithm.
Representative examples of such isolated molecules include, for example, nucleic acid
molecules which encode a protein comprising Sequence ID NOs. 2, 6, 10, 12, 14, or 16, or
have homology to these sequences at a level of 50%, 60%, 75%, 80%, 90%, 95%, or 98% level
of homology utilizing a Lipman-Pearson algorithm.

[0014] Isolated nucleic acid molecules are typically less than 100kb in size, and, within certain
embodiments, less than 50kb, 25kb, 10kb, or even 5kb in size. Further, isolated nucleic acid
molecules, within other embodiments, do not exist in a "library" of other unrelated nucleic acid
molecules (e.g., a subclone BAC such as described in GenBank Accession No. AC003098 and
EMB No. AQ171546). However, isolated nucleic acid molecules can be found in libraries of
related molecules (e.g., for shuffling, such as is described in U.S. Patent Nos. 5,837,458;
5,830,721; and 5,811,238). Finally, isolated nucleic acid molecules as described herein do not
include nucleic acid molecules which encode Dan, Cerberus, Gremlin, or SCGF (U.S. Patent
No. 5,780,263).

[0015] Also provided by the present disclosure are cloning vectors which contain the above-
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noted nucleic acid molecules, and expression vectors which comprise a promoter (e.g., a
regulatory sequence) operably linked to one of the above-noted nucleic acid molecules.
Representative examples of suitable promoters include tissue-specific promoters, and viral -
based promoters (e.g., CMV-based promoters such as CMV I-E, SV40 early promoter, and
MuLV LTR). Expression vectors may also be based upon, or derived from viruses (e.g., a "viral
vector"). Representative examples of viral vectors include herpes simplex viral vectors
adenoviral vectors, adenovirus-associated viral vectors and retroviral vectors. Also provided by
the disclosure are host cells containing any of above-noted vectors (including for example, host
cells of human, monkey, dog, rat, or mouse origin).

[0016] Within other aspects of the present disclosure methods of producing TGF-beta
binding-proteins are provided, comprising the step of culturing the aforementioned host cell
containing vector under conditions and for a time sufficient to produce the TGF-beta binding
protein. Within further embodiments, of the disclosure the protein produced by this methods
may be further purified(e.g., by column chromatography, affinity purification, and the like).
Hence, isolated proteins which are encoded by the above-noted nucleic acid molecules (e.g.,
Sequence ID NOs. 2, 4, 6, 8, 10, 12, 14, or 16) may be readily produced given the disclosure
of the subject application.

[0017] It should also be noted that the aforementioned proteins or fragments thereof, may be
produced as fusion proteins. For example, within one aspect of the disclosure fusion proteins
are provided comprising a first polypeptide segment comprising a TGF-beta binding-protein
encoded by a nucleic acid molecule as described above, or a portion thereof of at least 10, 20,
30, 50, or 100 amino acids in length, and a second polypeptide segment comprising a non-
TGF-beta binding-protein. Within certain embodiments, the second polypeptide may be a tag
suitable for purification or recognition (e.g., a polypeptide comprising multiple anionic amino
acid residues - see U.S. Patent No. 4,851,341), a marker (e.g., green fluorescent protein, or
alkaline phosphatase), or a toxic molecule (e.g., ricin).

[0018] Within another aspect of the present invention, antibodies or fragments thereof are
provided which are capable of specifically binding to a protein encoded by SEQ ID NO: 1.

[0019] Within various embodiments, the antibody may be a polyclonal antibody, or a
monoclonal antibody (e.g., of human or murine origin). Within further embodiments, the
antibody is a fragment of an antibody which retains the binding characteristics of a whole
antibody (e.g., an F(ab')y, F(ab)y, Fab', Fab, or Fv fragment, or even a CDR). Also provided

are hybridomas and other cells which are capable of.producing or expressing the
aforementioned antibodies.

[0020] Within related aspects of the invention, methods are provided detecting a TGF-beta
binding protein, comprising the steps of incubating an antibody as described above under
conditions and for a time sufficient to permit said antibody to bind to a TGF-beta binding
protein, and detecting the binding. Within various embodiments the antibody may be bound to
a solid support to facilitate washing or separation, and/or labeled. (e.g., with a marker selected
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from the group consisting of enzymes, fluorescent proteins, and radioisotopes).

[0021] Within other aspects of the present disclosure isolated oligonucleotides are provided
which hybridize to a nucleic acid molecule according to Sequence ID NOs. 1, 3, 5,7, 9, 11, 13,
15, 17, or 18 or the complement thereto, under conditions of high stringency. Within further
embodiments of the disclosure, the oligonucleotide may be found in the sequence which
encodes Sequence ID Nos. 2, 4, 6, 8, 10, 12, 14, or 16. Within certain embodiments of the
disclosure the oligonucleotide is at least 15, 20, 30, 50, or 100 nucleotides in length. Within
further embodiments of the disclosure, the oligonucleotide is labeled with another molecule
(e.g., an enzyme fluorescent molecule, or radioisotope). Also provided are primers which are
capable of spedcifically amplifying all or a portion of the above-mentioned nucleic acid
molecules which encode TGF-beta binding-proteins. As utilized herein, the term "specifically
amplifying" should be understood to refer to primers which amplify the aforementioned TGF-
beta binding-proteins, and not other TGF-beta binding proteins such as Dan, Cerberus,
Gremlin, or SCGF (U.S. Patent No. 5,780,263).

[0022] Within related aspects of the present disclosure methods are provided for detecting a
nucleic acid molecule which encodes a TGF-beta binding protein, comprising the steps of
incubating an oligonucleotide as described above under conditions of high stringency, and
detecting hybridization of said oligonucleotide. Within certain embodiments, the oligonucleotide
may be labeled and/or bound to a solid support.

[0023] Within other aspects of the present disclosure ribozymes are provided which are
capable of cleaving RNA which encodes one of the above-mentioned TGF-beta binding-
proteins (e.g., Sequence ID NOs. 2, 6, 8, 10, 12, 14, or 16). Such ribozymes may be
composed of DNA, RNA (including 2'-O-methyl ribonucleic acids), nucleic acid analogs (e.g.,
nucleic acids having phosphorothioate linkages) or mixtures thereof. Also provided by the
disclosure are nucleic acid molecules (e.g., DNA or cDNA) which encode these ribozymes, and
vectors which are capable of expressing or producing the ribozymes. Representative examples
of vectors include plasmids, retrotransposons, cosmids, and viral-based vectors (e.g., viral
vectors generated at least in part from a retrovirus, adenovirus, or, adeno-associated virus).
Also provided by the disclosure are host cells (e.g., human, dog, rat, or mouse cells) which
contain these vectors. In certain embodiments, the host cell may be stably transformed with
the vector.

[0024] Within further aspects of the disclosure , methods are provided for producing
ribozymes either synthetically, or by in vitro or in vivo transcription. Within further embodiments,
the ribozymes so produced may be further purified and / or formulated into pharmaceutical
compositions (e.g., the ribozyme or nucleic acid molecule encoding the ribozyme along with a
pharmaceutically acceptable carrier or diluent). Similarly, the antisense oligonucleotides and
antibodies or other selected molecules described herein may be formulated into
pharmaceutical compositions.

[0025] Within other aspects of the present disclosure antisense oligonucleotides are provided
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comprising a nucleic acid molecule which hybridizes to a nucleic acid molecule according to
Sequence ID NOs. 1, 3, 5,7, 9, 11, 13, or 15, or the complement thereto, and wherein said
oligonucleotide inhibits the expression of TGF-beta binding protein as described herein (e.g.,
human BEER). Within various embodiments, the oligonucleotide is 15, 20, 25, 30, 35, 40, or 50
nucleotides in length. Preferably, the oligonucleotide is less than 100, 75, or 60 nucleotides in
length. As should be readily evident, the oligonucleotide may be comprised of one or more
nucleic acid analogs, ribonucleic acids, or deoxyribonucleic acids. Further, the oligonucleotide
may be modified by one or more linkages, including for example, covalent linkage such as a
phosphorothioate linkage, a phosphotriester linkage, a methyl phosphonate linkage, a
methylene(methylimino) linkage, a morpholino linkage, an amide linkage, a polyamide linkage,
a short chain alkyl intersugar linkage, a cycloalkyl intersugar linkage, a short chain
heteroatomic intersugar linkage and a heterocyclic intersugar linkage. One representative
example of a chimeric oligonucleotide is provied in U.S. Patent No. 5,989,912.

[0026] Within yet another aspect of the present disclosure methods are provided for
increasing bone mineralization, comprising introducing into a warm-blooded animal an effective
amount of the ribozyme as described above. Within related aspects, such methods comprise
the step of introducing into a patient an effective amount of the nucleic acid molecule or vector
as described herein which is capable of producing the desired ribozyme, under conditions
favoring transcription of the nucleic acid molecule to produce the ribozyme.

[0027] Within other aspects of the disclosure transgenic, non-human animals are provided.
Within one embodiment of the disclosure a transgenic animal is provided whose germ cells and
somatic cells contain a nucleic acid molecule encoding a TGF-beta binding-protein as
described above which is operably linked to a promoter effective for the expression of the
gene, the gene being introduced into the animal, or an ancestor of the animal, at an embryonic
stage, with the proviso that said animal is not a human. Within other embodiments, transgenic
knockout animals are provided, comprising an animal whose germ cells and somatic cells
comprise a disruption of at least one allele of an endogenous nucleic acid molecule which
hybridizes to a nucleic acid molecule which encodes a TGF-binding protein as described
herein, wherein the disruption prevents transcription of messenger RNA from said allele as
compared to an animal without the disruption, with the proviso that the animal is not a human.
Within various embodiments, the disruption is a nucleic acid deletion, substitution, or, insertion.
Within other embodiments the transgenic animal is a mouse, rat, sheep, pig, or dog.

[0028] Within further aspects of the disclosure, kits are provided for the detection of TGF-beta
binding-protein gene expression, comprising a container that comprises a nucleic acid
molecule, wherein the nucleic acid molecule is selected from the group consisting of (a) a
nucleic acid molecule comprising the nucleotide sequence of SEQ ID NOs: 1, 3, 5,7, 9, 11, 13,
or 15; (b) a nucleic acid molecule comprising the complement of the nucleotide sequence of
(a); (c) a nucleic acid molecule that is a fragment of (a) or (b) of at least 15, 20 30, 50, 75, or,
100 nucleotides in length. Also provided by the invention are kits for the detection of a TGF-
beta binding-protein which comprise a container that comprise one of the TGF-beta binding
protein antibodies described herein.
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[0029] For example, within one aspect of the present disclosure methods are provided for
determining whether a selected molecule is capable of increasing bone mineral content,
comprising the steps of (a) mixing one or more candidate molecules with TGF-beta-binding-
protein encoded by the nucleic acid molecule according to claim 1 and a selected member of
the TGF-beta family of proteins (e.g., BMP 5 or 6), (b) determining whether the, candidate
molecule alters the signaling of the TGF-beta family member, or alters the binding of the TGF-
beta binding-protein to the TGF-beta family member. Within certain embodiments, the
molecule alters the ability of TGF-beta to function as a positive regulator of mesenchymal cell
differentiation. Within this aspect of the present disclosure, the candidate molecule(s) may alter
signaling or binding by, for example, either decreasing (e.g., inhibiting), or increasing (e.g.,
enhancing) signaling or binding.

[0030] Within yet another aspect of the disclosure, methods are provided for determining
whether a selected molecule is capable of increasing bone mineral content, comprising the
step of determining whether a selected molecule inhibits the binding of TGF-beta binding-
protein to bone, or an analogue thereof. Representative examples of bone or analogues
thereof include hydroxyapatite and primary human bone samples obtained via biopsy.

[0031] Within certain embodiments of the above-recited methods, of the disclosure, the
selected molecule is contained within a mixture of molecules and the methods may further
comprise the step of isolating one or more molecules which are functional within the assay.
Within yet other embodiments, TGF-beta family of proteins is bound to a solid support and the
binding of TGF-beta binding-protein is measured or TGF-beta binding-protein are bound to a
solid support and the binding of TGF-beta proteins are measured.

[0032] Utilizing methods such as those described above, a wide variety of molecules may be
assayed for their ability to increase bone mineral content by inhibiting the binding of the TGF-
beta binding-protein to the TGF-beta family of proteins. Representative examples of such
molecules include proteins or peptides, organic molecules, and nucleic acid molecules.

[0033] Within other related aspects of the disclosure methods are provided for increasing
bone mineral content in a warm-blooded animal, comprising the step of administering to a
warm-blooded animal a therapeutically effective amount of a molecule identified from the
assays recited herein. Methods are disclosed for increasing bone mineral content in a warm-
blooded animal, comprising the step of administering to a warm-blooded animal a
therapeutically effective amount of a molecule which inhibits the binding of the TGF-beta
binding-protein to the TGF-beta super-family of proteins, including bone morphogenic proteins
(BMPs). Representative examples of suitable molecules include antisense molecules,
ribozymes, ribozyme genes, and antibodies (e.g., a humanized antibody) which specifically
recognize and alter the activity of the TGF-beta binding-protein.

[0034] Methods are disclosed for increasing bone mineral content in a warm-blooded animal,
comprising the steps of (a) introducing into cells which home to the bone a vector which directs
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the expression of a molecule which inhibits the binding of the TGF-beta binding-protein to the
TGF-beta family of proteins and bone morphogenic proteins (BMPs), and (b) administering the
vector-containing cells to a warm-blooded animal. As utilized herein, it should be understood
that cells "home to bone" if they localize within the bone matrix after peripheral administration.
Such methods may further comprise, prior to the step of introducing, isolating cells from the
marrow of bone which home to the bone. The cells which home to bone may be selected from
the group consisting of CD34+ cells and osteoblasts.

[0035] Within other aspects of the present disclosure, molecules are provided (preferably
isolated) which inhibit the binding of the TGF-beta binding-protein to the TGF-beta super-
family of proteins.

[0036] The molecules may be provided as a composition, and can further comprise an
inhibitor of bone resorption. Representative examples of such inhibitors include calcitonin,
estrogen, a bisphosphonate, a growth factor having anti-resorptive activity and tamoxifen.

[0037] Representative examples of molecules which may be utilized in the afore-mentioned
therapeutic contexts include, e.g., ribozymes, ribozyme genes, antisense molecules, and/or
antibodies (e.g., humanized antibodies). Such molecules may depending upon their selection,
used to, alter, antagonize, or agonize the signalling or binding of a TGF-beta binding-protein
family member as described herein

[0038] The above-described molecules and methods of treatment or prevention may be
utilized on conditions such as osteoporosis, osteomalasia, periodontal disease, scurvy,
Cushing's Disease, bone fracture and conditions due to limb immobilization and steroid usage.

[0039] These and other aspects of the present invention will become evident upon reference
to the following detailed description and attached drawings. In addition, various references are
set forth herein which describe in more detail certain procedures or compositions (e.g.,
plasmids, etc.), and are therefore incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

Figure 1 is a schematic illustration comparing the amino acid sequence of Human Dan; Human
Gremlin; Human Cerberus and Human Beer. Arrows indicate the Cysteine backbone.

Figure 2 summarizes the results obtained from surveying a variety of human tissues for the
expression of a TGF-beta binding-protein gene, specifically, the Human Beer gene. A semi-
quantitative Reverse Transcription-Polymerase Chain Reaction (RT-PCR) procedure was used
to amplify a portion of the gene from first-strand cDNA synthesized from total RNA (described
in more detail in EXAMPLE 2A).
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Figure 3 summarizes the results obtained from RNA in situ hybridization of mouse embryo
sections, using a cRNA probe that is complementary to the mouse Beer transcript (described in
more detail in EXAMPLE 2B). Panel Ais a transverse section of 10.5 dpc embryo. Panel Bis a
sagittal section of 12.5 dpc embryo and panels C and D are sagittal sections of 15.5 dpc
embryos.

Figure 4 illustrates, by western blot analysis, the specificity of three different polyclonal
antibodies for their respective antigens (described in more detail in EXAMPLE 4). Figure 4A
shows specific reactivity of an anti-H. Beer antibody for H. Beer antigen, but not H. Dan or H.
Gremlin. Figure 4B shows reactivity of an anti-H. Gremlin antibody for H. Gremlin antigen, but
not H. Beer or H. Dan. Figure 4C shows reactivity of an anti-H. Dan antibody for H. Dan, but
not H. Beer or H. Gremlin.

Figure 5 illustrates, by western blot analysis, the selectivity of the TGF-beta binding-protein,
Beer, for BMP-5 and BMP-6, but not BMP-4 (described in more detail in EXAMPLE 5).

Figure 6 demonstrates that the ionic interaction between the TGF-beta binding-protein, Beer,
and BMP-5 has a dissociation constant in the 15-30 nM range.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

[0041] Prior to setting forth the invention in detail, it may be helpful to an understanding
thereof to set forth definitions of certain terms and to list and to define the abbreviations that
will be used hereinafter.

[0042] "Molecule" should be understood to include proteins or peptides (e.g., antibodies,
recombinant binding partners, peptides with a desired binding affinity), nucleic acids (e.g.,
DNA, RNA, chimeric nucleic acid molecules, and nucleic acid analogues such as PNA); and
organic or inorganic compounds.

[0043] "TGE-beta" should be understood to include any known or novel member of the TGF-
beta super-family, which also includes bone morphogenic proteins (BMPs).

[0044] "TGF-beta receptor" should be understood to refer to the receptor specific for a

particular member of the TGF-beta super-family (including bone morphogenic proteins
(BMPs)).

[0045] "TGF-beta binding-protein" should be understood to refer to a protein with specific
binding affinity for a particular member or subset of members of the TGF-beta super-family
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(including bone morphogenic proteins (BMPs)). Specific examples of TGF-beta binding-
proteins include proteins encoded by Sequence ID Nos. 1, 5, 7, 9, 11, 13, and 15.

[0046] Inhibiting the "binding of the TGF-beta binding-protein to the TGF-beta family of
proteins and bone morphogenic proteins (BMPs)" should be understood to refer to molecules

which allow the activation of TGF-beta or bone morphogenic proteins (BMPs), or allow the
binding of TGF-beta family members including bone morphogenic proteins (BMPs) to their
respective receptors, by removing or preventing TGF-beta from binding to TGF-binding-
protein. Such inhibition may be accomplished, for example, by molecules which inhibit the
binding of the TGF-beta binding-protein to specific members of theTGF-beta super-family.

[0047] "Vector" refers to an assembly which is capable of directing the expression of desired

protein. The vector must include transcriptional promoter elements which are operably linked
to the gene(s) of interest. The vector may be composed of either deoxyribonucleic acids
("DNA"), ribonucleic acids ("RNA"), or a combination of the two (e.g., a DNA-RNA chimeric).
Optionally, the vector may include a polyadenylation sequence, one or more restriction sites,
as well as one or more selectable markers such as neomycin phosphotransferase or
hygromycin phosphotransferase. Additionally, depending on the host cell chosen and the
vector employed, other genetic elements such as an origin of replication, additional nucleic
acid restriction sites, enhancers, sequences conferring inducibility of transcription, and
selectable markers, may also be incorporated into the vectors described herein.

[0048] An "isolated nucleic acid molecule" is a nucleic acid molecule that is not integrated in

the genomic DNA of an organism. For example, a DNA molecule that encodes a TGF-binding
protein that has been separated from the genomic DNA of a eukaryotic cell is an isolated DNA
molecule. Another example of an isolated nucleic acid molecule is a chemically-synthesized
nucleic acid molecule that is not integrated in the genome of an organism. The isolated nucleic
acid molecule may be genomic DNA, cDNA, RNA, or composed at least in part of nucleic acid
analogs.

[0049] An "isolated polypeptide” is a polypeptide that is essentially free from contaminating
cellular components, such as carbohydrate, lipid, or other proteinaceous impurities associated
with the polypeptide in nature. Within certain embodiments, a particular protein preparation
contains an isolated polypeptide if it appears nominally as a single band on SDS-PAGE gel with
Coomassie Blue staining. "Isolated" when referring to organic molecules means that the
compounds are greater than 90 percent pure utilizing methods which are well known in the art

(e.g., NMR, melting point).

[0050] "Sclerosteosis" Sclerosteosis is a term that was applied by Hansen (1967) (Hansen, H.
G., Sklerosteose.In: Opitz, H.; Schmid, F., Handbuch der Kinderheilkunde. Berlin: Springer
(pub.) 6 1967. Pp. 351-355) to a disorder similar to van Buchem hyperostosis corticalis
generalisata but possibly differing in radiologic appearance of the bone changes and in the
presence of asymmetric cutaneous syndactyly of the index and middle fingers in many cases.
The jaw has an unusually square appearance in this condition.
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[0051] "Humanized antibodies" are recombinant proteins in which murine complementary
determining regions of monoclonal antibodies have been transferred from heavy and light
variable chains of the murine immunoglobulin into a human variable domain.

[0052] As used herein, an "antibody fragment" is a portion of an antibody such as F(ab'),,
F(ab)y, Fab', Fab, and the like. Regardless of structure, an antibody fragment binds with the

same antigen that is recognized by the intact antibody. For example, an anti-TGF-beta binding-
protein monoclonal antibody fragment binds with an epitope of TGF-beta binding-protein.

[0053] The term "antibody fragment" also includes any synthetic or genetically engineered
protein that acts like an antibody by binding to a specific antigen to form a complex. For
example, antibody fragments include isolated fragments consisting of the light chain variable
region, "Fv" fragments consisting of the variable regions of the heavy and light chains,
recombinant single chain polypeptide molecules in which light and heavy variable regions are
connected by a peptide linker ("sFv proteins"), and minimal recognition units consisting of the
amino acid residues that mimic the hypervariable region.

[0054] A "detectable label" is a molecule or atom which can be conjugated to an antibody
moiety to produce a molecule useful for diagnosis. Examples of detectable labels include
chelators, photoactive agents, radioisotopes, fluorescent agents, paramagnetic ions, enzymes,
and other marker moieties.

[0055] As used herein, an "immunoconjugate” is a molecule comprising an anti-TGF-beta

binding-protein antibody, or an antibody fragment, and a detectable Ilabel. An
immunoconjugate has roughly the same, or only slightly reduced, ability to bind TGF-beta
binding-protein after conjugation as before conjugation.

[0056] Abbreviations: TGF-beta - "Transforming Growth Factor-beta"; TGF-bBP -
"Transforming Growth Factor-beta binding-protein” (one representative TGF-bBP is
designated "H. Beer"); BMP - "bone morphogenic protein”; PCR - "polymerase chain reaction”;
RT-PCR - PCR process in which RNA is first transcribed into DNA at the first step using reverse
transcriptase (RT); cDNA - any DNA made by copying an RNA sequence into DNA form.

[0057] As noted above, the present disclosure provides a novel class of TGF-beta binding-
proteins, as well as compositions for increasing bone mineral content in warm-blooded
animals. Briefly, the present disclosures are based upon the unexpected discovery that a
mutation in the gene which encodes a novel member of the TGF-beta binding-protein family
results in a rare condition (sclerosteosis) characterized by bone mineral contents which are
one- to four-fold higher than in normal individuals. Thus, as discussed in more detail below this
discovery has led to the development of assays which may be utilized to select molecules
which inhibit the binding of the TGF-beta binding-protein to the TGF-beta family of proteins
and bone morphogenic proteins (BMPs), and such molecules for use in increasing the bone
material content of warm-blooded animals (including for example, humans).
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DISCUSSION OF THE DISEASE KNOWN AS SCLEROSTEOSIS

[0058] Sclerosteosis is a term that was applied by Hansen (1967) (Hansen, H. G.,
Sklerosteose.In: Opitz, H.; Schmid, F., Handbuch der Kinderheilkunde. Berlin: Springer (pub.) 6
1967. Pp. 351-355) to a disorder similar to van Buchem hyperostosis corticalis generalisata but
possibly differing in radiologic appearance of the bone changes and in the presence of
asymmetric cutaneous syndactyly of the index and middle fingers in many cases.

[0059] Sclerosteosis is now known to be an autosomal semi-dominant disorder which is
characterized by widely disseminated sclerotic lesions of the bone in the adult. The condition is
progressive. Sclerosteosis also has a developmental aspect which is associated with
syndactyly (two or more fingers are fused together). The Sclerosteosis Syndrome is associated
with large stature and many affected individuals attain a height of six feet or more. The bone
mineral content of homozygotes can be 1 to 6 fold over normal individuals and bone mineral
density can be 1 to 4 fold above normal values (e.g., from unaffected siblings).

[0060] The Sclerosteosis Syndrome occurs primarily in Afrikaaners of Dutch descent in South
Africa. Approximately 1/140 individuals in the Afrikaaner population are carriers of the mutated
gene (heterozygotes). The mutation shows 100% penetrance. There are anecdotal reports of
increased of bone mineral density in heterozygotes with no associated pathologies (syndactyly
or skull overgrowth).

[0061] It appears at the present time that there is no abnormality of the pituitary-
hypothalamus axis in Sclerosteosis. In particular, there appears to be no overproduction of
growth hormone and cortisone. In addition, sex hormone levels are normal in affected
individuals. However, bone turnover markers (osteoblast specific alkaline phosphatase,
osteocalcin, type 1 procollagen C' propeptide (PICP), and total alkaline phosphatase; (see
Comier, C., Curr. Opin. in Rheu. 7:243, 1995) indicate that there is hyperosteoblastic activity
associated with the disease but that there is normal to slightly decreased osteoclast activity as
measured by markers of bone resorption (pyridinoline, deoxypryridinoline, N-telopeptide,
urinary hydroxyproline, plasma tartrate-resistant acid phosphatases and galactosyl
hydroxylysine (see Comier, supra)).

[0062] Sclerosteosis is characterized by the continual deposition of bone throughout the
skeleton during the lifetime of the affected individuals. In homozygotes the continual deposition
of bone mineral leads to an overgrowth of bone in areas of the skeleton where there is an
absence of mechanoreceptors (skull, jaw, cranium). In homozygotes with Sclerosteosis, the
overgrowth of the bones of the skull leads to cranial compression and eventually to death due
to excessive hydrostatic pressure on the brain stem. In all other parts of the skeleton there is a
generalized and diffuse sclerosis. Cortical areas of the long bones are greatly thickened
resulting in a substantial increase in bone strength. Trabecular connections are increased in
thickness which in turn increases the strength of the trabecular bone. Sclerotic bones appear
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unusually opaque to x-rays.

[0063] As described in more detail in Example 1, the rare genetic mutation that is responsible
for the Sclerosteosis syndrome has been localized to the region of human chromosome 17 that
encodes a novel member of the TGF-beta binding-protein family (one representative example
of which is designated "H. Beer"). As described in more detail below, based upon this
discovery, the mechanism of bone mineralization is more fully understood, allowing the
development of assays for molecules which increase bone mineralization, and use of such
molecules to increase bone mineral content, and in the treatment or prevention of a wide
number of diseases.

TGF-BETA SUPER-FAMILY

[0064] The Transforming Growth Factor-beta (TGF-beta) super-family contains a variety of
growth factors that share common sequence elements and structural motifs (at both the
secondary and tertiary levels). This protein family is known to exert a wide spectrum of
biological responses on a large variety of cell types. Many of them have important functions
during the embryonal development in pattern formation and tissue specification; in adults they
are involved, e.g., in wound healing and bone repair and bone remodeling, and in the
modulation of the immune system. In addition to the three TGF-beta's, the super-family
includes the Bone Morphogenic Proteins (BMPs), Activins, Inhibins, Growth and Differentiation
Factors (GDFs), and Glial-Derived Neurotrophic Factors (GDNFs). Primary classification is
established through general sequence features that bin a specific protein into a general sub-
family. Additional stratification within the sub-family is possible due to stricter sequence
conservation between members of the smaller group. In certain instances, such as with BMP-
5, BMP-6 and BMP-7, this can be as high as 75 percent amino acid homology between
members of the smaller group. This level of identity enables a single representative sequence
to illustrate the key biochemical elements of the sub-group that separates it from other
members of the larger family.

[0065] TGF-beta signals by inducing the formation of hetero-oligomeric complexes of type |
and type Il receptors. The crystal structure of TGF-beta2 has been determined. The general
fold of the TGF-beta2 monomer contains a stable, compact, cysteine knotlike structure formed
by three disulphide bridges. Dimerization, stabilized by one disulphide bridge, is antiparallel.

[0066] TGF-beta family members initiate their cellular action by binding to receptors with
intrinsic serine/threonine kinase activity. This receptor family consists of two subfamilies,
denoted type | and type Il receptors. Each member of the TGF-beta family binds to a
characteristic combination of type | and type Il receptors, both of which are needed for
signaling. In the current model for TGF-beta receptor activation, TGF-beta first binds to the
type Il receptor (TbR-Il), which occurs in the cell membrane in an oligomeric form with
activated kinase. Thereafter, the type | receptor (TbR-I), which can not bind ligand in the
absence of TbR-Il, is recruited into the complex. TbR-Il then phosphorylates TbR-I
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predominantly in a domain rich in glycine and serine residues (GS domain) in the
juxtamembrane region, and thereby activates TbR-I.

[0067] Thus far seven type | receptors and five type Il receptors have been identified.

BONE MORPHOGENIC PROTEINS (BMPS) ARE KEY REGULATORY PROTEINS I[N
DETERMINING BONE MINERAL DENSITY IN HUMANS

[0068] A major advance in the understanding of bone formation was the identification of the
bone morphogenic proteins (BMPs), also known as osteogenic proteins (OPs), which regulate
cartilage and bone differentiation in vivo. BMPs/OPs induce endochondral bone differentiation
through a cascade of events which include formation of cartilage, hypertrophy and calcification
of the cartilage, vascular invasion, differentiation of osteoblasts, and formation of bone. As
described above, the BMPs/OPs (BMP 2-14, and osteogenic protein 1 and -2, OP-1 and OP-2)
are members of the TGF-beta super-family. The striking evolutionary conservation between
members the BMP/OP sub-family suggests that they are critical in the normal development and
function of animals. Moreover, the presence of multiple forms of BMPs/OPs raises an
important question about the biological relevance of this apparent redundancy. In addition to
postfetal chondrogenesis and osteogenesis, the BMPs/OPs play multiple roles in
skeletogenesis (including the development of craniofacial and dental tissues) and in embryonic
development and organogenesis of parenchymatous organs, including the kidney. It is now
understood that nature relies on common (and few) molecular mechanisms tailored to provide
the emergence of specialized tissues and organs. The BMP/OP super-family is an elegant
example of nature parsimony in programming multiple specialized functions deploying
molecular isoforms with minor variation in amino acid motifs within highly conserved carboxy-
terminal regions.

BMP ANTAGONISM

[0069] The BMP and Activin sub-families are subject to significant post-translational
regulation. An intricate extracellular control system exists, whereby a high affinity antagonist is
synthesized and exported, and subsequently complexes selectively with BMPs or activins to
disrupt their biological activity (W.C. Smith (1999) TIG 15(1) 3-6). A number of these natural
antagonists have been identified, and based on sequence divergence appear to have evolved
independently due to the lack of primary sequence conservation. There has been no structural
work to date on this class of proteins. Studies of these antagonists has highlighted a distinct
preference for interacting and neutralizing BMP-2 and BMP-4. Furthermore, the mechanism of
inhibition seems to differ for the different antagonists (S. lemura et al. (1998) Proc Natl Acad
Sci USA 95 9337-9342).

NOVEL TGF-BETA BINDING-PROTEINS
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1. Background re: TGF-beta binding-proteins

[0070] As noted above, the present disclosure provides a novel class of TGF-beta binding-
proteins that possess a nearly identical cysteine (disulfide) scaffold when compared to Human
DAN, Human Gremlin, and Human Cerberus, and SCGF (U.S. Patent No. 5,780,263) but
almost no homology at the nucleotide level (for background information, see generally Hsu,
D.R., Economides, ANN., Wang, X., Eimon, P.M., Harland, R.M., "The Xenopus Dorsalizing
Factor Gremlin Identifies a Novel Family of Secreted Proteins that Antagonize BMP Activities,"
Molecular Cell 1:673-683, 1998).

[0071] One representative example of the novel class of TGF-beta binding-proteins is
disclosed in Sequence ID Nos. 1, 5,9, 11, 13, and 15. Representative members of this class of
binding proteins should also be understood to include variants of the TGF-beta binding-protein
(e.g., Sequence ID Nos. 5 and 7). As utilized herein, a "TGF-beta binding-protein variant gene"
refers to nucleic acid molecules that encode a polypeptide having an amino acid sequence that
is a modification of SEQ ID Nos: 2, 10, 12, 14 or 16. Such variants include naturally-occurring
polymorphisms or allelic variants of TGF-beta binding-protein genes, as well as synthetic
genes that contain conservative amino acid substitutions of these amino acid sequences.
Additional variant forms of a TGF-beta binding-protein gene are nucleic acid molecules that
contain insertions or deletions of the nucleotide sequences described herein. TGF-beta
binding-protein variant genes can be identified by determining whether the genes hybridize
with a nucleic acid molecule having the nucleotide sequence of SEQ ID Nos: 1, 5,7, 9, 11, 13,
or 15 under stringent conditions. In addition, TGF-beta binding-protein variant genes should
encode a protein having a cysteine backbone.

[0072] As an alternative, TGF-beta binding-protein variant genes can be identified by
sequence comparison. As used herein, two amino acid sequences have "100% amino acid
sequence identity” if the amino acid residues of the two amino acid sequences are the same
when aligned for maximal correspondence. Similarly, two nucleotide sequences have "100%
nucleotide sequence identity" if the nucleotide residues of the two nucleotide sequences are
the same when aligned for maximal correspondence. Sequence comparisons can be
performed using standard software programs such as those included in the LASERGENE
bioinformatics computing suite, which is produced by DNASTAR (Madison, Wisconsin). Other
methods for comparing two nucleotide or amino acid sequences by determining optimal
alignment are well-known to those of skill in the art (see, for example, Peruski and Peruski, The
Internet and the New Biology: Tools for Genomic and Molecular Research (ASM Press, Inc.
1997), Wu et al. (eds.), "Information Superhighway and Computer Databases of Nucleic Acids
and Proteins," in Methods in Gene Biotechnology, pages 123-151 (CRC Press, Inc. 1997), and
Bishop (ed.), Guide to Human Genome Computing, 2nd Edition (Academic Press, Inc. 1998)).

[0073] A variant TGF-beta binding-protein should have at least a 50% amino acid sequence
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identity to SEQ ID NOs: 2, 6, 10, 12, 14 or 16 and preferably, greater than 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% identity. Alternatively, TGF-beta binding-protein variants can be
identified by having at least a 70% nucleotide sequence identity to SEQ ID NOs: 1, 5, 9, 11, 13
or 15. Moreover, the present disclosure contemplates TGF-beta binding-protein gene variants
having greater than 75%, 80%, 85%, 90%, or 95% identity to SEQ ID NO:1. Regardless of the
particular method used to identify a TGF-beta binding-protein variant gene or variant TGF-beta
binding-protein, a variant TGF-beta binding-protein or a polypeptide encoded by a variant
TGF-beta binding-protein gene can be functionally characterized by, for example, its ability to
bind to and/or inhibit the signaling of a selected member of the TGF-beta family of proteins, or
by its ability to bind specifically to an anti-TGF-beta binding-protein antibody.

[0074] The present disclosure includes functional fragments of TGF-beta binding-protein
genes. Within the context of this disclosure a "functional fragment" of a TGF-beta binding-
protein gene refers to a nucleic acid molecule that encodes a portion of a TGF-beta binding-
protein polypeptide which either (1) possesses the above-noted function activity, or (2)
specifically binds with an anti-TGF-beta binding-protein antibody. For example, a functional
fragment of a TGF-beta binding-protein gene described herein comprises a portion of the
nucleotide sequence of SEQ ID Nos: 1, 5, 9, 11, 13, or 15.

2. Isolation of the TGF-beta binding-protein gene

[0075] DNA molecules encoding a binding-protein gene can be obtained by screening a
human cDNA or genomic library using polynucleotide probes based upon, for example, SEQ ID
NO:1.

[0076] For example, the first step in the preparation of a cDNA library is to isolate RNA using
methods well-known to those of skill in the art. In general, RNA isolation techniques must
provide a method for breaking cells, a means of inhibiting RNase-directed degradation of RNA,
and a method of separating RNA from DNA, protein, and polysaccharide contaminants. For
example, total RNA can be isolated by freezing tissue in liquid nitrogen, grinding the frozen
tissue with a mortar and pestle to lyse the cells, extracting the ground tissue with a solution of
phenol/chloroform to remove proteins, and separating RNA from the remaining impurities by
selective precipitation with lithium chloride (see, for example, Ausubel et al. (eds.), Short
Protocols in Molecular Biology, 3rd Edition, pages 4-1 to 4-6 (John Wiley & Sons 1995)
["Ausubel (1995)"]; Wu et al., Methods in Gene Biotechnology, pages 33-41 (CRC Press, Inc.
1997) ["Wu (1997)").

[0077] Alternatively, total RNA can be isolated by extracting ground tissue with guanidinium
isothiocyanate, extracting with organic solvents, and separating RNA from contaminants using
differential centrifugation (see, for example, Ausubel (1995) at pages 4-1 to 4-6; Wu (1997) at
pages 33-41).
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[0078] In order to construct a cDNA library, poly(A)* RNA must be isolated from a total RNA

preparation. Poly(A)* RNA can be isolated from total RNA by using the standard technique of
oligo(dT)-cellulose chromatography (see, for example, Ausubel (1995) at pages 4-11 to 4-12).

[0079] Double-stranded cDNA molecules are synthesized from poly(A)* RNA using techniques
well-known to those in the art. (see, for example, Wu (1997) at pages 41-46). Moreover,
commercially available kits can be used to synthesize double-stranded cDNA molecules. For
example, such kits are available from Life Technologies, Inc. (Gaithersburg, Maryland),
CLONTECH Laboratories, Inc. (Palo Alto, California), Promega Corporation (Madison,
Wisconsin) and Stratagene Cloning Systems (La Jolla, California).

[0080] The basic approach for obtaining TGF-beta binding-protein cDNA clones can be
modified by constructing a subtracted cDNA library which is enriched in TGF-binding-protein-
specific cDNA molecules. Techniques for constructing subtracted libraries are well-known to
those of skill in the art (see, for example, Sargent, "Isolation of Differentially Expressed Genes,"
in Meth. Enzymol. 152:423, 1987, and Wu et al. (eds.), "Construction and Screening of
Subtracted and Complete Expression cDNA Libraries," in Methods in Gene Biotechnology,
pages 29-65 (CRC Press, Inc. 1997)).

[0081] Various cloning vectors are appropriate for the construction of a cDNA library. For
example, a cDNA library can be prepared in a vector derived from bacteriophage, such as a
Agt10 vector (see, for example, Huynh et al., "Constructing and Screening cDNA Libraries in
Agt10 and Agt11," in DNA Cloning: A Practical Approach Vol. |, Glover (ed.), page 49 (IRL
Press, 1985); Wu (1997) at pages 47-52).

[0082] Alternatively, double-stranded cDNA molecules can be inserted into a plasmid vector,
such as a pBluescript vector (Stratagene Cloning Systems; La Jolla, California), a
LambdaGEM-4 (Promega Corp.; Madison, Wisconsin) or other commercially available vectors.
Suitable cloning vectors also can be obtained from the American Type Culture Collection
(Rockville, Maryland).

[0083] In order to amplify the cloned cDNA molecules, the cDNA library is inserted into a
prokaryotic host, using standard techniques. For example, a cDNA library can be introduced
into competent E. coli DH5 cells, which can be obtained from Life Technologies, Inc.
(Gaithersburg, Maryland).

[0084] A human genomic DNA library can be prepared by means well-known in the art (see,
for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307-327). Genomic DNA
can be isolated by lysing tissue with the detergent Sarkosyl, digesting the lysate with
proteinase K, clearing insoluble debris from the lysate by centrifugation, precipitating nucleic
acid from the lysate using isopropanol, and purifying resuspended DNA on a cesium chloride
density gradient.
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[0085] DNA fragments that are suitable for the production of a genomic library can be
obtained by the random shearing of genomic DNA or by the partial digestion of genomic DNA
with restriction endonucleases. Genomic DNA fragments can be inserted into a vector, such as
a bacteriophage or cosmid vector, in accordance with conventional techniques, such as the
use of restriction enzyme digestion to provide appropriate termini, the use of alkaline
phosphatase treatment to avoid undesirable joining of DNA molecules, and ligation with
appropriate ligases. Techniques for such manipulation are well-known in the art (see, for
example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307-327).

[0086] Nucleic acid molecules that encode a TGF-beta binding-protein gene can also be
obtained using the polymerase chain reaction (PCR) with oligonuclectide primers having
nucleotide sequences that are based upon the nucleotide sequences of the human TGF-beta
binding-protein gene, as described herein. General methods for screening libraries with PCR
are provided by, for example, Yu et al., "Use of the Polymerase Chain Reaction to Screen
Phage Libraries," in Methods in Molecular Biology, Vol. 15. PCR Protocols: Current Methods
and Application, White (ed.), pages 211-215 (Humana Press, Inc. 1993). Moreover, techniques
for using PCR to isolate related genes are described by, for example, Preston, "Use of
Degenerate Oligonucleotide Primers and the Polymerase Chain Reaction to Clone Gene
Family Members," in Methods in Molecular Biology, Vol. 15: PCR Protocols: Current Methods
and Applications, White (ed.), pages 317-337 (Humana Press, Inc. 1993).

[0087] Alternatively, human genomic libraries can be obtained from commercial sources such
as Research Genetics (Huntsville, AL) and the American Type Culture Collection (Rockville,
Maryland).

[0088] A library containing cDNA or genomic clones can be screened with one or more
polynucleotide probes based upon SEQ ID NO:1, using standard methods (see, for example,
Ausubel (1995) at pages 6-1 to 6-11).

[0089] Anti-TGF-beta binding-protein antibodies, produced as described below, can also be
used to isolate DNA sequences that encode TGF-beta binding-protein genes from cDNA
libraries. For example, the antibodies can be used to screen Agt11 expression libraries, or the
antibodies can be used for immunoscreening following hybrid selection and translation (see,
for example, Ausubel (1995) at pages 6-12 to 6-16; Margolis et al., "Screening A expression
libraries with antibody and protein probes," in DNA Cloning 2: Expression Systems, 2nd Edition,
Glover et al. (eds.), pages 1-14 (Oxford University Press 1995)).

[0090] The sequence of a TGF-beta binding-protein cDNA or TGF-beta binding-protein
genomic fragment can be determined using standard methods. Moreover, the identification of
genomic fragments containing a TGF-beta binding-protein promoter or regulatory element can
be achieved using well-established techniques, such as deletion analysis (see, generally,
Ausubel (1995)).

[0091] As an alternative, a TGF-beta binding-protein gene can be obtained by synthesizing
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DNA molecules using mutually priming long oligonucleotides and the nucleotide sequences
described herein (see, for example, Ausubel (1995) at pages 8-8 to 8-9). Established
techniques using the polymerase chain reaction provide the ability to synthesize DNA
molecules at least two kilobases in length (Adang et al., Plant Molec. Biol. 21:1131, 1993;
Bambot et al., PCR Methods and Applications 2:266, 1993; Dillon et al.,, "Use of the
Polymerase Chain Reaction for the Rapid Construction of Synthetic Genes," in Methods in
Molecular Biology, Vol. 15: PCR Protocols: Current Methods and Applications, White (ed.),
pages 263-268, (Humana Press, Inc. 1993); Holowachuk et al., PCR Methods Appl. 4:299,
1995).

3. Production of TGF-beta binding-protein genes

[0092] Nucleic acid molecules encoding variant TGF-beta binding-protein genes can be
obtained by screening various cDNA or genomic libraries with polynucleotide probes having
nucleotide sequences based upon SEQ ID NO:1, 5, 9, 11, 13, or 15, using procedures
described above. TGF-beta binding-protein gene variants can also be constructed
synthetically. For example, a nucleic acid molecule can be devised that encodes a polypeptide
having a conservative amino acid change, compared with the amino acid sequence of SEQ ID
NOs: 2, 6, 8, 10, 12, 14, or 16. That is, variants can be obtained that contain one or more
amino acid substitutions of SEQ ID NOs: 2, 6, 8, 10, 12, 14 or 16, in which an alkyl amino acid
is substituted for an alkyl amino acid in a TGF-beta binding-protein amino acid sequence, an
aromatic amino acid is substituted for an aromatic amino acid in a TGF-beta binding-protein
amino acid sequence, a sulfur-containing amino acid is substituted for a sulfur-containing
amino acid in a TGF-beta binding-protein amino acid sequence, a hydroxy-containing amino
acid is substituted for a hydroxy-containing amino acid in a TGF-beta binding-protein amino
acid sequence, an acidic amino acid is substituted for an acidic amino acid in a TGF-beta
binding-protein amino acid sequence, a basic amino acid is substituted for a basic amino acid
in a TGF-beta binding-protein amino acid sequence, or a dibasic monocarboxylic amino acid is
substituted for a dibasic monocarboxylic amino acid in a TGF-beta binding-protein amino acid
sequence.

[0093] Among the common amino acids, for example, a "conservative amino acid substitution”
is illustrated by a substitution among amino acids within each of the following groups: (1)
glycine, alanine, valine, leucine, and isoleucine, (2) phenylalanine, tyrosine, and tryptophan, (3)
serine and threonine, (4) aspartate and glutamate, (5) glutamine and asparagine, and (6)
lysine, arginine and histidine. In making such substitutions, it is important to, where possible,
maintain the cysteine backbone outlined in Figure 1.

[0094] Conservative amino acid changes in a TGF-beta binding-protein gene can be
introduced by substituting nucleotides for the nucleotides recited in SEQ ID NO:1. Such
"conservative amino acid” variants can be obtained, for example, by oligonucleotide-directed
mutagenesis, linker-scanning mutagenesis, mutagenesis using the polymerase chain reaction,
and the like (see Ausubel (1995) at pages 8-10 to 8-22; and McPherson (ed.), Directed
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Mutagenesis: A Practical Approach (IRL Press 1991)). The functional ability of such variants
can be determined using a standard method, such as the assay described herein. Alternatively,
a variant TGF-beta binding-protein polypeptide can be identified by the ability to specifically
bind anti-TGF-beta binding-protein antibodies.

[0095] Routine deletion analyses of nucleic acid molecules can be performed to obtain
"functional fragments" of a nucleic acid molecule that encodes a TGF-beta binding-protein
polypeptide. As an illustration, DNA molecules having the nucleotide sequence of SEQ ID NO:1
can be digested with Bal31 nuclease to obtain a series of nested deletions. The fragments are
then inserted into expression vectors in proper reading frame, and the expressed polypeptides
are isolated and tested for activity, or for the ability to bind anti-TGF-beta binding-protein
antibodies. One alternative to exonuclease digestion is to use oligonucleotide-directed
mutagenesis 1o introduce deletions or stop codons to specify production of a desired fragment.
Alternatively, particular fragments of a TGF-beta binding-protein gene can be synthesized
using the polymerase chain reaction.

[0096] Standard techniques for functional analysis of proteins are described by, for example,
Treuter et al., Molec. Gen. Genet. 240:113, 1993; Content et al., "Expression and preliminary
deletion analysis of the 42 kDa 2-5A synthetase induced by human interferon,”
Interferon Systems, Proceedings of ISIR-TNO Meeting on Interferon Systems, Cantell (ed.),
pages 65-72 (Nijhoff 1987); Herschman, "The EGF Receptor," in Control of Animal Cell
Proliferation, Vol. 1, Boynton et al., (eds.) pages 169-199 (Academic Press 1985); Coumailleau
et al., J. Biol. Chem. 270:29270, 1995; Fukunaga et al., J. Biol. Chem. 270:25291, 1995;
Yamaguchi et al., Biochem. Pharmacol. 50:1295, 1995; and Meisel et al., Plant Molec. Biol.

30:1, 1996.

in Biological

[0097] The present disclosure also contemplates functional fragments of a TGF-beta binding-
protein gene that have conservative amino acid changes.

[0098] A TGF-beta binding-protein variant gene can be identified on the basis of structure by
determining the level of identity with nucleotide and amino acid sequences of SEQ ID NOs. 1,
5,9, 11,13, or, 15 and 2, 6, 10, 12, 14, or 16, as discussed above. An alternative approach to
identifying a variant gene on the basis of structure is to determine whether a nucleic acid
molecule encoding a potential variant TGF-beta binding-protein gene can hybridize under
stringent conditions to a nucleic acid molecule having the nucleotide sequence of SEQ ID Nos:
1, 5, 9, 11, 13, or, 15, or a portion thereof of at least 15 or 20 nucleotides in length. As an
illustration of stringent hybridization conditions, a nucleic acid molecule having a variant TGF-
beta binding-protein sequence can bind with a fragment of a nucleic acid molecule having a
sequence from SEQ ID NO:1 in a buffer containing, for example, 5xSSPE (1xSSPE = 180 mM
sodium chloride, 10 mM sodium phosphate, 1 mM EDTA (pH 7.7), 5xDenhardt's solution
(100xDenhardt's = 2% (w/v) bovine serum albumin, 2% (w/v) Ficoll, 2% (w/v)
polyvinylpyrrolidone) and 0.5% SDS incubated overnight at 55-60°C. Post-hybridization washes
at high stringency are typically performed in 0.5xSSC (1xSSC = 150 mM sodium chloride, 15
mM trisodium citrate) or in 0.5xSSPE at 55-60 °C.
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[0099] Regardless of the particular nucleotide sequence of a variant TGF-beta binding-protein
gene, the gene encodes a polypeptide that can be characterized by its functional activity, or by
the ability to bind specifically to an anti-TGF-beta binding-protein antibody. More specifically,
variant TGF-beta binding-protein genes encode polypeptides which exhibit at least 50%, and
preferably, greater than 60, 70, 80 or 90%, of the activity of polypeptides encoded by the
human TGF-beta binding-protein gene described herein.

4. Production of TGF-beta binding-protein in Cultured Cells

[0100] To express a TGF-beta binding-protein gene, a nucleic acid molecule encoding the
polypeptide must be operably linked to regulatory sequences that control transcriptional
expression in an expression vector and then introduced into a host cell. In addition to
transcriptional regulatory sequences, such as promoters and enhancers, expression vectors
can include ftranslational regulatory sequences and a marker gene which is suitable for
selection of cells that carry the expression vector.

[0101] Expression vectors that are suitable for production of a foreign protein in eukaryotic
cells typically contain (1) prokaryotic DNA elements coding for a bacterial replication origin and
an antibiotic resistance marker to provide for the growth and selection of the expression vector
in a bacterial host; (2) eukaryotic DNA elements that control initiation of transcription, such as a
promoter; and (3) DNA elements that control the processing of transcripts, such as a
transcription termination/polyadenylation sequence.

[0102] TGF-beta binding-proteins of the present disclosure are preferably expressed in
mammalian cells. Examples of mammalian host cells include African green monkey kidney
cells (Vero; ATCC CRL 1587), human embryonic kidney cells (293-HEK; ATCC CRL 1573),
baby hamster kidney cells (BHK-21; ATCC CRL 8544), canine kidney cells (MDCK; ATCC CCL
34), Chinese hamster ovary cells (CHO-K1; ATCC CCL61), rat pituitary cells (GH1; ATCC
CCL82), HelLa S3 cells (ATCC CCL2.2), rat hepatoma cells (H-4-1I-E; ATCC CRL 1548) SV40-
transformed monkey kidney cells (COS-1; ATCC CRL 1650) and murine embryonic cells (NIH-
3T3; ATCC CRL 1658).

[0103] For a mammalian host, the transcriptional and translational regulatory signals may be
derived from viral sources, such as adenovirus, bovine papilloma virus, simian virus, or the like,
in which the regulatory signals are associated with a particular gene which has a high level of
expression. Suitable transcriptional and ftranslational regulatory sequences also can be
obtained from mammalian genes, such as actin, collagen, myosin, and metallothionein genes.

[0104] Transcriptional regulatory sequences include a promoter region sufficient to direct the
initiation of RNA synthesis. Suitable eukaryotic promoters include the promoter of the mouse
metallothionein | gene [Hamer et al., J. Molec. Appl. Genet. 1:273, 1982], the TK promoter of
Herpes virus [McKnight, Cell 31:355, 1982], the SV40 early promoter [Benoist et al., Nature
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290:304, 1981], the Rous sarcoma virus promoter [Gorman et al., Proc. Nat'l Acad Sci. USA
79:6777, 1982], the cytomegalovirus promoter [Foecking et al., Gene 45:101, 1980], and the
mouse mammary tumor virus promoter (see, generally, Etcheverry, "Expression of Engineered
Proteins in Mammalian Cell Culture," in Protein Engineering: Principles and Practice, Cleland et
al. (eds.), pages 163-181 (John Wiley & Sons, Inc. 1996)).

[0105] Alternatively, a prokaryotic promoter, such as the bacteriophage T3 RNA polymerase
promoter, can be used to control TGF-beta binding-protein gene expression in mammalian
cells if the prokaryotic promoter is regulated by a eukaryotic promoter (Zhou et al., Mol. Cell.
Biol. 10:4529, 1990; Kaufman et al., Nucl. Acids Res. 19:4485, 1991).

[0106] TGF-beta binding-protein genes may also be expressed in bacterial, yeast, insect, or
plant cells. Suitable promoters that can be used to express TGF-beta binding-protein
polypeptides in a prokaryotic host are well-known to those of skill in the art and include
promoters capable of recognizing the T4, T3, Sp6 and T7 polymerases, the Pgr and P_

promoters of bacteriophage lambda, the trp, recA, heat shock, lacUV5, tac, Ipp-lacSpr, phoA,
and /acZ promoters of E. coli, promoters of B. subtilis, the promoters of the bacteriophages of
Bacillus, Streptomyces promoters, the int promoter of bacteriophage lambda, the bla promoter
of pBR322, and the CAT promoter of the chloramphenicol acetyl transferase gene. Prokaryotic
promoters have been reviewed by Glick, J. Ind. Microbiol. 1:277, 1987, Watson et al.,
Molecular Biology of the Gene, 4th Ed. (Benjamin Cummins 1987), and by Ausubel et al.
(1995).

[0107] Preferred prokaryotic hosts include E. coli and Bacillus subtilus. Suitable strains of E.
coli include BL21(DE3), BL21(DE3)pLysS, BL21(DE3)pLysE, DH1, DH4l, DH5, DH5I, DH5IF',
DH5IMCR, DH10B, DH10B/p3, DH11S, C600, HB101, JM101, JM105, JM109, JM110, K38,
RR1, Y1088, Y1089, CSH18, ER1451, and ER1647 (see, for example, Brown (Ed.), Molecular
Biology Labfax (Academic Press 1991)). Suitable strains of Bacillus subtilus include BR151,
YB886, MI119, MI120, and B170 (see, for example, Hardy, "Bacillus Cloning Methods," in DNA
Cloning: A Practical Approach, Glover (Ed.) (IRL Press 1985)).

[0108] Methods for expressing proteins in prokaryotic hosts are well-known to those of skill in
the art (see, for example, Williams et al., "Expression of foreign proteins in E. coli using plasmid
vectors and purification of specific polyclonal antibodies,” in DNA Cloning 2: Expression
Systems, 2nd Edition, Glover et al. (eds.), page 15 (Oxford University Press 1995); Ward et al.,
"Genetic Manipulation and Expression of Antibodies," in Monoclonal Antibodies: Principles and
Applications, page 137 (Wiley-Liss, Inc. 1995); and Georgiou, "Expression of Proteins in
Bacteria," in Protein Engineering: Principles and Practice, Cleland et al. (eds.), page 101 (John
Wiley & Sons, Inc. 1996)).

[0109] The baculovirus system provides an efficient means to introduce cloned TGF-beta
binding-protein genes into insect cells. Suitable expression vectors are based upon the
Autographa californica multiple nuclear polyhedrosis virus (AcMNPV), and contain well-known
promoters such as Drosophila heat shock protein (hsp) 70 promoter, Autographa californica
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nuclear polyhedrosis virus immediate-early gene promoter (je-7) and the delayed early 39K
promoter, baculovirus p10 promoter, and the Drosophila metallothionein promoter. Suitable
insect host cells include cell lines derived from IPLB-Sf-21, a Spodoptera frugiperda pupal
ovarian cell line, such as SO (ATCC CRL 1711), S21AE, and Sf21 (Invitrogen Corporation;
San Diego, CA), as well as Drosophila Schneider-2 cells. Established techniques for producing
recombinant proteins in baculovirus systems are provided by Bailey et al., "Manipulation of
Baculovirus Vectors," in Methods in Molecular Biology, Volume 7: Gene Transfer and
Expression Protocols, Murray (ed.), pages 147-168 (The Humana Press, Inc. 1991), by Patel
et al., "The baculovirus expression system," in DNA Cloning 2: Expression Systems, 2nd
Edition, Glover et al. (eds.), pages 205-244 (Oxford University Press 1995), by Ausubel (1995)
at pages 16-37 to 16-57, by Richardson (ed.), Baculovirus Expression Protocols (The Humana
Press, Inc. 1995), and by Lucknow, "Insect Cell Expression Technology," in Protein
Engineering: Principles and Practice, Cleland et al. (eds.), pages 183-218 (John Wiley & Sons,
Inc. 1996).

[0110] Promoters for expression in yeast include promoters from GALT (galactose), PGK
(phosphoglycerate kinase), ADH (alcohol dehydrogenase), AOX7 (alcohol oxidase), HIS4
(histidinol dehydrogenase), and the like. Many yeast cloning vectors have been designed and
are readily available. These vectors include Ylp-based vectors, such as Ylp5, YRp vectors,
such as YRp17, YEp vectors such as YEp13 and YCp vectors, such as YCp19. One skilled in
the art will appreciate that there are a wide variety of suitable vectors for expression in yeast
cells.

[0111] Expression vectors can also be introduced into plant protoplasts, intact plant tissues, or
isolated plant cells. General methods of culturing plant tissues are provided, for example, by
Miki et al., "Procedures for Introducing Foreign DNA into Plants,” in Methods in Plant Molecular
Biology and Biotechnology, Glick et al. (eds.), pages 67-88 (CRC Press, 1993).

[0112] An expression vector can be introduced into host cells using a variety of standard
techniques including calcium phosphate transfection, liposome-mediated transfection,
microprojectile-mediated delivery, electroporation, and the like. Preferably, the transfected cells
are selected and propagated to provide recombinant host cells that comprise the expression
vector stably integrated in the host cell genome. Techniques for introducing vectors into
eukaryotic cells and techniques for selecting such stable transformants using a dominant
selectable marker are described, for example, by Ausubel (1995) and by Murray (ed.), Gene
Transfer and Expression Protocols (Humana Press 1991). Methods for introducing expression
vectors into bacterial, yeast, insect, and plant cells are also provided by Ausubel (1995).

[0113] General methods for expressing and recovering foreign protein produced by a
mammalian cell system is provided by, for example, Etcheverry, "Expression of Engineered
Proteins in Mammalian Cell Culture," in Protein Engineering: Principles and Practice, Cleland et
al. (eds.), pages 163 (Wiley-Liss, Inc. 1996). Standard techniques for recovering protein
produced by a bacterial system is provided by, for example, Grisshammer et al., "Purification of
over-produced proteins from E. coli cells,” in DNA Cloning 2: Expression Systems, 2nd Edition,
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Glover et al. (eds.), pages 59-92 (Oxford University Press 1995). Established methods for
isolating recombinant proteins from a baculovirus system are described by Richardson (ed.),
Baculovirus Expression Protocols (The Humana Press, Inc., 1995).

[0114] More generally, TGF-beta binding-protein can be isolated by standard techniques,
such as affinity chromatography, size exclusion chromatography, ion exchange
chromatography, HPLC and the like. Additional variations in TGF-beta binding-protein isolation
and purification can be devised by those of skill in the art. For example, anti-TGF-beta binding-
protein antibodies, obtained as described below, can be used to isolate large quantities of
protein by immunoaffinity purification.

5. Production of Antibodies to TGF-beta binding-proteins

[0115] Antibodies to TGF-beta binding-protein can be obtained, for example, using the
product of an expression vector as an antigen. Particularly useful anti-TGF-beta binding-
protein antibodies "bind specifically” with TGF-beta binding-protein of Sequence ID Nos. 2, 6,
10, 12, 14, or 16, but not to other TGF-beta binding-proteisn such as Dan, Cerberus, SCGF, or
Gremlin. Antibodies of the present invention (including fragments and derivatives thereof) may
be a polyclonal or, especially a monoclonal antibody. The antibody may belong to any
immunoglobulin class, and may be for example an IgG, for example 1gG¢, 19Gs, 19G3, 1gGy4;

IgE; IgM; or IgA antibody. It may be of animal, for example mammalian origin, and may be for
example a murine, rat, human or other primate antibody. Where desired the antibody may be
an internalising antibody.

[0116] Polyclonal antibodies to recombinant TGF-beta binding-protein can be prepared using
methods well-known to those of skill in the art (see, for example, Green et al., "Production of
Polyclonal Antisera," in Immunochemical Protocols (Manson, ed.), pages 1-5 (Humana Press
1992); Williams et al., "Expression of foreign proteins in E. coli using plasmid vectors and
purification of specific polyclonal antibodies,” in DNA Cloning 2: Expression Systems, 2nd
Edition, Glover et al. (eds.), page 15 (Oxford University Press 1995)). Although polyclonal
antibodies are typically raised in animals such as rats, mice, rabbits, goats, or sheep, an anti-
TGF-beta binding-protein antibody of the present invention may also be derived from a
subhuman primate antibody. General techniques for raising diagnostically and therapeutically
useful antibodies in baboons may be found, for example, in Goldenberg et al., international
patent publication No. WO 91/11465 (1991), and in Losman et al., Int. J. Cancer 46:310, 1990.

[0117] The antibody should comprise at least a variable region domain. The variable region
domain may be of any size or amino acid composition and will generally comprise at least one
hypervariable amino acid sequence responsible for antigen binding embedded in a framework
sequence. In general terms the variable (V) region domain may be any suitable arrangement
of immunoglobulin heavy (Vy) and/or light (V) chain variable domains. Thus for example the V

region domain may be monomeric and be a Vy or V| domain where these are capable of
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independently binding antigen with acceptable affinity. Alternatively the V region domain may
be dimeric and contain V-V, V-V, or V-V, dimers in which the Vy and V| chains are non-

covalently associated (abbreviated hereinafter as F,). Where desired, however, the chains

may be covalently coupled either directly, for example via a disulphide bond between the two
variable domains, or through a linker, for example a peptide linker, to form a single chain
domain (abbreviated hereinafter as scF,).

[0118] The variable region domain may be any naturally occuring variable domain or an
engineered version thereof. By engineered version is meant a variable region domain which
has been created using recombinant DNA engineering techniques. Such engineered versions
include those created for example from natural antibody variable regions by insertions,
deletions or changes in or to the amino acid sequences of the natural antibodies. Particular
examples of this type include those engineered variable region domains containing at least one
CDR and optionally one or more framework amino acids from one antibody and the remainder
of the variable region domain from a second antibody.

[0119] The variable region domain may be covalently attached at a C-terminal amino acid to
at least one other antibody domain or a fragment thereof. Thus, for example where a Vi

domain is present in the variable region domain this may be linked to an immunoglobulin Cy1
domain or a fragment thereof. Similarly a V| domain may be linked to a Ck domain or a

fragment thereof. In this way for example the antibody may be a Fab fragment wherein the
antigen binding domain contains associated Vy and V| domains covalently linked at their C-

termini to a CH1 and Ck domain respectively. The CH1 domain may be extended with further

amino acids, for example to provide a hinge region domain as found in a Fab' fragment, or to
provide further domains, such as antibody CH2 and CH3 domains.

[0120] Another form of an antibody fragment is a peptide coding for a single complementarity-
determining region (CDR). CDR peptides ("minimal recognition units") can be obtained by
constructing genes encoding the CDR of an antibody of interest. Such genes are prepared, for
example, by using the polymerase chain reaction to synthesize the variable region from RNA of
antibody-producing cells (see, for example, Larrick et al., Methods: A Companion to Methods
in Enzymology 2:106, 1991; Courtenay-Luck, "Genetic Manipulation of Monoclonal Antibodies,"
in Monoclonal Antibodies: Production, Engineering and Clinical Application, Ritter et al. (eds.),
page 166 (Cambridge University Press 1995); and Ward et al., "Genetic Manipulation and
Expression of Antibodies," in Monoclonal Antibodies: Principles and Applications, Birch et al.,
(eds.), page 137 (Wiley-Liss, Inc. 1995)).

[0121] Antibodies for use in the invention may in general be monoclonal (prepared by
conventional immunisation and cell fusion procedures) or in the case of fragments, derived
therefrom using any suitable standard chemical e.g. reduction or enzymatic cleavage and/or
digestion techniques, for example by treatment with pepsin.

[0122] More specifically, monoclonal anti-TGF-beta binding-protein antibodies can be
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generated utilizing a variety of techniques. Rodent monoclonal antibodies to specific antigens
may be obtained by methods known to those skilled in the art (see, for example, Kohler et al,,
Nature 256:495, 1975; and Coligan et al. (eds.), Current Protocols in Immunology, 1:2.5.1-
2.6.7 (John Wiley & Sons 1991) ["Coligan"]; Picksley et al., "Production of monoclonal
antibodies against proteins expressed in E. coli,” in DNA Cloning 2: Expression Systems, 2nd
Edition, Glover et al. (eds.), page 93 (Oxford University Press 1995)).

[0123] Briefly, monoclonal antibodies can be obtained by injecting mice with a composition
comprising a TGF-beta binding-protein gene product, verifying the presence of antibody
production by removing a serum sample, removing the spleen to obtain B-lymphocytes, fusing
the B-lymphocytes with myeloma cells to produce hybridomas, cloning the hybridomas,
selecting positive clones which produce antibodies to the antigen, culturing the clones that
produce antibodies to the antigen, and isolating the antibodies from the hybridoma cultures.

[0124] In addition, an anti-TGF-beta binding-protein antibody of the present invention may be
derived from a human monoclonal antibody. Human monoclonal antibodies are obtained from
transgenic mice that have been engineered to produce specific human antibodies in response
to antigenic challenge. In this technique, elements of the human heavy and light chain locus
are introduced into strains of mice derived from embryonic stem cell lines that contain targeted
disruptions of the endogenous heavy chain and light chain loci. The transgenic mice can
synthesize human antibodies specific for human antigens, and the mice can be used to
produce human antibody-secreting hybridomas. Methods for obtaining human antibodies from
transgenic mice are described, for example, by Green et al., Nature Genet. 7:13, 1994;
Lonberg et al., Nature 368:856, 1994; and Taylor et al., Int. Immun. 6:579, 1994.

[0125] Monoclonal antibodies can be isolated and purified from hybridoma cultures by a
variety of well-established techniques. Such isolation techniques include affinity
chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion-exchange
chromatography (see, for example, Coligan at pages 2.7.1-2.7.12 and pages 2.9.1-2.9.3;
Baines et al., "Purification of Immunoglobulin G (IgG)," in Methods in Molecular Biology, Vol.
10, pages 79-104 (The Humana Press, Inc. 1992)).

[0126] For particular uses, it may be desirable to prepare fragments of anti-TGF-beta binding-
protein antibodies. Such antibody fragments can be obtained, for example, by proteolytic
hydrolysis of the antibody. Antibody fragments can be obtained by pepsin or papain digestion
of whole antibodies by conventional methods. As an illustration, antibody fragments can be
produced by enzymatic cleavage of antibodies with pepsin to provide a 5S fragment denoted
F(ab'),. This fragment can be further cleaved using a thiol reducing agent to produce 3.5S

Fab' monovalent fragments. Optionally, the cleavage reaction can be performed using a
blocking group for the sulfhydryl groups that result from cleavage of disulfide linkages. As an
alternative, an enzymatic cleavage using pepsin produces two monovalent Fab fragments and
an Fc fragment directly. These methods are described, for example, by Goldenberg, U.S.
patent No. 4,331,647, Nisonoff et al., Arch Biochem. Biophys. 89:230, 1960, Porter, Biochem.
J. 73:119, 1959, Edelman et al., in Methods in Enzymology 1:422 (Academic Press 1967), and
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by Coligan at pages 2.8.1-2.8.10 and 2.10.-2.10.4.

[0127] Other methods of cleaving antibodies, such as separation of heavy chains to form
monovalent light-heavy chain fragments, further cleavage of fragments, or other enzymatic,
chemical or genetic techniques may also be used, so long as the fragments bind to the antigen
that is recognized by the intact antibody.

[0128] Alternatively, the antibody may be a recombinant or engineered antibody obtained by
the use of recombinant DNA techniques involving the manipulation and re-expression of DNA
encoding antibody variable and/or constant regions. Such DNA is known and/or is readily
available from DNA libraries including for example phage-antibody libraries (see Chiswell, D J
and McCafferty, J. Tibtech. 10 80-84 (1992)) or where desired can be synthesised. Standard
molecular biology and/or chemistry procedures may be used to sequence and manipulate the
DNA, for example, to introduce codons to create cysteine residues, to modify, add or delete
other amino acids or domains as desired.

[0129] From here, one or more replicable expression vectors containing the DNA may be
prepared and used to transform an appropriate cell line, e.g. a non-producing myeloma cell
line, such as a mouse NSO line or a bacterial, e.g. E.coli line, in which production of the
antibody will occur. In order to obtain efficient transcription and translation, the DNA sequence
in each vector should include appropriate regulatory sequences, particularly a promoter and
leader sequence operably linked to the variable domain sequence. Particular methods for
producing antibodies in this way are generally well known and routinely used. For example,
basic molecular biology procedures are described by Maniatis et al (Molecular Cloning, Cold
Spring Harbor Laboratory, New York, 1989); DNA sequencing can be performed as described
in Sanger et al (PNAS 74, 5463, (1977)) and the Amersham International plc sequencing
handbook; and site directed mutagenesis can be carried out according to the method of
Kramer et al (Nucl. Acids Res. 12, 9441, (1984)) and the Anglian Biotechnology Ltd handbook.
Additionally, there are numerous publications, detailing techniques suitable for the preparation
of antibodies by manipulation of DNA, creation of expression vectors and transformation of
appropriate cells, for example as reviewed by Mountain A and Adair, J R in Biotechnology and
Genetic Engineering Reviews (ed. Tombs, M P, 10, Chapter 1, 1992, Intercept, Andover, UK)
and in International Patent Specification No. WO 91/09967.

[0130] Where desired, the antibody according to the invention may have one or more effector
or reporter molecules attached to it and the invention extends to such modified proteins. The
effector or reporter molecules may be attached to the antibody through any available amino
acid side-chain, terminal amino acid or, where present carbohydrate functional group located
in the antibody, always provided of course that this does not adversely affect the binding
properties and eventual usefulness of the molecule. Particular functional groups include, for
example any free amino, imino, thiol, hydroxyl, carboxyl or aldehyde group. Attachment of the
antibody and the effector and/or reporter molecule(s) may be achieved via such groups and an
appropriate functional group in the effector or reporter molecules. The linkage may be direct or
indirect, through spacing or bridging groups.
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[0131] Effector molecules include, for example, antineoplastic agents, toxins (such as
enzymatically active toxins of bacterial or plant origin and fragments thereof e.g. ricin and
fragments thereof) biologically active proteins, for example enzymes, nucleic acids and
fragments thereof, e.g. DNA, RNA and fragments thereof, naturally occurring and synthetic
polymers e.g. polysaccharides and polyalkylene polymers such as poly(ethylene glycol) and
derivatives thereof, radionuclides, particularly radioiodide, and chelated metals. Suitable
reporter groups include chelated metals, fluorescent compounds or compounds which may be
detected by NMR or ESR spectroscopy.

[0132] Particular antineoplastic agents include cytotoxic and cytostatic agents, for example
alkylating agents, such as nitrogen mustards (e.g. chlorambucil, melphalan, mechlorethamine,
cyclophosphamide, or uracil mustard) and derivatives thereof, triethylenephosphoramide,
triethylenethiophosphor-amide, busulphan, or cisplatin; antimetabolites, such as methotrexate,
fluorouracil, floxuridine, cytarabine, mercaptopurine, thioguanine, fluoroacetic acid or
fluorocitric acid, antibiotics, such as bleomycins (e.g. bleomycin sulphate), doxorubicin,
daunorubicin, mitomycins (e.g. mitomycin C), actinomycins (e.g. dactinomycin) plicamycin,
calichaemicin and derivatives thereof, or esperamicin and derivatives thereof; mitotic inhibitors,
such as etoposide, vincristine or vinblastine and derivatives thereof; alkaloids, such as
ellipticine; polyols such as taxicin-l or taxicin-Il; hormones, such as androgens (e.g.
dromostanolone or testolactone), progestins (e.g. megestrol acetate or medroxyprogesterone
acetate), estrogens (e.g. dimethylstilbestrol diphosphate, polyestradiol phosphate or
estramustine phosphate) or antiestrogens (e.g. tamoxifen); anthraquinones, such as
mitoxantrone, ureas, such as hydroxyurea; hydrazines, such as procarbazine; or imidazoles,
such as dacarbazine.

[0133] Particularly useful effector groups are calichaemicin and derivatives thereof (see for
example South African Patent Specifications Nos. 85/8794, 88/8127 and 90/2839).

[0134] Chelated metals include chelates of di-or tripositive metals having a coordination
number from 2.to 8 inclusive. Particular examples of such metals include technetium (Tc),
rhenium (Re), cobalt (Co), copper (Cu), gold (Au), silver (Ag), lead (Pb), bismuth (Bi), indium
(In), gallium (Ga), yttrium (Y), terbium (Tb), gadolinium (Gd), and scandium (Sc). In general
the metal is preferably a radionuclide. Particular radionuclides include 29™Tc, 18Re, 188Re,
88Co, 60Co, 67Cu, 195au, 199, M0Ag, 203pp, 206gj 207j 111y 67G,, 68Ga, 8By, %y, 160Th,

183Gd and 4'Sc.

[0135] The chelated metal may be for example one of the above types of metal chelated with
any suitable polydentate chelating agent, for example acyclic or cyclic polyamines, polyethers,
(e.g. crown ethers and derivatives thereof); polyamides; porphyrins; and carbocyclic
derivatives.

[0136] In general, the type of chelating agent will depend on the metal in use. One particularly
useful group of chelating agents in conjugates according to the invention, however, are acyclic



DK/EP 2261335 T3

and cyclic polyamines, especially polyaminocarboxylic  acids, for example
diethylenetriaminepentaacetic acid and derivatives thereof, and macrocyclic amines, e.g. cyclic
tri-aza and tetra-aza derivatives (for example as described in International Patent Specification
No. WO 92/22583); and polyamides, especially desferrioxamine and derivatives thereof.

[0137] Thus for example when it is desired to use a thiol group in the antibody as the point of
attachment this may be achieved through reaction with a thiol reactive group present in the
effector or reporter molecule. Examples of such groups include an a-halocarboxylic acid or
ester, e.g. iodoacetamide, an imide, e.g. maleimide, a vinyl sulphone, or a disulphide. These
and other suitable linking procedures are generally and more particularly described in
International Patent Specifications Nos. WO 93/06231, WO 92/22583, WO 90/091195 and WO
89/01476.

ASSAYS FOR SELECTING MOLECULES WHICH INCREASE BONE DENSITY

[0138] As discussed above, the present disclosure provides methods for selecting and/or
isolating compounds which are capable of increasing bone density. For example, within one
aspect of the present disclosure methods are provided for determining whether a selected
molecule is capable of increasing bone mineral content, comprising the steps of (a) mixing a
selected molecule with TGF-beta binding protein and a selected member of the TGF-beta
family of proteins, (b) determining whether the selected molecule stimulates signaling by the
TGF-beta family of proteins, or inhibits the binding of the TGF-beta binding protein to the TGF-
beta family of proteins. Within certain embodiments of the disclosure, the molecule enhances
the ability of TGF-beta to function as a positive regulator of mesenchymal cell differentiation.

[0139] Within other aspects of the disclosure methods are provided for determining whether a
selected molecule is capable of increasing bone mineral content, comprising the steps of (a)
exposing a selected molecule to cells which express TGF-beta binding-protein and (b)
determining whether the expression (or activity) of TGF-beta binding-protein from said
exposed cells decreases, and therefrom determining whether the compound is capable of
increasing bone mineral content. Within one embodiment of the disclosure, the cells are
selected from the group consisting of the spontaneously transformed or untransformed normal
human bone from bone biopsies and rat parietal bone osteoblasts. Such methods may be
accomplished in a wide variety of assay formats including, for example, Countercurrent
Immuno-Electrophoresis (CIEP), Radioimmunoassays, Radioimmunoprecipitations, Enzyme-
Linked Immuno-Sorbent Assays (ELISA), Dot Blot assays, Inhibition or Competition assays,
and sandwich assays (see U.S. Patent Nos. 4,376,110 and 4,486,530; see also Antibodies: A
Laboratory Manual, supra).

[0140] Representative embodiments of such assays are provided below in Examples 5 and 6.
Briefly, a family member of the TGF-beta super-family or a TGF-beta binding protein is first
bound to a solid phase, followed by addition of a candidate molecule. The labeled family
member of the TGF-beta super-family or a TGF-beta binding protein is then added to the
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assay, the solid phase washed, and the quantity of bound or labeled TGF-beta super-family
member or TGF-beta binding protein on the solid support determined. Molecules which are
suitable for use in increasing bone mineral content as described herein are those molecules
which decrease the binding of TGF-beta binding protein to a member or members of the TGF-
beta super-family in a statistically significant manner. Obviously, assays suitable for use within
the present disclosure should not be limited to the embodiments described within Examples 2
and 3. In particular, numerous parameters may.be altered, such as by binding TGF-beta to a
solid phase, or by elimination of a solid phase entirelv

[0141] Within other aspects of the disclosure methods are provided for determining whether a
selected molecule is capable of increasing bone mineral content, comprising the steps of (a)
exposing a selected molecule to cells which express TGF-beta and (b) determining whether
the activity of TGF-beta from said exposed cells is altered, and therefrom determining whether
the compound is capable of increasing bone mineral content. Similar to the above described
methods, a wide variety of methods may be utilized to assess the changes of TGF-beta
binding-protein expression due to a selected test compound.

[0142] For example, within one aspect of the present disclosure methods are provided for
determining whether a selected molecule is capable of increasing bone mineral content,
comprising the steps of (a) mixing a selected molecule with TGF-beta-binding-protein and a
selected member of the TGF-beta family of proteins, (b) determining whether the selected
molecule up-regulates the signaling of the TGF-beta family of proteins, or inhibits the binding
of the TGF-beta binding-protein to the TGF-beta family of proteins. Within certain
embodiments, of the disclosure, the molecule enhances the ability of TGF-beta to function as a
positive regulator of mechemchymal cell differentiation.

[0143] Similar to the above described methods, a wide variety of methods may be utilized to
assess stimulation of TGF-beta due to a selected test compound. One such representative
method is provided below in Example 6 (see also Durham et al., Endo. 136:1374-1380.

[0144] Within yet other aspects of the present disclosure, methods are provided for
determining whether a selected molecule is capable of increasing bone mineral content,
comprising the step of determining whether a selected molecule inhibits the binding of TGF-
beta binding-protein to bone, or an analogue thereof. As utilized herein, it should be
understood that bone or analogues thereof refers to hydroxyapatite, or a surface composed of
a powdered form of bone, crushed bone or intact bone. Similar to the above described
methods, a wide variety of methods may be utilized to assess the inhibition of TGF-beta
binding-protein localization to bone matrix. One such representative method is provided below
in Example 7.

[0145] It should be noted that while the methods recited herein may refer to the analysis of an
individual test molecule, that the present disclosure should not be so limited. In particular, the
selected molecule may be contained within a mixture of compounds. Hence, the recited
methods may further comprise the step of isolating a molecule which inhibits the binding of
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TGF-beta binding-protein to a TGF-beta family member.

CANDIDATE MOLECULES

[0146] A wide variety of molecules may be assayed for their ability to inhibit the binding of
TGF-beta binding-protein to a TGF-beta family member. Representative examples which are
discussed in more detail below include organic molecules, proteins or peptides, and nucleic
acid molecules. Although it should be evident from the discussion below that the candidate
molecules described herein may be utilized in the assays described herein, it should also be
readily apparent that such molecules can also be utilized in a variety of diagnostic and
therapeutic settins.

1. Organic Molecules

[0147] Numerous organic molecules may be assayed for their ability to inhibit the binding of
TGF-beta binding-protein to a TGF-beta family member

[0148] For example, within one embodiment of the disclosure suitable organic molecules may
be selected from either a chemical library, wherein chemicals are assayed individually, or from
combinatorial chemical libraries where multiple compounds are assayed at once, then
deconvoluted to determine and isolate the most active compounds.

[0149] Representative examples of such combinatorial chemical libraries include those
described by Agrafiotis et al., "System and method of automatically generating chemical
compounds with desired properties,” U.S. Patent No. 5,463,564; Armstrong, R.W., "Synthesis
of combinatorial arrays of organic compounds through the use of multiple component
combinatorial array syntheses,” WO 95/02566; Baldwin, J.J. et al., "Sulfonamide derivatives
and their use," WO 95/24186; Baldwin, J.J. et al., "Combinatorial dihydrobenzopyran library,"
WO 95/30642; Brenner, S., "New kit for preparing combinatorial libraries," WO 95/16918;
Chenera, B. et al., "Preparation of library of resin-bound aromatic carbocyclic compounds," WO
95/16712; Ellman, J.A., "Solid phase and combinatorial synthesis of benzodiazepine
compounds on a solid support,” U.S. Patent No. 5,288,514; Felder, E. et al.,, "Novel
combinatorial compound libraries," WO 95/16209; Lerner, R. et al., "Encoded combinatorial
chemical libraries," WO 93/20242; Pavia, M.R. et al., "A method for preparing and selecting
pharmaceutically useful non-peptide compounds from a structurally diverse universal library,"
WO 95/04277; Summerton, J.E. and D.D. Weller, "Morpholino-subunit combinatorial library and
method," U.S. Patent No. 5,506,337; Holmes, C., "Methods for the Solid Phase Synthesis of
Thiazolidinones, Metathiazanones, and Derivatives thereof,” WO 96/00148; Phillips, G.B. and
G.P. Wei, "Solid-phase Synthesis of Benzimidazoles," Tet. Letters 37:4887-90, 1996; Ruhland,
B. et al., "Solid-supported Combinatorial Synthesis of Structurally Diverse B-Lactams,” J. Amer.
Chem. Soc. 111:253-4, 1996; Look, G.C. et al, "The Indentification of Cyclooxygenase-1
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Inhibitors from 4-Thiazolidinone Combinatorial Libraries,” Bioorg and Med. Chem. Letters
6:707-12, 1996.

2. Proteins and Peptides

[0150] A wide range of proteins and peptides may likewise be utilized as candidate molecules
for inhibitors of the binding of TGF-beta binding-protein to a TGF-beta family member.

a. Combinatorial Peptide Libraries

[0151] Peptide molecules which are putative inhibitors of the binding of TGF-beta binding-
protein to a TGF-beta family member may be obtained through the screening of combinatorial
peptide libraries. Such libraries may either be prepared by one of skill in the art (see e.g., U.S.
Patent Nos. 4,528,266 and 4,359,535, and Patent Cooperation Treaty Publication Nos. WO
92/15679, WO 92/15677, WO 90/07862, WO 90/02809, or purchased from commercially
available sources (e.g., New England Biolabs Ph.D.™ Phage Display Peptide Library Kit).

b. Antibodies

[0152] Antibodies which inhibit the binding of TGF-beta binding-protein to a TGF-beta family
member may readily be prepared given the disclosure provided herein. Within the context of
the present invention, antibodies are understood to include monoclonal antibodies, polyclonal
antibodies, anti-idiotypic antibodies, antibody fragments (e.g., Fab, and F(ab')y, Fy variable
regions, or complementarity determining regions). As discussed above, antibodies are
understood to be specific against TGF-beta binding-protein , or against a specific TGF-beta

family member, if they bind with a K, of greater than or equal to 10”M, preferably greater than
or equal to 108M, and do not bind to other TGF-beta binding-proteins, or, bind with a K5 of less

than or equal to 108M. Furthermore, antibodies of the present invention should block or inhibit
the binding of TGF-beta binding-protein to a TGF-beta family member.

[0153] The affinity of a monoclonal antibody or binding partner, as well as inhibition of binding
can be readily determined by one of ordinary skill in the art (see Scatchard, Ann. N.Y. Acad.
Sci. 51:660-672, 1949).

[0154] Briefly, polyclonal antibodies may be readily generated by one of ordinary skill in the art
from a variety of warm-blooded animals such as horses, cows, various fowl, rabbits, mice, or
rats. Typically, the TGF-beta binding-protein or unique peptide thereof of 13-20 amino acids
(preferably conjugated to keyhole limpet hemocyanin by cross-linking with glutaraldehyde) is
utilized to immunize the animal through intraperitoneal, intramuscular, intraocular, or
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subcutaneous injections, along with an adjuvant such as Freund's complete or incomplete
adjuvant. Following several booster immunizations, samples of serum are collected and tested
for reactivity to the protein or peptide. Particularly preferred polyclonal antisera will give a
signal on one of these assays that is at least three times greater than background. Once the
titer of the animal has reached a plateau in terms of its reactivity to the protein, larger
quantities of antisera may be readily obtained either by weekly bleedings, or by exsanguinating
the animal.

[0155] Monoclonal antibodies may also be readily generated using conventional techniques
(see U.S. Patent Nos. RE 32,011, 4,902,614, 4,543,439, and 4,411,993 which are incorporated
herein by reference; see also Monoclonal Antibodies, Hybridomas: A New Dimension in
Biological Analyses, Plenum Press, Kennett, McKearn, and Bechtol (eds.), 1980, and
Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor Laboratory
Press, 1988, which are also incorporated herein by reference).

[0156] Briefly, within one embodiment a subject animal such as a rat or mouse is immunized
with TGF-beta binding-protein or portion thereof as described above. The protein may be
admixed with an adjuvant such as Freund's complete or incomplete adjuvant in order to
increase the resultant immune response. Between one and three weeks after the initial
immunization the animal may be reimmunized with another booster immunization, and tested
for reactivity to the protein utilizing assays described above. Once the animal has reached a
plateau in its reactivity to the injected protein, it is sacrificed, and organs which contain large
numbers of B cells such as the spleen and lymph nodes are harvested.

[0157] Cells which are obtained from the immunized animal may be immortalized by infection
with a virus such as the Epstein-Barr virus (EBV) (see Glasky and Reading, Hybridoma
8(4):377-389, 1989). Alternatively, within a preferred embodiment, the harvested spleen and/or
lymph node cell suspensions are fused with a suitable myeloma cell in order to create a
"hybridoma" which secretes monoclonal antibody. Suitable myeloma lines include, for example,
NS-1 (ATCC No. TIB 18), and P3X63 - Ag 8.653 (ATCC No. CRL 1580).

[0158] Following the fusion, the cells may be placed into culture plates containing a suitable
medium, such as RPMI| 1640, or DMEM (Dulbecco's Modified Eagles Medium) (JRH
Biosciences, Lenexa, Kansas), as well as additional ingredients, such as fetal bovine serum
(FBS, i.e., from Hyclone, Logan, Utah, or JRH Biosciences). Additionally, the medium should
contain a reagent which selectively allows for the growth of fused spleen and myeloma cells
such as HAT (hypoxanthine, aminopterin, and thymidine) (Sigma Chemical Co., St. Louis,
Missouri). After about seven days, the resulting fused cells or hybridomas may be screened in
order to determine the presence of antibodies which are reactive against TGF-beta binding-
protein (depending on the antigen used), and which block or inhibit the binding of TGF-beta
binding-protein to a TGF-beta family member.

[0159] A wide variety of assays may be utilized to determine the presence of antibodies which
are reactive against the proteins of the present invention, including for example countercurrent
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immuno-electrophoresis, radioimmunoassays, radioimmunoprecipitations, enzyme-linked
immuno-sorbent assays (ELISA), dot blot assays, western blots, immunoprecipitation, inhibition
or competition assays, and sandwich assays (see U.S. Patent Nos. 4,376,110 and 4,486,530;
see also Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor
Laboratory Press, 1988). Following several clonal dilutions and reassays, a hybridoma
producing antibodies reactive against the desired protein may be isolated.

[0160] Other techniques may also be utilized to construct monoclonal antibodies (see William
D. Huse et al., "Generation of a Large Combinational Library of the Immunoglobulin Repertoire
in Phage Lambda," Science 246:1275-1281, December 1989; see also L. Sastry et al.,
"Cloning of the Immunological Repertoire in Escherichia coli for Generation of Monoclonal
Catalytic Antibodies: Construction of a Heavy Chain Variable Region-Specific cDNA Library,"
Proc. Natl. Acad. Sci. USA 86:5728-5732, August 1989 ; see also Michelle Alting-Mees et al.,
"Monoclonal Antibody Expression Libraries: A Rapid Alternative to Hybridomas," Strategies in
Molecular Biology 3:1-9, January 1990). These references describe a commercial system
available from Stratagene (La Jolla, California) which enables the production of antibodies
through recombinant techniques. Briefly, mMRNA is isolated from a B cell population, and utilized
to create heavy and light chain immunoglobulin ¢DNA expression libraries in the
AlmmunoZap(H) and AlmmunoZap(L) vectors. These vectors may be screened individually or
co-expressed to form Fab fragments or antibodies (see Huse et al., supra; see also Sastry et
al., supra). Positive plaques may subsequently be converted to a non-lytic plasmid which
allows high level expression of monoclonal antibody fragments from E. coli.

[0161] Similarly, portions or fragments, such as Fab and Fv fragments, of antibodies may also
be constructed utilizing conventional enzymatic digestion or recombinant DNA techniques to
incorporate the variable regions of a gene which encodes a specifically binding antibody. Within
one embodiment, the genes which encode the variable region from a hybridoma producing a
monoclonal antibody of interest are amplified using nucleotide primers for the variable region.
These primers may be synthesized by one of ordinary skill in the art, or may be purchased
from commercially available sources. Stratagene (La Jolla, California) sells primers for mouse
and human variable regions including, among others, primers for Vya, Vb, VHe, VHg: CHi, VL
and C__regions. These primers may be utilized to amplify heavy or light chain variable regions,
which may then be inserted into vectors such as ImmunoZAP™ H or ImmunoZAP™ L
(Stratagene), respectively. These vectors may then be introduced into E. coli, yeast, or
mammalian-based systems for expression. Utilizing these techniques, large amounts of a
single-chain protein containing a fusion of the Vy and V|_ domains may be produced (see Bird
et al., Science 242:423-426, 1988). In addition, such techniques may be utilized to change a
"murine" antibody to a "human" antibody, without altering the binding specificity of the antibody.

[0162] Once suitable antibodies have been obtained, they may be isolated or purified by many
techniques well known to those of ordinary skill in the art (see Antibodies: A Laboratory
Manual, Harlow and Lane (eds.), Cold Spring Harbor Laboratory Press, 1988). Suitable
techniques include peptide or protein affinity columns, HPLC or RP-HPLC, purification on
protein A or protein G columns, or any combination of these techniques.
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¢. Mutant TGF-beta binding-proteins

[0163] As described herein and below in the Examples (e.g., Examples 8 and 9), altered
versions of TGF-beta binding-protein which compete with native TGF-beta binding-protein's
ability to block the activity of a particular TGF-beta family member should lead to increased
bone density. Thus, mutants of TGF-beta binding-protein which bind to the TGF-beta family
member but do not inhibit the function of the TGF-beta family member would meet the criteria.
The mutant versions must effectively compete with the endogenous inhibitory functions of
TGF-beta binding-protein.

d. Production of proteins

[0164] Although various genes (or portions thereof) have been provided herein, it should be
understood that within the context of the present disclosure, reference to one or more of these
genes includes derivatives of the genes that are substantially similar to the genes (and, where
appropriate, the proteins (including peptides and polypeptides) that are encoded by the genes
and their derivatives). As used herein, a nucleotide sequence is deemed to be "substantially
similar" if. (a) the nucleotide sequence is derived from the coding region of the above-
described genes and includes, for example, portions of the sequence or allelic variations of the
sequences discussed above, or alternatively, encodes a molecule which inhibits the binding of
TGF-beta binding-protein to a member of the TGF-beta family, (b) the nucleotide sequence is
capable of hybridization to nucleotide sequences of the present invention under moderate,
high or very high stringency (see Sambrook et al., Molecular Cloning: A Laboratory Manual,
2nd ed., Cold Spring Harbor Laboratory Press, NY, 1989); or (c) the DNA sequences are
degenerate as a result of the genetic code to the DNA sequences defined in (a) or (b). Further,
the nucleic acid molecule disclosed herein includes both complementary and non-
complementary sequences, provided the sequences otherwise meet the criteria set forth
herein. Within the context of the present invention, high stringency means standard
hybridization conditions (e.g., 5XSSPE, 0.5% SDS at 65°C, or the equivalent).

[0165] The structure of the proteins encoded by the nucleic acid molecules described herein
may be predicted from the primary translation products using the hydrophobicity plot function
of, for example, P/C Gene or Intelligenetics Suite (Intelligenetics, Mountain View, California), or
according to the methods described by Kyte and Doolittle (J. Mol. Biol. 157:105-132, 1982).

[0166] Proteins of the present disclosure may be prepared in the form of acidic or basic salts,
or in neutral form. In addition, individual amino acid residues may be modified by oxidation or
reduction. Furthermore, various substitutions, deletions, or additions may be made to the
amino acid or nucleic acid sequences, the net effect of which is to retain or further enhance or
decrease the biological activity of the mutant or wild-type protein. Moreover, due to
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degeneracy in the genetic code, for example, there may be considerable variation in nucleotide
sequences encoding the same amino acid sequence.

[0167] Other derivatives of the proteins disclosed herein include conjugates of the proteins
along with other proteins or polypeptides. This may be accomplished, for example, by the
synthesis of N-terminal or C-terminal fusion proteins which may be added to facilitate
purification or identification of proteins (see U.S. Patent No. 4,851,341, see also, Hopp et al.,
Bio/Technology 6:1204, 1988.) Alternatively, fusion proteins such as Flag/TGF-beta binding-
protein be constructed in order to assist in the identification, expression, and analysis of the
protein.

[0168] Proteins of the present disclosure may be constructed using a wide variety of
techniques described herein. Further mutations may be introduced at particular loci by
synthesizing oligonucleotides containing a mutant sequence, flanked by restriction sites
enabling ligation to fragments of the native sequence. Following ligation, the resulting
reconstructed sequence encodes a derivative having the desired amino acid insertion,
substitution, or deletion.

[0169] Alternatively, oligonucleotide-directed site-specific (or segment specific) mutagenesis
procedures may be employed to provide an altered gene having particular codons altered
according to the substitution, deletion, or insertion required. Exemplary methods of making the
alterations set forth above are disclosed by Walder et al. (Gene 42:133, 1986); Bauer etal.
(Gene 37:73, 1985); Craik (BioTechniques, January 1985, 12-19); Smith et al. (Genetic
Engineering: Principles and Methods, Plenum Press, 1981); and Sambrook et al. (supra).
Deletion or truncation derivatives of proteins (e.g., a soluble extracellular portion) may also be
constructed by utilizing convenient restriction endonuclease sites adjacent to the desired
deletion. Subsequent to restriction, overhangs may be filled in, and the DNA religated.
Exemplary methods of making the alterations set forth above are disclosed by Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press, 1989).

[0170] Mutations which are made in the nucleic acid molecules of the present disclosure
preferably preserve the reading frame of the coding sequences. Furthermore, the mutations
will preferably not create complementary regions that could hybridize to produce secondary
mRNA structures, such as loops or hairpins, that would adversely affect translation of the
mRNA. Although a mutation site may be predetermined, it is not necessary that the nature of
the mutation per se be predetermined. For example, in order to select for optimum
characteristics of mutants at a given site, random mutagenesis may be conducted at the target
codon and the expressed mutants screened for indicative biological activity. Alternatively,
mutations may be introduced at particular loci by synthesizing oligonucleotides containing a
mutant sequence, flanked by restriction sites enabling ligation to fragments of the native
sequence. Following ligation, the resulting reconstructed sequence encodes a derivative
having the desired amino acid insertion, substitution, or deletion.

[0171] Nucleic acid molecules which encode proteins of the present disclosure may also be
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constructed utilizing techniques of PCR mutagenesis, chemical mutagenesis (Drinkwater and
Klinedinst, PNAS 83:3402-3406, 1986), by forced nucleotide misincorporation (e.g., Liao and
Wise Gene 88:107-111, 1990), or by use of randomly mutagenized oligonucleotides (Horwitz et
al., Genome 3:112-117, 1989).

[0172] The present disclosure also provides for the manipulation and expression of the above
described genes by culturing host cells containing a vector capable of expressing the above-
described genes. Such vectors or vector constructs include either synthetic or cDNA-derived
nucleic acid molecules encoding the desired protein, which are operably linked to suitable
transcriptional or translational regulatory elements. Suitable regulatory elements may be
derived from a variety of sources, including bacterial, fungal, viral, mammalian, insect, or plant
genes. Selection of appropriate regulatory elements is dependent on the host cell chosen, and
may be readily accomplished by one of ordinary skill in the art. Examples of regulatory
elements include: a transcriptional promoter and enhancer or RNA polymerase binding
sequence, a transcriptional terminator, and a ribosomal binding sequence, including a
translation initiation signal.

[0173] Nucleic acid molecules that encode any of the proteins described above may be readily
expressed by a wide variety of prokaryotic and eukaryotic host cells, including bacterial,
mammalian, yeast or other fungi, viral, insect, or plant cells. Methods for transforming or
transfecting such cells to express foreign DNA are well known in the art (see, e.g., ltakura et
al.,, U.S. Patent No. 4,704,362; Hinnen et al., Proc. Natl. Acad. Sci. USA 75:1929-1933, 1978;
Murray etal., U.S. Patent No. 4,801,542; Upshall et al., U.S. Patent No. 4,935,349; Hagen et
al., U.S. Patent No. 4,784,950; Axel et al., U.S. Patent No. 4,399,216; Goeddel etal., U.S.
Patent No. 4,766,075; and Sambrook et al. Molecular Cloning: A Laboratory Manual, 2nd ed.,
Cold Spring Harbor Laboratory Press, 1989; for plant cells see Czako and Marton, Plant
Physiol. 104:1067-1071, 1994; and Paszkowski et al., Biotech. 24:387-392, 1992).

[0174] Bacterial host cells suitable for carrying out the present disclosure include E. coli, B.
subtilis, Salmonella typhimurium, and various species within the genera Pseudomonas,
Streptomyces, and Staphylococcus, as well as many other bacterial species well known to one
of ordinary skill in the art. Representative examples of bacterial host cells include DH5a
(Stratagene, LaJolla, California).

[0175] Bacterial expression vectors preferably comprise a promoter which functions in the
host cell, one or more selectable phenotypic markers, and a bacterial origin of replication.
Representative promoters include the B-lactamase (penicillinase) and lactose promoter system
(see Chang et al., Nature 275:615, 1978), the T7 RNA polymerase promoter (Studier et al.,
Meth. Enzymol. 185:60-89, 1990), the lambda promoter (Elvin et al., Gene 87:123-126, 1990),
the trp promoter (Nichols and Yanofsky, Meth. in Enzymology 101:155, 1983) and the tac
promoter (Russell et al., Gene 20:231, 1982). Representative selectable markers include
various antibiotic resistance markers such as the kanamycin or ampicillin resistance genes.
Many plasmids suitable for transforming host cells are well known in the art, including among
others, pBR322 (see Bolivar et al., Gene 2:95, 1977), the pUC plasmids pUC18, pUC19,
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pUC118, pUC119 (see Messing, Meth. in Enzymology 101:20-77, 1983 and Vieira and
Messing, Gene 19:259-268, 1982), and pNH8A, pNH16a, pNH18a, and Bluescript M13
(Stratagene, La Jolla, California).

[0176] Yeast and fungi host cells suitable for carrying out the present disclosure include,
among others, Saccharomyces pombe, Saccharomyces cerevisiae, the genera Pichia or
Kluyveromyces and various species of the genus Aspergillus (McKnight et al., U.S. Patent No.
4,935,349). Suitable expression vectors for yeast and fungi include, among others, YCp50
(ATCC No. 37419) for yeast, and the amdS cloning vector pV3 (Turnbull, Bio/Technology
7:169, 1989), YRp7 (Struhl et al., Proc. Natl Acad. Sci. USA 76:1035-1039, 1978), YEp13
(Broach et al., Gene 8:121-133, 1979), pJDB249 and pJDB219 (Beggs, Nature 275:104-108,
1978) and derivatives thereof.

[0177] Preferred promoters for use in yeast include promoters from yeast glycolytic genes
(Hitzeman et al., J. Biol. Chem. 255:12073-12080, 1980; Alber and Kawasaki, J. Mol. Appl.
Genet. 1:419-434, 1982) or alcohol dehydrogenase genes (Young et al, in Genetic
Engineering of Microorganisms for Chemicals, Hollaender et al. (eds.), p. 355, Plenum, New
York, 1982; Ammerer, Meth. Enzymol. 101:192-201, 1983). Examples of useful promoters for
fungi vectors include those derived from Aspergillus nidulans glycolytic genes, such as the
adh3 promoter (McKnight et al., EMBO J. 4:2093-2099, 1985). The expression units may also
include a transcriptional terminator. An example of a suitable terminator is the adh3 terminator
(McKnight et al.; ibid., 1985).

[0178] As with bacterial vectors, the yeast vectors will generally include a selectable marker,
which may be one of any number of genes that exhibit a dominant phenotype for which a
phenotypic assay exists to enable transformants to be selected. Preferred selectable markers
are those that complement host cell auxotrophy, provide antibiotic resistance or enable a cell to
utilize specific carbon sources, and include leu2 (Broach et al., ibid.), ura3 (Botstein et al,,
Gene 8:17, 1979), or his3 (Struhl et al., ibid.). Another suitable selectable marker is the cat
gene, which confers chloramphenicol resistance on yeast cells.

[0179] Techniques for transforming fungi are well known in the literature, and have been
described, for instance, by Beggs (ibid.), Hinnen et al. (Proc. Natl. Acad. Sci. USA 75:1929-
1933, 1978), Yelton et al. (Proc. Natl. Acad. Sci. USA 81:1740-1747, 1984), and Russell
(Nature 301:167-169, 1983). The genotype of the host cell may contain a genetic defect that is
complemented by the selectable marker present on the expression vector. Choice of a
particular host and selectable marker is well within the level of ordinary skill in the art.

[0180] Protocols for the transformation of yeast are also well known to those of ordinary skill in
the art. For example, transformation may be readily accomplished either by preparation of
spheroplasts of yeast with DNA (see Hinnen et al., PNAS USA 75:1929, 1978) or by treatment
with alkaline salts such as LiCl (see Itoh et al., J. Bacteriology 153:163, 1983). Transformation
of fungi may also be carried out using polyethylene glycol as described by Cullen et al.
(Bio/Technology 5:369, 1987).



DK/EP 2261335 T3

[0181] Viral vectors include those which comprise a promoter that directs the expression of an
isolated nucleic acid molecule that encodes a desired protein as described above. A wide
variety of promoters may be utilized within the context of the present invention, including for
example, promoters such as MoMLV LTR, RSV LTR, Friend MuLV LTR, adenoviral promoter
(Ohno et al., Science 265:781-784, 1994), neomycin phosphotransferase promoter/enhancer,
late parvovirus promoter (Koering et al., Hum. Gene Therap. 5:457-463, 1994), Herpes TK
promoter, SV40 promoter, metallothionein lla gene enhancer/promoter, cytomegalovirus
immediate early promoter, and the cytomegalovirus immediate late promoter. Within
particularly preferred embodiments of the disclosure, the promoter is a tissue-specific promoter
(see e.g., WO 91/02805; EP 0,415,731; and WO 90/07936). Representative examples of
suitable tissue specific promoters include neural specific enolase promoter, platelet derived
growth factor beta promoter, bone morphogenic protein promoter, human alpha1-chimaerin
promoter, synapsin | promoter and synapsin Il promoter. In addition to the above-noted
promoters, other viral-specific promoters (e.g., retroviral promoters (including those noted
above, as well as others such as HIV promoters), hepatitis, herpes (e.g., EBV), and bacterial,
fungal or parasitic (e.g., malarial) -specific promoters may be utilized in order to target a
specific cell or tissue which is infected with a virus, bacteria, fungus or parasite.

[0182] Mammalian cells suitable for carrying out the present disclosure include, among others
COS, CHO, Sa0S, osteosarcomas, KS483, MG-63, primary osteoblasts, and human or
mammalian bone marrow stroma. Mammalian expression vectors for use in carrying out the
present disclosure will include a promoter capable of directing the transcription of a cloned
gene or cDNA. Preferred promoters include viral promoters and cellular promoters. Bone
specific promoters include the bone sialo-protein and the promoter for ostecalcin. Viral
promoters include the cytomegalovirus immediate early promoter (Boshart et al., Cell 41:521-
530, 1985), cytomegalovirus immediate late promoter, SV40 promoter (Subramani et al., Mol.
Cell. Biol. 1:854-864, 1981), MMTV LTR, RSV LTR, metallothionein-1, adenovirus E1a. Cellular
promoters include the mouse metallothionein-1 promoter (Palmiter et al., U.S. Patent No.
4,579,821), a mouse V promoter (Bergman et al., Proc. Natl. Acad. Sci. USA 81:7041-7045,

1983; Grant et al., Nucl. Acids Res. 15:5496, 1987) and a mouse Vy promoter (Loh et al., Cell

33:85-93, 1983). The choice of promoter will depend, at least in part, upon the level of
expression desired or the recipient cell line to be transfected.

[0183] Such expression vectors may also contain a set of RNA splice sites located
downstream from the promoter and upstream from the DNA sequence encoding the peptide or
protein of interest. Preferred RNA splice sites may be obtained from adenovirus and/or
immunoglobulin genes. Also contained in the expression vectors is a polyadenylation signal
located downstream of the coding sequence of interest. Suitable polyadenylation signals
include the early or late polyadenylation signals from SV40 (Kaufman and Sharp, ibid.), the
polyadenylation signal from the Adenovirus 5 E1B region and the human growth hormone
gene terminator (DeNoto et al., Nuc. Acids Res. 9:3719-3730, 1981). The expression vectors
may include a noncoding viral leader sequence, such as the Adenovirus 2 tripartite leader,
located between the promoter and the RNA splice sites. Preferred vectors may also include
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enhancer sequences, such as the SV40 enhancer. Expression vectors may also include
sequences encoding the adenovirus VA RNAs. Suitable expression vectors can be obtained
from commercial sources (e.g., Stratagene, La Jolla, California).

[0184] Vector constructs comprising cloned DNA sequences can be introduced into cultured
mammalian cells by, for example, calcium phosphate-mediated transfection (Wigler et al., Cell
14:725, 1978, Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981, Graham and Van der
Eb, Virology 52:456, 1973), electroporation (Neumann et al., EMBO J. 1:841-845, 1982), or
DEAE-dextran mediated transfection (Ausubel et al. (eds.), Current Protocols in Molecular
Biology, John Wiley and Sons, Inc., NY, 1987). To identify cells that have stably integrated the
cloned DNA, a selectable marker is generally introduced into the cells along with the gene or
cDNA of interest. Preferred selectable markers for use in cultured mammalian cells include
genes that confer resistance to drugs, such as neomycin, hygromycin, and methotrexate. The
selectable marker may be an amplifiable selectable marker. Preferred amplifiable selectable
markers are the DHFR gene and the neomycin resistance gene. Selectable markers are
reviewed by Thilly (Mammalian Cell Technology, Butterworth Publishers, Stoneham,
Massachusetts.

[0185] Mammalian cells containing a suitable vector are allowed to grow for a period of time,
typically 1-2 days, to begin expressing the DNA sequence(s) of interest. Drug selection is then
applied to select for growth of cells that are expressing the selectable marker in a stable
fashion. For cells that have been transfected with an amplifiable, selectable marker the drug
concentration may be increased in a stepwise manner to select for increased copy number of
the cloned sequences, thereby increasing expression levels. Cells expressing the introduced
sequences are selected and screened for production of the protein of interest in the desired
form or at the desired level. Cells that satisfy these criteria can then be cloned and scaled up
for production.

[0186] Protocols for the transfection of mammalian cells are well known to those of ordinary
skill in the art. Representative methods include calcium phosphate mediated transfection,
electroporation, lipofection, retroviral, adenoviral and protoplast fusion-mediated transfection
(see Sambrook et al., supra). Naked vector constructs can also be taken up by muscular cells
or other suitable cells subsequent to injection into the muscle of a mammal (or other animals).

[0187] Numerous insect host cells known in the art can also be useful within the present
disclosure, in light of the subject specification. For example, the use of baculoviruses as
vectors for expressing heterologous DNA sequences in insect cells has been reviewed by
Atkinson et al. (Pestic. Sci. 28:215-224,1990).

[0188] Numerous plant host cells known in the art can also be useful within the present
disclosure, in light of the subject specification. For example, the use of Agrobacterium
rhizogenes as vectors for expressing genes in plant cells has been reviewed by Sinkar et al. (J.
Biosci. (Bangalore) 11:47-58, 1987).
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[0189] Within related aspects of the present disclosure, proteins of the present disclosure may
be expressed in a transgenic animal whose germ cells and somatic cells contain a gene which
encodes the desired protein and which is operably linked to a promoter effective for the
expression of the gene. Alternatively, in a similar manner transgenic animals may be prepared
that lack the desired gene (e.g., "knock-out" mice). Such transgenics may be prepared in a
variety of non-human animals, including mice, rats, rabbits, sheep, dogs, goats and pigs (see
Hammer et al., Nature 315:680-683, 1985, Palmiter et al., Science 222:809-814, 1983, Brinster
et al., Proc. Natl. Acad. Sci. USA 82:4438-4442, 1985, Palmiter and Brinster, Cell 41:343-345,
1985, and U.S. Patent Nos. 5,175,383, 5,087,571, 4,736,866, 5,387,742, 5,347,075,
5,221,778, and 5,175,384). Briefly, an expression vector, including a nucleic acid molecule to
be expressed together with appropriately positioned expression control sequences, is
introduced into pronuclei of fertilized eggs, for example, by microinjection. Integration of the
injected DNA is detected by blot analysis of DNA from tissue samples. It is preferred that the
introduced DNA be incorporated into the germ line of the animal so that it is passed on to the
animal's progeny. Tissue-specific expression may be achieved through the use of a tissue-
specific promoter, or through the use of an inducible promoter, such as the metallothionein
gene promoter (Palmiter et al., 1983, ibid), which allows regulated expression of the transgene.

[0190] Proteins can be isolated by, among other methods, culturing suitable host and vector
systems to produce the recombinant translation products of the present invention.
Supernatants from such cell lines, or protein inclusions or whole cells where the protein is not
excreted into the supernatant, can then be treated by a variety of purification procedures in
order to isolate the desired proteins. For example, the supernatant may be first concentrated
using commercially available protein concentration filters, such as an Amicon or Millipore
Pellicon ultrafiltration unit. Following concentration, the concentrate may be applied to a
suitable purification matrix such as, for example, an anti-protein antibody bound to a suitable
support. Alternatively, anion or cation exchange resins may be employed in order to purify the
protein. As a further alternative, one or more reverse-phase high performance liquid
chromatography (RP-HPLC) steps may be employed to further purify the protein. Other
methods of isolating the proteins of the present disclosure are well known in the skill of the art.

[0191] A protein is deemed to be "isolated" within the context of the present disclosure if no
other (undesired) protein is detected pursuant to SDS-PAGE analysis followed by Coomassie
blue staining. Within other embodiments, of the disclosure, the desired protein can be isolated
such that no other (undesired) protein is detected pursuant to SDS-PAGE analysis followed by
silver staining.

3. Nucleic Acid Molecules

[0192] Within other aspects of the disclosure, nucleic acid molecules are provided which are
capable of inhibiting TGF-beta binding-protein binding to a member of the TGF-beta family.
For example, within one embodiment antisense oligonucleotide molecules are disclosure which
specifically inhibit expression of TGF-beta binding-protein nucleic acid sequences (see
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generally, Hirashima et al. in Molecular Biology of RNA: New Perspectives (M. Inouye and B. S.
Dudock, eds., 1987 Academic Press, San Diego, p. 401); Oligonucleotides: Antisense Inhibitors
of Gene Expression (J.S. Cohen, ed., 1989 MacMillan Press, London); Stein and Cheng,
Science 261:1004-1012, 1993; WO 95/10607; U.S. Patent No. 5,359,051; WO 92/06693; and
EP-A2-612844). Briefly, such molecules are constructed such that they are complementary to,
and able to form Watson-Crick base pairs with, a region of transcribed TGF-beta binding-
protein mRNA sequence. The resultant double-stranded nucleic acid interferes with
subsequent processing of the mRNA, thereby preventing protein synthesis (see Example 10).

[0193] Within other aspects of the disclosure,ribozymes are provided which are capable of
inhibiting the TGF-beta binding-protein binding to a member of the TGF-beta family. As used
herein, "ribozymes" are intended to include RNA molecules that contain anti-sense sequences
for specific recognition, and an RNA-cleaving enzymatic activity. The catalytic strand cleaves a
specific site,in a target RNA at greater than stoichiometric concentration. A wide variety of
ribozymes may be utilized within the context of the present disclosure, including for example,
the hammerhead ribozyme (for example, as described by Forster and Symons, Cell 48:211-
220, 1987; Haseloff and Gerlach, Nature 325:596-600, 1988; Walbot and Bruening, Nature
334:196, 1988; Haseloff and Gerlach, Nature 334:585, 1988); the hairpin ribozyme (for
example, as described by Haseloff et al., U.S. Patent No. 5,254,678, issued October 19, 1993
and Hempel et al., European Patent Publication No. 0 360 257, published March 26, 1990),
and Tefrahymena ribosomal RNA-based ribozymes (see Cech et al., U.S. Patent No.
4,987,071). Ribozymes of the present disclosure typically consist of RNA, but may also be
composed of DNA, nucleic acid analogs (e.g., phosphorothioates), or chimerics thereof (e.g.,
DNA/RNA/RNA).

4. Labels

[0194] The gene product or any of the candidate molecules described above and below, may
be labeled with a variety of compounds, including for example, fluorescent molecules, toxins,
and radionuclides. Representative examples of fluorescent molecules include fluorescein,
Phycobili proteins, such as phycoerythrin, rhodamine, Texas red and luciferase.
Representative examples of toxins include ricin, abrin diphtheria toxin, cholera toxin, gelonin,
pokeweed antiviral protein, tritin, Shigella toxin, and Pseudomonas exotoxin A. Representative
examples of radionuclides include Cu-64, Ga-67, Ga-68, Zr-89, Ru-97, Tc-99m, Rh-105, Pd-
109, In-111, 1-123, 1-125, 1-131, Re-186, Re-188, Au-198, Au-199, Pb-203, At-211, Pb-212 and
Bi-212. In addition, the antibodies described above may also be labeled or conjugated to one
partner of a ligand binding pair. Representative examples include avidin-biotin, and riboflavin-
riboflavin binding protein.

[0195] Methods for conjugating or labeling the molecules described herein with the
representative labels set forth above may be readily accomplished by one of ordinary skill in
the art (see Trichothecene Antibody Conjugate, U.S. Patent No. 4,744,981;'Antibody
Conjugate, U.S. Patent No. 5,106,951; Fluorogenic Materials and Labeling Techniques, U.S.
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Patent No. 4,018,884, Metal Radionuclide Labeled Proteins for Diagnosis and Therapy, U.S.
Patent No. 4,897,255; and Metal Radionuclide Chelating Compounds for Improved Chelation
Kinetics, U.S. Patent No. 4,988,496; see also Inman, Methods In Enzymology, Vol. 34, Affinity
Techniques, Enzyme Purification: Part B, Jakoby and Wilchek (eds.), Academic Press, New
York, p. 30, 1974; see also Wilchek and Bayer, "The Avidin-Biotin Complex in Bioanalytical
Applications," Anal. Biochem. 171:1-32, 1988).

PHARMACEUTICAL COMPOSITIONS

[0196] As noted above, the present disclosure also provides a variety of pharmaceutical
compositions, comprising one of the above-described molecules which inhibits the TGF-beta
binding-protein binding to a member of the TGF-beta family along with a pharmaceutically or
physiologically acceptable carrier, excipients or diluents. Generally, such carriers should be
nontoxic to recipients at the dosages and concentrations employed. Ordinarily, the preparation
of such compositions entails combining the therapeutic agent with buffers, antioxidants such as
ascorbic acid, low molecular weight (less than about 10 residues) polypeptides, proteins,
amino acids, carbohydrates including glucose, sucrose or dextrins, chelating agents such as
EDTA, glutathione and other stabilizers and excipients. Neutral buffered saline or saline mixed
with nonspecific serum albumin are exemplary appropriate diluents.

[0197] In addition, the pharmaceutical compositions of the present disclosure may be
prepared for administration by a variety of different routes. In addition, pharmaceutical
compositions may be placed within containers, along with packaging material which provides
instructions regarding the use of such pharmaceutical compositions. Generally, such
instructions will include a tangible expression describing the reagent concentration, as well as
within certain embodiments, relative amounts of excipient ingredients or diluents (e.g., water,
saline or PBS) which may be necessary to reconstitute the pharmaceutical composition.

TREATMENT

[0198] The present invention also provides for increasing the mineral content and mineral
density of bone. Briefly, numerous conditions result in the loss of bone mineral content,
including for example, disease, genetic predisposition, accidents which result in the lack of use
of bone (e.g., due to fracture), therapeutics which effect bone resorption, or which kill bone
forming cells and normal aging. Through use of the molecules described herein which inhibit
the TGF-beta binding-protein binding to a TGF-beta family member such conditions may be
treated or prevented. As utilized herein, it should be understood that bone mineral content has
been increased, if bone mineral content has been increased in a statistically significant manner
(e.g., greater than one-half standard deviation), at a selected site.

[0199] A wide variety of conditions which result in loss of bone mineral content may be treated
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with the molecules described herein. Patients with such conditions may be identified through
clinical diagnosis utilizing well known techniques (see, e.g., Harrison's Principles of Internal
Medicine, McGraw-Hill, Inc.). Representative examples of diseases that may be treated
included dysplasias, wherein there is abnormal growth or development of bone.
Representative examples of such conditions include achondroplasia, cleidocranial dysostosis,
enchondromatosis, fibrous dysplasia, Gaucher's, hypophosphatemic rickets, Marfan's, multiple
hereditary  exotoses, neurofibromatosis, osteogenesis imperfecta, osteopetrosis,
osteopoikilosis, sclerotic lesions, fractures, periodontal disease, pseudoarthrosis and pyogenic
osteomyelitis.

[0200] Other conditions which may be treated or prevented include a wide variety of causes of
osteopenia (i.e., a condition that causes greater than one standard deviation of bone mineral
content or density below peak skeletal mineral content at youth). Representative examples of
such conditions include anemic states, conditions caused steroids, conditions caused by
heparin, bone marrow disorders, scurvy, malnutrition, calcium deficiency, idiopathic
osteoporosis, congenital osteopenia or osteoporosis, alcoholism, chronic liver disease, senility,
postmenopausal state, oligomenorrhea , amenorrhea, pregnancy, diabetes mellitus,
hyperthyroidism, Cushing's disease, acromegaly, hypogonadism, immobilization or disuse,
reflex sympathetic dystrophy syndrome, transient regional osteoporosis and osteomalacia.

[0201] Within one aspect of the present disclosure, bone mineral content or density may be
increased by administering to a warm-blooded animal a therapeutically effective amount of a
molecule which inhibits the TGF-beta binding-protein binding to a TGF-beta family member.
Examples of warm-blooded animals that may be treated include both vertebrates and
mammals, including for example horses, cows, pigs, sheep, dogs, cats, rats and mice.
Representative examples of therapeutic molecules include ribozymes, ribozyme genes,
antisense oligonucleotides and antibodies (e.g, humanized antibodies).

[0202] Within other aspects of the present disclosure, methods are provided for increasing
bone density, comprising the step of introducing into cells which home 1o bone a vector which
directs the expression of a molecule which inhibits the TGF-beta binding-protein binding to a
member of the TGF-beta family, and administering the vector containing cells to a warm-
blooded animal. Briefly, cells which home to bone may be obtained directly from the bone of
patients (e.g., cells obtained from the bone marrow such as CD34+, osteoblasts, osteocytes,
and the like), from peripheral blood, or from cultures.

[0203] A vector which directs the expression of a molecule that inhibits the TGF-beta binding-
protein binding to a member of the TGF-beta family is introduced into the cells. Representative
examples of suitable vectors include viral vectors such as herpes viral vectors (e.g., U.S.
Patent No. 5,288,641), adenoviral vectors (e.g., WO 94/26914, WO 93/9191; Kolls et al., PNAS
91(1):215-219, 1994; Kass-Eisler et at., PNAS 90(24):11498-502, 1993; Guzman et al,
Circulation 88(6):2838-48, 1993; Guzman et al.,, Cir. Res. 73(6):1202-1207, 1993; Zabner et
al., Cell 75(2):207-216, 1993; Li et al., Hum Gene Ther. 4(4):403-409, 1993; Caillaud et al.,
Eur. J. Neurosci. 5(10:1287-1291, 1993; Vincent et al., Nat. Genet. 5(2):130-134, 1993; Jaffe
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et al., Nat. Genet. 1(5):372-378, 1992; and Levrero et al., Gene 101(2):195-202, 1991),
adeno-associated viral vectors (WO 95/13365; Flotte et al., PNAS 90(22):10613-10617, 1993),
baculovirus vectors, parvovirus vectors (Koering et al., Hum. Gene Therap. 5:457-463, 1994),
pox virus vectors (Panicali and Paoletti, PNAS 79:4927-4931, 1982; and Ozaki et al., Biochem.
Biophys. Res. Comm. 193(2):653-660, 1993), and retroviruses (e.g., EP 0,415,731; WO
90/07936; WO 91/0285, WO 94/03622; WO 93/25698; WO 93/25234; U.S. Patent No.
5,219,740; WO 93/11230; WO 93/10218). Viral vectors may likewise be constructed which
contain a mixture of different elements (e.g., promoters, envelope sequences and the like)
from different viruses, or non-viral sources. Within various embodiments, either the viral vector
itself, or a viral particle which contains the viral vector may be utilized in the methods and
compositions described below.

[0204] Within other embodiments of the disclosure, nucleic acid molecules which encode a
molecule which inhibits the TGF-beta binding-protein binding to a member of the TGF-beta
family themselves may be administered by a variety of techniques, including, for example,
administration of asialoosomucoid (ASOR) conjugated with poly-L-lysine DNA complexes
(Cristano et al., PNAS 92122-92126, 1993), DNA linked to killed adenovirus (Curiel et al., Hum.
Gene Ther. 3(2):147-154, 1992), cytofectin-mediated introduction (DMRIE-DOPE, Vical,
California), direct DNA injection (Acsadi et al., Nature 352:815-818, 1991); DNA ligand (Wu et
al., J. of Biol. Chem. 264:16985-16987, 1989); lipofection (Felgner et al., Proc. Natl. Acad. Sci.
USA 84:7413-7417, 1989); liposomes (Pickering et al., Circ. 89(1):13-21, 1994; and Wang et
al., PNAS 84:7851-7855, 1987); microprojectile bombardment (Williams et al., PNAS 88:2726-
2730, 1991); and direct delivery of nucleic acids which encode the protein itself either alone
(Vile and Hart, Cancer Res. 53: 3860-3864, 1993), or utilizing PEG-nucleic acid complexes.

[0205] Representative examples of molecules which may be expressed by the vectors of
present disclosure include ribozymes and antisense molecules, each of which are discussed in
more detail above.

[0206] Determination of increased bone mineral content may be determined directly through
the use of X-rays (e.g., Dual Energy X-ray Absorptometry or "DEXA"), or by inference through
bone turnover markers (osteoblast specific alkaline phosphatase, osteocalcin, type 1
procollagen C' propeptide (PICP), and total alkaline phosphatase; see Comier, C., Curr. Opin.
in Rheu. 7:243, 1995), or markers of bone resorption (pyridinoline, deoxypryridinoline, N-
telopeptide, urinary hydroxyproline, plasma tartrate-resistant acid phosphatases and galactosyl
hydroxylysine; see Comier, supra). The amount of bone mass may also be calculated from
body weights, or utilizing other methods (see Guinness-Hey, Metab. Bone Dis. and Rel. Res.
5:177-181, 1984).

[0207] As will be evident to one of skill in the art, the amount and frequency of administration
will depend, of course, on such factors as the nature and severity of the indication being
treated, the desired response, the condition of the patient, and so forth. Typically, the
compositions may be administered by a variety of techniques, as noted above.
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[0208] The following examples are offered by way of illustration, and not by way of limitation.

EXAMPLES

EXAMPLE |

SCLEROSTEOSIS MAPS TO THE LONG ARM OF HUMAN CHROMOSOME 17

[0209] Genetic mapping of the defect responsible for sclerosteosis in humans localized the
gene responsible for this disorder to the region of human chromosome 17 that encodes a
novel TGF-beta binding-protein family member. In sclerosteosis, skeletal bone displays a
substantial increase in mineral density relative to that of unafflicted individuals. Bone in the
head displays overgrowth as well. Sclerosteosis patients are generally healthy although they
may exhibit variable degrees of syndactyly at birth and variable degrees of cranial compression
and nerve compression in the skull.

[0210] Linkage analysis of the gene defect associated with sclerosteosis was conducted by
applying the homozygosity mapping method to DNA samples collected from 24 South African
Afrikaaner families in which the disease occurred. (Sheffield et al., 1994, Human Molecular
Genetics 3:1331-1335. "Identification of a Bardet-Biedl syndrome locus on chromosome 3 and
evaluation of an efficient approach to homozygosity mapping"). The Afrikaaner population of
South Africa is genetically homogeneous; the population is descended from a small number of
founders who colonized the area several centuries ago, and it has been isolated by geographic
and social barriers since the founding. Sclerosteosis is rare everywhere in the world outside
the Afrikaaner community, which suggests that a mutation in the gene was present in the
founding population and has since increased in numbers along with the increase in the
population. The use of homozygosity mapping is based on the assumption that DNA mapping
markers adjacent to a recessive mutation are likely to be homozygous in affected individuals
from consanguineous families and isolated populations.

[0211] A set of 371 microsatellite markers (Research Genetics, Set 6) from the autosomal
chromosomes was selected to type pools of DNA from sclerosteosis patient samples. The DNA
samples for this analysis came from 29 sclerosteosis patients in 24 families, 59 unaffected
family members and a set of unrelated control individuals from the same population. The pools
consisted of 4-6 individuals, either affected individuals, affected individuals from
consanguineous families, parents and unaffected siblings, or unrelated controls. In the pools of
unrelated individuals and in most of the pools with affected individuals or family members
analysis of the markers showed several allele sizes for each marker. One marker, D1751299,
showed an indication of homozygosity: one band in several of the pools of affected individuals.
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[0212] All 24 sclerosteosis families were typed with a total of 19 markers in the region of
D1751299 (at 17q12-g21). Affected individuals from every family were shown to be
homozygous in this region, and 25 of the 29 individuals were homozygous for a core
haplotype; they each had the same alleles between D17S1787 and D175930. The other four
individuals had one chromosome which matched this haplotype and a second which did not. In
sum, the data compellingly suggested that this 3 megabase region contained the sclerosteosis
mutation. Sequence analysis of most of the exons in this 3 megabase region identified a
nonsense mutation in the novel TGF-beta binding-protein coding sequence (C>T mutation at
position 117 of Sequence ID No. 1 results in a stop codon). This mutation was shown to be
unique to sclerosteosis patients and carriers of Afrikaaner descent. The identity of the gene
was further confirmed by identifying a mutation in its intron (A>T mutation at position +3 of the
intron) which results in improper mRNA processing in a single, unrelated patient with
diagnosed sclerosteosis.

EXAMPLE 2

TISSUE-SPECIFICITY OF TGF-BETA BINDING-PROTEIN GENE EXPRESSION

A. Human Beer Gene Expression by RT-PCR:

[0213] First-strand cDNA was prepared from the following total RNA samples using a
commercially available kit ("Superscript Preamplification System for First-Strand cDNA
Synthesis", Life Technologies, Rockville, MD): human brain, human liver, human spleen,
human thymus, human placenta, human skeletal muscle, human thyroid, human pituitary,
human osteoblast (NHOst from Clonetics Corp., San Diego, CA), human osteosarcoma cell line
(Saos-2, ATCC# HTB-85), human bone, human bone marrow, human cartilage, vervet monkey
bone, saccharomyces cerevisiae, and human peripheral blood monocytes. All RNA samples
were purchased from a commercial source (Clontech, Palo Alto, CA), except the following
which were prepared in-house: human osteoblast, human osteosarcoma cell line, human
bone, human cartilage and vervet monkey bone. These in-house RNA samples were prepared
using a commercially available kit ("TRI Reagent", Molecular Research Center, Inc., Cincinnati,
OH).

[0214] PCR was performed on these samples, and additionally on a human genomic sample
as a control. The sense Beer oligonucleotide primer had the sequence 5'-
CCGGAGCTGGAGAACAACAAG-3' (SEQ ID NO:19). The antisense Beer oligonucleotide
primer had the sequence 5-GCACTGGCCGGAGCACACC-3' (SEQ ID NO:20). In addition,
PCR was performed using primers for the human beta-actin gene, as a control. The sense
beta-actin oligonucleotide primer had the sequence 5-AGGCCAACCGCGAGAAGATGA CC -3
(SEQ ID NO:21). The antisense beta-actin oligonucleotide primer had the sequence 5'-GAAGT
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CCAGGGCGACGTAGCA-3' (SEQ ID NO:22). PCR was performed using standard conditions in
25 ul reactions, with an annealing temperature of 61 degrees Celsius. Thirty-two cycles of PCR
were performed with the Beer primers and twenty-four cycles were performed with the beta-
actin primers.

[0215] Following amplification, 12 ul from each reaction were analyzed by agarose gel
electrophoresis and ethidium bromide staining. See Figure 2A.

B. RNA In-situ Hybridization of Mouse Embryo Sections:

[0216] The full length mouse Beer cDNA (Sequence ID No. 11) was cloned into the pCR2.1
vector (Invitrogen, Carlsbad, CA) in the antisense and sense direction using the manufacturer's

protocol. 3E’S-alpha-GTP-labeIed cRNA sense and antisense transcripts were synthesized
using in-vitro transcription reagents supplied by Ambion, Inc (Austin, TX). In-situ hybridization
was performed according to the protocols of Lyons et al. (J. Cell Biol. 111:2427-2436, 1990).

[0217] The mouse Beer cRNA probe detected a specific message expressed in the neural
tube, limb buds, blood vessels and ossifying cartilages of developing mouse embryos. Panel A
in Figure 3 shows expression in the apical ectodermal ridge (aer) of the limb (1) bud, blood

vessels (bv) and the neural tube (nt). Panel B shows expression in the 4! ventricle of the brain
(4). Panel C shows expression in the mandible (ma) cervical vertebrae (cv), occipital bone (oc),
palate (pa) and a blood vessel (bv). Panel D shows expression in the ribs (r) and a heart valve
(va). Panel A is a transverse section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5
dpc embryo and panels C and D are sagittal sections of 15.5 dpc embryos. ba=branchial arch,
h=heart, te=telencephalon (forebrain), b=brain, f=frontonasal mass, g=gut, h=heart, j=jaw,
li=liver, lu=lung, ot=otic vesicle, ao=, sc=spinal cord, skm=skeletal muscle, ns=nasal sinus,
th=thymus , to=tongue, fl=forelimb, di=diaphragm

EXAMPLE 3

EXPRESSION AND PURIFICATION OF RECOMBINANT BEER PROTEIN

A. Expression in COS-1 Cells:

[0218] The DNA sequence encoding the full length human Beer protein was amplified using
the following PCR oligonucleotide primers: The 5' oligonucleotide primer had the sequence 5'-
AAGCTTGGTACCATGCAGCTCCCAC-3' (SEQ ID NO:23) and contained a Hindlll restriction
enzyme site (in bold) followed by 19 nucleotides of the Beer gene starting 6 base pairs prior to
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the presumed amino terminal start codon (ATG). The 3' oligonucleotide primer had the
sequence 5-AAGCTTCTACTTGTCATCGTCGTCCT TGTAGTCGTAGGCGTTCTCCAGCT-3'
(SEQ ID NO:24) and contained a Hindlll restriction enzyme site (in bold) followed by a reverse
complement stop codon (CTA) followed by the reverse complement of the FLAG epitope
(underlined, Sigma-Aldrich Co., St. Louis, MQ) flanked by the reverse complement of
nucleotides coding for the carboxy terminal 5 amino acids of the Beer. The PCR product was

TA cloned ("Original TA Cloning Kit", Invitrogen, Carlsbad, CA) and individual clones were
screened by DNA sequencing. A sequence-verified clone was then digested by Hindlll and
purified on a 1.5% agarose gel using a commercially available reagents ("QlAquick Gel
Extraction Kit", Qiagen Inc., Valencia, CA). This fragment was then ligated to Hindlll digested,
phosphatase-treated pcDNA3.1 (Invitrogen, Carlsbad, CA) plasmid with T4 DNA ligase. DH10B
E. coli were transformed and plated on LB, 100 pg/ml ampicillin plates. Colonies bearing the
desired recombinant in the proper orientation were identified by a PCR-based screen, using a
5' primer corresponding to the T7 promoter/priming site in pcDNA3.1 and a 3' primer with the
sequence 5- GCACTGGCCGGAGCACACC-3' (SEQ ID NO:25) that corresponds to the
reverse complement of internal BEER sequence. The sequence of the cloned fragment was
confirmed by DNA sequencing.

[0219] COS-1 cells (ATCC# CRL-1650) were used for transfection. 50 ug of the expression
plasmid pcDNA-Beer-Flag was transfected using a commercially available kit following
protocols supplied by the manufacturer ("DEAE-Dextran Transfection Kit", Sigma Chemical
Co., St. Louis, MO). The final media following transfection was DMEM (Life Technologies,
Rockville, MD) containing 0.1% Fetal Bovine Serum. After 4 days in culture, the media was
removed. Expression of recombinant BEER was analyzed by SDS-PAGE and Western Blot
using anti-FLAG M2 monoclonal antibody (Sigma-Aldrich Co., St. Louis, MO). Purification of
recombinant BEER protein was performed using an anti-FLAG M2 affinity column ("Mammalian
Transient Expression System", Sigma-Aldrich Co., St. Louis, MO). The column profile was
analyzed via SDS-PAGE and Western Blot using anti-FLAG M2 monoclonal antibody.

B. Expression in SF9 insect cells:

[0220] The human Beer gene sequence was amplified using PCR with standard conditions
and the following primers:

Sense primer: 5-GTCGTCGGATCCATGGGGTGGCAGGCGTTCAAGAATGAT-3' (SEQ ID
NO:26)

Antisense primer: 5'-GTCGTCAAGCTTCTACTTGTCATCGTCCTTGTAGTCGTA
GGCGTTCTCCAGCTCGGC-3' (SEQ ID NO:27)

[0221] The resulting cDNA contained the coding region of Beer with two modifications. The N-
terminal secretion signal was removed and a FLAG epitope tag (Sigma) was fused in frame to
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the C-terminal end of the insert. BamH1 and HindlIll cloning sites were added arid the gene
was subcloned into pMelBac vector (Invitrogen) for transfer into a baculoviral expression vector
using standard methods.

[0222] Recombinant baculoviruses expressing Beer protein were made using the Bac-N-Blue
transfection kit (Invitrogen) and purified according to the manufacturers instructions.

[0223] SF9 cells (Invitrogen) were maintained in TNM_FH media (Invitrogen) containing 10%
fetal calf serum. For protein expression, SF9 cultures in spinner flasks were infected at an MOI
of greater than 10. Samples of the media and cells were taken daily for five days, and Beer
expression monitored by western blot using an anti-FLAG M2 monoclonal antibody (Sigma) or
an anti-Beer rabbit polyclonal antiserum.

[0224] After five days the baculovirus-infected SF9 cells were harvested by centrifugation and
cell associated protein was extracted from the cell pellet using a high salt extraction buffer (1.5
M NaCl, 50 mM Tris pH 7.5). The extract (20 ml per 300 ml culture) was clarified by
centrifugation, dialyzed three times against four liters of Tris buffered saline (150 mM NaCl, 50
mM Tris pH 7.5), and clarified by centrifugation again. This high salt fraction was applied to
Hitrap Heparin (Pharmacia; 5 ml bed volume), washed extensively with HEPES buffered saline
(25 mM HEPES 7.5, 150 mM Nacl) and bound proteins were eluted with a gradient from 150
mM NaCl to 1200 mM NaCl. Beer elution was observed at aproximately 800 mM NaCl. Beer
containing fractions were supplemented to 10% glycerol and 1 mM DTT and frozen at -80
degrees C.

EXAMPLE 4

PREPARATION AND TESTING OF POLYCLONAL ANTIBODIES TO BEER, GREMLIN, AND
DAN

A. Preparation of antigen:

[0225] The DNA sequences of Human Beer, Human Gremlin, and Human Dan were amplified
using standard PCR methods with the following oligonucleotide primers:

H. Beer
Sense: 5' -GACTTGGATCCCAGGGGTGGCAGGCGTTC- 3' (SEQ ID NO:28)
Antisense 5' -AGCATAAGCTTCTAGTAGGCGTTCTCCAG- 3' (SEQ ID NO:29)

H. Gremlin
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Sense: 5" -GACTTGGATCCGAAGGGAAAAAGAAAGGG- 3' (SEQ ID NO:30)
Antisense: 5' -AGCATAAGCTTTTAATCCAAATCGATGGA- 3' (SEQ ID NO:31)
H.Dan

Sense: 5' -ACTACGAGCTCGGCCCCACCACCCATCAACAAG- 3' (SEQ ID NO:32)

Antisense: 5' -ACTTAGAAGCTTTCAGTCCTCAGCCCCCTCTTCC-3' (SEQ ID NO:33)

[0226] In each case the listed primers amplified the entire coding region minus the secretion
signal sequence. These include restriction sites for subcloning into the bacterial expression
vector pQE-30 (Qiagen Inc., Valencia, CA) at sites BamHI/Hindlll for Beer and Gremlin, and
sites Sacl/Hindlll for Dan. pQE30 contains a coding sequence for a 6x His tag at the 5' end of
the cloning region. The completed constructs were transformed into E. coli strain M-15/pRep
(Qiagen Inc) and individual clones verified by sequencing. Protein expression in M-15/pRep
and purification (6xHis affinity tag binding to Ni-NTA coupled to Sepharose) were performed as
described by the manufacturer (Qiagen, The QlAexpressionist).

[0227] The E. coli-derived Beer protein was recovered in significant quantity using
solubilization in 6M guanidine and dialyzed to 2-4M to prevent precipitation during storage.
Gremlin and Dan protein were recovered in higher quantity with solubilization in 6M guanidine
and a post purification guanidine concentration of 0.5M.

B. Production and testing of polyclonal antibodies:

[0228] Polyclonal antibodies to each of the three antigens were produced in rabbit and in
chicken hosts using standard protocols (R & R Antibody, Stanwood, WA, standard protocol for
rabbit immunization and antisera recovery; Short Protocols in Molecular Biology. 2nd edition.
1992. 11.37- 11.41. Contributors Helen M. Cooper and Yvonne Paterson; chicken antisera was
generated with Strategic Biosolutions, Ramona, CA).

[0229] Rabbit antisera and chicken egg Igy fraction were screened for activity via Western
blot. Each of the three antigens was separated by PAGE and transferred to 0.45um
nitrocellulose (Novex, San Diego, CA). The membrane was cut into strips with each strip
containing approximately 75 ng of antigen. The strips were blocked in 3% Blotting Grade Block
(Bio-Rad Laboratories, Hercules, CA) and washed 3 times in 1X Tris buffer saline (TBS)
/0.02% TWEEN buffer. The primary antibody (preimmunization bleeds, rabbit antisera or
chicken egg IgY in dilutions ranging from 1:100 to 1:10,000 in blocking buffer) was incubated
with the strips for one hour with gentle rocking. A second series of three washes 1X
TBS/0.02%TWEEN was followed by an one hour incubation with the secondary antibody
(peroxidase conjugated donkey anti-rabbit, Amersham Life Science, Piscataway, NJ; or
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peroxidase conjugated donkey anti-chicken, Jackson ImmunoResearch, West Grove, PA). A
final cycle of 3X washes of 1X TBS/0.02%TWEEN was performed and the strips were
developed with Lumi-Light Western Blotting Substrate (Roche Molecular Biochemicals,
Mannheim, Germany).

C. Antibody cross-reactivity test:

[0230] Following the protocol described in the previous section, nitrocellulose strips of Beer,
Gremlin or Dan were incubated with dilutions (1:5000 and 1:10,000) of their respective rabbit
antisera or chicken egg IgY as well as to antisera or chicken egg Igy (dilutions 1:1000 and
1:5000) made to the remaining two antigens. The increased levels of nonmatching antibodies
was performed to detect low affinity binding by those antibodies that may be seen only at
increased concentration. The protocol and duration of development is the same for all three
binding events using the protocol described above. There was no antigen cross-reactivity
observed for any of the antigens tested.

EXAMPLE 5

INTERACTION OF BEER WITH TGF-BETA SUPER-FAMILY PROTEINS

[0231] The interaction of Beer with proteins from different phylogenetic arms of the TGF-f
superfamily were studied using immunoprecipitation methods. Purified TGFB-1, TGFB-2,
TGFB-3, BMP-4, BMP-5, BMP-6 and GDNF were obtained from commerical sources (R&D
systems; Minneapolis, MN). A representative protocol is as follows. Partially purified Beer was
dialyzed into HEPES buffered saline (25 mM HEPES 7.5, 150 mM NacCl). Immunoprecipitations
were done in 300 ul of IP buffer (150 mM NaCl, 25 mM Tris pH 7.5, 1mM EDTA, 1.4 mM @-
mercaptoethanol, 0.5 % triton X 100, and 10% glycerol). 30 ng recombinant human BMP-5
protein (R&D systems) was applied to 15 ul of FLAG affinity matrix (Sigma; St Louis MO)) in
the presence and absence of 500 ng FLAG epitope-tagged Beer. The proteins were incubated
for 4 hours @ 4°Cand then the affinity matrix-associated proteins were washed 5 times in IP
buffer (1 ml per wash). The bound proteins were eluted from the affinity matrix in 60 microliters
of 1X SDS PAGE sample buffer. The proteins were resolved by SDS PAGE and Beer
associated BMP-5 was detected by western blot using anti-BMP-5 antiserum (Research
Diagnostics, Inc) (see Figure 5).

BEER Ligand Binding Assay:

[0232] FLAG-Beer protein (20 ng) is added to 100 ul PBS/0.2% BSA and adsorbed into each
well of 96 well microtiter plate previously coated with anti-FLAG monoclonal antibody (Sigma;
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St Louis MO) and blocked with 10% BSA in PBS. This is conducted at room temperature for 60
minutes. This protein solution is removed and the wells are washed to remove unbound
protein. BMP-5 is added to each well in concentrations ranging from 10 pM to 500 nM in
PBS/0.2% BSA and incubated for 2 hours at room temperature. The binding solution is
removed and the plate washed with three times with 200ul volumes of PBS/0.2% BSA. BMP-5
levels are then detected using BMP-5 anti-serum via ELISA (F.M. Ausubel et al (1998) Current
Protocols in Mol Biol. Vol 2 11.2.1-11.2.22). Specific binding is calculated by subtracting
nonspecific binding from total binding and analyzed by the LIGAND program (Munson and
Podbard, Anal. Biochem., 107, p220-239, (1980).

[0233] In a variation of this method, Beer is engineered and expressed as a human Fc fusion
protein. Likewise the ligand BMP is engineered and expressed as mouse Fc fusion. These
proteins are incubated together and the assay conducted as described by Mellor et al using
homogeneous time resolved fluorescence detection (G.W. Mellor et al., J of Biomol Screening,
3(2) 91-99, 1998).

EXAMPLE 6

SCREENING ASSAY FOR INHIBITION OF TGF-BETA BINDING-PROTEIN BINDING TO TGF-
BETA FAMILY MEMBERS

[0234] The assay described above is replicated with two exceptions. First, BMP concentration
is held fixed at the Kd determined previously. Second, a collection of antagonist candidates is
added at a fixed concentration (20 uM in the case of the small organic molecule collections and
1 uM in antibody studies). These candidate molecules (antagonists) of TGF-beta binding-
protein binding include organic compounds derived from commercial or internal collections
representing diverse chemical structures. These compounds are prepared as stock solutions in
DMSO and are added to assay wells at < 1% of final volume under the standard assay
conditions. These are incubated for 2 hours at room temperature with the BMP and Beer, the
solution removed and the bound BMP is quantitated as described. Agents that inhibit 40% of
the BMP binding observed in the absence of compound or antibody are considered
antagonists of this interaction. These are further evaluated as potential inhibitors based on
titration studies to determine their inhibition constants and their influence on TGF-beta binding-
protein binding affinity. Comparable specificity control assays may also be conducted to
establish the selectivity profile for the identified antagonist through studies using assays
dependent on the BMP ligand action (e.g. BMP/BMP receptor competition study).

EXAMPLE 7

INHIBITION OF TGF-BETA BINDING-PROTEIN LOCALIZATION TO BONE MATRIX



DK/EP 2261335 T3

[0235] Evaluation of inhibition of localization to bone matrix (hydroxyapatite) is conducted
using modifications to the method of Nicolas (Nicolas, V. Calcif Tissue Int 57:206, 1995).

Briefly, 2°I-labelled TGF-beta binding-protein is prepared as described by Nicolas (supra).
Hydroxyapatite is added to each well of a 96 well microtiter plate equipped with a
polypropylene filtration membrane (Polyfiltroninc, Weymouth MA). TGF-beta binding-protein is
added to 0.2% albumin in PBS buffer. The wells containing matrix are washed 3 times with this
buffer. Adsorbed TGF-beta binding-protein is eluted using 0.3M NaOH and quantitated.

[0236] Inhibitor identification is conducted via incubation of TGF-beta binding-protein with test
molecules and applying the mixture to the matrix as described above. The matrix is washed 3
times with 0.2% albumin in PBS buffer. Adsorbed TGF-beta binding-protein is eluted using 0.3
M NaOH and quantitated. Agents that inhibit 40% of the TGF-beta binding-protein binding
observed in the absence of compound or antibody are considered bone localization inhibitors.
These inhibitors are further characterized through dose response studies to determine their
inhibition constants and their influence on TGF-beta binding-protein binding affinity.

EXAMPLE 8

CONSTRUCTION OF TGF-BETA BINDING-PROTEIN MUTANT

A. Mutagenesis:

[0237] Afull-length TGF-beta binding-protein cDNA in pBluescript SK serves as a template for
mutagenesis. Briefly, appropriate primers (see the discussion provided above) are utilized to
generate the DNA fragment by polymerase chain reaction using Vent DNA polymerase (New
England Biolabs, Beverly, MA). The polymerase chain reaction is run for 23 cycles in buffers
provided by the manufacturer using a 57°C annealing temperature. The product is then
exposed to two restriction enzymes and after isolation using agarose gel electrophoresis,
ligated back into pRBP4-503 from which the matching sequence has been removed by
enzymatic digestion. Integrity of the mutant is verified by DNA sequencing.

B. Mammalian Cell Expression and Isolation of Mutant TGF-beta binding-protein:

[0238] The mutant TGF-beta binding-protein cDNAs are transferred into the pcDNA3.1
mammalian expression vector described in EXAMPLE 3. After verifying the sequence, the
resultant constructs are transfected into COS-1 cells, and secreted protein is purified as
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described in EXAMPLE 3.

EXAMPLE 9

ANIMAL MODELS -I

GENERATION OF TRANSGENIC MICE OVEREXPRESSING THE BEER GENE

[0239] The ~200 kilobase (kb) BAC clone 15G5, isolated from the CITB mouse genomic DNA
library (distributed by Research Genetics, Huntsville, AL) was used to determine the complete
sequence of the mouse Beer gene and its 5' and 3' flanking regions. A 41 kb Sall fragment,
containing the entire gene body, plus ~17 kb of 5' flanking and ~20 kb of 3' flanking sequence
was sub-cloned into the BamHI site of the SuperCosl cosmid vector (Stratagene, La Jolla, CA)
and propagated in the E. coli strain DH10B. From this cosmid construct, a 35 kb Mlul - Avill
restriction fragment (Sequence No. 6), including the entire mouse Beer gene, as well as 17 kb
and 14 kb of 5 and 3' flanking sequence, respectively, was then gel purified, using
conventional means, and used for microinjection of mouse zygotes (DNX Transgenics; US
Patent No. 4,873,191). Founder animals in which the cloned DNA fragment was integrated
randomly into the genome were obtained at a frequency of 5-30% of live-born pups. The
presence of the transgene was ascertained by performing Southern blot analysis of genomic
DNA extracted from a small amount of mouse tissue, such as the tip of a tail. DNA was
extracted using the following protocol: tissue was digested overnight at 55° C in a lysis buffer
containing 200 mM NaCl, 100 mM Tris pH8.5, 5 mM EDTA, 0.2% SDS and 0.5 mg/mi
Proteinase K. The following day, the DNA was extracted once with phenol/chloroform (50:50),
once with chloroform/isoamylalcohol (24:1) and precipitated with ethanol. Upon resuspension
in TE (10mM Tris pH7.5, 1 mM EDTA) 8-10 ug of each DNA sample were digested with a
restriction endonuclease, such as EcoRI, subjected to gel electrophoresis and transferred to a
charged nylon membrane, such as HyBondN+ (Amersham, Arlington Heights, IL). The
resulting filter was then hybridized with a radioactively labelled fragment of DNA deriving from
the mouse Beer gene locus, and able to recognize both a fragment from the endogenous gene
locus and a fragment of a different size deriving from the transgene. Founder animals were
bred to normal non-transgenic mice to generate sufficient numbers of transgenic and non-
transgenic progeny in which to determine the effects of Beer gene overexpression. For these
studies, animals at various ages (for example, 1 day, 3 weeks, 6 weeks, 4 months) are
subjected to a number of different assays designed to ascertain gross skeletal formation, bone
mineral density, bone mineral content, osteoclast and osteoblast activity, extent of
endochondral ossification, cartilage formation, etc. The transcriptional activity from the
transgene may be determined by extracting RNA from various tissues, and using an RT-PCR
assay which takes advantage of single nucleotide polymorphisms between the mouse strain
from which the transgene is derived (129Sv/J) and the strain of mice used for DNA
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microinjection [(C57BL5/J x SJL/J)F2].

ANIMAL MODELS - i

DISRUPTION OF THE MOUSE BEER GENE BY HOMOLOGOUS RECOMBINATION

[0240] Homologous recombination in embryonic stem (ES) cells can be used to inactivate the
endogenous mouse Beer gene and subsequently generate animals carrying the loss-of-
function mutation. A reporter gene, such as the E. coli B-galactosidase gene, was engineered
into the targeting vector so that its expression is controlled by the endogenous Beer gene's
promoter and translational initiation signal. In this way, the spatial and temporal patterns of
Beer gene expression can be determined in animals carrying a targeted allele.

[0241] The targeting vector was constructed by first cloning the drug-selectable
phosphoglycerate kinase (PGK) promoter driven neomycin-resistance gene (neo) cassette
from pGT-N29 (New England Biolabs, Beverly, MA) into the cloning vector pSP72 (Promega,
Madson, WI). PCR was used to flank the PGKneo cassette with bacteriophage PI loxP sites,
which are recognition sites for the Pl Cre recombinase (Hoess et al., PNAS USA, 79:3398,
1982). This allows subsequent removal of the neo-resistance marker in targeted ES cells or ES
cell-derived animals (US Patent 4,959,317). The PCR primers were comprised of the 34
nucleotide (ntd) loxP sequence, 15-25 ntd complementary to the 5' and 3' ends of the PGKneo
cassette, as well as restriction enzyme recognition sites (BamHI in the sense primer and EcoRl
in the anti-sense primer) for cloning into pSP72. The sequence of the sense primer was 5'-
AATCTGGATCCATAACTTCGTATAGCATACATTATACGAAGTTATCTGCAG
GATTCGAGGGCCCCT-3' (SEQ ID NO:34); sequence of the anti-sense primer was 5'-
AATCTGAATTCCACCGGTGTTAATTAAATAACTTCGT
ATAATGTATGCTATACGAAGTTATAGATCTAGAG TCAGCTTCTGA-3' (SEQ ID NO:35).

[0242] The next step was to clone a 3.6 kb Xhol-Hindlll fragment, containing the E. coli 3-
galactosidase gene and SV40 polyadenylation signal from pSVB (Clontech, Palo Alto, CA) into
the pSP72-PGKneo plasmid. The "short arm”" of homology from the mouse Beer gene locus
was generated by amplifying a 2.4 kb fragment from the BAC clone 15G5. The 3' end of the
fragment coincided with the translational initiation site of the Beer gene, and the anti-sense
primer used in the PCR also included 30 ntd complementary to the 5' end of the B-
galaclosidase gene so that its coding region could be fused to the Beer initiation site in-frame.
The approach taken for introducing the "short arm" into the pSP72-Bgal-PGKneo plasmid was
to linearize the plasmid at a site upstream of the B-ga/ gene and then to co-transform this
fragment with the "short arm” PCR product and to select for plasmids in which the PCR product
was integrated by homologous recombination. The sense primer for the "short arm"
amplification included 30 ntd complementary to the pSP72 vector to allow for this
recombination event. The sequence of the sense primer was 5-ATTTAGGTGACACT
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ATAGAACTCGAGCAGCTGAAGCTTAACCACATGGTGGCTCACAACCAT-3' (SEQ ID NO:36)
and the sequence of the anti-sense primer was 5-AACGACGGCCAGTGAATCCGTA
ATCATGGTCATGCTGCCAGGTGGAGGAGGGCA-3' (SEQ ID NO:37).

[0243] The "long arm" from the Beer gene locus was generated by amplifying a 6.1 kb
fragment from BAC clone 15G5 with primers which also introduce the rare-cutting restriction
enzyme sites SgrAl, Fsel, Ascl and Pacl. Specifically, the sequence of the sense primer was 5'-
ATTACCACCGGTGACACCCGCTTCCTGACAG-3' (SEQ ID NO:38); the sequence of the anti-
sense primer was 5'-ATTACTTAATTAAACATGGCGCGCCAT
ATGGCCGGCCCCTAATTGCGGCGCATCGTTAATT-3' (SEQ ID NO:39). The resulting PCR
product was cloned into the TA vector (Invitrogen, Carlsbad, CA) as an intermediate step.

[0244] The mouse Beer gene targeting construct also included a second selectable marker,
the herpes simplex virus | thymidine kinase gene (HSVTK) under the control of rous sarcoma
virus long terminal repeat element (RSV LTR). Expression of this gene renders mammalian
cells sensitive (and inviable) to gancyclovir; it is therefore a convenient way to select against
neomycin-resistant cells in which the construct has integrated by a non-homologous event (US
Patent 5,464,764). The RSVLTR-HSVTK cassette was amplified from pPS1337 using primers
that allow subsequent cloning into the Fsel and Ascl sites of the "long arm"-TA vector plasmid.
For this PCR, the sequence of the sense primer was 5'-
ATTACGGCCGGCCGCAAAGGAATTCAAGA TCTGA-3' (SEQ ID NO:40); the sequence of the
anti-sense primer was 5'-ATTACGGCGCGCCCCTC ACAGGCCGCACCCAGCT-3' (SEQ ID
NO:41).

[0245] The final step in the construction of the targeting vector involved cloning the 8.8 kb
SgrAl-Ascl fragment containing the "long arm™ and RSVLTR-HSVTK gene into the SgrAl and
Ascl sites of the pSP72-"short arm"-Bgal-PGKneo plasmid. This targeting vector was linearized
by digestion with either Ascl or Pacl before electroporation into ES cells.

EXAMPLE 10

ANTISENSE-MEDIATED BEER INACTIVATION

[0246] 17-nucleotide antisense oligonucleotides are prepared in an overlapping format, in
such a way that the 5' end of the first oligonucleotide overlaps the translation initiating AUG of
the Beer transcript, and the 5' ends of successive oligonucleotides occur in 5 nucleotide
increments moving in the 5' direction (up to 50 nucleotides away), relative to the Beer AUG.
Corresponding control oligonucleotides are designed and prepared using equivalent base
composition but redistributed in sequence to inhibit any significant hybridization to the coding
mRNA. Reagent delivery to the test cellular system is conducted through cationic lipid delivery
(P.L. Felgner, Proc. Natl. Acad. Sci. USA 84:7413, 1987). 2 ug of antisense oligonucleotide is
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added to 100 ul of reduced serum media (Opti-MEM | reduced serum media; Life
Technologies, Gaithersburg MD) and this is mixed with Lipofectin reagent (6 ul) (Life
Technologies, Gaithersburg MD) in the 100 ul of reduced serum media. These are mixed,
allowed to complex for 30 minutes at room temperature and the mixture is added to previously
seeded MC3T3E21 or KS483 cells. These cells are cultured and the mRNA recovered. Beer
mRNA is monitored using RT-PCR in conjunction with Beer specific primers. In addition,
separate experimental wells are collected and protein levels characterized through western
blot methods described in Example 4. The cells are harvested, resuspended in lysis buffer (50
mM Tris pH 7.5, 20 mM NaCl, 1mM EDTA, 1% SDS) and the soluble protein collected. This
material is applied to 10-20 % gradient denaturing SDS PAGE. The separated proteins are
transferred to nitrocellulose and the western blot conducted as above using the antibody
reagents described. In parallel, the control oligonucleotides are added to identical cultures and
experimental operations are repeated. Decrease in Beer mRNA or protein levels are
considered significant if the treatment with the antisense oligonucleotide results in a 50%
change in either instance compared to the control scrambled oligonucleotide. This
methodology enables selective gene inactivation and subsequent phenotype characterization
of the mineralized nodules in the tissue culture model.

SEQUENCES

[0247]

Sequence ID No. 1: Human BEER cDNA (complete coding region plus 5" and 3" UTRs)

BGRECCTETSCTACTGGRAGETGGCGTGCCCTCCTCTGGCTGGTRCCATGCAGCTCCCACTGGCCCTGTGTCTCGTCTGE
CTGCTGETRCACLCAGCCT TCCETGTAGTGERGEGCCAGEGETGGCAGECATTCAAGAATRATGCCACGEAEATCATCCT
CGAFCTCRGRGRGTACCCCGAGCCTCCACCGEAGCTGGAGRACAACAAGRCCATGARCCGHGCGGRAGRACFERLHECEET
CTCCCCACTRCCCCTTTGRGRCCRRAEGRCGTGTCCGAGTACAGLTGCCGCGRGCTGCACTTCACCCGCTRLATEACCRAT
GGECCETECCGCAGCECCRAGCCGEETCRCCGAGCTGETGTGCTCCOGLCASTGCOGLLEGHCGECECCTECTILCCRACET

CETCGRGCCECGECEAGTGETGGCGACCTRGTGEECCCEACTTCCGCTGCATCCCTGALIGCTACCECGEGEESCGEGTRE

AGCTGCTGTRTUCLGETGETGAGGCECCGCGCGCGESCAAGGTCCACCTESGTGRCCTCET BCARGTGCABGILFCCTCACC

CGCTTCLACARCCAGTCGGRGCTCEEGEACTTCHGGACCIAGGLCGCTCGECCECAGAAGAECCEERRASCCETGELCCEG

CRCCCGERGCGCTAR RGCERACCAGRCCRAGCT GG RGP RCGCCTACTAGEGCCUGCCCEoGCCCLTCCOCRITGEGGET

BUCCCTELCITGARCCCEUECCCCACATTTCTGTCCTCTRCGCE TGGTTTOAT TGT TTATAT TTCAT TETARATGCCTGE

AECCCRGGRGCAGEEGECTGRGACCTTCCAGGCCCTGAGBART CCCGGECGECEGLERARAGECUTUCCTCAGCCCEICAGLTS

BGGGGTCCCECGEEGCAGGEEAGEGARTTGAGAGT CACAGACPCTSAGCCACGCAGLCCCGCCTCTGEEGCCECCTACCT

TTSCTGETCCCACTTCRGAGGRGGCAGRAETGGAAGCATTTTCACCECCCTGGGOT TTTARGGGRGCGETGTAGGAGTGE
GRAPGTCCAGGGRCTGGTTRAGRRAGTTGGATRAGATTCCCCCTTGCACCTCGCTGCCCRTLAGRRAGCCTERAGGCGTEL
CCAERGUPCERGACTGEGEGCAACTGTAGATGTGGTTTCTAGTCCTGGCTCTGCCACTAACT TGCTGT GTARCCTTGAAC
TRCACABTTCTCCTTCGGGACCTCAATTTCCACTTTGTARARTGAGGGTGGAGGTGEGAATAGGRTCTCGAGEEGACTAT

TGECATATGATTCCAAGGACTCCAGT GCCTTTTGAATGRGCAGAGG TGAGAGEGAGAGAGAGARAGRGAGRCAATGRATE

CRGTTGCATTCATTCAGTGCCARGGTCACTTCCAGARTTCAGRAGTTGTGATGCTCTCTTCTGACAGCCEARGATGRAARR

CRARCAGAARAABRAPAGTARAGAGT CTATTTATGGCTGACATAT T TACGGCTGACAARCTCCTGGRAGEACCTATGCTG

CTTCCCAGCCTGGCT TCCCCGGATGTTTGGCTACCTCCACCCCTCCATCTCRARGARNATEACATCATCCATTGEGGTAGR

PAAGGAGAGGGT CCGAGGGTGGTGGGRGGGRTAGARATCACATCCCCCCCARCTTCCCARRGAGCAGCATCCLTCCCCCR



ACCCATAGCCATGTTTTARAGTCACCT TCCGARGAGAAGT GANAGET TCAAGGACRCTGECCTTGCAGGCCCERGGGAGC
BGCCATCACREACTCACAGRCCAGCRCATCCCTTT TGRGRCACCGCCTTCTGCCCACCACTCACGGRCACATTTCTGCET
RGARARCERGCTTCTTACTGCTCTTACATGTGATGGCATATCTTACACTAARAGALTATTETTGGGGGRARRPCTRACARGT
GCTGTACATATGCTGAGARACTGCAGAGCATAATAGCTGCCACCCAAAPATCT TTTTGAREAATCATTTCCAGACRACCTC
TTACTTTCTETGTAGTTTT TAATTGTTAPRPAAAARAARGTT T TRAARCAGRARGCACATGACATATCANAGCCTGCAGGACT
GGTCGTTTTTTTGGCARTTCTTCCACGTGEGACTTGTCCACARGARTGARAGTAGTGGTT TTTARAGAGT TARGT TRCAT
ATTTATTTTCTCACTTAAGT TATTTATGCAAARGT TTT TCTTGTAGAGARTGACAATGTTARATATTGCTTTATGRATTAL,

CRGTCTETTCTTCCAGRGTCCAGAGRCATTGTTAATAARGACAATGAATCATGACCGRALG

Sequence ID No. 2: Human BEER protein (complete sequence)
MOLFLALCLVCLLVHTEFRVVEGQGWQRFKNDATEIT FELGEY FEFPPELENNKTMNRAENGGREEHHFFETKDVSEY ST

RELHETRYVTDGFCRSAKPVTELVCSGQCGFARLLPNAIGRGKWWR ESGE DFRCI FDRYRRORVQLLCEGGERFRARKVR

LVASCKCKRLTRFHNOSELKDFGTEAARPQKGRKPRPRARSAKANQAELENAY
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Sequence ID No. 3: Human Beer cDNA containing Sclerosteosis nonsense mutation

AGAGCCTETGCTACTGGRARGGTGGCETGCCCTCCTCTGEC TG TACCETGCAGCTCCCACTGGCOCTGTGTCTCETLTSE
CTGCTGGTACACACRGCCTTCCATETAGTGGAGGECTRAGEEETEGCAGGLGTTCRAGIATGATGCCACGERRARTCATIC:
CGAGCTCGGRGAGTECCCCGAGCCTCIRCCGGAGETGGRACAACAACAAGRCCATGAACCEGGCEGRAGAPCOGAGGGLEET
CTCCCCACCACCCCT T TGRGACCAARGACGTGTCCGRAGTACAGCTGCCECERAGCTGCACTTCACCCECTACGT GACCGAT
GGGCCGTGCCGEAGCGCCRAGCCGETCECCGAGCTGETETGETCCGSLCASTECGECCCEGEGCGCCTRCTRCECARCEE
CATCGGCCGCOGCBRAG TGO TGECGACCTAGTEEGECCGACTTCCGCTGCATCCCCEACLGCTACCGTELGCAGCGCETSC
ASCTGCTGTGTCCCGGETGGTEAGGCELCGCGEGCECGCAAGGTGCGCCTEITGGCCTCETGCEAGTGCAAGCETCTCACT
CGCTTCCACARCCAGT COGBAGCTCAABERACTTCEEGACCERAGECIGTT CGHCCECAGAAGGGCCGERAGCCGTEECTCCS

CGCCCGGAGCGCCREAGCCPRCCAGSTCGAGCTGERAGARCGCCTACTAGAGCCCGCCCCUECCCCTCCCCACCEGCEEEE

GCCCCGGECCCTGARCCCELECCCCACATTTCTGTCCTCTGCECETGGTTTGATTGTTTATATTTCAT TGTARRTGCCTGT

ABCCCAGGGCAGGEEECTGAGALCTTCCAGGCCCTGRGGARTCCCGGGCGCCGGCARGGCCCCCCTCAGCCCGCCAGCTS
AGGGGTCCCACGEEGCAGGEGAGGEAETTGAGRGTCACAGACACTGAGCCACGCAGCCCEGCETTTGEGGCLECCTACCT
TTGCTGGTCCCACTTCAGAGGAGGCAGAPATGGARGCATTTTCACCGCCCTGGGGTTTTARGGGRGCGGTGTGGGAGTGG
GARAGTCCAGGGACTGGTTAAGARAGTTGGATARGAT TCCCCCTTGCACCTCGCTGCCCATCAGARAS ECTG.RGGCGT GC
CCAGRGCACARGACTGGGGGCARCTETAGRTGTGGTTTCTAGTCCTGGCTCTGCCACTARCTTGCTGTGTARCCTTGRAC
TACACARTTCTCCTTCGGGACCTCARTTTCCACT TTGTARAATGAGGG TGGRGGTGGGARTAGGATCTCGAGGAGACTAT
TGGCATATGATTCCRAGGACTCCAGTGCCTTT TGAATGGGCAGAGGTGAGAGAGAGAGAGAGARRGAGAGAGRATGARTG
CAGTTGCATTGATTCAGTGCCARGGTCACT TCCAGRATTCAGAGTTGTGATGCTCTCTTCTGRACAGCCAARGRTGRABAR
CARACAGAPARBAAAAAGTARAGAGTCT AT TTATGGCTGACATATT TACGGCTGACARAC TCCTGGARGARAGCTATGCTS
CT TCCCAGC(':'I‘GGCTT‘ CCCCGGATGTTTGGCTACCT CCACCCCTCCATCTCARAGRAARTARCATCRATCCATTGGGGTAGR
ARAAGGAGAGGGTCCGAGGGETGETGGGAGGGATAGARATCACATCCGCCCCAACTTCCCARAGAGCAGCATCCCTCCLTCG
ACCCATRGCCATGTTTTARAGTCACCTTCCGAAGRAGAAGTGRAAAGGTTCAAGGACACTGGCCTTGCAGGCCCGAGGGAGT
AGCCATCACRAACTCACAGACCAGCACATCCCTTTTGAGRCACCECCT TCTGCCCACCACTCACGGACACATTTCTGCCT
PGARPACRGCTTCTTACTGCTCTTACATGTGATGGCATATCTTACACT PAARGAATATTATTGEGGGAAARACTACEAGT

GCTGTACATATGCTGAGAAACTGCAGRGCATAARTAGCTGCCACCCAAPAPATCTTTTTGARAAT CATT TCCAGPCAACCTC

TG T T TN ST G TAGT TTTTARTTGT TRARE AR B A STTT TARACAGAAGCACETGACATATGAR BGCCTGCAGERCT

GETCGTTTTTTTGGCARTTCTTCCACGTGSGACTTGTCCACARSAATGAAAGTRAGTGETTTTTAAAGAGT TAAGT TAL]
ATTTATTPICTCACTTARGTTATTTRATGCARRRGTTTT TCTTGT AGAGAATGACARTGTTAATATTGL T TTATGARRATTAS,

| CAGTCTATTCTTCCRGRAGTCCRGAGACATTGTTAATPARGACELTGARTCATGACCGRALG

Sequence ID No. 4: Truncated Human Beer protein from Sclerosteosis



MQLPLALCLVCLLVHTAFRVVEG*
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Sequence ID No. 5: Human BEER cDNA encoding protein variant (V10I)

AEAGCCTETGCTACTGGAAGGTGECOTGCCCTCCTCTGECTGETACCATGCRGCTCCCACTGGLCCCTETETCTCATCTGE

CTGCTGGTACETACAGCCTTCCAT G TAGTGGAGEGCLAGGGGTGGUAGGCGTTCARGAIATGRATGLCACGGARRTCATCCH

CGAGCTCGGAGRGTACCCCGAGCCTCCACLGGAGCTRGAGRRACARCAAGACCATERAACLGRGOEEAGRRACECAGGELGEE

CTCCCCACCACCCCTTTGAGACCARRGACGTETCCSRGTACAGCTGCCGTEAGCTGLACTTCRCCCEGCTACGTGACCSET

GGBCCETECCECAGCGCCRAGCCGETCACCGRAGCTGG TG TGCPCCESCCAGTGCGECCCERCECRLCTECTGCCCARIET

CETCGOLCGLGECPAGTEGTGGCGACCTAGTGGECCCEACTTCCECTGCATCCCCERCCGCTRCCGCGLGCAGCGCETEL

AGCTGCTGTGTCCCEETEETGRGGCECCECGCECGCGLRAGGTGCGCCTEETEGCCTCETGCAAGTGCAAGCGCCTCACT

CGCTTCCACARCCAGTCGGAGCTCARAGEACTTCGGGALCGAGGCCGCT CGGCCGCAGAAGGGCCGGAEGCCHCGECLIrG

CGCCCGEAGCECCAANGCCAPCTRGECCCAGUTEGAGPACGCCTACTAGAGCLCECCCGCHECCCCTCCTCACCGRLCEEET
GCCCCGGCCCTGRARCCCECGCCCCACATTTCTGTCCTETGCGCGTGGT TTGRATTGTTTATRETTTCATTGTARATGCCTET
PACCCRGGGCAGEGEECTGRGACCTTCCAGGCCCTGAGGRATCCLGGECGCCGGCARGGCCCCCCTCAGCCCECCAGLTS
AGGGGTCCCRCEEGECAGEGEAGGGAATTGRGAGTCACAGACACTGAG CCACGCF\GCC'CC GCCTCTGGSGCCECCTRCET

TTGCTGETCCCACTTCAGAGGAGGCAGAPATGGARGCATTT TCACCGCCCTEGGETTTTRAGGGAGCGGTGTGGGAGTGG

GAPLAGTCCAGGGRCTEGTTAAGRAAGT TGGATARGAT TCCCCCTTGCACCTCGCTGCCCATCRAGARAGCCTGAGGLGTGE
CCAGRGCARCAAGACTGGEGGCARCTGTAGATGTGETTTCTAGTCCTGGCTCTGCCACTARCTTGCTGTGTAACCTTGAAC
TACACRAETTCTCCTTCGGGACCTCAAT TTCCACTT TG TAARATGRGGG TGGRGGTGGGARTAGEGATCTCGRGGAGACTAT
TGGCATATGATTCCARGGACTCCAGTGCCTTTTGRATGGGCAGAGGTGAGAGAGAGAGAGAGARAGAGAGAGAATGARTE
CAGTTGCATTGRATTCAGTGCCARGGTCACTTCCAGAATTCAGAGTTGTGATGCTCTCTTCTGACAGCCAARGATGARARAY,
CARZCAGRAAAAPAIAAGTARAGAGTCTATTTATGGCTGACATATTTACGGCTGRACAAACTCCTGGRAGPAGCTATGCTS
CTTCCCRGCCTGGCTTCCCCGRRTETT TEGCTACCTCCACCCCTCCATCTCRAARGARRTAARCATCATCCATTGGEGTAGA

ARAGGAGAGGGTCCGRGGGTGGTGGGAGGGATAGEAATCACATCCGCCCCARACTTCCCARAGAGCRGCATCCCTCCCLTS

ACCCATAGCCATGTTTTAARGTCACCTTCCGARGAGAAGTGARAGGTTCAAGGACACTGECCT TGCAGGCCCGAGGGAGT

LGCCATCRACADBCT CRCRAGRCCRAGCACATCCCTTTTGAGRCACUGCCTTCTGCCCACCECTCACGGACRCATTTCTSCCT
EGRARACAGCTTCTTACTGCTCT TACATGTGATGGCATATCTTACACTARBAGAATAT TATTGGGCGARAAACTACAAGT
GCTGTACAT BTGCTGAGARACTGCAGAGCATAATAGCTGCCACCCRARAATCT TT T TGARAARATCETTTCCAGRCARCCTC
TTRCTTTCTETGTAGT T TTAAT TG TTARAAANANA ARG TTTTARACAGALGCACATGACATATGABRGCCTGCEGGALT
SITCGTTTTTTTGGCAAT TCTTCCP.CGTGGGA'C'I’TGTCC.‘.CP.‘.GAB.T‘\S.a.ﬂ_D.GTAGTGGT‘T‘TTTPMG.H.GTTPAGTTACP.T
ETTTATTTTCTCACT TRAGTTAT T TATGCARARSTTT TTCT TGTAGAGAATGRACARTGTTAATATTGCTTTATGALTTRAA
SAGTCTGTTE TTCCAGRSTCCAGRAGACATTGTTARTAAAGACAATGAATCATGACCGAADG
Sequence ID No. 6: Human BEER protein variant (V10l)
MOLFLALCLICLLVHTAFRVVEGQGWOAFKNDATEITRE LGEY EEFFFELENNKTMNREAENGGREFRHEFETKDVIEYSC
RELHETRYVTDGECRSAKFVTELVCSGQCGEARLLENAT GRGKWWR ESGEDFRCI EDRYRAQRVQOLLCPGGEAFRERKVR

LVASCRCKRLTRFHNOSELKDEGT EARRFQKGRKFRERARSRKANQAS LENAY

Sequence ID No. 7: Human Beer cDNA encoding protein variant (P38R)

ASFGCCTGTGCTACTSERAGGTGGCETGCCCTCCTCTEGCTGETACCATSCAGLT CCCACTGGCCCTGTGTCTCGTCTSC
CTGCTGGTACACECAGCLT TCCG TG TAGTGGRAGGECCAGGGGTEGCAGGCGTICARGRATGATGCCACGGARETCATCCG
CGRGCTCGGAGAGTACCCCGAGCCTCCACCGGRGCTGGAGRACPACAAGRCCATGRACCGGGCEGAGARCGEAGEGEEET
CTCCCTACCACCCCTTTGAGACCAARGR.CGTGTCCOAGTACAGCTGCCGCEAGCTGCACTTCACCCGCTACGTGACCGAT
GGGCCGTECCECAGCGCLPAGCCEGTCACCGAGCTGGTGTGLTCCGGCCAGTGLGBCCCGGCGCGCCTGCTGCCCARCGC

CATCGGCCGCGGCAAGTGGTGGCGRCCTAGTGGGCCCGACT TCLGCTGCATCCCCGRCCGCTACCECGCECAGCGCETGC

PGCTGCTGTGTCCCEETEETGACGCGCCGCGCECECGCRAGGTGCGCCTGETGECCTCGTGCALGTGCARGCGCCTCACC



CGCTTCCACRACCAGTCGGAGCTCAAGGACT TCGGGACCGRAGECCGCTCGGCCCCAGARGGGCCGGAAGCCGCGGCTCCCG
CGCCCGERGCGCCARAGCCRACCAGGCCGAGCTGGRGARCGCCTACTAGAGCCCGCCCGCGCCCCTCCCCACCGGLEGEGE
GCCCCGGCCCTGAACCCGCGCCCCACATTTCTGTCCTCTGEGCGTGGT TTGATTGTTTATAT TTCATTGTAARTGCCTGC
APCCCAGGECAGEGGGCTGAGACCT TCCAGECCCTGAGGARTCCCGEGEECCGECAAGECCCOCCTCAGCCCGTCAGCTE
AGGGETCCCACGGGECAGGGGAGEGANTTGAGAGTCACRGACACTGAGCCACGCAGCCCCGCCTCTGEGGCCGCCTACCT
TTGCTEGTCCCACT TCAGAGGRGGCAGAAP.’I‘GGPAGCP-T TTTCRLCCOCCCTGGGGTTTTAAGGGAGCEETGTGGGAGTGG
GHRARGTCCAGGGACTGGTTAAGAARGT TGGATARGAT TCCCCCTTGCACCTCGCTGCCCATCAGARAGCCTGAGGUGTEC
CCRGRGCACAAGACTEGEGEECARCT GTAGATGTGGTTTCTAGTCCTGECTCTGCCACTAACTTGCTGTGTARCCTTGRAC
TACRCARTTCTCCTTCGGGACCTCAATTTCCACTTTGTARRATGAGGGTGGAGGTGGGRATAGGAT CTCGAGGAGACTAT

TGGCATATGATTCCAAGGACTCCAGTGCCTTTTGRATGEGCAGAGGTGAGAGAGAGAGAGAGAAAGRGAGAGAATGAATG

CHRGTTGCATTGARTTCAGTGCCRREEETCACTTCCAGAATTCAGEGTTGTGATGCTCTCT TS TGACAGCCA2AGATGAREAA

CAPACAGH

CTTCCCAGCCTGECTTECCCGCATETTTGGCTACCTCCACCCCTCCAT CTCAAAGAARTAACE TCATCCATTGGGGTAGR
BB BGGPGEGGGT CCERAGEGTGET GIGAGGEATAGRAATCACATCCGCCCCARCTTCCCAARGAGCAGCATCCCTCCCLTT
BCCCATAGCCATGTTTTAARGTCAZCTTCCGAAGRGRAGTGARAGGHT TCABGEACACTEGCCT TGCAGGCCCRAGGEREL
AGCCATCACAARCTCRCAGACCAGIACATCCCTTTTGAGBCACCGECT TCTGCCCACCACTCACGGACACATTTCTGCLT
AGARPALCAGCTTCTTACTGETCT TACATGTGATGGCATATCTTACACT A2 R EGAAT AT TATTGEGGGRAAARRCTECAAGT

GCTGTAZARTAT GC'l"GRGPAAC’I‘GC;.GSAGC.“.’I‘PA'I'}.GC’I‘GCC.“.CCC’-'\.U.-”.“P.'I‘ CTTTTTGRRARTCATTTCCRGRCBACTTC

PTTACT PTCTGTGTAGT TT T TA AT TG T IO AR EAA D A8 AT T T TAARCAG AAGCACATGACATATGARAGCCTGCAGEACT
GGTCGTTTTTTTGGCARAT TCTTCCACETGEGACT TG TCCALCANGAATEARRGTASTGGTTTT TABAGAGTTAAGTTACAT
ATTTETTTTCTCACT T AAGTTAT T TR TGCAPARGTTTTTCT TG TEGAGAETGRCARTGT TARATAT TGCTTTATGARTTRE,

CAGTCTGTTCTICCAGAGTCCAGAGACATTGTTAATAAAGACAATGAATCATGACCGAAAG

Sequence ID No. 8: Human Beer protein variant (P38R)
MOLELALCILVCLLVHTAFRVVEGQGWOREKNDATEI IRELGEY PEFFFELENNKTMNRAENGGRPFHHEFETKOVEEY SC
RELHFTRYVTDGFCRSPAKEVTELVCSGQCGEARLLENAIGRGKWWRESGFDFRCI FDRYRAQRVQLLCE GGEAFRARKVR

LVASCKCKRLTRFHNQSELKDEFGTZ AR POKGRKFRERBRSAKANQAELENAY

Sequence ID No. 9: Vervet BEER cDNA (complete coding region)

ATGCAGCTCCCACTGGCCCTGTGTCTTGTCTGCCTGETGGTACACGCAGCTTTCCGTGTAGTGGRGGGCCAGGEGTGGCA
GGCCTTCARGARTGATGCCACGGAAATCATCCCCGAGCT CEGAGEG TACCCCGAGECTCCACCGGAGCT GGRGPACRACA
AGACCATGPACCGEGCGGRERATGGAGGGCGECCTCCCCRALCACCCCT TTEAGACCAAAGACGTGTCCGAGTRCAGCTGL

CGAGAGCTGCARCTTCACCCGCTACETGACCGAL GGGCCETECCGCAGCGCCARGCCAGTCACCGAGTTGGTGTGCTCCGE

CCAGTGCGGCCCGECACGLCTGCTELCCARCGCCATCGGCCGCGELAAGT GGTGGCGCCCGAGTGGEGCCCGACTTCCGCT
GCATCCCCGRCCGCTACCGLGCGCRAGCGTGTGCAGCTGCTGTGTCCCHGTGETECCECECCGCECGCECGCAAGCTGCGE
CTGGTGGCCTCGTECAAGTGCAAGCGCCTCACCCGCT TCCACAACCAGTCGGAGCTCAAGGACTTCGGTCCCGAGGLLGET

TCGGCCGCAGARGGGLCGERAGECGLGBCCCCECGCCCECEEREGCCARAGCCAATCAGGCLGAGCTGGAGARCGCCTALT

hG
Sequence ID No. 10: Vervet BEER protein (complete sequence)
MOLFLALCLVCLLVHRAFRVVEGQGWOREKNDRTEIT E2LEGEVEEF PTELENNKTMNRAENGGRE FHHE FETKDVSEY ST

RELHETRYVTDGECREAKPVTELVCSGQCGEFARLLENAI GROKWWR FSGFDFRCI EDRYRAQRVQLLCEGGRAFRARKVR

LYASCKCKRLTRFHNQSELKDFGFEAARFPQKGRKPRERIRGEKANQAELEINAY

Sequence ID No. 11: Mouse BEER cDNA (coding region only)

ETGCAGCCCTCRLT “'J(’CCC\:TCCCTCHTCTGCCT‘\C TETGCACGCT ICCTTCTGTELTETGEAGGRCCAGERGTGSECA
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AGCCTTCRAGGARTHATGCCACAGRGGTCRTCCCAGGGCT TEEAGAGTACTCCGRAGCCTCCTCOT BAGAACRACCRGACCH

TGRRCCGGECGGRABARTGGAGELAGRACCTCCCCACCATICCTAT GRCSC LA BAGETETGTCCGASTACAGCTGCCSCGAS

CTGCACTACRCCCGCT TCCTGACAGRLGGCCCATECCGCAGCECCAEGIIGGTCACCGRGTTGETGTGCTCCORCCRGTE

CGGCCCCGLGEGECTGCTGCLCAAGCCATCEGGCECETGEAGTGG TG IGCCCGARCGGECCGGATTTCCECTECATCT
CGGATCGECTRCCGCGCGCAGCEEGTGCAGCTGCTGTGCTECHSGEGCETIGCGCCECHLTCGUGCAAGETGCGTCTGETG
GCCTCGTGCAAGTGCARAGCGLCTCACCCGUTTCCACPRACCAGTCGGRECTCRAGGACTTCGGGLCGGAGRLCICRCERCC
GCAGAAGGHTCGCAAGCCGCEGLCCGGCECCCGEGRAGCCANATCCAACCAGECEGRAGCTGGAGASRCECCTRALCTAGAG

Sequence ID No. 12: Mouse BEER protein (complete sequence)
MQPSLAFCLICLLVHAAFCAVEGQGWQRFRNDATEVI EGLGEY PETFEENNQTMNRAENGGREFHHEFY DAKDVSEYSCRE
LHYTRFLTDGECRS2KEFVTELVCSGQCGPARLLENAIGRVEWWR ENGEDFRCI EDRYR2QRVQL LCEGGARERSRKVRLY
ZESCKCKRLTRFHNOSE LKDFGFETARFQKGRKPR FGRARGAKANQAELENEY

Sequence ID No. 13: Rat BEER ¢cDNA (complete coding region plus
GAGGACCGAGTGCCCTTCCTCCT TCTGGCACCATGCAGCTCTCACTRGCCECTTGCCTTGCCTGCCTGCTTGTRCATGCE
GCCTTCGT TGO TGTEGAGAGCCAGGGGTGGCAAGCCTTCAAGAATGATGCCACAGPAATCATCCCGEGACT CAGAGAGTA
CCCRGAGCCTCCTCAGGARCTAGAGARCAACCAGACCATGAACCGGGCCEEGARCGGRGGCAGACCCCCCCACCATCCTT
ATGACACCRAAGRCGTGETCCGAGTACAGCTGCCGLGAGCTGCACTACRCCCGCTTCATGACCGACGGCCEGTGCCGCAGT
GCCARGCCGETCACCGRGTTGETGTGCTCEGEGECCAGT GCGGCC‘CCGCGC§GCTGCTGCCCP.“.CGCCATCGGGCGCGTGM
GTGGTGGCGCCCCARCGGACCCGACT TCCGCTGCATCCCGGRATCGCTACCGCECGCAGCGEGTGCAGCTSCTGTGCCCCS

GCGGCGCGGCGCOGCECTCGLGCARGETGCGTCTEGTGECCTCGTGCAAGTGCAAGCGCCTCACCCGCTTCCACAACCAG

TEGERGCTCRAGGACT TCEGACTTEAGACCECGCEGCCECAGAAGEETUSCARGLEHCGHTCCIUCHCCCTERERRITIAR

AGCCRACCAGSCGGAGCTGERGAEIGCCTACTAG

Sequence ID No. 14: Rat BEER protein (complete sequence)

HMOLSLAPCLACLLVHAAFVAVESQGWQAFNDATEI T EGLREY FEF FQE LENNQTMNREENGGRE FHHE YDTEDY S 32

RELHYTREVTDGECRSAKEVTE LVCSGQCGEERL LENATGRVKWHR ENGEDFRCT EDRYRAQRVQLLCEGGARER
LYRECKCKRLTRFHNQSELKDFG FETARFQXGRKFR FRARGEKANQAELENAY

Sequence ID No. 15: Bovine BEER cDNA (partial coding sequence)
ZERATGATGCCACRGRAATCATCCCCGAGCTGGRECGAGT ACCCLGAGCCTCTGCCAGAGCTGARNCARCARGECCETSERS

CEFECEGAGRACGGRGHGAGRCCTCCCCACCACCCCTTTGRGACCARRGALCGCCTCCGRGTACAGCTECCGRGREITECE

CTTCRACCCGCTACGTGACCGATSEECCETGCCECAGCECCARGLCGETCACCEAGCTGETGTGUTCEEECCAGTGLEGCE
CEGCECGCCTGCTECCCARCGCCATCGGCCGCGECARSTGGRTEECECTTAAGCGGGLCCGRCTTCCECTGCATCC TSGR
CHTTACCGCGCGCAGLGGGTGCRGC TG TTGTETCCTGECEECECEECTCCELECGLGCECRAGHTGCECCTGETHECCTC
FTECARGTGCAAGCGCCTCACTCEETTCCACAACCAGTCCGAGCTCAAGGACTTCGGGCCCEGRAGGCCEGCGCGGCCETRAR

CGGGCCGGAAGCTCCGGCCCCGCGICCGGGGCACCABAGCCRGCCGGECCGR

DK/EP 2261335 T3

5' UTR)

Sequence ID No. 16: Bovine BEER protein (partial sequence -- missing signal sequence

and last 6 residues)
NDATEIIFPELGEYFEFLPELNNKTMNRAENGGREPHHE FETKDASEYSCRELHEFTRYVTDGFCRSAKPVTE LVCSGQCGE

ARLLENAIGRGKWWRPSGPDERCI FDRYRRORVQOLLCFGGRBFRARKVRLVASCKCKRLTRERNQSE LKDFGPEABREQT

GRKLRPRARGTKASRA

Sequence ID No. 17: Mlul - Avill restriction fragment used to make mouse Beer

transgene

CGCGTTTTGGTGAGCAGCAATATTGCGCTTCGATGAGCCTTGGCGTTGAGATTGATACCTCTGC TGCACAAARGGCAETC



GACCEPGETGHACCRGCGCATTCETGACACCGTCTOCTToEAACTTAT TEGCAAT GGAGTGTCATTCATCARGGACNGET
TGATCGCAAATGETGCTATCCACGCAGCGGLAATCGR AR CCOTCAGECAGTGACCARTATCTACABCATCAGCCTTGET
ATCCTGCGTGATEAGCCAGCGCAGARCARGETALCCETC A TGOCGAT ARG TTCAARGT TARACCTGGTGTTGATACCAR
CATTGPAACGTTGATCGARNACGCGCT GRAPARCGCTGCTEANTGTGCEECGCTGGATGTCACARAGCAPATGGCAGCAG

BCARGARAGCGATGGATGAACTGGCTTCCTATGTCCECACEGGCCATCATIATEGARTGTTTCCCLGETGGTGTTATCTGG

CAGCAGTGCCETCGATAGT ATGCAATTGATAATTATTAT CATTTGCGEST CCTTTCCEGIGATCCGCCTTGTTACGGEET
GGCGACCTCHCGEETTTTCCCTAT T TATGAAART TTTCCGSTTTARGGE ST T PCCGT TETTCTTCGTCATEACTTARTGT
TTPTATTTAARATACCCTCTGPARPGAARGGARACER L LGS TGCTGAIMASCEEGCTT TTTGSCCTCTETCETTTCCTTTS
TCTGTTTTT‘G'l‘CCG‘I’GGM’TGAP.CAATGG}U\GTCPAC.&.A..‘}:‘.GCRGPGC’1"TATCG.“.TGATAAGCGGTCASACATGAGAP.T
TCGCGGCCECATARTACGACTCACTATAGGGATCEACECCTACTACCCELECATGRAGCGGAGERECTEGRCTCCGCATG
CECAGAGACGCCECCCRACCOCCAAAGTECCTEECCTCAACCTCTACCRSTTCTGGCTT GEGCTTEGBCGEGETCARGET

TACGECGTTCTCTTARCAGGTGGCTGGGCTGTCTCTTGGCCAECGCETCATGTGRCAGCTGCCTAGTTCTECAGTGRAGGTC

BCCGTEGAATGTCTGCCTTCETTGCCATEGEAACGEEATSACGTTACEATCTGGEGTGTCGASCTTTTCCTGTCCGTGTCA

GGABATCCABATACCCTARAATACCCTAGARGRGGAREETAGCTGAGCCARESCTTTCCTGGCTTCTCCAGATABAGTTTG
BCTTAGATGGRAARNRACAARATGATARAGRCCCGAGCCATCTGRARRATTCCTCCTARTTGCACCAC TAGGRAATGTGTA

TATTATTGRGCTCETATGTGTTCTTAT T T TAMARAGARA A CTTTAGTCATSTTAT TAATARGRATTTCTCAGCAGTGGEA

GAGAACCARTATTRARCACCARGATARA G TTGGCATGATCCACATTRCAGEARGATCCACGTTGGETTTTCATGARTGTG
BAGACCCCATTTATTAAAGT CCTARGCTCTGTTTT TGCACACTAGGRASCGATGGCCGGGRTGGCTGAGEGECTETAAGE
ATCTTTCAATGTCTTACATGTETGT TTCCTETCCTGLRACCTAGGRCCTGCTECCTAGCCTGCAGCAGAGCCAGAGGGETT
TCACATGETTAGTCTCAGACRCTTGGGGECAGGTTGCATGTACTGCATCECT TATTTCCATACGGAGCACCTACTATGTS
TCAARCACCRTATGETGTT CACTCTTCAGARCGGTGGT GG TCATCATGGTGCATT TGCTGACGGTTGGATTGGTGGTAGE,
GAGCTGAGRTATATGGACGCACTCT TCAGCAT TCTGTCARACGTGECTGTECATTCTTGCTCCTGAGCIAGTGGCTARALCA
GACTCACAGGETCAGCCTCCAGCTCAGTCGCTGCATAGTCTTAGGGARCCTCTCCCRGTCCTCCCTACCTCARCTATCCA
AGARGCCAGGEEGCTTGECEETCTCAGGAGCCTGCTTGCTSGGGEACAGET TGTTGAG T TTTATCTGCAGTAGGTTGCCT
AGGCATAGTGTCAGGACTGATGGCT GCCTTGGAGRACACATCCTTTGCCCTCTATGCARATCTGACCTTGACATGGGGGEE
GCTGCTCAGCT GGGAGGAT CAACTGCATACCTAARGCCRAGCCTAAAGCTTCTTCGTCCACCTGRARCTCCTGGACCAAG
GGGCTTCCGGCACATCCTCTCAGGCCAGTGAGGGAGTCTGTGTGAGCTGCACT TTCCAATCTCAGGGCGTGAGAGGCAGA
GGGAGGTGGGGECAGAGCCT TGCAGCTCTT TCCTCCCATCTGGACAGCGCTCTGGCT CAGCAGCCCATATGAGCACAGSE
ACATCCCCRACECCACCCCCACCTTTCCTGTCCTGCAGERTTTAGGCTCTGTTCACGEGEGGEEEEEGGGEGEEGCAGTCT
TATCCTCTCT TAGGTAGACAGGACTCTGCPGEAGACACTGCTTTGTARGATACTGCAGTT TAARTTTGGATGTTGTGAGG
GGAARGCGAAGGECCTCTTTGRCCATTCAGTCRAGGTRCCTTCTARCT CCCATCGTATTGGGGEGCTACTCTAGTGCTAG
ACATTGCAGAGAGCCTCAGAACTGTAGTTECCAGTGTGGTAGGATT GATCCTTCAGGGAGCCTGACATGTGACAGTTCCA
TTCTTCACGCAGTGACCGAACATTTATTCAGTACCTACCCUGTAACAG GCACCGTAGCAGGTACTGAGGGRCGGACCACT
CAAAGAACTGACAGRCCEAAGCCT TGGAATATARACACCAPAGCATCAGGCTCTGCCAACAGRARCACTCTTTAACACTCA
GGCCCTTTAACRCTCAGGACCCCCACCECCACCCCAAGCAGTTGGCACTECTATCCACATTTTACAGAGRAGGARARACTR

GBCACAGGACGATATRAGTGGCTTGCTTARGCTTGTCTGCATGGTARATGGCAGGGCTGGATTGAGACCCAGACATTCCA

ATCTAGGETCTATTTTTCTTTTTTCTCOT TGTTCORRTCPGGGTCT TACTOGGT AR R C TCAGGCTAGCCTCECACTCAT
LTCOTTCTCCCATGRCTTECGRGTRCTAGGATTCCAGGT GTGTGCTACCATGTCT BACTCCCTGTAGCT PG TCTATACTA
TCCTCRCARCATAGGRATTGTGATAGCAGCACACACACCERRAGGAGCTGGGGRAATCCCACAGRAGGGCTCCECAGGATG
BCAGGCEAATGCCTACACAGARGGTGGGGARGGGPAGCAGAGGGEACAGTATGGECGTEEGACCACRAGTCTRT TTGGGE
LAGETGCCGGTARCCHTATATCGCTGEGETGAGGGGRGRGETCATEAGATGAGGCAGHAAGAGCCACAGCAGCCAGCGEE
TRCGGGCTCCTTRAT TECCRAGEGGCTEGGATCTTCCTCCTECTTCCTCCTTCCEGEGCTSCCTGTTCATTTTCCACCACTG

CCTCCORTCCAGGTCTGTGGETCAGGACATCRCCCAGCTGCAGRRACT GG CATCACCIACGTCCTGARTGCTGUUGAGSE
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GCAGATCCTTCRATGCALGTCAACACCAGTGCTAGCTTCTACGAGGATTCTGECATCACCTACTTGGGUATCAAGRCCANT

GRATRCGCAGGAGTTCRACCTCAGTGCT TACTTTCALAGEGCCACRGAT TTCETTCACCAGGCGITGGCCCATARIAATSS

TRLGSABCGTACATTCCGEUACTTATGLAGCETAAGCCCTCTUGUEACCTGETTCCTCCRAARGAGGCCLCCACTTGRREA]

STTCCEGAAAGRTCCCARAR TATGCCACCARCTAGGEAT TALSTGTCCTACATETGASCCGATGGGEGCCACTGCATAT

1)

EGTCTSTGCCATEGACATGACAATGCATAATAATATT TCAGACAGRAGAGCAGGRGT TAGSTAGCTEGTGCTCCTTTCCETT
TEATTGREG TG TGCCCAT T TTT T T AT TCATG TATG TG TATACRTG TG TG TGCACRCETGCCATAGETTGATACTGRACACC
SPCTTCRATCETTCCCCACCCCACCT PATTTTTTGAGGCAGGGTCTCT TCCCTEAT CCTRGGGCTCATTSGTTTATCTRAG
GCTGCTGGCCAGTGAGCTCTEGAGT TCTGCTTTTCTCTACCTCCCTRGCCCTGGGACT GCAGGGSCATGTGCTGGGLCAG

SCTTTTATGTCGLETTGGGGATCTGAACTTAGGTCCCTAGGCCTGAGCACCSTAAAGACTCTGCCACATGCCEAGCCTGT

TTGAGCRAGTGRACTATTCCCCAGRATTCCCCCAGTGGEECTTTCCTACCCTTTTAT T6GCTRAGGCATTCETGAGTGGTC
2CCTCGCCAGAGEPATGAGTEGCCACEACTGECTCAGGGTCAGCAGCCTAGAGATACTGGGTTAAGTCTTCCTGCCGCTT
SCTCCCTGCEGCCECAGACAGRAAG TAGGACTGARTGRAGRAGCTGGCTASTRGTCAGACAGGACAGAAGGCTGAGRGGETC

ACAGGECAGATGTCAGCAGAGCAGRACAGGTTCTCCCTCTGTGGGGGAGEGETEECCCACTGCAGGTGTARTTGGCCTTCT

TTGTGCTCCATAGAGGCTTCCTGGGTACACAGCAGCT TCCCTGTCCTGGTGATTCCCARAGAGRRACTCCCTACCACTGEA

CTTACPGRAGTTCTATTGACTGGTGTARCGGTTCARCAGCTTTGGCTCTTGGTGGACGGTGCATACTGCTGTATCAGCTC
AAGAGCTCATTCACGAATGAACACACACACACACACACACACACACACACACACARAGCTAATTTTGATATGECTTAACTR

GCTCRGTGACTGGECATTTCTGRACATCCCTGARGT TAGCACACATTTCCCTCTGETETTCCTGGCTTRAACACCTTCTARA

ATCTATATTTTATCTTTGCTGCCCTGTTACCTTCTGAGAAGCCCCTAGGGCCACT TCCCTTCGCACCTACRTTGCTGGAT
GGTTTCTCTCCTGCAGCTCT TARATCTGATCCCTCTGCCTCTGAGOCATGGGRACAGCCCARTAACTGEGT TAGRCATAL
AABRCGTCTCTAGCCARRRCTTCAGCTARRTTTAGACAATAARTCTTACTGGTTGTGGARTCCTTAAGATTCTTCATGACE
TCCTTCRCATGGCACGAGTATGAAGCT T TAT TACAATTGTTTATTGAT CARACTAACT CATAAARLGCCASTTGTCTTTC
ACCTGCTCARGGRAGGEACARART TCATCCTTARCTGATCTG TGCACCT TGCACAATCCATACGRATATCT TAAGAGTEC
TARGATTTTGGTTGTGAGAGTCACATGT TACAGAATGTACAGCTTTGACAAGG TGCATCCTTGGGATGCCEAAGTGACCT
GCTGTTCCAGECCCCTACCTTCTGAGGCTGT TTTGCARGCAATGCTCTGGRAAGCARCT TTAGGAGGTAGGATGC TGGRAC
PGCGGGTCACTTCAGCATCCCGAT GACGAATCCCGTCAARGCTGTACATTCTGTAACAGACT GGGRAAGCTGCAGACTTT
ABGGCCAGGGCCCTATGETCCCTCTTAATCCCT GTCACACCCAACCCGAGCCCTTCTCCTCCAGCLGTTCTGTGCTTCTC
ACTCTGGATAGATGGAGARCACGGCCTTGCTAGTTAAAGGAGTGRGECT TCACCCTTCTCACATGGCRGTGGTTGGTCAT

CCTCRTTCAGGGAACTCT GEEGCATTCTECCT TTACTTCCTCTTTTTGGACTACAGGGARTATATGCTCACTTGTTTTGA

CCTTETGTATGEGGAGACT GGATCTTTGGTCTGGARTGTTTCCTGCTAGTT TTTCCCCATCCTTTGGCARRCCCTATCTA

TITCTTACCECTAGGCATAGTGRCCCTEGT TCTEGAGCCTRCCTTCAGGC TS TTCTCHFEGACCATGTLCCTGSTTTCT
CCCCAGERTETGGTGT TCACAGT GTTCACTGCOGGTGGT TRCTBAACAPAGLGRGGAT TECATCCCRAGRGCTCCGGTGCT
TTGTGGATACACTGCTAAGATAR AN TGGRTECTGECCTCTLTCTGACCACTTHCAGAGCTCTGETECCT TGTGGGTACAC
PGCTARGETARBRTGEATACTGGCCTCTCTCTATCCACTTGCAGGACTCTAGGERAACAGGRATCCATTECTGAGRAARCE
AGGEGCTAGEEGCAGEGAGCTAGCTGEECAGCTGARLSTIC T TGGCGACTAACCRATGRATACCAGRGTPTGRATCTCTRG

AATACTCTTAALATCTGGETGGGECAGEETGGCCTGCCTSTAATCCCAGAACTCEESAGECEGAGACAGGGRATCATCAGE,

GCABACTGGCTAACCAGRAT AGTAL R ACTRAGCTCTSRECTUTGTGRGRGATCCTGUCTTAACAT ATRRGAGAGAGRA

TAARRCATTCLESIEGBCAGTAGATGCCAATT TTALGLCCCTACATGCECATGGACAEGTOTGCGTT TGRACACACATAT

GCRACTCATGTGERCCEGGCATCCACRCTCGGGCT TATCACACACETARTTTCRASGAGAGEGTEAGAGRGGRAGEGTGCAC

ATTAGAGTTCACAGIEALGTGTEASTGAGCACACCCAPETACACAGACATETGTGCCAGGGAGTAGEAARGEGASCCTGEE
PTTGTGTATEAGEGGEAGCCATCATGTET TTCTARGGAGSICCTETGRAGGAGGCET TG TGTGGGCTGEGACTEEAGCAT
GOTTGTAACTGRGCATGCTCCCTGTGOGRAACAGHAGERTGECCRACCCTECAGAGEETCCCACTETCCAGE GEGATCHGT

ApRAGCCCCTECTGAGRACTT TAGE TART AGCCAGACACAGRPAGETAGGARAGTGGGGECGACTCCCATCTCTEATGTAR

GRGGATCTGOGCRARESTRAGAGGTGCATTTGAGGTAGREEGASGEGTGCAGAGEAGATRCTUTTAATTCTGGETCAGCRSTT

TCTTTCCAARTARTECCTOTGRAGGAGETGTAGGT GG TGECCATTCACTCACTCAGCAGAGGGATGATGATECLLGGTGEA
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TGCTEGRAATGGCCGAGCATCAACCCTGECTCTEGARGRACTCCATCTTTCAGRAGGRAEAGTGOATCTGTGTATGGCCAS

CGGGRTCACAGETGCTTEGGECCCC TGEEGEACT CCTAGCACTGSETGETGTTTATCGAGTGLTCPTETETGLCAGGCAL

TGGLLJuL;th TTTGTTTCTGTCTCTGTTTTGTT TCGTTTT TTGAGRCAGACT CTTGLCTATGTATCCHTGTCAATCTTEG
ABTCTCACTGCRATASCCCRGGCT GLSGRGRAGAGEGEAGGECAATAGECCTTGTANGCRAGCCACACTTCAGAGACTAGRL
TCCACCCTGCGRATGATGACAGGTCAGRECTGAGTTCCGGRAAGATT TT TTTTCCAGCTGCCAGRTGEEGTGTSCAGTEGT
PGCTAGCGGCARGGET AGAGGGCEEGETCCCTGTGCAGGAGAATGCARGCAAGEGATGGCARGCCRGTCAGT TAAGCAT

PCTGTGETGGGGACCAGE TGGATEARGAGAGREGCTGGECTTTCGCCTCTGEEGEEEEEET GAGGEETGGEEATCAGGTRA

GAGGAGGGCAGCTCCCTGCAGTGTEATCAGATTT TTCCTGACAGTGRACCTTTGGCCTCTCCCTCCCCCRCTTCCCTTCTT
TCCTTTCTTCCCACCATTGCTTTCCTTETCCTTEAGRAAATTCTGAGTTTCCACTTCAL TGETGATCCAGACGGARRCAGHE
AGCCGTGTGTGTGTGTGTGTGTGTETGTGTGTGTGTGTGTGTGTGTGTGTTTGTGTGTATGTGTGTGTGTGTGTTTGTGT
GTA’TG’I‘GTGTCAGTGGGP.P.TGGCTCA'I'AGTCTGCAG&’-\AGG’I‘GGGCAGIGAAGGAATAAGCTGTAGGCTGAGGC.“.G'I‘GTGG
GATGCAGGGAGAGAGCAGAGGAGGEATACCAGAGEAGCARETTARGGGAGCTACARGAGGGCAT TGT TGGGGTGTGTGTS

TGTGTGTGTTGTTTATAT T TG TAT I GGARATACATTCTTTT AARRARTACT TATCCATT TATTTAT T TT TATGTGCACGT

GTGTGTGCCTGCATGAGTTCATGTGTGCCACETGTGTSCGEGAACCCT TGEAGGCCACARGGEGGCATCTGRTCCCCTGE

PACTGGAGTTGGAGGAGGTTGTGAGTCCCCTGACATGTTTECTGEGARETGARCCCCGGTCCTATGCARGAGCAGGRAGT
GCAGTTATCTGCTGAGCCRTCTCTCCAGTCCTGAARTCCATTCTCT TARARTACRACGTGGCAGRGACATGATGGGATTTA
CGTATGGATTTARTGTGGCGGTCATTAAGTTCCGGCACAGGCARGCACCTGTARAGCCATCACCACARCCGCARCAGTGR
ATGTGACCATCACCCCCATGTTCTTCATGTCCCCTETCCLCTCCAT CCTCCATTCTCAAGCACCTCT TGCTCTGCCTCTG

TCGCTCGAGARACRGTGTGCATCTGLRCACTCTTATGTCAGTGRACTCACACRGCCTGCAGCCCTTCCTGGTCTGAGTATT

TGGGTTCTGACTCTGCTATCACACACTACTGTACTGCATTCTCTCGCTCTCTTTTTT TARACATATTTT TATTTGTTTGT

GTGTATGCACATGTGCCACATGTGTACAGRTACTATGGAGE CCAGRAGAGGCCATGGCCGTCCCTGGAGCTGGAGTTACA

GGCAGCGTATGAGCTGCCTHETETGRGTGC TEGGASCCARACTTRENT STARAGCRAGCACT TTTARCTGUTCAGECAGY
TCTCAGTACCCTTCTTCATTTCT CCGCCTRGETTCCAT TR TATGGATACATGTAGL T RSB ATATCTTGCTTATCTARTTA

TGTRCATTGTTT TG TGCT AAGRGAGAGTARTACTCTATAGCCTGACCTGECCTCAATCTTGCCATCCTCCTGCCTCAGLT

TCCTCCTCCTGRETGCTAGERTCACAGGCEAGTEGTAACTTACATGET TTCATAT T TTGT TCAAGACTGAAGGATARCAT
TCATACAGAGAAGS TCTGEETCACAARAGTETGCAGTTCACTGAA TEECACARCCCHTGAT CAAGAAACARRACTCAGERS

CTGGAGAGATGGCACTGACTGCTCT TCCAGARGTCCEEREGTTCRAT T CCAGCRATCRACATGGTGGCTCACAGCCATCTA

TR CGAGATCTGACGCCCTET TETGETG TS TCTCARAGECASCTRCAGT BTACTCACATARPATARATAAATCTTTARRLL

TCCCRCGTCTCTGCCTACAGTACTCCCAGSTT

ACBCBCACACACACRATTALCACCCCAGARAGCCCACTTTHTITTL

BCCRCTATTCAGGCTTCTARCEACCTUGTTTACTTGGGCCTCTTTTCTHC T CTGTGEAGCCACRCATTTGTGTGCOTCAT

ACACGTTCTTTCTAGTALGTTGCRATAPTACTCTGCET T TT TACRTGTATTTRTTTATTG T AGTTG TG TGTECETETGEET

CCATGCATGGCACRGTGTETGGGEATGTCAGAGTAT TG TGRACAGGGEACAGTTCT TTTCTTCRATCATETGGGTTLCAG

AGGTTGEACTCAGSTCATCATETETGGCAGCAPAT ZCCT T TACCCAC TEAGRACETCTCCATATTCTTTTTT TTTCCECTR

AGGTGGEGECT TETTCCATAGCC AR AT TGGCTTTOCACT TECAGT TCAARETERCTCCCTGTCTCCACCTCTTRAGRAGTA
TTGGARTTACGRTG TG TACTACERCACCTGACTGERATCAT T RAT TC T T TGRTGGGHGCEECGARGCGCRCATGLUTGLAGS
TGPAGGGATGRCTGGACTGGACATGAGCGTGGRAGLCEGAGAACPGCTTCASTCTART GCTCTCCCAACTGAGCTATTTS
GETTTGCCAGRGARCARCTTACAGAAAGTTCTCAGTGCCATETGGAT TUGAEGTTGEAST TCARCTCATCAGCTTGACRT
TGGCTCCTCTACCCACTGRGCCT TCTCACTACTCTCTACCTRGATCATTAATTCTTT TTTABRAAGACT TATTRGGGHSEE
TGGRGRAGATGGCTCAGCCET TARGAGCACCERAATGCCCT TCCAGAGGTCLT CAGT TCRAT TCCCAGCATGCCATTGCTGS

GCAGTAGGGEGLGCAGGTETTCAACGTGAGTAGCTETTGCCAGTTTTCOGLEGTGGASAALCTCTTGRCACCCTGETRTE

CCTGGTCATTCTEGGTGGETGCATGGTGRATATGCTTETTGTATGGAA AL TTTGRCTGT TACAGTGARETTGEGCTTCCA
CAGTTACCACGTCTCCCCTGTTTCTTGCAGGCCGGETGCTTGTCCAT TGCCGCGAGEGCTACAGCCGCTCCCCRRCELTA
GTTATCHBCCTACCTCATGATGCGGCRAGEAGRTGGACGTCARGTCTGC TCTGAGTACTGTGAGGCAGRATCGTGAGRATCES

CCCCAACGATGGCT TCCTGGCCCRAACTCTGCCAGCTCEATEGACAGACTASCCAAGEASGGCANGGTGRAACTCTAGGETS
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CCCRCAGCCTCTTT TGCAGAGGTCTGACTGGGAGEECCCTGECAGCCATET TTAGGARRCACAGTATACCCACTCCCTEE
ACCACCAGRCRCGTGCCCRACATCTGTCCCACTCTGETCCTCGEGGGCCACTCCACCCT TAGGGAGCACATGARGRAGCTE
CCTAAGRAGTTCTGCTCCTTAGCCATCCTTTCCTEGTRAT TTATGTCTCTCCETGAGGTGAGGTTCAGGTTTATGTCCCTS
TCTGTGGCATAGRTACRATCTCASTGACCCAGGGTGGEAGGELTATCAGEETGCATGECCCEGGRACACGGGCACTCTTCAT
GACCCCTCCCCCECCTGGGTTCT TCCTGTGTGGTCCAGAACCACGAGCCTGGTARAGGAACTATGCRAPACACAGGCCCTS
ACCTCCCCATGTCTGT TCCTGGTCOTCACRGCTCGACACGCCLTGCTORGGCAGACGAAT GACATTAAGTTCTGRAGCAG
AGTGGAGATAGATTAGTGACTAGAT TT CCAPAPAGRAGGAANAR AP GGCTCCATTT TABAATTATTTCCTTAGRATTAR
AGATACTACATAGGGGCCCTTGGGTAAGCARATCCATTTTTCCCAGAGECTATCTTGATTCT TTGGARTGT TTARAGTGT
GCCTTGCCAGAGAGCTTACGATCTRTATCTGCTGCTTCAGRAGCCTTCCCTGRAGGATSGCTCTGTTCCTTTGCTTGT TAGA
AGAGCGRTGCCTTGGGCAGGGTTTCCCCCTTTTCAGRAT ACAGGGTGTAAAGTCCEAGCCTAT TACAPACARRCAAACRRA
CARACRRACARAGGACCTCCATTTGGAGRATTGCRAGGATT TTATCCTGRATTATAGTGTTGGT GAGTTCARGTCATCALC

GCCRAGTGCTTGCCATCCTGGTTGCTATTCTARGAATPATTAGGAGGEGGARCCTAGCCAATTGCAGCTCATGTCCETGE

GTGTGCTGCACGRETGCATATGTTGGAAGGGGTGCCTETCCCCTTGGGGACACAARGGAARR TGAAAGGCCCCTCTGCTCAC

CCTGGCCRAT T TRLGGGAGECTCTGC TEGT TCCACGETGTCTGTECAGGATCCTGRAARCTGACTCGCTGGACAGRARCGRG
ECTTGGCGGCACCETGRAGAATGCAGAGAGRGAGAG AR AR IRAGRIACAGCCTTTARARGAACT TTCTAAGGGTGGTTTT
TGARCCTCECTGRECCTTGTATGTETG CACP.’F'T"I'GCCAG.’-!GAT TGERACATAATCCTCTTGGSACTTCACGTTCTCATTAT
TTGTATGTCTCCEEGETCACGCAGAGCCGTCAGCCACCACCCTRAGCACCCEGCACATAGGCGTCTCATARARAGCCCATTT
TATGRGRRCCAGAGCTGTTTGRAGTACCCCGTETATAGAGAGAGTTETTGTCGTGEGGCRACCCGGATCCCAGCAGCCTGGT
TGCCTGCCTGTAGGATGTCTTACAGGAGTTTECAGAGRA L CCTTCCTTGGAGGRRAAGARATATCAGGGATTTTTSTTGA
ATATTTCRABTTCAGCTTTARGTGTAEGRCTCAGCAG TG TTCATGGTTAAGGTAAGGARCETGCCTT TTCCAGAGCTGET

GCAAGAGGCAGGAGARGCAGACCTGTCTTAGGATGTCACTCCCAGGGTRAARGACCTCTGATCACAGCAGGAGCAGAGCTG

TGCAGCCTGGERTEETCATTGTCCCCTATTCTGTGTCACCACAGCAACCCTEETCACATAGGECTGETCATCCTTTTTTIT

TTTTTTTTT TTTTTTT TTTEGCCCAGARTGAAGTGRCCATAGCCARGTTGTCTACCTCAGTCTTTAGTTTCCAAGLCGGLT

CTCTTGCTCAATACAATETGCATTTCARAAATARCACTST S

26T TGACAGAACTSGTTCATGTEGTTATGAGAGAGGARAD
GAGRGGAARGRACRIEACAAMACAARACACCACRARCCAARARCATCTGRGCTAGCCAGGCATGATTGCAATGTCTECAS

GCCCAGTTCATGRGAGGCAGAGACRAGGARGACCGCCEARASGTCARGCATAGCATGGTCTACGTATCEAGACTCCAGLCR.

GGGCTACGSTCCTRAGATCCTAGETT TTEGGATTTTGEGC TTTGE TTTT TGRAGACAGEGTTTCTCTGTGTAGCCCTEECTG
TCCTGGARCTCGCTCTGTAGRCCAGGCTGGCCTCARACT TAGAGAT CTGCCTGACTCTGCCTTTGAGGGCTGGGACGART
GCCACCRCTGCCCARCTAAGATTCCRATTARARRAREANN 2 AT TCAAGATAAT TARGAGT TGCCAGCTCGTTARARGLTAR
GTAGARGCAGTCTCAGECCTGCTGCTTGRAGGCTGT TCTTGGCTTGEACCTGAAATCTGCCCCCAACRGTRTCCARGTGCA

CATGACTTTGAGCCATCTCCAGAGARGGPAGTGPAART TGTGGCTCCCCAGTCGATTGGGACACAGTCTCTCTTTGTCTA

GSTRAACRCATGGTERCACATAGCAT TGRACTCTCCACTCTGAGSGETGEGTTTCCSTCCCCCTECCTCTTCTGGETTGETE
ACCCCATAGGACAGCCACAGGACAGTCACTAGCACCTACTGGAARCCTCTTTGTGGGARCAT GARGAAAGAGCCTTTGGE
BEATTCCTGGCT TTCCATTAGGECTGAARGTACARCGET TCTTGETTEGCTTTGCCTCETGTTTATAARACTAGCTACTA
TTCTTCAGGTARPATACCGATGTTGTGGARRAGCCARCCCCGTGGCTGCCCETGAGTAGGGEGTGEGETTGGGAATCCTE
GATAGTGTTCTATCCATGGARAGT GGTGGAATAGGARTTAAGGE TGTTCCCCCCCCCCCCAACCTCTTCCTCAGRCCCAG

CCRCTTTCTATGACT TATAARACAT CCAGGTAARAATTACARACATAPAAATGETTTCTCTTCTCAATCTTCTAARGTCTG

CCTGCCTTTTCCAGSGGGTAGGTCTGTTTCT TTGCTGTTCTAT TG TCTTGAGAGCACAGACTARCACTTACCAARTGRGGE
AACTCTTGGCCCATACTAAGGCTCTTCTGGGCTCCAGCACTCTTRAGT TAT TTTARGARTTCTCACTTGGCCTTTAGCAC
ACCCGCCACCCCCAAGTGGETGTGGATAATGCCATGGCCAGTAGGGGECACTETTEAGGCGGGTGCCTT TCCACCTTARAG

TTGCTTRTAGTATTTAAGATGCTARATGTT TTAAT CAAGAGRAGCACTGATCTTATAATACGAGGATPAGAGATTTTCTC

ACAGGRRATTGTCTTTTTCATAAT TCTTTTACAGGCTTTGTCCTGATCGTAGCATAGRGAGRATAGCTGGATATTTARCT
TGTATTCCATTTTCCTCTGCCAGCGTTAGGTTRACTCCGTARAAAGTGATPCAGTGGACCGANGRGGCTCAGAGGGCAGE

GGATGGETGGEETGAGGCAGAGCACTGTCACCTGCCAGGCATGGGAGGTCCTGCCATCCGGGAGGAAAAGGAAAGTTTAGE

TR TS R SRS ETR OIS R S SR ST RS SISO R AR VAR AR R MAMOSTR R AR MRS RA T T SR e i m
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R R e R Bt A WYy Vo R R Y N T LB Rt e el [ R AT ST IP I ]

TGTTTCCTTTTGTETEPTTGGGCTTTTTATGTGTGCTTTATARCTGCTGTGGTGGTGCTGTTGTTAGTTT TGAGGTAGGA
TCTCAGECTGGCCTTEIACTTCTGATCGECCTECCCETGCCCCTGCECETGCCCCTETCCCTSCCTCCARGTGCTAGGACT
ABARGCACATGCCACCACACCAGTACAGCATTTTTCTARCAT TTRAARAATRATCACCTAGEEGCTGGAGAGAGGGTTCCA

GCTAAGRGTGCACACTGCTCTTGGGTAGGP.CCTGRGTTTES T TCCCAGALCCTATACTGGGTGECTCCAGGTCCAGAGGA

TCCAGGRCCTCTGGCCTCCAT G 3L ATCTGCTSTTASCACATACCCACATAC RGN TACRACECATAANSATAIBA TGARGT

CTTTAARARACCTCCTARAACCT? CCTTGGAGETAL!

TCTRGARBGCTEECATRCTGTETAAGTCCATCTCATESTG

TTPCTGGETARCGTAAGACT TACAZAGACAGAR 2 AGAN T T CAGGGTETECTGGEEET TR GEAT GCAGGEAGAGEGATGAGT

AGGGGGAGCACGEGERACTTGGECAGTGRAARATTCTT T 3CAGGRCACT AGPGEREGATAAATACCAGTCATTGCACCCAL

TECTGGRCARCTOCAGCERAT TAT SETGGGTEAARR S 3AAGGCCCCAGGTATTGECTGEATTGGCTGCATTTGCGTAAL

ATTTTTTTRARTTGRARRGARRL = 3R TGTRRATCARZ ZT TAGATGRGTGETTGCTGTGAGC T 3AGAGCTGEGETGAGTGA

GACATGTGHACPACTCCATCARE LEGCGACRGRIRG GRGCTGTGETGACAGCTACCTCT BATLTECACCTULGGERG

GTGATCRAGGTTAGCCCTCAGCTANTCTE TG TOCAT ZAGACCCTGTT TCARRPACT TTARAT APAGEBATAR TGS AARR

SGLGTCTCRTEETEAGGTCETGTAGARGCEGATGLATGRGCR

GACATCAGGGCAGATCCTTEGEETCRINAGECEGACE,

CGTECCOCAGECATCATEAGA

CCTAGGTAAGT

ATGGRTGTEAGTSTGTCGRCGTCSGLECACTHRCACGTCCT
GGCTGTGETGCTGEACTGGECATC T T TGETGASC TG TSR G0GGARL TCGETAGGGRGAT CATARAIATCCCTCCGAATTAT

TTCARGARCTGTCTATTACRATT?

GTGETGTECACCTATAGCCACGE RCACTTGGARAGCT CRRGCARGRGEATGOCEAGT TTGARGETATCTGERGCTGTACA

GCRRGACCGTCSTCCCCARACCA A o RAACHGCAR L I DA TTATGTCACRCARGAGTGTTTATAGTEAGCGGLCTCGET

GAGAGCATGEGGET GTGEGEETGEGEGRLASEAR TETCTARARCTECAGTCAATAGEGATCCACTGAGACCCTGEGET

TTGACTGCRGCT TAACCTTGEGASATGATARGEGTTT TG TETTGAGTEAAAGCATCGRT TACTGACT TARCCTCAARTGR

AGARDREGDAABBBLGAPBACARCARARGCCEAACCHAGEFGGCTGETERGRTGGCTCRAETHGGTAAGASCACCTGACTGL

TCTTCOCGRAGETCCAGRGTTCARRTCCCAGCAACCACAT GG TGGCTCACAACCATCTGTARCGAGATATGATGCCCTCTT
CTGGTGETGTCTEARGRCAGCTACASTGTACTTACATATEATARATAAL TCTTARNDALARARAMAARAD DL DEBGCCARA

CCGAGCEARCCEGECCCCCAARCASFAGGCAGECACGATEECAGGCACCACGAGCCATCUTGTGRARBGGCREEECTACC

CRATGGGCCGARGERGGGTCCAGAGEZATAGGCTEGTARGCTCAGTTTCT CTGTATACCCTTTTTCTTGTTGRACACTACTTC
AATTACAGATAAIATRACAPATAFACAREATCTAGRAGECTEECCACTCTCTGCTCGCTTGATTTTTCCTGTPACGTCCAG
CAGGTGGCGGARAGTGTTCCRAGEETAGRTCGCRATCAT TEAGGTGGCCAGCATARATCTCCCATCRAGCAGGTGGTGCTGTGA
GAACCATTATGGTGCTCRACAGRATLCCGGGCCCAGGRECTGCCCTCTCCCRAGTCTGGRGCARTAGGRRLAGCTTTCTGGE

CCAGACRGGGTTAACRGTCCACRTTCCAGAGCRGGEGEAARGGAGACT GGAGCTCACRGACAAAAGGGCCAGCTTCTARC

ABCTTCACAGCTCTGGTAGGAGRGRATAGATCACCCCCRRCAATGRGCCACRECTGETT TTGTCTCCCCCGRAGGEAACTGA
CTTAGGAAGCRAGGTATCAGAGTCCICT TCCTEAGGEGACTTCTGTCTGCCTTGTAARGCTGTCAGAGCAGCT GCAT TGAT
GTGTGGGTGACAGRAGAT GAARRGGAGGACCCAGGCAGR TCGCCACAGATGGACCEECCACT TACARGTCGAGGCAGGTS
GCAGARGCCTTGCAGARGCTCTGCRAGSTGGACGACACT AT TCATTACCCAGT TAGCRTACCACAGCGGGCTAGGCGEREC
ACAGCCTCCTTCCCAGTCTTCCTCCAGGGCTGEGEAGTCCTCCAACCT TCTGTCTCAGTGCAGCTTCCGCCAGLCCCTCC
TCCTTTTGCACCTCAGGTGTGARCCCTCCCTCCTCTCCT TCTCCCTGT GGCATGGCCETCCTGCTACTGCAGECTGRAGCA
TTGGATTTCTTTGTGCTTAGATASECCTGAGATGGCT TTCTGATTTATATRTATATATCCAT CCCTTGGATCTTACATCT
AGGACCCARGAG CTGTTTGTGATP.CICATAAG.’-'\GGCTGGGG.‘.G.‘&TGP.TF.TGGTP.AGAGTGCTTGCTGTP.CAAGCATGAAGAC
ATGAGTTCGARTCCCCAGERACCATGTGEAARAATRACCTTCTARCCTCAGRGTTCAGGGGAPAGGCAGGTGGATTCTGE
GGGCTTECTGGCCAGCTAGCCAGCLTARCCTARATGT CT CAGTCAGAGATCCTGTCTCAGGGPATARCT TGGGAGAATGA

CTGAGARRGACRCCTCCTCAGGT CTCCCATGCACCCACECAGRCACACGEGGGEGEGETAATGTAARTAAGCTAAGRRAATA

ATPGAGGGARATGATTTTTTGCTRAGRIATGRAATTCT ZTGTTGGECCGCERGARGCCTEGCOARGEARGGRRACTGCCTTTE
GCRACACCAGLCTATAAGTCACCATSAGT TCCCTGGCT AAGARTCACATG TAAT SGAGLCCRGST CCCTCTTACCTGETEG

TTGCCTCTCCCACTGGTTTTGRAGRGARAT TCRAGREASATCTCCTTGGTCAGAAT TETAGET SCTGAGCRAATGTGHAGT
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TGEGHECTCAATGEGRA TTCU T LARRAGGCATCL T TCLCAGGOCTRGETCATAC TTCAR TAGTAGHS TGCTTGCACAGCARGT

GTGAGACCCTAGGT TAGRGTCCCCAGARATCTGCCCCTRACCCCCCALRAZGECATCCTTCTSCCTCTOGGTERGTGEEEE

GAGCAAMCACCTTTAACTAAGACCATTRGCTGECAGEGFTARCAARTSRACCTTGECTAGAGEILTTTGGTCALGCTGGEAT

TCCECCTTETGTAGAAGCCCCACTTGTTTCCT TTGTTARGCTEGCCCACAGTTTETTTTGASAATGCCTGAGGGGCLCAG

GGRGCCAGACIATTAASAGCCAAGCTCATT TTGATAT CTGRRAABCCACAGCCTGACTGCCCTSCCCGTGGRAGGTACTEG

GAGBAGCTGICTATRTCCCTGECTCACCRACGCCCCCTIICCCARCACACACTCCTCEGGTCAZCTGGGAGETSCCAGCAG

CRATTTGGAAGTTTACTGAGCTTGAGEAGTCT TGGGEGEGCTGRCELTERGCACACCCCTTSTCCRACCCCCCCCCALCLT

RCCCCCETEAGGAGCAGGGTEAGGAAACATGGEACCAGCCCTECTCCAGCCCGTCETTATTSECTGGLCATGAGGCAEAGS

GGECTTTAEPBAGHCARCCETATCTAGGCTGEACACTGEAGCCTGTECTACCGRASTELCCTCCTCCACCTGECRGCRTET

AGCCCTCACTAGCCCCGETGCCTCATCTGCCTACTTET 3CACGCTGC LT TCTGTGETUTGEAGSGCCAGEGETGGERAGCT

TTCRGGPATGATECCACAGAGGTCATCCCAGGGCT TG

AGTACCCCRAGCCTCCTCCTGAGRACARCCRAGACCATGAR,
CCGGGRCEGAGRATEGAGGCAGACCT CCCCACCATCCCTATGACGCCRARGGTACGGEATGRAG I AGCACAT TAGTEGGGE
GGGEEGETCCTEEEAGETGRCTGEGETSETTTTAGCAT CTTCTTCAGAGSTT TG TG TGGGTGSCTAGCCTCTGCTACATCR

GG3CAGEGRACRCAT T PGCCTGGAAGEATACTAGCACAGCATTAGRACCTGEAGGECAGCATTGGEGIGCTEGTAGRACAGE

ACCCARGGCRGGETGERAGGITGAGSTCAGCCGARGCTGECATTAACACGEGCATSGECTTGT A TGATCGTCCAGAGRRTC
TCCTCCT!’AGGATGAGGP.CP.CAGGTCAGA’T'CTAGCTGCTGACCP.GTGGGGAP.GTGA'I‘P.’[‘GGTGP\GGCTGGRTGCCAGF.TG
CCATCCATGGCTGTACTATATCLCACATGACCACCACETGAGGTAARGRRAGECCCCAGCT TEGARGATGCASAAACCGAGE.

GGCTCCTGRGATARAGTCACCTGRGAGTAAGRAGASCTOAGRCTGGARGCTGGTT TGATCCAGATGERAGGTRACCCTAG

ATTGGGTTTGGETGGEARCCTGPAGCCRGGRGERATCCCTTTAGTTCCCCCTTGCCCAGGETCTGCTCARTGAGCCCAGA
GGGTTAGCATTAEAAGEACAGGGTTTGTAGGT GGCATGTGACATGAGGGECAGCTGAGTGARLTGTCCCCTGTATGRGCR.
CRGGTGLECACCACTTGCCCTGAGCTTGCACCCTGRACCCCAGCTTTGCCTCRATTCCTGAGGACRGCAGARACTGTGGRAGGL
AGAGCCRGCACAGRGAGATGCCT GEGGTGGGEETGGEGETATCACGCACEGRACTAGCAGCRATGRAATGGEGTGEGETGE

CAGCTGBAGGGACACTCCAGRGPAATGACCTTGCTGGTCACCATT TG TGTGGEAGGAGAGCTCATTTTCCAGCTTGCCAC

CACATGCTGTCCCTCCTGTCTCCTAGCCRGTARGGGATGTGGAGGAARAGGGCCACCCCRARAGGAGCATGCARTGCAGTCA
CGTTTTTGCAGAGGAAGTGCTTGRACCTARGGGCACTATTCTTGEGAAAGCCCCAAARCTAGTCCT TCCCTGGGCAAACAGS

CCTCCCCCPCATACCACCTCTGCAGGGGTGAGTARAT TARGCCAGCCACAGAAGEG TGGCRAGGCCTACACCTCCCCCCT

GTTGTGCCCCCCCCCCCCCCETGARGGTGCATCCTGGCCTCTEGCCCCTCTGGCTTTGCTRACTSGGATTTTTTTTTTCCTT
TTATGTCATATTGATCCTGACACCATGGAACTTTTGGRGETAGACAGGACCCACACATGGATTAGT TAARAGCCTCCCAT
CCATCTAAGCTCATGGTAGGAGE TAGAGCATGTCCALGAGAGCRGGGCAGGCATCAGACCTAGRAGRTATGGCTGGGCAT
CCARCCCARTCTCCTTCCCCGGAGRRCAGRCTCTRRASTCAGATCCAGCLRCCCTTGAGTARCCAGCTCARGGTACACALS
BCRAGAGAGTCTGETATACAGCAGGTGCTAAACARATGCT TGTGGTAGCAARARGCTATAGGTTTTGEGTCAGAACTCCGA,
CCCARGTCGCGAGTGARGAGCGAARGGCCCTCTACTCEGCCACCGCCCCGCUCCCACCTGGGGTCCTATARCAGATCACTT

TCACCCT TGCGEGAGCCAGRBRAGCCCTGGCATCCTAGGTAGCCCCCECCGCCCCCCCCOCGCAAGCAGCCCAGCCCTECT

TTTGSSGCAAG T TC T TTCTCAGCO T GURCCTGTGATAAT GAGG G LT TCGACGCGCCSCCT TTGRTCSTTTTCARETLT

ZBTGRRTTCTTATCCITRACCRICTSCCCT TCTACCCTECTCCTULACRGCRGCTETCCTGATTTATTACCTTCARTTERE

CTCCACTCCTTTCTCCATCTCCTGUSATECCGCCCCTETCCCAGTAGCTEETARRGGAGCTTRGGARGIACTAGAGCLAG
STGTGGCTAGRGGCTPCCAGGCAGESCTRGGGATGAGSEGLTARPACTSGARGRETGTTTGET TAGTAGSCACRRAGLITT

SGGTGGEATCCCTAGTACCGGRGRAGTGEAGATCRRCECTGAGEAGTTCAAGRCCATCCATCCTTAACTACACAGCCAGT

TTGRGGLCAGCCTGGECTACATARAR R CCCAATCTCEARAGCTGCCAATTCTGAT TCTGT GCCACETAGTSCCCTRATETE

TAGTGGATGARGTCETTGALTCCTGEGECARCCTAT TT TACAGATGT GLGGERAAGEEACT TTAAGTACCUTRCCCR R,

(33

GATCACARRAERARAGTAAGTGACAGAGCTCCRGTGTTTCETCCCTRGET TCCARGEACAGEGAGRGAGAAGCCAGGGTEGE

E2TZPCACTGCTCCCCEGTGCCTCCT TCCTATARTCCATRCAGAT TCGA AR GCGCAGGGCAGGTTTGGREALAGRGAGRRS

ZETGGERPAGGRGCAGRCCAGTUTEECCTAGGCTGCAGCLCCCTCACGCATCCCTCTCTCCGCAGATGTGTCCEAGTRACAGTT
GCCGCGRGCTGCACTACACCCGCTTCCTEACEGACGGCCCATGCCGCAGCGCCARGCCGGTCACCGAGTTGRTEGTGCTL

CAGTGCGGCCCTECECEECTGCTGCCCARCGTCATUGEGECHCGTGRAGTGETGECGCCCGARLCGEACCGGATTTECS
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STSCETCCCGEATCSCTACCGCECEGTAGCGGETGCAECTSCTGT GCCCCEGEGGELELEECECCECECTOGLECAAGETRE
BTCTGETEGCCTCGTGCARSTGCREAGCGCCTCACCCGLT TCCACERCEAGTCGERGCTCARGGRCTTCEGGCCGGREECT
GUGCAGCCGLEGRRAGEETCOCRRGTCGCEGCCCEGLECCCGGEEAGCTARRGUCARCCAGGCERRAGCTGRAGAACGCCTA
CTRGRGEGAGCCCGCGCCTATGLAGTCCCCGEGCGATCCGATTCSTTT TCAGTGTARAGCCTGCAGCCCAGGCCAGGGGT
GCCEBRCTTTCCRAGACCGTGTGGAGT TCCCRAGCCCAGTAGAGRLCGCAGETCCTTCTGCCLECTGCGEG3GATGOGEGRGE
GE5TGEGGT TCCCECEGECCAGGEEAGEAPECTTGAGTCCCAGACTCTGCCTAGCECCGEGTGEEGATGRGSGTCTTTCTA
CCCTCGCCEGRECT AT ACRCGACRAGGCAGTGTTTCCACCTTAARLGGEALGGGAGTGTCSARCGRABGACCTGGGALCT GG

TTATGGACGTACAGTAAGATCTACTCCTTCCACCCARATGTAAAGCCT GCGTGGGCTAGATAGGGT TTCTGACCCTGACT

TGGCCACTGAGTGTGATGTTGGGCTACGTGGTTCTCTTT TEGTACGET CTTCT TTGTARRBTAGGGACCEGARACTCTGET
GAGRTTCCARGGAT TGGGGETACCCLETGTAGPLTGETGAGAGAGRAGGAGAACAGEGEAGEGETTAGGGGASAGATTETGE
TGSGGCAACCGCCTAGRAGRAGCTGTTTGTTGGCTCCCAGCCTCGCCGCCTCRAGAGGTTTGGCTTCCCCCICTCCTTCCTE
TCAABTCTGCCTTCRRRTCCATATCTGGGATAGEGRRAGGECCRGGETCCGAGAGATGGTCGARGEGCCAGABATCRCACTC
CTGGCCCCCCGARGAGCAGTGTCCCGCCCCCARCTGLCTTGTCATATTGTARAAGGGAT TT TCTACACAACEGTTTARGGT
CSTTGGAGGRARCTGGGECTTGCCAGTCACCTCCCATCCTTGTCCCTTGCCAGGACRACCARCCTCCTGCCTGCCACECACGS
RPCACRTTTCTGTGTRAGARRCAGAGCGTCGTCGTGCTGTCCTCTGAGACAGCATATCT TACATTAPARAGEATIATACGSSE

GGGEEGGERECEGAGEGCGCARGTGTTATACATATGCTGAGARGCTGTCAGGCGCCACRGCACCACCCACARTCTTTTTGT

PEATCATTTCCAGRCRCCTCTTACTTTCTGTGTAGAT TTTAATTGT TAPAAGGGCAGGAGAGAGAGCGTTTGTARCEGAR
GCACATGGAGGGOLEGETAGGGEEETTGEGGCTGGETGAGTTTGGCGRACTTTCCATGTGAGACTCATCCACAAAGRCTGA

AAGCCGCGTTTTTTTTTTTARGRGTTCAGTGRCATAT TTAT T TTCTCAT TTARGTTATTTATGCCAACATTTTTTTCTTG

TAGRGARRGGCAGTGPTAATATCGCT TTGTGAAGCACAAGTGTSTGTGGTTTT TTGT TTTTTGTTTTTTCCSCCGACCAGA

GGCATTGTTARTRARGACRATGRAATCTCGAGCAGGAGGCTETGHTCTTGTTTTGTCARCCACACACAATGTCTCGCCRCT

GTCATCTCACTCCCTTCCCTTGGTCRACARGRCCCAPACCTTGACARCACCTCCGRACTGCTCPCTGGTRGCCCTTGTGGTCA
ATACGTGTTTCCTT TGARRAGTCACAT TCATCCTTTCCTTTGCAABLCTGGCTCTCATTCCCCAGCTGGETCATCGTCAT

ACCCTCACCCCAGCCTCCCTTTAGCTGACCACTCTCCACACTGTCTTCCANPMAGPGCACGTTTCACCGAGCCRAGTTCCCT

GGTCCAGATCATCCCRTTGCTCCTCCT TG TCCAGACCCT TCTTCCACARAGA TG TTCATCTCCCACTCCATCARGCCCC

AGTOGCCCTGCEGCTATCCCTETCTCT TCAGTTAGCTGRATCTACT TRCPGACACCACATGANT TCCTTCCCCTGTOTTA

PGGTTCATGGARCTCTTGCCTGCCECTGAACCTTCCAGGACTATCCCAGCGTCTGATGTGTCCTCTCTCTTGTARAGCIC

CACCECACTATTTGATTCCCAATTCTAGATCTTCCCT TOT T ST TCCT TCRCGGGATAGT G TCTCAT CRGGCCARGTCET
GCTTGETATTGGGATARATECEAAGCCAAGTACAATTGAGGACCHGTTCATCATTGEGCCAAGCTTTTTCAANATGTGRR
TTTTACRCCTATAGARGTGT AR A ECCTTCCARRGCAGRGECAATGCCTGGCTCT TCCTTCARCATCAGGGLTCCTGCTT
TATGGETCTGETGCGETAGTACA T TCATARACCCAACACTRAGEFGTGTGAIAGCARGATGAT TGGEAGTTCGRGGCCRAT
CTTGGCTATGAGGCCCTETCTCARCCTCTCCTCCCTCCCTCCAGGETTTTGTTTTGTTTTGT TTTT TTGAT TTGARACTG

CAACRCTTTARETCCAGTCAAGTGCATCT T TGCE TGRAGEGSAACTCTRICLCTRATAT G TTCCATCTTGATTTGT ST

DATGTGCACACTGGGEETTGARCCTGGGCCT TTGTRCCTGCERGGCRAGLTCTCTACTGCTCTABACCCRAGCCCTCACTES
CTTTCTETTTCARCTCCCRATGAATTCCCCTRAATGRAT TATCARTATCATGTCT TTGARALITACCATTGRGTGCTGLT
GGTETCCCTATGGTTCCAGATTCCAGGALCEACT TTTCAGGERAATCCAGGCATCCTGRAGAATGTCTTAGAGCAGGAGHE
CATC-GAGP.CC'I‘TGG‘CCP.GCCCCF‘.CPAGGCP.GTGTGG’I‘GCI‘-;SHGGGTG}\GG.E.TGGF‘.GGC‘-\.GGCT‘I‘GCAATTGP.’-.GCTGP.GF.

CAGGSTACTCAGGATTRARAAGCTTCCCULAAARCARTTCCRAGATCRAGTTCCTGGTACT TGCACCTSTTCAGCTATGCR

GAGCCCEGTGGGCATAGSTGARGACACCGETTGTACTGTCATGTACTARCTGTGCTTCAGAGCCEGCAGAGRCABATAAT
GTTATGGTGACCCCAGGGGACAGTGRT TCCAGARGGRRCACRGRAGRGASTGCTGCTAGAGGCTGCCTARAGGRGRAGEE

GTCCCAGRCTCTCTAAGCRAPGECTCCACT CACATARAGACACAGGCT GAGCAGAGL TGGCCCTGGATGCRGGGAGCCCR,

TCCRCCATCCTTTAGCATGCCCTTGTATTCCCATCACATGCCAGGERTGRGEGECATCAGAGRGTCCABGTGATGCCCER
ACCCPABCACACCTAGGACTTGCTTTCTGEGACAGACAGATECAGGAGAGECTRGETTCGGCTGTGATCCCATTACCALE

ARGRGEGARARRBCRPRAPACEAPCAAPCPARACAARP AR AR CAEAACARARCRAAPPIAPACCCARGETCCAPATTGTA

R N R AT T P T T T R L R R AT W R FR T R N R A MR AR AR AN RSN
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GUTGCAGLE T T AT T ELAFL TATOEAAAE T T A FA LT TULALL LLUA FUBUL FUTALAMABLL LBELOLLLA L LABAARGAALA
PACRACRGGCTGATCTGCGAGGGGTGGTRACTCTATSGCAGGGAGCRCETGTGCTTGGGETACRGCCAGRCACGGGGCTTG
TATTAATCACAGGGCTTCTATTAATAGGCTGAGAGTCAAGCAGACAGAGAGACAGAAGGARPCACACACACACRCACACA
CACACACACRCRCACACACACATGCACACRECCACTCACTTCTCACTCGERGAGCCCCTACTTACATTCTAAGRACARRCC
ATTCCTCCT CATAAAGGAGACPAAGTTGCP.GP.AP.CC.CAAPAGAGC CRCRAGGGTCCCCACTCTCTTTGABATGACTTGGAC
TTGTTGCAGGGRARAGACAGRAGGEGGTCTGCAGAGGCTTCCTGEGTGACCCAGRGLCACAGACACTGAAATCTGGTGCTGAGA
CCTGTATARACCCTCTTCCACAGGTTCCCTGAARGGAGCCCACATTCCCCAACCCTGTCTCCTGACCACTGAGGATCAGA
GCACTTGGECCTTCCCCATTCTTGGAGTGCACCCTGGTTTCOCCATCTGRGGGCACATGAGGTCTCAGGTCTTGGGARAG
TTCCACPAGTATTGAPAGTGTTCTTGTTTTGTTTGTGATTTAAT T TAGGTGTATGAGTGCTTTTGCTTGARTATARTGCCT
GTGTAGCATTTACARAGCCTGGTGCCTGRGERGATCAGAAGATGGCATCAGATACCCTGGAACTGGACTTGCAGACAGTT2.
TGAGCCACTGTGTGGETGCTAGGAACAGPACCTGGATCCTCCGGAAGAGCAGACAGCCAGCGETCTTAGCCACTAAGCCA
TCACTGRAGGTTCTTTC! TG'PGGCTAAAGAG.’\CP.GC;P.GACAAI\GGAGAGTTT CTTTTRGTCRATAGGRCCATGRATGTTCCT
CGTAACGTGAGACTAGGECAGGGTGATCCCCCAGTGACACCGATGGCCCTGTGTAGTTAT TAGCAGCTCTAGTCTTATTC
CTTARTARGTCCCAGTTTGGGGCAGGAGATATGTATTCCCTGCTTTGAAGTGGCTGRGETCCAGTTATCTACTTCCAAGT
ACTTGTTTCTCTTTCTGGAGTTGGGGAAGCTCCCTGCCTGCCTGTARATGTGTCCATTCT TCAACCTTAGACAAGATCAC

TTTCCCTGAGCAGTCAGGCCAGTCCAARGCCCTTCAATTTAGCTTTCATARGGRACACCCCTTTTGT TGGETGGAGGTAG

2T TGO T TCAAT CCCAGCATT ARG PAGHCAGEGACAGTCGEATCT CT AT GAGTTCACAGCCAGCCTGSTCTACGERGT

8]

]

GAGTTCCAAGACRAGCCAGGCCTACACAGAGRRACCCTGTCTCCARAARLERCADARACADALGARSTALIGEIXAAGHARA

CABBRACGAACARACAGAPAAAEPAGCCAGAGTCT TTSTCCCCETAT T TTAT T AATCATATT T TTETCCCT I TGCCATTT

TAGRCTARBBGECTCOGGRAARGCAGGTCTCTCTCTGTTTCTCATCCEGACACALCCAGRACCAGATGTATEEREGATEGEC
TAATGTGCTGCAGT TGCRCATCTGGGECTEGETGEATTRG T TAGATGGCATGEGCTGGETGTGGT TACGAT SATTGCAGS
BGCARGGAGTATGTGETGCATAGCARACGAGGAAGT TTGCACAGANCALCACTGTGTGTACTGATGTGCASGTATGEECA
CATGCALGCAGALGCCAAGGGRLCAGCCTTAGGGTAGTGTTTCCACAGRCCCCTCCCCCLTTT TARCATGGEEATCTCTCA

PTGELCTGGAGCTTGCCEACTGGGLTGGGCTGGCTAGCT TG TAGGTCCCAGOGRTCTECATATCTCTGCCTCCCTAGTGC

TGECATTACAGTCRTATAT SAGCACACCTGEC T T TTTATGTOGGT TCTESGC TTTGRACCCAGRETC TGRS TRCTTG AR

GECRATCGETTGAATGACTGET TCATCTCCCCAGACECT GSGATTCTAS T T T TRAT TABAGTATT TCTATTEAATCAATG
AGCOCCTSCCCCTGCACTCAGCAGT TCTTAGECCTGETEAGAGT CAAGTGGEGAGTGAGEGCAAGCCTCGAGECCCCATS
AGOCARGCAGIGGRCAPAGAARTGARARCT TGGGATTCEAGGCTCGEGRTATGEAGATACAGRARGGGTCEGZARGEAA
BTGARCCRGATGAPT AGAGECAGGARGGGT AGGGCCCTGCATACAT GEEACCT BTG TACATGTTATCTGCATIGGGTTT
GCATTGCALTGGCTCT TCAGCAGGTTCACCACACTGGHRARACAGARGCC AR ADRGRAGDGTAGETGOTGTTE3AGTCAGR
TACTGTCAGTCATGCCTGRAAGANATGGAAGCARTTARCGATGCGCCGCAAT TAGEATATTAGCTCCCTGAAGEAAGGCAA
GRAGETGGGCTGTEGECACTGRAGGGRAGCTTT GARTGRTGTCACETTCTCTOTATGCOT EGUAGGRCAGTETTGGAGRCT
GAGACTTGACTTGTGTGTCCATATGATTCCTCCTTTTCCTACAG*CATCTGGGGCTCCTGAGC?TCGTCCTTGTCCAAGA
BCCTGGRGCTGGCAGTGGGECAGCTECAGTGATRAGATSTCTGCAAGREAGATCT GAPANGAGEGRAGGARGATEAAGGRTCC
AGRGGACCACCHACCTCTGCTGCCTGACARAGCTGCAGGACCAGTCTC TCCTACAGETGRGRAGACAGAGGCEEGAGATGR
ATGGTCAGGGGAGGAGTCAGAGAARGGRAGAGEGTGAGGCAGRBACCAARGERGGEEALACRCT TG TGCTCTRCAGCTACTG
ACTCAGTRCCAGCTGEGTGECAGACAGCCAATGCCARGGCTCOGCTCATCATGGCACCTCGTEOGACTCCTASCCCAGTE

CTGGCAGAGGGGAGTGCTGAATGGTGCATGGT TTGGATATGATCTGAATGTGGTCCAGCCCTAGTTTCCTTCCAGTTGCT

GGGRTARAGCACCCTGACCARAGCTACT TP TTTGTTTGTT TG TP TTGGTT TGS TTTTGTTTGG T TTTTCGAGSCAGGGTT
TCTCTGTATCACCCTAGCTGTOCTGGARCT CACTCTGTAGACCAGGCT GGCCT CGAACTCAGRARTCCCCCTICCTCTGE
CTCCTARGTGCTGEAATTAARGGCCTGCGCCACCACTGCCGGCCCRARGCTECTTTAAGAGAGAGRGAGGRATGTATAAG
TATTATEATTCCAGGTTATAGTTCATTGCTGTAGRATTGGAGTCTTCATATTCCAGGTARTCTCCCACAGACATGCCACA
APKCAACCTGTTCTACGAAATCTCTCATGGACTCCCTTCCCCRAGTAATTCTAAACTGTGTCARATCTACARGEARTAGTG
ACEGTCRCAGTCTCTAACETTTTGGGCATGAGTCT GPAGTCTCATTGCTPAGTACTGGGPAGP;TGAF};ACTTTACCTAGT

GTCRGCATTTGGAGCAGAGCCTTTGGGATTTGAGATGGTCT T TTGCAGAGC TCCTARTGGCTACATGGRGRAGAGGGGGCT
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TGGGAGRGACCCATACACCTTTTGCTGCCTTATGT CACCTGACCTGCT CCTTGGGARAGCTCTAGCARGARGGCCTTCCCT

GGATCACCCACCACCTTGCACCT CCAGAACTCAGAGCCARAT TAAACTTTCTT GTTACTGTCGTCARRAGCACAGTEGETE
TGGETTETATCACTGTCARTGGGAANCAGACT TGCCTGGATGERTAACTTGTACATTGCATARTGTCTAGAALTGAAARG
'PCCTATP.GAGAAAAAGAAAA’I‘TAGC’]‘GGCACACAGATAGAGGCCC‘[‘GGAGGAGGCTGGCTTTGTCCTCCCCGAGGAGGTG
GCGAGTRAGGTGTAAATGT TCATGGATGTAAATGGCCCCATATATGAGGGTCTGEGETAACAAGAAGGCCTGTGAATATA
ARGCACTGARGGTATGTCTAGTCTCGAGAAGGTCACTACAGAGAGT TCTCCEACTCAGTGCCCATACACACACACACACA

CACPCRLPCRCACACACACACACACACACACCACRARGARANPAAGGRAGARRAATCTGAGAGCAAGTACAGTACTTARR

ATTGTGTGETT 3TCTGTGTGACTCTSATATCACATGCTCATCT TG CCCTATEAGT TEARLACCRBATGOUCCCTGAGAGS
CATARCH BUCLCACTGTTGGCTE TS TGCTCACSTTT TTCT TARAGCETCTGTCTGGT TTGLTGC TAGCRTCAGOTLRGRCT

TECRTATGCTCAGCCCT GARGTCCT TCTAGGGTGCATGTCTCTTCAGAAT TTCABARRAGTC ETCTSTGEC

TGCAGLRGE.

TCCAGGRCLILCTGLRCTCTCCCTCTECCGCEAGECTECAGACTCTAGGCTCGGETEGARGCERLGCT PACCTETGEGAE
ARGTATELCETSTTGECTTTTCTTTCCCTCTGTEGC TCCAACCTGGACAT AR AATRGATGCALGCTGTGTARTRARATATT
TCCTCCCGT A ACTTAGT TCTCAR L AATARCTACTCTGAGAGCACT TAT TAATEGGTGGCTTAGRCATAAGETTTSSCTE
ATTCCCCCHITASCTCTTACTTCTT TARCTCT TTCALACCETTCTGTGTCT TCCACETGGTTRAS TTACCTCTCCTTCOAT
CCTGETTCGLTITUTTCCTTCGRAGTCGLCCTCAGTGTCTCTAGGTGATGCTTGTAAGRTATTCTT TCTACRARGCTEAGAEG
TGGTGGCACTCTGGEAGTTCAAAGCCASCCT GA‘I‘C’T‘RCF‘.C‘.GCA.".GC‘l‘CCP.GGATP.TCC‘.GGGCP.“.TG TTGGEARRACCT
TTCTCARAT EARARGAGHGETTCAGT T GTCAGGAGGRAGACCCATGGGT ARG AAGTCTAGACGAGCCATGETGETECATA

CCTTTCATCCALGCACTTAGBAGGCEAAGAARGETGAAACTCT T TGACTTTEBGGCCRGCTAGSTTACATAGTGRATALCC

TGCT TR TG TETSTGTG TG TGTG TG TG TE TG TG TG TGTG TG TG TG TARTTTARAAGTCTAAALATGCATTCTTTTREARE

TATGTATALGT AT TTGCCTGCACA T AT GCTATGTATGTAT ST ATACCATGTGT GTGTCTGGTGLTRRAAGGRCTAGS!

ACTCCCTAGEACTAGAGTCATAGACAGTPTGTGACACTCCCCRACCCCOCACCATSTGHGTGCTTGRAGCTEASCTZCTGT
CCTTTGTARAGCAGCAGGTEGTCTATSRACCCTGRACCAT CTCTCCAGT CTCCAGATGTGCAT TLTCARAGAGGASTLCTT
CATATTTCCCTAAACTGRACATCCT TATCAGTGAGCATCCTCGAGTCRACCRAAGL TACTGCARECCCTCT TAGHGRAECAT
TCACTATTCACTTCTACTTGECTCATGAMACT TAAGTACACACACALCARRCACACACACACALECAGEGTCATRCACTCR
CAPARGCRTGCATGTACACCATTCTTAT TAGACTATGCT TTGCTAALAGECTTTCCTAGARTACT TTAABACATCACTTCT
GCCTTTTSGTSGGCAGGTTCCARAGATT GG TACTGECETACT GGARACTGRRACAAGGTAGRGRTCTAGARRTCACAGCAGG
TCAGAAGGGCCACCCTGTACREGAGAGAGTTCCACACCTTCCRAGGARCACTGAGCAGGGGGCTGEGACCTTGCCTCTCEG

CCCRAGRARCTAGTGCGTT TCCTSTAT GCATGCCTCTCAGAGAT TCCATARGATCTGCCT TCTGCCATARGATCTCCTSC

ATCCAGACARRGCUTAGGGEARGT TEGAGAGGCTECCTGRAGTCTCTCCCACAGGCCCCTTCTTGCCTGGCAGTATTTTTTTA

TCTEGAGGAEAGGPATCRAGGETGGGAATGATCARATACKATTATCAAGGAAABRGTAAR B ARCATATATETATATATATT

BACTGATCTRGGEAGCTGECTCAGCRAGTTAAGRAGTTCTGGCTGCCCTTGCTTCAGATCT TGCTTTGATTCCCAGCACCEA
CATGATGGCTTTCAACTGTATCTCTGCT TCCAGGGGATCCAACAGCCTCTTCTGACCTCCATAGRCAAGACCTAGTCCTC

TGCRAGRGCACCARATGCTCTTATCTGTTGRTCCATCTCTCTAGCCTCATGCCAGRTCAT TTAAAACTECTGGACACTGT

CCCATTTTACGRAGATGTCACTGCCCAGTCATTTGCCATGAGTGRATAT TTCGATTCTT TCTATGTTCTCACCCTTGCAA
TTTATRAGRAAGATATCTGCATTTGTCTCCTGAGAGAACAARGGECTGGRGGGCTACTGACATGGCTCTAGGRGTARAGT

GCTTGCCACAA R ATCTGACARCTTARGTT TGGTCTTGGARTCCACATGGTGGRAGRGAGAGREGAGRTTCCCGTRAGTTGT

CCTCAARCTTCCCACACATGTGCTGTGGCTTATGTGTAACCCCARTARGTARAGATAGT TTTARACACTECATARGGTAG
GGTTTCTTCATGACCCCAAGGAATGATGCCCCTGATAGAGCTTATGCTGARLCCCCATCTCCATTGTGCCATCTGGAARG
AGACAATTGCATCCCGGRAACAGAATCTTCATGAATGGATTARTGAGCTATTARGARAGTGGCTTGGTTAT TGCACETGC
TGGCOGCETAATGACCTCCACCATGATGTTATCCAGCATGRAGGTCCT CACCRGARAGTCATACABATCTTCTTAGECTTC
CRGAGTCCTGLGCRPAAPBAGCACRCCTCTARATRARTTARCTAGCCTCAGGTEGT TAACCACCGABAATGAACCAAGGE
AGTTCTAATACAPARCCACTTCCCTTCCCTGT TCAARCCACAGTGCCCTATTATCTAALAGATAARCT TCARGCCAAGCT

TTTAGGTTGCCAGTATTTATGTARACAACAAGGCCCGTTGACACACATC TGTAACTCCTAGTACTGGGCCTCAGGGGCAGA

GRCAGGTGRAGCCCTRGAGTT TRRATTCCAGATTCT STBAGARACT LT R T U TG APAGACAATATGETGACTSACCLGHE
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AGGATETCTGATATTGPCTTCTGSCCARCACACARCIATCTCTGCACA T ST GTAGTTGCRAGCCTTTTGCACTARGTT TS

GCCRGRGTCAGAGTTTGCAAGTGT T TG TGGACTGRETGCACGTGT TGCT 23 TGETCTACRAAETCACCCTCITTOTCR
CTAGCAGCACTGGCTTCHGCCAGCTSCTCAT TCARAGCCTCTTTGCAGEGTCATCACSGEGATHEGEEGAGLAGGGCCCTTC
CCTAGRACACCARGCCTETRGTTGE T T AT TCAGGACA T TAT TEGAGGGCCAAGATGACAGRTARCTCTATCACTTGGCURA R

CAGTCGGETGTTGCGETETTAGGT TR T TTCTGTGTCTSTAGAAMACAG TECARCCTEGATARANGARATAABTGRTRATCL

TTTTTCATTCAGGCAACTAGRTTCLGTGETACAARASGLTCCCTEGEIAACEAGECCELGACAGCECGGLTCCTSMGTES

CTATTTCCGTCTCTCRAECTTCTCTARTC TCTTGAT T TCCTCCCTCTGTCTGTTTCCTTCC TC TTGCTGGEECCCAGTHER,

GTCTETGTACTCACEGGEAGGAGGETSBCEEAGCCCTSGTCCTCTACERECTGHGACARGGRGEGAAGCTETCEANCTAS

TGACTTTTTCCCCTTTCTCT T TT TS TTAGRAACCESTCTCABTTTAAG ATEAGTCTCCTCATTCACGTOTECTCALT

ATTCATASGGACTTATCCACCLCCGTCCTGTCAATCT RGCTRAGTAAGETAAGTCAAATT TARARGGGAACGTTTTTOTA

ABAATGTGRCTGGRCCETGTGCCIECHCGAARCCAL ATGGCGGTCTEAGTTRACATGCTCTCTGCCABCTCCGETEICT

TTTCCTTTCGGARAGGAGRCCCGRRASETARABCGARETTGLCCARCT TTTEATGATGGTGTGCGCCEGETGACTCTTTANE

ATGTCATCCATRACCTGGEATAGGGAGGCTCT TCASZGAGTCATCTAGCCETCCCTTCAGGARRAGATTCCACTTCCGAT
TTAGTTAGCTTCCACCTSGTCCCTTRATCCGCTGTCTCTGCCCACTAGTCCTCATCCATCCGETTTCCGLCCTCATCCRALC
TTGCCCTTTTAGTTCCTAGARAGCASCACCETAGTC T TEGCAGETGEGCCATTEGTCACTCCGETACCACTGTTACCATG
SCCACCARGGTGTCATTTRRATATGAGCTCACTGRAGTCCTGCGGOATGGCTTGGTTGCTRRATATGC TTCCTGCRABATCG
TGAGAACTGGASTTCAATTCCCRGCACRTGGRATGTAT TTCCAGCACCTGSAAGGCAGEEAGCAGAGRTCTTRARAGCTCCT

GGECCAGACAGCCCAGCCTART TAGTAPATCAGTGAGESACCCTGTCTCARGR2ACARGATGGAACATC2BAGGTCABLCTE

TTGTCTCCACACBCACRARTACRCACATGCACRTACATCCACACACRGGTAALCEBCATSCACACACCTEARCACCCTCTA

CAAATACATACATARARARARTANAT ACETACACACRTECATACATACACCRACATTCCCTCTCCTTRASTCTCCTGGCTAC
GCTCTTETCACCCCCACTARGGCTTCARCT TCTTCTRTT TCTTCATCT TSRACTCCTCTGTACTT TGCATGCCTTTTCCAG
CARAGGCTTTTCTTTARARTCTCCGTCATTCATARACTCCCTCTARRATTTCTTCCCCTGCCCTTTTCT TTCTCTCTAGGGE
GATARAGACACACRCTACARBGTCRCCGTGGGACCAGTTTAT TCACCCACCCACCCCTGCTTCTGTTCATCCGGCCAGET
AAGTAGTCCAACCTCTCTGETGCTGTACCCTGGACCETGECTTCACCACAGCTCCTCCATGCTACCCAGCCCTSCAARCC

TTCAGCCTAGCCTCTGETTCTCCAACCAGCACAGECCCAGTCTGECTTCTATGTCCTAGABATCTCCTTCATTCTCTCCE

TTTCCCTCCTGRATCTACCACCTTCTTTCTCCCTTCTCCTGACCTCTARTSTCTTGGTCARACGAT TACRAGGRAGCCAR
TGRARTTAGCAGTTTGGGETACCTCRAGRGT CAGCRAGGGEAGCTGEGATGAET TCACATTTCCAGGCCTTTGCTTTGCTCC
CCGGATTCTGACAGECAGTTCCGRRGLTGAGT CCAGGAAGCTGARTTT AAAETCACACTCCAGCTGGGTTCTGRAGGCRG

CCTACCRCATCRAGCTGGCCCTGACTGRAGCT GTGTCTGEGTEGCAGTGETGUTEGTGETGCTGGTGETGCTGGTGGTGETG

GTGGTGGTGGTGETGETGGTGRTGETGGTGTGTGTGTGTGT TTTCTGCTTT PACARRACT TTTCTAATTCT TATACARRG
GACIAATCTGCCTCATATAGGCAGRE BGATGACTTATGCCTATATARGE TR TAARGATCACTTTATGCCACTTATTAGCE
A']‘AGTTAC’[‘GTCF&.‘.N‘.GT‘“.“.TTCTP.TTTP.'[‘ACP.CCCTTRTF‘.CATGGTATTGCTTTTGT'I'GGAGP.C‘X‘CTPA'U\.TCCAG.‘.’I‘T
ATGTATTTAALAARAPATTCCCCAGTCCTTAAARGGTGAAGRATEGACCCRASGATAGAAGGTCACGGCECARGTATGGAGT
CGGAGTGTGGAGTCCTGCCAATGGTCTGGACAGARGCLTCCAGAGAGGGTCCAAGACAAATGCCTCGCCTCCTARGGARL

ACTGGCAGCCCTGATGAGGTACCAGAGRTTGCTAAGTGGAGGAATACAGGATCAGACCCATGGAGGGGCTTAAAGCETGA

CTETAGCREGCCCTCCGETGAGGGGLTCCAGETGGGLACCCAAGGTGCTGCAGTGEGAGCUECATGAGRGGTGATGTCTTG
GAGTCACCTCGGGTACCATTGTTTAGGGAGETGGEER T TTGTOG TGTGGAGACAGGCAGCCTCARGGATGSTTTTCARCA.
ATGGETTCATGAGTTGGAACTARBACAGGGGCCATCACACTGGCT CCCATAGCTCTGGGCTTECCAGCTTCCRCATCTGCC
CCCCACCCCCTGTCTGGCACCAGCTCARGCTCTGTGATTCTACACATCCRAARGAGGAAGRITAGCCTACTGGGCATGCC
ACCTCTTCTGGRACCATCAGETGAGAGTGTGGCARGCECTAGGCT CCTGTCCAGGATGECRGGGCTGCCAGATAGGATECTC

ESGCTATCTCCTGAGCTGSRAACTATT TTRAGGAATAAGEATTAT GCCCBCCCGGEGTTGGCCAGCACCCCAGCAGCCTETGE

TTCATGTATCTGAARAGCCACRCRACCATTTTTCACATCATGGCATCT TCCTARCCCCCATTCTTTTTTGTTTTGTTTTT

TTGAGACAGGGTTTCTCTGTGTAGT CCTGGCTGTCCTGGRACTCACTT TG TRGACCAGECTGEUCTCGPACTCAGARATS
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CTGGGAT TALAGGTGTETGCCACCACGCCCEGCCCTARCCCCCATTCT TRAATGETGATCCAGTSGTTGRART TTCGEECE

ACACACATGTCCAT TAGGGATTAGCTGCTGTCTTCTGAGCTACCTGGTACAATCTTTATCCCCT GGGECCTGEECTCCTG

ATCCCTGRACTCGEECCCGATCARGTCCAGT TCCTGGICCCHATCAIGTCCAGTTCCTEGGGCCCEARCRAGTCCAGTCCCT

AGCTCGAT TEGCTCATCCTGGCTCECTGGCCTGTTCT TACTTRACECTCT TECCCTTGETCTSGACT TETTSCTTTCTTTR

CTCRAGT TG TCTGCCACAGTCCCTARGECACCTCTGTARGACAACT AN GAT EATACT TCCCTCAAGCACGEALAGTCCTG

2GTCACCACACCCTCTGGAGGTEGTGTGGACACATGTTCATGCGTGTGETTGCGCTTACGTACGTETGE
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Sequence ID No. 18: Human Beer Genomic Sequence (This gene has two exons, at

positions 161-427 abd 3186-5219).
tagaggagaa gtetttgggg agggtttget ctgageacac

ctgagggaaa

agaggggcett

ggtggcgtygc

cctgetgata

tgatgccacyg

gaacaacaag

gaccaaaggt

aacttctett

ccagcactgg

gccttecadat

gaggacgcetg

aaaagaaaag

raccactggg

caccggacac

cccaggaggt

ggtagtgaga

tgtgggg999

cccctgeagt

catgggacca

taaaaaggcy

cectectetgyg

cacacagcct

gaaatcatcc

accatgaacc

atggggtgga

tgggagygctt

tcgaggaaca

tcaggtgcag

gggtggtgag

gtttcaaaga

aagggaacaa

tctatgectagg

gaacccccag

agagctgagg

tgtgggggac

gtgcattgec

gceectgecee
accgtgtctc
ctggtaccat
tccgtgtagt
ccgagetcgg
gggcggagaa

ggagagaatt

ggaagactgg
gtcttgeceg
aggcatgagg
ggtatggcat
aCCCCCtCéE
ggtaagggag
tggtggerge
ctcgaagggg
tgtgaacctyg
agatctccac

catggcctge

agcectgtect

ggctggagac

gcagctecca

ggagggccag

agagtaccce

€ggagggcgg

cttagtaaaa

ggtagaccca

gaggetggggg

caacagacgc

cagggcatca

gggaatatag

cctecccatce

cecccaccaca

aagaaacagg

gtttgatcca

aaagcagtgg

ccagggaget

ceocttteoet. ecctecgqgg 60

cattggctgg

cagagcotgt

ctggccctgt

gggtggcagy

gagcctecac

ccteccecace

gatcectggygg

gtgaagattg

aagaatggct

tggtgagage

gaacaggctc

gagccacgtc

acagaacagc

cagaccecaca

ttccaggcac

actgcaagat

ggaggaagge

ggcacttgaa

catgaagcag
gctactggaa
gtctegtetg
cgttcaagaa
cggagctgga
acccctttga

aggttttaga

ctggectectyg
cgectggtgea
ccagggcagyg
aggggctcag
cagctgetgg
acctgtgggy
tcatggaatc
tcagtaactt
agecctggty
cagagaggca

ggaatgggag

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



ttttcggeac

agcagceatcc

cttgectcat

acagagaagc

atgggggcegt

aggtggcaga

tgttgggact

tcttcaaaat

tgggetccag

tggactccca

tctgcagagg

tcecctgggea

aaaccagccce

tgtgettget

tcttaagact

gggtggactg

accataggag

tetgeoctgee

gtgeccagca

agctcagggce

cccagcccag

ggtgctggga

agcrctagee

tctgtgcagyg

tccaggggayg

ccaggtgaca

ctgaaatgac

gaagtccact

atggggtgct

ggaggacaag

cgactgcctg

cgagaggcca

aagtgcctgg

aatgcceccec

acagaccaga

cttcagagty

atttttcatt

gtactcacac

acatggtcaa

cagggagtat

gagagceagyg

cecetatggta

ccteccatygg

ccccagggaa

cctgacatgg
agtagggaca
ggagaaggaa
gtgtgcatct
acttcagact
gcccaggete
daaaagggca
ggcgcctccé
aagggctgta
cagccectga
cctaggggeyg
tgaccacacé
aagcageccece
g999tgg9g9g
ctttecttgtce
gacgaccage
ggtgtgtgca
caccatgagg
tcaatgtttyg
ggaaagtaac

atgctegaac

gtggagtecg

gtgcagectga

tctgtectea

gaggaaccct

ggctctataa

aagagcttee

ctggacccca

actgcatggg

cecacagete

aggaacccaa

ggaagccaca

ctattctcga

cacattccag

agacgatgge

gtggcctteot

acattggaac

tatttaaaaa

ggggatcagg

cgcccattea

tggcagctga

gacagtaaaa

gcagagecte

gagatgcagc

gtccaggece
gcagccacce
gggttecctgg
ttggcaggaa
ctgteecreceg
geccteceecy
aggceccageca
ceettetagyg
actacaaaatyg
tgctcaaaac
aaagccgeaa
ccctgcagayg
agtggccaca
crgtceccte
tatccccatg
gctecccaccee
ccaggecteg
gataacacag
acctgtaggt
agcagcecte
cactecttgec

ccagectttt

tggaggggag
cagtcccaac
tcaggcectgce
tcetgaggcece
gccattatcc
cctcacaacc
ggacccteey
caaggtcagc
tceacettge
aaagtcatga
aatgecccect
gtgaggatgc
tctecectge
tctggtttgg
aaacctrtgg
atctaagtece
gagcceaatce
aacaagaaat
tttgggtcag
agcteeatee
ggagccaaaa

gggcaagttc

DK/EP 2261335 T3

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400

2460



ttttotetgg

tgattcettt

ccacagcage

gtccacecect

tgtgctgagt

ataagaagac

atatgtgcoa

ggcggcccat

ctgcagtgag

cagggtgcgc

tgttcagggy

gacgggccgyg

ccacagacgt

ggcegtgeeg

cgcgectgct

tccgetgcat

aggcgecgeg

gcttccacaa

gccggaaged

cctactagag

Cccacatttc

acccagggcea

cccecetcagec

ctgggcctea
caagtctaat

tgccotgatt

cccaagtyge
acttaccctg
cccagaagag
aatggtattt
tttgcagaca
cgatggagcec
aégagagctt
caaaagcctc
teccagggcag
gtccgagtac
cagcgecaayg
gecccaacgec
ceeccgaccage
cgcgcgeaag
ccagtcggag
geéggceeecge
cccgecegeg

tgtececteotge

gtattctcat tgataatgag
gaattcctgt cctgatcace

tattaccttc aattaacctc

tggaaaagga atttgggaga
ccecaggcecag ggaccetgeg
agatgataat aataatacat
tctgcattgc gtgtgtaatg
ggaagaagég agaggttaag
ctggtgtttg aaccccagca
tcocaccaget ctagagcatc
tggagacagyg cttggcaaaa
gggtggccag grgggcggec
agctgecgeg agectgeactt
ccggtcaceg agetggtgtg
atcggcegeg geadgtggty
taccgegege agegegtgea
gtgecgcetgg tggectegtyg
ctcaaggact tegggaccga
geccggageg ccaaagccaa
ccceteececa €cggegggcey

gcgtggtttg attgtttata

ggggttggac

tecectecag

tactecttte

agccagagcce

gcacaagtgt

aacagecgac

gattaactcg

gaacttgeccee

gtcatttgge

tgggaccttc

gcagggctgg

accctcacgc

cacccgcetac

cteccggeecag

gegacctagt

gctgctgtgt

caagtgcaag

ggcegetegy

ccaggccgag

ceeeggeect

tttcattgta

acactgeett
tecectegeet

tccatccect

aggcagaagg
ggcttaaatc
gctttcaget
caatgcttgg
aagatgacac
tcegagggga
ctgcaatéga
ggtggagaga
gecgcetetcet
gtgaccgatg
tgeggeccyg
gggcccgact
cceggtggtg
cgectecacece
ccgcagaagqg
ctggagaacy
gaaccegege

aatgccectgeca

DK/EP 2261335 T3

2520
2580

2640

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720

gggggctgag accttccagg ccctgaggaa toecgggege cggcaaggee 3780

cgccagcetga ggggtcccac ggggcagggy agggaattga gagtcacaga 3840



cactgagcca
aggcagaaat
aaagtceagy
cagaaagcet
gtcetggete
ctcaatttec
ggcatatgat
gaaagagaga
gagttgtgat
agagtctatt
tteoceeagect
catcatcecat
atcogececa
tecacctteeg
gccatcacaa

cacggacaca

ttacactaaa
tgcagagcat
tactttctgt

tatgaaagcc

aagaatgaaa’

atttatgcaa

agtctgttet

cgcageeceyg

ggaagcattt

gactggttaa

gaggcgtgcee

tgccactaac

actttgtaaa

tccaaggact

gaatgaatge

gcetotettet

tatggectgac

ggctteceecy

tggggtagaa

acttcccaaa

aagagaagtg

actcacagac

tttctgccta

agaatattat

aatagctgee

gtagttttta

tgcaggactg

gtagtggotte

aagtrttLce

tccagagtcee

cctetgggge
tcaccgceck
gaaagttgga
cagagcacaa
ttgctgtgta
atgagggtgg
Fcagtgcctt
agttgcattg
gacagccaaa
atatttacgg
gatgtttgge
aaggagaggg
gagcagcatc
aaaggttcaa
cagcacatcc

gaaaacagct

tgggggaaaa
acccaagaat
attgttaaaa
gtcgtttttt
ttaaagagét
tgtagagaat

agagacattg

cgcctacett

ggggttttaa

taagattece

gactgggggc

accttgaact

aggtgggaat

ttgaatgggc

attcagtgec

gatgaaaaac

ctgacaaact

tacctecace

tccgaggagty

cocrceecega

ggacactggce

cttttgagac

tcttactgct

actacaagtg

ctttttgaaa

aaaaaaagtt

tggcaattct

aagttacata

gacaatgtta

ttaataaaga

tgctggtecce
gggagcggtyg
ccttgcacet
aactgtagat
acacaattct
aggatctcga
agaggtgaga
aaggtéactt
aaacagaaaa
cotggaagaa
ccreceateece
gtgggaggga
ccecatageca
cttgcaggcce
accgecttet

cttacatgtg

ctgtacatat
atcattteca
ttaaacagaa
tccacgtggg
ttratcttet
atattgctte

caatgaatca

acttcagagg
tgggagtggé
cgetgeceat
gtggtttcta
ccttegggac
ggagactatt
gagagagaga
ccagaattca
azaaaagtaa
gctatgetge
aaagaaatad
tagaaatcac
tgttttaaag
cgagggagcea
gcccaccact

atggcatatc

gctgagaaac
gacaacctct
gcacatgaca
acttgtccac
cacttaagtt
atgaattaac

tgaccgaaag

DK/EP 2261335 T3

3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220



gatgtggtct
tcttggtcac
ggcaattatg
atttctrcac
ccatgctgge
tagcﬁccccc
gcttgactee
coctgettee
aggattcaca
gatcectete

trctgtrete

cattttgtca

tagagctoca

tettectttg

ccagggcatg

ttcraaaatyg

ttgceccagga

caccteccac

ttagtttgece

ttacttgtca

tecctctgagg

catttgacag

accacacatg

acctrggaca

aaaagtcatg

gtaataacct

ctgttcteat

tcaagtgcag

tccaccaage

atccacactt

tctettecce

ttccagceec

tcattcatgg

acgtcatttc

cacetttgac

tttatcccrt

cagccttgta

tgtatcactc

ttoececctate

ttecetactga

agcaccecca

taacecttcea

ttttgtctac

aggaccagcec

tgtcaaagtt

tgotetotgg

cctttccaaa

tccttttage

ccctgctcaa

tgacatggga

ctccaaatgy

ataactaatc

gagatgttcce

accactactt

tggccaagte

gacaccette

tggcecttyt

cccagaccgce

agcctccect

aagcctteca

ggcecttotet

tcatgcagat

ctetttettt

aatctcecat

tggttcctaa

ctgcttagta

DK/EP 2261335 T3

5280
5340
5400
5460
5520
5580
5640
5700
5760
5820

5880

ctggcataga

tcttegaagt

agecctectge

tagctgagtt

ggtgggatgg

cccacaaaga

ttgaattaat

cttcetgggg

catgagtgtc

ctgagaggca

tgtttgtttg

caacacaaag

gtggatttga

acttctctca

agcatcttca

tcaactggaa

aagctgaggt

catcatgatc

ctccageoccc

tcagggccca

gtgeggtceca

ttttgagaca

ccaagtacaa
tgcecteoetgg
aagtctcgec
gatgaagagt
agctttaéat
cectectgat
aagtctttga
cgaggaggcc
gaatatgaga
gtgggtgggyg

gagtereget

ttcaggacca

gtagaaatgt

tcceccaaggt

aaccctaaag

taagtccage

gacttgtcag

taggtgtgag

tcagtgagce

gcaggtagga

acacgggete

ctattgceca

getcacagga

aggatcttca

gtcttaatag

ttactcttea

ctaccttggg

tttaactacc

tgggtatcag

cctgeagaaa

aacagagaca

tgggtcaggt

ggctggagtg

aacttcatct

aaagtgggcc

tgctggatge

gttgececctaa

ggaacceace

aataacccac

tggecggtoco

atccatgeat

tcttccatce

ttgtgttgte

cagtgtcaca

53840

6000

6060

6120

6180

5240

6300

6360

6420

65480

6540



atctcggett

cagagtagct

agagacgggg

gcectgcecteg

ggttggtgtt

catacttggg

acatgggcaa

actgcaactt ctgccttcec

gggattacag gtgcgtgeca

tttcaccatg ttggccagge

gecteccaaa gtgctgggat

tgaatctgag gagactgaag

ctcagttcecet tgcectacec

taaccaggtc acactgtttt

ggattcaagt

ccacgcctgg

tagtctegaa

tacaggcgtg

caccaagggg

-ctcacttgag

gtaccaagtg

gattetcetyg

ctaatttttg

ctcttgacct

agccaccaca

ttaaatgttt

ctgcttagaa

ttatgggaat

DK/EP 2261335 T3

cctecagecte

tatttttgat

caagtgatct

cccageeecca

tgcccacage

cctggtgggce

ccaagatagg

6600

6660

6720

6780

6840

6500

6960

agtaatttgc tctgtggagg ggatgaggga tagtggttag ggaaagettce acaaagtggg 7020

tgttgcttag

caaagactgc

taccgagtcc

aaacctaggg

cccattacca

tttatggaaa

gaacaaacaa

ttetgggggt

gggatagaag

tctctcacac

grtacaaatca

ggaccccaaa

agagcctgea

gtgccatgtc

aacccaactc

agattttcca

aagtgcatgg

ttgccatgty

tetgetttet

cgagggggaa

gttatattet

cagacctage

acagccagac

gaaataggrc

acacacacag

ggccacattt

attcectgtt

gaagccacct

ccacacccge

ccamatcatt

ggtggagaag
ctgctcatgg
caaggcaaca
gggacctgéa
aaaaacctga
acctacatgg
tgggaggggc
tcagggettg
cctrretetce
acacacacac
acacaaggag
ttccttgaat
gcgagtaage
ccacctecea

gqattataact

ggggctteta

gt agaagaga

tgggggrace

gatacaggat

aggctaaatt

ggtctataag

agcatttrgt

tattaatagt

tetctetete

acgctctgta

gtaaaggaaa

caggcaggac

caagttcaga

cetgetectt

ctagaaccta

ggcagaaggc

arccaccatt

aggaattcca

ggatcageece

gtaggtcggg

cctggegeca

tgtagggggc

ctgagagtaa

tetctetcece

ggggtctact

agaacgttgg

ttacgcagct

gtcacagaca

gacacagccc

caccatecett

atagcccaag

cctcaacatg

agcaatgtec

aggctgcaat

ttagaggtta

atcagaaaag

ggggcacatg

gacagacaga

actctcreto

tatgcteccaa

aggagccaca

gg99a9g9tgg

ccaaaagetg

tgtgctccac

cctaccacat

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

78 00

7860

7920



coecacecca

ctcagctatt

aggcagggga

tegtttacac

gacccaatct

gcgtggtggce

gaggtcacga

acaasaatta

acaggagaat

cecectecagee

actgcaggaa

cagcaccgac

aatgacgttce

gagagactaa

atgcccaatt

agctggcagc

gagatggaag

tggtcatgec

aaggagaggg

gactggatgce

ttcttggaac

gggcagcettt

atattcectcet

ctgtaggcca

gggcagtaaa

tcacacctgt

gttagagact

gcaaggecatg

ggcttgaacc

ctggcaacag

gaacccaggt

tecctgecagga

tgcrttagag

attcatcatt

tcectacaat

gagcagerge

gagaggggtyg

agcagattta

tggggatgga

cagctgtgag

ctgecctetg

gaccaacagc

tagtcaatgc
agcgtaatta
ttatatggtg
aatcccagta
ggcctggcéa
gtggcatgea
caggaggcag
agcaagactt
aatgaatgég
aaggcgagac
accgaacctg
ccttggcagg
tgteotggggt
aggtaggaga
cagagcacac
aggcggaggce
gaggaagaga

ccaggeacca

EERRCI PERVIE S )

toctteteect

tgaggctect

gaccatgtge

ttaacagcte

cccatgetat

ctttgggacg

gcatggcaaa

cctgtaatee

aggttgcagt

catctcaaaa

gagaagagag

actgggtcat

agcectgaaa

tactgaatca

gcctaagett

gataggtacc

acctecectg

aggggagatg

gggtgatcat

tgtccaaggyg

tttgtggetyg

ctggtetgee

ccacttctac

taagagctge

tcaagygcyggg

aceecatcee

caggtactcg

gagccaagat

gaadaaggat

gggctgagtc

gggtactgaa

gtgecatgect

tcrettacgy

ctgecceacea

¢cataagggag

cctgacaact

gggcgggaga

tcattcatte

caggcaaggyg

gagatgcagg

cagggtggte

tctaaaaaat

aacttgctgg

tggatcacct

tactaaaaat

ggaggctgag

tgtgccactg

actgtcaatc

accatagtgg

gggtgccectg

grtcatgggt

ccgecocctceca

agagggccag

gtgggaaaga

tcctgaggge

ggaagtgaaa

cattgctact

ccctagetet gggoatgtgg ttgtaatctt

ggageeteat ggagctcaca gggagtgetyg gcaaggagat ggataatgga cggatascaa 9180

atasacattt agtacaatgbt cegggaatgy aaagtbcteg aaagaasaat asagctggty 5240

accatataga CAGCCCEaasa QUOUNONCARd0 cracarabtl cbrancamet morae s emnm 02300

DK/EP 2261335 T3

7980

8040

8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060

9120
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SEQUENCE LISTING

[0248]

<110> Brunkow, Mary E.

Galas, David J.

Kovacevich,

Brian

Mulligan, John T.
Paeper, Bryan W.
Van Ness, Jeffrey
Winkler, David G.

9301

<120> COMPOSITIONS AND METHODS FOR INCREASING
BONE MINERALIZATION

<130> 240083.508

<140> US

<141>1999-11-24

<160> 41

<170> FastSEQ for Windows Version 3.0

<210>1
<211> 2301
<212> DNA

<213> Homo sapien

<400> 1
agagectgtyg

tggceoctgtyg
ggtggcaggc
agcctceacce
ctecececcacca

tcaceccgceta

gctecggecea
ggcgacctag
agctgergtg
gcaagtgcaa

Adarcactoa

ctactggaag
tctegteotge
gttcaagaat
ggagctggag
cceectttgag
cgtgaccgat

gtgcggeecg
tgggccegac
tccoggtggt
gégcecteace

accaragdaq

gtggegtgee
ctgctggtac
gatgccacgg
aacaacaaga
accaaagacg

gggcegtgcece

gcgegeetge
ttcegetgea
gaggcgecge
cgcttecaca

qaccagaaqac

ctcetetgge
acacagectt
aaatcatcec
ccatgaaceg
tgtcecgagta

gcagcgcecaa

tgcccaacgce
tccecgaceg
gcgecgegcaa
accagtcgga

cagcaagcocoocd

tggtaccatyg
cegtgtagtyg
cgagctcgga
ggcggagaac
cagctgecge

gceggteace

catcggeege
ctaccgegeg
ggtgcgectg
gctcaaggac

cagcccagaac

cagctcccac
gagggccagg
gagtaccecy
ggagggegge
gagetgcact
gagctggtgt

ggcaagtggt
cagcgegtge
gtggcctegt
ttcgggaccg

accaaaacca

DK/EP 2261335 T3

60
120
180
2490
300
360

420
480
540
600

660



g~y -3
accaggcega
gceecggecc
atttecattgt
atccegggeg
gagggaattg
ttgctggtec
agggagcggt
ccettgeacc
caactgtaga
tacacaattc
taggatctcg
cagaggtgag
caaggtcact
caaacagaaa
tcctggaaga
ccetceatct
ggtgggaggg
acccatagcec
ccttgcaggc
caccgectte
tectracatgt
gctgtacata
aatcatttcec
tttaaacaga
ttccacgtgg
atttatteee
aatattgctt

acaatgaatc

<210>2
<211> 213
<212> PRT

gctggagaac
tgaacccgeg
aaatgcctge
ccggcaagge
agagtcacag
cacttcagag
gtgggagtgg
tcgetgeeca
tgtggtttet
tcetteggga
aggagactat
agagagagag
tccagaatte
aaaaasaagta
agctatgctyg
caaagaaata
atagaaatca
atgttttaaa
ccgagggagc
tgcccagccac
gatggecatat
tgctgagaaa
agacaacctc
agcacatgac
gacttgtcca
tcacttaagt
tatgaattaa

atgaccgaaa

<213> Homo sapien

<400> 2
Met Gln
1
Ala Phe
Ala Thr

35
Glu Leu
50
Pro Pro
65

Ara Glu

Leu

Arg

Glu

Glu

His

Leu

Pro Leu

val val
20
Ile Ile

Asn Asn

His Pro
70

His Phe

Ala

Glu

Pro

Lys

Phe

Thr

gcctactaga
cecccacattt
aacccagggo
ccccctcagcA
acactgagcec
gaggcagaaa
gaaagtccag
tcagaaagcec
agtcetgget
cetcaattre
tggecatatga
agaaagagag
agagttgtga
aagagtctat
cttececagee
acatcatcca
cateccgeceo
gtcaccttcc
agccatcaca
tcacggacac
cttacactaa
ctgcagagca
ttacttretg
atatgaaagc
caagaatgaa
tatttatgca
cagtctgttc

g

Leu

Cys
Gly Gln
2
Glu Leu
40
Thr Met
S5
Glu Thr

Ara Tvr

Leau
Gly
Gly Glu
Asn
Lys

Val

gcccgeoege
ctgtectetyg
agggggctga
ccgccagcety
acgcagccee
tggaagcatt
ggactggtta
tgaggegtge
ctgccactaa
cactttgtaa
ttccaaggac
agaatgaatg
tgctetectte
ttatggcrga
tggcttccec
ttggggtaga
aactteccaa
gaagagaagt
aactcacaga
atttctgeet
aagaatatta
Laatagctgce
tgtagtbttt
ctgcaggact
agtagtggtt
aaagtttrtc

ttccagagtce

val Cys
10
Trp Gln
5

Tyr

Arg Ala

Asp Val
75

Thr Asop

gccectecee
cgegtggtet
gaccttccag
aggggtccca
gcctetgggyg
ttcaccgecc
agaaagttgg
ccagagcaca
cttgctgtge
aatgagggtyg
tccagtgect
cagttgcatt
tgacagccaa
catatttacg
ggatgtttgg
aaaggagagg
agagcagcat
gaaaggttca
ccagcacatc
agaaaacagc
ttgggggaaa
cacccaaaaa
aattgttaaa
ggtcgtetet
tttaaagagt
ttgtagagaa

cagagacatt

Leu Leu val

Ala Phe Lys

30

Pro Glu Pro
45

Glu

60

Asn Gly

Ser Glu

Tyr

Glv Pro Cvs

accggeggge
gattgtttat
gccctgagga
cggggcaggg
cagectacct
tggggtttta
ataagattecc
agactggggg
aaécttgaac
gaggtgggaa
tttgaatggyg
gattcagtge
agatgaaadaa
gctgacaaac
ctacctccac
gtccgagggt
ceccteecceg
aggacactgg
ccttttgaga
ttertactge
aactacaagt
tctetttgaa
aaaaaaaagt
ttggcaattc
taagttacat
tgacaatgtt

gttaataaag

His Thr
15

Asn Asp

Pro Pro

Gly Arg

Ser Cys
80

Ara Ser

DK/EP 2261335 T3

720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2301



Lys
Leu
Gly Pro
130

Gin
145

Leu
Leu Val
Glu

Ser

Lys

Pro

Leu

115

Asp

Leu

Ala

Leu

Pro

val

100

Pro

“Phe

Cys

Ser

Lys

180
Arg

85
Thr

Asn

Arg

Pro

165

Asp

Pro

Glu Leu

Ala

Ile

Ile
135

Cys
Gly Gly
150
Lys Cys

Phe Gly

Arg Ala

val

Gly

120

Pro

Glu

Lys

Thr

Arg

Cys

105

Arg

Asp

Ala

Arg

Glu

185

Ser

90

Ser

Gly

Arg

Pro

Leu

170

Ala

Ala

R

Gly

Lys

Tyr

Arg

155

Thr

Ala

Lys

Gln

Trp

Arg

140

Ala

Arg

Arg

Ala

Cys

Trp

125

Ala

Axg

Phe

Pro

Asn

Gly

110

Arg

Gln

Lys

His

Gln

190
Gln

=]

95

Pro

Pro

Arg

val

Asn

175

Lys

Ala

Ala

Ser

Val

Arg

160

Gln

Gly

Glu

185

Leu Glu Asn

210

<210>3
<211> 2301
<212> DNA

Ala Tyr

<213> Homo sapien

<400> 3
agagcctgtg

tggcecetgtg
ggtggcaggce
agcctccacc
ctceccecacca
tcacccgcta
gcteeggeca
ggcgacctag
agctgergtg
gcaagtgcaa
aggccgctag
accaggccga
geeccggeee
atttcattgt
atcccgggcg
gagggadttg
ttgctggtcee
agggageggt
cccttgeacc
caactgtaga
racacaattc

tagaatctca

ctactggaag
tctegtetge
gttcaagaat
ggagctggag
ccectttgag
cgtgaccgat
gtgcggeccg
tgggecegac
tcceggtggt
gcgcetcace
gccgcagaag
gctggagaac
tgaaccegeg
aaatgceLge
ccggeaaggce
agagtcacag
cacﬁtcagag
gtgggagtgg
tcgetgececa
cgtggtttct
tcetteggga

aggagactat

200

gtggecgtgee
ctgctggtac
gatgccacgg
aacaacaaga
accaaagacg
gggcegtgcee
gcgegecetge
ttcegetgea
gaggegeege
cgcttccaca
ggccggaage
gcctactaga
ccccacattt
aacccagggc
ceccectecage
acactgagcc
gaggcagaaa
gaaagteccag
tcagaaagcoc
agtcctgget
cctcaattte

tggcatatqga

cteectetgge
acacagcctt
aaatcateccce
ccatgaaccg

tgtccgagta

'gcagcgccaa

tgcccaacge
tccccgacey
gcgcgegeaa
accagtcgga
cgcggeccey
gccecgeeege
ctgeccctetg
agggggctga
ccgecagetyg
acgcagecce
tggaagcatt
ggactggtta
tgaggcgtgce
ctgccactaa
cactttgtaa

ttccaaggac

205

tggtaccatyg
ccgtgtagty
cgagctcgga
ggcggagaac
cagetgecge
gceggtcace
catcggecge
ctacegcgey
ggtgcgectg
gctcaaggac
cgccecggage
gccectecce
cgegtggttt
gaccttecag
aggggtesca
gcctetgggg
ttcaccgeee
agaaagttgg
ccagagcaca
cttgctgtgt
aatgagggtg

tecagtacet

cagetecgac
gagggctagyg
gagtaccceg
ggagggeggc
gagctgcact
gagctggtgt
ggcaagtggt
cagcgegtge
gtggectegt
ttegggaceg
gccaaagcca
accggeggge
gattgtttat
gcectgagga
cggggcaggyg
ccgectacct
tggggtttta
ataagattcc
agactggggg
aaccttgaac
gaggtgggaa

tttgaataqqg

DK/EP 2261335 T3

60
120
180
240
300
360
420
480
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600
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840
900
960

1020
1080
1140
1200
1260
1320



cagaggtgag
caaggtcact
cagacagaaa
tectggaaga
ccctceatet
g9tgggaggg
acccatagcc
ccttgcagge
caccgeette
tettacatgt

gctgtacata

aatcatttcc
tttaaacaga
ttccacgtgg
atttatttre
aatattgctt

acaatgaatc

<210> 4
<211> 23
<212> PRT

agagagagag
tccagaattc
aaaaaaagta
agctatgetg
caaagaaata
atagaaatca
atgttttaaa
ccgagggagc
tgcececaccac
gatggcatat

tgctgagaaa

agacaacctc
agcacatgac
gacttgteca
tcacttaagt
tatgaattaa

atgaccgaaa

<213> Homo sapien

<400> 4

agaaagagag
agagttgtga
aagagtctat
cttcccagec
acatcatcca
catcegecce
gtcaccttee
agccatcaca
tcacggacac
cttacactaa

ctgcagaged

ttactttctg
atatgaaagc
caagaatgaa
tatttatgca
cagtctgttce

g

agaatgaatg
tgctctctete
ttatggctaa
tggctteece
ttggggtaga
aacttcccaa
gaagagaagt
aactcacaga
atttctgecet
aagaatatta

taatagctgc

tgtagrtett
ctgcaggact
agtagtggtt
aaagttttte

ttccagagte

cagttgcatt
tgacagccaa
catatttacg
ggatgtttgg
aaaggagagg
ggagcagcat
gaaaggttca
ccagcacatc
agaaaacagc

ttgggggaaa

cacccaaaaa

aattgttaaa
ggtegttttt
tttaaagagt
ttgtagagaa

cagagacatt

gattcagtge
agatgaaaaa
gctgacaaac
ctacctccac
gtccgagggt
ccctcécccg
aggacactgg
ccttttgaga
ttcttactge
aactacaagt

tctttttgaa

aaaaaaaagt
ttggcaattc
taagttacat
tgacaatgtt

gttaataaag

Met Gln Leu Pro Leu Ala Leu Cys Lsu Val Cys Leu Leu Val His Thr

1

5

Ala pPhe Arg Val Val Glu Gly

<210>5
<211> 2301
<212> DNA

20

<213> Homo sapien

<400> 5
agagcctgtg

tggecctgtyg
ggtggcaggce
agccteeacc
ctececcacca
tcaccecgeta
gctecggeca
ggcgacctag
agctgctgtg
gcaagtgcaa

Elnlslalaslainialel

ctactggaag
tcteatetge
gttcaagaat
ggagctggag
cccetttgag
cgtgdacegat
gtgeggeceg
tgggccegac
tcceggtggt
gcgeoctcace

araCAdAAT

gtggegtgcce
ctgetggtac
gatgccacgg
aacaacaaga
accaaagacg
gggceegtgec
gegegeetge
ttcecgetgea
gaggcgcecgce
cgcttecaca

aonoagaage

10

ctectetgye
acacagecett
aaatcatceg
ccatgaaccg
tgtccgagta
gcagcgccaa
tgcccaacge
tcceegaceg
gcgegegeaa
accagtcgga

[gf=laleislafalalaule]

tggtaccatg
cegtgtagtg
cgagctegga
ggcggagaac
cagctgecegce
gceggteace
catcggeege
ctaccgcgeg
ggtgegeety
getcaaggac

coaccCaaaac

15

cagctcecac
gagggccagg
gagtaccceg
g9g98gggcggc
gagctgcecact
gagctggtgr
ggcaagtggt
cagcgcgtge
gtggecctegt
ttcaggaceg

accaaaacoa

DK/EP 2261335 T3

1380
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D B

accaggccga

gececcggeec
atttcattgt
atceeccgggeg
gagggaattg
ttgetggtec
agggagcggt
ccetegeace
caactgtaga
tacacaattc
taggarcteg
cagaggtgag
caaggtcact
Caaacagaaa
tcctggaaga
ccctecatet
ggtgggaggg
acccatagec
ccttgcagge
caccgeette
tcrtacatgt
gctygtacata
aatcatttce
tttaaacaga
ttccacgtgg
atttatttic
aatattgere

acaatgaatc

<210>6
<211> 213
<212> PRT

D g e

getggagaac

tgaacccgeg
aaatgecetge
ceoggraaggce
agagtcacag
cacttcagag
gtgggagtgg
tcgetgecea
tgtggtttet
tecectteggga
aggagactat
agagagagag
tccagaattc
aaaaaaagta
agctatgctg
caaagaaata
atagaaatca
atgttttaaa
ccgagggage
tgcccaccac
gatggcatat
tgctgagaaa
agacaacctec
agcacatgac
gacttgtecea
tcacttaagt
ratgaattaa

atgaccgaaa

<213> Homo sapien

<400> 6

SO g g g

gcctactaga

ccccacattt

aacccaggygc

-cecoceteage

acactgagcec
gaggcagaaa
gaaagtccag
tcagaaagcee
agtecctgget
cctcaatttc
tggcatatga
agaaagagag
agagttgtga
aagagtctat
ctteecagee
acatcatecca
catccgeeec
gtcacctteo
agccatcaca
tcacggacac
cttacactaa
ctgcagagca
ttactttctg
atatgaaagc
caagaatgaa
tatttatgea
cagtctgttce

g

he A R et

gececegeecege

ctgtecctetyg
agggggctga
cogecagety
acgcagecee
tggaagcatt
ggactggtta
tgaggegtge

ctgeccactaa

cactttgtaa
ttecaaggac
agaatgaatg
tgctctette
ttatggctga
tggcttcecce
ttggggtaga
aacttcccaa
gaagagaagt
aactcacaga
arttctgect
aagaatatta
taatagctgc
tgtagtrttt
ctgcaggact
agtagtggtt
aaagttttte

tteccagagte

Met Gln Leu Pro Leu Ala Leu Cys

1 3

Ala Phe Arg Val Val Glu Gly Gln
20

Glu
35.

Glu

Ala Thr Ile Ile Arg Glu Leu

40

Glu Leu Asn Asn Lys Thr Met
58

His Pro Phe Glu Thr

50

Pro Pro His

Leu Ile Cys
10

Gly Trp Gln
25
Gly Glu Tyr

Asn Arg Ala

Lys Asp Val

P - Rt e

gcecectecce

cgegtggttt
gaccttccag
aggggtcecca
gcetctggag
ttcaccgece
agaaagttgg
ccagagcaca
cttgetgtgt
aatgagggtg
tccagtgcecet
cagttgcatt
tgacagccaa
catatttacyg
ggatgtttgg
aaaggagagg
agagcagcat
gaaaggttca
ccageacate
agaaaacagc
ttgggggaaa
cacccaaaaa
aattgttaaa
ggtcgtttet
tttaaagagt
ttgtagagaa

cagagacatt

Leu Leu Val

Ala Phe Lys
30
Pro Glu Pro
45
Glu Asn Gly
60
Ser Glu Tyr

3

accggeggge

gattgtttat
gcectgagga
tggggcagygg
ccgcectacet
tggggtttta
ataagattce
agactggggg
aaccttgaac
gaggtgggaa
tttgaatggg
gattcagtge
agatgaaaaa
gctgacaaac
crtacctceac
gtecgagggt
ceccteccecy
aggacactgg
ccttttgaga
trcttactge
gactacaagt
tctttttgaa
daaaaaaagt
ttggcaatte
taagttacat
tgacaatgtt

gttaataaag

His Thr
15

Asn Asp

Pro Pro

Gly Arg

Ser Cys

DK/EP 2261335 T3

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
22290
2280
2301



65

Arg Glu Leu

Ala Lys Pro

Leu Leu
115
Pra

130

Gly Asp

Gln Leu Leu

145
Val

Leu Ala

Ser Glu Leu
Pro

195

Lys

Leu Glu Asn

210

<210>7
<211> 2301
<212>DNA
<213> Homo

<400>7

70
Phe
85
Thr

His

Val
100
Pro Asn

Phe Arg

Pro

Thr

Glu

Ala

Cys

Gly

Arg Tyr

Leu Val

val

Cys

75
Thr
20

Asp

Ser Gly

105

Ile Gly
120
Ile
135

Gly

Pro

Glu

150

Ser Cys
165
Lys

180

Asp
Pro

Arg

Ala Tyr

sapien

Lys

Phe

Arg

Cys Lys

Gly Thr

Arg

Asp

Ala

Arg

Glu

Gly Lys

Arg Tyr

Pro Arg
155
Leu Thr
170

Ala Ala

185

Ala Arg

200

Ser

Ala Lys

Gly Pro Cys

Gln Cys Gly

110

Trp Trp Arg

125

Arg Ala Gln

140

Ala 2Arg Lys

Arg Phe His

Arg Pro Gln

130
Gln

Ala Asn

205

DK/EP 2261335 T3

80
Arg Ser
95
Pro Ala

Pro Ser

Arg Val

val Arg
160
Asn Gln
175
Lys Gly

Ala Glu

agagcoctgtyg ctactggaag gtggcogtgec cteoctetgge tggtaccatg cagetcecac

tggcecectgtyg tctegtetge ctgetggtac acacagectt ccgtgtagtyg gagggcecagg

ggtggcagge gttcaagaat gatgccacgg aaatcatccg cgagetegga gagtaccceg

agcctccace
ctececccacca
tcacccgeta
gcteccggeca
ggcgacctag
agctgetgtyg
gcaagtgcaa
aggccgetcg
accaggccga
geececggeee
atttoattgt
atccecgggeg
gagggaattg
ttgctggtee

ggagctggag
cceetttgag
cgtgaccgat
gtgcggeeeg
tgggeccgac
tceccggtyggt
gcgeetcace
gcegeagaag
gcrtggagaac
tgaacccgeg
daatgectgc
ceggeaagge
agagtcacag

cacttcagag

aacaacaaga
accaaagacy
gggcegtgec
gcgegeetge
ttcegetgea
gaggcgocge
cgctrecaca
ggccggaage
gcctactaga
cccecacattt
aacccaggge
cececteage
acactgagcc

gaggcagaaa

ccatgaaccyg
tgtcegagta
gcagegecaa
tgececaacgce
tcceecgaceg
gcgocgcgcaa
accagtcgga

cgeggeeccg

'gcchcccgc

ctgtoectetg
agggggcetga
cecgecagetyg
acgcagccec

tggaageatt

ggcggagaac
cagctgecge
gccggtcace
categgeege
ctaccgcgeg
ggtgcgeetyg
gctcaaggac
cgecooggage
gccectecece
cgecgtggttt
gacettecay
aggggtecca
gcctctgggy

ttcaccgecce

ggagggcggc
gagectgcact
gagctggtgt
ggcaagtggt
cagegegrge
gtggectegt
ttcgggaccyg
gccaaageca
accggeggge
gattgtttat
gecetgagga
cggggcaggyg
ccgectacct

tggggtttta

60

120
180

240
300
360
420
480
540
600
660
720
780
840
300
960
1020



agggageggt
cocettgeace
caactgtaga
tacacaattc
taggatctcg
cagaggtgag
caaggtcact
caaacagaaa
tcetggaaga
cccteoceatet
ggtgggaggg
acccatagcece
ccttgcagge
caccgecttc
tcttacatgt
.gctgtacata
aatcatttce
tttaaacaga
ttccacgtgg
atttattttc
aatattgett

acaatgaatc

<210> 8
<211> 213
<212> PRT

<213> Homo

<400> 8

Met Gln Leu

1

Ala Phe Arg

Ala Thr Glu

35

Glu Leu Glu
50

Pro Pro His
65

Glu Leu

Ala Lys Pro

Leu Leu
115
Pro

Gly Asp

gtgggagtgg
tcgctgeeca
tgtggtttct
tecttcggga
aggagactat
agagagagag
tccagaattc
aaaaaaagta
agctatgetyg
caaagaaata
atagaaatca
atgttttaaa
ccgagggagc
tgcccaccac
gatggcatat
tgctgagaaa
agacaaccte
agcacatgac
gacttgtcca
tcacttaagt
tatgaattaa

atgaccgaad

sapien

Pro Leuw Ala

Val Val Glu

20

Ile Ile

Asn Asn Lys

His Pro Phe

70
His E Thr
85
Thr

Val Glu

-100

Pro Asn Ala

Phe Arg Cys

gaaagtccag
tcagaaagce
agtcectggcet
cctcaatttc
tggcatatga
agaaagagag
agagttgtga
aagagtctat
ctteceagee
acatcatcca
cateccgeeec
gtcaccttce
agccatcaca
tcacggacac
cttacactaa
ctgcagagea
ttactrttctyg
atatgaaagc
caagaatgaa
tatttatgca
cagtetgtte
g

Leu

cys

Gly Gln

25

Glu Leu
40
Thr Met
55

Glu Thr

Arg Tyr

Leu Val

geu
Gly
Gly
Asn
Lys
Val

Cys

ggactggtta
tgaggegtge
ctgcractaa
cactttgtaa
ttccaaggac
agaatgaatg
tgetetette
ttatggctga
tggecttccce
trggggtaga
aacttecccaa
gaagagaagt
aactcacaga
atttcotgect
aagaatatta
taatagctgc
tgtagttttt
ctgcaggact
agtagtggtet
aaagttttte

tteccagagte

Val Cys
10
Trp Gln

Glu Tyr

Arg Ala

Leu

Ala

Pro

Glu

agaaagttgg
ccagageaca
cttgetgtgt
aatgagggtyg
tccagtgect
cagttgcatt
tgacagccaa
catatttacg
ggatgtttgyg
aaaggagagyg
agagcagcat
gaaaggttca
ccagcacatc
agaaaacagc
ttgggggaaa
cacccaaaaa
aattgttaaa
ggtcgtteet
tttaaagagt
ttgtagagaa

cagagacatt

Leu Val

Phe Lys
30
Glu Pro
45

Asn Gly

60

Asp Val
75
Thr

90

Asp

Ser Gly

105

Ile Gly
120

Ile

Arg

Pro Asp Arg

Gly Lys

Tyr

Ser

Gly

Gln

Trp

Arg

Glu Tyr

Pro
Cys Gly
110
Trp Arg
125

Ala Gln

DK/EP 2261335 T3

ataagattcc
agactggggg
aaccttgaac
gaggtgggaa
tttgaatggg
gattecagtgce
agatgaaaaa
gctgacaaac
ctagctccac
gtccgagggt
coctececceg
aggacactgg
ccttttgaga
ttcttactge
aactacaagt
tctrtttgaa
aaaaaaaagt
ttggcaatte
taagttacat
tgacaatgtt

gttaataaag

His Thr
15
Asn Asp

Pro Pro

Gly Arg

Ser Cys
80
Arg Ser
95
Pro Ala

Pro Ser

Arg Val

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2301



130
Gln Leu
145
Leu Val

Ser Glu

Arg Lys

Leu

Ala

Leu

Pro

Pro Gly Gly

135

Glu

150

Ser

165
Lys
180

Arg

195

Leu Glu
210

<210> 9
<211> 642
<212> DNA

Asn

Ala Tyr

Cys Lys Cys

Asp Phe Gly

Pro Arg Ala

Lys

Thr

Arg
200

<213> Cercopithecus pygerythrus

<400> 9

atgcagctcc
gtggagggcec
ggagagtacc
aatggagggc
cgagagctgce
accgagttgg
cgcggeaagt
gegcagegty
ctggtggccet
gactteggte
ggggcecaaag

<210>10
<211> 213
<212> PRT

cactggcect
aggggtggcea
ccgagectee

ggcetecceca

acttcacccg

tgtgctcecgg
9§t99090CC
tgcagectget
cgtgcaagty
ccgaggccyac

ccaatcagge

gtgrertgtc
ggcctteaag
accggagetyg
ccaccecttt
ctacgtgace
ccagtgcgge
gagtgggeee
gtgtcccggt
caagcgeetc
tcggecgeag
cgagectggag

<213> Cercopithecus pygerythrus

<400> 10
Met Gln Leu
1
aAla

Phe Arg

Thr Glu
35
Glu

Ala
Glu Leu
50
Pro His

65

Pro

vy ey T A

Pro Leu

Val val
20
Ile Ile

Asn Asn

His Pxo

Ala

Glu

Pro

Lys

Phe

Leu Cys

Gly Gln

Glu Leu
40
Thr
55
Glu

Met

Thr

70

Wi e Dha

Thv

Avr TN

Ala Pro Arg

155

Arg Leu Thr
170

Glu Ala

185

Ala

Ser Rla Lys

tgcctgetygg
aatgatgccea
gagaacaaca

gagaccaaag

gatgggcegt

ccggeacgec
gacttecget
ggtgccgege
acecgcttee
aagggccgga

aacgeeotact

Leu val

Cys
10
Gly

Trp Gln

25
Glu

Gly Tyr

Asn Arg Ala

Lys Vval

75

Asp

=Y Thy

140

Ala Arg Lys

Arg Phe His

Arg Pro Giln

Val Arg
160
Asn Gln
175

Lys Gly

190

Ala Asn Gln

208

tacacgcagc
cggaaatcat
agaccatgaa
acgtgtcega
gccgeagege
tgcrgcccaa
gcateccega
cgegegegey
acaaccagtc

ageegeggee

ag

Leu Leu

Ala Phe

30
Pro Glu
45
Glu Asn
60

Ser Glu

Ty DvA

val

Lys

Pro

Gly

Tyr

Ala Glu

cttcecgtgta
cccegagete
ccgggeggay
gtacagetge
caagocagte
cgcecatecggce
ccgctacege
caaggtgcge
ggagctcaag
cecgecgeccag

His Ala
15
Asn Asp

Pra Pro

Gly Arg

Ser

Cys
80
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642



ThY FLW YD ALy

95

Gln Cys Gly Pro

110
Trp Trp Pro
125

Ala

Arg

Arg Gln Arg

140

Ala Arg Lys Vval

Arg Phe His Asn

175
Arg Pro Gln Lys
190
Ala

Asn Gln Ala

205

DT L

Ala

Ser

val

Arg

160

Gly

Glu

MY UAU NTU 4D CUS Adid Sy Sy VG4 i D
85 90
Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly
100 105
Arg Leu Leu Pro Asn Ala Ile Gly Arg Gly Lys
115 120

Gly Pro Asp Phe Arg Cys Ile Pro Asp Arg Tyr

130 135
Gln Leu Lsu Cys Pro Gly Gly Ala Ala Pro Arg
145 150 155
Leu Val Ala Ser Cys Lys Cys Lys Aig Leu Thr

165 170
Ser Glu Leu Lys Asp Phe Gly Pro Glu Ala Ala
180 185
Arg Lys Pro Arg Pro Arg Ala Arg Gly Ala Lys
195 200

Leu Glu Asn Ala Tyr

210
<210> 11
<211> 638
<212> DNA
<213> Mus musculus
<400> 11
atgcagccct cactageccc gtgcctcate tgcotacttyg
gtggagggce aggggtggea agccttcagg aatgatgcoca
ggagagtacc cegagectec toctgagaac aagcagacca
ggcagacctc cccaccatco ctatgacgcc ‘aaaggtgtgt
ctgecactaca cccgottoct gacagacgge ccatgccgea
ttggtgtget ccggecagtyg cggoccegeg cggetgerge
aagtggtggc geccgaacgg accggatttc cgctgeatcec
cgggtgcage tgctgtgece cgggggegcy gegecgeget
gcctogtgea agtgcaageg cctcaccege ttccacaace
gggecggaga ccgegeggec goagaagggt cgcaagecgc
aaagccaacce aggcggaget ggagaacgcce tactagag
<210> 12
<211> 211
<212> PRT

<213> Mus musculus

<400> 12

tgcacgetge
cagaggtcat
tgaaccggge
ccgagtacag
gcgecaagec
ccaacgecat
cggategeta
cgcgeaaggt
agtcggaget
ggeoeggcge

cttetgtget
cccagggett
ggagaatgga
ctgccgegag
ggtcaccgag
cgggcgegty
cegegegeag
gcgeetggtg
caaggactte

ccggggagee

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

1

5

10

15

Ala Phe Cys Ala Val Glu Gly Gln Gly Trp Gln Ala Phe Arg Asn Asp

DK/EP 2261335 T3
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Glu
35
Asn

Ala Thr

Glu Asn

50

His His Pro

65

Leu His

Tyr

Pro Val Thr

Leu Pro Asn

115
Phe

Asp Arg

130
Leu Cys Pro
145
Ala Ser

Leu Lys AsSp

Pro Arg Pro

195
Ala Tyr

210

Asn

<210>13
<211>674
<212>DNA

20

val Ile Pr

Gln Thr Me

Tyr Asp Al

70

Thr Arg Ph
85

Glu Va

100

Ala

Len

Ile G1

Cys Ile

Gly Gly Al

15
Lys Cys
165
Phe Gly Pr
180
Ala

Gly AY

Pro

25

o Gly Leu Gly Glu Tyr

40

t Asn Arg Ala Glu Asn

55

a Lys Asp Val Ser Glu

75
e Leu Thr Gly Pro
30

Gln

AsSp

1 Cys Ser Gly

105

Cys

vy Arg Val Lys Trp Trp

120

Asp Arg Tyr Arg Ala

Lys

135

a Ala Pro

0
Arg Leu

© Glu Thr
Ala

200

g Gly

<213> Rattus norvegicus

<400> 13

gaggaccgag
cctgectget
agaatgatgc
tagagaacaa
atgacaccaa
ccgacggecc
gccecgogeg
ccgacttceg
gcggegegge
tcacccgett
agaagggtcg

agaacgccta

<210> 14

tgcccttect
tgtacatgca
cacagaaatc
ccagaccatyg
agacgtgtec
gtgccgeagt
gctgetgeeoe
ctgcateceg
gcegegetey
ccacaaccag
caagccgegy
ctag

cecttctggea
geecttegttg
atccecgggac
aaccgggecg
gagtacagct
gecaageecqgg
aacgceat cg
gatcgetace
cgcaaggtge
tcggagctca

coeegegeee

Arg

Thr

Ala

Lys

Ser Arg
155
Arg Phe
170

aArg Pro

185

Ala Asn

ceatgoaget
ctgtggagag
tcagagagta
agaacggagg
gcedogaget
tcaccgagtt
ggcgegtgaa
gegegeageg
gtctggtgge
aggacttcgg
ggggagecaa

30

Pro Glu Pro
45

Gly Gly

60

Arg

Tyt Cys

Ser

Cys Arg

Gly Pro Ala

1190

Arg Pro Asn
125

Gln Arg Vval

140

val

Lys Arg

His Asn Gln

Gln Lys Gly
190
Ala

Gln Glu

2058

ctcactagee
ccaggggtag
cccagagect
cagacceece
gcactacacc
ggtgtgctcg
gtggtggege
ggtgcagety
ctegtgcaag
acctgagacc

agccaaccag

Pro Pro

Pro Pro

Arg Glu
80
Ala Lys
95
Arg Leu

Gly Pro

Gln

Leu

val
160

Leu
Ser Glu
175
Arg Lys

Leu Glu

cettgeeteg
caagccttca
cctocaggaac
caccatectt
cgecttecgtga
ggccagtgeyg
ccgaacggac
ctgtgcecey
tgcaagcgec
gegeyggecge
gcggagetgy
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<211> 213
<212>PRT
<213> Rattus norvegicus

<400> 14

Met Gln Leu
1 5
val

Ser Lieu Ala Pro Leu Ala Cys Leu Leu Val His Ala

10 15

Ala Glu Ser Gln Gln Ala Phe

20
Ile

Ala Phe Val Gly

25

Trp Lys

30

Asp

Ala Thr Glu ile Pro Gly Leu Arg Glu Tyr Pro Glu Pro Pro Gln

35 40 45

Glu Leu Glu Asn Asn Gln Thr Met Asn Ala Glu Asn

50

Arg Gly Gly Arg

55 60

His Pro Tyr Asp Thr Lys Asp Val Ser Glu Ser

70

Pro His

65

Pro
75 80

Phe Val Thr

90

Glu Leu His Tyr Thr Arg Asp Gly Pro Cys Arg Ser

85 95

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gln Cys Gly Pro Ala

100 105 110

Leu Leu Pro Asn Ala Ile Gly Arg Val Lys Trp Trp Pro Asn

115 120 125
Ile

135

Pro Phe Arg Cys Pro Asp Ala Gln Val

130

Gly Asp Arg Tyr Arg Arg

140

Pro Gly Ala Ala Pro val

150

Gln Leu Leu Gly Arg Ser Arg Lys Arg

145 155 160

Ala Ser Leu Phe His Asn Gln

Cys
165
Asp

Leu Val Lys Cys Lys Arg Thr Arg

170 175

Ser Glu Leu Lys Phe Gly Pro Glu Thr Ala Arg Pro Gln Lys Gly

180
Arg

185 190

Pro Pro Arg Ala Arg Ala Asn GIn Ala Glu

200

Lys Gly Lys Ala

195 205

Glu Asn Ala

Tyr

Leu

210

<210> 15
<211> 532
<212>DNA
<213> Bos torus

<400> 15

agaatgatgce
tgaacaacad
agaccaaaga
atgggecegtg
cggegegect

acttcegetg

cacagaaatc
gaccatgaac
cgcctecgag
cecgcagegee
gctgeccaac

catccecegac

atcceccgage
cgggeggaga
tacagectgec
aagccggtca
gccatcggee

cgctaccgeg

tgggcgagta ccccgagecte

acggagggayg acctccecac

gggagetgea cttcacccegce

ccgagctggt gtgectcgggce
gcggcaagtg gtggecgcoccoea

cgcagcggygt gcagetgttyg

ctgccagage
caccectitg
tacgtgaceg
cagtgcggec
agcgggccceg
tgtcetgged

60
120
180
240
300
360



gcgeggegee gegcgegege aaggtgegeo tggtggocte gtgcaagtge aagegectca

ctcgettcca caaccagtcec gagcotcaagg acttegggct cgaggecgeg cggccgcaaa

cgggccggaa getgeggeoe cgcgeecggg gcaccaaagc cagoecggges ga

<210> 16

<211> 176
<212> PRT
<213> Bos torus

<400> 16

Asn Asp Ala

1

Leu

Arg

Cys

Ser

65

Ala

Ser

Val

Gln
145
Gly

<210>17
<211> 35828

Pro

Pro

Arg

50

Ala

Arg

Gly

Gln

Leu

130

.Ser

Arg

Glu
Pro
35

Glu
Lys
Leu
Pro
Leu
115
Val

Glu

Lys

<212> DNA
<213> Mus musculus

<220>
<221> misc_feature
<222>(1)...(35828)
<223>n=ATCorG

<400> 17
cgcgttttgg tgagcagcaa tattgegett cgatgagect tggegttgag attgatacct

ctgctgeaca’ aaaggcaatc gaccgagetg gaccagcgea ttegtgacac cgtctectec

gaactrattc graatggagt gtcattcatc aaggacngcec tgatcgcaaa tggtgctatc

Thr

Leu

20

His

Leu

Pro

Leu

Asp

100

Leu

Leu

Leu

Glu

Asn

His

Val

Pro

85
Phe

Cys

Ser

Lys

Arg
165

Ile

Asn

Pro

Phe

Thr

70

Asn

Arg

Pro

Cys

Asp

150

Pro

Ile

Lys

Fhe

Thr

55

Glu

Ala

Cys

Gly

Lys

135

Phe

Arg

Pro
Thr
Glu
40

Arg
Leu
Ile
Ile
Cly
120
Cys

Gly

Ala

Glu
Met

25
Thr

Tyr
val
Gly
Pro

105

Ala

Pro

Arg

Leu

10

Lys

val

Cys

.Axg

90
Asp

Ala

Arg

Glu

Gly
170

Gly

aArg

Asp

Thr

Ser

75

Gly

Arg

Pro

Leu

Ala

155
Thr

Glu

Ala

Ala

Asp

60

Gly

Lys

Tyr

Axrg

Thr

140

Ala

Lys

Tyr

Glu

Ser

45

Gly

Gln

Trp

Arg

Ala

1235

Arg

Arg

Ala

Pro

Asn

30

Glu

Pro

Cys

Trp

Ala

110

Arg

Phe

Pro

Ser

Glu
15
Gly

Cys

Gly

Arg

95

Gln

Lys

His

Gln

Arg
175

Pro

Gly

Ser

Arg

Pro

80

Pro

arg

Val

Asn

Thr

160

Ala
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cacgcagcgg
atcctgegtg
aaacctggtg
gaatgtgegg
ctggcttect
cagcagtgcc
gatccgecott
gtttaaggcg
gaaaagaaag
tctgtttttg
aagcggtcaa
tactccecge
ceccaaagtgce
taccacgttc
cctagttctg
acgttacaat
ataccctaga
acttagatgg
gcaccactag
ctttagtcat
agataaaagt
aagaccccat
atggctgagg
taggacctge
acttgggggc
tcaaacacca
acggttggat
cgtggcetgtg
agctcagtcg
agaagccagg
ttatctgecag
tcetttgeee

aactgcatac

gggcttecgg
ctcagggcygt
tggacagcge
cctttecetgt
tatcctetce
taaatttgga
ttctaactec
actgtragtta
ttctrcacce
gtactgaggg
aagcatcaygg

caatcgaaaa
atgagccage
ttgataccaa
cgctggatgt
atgtccgcac
gtcgatagta
gttacggggc
tttecgttct
gaaacgacag
tccgtggaat
acatgagaat
gcatgaagcg
ctgacctcag
tcttaacagg
cagtgaggtc
ctgggtgtgg
agaggaagta
aaaaaaacaa
gaaatgtgta
gttattaata
tggcatgatc
ttattaaagt
ggctgtaagg
tgcectagect
aggttgcatg
tatggtgttc
tggtggtaga
cattcteget
ctgcatagtc
gggcttggeg
taggttgecet
tctatgcaaa

ctaaagccaa

cacatcctet
gagaggcaga
tctggectcag
cctgeagaat
taggtagaca
tgttgtgagg
catcgtattg
cCagtgtggt
agtcaccgaa
acggaccact

ctctgccaac

¢cctcadceg
gcagaacaag
cattgaaacqg
cacaaagcaa
ggccatcatg
tgcaattgat
ggcgaccteg
tcttecgteat
gtgetgaaag
gaacaatgga
tecgoggrege
gaggagcetgg
cerctaceag
tggctgggct
accgtggaat
agcgtttect
gctgagccad
aatgataaag
tattattgag
agaatttctc
cacattgcag
cctaagcetcet
atcttrtcaat
gcagcagagce
tactgcatcg
actcttcaga
gagctgagat
cctgagcaag
ttagggaacc
gtcrcaggag
aggcatagtg
tctgaccttg

gcctasaget

caggccagtg
ggg9aggtggyg
cagecccatat
ttaggctctg
ggactctgea
ggaaagcgaa
gggggctact
aggattgatc
catttattca
caaagaactg

agaacactct

gtgaccaata
gtaaccgtca
ttgatcgaaa
atggcagcag
atggaatgtt
aétcattatc
cgggtretceg
aacttaatgt
cgagertett
agtcaacaaa
ataatacgac
actccgcatrg
ctetggcttyg
gtctettgge
gtectgectee
gtcegtgtca
ggettteceyg
acccgagceca
ctcgtatgtyg
agcagtggga
gaagatccac
gttttitgeac
gtcttacaty
cagaggggtt
cttatttcca
acggtggtgg
atatggacge
tggctaaaca
tcteccagte
cctgettget
tcaggactga
acatgggggc
tctteogtceea

agggagectg
ggcagagcect
gagcacaggce
ttcacgggay
ggagacactg
gggcetettt
ctagtgctag
cttcagggag
gtacetacee
acagaccgaa

ttaacactca

tctacaacat
gtgcecgataa
acgcgctgaa
acaagaaagec
tcccecggtgg
atttgecgggt
cratttatga
ttttatttaa
ggectetgee
aagcagagct
tcactatagg
cccagagacg
ggertgggey
cgecgegteat
gttgccatgg
ggaaatccaa
gctteteeag
tctgaaaatt
ttcttattte
gagaaccaat
gttgggttte
actaggaagce
tgtgttteet
tcacatgatt
tacggagcac
tcatcatggt
actcttcage
gactcacagg
ctcectacct
gggggacagyg
tggctgectt

getgctcage

cctgaaacte

tgtgagctge
tgcagctctt
acatcgcecac
9999999999
ctttgtaaga
gaccattcag
acattgcaga
cctgacatgt
cgtaacagge
gcecttggaat

ggccetttaa

cagccrtggt
gttcaaagtt
daacgctgct
gatggatgaa
tgttatctgg
certteegge
aaat;ttccg
aataccctct
gottectete
tatcgatgat
gatcgacgec
coceocecaace
gggtcaaggc
gtgacagctg
caacgggatg
ataccctaaa
atagagttitg
ccteectaatt
aaaaagaaaa
attaacacca
catgaatgtg
gatggcceggg
gtcctgeace
agtctcagac
ctactatgtg
gcatttgctyg
attctgtcaa
gtcageetee
caactatcca
ttgttgagtt
ggagaacaca
tgggaggatc

ctggaccaag

actttccaat
teccteccatce
cccaccececa
ggggcagtece
tactgcagtt
tcaaggtace
gagcctcaga
gacagttcca
accgtagcag
ataaacacca

cactcaggac
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240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820



ccecaccoee
ggcacaggac
attgagacce
tgggtcttac
gagtgctagg
tecececacaac
acagaggget
agggaacagc
tggctggggt
tacgggctcec
ctgttcattt
cagaaactgg
aacaccagtyg
gatacgcagg
gegetggecec
ctgggacctg
atatgccacc
agtctgtgcece
tagctgtget
catgtgtgtg
ccaccttatt
gctgetggee
aggggcatgt
gecctgageac

ccagaattcc

acctcgccag

gttaagtctt.

gctggetagt
gcagacaggt
ttgtgctcca
gagaactcce
tttggetctt
acacacacac
gctcagtgac
cctggettaa
gccectaggg
taaatctgat
aaacgtcetcet
ccttaagatt
ttattgatca
gaattcatcc
taagattttg
ttgggatgec
aatgctcectgg

cgatgacgaa

accccaagea
gatataagtg
agacattcra
tgggtaaact
attccaggtg
ataggaattg
cecgeaggatg
atgggcgtgg
gaggggagag
ttattgccaa
teccaceactg
gcatcaccca
ctagcttcta
agttcaacct
ataaaaatgg
cttcctccaa
aactagggat
atagacatga
cetrtecett
cacacatgcc
ttttgaggcea
agtgagctct
gctgggccag
cgtaaagact

cccagtgggg

aggaatgagt
cctgecgetc
ggtcagacag
tctecectetg
tagaggcttc
taccactgga
ggrggacggc
acacacacac
tgggcatttc
caccttctaa
ccacttecct
coctoctgeet
agccaaaact
cttcatgacc
aactaactca
ttaactgate
gttgtgagag
gaagtgacct
aagcaacttt

tccecgtcaaa

gttggcactg
gcttgcttaa
actctagggt
caggctagec
tgtgctacca
tgatagcagc
acaggegaat
gaccacaagt
gtcatgagat
gaggctegga
ccteceatec
cgrcctgaat
cgaggattct
cagtgcttac
taaggaacgt
agaggccecce
taagtgtcct
caatggataa
taattgagtg
ataggttgat
gggtctctte
ggagttctge
getttratge
ctgccacatc

ctttcectace

ggccacgact
gctcectgea
gacagaaggqc
tgggggaggy
ctgggtacac
cttacagaag
gcatactgct
acacacacac
tgaacatcce
atctatattt
tcgecacctac
ctgagccatg
tcagctaaat
tccttcacat
taaaaagcca
tgtgcacctt
tcacatgtta
getgttecag
aggaggtagg
gctgtacatt

ctatccacat
gottgtetge
ctattttect
tcacactcat
tgtctgactc
acacacaccg
gcctacacag
ctatttgggg
gaggcaggaa
tcttectect
aggtctgtgg
gctgeegagg
ggcatcacct
tttgaaaggg
acattecegge
acttcgaaaaa
acatgtgagc
tagtatttca
tgccecatktt
actgaacacc
cctgatcctyg
ttttctctac
cgcgttgggg
ccecageetgt

crttttactgg

ggctcagggt
gcecgcagaca
tgagagggtc
gtggcccact
agcagctteco
ttctattgac
gtatcagctc
acaéaagcta
tgaagttage
tatctttget
attgectggat
ggaacagcec
ttagacaata
ggcacgagta
gttgtettte
geracaatcca
cagaatgtac
cecectacct
atgctggaac

ctgtaacaga

tttacagaga
atggtaaatg
cLceLtctegt
ageecoeercee
cctgtagett
gaaggagctg
aaggtgggga
aagetgecegg
gagccacagce
cttcereette
cteaggacat
gcaggtcctt
acttgggcat
ccacagatte
acccatggag
ggttccagaa
cgatgggggc
gacagagagc
tttdattcatg
gtcttcaate
gggctcattg
ctccctagac
atctgadactt
ttgagcaagt

ctaggcatte

cagcagcecta
gasagtagga
acagggcaga
gcaggtgtaa
ctgtecectggt
tggtgtaacg
aagagctcat
attttgatat
acacatttecc
gecectgttac
ggtttectcte
aataactgag
aatcttactg
tgaagcttta
acctgctcaa
tacgaatatc
agctttgaca
tctgaggctyg
agecgggtecac

ctgggaaaqgc

ggaaaaacta
gcagggctgg
tgttogaate
catggcttac
gtctatacca
gggaaatccce
agggaagcag
taaccgtata
aggcagcggg
ceggggetge
cagecagety
catgcacgtc
caaggcraat
cattgaccag
cgtaageccct
agatcccaaa
cactgcatat
aggagttagg
tatgtgtata
gttccecace
gtttatcctag
ctgggactge
aggtcectag
gaaccattce

atgagtggtc

gagatactgg
ctgaatgaga
tgtcagcaga
ttggeettet
gattceccaaa
gttcaacagc
tcacgaatga
gcecttaacta
ctetggtgtt
cttctgagaa
ctgcagetct
ttagacataa
gttgtggaat
ttacaattgt
ggaaggaaca
ttaagagtdac
aggtgcatcc
ttttggaagc
ttcagcatce

tgcagacttt
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2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320

4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520



“ - - -

aaggccaggg
ccageegtte
agtgaggett
ggcattetge
cecetgtgtat
cctttggeaa
gcecttcagge
agtgttcact
ttgtgggtac
ctggtgectt
gcaggactct
tagctgggea
aatactctta
ggagacaggg
gcrcrgtygag

tagatgccaa

gecactcatgt

agtgagagag

acacagacat
atcatgtgtt
ggtrgtaact
cactgtccag
gaaaggragg
gtgcgtttga
tctttecaaa
ggatgatgat
cteccaccrtt
gccectgggg
tggcetgggy
tgratcecgtyg
caataggcet
aggtcagagc
agctageggce
caagccagtg
ttegectety
gtgtgatgag
teccttuctte
gtgatgcaga
gtgtgtgtgt
ggctcatagt
gatgcaggga
gecattgttgg

taaaaaatac

arryt b eera

ccctatggtce
tgtgettete
cacccttete
ctttacttee
ggggagactg
accctatcta
tggttctegg
gcgggtggtte
actgctaaga
gtgggtacac
agggaacagg
gctgaagtgce
aaatctgggt
aatcatcaga
agatcctgec

ttttaagcce

gaaccaggca
gagagtgcac
gtgtgccagg
tctaaggagg
gagcatgctc
cgggatcagt
aaagtggyggg
ggtagaaaga
taatgccotgt
gcceggtgga
cagaaggaga
gactcctage
ckttgtttet
tcaatcttgg
tgtaagcaag
tgagttcegg
aagggtagag
agttaagcat
gg9ggggaggt
atttttcecectg
ccaccattgo
cggaaacaga
ctgtgtgtat
ctgcaggaag
gagaggagag
ggtgtgtgtg
ttatccattt

laaiafatala calicvale s

cctcttaatc
actctggata
acatggcagt
tetttttgyga
gatctttggt
tatcttacca
ggaccatgtc
gctgaacaaa
taaaatggat
tgctaagata
aatccattac
ttggcgacta
gggcagagtg
gcaaactggc
ttaacatata

ccacatgecac

tgcacactcg
attagagttc
gagtaggaaa
gecgtgtgaag
cctgtgggaa
aaaagceccet
gactcccatc
ggggtgcaga
gaggaggtgt
tgctggaaat
gtggatcetgt
actgggtgat
gtctotgttt
aatctcacty
ccacacttca
aagatttttt
ggcgagctcec
tectgtgtggg
gaggggtggg
acagtgacct
tttecttgtc
agccgrgtgt
gtgtgtgtgt
gtgggcagga
gagggatacc
tgtgtgtgtt
atttattttt

Yela P b tatalatsh ot

cctgtcacac
gatggagaac
ggttggtcat
ctacagggaa
ctggaatgtt
ctaggcatag
cctggtttct
gcggggattg
actggcctect
aaatggatac
tgagaaaacc
accaatgaat
gecctgoetgt
taaccagaat
agagagagaa
atggacaagt

ggcttatcac
acaggaaagt
ggageetggag
gaggegttgt
acaggagggt
gctgagaact
tctgatgtag
ggagatgctc
aggtggtgge
ggccgagcat
gtatggccag
gtttatecgag
tgtttegtet
catagcccag
gagactagac
tteccageege
ctgtgcagga
gagcaggtgg
gatgaggtga
ttggectete
cttgagaaat
gtgtgtgtgt
gtgtttgtgt
aggaataagc
agagaaggaa
grttatattt
atgtgecacgt

ASeTeTYC o Acaa

ccaacccgag
acggecttge
ccteattcag
tatatgctga
tectgectagt
tggcecctogt
ccccagcata
catcccagag
ctectgaccac
tggcctotet
aggggctagg
accagagttt
gatcccagaa
agcaaaacac
taaaacattg

gtgegtttga

acacataatt
gtgagtgagc
tttgtgrata
gtgggctggg
ggccaccctyg
ttaggtaata
gaggatctgg
ttaattctgg
cattcactca
caaccctgge
cggggtcaca
tgcteottgty
tttgagacag
gctgcggaga
tccaccctge
caggtggagt
gaaatgcaag
atgaagagag
gaggagggca
cctececcac
tctgagttte
gtgtgtgtgt
gtatgtgtgt
tgtaggctga
attaagggag
gtattggaaa
gtgtgtgecet

lalalalaloiartotale

ceettetect
tagttaaagyg
ggaactetygg
cttgttttga
ttttceeeat
tctggagcect
tggrgttcac
ctcecggtgee
ttgcagagct
ctatceactt
agcagggagyg
ggatctetag
ctcgggaggce
tgagctctgg
aagaagacag

acacacatat

tgaaagagag
acacccatge
agagggagcce
actggagcat
cagagggtec
gccagagaga
gcaagtagag
gtcagcagtt

ctcagcagay

tctggaagaa

ggtgcttggy
tgccaggeac
actcttgcta
gag9g9g9gaggy
gaatgatgac
gtggagtggc
caagagatgyg
aggctgggcet
gctcectgea
ttcecettete
cacttcactyg
gtgtgtgtgt
cagtgggaat
ggcagrgtgyg
ctacaagagyg
tacattcttt
gcatgagttc

s R Xalalaielalelal

DK/EP 2261335 T3

5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480

6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
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Gy ey e e
aactggagtt
ccratgeaag
ttctctraaa
gtcattaagt
atgtgaccat
cacctecttge
tgaagtcaca

acacactact

gtgtatgcac
tecctggage
acttgaatct
tctcegectyg
tgtacattgt
geccatectec
tacatggttt
tcacaaagtg
ctggagagat
tggtggctca
gctacagtgt
caccccagaa
accactgtte
cacacatttg
tacatgtatt
ggggatgtca
aggttgaact
tattcttttt
tgcagttcaa
accacacctg
tgaagggatg
tetcececaact
tgtggattcg
ccttetcact
tggagagatg
tcccagecatg
cagttttceyg
gcatggtgat
cagttaccac
acagcecgcete
agtctgetct
cccaactetyg
cccacagect
acagtatacc

cgggggecac

agccatcett

R Ra-Ra-te]
ggaggaggtt
agcaggaagt
atacacgtgg
teccggeacag
cacccecatg
tetgectetg
cagccetgcac

gtactgeatt

atgtgecaca
tggagttaca
aaagcaagca
ggttccattg
tttgtgctaa
tgcctcagcee
catgttttgt
tgcagttcac
ggcactgact
cagccatcta
actcacataa
agcecactee
aggcttcetaa
tgtgectcoat
tattrattgt
gagtattgtyg
caggtcatca
ttttccectg
agtgactcce
actggatcat
actggactgg
gagctatttc
gggttggagt
actctctacce
gotcageegt
ccattgctgg
cggtggagaa
atgcttgttg
gtctcceectg
cececaacygcta
gagtactgtg
ccagctcaat
cttttgcaga
cactecctge
tccaccetta

tectgtaatt

PP e g
gtgagtccec
gcagttatet
cagagacatg
gcaagcacct
ttcttcatgt
tegetggaga
ccettectgyg

ctetogetet

tgtgtacaga
ggcagegtgt
cttttaacty
tatggacaca
gagagagtaa
tecteectect
tcaagactga
tgaatggcac
gctcttceag
taacgagatc
aataaataaa
atgttcecte
caacctggtt
acacgttctt
agtrgtgtgt
aacaggggac
tgtgtggcag
aggtgggggc
tgtcteecacce
taattctttyg
acatgagcgt
ggtttgeeag
tcaactcatc
tagatcatta
taagagcacc
gcagtagggg
cctcttgaca
tatggaagac
tttecrrgcag
gttatecgect
aggcagaatge
gacagactag
ggtctgactyg
accaccagac
gggagcacat

tatgtctctce

WYL b AL
tgacatgttt
gectgagecat
atgggattta
gtaaagccat
ccecetgteec
acagtgtgca
tctgagtatt
ctttttttaa

tactatggag
gagctgecty
ctgaggcagce
tgtagctaga
tgctctatag
gagtgctagg
aggataacat
aacccgtgat
aggtccggag
tgacgceecte
tctttaaaac
ccacgtctct
tacttgggce
tctagtaagt
gcgtgtgggc
agttcttttc
caaatgcett
ttgttccata
tcttagagta
atgggggcgg
ggaagccaga
agaacaactt
agcttgacat
attctttttt
gaatgcectt
gcgcaggtgt
ccetygetgte
tttgactgtt
gcocgggtget
acctcatgat
gtgagatcgg
ccaaggaggg
ggagggcect
acgtgcccac
gaagaagctc

cctgaggtga

MY e e

gotgggaact
ctctcecagee
cgtatggatt
caccacaacc
cteccatcete
tetgcacact
tgggttctga

acatattttt

gccagaagag
gtgtgggtge
tctcagtacce
atatcttget
cctgagetgg
atgacaggceg
tcatacagag
caagaaacaa
ttcaattcec
ttctggtgtyg
acacacacac
gcctacagta
tcttttetge
tgcatattac
ccatgecatgg
ttcaatcatg
tacccactga
gcccaaactg
ttggaattac
ggaagcgeac
gaacagcttc
acagaaagtt
tggctcctet
aaaaagactt
ccagaggtcc
tcaacgtgag
cctggtecatt
acagtgaagt
tgtccattge
gcggcagaag
ccccaacgat
caaggtgaasa
ggcagccatyg
acctgtecca
cctaagaagt

ggttcaggtt

YU Ly
gaaccceggt
ctgaaatcca
taatgtggcyg
gcaacagtga
cattctcaag
cttatgtcag
ctetgctatc

atttgttigt

gccatggecg
tgggaaccaa
cttcttcatt
tatctaatta
cctcaacctt
agtggtaact
aaggtctggyg
aactcagggg
agcaaccaca
tctgaagaca
acacaattac
cteccecaggtt
tctgtggage
tctgegtttt
cacagtgtgt
tgggttécag
gacatcreca
gcotttgcact
gatgtgtact
atgctgcagg
agtctaatgc
ctcagtgcca
aceccactgag
attaggggge
tgagttcaat
tagctgttgce
ctgggtgggat
tgggcttcca
cgegaggget
atggacgtca
ggcttectgg
ctctagggtyg
tttaggaaac
ctctggtect
tctgctectt

tatgtcectg
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8220
8280
8340
8400
8460
8520
8580
8640

8700
8760
8820
8880
8940
2000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800



tctgtggcat
gggacacggy
ccacgagcct
ggtcctcaca
agtggagata
aattatttece
tcecagagge
atctatatct
agagcgatge
attacaaaca
tttatcctga
gttgctatte
gtgtgtgeac
tgaaaggcec
tgtgcaggat
tggagagaga
tgaacctcge
ggacttcacg
cecgagcacec
gagtacceceg
cgcctgecty
atatcaggyga
tcatggttaa
acctgtetta
tgcagcctgg
ggctggtcat
agccaagttg
catttcaaaa
gagaggaaag
catgattgca
ggtcaaggat
taggttttgg
tceotggaact
ctttgagggc
agttcaagat

gctgcttgag

catgactttg
acacagtctc
gagggtgggt
gacagtcact
agattcetgg
gtttataaaa

cgtggctgee

PUDIR R

agatacatct
cactcttcat
ggtaaaggaa
gcccgacacyg
gattagtgac
ttagaattaa
tatcttgatt
gectgettcag
cttgggcagg
aacaaacaaa
attatagtgt
taagaataat
gggtgcatat
ctetgctcac
cctgaaactg
gagagcaaag
tggaccttgt
ttcteattat
ggcacatagg
tgtatagaga
taggatgtct
tttttgttga
ggtaaggaac
ggatgtcact
atggteattg
cetretreete
tgtacetcag
taacactgta
aacaaaacaa
atgtctacag
agcatggtet
attttgggct
cgctctgtag
tgggacgaat
aattaagagt

getgttcttg

agccatetece
tctttgtceta
ttececteecee
agcacctact
ctttccatta
ctagctacta

cgtgagtagg

e L k)

cagtgaccca
gacgceteec
ctatgcaaac
ccctgctgag
tagatttcca
agatactaca
ctttggaatg
agcecttececet
gttteeccect
caaacaaaca
tggtgagttce
taggaggagg
gttggaaggg
cctggecatt
actcgctgga
aaagaaacag
atgtgtgcac
ttgtatgtct
cgtctcataa
gagttgttgt
tacaggagtt
atatttcaaa
atgcctttte
cccagggtaa
tcecectatte
trtteecteee
tctttagttt
gagttgacag
aacaaaacac
gcecagttca
acgtatcgag
ttggtttttyg
accaggetgg
gccaccactyg
tgecagcekicyg
gcttggacct

agagaaggaa
ggtaacacat
ctgcetette
ggaaacctct
gggctgaaag
ttetteoaggt

gggtggggte

BT i alal

g9gtgggagy
ccacctgggt
acaggcccety
gcagacgaat
aaaagaagga
taggggecct
tttaaagtgt
gaggatggct
tttcagaata
aaggacctce
aagtcatcac
aacctagcca
gtgectgtce
tacgggaggc
cagaaacgag
cctttaaaag
atttgccaga
ccggggtcac
aagcccattet
cgtggggcac
tgcagagaaa
ttcagcttta
cagagctget
agacctctga
tgtgtgacca
ttttettteg
ccaagegget
aactggttca
cacaaaccaa
tgagaggcag
actccagcca
agacagggtt
cctcaaactt
cccaactaag
ttaaagctaa

gaaatctgec

gtgaaaattyg
ggtgacacat
tgggttggte
ttgtgggaac
tacaacggtt
aaaataccga

gggaatecctg

PN~~~

getatcaggy
tettectgtyg
acctecccat
gacattaagt
aaaaaaaggce
tgggtaagca
gececttgecag
ctgttecttt
cagggtgtaa
atttggagaa
gccaagtgct
attgcagctc
ccttggggac
tctgctggte
acttggegge
aactttctaa
gattgaacat
gcagagccgt
tatgagaacc
ccggatececa
ccttecttygyg
agtgtaagac
gcaagagygca
tcacagcagg
cagcaaccect
gcccagaatg
ctcttgetea
tgtgttatga
aaacatctgg
agacaggaag
gggctacggt
tctetgtgta
agagatctge
attccattaa
gtagaagcag

cccaacagty

tggctcccca
agcattgaac
accceatagg
atgaagaaag
cttggttgge
tgttgtggaa
gatagtgttc

N el el et lel

tgcatggeccc
tggtccagaa
gtetgttect
tctgaagcag
tgcattttaa
aatccatttt
agagcttacg
gcergttaga
agtccagcét
ttgcaaggat
tgccatccty
atgtccgtgg
agaaggaaaa
ccacggtgte
accatgagaa
gggtggttet
aaccctcﬁtg
cagccaccac
agagctgttt
gecageetggt
agggaaagaa
tcagcagtgt
ggagaagcag
agcagagctg
ggtcacatag
aagtgaccat
atacaatgtg
gagaggaaaa
gctagccagg
accgeccgaaa
cccaagatece
gcectggetyg
ctgactctge
aaaaaaaaaa
tctcaggeet

tccdagtgcea

gtcgattggg
tcteccactet
acagecacag
agcctttggg
tttgcctegt
aggccaaccc

tatecatgga

B T d
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10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960

13020
13080
13140
13200
13260
13320

13380
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aagrgytyye
ccactttcta
teccaatett
attgretrga
getertetgg
acgegeeacce
gggtgeecttt
gaagcactga
taattctttt
tgtattcecat
gaagaggctc
tgggaggtec
taacgcacte
tgtttccttt
ttgttagttt
cctgececty
cagtacagca
gctaagagtg
gtggctccag
atacccacat
ctagececcttg
ttectggetaa
atggaggaag
aggacactag
ttatgcrggg
acttttttaa
ctgagagctg
ggctgtggtg
gctageetgt

gacatcaggg
tagaagcgga
atggatgtga
atctttggtg
ttcaagaact
agaagaaccta
gcaagaggat
ccaaaccaaa
gagagcatgg
atccactgag
gttgagtaaa
caacaaaagc
tectbtecgaag
acgagatatg

taaataaatc

avayyaaiia
tgacttataa
ctaaagtctg
gagcacagac
gecteccageac
ceccaagtggg
ccaccttadg
tcttataata
acaggctttg
ttteetetgce
agagggcagg
tgcecatcegg
taaagttgta
tgtgtgtttg
tgaggtagga
cccctgteee
tttttctaac
cacactgctc
gtccagagga
acagatacac
gaggtacgac
cgtaagactt
agggatgagt
aggaggataa
tgaaaagaga
attgaaaaga
gggtgagtga
acagctacct

ggtgcatgag

cagatcctty
tgcatgagca
gtgtgtceggce
agctgtggag
gtcrattaca
tccaggtgtg
ggcgagtetg
cagcaaacce
ggtgggggtyg
accctggggc
agcatcgatt
caaaccaagg
gtecagagtt
atgccetctt

ttaaaaaaaa

ayygylyt e
acatccaggt
cectgeetttt
taacacttac
tcttaagtta
tgtggataat
ttgcctatag
cgaggataag
tecetgategt
cagogttagg
ggatggtggg
gaggaaaagg
accaaaataa
ggectttttat
tctecaggctyg
tgcctccaag
atttaaaaat
ttgggtagga
tccaggacct
acataaaaat
tctggaaagc
acagagacag
agggggagcea
ataccagtca
aggccoccagg
aaaagatgta
gacatgtgga
ctaatctcca

accctgttte

gggccaaagg
cgtgeegecag
gtcggegeac
gggaaatggg
attatetcaa
gtggtgtgca
aaggtatctg
attatgtcac
ggggtggggag
ttgactgcag
actgacttaa
ggctggtgag
caaateccag
ctggtgtgtc

adaaaaaaaa

CLLLLLLLLL
aaaaattaca
ccaggggtag
caaatgayggy
ttttaagaat
gceatggeca
tatttaagat
agattttcte
agcatagaga
ttaactccgt
gtgaggcaga
aaagtttagce
atgtcttaca
gtgtgcttta
gecttgaact
tgctaggact
aatcacctag
cctgagttta
ctggcctecca
adaatgaagce
tggcatactg
aaaagaactc
cggggaactt
ttgecaceccac
tattggetge
aatcaaggtt
caactecate
ccteegggag

agaaacttta

cggacaggcg
gcatcatgag
tgcacgtect
tagggagatc
aatattaaaa
cctatageca
gggctgtaca
acaagagtgt
acagaaatat
cttaaccttg
cctcaaatga
atggctcagt
caaccacaty
tgaagacagc

daaagccaaa

aacLLLluL
aacataazaa
gtetgtttet
aactcttgge
tctecacttgy
gcagggggea
gctaaatgtt
acaggaaatt
gaatagctgg
aaaaagtgat
gcactgtcac
ctctagtcta
ttacaaagac
taactgctgt
tctgatcgece
aaaagcacat
gggcrggaga
gttoccagaa
tgggcatctyg
ctttaaaaac
tgtaagtcca
agggtgtgcet
gggcagtgaa
tactggacaa
attggctgca
agatgagtgg
aaaaagcgac
gtgatcaagg

ataaagaaat

agtctecgtgg
agagccctag
ggctgtgatyg
ataaaatccc
aaaaagaaga
cgggcacttg
gcaagaccgt
ttatagtgag
ctaaactgca
ggaaatgata
agaaaaagaa
gggraagagc
gtggctcaca
tacagtgtac

ccgagcaadac

Luayasiuay

tggtttetet

ttgctgttect

ccatactaag
cctttagcac
ctgttgagge
ttaatcaaga
gtctttttca
atatttaact
tcagtggacc
ctgccaggca
ccaccagtgt
gtetgtttig
ggtggrgcertg
tgceectgec
gccaccacac
gagggttceca
cctatactgg
ctcttagcac
ctcctaaaac
tcteatggtyg
gggggttggg
aattetttge

ctccagggaa

tttgcgtaac

ttgetgtgag
agaaagaacg
ttagcectea

aatgaaaaaa

taaggtecgtyg
gtaagtaagg
ctggactggc
tecggaattat
attaaaaaac
gaaagctgga
cgtceccaaa
cggeeteget
gtcaataggg
agggttttgt
aaaaagaaaa
acccgactge
accatctgta
ttacatataa

caggccceca
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Louy
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120



agcagaaggc
catgggccga
tttottgttyg
ggccactcte
aggacagatc
gaaccattat
caataggaaa
aggagactgg
agagatagat
cttaggaage
gtcagagcag
cgccacagat
tgcaggtgga
acagcctcecet
cagctteege
ctceetgtygg
atagacctga
aggacccaga
tgcrgtacaa
tctaacctca

cagcctaace

ctgagaaaga
atgtaataag
ttggccgcaa
ccatgagttc
ttgectetee
ggtgctgagce
ctgggtceata
cececcagaatc
gagcaaacac
ggaatttggt
ctggcccaca
caagcteatt
gagagctgge
cacctgggag
ctgacgctaa
gaggaaacat
gggctttaaa
tectccacet
cgectgectte
ggtcatccca
crgggeggag
aagaagcaca

cttcagaggt

aggracgacg
ggagggtcca
acactacttc
tgetegettyg
gcatcattaa
ggtgctcaca
gctttectgyge
aggtcacaga
cacccecaac
aggtatcaga
ctgcattgat
ggaccggceca
cgacactgat
teeccagtett
cagcccctee
catggececte
gatggectete
gctgtetgtg
gcatgaagac
gagttgaggg
taaatgtctc

caccteectca
ctaagaaata
gaagcctggc
cctggctaag
cactggtttt
aatétggagc
ctrtcaatagt
tgcocecaac
ctttaactaa
caagctggat
gtttgttttg
ttgatatctg
tgtgteectyg
gtgccagcag
gracacccet
gggaccagee
aaggcaaccg
ggcagcatge
tgtgotgtyg
gggettggag
aatggaggca
ttagtggggg
ttgtgtgggt

gcaggeacca
gagagatagg
aattacagat
atttttectyg
ggtggecage
gaatcccggg
ccagacaggg
caaaagggcc
aatggccaca
gtceecttee
grtgtgggtga
cttacaagtc
tcattaccca
cectececaggge
tccttttgea
ctgctactge
tgatttatat
ataccataag
atgagttcga
gaaaggcagg
agtcagagat

ggtectoccat
atgagggaaa
cagggaagga
aatcacatgt
gaagagaaat
tggggtcaat
agggtgceteg
cccccaaaaa
gaccattagc
tccgecttet
agaatgcctg
aaaaccacag
ccteaccaae
caatttggaa
tctcecaccec
ctgctcecage
tatctaggct
agcccteact
agggccaggg
agtacceega
gaccteccca
ggggggtcce
ggcrageete

cgagccatce
ctggtaaget
aaaataacaa
ttacgtccag
ataatctcee
cccaggaget
ttaacagtce
agcttctaac
getggttttg
tgaggggact
cagaagatga
gaggcaggtyg
gttagcatac
tggggagtcc
ccteaggrgt
aggctgagea
atatatatcc
aggctgggga
atecccagea
tggattctgg
cctgtcteag

geacceacac
tgattttttg
actgectrty
aatggagcce
tcaagagaga
gggattectt
cacagcaagc
ggcatcette
tggéaggggt
gtagaagcee
aggggceccag
cctgactgec
geecceeece
gtttactgag
cccecaccee
cecgtecttat
ggacactgga
agcccogtge
gtggcaagcee
gectectect
ccatccctat
gggaggtgac

tgctacatca

tgtgaaaagg
cagttteret
ataaacaaaa
caggtggcgg
atcagcaggt
gceecteteee
acattccaga
aacttcacag
tctgccccga
tctgtetgee
aaaggaggac
gcagagectt
cacageggge
tccaacctte
gaacccteeco
ttggatttét
atccecttgga
gatgatatgg
accatgtgga
gggettactyg

ggaataactt

agacacacgg
ctaagaaatg
gcacaccage
aggtceetet
tctocttggt
taaaggeatce
gtgagaccct
tgcctotggyg
aacaaatgac
cacttgtttc
ggagccagac
ctgccegtgg
ccaacacaca
cttgagaagt
accceogtga
tggctggcat
gcetgtgeta
ctcatctgec
ttcaggaatyqg
gagaacaace
gacgccaaag
tggggtggtt
gggcagggac

cagggctacc
gtataccctt
tctagagcct
aagtgttcca
ggtgetgtga
aagrctggag
gcaggggaaa
ctctggtagg
aggaaactga
ttgtaaagct
ccaggcagat
gcagaagctce
taggcggacce
tgtcteagtyg
tcctctectt
ttgtgcttag
tecttacatct
taagagtgct
Zaaataacct
gcecagectagce

gggagaatga

gg9gggggta
aaattctgtg
ctataagtca
tgectggtay
cagaattgta
ctreeccaggy
aggttagagt
tggatggggg
cttggctaga
ctttgttaag
aattaaaagc
gaggtactgg
ctcctegggat
cttgggaggg
ggaggagggt
gaggcagagg
ccgagtgcocec
tacttgtgea
atgccacaga
agaccatgaa
gtacgggatg
ttagcatctt

acatttgect
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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
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
18360
18420
18480
18540
18600
18660



ggaagaatac
accecaaggea
gtatgatggt
accagtgggg
tcccacatga
ggctcectgag
cagatgcaag
ttagttccce
gggtttgtag
caggtggcac
acagcagada
atcacgcacg

agaaatgacc

cacatgctgt
aggagcatgce
ttggaaagce
tgcaggggtyg
gttgtgecee
ctgggatttt
tagacaggac
agatagagca
ccaacccaat
accagctcaa
tgtggtagca
cgaaaggece
tcacccttge
gcaagcagce
gagggggtly
acctgcectt
ctccactect
ttaggaagga
ctaaactgga
gagaagtgga
ttgaggccag
gccacgtagt
acagatgtyg
acagagctce
atctcactygce
ggtttggaaa
tcacgratce
cgettectga
ggccagtgeg
ccgaacggac

ctgtgceceg

tagcacagca
gggtggaggc
ccagagaatc
aagtgatatg
ctaccacatg
ataaagtcac
gcaaccctag
cttgceccagyg
gtggcatgtg
cacttgeect
ctgtyggagge
gaactagcag

ttgetggtea

ccctectgte
aatgcagtca
ccaaaactag
agtaaattaa
cceecceecc
tttrtrcerte
ccacacatgg
tgtccaagag
cteccttcece
ggtacacaga
aaagctatag
tctactecgee
gggagccaga
cagocctgec
gacgcgcegce
ctagcceget
ttetccatcet
ccagagccag
agagtgtttg
gatgggcgcet
cctgggetac
gceccgatgta
ggaaaagcaa
agtgttteat
tceceeggtge
aagagagaag
ctctetecge
cagacggecec
geceegegeg
cggatttcecg

ggggcgcegge

ttagaacctg
tgaggtcage
teccrteoctaag
gtgaggctgg
aggtaaagaa
ctgggagtaa
attgggtttg
gtctgctcaa
acatgagggg
gagcttgcac
agagccagca
caatgaatgg

cecattegtgt

tcctagccag
cgtLttegea
tcctteectg
gccagecaca
gtgaaggtgc
ttatgtcata
attagttaaa
aggagggcag
ggagaacaga
acaagagagt
gttttgggtc
accgccecegce
gagcoctgge
tttggggcaa
ctttggtegce
cctoccacage
cctgggatac
gtgtggctag
gttagtaggc
gagaagttca
ataaaaaccc
atagtggatg
ctttaagtac
ccectgggttce
ctccttecta
ggtggaagga
agatgtgtcc
atgccgeagce
getgetgecc
ctgcatcecg

gccgegeteg

gagggcagea
cgaagctgge
gatgaggaca
atgccagatg
ggccecaget
gaagagctga
ggtgggaacc
tgagcccaga
cagctgagtg
cctgactecea
cagagagatg
ggtggggtag
gggaggagag

taagggatgt
gaggaagtgc
ggcaaacagyg
gaagggtggc
atcctggeet
ttgatectga
agectcecat
gcatcagacc
ctétaagtca
ctggtataca
agaactcega
ccececacctygyg
atcctaggta
gttcttrtet
tttraagtct
agctgteceeyg
cgcecectgtce
aggctaccag
acaaagcctt
agaccatcca
aatctcaaaa
aagtcgttga
cecrgeecaca
caaggacagyg
taateccatac
gocagaccagt
gagtacagct
gccaageogg
aacgccatcg

gategetacce

cgcaaggtgce

ttggggggcet
attaacacgg
caggtcagat
ccatccatgg
tgaagatgga
gactggaage
tgaagccagg
gggttagcat
aaatgtceec
gctttgeete
cctggggtag
cagctggagg

cteattteec

ggaggaaagg
ttgacctaag
cctececcac
aaggcctaca
ctgcecectet
caccatggaa
ccatctaage
tagaagatat
gatccagcca
gcaggtgcta
crcaagtoge
ggtectataa
gceecceceg
cagcctggac
aatgaattct
atttattacc
ccagtggctg
gcagggctgy
gggtgggatc
tcctraacta
gotgecaatt
atcctygggge
gatcacaaag
gagagagaag
agatﬁcgaaa
ctggcctagg
gcegcgaget
tcaccgagtt
ggcgegrgaa
gcgegeageg
gtctggtgge

ggtagagagc
gcatgggcett
ctagctgctg
ctgtactata
gaaaccgaga
tggtttgatc
aggaatcect
taaaagaaca
tgtatgagca
attcctgagg
gggtggaggt
gacactccag

agcttgecac

gccaccecaa
ggcactatte
ataccacctc
cctececect
ggctttggta
cttttggagyg
tcatggtagg
ggctgggeat
cccttgagta
aacaaatgct
gagtgaagag
cagateactt
cceccoeceee
ctgtgataat
tatccctace
ttcaattaac
gtaaaggagc
ggatgaggag
cctagtacey
cacagccagt
ctgatrtetgt
aacctatttt
aaagtaagtg
ccagggtggg
gcgcagggea
ctgcagecece
gcactacacce
ggtgtgctce
gtggtggege
ggtgcagetyg
ctcgtgcaag
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18720
18780
18840
18900
18960
18020
19080
19140
19200
19260
19320
19380
19440

19500
19560
19620
19580
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20540
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300



tgcaagegec
gegeggeege
gcggagetag
attcgtttec
tggagttcce

gggtggggtt
gtgggatggg
ttaaagggaa
cracceettc
tggccactga
atagggaccg
agagaggaga
getgtttgtt
tcaaatetge
aagggccaga
gtcatattgt
gccagteace
acacattrcetc
attaaaaaga
aagctgtcag
ttactttetyg
gcacatggag
gactcatcca
ttttcteatt
atcgcrtrgr
ggcattgtta
acacacaatg
tgacaacacc
gtcacattea
accctcagcce
tttcaccgag
tctceccacaa
tgtctcttea
aggttcatgg
tecctetetet
tcattcecttc
caaagccaag
ttttacacct
caacatcagg
aggggtgtga
tcaacctcte

caacacttta

gecttocatct

tcaccegett
agaagggtcg
agaacgccta
agtgtaaagc

agcccagtag

ccegegyggee
ggtctttcta
gggagtgtgg
cacccaaatg
gtgtgatgtt
gaactctget
acaggggagg
ggectcecage
cttcaaatee
aatcacacte
aaagggattt
tcecateoett
gtctagaaac
ataacacggg
gcgecacage
tgtagatttt
gggggggtag
caaagactga
taagttattt
gaagcacaag
ataaagacaa
tetegeeact
tocegactget
tocectttectt
cagccteect
ccagttecct
agatgttcat
gttagctgaa
aactcttgece
tgtasagcce
acgggatagt
tacaattgag
atagaagtgt
gctectgett
aagcaagatg

ctccctecet

aatccagtca

tgatttgtgt

cracaaccag
caagecgegy
ctagagcgag
ctgcagccca

agaccgcagg

aggagaggaa
ccctegecgg
aacgaadgac
taaagcctge
gggetacgtg
gagattccaa
ggttagggga
ctegeegect
atatctggga
ctggcecccc
tctacacaac
gtceettgee
agagcgtcgt
g99999999¢<¢
accacccaca
aattgttaaa
g999g9ttggg
aagccgegtt
atgccaacat
tgtgtygtggt
tgaatctcga
gtcatcteac
ctctggtage
tgcaaaccty
ttagctgace
ggtccaggtc
ctceccactec
tectacttygcot
tgcecctgaa
caccccacta
gteteatety
gaccagttca
aaaagectte
tatgggtctg
attgggagtt
ccagggttte

agtgcatctt

atgtgcacac

tcggagectca
ccecggegecece
cecegegecta

ggccaggagt

aggacttcgg
ggggagccaa
tgcageeeee

gccaaacttt

tecttetgee cgcetgegggy

gecttgagtee
acctatacag
ctgggactgy
gtgggctaga
gttetotete
ggattggggt
gagattgtgg
cagaggtttg
taéggaaggc
gaagagcagt
agtttaaggt
aggacagccac
cgtgctgtee
ggagggcgcea
atcttettgt
aggggaggag
gctggtgagt
ttttttttta
ttrtLtettg
thttegttee
gcaggaggct
tcecttcect
cettgtggea
gctetcatte
actctccaca
atcccattge
atcaagccocc
gacaccacat
ccttccagga
tttgattcee
gccaagtect
tcattgggcce
caaagcagag
gtggggtagt
cgaggccaat

gttttgtttt

cagactctgc
gacaaggcag
ttatggacgt
tagggtttct
ggtacggtct
acccegtgta
tgggcaaccg
gcttoececa
cagggtccga
gtcccgecee
cgttggagga
ctcetgectyg
tctgagacag
agtgttatac
aaatcatttc
agagagcegtt
ttggcgaact
agagttcagt
tagagaaagg
ttgtrttite
gtggtcttgt
tggtcacaag
atacgtgttt
cccagetggyg
cegtcttcea
tecetecttge
agtggcceccetyg
gaattcectte
ctgtececage
aattctagat
gcttgatatt
aagcttttte
gcaatgectg
acattcataa
crttggctatg

gtttttttga

tgcgtgaggyg gaactctatc

tgggggttga acctgggcect
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gccggagace
agccaaccag
gcgegatecg
ccagaccgtyg
gatggggagy

ctagccecgyg
tgtttccacc
acagtaagat
gaccctgacc
tctttgtaaa
gactggtgag
cctagaagaa
ctccttecte
gagatggtgg
caactgectt
aactgggceto
ccacccacgg
catatcttac
atatgctgag
cagacaccte
tgtaacagaa
ttcecatgtga
gacatattta
cagtgttaat
ccegaccaga
tttgtcaacc
acccaaacet
cctttgaaaa
tcatcgtcat
aaagtgcacg
tccagaccct
cggctatcec
ccetgtetta
gtctgatgtyg
ctteecttgt
gggataaatyg
aaaatgtgaa
gcﬁcttcctt
acccaacact
aggecctgtce
tttgaaactg

cctaatataa

ttgtacectgce

21360
21420
21480
21540
2160Q

21660
21720
21780
21840
21900
21960
22020
22080
22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760

23820
23880



cgggcaaget
tgaatteece
ggtgtccctg
aatgtcttag
gagggtgagyg
agcttcecce
gagcccagtyg
agceggoaga
cagaagagag
agactccact
tccaccatcec
agagtccaag
tgcaggagag
caaacaaaca
ggtcaggtta
ggegeeceate
ggagcacgtyg
ttaataggct
cacacacaca
ttacattcta
agagccacag
gggectgcag
.cctgtataaa
cctgéccact
ccccatctyga
ttettgtttt
gtgtagecatt
actggacttg
cecggaagage
gctaaagaga
cgtaacgtga
tagcagctct
tgctttgaag
ttggggaagc

ttrccctgag
cttrtgttgg
cggatctctg
ctacacagag
caaaaacgaa
ttettgecce
tcatccggac
tctggggctyg
agcaaggagt
ctgatgtrgcea

tocacagacce

ctectactgeot
taaatgaatt
tggttccaga
agcaggaggce
atggaggcag
aaaacaattc
ggcataggtg
gacaaataat
tgctgctaga
cacataaaga
tttagcatge
tgatgcccaa
actaggttgg
aacaaaaaaa
gagettattt
agaaagaaca
tgertggggt
gagagtcaag
cacacacaca
agaacaaacc
ggtceccact
aggctrectg
cecectettoca
gaggatgaga
gggcacatga
gtttgtgatt
tacaagcctg
cagacagtta
agacagccag
caggagacaa
gactagggca
agtcttatte
tggctgaggt
tcectgectg

cagtcaggee
gtggaggtag
tgagttcaca
aaaccectgtc
caaacagaaa
tttgceatet
acacccagaa
ggtggattgg
atgtggtgca
ggtatgggca

cetececect

ctaaacccag
atcaatatca
ttoccaggaag
catggagacc
gcttgcaatt
caagatcagt
aagacaccgg
grtatggtga
ggétgcctga
cacaggctga
ccttgtattce
acccaaacac
gctgtgatce
aacaaaacaa
atggaaagtt
aacaacaggc
acagccagac
cagacagaga
catgcacaca
attcectecte
ctetttgaaa
ggtgacccag
caggtteect
gcacttgggc
ggtctcaggt
taatttaggt
gtgcetgagy
tgagccactyg
cgerettage
aggagagttt
gggtgatccc
cttaataagt
ccagttatet

cctgtaaatg

agtccaaage
cacttgectt
gccageetgyg
tcgaaaaaaa
aacaagccag
tagactaaaa
ccagatgtat
ttagatggca
tagcaaacga
catgcaagca

tttaacataq

ccctcactgg
tgtectttgaa
gacttttcag
ttggcceagee
gaagctgaga
tcectggtact
tcétactgtc
cccocagggga
aggagaaggg
gcagagetgg
ccatcacatg
acctaggact
cattaccaca
aacaaaaaaa
atattctacce
tgatctggga
acggggcttrg
gacagaagga
ccactcactt
ataaaggaga
tgacttggac
agccacagac
gaaaggagcc
cttccecatt
cttgggaaag
gtatgagtgce
agatcagaag
tgtgggtgcet
cactaagccea
cttttagtca
ccagtgacac
cccagtttgg
acttccaagt

tgtecattet

cecttcaattt
gaatcccagce
tctacggagt
caaaaacaaa
agtgttegtc
gactegggaa
ggaagatggc
tgggetgggt
ggaagtttge
gaagccaagg

gcatctectea

ctrttetgett
aaataccatt
ggaatccagg
ccacaaggca
cagggtactc
tgracctgte
atgtactaac
cagtgattcc
gtcccagact
ccgtggatgce
ccagggatga
tgetttcotgyg
aagagggaaa
aacccaaggt
tccatggggt
ggggtggtac
tattaatcac
aacacacaca
ctcactcgaa
caaagttgca
ttgttgcagg
actgaaatct
cacattcece
cttggagtgc
ttccacaagt
tcttgettga
atggcatcag
aggaacagaa
tcactgaggt
ataggaccat
cgatggecct
ggcaggagat
acttgtttet

tcaaccttag

agctttcata
attaagaagg
gagttccaag
agaaataaag
cccgtattet
agcaggtcic
taatgtgctyg
gtggttacga
acagaacaac
gacagcctta

ttagcctaga

caactcccaa
gagtgctget
catcctgaag
gtgtggtgca
aggattaaaa
cagctatgca
tgtgctrcag
agaaggaaca
ctctaagcaa
agggagccca
ggggcatcag
gacagacaga
saacaaaaaa
ccaaattgta
ctacaaggct
tctatggcag
agggcttgta
cacacacaca
gagecccctac
gaaacccaaa
gaagacagag
ggtgetgaga
aaccctgtet
accctggtot
attgaaagtyg
atatatgcet
ataccctgga
cctggatect
totttotgtg
gaatgttcct
gtgtagttat
atgtattecce
ctttctggag

acaagatcac

aggaacaccc
cagagacagt
acagccaggce
agaaagaaad
attaatcata
tctetgttte
cagttgcaca
tgactgcagg
actgtgtgta
gggtagtgtt
gocttgocaac
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23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920

25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580



tgggctgggc
tgggattaca
ccagatcectga
ggattctact
gcagttccta
agcgaagcag
agaaagggtc
atacatggaa
caggttcacc
tactgtcagt
agctecctga
tcacattctc
atatgattcc
acctggaget
gggaggaaga
ccagtctetce
agaaaggaga
actgagtacc
gtgggactcc
gatctgaatg
aagctacttr
tctctgtatc
agaaatcccc
ggcccaaage

gtrcattget

aaacaacctg
caaatctaca
ctecattgcta
ctttgggatt
tgggagagac
ctagcaagaa
attaaacttt
gggaaacaga
tcctatagag
ttgtccteece
tatatgaggg
gtctggagaa
cacacacaca
gagcaagtac
tettgceocta
ctgtgtgctc
tgcagcagac
ttcagaaagt

gactctaggce

tggctagett
gtcatatatg
gtgcttgcaa
ttctattaaa
ggcctgetga
aggacaaaga
agggaaggaa
cctggtgtac
acactgggaa
catgcctgaa
agaaaggcaa
tgtatgecta
tececttttect
ggcagtggge
tgaaggaccc
ctacagatgg
gggtgaggca
agctgcgtgg
tagcccagtyg
tggtccagee
trtgtttgte
accctagetg
ctgectctge
tactttaaga

gtagaattgyg

ttctacgaaa
agaadtagtg
agtactggga
tgagatggtc
ccatacacct
ggcctteect
cttgttactg
cttgcctgga
aaaaagaaaa
cgaggaggtg
tectgoggtaa
ggtcactaca
cacacacaca
agtacttaaa
tgagttgaaa
acgtttttet
tacatatgcet
catctgtgge

tggggtggaa

gtaggtccca
agcacacctg
ggcaat.cggt
gtatttctat
gagtcaagtg
aatgaaaact
atgaaccaga
atgctatctyg
acagaagcca
gaaatggaag
gaagctggge
gcagggcagt
acagtcatct
agctgcagtg
agaggaccac
gagacagagg
gagatcaaag
cagacagcca
ctggcagagg
ctagttteoct
tgtertggte
tcetggaact
ctcctaagtg
gagagagagg

agtcttcata

tetetcatgyg
acagtcacag
agatgaaaac
ttttgcagag
tttgectgeet
ggatcaccca
tcgtcaaage
tggataactt
ttagctggca
gegagtaagg
caagaaggce
gagagttcte
cacacacaca
attgtgtgat
accaaatggc
taaagcgtct
cagccctgaa
tccaggaccyg

gcaacgctta

gggatctgca
gctrttttat
tgaatgactg
taaatcaatg
gggagtgaga
tgggattcga
tgaatagagg
catggggttt
aaaagaagag
caattaacga
tgtgggcact
attggagact
ggggcetectg
atagatgtct
cgacctctge
cgagagatga
gagggaaaca
atgccaaggc
ggagtgctga
tccagttget
tggttttgrt
cactctgtag
ctggaattaa
aatgtataag

ttccaggtaa

acteceettee
tctctaacgt
tttacctagt
ctcctaatgg
tatgtcacct
ccaccttgea
acagteggtce
gtacattgca
ca&agataga
tgtaaatgtt
tgtgaatata
caactcagtg
ccacaaagaa
tgtgtgtatg
ccctgagagqg
gtctggtotyg
gtccttetag
cctgcactcet

cctctgggac

tatctctgcec
gtgggttctg
cttcatctcec
ageccectgee
gcaagcctcg
ggctegggat
caggaagggt
gcattgcaat
taggtggtgt
tgcgeegeaa
gaagggagct
gagacttgac
agcttegtee
gcaagaaaga
tgcctgacaa
atggtcaggg
cttgtgctcet
tcggetgatce
atggtgcatg
gggataaagc
tggtttttcg
accaggcetgg
aggecctgcegce
tattataatt

tetcoeccacag

ccagtaattc
tttgggcatg
gtcagcattt
ctacatggag
gacctgctce
¢ctecagaac
tgggttgtat
taatgtctag
ggccctggag
catggatgta
aagcactgaa
cccatacaca
aaaaaggaag
actctgatgt
caraacaacc
ctgctagcat
ggrtgecatgec
ccctetgecg

aagtataaca

tccctagtge
ggctttgaac
ccagacectg
cctgractca
agacceccatc
atggagatac
agggccectge
ggctettcag
tggagtcaga
ttaggatatt
ctgéatgatg
ttgtgtgtec
ttgtccaaga
tctgaaaaga
agctgcagga
gaggagtcag
acagctactg
atggcacctc
gtttggatat
accctgacca
aggcagggrt
cctecgaactc
caccactgec
ccaggttata

acatgccaca

taaactgtgt
agtctgaagt
ggagcagagce
agagggggcc
ttgggaagct
tcagagccaa
cactgtcaat
aaatgaaaag
gaggctgget
aatgggccca
ggtatgteta
cacacacaca
aaaaatctga
cacatgetca
acactgttgg
caggcagact
tcttcagaat
cgaggctgca
tgttggettt
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26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
28080

28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28520
28980
23040
29100
29160
28220



tctttecectce
teccteeegtce
ttagacataa
attctgtgte
gagtogceect
tggtggeact
gggcaatgtt
ccatgggtta
gaggcaaaga
tgcrragtgt
aaaatgcatt
tataccatgt
tagacagttg
cotttgtaaa
attctcaaag
tcgagtcace

gctcatgaaa

caaaagcatg
tactttaaaa
tggaaactga
aagagagagt
cceoaagaaac
tctgcecataa
ctcteocgeccaca
gtgggaatga
aactgatcta
getttgatte
aacagccect
ttatctgttg
ceccecattttac
ctatgttctc
aagggtggag
acttaagttt
cctcaaactt
ttaaacacta
cttatgctga
cagaatcttc
tggcggegta
tacaaatctt
actagecctca
tcecreecet
tttaggttge
tactgggecct

gaaactctgt

e ——_——

tgtggcteca
cacttagttc
gctttggete
ttccacatgg
cagtgtetet
ctgggagtte
gggaaaacct
agaagtctag
aaggtgaaac
gtgtgtgrgt
cttttaaaaa
gtgtgtctgg
tgacactcce
gcagcaggtg
aggagtcctt
aaagctactg

cttaagtaca

catgtacacc
catcacttct
acaaggtaga
tccacacctt
tagtgcgttt
gatctecetge
ggcecettet
tcaaatacaa
gggagerggce
cecagcaccca
tectgacctcee
atccatcectet
gaagatgtca
acccttgcaa
ggctactgag
ggtcttggaa
cccacacatg
cataaggtag
aaccccatet
atgaatggat
atgacctecca
cttaggcttc
ggtagttaac
gttcaaacca
cagtatttat
caggggcaga

ctgaaaagac

~—— e

acctggacat
tcaacaataa
attcecececac
ttagttacct
aggtgatgct
aaagccagce
ttctcaaaca
acgagccatg
tetttgacet
gtgtgtgtgt
tatgtataag
tgctgaagga
caacccccca
tctatgaace
catatttcee
caaaccctct

cacacacaaa

attcttatta
gecttttggt
gatctagaaa
ccaggaacag
cctgtatgea
atccagacaa
tgcetggcag
ttatcaagga
tcagcagtta
catgatggct
atagacaaga
ctagcctecat
ctgeccaygtc
tttataagasa
atggctctag
tcocacatggt
tgctgtggcet
ggtttettca
ccattgtgec
taatgagcta
ccatgatgtt
cagagtcgtg
caccgaaaat
cagtgcccta
gtaacaacaa
gacaggtgga
aatétggtga

L P e

aaaatagatyg
ctactctgag
tagctcttac
ctecttecat
tgtaagatat
tgatctacac
aaaagagggy
grgatgcata
tgaggeccagc
gtgtgtgtgt
tatttgcctg
ctaggcatag
ccatgtgggt
ctgaaccatc
taaactgaac
tagggaacat

cacacacaca

gactatgctt
gggcaggtte
tcacagcagg
tgagcagggyg
tgcctotcag
gcctagggga
tatttocttta
aaaagtaaaa
agagttctgyg
ttcaactgta
cctagtecete
gccagatcat
atttygccatg
agatatctgc
gggtaaaggt
ggagagagag
tatgtgtaac
tgaccccaag
atctggaaag
ttaagaaagt
atccagcatg
agcaaaaaaa
gaaccaaggce
ttatctaaaa
ggetcgttga
gecctggagt
gtgacccggg

caagctgtygt
agcacttatt
ttctttaact
cctggttege
tetttctaca
agcaagctcece
ttcagttgtc
cctetcatee
taggttacat
gtgtgtaatt
cacatatgta
actccctaga
gcttgaagcet
tctecagtcet
atccttatca
tcactattca

cacacagagt

tgctaaaaga
caagattggt
tcagaaggge
gctgggacct
agattccata
agttgagagg
tctggaggag
adacatatata
ctgceattge
tctetgette
tgcaagagca
ttaaaactac
agtggatatt
atttgtctee
gcttgccaca
aagagattce
cccaataagt
gaatgatgcec
agacaattge
ggcttggtta
aaggtectca
gcacacctct
agttctaata
gataaactte
cacacatctg
ttgaattcca

aggatatctg

agtaaatatt
aataggtggc
ctttcaaacc
ttcttecttc
aagctgagag
aggatatcca
aggaggagac
aagcacttag
agtgataccce
tazaagtcta
tgtatgtatg
actagagtca
aaactcctgt
ccagatgtgc
gtgagcatcc
ctrctacttg

catgecactca

ctttcctaga
actggcgtac
cagcctgtac
tgcectctcag
agatctgect
ctgcetgagt
aggaatcagg
tatatatact
ttcagatctt
caggggatcce

ccaaatgcte

tggacactgt

tcgattcrtr
tgagagaaca
aaatctgaca
cgtaagttgt
aaagatagtt
cctgatagag
atcccggaaa
ttgcacatge
ccagaagtca
aaataaatta
caaaaccact
aagccaaget
taactcctag
ggttctgtga

atattgactt

s T T e S
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29280
29340
29400
29460
29520
29580
29640
29700
29760
29820
29880
29940
30000
30060
30120
30180
30240

30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320
31380
31440
31500
31550
31620
31680
31740
31800
31860

R R T sy



crygeraacda
geccagagtca
aagtcaccct
tttgcagagt
gttgtttatt
cagtcgggtyg
aaaagaaata
cectggggaa

ctctaatcte

gtctgtgtac
gggggaagcet
aatttaagat
cceegeectg
aaaatgtggc
ctctgecage
ccaacttttg
agggaaggcet
ttagttaget
ggttteccgee
caggtgggece
atatgagctc
tgagaactgg
gcagagatct
ctgtctcaag
acacacatgc
caaatacata
ctcecttagtc
cttcatetty
tcegtecatte
gataaagaca
ttctgttcat
cttecaceaca
tccaaccagc
tttceocrect
aacgattaca
gctgggatga
ccgaagetga
cctaccacat
tggtggtgcet
ttttctgett
gcagaaagat
atagttactg
gagactctaa
gaatggaccc

atggtctgga

Cataguuatu
gagtttgcaa
ccttctecaag
catcacggag
caggacatta
ttgcggtget
aatgatatca
cgaggccggg
ttgatttcct

tcacagggag
gtcggeecag
aatgagtctc
tcaatectgge
tggaccgtgt
cceggtgect
atgatggtgt
cttcagggag
teecacctggt
ctcatccacc
attggtcact
actgagtecct
agttcaatte
taaagctect
aaacaagatg
acatacatcc
cataaaaaaa
técoggotac
actcctetgt
ataaactcec
cacactacaa
ccggecaget
gectoctecat
acaggeccag
gaatctacca
aggaagccaa
attcacattt
gtccaggaag
cagctggece
ggatggtggtyg
ttacaaaact
gacttatgec
tcaaaagtaa
aatccagatt
agatagaagg

cagaagcatc

LeLglasary
gtgtttgtgyg
ctagcagcac
atgggggagc
ttgagggcea
aggttatttc
tttttcatte
acagcgeggace

ccctetgtcet

gagggtggcea
tgacttttte
ctcattcacg
taagtaagac
gecggeacga
ttteocttteg
gcgeegggatg
tcatctagee
ceettateeyg
ttgeecctttt
cocgctaccac
gegggatggc
ccagcacatg
ggccagacag
gaacatcaaa
acacacaggc
taaatacata
gotettgtea
actttgcatg
tctaaatttc
agtcaccgtyg
aagtagtcea
gotacccage
tctggettct
ccroereeet
tgaaattagc
ccaggcettt
ctgaatttaa
tgactgagct
gtggtggtgg
tttctaattc
tatataagat
ttctatttat
atgtatttaa
tcacggcaca

cagagagggt

LyLagligea
actgaatgeca
tggettcogge
agggceccte
agatgacaga
tgtgtctgea
aggcaactag
tcctgageeyg

gtttcetteco

aagccetggt
ccctttetet
tgtgctcact
aagtcaaatt
aaccagggat
gaaaggagac
actctttaaa
ctecctteag
ctétctctgc
agttcctaga
tgttaccatg
ttggttggta
gatgtattte
cccagcctaa
ggtcadccte
aaacacatgce
cacacataca
ceceeccecactaa
cctrttecag
ttcecectgee
ggaccagttt
acctectetgg
cetgeaaace
atgtectaga
cccttetect
agtttggggt
gctttgctee
aatcacactc
gtgtctgggt
tggtggtyggt
ttatacaaag
ataaagatga
acaccecttat
aaaaaaattc
agtatggagt

cCaagacaaa

AYLCLLLLYC
cgtgttgetyg
cagctgctca
cctagaacac
taactctatc
gaaaacagtg
attcegtggt
ctatttccgt

tcttgeotggg

cctectacyggg
ttttcttaga
attcataggyg
taaaagggaa
ggcggtctaa
ccggaggtaa
atgtcatcca
gaaaagattc
ccactagtce
aagcagcacc
gccaccaagg
atatgettgce
cagcacctygy
ttagtaatca
ttgtctcecac
acacacctga
tacatacacc
ggctteaact
caaaggcttt
cttttettee
attcacccac
tgctgtacce
ttcagectag
aatctectte
gacctctaat
acctcagagt
ccggattetyg
cagetgggtt
ggcagtggtg
ggtggtgatg
gacasatctg
ctttatgcca
acatggtatt
Cccagtectt
cggagtgtygg
tgcoctegect

actaagituly
gtgatectaca
ttcaagccte
caagecctgtyg
acttggccaa
caacctggac
acaasaggct
¢ctgtecaactt

gcccagtgga

ctgggggaag
aaccagtcte
acttatccac
cgttteteta
gttacatgct
aacgaagttg
tacctgggat
cactteceggt
tecatcecatec
gtagtcttgyg
tgtcatttaa
tgcaaaatcg
aaggcaggga
gtgagagacc
acacacaaat
acaccctcca
aacatteccct
tetectattt
tctttaaatc
tctctaggga
ccacecectge
tggaccctgg
cctcotggtte
attctcteeca
gtcttggtca
cagcagggga
acaggcagtt
ctgaggcagc
ctggtggtgc
tgtgtgtgtyg
cttcatatag
cttattagceca
getetttgttyg
aaaaggtgaa
agtcctgecea

cctaaggaac
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EFS-PAv
31980
32040
32100
32160
32220
32280
32340
32400

32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240
33300
33360
33420
33480
33540
33600
33660
33720
33780
33840
33900
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560



actggcagec
tggaggggct
aaggtgctgce
gtttagggag
atggttgatg
tgccagcttc
tacacatcca
tgagagtgtyg
agctatctece
agcacecceag
gecgtggacc
cacaaccatt
ttgagacagg
tggcctcegaa
cccattetta
ttagctgctg
atccctgact
cccgaacaag
ttacactett
ctctaagcca
agtcaccaca

acgtgtge

<210> 18
<211> 9301
<212> DNA

ctgatgaggt
taaagcgtga
agtgggagece
gtggggattt
agttggaact
cacatctgcec
aaagaggaag
gcaagecccta
tgagctggaa
cagectgtgce
cacccacagg
tttcacatca
gtttctetgt
ctcagaaatc
atggtgatcc
tcttctgage
cgggccecgat
teccagtceect
ccecettgete
cctetgtaag

ccectectggag

<213> Homo sapien

<400> 18

tagaggagaa
ctgagggaaa
agaggggcett
ggtggcgtge
cctgctggta
tgatgccacg

gaacaacaag

gaccaaaggt
aactercteet
ccagcactgg
gccttcaaat
gaggacgctg
aaaagaaaag

taccactggyg

gtctttgggg

catgggacca

taaaaaggcg

cotectetyy
cacacagcct
gaaatcatce

accatgaacc

atggggtgga
tgggaggctt
tcgaggaaca
tcaggtgcag
gggtggtgag
gtttcaaaga

aagggaacaa

accagagatt
ctgtagcage
acatgagagg
gtggtgtgga
aaaacagggg
cccecaccece
agtagcctac
ggctecctgte
ctattttagg
ttgcgtaaaa
acaagtatgt
tggcatctte
gtagtcctgg
ctgggattaa
agtggttgaa
tacctggtac
caagtccagt
agctcgatta
tggacttgtt
acaactaaga

gtgtgtggac

agggtttgct
gecctgecce
accgtgtete
ctggtaccat
tccgtgtagt
ccgagetegyg
gggcggagaa

gctaagtgga
cctecgetga
tgatgtettg
gacaggcage
ccatcacact
tgtctggcac
tgggcatgee
caggatgcag
aatéaggatt
graagtgctg
atgcatctgt
ctaacceccca
ctgtcctgga
aggtgtgtge
atttcgggec
aatctttatc
tcctgggecee
gctecatcctyg
gctttcttta
taatacttece

acatgttcat

ctgagcacac
agcctgtect
ggctggagac
gcagctccca
ggagggecag
agagtaccce

€ggagggcgg

ggaatacagg
ggggctecag
gagtcacctc
ctcaaggatg
ggctcacata
cagctcaage
acctettcry
ggcrgecaga
atgcecgecec
ttgatttatc
ttcatgtatc
ttctrttety
actcactttg
caccacgeec
acacacatgt
ccctggggec
gatcaagtec
gceccctggce
ctcaagttgt
ctcaagcacg

gcgtgtggtt

ccectttecct
cattggetgy
cagagcetgt
ctggccctgt
gggtggcagg
gagccetecac

ccteoecrace
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atcagaccca
gtgggcgecec
gggtaccatt
cttttcaaca
gctoctgggcet
tctgtgatté
gaccatcagg
taggatgete
ggggttggee
taaaaacaga
tgaaaagcga
trrtgreeet
tagaccaggc
ggccetaace
ccattaggga
tgggctectg
agttectggg
ctgttcttac
ctgccacagt
gaaagteccty

gecgettacgt

ccectecgggy
catgaagcag
gctactggaa
gtctegtetg
cgttcaagaa
cggagctgga
acceetttga

ggagagaatt
ggaagactgg
gtettgectyg
aggcatgagg
ggtatggcaﬁ

atctectect

ggtaagggag

ctragtaaaa
ggtagaceca
g9aggtggggy
caacagacgc
cagggcatca
dggaatatag

cctcccatec

gatccetgggg
gtgaagattg
aagaatggct
tggtgagagce
gaacaggcte
gagccacgtce

acagaacagc

aggrtttaga
ctggectctg
cgetggtgea
ccagggcagy
aggggctcag

cagctgetgg

acctgtgggg

34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
35760
35820
35828

60
120
180
240
300
360
420

480
540
600
660
720
780
840



caccggacac
cccaggaggt
.ggtagtgaga
tgtggggggg
cccctgeagt
ttttecggcae
agcagcatce
cttgcctcat
acagagaagc
atgggggcgt
aggtggcaga
tgttgggact
tetteaaaat
tgggctccag
tggactccca
tctgcagagg
tecectgggea
aaaccagccce
tgtgettgct
tcttaagact
gggtggactg
accataggag
tctgeetgee
gtgcccagca
agctcagggc
ccecagcecag
© ggtgctggga
trtretctgy
tgatteettt

ccacagcage
gtccacecct
tgtgctgagt
ataagaagac
atatgtgcea
ggeggeccat
ctgcagtgag
cagggtgegce
tgrrecagggyg
gacgggecgg
ccacagacgt
ggecegtgecg
cgegeetget
tccgetgeat

aggcgccgeg

tgcectgatt

tcratgeegg
gaacceccag
agagctgagyg
tgtgggggac
gtgcattgcc
agttttageo
tctgtgcagyg
tccaggggay
ccaggtgaca
ctgaaatgac
gaagtccact
atggggtgct
ggaggacaag
cgactgectg
cgagaggcca
aagtgectgg
aatgecccce
acagaccaga
cttcagagtg
atttrttcate
gtactcacac
acatggtcaa
cagggagtat
gagagecagg
ccctatggta
ccteccatgyg
ccccagggaa
ctgggectea

caagtctaat

ccecaagtgge
acttaccctg
cccagaagag
aatggtattt
tttgcagaca
cgatggagcc
aggagagctt
caaaagectce
tccagggcag
gtcecgagtac
cagcgccaag
grcecaacgec
cecccgaccge

cgcgegeaag

tattaccrre

tggtggcegt
ctcgaagggg
tgtgaacctg
agatcteeac
catggcctge
cctgacatgg
agtagggaca
ggagaaggaa
gtgtgcatct
acttcagact
geccaggcete
aaaaagggca
ggcgcctcoee
aagggctgta
cagccectga
ccraggggcy
tgaccacaca
aagcagecce
g999tggggg
ctrrctegte
gacgaccagc
ggtgtgtgca
caccatgagg
tcaatgtttyg
ggaaagtaac
atgectcgaac
gtggagtceceg
gtattercat

gaattceotgt

tggaaaagga
ccecaggecag
aaatgataat
tctgeattge
ggaagaagag
ctggtgtttg
tccaccagcet
tggagacagg
gggtggccag
agetgeegeg
ccggtcaccyg
atcggcecgeg
taccgcgege

gtgegectgy

ccccaccaca
aaéaaacagg
gtttgatcca
aaagcagtgy
ccagggagcet
gtgcagetga
tctgtectea
gaggaaccct
ggctctataa
aagagcttec
ctggacccea
actgcatyggg
cccacagctce
aggaacccaa
ggaagccaca
ctattctega
cacattccag
agacgatgge
gtggecettet
acattggaac
tatttaaaaa
ggggatcagg
cgcccattea
tggcagctga
gacagtaaaa
gcagagecto
gagatgcagc
tgataatgag

cctgatcace

aattaacctc

atttgggaga
ggaccctgeg
aataatacat
gtgtgtaatg
agaggttaag
aaccccagca
ctagagcatc
ctfggcaaaa
gcgggcggec
agctgcactt
agctggtgtyg
gcaagtggtyg
agcgegtgca
tggcctegtyg

cagacccaca
ttccaggcac
actgcaagat
ggaggaagge
ggcacttgaa
gtccaggece
gecagceacce
gggtteoctgg
ttggcaggaa
ctgtoctetyg
[¢{eladol Halalalele
aggccagcea
cccttctagg
acacaaaatg
tgctcaaaac
aaagccgcaa
ccetgcagag
agtggceaca
ctgkccecte
tatccccatg
gcteecacce
ccaggecteg
gataacacag
acctgtaggt
agcagccectc
cactcttgee
ccagecotttt
ggggttggac

tcceetteag
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tcatggaatc
tcagtaactt
agcecetggtyg
cagagaggca
ggaatgggag
tggaggggag
cagtcccaac
tcaggeetyge
tcctgaggece
gccattatec
cctcacaacc
ggaccctceg
caaggtoage
tccaccttge
aaagtcatga
aatgccecct
gtgaggatgc
tctceecetge
tctggttteg
aaacctttgg
atctaagtcc
gagcecaatc
aacaagaaat
tttgggtcag
agctccatce
ggagccadaa
gggcaagtte
acactgcectt

tcecetogeet

ractecettLe tccatccecect

agccagagec
gcacaagtgt
aacagcecgac
gattaactecg
gaacttgccee
gtcatttgge
tgggacctte
gcagggctgg
accctcacge
cacgegctac
ctccggecag
gcgacctagt
gctgcrgtgt

caagtgcaag

aggcagaagyg
ggcttaaatc
getttcaget
caatgcttgg
aagatgacac
tccgagggga
ctgcaataga
ggtggagaga
gcgectetct
gtgaccgatg
tgcggecegy
gggececgact
cecggrggty

cgcctcacce

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1880
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480



gcttecacaa
gcecggaagec
cctactagag
ccecacattte
acccagggca
ccceteagee
cactgagcca
aggcagaaat
aaagtccagg
cagaaagcct
gtecctggcetce
ctcaatttce
ggcatatgat
gaaagagaga
gagttgtgat
agagtctatt
ttececcagecet
catcatccat
atecgececea
tcacecttceg

gccatcacaa

cacggacaca
ttacactaaa
tgcagagcat
tactttctgt
tatgaaagcce
aagaatgaaa
atttatgcaa
agtctgttet
gatgtggtct
tecttggtcac
ggcaattatg
atttcttcac
ccatgectgge
tagctccecece
gecttgactee
ccctgettec
aggattcaca
gatcececrcete
ttectgttete
ctggcataga
tcttogaagt
agecetceetge
tagctgagtt

aataagataa

ccagtcggag
gecggeceege
cccgecegeg
tgtectetge
gggggctgag
cgcecagetga
cgcageceeg
ggaagcattt
gactggttaa
gaggcgtgcc
tgccactaac
actttgtaaa
tccaaggact
gaatgaatgc
getetettot
tatggctgac
ggctteoceeg
tggggtagaa
acttcccaaa
aagagaagtg

actcacagac

tttetgecta
dgaatattat
aatagctgcee
gtagttttta
tgcaggactg
gtagtggttt
aagtttttct
tccagagtec
cattttgtca
tagagctcea
tottoctttyg
ccagggcatg
ttccaaaatg
ttgcccagga
cacecteceeac
rragcttgec
ttacttgtea
tcctetgagg
catttgacag
caacacaaag
gtggatttga
acttctctea
agcatcttea

tcaactaaaa

ctcaaggact
gecocggageg
ccccteccca
gcgtggtttg
accttccagyg
ggggtcccacs
cctctgggge
tcaccgeect
gaaagttgga
cagagcacaa
ttgetgtgta
atgagggtgg
ccagtgcctt
agttgcattg
gacagccaad
atatttacgg
gatgtttggce
aaggagaggg
gagcagcatc
aaaggtrtcaa

cagcacatce

gaaaacagct
tgggggaaaa
acccaaaaat
attgttaaaa
gtcgtttect
ttaaagagtt
tgtagagaat
agagacattg
accacacatg
accttggaca
agaagtcatg
gtaataacct
ctgttcteat
tcaagtgcag
tccaccaagc
atccacactt
toctctteece
ttccagecee
tcattcatgg
ccaagtacaa
tgectoctygyg
aagtctcgec
gatgaagagt

aagctttaaat

tcgggaccga
ccaaagccaa
ccggegggeyg
attgtttata
cecctgaggaa
g9999cagggg
cgectaccett
ggggttttaa
taagattcca
gaCCQQSQQC
accttgaact
aggtgggaat
ttgaatggge
attcagtgec
gatgaaaaac
ctgacaaact
tacctccace
tecgagggtg
cctceeccga
ggacactggc
cttttgagac

tcttactget
actacaagtg
ctttttgaaa
aaaaaaagtt
tggraattcet
aagttacata
gacaatgtta
ttaataaaga
acétcacttc
cacctttgac
tttatccctt
cagecttgta
tgtatcactc
tttecectatce
ttcetactga
agcacececca
taacctteca
tcttgtctac
aggaccagec
ttcaggacca
gtagaaatgt
tcceccaaggt
aaccctaaag

taaagtccaac

ggccgceregg
ceaggccgag
cccoggeact
tttcattgta
tcecegggege
agggaattga
tgctggtece
gggagcggtg
ccttgcacct
aactgtagat
acacaattct
aggatctcga
agaggtgaga
aaggtcactt
aaacagaaaa
cetggaagaa
cctceatctc
gtgggaggga
cccatagcca
cttgcaggec

accgecttot

cttacatgtg
ctgtacatat
atcatttcca
ttaaacagaa
tccacgtggyg
tttattttct
atattgcttt
caatgaatca
tgtcaaagtt
tgctetetgy
ccttrecaaa
tecttttage
ccctgetcaa
tgacatagga
ctccaaatgyg
ataactaatc

gagatgttoe

Vaccactactt

tggccaagtc
gctcacagga
aggatcttca
gtcttaatag
ttactcttca

ctaccttaaqg

ccgecagaagg
ctygagaacyg
gaacccgege
aatgcctgea

cggcaaggec
gagtcacaga

actteagagyg .

tgggagtggg
chCgccc;t
gtggtttota
ccttegggac
ggagactatt
gagagagaga
ccagaattca
aaaaaagtaa
gctatgetge
aaagaaataa
tagaaatcac
tgttttaaag
cgagggagea
gcecaccact

atggcatatc
gctgagaaac
gacaacctet
gcacatgaca
acttgtccac
cacttaagtt
atgaattaac
tgaccgaaag
gacacccetee
tggececttgt
cccagaccge
agcctcocct
aageccttcea
ggecctteret
tecatgecagat
ctetrtertt
aatctcceat
tggttcctaa
ctgcttagta
aacttrcatce
aaagtgggcc
tgctggatge
gttgccctaa

ggaacccace
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3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740

4800
4360
4820
4980
5040
5100
S160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180



Sd T b T

cccacaaaga
ttgaattaat
ctteooctggygy
catgagtgtc
ctgagaggca
tgtttgtttg
atcteggett
cagagtagct
agagacgggg
gcctgocteyg
ggttggtgtt
catacttggg

acatgggcaa
agtaatttgc
tgttgcttag
caaagactgce
taccgagtec
aaacctaggg
cccattacca
tttatggaaa
gaacaaacda
ttctgggggt
gggatagaag
teteteacac
gtacaaatca
ggaccccaaa
agagcctgea
gtgccatgtc
aaccecggete
cceecacceca
ctcagctatt
aggcagggga
tcgtttacac
gacccaatct
gecgtggtgge
gaggtcacga
acaaaaatta
acaggagaat
cectecagee
actgcaggaa
cagcaccgac
aatgacgttc
gagagactaa

atgecccaatt

aagctgaggt
catcatcate
cteecagecce
tcagggecca
gtgcggtcca
ttttgagaca
actgcaactt
gggattacag
tttcaccatg
gccteccaaa
tgaatctgag
ctcagttcét

taaccaggtc
tctgtggagg
agattttcca
aagtgcatgg
ttgcecatgtg
tetgetteet
cgagggggaa
gtratattct
cagacctagc
acagccagac
gaaataggtc
acacacacag
ggccacattt

attccctgtt

gaagccacct.

ccacacccge
ccagatcatt
ttcttggaac
gggcagettt
atattcerct
ctgtaggcca
gggcagtaaa
tcacacctgt
gttagagact
gcaaggcatyg
ggcttgaacc
ctggcaacag
gaacccaggt
teoctgcagga
tgctttagag
attcatcatt

tccctacaat

cecectcetgat
aagtctttga
cgaggaggcce
gaatatgaga
gtgggtgggg
gagtcteget
ctgecttece
gtgegtgeea
ttggccagge
gtgctgggat
gagactgaag

tgccctaccee

acactgttet
ggatgaggga
ggtggagaag
ctgctcatgy
caaggcaaca
gggacctgaa
aaaaacctga
acctacatgg
tgggaggggc
tcagggettg
cectttetcte
acacacacac
acacaaggag
ttcottgaat
gcgagtaage
ccacctceca
gattatagct
ctgeectetyg
gaccaacagc
tagtcaatge
agcgtaatta
ttatatggty
aatcccagta
ggcctggeca
gtggcatgca
caggaggcag
agcaagactt
aatgaatgag
aaggcgagac
accgaacctyg
cecttggeagyg
tgtctgggge

gacttgteag
taggtgtgag
tcagtgagece
gcaggtagga
acacgggetc
ctattgecca
ggattcaagt
ccacgectgg
tagtctcgaa
tacaggcgtyg
caccaagggg

ttcacttgag

gtaccaagtyg
tagtggttag
ggggcttcota
gtagaagaga
tgggggtace
gatacaggat
aggctaaatt
ggtctataag
aécatttcgt
tattaatagt
tctetectete
acgctctgta
gtaaaggaaa
caggcaggac
caagttcaga
cetgcrectt
ctggggecty
tectteteect
tgaggctecet
gaccatgtgo
ttaacagcte
ccecatgetat
ctttgggacy
gecatggcaaa
cctgtaatec
aggttgcagt
catctcaaaa
gegaagagag
actgggtcat
agccctgaaa
tactgaatcc

goctaagett

tttaactacc
tgggtatcag
cetgecagaaa
aacagagaca
tgggrcaggt
ggctggagtg
gattctecctg
ctaatttttyg
ctecttgacet
agccaccaca
ttaaatgttt

ctgcttagaa

ttatgggaat
ggaaagcttc
ggcagaaggce
atccaccatt
aggaattcca
ggatcagecc
gtaggtcggg
cctggegeca
tgtagggggc
ctgagagtaa
tctectctcte
ggggtetact
agaacgttgg
ttacgcagcet
gtcacagaca
gacacagcce
caccgtectt
tgtccaaggg
tttgtggctg
ctggtttgee
ccacttctac
taagagctge
tcaaggcggg
acceccatete
caggtactcg
gagccaagat
gaaaaaggat
gggetgagte
gggtactgaa
gtgecatgect
tttcttacgg

ctgcccacca

aataacccac
tggcecggtec
atccatgcat
tcttccatec
ttgtgttgtt
cagtgtcaca
cctcageecte
tatttttgat
Caagtgatct
cccageecca
tgcccacage

cctggtgggce

ccaagatagg
acaaagtggg
atagcccaag
ccteaacéatyg
agcaétgtcc
aggcrgcaat
ttagaggtta
atcagaaaag
ggggcacatg
gacagacaga
actercterc
tatgctccaa
aggagccaca
gggagggtgg
ccaaaagcty
tgtgctccac
cectgecacat
caggcaaggg
gagatgcagg
cagggtggte
tctaaaaaat
aacttgetgg
tggatcacet
tactaaaaat
ggaggctgag
tgtgccactg
actgtcaatc
accatagtgg
gggtgeectg
gttcatgggt
ctgccetoca

agagggccag
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6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900

6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
B700
8760
8820



agctggceage
gagatggaag
tggtcatgec
aaggagaggg

gactggatgc
ggagcetcat
ataaacattt
agcatataga

c

<210>19
<211> 21
<212> DNA

gagcagctge
gagaggggrg
agcagattta
tggggatgga

cagctgtygag
ggagctcaca
agtacaatgt

cagccctgaa

aggtaggaga
cagagcacac
aggeggaggc
gaggaagaga

ccaggcacca
gggagtgctg
cegggaatgg
ggcggccagg

<213> Artificial Sequence

<220>

<223> Primer for PCR

<400> 19

ccggagetgg agaacaacaa g

<210> 20
<211>19
<212> DNA

21

<213> Artificial Sequence

<220>

<223> PRimer for PCR

<400> 20

gcactggccg gagcacacc

<210> 21
<211> 23
<212> DNA

19

<213> Artificial Sequence

<220>

<223> Primer for PCR

<400> 21

aggccaaccg cgagaagatg acc

<210> 22
<211>21

gataggtacc
acctceeetg
aggggagatg
gggtgatcat

ccetagetet
gcaaggagat
aaagttctcg

ccaggecattt

23

cataagggag
cctgacaact
gggcgggaga
tcattcatte

gggcatgtgg
ggataatgga

aaagaaaaat

ctgaggaggt

gtgggaaaga
tcectgagggc
ggaagtgaaa

cattgctact

ttgtaatctt
cggataacaa
aaagctggty
ggcatttgag
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8880
8940
3000
3060

9120
9180
9240
9300
9301



<212> DNA <213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 22
gaagtccagg gcgacgtagce a 21

<210> 23

<211> 25

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 23
aagcttggta ccatgcagct ccecac 25

<210>24

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 24
aagctictac ttgtcatcgt cgtccttgta gtcgtaggeg ttctecaget

<210> 25

<211>19

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 25
gcactggcecg gagcacace 19

<210> 26

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

50
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<400> 26

gtcgtcggat ccatggggtg gcaggcegttc aagaatgat 39

<210> 27

<211> 57

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 27

gtcgtcaagc ttctactigt catcgtectt gtagtcgtag gegttctcca getcgge

<210> 28

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 28
gacttggatc ccaggggtgg caggcegtic

<210> 29

<211> 29

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 29
agcataagct tctagtaggc gttctccag

<210> 30

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 30

gacttggatc cgaagggaaa aagaaaggg

<210> 31

29

29

29

57
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<211> 29
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 31
agcataagct tttaatccaa atcgatgga 29

<210> 32

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 32
actacgagct cggccccacc acccatcaac aag 33

<210> 33
<211> 34

<212 > DNA <213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 33
acttagaagc tttcagtcct cagcccccte ttce 34

<210> 34

<211> 66

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 34
aatctggatc cataacttcg tatagcatac attatacgaa gttatctgca ggattcgagg

gccect

<210> 35

<211> 82

<212>DNA

<213> Artificial Sequence
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<220>
<223> Primer for PCR

<400> 35
astctgaatt ccaccggtgt taattaaata acttcgtata atgtatgeta tacgaagtta 60

tagatctaga gtcagcttct ga 82

<210> 36

<211> 62

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 36

atttaggtga cactatagaa ctcgagcage tgaagcottaa ccacatggtg gctcacaacc 60
at B2

<210> 37

<211> 54

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 37
aacgacggcc agtgaatccg taatcatggt catgctgcca ggtggaggag ggca 54

<210> 38
<211> 31 <212> DNA
<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 38
attaccaccg gtgacacccg cttcctgaca g 31

<210> 39

<211> 61

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR
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<400> 39
attacttaat tadacatggc gcgecatatg gecggecect aattgoggceg catcgttaat 60

t 6l

<210> 40

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 40
attacggccg gccgcaaagg aattcaagat ctga 34

<210> 41

<211> 34

<212>DNA

<213> Artificial Sequence

<220>
<223> Primer for PCR

<400> 41
attacggcgc geccctcaca ggecgcaccce agcet 34
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PATENTKRAV

1. Antistof eller fragment deraf, der binder til et protein kodet af SEQ ID NO: 1.

2. Antistof eller fragment ifalge krav 1, hvor det kodede protein har sekvensen SEQ ID
NO: 2.

3. Antistof eller fragment ifglge krav 1, hvor antistoffet eller fragmentet binder proteinet,

nar det er udtrykt af insektceller.

4. Antistof eller fragment ifglge krav 3, hvor antistoffet eller fragmentet binder proteinet,

nar det er udtrykt under anvendelse af et baculovirussystem i Sf9-celler.

5. Antistof eller fragment ifglge krav 1 eller 2, hvor antistoffet eller fragmentet binder

proteinet, nar det er udtrykt af pattedyrsceller.
6. Antistof eller fragment ifglge krav 1 eller 2, hvor antistoffet eller fragmentet binder
proteinet, nar det er udtrykt af humane embryoniske nyreceller, eller primaere

osteoblaster.

7. Antistof eller fragment ifglge krav 6, hvor de humane embryoniske nyreceller er 293-
HEK-celler.

8. Antistof eller fragment deraf, som binder til et protein med i det mindste 80%

aminosyreidentitet med SEQ ID NO: 2, og som forgger knoglemineralindhold.

9. Antistoffragment ifglge ethvert af de foregaende krav, der er en F(ab'),, F(ab),, Fab’,
Fab eller Fv.

10. Antistof eller fragment ifglge ethvert af de foregdende krav, der er monoklonalt.

11. Antistof eller fragment ifelge krav 10, der er murint eller humant.

12. Antistof eller fragment ifelge ethvert af kravene 1-10, der er humaniseret.

13. Antistof eller fragment ifglge ethvert af kravene 1-8, der er polyklonalt.
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14. Antistof eller fragment ifglge ethvert af de foregdende krav, der er et antistof eller

fragment af IgG-klasse.

15. Antistof eller fragment ifalge krav 14, hvor IgG-klassen er 1I9G1 eller IgGa.

16. Antistof eller fragment ifalge ethvert af kravene 1-13, hvor antistoffet eller fragmentet

er et IgE-, IgM- eller IgA-antistof- eller fragment.

17. Antistof eller fragment ifglge ethvert af de foregaende krav, der er konjugeret til et

effektor- eller reportermolekyle.

18. Antistof ifglge krav 17, hvor antistoffet eller fragmentet er konjugeret til en polymer.

19. Antistof ifalge krav 18, hvor antistoffet eller fragment er konjugeret til polyethylen-

glycol.

20. Nukleinsyremolekyle, der koder for et antistof eller fragment ifalge ethvert af kravene
1-12.

21. Ekspressionsvektor indeholdende et nukleinsyremolekyle ifglge krav 20.

22. Celle, der producerer et antistof eller fragment ifglge ethvert af kravene 1-12.

23. Celle ifglge krav 22, der er et hybridoma.

24. Fremgangsmade til fremstilling af et hybridoma, der producerer et monoklonalt

antistof som defineret i krav 10, hvilken fremgangsmade omfatter:

(i) immunisering af en rotte eller mus med et protein kodet af sekvensen i SEQ ID
NO: 1 eller en del deraf;

(i) aflivning af rotten eller musen og indhgstning af milten og/eller lymfeknuder fra
rotten eller musen; og

(iii) fusionering af milt- eller lymfeknudecellesuspensioner med myelomaceller il

dannelse af hybridomaer.
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25. Fremgangsmade ifglge krav 24, hvor fremgangsmaden vyderligere omfatter
screening af hybridomaerne til identifikation af et hybridoma, der producerer et antistof
mod proteinet.

26. Fremgangsmade ifglge krav 24, ved hvilken musen er blevet manipuleret til at

producere humane antistoffer.

27. Fremgangsmade til produktion af et monoklonalt antistof eller antistoffragment ifglge
krav 10, hvilken fremgangsmade omfatter isolering og rensning af antistoffet eller
fragmentet fra et hybridoma som defineret i krav 23 eller tilvejebringelse af én eller flere
replicerbare DNA indeholdende ekspressionsvektorer, som koder de variable og/eller
konstante regioner for antistoffet og transformerer en egnet cellelinie, i hvilken produk-

tionen af antistoffet finder sted.

28. Antistof eller fragment som defineret i ethvert af kravene 1-19 til anvendelse ved en

fremgangsmade til for@gelse af knoglemineralisering hos et varmblodet dyr.

29. Antistof eller fragment til anvendelse ifglge krav 28, hvor det varmblodede dyr har

osteopeni eller en knoglefraktur.

30. Antistof eller fragment til anvendelse ifglge krav 29, hvor osteopenien er forarsaget
af en anaemisk tilstand, steroider, heparin, en knoglemarvslidelse, skarbug, fejlernae-
ring, calciumdeficiens, idiopatisk osteoporose, kongenital osteopeni eller osteoporose,
alkoholisme, kronisk leversygdom, senilitet, postmenopausal tilstand, oligomenorrhea,
amenorrhea, graviditet, diabetes mellitus, hyperthyroidisme, Cushing's sygdom, akro-
megali, hypogonadisme, immobilisering eller inaktivitet, refleks-sympatetisk dystrofi-

syndrom, forbigdende regional osteoporose eller osteomalaki.

31. Antistof eller fragment til anvendelse ifglge krav 28, hvor dyret har osteoporose.

32. Antistof eller fragment til anvendelse ifglge krav 28, hvor dyret har achondroplasi.

33. Fragment eller antistof til anvendelse ifglge ethvert af kravene 28-32, hvor det

varmblodede dyr er et menneske.
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34. Farmaceutisk sammensaetning indeholdende et antistof eller antistoffragment ifalge
ethvert af kravene 1-19 samt et farmaceutisk acceptabelt baerestof eller fortyndings-
middel.

35. In vitro-fremgangsmade til detektering af et protein kodet af sekvensen SEQ ID NO:
1, hvilken fremgangsméade omfatter inkubering af et antistof eller fragment ifglge ethvert
af kravene 1-19 under sadanne betingelser og i et tidsrum tilstreekkeligt til at tillade, at
antistoffet eller fragmentet binder til proteinet, hvorefter bindingen detekteres.

36. Fremgangsmade ifglge krav 35, ved hvilken antistoffet eller fragmentet er bundet til

en fast understgtning.

37. Fremgangsmade ifglge krav 36, ved hvilken antistoffet eller fragmentet er meerket.

38. Fremgangsmade ifglge krav 37, ved hvilken antistoffet eller fragmentet er maerket

med en markgr valgt fra et enzym, et fluorescerende protein og en radioisotop.

39. Kit til detektering af et protein kodet af SEQ ID NO: 1, indeholdende en beholder,

der indeholder et antistof eller fragment ifalge ethvert af kravene 1-19.
40. Anvendelse af et antistof eller fragment som defineret i ethvert af kravene 1-19 til
fremstilling af et leegemiddel til foragelse af knoglemineralisering hos et varmblodet

pattedyr.

41. Anvendelse ifglge krav 40, ved hvilken pattedyret har osteopeni eller en knogle-

fraktur.

42. Anvendelse ifglge krav 41, ved hvilken pattedyret har osteoporose.
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Common Cysteine Backbone
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