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DESCRIPTION

INTRODUCTION

[0001] 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 antibodies, to
target therapeutic agents to particular sites within the body has proved successful, but
additional delivery agents are needed.

[0002] Alopecia (hair loss) is a psychologically and emotionally distressing event with multiple
causes. Alopecia occurs most commonly in male-pattern baldness, affecting approximately 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 androgen 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. Chemotherapy-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.

[0003] 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 alopecia 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 improvements 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.

[0004] 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.
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[0005] Collagenopathies represent a large number of diseases in which collagen structure or
formation is not normal. This group of diseases results in a broad spectrum of symptoms
including bone defects, vascular defects, and skin defects. Many of these diseases have no or
only ineffective treatments available.

[0006] For example, osteogenesis imperfecta (Ol), also known as brittle bone disease, is
caused by an inborn mutation of type | collagen. Approximately 25,000 to 50,000 Americans
are affected and the effects of the disease range from mild, in which many individuals are
unaware of the disease, to severe in which individuals cannot live a normal life due to recurrent
broken bones. Most Ol patients carry a mutation which causes an amino acid change in
collagen changing a glycine to a bulkier amino acid which results in disruption of the triple helix
structure of the collagen and under-twisting. The body may respond by hydrolyzing the
collagen and this may result in a reduction in bone strength. There is currently no cure and few
treatments for Ol.

SUMMARY

[0007] The invention provides a composition comprising a bacterial collagen-binding
polypeptide segment linked to a PTH/PTHrP receptor agonist for use in a method of treating
alopecia areata in a subject in need of hair growth comprising administering the composition to
a subject to increase hair growth.

[0008] Disclosed herein are methods of delivering therapeutic agents by administering
compositions including a bacterial collagen-binding polypeptide segment linked to the
therapeutic agent to subjects in need of treatment with the therapeutic agent. In these
methods, the therapeutic agent is not a PTH/PTHrP receptor agonist or antagonist, basic
fibroblast growth factor (bFGF) or epidermal growth factor (EGF) and the bacterial collagen-
binding polypeptide segment delivers the agent to sites of partially untwisted or under-twisted
collagen. Also disclosed herein are methods of treating a subject with a collagenopathy, such
as osteogenesis imperfecta, by administering a composition comprising a bacterial collagen-
binding polypeptide segment linked to a PTH/PTHrP receptor agonist to a subject in an amount
effective to treat the collagenopathy are provided. The bacterial collagen-binding polypeptide
segment delivers the agent to sites of partially untwisted or under-twisted collagen.

[0009] In yet another aspect of this disclosure, methods of treating hyperparathyroidism by
administering a composition comprising a bacterial collagen-binding polypeptide segment
linked to a PTH/PTHrP receptor agonist to a subject are provided.

[0010] In still a further aspect of this disclosure, methods of slowing hair growth or regrowth
after removal by administering a composition comprising a bacterial collagen-binding
polypeptide segment linked to a PTH/PTHrP receptor antagonist to a subject are provided.
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[0011] In a still further aspect of this disclosure, methods of increasing hair growth or the
speed of hair re-growth after removal or loss by administering a composition comprising a
bacterial collagen-binding polypeptide segment linked to a PTH/PTHrP receptor agonist to a
subject are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a sequence alignment showing the alignment of several M9B bacterial collagenases
from the Bacillus and Clostridium families. 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 CaZ* binding and those in orange are critical for positioning the

Ca?* binding residues.
Figure 2 is a set of drawings showing the chemical structures of synthesized peptides.

Figure 3A is a graph showing the circular dichroism spectra of the collagenous peptides
measured at 4°C.

Figure 3B is a graph showing the thermal denaturation profile of the various collagenous
peptides. The temperature was increased at the rate of 0.3°C/min.

Figure 4A is a graph showing the scattering profile with the intensity I(Q) plotted against the
scattering vector Q.

Figure 4B is a graph showing the pair-distance distribution function P(r) in the real space
obtained using GNOM for [PROXYL-(POG)3POA(POG)g]3:CBD complex (Red), [PROXYL-

(POG)4POA(POG)5]3:CBD complex (Blue), [PROXYL-(POG)5 POA(POG)4]3:CBD complex
(Green), [PROXYL-(POG)gPOA(POG)3]5:CBD complex (Orange) and [11PROXYL-
(POG)3PCG(POG)4]5:CBD complex (Cyan).

Figure 5 is a set of plots showing HSQC NMR data obtained using the collagen binding domain
(CBD) - collagenous peptide interactions. Figure 5A shows an overlay of 'H-1"N HSQC
spectrum of CBD (black) and 'H-""N HSQC spectrum of [(POG)10]3:CBD complex (green) at
1:1 ratio. Amide resonance of V973, G975 and S979 are present during this titration. Figure 5B
shows an overlay of 'H-1°N HSQC spectrum of CBD (black) and 'H-'"N HSQC spectrum of
[PROXYL-(POG)gPOA(POG)3]5:CBD complex (red) at 1:1 ratio. Amide resonances of V973,

G975 and $S979 disappeared because of their proximity to the spin-labeled group. Figure 5C is
a cartoon showing the structure of CBD and the CBD residues that are line broadened upon
titration with [PROXYL-(POG)gPOA(POG)3]s.
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Figure 6 is a set of plots showing HSQC NMR data obtained using the CBD - collagenous
peptide interactions. Figure 6A shows an overlay of 'H-1°N HSQC spectrum of CBD (black)
and 'H-®N HSQC spectrum of [(POG)i]5:CBD complex (green) at 1:1 ratio. Amide
resonances of Q972, V973, G975 and S979 are present during this titration. Figure 6B shows
an overlay of "H-1"N HSQC spectrum of CBD (black) and "H-1°N HSQC spectrum of [PROXYL-
(POG)sPOA(POG)4]3:CBD complex (red) at ratio 1:1. Amide resonances of Q972, V973, G975
and S979 are line broadened due to the PROXYL moiety. Figure 6C is a cartoon of the

structure of CBD showing the CBD residues that are uniquely line broadened upon titration with

[PROXYL-(POG)sPOA(POG)4]3. Figure 6D shows an overlay of 'H-"N HSQC spectrum of

CBD (black) and H-"N HSQC spectrum of [(POG)qgl3:CBD complex (green) at 1:1 ratio.
Amide resonances of L946, Q972, V973, G975 and S979 are present during this titration.
Figure 6E shows an overlay of 'H-SN HSQC spectrum of CBD (black) and 'H-1°N HSQC
spectrum of [PROXYL-(POG)4POA(POG)s5]5:CBD complex (red) at 1:1 ratio. Amide resonances
of L946, Q972, V973, G975 and S979 disappeared because of the spin-label. Figure 6F shows
an overlay of 'H-"N HSQC spectrum of CBD (black) and 'H-®N HSQC spectrum of
[(POG)4POA(POG)s]3:CBD (cyan) at ratio 1:1. In the absence of spin label, amide resonances
of L946, Q972, V973, G975 and S979 are not line broadened. Figure 6G shows an overlay of
'H-1®N HSQC spectrum of CBD (black) and 'H-"N HSQC spectrum of [(POG)4gl5:CBD
complex (green) at 1:1 ratio. Amide resonances of L946, G953, Q972, V973, D974, G975,
N976, V978, S979 are present during this titration. Figure 6H shows an overlay of 'H-15N
HSQC spectrum of CBD (black) and 'H-N HSQC spectrum of [PROXYL-
(POG)3POA(POG)g]3:CBD complex (red) at ratio 1:1. Amide resonances of L946, G953, Q972,

V973, D974, G975, N976, V978, S979 are line broadened due to the PROXYL moiety. Figure
6l is a cartoon of the structure of CBD showing the CBD residues that are line broadened by
the spin label of [PROXYL-(POG)3POA(POG)g]s.

Figure 7 is a set of graphs showing the intensity drop of (A) Q972, (B) G975, (C) S979 and (D)
L924 on CBD as a function of increasing concentrations of mini-collagen i.e. [[POG)1g]3 (black),

[PROXYL-(POG)gPOA(POG)3]5(red), [PROXYL-(POG)sPOA(POG)4]3(blue), [PROXYL-
(POG)4POA(POG)s]3(green), and [PROXYL-(POG)3POA(POG)g]s(cyan).

Figure 8 is a set of plots showing HSQC NMR data obtained using the CBD - collagenous
peptide interactions. Figure 8A shows an overlay of 'H-1°N HSQC spectrum of CBD (black)
and 'H-®N HSQC spectrum of [(POG)ls:CBD complex (green) at 1:1 ratio. Amide
resonances of S906, S997 and G998 are present during this titration. Figure 8B shows an

overlay of 'H-"N HSQC spectrum of CBD (black) and 'H-'"N HSQC spectrum of
[(POG)4POA(POG)sC-PROXYL]3:CBD complex (red) at ratio 1:1. Amide resonances of S906,

$997 and G998 are line broadened due to the PROXYL moiety. Figure 8C shows an overlay of
TH-18N HSQC spectrum of CBD (black) and 'H-1SN HSQC spectrum of [(POG),POA(POG)sC-
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carbamidomethyl]3:CBD (cyan) at 1:1 ratio. In the absence of spin label, amide resonances of

S906, S997 and G998 are not line broadened. Figure 8D is a cartoon of the structure of CBD
showing the CBD residues that are line broadened due to the spin label of
[(POG)4POA(POG)sC-PROXYL]s. Amide resonances of S906, S997 and G998 (red)

disappeared upon titration with [[POG)4POA(POG)s-PROXYL]3. Figure 8E shows an overlay of
'H-18N HSQC spectrum of CBD (black) and 'H-"N HSQC spectrum of [(POG)4gl5:CBD
complex (green) at 1:1 ratio. Amide resonances of $906, Q972, V973, G975, $979, S997 and
G998 are present during this titration. Figure 8F shows an overlay of H-""N HSQC spectrum
of CBD (black) and "H-'"N HSQC spectrum of [11PROXYL-(POG)3PCG(POG)4]5:CBD complex
(red) at 1:1 ratio. Amide resonances of S906, Q972, V973, G975, S979, S997 and G998
disappeared because of the spin-label. Figure 8G shows an overlay of 'H-1"N HSQC spectrum
of CBD (black) and "H-1"N HSQC spectrum of [(POG)3;PCG(POG)4]5:CBD (cyan) at ratio of 1:1.

Resonances of S906, Q972, V973, G975, $S979, S997 and G998 are intact in the absence of
the spin label. Figure 8H is a cartoon of the structure of CBD showing the residues that are line
broadened upon titration with [11PROXYL-(POG)3PCG(POG)4]3. Only amide resonances of

S906, R929, S997, and G998 (red) disappeared at 0.2:1 ratio. When the peptide ratio was
raised to 0.3:1, additional resonances of V973, G975, S979 (blue) disappeared.

Figure 9 is a set of structure drawings derived from SAXS scattering profiles using ab initio
simulated annealing calculations for (A) [PROXYL-(POG)3POA(POG)g]5:CBD complex, (B)

[PROXYL-(POG)4POA(POG)5]3:CBD  complex, (C) [PROXYL-(POG)sPOA(POG)4]3:CBD
complex and (D) [PROXYL-(POG)gPOA(POG);]3:CBD complex, (E) [(POG)4POA(POG)sC-
PROXYL]5:CBD complex, (F) [(POG)4POA(POG)sC-carbamidomethyl];:CBD. The Gly—Ala

mutation sites are highlighted. Figure 9G and 9H show two probable binding modes of
[11MPROXYL-(POG)3PCG(POG)4]3:CBD complex.

Figure 10 is a set of plots showing HSQC NMR data obtained using the CBD - collagenous
peptide interactions. Figure 10A is an overlay of 'H-"N HSQC spectrum of [POGPO-1°N-G-
(POG)gl3 (black) with 'H-19N HSQC spectrum of [POGPO-1N-G-(POG)g]3:CBD complex (red)

at 1:1 ratio. Figure 10B shows an overlay of 'H-"N HSQC spectrum of [POGPO-1°N-G-
(POG),-POA-(POG)s]3 (black) with TH-1"N HSQC spectrum of [POGPO-15N-G-(POG),-POA-

(POG)s]3:CBD complex (red) at 1:1 ratio. Figure 10C shows an overlay of 'H-""N HSQC
spectrum of [(POG)g-PO-1N-G-POG]; (black) with 'H-"N HSQC spectrum of [(POG)s-PO-
15N-G-POG]5:CBD complex (red) at 1:1 ratio. Figure 10D shows an overlay of 'H-1°N HSQC
spectrum of [(POG)4-POA-PO-19N-G-POG]; (black) with 'H-1°N HSQC spectrum of [(POG)4-
POA-PO-15N-G-POG]5:CBD complex (red) at 1:1 ratio.

Figure 11 shows the tissue distribution of S3° -PTH-CBD 1 hour and 12 hours after
subcutaneous injection. Note the skin outline.
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Figure 12 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).

Figure 13 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 treatment group as
indicated. (Antagonist = PTH(7-33)-CBD, Agonist = PTH-CBD).

Figure 14 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).

Figure 15 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.

Figure 16 is a set of photographs showing the hair on the back of mice after the indicated
treatment without prior depilation.

Figure 17 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.

Figure 18 is a photograph of three mice 13 days after waxing to remove hair and treatment
with PTH-CBD, PTH antagonist-CBD or vehicle alone.

Figure 19 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.

Figure 20 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

[0013] Methods of delivering a therapeutic agent by administering a composition comprising a
bacterial collagen-binding polypeptide segment linked to a therapeutic agent to a subject in
need of treatment with the therapeutic agent are provided herein. In this embodiment, the
therapeutic agent is not a PTH/PTHrP receptor agonist or antagonist and is not a bFGF or
EGF polypeptide. The bacterial collagen-binding polypeptide segment delivers the therapeutic
agent to sites of partially untwisted or under-twisted collagen. The present invention is defined
by the claims.
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[0014] In addition, methods of treating collagenopathies, such as osteogenesis imperfecta
(O, by administering a composition comprising a bacterial collagen-binding polypeptide
segment linked to a PTH/PTHrP receptor agonist to a subject in need of treatment for a
collagenopathy are provided. Collagenopathies include but are not limited to osteogenesis
imperfecta, Stickler's syndrome, Ehlers-Danlos syndrome, Alport's syndrome, Caffey's disease,
and localized collagen or cartilage damage. Many of these diseases are caused by genetic
defects that result in the collagen in certain tissues being under twisted or partially untwisted.

[0015] For example, individuals with Ol carry a mutation which causes an amino acid change
in collagen changing a glycine to a bulkier amino acid which results in disruption of the triple
helix structure of the collagen and under-twisting of the collagen. In the Examples, we
demonstrate that the bacterial collagen-binding polypeptides described herein target and bind
to these areas of under-twisted collagen. Thus, use of the collagen-binding polypeptides
described herein to deliver a therapeutic agent capable of treating Ol to the sites of under-
twisted collagen may allow more effective treatment.

[0016] The collagen-binding polypeptide segment and the therapeutic 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 synthetic
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 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.

[0017] The collagen-binding polypeptide segment is a polypeptide that binds collagen and
may be part of a larger fusion protein, bioactive agent, or pharmaceutical agent. Determination
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.
Briefly, it 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
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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
collagen.

[0018] The collagen-binding polypeptide segment may be a bacterial collagen-binding
polypeptide segment. It may be a Clostridium collagen-binding polypeptide segment. The
collagen-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 polypeptide segment does not have collagenase
activity. The collagen-binding polypeptide may be a bacterial M9B (including 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
including a bacterial collagenase as a collagen binding peptide are described in US Patent
Publication No. 2010/0129341.

[0019] Figure 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 relatively 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. Thus any of the peptides shown in Figure 1 or
collagen-binding fragments thereof can be used in the compositions and methods described
herein. In Figure 1, the amino acid residues critical for the conformation of the peptide and for
the collagen-binding activity are underlined and shown in green and blue respectively. The key
amino acid residues for collagen-binding are a tyrosine or phenylalanine at position 970 of
ColG, position 977 of the ColH sequence of SEQ ID NO:1 (position 937 in Figure 1) or a similar
position of one of the sequences shown in Figure 1; a tyrosine at position 994 of of ColG,
position 1000 of the ColH sequence of SEQ ID NO:1 (position 962 in Figure 1) or a similar
position of one of the sequences shown in Figure 1; a tyrosine, phenylalanine or histidine at
position 996 of ColG, position 1002 of the ColH sequence of SEQ ID NO:1 (position 964 in
Figure 1) or a similar position of one of the sequences shown in Figure 1. 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.

[0020] 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 IDNO: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
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least 95%, at least 96%, at least 98%, or at least 99% identical to residues 34-158 of SEQ ID
NO: 1. 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. The
collagen-binding polypeptide segment may be or may comprise a fragment of residues 901-
1021 of SEQ ID 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
Figure 9.

[0021] Among other proteins the collagen-binding segment can be derived from are ColG
(Matsushita et al., (1999) J. Bacteriol. 181:923-933), a class | collagenase from Clostridium
histolyticum. ColH is a class Il collagenase (Yoshihara et al., (1994) J. Bacteriol. 176: 6489-
6496). The collagen-binding polypeptide segment may also be a polypeptide segment from
any one of the protein sequences provided in Figure 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.

[0022] The therapeutic agents linked to the collagen-binding polypeptide may be any suitable
pharmaceutical or other active agent, including but not limited to, osteogenic promoters,
antimicrobials, anti-inflammatory agents, polypeptides such as recombinant proteins, cytokines
or antibodies, small molecule chemicals or any combination thereof. Suitably the therapeutic
agents are capable of promoting bone growth, decreasing inflammation, promoting collagen
stability. Suitably, the therapeutic agent is one whose therapeutic effect is in the region of
collagen or damaged collagen. The therapeutic agent may include, but is not limited to, bone
morphogenic protein (BMP), G-CSF, FGF, BMP-2, BMP-3, FGF-2, FGF-4, anti-sclerostin
antibody, growth hormone, IGF-1, VEGF, TGF-B, KGF, FGF-10, TGF-a, TGF-B1, TGF-B
receptor, CT, GH, GM-CSF, EGF, PDGF, celiprolol, activins and connective tissue growth
factors. In alternative embodiments, the active agent may be a PTH/PTHrP receptor agonist or
antagonist.

[0023] Bone loss due to a collagenopathy such as osteogenesis imperfecta, Stickler's
syndrome or others which put an individual at higher risk for a bone fracture due to a collagen
defect could be treated by administration of a bone anabolic peptide. The CBD may target the
bone anabolic agents to sites where the collagen is malformed and thus may prevent fracture.

[0024] Vascular fragility due to defects such as Ehlers-Danlos syndrome type IV, Alport's
syndrome or other diseases where blood vessel rupture is more likely due to a defect in
collagen formation may be administered peptides that stimulate vascular growth or repair. The
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CBD will target the peptide to the areas having collagen damage and these areas are likely to
have damaged vessels. The therapeutic agents will stimulate growth and repair at the site of
damage and prevent vessel rupture.

[0025] Skin fragility due to disorders such as Ehlers-Danlos syndrome, Caffey's disease or
other diseases where weakening of the skin due to a collagen defect leads to hyperelasticity,
easy bruising or poor wound healing. Dermal and epidermal growth factors may serve as
therapeutic agents which when linked to CBD and delivered to areas of damaged collagen will
stimulate growth and repair of the skin, preventin striae and improving healing.

[0026] Collagen defects may also lead to cartilage malformation or insufficiency. Cartilage
growth factors could be delivered locally to sites of damaged cartilage to aid in repair and
restore function.

[0027] 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 even 110% or 120% as much as wild-type PTH(1-34).

[0028] 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). In still other embodiments, the PTH/PTHrP receptor
agonist is a PTH or PTHrP polypeptide segment for any other species.

[0029] 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
PTH (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 PTH(7-14), i.e., 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
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PTH or active N-terminal fragments of PTH converts the PTH peptides to antagonists. The N-
terminal extension can be 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 ID
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.

[0030] 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.

[0031] The fusion proteins described above comprising (a) a collagen-binding polypeptide
segment linked to (b) a therapeutic agent or a PTH/PTHrP receptor agonist or antagonist
polypeptide segment can be replaced by pharmaceutical agents comprising (a) a collagen-
binding polypeptide segment 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).

O  NH,

o)\i\z o

AH3960

[0032] AH3960 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 (disuccinimidyl glutarate) or
through the combination of SANH (succinimidyl-4-hydrazinonicotinate acetone hydrazone) and
SFB (succinimidyl-4-formyl benzoate). Therapeutic agents can be cross-linked through their
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amino group to a carboxyl group of the collagen-binding polypeptide segment by EDC (1-ethyl-
3-[3-dimethylaminopropyl]carbodiimide hydrochloride) or vice versa. These cross-linking
products are available from Pierce (piercenet.com, Thermo Fisher Scientific Inc., Rockford, II.).
Protocols and reaction conditions are also available in the product literature from Pierce
(piercenet.com).

[0033] 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 glutarate) or glutaraldehyde. They can also be cross-linked through amino
groups by derivatizing one polypeptide with SANH (succinimidyl-4-hydrazinonicotinate acetone
hydrazone) and the other with SFB (succinimidyl-4-formyl benzoate), 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-
dimethylaminopropyl]carbodiimide hydrochloride). The polypeptides 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, IlI.). 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.

[0034] Also provided herein are methods of treating hyperparathyroidism 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 administration 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.

[0035] 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 modulates 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 topical PTH
antagonists for chemotherapy-induced alopecia by IGl Pharmaceuticals were discontinued in
phase 2 because of limited efficacy. Thus new compositions for treating alopecia are needed.
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[0036] 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 collagen binding domain derived from the
ColH1 collagenase of Clostridium histolyticum. In the studies described in the 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 chemotherapy 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.

[0037] 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.

[0038] In another aspect, methods of slowing hair growth or regrowth after a hair removal
procedure by administering a CBD linked to a PTH/PTHrP receptor antagonist to a subject are
provided. In one embodiment, the PTH antagonist composition 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.

[0039] 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 subcutaneous. 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 administration. 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.

[0040] The inventors have found that when administering compositions including a CBD
subcutaneously it binds locally at the site of injection if the composition is dissolved in neutral
pH buffer. But if the composition is dissolved in a low pH buffer, for example a buffer having pH



DK/EP 2790717 T3

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 aqueous 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 pH lower than about 6.0.
Alternatively, if the skin condition is localized, the compositions 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.

[0041] 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.

[0042] 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, or7 days, orevery 1, 2, 3, 4, and 5weeks 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 therapeutic 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.

[0043] The dosage amounts and frequencies of administration provided herein are
encompassed by the terms therapeutically effective and prophylactically effective. The
individual doses of pharmaceutical agents comprising a collagen-binding 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 polypeptide 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.

[0044] Administration of the compositions to a subject in accordance 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.

[0045] It will be appreciated that the specific dosage administered in any given case will be
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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
pharmacological or prophylactic protocol.

[0046] 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
prophylactic or treatment regimen is large, and a considerable range of doses is expected. The
route of administration will also impact the dosage requirements. It is anticipated that dosages
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.

[0047] 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 micrograms 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 administered, the effective dosage
amounts correspond to the total amount administered.

[0048] 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 appreciated 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.

[0049] The following examples are meant only to be illustrative and are not meant as
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limitations on the scope of the invention or of the appended claims.

EXAMPLES

Example 1: CBD targets partially untwisted or undertwisted regions of collagen

[0050] Clostridium histolyticum collagenase causes extensive degradation of collagen in the
connective tissue resulting in gas gangrene. The C-terminal collagen-binding domain (CBD) of
these enzymes is the minimal segment required to bind to the collagen fibril. CBD binds
unidirectionally to the partially untwisted C-terminus of triple helical collagen. Whether CBD
could also target under-twisted regions even in the middle of the collagen triple helix was
examined. Partially untwisted collageneous peptides were synthesized by introducing a

Gly—Ala substitutions into the collagen ([(POG)POA(POG)l; where x+y=9 and x>3). 'H-"°N
heteronuclear single quantum coherence nuclear magnetic resonance (HSQC NMR) titration

studies with '°N-labeled CBD demonstrated that the untwisted mini-collagen binds to a 10 A
wide 25 A long cleft. Six untwisted collagenous peptides each labeled with a nitroxide radical

were then titrated with '°N-labeled CBD. The paramagnetic nuclear spin relaxation effects
showed that CBD binds close to either the Gly—Ala substitution site or to the C-terminus of
each mini-collagen. Small angle X-ray scattering (SAXS) measurements revealed that CBD

prefers to bind the Gly—Ala site rather than the C-terminus. The HSQC NMR spectra of 1°N-
labeled mini-collagen and untwisted mini-collagen were unaffected by the titration of unlabeled
CBD. The results imply that CBD binds to the partially unwound region of the mini-collagen but
does not actively unwind the triple helix.

Materials and Methods:

[0051]

15N-1abeled protein production: The s3b (Gly893-Lys1008) peptide derived from Clostridium
histolyticum class | collagenase (ColG) was expressed as a glutathione S-transferase (GST)-
fusion protein. The GST-tag was cleaved off by thrombin, and CBD was purified as described

previously. Matsushita, et al., (2001) J Biol Chem 276, 8761-8770. Uniform 15N isotope labeling
was achieved using Tanaka minimal medium containing 40 mM '“NH,CI. The labeling

efficiency was estimated to be 99.6% by matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF-MS).

Peptides: (POG)¢g (SEQ ID NO: 35) was purchased from Peptide Institute, Inc. (Osaka,
Japan). Other peptides were constructed by a standard N-(9-fluorenyl) methoxycarbonyl
(Fmoc)-based strategy on Rink-amide resins (Novabiochem, Darmstadt, Germany). N-terminal
spin-labeling was performed on the resin by the treatment with 5 equivalents of 3-carboxy-
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PROXYL (Aldrich), 1-hydroxybenzotriazole, diisopropylcarbodiimide in N,N-dimethylformamide
at room temperature for 2 hours. Peptide cleavage and de-protection steps were performed by
a treatment with a standard trifluoroacetic acid (TFA) scavenger cocktail (TFA: m-cresol:
thioanisole: water: triisopropylsilane = 82.5: 5: 5: 5: 2.5, v/v). The spin-labeling at Cys residues
was performed using 3-(2-iodoacetamido)-PROXYL (IPSL, Sigma-Aldrich). Briefly, 10 molar
excess of IPSL dissolved in ethanol was added to the same volume of 10 mg/ml peptide in 0.1
M Tris-HCI (pH 8.8), 5 mM ethylenediaminetetraacetic acid. After reacting at room temperature
for 1 hr, the reaction was quenched by adding excess dithiothreitol. All peptides were purified
by reverse-phase HPLC using a Cosmosil 5C4g AR-1l column (Nacalai Tesque, Kyoto, Japan)
and characterized by MALDI-TOF-MS. All the measured masses agreed with the expected
values. The chemical structures of synthesized peptides are shown in Fig. 2.

Circular dichroism spectroscopy: The ftriple helical conformation and the stability of the
collagenous peptides were verified using CD spectroscopy (See Fig. 3 and 4). CD spectra
were recorded with a J-820 CD spectropolarimeter (JASCO Co., Hachioji, Japan) equipped
with a Peltier thermo controller, using a 0.5-mm quartz cuvette and connected to a data station
for signal averaging. All peptide samples were dissolved in water (1 mg/ml), and stored at 4 °C
for 24 h. The spectra are reported in terms of ellipticity units per mole of peptide residues
[Blmrw- Thermostability of the triple helix was monitored by the [0]205 values of each peptide
with increasing temperature at the rate of 0.3 °C/min.

NMR spectroscopy: NMR experiments were performed on a Bruker 700 MHz spectrometer
equipped with cryoprobe™. All the NMR titration experiments were carried out at 16 + 0.5 °C.
The working temperature is lower than the melting temperatures (Ty,) of all the paramagnetic
spin-labeled collagenous peptides (Table 1) used. The concentration of the protein was 0.1
mM in 50 mM Tris-HCI (pH 7.5) containing 100 mM NaCl and 20 mM CaCl,. The dilution effect
on the course of titration was minimized by the titration of a highly concentrated (4 mM)
peptide stock. Aliquots of collagenous peptide were added to the protein and equilibrated for 5

min before acquiring 'H-1°N HSQC spectra. The pH of the NMR samples monitored during the
titration exhibited no significant shift in the pH (within + 0.2 units).
Table 1: Melting temperatures (T,,) of various mini-collagen peptides that were used in NMR

titration and the experiments described herein.

Peptides Tm (° C) SEQ ID NO:

(POG)4POA(POG)5 29 38
PROXYL-(POG)4POA(POG)s5 29 38
PROXYL-(POG)3POA(POG)g 28 39
PROXYL-(POG)sPOA(POG), 28 37
PROXYL-(POG)gPOA(POG)3 27 36
(POG),POA(POG)5C-PROXYL 30 41
"PROXYL-(POG)3PCG(POG), 28 40

Dynamic light scattering experiments: The dynamic light scattering (DLS) data were



DK/EP 2790717 T3

collected using DynaPro-E equipped with a temperature controlled microsampler on the
samples of CBD, collagenous peptides and CBD:mini-collagen complexes in 10 mM Tris-HCI
(pH 7.5) containing 100 mM sodium chloride and 20 mM CaClo. The protein samples were

spun at 10,000 rpm for 10 min and were filtered through 0.02 ym Whatman syringe directly
into a 50-pL quartz cuvette. For each experiment, 20 measurements were made. The mean
hydrodynamic radius (Ry), standard deviation, polydispersity, and percent of peak area were

analyzed using Dynamics V6 (Protein Solutions). The hydrodynamic radius and molecular
weight estimations were calculated from time dependent fluctuations induced by Brownian
motion as described. Proteau, et al. (2010) Curr Protoc Protein Sci Chapter 17, Unit 17 10.

Small angle X-ray solution scattering experiments: The small angle X-ray solution
scattering (SAXS) data were collected on solutions of CBD, collagenous peptides and CBD-
mini-collagen complexes in 10 mM Tris-HCI (pH 7.5), 100 mM NaCl and 20 mM CaCl, at

SAXS/WAXS setup located at the 5-ID-D beamline of the DND-CAT synchrotron research
center, Advanced Photon Source, Argonne National Laboratory (Argonne, IL). The main
advantage of X-ray scattering is that it can be carried out in solution in near physiological
conditions. Petoukhov et al., (2007) Curr Opin Struct Biol 17, 562-571. 1.2398 A (10keV)
radiation was selected from the APS Undulator A insertion device using a Si-111
monochromator, with 1:1 horizontal focusing and higher harmonic rejection from a Rh coated
mirror, and beam defining slits set at 0.3mm vertical by 0.25mm horizontal. A 1.6mm diameter
capillary flow-cell with a flow rate of 4pl/sec was used to collect four frames with 10 second
exposure time. The SAXS detector used was a Mar165 scintillator fiber-optic coupled CCD

detector and covered the momentum transfer range 0.005<g<0.198 A-1, where g = 4 sin6/A
(20 is the scattering angle). The WAXS detector was a custom Roper scintillator fiber-optic

coupled CCD detector and covered 0.191<g<1.8 A1 S. Weigand, et al. (2009) Advances in X-
ray Analysis 52, 58-68.

All scattering data were acquired at sample temperature of 10 °C. The four scattering patterns
from each detector were averaged and merged with the rejection of outlying scans. For further
analysis the program IGOR Pro 5.5 A (WaveMetrics) was used. The scattering profiles of the
protein, peptide and their complexes were obtained after subtracting the buffer profiles. The
reduced scattering data were plotted as scattering intensity /(Q) vs. Q (Fig. 4A). The radius of
gyration, Rg, was obtained from the Guinier approximation by linear least squares fitting in the

QRg < 1 region, where the forward scattering intensity /(0) is proportional to the molecular

weight of the protein complex. An indirect Fourier transformation of /(Q) data using GNOM
provided the particle distribution function P(r) in the real space (Fig. 4B). Svergun, D. (1992) J
Appl Crystallogr 25, 495-503. Where P(r) intersects with x-axis represents the maximum
diameter D 5« averaged in all orientations. The molecular envelopes were constructed for all
the samples based on the SAXS data after ab initio calculation with the program GASBOR.
Svergun, et al. (2001) Biophys J 80, 2946-2953. Simulated annealing minimization of randomly
distributed dummy atoms converged to the protein structure after being tested for the best fit to
the /(Q) scattering data. No symmetry restraints were applied to any of the shape
reconstructions. For each of the complexes, ten ab initio models were calculated with GASBOR
and averaged using DAMAVER. Svergun, D. (2003) J Appl Crystallog 36. The atomic models
represented as a compact interconnected configuration of beads with diameter Dp,5x were



DK/EP 2790717 T3

adjusted to fit the experimental data Iexp(s) to minimize error. Atomic models were docked into
ab initio envelopes with the program SUBCOMB. Kozin, M. B., and Svergun, D. (2000) J Appl
Crystallogr 33, 775-777.

Docking model: The CBD-collagenous peptide complex is generated from Protein Data Bank
entries of ColG s3b (1NQD) and partially untwisted collagenous peptide 1CAG (Ala mutation in

15" position). Other untwisted mini collagen molecules were generated by modifying 1CAG
using fragments derived from [(POG)1¢g]s structure (1K6F). To obtain the complex, the soft

docking algorithm BiGGER was used. Palma, et al. (2000) Proteins 39, 372-384. Solutions
were filtered using NMR titration data and the highest scoring model that satisfied NMR and
SAXS results was chosen. The manual adjustments were aided by the use of MIFit. McRee.
(1999) J Struct Biol 125, 156-165.

Results and Discussion:

[0052] 'H-'>N HSQC NMR titration-CBD targeting the under-twisted sites in collagen:
The untwisted collagenous peptide [(POG)gPOA(POG)3]3 (SEQ ID NO: 36) that has Ala in the

218t position from the N-terminus was synthesized. This peptide was further modified to
accommodate a paramagnetic spin label at the N-terminus. 'H-1"N HSQC NMR titrations were
performed with [PROXYL-(POG)gPOA(POG)s]5 (SEQ ID NO: 36) and '®N-labeled CBD at ratios

ranging from 0.02:1 to 1.5:1. As demonstrated earlier, a total of eleven residues on the
collagen binding interface (S928, W956, G971, K995, Y996, L924, T957, Q972, D974, L991
and V993) either disappeared from the HSQC spectrum or exhibited significant chemical shift
perturbation from their original position on the course of titration. Philominathan,et al. (2009) J
Biol Chem 284, 10868-10876. The PROXYL group on the N-terminus of the collagenous
peptides can cause a distance-dependent line broadening of the NMR signals of CBD during
the course of titration. In addition to the eleven residues, three more residues, V973, G975 and
S979 exhibited appreciable line broadening and these residues eventually disappeared from

the 'H-®™N HSQC spectrum of CBD (Fig. 5A and 5B). When the [PROXYL-
(POG)gPOA(POG)3]3(SEQ ID NO: 36):CBD complex was reduced with ascorbic acid those

three residues reappeared in the "H-""N HSQC spectrum. The disappearance of these three
residues was consistent with the titration of [PROXYL-G(POG)7];3 (SEQ ID NO: 42) (C-terminus

is at 22" position from the N-terminal PROXYL) in our earlier publication. The comparison of
the two titration results demonstrates that CBD is targeting the Gly—Ala substituted site. If CBD
had only bound to the C-terminus of [PROXYL-(POG)gPOA(POG)s3]; (SEQ ID NO: 36) (C-

terminus is at 301" position from the N-terminal PROXYL), we would expect to observe the
disappearance of only one residue (V973) at the most, as in the published titration of
[PROXYL-G(POG)7(PRG)]3(SEQ ID NO: 43). The disappearance of the residues (V973, G975

and S979) located at distal side from the Ca2* binding site (Fig. 5C) confirmed that CBD binds
unidirectionally to untwisted collagen as well. The collagen binding surface in CBD is a 10-A-
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wide and 25-A-long cleft. The width of the binding cleft in CBD matches the diameter of the
triple helix and its length could accommodate [(POG)3]3 (SEQ ID NO: 44). NMR results imply

that CBD is binding to the under-twisted [(POG),POA]; (SEQ ID NO: 45) region of the collagen.

[0053] As paramagnetic relaxation enhancement is a distance dependent phenomenon,
Gly—Ala substitution made at closer to the N-terminal PROXYL group should result in the
disappearance of more residues on CBD. PROXYL containing collagenous peptides,

[PROXYL-(POG)sPOA(POG)4]3 (SEQ ID NO: 37) (Ala at 18" position from the N-terminal
PROXYL), [PROXYL-(POG)4POA(POG)s]s (SEQ ID NO: 38) (Ala at the 15! position from the
PROXYL) and [PROXYL-(POG)3POA(POG)gl3 (SEQ ID NO: 39) (Ala at the 12t position from

the PROXYL) were synthesized. Just as in the previous titrations, the line broadening effects

on the residues of CBD were analyzed from the changes in the 'H-1"N HSQC spectrum. The
shorter the distance between Gly—Ala substitution site and the N-terminal PROXYL, more
residues in CBD disappeared (Fig. 6 and Table 2). The magnitude of intensity drop for four
amide resonances (Q972, G975, S979 and L924) of four different mini-collagen molecules was
also the function of the distance (Fig. 7). The NMR results are consistent with CBD binding to
the [(POG)2POA]3 (SEQ ID NO: 45) region in each of the four under-twisted mini-collagen. The
binding constants obtained from all the NMR titrations were <100uM indicating a moderate
binding affinity between CBD and under-twisted mini-collagen.

Table 2: Residues that disappear due to the presence of PROXYL either at the N-terminus C-
terminus or in the middle of the collagenous peptide sequence.

No. Peptides Alanine Residues disappeared
position due to PROXYL

Blank

1 [(POG)10]3 (SEQ ID NO:
35)

PROXYL at N-terminus

2 [PROXYL- 21 V973, G975, S979
(POG)BPOA(POG)3]3
(SEQ ID NO: 36)

3 [PROXYL- 18 Q972, V973, G975, S979
(POG)5POA(POG)4]3
(SEQ ID NO: 37)

4 [PROXYL- 15 L946, Q972, V973, G975,
(POG)4POA(POG)5]3 S979 1946, G953, Q972,
(SEQ ID NO: 38) V973, D974,

5 [PROXYL- 12 G975, N976, V978, S979
(POG)3POA(POG)6]3

(SEQ ID NO: 39)

S906, R929, S997, G998
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No. Peptides Alanine Residues disappeared
position due to PROXYL

PROXYL at C-terminus

6 [(POG)4POA(POG)5- 15 V973, G975, S979 and
PROXYL]3 (SEQ ID NO: S906,
41)
PROXYL in the middle R929, S997, G998
7 [11PROXYL-
(POG)3PCG(POG)4]3

(SEQ ID NO: 40)

[0054] The helical conformation in both the [(POG);POA]3 (SEQ ID NO: 45) and the C-
terminal [(POG)3]3 (SEQ ID NO: 44) are similarly under-wound. The degree of rotation about
the screw axis symmetry that describes the internal triple helical twist is defined as the helical
twist value k. The k-value oscillates around an average value of -103° for [(POG)¢]3 (SEQ ID
NO: 35). Bella (2010) J Struct Biol 170, 377-391. The C-terminus of a mini-collagen is under-
twisted (k value shifts from -103° to -110°) but the N-terminus is usually over-twisted. Collagen
peptides with Gly—Ala substitution in the center of the peptide sequence still form triple
helices, but with an abrupt under-twisting (k value shifts from -103° to -115°) at the substitution
site followed over-twisting to the norm. Because the [(POG),POA]; (SEQ ID NO: 45) region is
somewhat more under-twisted than C-terminal [(POG)3]3 (SEQ ID NO: 44), the former could be
preferentially targeted by CBD than the latter. However, CBD could still bind to the C-terminus.

[0055] CBD also targets the C-terminus of the under-twisted mini-collagen: To
demonstrate that CBD binds to the C-terminal (POG)3 (SEQ ID NO: 44) as well, a collagenous

peptide [(POG)4POA(POG)s-PROXYL]s (SEQ ID NO: 38) was synthesized.

[((POG)4POA(POG)sC-PROXYL]3 (SEQ ID NO: 41) was titrated with 1®N-labeled CBD at ratios
0.02:1 to 1.5:1 with increments of 0.02, and the changes in the HSQC spectrum of CBD were
monitored. When the mini-collagen was bound to the cleft, a total of eleven residues on the
collagen binding interface either line broadened or showed significant chemical shift
perturbation as described earlier. Philominathan,et al. (2009) J Biol Chem 284, 10868-10876.
Four additional residues S906, R929, S997 and G998 disappeared from the HSQC spectrum
due to PROXYL (Figs. 6A, B and D). These peaks reappeared upon addition of ascorbic acid.
This phenomenon is identical to our previous titration of [GPRG(POG);C-PROXYL]3 (SEQ ID
NO: 46) when CBD bound the C-terminus. If CBD were to bind only to the partially unwound
Ala site, we would have observed the disappearance of fewer residues. Thus in addition to
targeting the (POG)2POA (SEQ ID NO: 45) region of the collagenous peptide, CBD also binds
to the C-terminal (POG)3; (SEQ ID NO: 44). As described, the helical confirmation of both the
(POG)oPOA (SEQ ID NO: 45) region and the C-terminal (POG)3 (SEQ ID NO: 44) are similarly

under-twisted compared to the norm. Bella. (2010) J Struct Biol 170, 377-391. Our current
explanation for why CBD is targeting the under-twisted regions is that the partial unwinding
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positions main-chain carbonyl groups to favor hydrogen-bonding interactions with the hydroxyl
group of Tyr994. Tyr994 mutation to Phe resulted in 12-fold reduction in binding to mini-
collagen, and the mutation to Ala lost binding capability. Wilson, et al. (2003) EMBO J 22,
1743-1752.

[0056] To demonstrate CBD's ability to target both the (POG)oPOA (SEQ ID NO: 45) region
and the C-terminal (POG)3; (SEQ ID NO: 44) region, a collagenous peptide [11PROXYL-
(POG)3PCG(POG)4l3 (SEQ ID NO: 40) modified to accommodate PROXYL group in the middle

(11t position) was synthesized. PROXYL group is covalently joined to the cysteine residue.
Due to the presence of the bulky PROXYL group, this peptide is expected to be partially
untwisted. The precise degree of under-twisting is not known for the peptide, but mini-collagen
with GPX repeats exhibits a moderate under-twisting (k = -105°). Bella. (2010) J Struct Biol
170, 377-391. The bulky PROXYL group will likely induce greater untwisting than k =-105°. In

addition to the eleven amide resonances either line-broaden or shifted, "H-""N HSQC NMR
titrations revealed two distinct phenomena. At lower ratio (0.2:1) amide resonances
corresponding to S906, R929, S997, and G998 disappeared from the HSQC spectrum of CBD
(Figs. 8E, F and H). Then at higher ratio (0.3:1), additional amide resonances corresponding to
V973, G975 and S979 disappeared from the HSQC spectrum of CBD (Figs. 8E, F and H). In
order to cause the disappearance of four residues (S906, R929, S997 and G998), CBD must
initially bind to the N-terminal (POG)3; (SEQ ID NO: 44). The disappearance of resonances

V973, G975 and S979 can be explained if CBD binds to the C-terminal (POG)3 (SEQ ID NO:

44) of the mini-collagen. However the initial phenomenon signifies that CBD binds preferentially
to the under-twisted mid-section to C-terminus.

[0057] To demonstrate that PROXYL caused the line broadening and Ala or Cys residues did
not, three more control peptides, [(POG)4POA(POG)s]3 (SEQ ID NO: 38),
[(POG)4POA(POG)sC-carbamidomethyl]; (SEQ ID NO: 41), and [(POG)3PCG(POG)4]5 (SEQ ID
NO: 40) that lack the PROXYL groups were synthesized, and NMR titrations were repeated
(Figs. 6F, 8C and 8G, respectively). The ftitration results were nearly identical with those of
[(POG)10l5 (SEQ ID NO: 35). Only the eleven amide resonances were either line broadened or

shifted even at 1:1 (mini-collagen:CBD) ratio. These control peptides bound to the same cleft,
and PROXYL caused the additional residues to line broaden.

[0058] To illustrate if CBD binds only to the partially untwisted site in the middle of the collagen
peptide and/or to the C-terminus of mini-collagen, dynamic light scattering experiments (DLS)
were performed. DLS experiments provided the stoichiometries of collagen:CBD complexes.
The hydrodynamic radius of [(POG)4POA(POG)s-PROXYL]3(SEQ ID NO: 38):CBD and
[11MPROXYL-(POG)3PCG(POG)4]3(SEQ ID NO: 40):CBD was 3 nm and the apparent molecular
weight of the complex was 42+1 kDa, which is similar to those observed for [(POG)10]3(SEQ ID

NO: 35):CBD complex (Table 3). Other complexes also exhibited similar values. Thus far, all
the mini-collagen and CBD always formed 1:1 complex. CBD binds to either one of the
available sites in mini-collagen but does not occupy both sites to form a 1:2 complex.
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Table 3: Hydrodynamic radius (RH), apparent molecular weight (Mw), Radius of gyration (Rg)
and Maximum particle diameter (Dmax) computed from Dynamic light scattering (DLS) and
small angle X-ray scattering (SAXS) for various CBD:collagenous peptides complexes.

No Complexes Dynamic Light Scattering { Small Angle X-ray
(DLS) Scattering (SAXS)
Hydro- Apparent Radius {Max
dynamic {Molecular of Diameter
Radius Weight (Myy) iGyration {(D,ax)
(Ru) (Rg)
1 CBD:[(POG)10]3 (SEQ 22.62 +
ID NO: 35) 3 43 0.04 93
2 {CBD:[PROXYL- 3 44 2467+ 87
(POG)6POA(POG)3]3 0.09
(SEQ ID NO: 36)
3 {CBD:[PROXYL- 3 42 21.08+ 90
(POG)5POA(POG)4]3 0.02
(SEQ ID NO: 37)
4 {CBD:[PROXYL- 3 43 25.48+ 92
(POG)4APOA(POG)5]3 0.08
(SEQ ID NO: 38)
CBD: 3 43 24 45+ 85
[((POG)4POA(POG)5]3 0.14
(SEQ ID NO: 38)
5 {CBD:[PROXYL- 3 42 21.97+ 94
(POG)3POA(POG)6]3 0.14
(SEQ ID NO: 39)
6 {CBD: 3 44 24.09+ 85
[((POG)4POA(POG)5C- 0.16
PROXYL]3 (SEQ ID
NO: 41)
CBD: 3 42 2467+ 84
[((POG)4POA(POG)5]3 0.1
(SEQ ID NO: 38)
7 {CBD:[11PROXYL- 3 42 96
(POG)3PCG(POG)4]3
(SEQ ID NO: 40)
CBD: 3 43 23.59+ 90
[((POG)3PCG(POG)4]3 0.05
(SEQ ID NO: 40)

[0059] Small angle X-ray scattering experiments (SAXS): The three dimensional molecular
shapes of the CBD-collagenous peptide complexes were constructed using SAXS
measurements. The main advantage of SAXS measurements is that the experiments are
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performed in solution under near physiological conditions. In our previous work, these three
dimensional molecular envelopes were used to demonstrate asymmetric binding of CBD to the
C-terminal (POG)3 (SEQ ID NO: 44) of mini-collagen. The molecular shapes were constructed

for complexes of CBD and six different untwisted mini-collagen molecules. In all cases CBD
bound to (POG),POA (SEQ ID NO: 45) region preferentially to C- terminal (POG)3; (SEQ ID

NO: 44) (Figs. 9A-F). For example the docking model for CBD:[(POG)4POA(POG)s]3 (SEQ ID

NO: 38)constructed using the crystal structure of CBD (pdb accession code 1NQD) interacting
with (POG),POA (SEQ ID NO: 45) region of the untwisted collagen (pdb accession code

1CAQG) fit the envelope well (Fig 9B). Although NMR results demonstrated that CBD also binds
to the C-terminal (POG)3 (SEQ ID NO: 44) of [[POG)4,POA(POG)5-PROXYL]3 (SEQ ID NO: 38),

CBD predominantly binds to the (POG),POA (SEQ ID NO: 45) region of the peptide (Figs. 9E
and 9F).

[0060] Structures derived from SAXS profiles using simulated annealing calculations for
[11MPROXYL-(POG)3PCG(POG)4]3 (SEQ ID NO: 40) (Figs. 9G and 9H) indicated an additional

density that could be attributed to the PROXYL group. The SAXS derived three-dimensional
shape of [11PROXYL-(POG)3PCG(POG)4]3(SEQ ID NO: 40):CBD complex superimposes well

with either NMR derived complexes i.e., CBD binding to the N-terminal (POG)3; (SEQ ID NO:
44)or to the C-terminal (POG)3 (SEQ ID NO: 44) (Figs. 9G and 9H).

[0061] Little structural change of 1>N-minicollagen upon CBD binding: The studies thus
far suggest that CBD scans the collagen fibril for under-twisted regions. Upon binding to the
less structured regions, does it actively unwind collagen? Active unwinding by CBD would

facilitate collagenolysis. To investigate two collagenous peptides selectively labeled with '°N
near N- or near C-terminus of [(POG)4g]3 (SEQ ID NO: 35) were synthesized (Table 4, peptides

A,B), and the structural changes due to the binding of unlabeled CBD were monitored using

TH-15N HSQC titration.

Table 4: 15N-Labeled Mini-collagen SEQID NO:
A POGPOG*POGPOGPOGPOGPOGPOGPOGPOG 35

B POGPOGPOGPOGPOGPOGPOGPOGPOG*POG 35

c POGPOG*POGPOGPOAPOGPOGPOGPOGPOG 38

D POGPOGPOGPOGPOAPOGPOGPOGPOG*POG 38

* indicates the 1°N-labeled Glycine; A indicates Gly—Ala

substitution.

[0062] The '°N-Gly labeled peptides exhibited two distinct cross peaks in the 'H-1"N HSQC
spectrum (Figs. 10A and 10B). Those cross peaks corresponded to unwound monomer and
triple helical conformations assigned in earlier NMR studies. Liu, et al.(1996) Biochemistry 35,
4306-4313 and Li, et al. (1993) Biochemistry 32, 7377-7387. The Gly residue closer to the
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terminal triplets exhibits both monomer and trimer peaks in the HSQC spectrum, whereas the
Gly residue in the middle of the triple helix exhibits a strong trimer cross peak. If CBD is to
bend or to cause any unwinding of the triple helix upon binding, we expected the cross peak
corresponding to the triple helix to line broaden and disappear on the course of titration, and
the cross peak corresponding to the single chain to intensify. However during the course of the

titration, CBD did not instigate any changes on the 'H-1°N HSQC spectra of the collagenous
peptides. Thus CBD bound to C-terminal (POG)3 (SEQ ID NO: 35) imposed little structural

changes to the triple helix.

[0063] Untwisted mini-collagen molecule selectively labeled with 15N-Gly either at near the Nor
C- termini (Table 4C and D) was titrated with unlabeled CBD. Cross peaks corresponding to
monomer and ftriple-helix were identified on the HSQC spectra (Figs 10C and 10D). The
titration of unlabeled CBD induced little change in the intensity of either monomer or trimer
cross peak. Even upon binding to the partially unwound mini-collagen, CBD does not initiate
any further unwinding.

[0064] CBD unidirectionally binds to the under-twisted site in the triple helical collagen. CBD
may help disband the collagen fibril, but does not unwind the triple helix. Targeting under-
twisted regions of tropocollagen may circumvent the energy barrier required for unwinding the
triple helices. When CBD is used as a drug delivery molecule, the injected molecule distributes
prominently to the end plates of vertebral discs, near the growth plates of tibia and fibula, and
also to skin. It could be unloading its payload to the most blood accessible collagen that is
undergoing remodeling, thus rich in under-twisted regions.

Example 2: Structural Comparison of ColH and ColG Collagen-Binding Domains

[0065] The C-terminal collagen-binding domain (CBD) of collagenase 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 (r.m.s.d.
Cq = 1.5 A), despite sharing only 30% sequence identity. Five out of six residues chelating

Ca?* are conserved. The dual Ca?* binding 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
pocket, architecturally important hydrophobic residues and hydrogen-bonding network around
the cis-peptide bond are well-conserved in metallopeptidase subfamily M9B.

[0066] Common structural features described above and in Bauer et al. (2012) J Bacteriol
November, 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 (yellow), collagen-binding (blue) or protein folding (green). Fig.
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1 also indicates the strands of the structure along the top of the figure.

[0067] The dual calcium-binding site is formed by four chelating residues (Glu899, GIlu901,
Asn903, and Asp904) within the N-terminal linker, two chelating residues (Asp927 and Asp930)
from the B-strand C and invariant Tyr1002 hydrogen- 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 B-strand strategically placed to make room for Glu899. The dual
calcium chelation site is fashioned sometimes by functionally equivalent residues. 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.

[0068] The peptide between residues 901-902 has cis conformation 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 frans-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. 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 5). Calcium ions could catalyze the isomerization in all the CBD molecules
and their transition states and catalytic mechanism may look very similar.

Table 5: Hydrogen-bonds important in frans-cis peptide isomerization in s3b and their
counterparts in s3.

Important H-bonds in s3b for transition Corresponding H-bonds in s3
state formation

T910_0OG1...N903 NH2 S879 0OG1...N872_ND2
T910_0OG1...N900_N S879 OG1...K86_N

E899 OE1...N903 ND2 E868 OE1...N872_ND2
E899 OE2...8922 N E868 OE2..T891 N
N902_0OD1...0904 N NA (N902 replaced with P871)

D930_0D2...Y1002_OH D939 0OD2...Y97 _OH

Y1002_OH...Y932 OH NA (Y932 replaced with F901)

[0069] Non-functional residues that are important in either folding or architectural stability are
conserved. Hydrophobic residues packed between the B-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 B-sheets. The residues flanking (Thr955 & Thr957) interact
with mini-collagen. Tyr932 is packed between the sheets and helps positioning Tyr1002.
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Residues at tight turns are conserved as well. Gly975 is well conserved 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 (25). Philominathan, et al. (2009) J Biol Chem 284:10868-10876 and Sides et
al. J Am Soc Mass Spectrom. (2012) 23(3):505-19. 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. Tyr990 packs against the invariant Ala909 and
conserved 3¢ helix.Ala909 is at the base of the linker that undergoes a-helix—f-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 3-sheets by interacting with both sheets. The B-
strand first interacts in an antiparallel orientation with strand

E then breaks its direction 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.

[0070] Three residues shown to interact strongly with mini-collagen are conserved. The
invariant Tyr994 and well conserved Tyr970 andTyr996 constitute the "hot spot". YO994A
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 3N-HSQC-NMR
titration. The B-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.

[0071] 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 | 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. However CBD binding only at the C-terminal region of tropocollagen is unfounded.
Gold particle-labeled tandem ColG-CBD (s3a-s3b) labeled with gold particle bound to type |
collagen fibrils exhibited no periodicity. In the collagen fibrils, the molecules are staggered from
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each other by about 67nm. Therefore CBD could target partially under-twisted regions in the
middle of a tropocollagen that are also vulnerable for assaults.

[0072] Much like s3b, s3 is both compact, and extremely stable in the presence of

physiological Ca2*. 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 Ca2* sensor to trigger domain rearrangement as means of enzyme

activation. Ca2* concentration in extracellular matrix is higher than that inside a bacterium.
Both 83 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 M9B collagenase and a growth factor should result in
comparable clinical outcome.

Example 3: CBD-PTH agonist spurs hair growth and CBD-PTH antagonist inhibits hair
growth

[0073] In-Vitro Characterization of CBD-Linked PTH Compounds: Collagen binding of
each peptide was verified in flow-through collagen binding assays as previously described in
U.S. Patent Publication No. 2010/0129341. PTH-CBD, consisting 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 Apr 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.

[0074] In-Vivo Distribution of PTH-CBD: Tissue distribution was assessed by administering

353-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 mcg of 3°S-PTH-CBD (122 kem/mcg)
was injected subcutaneously in 7 week-old mice (32-35g). 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 autocryotome, 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. 11). PTH-CBD thus showed the
desired properties of distribution and retention to skin with subcutaneous administration.

[0075] PTH-CBD Reverses Hair Loss in Chemotherapy-induced Alopecia in Mice: We
compared efficacy of CBD linked PTH agonists and antagonists in chemotherapy-induced
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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/6J mice (Jackson
Laboratories, Bar Harbor, Maine) were depilated to synchronize the hair follicles, and
cyclophosphamide (CYP, 150 mg/kg) was administered on day 9 to maximize the
chemotherapy-induced damage. The agonist (PTH-CBD) and the antagonist (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 administered dose
of CBD-linked compounds (320 mcg/kg) is well tolerated in mice. Ponnapakkam et al. (2011)
Calcif 88:511-520. Epub 2011 Apr 2022.

[0076] 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. 12). 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. 13). 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 VI
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. 14), while the antagonist PTH(7-33)-CBD had no benéeficial
effect.

[0077] 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.

[0078] 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 alopecia. 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. 15, indicating a dose-dependent effect on hair regrowth
both qualitatively and quantitatively.

[0079] Chemotherapy-induced Alopecia without Depilation: While the depilated model of
chemotherapy-induced alopecia 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 alopecia, where the animals were given 3 courses of
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cyclophosphamide 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 mcg/kg subcutaneous) prior to the first
cycle did not develop hair loss as shown in Figure 16.

[0080] 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, the effects were more prominent
when given prophylactically. This is evident both visually and quantitatively in Fig. 17, using the
same grey scale analysis used in our dose-response study.

[0081] 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. 18). 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.

[0082] 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.

[0083] 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. 19 is the results of a single
dose of PTH-CBD (320 mcg/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 sustained during the 2
month course of the experiment.
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Example 4: CBD-PTH can prevent or treat hyperparathyroidism

[0084] 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: 13.5 +/- 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
increase in endogenous PTH levels seen in aged, ovarectomized rats. These findings indicate
that a single injection of PTH-CBD can provide long-term suppression of endogenous PTH
production, preventing the normal rise seen with age in the ovarectomized rat model, and thus
may serve as a therapy for hyperparathyroidism.
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ttttetocca
agcaaatcge
getggecataa

ggagtgccat

ccaagtttac
ctaggtgaag
ccactgagey
gcgcgtaatc
ggatcaagag
aaatactgte
gcctacatac
gtgtettace
aacggggggat
cctacagegt
tecocggtaage
ctggtatctt
atgctegtca
cectggecettt
ggataaccgt
gcgcagegag
gcatctgtge
tcgeggtatg
agtaacgtta
ggtgaaccag
ggagctgaat
gattggcgtt
taaatctcge
cgtcgaagoe
cattaactat
tceggegtta
tgaagacggt
gctgttageg
atatctcact

gtecggtttt

tcatatatac
atccttittg
tcagaceceg
tgctgettge
ctaccaactce
cttctagtgt
ctegetetge
gggttggact
toegtgcacac
gagctatgag
ggcagggteg
tatagtcctg
ggggggcgga
tgetggeoatt
attacagect
tcagtgageg
ggtatttcac
gcatgatage
tacgatgtcyg
gccagecacg
tacattccaa
gecacctceca
gccgatcaac
tgtaaagcgg
cegetggatg
tttcttgatg
acgcgactgyg
ggcccattaa
cgcaatcaaa

caacaaacca

DK/EP 2790717 T3

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2540
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440

4500



tgcaaatgct

cgctgggege
tagtgggata
aacaggattt
gccaggeggt
tggagoccaa
cacgacaggt
ctcactcatt
attgtgageg
ggccgtcgtt
tgcagcacat
ttecccaacag
ageggtgeeg
ctcaaactgg
tacggtcaat
taatgttgat
aatt
<210>4

<211> 383
<212> PRT

gaatgagggce atcgttccca ctgegatget ggttgccaac gatcagatgg

aatgegegee
cgacgatacc
tecgectgetg
gaagggcaat
tacgcaaadcc
ttccagactg
aggcacocea
gataacaatt
ttacaacgte
ccceettteg
ttgegecagec
gaaagectgge
cagatgcacg
cegeegtttyg

gaaagctgge

attaccgagt
gaagacagct
gggcaaacca
cagcetgttge
gectctooco
gaaagceggge
ggctttacac
tcacacagga
gtgactggga
ccagetggeg
tgaatggega
tggagtgega
gttacgatge
ttcccacgga

tacaggaagyg

<213> Atrtificial Sequence

<220>

acgggetacyg cogttggtgeg gatatcetegg

catgttatat
gegtggaccg
cegtetecact
gagcegttgge
agtgagcgea
tttatgotte
aacagctatg
aaaccctgge
taatagcgaa
atggcgettt
tettoctgag
gccecatctac
gaatccgacyg

ccagacgcga

<223> Synthetic GST-PTH-CBD fusion protein

<400> 4
Met Ser
1

Thr Arg Leu

Tyr Glu

Gly Leu
50

Leu Thr

65

Met Leu

Gly

Pro

Arg Asp

Glu

Gln

Tle Leu

Leu Leu

20

Glu

Phe

Pro

Ser Met

Gly

Glu

Gly

Asn

Ala

Tyr Trp

Tyr Leu

Agp Lys
40

Leu Pro

55

Ile Ile

70

85

100

1

Lys Ile
10

Lys

Glu Glu Lys
25

Trp Arg Asn
Ile

Tyr Tyr

Ile
75

Arg Tyr

90

05

cccgeegtta
cttgetgeaa
ggtgaaaaga
agattcatta
acgcaattaa
cggetegtat
accatgatta
gttacccaac
gaggcecgea
gcctggttte
geegatactyg
accaacgtaa
ggttgttact

attatttttg

Gly Leu

Tyr Glu

30

Lys Lys

45

Asp
60

Gly

Ala Asp

110

val

Glu

Phe

Asp

Lys

accaccatca
ctetctcagg
aaaaccaccc
atgcagctgg
tgtgagttag
gttgtgtgga
cggattcact
ttaatecgect
cegategeee
cggcaccaga
togtegtece
cctatccecat
cgetcacatt

atggcgttgg

Gln
15

Pro
His Leu
Glu Leu
Val

Lys

Asn
80

His

Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu

95

Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser

DK/EP 2790717 T3

4560

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460

5464



Lys

Met

Gly

145

Val

val

Leu

Thr

Arg

225

Asn

His

Pro

Pro

Fhe

305

Gly

Val

Ala

Ser

Asp

Leu

130

Asp

val

Cys

Lys

Phe

210

Ser

Ser

Asn

Asn

Val

290

Asp

Tyr

Ser

Asp

Tyr
370

<210>5
<211>4
<212>PRT
<213> Atrtificial Sequence

Phe

115

Lys

His

Leu

Phe

Ser

195

Gly

Val

Met

Gly

Asn

275

Ser

Val

Gly

Tyr

Lys

355

Met

Glu Thr Leu Lys Val
120

Met Phe Glu Asp Arg
135

Val Thr His Pro Asp
150

Tyr Met Asp Proc Met
165

Lys Lys Arg Ile Glu
180

Ser Lys Tyr Ile Ala
200

Gly Gly Asp His Pro
215

Ser Glu Ile Gln Leu
230

Glu Arg Val Glu Trp
245

Ile Asn Ser Pro Val
260

Ser Lys Glu Thr Ala
280

Gly Thr Ile Glu Asn
295

Ile Thr Pro Gly Glu
310

Gly Ala Thr Trp Val
325

Ala Thr Asp Asp Gly
340

Pro Gly Arg Tyr Tyr
360

Pro Tyr Arg Ile Asn
375

Asp

Leu

Phe

Cys

Ala

185

Trp

bro

Met

Leu

Tyr

265

Ser

Thr

Val

val

Gln

345

Ile

Ile

Phe

Cys

Met

Leu

170

Ile

Pro

Lys

His

Arg

250

Pro

Gly

Ser

Lys

Tyr
330

Asn Leu Ser Gly Lys Phe Lys

His Leu Tyr Met Phe Asn Gly

Leu

His

Leu

155

Asp

Pro

Leu

Ser

Asn

235

Lys

Ile

Pro

Asp

Ile

315

Asp

Ser

Lys

140

Tyr

Ala

Gln

Gln

Asp

220

Leu

Lys

Gly

Ile

Gln

300

Asp

Glu

Lys

125

Thr

Asp

Phe

Ile

Gly

205

Leu

Gly

Leu

Thr

val

285

Asp

Ile

Asn

Leu

Tyr

Ala

Pro

Asp

190

Trp

Ile

Lys

Gln

Glu

270

Pro

Tyr

Asn

Asn

Pro

Leu

Leu

Lys

175

Lys

Gln

Glu

His

Asp

255

Lys

Gly

Phe

Lys

Asn
335

350

365

Glu

Asn

Asp

160

Leu

Tyr

Ala

Gly

Leu

240

Val

Glu

Ile

Tyr

Leu

320

Ala

Glu Gly Ser Val Gly Arg
380

DK/EP 2790717 T3



<220>

<223> Synthetic peptide: Factor Xa recognition sequence

<400> 5
Ile Glu Gly Arg
1

<210>6
<211>1021

<212> PRT
<213> Clostridium histolyticum

<400>6
Met Lys Arg Lys Cys Leu Ser Lys
1 5

Ala Thr Ile Phe Thr Val Asn Ser
20

Asp Lys Asn Asn Ala Thr Ala Ala
35 40

Thr Vval Ser Tyr Leu Lys Thr Leu
50 55

Leu Val Lys Thr Glu Ile Glu Asn
65 70

Ser Asp Ala Lys Glu Phe Tyr Gly
85

Met Asp Glu Ile Gly Arg Arg Ala
100

Lys Gly Ile Pro Thr Leu Val Glu

115 120

Gly Phe His Asn Lys Glu Leu Asn
130 135

Glu Arg Val Ile Pro Ser Ile Leu
145 150

Lys Leu Gly Thr Glu Val Gln Asp
165

Leu Ala Gly Asn Glu Thr Ala Pro
180

Pro Ile Leu Gln Asp Cys Ile Lys
195 200

Mo . P Mali ®em WM = W ol WML

Arg Leu
10

Thr Leu
25

Vval Gln

Asn Tyr

Leu Pro

Asn Lys
90

Pro Gln
105

Val val

Glu Ile

Ala Ile

Lys Ile
170

Pro Glu
185

Asn Ile

. el

Met Leu

Pro Ile

Asn Glu

Tyr Asp

60

Asp Leu
75

Ala

Tyr

Ser

45

Leu

Phe

Tht Arg Met

Tyr Thr

Arg Ala

Asn Lys
140

Gln Lys

155

Val Ser

val val

Asp Arg

> w1z

Glu

Gly

125

Arg

Asn

Ala

Asn

Tyr
205

Ile

Ala

30

Lys

val

Gln

Ser

Ile

110

Phe

Ser

Pro

Thr

Asn

190

Ala

-

Thr

15

Ala

Arg

Asp

Tyr

Phe

95

Asp

Tyr

Phe

Asn

Gly

175

Phe

Leu

L1 N

Met

val

Tyr

Leu

Ser

80

Ile

His

Leu

Lys

Phe

160

Leu

Thr

Asp

DK/EP 2790717 T3



asp

Asp

225

Pro

Ala

Gly

Ile

Ser

305

Ser

Glu

Lys

Arg

Tyr

385

Thr

Leu

Gly

Leu

Tyr

465

Arg

Thr

Leu

210

Ile

Trp

Leu

Ile

Gly

230

Met

Lys

Gly

val

Leu

370

Gly

Met

Tyr

Thr

Glu

450

Ala

Leu

Arg

LYS

Thr

Tyr

Tyr

Tyr

275

Ile

Gln

Asp

Lys

Ile
355

Tyr

Ile

Val

Gly

Phe

435

Glu

Val

Thr

Thr

Ser

Glu

Gly

Gly

260

His

Glu

His

Ala

Glu

340

Ile

Trp

Asp

Tle

Tyr

420

Phe

Leu

Pro

Trp

Ser
500

Lys

Tyr

Lys

245

Lys

Ile

Thr

Leu

Glu

325

Lys

Lys

Ala

Lys

Tyzx

405

Asp

Thr

Phe

Gly

Tyr

485

Gly

Ard

Leu

230

Ile

Ile

Ala

Leu

Gln

310

Gly

Tyr

Ala

Ser

Pro

330

Asn

Thr

Tyr

Arg

Gln

470

Glu

Ile

Leu

215

Arg

Asp

Asn

Pro

Thr

295

Ser

Asn

Cys

Gly

Lys

375

Leu

Ser

Asn

Glu

His

455

Trp

Glu

Leu

rne AsSn

Ala Thr

Gly Phe

Asp Asn
265

Leu Gly
280

Glu Val

Ala Asp

Lys Ile

Pro Lys

345

Ala Arg
360

Glu Val

Glu Gln

Pro Glu

Asn Gly

425

Arg Glu

440

Glu Tyr

Gly Arg

Gly Gly

Pro Arg
505

valtl

Lys

Ile

250

Asn

Lys

Met

Gln

Pro

330

Thr

Val

Asn

Gly

Glu

410

Gly

Ala

Thr

Thr

Ala

490

Lys

eu

Glu

235

Asn

Ser

Leu

Lys

Ile

315

Leu

Tyxr

Glu

Ser

Asn

395

Tyr

Met

Gln

His

Lys

475

Glu

Ser

Ala

220

Lys

Glu

Trp

His

Val

300

Lys

Asp

Thr

Glu

Gln

380

Pro

Lys

Tyr

Glu

Tyr

460

Leu

Leu

Ile

Ala

Pro

Leu

Ile

Ser

285

Tyr

Arg

Lys

Phe

Glu
365

Phe

Asp

Leu

Tle

Ser

445

Leu

Tyr

Phe

Val

¥Iro

Glu

Lys

Ile

270

Asn

Pro

His

Phe

Asp

350

Lys

Phe

Asp

Asn

Glu

430

Thr

Gln

Asp

Ala

Ser
510

1TNr LYyr

Asn Thr
240

Lys Leu
255

Asp Asn

Asn Lys

Tyr Leu

Tyr Asp
320

Lys Lys
335

Asp Gly

Val Lys

Arg Val

Ile Leu
400

Ser Val
415

Pro Glu

Tyr Thr

Gly Arg

Asn Asp
480

Gly Ser
495

Asgn Ile

DK/EP 2790717 T3



His

Ser

Met

545

asp

Asp

Gln

Asp

Ser

625

Lys

Gly

Phe

Tyr

Asn

705

Gly

Lys

Asp

Asn

Thr

785

Val

BPrn

Asn

Lys

530

Asp

Leu

Leu

Glu

Asp
610

Glu

Lys

Gly

Tle

Lys

690

Arg

Asp

Gly

Pro

Lys

770

Tyr

Ser

Val

Thr

515

Tyr

Tyr

Ala

Ser

Arg

595

Tyr

Ile

Ser

Ala

Asp

675

Thr

Val

Ser

Thr

Asp

755

Ser

Thr

Thr

Tla

Thr

Gly

Met

Lys

Ser

580

Ile

Leu

Ser

Gln

Ser

660

Asp

Leu

Thr

Lys

Glu

740

Gly

Asn

Val

Thr

Txrr

Arg

Ala

Tyr

Asn

565

Asn

Asp

val

Glu

Tyr

645

Lys

Ser

Thr

Tyr

Asn

725

Lys

Lys

Glu

Lys

Thr
805

Mat

Asn

Ser

Asn

550

Asn

Tyr

Asn

Arg

val

630

Phe

Gly

Leu

Ala

Asp

710

Ser

Glu

Ile

Glu

Leu

730

Ala

Hia

Asn

Phe

535

Lys

Asp

Ala

Tyr

His

615

Ala

Ser

Lys

Lys

Tyr

695

Val

Leu

Lys

Val

Asn

775

Lys

Glu

Val

Arg

520

Glu

Asp

val

Leu

Glu

600

Ala

Lys

Thr

Leu

Lys

680

Phe

Val

Pro

Ile

Ser

760

Pro

Val

Ile

Prn

Tyr

Phe

Met

Asp

Asn

585

Asn

Tyr

Leu

Phe

Glu

665

Leu

Thr

Phe

Tyr

Lys

745

Tyr

Glu

Thr

Lys

Tara

Lys

Tyr

Gly

Gly

570

Asp

Leu

Lys

Lys

Thr

650

Asp

Asp

Asn

His

Gly

730

Phe

Glu

His

Asp

Asp

810

Rar

Leu

Asn

Ile

555

Tyr

Lys

Thr

Asn

Asp

635

Leu

Gln

Thr

Tyr

Gly

715

Lys

Ser

Trp

Ser

Asp

735

Leu

(e,

Ser

Tyr

540

Leu

Asp

Tyr

Val

Pro
620

Ala

Arg

Lys

Tyr

Lys

700

Tyr

Ile

Ser

Asp

Tyr

780

Lys

Ser

Ala

Asp

525

Ala

Asn

Asn

Gln

Pro

605

Asn

Lys

Gly

Ala

Ser

€85

Val

Leu

Asn

Glu

Phe

765

Asp

Gly

Glu

T.an

Thr

Cys

Lys

Tyr

Asp

590

Phe

Glu

Ser

Ser

Met

670

Trp

Asp

Pro

Gly

Gly

750

Gly

Lys

Glu

Asn

Aan

Val

Met

Leu

Ile

575

His

Val

Ile

Glu

Tyr

655

Asn

Ser

Ser

Asn

Thr

735

Ser

Asp

Val

Ser

Lys

815

=1n

His

Phe

Asn

560

Ary

Met

Ala

Tyr

val

640

Thr

Lys

Gly

Ser

Glu

720

Tyr

Phe

Gly

Gly

Ser

800

Leu

Twra
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val

Gly

Asn
865

Arg

Lys

Asn

Ser

val

945

Gly

Tyr

Lys

Met

Val

Tyr

850

Pro

val

Ile

Ser

Gly

930

Ile

Gly

Ala

Pro

Pro

Phe
835

Gln

Ser

Met

Thr

Lys

915

Thr

Thr

Ala

Thr

Gly
995

g A

820

Tyr Gly

Trp Asp

His Vval

Asp

Asp

300

Glu

Ile

Pro

Thr

Asp

980

Arg

Ser

885

Pro

Thr

Glu

Gly

Trp

965

Asp

Tyr

Lys

Phe

Tyr
870

Ser

val

Ala

Asn

Glu

950

Val

Gly

Tyr

Gly

Gly

855

Thr

Gly

Tyr

Ser

Thr

935

val

Val

Gln

Ile

Thr
840

Asp

Lys

Gln

Pro

Gly

920

Ser

Lys

Tyzr

Asn

His

PR TR,

825

Tyr Asp

Gly Ser

Lys Gly

oy amaene

Pro Asp

Asp Phe

muvara ameras  wsaas  amyoas

830

Gly Ser Ile Ala

845

860

Glu Tyr

875

Ser Ser Glu Gln

Thr val Thr Leu

880

Met Ser Glu Lys Thr Met ILys Tle

890

Ile Gly Thr

905

Pro Ile Val

Asp Gln Asp

Ile Asp Ile

955

Asp Glu Asn

970

Leu Ser Gly

985

Leu Tyr Met Phe Asn

1000

Glu

Pro

Tyr

940

Asn

Asn

Lys

895

Lys Glu Pro Asn
910

Gly Ile Pro Val
925

Phe Tyr Phe Asp

Lys Leu Gly Tyr
960

Asn Ala Val Ser
975

Phe Lys Ala Asp
9%0

1005

Tyr Arg Ile Asn Ile Glu Gly Ser Val Gly Arg

1010

<210>7

<211> 84
<212> PRT
<213> Homo sapiens

<400>7

Ser Val Ser Glu Ile

1

5

Ser Met Glu Arg Val

20

Asgsn Phe Val Ala Leu

35

Gln Arg Pro Arg Lys

50

10

15

Gln Leu Met

Glu Trp leu

Gly Ala Pro

40

Lys Glu Asp

55

1020

His Asn Leu Gly Lys His Leu Asn

10

15

Arg Lys Lys Leu Gln Asp Val His

25

30

Leu Ala Pro Arg Asp Ala Gly Ser

45

Asn Val Leu Val Glu Ser His Glu

60

Gly Ser Tyr
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Lys Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn Val Leu Thr Lys

65

Ala Lys Ser Gln

<210> 8

<211> 141
<212> PRT
<213> Homo sapiens

<400> 8
Ala Vval
1

Asp Leu

Thr Ala

Ser Pro

50

Gly Arg

Gln Pro

Arg Lys

Asp Ser

Thr Ser
130

<210>9

Ser

Arg

Glu

35

Agn

Tyzr

Leu

Glu

Gly

115

Thr

<211> 160
<212>PRT
<213> Atrtificial Sequence

<220>

Glu

Arg

Ile

Thr

Leu

Lys

Gln

100

Val

Thr

His

Arg

Arg

Lys

Thr

Thr

85

Glu

Thr

Ser

70

Gln

Phe

Ala

Asn

Gln

70

Pro

Lys

Gly

Leu

Leu

Phe

Thr

His

55

Glu

Gly

Lys

Ser

Glu
135

Leu

Leu

Ser

40

Pro

Thr

Lys

Lys

Gly

120

Leu

His

Hisg

Glu

Val

Asn

Lys

Arg

105

Leu

Asp

Asp

10

His

Val

Arg

Lys

Lys

90

Arg

Glu

Ser

75

Lys

Leu

Ser

Phe

val

15

Lys

Thr

Gly

Arg

Gly

Ile

Pro

Gly

60

Glu

Gly

Arg

Asp

Arg
140

Lys

Ala

Asn

45

Ser

Thr

Lys

Ser

His

125

His

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

<400>9

Ser

Glu

Ser

Asp

Tyr

Pro

Ala

110

Leu

Ile

15

Ile

Lys

Asp

Lys

Gly

95

Trp

Ser

80

Gln

Hisg

Pro

Glu

Glu

80

Lys

Leu

Asp

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

DK/EP 2790717 T3



Val His

Glu Pro
50

Ile Pro
65

Tyr Phe

Leu Gly

Ala Vval

Lys Ala

130

Gly Ser
145

Asn

35

Asn

Val

Asp

Tyr

Ser

115

Asp

Tyr

<210>10

<211> 152
<212>PRT
<213> Atrtificial Sequence

<220>

Gly

Asgn

Ser

Val

Gly

100

Tyr

Lys

Met

Ile

Ser

Gly

Ile

85

Gly

Ala

Pro

Pro

Asn

Lys

Thr

70

Thr

Ala

Thr

Gly

Tyr
150

Sexr

Glu

55

Ile

Pro

Thr

Asgp

Arg

135

Arg

Pro

40

Thr

Glu

Gly

Trp

Asp

120

Tyr

I'le

val

Ala

Asn

Glu

val

105

Gly

Tyxr

Asn

Tyr

Ser

Thr

val

90

Val

Gln

Ile

Ile

Pro

Gly

Ser

75

Lys

Tyr

Asn

His

Glu
155

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

<400> 10

Leu Met
1

Trp Leu

Val Tyr

Ala Ser
50

Asn Thr

65

Glu Vval

Val Val

His

Arg

Pro

35

Gly

Ser

Lys

Tyr

Asn

Lys

20

Ile

Pro

Asp

Ile

Asp
100

Leu

Lys

Gly

Ile

Gln

Asp

Glu

Gly

Leu

Thr

val

Asp

70

Ile

Asn

Lys

Gln

Glu

Pro

55

Tyr

Asn

Asn

His

Asp

Lys

40

Gly

Phe

Lys

Asn

Leu

Val

25

Glu

Ile

Tyr

Leu

Ala
105

Asn

10

His

Pro

Pro

Phe

Gly

Val

Ser

Asn

Asn

val

Asp

75

Tyr

Ser

Ile Gly
45

Pro Ile

60

Asp Gln

Ile Asp

Asp Glu

Leu Ser

125

Leu Tyr
140

Gly Ser

Met Glu

Gly Ile

Asn Ser

Ser Gly

60

Val Ile

Gly Gly

Tyr Ala

Thr

Val

Asgp

Ile

Asn

110

Gly

Met

val

Arg

Asn

30

Lys

Thr

Thr

Ala

Thr
110

Glu

Pro

Tyr

Asn

95

Asn

Lys

Phe

Gly

val

15

Ser

Glu

Ile

Pro

Thr
95

Asp

Lys

Gly

Phe

80

Lys

Asn

Phe

Asn

Arg
160

Glu

Pro

Thr

Glu

Gly

80

Trp

Asp
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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> 11

<211> 35

<212>PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic PTH(1-33) with Gly-Ser amino terminal extension

<400> 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>12
<211>6
<212> PRT
<213> Atrtificial Sequence

<220>
<223> Synthetic thrombin cleavage sequence

<400> 12

Leu Val Pro Arg Gly Ser
1 5
<210> 13

<211> 111

<212> PRT

<213> Clostridium histolyticum

<400> 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
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Glu Leu Asp Lys Lys Asp Glu Phe Gly Val Thr Trp Thr Leu His Pro
50 55 60

Glu Ser Asn Ile Asn Asp Arg Ile Thr Tyr Gly Gln Val Asp Gly Asn
€5 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> 14

<211> 111
<212>PRT

<213> C. sporogenes

<400> 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> 15

<211> 111

<212> PRT

<213> C. botulinum

<400> 15
Ile Tyr Glu Lys Glu Asn Asn Asp Ser Phe Glu Thr Ala Asn Lys Ile
1 5 10 15

Met Len Asn Thr Thr Val Leu Gly Asn Leu Asn Gly Lys Asp Val Arg
20 25 30
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Asp Ile Tyr Ser Phe
35

Leu Asn Asn Leu Asn
50

Ser Asp Leu Asn Asn
65

Ile Lys Gly Lys Cys
85

Tyr Lys Tyr Ser Gly
100

<210> 16

<211> 111

<212> PRT

<213> B. cereus

<400> 16
Leu Thr Glu Ser Glu
1 5

Gly Leu Asn Thr Thr
20

Asp Val Tyr Thr Phe
35

Val Leu Asn Glu Tyr
50

Ser Asp Met Gln Asn

65

Ile Glu Ala Asn Phe
85

Tyr Lys Tyr Asp Asn

100

<210> 17

<211> 111

<212> PRT

<213> B. anthracis

<400> 17

Asp

Asn

Tyr

70

Asn

Asp

Pro

ILle

Asn

Gly

Tyr
70

Asn

Gly

Ile

Leu

55

Ile

vVal

Asn

Asn

Lys

Val

Ile

55

Ala

Ala

Asp

Lys

40

Gly

Ala

Ala

Gly

Asn

Gly

Ala

40

Gly

Ala

Lys

Gly

ILeu Thr Glu Ser Glu Pro Asn Asn

1 5

Gly Leu Asn Thr Thr Ile Lys Gly

20

Asp Val Tyr Thr Phe Asn Val Ala Ser Ala Lys Asn Ile Asp Ile Ser

Glu Ala Lys Asp Leu Asp Ile
45

Leu Ala Trp Asn Leu Tyr Lys
60

Tyr Gly Ser Val Ser Gly Asn
75

Pro Gly Lys Tyr Tyr Leu Tyr
90 95

Asn Tyr Ser Leu Ala TIle Lys
105 110

Arg Pro Glu Glu Ala Asn Arg
10 15

Ser Leu Ile Gly Gly Asp His
25 30

Ser Ala Lys Asn Ile Asn Ile
45

Met Thr Trp Val Leu His His

Tyr Gly Gln Val Asn Gly Asn

75

Pro Gly Lys Tyr Tyr Leu Tyr
90 95

Thr Tyr Glu Leu Ser Val Lys
105 110

Lys

Glu

Thr

80

Val

Ile

Thr

Ser

Glu

His

80

Val

Arg Pro Glu Glu Ala Asn Arg Ile

10 15

Ser Leu Ile Gly Gly Asp His Thr

25 30
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35

Val Leu Asn Glu

50

Ser Asp Met Gln

65

Ile Glu Ala Asn

Tyr Lys Tyr Asp

<210> 18
<211> 111
<212> PRT
<213> Bacillus sp.

<400> 18

Lys Thr
1

Pro Phe

Asp Val

Val Leu
50

Ser Agp
65

Ile Asn

Tyr Lys

Glu

Asn

Tyr
35

Asn

Ser

Gly

Phe

<210>19
<211> 111
<212> PRT
<213> L. sphaericus

<400> 19

Lys Ala Glu Ile Glu Pro Asn

1

100

Ile

Thr

20

Glu

Glu

Gln

Lys

Glu
100

Tyr

Asn

Phe

85

Asn

Glu

Pro

Phe

Asn

Asn

Trp

Asn

5

Gly

Tyr

70

Asn

Gly

Pro

Leu

Asn

Gln

Tyr

70

Asn

Glu

Ile

55

Ala

Ala

Asp

Asn

Ser

val

Ile

55

Ala

Ala

Asn

Pro Phe Asn Thr Pro Leu Lys

20

Asp Val Tyr Glu Phe Asn Val

35

40

Gly

Ala

Lys

Gly

Asn

Gly

Th
40

Gly

Ser

Lys

Gly

Asn

Met

Tyr

Pro

Thr
105

Arg

Ser

25

Ser

Met

Phe

Pro

Thr
105

Arg

Thr

Gly

Gly

Tyr

Pro
10

Leu

Pro

Thr

Gly

Gly

Tyr

Trp

Gln

75

Lys

Glu

Glu

Met

Lys

Trp

Gln

75

Lys

Thr

Val

60

Ala

Tyr

Leu

Glu

Glu

Glu

Val

€0

Glu

Tyrxr

Val

Pro Glu Glu

10

Gly Arg Leu Met Asp

25

Thr Ser Pro Lys Glu

40

45

Leu

Asn

Tyr

Ser

Ala

ASp

Ile
45

Leu

Asp

Tyr

His

Ala

Asp

Leu
45

His

Gly

Leu

val
110

Thr

Asp
30

Asp

Tyr

Gly

Leu

val
110

Thr

Asp
30

Asp

His

Asn

Tyr
95

Lys

Met
15

His

Ile

His

Asn

Tyr

95

Gln

Ile
15

His

Ile

Glu

His

Val

Leu

Thr

Ser

Glu

Met

80

val

Leu

Thr

Ser
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Val Leu Asn Glu
50

Ser Asp Ser Gln
65

Ile Asn Gly Lys

Tyr Lys Phe Glu
100

<210> 20

<211> 111

<212> PRT

<213> C. cerus

<400> 20

val Thr Glu
1

Asn

Phe Thr

20

Asn His

Val Phe

35

Asp Thr

Leu Asn Glu

50

Leu

Ser
65

Asp Leu Asn

Val Lys Gly Thr

Glu
100

Tyr Lys Tyr
<210> 21
<211> 111

<212> PRT

Asn

Asn

Leun

85

Asn

Glu

Pro

Phe

Gln

Asn

Tyr

85

Asn

<213> B. mycoides

<400> 21

Arg

Tyr

70

His

Glu

Pro

val

Gln

Asn

Tyr

70

Asn

Lys

Ile

55

Ala

Ala

Asn

Asn

Lys

Ile

Ile

55

Val

Ala

Asp

Ser Val Glu Lys Glu Pro Asn

1

5

Gln Leu Asn Gln Leu Leu Arg

20

Asp Tyr Phe Glu Ile Asn Val

35

Gly

Ser

Glu

Gly

Asn

Gly

Asp

40

Gly

Ala

Lys

Gly

Asn

Ala

Glu
40

Met Thr Trp Val

60

Phe Gln

75

Gly Glu

Pro Gly

90

Lys Tyr

Thr
105

Tyr Thr Vval

Glu Pro G1ln

10

Arg

Thr
25

Leu His Asn

Ser Pro Glu Asn

Met Thr Val

60

Trp

Glu
75

Tyr Gly Asn

Pro Gly Lys Tyr

Ser val

105

Tyr Leu

Phe Gln Thr
10

Ser

Ser
25

Leu Gly Asn

Thr Ala Arg Asn

Leu

Glu

Tyr

Gln

Ala

Ser

Ile

45

Leu

Glu

Tyr

Asn

Ala

Gly

Tyr

Gly

Leu

val
110

Asn

Asp

30

Asn

His

Gly

Leu

Ile
110

Asn

Asp
30

His Glu

Asn Met

80

Tyr Val

95

Gln

Lys Val

15

Arg Val

Ile Ser

Hig Glu

Asn Val

Tyr Val

95

Lys

Lys Leu
15

Thr Ser

Leu Gln Ile Asn

45

DK/EP 2790717 T3



Val Thr Lys Glu

50

Ala Asp Leu Asn

65

Leu Val Gly Ser

Tyr Gln Tyr Gly

<210> 22
<211>112
<212> PRT

<213> B. weihensteph

<400> 22
Ala Val Glu

1

Ser

Asp

Val

Ser

65

Lys

val

Leu

Arg

Thr

50

Asp

Leu

Tyr

Asn

Phe

35

Asn

Leu

Leu

Lys

<210> 23
<211> 111
<212> PRT
<213> B. brevis

<400> 23
Glu Lys Glu Gln

1

100

Lys

Ala

20

val

Glu

Asn

Gly

Tyr
100

Lys Ser Asn Val

20

Asn

Asn

Tyr

85

Gly

Glu

Leu

Ile

Gln

Asn

Asn

85

Gly

Asn

Tyr

70

Asn

Gly

Pro

Leu

Asp

Asn

Tyr

70

Tyr

Gly

Ile

val

Ala

Thr

Asn

Arg

val

Leu

55

Val

Asn

Gly

Glu Pro Asn

5

Glu Leu Ser

Asp Ile Phe Ala Leu Lys Val

35

Gly

Thr

His

Gly

Asn

Gly

Lys

40

Gly

Thr

Ala

Thr

Asn

Gly

Leu
40

Val Asn

Tyr Ala

Pro Gly
90

Asn Tyr
105

Ser Phe
10

Asn Leu
25

Asp Pro

Leu Asn

Tyr Ala

Lys Pro

20

Gly Asn
105

Trp

Gln

15

Lys

Thr

Asp

Ser

Lys

Trp

Thr

75

Gly

Phe

val

60

Thr

Tyr

Val

Ala

Asp

Asp

Val

60

Lys

Lys

Thr

Ser Phe Ser Glu

10

Gln Thr Ser Lys

25

Gly Asn Gly Thr

Leu

Gln

Tyr

Glu

Ala

Gln

Leu

45

Leu

Arg

Tyr

Val

Ala

Gln

Tyr

Gly

Leu

val
110

Asn

Asp

30

Gln

Tyr

Asp

Tyr

Glu
110

Asn

Asp
30

Ser Ala

Asn Lys
80

Hisg Vval
95

Lys

Pro Leu
15

Gln val

Ile Thr

Ser Glu

Gly Asn
80

Leu Ser
95

Val Lys

Pro Leu
15

Asp Lys

Val Lys Ile Asn

45
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Val Thr Ser Glu His
50

Asp Asp Leu Asn Asn

Leu Ser Gly Glu Phe
85

Tyr Asn Phe Asn Gly

100

<210> 24
<211> 111
<212> PRT
<213> B. brevis

<400> 24
Pro Thr Glu Val Glu
1 5

Gln Leu Gly Lys Glu
20

Asp Thr Tyr Met Ile
35

Val Ser Ser Glu Lys

Asp Asp Leu Lys Thr

Leu Thr Gly Glu Phe

Tyr Asn Thr Asn Asn
100

<210> 25

<211> 112

<212> PRT

<213> C. perfringens

<400> 25
Ile Lys Glu Val Glu
1 5

Asp Ser Asn Ser Lys
20

Asp Ile Tyr Ser Ile

Asp

Tyr

70

Glu

Glu

105

Pro

Tle

Gln

Asp

Tyr

70

Glu

Thr

Asn

Ile

Asp

Thr

55

Leu

Ala

Thr

Asn

Ser

Val

Glu

Phe

Ala

Lys

Asn

Val

Ile

Gly

Ala

Thr

Ile

Asn

Gly

Glu

40

Gly

Ala

Lys

Ile

Asn

Gly

Lys

Leu

Tyxr

Pro

Pro

Ser

Gln

25

Glu

Leu

Tyr

Pro

Pro
105

Asp

Thr
25

Asn

Asn Trp

Pro Lys
75

Gly Thr
90

Tyr Lys

110

Phe Asp

10

Thr Asp

Glu Gly

Asn Trp

Pro Lys

15

Gly Lys

Tyr Lys

Phe Asp
10

Leu Ser

Pro Ser

Val

60

Thr

Tyr

Val

Asp

Arg

Val

Val

60

Thr

Tyr

Ala

Lys

Asn

Asp

Val

Ser

Tyr

Thr

Ala

Thr

Ile

45

Val

Thr

Tyr

Ile

Ala

Asp

His

Gly

Leu

Ala

Asn

Asp

Gln

Phe

Gly

Leu

val
110

Met

Asp
30

His Glu

Lys Thr

Ser Val

95

Glu

Thr Leu
15

Asp Lys

Val Thr

His Glu

Lys Lys

80

Leu Val

Asn

Lys Val
15

Leu Lys

Leu Asn Ile Val
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35

Val Glu Asn Leu

50

Asp Asp Leu Ser

65

Leu Ser Asn Thr

Tyr Gln Phe Glu

<210> 26

<211>115
<212>PRT
<213> C. sporogenes

<400> 26
Ile Ser Glu

1

Gly

Asp

Met

Ser

65

Gly

Tyr

Thr

Lys

Thr

Glu

50

Ser

Asn

Ile

Ile

Asn

Tyt

35

Asn

Asp

Lys

Leu

Asn
115

<210> 27

<211>115
<212> PRT
<213> C. botulinum

<400> 27

Ile Ser Glu Lys Glu Asp Asn Asn Ser Phe Asp Lys Ala Asn Arg Val

1

100

Lys

Gln

20

TyY

Thr

Asn

Leu

Ala
100

Asp

Asn

Cys
85

Asn

Glu

Thr

Phe

Asp

Thr

Met

Tyr

5

Asn

Tyr
70

Lys

Ser

Asp

Val

Asp

Asn

Asn

70

Gly

Lys

Ile
55

val

Leu

Gly

Asn

Leu

Ala

Asn

55

Asn

Ser

Asn

40

Lys

Asp

Asn

Thr

Asp

Ala

Leu

Ser

Tyr

PhLe

Ser

Met

Tyr

Pro

Gly
105

Ser

Thr

25

Ala

Thr

Ile

Lys

Ser
105

Asn

Ala

Gly
20

Asn

Phe

10

Leu

Ala

Ile

Gly

val

90

Asn

10

Trp

Asn
75

Lys

Tyr

AsSp

Asp

Phe

Tyr

15

Pro

Lys

Leu
60

Ala

Tyr

Thr

Lys

Thr

Thr

Asn

60

Pro

Lys

Ile

45

Leu

Asp

Tyr

Vval

Ala

Lys

Ile

45

Trp

Thr

Pro

Asn

Tyr

Gly

Leu

Asn
110

Asn

Asp

Rsp

Leu

Lys

Gly

Tyr
110

Ser

Asn

Cys
95

Leu

Arg

15

Asn

Ile

Ala

Lys

Arg

Lys

15

Ala

Lys
80

val

Gln

Val

Arg

val

Tyr

Glu

80

Tyr

Leu

Cys Lys Asn Gln Ser Val Ile Ala Thr lLeu Asp Thr Asn Asp Pro Arg

20

25

30
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Asp

Met

Ser

65

Gly

Tyr

Asn

Thr

Gly

50

Ser

Asn

Ile

Ile

Tyr

35

Asn

Asp

Lys

val

Lys
115

<210> 28

<211>115
<212>PRT
<213> C. sporogenes

<400> 28

Val Ser Glu

1

Tyr

Asp

Val

Ser

65

Gly

Tyr

Ser

Tyr

Thr

Glu

50

Asp

Asn

Leu

Ile

Lys

Phe

35

Lys

Glu

Gln

val

Glu
115

<210> 29

<211>115
<212> PRT
<213> C. botulinum

Tyr

Thr

Asn

Ile

Ala
100

Lys

Asp

20

Tyr

Thr

Asp

Leu

Ile
100

Phe

Asp

Thr

Thr

85

Tyr

Glu

Leu

Phe

Asn

Lys

Ser

85

Tyr

Asp

Asn

Asn

70

Gly

Lys

Asp

val

Thr

Asn

Ser

70

Asn

Lys

Ala

Ser

55

Asn

Asgn

Thr

Asn

Asn

Val

Asp

55

Asn

Thr

Thr

Leu

40

Ser

Tyr

Phe

Ser

Asn

Gly

Thr

40

Lys

Tyr

Vval

Leu

Thr

Asn

Ile

Lys

Ser
105

Asp

Ser

25

Lys

Ser

Met

Lys

Gly
105

Ala

Glu

Gly

val

20

Asn

Phie

10

Vval

Pro

Glu

Ala

Ile

90

Glu

Gly

Phe

Tyr

75

Asp

Lys

Thr

Ser

Ser

Phe

Phe

75

Asn

Lys

Asn

Asn

60

Ala

Lys

Ile

Thr

Ser

Asp

Asn

60

Pro

Lys

val

Ile

45

Trp

Thr

Pro

Asn

Ala

Ser

Ile

45

Trp

Asn

Pro

Asp

Glu

Leu

Lys

Gly

Tyr
110

Asn

Asp

30

Thr

Leu

Lys

Gly

Tyr
110

val

Ala

Arg

Arg

95

Lys

Pro

15

Asn

Ile

Leu

Glu

Lys

95

Lys

Thr

Tyr

Glu

80

Tyr

Leu

Val

Lys

Thr

Phe

Leu

80

Tyr

Phe
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<400> 29
Val Ser Glu Lys Glu Asn Asn Asn Asp Tyr Val Asn Ala Asn Pro Val
1 5 10 15

Tyr Ser Lys Asp Leu Val Asn Gly Ser Val Ser Ser Ser Asp Asp Arg
20 25 30

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

Val Glu Lys Ile Asn Lys Asp Lys Ser Glu Phe Ser Trp Leu Leu Phe
50 55 60

Ser Glu Glu Asp Lys Ser Asn Tyr Ile Thr Tyr Pro Asn Lys Glu Leu
65 70 75 80

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

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

Asn Ile Glu

115
<210> 30
<211> 113
<212> PRT
<213> C. sordellii

<400> 30
Gly Val Glu Gln Glu Asp Asn Asn Ser Phe Glu Lys Ala Asn Pro Phe
1 5 10 15

Ser Ile Asn Gln Leu Val Lys Gly Glu Leu Asp Asn Asn Lys Asp Thr
20 25 30

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

Ser Leu Glu Lys Thr Glu Gly Asp Gly Val Asn Trp Leu Leu Phe Lys

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

Asn Lys Leu Asn Gly Lys Val Asp Leu Lys Val Gly Thr Tyr Tyr Leu
85 90 95

Glu Val Tyr Gly Tyr Gly Ser Ser Pro Val Lys Tyr Asn Phe Lys Val
100 105 110

Thr

<210> 31
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<211> 113
<212> PRT
<213> Clostridium histolyticum

<400> 31
Thr Lys Glu Met Glu Pro Asn Asp Asp Ile Lys Glu Ala Asn Gly Pro
1 5 10 15

Ile Val Glu Gly Val Thr Val Lys Gly Asp Leu Asn Gly Ser Asp Asp
20 25 30

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

Glu Leu Pro Tyr Ser Gly Ser Ser Asn Phe Thr Trp Leu Val Tyr Lys

Glu Gly Asp Asp Gln Asn His Ile Ala Ser Gly Ile Asp Lys Asn Asn
65 70 75 80

Ser Lys Val Gly Thr Phe Lys Ser Thr Lys Gly Arg His Tyr Val Phe
85 90 95

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

Lys

<210> 32

<211> 113

<212> PRT

<213> C. perfringens

<400> 32
Ile Asn Glu Ser Glu Pro Asn Asn Asp Phée 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

Thr Val Leu Lys Gly Glu Lys Thr Leu Glu Pro Gly Arg Tyr Tyr Leu
85 90 95
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Ser Val Tyr Thr Tyr Asp Asn Gln Ser Gly Ala Tyr Thr Val Asn Val
100 105 110

Lys

<210> 33

<211> 113
<212> PRT
<213> C. sordellii

<400> 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 15 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

Asn

<210> 34

<211> 111

<212> PRT

<213> Clostridium histolyticum

<400> 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 Vil 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
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65 70 75 80

Ser Gly Lys Phe Lys Ala Asp Lys Pro Gly Arg Tyr Tyr Ile His Leu
85 20 95

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

<210> 35

<211> 30

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(30)

<223> Any Xaa is hydroxyproline

<400> 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> 36

<211> 30

<212>PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(30)

<223> Any Xaa is hydroxyproline

<400> 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> 37
<211> 30
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<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(30)

<223> Any Xaa is hydroxyproline

<400> 37
Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro
iE 5 10 15

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

<210> 38

<211> 30

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(30)

<223> Any Xaa is hydroxyproline

<400> 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> 39

<211> 30

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(30)

<223> Any Xaa is hydroxyproline
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<400> 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> 40

<211> 24

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(24)

<223> Any Xaa is hydroxyproline

<400> 40
Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Cys Gly Pro Xaa Gly Pro
L 5 10 15

Xaa Gly Pro Xaa Gly Pro Xaa Gly
20

<210> 41

<211> 31

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(31)

<223> Any Xaa is hydroxyproline

<400> 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> 42

<211> 22

<212> PRT

<213> Atrtificial Sequence
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<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(22)

<223> Any Xaa is hydroxyproline

<400> 42
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
20

<210>43

<211> 31

<212>PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(31)

<223> Any Xaa is hydroxyproline

<400> 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
20 25 30

<210> 44

<211>9

<212>PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(9)

<223> Any Xaa is hydroxyproline

<400> 44
Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly
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1 5

<210>45

<211>9

<212>PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature
<222>(1)..(9)

<223> Any Xaa is hydroxyproline

<400> 45

Pro Xaa Gly Pro Xaa Gly Pro Xaa Ala
1 5

<210> 46

<211> 26

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> misc_feature

<222> (1)..(26)

<223> Any Xaa is hydroxyproline

<400> 46
Gly Pro Arg Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly

1 5 10 15

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

<210> 47

<211>7

<212> PRT

<213> Atrtificial Sequence

<220>
<223> Synthetic peptide: GST Tag

<400> 47
Gly Ser Pro Gly Ile Pro Gly
1 [
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Patentkrav

1. Sammensaetning omfattende et bakterielt kollagenbindende polypeptidseg-
ment bundet til en PTH/PTHrP-receptoragonist til anvendelse i en fremgangs-
made til behandling af alopecia areata hos et individ med behov for harvaekst,
omfattende indgivelse af sammensaetningen til et individ for at ege harvaek-
sten.

2. Sammenseetning til anvendelse ifglge krav 1, hvor sammensaetningen ind-
gives lokalt.

3. Sammensaetning til anvendelse ifglge krav 2, hvor sammenseaetningen ind-
gives topisk.

4. Sammenseetning til anvendelse ifglge et hvilket som helst af kravene 1-3,
hvor sammensaetningen indgives i vandig oplasning med pH under ca. 5,0.

5. Sammenseetning til anvendelse ifglge et hvilket som helst af kravene 1-4,
hvor det bakterielle kollagenbindende polypeptidsegment omfatter et kollagen-
bindende polypeptid afledt af en M9-peptidase udvalgt fra gruppen bestaende
af Clostridium, Bacillus og Vibrio, en af SEQ ID NOs: 13-34 eller et fragment
af mindst 8 pa hinanden felgende aminosyrer af SEQ ID NOs:13-34, rest 34-
158 af SEQ ID NO: 1, et fragment af mindst 8 pa hinanden falgende aminosy-
rer fra rest 34-158 af SEQ ID NO: 1 og et peptid, der er mindst 90 % identisk
med rest 34-158 af SEQ ID NO: 1 eller SEQ ID NOs: 13-34.

6. Sammensaetning til anvendelse ifglge et hvilket som helst af kravene 1-5,
hvor PTH/PTHrP-receptoragonisten omfatter rest 1-33 af SEQ ID NO: 1, PTH
(SEQ ID NO: 7), rest 1-14 af SEQ ID NO: 1), rest 1-34 af SEQ ID NO: 7 eller
et fragment af mindst 8 pa hinanden fglgende aminosyrer fra rest 1-34 af SEQ
ID NO: 7.

7. Sammensaetning til anvendelse ifglge et hvilket som helst af kravene 1-6,
hvor PTH/PTHrP-receptoragonisten er et polypeptid, og N-terminus af det kol-
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lagenbindende polypeptidsegment er bundet direkte eller gennem et linker-
polypeptidsegment til C-terminus af PTH/PTHrP-receptoragonistpolypeptidet.

8. Sammensaetning til anvendelse ifglge et hvilket som helst af kravene 1-6,
hvor det kollagenbindende polypeptidsegment og det terapeutiske middel er
kemisk tveerbundet til hinanden eller er polypeptiddele af et fusionsprotein

9. Sammenseetning til anvendelse ifglge et hvilket som helst af kravene 1-8,
hvor individet er et menneske.

10. Sammensaetning til anvendelse ifglge et hvilket som helst af kravene 1-9,
hvor det bakterielle kollagenbindende polypeptidsegment omfatter en af SEQ
ID NOs: 13-34, rest 34-158 af SEQ ID NO: 1, eller et peptid, der er mindst
90 % identisk med rest 34-158 af SEQ ID NO: 1 eller SEQ ID NOs: 13-34.

11. Sammensaetning til anvendelse ifglge krav 10, hvor det bakterielle kolla-
genbindende polypeptidsegment omfatter rest 34-158 af SEQ ID NO: 1.

12. Sammenseaetning til anvendelse ifglge et hvilket som helst af kravene 1-11,
hvor PTH/PTHrP-receptoragonisten omfatter rest 1-33 af SEQ ID NO: 1, PTH
(SEQ ID NO: 7), rest 1-14 af SEQ ID NO: 1), rest 1-34 af SEQ ID NO: 7.

13. Sammensaetning til anvendelse ifelge krav 12, hvor PTH/PTHrP-receptor-
agonisten omfatter rest 1-33 af SEQ ID NO: 1.

14. Sammensaetning til anvendelse ifglge krav 13, hvor det bakterielle kolla-
genbindende polypeptidsegment omfatter rest 34-158 af SEQ ID NO: 1.
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Figure 2
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Figure 3A
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Figure 4
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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Figure 17
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Figure 18
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Figure 20
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