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Methods of delivering therapeutic agents by administering
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peptide segment linked to the therapeutic agent to subjects
in need of treatment with the therapeutic agent are provided.
Methods of treating hyperparathyroidism, and hair loss
using compositions comprising a collagen binding polypep-
tide and a PTH/PTHrP receptor agonist are provided. In
addition, methods of reducing hair regrowth by administer-
ing a composition including a collagen binding polypeptide
and a PTH/PTHrP receptor antagonist are provided.
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DELIVERY OF THERAPEUTIC AGENTS BY
A COLLAGEN BINDING PROTEIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a national stage filing under 35
U.S.C. of International Application No. PCT/US2013/
025541, filed Feb. 11, 2013, which claims the benefit of
priority of U.S. Provisional Patent Application No. 61/596,
869, filed Feb. 9, 2012, and of International Application No.
PCT/US2012/069831, filed Dec. 14, 2012, all of which are
incorporated herein by reference in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with United States government
support awarded by the National Institutes of Health grant
number NCRR COBRE 8P30GM103450 and INBRE
GM103429. The United States may have certain rights in
this invention.

SEQUENCE LISTING

A Sequence Listing accompanies this application and is
incorporated herein by reference in its entirety. The
Sequence Listing was filed with the application as a text file
on Feb. 11, 2013.

INTRODUCTION

Delivery of therapeutic agents to sites within the body of
a subject where a particular therapeutic agent is needed in
order to be effective is a developing area. Such delivery
systems will allow more efficient use of therapeutic agents
while reducing toxicity caused by some therapeutic agents.
Use of targeted liposomes or polypeptides, such as antibod-
ies, to target therapeutic agents to particular sites within the
body has proved successful, but additional delivery agents
are needed.

Alopecia (hair loss) is a psychologically and emotionally
distressing event with multiple causes. Alopecia occurs most
commonly in male-pattern baldness, affecting approxi-
mately two thirds of males by age 35; a similar pattern of
hair loss can be observed in females with polycystic ovarian
syndrome. In both of these disorders, the hair loss is andro-
gen mediated. Alopecia can also occur as an autoimmune
disease, termed alopecia areata; a disorder which affects
1.7% of the population. It can occur as a side-effect of
medical treatments, particularly in chemotherapy, with
65-85% of chemotherapy patients experiencing some degree
of alopecia. Psychological consequences of hair loss have
been well studied in the chemotherapy setting. Chemo-
therapy-induced alopecia (CIA) can result in anxiety,
depression, a negative body image, lowered self-esteem and
a reduced sense of well-being. In fact, 47-58% of female
cancer patients consider hair loss to be the most traumatic
aspect of chemotherapy, and 8% would decline treatment for
fear of hair loss. In addition to these studies in chemotherapy
patients, evidence exists in other forms of alopecia to
support therapy to reduce psychological consequences of
hair loss. Thus a new treatment to stop hair loss or speed hair
regrowth would be beneficial.

While drugs with mild anti-androgenic effects (i.e.
spironolactone) had been used with limited success as
therapy for alopecia, the first effective medication for alo-
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pecia was minoxidil (Rogaine). This antihypertensive has an
observed side-effect of causing hair growth, and is now used
as topical therapy for many forms of alopecia. However,
responses are incomplete, with some subjects showing only
slowing of hair loss rather than actual regrowth. Finasteride
(Propecia) is a newer agent that blocks conversion of
testosterone to dihydrotestosterone, resulting in improve-
ments in androgenic alopecia at the expense of partial
systemic androgen blockade. However, response rates with
long-term (10 years) therapy are only around 50%. Overall,
despite considerable research in this area, there is still no
adequate therapy for hair loss.

In addition, unwanted hair growth is a cosmetic issue
many people deal with on a regular basis. Unwanted hair
growth on the face, legs, arms, chest or back is a growing
cosmetic problem. Many people use laser therapy, waxing or
other therapies to remove unwanted hair. There are currently
no topical pharmaceuticals to limit hair growth.

SUMMARY

Provided herein are methods of delivering therapeutic
agents by administering compositions including a bacterial
collagen-binding polypeptide segment linked to the thera-
peutic agent to subjects in need of treatment with the
therapeutic agent.

In one aspect, methods of treating hyperparathyroidism
by administering a composition comprising a bacterial col-
lagen-binding polypeptide segment linked to a PTH/PTHrP
receptor agonist to a subject are provided.

In a further aspect, methods of slowing hair growth or
regrowth after removal by administering a composition
comprising a bacterial collagen-binding polypeptide seg-
ment linked to a PTH/PTHrP receptor antagonist to a subject
are provided.

In a still further aspect, methods of increasing hair growth
or the speed of hair re-growth after removal or loss by
administering a composition comprising a bacterial colla-
gen-binding polypeptide segment linked to a PTH/PTHrP
receptor agonist to a subject are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sequence alignment showing the alignment of
several M9B bacterial collagenases from the Bacillus and
Clostridium families. The sequences are also provided in the
Sequence Listing, filed herewith as follows: ColG s3b (SEQ
ID NO: 13); Csporogenes C (SEQ ID NO: 14):
ChotulinumA3C (SEQ ID NO: 15); Beereus_ AH603 (SEQ
ID NO: 16); Banthracis (SEQ ID NO: 17); BB14905 B (SEQ
ID NO: 18): Lsphaericus B (SEQ ID NO: 19); Ccere-
usG9842 (SEQ ID NO: 20); Bmycoides (SEQ ID NO: 21);
Bweihensteph (SEQ ID NO: 22): Bbrevis A (SEQ ID NO:
23); Bbrevis B (SEQ ID NO: 24): CperfringensB (SEQ ID
NO: 25); Csporogenes B (SEQ ID NO: 26):
ChotulinumA3B (SEQ ID NO: 27); Csporogenes A (SEQ ID
NO: 28); CbotulinumA3A (SEQ ID NO: 29): Csordellii B
(SEQ ID NO: 30); ColG s3a (SEQ ID NO: 31) Cpertrin-
gensA (SEQ ID NO: 32) Csordellii A (SEQ ID NO: 33) and
ColH s3 (SEQ ID NO: 34). The residues shown in blue are
important for collagen binding activity, those shown in green
are important for maintaining the architecture or protein
folding. Both of these are also underlined for the top and
bottom sequences. Residues shown in red are critical for
Ca®* binding and those in orange are critical for positioning
the Ca** binding residues.
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FIG. 2 shows the tissue distribution of $**-PTH-CBD 1
hour and 12 hours after subcutaneous injection. Note the
skin outline.

FIG. 3 is a set of photographs documenting the hair
growth on the back of mice at day 36 after depilation,
treatment groups as indicated (Antagonist PTH(7-33)-CBD,
Agonist PTH-CBD).

FIG. 4 is a set of photographs showing the histology at
Day 36 after the indicated treatment. Skin samples were
taken from the dorsal region and processed for Hematoxylin
and Eosin (H&E) staining. Representative sections are
shown from each ftreatment group as indicated.
(Antagonist=PTH(7-33)-CBD, Agonist=PTH-CBD).

FIG. 5 is a graph showing the hair follicle counts per high
powered field. Anagen VI hair follicles were counted by two
independent observers in a blinded fashion. Results are
expressed as mean+/-standard deviation. **=p<0.01 vs. no
chemo ANOVA  followed by  Dunnett’s test.
(Antagonist=PTH(7-33)-CBD, Agonist PTH-CBD).

FIG. 6 is a set of photographs showing the hair growth on
the back of the mice after each of the indicated treatments
and a graph showing the results of a grey scale analysis of
the hair at the injection site over time after the injection.

FIG. 7 is a set of photographs showing the hair on the
back of mice after the indicated treatment without prior
depilation.

FIG. 8 is a set of photographs and a graph showing the
grey scale analysis of hair growth on the backs of mice
comparing the indicated treatments with the PTH-CBD
being administered prior to the chemotherapy as opposed to
after chemotherapy began.

FIG. 9 is a photograph of three mice 13 days after waxing
to remove hair and treatment with PTH-CBD, PTH antago-
nist-CBD or vehicle alone.

FIG. 10 is a set of photographs of mice showing hair
regrowth in a model of alopecia areata after treatment with
a control or with PTH-CBD.

FIG. 11 is a graph showing the endogenous parathyroid
hormone levels in ovarectomized aged rats injected with a
single dose of human PTH-CBD 6 months prior to sacrifice.

DETAILED DESCRIPTION

The effects of PTH agonists and antagonists on hair
growth have been studied for over almost 15 years. PTH has
a common receptor with PTH-related peptide (PTHrP),
which is normally produced by dermal fibroblasts. PTHrP
affects keratinocyte proliferation/differentiation and modu-
lates the hair cycle. Most of the testing on hair growth effects
has been performed with PTH antagonists, as indications
from initial testing were that these were the most effective
agents. Both injected and topical formulations have been
tested in animal models of chemotherapy-induced alopecia
and in the SKH-1 hairless mouse. Part of the effect of PTH
antagonists on hair growth is to transition the hair follicles
into a dystrophic catagen stage, which protects them from
chemotherapeutic damage. However, clinical trials of topi-
cal PTH antagonists for chemotherapy-induced alopecia by
MI Pharmaceuticals were discontinued in phase 2 because of
limited efficacy. Thus new compositions for treating alope-
cia are needed.

The problems of delivery and retention of PTH to the skin
can be overcome by using collagen-targeted PTH analogs.
To accomplish this, we synthesized several fusion proteins
of different PTH agonists and antagonists linked to a colla-
gen binding domain derived from the ColH]1 collagenase of
Clostridium histolyticum, in the studies described in the
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Examples, we found that the agonist compound PTH-CBD
promotes transition of hair follicles to the anagen phase and
has potent effects on hair growth. The antagonist compound
PTH(7-33)-CBD had little effect on hair growth in chemo-
therapy models and had a deleterious effect on hair regrowth
after depilation. Compounds such as PTH-CBD, which
promote anagen phase transition of hair follicles, have been
sought after due to their potential to treat a large variety of
disorders of hair loss. PTH-CBD appears to have a similar
mechanism of action to cyclosporine, which also promotes
transition of hair follicles to anagen phase, although the
mechanism is less likely to be the result of direct effects on
WNT signaling. While clinical use of cyclosporine for this
purpose is limited by systemic toxicity, PTH-CBD has not
shown toxic effects, even with systemic administration.

Thus in another aspect, methods of increasing hair growth
are provided herein. The methods include administering a
CBD linked to a PTH/PTHrP receptor agonist to a subject in
need of treatment to induce hair growth or stop hair loss. The
method is applicable to individuals with alopecia, including
chemotherapy induced alopecia, but also alopecia areata,
alopecia caused by male pattern baldness, polycystic ovarian
syndrome or other hair loss. The compositions may be
administered locally or topically to treat hair loss.

In another aspect, methods of slowing hair growth or
regrowth after a hair removal procedure by administering a
CUD linked to a PTH/PTHrP receptor antagonist to a subject
are provided. In one embodiment, the PTH antagonist com-
position is applied locally, topically. The PTH antagonist
may be applied after a hair removal procedure to prevent or
slow hair regrowth. As described in the Examples, we have
demonstrated that hair regrowth is slowed after waxing in
animals treated with CBD-PTH antagonist as compared to
control animals treated with PTH CBD or vehicle alone. The
compositions may be administered locally or topically to
block hair growth.

Also provided herein are methods of treating hyperpara-
thyroidism by administering PTH-CBD to a subject in need
of treatment for hyperparathyroidism. In one embodiment
the PTH administered to the subject may be a PTH from a
different species. As shown in the Examples a single admin-
istration of CBD-PTH to ovarectomized aged rats was able
to reduce the amount of endogenous PTH produced by the
animal. Thus, administration of PTH-CBD to individuals
suffering from hyperparathyroidism may experience a
decrease in symptoms associated with hyperparathyroidism
and have decreased levels of PTH after administration of
PTH-CBD.

The collagen-binding polypeptide segment and the thera-
peutic agent may be chemically cross-linked to each other or
may be polypeptide portions of a fusion protein. The terms
“fusion protein” and “fusion polypeptide” may be used to
refer to a single polypeptide comprising two functional
segments, e.g., a collagen-binding polypeptide segment and
a polypeptide based therapeutic agent, such as PTH/PTHrP
receptor agonist polypeptide segment. The fusion proteins
may be any size, and the single polypeptide of the fusion
protein may exist in a multimeric form in its functional state,
e.g. by cysteine disulfide connection of two monomers of the
single polypeptide. A polypeptide segment may be a syn-
thetic polypeptide or a naturally occurring polypeptide. Such
polypeptides may be a portion of a polypeptide or may
comprise one or more mutations. The two polypeptide
segments of the fusion proteins can be linked directly or
indirectly. For instance, the two segments may be linked
directly through, e.g., a peptide bond or chemical cross-
linking, or indirectly, through, e.g., a linker segment or
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linker polypeptide. The peptide linker may be any length and
may include traditional or non-traditional amino acids. For
example, the peptide linker may be 1-100 amino acids long,
suitably it is 5, 10, 15, 20, 25 or more amino acids long such
that the collagen binding portion of the fusion polypeptide
can mediate collagen binding and the therapeutic agent can
have its therapeutic effect. Peptide linkers may include but
are not limited to a PKD (polycystic kidney disease) domain
from a collagenase or other protein such as in SEQ ID NO:
2, a GST or His-tag, or a Ser or Gly linker.

The collagen-binding polypeptide segment is a polypep-
tide that binds collagen and may be part of a larger fusion
protein, bioactive agent, or pharmaceutical agent. Determi-
nation of whether a composition, polypeptide segment,
fusion protein, or pharmaceutical or bioactive agent binds
collagen can be made as described in U.S. Patent Publication
No. 2010/0129341, which is incorporated herein by refer-
ence in its entirety. Briefly, the composition is incubated
with collagen in binding buffer, and the mixture is then
filtered through a filter that would otherwise allow it to pass
through but that blocks the collagen and therefore holds
back materials that bind to the collagen. The filtrate is then
assayed for the presence of the composition, polypeptide
segment, fusion protein, or pharmaceutical or bioactive
agent. Suitably, at least 80%, 85%, 90%, 95%, 98% or more
suitably at least 99% of the collagen-binding composition,
polypeptide segment, fusion protein, or pharmaceutical or
bioactive agent is retained by the filter in this assay, as
compared to when the filtration is performed without col-
lagen.

The collagen-binding polypeptide segment may be a
bacterial collagen-binding polypeptide segment. It may be a
Clostridium collagen-binding polypeptide segment. The col-
lagen-binding polypeptide segment may be a segment of a
collagenase, or a bacterial collagenase, or a Clostridium
collagenase. Suitably the polypeptide segment is only a
portion of the collagenase and the collagen-binding poly-
peptide segment does not have collagenase activity. The
collagen-binding polypeptide may be a bacterial M9B (in-
cluding those derived from Bacillus spp. and Clostridium
spp.) or M9A (including those derived from Vibrio spp.)
collagen-binding protein or a collagen-binding peptide
derived from such a protein. By “derived from” we mean
that the peptide is a fragment of the full-length protein, a
peptide that has amino acid changes relative to the wild-type
protein or a combination thereof. The key is that the peptide
retains the ability to bind collagen. For example, a peptide
may be derived from a protein by selecting a region of the
protein capable of binding to collagen. Compositions includ-
ing a bacterial collagenase as a collagen binding peptide are
described in US Patent Publication No. 2010/0129341,
which is hereby incorporated herein by reference in its
entirety.

FIG. 1 shows a sequence alignment of the collagen-
binding region of several M9B bacterial collagen-binding
proteins included as SEQ ID NOs: 13-34. As can be seen
from the sequence alignment, these proteins have a rela-
tively small amount of sequence identity (about 30%), but
they all bind to collagen in a similar fashion and are believed
to have similar conformation as discussed in the Examples.
Notably, the proteins share several amino acids critical for
binding to collagen. Thus any of the peptides shown in FIG.
1 or collagen-binding fragments thereof can be used in the
compositions and methods described herein (i.e., SEQ H)
NOs: 13-34 can be used interchangeably).

In FIG. 1, the amino acid residues critical for the confor-
mation of the peptide and for the collagen-binding activity
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are underlined and shown in green and blue respectively.
The key amino acid residues for collagen-binding are as
follows:

a phenylalanine, histidine or tyrosine at position 959 of
ColG in FIG. 1 (position 63 of SEQ ID NO: 13), position
968 of the ColH sequence of SEQ ID NO: 6, position 928
of'the ColH sequence of FIG. 1 (position 63 of SEQ ID NO:
34) or a similar position of one of the other sequences shown
in FIG. 1;

a tyrosine, serine or phenylalanine at position 970 of ColG
in FIG. 1 (position 74 of SEQ ID NO: 13), position 977 of
the ColH sequence of SEQ ID NO: 6, position 937 of the
ColH sequence of FIG. 1 (position 72 of SEQ ID NO: 34)
or a similar position of one of the other sequences shown in
FIG. 1,

a tyrosine at position 994 of ColG in FIG. 1 (position 98
of SEQ ID NO: 13), position 1002 of the ColH sequence of
SEQ ID NO: 6, position 962 of the Corn sequence in FIG.
1 (position 97 of SEQ ID NO: 34) or a similar position of
one of the other sequences shown in FIG. 1;

a tyrosine, phenylalanine or histidine at position 996 of
ColG in FIG. 1 (position 100 of SEQ ID NO: 13), position
1004 of the ColH sequence of SEQ ID NO: 6, position 964
of'the ColH sequence in FIG. 1 (position 99 of SEQ ID NO:
34) or a similar position of one of the other sequences shown
in FIG. 1. The critical segment for collagen binding is amino
acids 90-100 of SEQ ID NO: 13 which corresponds to amino
acids 89-97 of SEQ ID NO: 34 or the equivalent thereof
from another bacterial collagen binding protein such as the
sequences provided in the alignment of FIG. 1 (SEQ ID
NOs: 14-33). Thus a peptide with relatively low sequence
identity, sharing the structure and function of the ColG
protein may also be used as a collagen binding domain
(CBD) herein.

In one embodiment, the collagenase is ColH, SEQ ID NO:
6. The collagen-binding polypeptide segment may be or may
include residues 901-1021 of SEQ ID NO:6 (residues
34-158 of SEQ ID NO:1), or a fragment of residues 34-158
of SEQ ID NO:1 at least 8, 10, 12, 15, 20, 25, 30, 40, 50, 60,
70, 80, 90, 100, 110 or 120 amino acid residues in length.
The collagen-binding polypeptide segment is at least 50%,
60%, 70%, 80%, or at least 85%, at least 90%, at least 95%,
at least 96%, at least 98%, or at least 99% identical to
residues 34-158 of SEQ ID NO: 1 or to any one of SEQ ID
NO: 13-34. The collagen-binding polypeptide segment may
be or may comprise a fragment of residues 901-1021 of SEQ
NO:6, e.g., a fragment of at least 8, at least 10, at least 20,
at least 30 at least 40, or at least 50 consecutive amino acid
residues of residues 901-1021 of SEQ ID NO:6. Suitably the
collagen-binding polypeptide consists of residues 894-1008,
894-1021, 901-1021, or 901-1008 of SEQ ID NO: 6 or a
homolog thereof as shown by the sequence alignment in
FIG. 1. As described more fully in the examples, the entire
collagen binding polypeptides shown in FIG. 1 are not
required for collagen binding. The collagen binding segment
may be as short as eight amino acids and may include, e.g.,
amino acids 89-97 of SEQ ID NO: 34, 90-98 of SEQ ID NO:
13 or 994-1002 of SEQ ID NO: 6. A ten amino acid collagen
binding peptide may include e.g., amino acids 89-99 SEQ ID
NO: 34, 90-100 SEQ ID NO 13 or 994-1004 SEQ ID NO 6.
A 30 amino acid collagen binding segment may include e.g.,
amino acids 70-100 of SEQ ID NOs: 13 or 34 or 975-1005
of SEQ ID NO: 6. A forty amino acid collagen binding
peptide may include e.g, amino acids 60-100 of SEQ ID
NOs: 13,34 or 964-1004 of SEQ ID NO: 6, or 59-99 of SEQ
1D NO: 34. A fifty amino acid collagen binding segment may
include e.g., amino acids 50-100 or 55-105 of SEQ ID NOs:
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13-34 or 9060-1010 of SEQ ID NO: 6. Similar shorter
peptides derived for corresponding sequences of SEQ ID
NOs: 14-33 may also be used.

The collagen-binding polypeptide segment may be or may
include residues 807-1021 of SEQ ID NO: 6 (residues
37-251 of SEQ ID NO: 2), or a fragment of residues
807-1021 of SEQ ID NO:6 at least 8, 10, 12, 15, 20, 25, 30,
40, 50, 60, 70, 80, 90, 100, 110 or 120 amino acid residues
in length. Residues 807-901 comprise the polycystic kidney
disease (PKD) domain of the collagen-binding protein.
Those of skill in the art will appreciate that other linkers
could be used to link the collagen-binding peptide to a
therapeutic agent as outlined above.

Among other proteins the collagen-binding segment can
be derived from are ColG (Matsushita et al., (1999) J.
Bacteria 181:923-933), a class [ collagenase from
Clostridium histolyticum. ColH is a class II collagenase
(Yoshihara et al., (1994) J. Bacteriol. 176: 6489-6496). The
collagen-binding polypeptide segment may also be a poly-
peptide segment from any one of the protein sequences
provided in FIG. 1 which aligns collagen-binding peptides
from members of Clostridium and Bacillus. Those of skill in
the art will appreciate that other members of this collagen-
binding protein family may be useful in the methods
described herein.

The PTH/PTHrP receptor agonist polypeptide segment
may be a synthetic polypeptide or a naturally occurring
polypeptide. Such polypeptides may be a portion of a
polypeptide or may comprise one or more mutations. The
mutations may make the PTH/PTHrP receptor agonist a
better or worse agonist as compared to the wild-type PTH/
PTHrP. Agonist activity with the PTH/PTHrP receptor can
be assayed as described in Example 3 below by a cAMP
stimulation assay. An agonist will stimulate cAMP synthesis
in the assay described. Suitably, an agonist can activate
receptor activity at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100% or oven 110% or 120% as much as
wild-type PTH(1-34).

The PTH/PTHrP receptor agonist polypeptide segment is
a PTH or PTHrP polypeptide segment. One human isoform
of PTH is SEQ ID NO: 7. One human isoform of PTHrP is
SEQ ID NO:8. While the human isoforms are provided,
those of skill in the art will appreciate that other non-human-
derived isoforms may be used as well. Such non-human-
derived isoforms may be able to interact with human PTH/
PTHrP receptor and vice versa. The PTH/PTHrP receptor
agonist polypeptide segment may be or may include residues
1-33 of SEQ ID NO:1 (residues 1-33 of PTH (SEQ ID NO:
7)). The PTH/PTHrP receptor agonist polypeptide segment
may be or may include residues 1-34 of PTH (SEQ ID NO:
7). In other embodiments, it is a fragment of residues 1-34
of PTH (SEQ ID NO: 7). In other embodiments, the PTH/
PTHrP receptor agonist polypeptide segment may be or may
include residues 1-84 of PTH (SEQ ID NO:7). In other
embodiments, the PTH/PTHrP receptor agonist polypeptide
segment may be or may include residues 1-14 of PTH (SEQ
ID NO 7) or residues 1-7 of PTH (SEQ ID NO: 7). The key
amino acids for binding to the PTH receptor ad an agonist
are amino acids 1, 2 and 5 of PTH. In still other embodi-
ments, the PTH/PTHrP receptor agonist is a PTH or PTHrP
polypeptide segment for any other species.

The PTH/PTHrP receptor antagonist can include in one
embodiment PTH(7-34), i.e., residues 7-34 of PTH (SEQ ID
NO: 7). In another embodiment, it is or includes residues
7-33 of PIE (SEQ ID NO: 7). In other embodiments, it is a
fragment of residues 7-34 of SEQ ID NO: 8. In another
embodiment, the PTH/PTHrP receptor antagonist includes
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PIE (7-14), residues 7-14 of PTH (SEQ ID NO: 7). In
another embodiment, the PTH/PTHrP receptor antagonists
include ((-1)-33) of PTH/PTHrP. In another embodiment,
the PTH/PTHrP receptor antagonists include residues 1-14
of PTH with an N-terminal extension. Adding an N-terminal
extension to PTH or active N-terminal fragments of PTH
converts the PTH peptides to antagonists. The N-terminal
extension canbe 1, 2, 3, 4, 5, or more amino acids in length.
The identity of the amino acids in the N-terminal extension
is typically not important. In one embodiment, the PTH/
PTHrP receptor antagonist includes residues 1-33 of PTH
with a Gly-Ser extension at the N-terminus (SEQ ID
NO:11). In another embodiment, the PTH/PTHrP receptor
antagonist includes PTHrP(7-34), i.e., residues 7-34 of SEQ
ID NO:8, or a fragment of residues 7-34 of SEQ NO:8. In
another embodiment, the PTH/PTHrP receptor antagonist
includes mouse TIP(7-39) (See Hoare S R, Usdin T B. 2002.
Specificity and stability of a new PTH1 receptor antagonist,
mouse TIP(7-39). Peptides 23:989-98.). Other PTH/PTHrP
receptor antagonists that may be used in the fusion proteins
are also disclosed in Hoare et al. The PTH/PTHrP receptor
antagonist may be a fragment of at least 8, 10, 12 or more
amino acids from residues 1-34 of SEQ ID NO:7. In other
embodiments the PTH/PTHrP receptor antagonist may be
PTH/PTHrP receptor antagonist polypeptide from another
species.

In one embodiment, the therapeutic agent or PTH/PTHrP
receptor agonist or antagonist polypeptide segment is N
terminal to the collagen-binding polypeptide segment in the
fusion protein. That is, the two polypeptide segments each
have an N-terminal and a C-terminal, and the N-terminal of
the collagen-binding polypeptide segment is linked directly
or indirectly, e.g., through a linker polypeptide segment
(such as PKD, a Glycine or Serine linker) to the C-terminal
of' the therapeutic agent or PTH/PTHrP agonist or antagonist
polypeptide segment.

The fusion proteins described above comprising (a) a
collagen-binding polypeptide segment linked to (b) a thera-
peutic agent or a PTH/PTHrP receptor agonist or antagonist
polypeptide segment can be replaced by pharmaceutical
agents comprising (a) a collagen-binding polypeptide seg-
ment linked to (b) a therapeutic agent or PTH/PTHrP
receptor agonist or a non-peptidyl PTH/PTHrP receptor
agonist. An example of a non-peptidyl PTH/PTHrP receptor
agonist is compound AH3960 (Rickard et al., (2007) Bone
39:1361-1372).

AH3960

AH13960 contains two amino groups. Amino groups in
small chemical molecules such as AH3960 can be used to
cross-link the therapeutic agent to amino groups on the
collagen-binding polypeptide segment through a cross-
linker such as DSG (disuccinimidyi glutarate) or through the
combination of SANK (succinimidyl-4-hydrazinonicotinate
acetone hydrazone) and SFB (succinimidyl-4-formyl ben-
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zoate). Therapeutic agents can be cross-linked through their
amino group to a carboxyl group of the collagen-binding
polypeptide segment by EDC (1-ethyl-3-[3-dimethylamino-
propyl]carbodiimide hydrochloride) or vice versa. These
cross-linking products are available from Pierce
(piercenet.com, Thermo Fisher Scientific Inc., Rockford,
I11.). Protocols and reaction conditions are also available in
the product literature from Pierce (piercenet.com).

In another embodiment of the pharmaceutical agents
comprising (a) a collagen-binding polypeptide segment;
linked to (b) a polypeptide therapeutic agent or a PTH/
PTHrP receptor agonist or antagonist polypeptide segment,
segment (a) and segment (b) are separate polypeptides, and
the two polypeptides are linked by chemical cross-linking.
The two polypeptides can be cross-linked through amino
groups by reagents including DSG (disuccinimidyl glut-
arate) or glutaraldehyde. They can also be cross-linked
through amino groups by derivatizing one polypeptide with
SANH (succinimidyl-4-hydrazinonicotinate acetone hydra-
zone) and the other with SFB (succinimidyl-4-formyl ben-
zoate), and then mixing the two derivatized polypeptides to
cross-link. The two polypeptides can be cross-linked
between an amino group of one polypeptide and a carboxyl
of the other by reaction with EDC (1-ethyl-3-[3-dimethyl-
aminopropyl]carbodiimide hydrochloride). The polypep-
tides can also be cross-linked (e.g., covalently coupled) by
any other suitable method known to a person of ordinary
skill in the art. These cross-linking reagents are available
from Pierce (piercenet.com, Thermo Fisher Scientific Inc.,
Rockford, I11.). Protocols and reaction conditions are also
available in the product literature from Pierce
(piercenet.com). These and other applicable cross-linking
methods are described in U.S. published patent applications
2006/0258569 and 2007/0224119.

The compositions described herein may be administered
by any means known to those skilled in the art, including,
but not limited to, oral, topical, intranasal, intraperitoneal,
parenteral, intravenous, intramuscular, intradermal or sub-
cutaneous. Thus the compositions may be formulated as an
ingestable, injectable, topical or suppository formulation.
The composition may be formulated for administration by
injection to result in systemic administration or local admin-
istration. The compositions may also be delivered with in a
liposomal or time-release vehicle. The compositions may
also be delivered in a site-directed delivery vehicle, such as
but not limited to, a targeted liposome or an absorbable
collagen sponge carrier or other implant.

The inventors have found that when administering com-
positions including a CBD subcutaneously it binds locally at
the site of injection if the composition is dissolved in neutral
pH butfer. But if the composition is dissolved in a low pH
buffer, for example a buffer having pH 5.0 or pH 4.5 or
below, the collagen-binding domain does not bind collagen,
and the composition has time to disperse systemically before
it binds collagen elsewhere in the body at neutral pH. Thus
systemic administration of the compositions involves
administering the composition dissolved in buffer or aque-
ous solution at a pH lower than about 5.0 or at pH 4.5 or
below. In another embodiment, systemic administration of
the compositions involves administering the fusion proteins
dissolved in aqueous solution at lower than about 6.0.
Alternatively, if the skin condition is localized, the compo-
sitions described herein may be administered in a buffer with
a pH of 6.0, 6.5, 7.0, 7.5 or above in order to allow for
localized delivery of the compositions to the affected area of
the skin.
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Pharmaceutical compositions for topical administration
may also be formulated using methods and compositions
such as those available to those skilled in the art. For
example, gels, creams or liposome preparations may be
suitable for topical delivery. These delivery vehicles may be
formulated to mediate delivery to the lower layers of the skin
or to allow for extended release of the pharmaceutical at the
site of application.

The compositions can be administered as a single dose or
as divided doses. For example, the composition may be
administered two or more times separated by 4 hours, 6
hours, 8 hours, 12 hours, a day, two days, three days, four
days, one week, two weeks, or by three or more weeks.
Optionally, such treatment may be repeated, for example,
every 1,2,3,4,5,6,or 7 days, or every 1, 2, 3, 4, and 5
weeks orevery 1,2,3,4,5,6,7,8,9,10, 11, or 12 months.
The composition is expected to be more effective than a
comparable or control composition comprising the thera-
peutic agent or a PTH/PTHrP receptor agonist that is not
linked to a collagen-binding protein. In one embodiment, a
smaller amount of the composition may be used or the
composition may be administered less frequently than a
comparable composition comprising the therapeutic agent or
a PTH/PTHrP receptor agonist which is not linked to a
collagen-binding protein.

The dosage amounts and frequencies of administration
provided herein are encompassed by the terms therapeuti-
cally effective and prophylactically effective. The individual
doses of pharmaceutical agents comprising a collagen-bind-
ing polypeptide segment linked to a therapeutic agent may
be approximately the same on a molar basis as doses used
for the therapeutic agent alone. It is expected that the
pharmaceutical agents comprising a collagen-binding poly-
peptide segment linked to a therapeutic agent may be
administered less frequently, because linking the agent to the
collagen-binding polypeptide segment gives it much more
prolonged activity in vivo.

Administration of the compositions to a subject in accor-
dance with the invention appears to exhibit beneficial effects
in a dose-dependent manner. Thus, within broad limits,
administration of larger quantities of the compositions is
expected to achieve increased beneficial biological effects
than administration of a smaller amount. Moreover, efficacy
is also contemplated at dosages below the level at which
toxicity is seen.

It will be appreciated that the specific dosage adminis-
tered in any given case will be adjusted in accordance with
the compositions being administered, the disease to be
treated or inhibited, the condition of the subject, and other
relevant medical factors that may modify the activity of the
agent or the response of the subject, as is well known by
those skilled in the art. For example, the specific dose for a
particular subject depends on age, body weight, general state
of health, diet, the timing and mode of administration, the
rate of excretion, medicaments used in combination and the
severity of the particular disorder to which the therapy is
applied. Dosages for a given patient can be determined using
conventional considerations, e.g., by customary comparison
of the differential activities of the compositions of the
invention and of the therapeutic agent administered alone,
such as by means of an appropriate conventional pharma-
cological or prophylactic protocol.

The maximal dosage for a subject is the highest dosage
that does not cause undesirable or intolerable side effects.
The number of variables in regard to an individual prophy-
lactic or treatment regimen is large, and a considerable range
of doses is expected. The route of administration will also
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impact the dosage requirements. It is anticipated that dos-
ages of the compositions will reduce symptoms of the
condition being treated by at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90% or 100% compared to pre-
treatment symptoms or symptoms is left untreated. It is
specifically contemplated that pharmaceutical preparations
and compositions may palliate or alleviate symptoms of the
disease without providing a cure, or, in some embodiments,
may be used to cure the disease or disorder.

Suitable effective dosage amounts for administering the
compositions may be determined by those of skill in the art,
but typically range from about 1 microgram to about 10,000
micrograms per kilogram of body weight weekly, although
they are typically about 1,000 micrograms or less per
kilogram of body weight weekly. In some embodiments, the
effective dosage amount ranges from about 10 to about
10,000 micrograms per kilogram of body weight weekly. In
another embodiment, the effective dosage amount ranges
from about 50 to about 5,000 micrograms per kilogram of
body weight weekly. In another embodiment, the effective
dosage amount ranges from about 75 to about 1,000 micro-
grams per kilogram of body weight weekly. The effective
dosage amounts described herein refer to total amounts
administered, that is, if more than one compound is admin-
istered, the effective dosage amounts correspond to the total
amount administered.

The effectiveness of the compositions described herein
may be enhanced by at least 10%, at least 15%, at least 20%,
at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, or at least 100% relative to a control
treated with the therapeutic agent alone. It will be appreci-
ated that the effectiveness of the treatment in any given case
will be enhanced variably in accordance with the specific
compositions used, the type of disease being treated, the
condition of the subject, the specific formulations of the
compounds and other relevant medical factors that may
modify the activity of the compositions or the responses of
the subject as is appreciated by those of skill in the art.

The following examples are meant only to be illustrative
and are not meant as limitations on the scope of the
invention or of the appended claims. All references cited
herein are hereby incorporated by reference in their entire-
ties.

EXAMPLES
Example 1

Structural Comparison of ColH and ColG
Collagen-Binding Domains

The C-terminal collagen-binding domain (CBD) of col-
lagenase is required for insoluble collagen fibril binding and
for subsequent collagenolysis. The high resolution crystal
structures of ColG-CBD (s3b) and ColH-CBD (s3) the
molecules resemble one another closely (rm.s.d. C,=1.5A),
despite sharing only 30% sequence identity. Five out of six
residues chelating Ca®* are conserved. The dual Ca** bind-
ing sites in s3 are completed by a functionally equivalent
aspartate. The three most critical residues for collagen
interaction in s3b are conserved in s3. The general shape of
the binding pocket is retained by altered loop structures and
side-chain positions. Small angle X-ray scattering data
revealed that s3 also binds asymmetrically to mini-collagen.
Besides the calcium-binding sites and the collagen-binding
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pocket, architecturally important hydrophobic residues and
hydrogen-bonding network around the cis-peptide bond are
well-conserved in metallopeptidase subfamily M9B.

Common structural features described above and in Bauer
et (2012) J Bacteriol November 9 (which is incorporated
herein by reference in its entirety), enabled us to update the
sequence alignment of the CBD in the M9B subfamily (FIG.
1). Conserved residues are important for one of four reasons:
calcium chelation (red), cis-trans isomerization of the linker
(vellow), collagen-binding (blue) or protein folding (green).
FIG. 1 also indicates the strands of the structure along the
top of the figure.

The dual calcium-binding site is formed by four chelating
residues (Glu899, Glu901, Asn903, and Asp904) within the
N-terminal linker, two chelating residues (Asp927 and
Asp930) from the $-strand C and invariant Tyr1002 hydro-
gen-bonds and orients Asp930. Residue numbers used in this
paragraph are of s3b. Likewise other supporting cast such as
Gly921 is conserved in the middle of [3-strand strategically
placed to make room for Glu899. The dual calcium chelation
site is fashioned sometimes by functionally equivalent resi-
dues. As mentioned, Asp897 of s3 acts equivalently to
Asp927 of s3b. Asp897 equivalents are tentatively identified
in B. brevis s3a and s3b, C. botulinum A3 s3a and C.
histolyticum ColG s3a. Tridentate and divalent Asp and Glu
residues are conserved with only C. sordellii s3a as the
exception. The monodentate Asp904 residue is sometimes
substituted by Asn. For those substituted, the net charge of
the dual calcium site is neutral rather than -1.

The peptide between residues 901-902 has cis conforma-
tion in the holo state for both s3b and s3. The position 902
in other CBD molecules is Pro, Asp or Asn. Pro frequently
succeeds the peptide bond to ease trans-cis isomerization.
The s3 molecule has Pro. In s3b, OD of Asn902 hydrogen-
bonds with the main-chain N of Asp904. The hydrogen-bond
is critical for the peptide isomerization. Spiriti and van der
Vaart. (2010) Biochemistry 49:5314-5320, which is incor-
porated herein by reference in its entirety. For the remainder
of CBD molecules with Asp at the position, OD of Asp could
play the same role as that of Asn902. Other hydrogen-bonds
identified by simulation studies important in stabilizing the
transition states are well conserved. These donor-acceptor
pairs in s3 and s3b are tabulated (Table 1). Calcium ions
could catalyze the isomerization in all the CBD molecules
and their transition states and catalytic mechanism may look
very similar.

TABLE 1

Hydrogen-bonds important in trans-cis peptide isomerization in s3b
and their counterparts in s3.

Important H-bonds in s3b

for transition state formation Corresponding H-bonds in s3

T910_OG1 . .. N903_NH2 S879_0OG1 ... N872_ND2
T910_OG1 . .. N90O_N S879_0OG1 ... K86_N
E899_OE1 ... N903_ND2 E868_OFE1 ... N872_ND2
E899_OE2...8922_N E868_OE2...T891_N
N902_OD1 ... D%4_N NA (N902 replaced with P871)
D930_OD2 . ..Y1002_OH D939_0OD2...Y97_OH
Y1002_OH ...Y932_OH NA (Y932 replaced with F901)

Non-functional residues that are important in either fold-
ing or architectural stability are conserved. Hydrophobic
residues packed between the [3-sheets are better conserved if
they are located in the vicinity of functionally critical
residues. For example, invariant Trp956 of strand E is
packed between the -sheets. The residues flanking (Thr955
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& Thr957) interact with mini-collagen. Tyr932 is packed
between the sheets and helps positioning Tyr1002. Residues
at tight turns are conserved as well. Gly975 is well con-
served to allow a type II' turn in s3b, Gly942 (Gly975
equivalent) in s3 allows Asp941 side-chain to stabilize the
reverse turn. A highly conserved six-residue stretch, between
residues 986 and 991, adopts a tight turn and precedes the
functionally important strand H. The region is well ordered
in the crystal structures with low B-factors, and is the least
dynamic based on NMR and limited proteolysis MALDI-
TOF MS. Philominathan, et al. (2009) J Biol Chem 284:
10868-10876 and Sides et al. ] Am Soc Mass Spectrom.
(2012) 23(3):505-19 both of which are incorporated herein
by reference in their entireties. The main-chain carbonyl and
amino groups of Arg985 hydrogen-bond with OH of Tyr989
to stabilize the turn. Only Gly987 can make room for the
bulky Tyr989 side chain. Try990 packs against the invariant
Ala909 and conserved 3, helix. Ala909 is at the base of the
linker that undergoes a-helix—f3-strand transformation. The
tight turn may ensure that collagen interacting Leu992,
Tyr994, and Tyr996 would be correctly positioned. Tyr994
is the most critical residue in interacting with collagenous
peptides. Wilson, et al. (2003) EMBO J. 22:1743-1752. The
strands adjacent to strand H, i.e. strands C and E, are very
well conserved. The three antiparallel strands mold the
collagen-binding pocket. Strand F staples the p-sheets by
interacting with both sheets. The -strand first interacts in an
antiparallel orientation with strand E then breaks its direc-
tion at Gly971 to interact with strand G. In place of Gly971,
Ala or Pro is found at the location where the strand switches
its allegiance. The dual interaction of the strand helps
positioning Tyr970 to interact with mini-collagen.

Three residues shown to interact strongly with mini-
collagen are conserved. The invariant Tyr994 and well
conserved Tyr970 and Tyr996 constitute the “hot spot”.
Y994A mutation lost binding capability. Since Y994F
resulted in 12-fold reduction in binding to mini-collagen, the
hydroxyl group of Tyr994 may interact with collagen
through a hydrogen-bond. Tyr996, which is a critical residue
in binding mini-collagen, is not so well conserved. YO96A
caused 40-fold reduction in binding to the mini-collagen.
Y996 is s3b is replaced with Phe in s3, though both side
chains have identical orientation. In other CBD molecules,
an aromatic residue, such as Phe or His, is sometimes found
at the site. Y970A results in 12-fold reduction in binding to
mini-collagen. Thr957 was found to interact with mini-
collagen by '’N-HSQC-NMR titration. The f-branched
amino acid residues or Leu are found at the positions
equivalent to Thr957 in most of the CBDs. Six other residues
were identified by *’N-HSQC-NMR titration to interact with
mini-collagen are not very well conserved. Since divergent
CBDs (s3 and s3b) adopted a similar saddle-shaped binding
pocket, other CBDs may also adopt similar collagen-binding
strategy.

Divergent CBD could target different collagen sequences
and could possibly target different collagen types; however,
this structural study suggest otherwise. Rather, all the CBD
domains may bind similarly to an under-twisted region such
as the C-terminus of a collagen fibril. The C-terminus of type
I collagen is exposed in the fibril surface based on X-ray
fiber diffraction experiments, and it is the most accessible
site for the bacterial collagenase to initiate assaults. How-
ever CBD binding only at the C-terminal region of tropo-
collagen is unfounded. Gold particle-labeled tandem ColG-
CBD (s3a-s3b) labeled with gold particle bound to type I
collagen fibrils exhibited no periodicity. In the collagen
fibrils, the molecules are staggered from each other by about
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67 nm. Therefore CBD could target partially under-twisted
regions in the middle of a tropocollagen that are also
vulnerable for assaults.

Much like s3b, s3 is both compact, and extremely stable
in the presence of physiological Ca**. Thus, the enzyme
could degrade extracellular matrix for prolonged time. The
linker that induced structural transformation is a common
feature found in M9B collagenase. It could act as Ca®* to
trigger domain rearrangement as means of enzyme activa-
tion. Ca®* concentration in extracellular matrix is higher
than that inside a bacterium. Both s3 and s3b bind similarly
to a mini-collagen, thus M9B collagenase molecules could
initiate collagenolysis from analogous structural features in
various collagen fibril. Fusion protein of any CBD derived
from MO9B collagenase and a growth factor should result in
comparable clinical outcome.

Example 2

CBD-PTH Agonist Spurs Hair Growth and
CBD-PTH Antagonist Inhibits Hair Growth

In-Vitro Characterization of CBD-Linked PTH Com-
pounds:

Collagen binding of each peptide was verified in flow-
through collagen binding assays as previously described in
U.S. Patent Publication No. 2010/0129341, which is incor-
porated herein by reference in its entirety. PTH-CBD, con-
sisting of the first 33 amino acids of PTH linked directly to
the collagen binding domain (SEQ ID NO 1), was the most
potent agonist, having a similar effect to that of PTH(1-34)
(SEQ ID NO: 7) on cAMP accumulation. Ponnapakkam et
al. (2011) Calcif 88:511-520. Epub 2011 April 2022. Among
the antagonists, PTH(7-33)-CBD (SEQ ID NO: 10) had the
best combination of low intrinsic activity and high receptor
blockade (not shown), similar to those seen in other PTH
antagonists, including those used in hair growth studies.
Peters, et al. (2001) J Invest Dermatol 117:173-178.

In Vivo Distribution of PTH-CBD:

Tissue distribution was assessed by administering *>S-
labelled PTH-CBD via subcutaneous injection, followed by
whole mount frozen and whole-body autoradiography. PTH-
CBD with a phosphorylation site between PTH(1-33) and
the CBD was purified, activated and labeled with [gamma-
35] ATP as described previously. Tamai et al. (2003) Infect
Immun. 71:5371-5375. Approximately 10.8 meg of *°S-
PTH-CBD (122 kem/mceg) was injected subcutaneously in 7
week-old mice (32-35 g). Mice were sacrificed at 1 hour or
12 hours post-injection, and then frozen in dry ice-acetone.
Frozen sections (50 um) were prepared with an autocryo-
tome, dried at —20° C., and exposed to an image plate for 4
weeks. There appeared to be an initial distribution of 3°S-
PTH-CBD to a broad area of skin around the site of
injection, followed by a rapid redistribution to the skin of the
entire animal, as well as to several other tissues (i.e. bone,
intestine, bladder) (FIG. 2). PTH-CBD thus showed the
desired properties of distribution and retention to skin with
subcutaneous administration.

PTH-CBD Reverses Hair Loss in Chemotherapy-Induced
Alopecia in Mice:

We compared efficacy of CBD linked PTH agonists and
antagonists in chemotherapy-induced alopecia, utilizing an
experimental design published by Peters, et al., for non-
CBD linked PTH compounds. Peters, et al. (2001) J Invest
Dermatol 117:173-178. C57BL/6]J mice (Jackson Laborato-
ries, Bar Harbor, Me.) were depilated to synchronize the hair
follicles, and cyclophosphamide (CYP, 150 mg/kg) was
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administered on day 9 to maximize the chemotherapy-
induced damage. The agonist (PTH-CBD) and the antago-
nist (PTH(7-33)-CBD) were administered 2 days prior to
chemotherapy, and given the long-term retention of the
compounds in the skin, we administered only a single dose
to cover the timing of the multiple injections of PTH agonist
and antagonist in the study by Peters, et. al. The adminis-
tered dose of CBD-linked compounds (320 meg/kg) is well
tolerated in mice. Ponnapakkam et al. (2011) Calcif 88511-
520. Epub 2011 April 2022.

The results of the photodocumentation record indicate
that the agonist, PTH-CBD, was far more effective at
stimulating hair growth than was the antagonist (FIG. 3).
Histological examination revealed morphological changes
in the hair follicles after CYP therapy, which were more
superficially located and exhibited clumped melanocytes
around the bulb, characteristics of the dystrophic anagen and
catagen phase (FIG. 4). While the antagonist PTH(7-33)-
CBD had no beneficial effect, treatment with the agonist
PTH-CBD led to deeper rooting and reduced melanocyte
clumping, thus reversing the dystrophic changes. Counts of
anagen V1 hair follicles per high-powered field (HPF) were
compared between groups; animals treated with PTH-CBD
had a higher number of hair follicles, approaching those of
animals which did not receive chemotherapy (FIG. 5), while
the antagonist PTH(7-33)-CBD had no beneficial effect.

Importantly, we saw no evidence of adverse effects from
PTH-CBD administration. While PTH injections are known
to elevate blood calcium and can cause kidney stones,
PTH-CBD had no effect on serum calcium. In addition, there
was no evidence of excess hair length on the body or of
excess hair growth on the ears and tail, where a full coat is
normally not present. The effects of PTH-CBD on hair
growth have been confirmed in models of chemotherapy-
induced alopecia without depilation, which more closely
mimic clinical protocols.

Quantification of Effects of PTH-CBD in Chemotherapy-
Induced Alopecia:

We followed these studies by comparing the effects of
different doses of PTH-CBD in chemotherapy-induced alo-
pecia. In these studies, we applied the injections more
distally on the back and applied a gray-scale analysis to
quantify the amount of hair growth. Injecting more distally
in the back allows us to compare regrowth of hair after
PTH-CBD treatment with less interference from the normal
hair regrowth, which normally proceeds from head to tail in
mice. The results are shown in FIG. 6, indicating a dose-
dependent effect on hair regrowth both qualitatively and
quantitatively.

Chemotherapy-Induced Alopecia without Depilation:

While the depilated model of chemotherapy-induced alo-
pecia provides a uniform model for comparison of drug
effects, the depilation process is known to cause hair follicle
injury, and may alter the response of the animals to the
PTH-CBD administration. We therefore tested the effects of
PTH-CBD in another model of chemotherapy-induced alo-
pecia, where the animals were given 3 courses of cyclo-
phosphamide therapy (50 mg/kg/wk), similar to the usual
manner in which cancer patients might be treated. In this
model, it takes much longer (4-6 months) for alopecia to
develop. Animals that received a single dose of PTH-CBD
(320 meg/kg subcutaneous) prior to the first cycle did not
develop hair loss as shown in FIG. 7.

In a second study, we compared the effects of PTH-CBD
when given prophylactically, at the time of the first cycle of
chemotherapy, vs. therapeutically, after the hair loss had
developed. While PTH-CBD was effective in both instances,
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the effects were more prominent when given prophylacti-
cally. This is evident both visually and quantitatively in FIG.
8, using the same grey scale analysis used in our dose-
response study.

Depilation Alopecia:

The agonist PTH-CBD appears to increase hair growth by
increasing the number of anagen phase hair follicles. As
such, there is no reason to believe that hair growth effects
should be limited to the chemotherapy model. We therefore
tested both PTH-CBD and antagonist compound, PTH(7-
33)-CBD, after removing hair from C57/BL6J mice by
waxing (FIG. 9). The results were quite interesting; agonist
(PTH-CBD) treated animals had earlier anagen eruption
(day 7 vs. day 9 for vehicle controls), and exhibited more
complete regrowth of hair by the end of the study (day 18).
Antagonist (PTH(7-33)-CBD) treated animals also had an
early anagen eruption, but the hair growth which followed
was markedly curtailed, and the hair cycle was arrested after
this point, resulting no further observed regrowth of hair.
Thus, it appears that agonist therapy is acting to promote
more rapid regrowth of hair by promoting more rapid
transition to the anagen phase, while the antagonist inhibited
hair regrowth by blocking this transition.

PTH-CBD is a fusion protein of the first 33 amino acids
of parathyroid hormone (PTH) and a bacterial collagen
binding domain. The collagen binding activity causes PTH-
CBD to be retained at its site of action in the dermal
collagen, maximizing efficacy and reducing systemic side-
effects. PTH-CBD stimulates hair growth by causing hair
follicles to enter an anagen VI or growth phase, presumably
by activating WNT signaling and increasing production of
beta-catenin. We therefore plan to conduct the following
additional studies to confirm this mechanism of action and
to determine the effect of PTH-CBD in two distinct genetic
mouse models with WNT signaling inhibition. These data
will be used in formulating clinical trials for PTH-CBD as
a therapy for alopecia.

Alopecia Areata Alopecia:

Areata is a disease of patchy hair loss due to autoimmune
destruction of the hair follicles. We tested the efficacy of
PTH-CBD in promoting regrowth of hair in an animal model
of alopecia areata, the engrafted C3H/Hej mouse. In this
model, hair loss develops variably over the first 2 months of
life. Shown in FIG. 10 is the results of a single dose of
PTH-CBD (320 meg/kg subcutaneous) administered into the
engrafted site, the center of the back, where there was
maximal hair loss. Compared to vehicle control animals,
which continued to lose hair at this site, animals receiving
PTH-CBD began to show regrowth of hair within the next
1-4 days. Importantly, the response was found to be sus-
tained during the 2 month course of the experiment.

Example 3

CBD-PTH can Prevent or Treat
Hyperparathyroidism

In this experiment, rats had their ovaries surgically
removed at age 3 months. At age 9 months, rats were
injected with either a single dose of PTH-CBD (320 mcg/kg)
or vehicle control. Animals were sacrificed 6 months after
therapy (age 15 months). Human intact PTH levels were
measured to assess serum levels of PTH-CBD, and were
found to be undetectable in both groups. Serum calcium was
measured and there were no differences between groups
(Vehicle: 13.54/-1.1 vs. PTH-CBD: 14.3+/-1.1 mg/dl, NS).
Rat intact PTH levels were measured to assess endogenous
PTH production, and PTH-CBD suppressed the normal
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increase in endogenous PTH levels seen in aged, ovarecto- endogenous PTH production, preventing the normal rise
mized rats (FIG. 11). These findings indicate that a single seen with age in the ovarectomized rat model, and thus may
injection of PTH-CBD can provide long-term suppression of serve as a therapy for hyperparathyroidism.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 47

<210> SEQ ID NO 1

<211> LENGTH: 158

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic fusion protein containing parathyroid
hormone segment and collagen-binding domain

<400> SEQUENCE: 1

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30

Asn Gly Ile Asn Ser Pro Val Tyr Pro Ile Gly Thr Glu Lys Glu Pro
35 40 45

Asn Asn Ser Lys Glu Thr Ala Ser Gly Pro Ile Val Pro Gly Ile Pro
50 55 60

Val Ser Gly Thr Ile Glu Asn Thr Ser Asp Gln Asp Tyr Phe Tyr Phe
65 70 75 80

Asp Val Ile Thr Pro Gly Glu Val Lys Ile Asp Ile Asn Lys Leu Gly
85 90 95

Tyr Gly Gly Ala Thr Trp Val Val Tyr Asp Glu Asn Asn Asn Ala Val
100 105 110

Ser Tyr Ala Thr Asp Asp Gly Gln Asn Leu Ser Gly Lys Phe Lys Ala
115 120 125

Asp Lys Pro Gly Arg Tyr Tyr Ile His Leu Tyr Met Phe Asn Gly Ser
130 135 140

Tyr Met Pro Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg
145 150 155

<210> SEQ ID NO 2

<211> LENGTH: 251

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic fusion protein containing parathyroid
hormone fragment and collagen-binding domain and polycystic kidney
disease domain of ColH.

<400> SEQUENCE: 2

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30

Asn Gly Ile Pro Glu Ile Lys Asp Leu Ser Glu Asn Lys Leu Pro Val
35 40 45

Ile Tyr Met His Val Pro Lys Ser Gly Ala Leu Asn Gln Lys Val Val
50 55 60

Phe Tyr Gly Lys Gly Thr Tyr Asp Pro Asp Gly Ser Ile Ala Gly Tyr
65 70 75 80

Gln Trp Asp Phe Gly Asp Gly Ser Asp Phe Ser Ser Glu Gln Asn Pro
85 90 95

Ser His Val Tyr Thr Lys Lys Gly Glu Tyr Thr Val Thr Leu Arg Val
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-continued
100 105 110
Met Asp Ser Ser Gly Gln Met Ser Glu Lys Thr Met Lys Ile Lys Ile
115 120 125
Thr Asp Pro Val Tyr Pro Ile Gly Thr Glu Lys Glu Pro Asn Asn Ser
130 135 140
Lys Glu Thr Ala Ser Gly Pro Ile Val Pro Gly Ile Pro Val Ser Gly
145 150 155 160
Thr Ile Glu Asn Thr Ser Asp Gln Asp Tyr Phe Tyr Phe Asp Val Ile
165 170 175
Thr Pro Gly Glu Val Lys Ile Asp Ile Asn Lys Leu Gly Tyr Gly Gly
180 185 190
Ala Thr Trp Val Val Tyr Asp Glu Asn Asn Asn Ala Val Ser Tyr Ala
195 200 205
Thr Asp Asp Gly Gln Asn Leu Ser Gly Lys Phe Lys Ala Asp Lys Pro
210 215 220
Gly Arg Tyr Tyr Ile His Leu Tyr Met Phe Asn Gly Ser Tyr Met Pro
225 230 235 240
Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg
245 250
<210> SEQ ID NO 3
<211> LENGTH: 5464
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic expression vector
<400> SEQUENCE: 3
agcttatcga ctgcacggtg caccaatget tctggegtea ggcagccatce ggaagetgtg 60
gtatggcetgt gcaggtcgta aatcactgca taattcegtgt cgctcaaggce gcactccegt 120
tctggataat gttttttgcg ccgacatcat aacggttcectyg gcaaatattce tgaaatgage 180
tgttgacaat taatcatcgg ctcgtataat gtgtggaatt gtgagcggat aacaatttca 240
cacaggaaac agtattcatg tcccctatac taggttattg gaaaattaag ggccttgtge 300
aacccacteg acttettttyg gaatatcttg aagaaaaata tgaagagcat ttgtatgage 360
gcgatgaagyg tgataaatgg cgaaacaaaa agtttgaatt gggtttggag tttcccaatc 420
ttccttatta tattgatggt gatgttaaat taacacagtc tatggccatc atacgttata 480
tagctgacaa gcacaacatg ttgggtggtt gtccaaaaga gegtgcagag atttcaatge 540
ttgaaggagce ggttttggat attagatacg gtgtttcgag aattgcatat agtaaagact 600
ttgaaactct caaagttgat tttcttagca agctacctga aatgctgaaa atgttcgaag 660
atcgtttatg tcataaaaca tatttaaatg gtgatcatgt aacccatcct gacttcatgt 720
tgtatgacgce tcttgatgtt gttttataca tggacccaat gtgectggat gcegttcccaa 780
aattagtttg ttttaaaaaa cgtattgaag ctatcccaca aattgataag tacttgaaat 840
ccagcaagta tatagcatgg cctttgecagg getggcaage cacgtttggt ggtggegace 900
atcctccaaa atcggatcectg atcgaaggte gttcetgtgag tgaaatacag cttatgcata 960
acctgggaaa acatctgaac tcgatggaga gagtagaatg gctgcgtaag aagctgcagg 1020
atgtgcacaa tggaattaat tccccggtat atccaatagg cactgaaaaa gaaccaaata 1080
acagtaaaga aactgcaagt ggtccaatag taccaggtat acctgttagt ggaaccatag 1140
aaaatacaag tgatcaagat tatttctatt ttgatgttat aacaccagga gaagtaaaaa 1200
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-continued
tagatataaa taaattaggg tacggaggag ctacttgggt agtatatgat gaaaataata 1260
atgcagtatc ttatgccact gatgatgggc aaaatttaag tggaaagttt aaggcagata 1320
aaccaggtag atattacatc catctttaca tgtttaatgg tagttatatg ccatatagaa 1380
ttaatataga aggttcagta ggaagataat attttattag ttgaggtaac tccactcgaa 1440
ttggtcgact cgagcggccg catcgtgact gactgacgat ctgcctcecgeg cgttteggtg 1500
atgacggtga aaacctctga cacatgcagc tcccggagac ggtcacagcet tgtctgtaag 1560
cggatgcecegg gagcagacaa gcecccgtcagg gegegtcage gggtgttgge gggtgteggg 1620
gcgcagcecat gacccagtca cgtagcgata gcggagtgta taattcttga agacgaaagg 1680
gcctegtgat acgectattt ttataggtta atgtcatgat aataatggtt tcttagacgt 1740
caggtggcac ttttcgggga aatgtgcgcg gaacccctat ttgtttattt ttctaaatac 1800
attcaaatat gtatccgctc atgagacaat aaccctgata aatgcttcaa taatattgaa 1860
aaaggaagag tatgagtatt caacatttcc gtgtcgcect tattcceccttt tttgceggcat 1920
tttgccttee tgtttttget cacccagaaa cgctggtgaa agtaaaagat gctgaagatc 1980
agttgggtgc acgagtgggt tacatcgaac tggatctcaa cagcggtaag atccttgaga 2040
gttttcgeee cgaagaacgt tttccaatga tgagcacttt taaagttctg ctatgtggeg 2100
cggtattatc ccgtgttgac gccgggcaag agcaactcegg tcgccgcata cactattcecte 2160
agaatgactt ggttgagtac tcaccagtca cagaaaagca tcttacggat ggcatgacag 2220
taagagaatt atgcagtgct gccataacca tgagtgataa cactgcggcc aacttacttce 2280
tgacaacgat cggaggaccg aaggagctaa ccgctttttt gcacaacatg ggggatcatg 2340
taactcgect tgatcgttgg gaaccggagce tgaatgaagce cataccaaac gacgagcgtg 2400
acaccacgat gcctgcagca atggcaacaa cgttgcgcaa actattaact ggcgaactac 2460
ttactctagce ttcccggcaa caattaatag actggatgga ggcggataaa gttgcaggac 2520
cacttctgeg ctcecggccectt ceggetggcet ggtttattge tgataaatct ggagceceggtg 2580
agcgtgggtce tcgcggtatce attgcagcac tggggccaga tggtaagccce teccgtatceg 2640
tagttatcta cacgacgggg agtcaggcaa ctatggatga acgaaataga cagatcgctg 2700
agataggtgc ctcactgatt aagcattggt aactgtcaga ccaagtttac tcatatatac 2760
tttagattga tttaaaactt catttttaat ttaaaaggat ctaggtgaag atcctttttg 2820
ataatctcat gaccaaaatc ccttaacgtg agttttegtt ccactgagcg tcagaccccg 2880
tagaaaagat caaaggatct tcttgagatc ctttttttet gegcecgtaatce tgctgcttgce 2940
aaacaaaaaa accaccgcta ccagcggtgg tttgtttgcc ggatcaagag ctaccaactce 3000
tttttcececgaa ggtaactgge ttcagcagag cgcagatacc aaatactgtce cttctagtgt 3060
agccgtagtt aggccaccac ttcaagaact ctgtagcacc gecctacatac ctegetcetge 3120
taatcctgtt accagtggct gcectgccagtg gcgataagtc gtgtcttacce gggttggact 3180
caagacgata gttaccggat aaggcgcagce ggtcgggetyg aacggggggt tcegtgcacac 3240
agcccagett ggagcgaacg acctacaccg aactgagata cctacagegt gagctatgag 3300
aaagcgccac gctteccgaa gggagaaagg cggacaggta tcecggtaage ggcagggtceg 3360
gaacaggaga gcgcacgagg gagcttceccag ggggaaacgc ctggtatctt tatagtectg 3420
tcgggttteg ccacctcectga cttgagegte gatttttgtg atgctegtca ggggggcgga 3480
gcctatggaa aaacgccagce aacgcggcect ttttacggtt cctggecttt tgctggectt 3540
ttgctcacat gttctttect gegttatcce ctgattetgt ggataaccgt attaccgect 3600
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ttgagtgagce tgataccgct cgccgcagec gaacgaccga gcegcagcegag tcagtgageg 3660
aggaagcgga agagcgcctg atgcggtatt ttctecttac gecatctgtge ggtatttcac 3720
accgcataaa ttccgacacc atcgaatggt gcaaaacctt tcgcggtatg gcatgatagce 3780
gcccggaaga gagtcaatte agggtggtga atgtgaaacc agtaacgtta tacgatgtceg 3840
cagagtatgc cggtgtctcect tatcagaccg tttecccgegt ggtgaaccag gecagccacg 3900
tttctgcgaa aacgcgggaa aaagtggaag cggcgatggce ggagctgaat tacattccca 3960
accgcgtgge acaacaactg gegggcaaac agtegttget gattggegtt gecacctceca 4020
gtctggcect gcacgcgcecg tcgcaaattg tcgcggcgat taaatctecgce gccgatcaac 4080
tgggtgccag cgtggtggtyg tcgatggtag aacgaagcegg cgtcgaagcce tgtaaagcegg 4140
cggtgcacaa tcttcectcecgeg caacgcgtca gtgggctgat cattaactat ccgctggatg 4200
accaggatgc cattgctgtg gaagctgcct gcactaatgt tccggcgtta tttettgatg 4260
tctctgacca gacacccatc aacagtatta ttttctecca tgaagacggt acgcgactgg 4320
gcgtggagceca tcetggtcecgca ttgggtcacce agcaaatcgce getgttageg ggcccattaa 4380
gttctgtete ggcgegtcectg cgtetggetg getggcataa atatctcact cgcaatcaaa 4440
ttcagccgat agcggaacgg gaaggcgact ggagtgccat gtccecggtttt caacaaacca 4500
tgcaaatgct gaatgagggc atcgtteccca ctgcgatget ggttgccaac gatcagatgg 4560
cgectgggege aatgcgcgece attaccgagt ccgggctgeg cgttggtgeg gatatctegg 4620
tagtgggata cgacgatacc gaagacagct catgttatat cccgccgtta accaccatca 4680
aacaggattt tcgcctgcetg gggcaaacca gcgtggaccg cttgctgcaa ctcectctcagg 4740
gecaggeggt gaagggcaat cagetgttge ccgtctcact ggtgaaaaga aaaaccaccce 4800
tggcgcccaa tacgcaaacc gectctecce gcecgegttgge cgattcatta atgcagetgg 4860
cacgacaggt ttcccgactg gaaagcgggce agtgagcgca acgcaattaa tgtgagttag 4920
ctcactcatt aggcacccca ggctttacac tttatgettce cggctcgtat gttgtgtgga 4980
attgtgagcg gataacaatt tcacacagga aacagctatg accatgatta cggattcact 5040
ggcegtegtt ttacaacgte gtgactggga aaaccctggce gttacccaac ttaatcgect 5100
tgcagcacat cccecttteg ccagetggeg taatagcgaa gaggcccgca ccgatcgece 5160
ttcccaacag ttgcgcagece tgaatggcga atggcgettt gectggttte cggcaccaga 5220
agcggtgecg gaaagctgge tggagtgcga tcttectgag gecgatactg tegtegtece 5280
ctcaaactgg cagatgcacg gttacgatgc gcccatctac accaacgtaa cctatcccat 5340
tacggtcaat ccgcecgtttg ttecccacgga gaatccgacg ggttgttact cgctcacatt 5400
taatgttgat gaaagctggc tacaggaagg ccagacgcga attatttttg atggcegttgg 5460
aatt 5464

<210> SEQ ID NO 4
<211> LENGTH: 383

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 4

Synthetic GST-PTH-CBD fusion protein

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro

1

5

10

15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
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20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Ile Glu Gly
210 215 220

Arg Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu
225 230 235 240

Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val
245 250 255

His Asn Gly Ile Asn Ser Pro Val Tyr Pro Ile Gly Thr Glu Lys Glu
260 265 270

Pro Asn Asn Ser Lys Glu Thr Ala Ser Gly Pro Ile Val Pro Gly Ile
275 280 285

Pro Val Ser Gly Thr Ile Glu Asn Thr Ser Asp Gln Asp Tyr Phe Tyr
290 295 300

Phe Asp Val Ile Thr Pro Gly Glu Val Lys Ile Asp Ile Asn Lys Leu
305 310 315 320

Gly Tyr Gly Gly Ala Thr Trp Val Val Tyr Asp Glu Asn Asn Asn Ala
325 330 335

Val Ser Tyr Ala Thr Asp Asp Gly Gln Asn Leu Ser Gly Lys Phe Lys
340 345 350

Ala Asp Lys Pro Gly Arg Tyr Tyr Ile His Leu Tyr Met Phe Asn Gly
355 360 365

Ser Tyr Met Pro Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg
370 375 380

<210> SEQ ID NO 5

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide: Factor Xa recognition
sequence

<400> SEQUENCE: 5
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Ile Glu Gly Arg

1

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Clostridium

PRT

<400> SEQUENCE:

Met

1

Ala

Asp

Thr

Leu

65

Ser

Met

Lys

Gly

Glu

145

Lys

Leu

Pro

Asp

Asp

225

Pro

Ala

Gly

Ile

Ser
305
Ser

Glu

Lys

Lys

Thr

Lys

Val

50

Val

Asp

Asp

Gly

Phe

130

Arg

Leu

Ala

Ile

Leu

210

Ile

Trp

Leu

Ile

Gly

290

Met

Lys

Gly

Val

Arg

Ile

Asn

35

Ser

Lys

Ala

Glu

Ile

115

His

Val

Gly

Gly

Leu

195

Lys

Thr

Tyr

Tyr

Tyr

275

Ile

Gln

Asp

Lys

Ile
355

Lys

Phe

20

Asn

Tyr

Thr

Lys

Ile

100

Pro

Asn

Ile

Thr

Asn

180

Gln

Ser

Glu

Gly

Gly

260

His

Glu

His

Ala

Glu
340

Ile

1021

6

Cys

5

Thr

Ala

Leu

Glu

Glu

85

Gly

Thr

Lys

Pro

Glu

165

Glu

Asp

Lys

Tyr

Lys

245

Lys

Ile

Thr

Leu

Glu
325

Lys

Lys

Leu

Val

Thr

Lys

Ile

Phe

Arg

Leu

Glu

Ser

150

Val

Thr

Cys

Ala

Leu

230

Ile

Ile

Ala

Leu

Gln
310
Gly

Tyr

Ala

Ser

Asn

Ala

Thr

55

Glu

Tyr

Arg

Val

Leu

135

Ile

Gln

Ala

Ile

Leu

215

Arg

Asp

Asn

Pro

Thr

295

Ser

Asn

Cys

Gly

histolyticum

Lys

Ser

Ala

40

Leu

Asn

Gly

Ala

Glu

120

Asn

Leu

Asp

Pro

Lys

200

Phe

Ala

Gly

Asp

Leu

280

Glu

Ala

Lys

Pro

Ala
360

Arg

Thr

25

Val

Asn

Leu

Asn

Pro

105

Val

Glu

Ala

Lys

Pro

185

Asn

Asn

Thr

Phe

Asn

265

Gly

Val

Asp

Ile

Lys
345

Arg

Leu

10

Leu

Gln

Tyr

Pro

Lys

90

Gln

Val

Ile

Ile

Ile

170

Glu

Ile

Val

Lys

Ile

250

Asn

Lys

Met

Gln

Pro
330

Thr

Val

Met

Pro

Asn

Tyr

Asp

Thr

Tyr

Arg

Asn

Gln

155

Val

Val

Asp

Leu

Glu

235

Asn

Ser

Leu

Lys

Ile

315

Leu

Tyr

Glu

Leu

Ile

Glu

Asp

60

Leu

Arg

Thr

Ala

Lys

140

Lys

Ser

Val

Arg

Ala

220

Lys

Glu

Trp

His

Val

300

Lys

Asp

Thr

Glu

Ala

Tyr

Ser

45

Leu

Phe

Met

Glu

Gly

125

Arg

Asn

Ala

Asn

Tyr

205

Ala

Pro

Leu

Ile

Ser

285

Tyr

Arg

Lys

Phe

Glu
365

Ile

Ala

30

Lys

Val

Gln

Ser

Ile

110

Phe

Ser

Pro

Thr

Asn

190

Ala

Pro

Glu

Lys

Ile

270

Asn

Pro

His

Phe

Asp
350

Lys

Thr

15

Ala

Arg

Asp

Tyr

Phe

95

Asp

Tyr

Phe

Asn

Gly

175

Phe

Leu

Thr

Asn

Lys

255

Asp

Asn

Tyr

Tyr

Lys

335

Asp

Val

Met

Val

Tyr

Leu

Ser

80

Ile

His

Leu

Lys

Phe

160

Leu

Thr

Asp

Tyr

Thr

240

Leu

Asn

Lys

Leu

Asp
320
Lys

Gly

Lys
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30

Arg

Tyr

385

Thr

Leu

Gly

Leu

Tyr

465

Arg

Thr

Ser

Met

545

Asp

Asp

Gln

Asp

Ser

625

Lys

Gly

Phe

Tyr

Asn

705

Gly

Lys

Asp

Asn

Leu

370

Gly

Met

Tyr

Thr

Glu

450

Ala

Leu

Arg

Asn

Lys

530

Asp

Leu

Leu

Glu

Asp

610

Glu

Lys

Gly

Ile

Lys

690

Arg

Asp

Gly

Pro

Lys
770

Tyr

Ile

Val

Gly

Phe

435

Glu

Val

Thr

Thr

Thr

515

Tyr

Tyr

Ala

Ser

Arg

595

Tyr

Ile

Ser

Ala

Asp

675

Thr

Val

Ser

Thr

Asp

755

Ser

Trp

Asp

Ile

Tyr

420

Phe

Leu

Pro

Trp

Ser

500

Thr

Gly

Met

Lys

Ser

580

Ile

Leu

Ser

Gln

Ser

660

Asp

Leu

Thr

Lys

Glu

740

Gly

Asn

Ala

Lys

Tyr

405

Asp

Thr

Phe

Gly

Tyr

485

Gly

Arg

Ala

Tyr

Asn

565

Asn

Asp

Val

Glu

Tyr

645

Lys

Ser

Thr

Tyr

Asn
725
Lys

Lys

Glu

Ser

Pro

390

Asn

Thr

Tyr

Arg

Gln

470

Glu

Ile

Asn

Ser

Asn

550

Asn

Tyr

Asn

Arg

Val

630

Phe

Gly

Leu

Ala

Asp

710

Ser

Glu

Ile

Glu

Lys

375

Leu

Ser

Asn

Glu

His

455

Trp

Glu

Leu

Asn

Phe

535

Lys

Asp

Ala

Tyr

His

615

Ala

Ser

Lys

Lys

Tyr

695

Val

Leu

Lys

Val

Asn
775

Glu

Glu

Pro

Asn

Arg

440

Glu

Gly

Gly

Pro

Arg

520

Glu

Asp

Val

Leu

Glu

600

Ala

Lys

Thr

Leu

Lys

680

Phe

Val

Pro

Ile

Ser

760

Pro

Val

Glu

Glu

Gly

425

Glu

Tyr

Arg

Gly

Arg

505

Tyr

Phe

Met

Asp

Asn

585

Asn

Tyr

Leu

Phe

Glu

665

Leu

Thr

Phe

Tyr

Lys

745

Tyr

Glu

Asn

Gly

Glu

410

Gly

Ala

Thr

Thr

Ala

490

Lys

Lys

Tyr

Gly

Gly

570

Asp

Leu

Lys

Lys

Thr

650

Asp

Asp

Asn

His

Gly

730

Phe

Glu

His

Ser

Asn

395

Tyr

Met

Gln

His

Lys

475

Glu

Ser

Leu

Asn

Ile

555

Tyr

Lys

Thr

Asn

Asp

635

Leu

Gln

Thr

Tyr

Gly

715

Lys

Ser

Trp

Ser

Gln

380

Pro

Lys

Tyr

Glu

Tyr

460

Leu

Leu

Ile

Ser

Tyr

540

Leu

Asp

Tyr

Val

Pro

620

Ala

Arg

Lys

Tyr

Lys

700

Tyr

Ile

Ser

Asp

Tyr
780

Phe

Asp

Leu

Ile

Ser

445

Leu

Tyr

Phe

Val

Asp

525

Ala

Asn

Asn

Gln

Pro

605

Asn

Lys

Gly

Ala

Ser

685

Val

Leu

Asn

Glu

Phe

765

Asp

Phe

Asp

Asn

Glu

430

Thr

Gln

Asp

Ala

Ser

510

Thr

Cys

Lys

Tyr

Asp

590

Phe

Glu

Ser

Ser

Met

670

Trp

Asp

Pro

Gly

Gly

750

Gly

Lys

Arg

Ile

Ser

415

Pro

Tyr

Gly

Asn

Gly

495

Asn

Val

Met

Leu

Ile

575

His

Val

Ile

Glu

Tyr

655

Asn

Ser

Ser

Asn

Thr
735
Ser

Asp

Val

Val

Leu

400

Val

Glu

Thr

Arg

Asp

480

Ser

Ile

His

Phe

Asn

560

Arg

Met

Ala

Tyr

Val

640

Thr

Lys

Gly

Ser

Glu

720

Tyr

Phe

Gly

Gly
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Thr Tyr Thr Val Lys Leu Lys Val Thr Asp Asp Lys Gly Glu Ser Ser
785 790 795 800

Val Ser Thr Thr Thr Ala Glu Ile Lys Asp Leu Ser Glu Asn Lys Leu
805 810 815

Pro Val Ile Tyr Met His Val Pro Lys Ser Gly Ala Leu Asn Gln Lys
820 825 830

Val Val Phe Tyr Gly Lys Gly Thr Tyr Asp Pro Asp Gly Ser Ile Ala
835 840 845

Gly Tyr Gln Trp Asp Phe Gly Asp Gly Ser Asp Phe Ser Ser Glu Gln
850 855 860

Asn Pro Ser His Val Tyr Thr Lys Lys Gly Glu Tyr Thr Val Thr Leu
865 870 875 880

Arg Val Met Asp Ser Ser Gly Gln Met Ser Glu Lys Thr Met Lys Ile
885 890 895

Lys Ile Thr Asp Pro Val Tyr Pro Ile Gly Thr Glu Lys Glu Pro Asn
900 905 910

Asn Ser Lys Glu Thr Ala Ser Gly Pro Ile Val Pro Gly Ile Pro Val
915 920 925

Ser Gly Thr Ile Glu Asn Thr Ser Asp Gln Asp Tyr Phe Tyr Phe Asp
930 935 940

Val Ile Thr Pro Gly Glu Val Lys Ile Asp Ile Asn Lys Leu Gly Tyr
945 950 955 960

Gly Gly Ala Thr Trp Val Val Tyr Asp Glu Asn Asn Asn Ala Val Ser
965 970 975

Tyr Ala Thr Asp Asp Gly Gln Asn Leu Ser Gly Lys Phe Lys Ala Asp
980 985 990

Lys Pro Gly Arg Tyr Tyr Ile His Leu Tyr Met Phe Asn Gly Ser Tyr
995 1000 1005

Met Pro Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg
1010 1015 1020

<210> SEQ ID NO 7

<211> LENGTH: 84

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30

Asn Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser

Gln Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu
50 55 60

Lys Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn Val Leu Thr Lys
65 70 75 80

Ala Lys Ser Gln

<210> SEQ ID NO 8

<211> LENGTH: 141

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln
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1 5 10 15

Asp Leu Arg Arg Arg Phe Phe Leu His His Leu Ile Ala Glu Ile His
20 25 30

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser Lys Pro
35 40 45

Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly Ser Asp Asp Glu
50 55 60

Gly Arg Tyr Leu Thr Gln Glu Thr Asn Lys Val Glu Thr Tyr Lys Glu

Gln Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly Lys Pro Gly Lys
85 90 95

Arg Lys Glu Gln Glu Lys Lys Lys Arg Arg Thr Arg Ser Ala Trp Leu
100 105 110

Asp Ser Gly Val Thr Gly Ser Gly Leu Glu Gly Asp His Leu Ser Asp
115 120 125

Thr Ser Thr Thr Ser Leu Glu Leu Asp Ser Arg Arg His
130 135 140

<210> SEQ ID NO 9

<211> LENGTH: 160

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Gly-Ser-PTH(1-33)-CBD fusion protein

<400> SEQUENCE: 9

Gly Ser Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His
1 5 10 15

Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp
20 25 30

Val His Asn Gly Ile Asn Ser Pro Val Tyr Pro Ile Gly Thr Glu Lys
35 40 45

Glu Pro Asn Asn Ser Lys Glu Thr Ala Ser Gly Pro Ile Val Pro Gly
50 55 60

Ile Pro Val Ser Gly Thr Ile Glu Asn Thr Ser Asp Gln Asp Tyr Phe

Tyr Phe Asp Val Ile Thr Pro Gly Glu Val Lys Ile Asp Ile Asn Lys
85 90 95

Leu Gly Tyr Gly Gly Ala Thr Trp Val Val Tyr Asp Glu Asn Asn Asn
100 105 110

Ala Val Ser Tyr Ala Thr Asp Asp Gly Gln Asn Leu Ser Gly Lys Phe
115 120 125

Lys Ala Asp Lys Pro Gly Arg Tyr Tyr Ile His Leu Tyr Met Phe Asn
130 135 140

Gly Ser Tyr Met Pro Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg
145 150 155 160

<210> SEQ ID NO 10

<211> LENGTH: 152

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic PTH(7-33)-CBD fusion protein

<400> SEQUENCE: 10

Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met Glu Arg Val Glu
1 5 10 15



US 9,526,765 B2
35

-continued

Trp Leu Arg Lys Lys Leu Gln Asp Val His Asn Gly Ile Asn Ser Pro
20 25 30

Val Tyr Pro Ile Gly Thr Glu Lys Glu Pro Asn Asn Ser Lys Glu Thr
35 40 45

Ala Ser Gly Pro Ile Val Pro Gly Ile Pro Val Ser Gly Thr Ile Glu
50 55 60

Asn Thr Ser Asp Gln Asp Tyr Phe Tyr Phe Asp Val Ile Thr Pro Gly
65 70 75 80

Glu Val Lys Ile Asp Ile Asn Lys Leu Gly Tyr Gly Gly Ala Thr Trp

Val Val Tyr Asp Glu Asn Asn Asn Ala Val Ser Tyr Ala Thr Asp Asp
100 105 110

Gly Gln Asn Leu Ser Gly Lys Phe Lys Ala Asp Lys Pro Gly Arg Tyr
115 120 125

Tyr Ile His Leu Tyr Met Phe Asn Gly Ser Tyr Met Pro Tyr Arg Ile
130 135 140

Asn Ile Glu Gly Ser Val Gly Arg
145 150

<210> SEQ ID NO 11

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic PTH(1-33) with Gly-Ser amino terminal
extension

<400> SEQUENCE: 11

Gly Ser Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His
1 5 10 15

Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp
20 25 30

Val His Asn
35

<210> SEQ ID NO 12

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic thrombin cleavage sequence

<400> SEQUENCE: 12
Leu Val Pro Arg Gly Ser

1 5

<210> SEQ ID NO 13

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Clostridium histolyticum

<400> SEQUENCE: 13

Leu Lys Glu Lys Glu Asn Asn Asp Ser Ser Asp Lys Ala Thr Val Ile
1 5 10 15

Pro Asn Phe Asn Thr Thr Met Gln Gly Ser Leu Leu Gly Asp Asp Ser
20 25 30

Arg Asp Tyr Tyr Ser Phe Glu Val Lys Glu Glu Gly Glu Val Asn Ile
35 40 45

Glu Leu Asp Lys Lys Asp Glu Phe Gly Val Thr Trp Thr Leu His Pro
50 55 60
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Glu Ser Asn Ile Asn Asp Arg Ile Thr Tyr Gly Gln Val Asp Gly Asn
65 70 75 80

Lys Val Ser Asn Lys Val Lys Leu Arg Pro Gly Lys Tyr Tyr Leu Leu
85 90 95

Val Tyr Lys Tyr Ser Gly Ser Gly Asn Tyr Glu Leu Arg Val Asn
100 105 110

<210> SEQ ID NO 14

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: C. sporogenes

<400> SEQUENCE: 14

Ile His Glu Lys Glu Asn Asn Asp Ser Phe Glu Ser Ala Asn Lys Ile
1 5 10 15

Val Leu Asn Ala Pro Ile Leu Gly Ser Leu Asn Gly Glu Asp Leu Arg
20 25 30

Asp Ile Tyr Ser Phe Glu Ile Lys Glu Thr Lys Asp Leu Asn Ile Lys
35 40 45

Leu Thr Asn Leu Asn Asn Leu Gly Leu Thr Trp Thr Leu Tyr Lys Glu
50 55 60

Ser Asp Leu Asn Asn Tyr Ile Ala Tyr Gly Ser Lys Leu Gly Ser Thr
65 70 75 80

Ile Val Gly Asn Cys His Val Thr Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Tyr Ser Gly Asn Asn Gly Asn Tyr Ser Leu Ile Ile Lys
100 105 110

<210> SEQ ID NO 15

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: C. botulinum

<400> SEQUENCE: 15

Ile Tyr Glu Lys Glu Asn Asn Asp Ser Phe Glu Thr Ala Asn Lys Ile
1 5 10 15

Met Leu Asn Thr Thr Val Leu Gly Asn Leu Asn Gly Lys Asp Val Arg
20 25 30

Asp Ile Tyr Ser Phe Asp Ile Lys Glu Ala Lys Asp Leu Asp Ile Lys
35 40 45

Leu Asn Asn Leu Asn Asn Leu Gly Leu Ala Trp Asn Leu Tyr Lys Glu
50 55 60

Ser Asp Leu Asn Asn Tyr Ile Ala Tyr Gly Ser Val Ser Gly Asn Thr
Ile Lys Gly Lys Cys Asn Val Ala Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Tyr Ser Gly Asp Asn Gly Asn Tyr Ser Leu Ala Ile Lys
100 105 110

<210> SEQ ID NO 16

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: B. cereus

<400> SEQUENCE: 16

Leu Thr Glu Ser Glu Pro Asn Asn Arg Pro Glu Glu Ala Asn Arg Ile
1 5 10 15
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-continued

Gly Leu Asn Thr Thr Ile Lys Gly Ser Leu Ile Gly Gly Asp His Thr
20 25 30

Asp Val Tyr Thr Phe Asn Val Ala Ser Ala Lys Asn Ile Asn Ile Ser
35 40 45

Val Leu Asn Glu Tyr Gly Ile Gly Met Thr Trp Val Leu His His Glu
50 55 60

Ser Asp Met Gln Asn Tyr Ala Ala Tyr Gly Gln Val Asn Gly Asn His
65 70 75 80

Ile Glu Ala Asn Phe Asn Ala Lys Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Tyr Asp Asn Gly Asp Gly Thr Tyr Glu Leu Ser Val Lys
100 105 110

<210> SEQ ID NO 17

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: B. anthracis

<400> SEQUENCE: 17

Leu Thr Glu Ser Glu Pro Asn Asn Arg Pro Glu Glu Ala Asn Arg Ile
1 5 10 15

Gly Leu Asn Thr Thr Ile Lys Gly Ser Leu Ile Gly Gly Asp His Thr
20 25 30

Asp Val Tyr Thr Phe Asn Val Ala Ser Ala Lys Asn Ile Asp Ile Ser
35 40 45

Val Leu Asn Glu Tyr Gly Ile Gly Met Thr Trp Val Leu His His Glu
50 55 60

Ser Asp Met Gln Asn Tyr Ala Ala Tyr Gly Gln Ala Asn Gly Asn His
65 70 75 80

Ile Glu Ala Asn Phe Asn Ala Lys Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Tyr Asp Asn Gly Asp Gly Thr Tyr Glu Leu Ser Val Lys
100 105 110

<210> SEQ ID NO 18

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Bacillus sp.

<400> SEQUENCE: 18

Lys Thr Glu Ile Glu Pro Asn Asn Arg Pro Glu Glu Ala Thr Met Leu
1 5 10 15

Pro Phe Asn Thr Pro Leu Ser Gly Ser Leu Met Glu Asp Asp His Thr
20 25 30

Asp Val Tyr Glu Phe Asn Val Thr Ser Pro Lys Glu Ile Asp Ile Ser
35 40 45

Val Leu Asn Glu Asn Gln Ile Gly Met Thr Trp Val Leu Tyr His Glu
50 55 60

Ser Asp Ser Gln Asn Tyr Ala Ser Phe Gly Gln Glu Asp Gly Asn Met
65 70 75 80

Ile Asn Gly Lys Trp Asn Ala Lys Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Phe Glu Asn Glu Asn Gly Thr Tyr Thr Val His Val Gln
100 105 110

<210> SEQ ID NO 19
<211> LENGTH: 111
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-continued

<212> TYPE: PRT
<213> ORGANISM: L. sphaericus

<400> SEQUENCE: 19

Lys Ala Glu Ile Glu Pro Asn Asn Arg Pro Glu Glu Ala Thr Ile Leu
1 5 10 15

Pro Phe Asn Thr Pro Leu Lys Gly Arg Leu Met Asp Asp Asp His Thr
20 25 30

Asp Val Tyr Glu Phe Asn Val Thr Ser Pro Lys Glu Leu Asp Ile Ser
35 40 45

Val Leu Asn Glu Asn Arg Ile Gly Met Thr Trp Val Leu Tyr His Glu
50 55 60

Ser Asp Ser Gln Asn Tyr Ala Ser Phe Gly Gln Glu Glu Gly Asn Met
65 70 75 80

Ile Asn Gly Lys Leu His Ala Glu Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Phe Glu Asn Glu Asn Gly Thr Tyr Thr Val Gln Val Gln
100 105 110

<210> SEQ ID NO 20

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: C. cerus

<400> SEQUENCE: 20

Val Thr Glu Asn Glu Pro Asn Asn Glu Pro Arg Gln Ala Asn Lys Val
1 5 10 15

Asn Phe His Thr Pro Val Lys Gly Thr Leu His Asn Ser Asp Arg Val
20 25 30

Asp Val Phe Thr Phe Gln Ile Asp Ser Pro Glu Asn Ile Asn Ile Ser
35 40 45

Leu Leu Asn Glu Gln Asn Ile Gly Met Thr Trp Val Leu His His Glu
50 55 60

Ser Asp Leu Asn Asn Tyr Val Ala Tyr Gly Glu Asn Glu Gly Asn Val
65 70 75 80

Val Lys Gly Thr Tyr Asn Ala Lys Pro Gly Lys Tyr Tyr Leu Tyr Val
85 90 95

Tyr Lys Tyr Glu Asn Lys Asp Gly Ser Tyr Val Leu Asn Ile Lys
100 105 110

<210> SEQ ID NO 21

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: B. mycoides

<400> SEQUENCE: 21

Ser Val Glu Lys Glu Pro Asn Asn Ser Phe Gln Thr Ala Asn Lys Leu
1 5 10 15

Gln Leu Asn Gln Leu Leu Arg Ala Ser Leu Gly Asn Gly Asp Thr Ser
20 25 30

Asp Tyr Phe Glu Ile Asn Val Glu Thr Ala Arg Asn Leu Gln Ile Asn
35 40 45

Val Thr Lys Glu Asn Asn Ile Gly Val Asn Trp Val Leu Tyr Ser Ala
50 55 60

Ala Asp Leu Asn Asn Tyr Val Thr Tyr Ala Gln Thr Gln Gly Asn Lys
65 70 75 80

Leu Val Gly Ser Tyr Asn Ala His Pro Gly Lys Tyr Tyr Leu His Val
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85

90

95

Tyr Gln Tyr Gly Gly Gly Thr Gly Asn Tyr Thr Val Glu Val Lys

100

<210> SEQ ID NO 22

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: B. weihensteph

PRT

<400> SEQUENCE:

Ala
1

Ser

Asp

Ser
65

Lys

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

<400>

Val Glu Lys

Leu

Arg

Thr

50

Asp

Leu

Tyr

Asn

Phe

35

Asn

Leu

Leu

Lys

Ala

20

Val

Glu

Asn

Gly

Tyr

100

PRT

SEQUENCE :

Glu Lys Glu Gln

1

Lys

Asp

Asp
65

Leu

Tyr

Ser

Ile

Thr

50

Asp

Ser

Asn

Asn

Phe

35

Ser

Leu

Gly

Phe

Val

20

Ala

Glu

Asn

Glu

Asn
100

112

22

Glu

Leu

Ile

Gln

Asn

Asn

85

Gly

SEQ ID NO 23
LENGTH:
TYPE:
ORGANISM: B. brevis

111

23

Glu

Glu

Leu

His

Asn

Phe

85

Gly

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: B. brevis

PRT

<400> SEQUENCE:

111

24

Pro

Leu

Asp

Asn

Tyr

70

Tyr

Gly

Pro

Leu

Lys

Asp

Tyr

70

Glu

Glu

Asn

Arg

Val

Leu

55

Val

Asn

Gly

Asn

Ser

Val

Thr

55

Leu

Ala

Thr

Pro Thr Glu Val Glu Pro Asn

1

5

Gln Leu Gly Lys Glu Ile Ser

20

Asp Thr Tyr Met Ile Gln Val

35

105

Asn Ser

Gly Asn
25

Lys Asp

40

Gly Leu

Thr Tyr

Ala Lys

Thr Gly
105

Asn Ser
Gly Gln
25

Leu Gly

40

Gly Leu

Ala Tyr

Thr Pro

Ile Pro
105

Asn Ser

Phe Asp
10

Leu Ser

Pro Lys

Asn Trp

Ala Thr

75

Pro Gly
90

Asn Phe

Phe Ser
10

Thr Ser

Asn Gly

Asn Trp

Pro Lys
75

Gly Thr
90

Tyr Lys

Phe Asp
10

Ala

Asp

Asp

Val

60

Lys

Lys

Thr

Glu

Lys

Thr

Val

60

Thr

Tyr

Val

Asp

Gly Gln Thr Asp Arg

25

Glu Glu Glu Gly Val

40

Ala

Gln

Leu

45

Leu

Arg

Tyr

Val

Ala

Gln

Val

45

Val

Ser

Tyr

Thr

Ala

Thr

Ile
45

110

Asn

Asp

30

Gln

Tyr

Asp

Tyr

Glu
110

Asn

Asp

30

Lys

His

Gly

Leu

Ala
110

Asn

Asp
30

Gln

Pro Leu
15

Gln Val

Ile Thr

Ser Glu

Gly Asn
80

Leu Ser
95

Val Lys

Pro Leu
15

Asp Lys

Ile Asn

His Glu

Lys Thr
80

Ser Val
95

Glu

Thr Leu
15

Asp Lys

Val Thr
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Val Ser Ser Glu Lys Asp Glu Gly
50 55

Asp Asp Leu Lys Thr Tyr Phe Ala
65 70

Leu Thr Gly Glu Phe Glu Ala Lys
85

Tyr Asn Thr Asn Asn Thr Lys Ile
100

<210> SEQ ID NO 25

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: C. perfringens

<400> SEQUENCE: 25

Ile Lys Glu Val Glu Asn Asn Asn
1 5

Asp Ser Asn Ser Lys Ile Val Gly
20

Asp Ile Tyr Ser Ile Asp Ile Lys
35 40

Val Glu Asn Leu Asp Asn Ile Lys
50 55

Asp Asp Leu Ser Asn Tyr Val Asp
65 70

Leu Ser Asn Thr Cys Lys Leu Asn
85

Tyr Gln Phe Glu Asn Ser Gly Thr
100

<210> SEQ ID NO 26

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: C. sporogenes

<400> SEQUENCE: 26

Ile Ser Glu Lys Glu Asp Asn Asp
1 5

Gly Lys Asn Gln Thr Val Leu Ala
20

Asp Thr Tyr Tyr Phe Asp Ala Leu
35 40

Met Glu Asn Thr Asp Asn Asn Ser
50 55

Ser Ser Asp Asn Thr Asn Asn Tyr
65 70

Gly Asn Lys Leu Met Gly Ser Phe
85

Tyr Ile Leu Ala Tyr Lys Asn Ser
100

Thr Ile Asn
115

<210> SEQ ID NO 27

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: C. botulinum

Leu

Tyr

Pro

Pro
105

Asp

Thr

25

Asn

Met

Tyr

Pro

Gly
105

Ser

Thr

25

Ala

Thr

Ile

Lys

Ser
105

Asn

Pro

Gly

90

Tyr

Phe

10

Leu

Pro

Asn

Ala

Gly

Asn

Phe

10

Leu

Ala

Ile

Gly

Val
90

Asn

Trp
Lys
75

Lys

Lys

Asp

Ser

Ser

Trp

Asn

75

Lys

Tyr

Asp

Asp

Arg

Phe

Tyr

75

Pro

Lys

Val Val Phe

60

Thr Thr Gly

Tyr Tyr Leu

Ala

Lys

Asn

Asp

Leu

60

Ala

Tyr

Thr

Lys

Thr

Thr

Asn

60

Pro

Lys

Ile

Ile

Ala

Asp

Leu

45

Leu

Asp

Tyr

Val

Ala

Lys

Ile

45

Trp

Thr

Pro

Asn

Val
110

Met

Asp

Asn

Tyr

Gly

Leu

Asn
110

Asn

Asp

30

Asp

Leu

Lys

Gly

Tyr
110

His

Lys

Leu

95

Asn

Lys

15

Leu

Ile

Ser

Asn

Cys

95

Leu

Arg

15

Asn

Ile

Ala

Lys

Arg
95

Glu
Lys
80

Val

Val

Lys

Val

Ala

Lys

80

Val

Gln

Val

Arg

Val

Tyr

Glu

80

Tyr

Leu
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<400> SEQUENCE:

Ile

1

Cys

Asp

Met

Ser

65

Gly

Tyr

Asn

Ser

Lys

Thr

Gly

Ser

Asn

Ile

Ile

Glu

Asn

Tyr

35

Asn

Asp

Lys

Val

Lys
115

Lys

Gln

20

Tyr

Thr

Asn

Ile

Ala
100

Glu Asp

Ser Val

Phe Asp

Asp Asn

Thr Asn

70

Thr Gly
85

Tyr Lys

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: C.

PRT

<400> SEQUENCE:

Val
1
Tyr

Asp

Ser

Gly

Tyr

Ser

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

<400>

Val

1

Tyr

Asp

Val

Ser

Tyr

Thr

Glu

50

Asp

Asn

Leu

Ile

Ser

Ser

Ile

Glu
50

Glu

Lys

Phe

35

Lys

Glu

Gln

Val

Glu
115

Glu

Lys

Phe

35

Lys

Lys

Asp

20

Tyr

Thr

Asp

Leu

Ile
100

PRT

SEQUENCE :

Lys

Asp

20

Tyr

Ile

115

28

Glu Asp

Leu Val

Phe Thr

Asn Asn

Lys Ser

Ser Asn

85

Tyr Lys

SEQ ID NO 29
LENGTH:
TYPE:
ORGANISM: C. botulinum

115

29

Glu Asn

5

Leu Val

Phe Asn

Asn Lys

Asn

Ile

Ala

Ser

Asn

Asn

Thr

Asn

Asn

Val

Asp

55

Asn

Thr

Thr

Asn

Asn

Val

Asp
55

Asn

Ala

Leu

40

Ser

Tyr

Phe

Ser

sporogenes

Asn

Gly

Thr

40

Lys

Tyr

Val

Leu

Asn

Gly

Thr

40

Lys

Ser

Thr

25

Thr

Asn

Ile

Lys

Ser
105

Asp

Ser

25

Lys

Ser

Met

Lys

Gly
105

Asp
Ser
25

Lys

Ser

Phe

10

Leu

Ala

Glu

Gly

Val

90

Asn

Phe

10

Val

Pro

Glu

Ala

Ile

90

Glu

Tyr
10
Val

Pro

Glu

Asp

Asp

Gly

Phe

Tyr

75

Asp

Lys

Thr

Ser

Ser

Phe

Phe

75

Asn

Lys

Val

Ser

Ser

Phe

Lys

Thr

Asn

Asn

60

Ala

Lys

Ile

Thr

Ser

Asp

Asn

60

Pro

Lys

Val

Asn

Ser

Asp

Ser
60

Ala

Asn

Ile

45

Trp

Thr

Pro

Asn

Ala

Ser

Ile

45

Trp

Asn

Pro

Asp

Ala

Ser

Ile

45

Trp

Asn

Asp

30

Glu

Leu

Lys

Gly

Tyr
110

Asn

Asp

30

Thr

Leu

Lys

Gly

Tyr
110

Asn
Asp
30

Thr

Leu

Arg

15

Pro

Val

Ala

Arg

Arg

95

Lys

Pro

15

Asn

Ile

Leu

Glu

Lys

95

Lys

Pro

15

Asp

Ile

Leu

Val

Arg

Thr

Tyr

Glu

80

Tyr

Leu

Val

Lys

Thr

Phe

Leu

80

Tyr

Phe

Val

Arg

Asn

Phe
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50

Ser

Glu

Tyr

Glu

Asn

Leu

Ile

Glu

Leu

Val

Glu
115

Asp

Phe

Ile
100

Lys Ser Asn Tyr

70

Tyr Ser Thr Val

85

Tyr Lys Val Ser

<210> SEQ ID NO 30

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: C.

PRT

<400> SEQUENCE:

Gly Val Glu Gln

1

Ser

Ser

Ser

Asp

65

Asn

Glu

Thr

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

<400>

Thr

1

Ile

Ala

Glu

Glu
65

Ile

Lys

Ile

Asp

Leu

50

Ser

Lys

Val

Lys

Val

Asp

Leu

50

Gly

Lys

Tyr

Asn

Tyr

35

Glu

Asp

Leu

Tyr

Glu

Glu

Thr

35

Pro

Asp

Val

Lys

Gln

20

Phe

Lys

Leu

Asn

Gly
100

PRT

SEQUENCE :

Met

Gly

20

Phe

Tyr

Asp

Gly

His
100

113

30

Glu

Leu

Lys

Thr

Glu

Gly

Tyr

SEQ ID NO 31
LENGTH:
TYPE:
ORGANISM: Clostridium

113

31

Glu

Val

Tyr

Ser

Gln

Thr
85

Asp

<210> SEQ ID NO 32

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: C. perfringens

PRT

113

Asp

Val

Phe

Glu

Asn

70

Lys

Gly

Pro

Thr

Phe

Gly

Asn

70

Phe

Ser

sordellii

Asn

Lys

Glu

Gly

55

Tyr

Val

Ser

Asn

Val

Asp

Ser

55

His

Lys

Ala

Asn

Gly

Val

40

Asp

Ile

Asp

Ser

Ile

Lys

Gly
105

Ser

Glu

25

Lys

Gly

Ala

Leu

Pro
105

Thr
Ile
90

Glu

Phe

10

Leu

Glu

Val

Ser

Lys

90

Val

Tyr Pro Asn Lys

75

Asp Lys Pro Gly

Lys Ser Asp Tyr

Glu

Asp

Asp

Asn

Pro

75

Val

Lys

histolyticum

Asp

Lys

Val

Ser

Ile

Ser

Ser

Asp

Gly

25

Lys

Asn

Ala

Thr

Asn
105

Ile

10

Asp

Glu

Phe

Ser

Lys
90

Ile

Lys

Leu

Asp

Thr

Gly

75

Gly

Ser

Lys

Asn

Ala

Trp

60

Thr

Gly

Tyr

Glu

Asn

Gly

Trp

60

Ile

Arg

Tyr

Ala

Asn

Gln

45

Leu

Glu

Thr

Asn

Ala

Gly

Asp

Leu

Asp

His

Ser

110

Asn

Lys

30

Leu

Leu

Ser

Tyr

Phe
110

Asn

Ser

30

Val

Val

Lys

Tyr

Leu
110

Glu
Lys
95

Arg

Pro

15

Asp

Asn

Phe

Ile

Tyr

95

Lys

Gly

15

Asp

Thr

Tyr

Asn

Val
95

Asn

Leu
80
Tyr

Phe

Phe

Thr

Ile

Lys

Asp

80

Leu

Val

Pro

Asp

Ile

Lys

Asn

80

Phe

Ile
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<400> SEQUENCE: 32

Ile Asn Glu Ser Glu Pro Asn Asn Asp Phe Glu Lys Ala Asn Gln Ile
1 5 10 15

Ala Lys Ser Asn Met Leu Val Lys Gly Thr Leu Ser Glu Glu Asp Tyr
20 25 30

Ser Asp Lys Tyr Tyr Phe Asp Val Ala Lys Lys Gly Asn Val Lys Ile
35 40 45

Thr Leu Asn Asn Leu Asn Ser Val Gly Ile Thr Trp Thr Leu Tyr Lys
50 55 60

Glu Gly Asp Leu Asn Asn Tyr Val Leu Tyr Ala Thr Gly Asn Glu Gly
65 70 75 80

Thr Val Leu Lys Gly Glu Lys Thr Leu Glu Pro Gly Arg Tyr Tyr Leu
85 90 95

Ser Val Tyr Thr Tyr Asp Asn Gln Ser Gly Ala Tyr Thr Val Asn Val
100 105 110

Lys

<210> SEQ ID NO 33

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: C. sordellii

<400> SEQUENCE: 33

Ser Gln Glu Val Gly Asn Asp Asp Thr Phe Glu Thr Ala Asn Gly Pro
1 5 10 15

Ile Lys Ile Asn Thr Asn Tyr Ser Gly Asp Leu Ser Asp Thr Asp Asn
20 25 30

Lys Asp Tyr Tyr Tyr Phe Asn Leu Asp Asn Pro Ser Asn Ile Asn Ile
35 40 45

Thr Leu Glu Asn Leu Asp Asn Lys Gly Ile Ser Trp Gln Leu Phe His
50 55 60

Glu Ser Asp Leu Asn Asn Tyr Val Ala Tyr Pro Thr Thr Ser Gly Ala
65 70 75 80

Ile Leu Asn Gly Asp Tyr Asn Ala Thr Lys Pro Gly Lys Tyr Tyr Ile
85 90 95

Leu Val Tyr Asn His Asp Lys Ser Ile Ala Asn Tyr Asn Leu Lys Val
100 105 110

<210> SEQ ID NO 34

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Clostridium histolyticum

<400> SEQUENCE: 34

Gly Thr Glu Lys Glu Pro Asn Asn Ser Lys Glu Thr Ala Ser Gly Pro
1 5 10 15

Ile Val Pro Gly Ile Pro Val Ser Gly Thr Ile Glu Asn Thr Ser Asp
20 25 30

Gln Asp Tyr Phe Tyr Phe Asp Val Ile Thr Pro Gly Glu Val Lys Ile
35 40 45

Asp Ile Asn Lys Leu Gly Tyr Gly Gly Ala Thr Trp Val Val Tyr Asp
50 55 60

Glu Asn Asn Asn Ala Val Ser Tyr Ala Thr Asp Asp Gly Gln Asn Leu
65 70 75 80
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54

Ser Gly Lys Phe Lys Ala Asp Lys Pro Gly Arg Tyr Tyr Ile His Leu
85 90 95

Tyr Met Phe Asn Gly Ser Tyr Met Pro Tyr Arg Ile Asn Ile Glu
100 105 110

<210> SEQ ID NO 35

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 35

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro
1 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
20 25 30

<210> SEQ ID NO 36

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 36

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro
1 5 10 15

Xaa Gly Pro Xaa Ala Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
20 25 30

<210> SEQ ID NO 37

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 37

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro
1 5 10 15

Xaa Ala Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
20 25 30

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline
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-continued

<400> SEQUENCE: 38

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Ala Pro
1 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
20 25 30

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 39

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Ala Pro Xaa Gly Pro
1 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
20 25 30

<210> SEQ ID NO 40

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(24)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 40

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Cys Gly Pro Xaa Gly Pro
1 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly
20

<210> SEQ ID NO 41

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(31)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline

<400> SEQUENCE: 41

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Ala Pro
1 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Cys
20 25 30

<210> SEQ ID NO 42

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Any Xaa 1is hydroxyproline
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<400>

SEQUENCE: 42

Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly

1

5 10

Pro Xaa Gly Pro Xaa Gly

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20

SEQ ID NO 43

LENGTH: 31

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(31)

15

OTHER INFORMATION: Any Xaa 1s hydroxyproline

SEQUENCE: 43

Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly

1

5 10

15

Pro Xaa Gly Pro Xaa Gly Pro Arg Gly Pro Arg Gly Pro Arg Gly

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20 25

SEQ ID NO 44

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1) ..(9)

30

OTHER INFORMATION: Any Xaa 1s hydroxyproline

SEQUENCE: 44

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 45

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1) ..(9)

OTHER INFORMATION: Any Xaa 1s hydroxyproline

SEQUENCE: 45

Pro Xaa Gly Pro Xaa Gly Pro Xaa Ala

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 46

LENGTH: 26

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(26)

OTHER INFORMATION: Any Xaa 1s hydroxyproline

SEQUENCE: 46

Gly Pro Arg Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly

1

5 10

15
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60

-continued

Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Cys
20 25

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide: GST Tag

<400> SEQUENCE: 47
Gly Ser Pro Gly Ile Pro Gly

1 5

We claim:

1. A method of slowing hair growth comprising admin-
istering a composition comprising a bacterial collagen-
binding polypeptide segment linked to a PTH/PTHrP recep-
tor antagonist to a subject to slow hair growth relative to the
hair growth the subject would experience without treatment,
wherein the bacterial collagen-binding polypeptide segment
comprises a collagen-binding polypeptide derived from an
M9 peptidase selected from the group consisting of, one of
SEQ ID NOs: 13-34 or a fragment of at least 8 consecutive
amino acids of SEQ ID NOs: 13-34, residues 34-158 of SEQ
ID NO: 1, a fragment of at least 8 consecutive amino acids
from residues 34-158 of SEQ ID NO: 1, and a peptide that
is at least 90% identical to residues 34-158 of SEQ ID NO:
1 or SEQ ID NOs: 13-34, and wherein the PTH/PTHrP
receptor antagonist comprises a sequence selected from the
group consisting of residues 7-33 of SEQ ID NO: 7, residues
7-14 of SEQ ID NO: 7, a fragment of at least 8 consecutive
amino acids from residues 7-34 of SEQ ID NO: 7, and
residues ((-1)-33) of PTH.

2. The method of claim 1, wherein the composition is
administered locally.

3. The method of claim 2, wherein the composition is
administered topically.

4. The method of claim 1, wherein and the N-terminus of
the collagen-binding polypeptide segment is linked directly

20

25

30

40

or through a linker polypeptide segment to the C-terminus of
the PTH/PTHrP receptor antagonist polypeptide.

5. The method of claim 1, wherein the collagen-binding
polypeptide segment and the PTH/PTHrP receptor antago-
nist polypeptide are chemically cross-linked to each other or
are polypeptide portions of a fusion protein.

6. The method of claim 1, wherein the subject is human.

7. The method of claim 1, wherein the bacterial collagen-
binding polypeptide segment comprises residues 34-158 of
SEQ ID NO: 1 or a peptide that is at 90% identical to
residues 34-158 of SEQ ID NO: 1.

8. The method of claim 1, wherein the PTH/PTHrP
receptor antagonist comprises residues 7-33 of SEQ ID NO:
7.

9. The method of claim 1, wherein the bacterial collagen-
binding polypeptide segment linked to the PTH/PTHrP
receptor antagonist is a fusion protein comprising SEQ 1D
NO: 10.

10. The method of claim 4, wherein the linker polypeptide
segment comprises a PKD domain.

11. The method of claim 10, wherein the PKD domain
comprises residues 807-901 of SEQ ID NO: 6.

12. The method of claim 1, wherein the composition is
administered after the subject undergoes a hair removal
procedure.
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