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METHOD OF INDUCING BIOMINERALIZATION, METHOD OF INDUCING BONE
REGENERATION AND METHODS RELATED THEREOF

TECHNICAL FIELD OF THE INVENTION
[0001]  The present invention pertains to a method of inducing biomineralization, a
method of treating tooth sensitivity or injured pulp tissue, a method of inducing
differentiation of a cell into an osteogenic cell or odontogenic cell, a method of inducing
bone or dentin regeneration, a method of inducing periodontal regeneration, a method of
inducing differentiation of a cell into a cementoblast, osteoblast, or a periodontal ligament
cell, and a composition comprising a source of Phosphophoryn (PP) and a carrier.

BACKGROUND OF THE INVENTION
[0002] Enamel, cementum and dentin are the three mineralized tissues of teeth. In
human teeth, enamel covers the crown dentin, whereas cementum covers the root dentin. In
turn, the dentin encloses the pulp of the tooth, which provides the dentin with vascular and
neural support. Unlike enamel and cementum, the dentin is transversed by numerous
tubules. The tubule walls are comprised of the calcified matrix of the dentin and the tubule
space is filled with fluid (dentinal fluid) derived from pulp tissue fluid and serum. The
matrix mineral is comprised mainly of the calcium phosphate salt, hydroxyapatite, which is
poorly soluble at neutral and alkaline pH, and progressively more soluble as the pH
becomes progressively more acidic.
[0003] Because of their rigid walls, the fluid that fills the narrow dentinal tubules
enables cold, tactile, evaporative, and osmotic stimuli to be transmitted through the dentin
to the pulp in the form of fluid movement. This movement of dentinal fluid is sensed as
sharp pain of short duration. This pain is elicited when the odontoblasts that protrude into
the pulpal ends of the tubules are disturbed and as a result, the mechano-receptors of the
pulpal nerve fibers attached thereto are stimulated. The neural response is usually referred
to as dentinal pain and the involved dentin as “hypersensitive” dentin.
[0004] Dentinal hypersensitivity, or tooth sensitivity, results when protective enamel or
cementum covering dentin is lost. Cementum is easier to breach than enamel, because
cementum is thinner and more easily eroded by acids. However, breach of cementum
cannot happen until there is gingival recession and exposure of the root surface to the oral
milieu. Individuals with breached cementum and suffering with dentinal hypersensitivity
often experience pain when the exposed area of the tooth comes into contact with cold air,
hot and cold liquids, foods that are sweet or acidic, or is touched with a metal object.
[0005] One way that loss of cementum occurs (and the same is true of enamel) is by the
process of dental caries. Acids are produced as end-products of the bacterial degradation of
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fermentable carbohydrate and these acids dissolve hydroxyapatite, which, like dentin and
enamel, is the main calcium phosphate mineral that comprises most of the mineral of the
cementum. Another source is acidic foods, which, if ingested frequently and for prolonged
periods of time, will cause tooth demineralization. These include fruit juices and many
beverages, both alcoholic and non-alcoholic. Other acidic agents leading to chemical
erosion include various oral personal care products. Amongst these are many of the
commercially available mouthwashes and some toothpastes. Abrasive toothpastes and
vigorous brushing can aid the erosion process. Another way in which dentinal tubules lose
their protective cementum and enamel coverings is through procedures performed by the
dentist or hygienist in the dental office. This includes cavity and crown preparation of teeth
for fillings and other restorations. It also includes cementum removal during scaling and
root planing by the periodontist or dental hygienist. (U.S. Patent No. 6,482,395)

[0006] Many attempts have been made with limited success to treat tooth sensitivity
(see, for example, U.S. Patent Nos. 3,683,006; 5,139,768 4,751,072; 4,631,185; and
6,524,558). Typically, such methods employ calcium salts and the like, and they are of
limited efficacy. Accordingly, there is still a need for an improved method treating tooth
sensitivity.

[0007]  Bone and teeth are known to contain factors, which have the capacity to direct
commitment of primordial mesenchymal cells towards cartilage and bone formation.
Implantation of appropriately decalcified bone or dentin matrix into a soft tissue, such as a
muscle pouch, induces bone formation through a process akin to endochondral ossification.
Perivascular mesenchymal cells migrate to the implant and differentiate into cartilage,
which then is replaced by true bone. (U.S. Patent No. 4,935,497)

[0008]  Chondrogenic/osteogenic-inducing factors, such as Bone Morphogenic Protein
(BMP), have been used in methods of inducing differentiation of cells, e.g., stem cells, to
cells of an osteogenic or odontogenic lineage that ultimately result in bone formation or
bone regeneration in a tissue. However, superphysiological doses of BMP are needed to
achieve a clinical response in vivo, which raises safety and manufacturing concerns. Thus,
however, there still remains a need in the art for improved methods of inducing
differentiation of a cell into an osteogenic cell or odontogenic cell, such that the method
provides an improved method of inducing bone or dentin regeneration or bone formation.
[0009]  Periodontitis occurs when inflammation or infection of the gums (gingivitis) is
untreated or treatment is delayed. Infection and inflammation spreads from the gums
(gingiva) to the ligaments and bone that support the teeth. Loss of support causes the teeth
to become loose and eventually fall out. Periodontitis is the primary cause of tooth loss in
adults. This disorder is uncommon in childhood but increases during adolescence.
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[0010]  Periodontitis affects the composition and integrity of periodontal structures at the
dento-gingival junction, alveolar bone, cementum and periodontal ligament. It causes the
destruction of connective tissue matrix and cells, loss of fibrous attachment and resorption
of alveolar bone and often leads to tooth loss. The major goal of regeneration is to reverse
the destructive effects of this disease. Successful periodontal regeneration has come to
imply the formation of new cementum, new connective tissue attachment with functionally
oriented periodontal ligament fibers, and coronal apposition of new supporting bone.
Current concepts suggest that a population of progenitor cells within the periodontium
constitute the cellular reservoir of new cells for repair and regeneration (Melcher et al., J.
Periodontol 47: 261-266 (1976)). This complex process involves migration, proliferation
and selection of cells and their differentiation. It was also shown that cell-to-cell and cell-
to-matrix interactions play an important role in the migration and local differentiation of the
cells (Hynes et al., Cell 69: 11-25 (1992); and Hynes et al., Cell 68: 303-322 (1992)).
However, the key factors, e.g., proteins, controlling these complex processes that lead to
periodontal regeneration are largely unclear. Therefore, there exists a need in the art to
determine the key factors involved in periodontal regeneration.

[0011] Guided tissue regeneration (GTR) has revolutionized the treatment of
periodontal diseases, such as periodontitis. Numerous clinical and histological studies
during the past decade have shown that periodontal tissue can be regenerated under specific
conditions. GTR utilizes a resorbable or non-resorbable barrier to completely cover the
periodontal defect, preventing the gingival epithelial and connective tissues from contacting
the root surface. This barrier is placed in such a way that an empty space is created between
the bony defect walls, the tooth surface and the barrier, allowing for clot formation,
stabilization and tissue regeneration within that space. Although limited success has been
achieved with GTR in treating periodontal diseases, there still exists a need in the art for

improved methods of treating such diseases.

BRIEF SUMMARY OF THE INVENTION
[0012] The present invention provides a method of inducing biomineralization in a
tissue. The method comprises administering to the tissue a source of PP in an amount
sufficient to induce biomineralization in the tissue.
[0013] The present invention also provides a method of treating tooth sensitivity or
injured pulp tissue in a mammal. The method comprises administering to the mammal a
source of PP in an amount sufficient to treat tooth sensitivity or injured pulp tissue.
[0014]  Further provided by the present invention is a method of inducing differentiation
of a cell into an osteogenic cell or odontogenic cell. The method comprises administering
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to the cell a source of PP in an amount sufficient to induce differentiation of the cell into an
osteogenic cell or odontogenic cell.

[0015] A method of inducing bone regeneration in a tissue is also provided by the
present invention. The method comprises administering to the tissue a source of PP in an
amount sufficient to induce bone regeneration in the tissue.

[0016] Also, the present invention provides a method of inducing periodontal
regeneration in a tissue. The method comprises administering to the tissue a source of PP in
an amount sufficient to induce periodontal regeneration in the tissue.

[0017] Also, the present invention provides a method of treating periodontal diseases,
such as peridontitis, in a patient. The method comprises administering to the tissue a source
of PP in an amount sufficient to treat periodontal diseases in the patient.

[0018] A method of inducing differentiation of a cell into a cementoblast, osteoblast, or
a periodontal ligament cell is further provided herein. The method comprises administering
to the cell or a periodontal space a source of PP in an amount sufficient to induce
differentiation of the cell into a cementoblast, osteoblast, or periodontal ligament cell.
[0019]  The present invention further provides a composition comprising a source of PP
and a carrier.

[0020] These and other objects and advantages of the inventidn, as well as additional
inventive features, will be apparent from the description of the invention provided herein.

BRIEF DESCRIPTION OF THE FIGURES
[0021]  Figure 1 represents the QPCR analysis of osteoblastic gene expression in hMSC,
MC3T3.El, and NIH3T3 cells. All three cell types were cultured in basal media or basal
media containing recombinant human Bone Morphogenic Protein-2 (rhBMP-2) or
recombinant Phosphophoryn (rPP). NIH3T3 cells were also genetically modified to
produce transgenic PP. Total RNA was extracted after 2, 4 or 8 days in culture. Total RNA
(10-30 ng) was subjected to qPCR analysis of Runx2, Osx, Bone/liver/kidney Alp, Ocn and
Bsp genes. Results are expressed as fold over basal media control unless otherwise noted,
Figure 1A: Runx2 gene expression after 2 days: rPP increased Runx2 gene expression in
hMSC (~2.5-fold) and MC3T3.E1 cells (~2.5-fold) and was equal to the level of rhBMP-2
for both cell types. Runx2 gene expression was not changed by rPP or transgenic PP (tPP)
in NIH3T3. Figure 1B: Osx gene expression after 4 days: Osx gene expression was not
affected by rPP in MC3T3.E1 cells. rPP increased Osx gene expression (~8-fold) in
NIH3TS3 cells only in the transgenic form. hMSC in basal media and rPP-treated did not
express Osx. Figure 1C: Total RNA signal of thBMP-2-induced Osx. thBMP-2-induced
Osx gene expression in hMSCs over an 8 day time period. Figure 1D: Alp gene expression
after 8 days: rPP did not up-regulate Alp gene expression for any of the cell types
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examined. Figure 1E: Ocn gene expression after 8 days: rPP up-regulated Ocn gene
expression in MC3T3.E1 (~6-fold); tPP up-regulated Ocn gene expression in NIH3T3 to the
level of rhBMP-2 (~3-fold). Ocn was not up-regulated in hMSC by either rhBMP-2 or rPP
alone. Figure 1F: Bsp gene expression after 8 days. Neither h(MSC nor NIH3T3 expressed
Bsp for any treatment group. thBMP-2 stimulated Bsp gene expression in MC3T3 E1.
Neither rPP nor tPP up-regulated Bsp gene expression in any cell type examined after 8
days in culture. * Significantly higher than basal control, p<0.05; 1+ Equal to rhBMP-2,
p>0.05.

[0022]  Figure 2 represents the QPCR analysis of osteoblastic gene expression in hMSC
cultured additionally with 100 nM Dex. Figure 2A: Runx2 gene expression was increased
(-10-fold) by Dex alone after 2 days in culture. Neither Dex+rhBMP-2 nor Dex+rPP
increased Runx2 gene expression above Dex alone. Figure 2B: hMSC expressed a low
level of Osx after 4 days treatment with Dex. thBMP-2 enhanced Osx gene expression
(~18-fold) over Dex alone. Figure 2C: Dex alone did not increase Alp gene expression.
Dex+rPP increased Alp gene expression slightly (~2-fold) over basal control and Dex alone.
Figure 2D: Ocn gene expression was decreased by treatment with Dex for 8 days. rhBMP-
2 and rPP did not further affect Ocn gene expression. Figure 2E: hMSC treated with Dex
for 8 days express detectable Bsp. There was no change in Bsp gene expression in
Dex+rhBMP-2 or Dex+rPP vs. Dex alone. *Significant from basal control, p<0.05; }
Significant from Dex alone, p>0.05.

[0023]  Figure 3 represents the qPCR analysis of Ocn in h(MSC. Cells were cultured for
6 days in basal media or basal media containing rhBMP-2 or rPP in the absence of Dex.
After 6 days, cells were then additionally supplemented with 10 nM Vitamin D; and
cultured for an additional 48 hours. RNA was extracted and qPCR analysis was performed
for Ocn. Cells treated with vitamin D3 express increased levels of Ocn over basal media
alone (12-fold). When rhBMP-2 was added, no significant change in Ocn gene expression
was detected. rPP increased Ocn gene expression over basal media (~36-fold) and vitamin
D; alone (~3-fold). *Significant from basal control, p<0.05; } Significant from vitamin D5
alone, p>0.05.

[0024]  Figure 4 represents Ocn gene and protein analysis. Cells were cultured as before
for 8 days. hMSC only were supplemented with 10 nM vitamin D5 for the final 48 hours of
culture (no serum added for OCN ELISA). A) qPCR analysis of Ocn gene expression.
Figure 4B: OCN protein release. Bars equal mean = SEM; n=3. *Significant from control,
p <0.05

[0025]  Figure 5 represents Alkaline Phosphatase (ALP) activity after 14 days. hMSC
only were cultured in media supplemented with 100 nM dex. ALP activity was calculated
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as U/mg total protein of the cell lysate. Bars equal mean + SEM; n=3. *Significant from
control, p <0.05.

[0026]  Figure 6 represents an Alizarin red stain of h(MSC. Cells were cultured as before
for 28 days with 10 mM B-glycerophosphate and in the presence or absence of 100 nM dex.
Figure 6A: Alizarin red stain for calcium. Figure 6B: Quantification of alizarin red stain
via extraction with 10% CPC in 10 mM phosphate buffer. Bars equal mean = SEM; n=3.
*Significant from — dex control, 1 Significant from + dex control, p <0.05.

[0027]  Figure 7 represents 0,3 integrin blocking. hMSC were pre-treated with 10
pg/mL anti- a3 for 1 hour and then supplemented with 50 pg/ml L-ascorbic acid
phosphate with 100 ng/mL rhBMP-2 or 50 ng/mL rPP and cultured for 48 hours. qPCR
analysis for Runx2 was performed. Gene expression is calculated as percent of unblocked
control. Bars equal mean + SEM, n=3. *Significant from control, p <0.05

[0028]  Figure 8 depicts data that demonstrate activation of the MAP kinase pathway.
hMSC and NIH3T3 were cultured with rPP for 10, 20, 30 and 60 minutes. Cell lysates were
“harvested and subjected to SDS-PAGE and probed for phosphor-p38, phosphor-Erk1/2 and
phosphor-Jnk by Western blotting.

[0029]  Figure 9 depicts staining for mineralization of NIH 3T3 cells. Figure 9A: von
Kossa stained control NIH 3T3 cells (Day 10) showing no mineralization. Figure 9B: von
Kossa stained transfected NIH 3T3 cells (Day 10) showing extensive mineralization.
[0030] Figure 10 are von Kossa stainings. All three panels were stained at day 7 with
von Kossa and counterstained with fuschin red. Figure 10A: non-transfected cells
(control). Figure 10B: transfected cells showing multiple foci of mineral deposits. Figure
10C: higher magnification of panel B (middle panel).

[0031]  Figure 11 is a simulated x-ray diffraction pattern for stoichiometric
hydroxyapatite.

[0032]  Figure 12 is an X-ray diffraction pattern of the experimental sample isolated
from the transfected cells.

[0033]  Figure 13 is a quantification of an alizarin red stain of NIH3T3 cells (white bars
= control cells; black bars = PP-transfected). *significant from control, p<0.05; T
significant from PP-transfected, AAP + P;, p<0.05.

[0034]  Figure 14 represents a graph of the mean alkaline phosphatase activity (U/mg
total protein) for PP-transfected cells (black bars) and non-transfected cells (white bars),
which have been administered either nothing (2 bars on the left) or AAP + Pi + thBMP2 (2
bars on right), *significant from PP-transfected (control) and non-transfected (AAP + Pi +
rhBMP-2), p<0.05.

[0035]  Figure 15 represents a graph of the mean fold over non-transfected cells of
alkaline phosphatase gene expression in NIH3T3 cells for non-transfected (white bars) and
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PP-transfected (black bars) cells, which have been administered either nothing (2 bars on
left) or AAP + Pi + thBMP-2 (2 bars on right), *significant from control (basal), p<0.05; T
significant from non-transfected (AAP + Pi + rhBMP-2), p<0.05.

[0036]  Figure 16 is a listing of all the sequences discussed herein.

[0037]  Figure 17 depicts X-ray crystallography data of NIH3T3 cells, which were not
transfected with PP DNA. @ indicates NaCl.

[0038]  Figure 18 depicts X-ray crystallography data of MC3T3 cells, which were not
transfected with PP DNA. No crystalline phase is shown.

[0039]  Figure 19 depicts X-ray crystallography data of NIH3T3 cells, which were
transfected with PP DNA. * indicates HA; @ indicates NaCl; and b indicates brushite).
[0040]  Figure 20 depicts X-ray crystallography data of NIH3T3 cells, which were
transfected with PP DNA. * indicates HA and @ indicates NaCl.

[0041]  Figure 21 depicts X-ray crystallography data of MC3T3 cells, which were
transfected with PP DNA. * indicates HA and @ indicates NaCl.

[0042]  Figure 22 is a Western blot of phosphorylated Smadl. hMSC were cultured with
rPP for 1, 20, 60, and 120 minutes. Cell lysates were harvested and subjected to SDS-
PAGE and probed for phosphor-Smad1 by Western blotting.

[0043]  Figure 23 are fluorescence microscopy images of MDPC-23 and NIH3T3 cells
transfected with ILK-GFP plasmid under the control of CMV promoter. Panel A: MDPC-
23 control, where the cells were transfected with ILK-GFP but no rPP was added to the cell
medium. The fluorescence is diffuse with only and few clusters of fluorescence. Panels B
and C: NIH3T3 cells. Panels D and E are MDPC-23 cells that were all treated in similar
fasion with rPP. Clustering can be seen, which is indicative of the formation of focal
adhesion sites in response to rPP. These data indicate that ILK is activated once PP
interacts with the integrin receptors.

DETAILED DESCRIPTION OF THE INVENTION
[0044] PP
[0045] PP is a cleavage product of Dentin Matrix Protein 3 (DMP3), also known as
Dentin Sialophosphoprotein (DSPP), comprising only Exon 5 of DMP3 and constitutes
about 50% of the dentin extracellular matrix protein content. PP has also been localized to
bone tissue, albeit in lesser quantities. The PP protein is highly anionic and its amino acid
sequence consists mainly of aspartic acid-serine-serine (DSS) repeats. Approximately 85-
90% of the serines are phosphorylated. Without being bound to any particular theory, the
highly phosphorylated state of PP allows it to have high affinity for Ca**ions. PP also has
an arginine-glycine-aspartic acid (RGD) sequence at the N-terminus. The coding sequence
of the human PP gene and the amino acid sequence of the encoded gene product, i.e., the
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encoded protein, are publicly available at the National Center for Biotechnology
Information (NCBI) website as GenBank Accession No. NM_014208 (SEQ ID NO: 8) and
NP_055023 (SEQ ID NO: 7), respectively. The coding sequence of the Mus musculus PP
gene and the amino acid sequence of the encoded gene product, i.e., the encoded protein,
are set forth below as SEQ ID NO: 3 and 1, respectively.

[0046]  Sources of PP: PP proteins and PP expression vectors

[0047]  Aspects of the present invention involve the administration of a “source” of PP
in vivo or in vitro. The source of PP can be any source of PP, such as a PP protein, which
can be provided to the desired target within a suitable formulation, or the source of PP can
be an expression vector encoding a PP protein, which provides PP to the desired target by
transfection, infection, or transduction of cells with the vector such that the cells produce
the PP protein. For example, in one embodiment, the source of PP is a protein or peptide
having, comprising, consisting essentially of, or consisting of the amino acid sequence of
SEQ ID NO: 1, a fragment thereof, or a derivative of either of the foregoing. The fragment
of the PP protein can be any suitable or desired fragment of SEQ ID NO: 1, preferably one
that is functionally equivalent to the PP protein, i.e., retaining the same or similar
function(s) of the PP protein, such as the ability to induce biomineralization, treat tooth
sensitivity or injured pulp tissue, induce differentiation of a cell into an osteogenic cell or
odontogenic cell, and/or induce bone or dentin mineralization, generation or regeneration as
herein described. Preferably, the fragment of the PP protein has, comprises, consists
essentially of, or consists of the amino acid sequence of SEQ ID NO: 2, which contains
multiple DSS or aspartic acid-serine (DS) repeats. Without being bound by any particular
theory, it is believed that the capacity of PP to induce mineralization (e.g.,
biomineralization) is attributed to the presence of such DSS repeats ([DSS],) in the protein
and that the phosphorylation of the serines of the DSS repeats may also be of importance to
the biomineralization. Thus, while not required for the practice of the inventive methods, it
is preferred that a source of PP includes, or encodes a protein, comprising such DSS repeats.
In this regard, the source of PP can alternatively be a DMP3 protein (or fragment thereof) of
which Exon 5 is the PP protein, which contains multiple DSS repeats. Alternatively, the
source of PP can be a derivative of the PP protein or fragment thereof. The term
“derivative” as used herein refers to any functionally equivalent derivative of the PP protein
or fragment thereof that has, comprises, consists essentially of, or consists of an amino acid
sequence that is highly identical to that of the PP protein or fragment thereof and retains the
same or similar function(s) of the PP protein or fragment thereof, i.e., the ability to induce
biomineralization, treat tooth sensitivity or injured pulp tissue, induce differentiation of a
cell into an osteogenic cell or odontogenic cell, and/or induce bone or dentin mineralization,



10

WO 2005/016368 PCT/US2004/027076

generation or regeneration. Preferably, the amino acid sequence of the derivative is at least
75% identical to the amino acid sequence of the PP protein or the fragment thereof. More
preferably, the amino acid sequence of the derivative is at least 85% identical to that of the
PP protein or fragment thereof. Most preferably, the amino acid sequence is at least 95%
identical to the amino acid sequence of the PP protein or fragment thereof.

[0048]  The PP protein, fragment thereof, or derivative of either of the foregoing can be
can comprise naturally occurring amino acids or non-naturally occurring amino acids, and
can, furthermore, be modified, e.g., glycosylated, amidated, carboxylated, phosphorylated,
esterified, N-acylated, or converted into an acid addition salt and/or optionally dimerized or
polymerized. Moreover, the PP protein, fragment thereof, or derivative of either of ‘the
foregoing can be modified to create derivatives by forming covalent or non-covalent
complexes with other moieties in accordance with methods known in the art. Covalently-
bound complexes can be prepared by linking the chemical moieties to functional groups on
the side chains of amino acids comprising the protein, fragment thereof, or derivative of
either of the foregoing, or at the N- or C-terminus. Also, the protein, fragment thereof, or
derivative of either of the foregoing can be made recombinantly or can be synthesized on a
peptide synthesizer. Both methods of obtaining the protein, fragment thereof, or derivative
of either of the foregoing are known in the art. See, for instance, Sambrook et al., 2001,

supra, Modern Techniques of Peptide and Amino Acid Analysis, John Wiley & Sons
(1981); and Bodansky, Principles of Peptide Synthesis, Springer Verlag (1984)).

[0049] Alternatively, the source of PP can be a nucleic acid molecule encoding a PP
protein (SEQ ID NOs: 1 or 2), a fragment thereof, or a derivative of either of the foregoing.
The term “nucleic acid molecule” as used herein is defined as a polymer of nucleic acids
(e.g., DNA or RNA), (i.e,, a polynucleotide), which can be single-stranded or double-
stranded, synthesized or obtained from natural sources, and which can contain natural, non-
natural or altered nucleotides and can contain natural, non-natural or altered internucleotide
linkages. A variety of techniques used to synthesize the nucleic acid molecules of the
present inventive methods are known in the art. See, for example, Sambrook et al., 1989,
supra; and Lemaitre et al., Proc. Natl. Acad. Sci. USA 84. 648-652 (1987). Preferably, the
nucleic acid molecule encoding the PP protein (SEQ ID NOs: 1 or 2), fragment thereof, or
derivative of either of the foregoing has no insertions, deletions, inversions, and/or
substitutions present. However, it may be suitable in some instances for the nucleic acid
source of PP to comprise one or more insertions, deletions, and/or substitutions. For
example, nucleic acid molecules having one or more insertions, deletion, and/or
substitutions may have enhanced activity as compared to the nucleic acid molecule not
having one or more insertions, deletions and/or substitutions. The nucleic acid molecule
encoding the PP protein, fragment thereof, or derivative of either of the foregoing desirably
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has, comprises, consists essentially of, or consists of the nucleotide sequence of SEQ ID
NO: 3 or SEQ ID NO: 4.

[0050]  Where the source of PP is a nucleic acid molecule encoding a PP protein, it is
desirable for such coding sequence to be operably linked to a native or non-native
regulatory sequence. If more than one nucleotide sequence is included in the nucleic acid
molecule, each sequence can be operably linked to its own regulatory sequence or to the
same regulatory sequence (e.g., separated by internal IRES sites). The nucleic acid
molecule (e.g., encoding PP) and the regulatory sequence are “operably linked” when they
are functionally linked in such a way as to place the expression of the coding sequence
under the influence or control of the regulatory sequence. Thus, a regulatory sequence is be
operably linked to a nucleic acid molecule if the regulatory sequence effects transcription of
that nucleic acid molecule and the resulting transcript is translated into the PP protein or
polypeptide or other desired factor.

[0051] Within the expression construct, the “regulatory sequence” is typically a
promoter sequence or promoter-enhancer combination, which facilitates the efficient
transcription and translation of the nucleic acid to which it is operably linked (e.g., the
source of PP or other factors). The regulatory sequence can, for example, be a mammalian
or viral promoter, such as a constitutive or inducible promoter. Exemplary viral promoters,
which function constitutively in eukaryotic cells include, for example, promoters from the
simian virus, papilloma virus, adenovirus, human immunodeficiency virus, Rous sarcoma
virus, cytomegalovirus, Moloney leukemia virus and other retroviruses, and Herpes simplex
virus. Other constitutive promoters are known to those of ordinary skill in the art. The
promoters useful as regulatory sequences of the invention also include inducible promoters.
Inducible promoters are expressed in the presence of an inducing agent. For example, the
metallothionein promoter is induced to promote transcription and translation in the presence
of certain metal ions. Other inducible promoters are known to those of ordinary skill in the
art and can be used in the context of the invention, when desired. The selection of
promoters, €.g., strong, weak, inducible, tissue-specific and developmental-specific, is
within the skill in the art. Similarly, the combining of a nucleic acid molecule as described
above with a promoter is also within the skill in the art.

[0052] In addition to the regulatory sequence in operable linkage with the source of PP
(or source of other desired factor(s)), the expression construct also can include other genetic
elements. For example, a nucleic acid sequence encoding a signal peptide, such as
GGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACA (SEQ ID NO: 11),
which directs newly synthesized proteins to the endoplasmic reticulum (Kabat et al.,
Sequences of proteins of immunological Interest, Washington DC: U.S. Department of

Health and Human Services, 1987) can be present in the construct. A nucleic acid sequence



30

WO 2005/016368 PCT/US2004/027076
11

encoding a marker protein, such as green fluorescent protein or luciferase also can be
present in the construct. Such marker proteins are useful in vector construction and
determining vector transfection or transformation efficiency, as well as vector migration.
Marker proteins also can be used to determine points of injection in order to efficiently
space injections of a vector composition to provide a widespread area of treatment, if
desired. Alternatively, a nucleic acid sequence encoding a selection factor, such as a
negative election agent, which also is useful in vector construction protocols, can be part of
the adenoviral vector. Where included. a preferred negative selection agent is an HSV tk
gene cassette (Zjilstra et al., Nature, 342: 435 (1989);, Mansour et al., Nature, 336: 348
(1988); Johnson et al., Science, 245: 1234 (1989): Adair et al., PNAS, 86: 4574 (1989), and
Capecchi, M., Science, 244: 1288 (1989), incorporated herein by reference). Other negative
selection genes will be apparent to those of ordinary skill in the art.

[0053]  Where the source of PP (or other desired factor) is a genetic expression
construct, it can be included within any suitable vector for use in transformation or
transfection of any suitable host. The selection of vectors and methods to construct them
are commonly known to persons of ordinary skill in the art and are described in general
technical references (see, in general, “Recombinant DNA Part D,” Methods in Enzymology,
Vol. 153, Wu and Grossman, eds., Academic Press (1987)). Suitable vectors include
plasmids, phagemids, cosmids, viruses, and other vehicles derived from viral or bacterial
sources. Preferably, the vector is a plasmid or a viral vector. The viral vector can be any
viral vector, such as an adenoviral vector, an adeno-associated viral vector, a retroviral
vector, an SV40-type viral vector, a polyoma viral vector, an Epstein Barr viral vector, a
papillomaviral vector, a herpes viral vector, a vaccinia viral vector, or a polio viral vector.
Methods of constructing such vectors and employing them for expressing nucleic acids in
vivo and in vitro are known in the art.

[0054]  The source of PP can be associated with a substrate (incorporated into a substrate
or deposited onto a substrate). The term “substrate” as used herein refers to any delivery
system that allows sustained release, e.g., slow release, of the associated drug or agent. In
one embodiment, the PP proteins or nucleic acid are incorporated into a matrix, such as a
biomimetic extracellular matrix, which is a synthetic matrix that is intended to mimic a
natural extracellular matrix in its structure and/or function. The matrix can be a polymer
that is either a natural polymer or a synthetic polymer, or combinations thereof. The
polymer can be a water-swellable polymer, optionally containing water within its matrix.
The source of PP is mixed with the polymer precursors prior to or during polymerization of
the polymer or its precursor, or prior to or during cross-linking of the polymers. In one
embodiment, the source of PP is added to a solution containing a polymer and the polymer
subsequently is cross-linked by standard methods. Including the PP in the cross-linking
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reaction and not in the polymer polymerization reaction ensures complete polymerization of
the polymer, while incorporating the PP substantially homogenously in the matrix. The
source of PP also can be loaded into a pre-formed-swellable polymer matrix. Examples of
and methods for post-loading a compound into a hydrogels may be found in PCT
Publication Nos. WO 01/91848 and WO 02/02182. Alternatively, the source of PP can be
loaded onto/into a substrate by means of a printing device, e.g., an ink jet printer, or can be
loaded by other computer-assisted manufacturing techniques (see, for instance, Cooley et
al., Proceedings, SPIE Conference on Microfluidics and BioMEMS, pages 1-12 (October
2001)).

[0055]  The source of PP can be a source of PP that is non-covalently associated with or
within a natural or synthetic polymer matrix product. For example, the source of PP can be
a formulation of a PP protein non-covalently linked to a fibrin matrix product or the source
of PP can be an expression vector comprising a nucleic acid molecule encoding a PP protein
or active fragments (SEQ ID NOs: 1 or 2) and a nucleic acid molecule encoding a fibrin
matrix product, such that upon expression, the PP protein is non-covalently associated with
the fibrin matrix product. Such expression vectors are particularly useful for administration
to an osseous defect or a dentinal lesion. Additional natural or synthetic polymer matrices
to which the source of PP can be non-covalently linked include, for instance, demineralized
bone matrix preparations, injectable calcium phosphate cements, calcium sulfates,
tricalcium phosphates, amorphous calcium phosphates, nanocrystalline and crystalline
calcium phosphates, as well as calcium phosphate gels. Calcium phosphates can be
synthesized in different crystallographic variations which exhibit different chemical and
physical properties depending on the Ca/P ratio. Different modifications of calcium
phosphates can be used for linking PP, which include brushite, monetite, hydroxyapatite,
tricalcium phosphate, octacalcium phosphate, and carbonate substituted hydroxyapatite.
Other substrates could include hyaluronic acid, gelatin, alginate, fibrin glue products,
collagens, collagen-calcium-phosphate combinations, cyclodextrin, Poly-L-Lysine, and
polymers (e.g., poly (lactide-co-glycolides), polylactides, polyglycolides, polyanhydrides,
polyphosphazenes, polycarbonates, polyurethane, polycaprolactone, and other
biodegradable polymers) and all such modifications. The carriers could be in the form of
bulk solid, thin, film, fibers or as a gel surface. Other additional natural or synthetic
polymer matrices are set forth below.

[0056]  In addition to incorporating a source of PP into a natural or synthetic polymer,
other sources of the substrates could include addition of crystalline, nanocrystalline or
amorphous calcium phosphates (brushite, monetite, tricalcium phosphate, hydroxyapatite,
octacalcium phosphate, carbonate substituted hydroxyapatite) into the natural or synthetic
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biodegradable polymeric formulations. PP could also be introduced into a calcium
phosphate gel with varying Ca/P ratios.

[0057]  One of ordinary skill in the art will readily appreciate that the source of PP can
be modified in any number of ways, such that the therapeutic efficacy of the agent is
increased through the modification. For instance, the source of PP could be conjugated
either directly or indirectly through a linker to a targeting moiety. The practice of
conjugating molecules, agents, or compounds to targeting moieties is known in the art. See,
for instance, Wadwa et al., J. Drug Targeting 3: 111 (1995), and U.S. Patent No. 5,087,616.
The term “targeting moiety” as used herein, refers to any molecule or agent that specifically
recognizes and binds to a cell-surface receptor, such that the targeting moiety directs the
delivery of the agent to a population of cells on which surface the receptor is expressed.
Targeting moieties include, but are not limited to, antibodies, or fragments thereof, peptides,
hormones, growth factors, cytokines, and any other naturally- or non-naturally-existing
ligands, which bind to cell surface receptors. The term “linker” as used herein, refers to any
agent or molecule that bridges the source of PP to the targeting moiety. One of ordinary
skill in the art recognizes that sites on the source of PP, which are not necessary for the
function of the source, are ideal sites for attaching a linker and/or a targeting moiety,
provided that the linker and/or targeting moiety, once attached to source of PP, does not
interfere with the function of the source, i.e., the ability to induce biomineralization, induce
differentiation of a cell into an osteogenic cell, induce bone/dentin regeneration, or treat
tooth sensitivity or pulp capping procedure.

[0058]  Method of Inducing Biomineralization

[0059] In one aspect, the present invention provides a method of inducing
biomineralization in a tissue or cell culture. The method comprises administering to the
tissue, or to cells in culture, a source of PP in an amount sufficient to induce
biomineralization in the tissue or cell culture. As used herein, the term “administering”
refers to both indirect and direct administration. In this regard, the phrases “administering
to the cell” and “administering to the tissue” means that the administered agent (e.g., the
source of PP) can be administered directly to the cell or tissue, or the agent can be
administered to a juxtaposed, or even non-juxtaposed region, so long as the agent is
eventually localized to the cell or the tissue, or is eventually localized to a space that is
effective for achieving the desired result, e.g., differentiation of a cell into a cementoblast,
osteoblast, or periodontal ligament cell, regeneration of bone, periodontal, or dentin tissue,
induction of biomineralization, and treatment of tooth sensitivity.

[0060] The term “biomineralization” as used herein herein refers to the process of
forming mineralized structures, such as may be found in the body of a living organism or in
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mineral deposits in cell culture. In biomineralization, typically crystals are produced by a
heterogeneous nucleation mechanism. The deposition of mineral crystals in bone, dentin,
cartilage and the like is orchestrated by cells and by mineral-matrix interactions. The
affinity of extracellular matrix constituents for ions may control the formation of initial
mineral deposits (nucleation) and may regulate the size, morphology, and orientation of
resulting crystals (crystal growth). Mineralized structures include, for example, bone, teeth,
and cartilage. The minerals comprising the structure can be any mineral, such as a calcium
phosphate, e.g., hydroxyapatite, apatite, tri-calcium phosphate, calcium carbonate, brushite,
monetite, octacalcium phosphate and the like. The extent to which biomineralization is
induced can be assayed by alizarin red or Von Kossa staining or by other suitable technique.
[0061] By “inducing,” and words stemming therefrom, as used herein, is meant
promoting or stimulating. The term “inducing” and the like does not necessarily imply a
100% or complete induction. Rather, there are varying degrees of induction of which one of
ordinary skill in the art recognizes as having a potential benefit or therapeutic effect.
Preferably, the present inventive methods cause an induction of biomineralization,
differentiation, and/or bone regeneration to an extent that is at least 20% greater than the
extent of induction achieved in the absence of administration of a source of PP. More
preferably, the present inventive methods achieve induction to an extent that is at least 50%
greater. Most preferably, the present inventive methods achieve induction to an extent that
is at least 75% greater than the extent of induction achieved in the absence of administration
of a source of PP.

[0062]  While, as mentioned, the inventive method of inducing biomineralization can be
used in vitro (e.g., to cells in culture), it also has therapeutic utility when employed in vivo.
For example, induction of biomineralization in vivo in accordance with the present
invention can assist in healing injured or fractured bone or dentin tissue or facilitate
incorporation of a bone or dentin graft into a patient. Also, induction of biomineralization
in vivo in accordance with the present invention can treat tooth sensitivity. For such
applications, the source of PP is typically applied in the region of the junction between the
graft and host bone or dentin structure, to the surface of a tissue, e.g., dentin, to the site of
the fracture as appropriate, or to an osseous defect or dentinal lesion. Application or
delivery of the source of PP need not be limited to such sites, however. In other
embodiments, the inventive method can facilitate strengthening of bone or dentin within a
patient, for example, by increasing mineralization within existing bone or dentin tissue. In
this embodiment, the inventive method can enhance the strength of bone and/or dentin
tissue, which can mitigate the effects of bone and/or dentin degenerative diseases or
disorders (e.g., resulting from tooth decay, osteoporosis, or demineralization resulting from

chemotherapy).
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[0063]  When employed in vitro, the method can result in mineralization in tissue culture
cells or in cultured tissues (e.g., bone grafts, artificial matrices), cultured explanted organs,
or cultured limb structures or primordia (including portions thereof, such as a limb bud, an
arm or leg or portion thereof). In such embodiments, the inventive method can be employed
in tissue regrowth and engineering. For example, the inventive method can increase
mineralization in a bone or dentin graft (e.g., an explant or an artificial graft), which can be
stored or later implanted into a patient. In other applications, the inventive method can be
employed in an explanted limb primordia or structure to assist in growth, re-growth, or
reconstruction of the limb in vitro, which then can be attached or re-attached to a patient.

[0064]  Method of inducing differentiation

[0065]  In another embodiment, the invention provides a method of inducing osteogenic
or odontogenic differentiation of a cell. The method comprises administering to the cell a
source of PP in an amount sufficient to induce differentiation of the cell into a cell of
osteogenic lineage, such as an osteoblast or a preosteoblast, or of odontogenic lineage, such
as an odontoblast or a pre-odontoblast.

[0066]  The cell to be differentiated can be any cell type amenable to differentiation into
an osteoblastic or odontoblastic lineage. Typically, the cell will be a fibroblastic cell type
(e.g., a fibroblast cell line such as NIH3T3 cells) or a cell of mesenchymal lineage, such as
pre-osteblast or pre-odontoblast. A most preferred cell type for differentiation in
accordance with the inventive method include stem cells, such as mesenchymal stem cells
and embryonic stem cells. The isolation of such cells (e.g., from bone marrow or the
stromal fraction of other tissue types) is known in the art.

[0067]  Differentiation of the cells in accordance with the inventive method is
accomplished when the cells exhibit the expression of osteoblast-marker genes. In this
sense, the invention can facilitate the expression of such genes, and the production of the
gene products, within cells. Examples of such osteoblast-gene markers include bone
sialoprotein, Runx2, bone/liver/kidney alkaline phosphatase, osteocalcin, (Latent Membrane
Protein-1 (LMP-1), Latent Membrane Protein-3 (LMP-3) and Osterix. The expression of
such genes in cells subject to treatment in accordance with the inventive method can be
assessed by any standard method, e.g., northern hybridization, reverse transcription-
polymerase chain reaction (RT-PCR), quantitative polymerase chain reaction (PCR) or
measurements of the proteins (e.g., via Western blotting or immunohistochemistry).
Alternatively, differentiation can be assessed by assessing the ability of the treated cells to
deposit minerals, e.g., calcium, relative to untreated cells.

[0068]  The method of inducing differentiation can be accomplished in vitro or in vivo.
For in vitro use, the invention can facilitate the generation of a population of differentiated
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or partially differentiated osteoblasts or preosteoblasts . Such cells can be used in tissue
engineering, for example by seeding grafts or tissue scaffolds for implantation into a patient.
Indeed, such cells can be employed to grow, generate, or regenerate bone or dentin
structures in vitro (e.g., bone or dentin grafts) that can be stored for later use or implanted
into patients as needed. Alternatively, differentiated or partially differentiated osteoblasts
or preosteoblasts generated in accordance with the inventive method can be implanted into
patients, €.g., in the region of bony structures or teeth. In such embodiments, the
differentiated or partially differentiated osteoblasts or preosteoblasts can facilitate bone or
dentin healing, strengthening, generation, or re-generation in vivo.

[0069]  Alternatively, the invention can be employed in vivo, to facilitate the
development of differentiated or partially differentiated osteoblasts or preosteoblasts in vivo,
which also can result in bone or dentin healing or generation within a patient. In accordance
with this aspect, the source of PP is applied to cells in vivo in an amount and at a location
sufficient to induce differentiation of cells in the location to an osteogenic lineage. In situ,
the cells will facilitate the generation or regeneration of bone or dentin. Such in vivo
methods can be used for the treatment of bone defects.

[0070]  Method of strengthening or generating bone or dentin

[0071]  Either through increasing mineralization or inducing osteogenic or odontogenic
differentiation, the present invention provides a method of strengthening bone or dentin or
inducing bone or dentin generation or regeneration. The method comprises administering to
the tissue a source of PP in an amount sufficient to strengthen bone or dentin, or to induce
bone or dentin generation or regeneration in the tissue. Alternatively, the method can
involve transferring to the region of such tissue differentiated or partially differentiated
osteoblasts or preosteoblasts created in accordance with the inventive method, as described
above. Within the tissue, the osteoblasts or preosteoblasts differentiated in accordance with
the inventive method will strengthen (e.g., by increasing mineralization), build, generate, or
regenerate bone or dentin structures in vivo. Such a method can, for example, be employed
to treat fractures within patients, or to treat conditions associated with weakened bone or
dentin, such as osteoporosis or tooth sensitivity.

[0072]  When used dentally, the inventive method can result in the generation,
strengthening, and/or regeneration of dentin. An advantage of this method is that the
invention can facilitate the strengthening and creation of dentin bridges in damaged teeth,
which can retard and, in some patients, reverse the process of tooth decay. Indeed, in some
patients, treatment with a source of PP can alleviate or repair dental damage so as to avoid
traditional approaches such as root canal therapy. In addition, the inventive method, by
inducing mineralization in teeth, can treat tooth sensitivity. The term “tooth sensitivity” as
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used herein refers to the condition in which the dentin structure is exposed by either the
enamel of a tooth has womn away or is absent, or following periodontal disease and
periodontal treatment that could lead to the loss or removal of the cementum layer exposing
the dentin structure such that elements including cold temperature, hot temperature, extreme
sweetness and the like, are sensed by the nerves of the tooth, resulting in a dental
hypersensitivity of the animal to such elements. In this regard, the present invention also
provides a method of treating tooth sensitivity or injured pulp tissue in a mammal. The
method comprises administering to the mammal a source of PP in an amount sufficient to
treat tooth sensitivity or injured pulp tissue. Desirably, the source of PP is administered to
the teeth of such mammal, or to oral epithelial or dental pulp tissue within such mammal.
The term “injured pulp tissue” as used herein refers to any pulp tissue that has been injured
by any means, such as by a disease process, e.g., a carious lesion or genetic disease, or by a
mechanical cutting or drilling process, e.g., such as those using rotary or hand instruments

during dental care procedures.

[0073]  Method of strengthening or generating periodontal tissue

[0074] The present invention provides a method of inducing differentiation of a cell into
a cementoblast, osteoblast, or periodontal ligament cell. The method comprises
administering to the cell or the periodontal space a source of PP in an amount sufficient to
induce differentiation of the cell into a cementoblast, osteoblast, or periodontal ligament
cell.

[0075] The cell to be differentiated can be any cell type amenable to differentiation into
a cementoblastic, osteoblastic, or periodontal ligament lineage. The periodontal ligament
(PDL) consists of two mineralized tissues, cementum and alveolar bone with an interposed
fibrous, cellular and vascular soft connective tissue. PDL cell population is heterogeneous,
consisting of two major lineages, fibroblastic and mineralizing tissues further divided into
osteoblastic and cementoblastic subsets (Dubree et al., Abstract 1075 of the Pathogenesis
Program of the IADR/AADR/CADR 82 General Session, March 10-13, 2004). Typically,
the cell to be differentiated will be a fibroblastic cell or a cell of a mesenchymal lineage. A
preferred cell type for differentiation in accordance with the inventive method includes an
undifferentiated cell, such as a stem cell (e.g., a mesenchymal stem cell, an embryonic stem
cell, etc.). Such undifferentiated cells can be found, for example, in the periodontal
ligament or bone marrow. Methods of isolating such undifferentiated cells are known in the
art. Also, such cells are commercially available from the American Type Culture Collection
(ATCCQC).

[0076]  Differentiation of the cells in accordance with the present inventive method is
accomplished when the cells exhibit expression of appropriate marker genes, which are
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expressed on cementoblasts, osteoblasts, or periodontal ligament cells. In this regard, the
invention can provide a method of facilitating the expression of certain genes and the
production of the proteins encoded by the genes, within the cells. Such marker genes are
known in the art. For example, marker genes of cementoblasts include, for example, bone
sialoprotein (BSP) and osteocalcin, whereas marker genes expressed by periodontal
ligament cells include, for instance, Bone Morphogenic Protein-6 (BMP-6) and alkaline
phosphatase (AP). Examples of marker genes for osteoblasts are any of the osteoblast-gene
markers, as described herein. The expression of the genes can be assayed by any standard
method, as described herein. Alternatively, differentiation can be determined by assessing
the ability of the PP-treated cells to deposit minerals, e.g., calcium, relative to PP-untreated
cells.

[0077]  In the inventive method of inducing differentiation of a cell into a cementoblast,
osteoblast, or periodontal ligament cell, the source of PP can be administered to a
periodontal space, which is the region between the gum or bone and the tooth, or to the cell.
Without being bound to any particular theory, the differentiation of the cell into a
cementoblast, osteoblast, or periodontal ligament cell provides for the formation, repair,
strengthening, or regeneration of periodontal tissue, which comprises cementum, bone, and
periodontal ligament tissue. In this regard, the present invention also provides a method of
inducing periodontal tissue formation, repair, strengthening, or regeneration in a tissue, as
well as a method of inducing the formation, repair, strengthening, or regeneration of
cementum, bone, and/or periodontal ligament tissue. The method comprises administering
to the tissue a source of PP in an amount sufficient to induce periodontal tissue formation,
repair, strengthening, or regeneration in the tissue.

[0078]  The present inventive methods of inducing differentiation of a cell into a
cementoblast, osteoblast, or periodontal ligament cell and of regenerating periodontal tissue
can be carried out either in vivo, in vitro, or ex vivo. For example, the methods can
comprise direct administration of a source of PP to a mammal. Alternatively, the methods
can comprise contacting in vitro autologous cells from a mammal to be treated with a
nucleic acid molecule encoding PP and subsequently transferring the treated cells back into
the mammal. Such methods can be carried out to effectively treat a periodontal disease,
such as periodontitis, which is a dental disorder that results from progression of gingivitis,
involving inflammation and infection of the ligaments and bones that support the teeth. The
methods also can be carried out to effectively facilitate or achieve guided tissue repair,
which is a procedure that enables bone and tissue to re-grow around an endangered tooth or
if the tooth is lost, to increase the amount of bone for implant placement.
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[0079] Use of PP with other osteogenic factors

[0080]  While the source of PP can be employed alone to stimulate biomineralization,
stimulate osteogenic differentiation, or to induce bone or dentin generation or regeneration,
the source of PP also can be employed in connection with sources of other osteogenic
factors. In this sense, the source of PP can act additively or, in some embodiments, even
synergistically with one or more other osteogenic factors or growth factors to stimulate
mineralization in cells and tissues, induce differentiation of cells towards osteogenic
lineages and/or generate, regenerate, or strengthen bone and/or dentin structures in vitro or
in vivo. Such other osteogenic factors or growth factors can be or comprise, for example: a
BMP (e.g., such as the BMP having the amino acid sequence of SEQ ID NO: 9), a
transforming growth factor (TGF), a latent TGF binding protein (LTBP), LMP-1, LMP-3, a
heparin-binding neurotrophic factor (HBNF), growth and differentiation factor-5 (GDF-5), a
parathyroid hormone (PTH), a fibroblast growth factor (FGF), an epidermal growth factor
(EGF), a platelet-derived growth factor (PDGF), an insulin-like growth factor, a growth
factor receptor, a cytokine, RunX, Osterix (Osx), a chemotactic factor, a
granulocyte/macrophage colony stimulating factor (GMCSF), a LIM mineralization protein
(LMP), a leukemia inhibitory factor (LIF), a hedgehog protein, an Insulin Growth Factor
(IGF), a Vascular Endothelial Growth Factor (VEGF), and midkine (MK). Preferably, the
other osteogenic factor is a BMP, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF. More
preferably, the second osteogenic factor for use in the context of the present invention is a
BMP, such as BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP-8, etc.

[0081] As with the source of PP, the “source” of such other osteogenic factor(s) can be
the factors themselves (e.g., as protein preparations in a suitable composition) or genetic
vectors encoding such factors. The source of PP and the source(s) of the other osteogenic
factor(s) can be incorporated into the same formulation or matrix or administered
simultaneously or sequentially, by the same route or a different route. With respect to the
present inventive methods, the source of PP is preferably employed in combination with the
source(s) of the other osteogenic factor(s). More preferably, the source of PP is employed
in combination with a source of BMP.

[0082]  Use of a source of PP in conjunction with a source of another osteogenic factor,
particularly BMP, can circumvent many of the safety and manufacturing concerns
pertaining to BMP. Less BMP may be required in such applications to elicit a response
when PP also is employed, thus improving patient outcome.

[0083]  Compositions for administration of sources of PP
[0084]  With respect to the present inventive methods, the source of PP and/or source of
other osteogenic factor(s) can be formed as a composition. In this regard, the present
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invention provides a composition comprising, consisting essentially of, or consisting of a
source of PP and/or source of other osteogenic factor(s) and a carrier. Preferably, the
composition comprises a PP protein having, comprising, consisting essentially of, or
consisting of the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a derivative
of either of the foregoing. More preferably, the composition comprises a fragment of a PP
protein that has, comprises, consists essentially of, or consists of the amino acid sequence of
SEQ ID NO: 2. Alternatively, the composition desirably comprises a nucleic acid molecule
encoding a PP protein (e.g., encoding SEQ ID NOs: 1 or 2), a fragment thereof, or a
derivative of either of the foregoing. The nucleic acid molecule can be in the form of an
expression vector. More preferably, the nucleic acid molecule comprises, consists
essentially of, or consists of the nucleotide sequence of SEQ ID NO: 3 or 4.

[0085]  The composition can be or comprise any suitable form, depending on the nature
of the source of PP (e.g., DNA or protein) and the type and location of cells to which the
source of PP is applied. For example, where the source of PP is a nucleic acid, the
composition can include lipid complexes, calcium phosphates gels, particles, or thin films,
cyclodextrin, polyethyleneimines, etc., as are commonly used as transfection agents. Such
transfectant agents also can be combined with a range of natural or synthetic polymers, such
as discussed herein. Where the source of PP is a protein, the composition can include
calcium phosphate gels, particles, or thin films, hydrogels, creams, etc., as are commonly
employed for formulating and delivering proteins to cells. The invention includes such
compositions and also methods of delivering a source of PP to cells or tissues using such
compositions.

[0086]  The composition of the present invention can be a pharmaceutical composition.
Pharmaceutical compositions containing the source of PP and/or source of other osteogenic
factor(s) can comprise more than one active ingredient, such as more than one source of PP,
e.g., a PP protein and a fragment thereof and/or source of other osteogenic factor(s). The
pharmaceutical composition can alternatively comprise a source of PP in combination with
another pharmaceutically active agent or drug, e.g. another osteogenic factor, such as a
source of BMP or other osteogenic factor(s). Preferably, the composition of the present
invention comprises, consists essentially of, or consists of a source of PP and a source of
another osteogenic factor. Desirably, the other osteogeneic factor is a BMP.

[0087] The composition comprising the source of PP preferably comprises a carrier.
The carrier can be any suitable carrier. Preferably, the carrier is a pharmaceutically
acceptable carrier. Also preferred is that the carrier is a biodegradable polymer, a
biocompatible ceramic or a combination thereof. With respect to pharmaceutical
compositions, the carrier can be any of those conventionally used and is limited only by
chemico-physical considerations, such as solubility and lack of reactivity with the active
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compound(s), and by the route of administration. It will be appreciated by one of ordinary
skill in the art that, in addition to the following described pharmaceutical compositions, the
sources of PP and/or source of other osteogenic factor(s) of the present inventive methods
can be formulated as inclusion complexes, such as cyclodextrin inclusion complexes, or
liposomes. The carriers could also be biodegradable polymers and biocompatible ceramics
or composites of both.

[0088]  The pharmaceutically acceptable carriers described herein, for example,
vehicles, adjuvants, excipients, and diluents, are well-known to those skilled in the art and
are readily available to the public. It is preferred that the pharmaceutically acceptable
carrier be one which is chemically inert to the active agent(s) and one which has no
detrimental side effects or toxicity under the conditions of use.

[0089] The choice of carrier will be determined in part by the particular source of PP
and/or source of other osteogenic factor(s), as well as by the particular method used to
administer the source of PP and/or source of other osteogenic factor(s). Accordingly, there
are a variety of suitable formulations of the pharmaceutical composition of the present
inventive methods. The following formulations for oral, aerosol, parenteral, subcutaneous,
intravenous, intramuscular, interperitoneal, rectal, and vaginal administration are exemplary
and are in no way limiting. One skilled in the art will appreciate that these routes of
administering the agent or composition comprising the agent are known, and, although more
than one route can be used to administer a particular agent, a particular route can provide a
more immediate and more effective response than another route.

[0090]  Injectable formulations can be used in accordance with the present invention.
The requirements for effective pharmaceutical carriers for injectable compositions are well-
known to those of ordinary skill in the art (see, e.g., Pharmaceutics and Pharmacy Practice,
J.B. Lippincott Company, Philadelphia, PA, Banker and Chalmers, eds., pages 238-250
(1982), and ASHP Handbook on Injectable Drugs, Toissel, 4th ed., pages 622-630 (1986)).
[0091] Topical formulations are well-known to those of skill in the art. Such
formulations are particularly suitable in the context of the present invention for application
to the skin or mucosa, particularly of the oral cavity. Formulations suitable for oral
administration can consist of (a) liquid solutions, such as an effective amount of the source
of PP dissolved in diluents, such as water, saline, or orange juice; (b) capsules, sachets,
tablets, lozenges, and troches, each containing a predetermined amount of the active
ingredient, as solids or granules; (c) powders; (d) suspensions in an appropriate liquid; and
(e) suitable emulsions. With respect to the present invention, the source of PP, or
composition comprising the same, is preferably formulated into a toothpaste, a lozenge or
hard candy, an oral rinse, a chewing gum, a dissolvable tablet or capsule, a dissolvable film,
a gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-



WO 2005/016368 PCT/US2004/027076
22

biodegradable polymer. The PP in a gel, cream, solution or other forms could be applied on
the surface of the exposed dentin using a brush to reduce sensitivity.

[0092]  Liquid formulations may include diluents, such as water and alcohols, for
example, ethanol, benzyl alcohol, and the polyethylene alcohols, either with or without the
addition of a pharmaceutically acceptable surfactant. Capsule forms can be of the ordinary
hard- or soft-shelled gelatin type containing, for example, surfactants, lubricants, and inert
fillers, such as lactose, sucrose, calcium phosphates containing varying Ca/P compositions,
and corn starch. Tablet forms can include one or more of lactose, sucrose, mannitol, corn
starch, potato starch, alginic acid, microcrystalline cellulose, acacia, gelatin, guar gum,
colloidal silicon dioxide, croscarmellose sodium, talc, magnesium stearate, calcium stearate,
zinc stearate, stearic acid, and other excipients, colorants, diluents, buffering agents,
disintegrating agents, moistening agents, preservatives, flavoring agents, and
pharmacologically compatible excipients. Lozenge forms can comprise the active
ingredient in a flavor, usually sucrose and acacia or tragacanth, as well as pastilles
comprising the active ingredient in an inert base, such as gelatin and glycerin, or sucrose
and acacia, emulsions, gels, and the like containing, in addition to the active ingredient,
such excipients as are known in the art.

[0093]  The source of PP and/or source of other osteogenic factor(s), alone or in
combination with another source which could be biocompatible calcium phosphate ceramics
and gels of varying Ca/P ratios, biodegradable polymers and composites of calcium
phosphate ceramics and gels and biodegradable polymers, and/or with other suitable
components, can be made into aerosol formulations, which can be sprayed onto a region of
bone (e.g., during an operation) or onto teeth or oral epithelial tissue. These aerosol
formulations can be placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like. They also can be formulated as
pharmaceuticals for non-pressured preparations, such as in a nebulizer or an atomizer. The
PP and carrier can also be cast into a thin film that can be placed into a region of bone or
onto teeth or oral epithelial tissue.

[0094]  Formulations suitable for parenteral administration include aqueous and
non-aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers,
bacteriostats, and solutes that render the formulation isotonic with the blood of the intended
recipient, and aqueous and non-aqueous sterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and preservatives. The source of PP
and/or source of other osteogenic factor(s) can be administered in a physiologically
acceptable diluent in a pharmaceutical carrier, such as a sterile liquid or mixture of liquids,
including water, saline, aqueous dextrose and related sugar solutions, an alcohol, such as
ethanol, isopropanol, or hexadecyl alcohol, glycols, such as propylene glycol or
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polyethylene glycol, dimethylsulfoxide, glycerol ketals, such as 2,2-dimethyl-1,3-
dioxolane-4-methanol, ethers, such as poly(ethyleneglycol) 400, an oil, a fatty acid, a fatty
acid ester or glyceride, or an acetylated fatty acid glyceride, with or without the addition of
a pharmaceutically acceptable surfactant, such as a soap or a detergent, a suspending agent,
such as pectin, carbomers, methylcellulose, hydroxypropylmethylcellulose,
carboxymethylcellulose, emulsifying agents and/or other pharmaceutical adjuvants.

[0095] Oils, which can be used in parenteral formulations, include petroleum, animal,
vegetable, or synthetic oils. Specific examples of oils include peanut, soybean, sesame,
cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty acids for use in parenteral
formulations include oleic acid, stearic acid, and isostearic acid. Ethyl oleate and isopropyl
myristate are examples of suitable fatty acid esters. Suitable soaps for use in parenteral
formulations include fatty alkali metal, ammonium, and triethanolamine salts, and suitable
detergents include (a) cationic detergents such as, for example, dimethyl dialkyl ammonium
halides, and alkyl pyridinium halides, (b) anionic detergents such as, for example, alkyl,
aryl, and olefin sulfonates, alkyl, olefin, ether, and monoglyceride sulfates, and
sulfosuccinates, (c) nonionic detergents such as, for example, fatty amine oxides, fatty acid
alkanolamides, and polyoxyethylenepolypropylene copolymers, (d) amphoteric detergents
such as, for example, alkyl-b-aminopropionates, and 2-alkyl-imidazoline quaternary
ammonium salts, and (e) mixtures thereof.

[0096]  Alternatively, the source of PP can be modified into a depot form, such that the
manner in which the source is released into the body to which it is administered is
controlled with respect to time and location within the body (see, for example, U.S. Patent
No. 4,450,150). Depot forms of sources of PP and/or source(s) of other osteogenic factor(s)
can be, for example, an implantable composition comprising the source of PP and/or source
of other osteogenic factor(s) and a porous material, such as a polymer or a ceramic gel or a
polymer-ceramic composite gel, wherein the source is encapsulated by or diffused
throughout the porous material. The depot is then implanted into the desired location within
the body and the source of PP and/or source of other osteogenic factor(s) are released from
the implant at a predetermined rate by diffusing through the porous material.

[0097]  Polymer matrices of use as a tissue engineering substrate as described herein
typically are “bioerodible” or “biodegradable” unless a permanent matrix is desirable. The
terms “bioerodible” or “biodegradable” as used herein refer to materials, which are
enzymatically or chemically degraded in vivo into simpler chemical species. Either natural
or synthetic polymers can be used to form the matrix, although synthetic biodegradable
polymers may be preferred for reproducibility and controlled release kinetics. United States
Patent Nos. 6,171,610, 6,309,635 and 6,348,069, which are incorporated herein by reference
for their teachings regarding the art of tissue engineering, disclose a variety of matrices for
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use in tissue engineering. U.S. Patent No. 6,171,610 discloses use of hydroxyapatite in
tissue engineering. The hydroxyapatite prepared by the methods described herein is useful
in such an application. In any case, the hydroxyapatite prepared by the methods described
herein, for example complexed with a biomaterial such as plasmid DNA, may be associated
with any suitable matrix, including without limitation those described herein.
Biodegradable or bioerodible polymers can be used in conjunction with biocompatible
calcium phosphate ceramics or gels. Different variants of calcium phosphate depending on
the Ca/P ratio and the substitution of carbonate species for hydroxyl and the phosphate
groups can be used either alone or in combination with the biodegradable polymers.
Similarly,ceramic gels can be used either alone or in combination with the biodegradable
polymers.

[0098]  Natural polymers include, but are not limited to, fibrin, collagen,
glycosaminoglycans (GAGs), such as chitin, chitosan and hyaluronic acid and
polysaccharides, such as starch, 1-, k- or A-carrageenan, alginate, heparin, glycogen, agarose,
and cellulose. In one embodiment, as shown for example below, a solution containing
fibrinogen and nanocrystalline hydroxyapatite particles which are complexed with a
transforming nucleic acid and are then cross-linked by the action of thrombin. Other natural
polymers containing the nanocrystalline calcium phosphate particles of different Ca/P ratio,
or complexes of nanocrystalline calcium phosphate particles with a biomaterial, are
prepared in an equivalent manner, by mixing the hydroxyapatite or calcium phosphate
complex with a polymer and then complexing the polymer with a cross-linker, or by any
effective manner. The ceramic depending on the Ca/P ratio can thus be chemically
equivalent to that of hydroxypatite, brushite, monetite, tricalcium phosphate (TCP),
octacalcium phosphate (OCP), and carbonate substituted hydroxyapatite o} calcium
phosphate. In addition, partial substitution of the Calcium with divalent ions such as
biocompatible Mg?* can be introduced to induce stabilization of certain metastable phases
such as TCP to facilitate better solubility or stability under physiological conditions. All of
the above variants of the ceramic in the form of nanoparticles or nanocrystalline particles or
amorphous nanosized particles or gels can be chemically complexed with the polymer or
physically dispersed in the polymer to yield a casted sheet of fine particle suspension.
[0099] Synthetic polymers include, but are not limited to polylactide (PLA),
polylactide-co-glycolide (PLGA), polycaprolactone (PCL), polyglycolic acid (PGA),
polyurethanes, polycaprolactone, polymethyl methacrylate (PMMA), polyamino acids, such
as poly-L-lysine, polyethyleneimine, poly-anhydrides, polypropylene-fumarate,
polycarbonates, polyamides, polyanhydrides, polyortho esters, polyacetals,
polycyanoacrylates and degradable polyurethanes. Useful non-erodible polymers include
without limitation, polyacrylates, ethylene-vinyl acetate polymers and other acyl substituted



10

WO 2005/016368 PCT/US2004/027076
25

cellulose acetates and derivatives thereof, non-erodible polyurethanes, polystyrenes,
polyvinyl chloride, polyvinyl fluoride, poly(vinyl imidazole), chlorosulphonated
polyolifins, polyethylene oxide, polyvinyl alcohol, teflon. RTM., and nylon. Structurally,
the polymers may have any useful form, including without limitation, hydrogels,
dendrimers, polymeric micellular structures and combinations thereof. Synthetic polymers
can be cross-linked or otherwise combined with natural polymers. The polymers can be
cast into gels or as films. In addition, the polymers can be combined with the various
ceramic compositions mentioned above.

[00100] For certain tissue engineering applications, attachment of the cells to the
polymer is enhanced by coating the polymers with compounds such as basement membrane
components, agar, agarose, gelatin, gum arabic, collagens types I, II, III, IV, and V,
fibronectin, laminin, glycosaminoglycans, polyvinyl alcohol, mixtures thereof, and other
hydrophilic and peptide attachment materials known to those skilled in the art of cell
culture. It also may be desirable to create additional structure using devices provided for
support, such as struts, or the like. These can be biodegradable or non-degradable polymers
which are inserted to form a more defined shape than is obtained using the cell-matrices.
[00101] Another preferred formulation is a matrix material for tissue engineering, such as
a demineralized bone graft or an artificial matrix comprising polymers or extracellular
matric proteins. For example, a PP protein could be incorporated alone or in combination
with other extracellular matrix proteins and/or other osteogenic proteins within such a
matrix. Indeed, inclusion of PP into such matrices can circumvent many of the safety and
manufacturing concerns pertaining to BMP. Less BMP may be required in such
applications to elicit a response when PP also is incorporated into the matrix, thus
improving patient outcome.

[00102] With respect to the present inventive methods, the mammal to be treated can be
any mammal, including, but not limited to, mammals of the order Rodentia, such as mice,
the order Logomorpha, such as rabbits, the order Carnivora, including Felines (cats) and
Canines (dogs), the order Artiodactyla, including Bovines (cows) and Swines (pigs), the
order Perssodactyla, including Equines (horses), the order Primates, Ceboids, or Simoids
(monkeys) or of the order Anthropoids (humans and apes). An especially preferred
mammal is the human. To some extent, the particular formulation and dosage of the source
of PP and/or other osteogenic factor(s) and carriers including the biodegradable polymers
and biocompatible ceramics will be informed by the species of mammal to be treated.
[00103] For purposes of therapeutic applications of the present inventive methods, the
amount or dose of the source of PP and/or source of other osteogenic factor(s) and carriers
administered should be sufficient to effect a therapeutic response in the animal over a
reasonable time frame. The dose will be determined by the efficacy of the particular agent
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and the condition of the animal (e.g., human), as well as the body weight of the animal (e.g.,
human) to be treated. Many assays for determining an administered dose are known in the
art. For purposes of the present inventive methods of inducing differentiation of a cell into
an osteogenic cell or odontogenic cell and method of inducing bone or dentin regeneration,
an assay, which comprises testing the induction of differentiation of a cell into an
osteogenic cell upon administration of a given dose of a source of PP to a mammal among a
set of mammals of which each is given a different dose of the source, can be used to
determine a starting dose to be administered to a mammal. The extent to which
differentiation is induced upon administration of a certain dose can be assayed by a gene
reporter assay (see, for instance, the Examples set forth below). For purposes of the present
inventive method of inducing biomineralization and method of treating tooth sensitivity, an
assay, which comprises testing the induction of biomineralization upon administration of a
given dose of a source of PP to a mammal among a set of mammals of which each is given
a different dose of the source, can be used to determine a starting dose to be administered to
amammal. The extent to which biomineralization is induced upon administration of a
certain dose can be assayed by a alizarin red staining or Von Kossa staining of cells
expressing PP as described in the Examples set forth below.

[00104] The dose also will be determined by the existence, nature and extent of any
adverse side effects that might accompany the administration of a particular source of PP.
Ultimately, the attending physician will decide the dosage of the source of PP with which to
treat each individual patient, taking into consideration a variety of factors, such as age, body
weight, general health, diet, sex, inhibitor to be administered, route of administration, and
the severity of the condition being treated.

EXAMPLES
[00105] The following further illustrates the invention but, of course, should not be
construed as in any way limiting its scope.

[00106] Abbreviations

[00107] For convenience, the following abbreviations are used herein: PP,
Phosphophoryn; NCBI, National Center for Biotechnology Information; ECM, extracellular
matrix; BMP, Bone Morphogenic Protein; DMP, Dentin Matrix Protein 3; DSS, aspartic
acid-serine-serine; DS, aspartic acid-serine; RGD, arginine-glycine-aspartic acid; ATCC,
American Type Tissue Collection; HLB, hydrophile-lipophile balance, PCR, polymerase
chain reaction; RT-PCR, reverse transcription-polymerase chain reaction; LMP-1, Latent
Membrane Protein-1; LMP-3, Latent Membrane Protein-3; TGF, Transforming Growth
Factor; HBNF, heparin binding neutrophic factor; LTBP, Latent TGF Binding Protein;



10

—
L2

WO 2005/016368 PCT/US2004/027076

27

GDF-5, Growth and Differentiation Factor-5; PTH, Parathyroid Hormone; FGF, Fibroblast
Growth Factor; EGF, Epidermal Growth Factor, PDGF, Platelet Derived Growth Factor;
GMCSF, Granulocyte/Macrophage Colony Stimulating Factor, LMP, Osx, Osterix; LIM
Mineralization Protein; LIF, Leukemia Inhibitory Factor, MK, Midkine; IGF, Insulin
Growth Factor, VEGF, Vascular Endothelial Growth Factor; GAG, glycoasaminoglycan;
PLA, polylactide; PLGA polylactice-co-glycolide; PGA, polyglycolic acid; PMMA,
polycaprolactone, polymethyl methacrylate; qPCR, quantitative realtime polymerase chain
reaction; Amp, ampicillin; IPTG, isopropyl p-D-thiogalactopyrasnoside; GST, glutathione
S-transferase; tPP, transgenic Phosphophoryn; rhBMP-2, recombinant human Bone
Morphogenic Protein-2; hMSC, human adult mesenchymal stem cells; rPP, recombinant
PP; ELISA, enzyme-linked immunosorbent assay; SEM; standard error mean, MAP;
Mitogenic Activated Protein; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis; AAP, alkaline phosphatase; Pi, inorganic phosphate; RGD, arginine-
glycine-aspartate; HA, hydroxyapatite; FTIR, Fourier transform infrared; EDAX, energy
dispersive X-ray.

[00108] Materials

[00109] The following materials were used herein.

[00110] Vectors for production of recombinant PP (pGEX) and stable transfection
(pShooter-ER) were obtained from Amersham (Piscataway, NJ) and Invitrogen (Carlsbad,
CA) respectively. BL21 cells were obtained from Invitrogen. LB, ampicillin and IPTG
were obtained from Sigma (St. Louis, MO). Thrombin, Glutathione Sepharose 4B and p-
aminobenzamindine Sepharose 4 Fast Flow was obtained from Amersham. FuGene
Transfection Reagent was obtained from Roche (Palo Alto, CA). Human adult
mesenchymal stem cells (hMSC) were obtained from BioWhittaker, Inc. (Walkersville,
MD). Human mesenchymal stem cell medium (MSCM), mesenchymal cell growth
supplement, L-glutamine, penicillin and streptomycin were obtained from BioWhittaker,
Inc. and added to the medium according to the manufacturer’s specifications to prepare
complete MSCM. MC3T3-E1 (clone 4) and NIH3T3 cells were obtained from ATCC
(Manassas, VA). DMEM, FBS, penicillin/streptomycin and trypsin-EDTA were obtained
from GibCo BRL (Carlsbad, CA). 1, 25-(OH), vitamin D3 was obtained from Biomol
(Plymouth Meeting, MA). Antibody to a3 integrin (anti-a,f3) was obtained from
Chemicon (Temecula, CA). OCN ELISA kit was obtained from Zymed Laboratories (San
Fransisco, CA). PBS, ALP assay kits, alizarin red-S and cetylpyridinium chloride (CPC)
were obtained from Sigma Diagnostics, Inc. Total protein assay kits were obtained from
Bio-Rad (Hercules, CA). RNeasy Kit and DNase I were obtained from Qiagen (Valencia,
CA). RiboGreen Kit was obtained from Molecular Probes (Eugene, OR). All quantitative
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real time PCR reagents, primers and probes were purchased from Applied Biosystems
(Foster City, CA). Protease inhibitors were purchased from Pierce Biotechnology
(Rockford, IL). Anti-phospho-p38, anti-phospho-Erk1/2 and anti-phospho-Jnk were
purchased from Cell Signaling Inc. (Beverly, MA). Western Lightning Chemiluminescence
reagents were purchased from Perkin-Elmer (Boston, MA).

[00111] Cell Culture

[00112] The following describes how cells used herein were cultured.

[00113] hMSC, MC3T3-E1 and NIH3T3 were plated in 35 mm culture wells and grown
in basal media to ~70% confluence. Basal media for stem cells was complete MSCM and
for MC3T3-E1 and NIH3T3, DMEM supplemented with 10% FBS and 1%
penicillin/streptomycin. Cells were then treated with either thBMP-2 (MC3T3-E1 and
NIH3T3: 50 ng/mL; hMSC: 100 ng/mL) or 50 ng/mL rPP in basal media. The 50 ng/mL
rPP concentration was determined based on a pilot experiment using a dose curve of 50, 100
and 250 ng/mL of rPP for MC3T3 and NIH3T3 cells. Cells were cultured for 2, 4 and 8
days prior to RNA extraction. Media was renewed every second day. Where noted, h(MSC
were also cultured in the presence of 100 nM dexamethasone (dex) as the negative control.
We chose these time points to analyze the gene expression based on recommendations from
the literature (Frank et al., J Cell Biochem 85, 737-746 (2002); Jaiswal et al., J Cell
Biochem 64, 295-312 (1997)).

[00114]  Statistical Analyses

[00115] For qPCR assays, the coefficient of variation (COV) was calculated from three
assay replicates. For all treatment groups and target genes analyzed, the COV did not
exceed 3%. All experiments were performed at least twice and one representative
experiment is reported as the mean of three treatment triplicates + standard error of the
mean (SEM). One-way analysis of variance (ANOVA) followed by Fisher’s LSD multiple
comparison post hoc test using SYSTAT 9 software (Richmond, CA) was performed to
determine significance among treatment groups. A p-value <0.05 was considered
statistically significant.

Example 1
[00116] This example demonstrates the generation of recombinant PP and a transfected
cell line.
[00117] Isolated mouse genomic PP was used as a template to amplify by PCR exon 5.
The primers used were designed with Sal I and Xba I at the 5’ ends of the gene specific
sequence (bold letters). Five random bases 5’ to the restriction site were inserted to allow
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Sal I and Xba I digestions. The primers used were: Forward: 5’
CTAATGTCGACATGGAGAGTGGCAGCCGTGGAGA 3’ (SEQ ID NO: 12); Reverse:
5’ GCATTCTAGATTAAAGCACCCGCCATTCAAATCG 3’ (SEQ ID NO: 13). The
thermocycling conditions were as follows: Three cycles of 94° C for 70 sec (denaturation),
52° C for 70 sec (annealing), 72° C for 2 minutes (extension) followed by 30 cycles of 94°
C for 70 sec (denaturation), 62° C for 70 sec (annealing), 72° C for 2 minutes (extension).
The obtained PCR fragment was inserted into the pGEX-4T-3 vector and transformed into
the bacterial host BL21. Cells were cultured in LB+Amp media for 4 hr at 30° C. Protein
expression was induced by 1 mM IPTG for 3 hr. The bacterial lysate was cleared by
centrifugation and applied directly to Glutathione Sepharose 4B. After washing with PBS,
GST-bound protein was eluted with thrombin. Thrombin was removed from eluates with p-
aminobenzamindine immobilized on Sepharose 4 Fast Flow matrix. The purified protein
was electrophoresed on a 12% polyacrylamide gel and stained with Stains All to verify the
molecular mass. A strong band was visible at ~ 55 Kda that corresponds to the correct mass
of PP. The amino acid composition of the purified protein was determined and was found
to match the cloned sequence. Recombinant PP (rPP) was stored at -80° C until use. PP
PCR product was also inserted into the pShooter-ER vector and transfected into NIH3T3
using FuGene 6 Transfection Reagent. Stably transfected cells were selected using G418.
Expression of the PP gene was verified by RT-PCR and PP protein secretion by dot blot
analysis. The anti-PP was a generous gift from Dr. Arthur Veis at Northwestern University
(Veis et al., Microsc Res Tech 59, 342-351 (2002)). PP produced by stably-transfected
NIH3T3 is denoted tPP.
[00118] This example demonstrated that a recombinant PP protein was made. This
example further demonstrated that cells stably transfected with PP DNA expressed and
secreted the PP protein.

\

Example 2

[00119] This example demonstrates that Phosphophoryn up-regulates osteoblast marker
genes.
[00120] Total RNA was extracted using the RNeasy Kit with DNase I treatment
according to the manufacturer’s protocol. RNA content was determined using the
RiboGreen RNA Quantification Kit. Conventional RNA quantification using 260/280
absorbance readings proved to be too imprecise to match the specificity of quantitative real-
time PCR. Total RNA content was photometrically analyzed with a Tecan Spectrafluor
platereader (Research Triangle Park, NC) with excitation at 485 nm and emission at 595
nm. RNA concentrations were calculated based on a standard curve of control ribosomal
RNA.
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[00121] Cells were harvested from the culture treatments at the time points described
above. After extraction and quantification of RNA, quantitative realtime PCR (qPCR)
analysis was carried out using Tagman® One-step RT-PCR Master Mix. Total RNA (10-30
ng) was added per 50 pL reaction with sequence specific primers (50-200 nM) and
Tagman® probes (100 nM). Sequences for all target gene primers and probes are shown in
Table 1. 18S primers and probes were designed by and purchased from Applied
Biosystems. qPCR assays were carried out in triplicate on an ABI Prism 7000 Sequence
Detection System. Thermocycling conditions were as follows: 48°C for thirty minutes
(reverse transcription), 95°C for 10 minutes (initial denaturation) followed by 40 cycles at
95°C for 15 seconds (denaturation) and 60°C for 45 seconds (annealing and extension).
The threshold was set above the non-template control background and within the linear
phase of target gene amplification to calculate the cycle number at which the transcript was
detected (denoted Cr).
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[00122] Gene expression values were calculated based on the comparative 8dCtmethod
(separate tubes) detailed in Applied Biosystems User Bulletin #2 (Lee et al., Biochem
Biophys Res Commun 309, 689-694 (2003). For each primers/probe set, validation
experiments demonstrated that efficiencies of target and reference gene amplification were
approximately equal; the absolute value of the slope of log input amount vs. Ct <0.1.
Target genes were normalized to the reference housekeeping gene, 18S. Fold differences
were calculated for each treatment group using normalized Cr values for the negative
control at the appropriate time point as the calibrator. If no baseline expression of target
gene was detectable, then total amount of RNA was calculated.

[00123] To determine the role of PP in osteoblast gene expression, QPCR was used to
measure expression of Runx2, Osx, Alp, Ocn and Bsp in hMSC, MC3T3.E1 and NIH3T3
cells in response to rPP. NIH3T3 cells were also genetically modified to produce transgenic
PP (tPP). Our positive control was cells treated with thBMP-2 and our negative control was
basal medium. Runx2 gene expression qPCR analysis was performed on RNA harvested
after 2 days in culture. Runx2 gene expression was increased over basal medium control in
both hMSC (~2.5-fold) and MC3T3 E1 (~2.5-fold) (Figure 1a). Runx2 gene expression
was not enhanced in NIH3T3 cells by either rPP or tPP. Further, in h(MSC and MC3T3 E1,
Runx2 gene expression induced by rPP was equal to that induced by rhBMP-2.

[00124] Osx gene expression analysis was performed on RNA extracted after 4 days in
culture. thBMP-2 increased Osx gene expression ~9-fold in MC3T3 E1; whereas rPP did
not affect Osx gene expression in this cell line (Figure 1b). Although Osx was up-regulated
in NIH3T3 by tPP ~8-fold over basal media control, it did not exceed the level of induction
by rhBMP-2 (~13-fold). rPP did not affect Osx gene expression in NIH3T3. Both
MC3T3.E1 and NIH3T3 express basal levels of Osx that permits a “fold over control”
calculation for these two cell lines. However, hMSC do not express a basal expression of
the Osx message. By qPCR analysis, Osx gene expression was below the threshold of
detection. Therefore, induction of Osx gene expression by thBMP-2 is shown as a graph of
total amount RNA signal vs. days in culture (Figure 1¢). Over a period of 8 days in media
containing thBMP-2, Osx gene expression steadily increases. Upon treatment with rPP,
Osx gene expression was not detectable for a period of up to 8 days in culture.

[00125] Alp, Ocn and Bsp gene expression analysis was performed on RNA from all cell
lines extracted after 8 days in culture. Alp gene expression was up-regulated in both
MC3T3.E1 and NIH3T3 by thBMP-2 (~25-fold and ~4-fold respectively) but not by rPP or
tPP (Figure 1d). Although hMSC express a basal level of Alp message, no change was
detectable for either rhBMP-2 or rPP in hMSC over a period of 8 days. Ocn gene
expression was enhanced by rPP in both MC3T3.E1 (~6-fold) and NIH3T3 (~3-fold)



10

WO 2005/016368 PCT/US2004/027076

33

(Figure 1e). Up-regulation of Ocn by tPP in NIH3T3 was equal to that of rhBMP-2. hMSC
express a low level of Ocn message, however, no change was detected with treatment of
either thBMP-2 or rPP alone over a period of 8 days. Bsp gene expression was not affected
by rPP in MC3T3.E1; whereas, our positive control, hBMP-2 increased Bsp gene
expression -20-fold over basal media control (Figure 1f). NIH3T3 and hMSC cells did not
express Bsp message for any treatment group over an 8 day culture period. hMSC are
traditionally cultured in medium containing Dex to guide the cells toward osteoblastic
lineage (Wang et al., Proc Natl Acad Sci U S A 95, 14821-14826 (1998)). Dex was not
initially included in the cultures to avoid possible synergistic action between Dex and
rhBMP-2 or rPP that may mask any slight changes in gene expression (Lukashev et al.,
Trends Cell Biol 8, 437-441 (1998); Adams et al., Development 117, 1183-1198 (1993)).
However, Runx2 was the only gene for which we detected a change in expression
stimulated by either thBMP-2 or rPP in the absence of Dex in hMSC. Therefore, qPCR
analysis of the above marker genes was performed on another set of cultures (hMSC only)
containing 100 nM Dex.

[00126] Addition of Dex to the basal media significantly increased Runx2 expression
~10-fold compared to basal media alone after 2 days in culture (Figure 2a). However,
treatment of rhBMP-2 and rPP with Dex did not further enhance Runx2 gene expression
over Dex alone. It is possible that the cells have reached their peak Runx2 expression due
to treatment with Dex and further stimulation by thBMP-2 or rPP does not result in higher
levels of Runx2 message but rather may feedback to inhibit further Runx2 gene expression.
Osx showed a different profile than Runx2. Whereas, hMSC do not express basal levels of
Osx, treatment with Dex for 4 days resulted in extremely low, but nonetheless detectable
Osx message. Additional treatment with hBMP-2 further increased Osx gene expression in
hMSC ~18-fold over Dex alone (Figure 2b). However, rPP had no additional effect on Osx
expression over Dex alone-treated hMSC. After 8 days in culture, Alp gene expression was
not enhanced by treatment with Dex, nor with additional supplementation with rhBMP-2
(Figure 2c). However, the combination of Dex and rPP in the media resulted in slightly
elevated Alp gene expression (~2-fold) over both basal media control and Dex alone. Ocn
gene expression was adversely affected by treatment with Dex after 8 days in culture
demonstrating ~60% reduction in Ocn message compared to basal media control. Previous
studies by others have shown that in hMSC, osteogenic media containing Dex reduced
expression of both Ocn message and protein induced by Vitamin D3 (Wang et al. (1998),
supra). In another report however, rat bone marrow-derived stem cells demonstrated
increased Ocn message in response to a combination of Dex and rhBMP-2 and required
vitamin Da (Adams et al. (1993), supra). No detectable change in Ocn gene expression by
additional treatment with either thBMP-2 or rPP was found. Following treatment with Dex
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for 8 days, Bsp gene expression was low, but detectable as was the case with Osx.
Additional treatment with either thBMP-2 or rPP did not enhance further Bsp expression.
Bsp is usually expressed at later stages of differentiation, peaking just before matrix
mineralization (Byers et al., J Bone Miner Res 17, 1931-1944 (2002)). No change in Bsp
expression was observed even after 21 days in culture, in the absence and presence of Dex.
[00127] Asreported by others, vitamin Dj is essential for expression of both Ocn
message and protein in hMSC (Wang et al. (1998), supra; Adams et al. (1993), supra).
However, other reports have shown induction of Ocn gene expression by Dex and FGF-2 in
human bone marrow-derived stem cells (Byers et al. (2002), supra) and OCN protein in rat
bone marrow-derived stem cells by rhBMP-2 alone without inclusion of vitamin Dj; in the
culture media (Lukashev et al., (1998), supra). As shown herein, Dex alone and in
combination with either thBMP-2 or rPP actually decreased Ocn gene expression in hMSC.
In the absence of Dex, there is no difference in Ocn gene expression among basal media,
rhBMP-2- and rPP-supplemented media. Despite conflicting reports on the use of Dex and
vitamin Dj alone, in combination or with other growth factors, vitamin D3 was included in
the culture media in the absence of Dex to determine the effect of rPP on Ocn gene
expression in hMSC.

[00128] When vitamin D3 was added to the basal media of hMSCs, Ocn gene expression
increased ~12-fold over cells cultured in basal media alone after 8 days in culture (Figure
3). When cells were additionally supplemented with thBMP-2, no change in Ocn
expression was detected, as has been reported by others (Ducy et al., Cell 89, 747-754
(1997). However, when treated with rPP in the presence of vitamin D3, hMSC expressed
higher levels of Ocn gene expression than either basal media (~36-fold) or Vitamin D5
alone (~3-fold).

[00129] This example demonstrated that PP plays a role in progression of mesenchymal
stem cells and osteoprecursors towards a more mature cell.

Example 3
[00130] This example demonstrates PP induced Ocn gene expression and protein
production.
[00131] hMSC were cultured as before for 8 days in basal media or basal media plus 100
ng/mL rhBMP-2 or 50 ng/mL rPP and supplemented with 10 nM 1,25-(OH), vitamin Ds for
the final 48 hours of culture (Jaiswal et al., J Cell Biochem 64, 295-312 (1997). MC3T3-E1
and NIH3T3 were cultured similarly but did not require vitamin D; for induction of Ocn.
Total RNA was extracted as described above and analyzed via qPCR for Ocn gene
expression. For OCN ELISA, cells were cultured in thBMP-2 or rPP-containing medium
for 8 days. For the final 48 hours of culture, cells were cultured in media without serum
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added. Conditioned media was collected and stored at -80 C until use. OCN ELISA was
performed according to the manufacturer’s instructions. OCN concentration (ng/mL) was
calculated from a standard curve and normalized to total protein of the cell lysate as
determined by the Bio-Rad Protein assay.

[00132] PP up-regulated Ocn gene expression over control in all three cell types (p<0.05)
(hMSC: 4-fold, MC3T3-E1: 6-fold and NIH3T3: 3-fold) (Figure 4A). PP increased OCN
protein release ~10-fold above negative controls (p<0.05) for both hMSC (40 versus 4
ng/mL) and MC3T3-E1 (10 versus 1 ng/mL) (Figure 4B). There was no change in OCN
protein release in NIH3T3 due to PP treatment.

[00133] This example demonstrated that PP increased the activity of ALP, a common
marker of osteogenic lineage progression.

Example 4
[00134] This example demonstrates Phosphophoryn increased ALP activity in hMSC.
[00135] Cells were cultured in the above media, supplemented with 10mM -
glycerophosphate for all treatment groups. hMSC were additionally supplemented with 100
nM dex. Cells were harvested by trypsinization and centrifugation after 7, 14, and 28 days

~ in culture. MC3T3-E1 and NIH3T3 were cultured similarly without dex. Cell pellets were

resuspended in 500 puL of lysis buffer. Cell lysates were frozen at -80° C for at least 2 hours
prior to ALP activity assays. Five microliters of thawed cell lysates were incubated with
200 uL ALP 10 reagent from the Sigma Diagnostics Kit for 30 minutes at 37° C. An initial
absorbance reading (time 0) was taken at 405 nm prior to thirty minute incubation at 37° C
and following (time 30). ALP activity was calculated according the manufacturer’s
instructions. ALP activity was normalized to total protein of the cell lysate.

[00136] To further examine the function of PP in osteogenic lineage progression, ALP
activity, which is a common phenotypic marker for osteogenesis, was examined. ALP
activity was measured over a time course of 7 to 28 days. Figure 5 shows the highest
increase in ALP activity in hMSC at day 14. In contrast, rPP-treated groups did not
increase ALP activity in MC3T3-E1 and NIH3T3, as well as the stably-transfected NIH3T3
over the time course examined. The positive control, hBMP-2, increased ALP activity
over basal media control for all three cell types.

Example 5
[00137] This example demonstrates Phosphophoryn increased calcium deposition in
hMSC.
[00138] hMSC were cultured as before in 100 nM dex and 10 mM B-glycerophosphate-
containing media for 28 days. Cells were fixed in 70% ice-cold ethanol for 1 hour and
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rinsed with ddH;0. Cells were stained with 40 mM alizarin red-S, pH 4.2 for 10 minutes
with gentle agitation. Cells were rinsed five times with ddH,0 and then rinsed for 15
minutes with 1X PBS and gentle agitation. Alizarin red was extracted from fixed cells by
treatment with 500 pL 10% CPC for 20 minutes with gentle agitation. Absorbance of
extracted alizarin red in CPC solution was measured at 570 nm. Amount of alizarin red (in
ug) was determined according to an alizarin red standard curve and normalized to total
protein of the cell lysate.

[00139] In hMSC, when added in combination with 100 nM dex and 10 mM B-
glycerophosphate, both hBMP-2 and rPP demonstrated increased alizarin red staining after
28 days in culture (Figure 6A). Without dex, no alizarin red is detected. Upon
quantification of alizarin red stain with 10% CPC, dex alone, dex+rhBMP-2 and dex+rPP
exhibited increased alizarin red staining over cultures that did not contain dex (Figure 6B).
Further, rhBMP-2 and rPP demonstrated increased alizarin red staining in cultures
supplemented with dex, compared to hMSC cultured with dex alone. This data reinforces
the above-posed question as to the role of PP in signaling and/or mineral deposition.
Therefore, the signaling mechanism of PP via integrin/RGD interactions was investigated.
[00140] This example demonstrated that treatment of cells with PP caused an increase in

calcium deposition.

Example 6
[00141] This example demonstrates that PP regulates gene expression via the a,p3
integrin.
[00142] bMSC were seeded into 35 mm culture wells and allowed to reach ~70%
confluence in basal media. Cells were washed twice with 1X sterile PBS and treated with
15 or 25 pg/mL anti-o.B3 diluted in serum-free basal media in a total volume of 500 pL.
Cells were incubated with rocking for one hour at 37° C. Cells were then washed twice
with 1X sterile PBS and incubated in media containing 50 pg/mL L-ascorbic acid phosphate
and either 100 ng/mL rhBMP-2 or 50 ng/mL rPP for 48 hours. Total RNA was extracted
and Runx2 gene expression analyzed via qPCR.
[00143] PP has an RGD domain; therefore, it was hypothesized that PP may be
functioning in osteoblastic gene expression via binding to the a,B; integrin on the cell
surface. As demonstrated above, rPP stimulated Runx2 gene expression in hMSC.
Therefore, it was decided to test the integrin interaction hypothesis on hMSC using a
blocking antibody to the a.,p3 integrin. Upon addition of the integrin blocking antibody,
Runx2 gene expression due to rPP was decreased by ~60% compared to un-inhibited control
(Figure 7). Runx2 gene expression was not inhibited by anti-oyf; in the rhBMP-2-treated
hMSC as BMP-2 acts via it own specific receptors (Type I and II).
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[00144] This example demonstrated that PP functions to up-regulate bone specific gene
markers via binding to the a,f3 integrin and triggering intracellular signaling pathways.

Example 7
[00145] This example demonstrates that PP regulates gene expression via the MAPK
pathways.
[00146] hMSC and NIH3T3 were cultured in triplicates as specified above except that
the cells were cultured overnight in serum-free media prior to rPP treatment. Conditions for
treatment (time) were based on recommendations from the literature (Higuchi et al., Bone
Miner Res 17, 1785-1794 (2002); Lee et al., Oncogene 21, 7156-7163 (2002); Xiao et al., J
Biol Chem 277, 36181-36187 (2002); and Lai et al., J Biol Chem 276, 14443-14450
(2001)). rPP (250 ng/ml) was added for 10, 20, 30 and 60 minutes and the cells were lysed
on ice in RIPA buffer (150 mM NaCl, 1% Igepal CA-630, 0.5% sodium deoxycholate, 0.1
% SDS, 50 mM Tris, pH 8.0) in the presence of protease inhibitors. The lysed cells were
then pooled and protein concentration was determined. The lysates were stored at -80° C at
least 2 hours prior to use. Total protein (30 pg) were loaded onto 10% SDS gels and
subjected to SDS-PAGE. Gels were blotted onto PVDF membranes and probed with anti-
phosphorylated p38 (1:250), anti-phosphorylated Erk1/2 (1:250) and anti-phosphorylated
Jnk (1:250) by Western blotting. Bands were detected by chemiluminescence of HRP and
exposure to X-OMAT Kodak film was performed.
[00147] It should be noted that 50 ng/mL rPP was the optimal dose for gene expression
experiments, although treatment of cells with 250 ng/mL PP yielded the optimum
induction of MAPK components, in comparison to the lower concentration of 50 and 100
ng/mL of rPP. For the gene expression experiments, 50 ng/mL rPP was probably sufficient
due to the time of rPP-treatment and the high sensitivity of qPCR assay. Whereas for the
western blotting technique, a shorter treatment time seemed to require a higher dose.
[00148] To further study the signaling pathway following PP interaction with the a,B3
integrin receptor, the involvement of the MAPK pathway and more specifically the
activation of p38, ERK1/2 and Jnk was investigated. As shown in Figure 8, the p38
activation was apparent within 10 minutes of exposure to rPP in both NIH3T3 and hMSC
cells. The ERK1/2 pathway seems to be only active in NIH3T3 cells whereas the hMSC
cells were not activated compared to the control cells. When Jnk was assessed for its
activation, it was evident that there was a positive response at 10 minutes. These data
clearly show that rPP is signaling via the MAPK pathway demonstrated by the
phosphorylation of p38, ERK1/2 and Jnk. The gene activation data shown in this paper by
quantitative PCR is likely due to the activation of the MAPK pathway and the translocation
of its components to the nucleus where they activate transcription of target genes.
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[00149] This example demonstrated that PP signals through the MAPK pathway, thereby
potentiating growth factor activity.

Example 8
[00150] This example demonstrates that expression of PP induce mineral deposition.
[00151] Cells (NIH3T3) were grown for 7 and 10 days in DMEM supplemented with
10% FBS, 1% penicillin/streptomycin (Gibco BRL), 50 mM L-ascorbic acid and 4 mM
inorganic phosphate (Sigma). At days 7 and 10 von kossa staining for mineralization was
performed. Control (non-transfected) NIH 3T3 cells showed no mineral deposits (Figure
9A). Cells expressing rPP showed extensive mineral deposition (Figure 9B). Microscopy
images (Figure 10 A, B and C) show von kossa stained control NIH3T3 cells (panel A) and
transfected NIH3T3 cells (panels B and C). Panels B and C show mineral deposits and
positive for von kossa staining whereas the control cells are negative for von kossa staining.
[00152] This example demonstrated that PP treatment of cells caused mineral deposition.

Example 9
[00153] This example demonstrates the mineral formed by PP.
[00154] X-ray diffraction analysis was performed on NIH3T3 cells stably transfected
with PP and cultured for 10 days. The cells were rinsed with water and then air dried. The
dried cells/matrix/mineral was then collected and analyzed by x-ray diffraction using a
X PERT-Pro Philips x-ray diffractometor.
[00155] Figure 11 displays the simulated x-ray pattern for stoichiometric Hydroxyapatite
(HA). Figure 12 shows the x-ray diffraction obtained from the experimental samples
isolated from the PP transfected cells. As shown, the most intense peak at 20 angle of 31°
matches very well with the most intense peak of the simulated hydroxyapatite pattern shown
in Figure 11. Moreover, the other peaks also appear to be closely correlated with the
simulated HA pattern, which suggests that the mineral formed has its origin related to the
apatite family. Such patterns with closely matching peaks are indicative of either a
defective or anisotropic crystallographic orientation of the mineralized crystal.
[00156] This example demonstrated that PP caused the formation of hydroxyapatite, the
main component of the mineral matrix of the tubule walls of dentin.

Example 10
[00157] This example demonstrates that PP synergizes with BMP in biomineralization
and osteoblastic differentiation.
[00158] PP and BMP-2 when added in combination to NIH3T3 cells in culture deposit
significantly more calcium than either PP or BMP-2 treated cells alone, as demonstrated by
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alizarin red staining (Figure 13). Moreover, alkaline phosphatase activity is enhanced in
PP-transfected NIH3T3 cells when additionally supplemented with BMP-2 (Figures 14 and
15). Values are significant over individual additive values of PP and BMP-2 alone.
[00159] This example demonstrated that PP synergistically acted with BMP-2 to deposit

calcium.

Example 11
[00160] This example demonstrates that cells expressing PP cause biomineralization.
[00161] Several samples of NIH3T3 and MC3T3 (wild type) and cells stably transfected
with the PP gene (NIH3T3-PP and MC3T3-PP) were cultured for 21 days and assessed for
their matrix mineralization using primarily X-ray diffraction, Fourier transform infrared
spectroscopy (FTIR), electron microscopy and energy dispersive X-ray analysis (EDAX).
The 21 day cultured cells were washed with de-ionized water diluted with ammonia to
prevent dissolution of any of the mineralized phases. '
[00162] X-ray analysis allows the detection of calcium phosphate phases which indicates
the possibility of hydroxyapatite (HA) and/or brushite formation. The X-ray analysis of
cells, which were not genetically modified to secrete PP, demonstrated a lack of calcium
phosphate mineral (Figures 17 and 18). This was expected, since NIH3T3 are fibroblastic
cells, which do not normally mineralize. In contrast, the x-ray diffraction pattern of
NIH3T3 cells expressing PP (NIH3T3-PP cells; Figure 19) indicated the presence of
brushite and hydroxyapatite in the extracellular space. The formation of brushite likely
occurred due to the drop in pH of the media from about 7 to about 6. To test this theory, the
buffering agent, HEPES, was added to the media in an effort to maintain a more stable and

" neutral pH. In the presence of HEPES, only HA was detected by x-ray diffraction (Figure

20), thereby confirming the theory that the previous formation of brushite (Figure 19) was
due to the lowered pH of the medium. Furthermore, the X-ray diffraction of MC3T3 cells
expressing PP also indicated that PP caused HA formation (Figure 21).

Example 12
[00163] This example demonstrates that PP induces the activation of Smad signaling.
[00164] The activation of the Smad pathway was investigated by treating human
mesenchymal stem cells with rPP and assessing the phosphorylation state, which correlates
with the activation state of Smad, by standard Western blot analysis. A phospho-Smad1
antibody (Santa Cruz Biotechnology, Cat# sc-12353), which recognized the dual
phosphorylated serines corresponding to amino acids 463 and 465 at the C-terminal end of
Smad1, was used to determine the phosphorylation state of Smad1 following the addition of
rPP.
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[00165] As shown in Figure 22, Smad] dual phosphorylation was apparent within 1
minute of exposure to rPP in hMSC cells. Interestingly, the addition of bone morphogentic
proteins (BMP) also causes the phosphorylation of Smad at these sites. Reports in the
literature have described that the Smad1 could also be phosphorylated at the linker region
through the ERK MAP kinase and this phosphorylation at the linker region was shown to
inhibit the BMP activity (Kretzschmar et al., Nature 389: 618-622 (1997); Massague et al.,
Genes Dev. 17: 2993-2997 (2003)).

[00166] This example showed that the activation of Smad1 could be induced by PP.

Example 13
[00167)  This example demonstrates that PP-/integrin-mediated signaling involves ILK.
[00168] Upon cell adhesion to the extracellular matrix, cells recruit a highly selective
group of membrane and cytoplasmic proteins to the cell-extracellular matrix contact sites,
where they connect the extracellular matrix to the actin cytoskeleton and regulate cell shape
change, migration and signal transduction (Hynes et al., Cell 69: 11-25 (1992); Calderwood
etal.,J. Biol. Chem. 275: 22607-22610 (2000); Jockusch et al., Ann. Rev. Cell. Dev. Biol.
11: 379-416 (1995); Yamada et al., Curr. Opn. Cell. Biol. 7:681-689 (1995); and Zamir et
al., J. Cell. Sci. 112 (Pt 11): 1655-1669 (1999). Integrin Linked Kinase (ILK) has been
shown to be involved in the regulation of a number of integrin-mediated processes that
include cell adhesion, cell shape changes, gene expression, and ECM deposition (Wu et al.,
J. Biol. Chem. 273: 528-536 (1998). Since PP has been shown herein to be involved in
integrin signaling, it was hypothesized that ILK is involved in this pathway.
[00169] To determine whether or not ILK is involved in the PP-integrin signaling
pathway, the following was performed: A clone coding for a GFP-ILK fusion protein was
provided by Dr. Carry Wu from the University of Pittsburgh. DNA fragments encoding
wild-type ILK was cloned into the EcoRI/Sall sites of the pEGFP-C2 vector (Clontech) as
described by Zhang Y. et al. (Zhang et al., J. Cell. Sci. 115: 4777-4786 (2002)). Tissue
culture wells were coated with Poly-L-Lysine, a nonspecific adhesion-promoting
polypeptide Ishida et al., Biochem Biophys Res Commun 300: 201-208 (2003); and Chen et
al., J Biol Chem 269: 26602-26605 (1994)), which does not seem to activate integrin
receptors. MDPC-23 cells were then plated in serum free media and transfected with the
ILK-GFP construct using LipoFectamine Plus (Life Technologies). In one well, PP
(250ng/ml of media) was added, whereas the control did not receive any PP. Following a 6
hour incubation, pictures were acquired using a fluorescence microscope. As shown in
Figure 23, the addition of PP caused a clustering of fluorescence, which indicated that the
ILK-GFP protein was involved in rPP-integrin signaling. It further indicated that ILK-GFP

was involved in the formation of focal adhesion sites.
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[00170] This example further confirms that PP signals with integrins and that the
PP/integrin-mediated signaling involves ILK.

Example 14
5 [00171] This example demonstrates the synthesis of nanostructured hydroxyapatite (HA),

brushite, tri-calcium phosphate (TCP), and amorphous calcium phosphates corresponding to
HA and TCP compositions, including generation of supports containing natural and
synthetic polymers and PP,
[00172] Materials used for HA synthesis: Calcium chloride (Aldrich, 99% ACS grade),

10 tri-sodium phosphate, 96% Aldrich, De-ionized water (NANO Pure, 18.2 MQ-cm), NaOH
(97%min. anhydrous pellet, ACS, Alfa Aesar).
[00173] Approach: In a typical synthesis, HA was synthesized using commercially
obtained anhydrous CaCl; (99% A.C.S., Aldrich) and Na;PO4 (96%, Aldrich) as starting
precursors. The reaction was conducted using de-ionized water (NANO pure, MQ2-cm 18.2)

15  according to the following reaction:

lOC&Clz + 6Na3PO4 + xNaOH —
Cagsx2(PO)s(OH) + (18+x)NaCl + (1-x/2)CaCl, (x=0,1,2)

20 [00174] The method consisted of the following steps: Stoichiometric amount of Na;PO4
(0.12M) was first dissolved in water and various amounts (x = 0,1, 2) of NaOH (97% min.
anhydrous pellet, ACS, Alfa Aesar) were added to the solution before reacting with
stoichiometric amounts of CaCl, (0.2M) to control the stoichiometry and thermal stability
of HA. The addition of stoichiometric amounts of HA, x =2 resulted in stoichiometric HA.

25  The reaction was allowed to proceed for 24 h in air. After 24 h, the HA powders were

centrifuged and washed five times with de-ionized water, in order to remove all of the NaCl

formed as a by-product during the reaction. The collected HA powder was then dried at
80°C for 24 h. The synthesized HA powders comprised of crystallites in the size range of

10-20 nm. The methodology was similar to that described in U.S. Patent Publication No.

2003-0219466, filed March 19, 2003.

[00175]) Generation of polymer-HA composites containing PP: The synthesized HA

[
fes]

powders were incorporated into water soluble polymers, such as Polyethylene glycol (PEG)
and agarose and alginate gels, by dispersing the powders in the dissolved polymer after
which evaporation of the solvent resulted in the formation of the composite sheet similar to
35  the approaches described in U.S. Patent Publication No. 2003-0219466. PP was
incorporated into the dissolved polymer blend. In the case of non-water soluble polymers,
the synthesized HA and PP were dispersed in the solubilized polymer. In the case of PCL,
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PLA and PLGA, the preferred solvent was THF or methylene chloride. The approach to
generate the composite was essentially the same, wherein the synthesized nanosized HA
powders were dispersed in the dissolved polymer containing the PP protein. Evaporation of
the solvent provided and composited structure. Alternatively, PP was introduced after the
substrate was formed as well by casting the blends in a tissue culture plate into which the PP
protein was added. The polymer-ceramic composites also were cast into a paste or a cream
following approaches similar to those mentioned earlier.

[00176] Materials and Synthesis of unsubtituted and substituted brushite:

[00177] Undoped and doped brushite

[00178] Materials for brushite synthesis: Na,HPO, (ACS reagent grade, anhydrous,
ACROS), CaCl,-2H,0 (ACS reagent grade, ACROS), de-ionized water (NANO Pure, 18.2
MQ-cm), MgCl,-6H,0 (99%, ACROS).

[00179] Approach: The synthesis of pure undoped brushite was based on the following

chemical reaction:
Na2HP04 + CaC]2 + 2H20 - C&HPO4‘2H20 + 2Na(Cl

[00180] Na,HPO, (0.05 mol, ACS reagent grade, anhydrous, ACROS) was dissolved in
100ml of distilled water. Also, CaCl;-2H,0 (0.05 mol, ACS reagent grade, ACROS) was
dissolved in 100 ml distilled water. Both solutions were stirred until the salts were
completely dissolved. After the solutions were prepared, the CaCl,-2H,O solution was
added dropwise to Na,HPO, solution while stirring. The precipitate was then centrifuged,
washed with distilled water, and dried at 60°C in drying-oven overnight.

[00181] The synthesis of Mg substituted brushite was based on the following chemical
reaction (14% Mg/Ca ratio was used for the chemical reaction):

Na;HPO4+ 0.86CaCl; + 0.14MgCl; + 2H,0 — (Cag.36Mgo.14)HPO42H,0 + 2NaCl

MgCl,-6H,0 (0.007 mol, 99%, ACROS) and 0.043mol of CaCl,-2H,0 (ACS reagent grade,
ACROS) were dissolved in 100 ml of distilled water. Na,HPO4 (0.05 mol, ACS reagent
grade, anhydrous, ACROS) also was dissolved in 100 ml of distilled water. Both solutions
were stirred until the salts were completely dissolved. Mg/Ca solution (14%) was then
added dropwise to the Na,HPQ, solution while stirring. The precipitate was then
centrifuged, washed with distilled water, and dried at 60°C in drying-oven overnight.
[00182] Generation of polymer-brushite composites containing PP: The synthesized

brushite powders were incorporated into water soluble polymers, such as Polyethylene
glycol (PEG) and agarose and alginate gels by dispersing the powders in the dissolved
polymer after which evaporation of the solvent resulted in the formation of the composite
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sheet. PP was incorporated into the dissolved polymer blend. In the case of non-water
soluble polymers, the synthesized brushite and PP were dispersed in the solubilized
polymer. Inthe case of PCL, PLA and PLGA, the preferred solvent was THF or methylene
chloride. The approach to generate the composite were essentially the same wherein the
synthesized nanosized brushite powders were dispersed in the dissolved polymer containing
the PP protein. Evaporation of the solvent provided and composited structure.
Alternatively, PP was introduced after the substrate was formed as well by casting the
blends in a tissue culture plate into which the PP protein is added. The polymer-ceramic
composites also were cast into a paste or a cream following approaches similar to those
mentioned earlier.

[00183] Materials and Synthesis of TCP:

[00184] Materials for TCP Synthesis: CaCl,'2H,0 (ACS reagent grade, ACROS),
MgCl,-6H,0 (99%, ACROS), de-ionized distilled water, (NANO Pure, 18.2 MQ-cm),
Na;HPO, (ACS reagent grade, anhydrous, ACROS).

[00185] Approach:

[00186]  Tricalcium Phoshate (TCP): TCP was synthesized by a two-step approach. The
first step involved synthesizing a Mg-substituted brushite phase which was then subjected to
a slow in situ hydrolysis step to form Mg-substituted TCP, called TCMP.

[00187] Mg-substituted Brushite

[00188] The synthesis of magnesium substituted brushite was based on the following

chemical reaction (Mg/Ca=1 ratio was used for the reaction):
2Na,HPO,4+ CaCl;-2H,0 + MgC12-6H20 - 2(Cao,5Mg0_5)HPO4'2H20 + 4NaCl + 4H,0

[00189] CaCl;*2H,0 (0.025 mol, ACS reagent grade, ACROS) and 0.025mol of
MgCl,-6H,0 (99%, ACROS) were simultaneously dissolved in 100 ml of distilled water.
Na,HPO, (0.05 mol, ACS reagent grade, anhydrous, ACROS) also was dissolved in 100 ml
of distilled water. Both solutions were stirred until the salts were completely dissolved.
50% Mg/Ca solution was then added to the Na,HPO, solution with the addition rate of
~4ml/sec, using the Fisherbrand Variable-Flow Chemical Transfer Pump, while stirring.
The precipitate was then centrifuged, washed, and dried at 60°C in drying-oven overnight.
[00190] Mg substituted TCP(B-TCMP)

[00191] B-TCMP was synthesized using an in-situ growth technique. The 50%
magnesium substituted brushite powder was used as a precursor for B-TCMP. Magnesium

substituted brushite powder was dispersed in 200 ml of distilled water, and then transferred
to a vial with an attached condenser. It was then boiled for 8 h, 4 h, 1 h, 30 min and 15 min
to find the minimum time required for boiling. The powder was then collected each time
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after boiling and washed with distilled water. They were dried at 60°C in a drying-oven
overnight after being collected.

[00192]  Generation of polymer-TCP composites containing PP:

[00193] The synthesized TCP powders were incorporated into water soluble polymers
such as Polyethylene glycol (PEG) and agarose and alginate gels by dispersing the powders
in the dissolved polymer after which evaporation of the solvent resulted in the formation of
the composite sheet. PP was incorporated into the dissolved polymer blend. In the case of
non-water soluble polymers, the synthesized TCP and PP were dispersed in the solubilized
polymer. In the case of PCL, PLA and PLGA, the preferred solvent was THF or methylene
chloride. The approach to generate the composite was essentially the same wherein the
synthesized nanosized TCP powders were dispersed in the dissolved polymer containing the
PP protein. Evaporation of the solvent provided and composited structure. Alternatively,
PP was introduced after the substrate was formed as well by casting the blends in a tissue
culture plate into which the PP protein was added. The polymer-ceramic composites also
were cast into a paste or a cream following approaches similar to those mentioned earlier.
[00194] Materials and Synthesis of Amorphous Calcium Phosphates Corresponding to
HA and TCP compositions:

[00195] Materials: Na;PO4 12H,0 (ACS reagent grade, ACROS), NaOH (pellets, 98%,
ACROS), deionized distilled water (conductivity 18.3MQ), MgCl,-6H,0 (99%, ACROS)
and CaCl,-2H,0 (ACS reagent grade, ACROS).

[00196] Approaches: The synthesis of ACP corresponding to HA composition was

based on the following chemical reaction.

7CaC12-2H20 + 3MgC126HzO + 6Na3PO4-12H20 + 2NaOH —
Ca;Mg3(PO.4)s(OH), + 20NaCl + 104H,0

Na3P0O412H,0 (0.06 moles, ACS reagent grade, ACROS) and 0.02 moles of NaOH
(pellets, 98%, ACROS) were dissolved in 100 ml deionized distilled water (conductivity
18.3MQ). Also, 0.03 moles of MgCl,-6H,0 (99%, ACROS) and 0.07moles of CaCl,"2H,0
(ACS reagent grade, ACROS) were dissolved in 100 ml deionized distilled water
(conductivity 18.3MQ). Both solutions were stirred until the chemicals were completely
dissolved. Mg/Ca solution was then added dropwise (added with 40ml syringe by hand) to
Na3PO4:12H,0 solution while stirring, although the addition rate was not important. The
precipitation was then centrifuged, washed with deionized distilled water (conductivity
18.3MQ), and dried at 60°C in a drying-oven.

[00197]  The synthesis of ACP corresponding to the TCP composition was based on the
following chemical reaction.
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2.4CaCl;-2H,0 + 0.6MgCl,-6H,0 + 2Na3PO4 12H,0 —
Ca2_4Mgo,6(PO4) + 6NaCl + 32.4H,0

Na3PO4-12H,0 (0.02 moles, ACS reagent grade, ACROS) was dissolved in 100 ml
deionized distilled water (conductivity 18.3MQ). Also, 0.006 moles of MgCl,-6H,0 (99%,
ACROS) and 0.024 moles of CaCl,-2H,0 (ACS reagent grade, ACROS) were dissolved in
100 ml deionized distilled water (conductivity 18.3MQ). Both solutions were stirred until
the chemicals were completely dissolved. Mg/Ca solution was then added dropwise (added
with 40ml syringe by hand) to Na;PO4-12H,0 solution while stirring, although the addition
rate was not observed to be important. The precipitate was then centrifuged, washed with
deionized distilled water (conductivity 18.3MQ), and dried at 60°C in a drying-oven.
[00198] Generation of polymer-ACP composites containing PP:

[00199] The synthesized ACP powders were incorporated into water soluble polymers
such as Polyethylene glycol (PEG) and agarose and alginate gels by dispersing the powders
in the dissolved polymer after which evaporation of the solvent resulted in the formation of
the composite sheet. PP was incorporated into the dissolved polymer blend. In the case of
non-water soluble polymers, the synthesized ACP and PP were dispersed in the solubilized
polymer. In the case of PCL, PLA and PLGA, the preferred solvent was THF or methylene
chloride. The approach to generate the composite was essentially the same wherein the
synthesized nanosized ACP powders were dispersed in the dissolved polymer containing the
PP protein. Evaporation of the solvent provided and composited structure. Alternatively,
PP was introduced after the substrate was formed as well by casting the blends in a tissue
culture plate into which the PP protein was added. The polymer-ceramic composites also
were cast into a paste or a cream following approaches similar to those mentioned earlier.

Example 15
[00200] This example illustrates the approach used for synthesizing calcium phosphate
gels corresponding to different Ca/P ratios.
[00201] Materials: Ca(NO3),-4H,0 (0.01 mole, Acros, 99%) and P,Os (0.003 mol,
Acros, 99%) and ethyl alcohol (AAper, Shelbyville, 190 proof)
[00202] Approach: In a typical synthesis approach for generating calctum phosphate
gels, commercially obtained Ca(NO;3),:4H,0 (0.01 mole, Acros, 99%) and P,Os (0.003 mol,
Acros, 99%) were used with the molar ratio of 10:3, which ws the desired Ca/P ratio
observed in hydroxyapatite, and 5, 10 and 15 ml of ethyl alcohol (AAper, Shelbyville, 190
proof) was used as the solvent as received without conducting any additional purification
treatments. The Ca/P ratio was altered to generate gels of varying Ca and P compositions.
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Thus, gels corresponding to brushite, TCP and OCP were generated. The sequence of the
dissolution of the above precursors was not important although the rapid addition of a
solution of one precursor to the other precursor resulted in precipitation. The as-prepared
solution after dissolving the above precursors slowly transformed into a gel after a period of
30 min to a maximum of 2h after termination of the initial stirring of the solution for 30
min. Exchange of alcohol with water was initiated by immersing the gel in deionized water
and washing the gel to result in a solvent exchanged gel called aquagel. The nitrate salt also
was replaced with CaCl; that is more biocompatible than the nitrate salt.

Example 16
[00203] This example demonstrates a method of testing PP’s ability to cause periodontal
regeneration or cementum formation.
[00204] Cementum formation, or cementogenesis, 1s important in reconstructing
periodontal structures. Since the data described herein demonstrate that PP can induce the
regeneration of bone and dentin tissue, it was hypothesized that PP could also induce the
regeneration of periodontal tissue through the formation of cementum.
[00205] The affect of PP on cementogenesis is tested by the methods described in
Giannobile et al., J. Periodontol. 72(6): 815-823 (2001). Briefly, recombinant adenoviral
vectors encoding the PP gene are constructed to allow delivery of PP transgenes to cells.
The recombinant adenoviruses are assembled using the viral backbone of Ad2/CMV/EGFP
and replacing GFP (reporter gene encoding green fluorescent protein driven by the
cytomegalovirus promoter (CMV) within adenovirus type 2) with the PP gene. Root lining
cells (cloned cementoblasts) are transduced with Ad2/PP and evaluated for gene expression,
DNA synthesis, and cell proliferation. PP-inducible genes are also evaluated following
gene delivery of Ad2/PP.
[00206] This example demonstrates a method of assaying PP’s ability to induce
periodontal regeneration. '

Example 17
[00207] This example demonstrates a method of testing the effectiveness of PP treatment
in humans.
[00208] The ability of PP to regenerate periodontal tissue in humans is tested following
the procedures described in Howell et al., J. Periodontol. 68(12): 1186-1193 (1997).
Briefly, thirty-eight human subjects possessing bilateral osseous periodontal lesions are
assigned to one of two treatment groups in a split-mouth design. Following full-thickness
flap reflection, test sites receive local application of the therapeutic drug (i.e., PP) delivered
in coded syringes by a “masked” investigator. Two dose levels of rhPP in a gel vehicle are
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tested. Control treatment consists of either conventional periodontal flap surgery or surgery
plus vehicle. Safety analyses includes physical examination, hematology, serum chemistry,
urinalysis, antibody titers, and radiographic evaluation of bony changes. The primary
therapeutic assessment is bone fill measured at re-entry 6 to 9 months after treatment.
[00209] This example demonstrated a method of testing the ability of PP to regenerate

periodontal tissue in humans.

[00210] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[00211] The use of the terms “a” and “an” and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[00212] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

10.

11.

. A method of inducing biomineralization in a tissue, which method comprises

administering to the tissue a source of Phosphophoryn (PP) in an amount sufficient
to induce biomineralization in the tissue.

The method of claim 1, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 2, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.

The method of claim 1, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of either
of the foregoing, wherein the nucleic acid molecule is optionally in the form of an
expression vector.

The method of claim 4, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 3.

The method of claim 4, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 4.

The method of claim 4, wherein the tissue is pulp tissue and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to a cell of the pulp tissue.

The method of any of the preceding claims, wherein the tissue is in a mammal.

The method of claim 8, wherein the mammal i1s a human.

The method of any of the preceding claims, wherein the source of PP is administered
in combination with another osteogenic factor or a growth factor.

The method of claim 10, wherein the other osteogenic factor or the growth factor is
a Bone Morphogenic Protein (BMP), Latent Membrane Protein-3 (LMP-3), a
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13.

14.

15.

16.

17.

18.

19.

20.
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Platelet-Derived Growth Factor (PDGF), an Insulin Growth Factor (IGF), a Vascular
Endothelial Growth Factor (VEGF), RunX, Osterix (Osx), or a Fibroblast Growth
Factor (FGF).

The method of any of the preceding claims, wherein the source of PP is formulated
in a toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film,
a gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.

The method of any of the preceding claims, wherein the method treats tooth
sensitivity or injured pulp tissue.

A method of treating tooth sensitivity or injured pulp tissue in a mammal, which
method comprises administering to the mammal a source of PP in an amount
sufficient to treat tooth sensitivity or injured pulp tissue.

The method of claim 14, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 15, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.

The method of claim 14, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of either
of the foregoing, wherein the nucleic acid molecule is optionally in the form of an

expression vector.

The method of claim 17, wherein the nucleic acid molecule encoding the PP protein

has or comprises the nucleotide sequence of SEQ ID NO: 3.

The method of claim 17, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 4.

The method of claim 17, wherein the mammal has pulp tissue and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to a cell of the pulp tissue.
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The method of any of the preceding claims, wherein the mammal is a human.

The method of any of the preceding claims, wherein the source of PP is administered
in combination with another osteogenic factor or a growth factor.

The method of claim 22, wherein the other osteogenic factor or the growth factor is
a BMP, LMP-3, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The method of any of claims 14-23, wherein the source of PP is formulated in a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer, optionally in combination with a calcium phosphate.

A method of inducing differentiation of a cell into an osteogenic cell or an
odontogenic cell, which method comprises administering to the cell a source of PP
in an amount sufficient to induce differentiation of the cell into an osteogenic cell or
an odontogenic cell.

The method of claim 25, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 26, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.

The method of claim 25, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of the
foregoing, wherein the nucleic acid molecule is optionally in the form of an

expression vector.

The method of claim 28, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 3.

The method of claim 28, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 4.
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The method of claim 28, wherein the cell is a stem cell and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to the stem cell.

The method of any of claims 25-31, wherein the cell is in a mammal.
The method of claim 32, wherein the mammal is a human.

The method of any of claims 25-33, wherein the method effectively induces bone

regeneration.
The method of any of claims 25-34, wherein the cell is a stem cell.
The method of any of claims 25-34, wherein the cell is a fibroblast cell.

The method of any of the preceding claims, wherein the source of PP is administered
in combination with another osteogenic factor or a growth factor.

The method of claim 37, wherein the other osteogenic factor or the growth factor is
a BMP, LMP-3, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The method of any of claims 25-38, wherein the source of PP is formulated in a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.

A method of inducing bone or dentin regeneration in a tissue, which method
comprises administering to the tissue a source of PP in an amount sufficient to
induce bone or dentin regeneration in the tissue.

The method of claim 40, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 41, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.
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The method of claim 40, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of either
of the foregoing; wherein the nucleic acid molecule is optionally in the form of an

expression vector.

The method of claim 43, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 3.

The method of claim 43, wherein the nucleic acid molecule encoding the PP protein

has or comprises the nucleotide sequence of SEQ ID NO: 4.

The method of claim 43, wherein the mammal has a stem cell and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to the stem cell of the mammal.

The method of any of claims 40-47, wherein the tissue is in a mammal.
The method of claim 47, wherein the mammal is a human.

The method of any of claims 40-48, wherein the source of PP is administered in
combination with another osteogenic factor or a growth factor.

The method of claim 49, wherein the other osteogenic factor or the growth factor is
a BMP, LMP-3, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The method of any of claims 40-50, wherein the source of PP is formulated in a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.

A method of inducing periodontal regeneration in a tissue, which method comprises
administering to the tissue a source of PP in an amount sufficient to induce

periodontal regeneration in the tissue.

The method of claim 52, wherein the amount is sufficient to induce regeneration of
the cementum, bone, periodontal ligament, or a combination thereof.
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The method of claim 52, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 54, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.

The method of claim 52, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of either
of the foregoing; wherein the nucleic acid molecule is optionally in the form of an
expression vector.

The method of claim 56, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 3.

. The method of claim 56, wherein the nucleic acid molecule encoding the PP protein

has or comprises the nucleotide sequence of SEQ ID NO: 4.

The method of claim 56, wherein the mammal has a stem cell and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to the stem cell of the mammal.

The method of any of claims 52-59, wherein the tissue is in a mammal.
The method of claim 60, wherein the mammal is a human.

The method of any of ctaims 52-59, wherein the source of PP is administered in
combination with another osteogenic factor or a growth factor.

The method of claim 62, wherein the other osteogenic factor or the growth factor is
a BMP, LMP-3, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The method of any of claims 52-63, wherein the source of PP is formulated in a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.
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The method of any of claims 52-64, wherein the method effectively treats
periodontitis.

A method of inducing differentiation of a cell into a cementoblast, osteoblast, or
periodontal ligament cell, which method comprises administering to the cell or a
periodontal space a source of PP in an amount sufficient to induce differentiation of
the cell into a cementoblast, osteoblast, or periodontal ligament cell.

The method of claim 66, wherein the source of PP is a PP protein having or
comprising the amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a
derivative of either of the foregoing.

The method of claim 67, wherein the fragment of a PP protein has or comprises the
amino acid sequence of SEQ ID NO: 2.

The method of claim 66, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of the
foregoing, wherein the nucleic acid molecule is optionally in the form of an

expression vector.

The method of claim 69, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 3.

The method of claim 69, wherein the nucleic acid molecule encoding the PP protein
has or comprises the nucleotide sequence of SEQ ID NO: 4.

The method of claim 69, wherein the cell is a stem cell and the nucleic acid
molecule encoding a PP protein, a fragment thereof, or a derivative of either of the
foregoing is administered to the stem cell.

The method of any of claims 66-72, wherein the cell is in a mammal.

The method of claim 73, wherein the mammal is a human.

The method of any of claim 66-74s, wherein the method effectively induces

periodontal regeneration.
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The method of any of claims 66-75, wherein the cell is a stem cell.
The method of any of claims 66-76, wherein the cell is a fibroblast cell.

The method of any of claims 66-77, wherein the source of PP is administered in
combination with another osteogenic factor or a growth factor.

The method of claim 78, wherein the other osteogenic factor or the growth factor is
a BMP, LMP-3, a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The method of any of claims 66-79, wherein the source of PP is formulated in a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.

The method of any of claims 66-80, wherein the method effectively facilitates

guided tissue regeneration.

The method of any of claims 66-81, wherein the method effectively treats
periodontitis.

A composition comprising a source of PP and a carrier.

The composition of claim 83, wherein the composition is formulated into a
toothpaste, an oral rinse, a chewing gum, a dissolvable tablet, a dissolvable film, a
gel, a natural biodegradable polymer, a synthetic biodegradable polymer, or a non-
biodegradable polymer.

The composition of claim 83, wherein the source of PP is a PP protein having the
amino acid sequence of SEQ ID NO: 1, a fragment thereof, or a derivative of either
of the foregoing.

The composition of claim 85, wherein the fragment of a PP protein has or comprises
the amino acid sequence of SEQ ID NO: 2.

The composition of claim 83, wherein the source of PP is a nucleic acid molecule
encoding a PP protein (SEQ ID NO: 1), a fragment thereof, or a derivative of either
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of the foregoing, wherein the nucleic acid molecule is optionally in the form of an
expression vector.

The composition of claim 87, wherein the nucleic acid molecule encoding the PP
protein has or comprises the nucleotide sequence of SEQ ID NO: 3.

The composition of claim 87, wherein the nucleic acid molecule encoding the PP
protein has or comprises the nucleotide sequence of SEQ ID NO: 4.

The composition of any of claims 83-89, further comprising another osteogenic

factor or a growth factor.

The composition of claim 90, wherein the other osteogenic factor is a BMP, LMP-3,
a PDGF, an IGF, a VEGF, RunX, Osx, or an FGF.

The composition of any of claims 83-91, wherein the carrier is a biodegradable
polymer, a biocompatible ceramic, or a combination thereof.

The composition of claim 92, wherein the biodegradable polymer is water soluble
polymer or a non-water soluble polymer.

The composition of claim 93, wherein the water soluble polymer is polyethylene
glycol, agarose, or alginate.

The composition of claim 93, wherein the non-water soluble polymer is
polycaprolactone (PCL), polylactide (PLA), polyglycolic acid-lactic acid (PGLA),
or a combination thereof.

The composition of claim 92, wherein the ceramic is selected from the group
consisting of hydroxyapatite, substituted brushite, unsubstituted brushite, substituted
tricalcium phosphate (TCP), unsubstituted TCP, amorphous calcium phosphate
(ACP), or a combination thereof.

The composition of any of claims 89-96, wherein the composition is formulated into
a paste, a gel, or a cream.
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98. The composition of claim 97, wherein the gel has a molar calcium-phosphate ratio
of about 10:3.
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FIGURE 1C
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FIGURE 2A
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FIGURE 2C
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FIGURE 5
ALP activity
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FIGURE 6
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FIGURE 7

Runx2 gene expression after integrin block
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FIGURE 8
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FIGURE 9
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FIGURE 10
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FIGURE 13
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FIGURE 14

Alkaline phosphtase activity in NIH3T3
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FIGURE 16

SEQ ID NO:1 ‘
Amino acid sequence of full length Mus musculus PP protein (Exon 5 of DMP3)

GIETEGPNKGNKSITKESGKLSGSKDSNGHQGVELDKRNSPKQGESDKPQGTAEKS
AAHSNLGHSRIGSSSNSDGHDSYEFDDESMQGDDPKSSDESNGSDESDTNSESANES
GSRGDASYTSDESSDDDNDSDSHAGEDDSSDDSSGDGDSDSNGDGDSESEDKDES
DSSDHDNSSDSESKSDSSDSSDDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSNSSSD
SSDSSGSSDSSDSSDTCDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSSSSDSSD
SSSCSDSSDSSDSSDSSDSSDSSDSSSSDSSSSSNSSDSSDSSDSSSSSDSSDSSDSSDSS
DSSGSSDSSDSSASSDSSSSSDSSDSSSSSDSSDSSDSSDSSDSSESSDSSNSSDSSDSSD
SSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSDSSD
SSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSNSSDSSDSDSKDS
SSDSSDGDSKSGNGNSDSNSDSNSDSDSDSEGSDSNHSTSDD

SEQ ID NO: 2
Amino acid sequence of a portion of Exon 5 of the Mus musculus PP protein

ESGSRGDASYTSDESSDDDNDSDSHAGEDDSSDDSSGDGDSDSNGDGDSESEDKDE
SDSSDHDNSSDSESKSDSSDSSDDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSNSSS
DSSDSSGSSDSSDSSDTCDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSSSSDSS
DSSSCSDSSDSSDSSDSSDSSDSSDSSSSDSSSSSNSSDSSDSSDSSSSSDSSDSSDSSDS
SDSSGSSDSSDSSASSDSSSSSDSSDSSSSSDSSDSSDSSDSSDSSESSDSSNSSDSSDSS
DSSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSDSS
DSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSSNSSDSSDSDSK
DSSSDSSDGDSKSGNGNSDSNSDSNSDSDSDSEGSDSNHSTSDD

SEQID NO: 3
Nucleotide sequence encoding full length Mus musculus PP protein (Exon 5 of DMP3)

Ggaatagaaactgaaggtcccaacaaaggcaacaaaagtattattaccaaagaatctgggaaactcagtggaagtaaagatagea
atggacaccaaggagtggagctggacaaaaggaatagcccaaagcaaggggagtctgacaagectcaaggeactgetgagaaa
tcagetgeccacagtaacctgggacacageaggataggtageagcageaatagtgatgggeatgacagttacgagttcgatgacg
agtccatgcaaggagatgatcccaagagcagegacgaatctaacggaagtgacgaaagtgacactaactctgaaagegecaatga
gagtggcagecgtggagatgettcttacacatctgatgaatcaagtgatgatgacaatgacagtgactcacatgegggagaagacg
atagcagtgatgactcatctggtgatggtgacagtgacagtaatggtgatggtgacagcgagagtgaggacaaggacgaatctgac
agcagtgaccatgacaacagcagtgacagtgagagcaaatcagacagcagtgacagtagtgacgacagcagtgacagcagcega
cagtagtgacagcagtgacagcagtgacagtagtgacagtagtgacagcagcgacagcagtgacagcagcgacagcaacagta
gtagtgacagcagcgacagcageggtagtagtgacagcagegacageagtgacacctgtgacageagtgacagecagegatage

agtgacagcagtgacagcagtgacagcagegatagcagtgacagcagtgacagtagtgacagcagtgacagcagegacageag
cagtagtagtgacagcagcgacagcagcagttgtagtgacagcagcgacageagtgacageagtgacagcagegatageagtg
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acagcagtgacagcagcagcagcgacagcagcageagtagcaacageagtgacagtagtgacagcagtgacageageageag
cagcgacagcagcgacagceagtgacagtagtgacagcagtgacagtagtggcagcagtgacageagegacagtagtgecagea
gcgacagcageagtagtagtgacagecagcgacageagtagtagtagtgacagcagtgacagtagtgacagtagtgacageagtg
atagcagtgagagcagcgacagcagtaacagcagtgacagcagcgacagtagtgacagcagtgacagtagcgacagcagc ga

cagtagtgacagtagcgacagcagtgacagtagcaacagtagcgacagcagtgacagcagtgacagcagegacagtagtgaca

gcagcaacagtagtgacagcagtgacagtagcgacagtagtgacagceagtgacageagtgacageagegacagtagtgacage

agtgacagtagtgacagcagcgacagtagtgacageagtgacagcagtgacagcagtgacagcagegacageagegacagea

gtgacagcagcgacagcagcegacagceagtgacageagegacagcageaacageagtgacageagtgacagtgacagcaagg

atagcagttctgacageagtgatggtgacagcaagtctggtaatggcaacagtgacageaacagtgacageaacagtgacagtga

cagtgacagtgaaggcagtgacagtaaccactcaaccagtgatgattag

SEQ ID NO:4 _
Nucleotide sequence encoding a portion of Exon 5 of the Mus musculus PP protein

gagagtggcagcecgtggagatgettcttacacatctgatgaatcaagtgatgatgacaatgacagtgactcacatgecgggagaaga
cgatagcagtgatgactcatctggtgatggtgacagtgacagtaatggtgatggtgacagegagagtgaggacaaggacgaatetg
acagcagtgaccatgacaacagcagtgacagtgagagcaaatcagacagcagtgacagtagtgacgacagcagtgacageage
gacagtagtgacagcagtgacagcagtgacagtagtgacagtagtgacagcagegacageagtgacagcagegacagcaacag
tagtagtgacagcagegacagcageggtagtagtgacagcagegacageagtgacacctgtgacageagtgacageagegata
gcagtgacagcagtgacagcagtgacagcagcegatageagtgacageagtgacagtagtgacageagtgacagcagegacage
agcagtagtagtgacagcagcgacagceagceagttgtagtgacagcagegacagcagtgacagcagtgacagcagegatageag
tgacagcagigacagcagcagceagegacageageageagtagcaacagcagtgacagtagtgacageagtgacageageage
agcagcgacagcagcgacagcagtgacagtagtgacagcagtgacagtagtggcagceagtgacageagegacagtagtgecag
cagc gacagcagcagtagtagtgacagcagcgacagcagtagtagtagtgacagcagtgacagtagtgacagtagtgacagcag
tgatagcagtgagagcagegacageagtaacageagtgacagcagegacagtagtgacageagtgacagtagegacageageg
acagtagtgacagtagcgacagceagtgacagtagcaacagtagegacagcagtgacageagtgacageagegacagtagtgac
agcagcaacagtagtgacagcagtgacagtagcgacagtagtgacagcagtgacagcagtgacagcagegacagtagtgacag
cagtgacagtagtgacagcagcgacagtagtgacageagtgacageagtgacageagtgacageagegacageagegacage
agtgacagcagc gacagcagcgacagcagtgacagcagcgacagcagcaacagcagtgacagcagtgacagtgacagcaag
gatagcagtictgacagcagtgatggtgacagcaagtctggtaatggeaacagtgacagcaacagtgacagcaacagtgacagtg
acagtgacagtgaaggcagtgacagtaaccactcaaccagtgatgattag

SEQIDNO:5
Amino acid sequence of Mus musculus DMP3 protein
GenBank Accession No. AAD42781

1 mkmkiiiyic iwatawaipv pglvplerdi vensvavpll thpgtaagne lsinsttsns
61 ndspdgseig egvlsedgyk rdgngsesih vggkdfptqp ilvneqgnta eehndietyg
121 hdgvhargen stangirsqv givenaeeae ssvhggaggn tksggasdvs gngdatlvge
181 neppeasikn stnheagihg sgvathettp qreglgseng gtevtpsige daglddtdgs
241 psgngveede dtgsgdgega eagdgreshd gtkgqgggqsh ggntdhrggs svstedddsk
301 eqegfpnghn gdnsseengv eegdstqatq dkeklspkdt rdaeggiisqg seacpsgksqg
361 gietegpnkg nksiitkesg klsgskdsng hqgveldkrn spkqgesdkp qgtaeksaah
421 snlghsrigs ssnsdghdsy efddesmqggd dpkssdesng sdesdtnses anesgsrgda
481 sytsdessdd dndsdshage ddssddssgd gdsdsngdagd sesedkdesd ssdhdnssds
541 esksdssdss ddssdssdss dssdssdssd ssdssdssds dssgssdssd

sdsnsssdss
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601 ssdtcdssds sdssdssdss
661 ssdssdssds sdssssdsss
721 sassdsssss dssdsssssd
781 sdssdssdss nssdssdssd
841 sdssdssdss dssdssdssd
901 sgngnsdsns dsnsdsdsds
SEQID NO: 6

22/37

dssdssdssd
ssnssdssds
ssdssdssds
ssdssdssns
ssdssdssds
egsdsnhsts

ssdssdssds

sdsssssdss’

sdssessdss
sdssdssdss
sdssdssnss
dd

PCT/US2004/027076

ssssdssdss
dssdssdssd
nssdssdssd
dssdssdssd
dssdsdskds

scsdssdssd
ssgssdssds
ssdssdssds
ssdssdssds
ssdssdgdsk

Nucleotide sequence of Mus musculus DMP3
GenBank Accession No. AP 135799

1 gaattctttt cccattggta acgtaaaaga ccactactta attgagttag cttaggctca
61 acaaacagac tttatacaac ttaacttcct tcacatttat gaaaaattaa tcagtatcgg

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

cactgagaag
gaattctagg
aacattacgt
aatgctcectta
caagcacttc
ttcaaatctg
ttcttaaata
aatagcaaag
acctgtccaa
agatgctgtt
tagtgtgaca
agtgtggagce
agagaatgat
ttctgtactc
tgtgtgtgtg
acagctattt
ctttatgtca
ttttaaagat
gcgcaccaac
tactagagaa
tgacagagtc
aaaacagtct
aaggtctcag
aggcacactg
attatcaaac
agtgtgccac
ggaggctttg
gaatctccag
cactatatat
atctgataag
gactttatct
aaaaaaacag
tcattcagga
ccttggaatg
cgagacagag
ggtttggggg
gattaaagct
attaatcttc
tecttgactca
ttctaaaagt

gcagaaacag
acaagcaggg
ttaagcagat
gcaaatgttt
tgtttagaca
ctattacaac
tgattggccece
tgtttactat
tcectaccta
gctggatagt
taaaaacatg
tcataagcta
gggttcaggc
tatagtttac
tgcactctgt
ttaaatttag
gtgtttagat
cccttaggca
tttaatatgt
acctagagtt
taagtggctc
tccaggagct
tgagccaacg
actctttaaa
tgaatttaaa
tctcagcctg
aaggtaagat
ctgcagagat
taaagataat
acgacgaatc
cctataggaa
tacctgaagg
aaatactttt
ttgggagtgt
acatggatga
tttgatttaa
ctatggcgaa
cgatgttcac
gagtcaactt
agacgctcaa

gtagaactcc
ctaggtagag
ttagttttga
ctttgtgtag
ccgaagatct
caagttagga
tttaagatgc
ggaagtgcag
catgaatatg
gatttaatat
gacacatccce
gagaaatggc
aagtactttt
acatatagtg
acttacgcat
tttgtattaa
taaatcagaa
gtgtcaagac
acctcaggaa
ttcttagatt
ttttcagata
atttaattaa
taccggcgag
cccccacatce
tttcagcagg
gaaagagaga
ggactccctce
gagggtgact
gtgtgattca
actggggagc
aaacctaaga
gttttatgta
aagagctata
tgggatttaa
tgcagtgtce
tcatggctct
aagaattgtg
tgactggacc
aggatctggg
acagttttat

atgagtttca
ataccctatc
ccctaaatgt
ttggagagtg
tcttaactcet
agaggaaggc
tcaaagaacc
cttcgaggaa
ttgtttaatt
ttctgatcat
taagctggta
tcagggatca
tcctttectgg
gagcaaagaa
agatacctta
attaatagat
aggtttcctg
tgttgcatgce
tgataggggt
gccgacctaa
tatcacactg
gtgaaagtaa
cgagggagtyg
agggatccta
tacaaaattg
taaggaaatc
ctgccaggag
tgggataaag
ggaaggggtg
agaactgatt
tgaaacaaac
tagttctcta
aacctagtca
caaatgagaa
aaacaccagc
tcatgatttc
gttcctecca
taataaataa
agcgtaattt
gtagaaaaca

ggccagcectg
tcaaaaaacc
ttgtcttagt
ttgtgtgcta
ccatcaggtc
aattcctgag
aagaaccatg
actcccttce
ctctcagtat
atgtgtttga
cacagagact
tcttgtatat
aagcacagcc
tgaaagctgt
caccatgttt
tataaagaaa
aagttactgt
ggacagccgce
cttaaatagc
gcaagaggag
attatctata
gtctagtcct
gggcgttatt
agcagtgatt
tcacgcaaaa
tggattttca
ccaactgtct
tttttaactc
ctaagccatc
ttgccccagt
attctaattg
tagctctatt
aaggtgtttt
tcacacactg
tcttectgag
aaggtctgec
gggctcagta
atctccattt
tctggcatgt
cacagatctg

atctacatag
aaaacccaaa
gaaggtccca
atacagctat
tggagagctg
gaaagtggca
cagtgtaaat
tatcactgga
aaagctctga
catctttcag
ccaattgcecct
ccagggctceg
tgttttecta
gtctgtggtyg
cacctttgga
aacccaaaac
ttataaattc
ttgaattata
cagtcgtatt
aaatgcaggg
tttaagacac
‘tttggaacca
acagcctcat
ggttgagaaa
agcccaggac
aagtcccctce
cctgttgaga
ttcaggtcta
tgatgagacc
atattgttga
tattaattaa
‘tttgttattt
acagcecttgt
tcttectett
agataagctg
tagtgtttat
tctgectgat
aaacttagta
gatgtgaagt
tcaagctgat
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2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821

ttttecagcete
ttggcaaaaa
aaaatagata
ttgtgtggta
ttgtgctctt
atgtactcag
tggagaacac
ctttcctete
cagaagcgct
cctcacaatg
ggctattcat
attctaatga
ggtgcaagta
tcegtgtgtyg
acaggaattc
tgtctgtctyg
actcggttta
cctcaactcce
tgaagggacc
tttttcagag
attgatgttt
gtgcaaggtyg
tctatagtaa
ttgattcaca
tctgattctg
ttcagctect
tcctcaggag
acactgatga
ggggtagcta
tgcacaagct
ggtgattctt
ggaaacaaaa
gaaggatttg
ctctcttect
tctatataga
atgatgctta
agccacgagce
gaagccatga
ctggggtgtt
ccaaaatatt
tttgttctaa
tgcatttggg
ttgctgtatce
agttgagtct
atatggggtc
aaacatccta
tccaaagtca
ctgtattctg
tgtttcatgt
aaggcagaaa
aacattgtca
tgtaagcact
ccagtggtcec
aaatcctcac
tctacacgat
ttcececcagtt

caaatttcat
ttgaggtgga
acttgtattg
tgttctgatt
tttgtaaaga
ctgtgtggcece
tgcectttect
cttgctggga
gtgaagatag
aggctttgeg
acatttcatce
ctggttattt
tcatatatgt
tgtgtgtgtg
tcagatggtc
tctggacttt
gagttgccaa
tggccctggg
ccagcttttce
atcctagaat
tattctattce
gtaatcatta
aacaccatga
tagattttta
tgaatttgca
ccctecagtcece
tgcttgttca
tcaagatgct
ggcaacttca
gatgctgtgt
ctgccaaccc
gcccaataaa
aattcaggga
taaacactgt
ccaggtggga
aagctagccc
tatgtactct
cagtcctgag
ttctcacatt
ggggtactgt
acagacattg
caactgecctg
tttcaaccca
aaacattaat
tcgatgaagg
atgaaagaat
tgaagcttgt
tttgggaaaa
gtgcatttgt
cattaagaaa
cagggcgtca
ccgagcetcac
actctcatgt
tttctectgee
cagagtgcga
agtaccactg

23/37

gataataggt
aatttgaatg
taaatatctt
gctctececca
aacaaaacaa
atctgctggg
tttttcecac
tttggtctga
ctcgggtagt
tttecctggte
tagtgtgggg
ccaccagggt
cagtgctgga
tgtgtgtgtg
agatttcagt
attgcaggta
gctcaagtat
gctttgtete
ttagctttct
tgtgttctca
ccctattaac
attcttgtgg
tacaaataaa
tagttttaca
ttgcaaaggg
gagactgcat
gcagcaggct
ggcgtggget
aaacagtgca
gaggaaggga
ctaggatatt
gctattgaaa
tctgaaacca
aagaggaaga
aattacaagt
aggagagacg
gtatcttcat
catgcagagg
agtactttct
ggctgtcatce
attactactc
ggccatteccg
atgttgaaat
agaaatgtta
caaacacatg
gacccttttt
ctgcttcatt
aactgaagaa
gtgttcactg
gtcgatctgt
cataaccaga
tcttgcaggg
tgctttaggg
tgaaaccccea
tctgacctte
gaaagagaca

ttagggaaaa
tggtcacttt
taaaatattt
gatctgcecett
gagccatgca
ttctggttge
cacctattgt
cttgggcttg
ttaagtctac
ttcttagtga
caataaatgg
ctttgatatg
gtggaaatgt
taaggaggga
ttagaaatta
cctttccagg
aagcttggcet
aaggcacctc
cttgacagct
cttctgtcaa
cttggatttte
aaggtcacaa
tttagtttta
ggcteccattce
tgaaagattt
agtgcccggg
ctgcaaggtyg
ccgagacctg
atgtgctgece
gctaaagatg
gtgagctaca
gtgcccaage
aatcctgtgt
tttcttecte
gctttatcat
ttaccctcat
ggctgttget
cccccacata
ccttgtccta
tttcatctta
ataatgaaaa
gtaaggcttt
gtaacatatt
agatttgcat
caccaatgca
ttttaaagtt
ccacacgaat
agaacaggag
tgggaaatct
ttgtcatttce
ttctgggttg
tgagaattat
gtttggggct
cataagcacc
atataatatc
ttgttgaaaa

Caaagacata
gaatggtttt
ttattcattc
tgttctttac
caccagtttg
cttaccaggg
taattgttct
cacggtcggg
ctcaggcatt
gtgatatatt
gacaatttaa
gttgacctgce
ggtgtgtgtg
tggaaggtgg
tatgtgtgtg
accaggtatc
tggtagacag
attttagttt
ataaggaagyg
gtaataaaca
aatcaaggac
gataggagaa
gaaaatggga
caatgtatga
cactcttgaa
taagggtggg
acctttgett
atgccagtga
agcatcgagc
ccttcagaaa
gagttattaa
tcagagagca
tctctcteet
ttactgggat
ttacaatcta
ggataacagc
tccacaggca
cccaggttta
gaaaagggcc
tgaccecgttt
tgaagataat
tcccaatcaa
tcettatggt
tgcagctatt
tgctececctece
tatccaaatt
tccactgtaa
ctaaaagtca
ggagcatcag
atcagctggce
ttectgtact
cagctaccgg
gatcgacaac
gcagcaggct
tgtgtctcaa
ctctgtgget
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ttgcctcaag
gatttaagaa
cctgagaaat
tcacacaact
tgctectcaa
gctacattct
tcatgtccag
tgcaggctgt

Cccaacaaggc

cattctaact
aggagcctca
cttgccaaca
tgtgtgtgtg
atggtgggag
tgtgtgtgtc
cccagttcac
atggccttca
gtagaataat

gtgaagcatc

atatatattc
attttatgat
aacaattctt
acctgaagtt
aaaatatgta
gcctcectetec
gtgtcctttg
tgctcagaag
ggaggaagat
gagcggaggg
gctttttggg
accagactga
gatagcaggg
agcctaaact
aacgcccaat
cttttagtta
atagggccag
ggtagagtca
tttctggaac
aaatgtaaga
tgtggtgtte
tatatatata
gcttcttact
tttacagaga
atgtgatatc
attcctgttg
aattcagtgce
tgtcaacaca
gatctttcaa
aacaagtaca
ttccacatct
tgagaagttt
ggctgettcet
aacattataa
ccttetette
cctectgcagg
gtgcctectte



WO 2005/016368
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8341
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8461
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8761
8821
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9061
9121
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taacacatcc
ctgttttcaa
agttggcctt
atgagttatc
taggagagca
tacatgtagg
ctgctgaaga
agaacagcac
cagagagcag
taagccagaa
agaatagcac
cgcctcagag
gggaagatgc
atgaagatac
atgatggcac
agagttcagt
acaatggaga
cgcaggacaa
gccagtcaga
acttccattce
agataaaacc
acattgagta
aaaatatata
accaaaagaa
aattgaactc
aatatgtctce
aatgctagaa
ttacattcat
cccttatgag
atttgcattc
tcctgttect
atattcacta
ccaacaaagg
atagcaatgg
ctgacaagcc
ggataggtag
tgcaaggaga
actctgaaag
caagtgatga
catctggtga
acgaatctga
gtgacagtag
acagtagtga
gtgacagcag
gcagtgacag
acagcagtga
gcgacagcag
gcagtgacag
gtagtgacag
acagcagtga
gcagtagtag
gtagtgacag
acagtagtga
gtgacagtag
gcagcaacag
acagcagcga

aggaactgca
ggccctttta
atttgaaaat
tatcaacagc
ggtacttagc
agggaaggat
acacaatgac
agcaaatggc
tgtccacgga
tggagatgcg
caaccatgag
agaagggctg
aggtttggat
aggctcectggt
taagggccag
tagtactgaa
caacagcagt
ggaaaagctc
agcatgtcct
ttccctececat
ccaaccaagce
ttctaatgaa
tttattttat
ggcatcagat
agggcctctg
tgatatagga
gtcaagctgce
cacacagaat
ttagaaacct
aagtactaga
aaggtcactt
attatccatt
caacaaaagt
acaccaagga
tcaaggcact
cagcagcaat
tgatcccaag
cgccaatgag
tgacaatgac
tggtgacagt
cagcagtgac
tgacgacagc
cagtagtgac
cgacagcagce
cagcgatagce
cagtagtgac
cagttgtagt
cagtgacagc
cagtgacagc
cagtagtggc
tgacagcagc
cagtgatagc
cagcagtgac
caacagtagc
tagtgacagc
cagtagtgac
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gcacaggtaa
cactttacca
gatagccaca
accactagca
gaggatggtt
tttcctactc
atagaaacat
atcaggagcc
caggcetggtce
acccttgtec
gctggaatac
gggagtgaga
gatactgatg
gatggtgagg
gggggccaat
gatgatgatt
gaggaaaacg
agccccaaag
tctgggaaga
actgtgatgg
ataaaagtac
aaggctggaa
tttatgtata
cccattctag
gaagaacagt
caatttttaa
ataacggttc
gaccagcttce
ggatggctta
tcagcaggcg
cctgagacag
cttctttata
attattacca
gtggagctgg
gctgagaaat
agtgatgggc
agcagcgacg
agtggcagcc
agtgactcac
gacagtaatg
catgacaaca
agtgacagca
agcagcgaca
ggtagtagtg
agtgacagca
agcagtgaca
gacagcagcg
agcagcagcg
agcagcagca
agcagtgaca
gacagcagta
agtgagagca
agtagcgaca
gacagcagtg
agtgacagta
agcagtgaca

aagacagaaa
ctttctctaa
actgactttc
acagcaacga
acaaaagaga
agcccatttt
acggtcatga
aggtaggcat
agaatacaaa
aggaaaatga
acgggagtgg
accaggggac
ggagtcctag
gtgcagaagc
ctcatggggg
ctaaagaaca
gtgttgaaga
acacccgaga
gccaagatca
ctgtaccaaa
tatgctaagce
ttcttataga
gatgagtata
atgactgtga
cagtgctctt
aaattcacaa
catgatgtct
actatgacac
ttagaggatc
tgcatgaatc
ttctecteag
tcgttcecaca
aagaatctgg
acaaaaggaa
cagctgccecca
atgacagtta
aatctaacgg
gtggagatgc
atgcgggaga
gtgatggtga
gcagtgacag
gcgacagtag
gcagtgacag
acagcagcga
gtgacagcag
gcagcgacaqg
acagcagtga
acagcagcag
gcgacagcecag
gcagcgacag
gtagtagtga
gcgacagcag
gcagcgacag
acagcagtga
gcgacagtag
gtagtgacag

tacgaatgtc
aatatccacc
aattgtgtct
ctccccagat
tgggaatggc
agtaaacgaa
tggggtacat
cgttgaaaat
atctggaggt
gcctceccagaa
ggttgctaca
tgaggtgaca
cgggaacggg
aggagatgga
aaacactgac
agaaggcttc
aggcgacagt
tgcagagggt
ggtaagttta
taactccaga
atctgggtte
ctttcatgta
ctgtagctgt
gatactatgt
aacccctgag
acttctgtaa
ttgtaagaca
tttcattatt
caaaccctga
actgcactga
accatgatgt
gggaatagaa
gaaactcagt
tagcccaaag
cagtaacctg
tgagttcgat
aagtgacgaa
ttcttacaca
agacgatagce
cagcgagagt
tgagagcaaa
tgacagcagt
cagcgacagc
cagcagtgac
tgacagcagc
cagcagtagt
cagcagtgac
cagtagcaac
cgacagcagt
tagtgccagc
cagcagtgac
taacagcagt
tagtgacagt
cagcagcgac
tgacagcagt
cagcgacagt
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ctttetttte
cttteettec
ccttttcaga
ggcagtgaga
tcecgagtcaa
caggggaaca
gcgagaggag
gcggaggaag
gctagtgatg
gctagcatca
catgaaacga
ccaagcatcg
gtagaggagg
agggagagcc
cacagaggtc
ccaaatggac
acccaggcaa
gggatcatca
gagggcggcyg
caaacacgag
tattttagtt
ggacaattta
cttaagacac
gattgctggg
ccacctctcecce
aattagtcag
ttttattagt
atgcttcaag
tacagagcac
cagcctatac
tttgtagcaa
actgaaggtc
ggaagtaaag
caaggggagt
ggacacagca
gacgagtcca
agtgacacta
tctgatgaat
agtgatgact
gaggacaagg
tcagacagca
gacagcagtg
aacagtagta
acctgtgaca
gatagcagtg
agtgacagca
agcagcgata
agcagtgaca
gacagtagtg
agcgacagca
agtagtgaca
gacagcagcg
agcgacagca
agtagtgaca
gacagcagtg
agtgacagca
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gtgacagcag
gcagcgacag
gcaaggatag
acagcaacag
actcaaccag
tgaggtgatg
ctgtgtggaa
atctgggtgt
tttaaaagga
agcttcgatt
cagcctccte
aatgctgttc
acatttaggg
aatctttgtg
gagccccaag
gatatgtact
ctcaaacctt
tgagctctcce
atcaagagtt
tctgaaagca
ttgtctcaag
cctttgtcat
actattaaat
gagtttcaga
aaggaatatt
tgtaaagctce
agaaagtaaa
aacttatgaa
taaagccatg
gaacttcagt
tcatagtctg
tcttacacat
tcaaatacta
tctttttect
tgactatgtt
catgtcaact
ctttgtagtt
ctagataata
tgaccacaga
gtttaagtcc
cgtaggcaga
atactggccce
ctaaaccttg
agagaaaaag
gatggaggag
atgagcacgt
gctcaaaaac
ttatatgggc
agagcccaag
tggggtgagg
aaaagaacga
gggtgaaggc
ggttgagcgg
acagcagttt
tctgaactgg
agagataaaa

tgacagcagt
cagtgacagc
cagttctgac
tgacagcaac
tgatgattag
ggaaggcagt
cccatggagc
accacctttg
taaatctaaa
tgaatggcgg
cctcagtgcet
tgtgacattc
cataatcaaa
atgagacaat
gatggcttgg
aagtccccaa
aaataaacga
atgtaccact
gtaaggctgt
agagaggtaa
aaaaccttaa
ttcectattt
acattataat
agagtttctt
gctgaggcett
caggcttctg
ggttcagtct
gcacctgcect
ggtagaaaac
attataataa
caaacattgt
atttagccat
cttaaaaaca
agaggcaatt
cacctttaag
tagcagtatg
ctgctcattt
gccccaagta
aactcttata
attattgaca
ggagaaggag
ctgagatctg
cttcccaaga
gtgggagact
agaaggaggc
ggacaggagc
tacccaatat
tagctggaat
cttacagcct
tgggatgggg
aagcagacaa
ctgaaacaac
gcaagctggt
ataatagagt
taaggtctta
tggaaaaata
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gacagcagcg
agcgacagca
agcagtgatg
agtgacagtg
atcagagaga
gaaggttcct
tcatagggag
gtacatgtgt
caatacttta
gtgctttaaa
ccgggcacca
aactcaacta
acaccgctge
agctatacat
gcaggatctg
ccecectgeact
gcaacacgga
gtgttattag
gcgtgacaag
tgagaataaa
ccctecaagcece
ccccacatag
gataatctac
ttctcaggtg
tcacacgctg

tgagctgecca’

ttgecttcta
ctagtaaccc
tcatcgtaaa
acatctattt
cceccecteeccce
tcttattaaa
gtacacataa
cctcttacta
aagtctgtgg

ccttgaacat

catgaaccag
agtgtcatgg
aaggaaagca
cagtggggag
ctactgtgtt
attgccccat
attggtcaat
tgaggatcaa
gacaaagaaa

aactgacaag

aggcttacag
atataattcc
gagaagggta
atagtcagac
aagcctcaga
gcagaagcat
tgccatagac
acttctccct
agtttaaaat

ctttccatgt’

acagcagcga
gcaacagcag
gtgacagcaa
acagtgacag
acccatgata
aacccaatga
tggagccgag
gttaaaatat
acaggaactg
gagcagagct
gagagctagt
ctctgtcatt
aactactggc
tatgaaaatt
acacatgcgg
ttgaacagtg
tggatgattt
ttttcttecga
agtgggaccc
ccacaccaag
ttaaggatat
gcagttatgce

tctattctca:

ctcacctcect
ctatctgtaa
cagctgtgac
ctagacccca
gccacaccca
ctgtgtaaga
atacaattgc
attgtaaaat
ataggtattt

tactaaacct

atgttttaca
tattgtacca
tggctcatag
tataagatat
tcactggttt
tttaattggg
catggtagct

ggggttgatc
gagatcctca

aaaagactaa.

atagagtgag
ggaggtagct
ggacatatgg
cttgtaaata
ttttcaaatt
ggggtggggt
taactggaca
tacactagaa
ggaagattgg

acgtgctggce.

aactgcaata
tggtaaattg
taaaaaaaaa
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cagcagtgac
tgacagcagt
gtctggtaat
tgaaggcagt
tecctetgtgt
tgacaggaga
ctccagectcet
attcatgttc
aagaaatcac
agcaatgtca
cttcatgttg
tatttattcc
cctatccaag
ccgaagaatg
ttaaatttct
tctcececttee
cgggaggtgg
atcacagcte
tgtttgggcet
acaggaggtg
ttttgaagat
caaatttggg
ttttaggctt
tttgtgagag
dcgcgttgta
gtgactccag
aactctcctt
ctcatcgagg
aatgtaaagg
tcactgagta
ctggtgtgta
gtgaacacaa
ttgtcatcca
gatattccag
cacacaatgc
cacgtagatc
ttatcctgtg
atttctgtga
gcttgtttac
gaaagttcta
gtgtgctgcet
catacaccaa
agtctgaaat
gggtctcagg
dgccataatag
tctggatgta
aaataccagg
ggcgececaca
ggggtgatga
agaggcatgg
aaaactaggc
ggaggcctga
cccaaggagt
agacttaaaa
atatctttaa
aaaaaggaaa

agcagcgaca
gacagtgaca
ggcaacagtg

gacagtaacc

gacctcttgg
gatgtgcaga
ctcagagaga
agaaaatatt
taagacacat
cagcctgctg
tgcagtgagt
ggggaaaatt
gtgctgagat
aatgagaaaa
gcatgggatg
agcagtggec
gatcatattc
aaacagttta
ctagggctcc
tgaactggga
ttagggtttt
ttaaatagaa
attttaccca
tttctgagtt
acgcccacac
acccctcacce
tgtttgetgt
ttgtgatcac
aagagataat
aattcttcat
agattatact
aatacaaact
acccacaatt
aaatattgta
actcatttta
aacttcattt
ctcatgatat
agagacacca
aggttcagag
catctgaatc
gtgtattcaa
gtgatgcaat
tgggcagtag
agagaccaaa
gagatggatc
agttacaata
accgtgtgtce
tgggacaata
ggtgggaggg
tctettttaa
ctggagctat
tcaggactcc
ctttagacac
ggccccaact
ggaaagagtc
acaggacagc
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agaaggccct
gttcactaat
tacataagga
aaaaaaaagg
aactcagagce
acaatgttgce
agtcaataaa
cttgaatggc
gaaagatagt
tgcaccttge
cttgttcact
ctgggatgcc
cagaatagct
atgggtccag
gcaaatgata
caagagatgt
tccaaagaga
ataaaggggt
caggttagac
aagaagggtt
taaatctact
attgatacaa
aagatttgaa
aagttctagt
gttgatagac
tacttectag
aaaatccttg
cttttcttga
tgatgagcat
aggaccaggyg
atttctgcat
attttgtaag
aagaaattca
agcagcaatg
agagcttggce
ctaacttcat
tcgactgcca
acatgcctgt
aattttgggg
tgcctacact
gattatatag
gtctaaggag
aaggttggag
gaggatttaa
caccaagatt
acattgtgaa
tattgtaaga
tggtgctgcet
agcagcagat
cgataaaagg
tcaaatgagg
ggaggagggt
gacaagggac
cttacagctt
tgtaattcct
aaggccacat

tggattcttg
gatcacaatt
gagaactgag
gcecettttee
tctctggetg
aacaccttaa
ttttattatt
atagataaaa
tgtctttcac
atagcccata
taaaataaca
tgctectgee
tcagggaggg
caagggagtc
cagttatttc
catcaaccct
tagggtatat
tggttgcaag
tcaaggattt
caaaacaaac
cttagagcta
aattgaggtt
gtactcatat
ctcttctaaa
agtcaaacac
ctaaaaccaa
gagacctaca
cattgagaca
tggaggacct
ctctcatgcet
agctgactct
aattgttaca
aatattaatc
ggtcagttct
atgaccaggc
ttgcagacag
agccctgcca
cagatatact
attctccagt
tcctacaaac
tcatagtctce
gtgttttaag
gaaattgtaa
atgcttaaga
caatagataa
tatatttatt
gaaagatcct
gtgtactcaa
ctttacacac
ctaaagtctg
gtgtctcagg
gccatgagag
atatggctgg
ataaataaaa
tttataccac
atcctaatcc
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tatcatttca
ttatgtcctc
aggtggggtg
ggataagaaa
tgagatgctt
ttccgaggag
ttattggcta
atttatafcg
ctgctcaaac
cattgttggt
accaaagaag
tcagattgec
ctgctgaccc
aattaagccc
tcccaggatt
aaacagcaga
gatttttagt
tttttaaatg
ccectttttte
agggagatac
ctactagcca
atattttgtt
tggcattgga
gctggtatta
atggtaatat
gtttacctat
gaatatgaca
tgtcagctcce
tcatttgaag
cattaatgct
cccagggaac
ttatcgcage
agaaacacaa
ggttgtcecca
tttcattatg
aatgctcttc
agacagggta
ggggcagagg
cagctagatg
tcagttaatt
acaatgaaac
gttggtaaat
atgggtgttt
tggtaatgga
aaaatatctt
acccatggat
tttttattta
atactaaata
caagtgatgce
ggattgggca
agagatcagg
gagatggatc
gatataagtt
taccagaatc
tgggcttaga
ttctcaagta

ttttagttgt
tctctaagaa
gtgattacaa
aaaaaggacc
gtctgctectt
taacatacaa
caaaatcttt
aagcttggtt

aatcaacaaa

acagaactgt
cagccccaac
ttgatgatgt
cagatgacct
tgcaatttcc
tggccagtat
aagcaattta
tattctattg
gtcttgatca
tttectctat
aggaaaatat
aaaatcttac
atattgctat
cagatgtaac
caaactcttt
tagatactag
tcagatattc
ttttaaggtt
tcgcagtacc
atggattctg
acttaagtaa
taccatgaat
cccagectte
gcatacgttg
gcactggaac
gcaagctagt
aaaatggaga
agaatatcct
cctgaagaca

cttgccaatt

atccctteccce
ataacaaaga
gaagatcata
taggttggta
aaaagtaatt
ctectaagtt
ttcataattg
gacaaaaaag
ctgggtccca

catgtaaacc

gtagagagag
ggaggagata
atgagcacat
acaatagctce
atgcatcttt
atgtcacccc
gtgccacttt
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catggagcta
tgttcaaaat
gcaatataga
attgggcggg
tctgctaagg
ggttttgctg
aaaacttttc
acagtccaaa
aatcttcatt
atattacttg
aagatatagc
ttccttggga
cagtttgttce
tatcccacag
cctaattttce
aagagaacat
ggtgatggat
gggaaaaaac
ccttectttcet
agaaataata
attcttatag
agatctttat
tcatttgaag
aggataatta
aatagtttat
tgattagata
ttttttaaat
ccattcaact
ctggagtcca
taggttctat
tttattctta
catgaggggc
tgtagcaaat
attgtcaagc
cactgggcaa
aaatttggat
tcatagttcce
gatgttccag
ctatagtttt
aagtctctga
dtctaagaaa
ggattagatg
aatgcaaatt
taaatacaga
gccaaataca
ctcttactga
gggaaatgtt
agatctgatt
ttgctcecca
aaaggtggaa
dgaaggaagt
ggccaggaga
aaaaagttgce
aatgtggcectt
cagtgacaca
ctgatgacta

gttacaatac
aaaacagact
tagagaaaag
gcaagtttgg

gctcactgat

ctacatatag
atgctattat
actagtttaa
gactgacctg
tgagaactta
cttggggatg
gacttgttte
agtcttgcag
agactggaca

ttaggctctc

gtcaccccat
gcttgttgtt
caaggtatag
tatataggga
agtagattat
atcttcgtat
atattgatac
attttgtgta
agaaatacaa
tacagtaaaa
gatgatctte
taaattaaga
tggaaaaata
actctgagtg
ggaagactca
ataacaccag
ccttagaagc
ttccaccaag
aatgcctgca
agagaatgtt
gcaggcaaag
tgctccacaa
tgttatagag
ggaagctgct
tggggttgaa
gtgctttagg
gtgttttatg
atgaaagtta
actctgaact
gatggactgg
tatagttcct
ggggttggtce
gctctcaatg
agttattggt
gacttgagga
gacaaagaga
aacagcaact
ccaatatagg
agctagaata
cttectecaa
agtattaatg
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17221
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tattggggce
agctttctcce
ggaactcatg
tggaatttca
tgaatgccag
taagcaattt
atgtctcttt
tgtcagatct
aatcaaactt
ttctgacage
atatcaattt
gtgtgttgtg
gacaccatga
tcagaggttce
ggactgagag
ctaggatgag
ccaactccaa
accatcacac
aactgttggt
tggtaatttg
gceccaacttt
aatgggtaga

attcttatcc
ctaaagagta
aaggaagatt
gggcaaaaat
aaaagtatta
cctcatactg
gttagggaat
cctggagetg
gaaaccttta
agtgttccct
aatgagttac
aaactatata
ccaatacaag
agtccattat
ttctacatct
ggtcttaaag
cagggtcaca
acagatatgt
tgtggttagg
atactgattt
gaagatggaa
agggatcga

27/37

aaactaccac
tttttatgag
atgaccttgt
ggaggagaca
ttagggaaaa
ttcatcaggg
tcccatgage

gagtgaagcc’

ttageccctta
aaatcccagg
aaaaatactt
catatacata
tcttataaag
catcaaggca
tcacctgaag
cctacaccca
ccectctaata
tgaagtgcgce
aaaattagag
tcaacattca
aatttaaaag

agtcataata
gttagatgct
ttttcttgta
caattaaaaa

ccttacgtta

caatggtgtt
actcaggtgt
acttgtaagc
tactcttaat
ttgctaatca
aagatgaaag
ttgtettagt
ggtaacattt
tggcagcatc

gttgctagaa

catttacaca
gtgccactcc
ctatgctaga
aaccattggt
cctttectect
aaagcacaag
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catctagcag
ttaggaccta
taaccattta
tgtctcaagg
tttaccagaa
taggttctat
tcatggagac
tgcctgatgt
tgctgagtca
actagtcact
agtaaggtaa
taggatttac
aattgagata
caggtaggca
gaatactgac
cctactccaa
cttgggctga
gatgcatgca
ttaggaagac
tacaaacctce
aaatattggg

gttcttagaa

gcattatact

tatctgaatt
ttcaatcctt
taaagattaa
ttctaatgac
cagaagagga
ggatgctgga
tctctecagt
tattataatt
aatcataaca

‘tgtgggaaca

gcttacaggt
tggtgcaaga
ttccaggtag
caagactata
gcatatgcaa
atgtcttttt
attactgccc
taacttgcectt
ggtgtatctg

SEQ ID NO:7
Amino acid sequence of human phosphophoryn
GenBank Accession No. NP_055023

1

61
121
181
241
301
361
421
481
541
1601
661
721
781
841
901
961
1021
1081
1141
1201

mkiityfciw
vhegdrgrqge
hdgihgkeen
edgpgvagsn
nsdgspsgng
skeyydpegk
kesethavgk
vniegpggks
sdnnsssrgd
dsgkgksdss
ssdssdssds
nssnssdssd
ssdssnsnss
nssdsndssn
ssdssdssds
snssdsdssd
nsgdssnssd
ssdssnssds
ssdssdssds
ssdssdssds
ssdssdssds

SEQ ID NO:8
Nucleotide sequence of human phosphophoryn

GenBank Accession No. NM_014208

avawaipvpq
ntgdghkgeg
itangiqgqgv
nstdnedeii
adededegsg
edphnevdgd
sqgdkgieikg
epgnkvghsn
asynsdeskd
dsdssdssns
sdssdssdss
ssdssdssss
dsdssnssds
ssdssdssns
sdsdssnrsd
ssnssdssds
ssdsnssdss
sdssdssdss
sdssessdss
sdssdssdss
sdstsdsnde

skplerhvek
ngskwaevgg
siidnagatn
enscrnegnt
ddedeeagng
ktskseensa
pssgnrnitk
tgsdsnsdgy
ngngsdskga
sdssdssdsd
dsksdsskse
sdsssssdss
sdssdssdss
sdssnssdss
ssnssdssds
snssdssess
dssnssdssd
dssdssnssd
dssdssdssd
dssdssdssd
sdsqgsksgng

smnlhllars
ksfstystla
rsntngntdk
seitpginsk
kdssnnskgq
gipedngsqr
evgkgnegke
dsydfddksm
edddsdstsd
ssdsnsssds
sdssdsdsks
nssdssdssd
nssdssdssd
dssdssdsds
sdssnssdss
nssdnsnssd
ssdssdssds
ssdssdssds
ssdssdssds
ssdssdssds
nnngsdsdsd

nvsvagdelna
neegniegwn
ntgngdvgda
rngtkeaevt
eggdhgkedd
iedtgklnhr
dkgghgmilg
qagddpnssde
tnnsdsngng
dssdsdssds
dssdsnssds
ssnssessds
ssnssdssds
snssdssnss
dssdssdsne
ssnssdssds
sdssnssdss
sdssgssdss
sdssdssdss
sdsnessdss
segsdsnhst

sgtikesgvl
gdtgkaetyg
ghnedvavvg
pgtgedagld
hdssiggnsd
eskrvenrit
kgnvktqggev
sngnddanse
nngnddndks
sdsdssdssn
sdnsdssdss
sdssdsdssd
sdssdssdss
dssdssnssd
ssnssdssds
sdssnssdss
dssdssdssn
dssdssdssd
nssdssdssd
dssdssdssn
sdd
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

atgcaaaagt
ggattttcaa
atgaagataa
agcaaaccac
aatgtgtcag
gtgcatgaag
aatggctcta
aacgaagagg
catgatggaa
agcatcattg
aatacccaaa
gaagatggac
gagaattcct
agaaatggga
aattccgatg
gatgatgaag
gagggccagg
agtaaagaat
aagacctcca
atagaggaca
aaagaatcag
cccagcagtg
gataaaggac
gtcaacatag
acaggtagtg
caaggagatg
agtgacaata
aatggcaatg
actaataata
gacagtggca
agtgatagta
gacagcagtg
agcagtgaca
gacagcaagt
gacagcagtg
aatagcagta
agtgacagca
agcagcaata
agtagtgaca
agtgacagca
agcagcaaca
aacagcagtg
agtgatagca
agcaatagca
agcagcgaca
agtagtaata
gatagtagtg
agcaacagca
agcaacagca
agcagcaaca
aatagcggtg
gacagcagca
agtgatagca
agtagtgaca
gacagcagtg

ccaggacagt
aatccttttg
ttacatattt
tggagagaca
tacaggatga
gtgatagagyg
agtgggcaga
ggaatattga
tacatgggaa
acaatgctgg
atggggatgt
ctcaagtagc
gtagaaacga
ctaaggaagc
ggagtcctag
atgaagaagc
accatgggaa
attatgaccc
agagtgagga
cccagaagct
agacacatgce
gcaacagaaa
aacatggaat
aaggacctgg
acagcaatag
atcccaatag
acagcagtag
gcagtgactc
gtgacagtaa
aaggtaaatc
gtgacagcag
acagtgacag
gtagtgacag
cagacagcag
acagcaacag
acagcagtga
gcagtagcag
gcagtgagag
gcagtaatag
gtgatagcag
gcagtgacag
atagcaacga
gcaacagcag
gtgacagcag
gcagcgatag
gtagtgacag
acagcagtga
gtgatagtga
gtgatagcag
gcagtgacag
acagcagcaa
acagcagcga
gcaacagcag
gcagcaacag
acagcagcaa
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gggccacttt
aagcctttta
ttgcatttgg
tgtcgaaaaa
gttaaatgcc
aaggcaagag
agtaggaggg
gggctggaat
agaagaaaac
agccacaaac
tggcgatgca
tggaagcaat
gggtaataca
tgaggtaaca
tgggaatgga
agggaatgga
agaagatgat
tgaaggcaaa
gaattctgct
caaccataga
tgttgggaag
tattaccaaa
gatcttgggce
ccaaaaatca
tgatggatat
cagtgatgaa
ccgaggagat
aaaaggagca
tggcaatggt
agatagcagt
tgacagtgac
cagtgatagc
cagtgatagc
caaatcagag
cagtgacagt
tagtagtgac
tgacagcagc
cagtgatagt
taacagcagc
tgacagcagce
cagtgatagc
cagcagcaat
tgatagcagt
taatagtagt
cagtgacagc
cagcgatagce
cagcaacgaa
cagcagtgat
tgaaagcagt
cagtgatagc
cagcagtgac
tagcagtgac
tgatagcagt
cagtgacagc
tagcagtgac

cagtcttcaa
agccattgat
gcagtagcat
tccatgaatt
agtggaacca
aatacccaag
aagagttttt
ggggacacag
atcacagcaa
agaagcaaca
ggtcacaatg
aacagtacag
agtgaaataa
ccaggcactg
gcagatgagg
aaagacagta
catgatagta
gaagatcccc
ggtattccag
gaaagcaaac
agccaagata
gaagttggga
aaaggcaatg
gaaccaggaa
gacagttatg
tctaatggca
gcttcttata
gaagatgatg
aacaatggga
gacagtgata
agcagtgata
agtgacagtg
agtgacagta
agcgacagca
agtgacaaca
agcagtgata
aacagcagtg
agtgacagca
gatagtgaca
aacagcagtg
agtgacagca
agcagtgaca
gatagcagtg
gacagcagcg
agtgatagcg
agtgacagca
agcagcaata
agcagcaaca
aatagtagtg
agtgacagca
agcagtgata
agcagtgata
gacagcagtg
agcgatagca
agcagtgaca
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agagaaagat
tattattatt
gggccattce
tgcatctcect
tcaaagaaag
atggtcacaa
ctacatattc
gaaaagcaga
atggcatcca
ctaatggaaa
aggatgtcge
acaatgagga
cacctcagat
gagaagatgc
atgaagacga
gtaataacag
gcataggtca
ataatgaagt
aagacaatgg
gcgtagaaaa
agggaataga
aaggcaacga
tcaagacaca
ataaagttgg
attttgatga
atgatgatgce
actctgatga
acagtgatag
atgatgacaa
gtagtgatag
gcaacagtag
atagtagtga
gtgatagtag
gtgatagtga
gtgatagcag
gcagtgacag
atagtagtga
gtgatagtga
gcagcaacag
acagtagcga
gtgatagtag
gcagtgatag
acagcagtga
atagcagcaa
acagcagcaa
gcadcagcag
gcagtgacag
gcagtgacag
acaacagcaa
gtaatagtag
gcaatagcag
gcagtgacag
acagcagtga
gtgacagcag
gcagcgacag

aagaaattct
cctaaagaaa
agttcctcaa
agcaagatca
tggtgtcctg
gggagaaggg
cacattagca
aacatatggt
gggacaagta
tactgataag
tgttgtccaa
tgaaataatt
caacagcaag
tggcctggat
gggttctggt
caagggccag
aaattcggat
tgatggagac
cagccaaaga
tagaatcacc
aatcaagggt
aggtaaagag
aggagaggtt
acacagcaat
taagtccatg
taattcagaa
atcaaaagat
cacatcagac
tgacaaatca
cagcaatagc
cagtgatagt
tagcagcaat
tgacagcagt
cagtaagtca
cgacagcagc
cagcagtagc
cagtagtgac
cagcagtgat
cagcgatagc
tagcagtgac
tgacagcagc
cagcaacagc
tagcgacagc
cagcagtgat
tagaagtgac
tgacagcagt
cagtgatagc
cagtgatagc
tagcagtgac
tgacagcagc
cgacagcagt
cagtgacagc
tagcagtaat
cgatagcagt
cagtgatagc
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3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141

agtgacagca
agcagtgaca
gatagcagcg
agcgacagca
agcagtgaca
gacagcagtyg
agtgacagca
agcagtgaca
agtgacagcc
agtgaaggca
aagattcctt
aagaaagggg
caaacagttg
cctttggtac
taaacataaa

SEQ ID NO: 9
Amino acid sequence of BMP-2
GenBank Accession Number: NP_001191

1
61
121
181
241
301
361

mvagtrclla
fglkgrptps
lpetsgkttr
tanskfpvtr
krhvrisrsl
lyvdfsdvgw
cvptelsais

SEQ ID NO: 10

Nucleotide sequence of human BMP-2

gtggcagcag
gcagcgacag
acagcagtga
gcgatagcag
gcagcgacag
acagcagcga
atgaaagcag
gcagcgacag
agagcaagtc
gtgacagtaa
ttgtgaaaag
agaaataaac
gattcagaac
atgcctgtta
agaacaatta

1llpgvllgg
rdavvppyml
rfffnlssip
1ldtrlvnagn
hadehswsaqi
ndwivappgy
mlyldenekv

29/37

cgacagcagt
cagtgacagc
cagcagcgac
tgacagcagc
cagcgatagce
cagcagtgac
cgacagcagt
cagtgatagc
tggtaacggt
ccactcaacc
tttggtaatg
ataagacgta
caagacctaa
atattcatgt
aaatattctt

aaglvpelgr
dlyrrhsgqp
teefitsael
asrwesfdvt
rpllvtfghd
hafychgecp
v1knygdmvv

GenBank Accession number NM_001200

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

ggggacttct
tgccccageg
tgcccecgacac
gagaaggagg
agagtttttc
ctgcggtetce
ttcecccaggt
tcgcggegge
tcgagttgeg
ccgtggtgcec
ccgeccccaga
accatgaaga
tctttaattt
tccgagaaca
tttatgaaat
acaccaggtt
tgatgcggtg
tggaggagaa

tgaacttgca
gagecctgett
tgagacgcetg
aggcaaagaa
catgtggacg
ctaaaggtcg
cctectgggce
gtcgteggge
gctgctcage
cccctacatg
ccaccggttg
atctttggaa
aagttctatc
gatgcaagat
cataaaacct
ggtgaatcag
gactgcacag
acaaggtgtc

gggagaataa
cgccatctcecce
ttecccagegt
aaggaacgga
ctctttcaat
accatggtgg
ggcgcggctyg
cgceccctecat
atgttcggcce
ctagacctgt
gagagggcag
gaactaccag
cccacggagyg
gctttaggaa
gcaacagcca
aatgcaagca
ggacacgcca
tccaagagac

gatagcagtg
agtgacagca
agcagtgaca
aatagcagtg
agcgacagca
agcagcgaca
gacagcagceg
agtgacagca
aacaacaatg
agtgatgatt
ggataggaaa
tgtaaacaaa
ctcctgcaga
tctgaaaata
taatacttca

rkfaaassgr
gspapdhrle
gviregmgda
pavmrwtadg
gkghplhkre
fpladhlnst
egcgcr

cttgcgcecacc
gagcccecacce
gaaaagagag
cattcggtcc
ggacgtgtecce
ccgggacceceyg
gcectcgttece
cccagcececte
tgaaacagag
atcgcaggca
ccagccgagc
aaacgagtgg
agtttatcac
acaatagcag
actcgaaatt
ggtgggaaag
accatggatt
atgttaggat
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acagcagtga
gtgaaagcag
gcagcgatag
atagcagcga
gtgatagtag
gcagtgacag
atagcagtga
catctgacag
gaagtgacag
agaacaaaag
aaaagatttc
aacaactggg
gacagactct
ttttgttaaa
cacagaa

pssgpsdevl
raasrantvr
lgnnssfthhr
hanhgfvvev
krgakhkqgrk
nhaivgtlvn

ccactttgeg
gceccecteceac
actgcgeggce
ttgcgeccagg
ccgegtgett
ctgtcttcta
ggagctgggce
tgacgaggtc
acccaccccce
ctcaggtcag
caacactgtg
gaaaacaacc
ctcagcagag
tttccatcac
cccegtgace
ttttgatgtce
cgtggtggaa
aagcaggtct

tagcagcgat
cgacagcagc
cagcgacagc
cagcagtgat
tgatagcagt
cagcgacagc
cagcagcaac
caatgatgag
tgacagtgac
aaaaacccat
caagaaagta
ggaatcaaat
gaatgcatga
agtgtaaatc

sefelrllsm
sfhheeslee
iniyeiikpa
ahleekqggvs
rlkssckrhp
svnskipkac

ccggtgectt
tccteggecet
cggcacccgg
tcectttgace
cttagacgga
gegttgetge
cgcaggaagt
ctgagcgagt
agcagggacg
ccgggctcac
cgcagcttcece
cggagattct
cttcaggttt
cgaattaata
agacttttgg
acccccgetg
gtggcccact
ttgcaccaag
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1081
1141
1201
1261
1321
1381
1441
1501

atgaacacag
ggcatcctct
agtccagctg
ggattgtggce
tggctgatca
actctaagat
accttgacga
gtgggtgtcg

SEQ ID NO: 11
GGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACA

SEQ ID NO: 12

CTAATGTCGACATGGAGAGTGGCAGCCGT:

SEQID NO: 13
GCATTCTAGATTAAAGCACCCGCCATTCAAATCG

ctggtcacag
ccacaaaaga
taagagacac
tceceecgggg
tctgaactcc
tcctaaggca
gaatgaaaag
ctagtacagc

30/37

ataaggccat
gaaaaacgtc
cctttgtacg
tatcacgcct
actaatcatg
tgctgtgtcc
gttgtattaa
aaaattaaat

tgctagtaac
aagccaaaca
tggacttcag
tttactgcca
ccattgttca
cgacagaact
agaactatca
acataaatat

GGAGA

PCT/US2004/027076

ttttggccat
caaacagcgg
tgacgtgggg
cggagaatgce
gacgttggtc
cagtgctatc
ggacatggtt
atatata

gatggaaaag
aaacgcctta
tggaatgact
ccttttectce
aactctgtta
tcgatgcectgt
gtggagggtt
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FIGURE 17
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FIGURE 18
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FIGURE 19
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FIGURE 20
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FIGURE 21
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FIGURE 22
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FIGURE 23

Panels B, C, D and E: PP added to transfected cells with ILK-GFP
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230050.sT25
SEQUENCE LISTING

<110> uUniversity of Pittsburgh of the Commonwealth System of
Higher Education -
sfeir, Charles
campbell, Phil
Jadlowiec, Julie A.

<120> METHOD OF INDUCING BIOMINERALIZATION, METHOD OF INDUCING BONE
REGENERATION AND METHODS RELATED THERETO

<130> 230050

<150> US 60/496,245
<151> 2003-08-19

<160> 13

<170> PatentIn version 3.2

<210> 1

<211> 572

<212> PRT

<213> Mus musculus
<400> 1

Gly I1e Glu Thr Glu Gly Pro Asn Lys Gly Asn Lys Ser Ile Ile Thr
1 5 10 15

Lys Glu Ser Gly Lys Leu Ser Gly Ser Lys Asp Ser Asn Gly His GlIn
20 25 30

Gly val Glu Leu Asp Lys Arg Agn Ser Pro Lys GIn Gly ‘Glu Ser Asp
35 4 45

Lys Pro GIn Gly Thr Ala Glu Lys Ser Ala Ala His Ser Asn Leu Gly
50 55 - 60

His Ser Arg Ile Gly Ser Ser Ser Asn Ser Asp Gly His Asp Ser Tyr
65 70 75 80

Glu Phe Asp Asp Glu Ser Met GIn Gly Asp Asp Pro Lys Ser Ser Asp
85 90 95

Glu Ser Asn Gly Ser Asp Glu.Ser Asp Thr Asn Ser Glu Ser Ala Asn
100 105 110

Glu ser Gly Ser Arg Gly Asp Ala Ser Tyr Thr Ser Asp Glu Ser Ser
115 120 125

Asp Asp Asp Asn Asp Ser Asp Ser His Ala Gly Glu Asp Asp Ser Ser
130 135 140

Page 1
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230050.5725 '
Asp Asp Ser Ser Gly Asp Gly Asp Ser Asp Ser Asn Gly Asp Gly Asp
145 150 155 160

Ser Glu Ser Glu Asp Lys Asp Glu Ser Asp Ser Ser Asp His Asp Asn
165 170 175 .

Ser Ser Asp Ser Glu Ser Lys Ser Asp Ser Ser. Asp Ser Ser Asp Asp
180 185 190

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
195 200 205

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Asn
210 215 220

Ser Ser Ser Asp Ser Ser Asp Ser Ser Gly Ser Ser Asp Ser Ser Asp
225 230 235 240

Ser Ser Asp Thr Cys Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
245 250 255

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
260 265 270

Asp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp
275 280 285

Ser Ser Ser Cys Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
290 295 300 .

ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Asp Ser Ser Ser
305 310 315 320

Sser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser
325 330 335

ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
340 345 350

Gly Ser Ser Asp Ser Ser Asp Ser Ser Ala Ser Ser Asp Ser Ser Ser
355 360 365

Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp Ser
370 375 380

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Glu Ser Ser Asp Ser Ser
385 390 395 400

page 2
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Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
405 410 415

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn ser
420 425 430

ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser ser Asp Ser Ser
435 440 445

Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
450 455 460

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
465 470 475 480

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
485 490 495

AsSp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
500 505 510

Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Asp Ser Lys
515 520 525

AsSp Ser Ser Ser Asp Ser Ser Asp Gly Asp Ser Lys Ser Gly Asn Gly
530 535 540

Asn Ser Asp Ser Asn Ser Asp Ser Ash Ser Asp Ser Asp Ser Asp Ser
545 550 555 560

Glu Gly Ser Asp Ser Asn His Ser Thr Ser Asp Asp

565 570
<210> 2
<211> 460
<212> PRT
<213> Mus musculus
<400> 2
Glu Ser Gly Ser Arg Gly Asp Ala Ser Tyr Thr Ser Asp Glu Ser Ser
1 5 10 15

Asp AsSp Asp égn Asp Ser Asp Ser gis Ala Gly Glu Asp Asp Ser Ser
5 30

Asp Asp ggr Ser Gly Asp Gly Asp Ser Asp Ser Asn Gly Asp Gly Asp
40 45
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sSer ggu Ser Glu Asp Lys Asp Glu Ser Asp Ser ggr Asp His Asp Asn
55

Ser Ser Asp Ser Glu Ser Lys Ser Asp Ser Ser Asp Ser Ser Asp Asp
65 70 75 80

Ser Ser Asp Ser ger Asp Ser Ser Asp ggr Ser Asp Ser Ser Ssp Ser
5 ' 5 ’

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Asn
100 105 110

Ser Ser Ser Asp Ser Ser Asp Ser Ser Gly Ser Ser Asp Ser Ser Asp
115 120 125

Ser Ser Asp Thr Cys Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
130 135 140

ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
145 150 155 160

AsSp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp
165 170 175

Ser Ser Ser Cys Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
180 185 190

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Asp Ser Ser Ser
195 200 205

ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser
210 215 220

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
225 230 235 240

Gly Ser Ser Asp Ser Ser Asp Ser Ser Ala Ser Ser Asp Ser Ser Ser
245 250 255

Ser Ser Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp Ser
260 265 270

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Glu Ser Ser Asp Ser ser
275 280 285

Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
290 295 300
Page 4
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ser ser

305

Asp

Ser Asp Ser

Asn Ser Ser

Ser Ser Asp

355

Ser Asp Ser

Asp Ser Ser

385

Ser Ser Asp

Asp Ser Ser

Asn Ser Asp

Glu Gly Ser

450

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

<400> 3
ggaatagaaa

DNA
Mus

aaactcagtg
agcccaaagce
agtaacctgg
gagttcgatg
agtgacgaaa
tcttacacat

gacgatagca

Ser Sser

ser Ser

310

Ser Asp
ser
ser
Ser

ASp

Asp ser

sSer

ser

Asp

ser

Ser

ser Asp

Ser

Asp

Ser
360

ser

ser
375

Asp

Asp Ser

390

sSer
405

Ser

ser
420

Asp
Asn

Ser

Asp ser

3 .
1719

musculus

ctgaaggtcc
gaagtaaaga
aaggggagtc
gacacagcag
acgagtccat
gtgacactaa
ctgatgaatc
gtgatgactc

Asn

ser

Ser

Asn

ser ser

ser

Asp

Ser
440

ASp

His Ser

455

caacaaaggc
tagcaatgga
tgacaagcct
gataggtagc
gcaaggagat
ctctgaaagc
aagtgatgat
atctggtgat

Asp

230050.5T25

ser Ser Asp

ser

Ser

315

sSer
330

ser Asp

Ser Ser

345

Asp

Asp Ser Ser

Ser ser Asp

Ser Asp

395

Ser Ser

410

Asp

Asp Ser

Asn Ser Asp

Thr Ser Asp

aacaaaagta
caccaaggag
caaggcactg
agcagcaata
gatcccaaga
gccaatgaga
gacaatgaca

ggtgacagtg
Page

ser

ser ser Asp

Ser
350

Ser Asp

ser Ser

365

Asp

Ser Ser

380

Asp

ser Asp Ser

Asp Ser Asp

Lys Ser

Ser

ttattaccaa
tggagctgga
ctgagaaatc
gtgatgggca
gcagcgacga
gtggcagecg
gtgactcaca

acagtaatgg
5

PCT/US2004/027076
Asn Ser
320
Ser Ser
335
Ser Asp
Asp Ser
ser Ser
ser Asp
400
ser Lys
415
Asn Gly
Asp Ser
agaatctggg 60
caaaaggaat 120
agctgcccac 180
tgacagttac 240
atctaacgga 300
tggagatgct 360
tgcgggagaa 420
tgatggtgac 480
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agcgagagtg aggacaagga cgaatctgac agcagtgacc atgacaacag cagtgacagf 540
gagagcaaat cagacagcag tgacagtagt gacgacagca gtgacagcag cgacagtégt 600
gacagcagtg acagcagtga cagtagtgac agtagtgaca gcagcgacag cagtgacagc 660
agcgacagca acagtagtag tgacagcagc gacagcagcg gtagtagtga cagcagcgac 720
agcagtgaca cctgtgacag cagtgacagc agcgatagca gtgacagcag tgacagcagt 780
gacagcagcg atagcagtga cagcagtgac agtagfgaca.gcagtgacag cagcgacagc 840
agcagfagta gtgacagcag cgacagcagc agttgtagtg acagcagcga cagcagtgac 900
agcagtgaca gcagcgatag cagtgacagc agtgacagca gcagcagcga cagcagcage 960
agtagcaaca gcagtgacag tagtgacagc agtgacagca gcagcagcag cgacagcagc 1020
gacagcagtg acagtagtga cagcagtgac agtagtggca gcagtgacag cagcgacagt 1080
agtgccagca gcgacagcag cagtagtagt gacagcagcg acagcagtag tagtagtgac 1140
agcagtgaca gtagtgacag tagtgacagc agtgatagca gtgagagcag cgacagcagt 1200
aacagcagtg acagcagcga cagtagtgac agcagtgaca gtagcgacag cagcgacagt 1260
agtgacagta gcgacagcag tgacagtagc aacagtagcg acagcagtga cagcagtgac 1320
agcagcgaca gtagtgacag cagcaacagt agtgacagca gtgacagtag cgacagtagt 1380
‘gacagcagtg acagcagtga cagcagcgac agtagtgaca gcagtgacag tagtgacagc 1440
agcgacagta gtgacagcag tgacagcagt gacagcagtg acagcagcga cagcagcgac 1500
agcagtgaca gcagcgacag cagcgacagc agtgacagca gcgacagcag caacagcagt 1560
gacagcagtg acagtgacag caaggatagc agttctgaca gcagtgatgg tgacagcaag 1620
tctggtaatg gcaacagtga cagcaacagt gacagcaaca gtgacagtga cagtgacagt 1680
gaaggcagtg acagtaacca ctcaaccagt gatgattag 1719
<210> 4
3125 ona
<213> Mus musculus
<400> 4
gagagtggca gccgtggaga tgcttcttac acatctgatg aatcaagtga tgatgacaat 60
gacagtgact cacatgcggg agaagacgat agcagtgatg actcatctgg tgatggtgac 120
agtgacagta atggtgatgg tgacagcgag agtgaggaca aggacgaatc tgacagcagt 180
gaccatgaca acagcagtga cagtgagagc aaatcagaca gcagtgacag tagtgacgac 240
agcagtgaca gcagcgacag tagtgacagc agtgacagca gtgacagtag tgacagtﬁgt 300
gacagcagcg acagcagtga cagcagcgac agcaacagta gtagtgacag cagcgacagc 360
agcggtagta gtgacagcag cgacagcagt gacacctgtg acagcagtga cagcagcgat 420
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230050.5T25 ,
agcagtgaca gcagtgacag cagtgacagc agcgatagca gtgacagcag tgacagtagt 480
gacagcagtg acagcagcga cagcagcagt agtagtgaca gcagcgacag cagcagttgt 540
agtgacagca gcgacagcag tgacagcagt gacagcagcg atagcagtga cagcagtgac 600
agcagcagca gcgacagcag cagcagtagc aacagcagtg acagtagtga cagcagtgac 660
agcagcagca gcagcgacag cagcgacagc agtgacagta gtgacagcag tgacagtagt 720
ggcagcagtg acagcagcga cagtagtgcc agcagcgaca gcagcagtég tagtgacagc 780
agcgacagca gtagtagtag tgacagcagt gacagtagtg acagtagtga cagcagtgat 840
agcagtgaga gcagcgacag cagtaacagc agtgacagca gcgacagtag tgacagcagt 900
gacagtagcg acagcagcga cagtagtgac agtagcgaca gcagtgacag tagcaacagt 960
agcgacagca gtgacagcag tgacagcagc gacagtagtg acagcagcaa cagtagtgac 1020
agcagtgaca gtagcgacag tagtgacagc agtgacagcalgtgacagcag cgacagtagt 1080
gacagcagtg acagtagtga cagcagcgac agtagtgaca gcagtgacag cagtgacagc 1140
agtgacagca gcgacagcag cgacagcagt gacagcagcg acagcagcga cagcagtgac 1200
agcagcgaca gcagcaacag cagtgacagc agtgacagtg acagcaagga tagcagttct 1260
gacagcagtg atggtgacag caagtctggt aatggcaaca gtgacagcaa cagtgacagc 1320
aacagtgaca gtgacagtga cagtgaaggc agtgacagta accactcaac cagtgatgat 1380
tag 1383
<210> 5
3120 ey
<213> Mus musculus
<400> 5 ‘
qet Lys Met Lys §1e ITe Ile Tyr Ile g%s Ile Trp Ala Thr gga Trp
Ala Ile Pro val Pro Gln Leu val ;Eo Leu Glu Arg Asp gée val Glu
Asn Ser val Ala val Pro Leu Leu Thr His Pro Gly Thr Ala Ala Gln
35 40 45
Asn ggu Leu Ser Ile Asn Ser Thr Thr Ser Asn ggr Asn Asp Ser Pro
Asp Gly ser Glu Ile Gly Glu GIn val Leu Ser Glu Asp Gly Tyr Lys
65 70 75 80

Page
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Arg Asp Gly Asn g;y Ser Glu Ser Ile ggs val Gly Gly Lys ggp Phe

Pro Thr GIn Pro Ile Leu val Asn Glu GIn Gly Asn Thr Ala Glu Glu
100 105 110

His Asn Asp Ile Glu Thr Tyr Gly His Asp Gly val His Ala Arg Gly

Glu Asn Ser Thr Ala Asn Gly Ile Arg Ser GIn val Gly Ile val Glu
130 135 140

asn Ala Glu Glu Ala Glu Ser Ser val His Gly GIn Ala Gly GIn Asn
145 150 155 160

Thr Lys Ser Gly Gly Ala Ser Asp val Ser GIn Asn Gly Asp Ala Thr
165 170 175

Leu val GIn Glu Asn Glu Pro Pro Glu Ala Ser Ile Lys Asn Ser Thr
180 185 190

Asn His Glu Ala Gly Ile His Gly Ser Gly val Ala Thr His Glu Thr
195 200 205

Thr pro Gln Arg Glu Gly Leu Gly Ser Glu Asn GIn Gly Thr Glu val
210 215 - 220

Thr Pro Ser Ile Gly Glu Asp Ala Gly Leu Asp Asp Thr ‘Asp Gly Ser
225 230 , 235 240

Pro Ser Gly Asn Gly val Glu Glu Asp Glu Asp Thr Gly Ser Gly Asp
245 250 255

Gly Glu Gly Ala Glu Ala Gly Asp Gly Arg Glu Ser His Asp Gly Thr
260 265 270

Lys Gly Gln Gly Gly GIn Ser His Gly Gly Asn Thr Asp His Arg Gly
275 280 285

GIn Ser Ser val ser Thr Glu Asp Asp Asp Ser Lys Glu GIn Glu Gly
290 295 300

Phe Pro Asn Gly His Asn Gly Asp Asn Ser Ser Glu Glu Asn Gly val
305 310 315 320

Glu Glu Gly Asp Ser Thr GIn Ala Thr Gln Asp Lys Glu Lys Leu Ser
325 330 335

pPage 8
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Pro Lys Asp Thr Arg Asp Ala Glu Gly Gly Ile Ile Ser Gln Ser Glu
340 345 350

Ala Cys Pro Ser Gly Lys Ser GIn Gly Ile Glu Thr Glu Gly Pro Asn
355 360 365 .

Lys Gly Asn Lys Ser Ile Ile Thr Lys Glu Ser Gly Lys Leu Ser Gly
. 370 375 380

ser Lys Asp Ser Asn Gly His GIn Gly val Glu Leu Asp Lys Arg Asn
385 390 395 400

ser Pro Lys GIn Gly Glu Ser Asp Lys Pro GIn Gly Thr.A1a Glu Lys
405 410 - 415

ser Ala Ala His Ser Asn Leu Gly His Ser Arg Ile Gly Ser Ser Ser
420 425 430

Asn Ser Asp Gly His Asp Ser Tyr Glu Phe Asp Asp Glu Ser Met Gln
435 440 445

Gly Asp Asp Pro Lys Ser Ser Asp Glu Ser Asn Gly Ser Asp Glu Ser
450 455 460

Asp Thr Asn Ser Glu Ser Ala Asn Glu Ser Gly Ser Arg Gly Asp Ala
465 470 475 480

ser Tyr Thr Ser Asp Glu Ser Ser Asp Asp Asp Asn Asp Ser Asp Ser
485 490 495

His Ala Gly Glu Asp Asp Ser Ser Asp Asp Ser Ser Gly Asp Gly Asp
500 505 , 510

Ser Asp Ser Asn Gly Asp Gly Asp Ser Glu Ser Glu Asp Lys Asp Glu
515 520 525

Ser Asp Ser Ser Asp His Asp Asn Ser Ser Asp Ser Glu Ser Lys Ser
530 535 540

Asp Ser Ser Asp Ser Ser Asp Asp Ser Ser Asp Ser Ser Asp Ser Ser
545 550 555 560

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
565 570 575

Ser Ser Asp Ser Ser Asp Ser Asn Ser Ser Ser Asp Ser Ser Asp Ser
580 585 590
Page 9



WO 2005/016368 PCT/US2004/027076
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ser Gly Ser Ser Asp Ser Ser Asp Ser Ser Asp Thr Cys Asp Ser Ser
595 600 605

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
610 v 615 620 :

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser
625 630 635 640

Ser Ser Ser Ser Asp Ser Ser Asp Ser Ser Ser Cys Ser Asp Ser Ser
645 650 655

AsSp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp ‘Ser Ser Asp
660 665 670

Ser Ser Ser Ser Asp Ser Ser Ser Ser Ser Asn Ser Ser Asp Ser Ser
675 680 685

Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp Ser Ser Asp
690 695 700

Ser Ser Asp Ser Ser Asp Ser Ser Gly Ser Ser Asp Ser Ser Asp Ser
705 710 . 715 720

Ser Ala Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Asp Ser Ser
725 730 735

Ser Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
740 745 750

Sser Ser Glu Ser Ser Asp Ser Ser Ash Ser Ser Asp Ser Ser Asp Ser
755 760 765

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
770 775 780

Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp
785 790 795 800

Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser
805 810 815

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
820 825 830

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp
Page 10
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835

ser
850

ser Asp

ser ser

865

ASp

Asp Ser ser

Gly Asp Ser

Ash Ser

Thr ser

930

<210> ©
<211> 1727
<212> DNA
<213> Mus

<400> ©
gaattctttt

acaaacagac
cactgagaag
gaattctagg
aacattacgt
aatgctctta
caagcacttc
ttcaaatctg
ttcttaaata
aatagcaaag
acctgtccaa
agatgctgtt
tagtgtgaca
agtgtggagc
agagaatgat

ser Ser

ser Asp

Asp

Ser

840

Ser Ser

855

Ser Asp

870

ser

ASp
885

Ser

Asp

Asp Thr

7

musculus

cccattggta
tttatacaac
gcagaaacag
acaagcaggg
ttaagcagat
gcaaatgttt
tgtttagaca
ctattacaac
tgattggecc
tgtttactat
tccctaccta
gctggatagt
taaaaacatg

tcataagcta

gggttcaggc

Asp

Gly

Ser

Ser

ser Lys

Gly

Asn

ser
920

Asp

Asp

acgtaaaaga
ttaacttcct
gtagaactcc
ctaggtagag
ttagttttga
ctttgtgtag
ccgaagatct
caagttagga
tttaagatgc
ggaagtgcag
catgaatatg
gatttaatat
gacacatccc
gagaaatggc
aagtactttt

230050.5T25

Asp Ser Ser

ser Ser Asp

875

Asp Ser Ser

890

Asn Ser Asp
905

Glu Gly ser

ccactactta
tcacatttat
atgagtttca

ataccctatc

ccctaaatgt

ttggagagtg
tcttaactct
agaggaaggc
tcaaagaacc
cttcgaggaa
ttgtttaatt
ttctgatcat
taagctggta
tcagggatca
tcectttetgg

845

Asp Ser
860

Ser Ser.Asn Ser

Ser Asp Ser Ser

ser Asn

Asp Ser ‘Asn His

925

attgagttag
gaaaaattaa
ggccagcctg
tcaaaaaacc
ttgtcttagt
ttgtgtgcta
ccatcaggtc
aattcctgag
aagaaccatg
actcccttcec
ctctcagtat
atgtgtttga
cacagagact
tcttgtatat

aagcacagcc

Page 11

Ser Asp

Ser Asp
910

PCT/US2004/027076

Ser

Ser
880

Asp
895

Ser

Ser

cttaggctca
tcagtatcgg
atctacatag
aaaacccaaa
gaaggtccca
atacagctat
tggagagctg
gaaagtggca
cagtgtaaat
tatcactgga
aaagctctga
catctttcag
ccaattgcct
ccagggctcg
tgttttecta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
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ttctgtactc
tgtgtgtgtg
acagctattt
ctttatgtca
ttttaaagat
gcgcaccaac
tactagagaa
tgacagagtc
aaaacagtct
aaggtctcag
aggcacactg
attatcaaac
agtgtgccac
ggaggctttg
gaatctccag
cactatatat
atctgataag
gactttatct
aaaaaaacag
tcattcagga
ccttggaatg
cgagacagagd
9gtttggggg
gattaaagct
attaatcttc
tcttgactca
ttctaaaagt
ttttcagetc
ttggcaaaaa
aaaatagata
ttgtgtggta
ttgtgctett

tatagtttac
tgcactctgt
ttaaatttag
gtgtttagat
cccttaggea
tttaatatgt
acctagagtt
taagtggctc
tccaggagcet
tgagccaacg
actctttaaa
tgaatttaaa
tctcagectg
aaggtaagat
ctgcagagat
taaagataat
acgacgaatc
cctataggaa
tacctgaagg
aaatactttt
ttgggagtgt
acatggatga
tttgatttaa
ctatggcgaa
cgatgttcac
gagtcaactt
agacgctcaa
caaatttcat
ttgaggtgga
acttgtattg
tgttctgatt

tttgtaaaga

acatatagtg
acttacgcat
tttgtattaa
taaatcagaa
gtgtcaagac
acctcaggaa
ttcttagatt
ttttcagata
atttaattaa
taccggcgag
cccccacate
tttcagcagg
gaaagagaga
ggactccctc
gagggtgact
gtgtgattca
actggggagc
aaacctaaga
gttttatgta
aagagctata
tgggatttaa
tgcagtgtcc
tcatggctct
aagaattgtg
tgactggacc
aggatctggg
acagttttat
gataataggt
aatttgaatg
taaatatctt
gctctcccca

aacCaaaacaa

230050.5725

gagcaaagaa
agatacctta
attaatagat
aggtttcctg
tgttgcatgc

tgataggggt

gccgacctaa
tatcacactg
gtgaaagtaa
cgagggagtg
agggatccta
tacaaaattg
taaggaaatc
ctgccaggag
tgggataaag

ggaaggggtg

agaactgatt
tgaaacaaac
tagttctcta
aacctagtca
caaatgagaa
aaacaccagc
tcatgatttc
gttccteccca
taataaataa

agcgtaattt

gtagaaaaca

ttagggaaaa
tggtcacttt
taaaatattt
gatctgcctt

gagccatgea

tgaaagctgt
caccatgttt
tataaagaaa
aagttactgt
ggacagccgce
cttaaatégc
gcaagaggag
attatctata
gtctagtcct
gggcgttatt
agcagtgatt
tcacgcaaaa
tggattttca
ccaactgtct
tttttaactc
ctaagccatc
ttgccccégt
attctaattg
tagctctatt
aaggtgtttt
tcacacactg
tcttcctgag
aaggtctgcc
gggctcagta
atctccattt
tctggcatgt
cacagatctg
caaagacéta
gaatggtttt
ttattcattc
tgttctttac

caccagtttg

Page 12
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gtctgtggtg 960
cacctttgga 1020
aacccaaaac 1080
ttataaattc 1140
ttgaattata 1200
cagtcgtatt 1260
aaatgcaggg 1320
tttaagacac 1380
tttggaacca 1440
acagcctcat 1500
ggttgagaaa 1560
agcccaggac 1620
aagtcccctc 1680
cctgttgaga 1740
ttcaggtcta 1800
tgatgagacc 1860
atattgttga 1920
tattaattaa 1980
tttgttattt 2040
acagccttgt 2100
tcttcctett 2160
agataagctg 2220
tagtgtttat 2280
tctgecctgat 2340
aaacttagta 2400
gatgtgaagt 2460
tcaagctgat 2520
ttgcctcaag 2580
gatttaagaa 2640
cctgagaaat 2700
tcacacaact 2760
tgctcctcaa 2820
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atgtactcag
tggagaacac
ctttectctc
cagaagcgct
cctcacaatg
ggctattcat
attctaatga
ggtgcaagta
tccgtgtgtg
acaggaattc
tgtctgtctg
actcggttta
cctcaactcc
tgaagggacc
tttttcagag
attgatgttt
gtgcaaggtg
tctatagtaa
ttgattcaca
tctgattctg
ttcagctect
tcctcaggag
acactgatga
ggggtagcta
tgcacaagct
ggtgattctt
ggaaacaaaa
gaaggatttg
ctctecttect
tctatataga

atgatgctta

ctgtgtggcc
tgcctttect
cttgctggga
gtgaagatag
aggctttgeg
acatttcatc
ctggttattt
tcatatatgt
tgtgtgtgtg
tcagatggtc
tctggacttt
gagttgccaa
tggcectggg
ccagcttttce
atcctagaat
tattctattc
gtaatcatta
aacaccatga
tagattttta
tgaatttgca
cccteagtec
tgcttgttca
tcaagatgct
ggcaacttca
gatgctgtgt
ctgccaaccc
gcccaataaa
aattcaggga
taaacactgt
ccaggtggga

aagctagccc

atctgctggg
tttttcccac
tttggtctga
ctcgggtagt
tttcctggte
tagtgtgggg
ccaccagggt
cagtgctgga
tgtgtgtgtg
agatttcagt
attgcaggta
gctcaagtat
gctttgtctc
ttagctttct
tgtgttctca
ccctattaac
attcttgtgg
tacaaataaa
tagttttaca
ttgcaaaggg
gagactgcat
gcagcaggct
ggcgtggget
aaacagtgca
gaggaaggga
ctaggatatt
gctattgaaa
tctgaaacca
aagaggaaga
aattacaagt

aggagagacg

230050.5T25

ttctggttgc
cacctattgt
cttgggcttg
ttaagtctac
ttcttdgtga
caataaatgg
ctttgatatg
gtggaaatgt
taaggaggga
ttagaaatta
ccttteccagg
aagcttgget
aaggcacctc
cttgacagct
cttctgtcaa
cttggatttt
aaggtcacaa
tttagtttta
ggctccattc
tgaaagattt
agtgcccggg
ctgcaaggtg
ccgagacctg
atgtgctgcc
gctaaagatg
gtgagctaca
gtgcccaagce
aatcctgtgt
tttcttcctc
gctttatcat

ttaccctcat

cttaccaggg
taattgttct
cacggtcggg
ctcaggcatt
gtgatatatt
gacaatttaa
gttgacctgc
ggtgtgtgtg
tggaaggtgg
tatgtgtgtg
accaggtatc
tggtagacag
attttagttt
ataaggaagg
gtaataaaca
aatcaaggac
gataggagaa
gaaaatggga
caatgtatga
cactcttgaa
taagggtggg
acctttgctt
atgccagtga
agcatcgagc
ccttcagaaa
gagttattaa
tcagagagca
tctctetect
ttactgggat
ttacaatcta

ggataacagc

Page 13
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gctacattct
tcatgtccag
tgcaggctgt
ccaacaaggc
cattctaact
aggagcctca
cttgccaaca
tgtgtgtgtg
atggtgggag
tgtgtgtgtc
cccagttcac
atggccttca
gtagaataat
gtgaagcatc
atatatattc
attttatgat
aacaattctt
acctgaagtt
aaaatatgta
gcctetctec
gtgtcctttg
tgctcagaag
ggaggaagat
gagcggagygg
gctttttgag
accagactga
gatagcaggg
agcctaaact
aacgcccaat
cttttagtta

atagggccag

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
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230050.ST125 :
ggtagagtca

agccacgagc tatgtactct gtatcttcat ggctgttgct tccacaggca 4740
gaagccatga cagtcctgag catgcagagg cccccacata cccaggttta tttctggaac 4800
ctggggtgtt ttctcacatt agtactttct ccttgtccta gaaaagggcc aaatgtaaga 4860
ccaaaatatt ggggtactgt ggctgtcatc tttcatctta tgacccgttt tgtggtgttc 4920
tttgttctaa acagacattg attactactc ataatgaaaa tgaagataat tatatatata 4980
tgcatttggg caactgcctg ggccattccg gtaaggctttvtcccaatcaa gcttcttact 5040
ttgctgtatc tttcaaccca atgttgaaat gtaacatatt tccttatggt tttacagaga 5100
agttgagtct aaacattaat agaaatgtta agatttgcat tgcagctatt atgtgatétc 5160
atatggggtc tcgatgaagg caaacacatg caccaatgca tgctccctce attcctgttg 5220
aaacatccta atgaaagaat gacccttttt ttttaaagtt tatccaaatt aattcagtgec 5280
tccaaagtca tgaagcttgt ctgcttcatt ccacacgaat tccactgtaa tgtcaacaca 5340
ctgtattctg tttgggaaaa aactgaagaa agaacaggag ctaaaagtca gatctttcaa 5400
tgtttcatgt gtgcatttgt gtgttcactg tgggaaatct ggagcatcag aacaagtaca 5460
aaggcagaaa cattaagaaa gtcgatctgt ttgtcatttc atcagctggc ttccacatct 5520
aacattgtca cagggcgtca cataaccaga ttctgggttg ttcctgtact tgagaagttt 5580
tgtaagcact ccgagctcac tcttgcaggg tgagaattat cagctaccgg ggctgcttct 5640
ccagtggtcc actctcatgt tgctttaggg gtttggggctlgatcgacaac aacattataa 5700
aaatcctcac tttctctgec tgaaacccca cataagcacc gcagcaggct ccttctctte 5760
tctacacgat cagagtgcga tctgaccttc atataatatc tgtgtctcaa cctctgcagg 5820
ttccccagtt agtaccactg gaaagagaca ttgttgaaaa ctctgtggct gtgcctcttc 5880
taacacatcc aggaactgca gcacaggtaa aagacagaaa tacgaatgtc ctttcttttt 5940
ctgttttcaa ggccctttta cactttacca ctttctctaa aatatccacc cttttttttc 6000
agttggcctt atttgaaaat gatagccaca actgactttc aattgtgtct ccttttcaga 6060
atgagttatc tatcaacagc accactagca acagcaacga ctccccagat ggcagtgaga 6120
taggagagca ggtacttagc gaggatggtt acaaaagaga tgggaatggc tccgagtcaa 6180
tacatgtagg agggaaggat tttcctactc agcccatttt agtaaacgaa caggggaaca 6240
ctgctgaaga acacaatgac atagaaacat acggtcatga tggggtacat gcgagaggag 6300
agaacagcac agcaaatggc atcaggagcc aggtaggcat cgttgaaaat gcggaggaag 6360
cagagagcag tgtccacgga caggctggtc agaatacaaa atctggaggt gctagtgatg 6420
taagccagaa tggagatgcg acccttgtcc aggaaaatga gcctccagaa gctagcatca 6480
agaatagcac caaccatgag gctggaatac acgggagtgg ggttgctaca catgaaacga 6540
cgcctcagag agaagggctg gggagtgaga accaggggac tgaggtgaca ccaagcatcg 6600
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gggaagatgc
atgaagatac
atgatggcac
agagttcagt
acaatggaga
cgcaggacaa
gccagtcaga
acttccattc
agataaaacc
acattgagta
aaaatatata
accaaaagaa
aattgaactc
aatatgtctc
aatgctagaa
ttacattcat
cccttatgag
atttgcattc
tcctgttect
atattcacta
ccaacaaagg
atagcaatgg
ctgacaagcc
ggataggtag
tgcaaggaga
actctgaaag
caagtgatga
catctggtga
acgaatctga
gtgacagtag

acagtagtga

aggtttggat
aggctctggt
taagggccag
tagtactgaa
caacagcagt
ggaaaagctc
agcatgtcct
ttccctccat
ccaaccaagc
ttctaatgaa
tttattttat
ggcatcagat
agggcctctg
tgatatagga
gtcaagctgc
cacacagaat
ttagaaacct
aagtactaga
aaggtcactt
attatccatt
caacaaaagt
acaccaagga
tcaaggcact
cagcagcaat
tgatcccaag
cgccaatgag
tgacaatgac
tggtgacagt
cagcagtgac
tgacgacagc

cagtagtgac

gatactgatg
gatggtgagg
gggggccaat
gatgatgatt
gaggaaaacg
agccccaaag
tctgggaaga
actgtgatgg
ataaaagtac
aaggctggaa
tttatgtata

‘cccattctag

gaagaacagt
caatttttaa
ataacggttc
gaccagcttc
ggatggctta
tcagcaggcg
cctgagacag
cttctttata
attattacca
gtggagctgg
gctgagaaat
agtgatgggc
agcagcgacg
agtggcagcc
agtgactcac
gacagtaatg
catgacaaca
agtgacagca

agcagcgaca

230050.5T25

ggagtcctag
gtgcagaagc
ctcatggggg
ctaaagaaca
gtgttgaaga
acacccgaga
gccaagatca
ctgtaccaaa
tatgctaagc

ttcttataga

gatgagtata

atgactgtga
cagtgctctt
aaattcacaa
catgatgtct
actatgacac
ttagaggatc
tgcatgaatc
ttctcctcag
tcgttccaca

aagaatctgg

acaaaaggaa

cagctgcecca
atgacagtta
aatctaacgg
gtggagatgc
atgcgggaga
gtgatggtga
gcagtgacag
gcgacagtag
gcagtgacag

cgggaacggg
aggagatgga
aaacactgac
agaaggcttc
aggcgacagt
tgcagagggt
ggtaagttta
taactccéga
atctgggttc
ctttcatgta
ctgtagctgt
gatactatgt
aacccctgag
acttctgtaa
ttgtaagaca
tttcattatt
caaaccctga
actgcactga
accatgaﬁgt

gggaatagaa

‘gaaactcagt

tagcccaaag
cagtaacctg
cgagttcgat
aagtgacgaa
ttcttacaca
agacgatagc
cagcgagagt
tgagagcaaa
tgacagcégt

cagcgacagc
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gtagaggagg
agggagagcc
cacagagbtc
ccaaatggac
acccaggcaa
gggatcatca
gagggcggcg
caaacacgag
tattttagtt
ggacaattta
Cttaagacac
gattgctggg
ccacctctcc
aattagtcag
ttttattagt
atgcttcaag
tacagagcac
cagcctatac
tttgtagcaa
actgaaggtc
ggaagtaaag
caaggggagt
ggacacagca
gacgagtcca
agtgacacta
tctgatgaat
agtgatgact
gaggacaagg
tcagacagca
gacagcagtg

aacagtagta

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
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gtgacagcag
gcagtgacag
acagcagtga
gcgacagcag
gcagtgacag
gtagtgacag
acagcagtga
gcagtagtag
gtagtgacag
acagtagtga
gtgacagtag
gcagcaacag
acagcagcga
gtgacagcag
gcagcgacag
gcaaggatag
acagcaacag
actcaaccag
tgaggtgatg
ctgtgtggaa
atctgggtgt
tttaaaagga
agcttcgatt
cagcctecte
aatgctgttc
acatttaggg
aatctttgtg
gagccccaag
gatatgtact
ctcaaacctt
tgagctctec

atcaagagtt

cgacagcagc
cagcgatagc
cagtagtgac
cagttgtagt
cagtgacagc
cagtgacagc
cagtagtggc
tgacagcagc
cagtgatagc
cagcagtgac
caacagtagc
tagtgacagc
cagtagtgac
tgacagcagt
cagtgacagc
cagttctgac
tgacagcaac
tgatgattag
ggaaggcagt
cccatggagc
accacctttg
taaatctaaa
tgaatggcag
cctcagtget
tgtgacattc
cataatcaaa
atgagacaat
gatggcttgg
aagtccccaa
aaataaacga
atgtaccact

gtaaggctgt

ggtagtagtg
agtgacagca
agcagtgaca
gacagcagcg
agcagcagcg
agcagcagca
agcagtgaca
gacagcagta
agtgagagca
agtagcgaca
gacagcagtg
agtgacagta
agcagtgaca
gacagcagcg
agcgacagca
agcagtgatg
agtgacagtg
atcagagaga
gaaggttcct
tcatagggag
gtacatgtgt
caatacttta
gtgctttaaa
ccgggeacca
aactcaacta
acaccgctgce
agctatacat
gcaggatctg
cccctgeact
gcaacacgga
gtgttattag

gcgtgacaag

230050.5T25

acagcagcga
gtgacagcag
gcagcgacag
acagcagtga
acagcagcag
gcgacagcag
gcagcgacag
gtagtagtga
gcgacagcag
gcagcgacag
acagcagtga
gcgacagtag
gtagtgacag
acagcagcga
gcaacagcag
gtgacagcaa
acagtgacag
acccatgata
aacccaatga
tggagccgag
gttaaaatat
acaggaactg
gagcagagct
gagagctagt
ctctgtcatt
aactactggc
tatgaaaatt
acacatgcgg
ttgaacagtg
tggatgattt
ttttcttcga

agtgggaccc

cagcagtgac
tgacagcagc
cagcagtagt
cagcagtgac
cagtagcaac
cgacagcagt
tagtgccagc
cagcagtgac
taacagcagt
tagtgacagt
cagcagcgac
tgacagcagt
cagcgacagt
cagcagtgac
tgacagcagt
gtctggtaat
tgaaggcagt
tcctctgtgt
tgacaggaga
ctccagctct
attcatgttc
aagaaatcac
agcaatgtca
cttcatgttg
tatttattcc
cctatccéag
ccgaagaatg
ttaaatttct
tctcecttece
cgggaggtgg
atcacagctc

tgtttgggct
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acctgtgaca 8520
gatagcagfg 8580
agtgacagca 8640
agcagcgata 8700
agcagtgaca 8760
gacagtagtg 8820
agcgacagca 8880
agtagtgaca 8940
gacagcagcg 9000
agcgacaéca 9060
agtagtgaca 9120
gacagcagtg 9180
agtgacagca 9240
agcagcgaca 9300
gacagtgaca 9360
ggcaacagtg 9420
gacagtaacc 9480
gacctcttgg 9540
gatgtgcaga 9600
ctcagagaga 9660
agaaaatatt 9720
taagacacat 9780
cagcctgectg 9840
tgcagtgagt 9900
ggggaaaatt 9960
gtgctgagat 10020
aatgagaaaa 10080
gcatgggatg 10140
agcagtggcc 10200
gatcatattc 10260
aaacagttta 10320
ctagggctcc 10380
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tctgaaagca
ttgtctcaag
cctttgtcat
actattaaat
gagtttcaga
aaggaatatt
tgtaaagctc
agaaagtaaa
aacttatgaa
taaagccatg
gaacttcagt
tcatagtctg
tcttacacat
tcaaatacta
tctttttcct
tgactatgtt
catgtcaact
ctttgtagtt
ctagataata
tgaccacaga
gtttaagtcc
cgtaggcaga
atactggccc
ctaaaccttg
agagaaaaag
gatggaggag
atgagcacgt
gctcaaaaac
ttatatgggc
agagcccaag

tggggtgagg

agagaggtaa
aaaaccttaa
ttccctattt
acattataat
agagtttctt
gctgaggctt
caggcttctg
ggttcagtct
gcacctgect
ggtagaaaac
attataataa
caaacattgt
atttagccat
Cttaaaaaca
agaggcaatt
cacctttaag
tagcagtatg
ctgctcattt
gccccaagta
aactcttata
attattgaca
ggagaaggag
ctgagatctg
cttcccaaga
gtgggagact
agaaggaggc
ggacaggagc
tacccaatat
tagctggaat

cttacagect

tgggatgggg

tgagaataaa
ccctcaagec
ccccacatag
gataatctac
ttctcaggtg
tcacacgctg
tgagctgcca
ttgccttcta
ctagtaaccc
tcatcgtaaa
acatctattt
ccccteecec
tcttattaaa
gtacacataa
cctcttacta
aagtctgtgg
ccttgaacat
catgaaccag
agtgtcatgg
aaggaaagca
cagtggggag
ctactgtgtt
attgccccat
attggtcaat
tgaggatcaa
gacaaagaaa
aactgacaag
aggcttacag
atataattcc
gagaagggta

atagtcagac

ccacaccaag
ttaaggatat
gcagttatgc
tctattctca
ctcacctcct
ctatctgtaa
cagctgtgac
ctagacccca
gccacaccca
ctgtgtaaga
atacaattgc
attgtaaaat
ataggtattt
tactaaacct
atgttttaca
tattgtacca
tggctcatag
tataagatat
tcactggttt
tttaattggg
catggtagct
ggggttgatc
gagatcctca
aaaagactaa
atagagtgag
ggaggtagct
ggacatatgg
cttgtaaata
ttttcaaatt

ggggtggggt
taactggaca

acaggaggtg
ttttgaagat
caaatttggg
ttttaggctt
tttgtgagag
acgcgttgta
gtgactccag
aactctcctt
ctcatcgagg
aatgtaaagg
tcactgagta
ctggtgtgta
gtgaacacaa
ttgtcatcca
gatattccag
cacacaatgc
cacgtagatc
ttatcctgtg
atttctgtga
gcttgtttac
gaaagttcta
gtgtgctgct
catacaccaa
agtctgaaat
gogtctcagg
gccataatag
tctggatgta
aaataccagg
ggcgcccaca
ggggtgatga
agaggcatgg
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tgaactggga
ttagggtttt
ttaaatagaa
attttaccca
tttctgagtt
acgcccacac
acccctcacc
tgtttgctgt
ttgtgatcac
aagagataat
aattcttcat
agattatact
aatacaaact
acccacaatt
aaatattgta
actcatttta
aacttcattt
ctcatgatat
agagacacca
aggttcagag
catctgaatc
gtgtattcaa
gtgatgcaat
tgggcagtag
agagaccaaa
gagatggatc
agttacaata
accgtgtgtc
tgggacaata

ggtgggaggg
tctcttttaa

10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
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aaaagaacga
gggtgaaggc
ggttgagcgg
acagcagttt
tctgaactgg
agagataaaa
agaaggccct
gttcactaat
tacataagga
aaaaaaaagg
aactcagagc
acaatgttgc
agtcaataaa
cttgaatggc
gaaagatagt
tgcaccttge
cttgttcact
ctgggatgcc
cagaatagct
atgggtccag
gcaaatgata
caagagatgt
tccaaagaga
ataaaggggt
caggttagac
aagaagggtt
taaatctact
attgatacaa
aagatttgaa
aagttctagt
gttgatagac

tacttcctag

aagcagacaa
ctgaaacaac
gcaagctggt
ataatagagt
taaggtctta
tggaaaaata
tggattcttg
gatcacaatt
gagaactgag
gcccttttec
tctctggctg
aacaccttaa
ttttattatt
atagataaaa
tgtctttcac
atagcccata
taaaataaca
tgctectgec
tcagggaggg
caagggagtc
cagttatttc
catcaaccct
tagggtatat
tggttgcaag
tcaaggattt
caaaacaaac
cttagagcta
aattgaggtt
gtactcatat
ctcttctaaa
agtcaaacac

ctaaaaccaa

aagcctcaga
gcagaagcat
tgccatagac
acttctccct
agtttaaaat
ctttccatgt
tatcatttca
ttatgtcctc
aggtggagtg
ggataagaaa
tgagatgctt
ttccgaggag
ttattggcta
atttatatcg
ctgctcaaac
cattgttggt
accaaagaag
tcagattgec
ctgctgacce
aattaagccc
tcccaggatt
aaacagcaga
gatttttagt
tttttaaatg
ccctttttte
agggagatac
Ctactagcca
atattttgtt
tggcattgga
gctggtatta
atggtaatat

gtttacctat

230050.ST25

tacactagaa
ggaagattgg
acgtgctggc
aactgcaata

tggtaaattg

taaaaaaaaa

ttttagttgt
tctctaagaa
gtgattacaa
aaaaaggacc
gtctgctctt
taacatacaa
caaaatcttt
aagcttggtt
aatcaacaaa

acagaactgt

cagccccaac

ttgatgatgt
cagatgacct
tgcaatttcc
tggccagtat
aagcaattta
tattctattg
gtcttgatca
tttcctctat
aggaaaatat

aaaatcttac

atattgctat

cagatgtaac
caaactcttt
tagatactag

tcagatattc

aaaactaggc
ggaggcctga
cccaaggagt
agacttaaaa
atatctttaa
aaaaaggaaa
catggagcta
tgttcaaaat
gcaatataga
attgggcggg
tctgctaagg

ggttttgctg

aaaacttttc
acagtccaaa
aatcttcatt
atattacttg
aagatatagc
ttccttggga
cagtttgttc
tatcccacag
cctaattttc
aagagaacat
ggtgatggat
gggaaaaaac
ccttctttct
agaaataata
attcttatag
agatctttat
tcatttgaag
aggataatta
aatagtttat

tgattagata
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ctggagctat
tcaggactcc
ctttagacac
ggccccaact
ggaaagagtc
acaggacagc
gttacaatac
aaaacégact
tagagaaaég
gcaagtttgg
gctcactgat
ctacatatag
atgctattat
actagtttaa
gactgacctg
tgagaactta
cttggggatg
gacttgtttc
agtcttgcag
agactggaca
ttaggctctc
gtcaccccat
gcttgttgtt
caaggtatag
tatataggga
agtagattat
atcttcgtat
atattgatac
attttgtgta
agaaatacaa
tacagtaaaa

gatgatcttc

12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
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aaaatccttg
cttttcttga
tgatgagcat
aggaccaggg
atttctgcat
attttgtaag
aagaaattca
agcagcaatg
agagcttggc
ctaacttcat
tcgactgcca
acatgcctgt
aattttgggg
tgcctacact
gattatatag
gtctaaggag
aaggttggag
gaggatttaa
caccaagatt
acattgtgaa
tattgtaaga
tggtgctgct
agcagcagat
cgataaaagg
tcaaatgagg
ggaggagggt
gacaagggac
cttacagctt
tgtaattcct
aaggccacat

tattggggcc

gagacctaca
cattgagaca
tggaggacct
ctctcatgct
agctgactct
aattgttaca
aatattaatc
ggtcagttct
atgaccaggc
ttgcagacag
agccctgeca
cagatatact
attctccagt
tcctacaaac
tcatagtctc
gtgttttaag
gaaattgtaa
atgcttaaga
caatagataa
tatatttatt
gaaagatcct
gtgtactcaa
ctttacacac
Ctaaagtctg
gtgtctcagg
gccatgagag
atatggctgg
ataaataaaa
tttataccac
atcctaatcc

attcttatcc

gaatatgaca
tgtcagctcc
tcatttgaag
cattaatgct
cccagggaac
ttatcgcagce
agaaacacaa
ggttgtccca
tttcattatg
aatgctcttc
agacagggta
ggggcagagg
cagctagatg
tcagttaatt
acaatgaaac
gttggtaaat
atgggtgttt
tggtaatgga
aaaatatctt
acccatggat
tttttattta
atactaaata
caagtgatgc
ggattgggca
agagatcagg
gagatggatc
gatataagtt
taccagaatc
tgggcttaga
ttctcaagta

aaactaccac

230050.sT25

ttttaaggtt
tcgcagtacc
atggattctg
acttaagtaa
taccatgaat
cccagectte
gcatacgttg
gcactggaac
gcaagctagt

daaaatggaga

agaatatcct

cctgaagaca
cttgccaatt
atccctteec
ataacaaaga
gaagatcata
taggttggta
aaaagtaatt
ctcctaagtt
ttcataattg

gacaaaaaag

ctgggtccca

catgtaaacc
gtagagagag
ggaggagata
atgagcacat
acaatagctc
atgcatcttt
atgtcacccc
gtgccacttt

agtcataata

ttttttaaaf
ccattcaact
ctggagtcca
taggttctat
tttattctta
catgaggggc
tgtagcaaat
attgtcaagc
cactgggcaa
aaatttggat
tcatagttcc
gatgttccag
ctatagtttt
aagtctctga
atctaagaaa
ggattagatg
aatgcaaatt
taaatacaga
gccaaataca
ctcttactga
gggaaatgtt
agatctgétt
ttgctcccca
aaaggtggaa
agaaggaagt
ggccaggaga
aaaaagttgc
aatgtggctt
cagtgacaca
ctgatgacta

catctagcag
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taaattaaga
tggaaaaata
actctgagtg
ggaagactca
ataacaccag
ccttagaagc
ttccaccaag
aatgcctgca
agagaatgtt
gcaggcaaag
tgctccacaa
tgttatagag
ggaagctgct
tggggttgaa
gtgctttagg
gtgttttatg
atgaaagtta
actctgaact

gatggactgg
tatagttcct

ggggttggtc
gctctcaatg
agttattggt
gacttgagga
gacaaagaga
aacagcaact
ccaatatagg
agctagaata
cttcctccaa
agtattaatg
gttcttagaa

14220
14280
14340
14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
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agcfttctcc
ggaactcatg
tggaatttca
tgaatgccag
taagcaattt
atgtctcttt
tgtcagatct
aatcaaactt
ttctgacagc
atatcaattt
gtgtgttgtg
gacaccatga
tcagaggttc
ggactgagag
ctaggatgag
ccaactccaa
accatcacac
aactgttggt
tggtaatttg
gcccaacttt
aatgggtaga
<210> 7
<211> 1253
<212> PRT
<213> Homo
<400> 7
Met Lys Ile
1

Pro val Pro

Asn Leu His
35

Asn Ala Ser

ctaaagagta
aaggaagatt
gggcaaaaat
aaaagtatta
cctcatactg
gttagggaat
cctggagctg
gaaaccttta
agtgttccct
aatgagttac
aaactatata
ccaatacaag
agtccattat
ttctacatct
ggtcttaaag
cagggtcaca
acagatatgt
tgtggttagg
atactgattt
gaagatggaa
agggatcgaa

sapiens

Ile Ehr Tyr Phe Cys Ile

Gln Ser Lys Pro Leu Glu
20 2

tttttatgag
atgaccttgt
ggaggagaca
ttagggaaaa
ttcatcaggg
tcccatgage
gagtgaagcc
ttagccctta
aaatcccagg
aaaaatactt
catatacata
tcttataaag
catcaaggca
tcacctgaag
cctacaccca
ccctctaata
tgaagtgcgc
aaaattagag
tcaacattca
aatttaaaag

atgggtagaa

230050.5T25

gttagatgct
ttttcttgta
caattaaaaa
ccttacgtta
caatggtgtt
actcaggtgt
acttgtaagc
tactcttaat
ttgctaatca
aagatgaaag
ttgtcttagt
ggtaacattt
tggcagcatc
gttgctagaa
catttacaca
gtgccactcc
ctatgctaga
aaccattggt
cctttctect
aaagcacaag

gggatcgaaa

Trp Ala
1

Arg His

Leu Leu Ala Arg Ser Asn val Ser
40

Gly Thr 1le Lys Glu Ser Gly val Leu

ttaggaccta
taaccattta
tgtctcaagg
tttaccagaa
taggttctat
tcatggagac
tgcctgatgt
tgctgagtca
actagtcact
agtaaggtaa
taggatttac
aattgagata
caggtaggca
gaatactgac
cctactccaa
cttgggctga
gatgcatgca
ttaggaagac
tacaaacctc

aaatattggg
tgggtagaag

val

val

val
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gcattatact
tatctgaatt
ttcaatcctt
taaagattaa
ttctaatgac
cagaagagga
ggatgctgga
tctctccagt
tattataatt
aatcataaca
tgtgggaaca
gcttacaggt
tggtgcaaga
ttccaggtag
caagactata
gcatatgcaa
atgtcttttt
attactgccc
taacttgctt
ggtgtatctg
ggatcga

Ala Trp Ala Ile
15
Glu Lys Ser Met
30
GIn Asp Glu Leu
45

val His Glu Gly

16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16800
16860
16920
16980
17040
17100
17160
17220
17277
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50 55 - 60

Asp Arg Gly Arg GIn Glu Asn Thr GIn Asp Gly His Lys Gly Glu Gly
65 70 75 80

Asn Gly Ser Lys Trp Ala Glu val Gly ggy Lys Ser Phe Ser g?r Tyr
85

Ser Thr Leu Ala Asn Glu Glu Gly Asn Ile Glu Gly Trp Ash Gly Asp
100 105 110

Thr Gly Lys Ala Glu Thr Tyr Gly His Asp Gly Ile His Gly Lys Glu
115 120 125

Glu Asn Ile Thr Ala Asn Gly Ile GIn Gly GIn val Ser Ile Ile Asp
130 135 140

Asn Ala Gly Ala Thr Asn Arg Ser Asn Thr Asn Gly Asn Thr Asp Lys
145 . 150 155 160

Asn Thr GIn Asn Gly Asp val Gly Asp Ala Gly His Asn Glu Asp val
165 170 175

Ala val val Gln Glu Asp Gly Pro Gln val Ala Gly Ser Asn Asn Ser
180 185 190

Thr Asp Asn Glu Asp Glu Ile Ile Glu Asn Ser Cys Arg Asn Glu Gly
195 200 205

Asn Thr Ser Glu Ile Thr Pro GIn Ile Asn Ser Lys Arg Asn Gly Thr
210 215 220

Lys Glu Ala Glu val Thr Pro Gly Thr Gly Glu Asp Ala Gly Leu Asp
225 230 235 240

Asn ser Asp Gly Ser Pro Ser Gly Asn Gly Ala Asp Glu Asp Glu Asp
245 250 255

Glu Gly ser Gly Asp Asp Glu Asp Glu Glu Ala Gly Asn Gly Lys Asp
260 265 270

Ser Ser Asn Asn Ser Lys Gly GIn Glu Gly GIn Asp His Gly Lys Glu
275 280 285

Asp Asp His Asp Ser Ser Ile Gly GIn Asn Ser Asp Ser Lys Glu Tyr
290 295 300
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Tyr Asp Pro Glu Gly Lys Glu Asp Pro His Asn Glu val Asp Gly Asp
305 310 315 320

Lys Thr ser Lys Ser Glu Glu Asn Ser Ala Gly Ile Pro Glu Asp Asn
325 | 330 o335

Gly Ser Gln Arg Ile Glu Asp Thr GIn Lys Leu Asn His Arg Glu Ser
340 345 350

Lys Arg val Glu Asn Arg Ile Thr Lys Glu Ser Glu Thr His Ala val
355 360 365

Gly Lys Ser GIn Asp Lys Gly Ile Glu Ile Lys Gly Pro ser ser Gly

Asn Arg Asn Ile Thr Lys Glu val Gly Lys Gly Asn Glu Gly Lys Glu
385 390 395 400

Asp Lys Gly GIn His Gly Met Ile Leu Gly Lys Gly Asn val Lys Thr
405 410 415

Gln Gly Glu val val Asn Ile Glu Gly Pro Gly Gln Lys Ser Glu Pro
420 425 430

Gly Asn Lys val Gly His Ser Asn Thr Gly Ser Asp Ser Asn Ser Asp
435 440 . 445

Gly Tyr Asp Ser Tyr Asp Phe Asp Asp Lys Ser Met Gln Gly Asp Asp
450 455 460

Pro Asn Ser Ser Asp Glu Ser Asn Gly Asn Asp Asp Ala Asn Ser Glu
465 470 475 480

ser Asp Asn Asn Ser Ser Ser Arg Gly Asp Ala ser Tyr Asn Ser Asp
485 490 495

Glu Ser Lys Asp Asn Gly Asn Gly Ser Asp Ser Lys Gly ‘Ala Glu Asp
500 505 510

Asp Asp Ser Asp Ser Thr Ser Asp Thr Asn Asn Ser Asp Ser Asn Gly
515 520 525

Asn Gly Asn Asn Gly Asn ASp Asp Asn Asp Lys Ser Asp Ser Gly Lys
530 535 540

Gly Lys Ser Asp Ser Ser Asp Ser Asp Ser Ser Asp Ser Ser Asn Ser
545 550 555 560
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Ser Asp Ser Ser Asp Ser Ser Asp Ser Asp Ser Ser Asp Ser Asn Ser
565 570 575

Ser Ser Asp Ser Asp Ser Ser Asp Ser Asp Ser Ser Asp ‘Ser Ser Asp
580 585 590 .

Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser
595 600 605

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Lys Ser
610 615 620

Asp Ser Ser Lys Ser Glu Ser Asp Ser Ser Asp Ser Asp Ser Lys Ser
625 630 635 640

Asp Ser Ser Asp Ser Asn Ser Ser Asp Ser Ser Asp Asn Ser Asp Ser
645 650 : 655

Ser Asp Ser Ser Asn Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser
660 665 670

Asp Ser Ser Asp Ser Ser Ser Ser Ser Asp Ser Ser Ser Ser Ser Asp
675 680 685

ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser
690 695 700

ser Glu Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Asp Ser Ser Asp
705 710 715 ‘ 720

ser Ser Asp Ser Ser Asn Ser Asn Ser Ser Asp Ser Asp Ser Ser Asn
725 730 735

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser
740 745 750

ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser
755 760 765

AsSp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp
770 775 780

ser Asn Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser
785 790 795 800

Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
805 810 815
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Asp Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser
820 825 830

Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser
835 840 845 )

Asp Ser Ser Asp Ser Asp Ser Ser Asn Arg Ser Asp Ser Ser Asn Ser
850 855 860

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser
865 870 875 880

Asp Ser Ser Asp Ser Ser Asp Ser Asn Glu Ser Ser Asn Ser Ser Asp
885 890 895

Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Asp Ser Ser Asp Ser Ser
900 905 910

Asn Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Glu
915 920 925

Ser Ser Asn Ser Ser Asp Asn Ser Asn Ser Ser Asp Ser Ser Asn Ser
930 935 940

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser
945 950 955 960

Asn Ser Gly Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Asn Ser
965 970 975

Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp Ser Ser
980 985 990

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn_Ser Ser Asp
995 1000 1005

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp
1010 1015 1020

ser Ser Asn Ser Ser Asp Ser Ser Asp Ser ser Asp Ser Ser Asp
1025 1030 0

Ser Ser Asp Ser Ser Asp Ser Ser Asn Ser Ser Asp Ser Ser Asp
1040 1045 1050

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Gly Ser Ser Asp
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Ser

Ser

Ser

Ser

Ser

ser

Ser

Ser

Ser

Ser.

Asp

Gly

1055

Ser
1070

Ser
1085

Ser
1100

Ser
1115

Ser
1130

ser
1145

ser
1160

ser
1175

ser
1190

Ser
1205

Glu
1220

Ser
1235

ser Thr

1250

<210> 8

<211>
<212>
<213>

<400> 8

atgcaaaagt ccaggacagt gggccacttt cagtcttcaa agagaaagat aagaaattct

Asp

Asp

Asp

Asp

Asn

Asp

Asp

Asp

Asp

Asp

ser

Asp

sSer

4221
DNA
Homo sapiens

ser

Ser

Ser

sSer

Ser

Ser

Ser

Ser

ser

ser

ASp

ser

Asp

Ser

ser

Ser

Ser

ser

ser

Ser

Ser

Ser

Ser

Ser

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Gln

Ser

1060

ser
1075

Ser
1090

Ser
1105

Ser
1120

Ser
1135

ser
1150

ser
1165

Ser
1180

ser
1195

Ser
1210

ser
1225

Asp
1240

Ser

Ser

Ser

Ser

Ser

Ser

Ser

Ser

Ser

Ser

Lys

Ser

230050.5T25

Asp Ser Ser

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

ser

Glu

Ser

Ser

Ser

ser

Ser

Ser

Ser

ser

Ser

Gly

Gly
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ser

Ser

ser

Ser

ser

Ser

Asn

ser

Thr

Asn

sSer

1065

Asp
1080

Glu
1095

Asp
1110

Asp
1125

ASp
1140

Asp
1155

ASp
1170

Glu
1185

Asn
1200

Ser
1215

Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
As
Asn

Ser

PCT/US2004/027076

ser

Ser

Ser

Ser

Ser

Ser

ser

ser

ser

ser

Asn

Asn

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

ASn

Asn

60
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ggattttcaa
atgaagataa
agcaaaccac
aatgtgtcag
gtgcatgaag
aatggctcta
aacgaagagg
catgatggaa
agcatcattg
aatacccaaa
gaagatggac
gagaattcct
agaaatggga
aattccgatg
gatgatgaag
gagggccagg
agtaaagaat
aagacctcca
atagaggaca
aaagaatcag
cccagcagtg
gataaaggac
gtcaacatag
acaggtagtg
caaggagatg
agtgacaata
aatggcaatg
actaataata
gacagtggca
agtgatagta
gacagcagtg

agcagtgaca

aatccttttg
ttacatattt
tggagagaca
tacaggatga
gtgatagagg
agtgggcaga
ggaatattga
tacatgggaa
acaatgctgg
atggggatgt
ctcaagtagc
gtagaaacga
ctaaggaagc
ggagtcctag
atgaagaagc
accatgggaa
attatgaccc
agagtgagga
cccagaaget
agacacatgc
gcaacagaaa
aacatggaat
aaggacctgg
acagcaatag
atcccaatag
acagcagtag
gcagtgactc
gtgacagtaa
aaggtaaatc
gtgacagcag
acagtgacag

gtagtgacag

aagcctttta
ttgcatttgg
tgtcgaaaaa
gttaaatgcc
aaggcaagag
agtaggaggg
gggctggaat
agaagaaaac
agccacaaac
tggcgatgcea
tggaagcaat
gggtaataca
tgaggtaaca
tgggaatgga
agggaatgga
agaagatgat
tgaaggcaaa
gaattctgct
caaccataga
tgttgggaag
tattaccaaa
gatcttgggc
ccaaaaatca
tgatggatat
cagtgatgaa
ccgaggagat
aaaaggagca
tggcaatggt
agatagcagt
tgacagtgac
cagtgatagc
cagtgatagc

230050.5T25

agccattgat
gcagtagcat
tccatgaatt
agtggaacca
aatacccaag
aagagttttt
ggggacacag
atcacagcaa
agaagcaaca
ggtcacaatg
aacagtacag
agtgaaataa
ccaggcactg
gcagatgagg
aaagacagta
catgatagta
gaagatcccc
ggtattccag
gaaagcaaac
agccaagata
gaagttggga
aaaggcaatg
gaaccaggaa
gacagttatg
tctaatggca
gcttcttata
gaagatgatg
aacaatggga
gacagtgata
agcagtgata
agtgacagtg

agtgacagta

tattattatt
gggccattcc
tgcatctect
tcaaagaaag
atggtcacaa
ctacatattc
gaaaagcaga
atggcatcca
ctaatggaaa
aggatgtcgce
acaatgagga
cacctcagat
gagaagatgc
atgaagacga
gtaataacag -
gcataggtca
ataatgaagt
aagacaatgg
gcgtagaaaa
agggaataga
aaggcaacga
tcaagacaca
ataaagttgg
attttgatga
atgatgatgc
actctgatga
acagtgatag
atgatgacaa
gtagtgatag
gcaacagtag
atagtagtga
gtgatagtag
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cctaaagaaa 120
agttcctcaa 180
agcaagatca 240
tggtgtcctg 300
gggagaaggg 360
cacattagca 420
aacatatggt 480
gggacaagta 540
tactgataag 600
tgttgtccaa 660
tgaaataatt 720
caacagcaag 780
tggcctggat 840
gggttctggt 900
caagggccag 960
aaattcggat 1020
tgatggagac 1080
cagccaaaga 1140
tagaatcacc 1200
aatcaagggt 1260
aggtaaagag 1320
aggagaggtt 1380
acacagcaat 1440
taagtccatg 1500
taattcagaa 1560
atcaaaagat 1620
cacatcagac 1680
tgacaaatca 1740
cagcaatagc 1800
cagtgatagt 1860
tagcagcaat 1920
tgacagcagt 1980
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gacagcaagt
gacagcagtg
aatagcagta
agtgacagca
agcagcaata
agtagtgaca
agtgacagca
agcagcaaca
aacagcagtg
agtgatagca
agcaatégca
agcagcgaca
agtagtaata
gatagtagtg
agcaacagca
agcaacagca
agcagcaaca
aatagcggtg
gacagcagca
agtgatagca
agtagtgaca
gacagcagtg
agtgacagca
agcagtgaca
gatagcagcg
agcgacagca
agcagtgaca
gacagcagtg
agtgacagca
agcagtgaca

agtgacagcc

cagacagcag
acagcaacag
acagcagtga
gcagtagcag
gcagtgagag
gcagtaatag
gtgatagcag
gcagtgacag
atagcaacga
gcaacagcag
gtgacagcag
gcagcgatag
gtagtgacag
acagcagtga
gtgatagtga
gtgatagcag
gcagtgacag
acagcagcaa
acagcagcga
gcaacagcag
gcagcaacag
acagcagcaa
gtggcagcag
gcagcgacag
acagcagtga
gcgatagcag
gcagcgacag
acagcagcga
atgaaagcag
gcagcgacag

agagcaagtc

caaatcagag
cagtgacagt
tagtagtgac
tgacagcagc
cagtgatagt
taacagcagc
tgacagcagc
cagtgatagc
cagcagcaat
tgatagcagt
taatagtagt
cagtgacagc
cagcgatagc
cagcaacgaa
cagcagtgat
tgaaagcagt
cagtgatagc
cagcagtgac
tagcagtgac
tgatagcagt
cagtgacagc
tagcagtgac
cgacagcagt
cagtgacagc
cagcagcgac
tgacagcagc
cagcgatagc
cagcagtgac
cgacagcagt
cagtgatagc

tggtaacggt
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agcgacagca

agtgacaaca
agcagtgata
aacagcagtg
agtgacagca
gatagtgaca
aacagcagtg
agtgacagca
agcagtgaca
gatagcagtg

gacagcagcg

agtgatagcg

agtgacagca
agcagcaata
agcagcaaca
aatagtagtg
agtgacagca
agcagtgata
agcagtgata
gacagcagtg
agcgatagca

agcagtgaca

gatagcagtg

agtgacagca
agcagtgaca
aatagcagtyg
agcgacagca
agcagcgaca
gacagcagcg
agtgacagca

aacaacaatg

gtgatagtga
gtgatagcag
gcagtgacag
atagtagtga
gtgatagtga
gcagcaacag
acagtagcga
gtgatagtag
gcagtgatag
acagcagtga
atagcagcaa
acag cagéaa
gcaacagcag
gcagtgacag
gcagtgacag
acaacagcaa
gtaatagtag
gcaatagcag
gcagtgacag
acagcagtga
gtgacagcag
gcagcgacag
acagcagtga
gtgaaagcag
gcagcgatag
atagcagcga
gtgatagtag
gcagtgacag
atagcagtga
catctgacag

gaagtgacag
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cagtaagtca 2040
cgacagcagc 2100
cagcagtagc 2160
cagtagtgac 2220
cagcagtgat 2280
cagcgatagc 2340
tagcagtgac 2400
tgacagcagc 2460
cagcaacagc 2520
tagcgacagc 2580
cagcagtgat 2640
tagaagtgac 2700
tgacagcagt 2760
cagtgatagc 2820
cagtgatagc 2880
tagcagtgac 2940
tgacagcagc 3000
cgacagcagt 3060
cagtgacagc 3120
tagcagtaat 3180
cgatagcagt 3240
cagtgatagc 3300
tagcagcgat 3360
cgacagcagc 3420
cagcgacagc 3480
cagcagtgat 3540
tgatagcagt 3600
cagcgacagc 3660
cagcagcaac 3720
caatgatgag 3780
tgacagtgac 3840
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agtgaaggca
aagattcctt
aagaaagggg
caaacagttg
cctttggtac
taaacataaa
tctttaatac
<210> 9
<211> 396
<212> PRT
<213> BMP
<400> 9
Met val Ala
1 .

Leu

Leu Gly

Ala
35

Phe Ala

val Leu Ser

50

GIn
65

Arg Pro

Asp Leu Tyr

His Arg Leu

Glu
115

His His

Thr Arg Arg

Ile Thr

145

Ser

Leu Gly Asn

gtgacagtaa
ttgtgaaaag
agaaataaac
gattcagaac
atgcctgtta

agaacaatta

ccactcaacc
tttggtaatg
ataagacgta
caagacctaa
atattcatgt

aaatattctt

230050.5T25

agtgatgatt
ggataggaaa
tgtaaacaaa
ctcctgcaga
tctgaaaata

taatacttca

agaacaaaag
aaaagatttc
aacaactggg
gacagactct
ttttgttaaa

cacagaaaca
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aaaaacccat
caagaaagta
ggaatcaaat
gaatgcatga
agtgtaaatc

attaaaatat

ttcacacaga a

Gly

Gly

20

Ala

Glu

Thr

Arg

Glu

100

Glu

Phe

Ala

Asn

Thr

Ala

Ser

Phe

Pro

Arg

85

Arg

Ser

Phe

Glu

sSer

Arg

Ala

Ser

Glu

ser

70

His

Ala

Leu

Phe

Leu

150

Ser

Cys

Gly

Gly

Leu

55

Arg

Ser

Ala

Glu

Asn

135

Gln

Phe

Leu

Leu

Arg

40

Arg

Asp

Gly

Ser

Glu

120

Leu

val

His

Leu

val

25

Pro

Leu

Ala

Gln

Ser

Phe

His

Ala

10

Pro

Ser

Leu

val

Pro

90

Ala

Pro

Ser

Arg

Leu

Glu

Ser

ser

val

75

Gly

Asn

Glu

Ile

Glu
155

Leu

Leu

Gln

Met

60

Pro

Ser

Thr

Thr

Pro

140

Gln

Arg Ile Asn
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Leu

Gly

Pro

45

Phe

Pro

Pro

val

Ser

125

Thr

Met

Ile

Pro

Arg
30

Ser

Gly.

Tyr

Ala

Arg

110

Gly

Glu

Gln

Tyr

Gin

15

Arg

Asp

Leu

Met

Pro

95

Ser

Lys

Glu

ASp

Glu

val

Lys

Glu

Lys

Leu
80

Asp -

Phe

Thr

Phe

Ala

160

Ile

3900
3960
4020
4080
4140
4200
4221
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<400> 10
ggggacttct

tgccccageg
tgcccgacac
gagaaggagg
agagtttttc
ctgcggtctc
ttccccaggt
tcgcggeggce
tcgagttgceg
ccgtggtgcec
ccgccccaga
accatgaaga
tctttaattt
tccgagaaca
tttatgaaat
acaccaggtt
tgatgcggtg
tggaggagaa
atgaacacag
ggcatcctct
agtccagctg
ggattgtggc
tggctgatca
actctaagat
accttgacga
gtgggtgtcg
aaatacataa
<210>
<211>
<212>
<213>
<220>

11
42
DNA

tgaacttgca
gagcctgett
tgagacgctg
aggcaaagaa
catgtggacg
ctaaaggtcg
cctcctggge
gtcgtcgggce
gctgectcagce
cccctacatg
ccaccggttg
atctttggaa
aagttctatc
gatgcaagat
cataaaacct
ggtgaatcag
gactgcacag
acaaggtgtc
ctggtcacag
ccacaaaaga
taagagacac
tceccecgggg
tctgaactcc
tcctaaggcea
gaatgaaaag
ctagtacagc

atatatatat

unknown

gggagaataa
cgccatctcc
ttcccagegt
aaggaacgga
ctctttcaat
accatggtgg
ggcgcggctg
cgcccctcat
atgttcggcec
ctagacctgt
gagagggcag
gaactaccag
cccacggagg
gctttaggaa
gcaacagcca
aatgcaagca
ggacacgcca
tccaagagac
ataaggccat
gaaaaacgtc
cctttgtacg
tatcacgcct
actaatcatg
tgctgtgtcc
gttgtattaa
aaaattaaat

a

230050.8T25

cttgcgceacc
gagccecace
gaaaagagag
cattcggtcc

ggacgtgtcc

ccgggacceg

gcctegttcec
cccagecctce
tgaaacagag
atcgcaggca
ccagccgagce
aaacgagtgg
agtttatcac
acaatagcag
actcgaaatt

ggtgggaaag

accatggatt

atgttaggat
tgctagtaac
aagccaaaca
tggacttcag
tttactgcca
ccattgttca
cgacagaact
agaactatca

acataaatat

ccactttgcg
gcccctecac
actgcgcggc
ttgcgccagg
ccgegtgett
ctgtcttcta
ggagctgggc
tgacgaggtc
acccaccccc
ctcaggtcag
caacactgtg
gaaaacaacc
ctcagcagag
tttccatcac
cccegtgacc
ttttgatgtc
cgtggtggaa
aagcaggtct
ttftggccat
caaacagcgg
tgacgtgggg
cggagaatgc
gacgttggtc
cagtgctatc
ggacatggtt
atatatagta
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ccggtgcctt 60
tccteggect 120
cggcacccgg 180
tcctttgacc 240
cttagacgga 300
gcgttgetgce 360
cgcaggaagt 420
ctgagcgagt 480
agcagggécg 540
ccgggctcac 600
cgcagcttcc 660
cggagattct 720
cttcaggttt 780
cgaattaata 840
agacttttgg 900
écccccgctg 960
gtggcccact 1020
ttgcaccaag 1080
gatggaaaag 1140
aaacgcctta 1200
tggaatgact 1260
ccttttcctc 1320
aactctgtta 1380
tcgatgttgt 1440
gtggagggtt 1500
cagcaaaatt 1560

1581
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<223> Ssynthetic

<400> 11
ggatggagct gtatcatcct cttcttggta gcaacagcta ca 42

<210> 12
<211> 34
<212> DNA
<213> unknown

<220>
<223> Synthetic

<400> 12
ctaatgtcga catggagagt ggcagccgtg gaga 34

<210> 13
<211> 34
<212> DNA
<213> unknown

<220>
<223> Synthetic

<400> 13
gcattctaga ttaaagcacc cgccattcaa atcg 34
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