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TGFBETA SUPPORTED AND BINDING 
PEPTIDES 

[0001] The present application claims priority under 35 
USC § 119, to co-pending US. Provisional Patent Appli 
cation Ser. No. 60/518,154, ?led Nov. 6, 2003, co-pending 
US. Provisional Patent Application Ser. No. 60/520,403, 
?led Nov. 13, 2003, co-pending US. Provisional Patent 
Application Ser. No. 60/530,954, ?led Dec. 19, 2003, co 
pending US. Provisional Patent Application Ser. No. 60/531, 
207, ?led Dec. 19, 2003, and co-pending US. Provisional 
Patent Application Ser. No. 60/531,189, ?led Dec. 19, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention provides peptides and sup 
ported peptides that bind TGFB molecules. In some particu 
larly preferred embodiments, the TGFB binding molecules 
bind TGF [3- 1, While in other embodiments, the TGFB binding 
molecules bind TGFB-2. 

BACKGROUND OF THE INVENTION 

[0003] Proteins of the Transforming GroWth Factor-[3 
(TGFB) family are synthesized by almost all cells. The 
TGFBs are a group of stable, multifunctional polypeptide 
groWth factors Whose activities include, among other things, 
context-speci?c inhibition and stimulation of cell prolifera 
tion, control of the extracellular matrix, degradation and con 
trol of mesenchymal-epithelial interactions during embryo 
genesis, mediation of cell and tissue responses to injury, 
control of carcinogenesis and modulation of immune 
responses. Structurally, each TGFB monomer consists of tWo 
anti-parallel pairs of [3 strands Which form a ?at curved sur 
face, a separate long alpha-helix and a disul?de-rich core With 
a cysteine knot (See e. g., Daopin and Davies, Proteins, Struc 
ture Function and Genetics, 17:176-192 [1993]; and Daopin 
et al., Science, 257:369-373 [1992]; and Daopin et al., Sci 
ence, 258:1160-1162 [1992]). These groWth factors are 
secreted as latent pro-TGFBs, and the C-terminal is cleaved 
by a subtilisin-like pro-protein convertase protease to form 
TGFB. Most TGFBs form disul?de-linked homodimers and 
signal via serine/threonine receptor complexes. 
[0004] TGFB-l is synthesiZed by virtually all cells (With 
only a feW exceptions). TGFB-l has been found in the highest 
concentration in human platelets and mammalian bone. 
TGFB-l has many functions including suppression of cell 
proliferation, enhancement of extracellular matrix deposition 
and physiological immunosuppression. TGFB-l has also 
been determined to be biologically active in hair follicle 
development. Human TGFB-l is a 25.0 kDa protein With 
subunits that contain approximately 112 amino acids per 
subunit. TWo different receptor proteins are involved in 
TGFB-l binding and signaling, namely TGF-RBII and TGF 
RBI. 
[0005] TGFB-2 is expressed in a variety of cells, including 
keratinocytes, ?broblasts, osteoclasts, thymic epithelium, 
skeletal muscle cells, prostatic epithelium, bronchial epithe 
lium, neurons and astrocytes, visceral smooth muscle, mac 
rophages and various other cells. TGFB-2 has many funda 
mental activities, including function as a groWth inhibitor for 
most cells, an enhancer for deposition of the extracellular 
matrix, and immunosuppression. The mature region is 71% 
identical to TGFB-l, 80% identical to TGFB-3, and 97% 
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identical to the mouse homologue of the same protein at the 
amino acid level. TGFB-2 dimeriZes With formation of disul 
?de bonds betWeen the ‘pro’ regions and disul?de bonds 
betWeen the mature regions. TGFB-2 is synthesiZed as a 
pre-procytokine With a 19 amino acid signal sequence, a 283 
pro-region and a 1 12 mature amino acid segment. The recep 
tor for TGFB-2 forms a heterotetrameric complex of tWo type 
I signal-transduction receptors and tWo type II ligand-binding 
receptors. 
[0006] The BoWman-Birk protease inhibitor (BBI) is a des 
ignation of a family of stable, loW molecular Weight trypsin 
and chymotrypsin enZyme inhibitors found in soybeans and 
various other seeds, mainly leguminous seeds and vegetable 
materials. BBI comprises a family of disul?de bonded pro 
teins With a molecular Weight of about 8 kD (See e.g., Chou et 
al., Proc. Natl. Acad. Sci. USA 71 : 1748-1752 [1974]; 
YaveloW et al., Proc. Natl. Acad. Sci. USA 82:5395-5399 
[1985]; and YaveloW et al., Cancer Res. (Suppl.) 43:2454s 
2459s [1983]). BBI has a pseudo-symmetrical structure of 
tWo tricyclic domains each containing an independent native 
binding loop, the native loops containing binding sites for 
both trypsin and chymotrypsin (See, Liener, in Summer?eld 
and Bunting (eds), Advances in Legume Science, Royal Bot. 
Gardens, KeW, England). These binding sites each have a 
canonical loop structure, Which is a motif found in a variety of 
serine proteinase inhibitors (Bode and Huber, Eur. J. Bio 
chem., 204:433-451 [1992]). Commonly, as in one of the 
soybean inhibitors, one of the native loops inhibits tryp sin and 
the other inhibits chymotrypsin (See, Chen et al., J. Biol. 
Chem., 267:1990-1994 [1992]; Werner & Wemmer, Bio 
chem., 31:999-1010 [1992]; Lin et al., Eur. J. Biochem., 
212:549-555 [1993]; and Voss et al., Eur. J. Biochem., 242: 
122-131 [1996]) though in other organisms (e.g., Arabia/op 
sis), both loops are speci?c for trypsin. 
[0007] STI inhibits the proteolytic activity of trypsin by the 
formation of a stable stoichiometric complex (See e.g., Liu, 
Chemistry and Nutritional Value of Soybean Components, In: 
Soybeans, Chemistry, Technology and Utilization, pp. 32-35, 
Aspen Publishers, Inc., Gaithersburg, Md., [1999]). STI con 
sists of 181 amino acid residues With tWo disul?de bridges 
and is roughly spherically shaped (See e.g., Song et al., J. 
Mol. Biol., 275:347-63 [1998]). The trypsin inhibitory loop 
lies Within the ?rst disul?de bridge. The KunitZ-type soybean 
trypsin inhibitor (STI) has played a key role in the early study 
of proteinases, having been used as the main substrate in the 
biochemical and kinetic Work that led to the de?nition of the 
standard mechanism of action of proteinase inhibitors. 
[0008] Eglin C is a small monomeric protein that belongs to 
the potato chymotrypsin inhibitor family of serine protease 
inhibitors. The proteins that belong to this family are usually 
small (60-90 amino acid residues in length) and contain no 
disul?de bonds. Eglin C, hoWever, is highly resistant to dena 
turation by acidi?cation or heat regardless of the lack of 
disul?de bonds to help stabiliZe its tertiary structure. The 
protein occurs naturally in the leech Hirudo medicinalis. 
[0009] Formation of hair follicles involves a complex series 
of steps: groWth (anagen), regression (catagen), rest (telogen) 
and shedding (exogen) (See, Sterm and Paus, Physiol. Rev, 
Exp. Dermatol., 8:229-233 [1999]). TGFBs have been impli 
cated as one of the major drivers of the transition from anagen 
to catagen in the hair cycle (See e.g., FoitZik et al, FASEB 1., 
5:752-760 [2000]; and Soma et al. J. Infect. Dis., J. Invest. 
Dermatol., 118:993-9997 [2002]), and TGFB2 is both a 
required and su?icient inducer of murine hair follicle mor 
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phogenesis (See, FoitZik et al., Develop. Biol., 212:278-289 
[1999]). Conditional TGF[3-1 expression in transgenic mice 
demonstrates that one can induce alopecia reversibly (See, 
Liu et al., Proc. Natl. Acad. Sci. USA 98:9139-9144 [2001]). 
In addition, TGF[3-1 mutants have been associated With the 
delay of catagen onset in mice (See, FoitZik et al, [2000], 
supra). Recently, it has been shoWn that catagen can be 
delayed through the use of TGF[3-2 antibodies (See, Soma et 
al., [2002], supra). Finally, androgens that induce TGF[3-1 
production in balding dermal papilla cells can inhibit epithe 
lial cell groWth (Inui et al., FASEB 1., 14: 1 967-1 969 [2002]). 

SUMMARY OF THE INVENTION 

[0010] The present invention provides peptides and sup 
ported peptides that bind TGF[3 molecules. In some particu 
larly preferred embodiments, the TGF[3 binding molecules 
bind TGF [3- 1, While in other embodiments, the TGF[3 binding 
molecules bind TGF [3-2. In some preferred embodiments, the 
present invention provides further cosmetic and/or pharma 
ceutical compounds suitable for modulating hair groWth. 
[0011] In some embodiments, the present invention pro 
vides peptides that bind and block binding of TGF[3-1 or 
TGF[3-2, Wherein the peptide is expressed in a protease 
resistant scaffold. 
[0012] In some preferred embodiments, the scaffold is a 
protease inhibitor (e. g., BBI, STI, or Eglin chymotrypsin 
inhibitor). 
[0013] The present invention provides compositions com 
prising at least one peptide selected from the group consisting 
of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, and 16, Wherein said 
peptide binds to a transforming groWth factor. In some alter 
native embodiments, the peptide is encoded by a nucleic acid 
sequence selected from the group consisting of SEQ ID NOS: 
1, 3, 5, 7, 9, 11, 13, and 15. In some preferred embodiments, 
the peptide is expressed in a protease resistant scaffold. In still 
further embodiments, the scaffold is a protease inhibitor. In 
some particularly preferred embodiments, the protease 
inhibitor is selected from the group consisting of BoWman 
Birk Inhibitor, soybean trypsin inhibitor, and Eglin chymot 
rypsin inhibitor. In alternative preferred embodiments, the 
protease resistant scaffold and the peptide comprise a fusion 
protein. 
[0014] The present invention also provides cosmetic and/or 
pharmaceutical compositions comprising said at least one 
peptide that binds to a transforming groWth factor. In some 
embodiments, the composition is capable of modulating hair 
groWth. In some preferred embodiments, the composition 
further comprises a scaffold. 
[0015] The present invention also provides methods for 
modulating hair groWth comprising: i) providing a composi 
tion comprising a peptide contained Within a scaffold; ii) 
providing a subject to be treated; and iii) applying the com 
position to the subject in an area in Which hair groWth modu 
lation is desired. In some embodiments, the peptide binds to 
a transforming groWth factor-beta (TGF[3). In alternative 
embodiments, the TGF[3 is selected from the group consisting 
of TGF [3-1 and TGF [3-2. In further embodiments, the scaffold 
is selected from the group consisting of BoWman-Birk inhibi 
tor, soybean trypsin inhibitor, and Eglin chymotrypsin inhibi 
tor. In still further embodiments, the peptide is selected from 
the group consisting ofSEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, and 
16. In some embodiments, the peptide is encoded by a nucleic 
acid sequence selected from the group consisting of SEQ ID 
NOS:1, 3, 5, 7, 9, 11, 13, and 15. 
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[0016] The present invention also provides methods for 
decreasing the activity of a transforming groWth factor com 
prising the steps of: i) providing a subject; and ii) adminis 
tering a composition comprising at least one peptide that 
binds to a TGF[3 to said subject, under conditions such that the 
activity of the transforming groWth factor is decreased. In 
some embodiments, the transforming groWth factor is 
selected from the group consisting of TGF[3-1 and TGF[3-2. 
[0017] The present invention also provides compositions 
comprising at least one TGF[3-1 peptide sequence selected 
from the group ofSEQ ID NOS:2, 4, 6, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, and 34. 
[0018] The present invention also provides compositions 
comprising at least one TGF[3-2 peptide sequence selected 
from the group of SEQ ID NOS:8, 10, 12, 14, and 16. 
[0019] In some preferred embodiments, the present inven 
tion provides cosmetic and/or pharmaceutical compounds for 
modulating hair groWth comprising at least one polypeptide 
and/or peptide. In some particularly preferred embodiments, 
the compound comprises at least one polypeptide. 
[0020] In alternative preferred embodiments, the com 
pound comprises at least one peptide. In some preferred 
embodiments, the peptide has an amino acid sequence 
selected from the group consisting of SEQ ID NOS:2, 4, and 
6 (See, Table 1). In a preferred embodiment, the compound 
has a sequence, the sequence being at least 70%, preferably 
80%, preferably 90%, preferably 95% homologous to the 
sequences set forth herein. In a preferred embodiment, the 
polypeptide has a molecular Weight that is preferably 
betWeen 500 Daltons and 30,000 Daltons, preferably betWeen 
1000 Daltons and 10,000 Daltons, and more preferably 
betWeen 1500 Daltons to 8,000 Daltons. 
[0021] In alternative preferred embodiments, the com 
pound comprises at least one peptide. In some preferred 
embodiments, the peptide has an amino acid sequence 
selected from the group consisting ofSEQ ID NOS:8, 10, 12, 
14, and 16 (See, Table 2). In a preferred embodiment, the 
compound has a sequence, the sequence being at least 70%, 
preferably 80%, preferably 90%, preferably 95% homolo 
gous to the sequences set forth herein. In a preferred embodi 
ment, the polypeptide has a molecular Weight that is prefer 
ably betWeen 500 Daltons and 30,000 Daltons, preferably 
betWeen 1000 Daltons and 10,000 Daltons, and more prefer 
ably betWeen 1500 Daltons to 8,000 Daltons. 
[0022] In some preferred embodiments, modulation of hair 
groWth/development comprises treatment of at least one dis 
ease or condition that involves loss of hair. In some preferred 
embodiments, the disease or condition is at least one selected 
from the group consisting of in?ammatory alopecias, pseudo 
pelade, scleroderma, tick bites, lichen planus, psoriasis, 
lupus, seborrheic dermatitis, loose hair syndrome, hemochro 
matosis, androgenic alopecia, alopecia greata, cancer, condi 
tions that affect defective hair ?ber production and environ 
mental factors that affect hair production. In a preferred 
embodiment, the disease is androgenic alopecia or alopecia 
greata. 
[0023] In some preferred embodiments, modulation com 
prises inhibition of hair groWth and/ or hair removal for treat 
ment of at least one disease or condition for Which hair groWth 
is undesirable. In some preferred embodiments, the hair 
groWth inhibition and/ or hair removal comprises depilation. 
[0024] In further embodiments of the present invention, 
cosmetics and pharmaceutical compounds for modulating 
hair groWth comprising a peptide or a polypeptide and a 
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scaffold, the peptide orpolypeptide sequence being contained 
in the scaffold, preferably the peptide or polypeptide being a 
loop, preferably, the loop being closed by a disul?de bond are 
provided. In some embodiments, the peptide or polypeptide 
binds to TGFB-l and blocks its downstream activity, While in 
other embodiments, the peptide or polypeptide binds to 
TGFB-Z and blocks its doWnstream activity. In some pre 
ferred embodiments, the scaffold is STI, While in others it is 
Eglin, and in still others it is BBI. In some most preferred 
embodiments, the preferred scaffold is BBI. In further pre 
ferred embodiments, the compound is a polypeptide. 
[0025] In additional preferred embodiments, the compound 
is a peptide. In some particularly preferred embodiments, the 
peptide has an amino acid sequence selected from the group 
consisting of SEQ ID NOS:2, 4, and 6 (See, Table 1). In some 
alternative particularly preferred embodiments, the peptide 
has an amino acid sequence selected from the group consist 
ing of SEQ ID NOS:8, 10, 12, 14, and 16 (See, Table 2). In 
some preferred embodiments, the compound comprises an 
amino acid sequence, Wherein the sequence is at least 70%, 
preferably 80%, more preferably 90%, and most preferably 
95% homologous to the sequences set forth herein. In some 
preferred embodiments, the polypeptide has a molecular 
Weight that is betWeen 500 Daltons and 100,000 Daltons, 
more preferably betWeen 500 Daltons and 45,000 Daltons, 
even more preferably betWeen 1000 Daltons and 12,000 Dal 
tons, and most preferably betWeen 1500 Daltons to 10,000 
Daltons. 

[0026] In some preferred embodiments, modulation utiliZ 
ing the peptides of the present invention comprises treatment 
of at least one disease or condition that involves loss of hair. 
In a preferred embodiment, the disease or condition is at least 
one selected from the group consisting of in?ammatory 
alopecias, pseudopelade, scleroderma, tick bites, lichen pla 
nus, psoriasis, lupus, seborrheic dermatitis, loose hair syn 
drome, hemochromatosis, androgenic alopecia, alopecia 
greata, cancer, conditions that affect defective hair ?ber pro 
duction and environmental factors that affect hair production. 
In some preferred embodiments, the disease is androgenic 
alopecia or alopecia greata. 
[0027] In some preferred embodiments, the modulation 
provided by the compositions of the present invention com 
prises inhibition of hair groWth, While in other embodiments, 
modulation is accomplished via hair removal. In particularly 
preferred embodiments, this modulation is used for treatment 
of at least one disease or condition for Which hair groWth 
Would not be desirable. In some preferred embodiments, the 
hair groWth inhibition and/ or hair removal comprises depila 
tion. 

[0028] In yet further embodiments, the present invention 
provides cosmetic and/or pharmaceutical compositions com 
prising a polypeptide or peptide, as set forth herein, and a 
physiologically acceptable carrier or excipient. Preferably, 
the compound is present in an amount of about 0.0001% to 
about 5% by Weight based on the total Weight of the compo 
sition. Also preferably, the compound is present in an amount 
of about 0.001% to about 0.5% by Weight based on the total 
Weight of the composition. The composition may be in the 
form of an emulsi?ed vehicle, such as a nutrient cream or 
lotion, a stabiliZed gel or dispersion system, a treatment 
serum, a liposomal delivery system, a topical pack or mask, a 
surfactant-based cleansing system such as a shampoo orbody 
Wash, an aerosoliZed or sprayed dispersion or emulsion, a hair 
or skin conditioner, styling aid, or a pigmented product such 
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as makeup, as Well as other suitable make-up and cosmetic 
preparations. In some embodiments, the carrier is preferably 
at least one selected from the group consisting of Water, 
propylene glycol, ethanol, propanol, glycerol, butylene gly 
col and polyethylene glycol. 
[0029] In yet further embodiments, the present invention 
provides means for decreasing TGFB-l and/or TGFB-Z activ 
ity(ies). In some embodiments, the method comprising apply 
ing an effective amount of at least one of the compounds 
described herein to an organism in need thereof. 

[0030] In additional embodiments, the present invention 
provides applications for hair and/or skin treatment, as Well as 
applications Wound healing, treatment of proliferative dis 
eases, etc. Thus, the present invention provides compositions 
and methods suitable for application in/on humans and other 
animals. 

DESCRIPTION OF THE FIGURES 

[0031] FIG. 1A provides the plasmid map for pME30.16. 
[0032] FIG. 1B provides the plasmid map for p2JM103 
DNNDPI-BBI. 

[0033] FIG. 1C provides the plasmid map for pCB04. 
[0034] FIG. 2 provides the amino acid sequence of BBI 
backbone used herein comprising approximately 71 amino 
acid residues. The loops are underlined. 

[0035] FIG. 3 provides the ?rst screen data, BLA activity 
plotted against total BLA activity for TGFB-l. The x-axis 
provides the total BLA activity and theY-axis provides bound 
BLA activity, as described in the Examples. 

[0036] FIG. 4 provides the ?rst screen data, BLA activity 
plotted against total BLA activity for TGFB-Z. The x-axis 
provides total BLA activity and the Y-axis provides bound 
BLA activity, as described in the Examples. 

DESCRIPTION OF THE INVENTION 

[0037] Unless otherWise indicated, the practice of the 
present invention involves conventional techniques com 
monly used in molecular biology, microbiology, and recom 
binant DNA, Which are Within the skill of the art. Such tech 
niques are knoWn to those of skill in the art and are described 
in numerous texts and reference Works (See e.g., Sambrook et 
al., “Molecular Cloning: A Laboratory Manual”, Second Edi 
tion (Cold Spring Harbor), [1989]); and Ausubel et al., “Cur 
rent Protocols in Molecular Biology” [1987]). All patents, 
patent applications, articles and publications mentioned 
herein, both supra and infra, are hereby expressly incorpo 
rated herein by reference. 
[0038] Unless de?ned otherWise herein, all technical and 
scienti?c terms used herein have the same meaning as com 
monly understood by one of ordinary skill in the art to Which 
this invention pertains. For example, Singleton and Sains 
bury, Dictionary ofMicrobiology and Molecular Biology, 2d 
Ed., John Wiley and Sons, NY (1994); and Hale and Marham, 
The Harper Collins Dictionary of Biology, Harper Perennial, 
NY (1991) provide those of skill in the art With a general 
dictionaries of many of the terms used in the invention. 
Although any methods and materials similar or equivalent to 
those described herein ?nd use in the practice of the present 
invention, the preferred methods and materials are described 
herein. Accordingly, the terms de?ned immediately beloW are 
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more fully described by reference to the Speci?cation as a 
Whole. Also, as used herein, the singular “a,” “an,” and “the” 
includes the plural reference unless the context clearly indi 
cates otherWise. Numeric ranges are inclusive of the numbers 

de?ning the range. Unless otherWise indicated, nucleic acids 
are Written left to right in 5' to 3' orientation; amino acid 
sequences are Written left to right in amino to carboxy orien 
tation, respectively. It is to be understood that this invention is 
not limited to the particular methodology, protocols, and 
reagents described, as these may vary, depending upon the 
context they are used by those of skill in the art. 

[0039] Furthermore, the headings provided herein are not 
limitations of the various aspects or embodiments of the 
invention Which can be had by reference to the speci?cation 
as a Whole. Accordingly, the terms de?ned immediately 
beloW are more fully de?ned by reference to the speci?cation 
as a Whole. Nonetheless, in order to facilitate understanding 
of the invention, a number of terms are de?ned beloW. 

DEFINITIONS 

[0040] As used herein, the term “transforming groWth fac 
tor” (TGF) refers to any member of this family of proteins, 
including those in the subgroup designated “TGFB” knoWn to 
those of skill in the art. In particularly preferred embodi 
ments, the term is used in reference to TGFB-l and TGFB-2. 

[0041] As used herein, in some embodiments, the “com 
pound” comprises the “complete” protein, (i.e., in its entire 
length as it occurs in nature (or as mutated)), While in other 
embodiments it comprises a truncated form of a protein. 
Thus, the compounds of the present invention are either trun 
cated or be “full-length.” In addition, in some embodiments, 
the truncation is located at the N-terminal end, While in other 
embodiments the truncation is located at the C-terminal end 
of the protein. In further embodiments, the compound lacks 
one or more portions (e. g., sub-sequences, signal sequences, 
domains or moieties), Whether active or not. 

[0042] The term “organism” is used throughout the speci 
?cation to describe an animal, preferably a human, to Whom 
treatment, including prophylactic treatment, With the com 
pounds according to the present invention is provided. For 
treatment of those infections, conditions or disease states 
Which are speci?c for a speci?c animal such as a human 
patient, the term organism refers to that speci?c animal. 

[0043] The “host cells” used in the present invention gen 
erally are prokaryotic or eukaryotic hosts Which contain an 
expression vector and/or gene of interest. Host cells are trans 
formed or transfected With vectors constructed using recom 
binant DNA techniques. Such transformed host cells are 
capable of either replicating vectors encoding the protein 
variants or expressing the desired protein variant. In the case 
of vectors Which encode the pre- or prepro-form of the protein 
variant, such variants, When expressed, are typically secreted 
from the host cell into the host cell medium. 

[0044] The term “effective amount” is used throughout the 
speci?cation to describe concentrations or amounts of com 
pounds according to the present invention Which may be used 
to produce a favorable change in the disease or condition 
treated, Whether that change is hair groWth or prevention of 
hair groWth. 
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[0045] As used herein, “vitamin B3 compound” means a 
compound having the formula: 

(N) R 
Wherein R is iCONHZ (i.e., niacinamide), 4COOH (i.e., 
nicotinic acid) or iCH2OH (i.e., nicotinyl alcohol); deriva 
tives thereof; and salts of any of the foregoing. 
[0046] As used herein, “non-vasodilating” means that an 
ester does not commonly yield a visible ?ushing response 
after application to the skin in the subject compositions. It is 
contemplated that the majority of the general population 
Would not experience a visible ?ushing response, although 
such compounds may cause vasodilation not visible to the 
naked eye. 
[0047] As used herein, “retinoid” includes all natural and/ 
or synthetic analogs of Vitamin A and/or retinol-like com 
pounds Which possess the biological activity of Vitamin A 
in/on the skin, as Well as the geometric isomers and stereoi 
somers of these compounds. 
[0048] As used herein, the term “bioactivity” refers to a 
cause and effect relationship betWeen a composition and a 
biological system. Thus, the term is used as by those skilled in 
the art of biotechnology and biological sciences as the phrase 
that describes a cause and effect relationship betWeen a 
molecular composition and living biological matter (e.g., tis 
sue, cells, etc.). 
[0049] As used herein as a noun, the term “bioactive” refers 
a composition that exhibits bioactivity upon administration to 
living biological matter (e.g., tissue, cells, etc.). The term is 
used synonymously With “bioactive compound.” 
[0050] As used herein, “silicone gum” means high molecu 
lar Weight silicones having an average molecular Weight in 
excess of about 200,000 and preferably from about 200,000 to 
about 4,000,000. It is intended that the de?nition encompass 
non-volatile polyalkyl and polyaryl siloxane gums. 
[0051] As used herein, the term “polypeptide” refers to a 
compound made up of a single chain of amino acid residues 
linked by peptide bonds. The term “protein” herein may be 
synonymous With the term “polypeptide” or may refer, in 
addition, to a complex of tWo or more polypeptides. The exact 
meaning is that knoWn to those in the art. 
[0052] As used herein, the terms “expression cassette” and 
“expression vector” refer to nucleic acid constructs generated 
recombinantly or synthetically, With a series of speci?ed 
nucleic acid elements that permit transcription of a particular 
nucleic acid in a target cell. The recombinant expression 
cassette can be incorporated into a plasmid, chromosome, 
mitochondrial DNA, plastid DNA, virus, or nucleic acid frag 
ment. Typically, the recombinant expression cassette portion 
of an expression vector includes, among other sequences, a 
nucleic acid sequence to be transcribed and a promoter. The 
term “expression cassette” may be used interchangeably 
herein With “DNA construct” and its grammatical equiva 
lents. 
[0053] As used herein, the terms “vector” and “cloning 
vector” refer to nucleic acid constructs designed to transfer 
nucleic acid sequences into cells. 
[0054] As used herein, the term “expression vector” refers 
to a vector that has the ability to incorporate and express 



US 2008/0113917 A1 

heterologous DNA fragments in a foreign cell. Many 
prokaryotic and eukaryotic expression vectors are commer 
cially available. Selection of appropriate expression vectors is 
Within the knowledge of those of skill in the art. 
[0055] As used herein, the term “plasmid” refers to a cir 
cular double-stranded (ds) DNA construct used as a cloning 
vector, and Which forms an extrachromosomal self-replicat 
ing genetic element in some eukaryotes or integrates into the 
host chromosomes. 
[0056] As used herein, the term “expression” refers to the 
process by Which a polypeptide is produced based on the 
nucleic acid sequence of the gene or the chemical synthetic 
peptide. The process includes both transcription and transla 
tion of the gene to produce polypeptide/protein. 
[0057] As used herein, the term “gene” means the segment 
of DNA involved in producing a polypeptide chain that may 
or may not include regions preceding or folloWing the coding 
region. 
[0058] As used herein, the terms “nucleic acid molecule” 
and “nucleic acid sequence” include sequences of any form of 
nucleic acid, including, but not limited to RNA, DNA and 
cDNA molecules. It Will be understood that, as a result of the 
degeneracy of the genetic code, a multitude of nucleotide 
sequences encoding a given protein may be produced, in 
addition to mutant proteins. 
[0059] As used herein, “codon” refers to a sequence of 
three nucleotides in a DNA or mRNA molecule that repre 
sents the instruction for incorporation of a speci?c amino acid 
into a polypeptide chain. 
[0060] As used herein, the term “disul?de bridge” or “dis 
ul?de bond” refers to the bond formed betWeen the sulfur 
atoms of cysteine residues in a polypeptide or a protein. In this 
invention, a disul?de bridge or disul?de bond may be non 
naturally occurring and introduced by Way of point mutation. 
[0061] As used herein, the term “salt bridge” refers to the 
bond formed betWeen oppositely charged residues, amino 
acids in a polypeptide or protein. In this invention, a salt 
bridge may be non-naturally occurring and introduced by 
Way of point mutation. 
[0062] As used herein, an “enzyme” refers to a protein or 
polypeptide that catalyZes at least one chemical reaction. 
[0063] As used herein, the term “activity” refers to any 
activity associated With a particular protein, such as enZy 
matic activity associated With a protease. In some embodi 
ments, the activity is biological activity. In further embodi 
ments, activity encompasses binding of proteins to receptors 
Which results in measurable doWnstream effects, such as inhi 
bition of the transition from anagen to catagen, as described 
herein. “Biological activity” refers to any activity that Would 
normally be attributed to that protein by one skilled in the art. 
[0064] As used herein, the term “protease” refers to an 
enZyme that degrades peptide bonds. 
[0065] As used herein, “peptide bond” refers to the chemi 
cal bond betWeen the carbonyl group of one amino acid and 
the amino group of another amino acid. 

[0066] As used herein, “Wild-type” refers to a sequence or 
a protein that is native or naturally occurring. 
[0067] As used herein, “point mutations” refers to a change 
in a single nucleotide of DNA, especially Where that change 
results in a sequence change in a protein. 

[0068] As used herein, “mutant” refers to a version of an 
organism or protein Where the version is other than Wild-type. 
The change may be effected by methods Well knoWn to one 
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skilled in the art, for example, by point mutation in Which the 
resulting protein may be referred to as a mutant. 
[0069] As used herein, “mutagenesis” refers to the process 
of changing a composition (e.g., protein) from a Wild-type 
composition (e. g., protein) into a mutant or variant composi 
tion (e.g., protein). 
[0070] As used herein, “substituted” and “substitutions” 
refer to replacement(s) of an amino acid residue or nucleic 
acid base in a parent sequence. In some embodiments, the 
substitution involves the replacement of a naturally occurring 
residue or base. 

As used herein, “modi?cation” and “modify” refer to any 
change(s) in an amino acid or nucleic acid sequence, includ 
ing, but not limited to deletions, insertions, interruptions, and 
substitutions. In some embodiments, the modi?cation 
involves the replacement of a naturally occurring residue or 
base. 
[0071] As used herein, “functional portion of a secreted 
polypeptide” and its grammatical equivalents refers to a trun 
cated secreted polypeptide that retains its ability to fold into a 
normal, albeit truncated, con?guration. In some embodi 
ments, it is contemplated that suf?cient residues of a domain 
of the naturally secreted polypeptide must be present to alloW 
it to fold in its normal con?guration independently of the 
desired polypeptide to Which it is attached. HoWever, in most 
cases, the portion of the secreted polypeptide are both cor 
rectly folded and result in increased secretion as compared to 
its absence. Similarly, in most cases, the truncation of the 
secreted polypeptide means that the functional portion retains 
a biological function. In a preferred embodiment, the cata 
lytic domain of a secreted polypeptide is used, although other 
functional domains may be used, for example, the substrate 
binding domains. Additionally preferred embodiments utiliZe 
the catalytic domain and all or part of the linker region. 
[0072] As used herein, “loop” refers to a sequence of amino 
acids, for example 3-20 amino acids, more preferably 5-15 
amino acids, even more preferably 5-10 amino acids, and 
most preferably 7-9 amino acids, Which connects structural 
elements of a protein. Such elements include, but are not 
limited to beta sheets and helical elements and the connecting 
loop of a beta-hairpin. In some embodiments, the loop is 
further stabiliZed through the use of covalent linkages. In 
some preferred embodiments, the covalent linkages comprise 
disul?de bonds, especially as provided herein. In alternative 
embodiments, the loops are stabiliZed by the use of other 
means, including but not limited to amides, hydrogen bonds, 
and/or salt bridges. In most embodiments, the loops are 
located on the surface of proteins and may be altered, as 
provided herein, to confer additional (e.g., desirable) proper 
ties to the requisite proteins. 
[0073] As used herein, “oligonucleotide” refers to a short 
nucleotide sequence Which may be used, for example, as a 
primer in a reaction used to create mutant proteins. 
[0074] As used herein, the terms “an oligonucleotide hav 
ing a nucleotide sequence encoding a gene” and “polynucle 
otide having a nucleotide sequence encoding a gene,” means 
a nucleic acid sequence comprising the coding region of a 
gene or in other Words the nucleic acid sequence Which 
encodes a gene product. The coding region may be present in 
either a cDNA, genomic DNA or RNA form. When present in 
a DNA form, the oligonucleotide or polynucleotide may be 
single-stranded (i.e., the sense strand) or double-stranded. 
Suitable control elements such as enhancers/promoters, 
splice junctions, polyadenylation signals, etc. may be placed 
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in close proximity to the coding region of the gene if needed 
to permit proper initiation of transcription and/ or correct pro 
cessing of the primary RNA transcript. Alternatively, the cod 
ing region utilized in the expression vectors of the present 
invention may contain endogenous enhancers/promoters, 
splice junctions, intervening sequences, polyadenylation sig 
nals, etc. or a combination of both endogenous and exogenous 
control elements. 
[0075] As used herein, the term “primer” refers to an oli 
gonucleotide, Whether occurring naturally as in a puri?ed 
restriction digest or produced synthetically, Which is capable 
of acting as a point of initiation of synthesis When placed 
under conditions in Which synthesis of a primer extension 
product Which is complementary to a nucleic acid strand is 
induced, (i.e., in the presence of nucleotides and an inducing 
agent such as DNA polymerase and at a suitable temperature 
and pH). The primer is preferably single stranded for maxi 
mum ef?ciency in ampli?cation, but may alternatively be 
double stranded. If double stranded, the primer is ?rst treated 
to separate its strands before being used to prepare extension 
products. Preferably, the primer is an oligodeoxyribonucle 
otide. The primer must be suf?ciently long to prime the syn 
thesis of extension products in the presence of the inducing 
agent. The exact lengths of the primers Will depend on many 
factors, including temperature, source of primer and the use 
of the method. 

[0076] As used herein, the term “probe” refers to an oligo 
nucleotide (i.e., a sequence of nucleotides), Whether occur 
ring naturally as in a puri?ed restriction digest or produced 
synthetically, recombinantly or by PCR ampli?cation, Which 
is capable of hybridizing to another oligonucleotide of inter 
est. A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identi?cation and isolation 
of particular gene sequences. It is contemplated that any 
probe used in the present invention Will be labelled With any 
“reporter molecule,” so that is detectable in any detection 
system, including, but not limited to enzyme (e. g., ELISA, as 
Well as enzyme-based histochemical assays), ?uorescent, 
radioactive, and luminescent systems. It is not intended that 
the present invention be limited to any particular detection 
system or label. 

[0077] As used herein, the term “target,” When used in 
reference to the polymerase chain reaction, refers to the 
region of nucleic acid bounded by the primers used for poly 
merase chain reaction. Thus, the “target” is sought to be 
sorted out from other nucleic acid sequences. A “segment” is 
de?ned as a region of nucleic acid Within the target sequence. 

[0078] As used herein, the term “polymerase chain reac 
tion” (“PCR”) refers to the method Well-known in the art (See 
e.g., US. Pat. Nos. 4,683,195 4,683,202, and 4,965,188, 
hereby incorporated by reference), for increasing the concen 
tration of a segment of a target sequence in a mixture of 
genomic DNA Without cloning or puri?cation. This process 
for amplifying the target sequence consists of introducing a 
large excess of tWo oligonucleotide primers to the DNA mix 
ture containing the desired target sequence, folloWed by a 
precise sequence of thermal cycling in the presence of a DNA 
polymerase. The tWo primers are complementary to their 
respective strands of the double stranded target sequence. To 
effect ampli?cation, the mixture is denatured and the primers 
then annealed to their complementary sequences Within the 
target molecule. Following annealing, the primers are 
extended With a polymerase so as to form a neW pair of 
complementary strands. The steps of denaturation, primer 
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annealing and polymerase extension can be repeated many 
times (i.e., denaturation, annealing and extension constitute 
one “cycle”; there can be numerous “cycles”) to obtain a high 
concentration of an ampli?ed segment of the desired target 
sequence. The length of the ampli?ed segment of the desired 
target sequence is determined by the relative positions of the 
primers With respect to each other, and therefore, this length 
is a controllable parameter. By virtue of the repeating aspect 
of the process, the method is referred to as the “polymerase 
chain reaction” (hereinafter “PCR”). Because the desired 
ampli?ed segments of the target sequence become the pre 
dominant sequences (in terms of concentration) in the mix 
ture, they are said to be “PCR ampli?ed”. 
[0079] As used herein, the terms “PCR product,” “PCR 
fragment,” and “ampli?cation product” refer to the resultant 
mixture of compounds after tWo or more cycles of the PCR 
steps of denaturation, annealing and extension are complete. 
These terms encompass the case Where there has been ampli 
?cation of one or more segments of one or more target 

sequences. 
[0080] As used herein, the term “ampli?cation reagents” 
refers to those reagents (deoxyribonucleotide triphosphates, 
buffer, etc.), needed for ampli?cation except for primers, 
nucleic acid template and the ampli?cation enzyme. Typi 
cally, ampli?cation reagents along With other reaction com 
ponents are placed and contained in a reaction vessel (test 
tube, microWell, etc.). 
[0081] As used herein, the term “RT-PCR” refers to the 
replication and ampli?cation of RNA sequences. In this 
method, reverse transcription is coupled to PCR, most often 
using a one enzyme procedure in Which a thermostable poly 
merase is employed, as described in US. Pat. No. 5,322,770, 
herein incorporated by reference. In RT-PCR, the RNA tem 
plate is converted to cDNA due to the reverse transcriptase 
activity of the polymerase, and then ampli?ed using the poly 
merizing activity of the polymerase (i.e., as in other PCR 
methods). 
[0082] As used herein, the term “hybridization” refers to 
the process by Which a strand of nucleic acid joins With a 
complementary strand through base pairing, as knoWn in the 
art. 

[0083] As used herein, “maximum stringency” refers to the 
level of hybridization that typically occurs at about Tm-5° C. 
(5° C. beloW the Tm of the probe); “high stringency” at about 
50 C. to 10° C. beloW Tm; “intermediate stringency” at about 
10° C. to 20° C. beloW Tm; and “loW stringency” at about 20° 
C. to 25° C. beloW Tm. As Will be understood by those of skill 
in the art, a maximum stringency hybridization can be used to 
identify or detect identical polynucleotide sequences While an 
intermediate or loW stringency hybridization can be used to 
identify or detect polynucleotide sequence homologs. 
[0084] The phrases “substantially similar and “substan 
tially identical” in the context of tWo nucleic acids or 
polypeptides typically means that a polynucleotide or 
polypeptide comprises a sequence that has at least 75% 
sequence identity, preferably at least 80%, more preferably at 
least 90%, still more preferably 95%, most preferably 97%, 
sometimes as much as 98% and 99% sequence identity, com 
pared to the reference (i.e., Wild-type) sequence. Sequence 
identity may be determined using knoWn programs such as 
BLAST, ALIGN, and CLUSTAL using standard parameters. 
(See e.g., Altschul, et al., J. Mol. Biol. 215:403-410 [1990]; 
Henikoffet al., Proc. Natl. Acad. Sci. USA 89: 10915 [1989]; 
Karin et al, Proc. Natl. Acad. Sci. USA 90:5873 [1993]; and 



US 2008/0113917 A1 

Higgins et al., Gene 73:237-244 [1988]). Software for per 
forming BLAST analyses is publicly available through the 
National Center for Biotechnology Information. Also, data 
bases may be searched using FASTA (Pearson et al., Proc. 
Natl.Acad. Sci. USA 85:2444-2448 [1988]). 

[0085] As used herein, “equivalent residues” refers to pro 
teins that share particular amino acid residues. For example, 
equivalent resides may be identi?ed by determining homol 
ogy at the level of tertiary structure for a protein (e. g. TGFB) 
Whose tertiary structure has been determined by x-ray crys 
tallography. Equivalent residues are de?ned as those for 
Which the atomic coordinates of tWo or more of the main 
chain atoms of a particular amino acid residue of the protein 
having putative equivalent residues and the protein of interest 
(N on N, CA on CA, C on C and O on O) are Within 0.13 nm 
and preferably 0.1 nm after alignment. Alignment is achieved 
after the best model has been oriented and positioned to give 
the maximum overlap of atomic coordinates of non-hydrogen 
protein atoms of the proteins analyZed. The preferred model 
is the crystallographic model giving the loWest R factor for 
experimental diffraction data at the highest resolution avail 
able, determined using methods knoWn to those skilled in the 
art of crystallography and protein characterization/analysis. 
[0086] In some embodiments, modi?cation is preferably 
made to the “precursor DNA sequence” Which encodes the 
amino acid sequence of the precursor enZyme, but can be by 
the manipulation of the precursor protein. In the case of 
residues Which are not conserved, the replacement of one or 
more amino acids is limited to substitutions Which produce a 
variant Which has an amino acid sequence that does not cor 
respond to one found in nature. In the case of conserved 
residues, such replacements should not result in a naturally 
occurring sequence. Derivatives provided by the present 
invention further include chemical modi?cation(s) that 
change the characteristics of the protein. 
[0087] In some preferred embodiments, the protein gene is 
ligated into an appropriate expression plasmid. The cloned 
protein gene is then used to transform or transfect a host cell 
in order to express the protein gene. In some embodiments, 
this plasmidreplicates in the hosts, in the sense that it contains 
the Well-knoWn elements necessary forplasmid replication or 
the plasmid may be designed to integrate into the host chro 
mosome. The necessary elements are provided for ef?cient 
gene expression (e.g., a promoter operably linked to the gene 
of interest). In some embodiments, these necessary elements 
are supplied as the gene’s oWn homologous promoter if it is 
recognized, (i.e., transcribed, by the host), a transcription 
terminator (a polyadenylation region for eukaryotic host 
cells) Which is exogenous or is supplied by the endogenous 
terminator-region of the protein gene. In some embodiments, 
a selection gene such as an antibiotic resistance gene that 
enables continuous cultural maintenance of plasmid-infected 
host cells by groWth in antimicrobial-containing media is also 
included. 

[0088] As used herein, the terms “restriction endonu 
cleases” and “restriction enZymes” refer to bacterial 
enZymes, each of Which cut double-stranded DNA at or near 
a speci?c nucleotide sequence. 

[0089] As used herein, the term “recombinant DNA mol 
ecule” as used herein refers to a DNA molecule Which is 
comprised of segments of DNA joined together by means of 
molecular biological techniques. 
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[0090] The term “recombinant protein” or “recombinant 
polypeptide” as used herein refers to a protein molecule 
Which is expressed from a recombinant DNA molecule. 
[0091] The term “native protein” as used herein to indicate 
that a protein does not contain amino acid residues encoded 
by vector sequences; that is the native protein contains only 
those amino acids found in the protein as it occurs in nature. 
A native protein may be produced by recombinant means or 
may be isolated from a naturally occurring source. 
[0092] As used herein the term “portion” When in reference 
to a protein (as in “a portion of a given protein”) refers to 
fragments of that protein. The fragments may range in siZe 
from four amino acid residues to the entire amino acid 
sequence minus one amino acid. 
[0093] As used herein, the term “fusion protein” refers to a 
chimeric protein containing the protein of interest (i.e., 
TGFB-l or TGFB-2 and fragments thereof) joined to an exog 
enous protein fragment (the fusion partner Which consists of 
a non-TGFB protein). In some embodiments, the fusion part 
ner enhances solubility of the TGFB protein as expressed in a 
host cell, may provide an af?nity tag to alloW puri?cation of 
the recombinant fusion protein from the host cell or culture 
supernatant, or both. If desired, the fusion protein may be 
removed from the protein of interest (i.e., TGFB-l and/or 
TGFB-2 or fragments thereof) by a variety of enZymatic or 
chemical means knoWn to the art. 

[0094] The terms “in operable combination,” “in operable 
order,” and “operably linked” as used herein refer to the 
linkage of nucleic acid sequences in such a manner that a 
nucleic acid molecule capable of directing the transcription of 
a given gene and/or the synthesis of a desired protein mol 
ecule is produced. The term also refers to the linkage of amino 
acid sequences in such a manner so that a functional protein is 
produced. 
[0095] As used herein the term “coding region” When used 
in reference to structural gene refers to the nucleotide 
sequences Which encode the amino acids found in the nascent 
polypeptide as a result of translation of a mRNA molecule. 
The coding region is bounded, in eukaryotes, on the 5' side by 
the nucleotide triplet “ATG” Which encodes the initiator 
methionine and on the 3' side by one of the three triplets Which 
specify stop codons (i.e., TAA, TAG, TGA). 
[0096] As used herein, the term “structural gene” refers to 
a DNA sequence coding for RNA or a protein. In contrast, 
“regulatory genes” are structural genes Which encode prod 
ucts Which control the expression of other genes (e.g., tran 
scription factors). 
[0097] As used herein, the term “puri?ed” or “to purify” 
refers to the removal of contaminants from a sample. For 
example, recombinant TGFB polypeptides are expressed in 
host cells and the polypeptides are puri?ed by the removal of 
host cell proteins; the percent of recombinant TGFB polypep 
tides is thereby increased in the sample. 
[0098] The term “isolated” When used in relation to a 
nucleic acid, as in “an isolated oligonucleotide” or “isolated 
polynucleotide” refers to a nucleic acid sequence that is iden 
ti?ed and separated from at least one contaminant nucleic 
acid With Which it is ordinarily associated in its natural 
source. Isolated nucleic acid is such present in a form or 
setting that is different from that in Which it is found in nature. 
In contrast, non-isolated nucleic acids as nucleic acids such as 
DNA and RNA found in the state they exist in nature. For 
example, a given DNA sequence (e.g., a gene) is found on the 
host cell chromosome in proximity to neighboring genes; 
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RNA sequences, such as a speci?c mRNA sequence encoding 
a speci?c protein, are found in the cell as a mixture With 
numerous other mRNA s Which encode a multitude of pro 

teins. However, isolated nucleic acid encoding a TGFB pro 
tein includes, by Way of example, such nucleic acid in cells 
ordinarily expressing a TGFB protein Where the nucleic acid 
is in a chromosomal location different from that of natural 
cells, or is otherWise ?anked by a different nucleic acid 
sequence than that found in nature. The isolated nucleic acid, 
oligonucleotide, or polynucleotide may be present in single 
stranded or double-stranded form. When an isolated nucleic 
acid, oligonucleotide or polynucleotide is to be utiliZed to 
express a protein, the oligonucleotide or polynucleotide Will 
contain at a minimum the sense or coding strand (i.e., the 
oligonucleotide or polynucleotide may single-stranded), but 
may contain both the sense and anti-sense strands (i.e., the 
oligonucleotide or polynucleotide may be double-stranded). 
[0099] As used herein, “anagen” refers to the active groWth 
phase of hair follicles. In the anagen phase, cells in the root of 
the hair divide rapidly, adding to the hair shaft. During this 
phase, the hair groWs about 1 cm every 28 days. Scalp hair 
stays in this active phase of groWth for 2-6 years. 
[0100] As used herein, “catagen” refers to the hair groWth 
phase that occurs at the end of the anagen phase. It signals the 
end of the active groWth of a hair. This phase lasts for about 
2-3 Weeks While a club hair is formed. 

[0101] As used herein, “telogen” refers to the resting phase 
of the hair follicle. At any given time, 10%-15% of all hairs 
are in the telogen phase. This phase lasts for about 100 days 
for hairs on the scalp and much longer for hairs on the eye 
broWs, eyelashes, arms and legs. During this phase, the hair 
follicle is completely at rest and the club hair is completely 
formed. Pulling out a hair in this phase Will reveal a solid, 
hard, dry, White material at the root. About 25-100 telogen 
hairs are shed normally each day. 

[0102] As used herein, “depilation” refers to the act of 
removing hair. “Depilatories” are compositions that are used 
to remove hair. 

[0103] As used herein, “alopecia” refers to loss of hair. Hair 
loss is thought to proceed by mechanisms involving TGFB-l 
and/ or TGFB-2, as described herein. HoWever, it is not 
intended that the present invention be limited to any particular 
mechanism in hair loss. 

[0104] As used herein, “cosmetic composition” refers to 
compositions that ?nd use in the cosmetics. The Food Drug 
and Cosmetic Act (FD&C Act) de?nition is used herein. 
Thus, cosmetics are de?ned by their intended use, as articles 
intended to be rubbed, poured, sprinkled, or sprayed on, intro 
duced into, or otherWise applied to the human body for 
cleansing, beautifying, promoting attractiveness, or altering 
appearance. These compositions provide non-therapeutic 
bene?ts and are not regulated as pharmaceuticals. HoWever, 
in some situations, cosmetic compositions are incorporated 
into pharmaceutical compositions to provide cosmetic ben 
e?ts (e.g., products that treat skin or hair diseases, but also 
contain cosmetic compositions for their coloring or other 
bene?ts). Also, it is intended that the present invention 
encompass the use of cosmetics on animals other than 
humans. 

[0105] As used herein, the terms “pharmaceutical compo 
sitions” and “therapeutic compositions” refer to composi 
tions such as drugs that provide medical bene?ts, rather than 
solely cosmetic bene?ts. In the United States, pharmaceutical 
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and therapeutic compositions are approved by the Food and 
Drug Administration for treatment and/or prevention of par 
ticular conditions. 
[0106] As used herein, the term “drug” is de?ned as it is in 
the FD&C Act de?nition. Thus, drugs are de?ned as articles 
intended for use in the diagnosis, cure, mitigation, treatment 
or prevention of disease, and articles (other than food) 
intended to affect the structure or any function of the body of 
man or other animals. 

[0107] As used herein, the term “cosmetic bene?t” refers to 
a desired cosmetic change that results from the administration 
of a personal care composition. Cosmetic bene?ts include but 
are not limited to improvements in the condition of skin, hair, 
nails, and the oral cavity. In preferred embodiments, at least 
one cosmetic bene?t is provided by the skin care, hair care, 
nail care, and makeup compositions of the present invention. 
[0108] As used herein, “skin care composition” refers to 
compositions that are applied to skin in order to provide 
bene?cial properties, including but not limited to Wrinkle 
minimiZing, Wrinkle removal, decoloring, coloring, skin soft 
ening, skin smoothing, dipilation, cleansing, etc. In some 
particularly preferred embodiments, the present invention 
provides skin care compositions that improve skin tone. In 
these embodiments, the improvement comprises lessening of 
Wrinkles, smoothing skin texture, modifying skin coloration, 
and other desired cosmetic bene?ts. 
[0109] As used herein, “hair care composition” refers to 
compositions that are applied to hair to provide bene?cial 
properties such as thickening, thinning, coloring, decoloring, 
cleansing, conditioning, softening, shaping, etc. 
[0110] As used herein, “makeup compositions” refer to 
cosmetic preparations that are used to beautify, caring for, 
maintaining, or augment the appearance of a human or other 
animal. “Makeup compositions” include, but are not limited 
to color cosmetics, such as mascaras, lipsticks, lip liners, eye 
shadoWs, eye-liners, rouges, face poWders, foundations, 
blushes, and nail polish. 
[0111] As used herein, the term “dispersed phase” is used 
as by those of skill in the art of emulsion technology as the 
phase that exists as small particles or droplets suspended in 
and surrounded by a continuous phase. The dispersed phase is 
also knoWn as the “internal” or “discontinuous” phase. 
[0112] As used herein, “penetration enhancers” refer to 
compositions that facilitate penetration through the upper 
stratum comeum barrier to the deeper skin layers. Examples 
of penetration enhancers include, but are not limited to, pro 
pylene glycol, aZone, ethoxydiglycol, dimethyl isosorbide, 
urea, ethanol, dimethyl sulfoxide, micoroemulsions, lipo 
somes, and nanoemulsions. 
[0113] As used herein, the terms “emulsi?er” and “surfac 
tant” refer to compounds that disperse and suspend the dis 
persed phase Within the continuous phase of a material. Sur 
factants ?nd particular use in products intended for skin and/ 
or hair cleansing. In particular embodiments, the term 
“surfactant(s)” is used in reference to surface-active agents, 
Whether used as emulsi?ers or for other surfactant purposes 
such as skin cleansing. 

DETAILED DESCRIPTION OF THE INVENTION 

[0114] The present invention provides peptides and sup 
ported peptides that bind TGFB molecules. In some particu 
larly preferred embodiments, the TGFB binding molecules 
bind TGF [3-1 , While in other embodiments, the TGF [3 binding 
molecules bind TGFB-2. 
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[0115] The present invention provides peptides and sup 
ported peptides Which bind TGFB-l and/or TGFB-2. In some 
preferred embodiments, the present invention provides cos 
metic and/ or pharmaceutical compounds for modulating hair 
groWth. The present invention provides peptides that bind and 
block binding of TGFB-l and/or TGFB-2, Wherein the pep 
tide is expressed in a protease-resistant scaffold. In some 
embodiments, the scaffold is a protease inhibitor (e.g., BBI, 
STI, or Eglin chymotrypsin inhibitor). 
[0116] In some embodiments, the present invention pro 
vides cosmetic and/ or pharmaceutical compounds for modu 
lating-hair growth comprising at least one polypeptide or a 
peptide. In some preferred embodiments, the compound com 
prises at least one polypeptide. 
[0117] In other preferred embodiments, the compounds 
comprises at least one peptide. In some preferred embodi 
ments, the peptide has an amino acid sequence selected from 
the group consisting of SEQ ID NOS:2, 4, and 6 (See, Table 
1) or SEQ ID NOS:8, 10, 12, 14, and 16 (See, Table 2). In 
some preferred embodiments, the compound have a nucleic 
acid sequence, the sequence being at least 70%, preferably 
80%, more preferably 90%, and most preferably 95% 
homologous to the sequences set forth herein. In some pre 
ferred embodiments, the compounds have an amino acid 
sequence, the sequence being at least 70%, preferably 80%, 
more preferably 90%, and most preferably 95% homologous 
to the sequences set forth herein. In some preferred embodi 
ments, the polypeptide has a molecular Weight that is betWeen 
500 Daltons and 30,000 Daltons, preferably betWeen 1000 
Daltons and 10,000 Daltons, and more preferably betWeen 
1500 Daltons to 8,000 Daltons. 
[0118] In some preferred embodiments, modulation com 
prises treatment of at least one disease or condition that 
involves loss of hair. In some of these preferred embodiments, 
the disease or condition is at least one selected from the group 
consisting of in?ammatory alopecias, pseudopelade, sclero 
derma, tick bites, lichen planus, psoriasis, lupus, seborrheic 
dermatitis, loose hair syndrome, hemochromatosis, andro 
genic alopecia, alopecia greata, cancer, conditions that affect 
defective hair ?ber production, and environmental factors 
that affect hair production. In a preferred embodiment, the 
disease is androgenic alopecia or alopecia greata. 
[0119] In some particularly preferred embodiments, the 
modulation comprises inhibition of hair groWth (i.e., removal 
and/or inhibition) for at least one disease or condition for 
Which hair groWth is not desirable. In some preferred embodi 
ments, hair groWth inhibition comprises depilation. 
[0120] The present invention also provides cosmetic and/or 
pharmaceutical compounds for modulating hair groWth, 
comprising at least one peptide or at least one polypeptide and 
a scaffold. In some preferred embodiments, the peptide or 
polypeptide sequence is contained in the scaffold. In some 
particularly preferred embodiments, the peptide or polypep 
tide comprises a loop, While in some more preferred embodi 
ments, the loop is closed by a disul?de bond. In some embodi 
ments, the at least one peptide or polypeptide binds to 
TGFB-l and/or TGFB-2 and blocks doWnstream activity of 
the factor(s). In some preferred embodiments, the scaffold is 
STI, While in others it is Eglin, and in still others it is BBI. In 
some preferred embodiments, the most preferred scaffold is 
BBI. In some preferred embodiments, the compound is at 
least one polypeptide. 
[0121] In some additional preferred embodiment, the com 
pound comprises at least one peptide. In some preferred 
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embodiments, the peptide has an amino acid sequence 
selected from the group consisting of SEQ ID NOS:2, 4, 6, 8, 
10, 12, 14, and 16 (See, Tables 1 and 2). In some preferred 
embodiments, the compound has at least one sequence, the 
sequence being at least 70%, preferably 80%, more prefer 
ably 90%, and most preferably 95% homologous to the 
sequences set forth herein. In some preferred embodiments, 
the polypeptide has a molecular Weight that is betWeen 500 
Daltons and 100,000 Daltons, preferably betWeen 500 Dal 
tons and 45,000 Daltons, more preferably betWeen 1000 Dal 
tons and 12,000 Daltons, preferably betWeen 1500 Daltons to 
10,000 Daltons. 
[0122] In some preferred embodiments, modulation com 
prises treatment of at least one disease or condition that 
involves loss of hair. In some particularly preferred embodi 
ment, the disease or condition is at least one selected from the 
group consisting of in?ammatory alopecias, pseudopelade, 
scleroderma, tick bites, lichen planus, psoriasis, lupus, seb 
orrheic dermatitis, loose hair syndrome, hemochromatosis, 
androgenic alopecia, alopecia greata, cancer, conditions that 
affect defective hair ?ber production, and environmental fac 
tors that affect hair production. In some preferred embodi 
ments, the disease is androgenic alopecia or alopecia greata. 
[0123] In some preferred embodiments, modulation com 
prises inhibition of hair groWth and/ or hair removal for at least 
one disease or condition for Which hair groWth is undesirable. 
In some embodiments, inhibition comprises depilation. 
[0124] In additional preferred embodiments, the present 
invention is directed to at least one peptide or polypeptide, at 
least one loop and at least one protease-resistant scaffold. 
Flexible native loops are found on the surface of most protein 
modules and exist as short stretches of amino acids that con 
nect regions of de?ned secondary structure. Although crys 
tallographic and NMR (nuclear magnetic resonance) studies 
shoW that native loops are usually less Well de?ned than 
alpha-helices and beta-sheets, their conformational freedom 
is normally restricted substantially compared With free pep 
tides. Consequently, the binding activities of native loops in 
proteins usually differ signi?cantly from those of the corre 
sponding linear amino acid sequence. HoWever, it is not 
intended that the present invention be limited to any speci?c 
mechanism. 
[0125] The loops provided by the present invention bind 
proteins such as TGFB-l and TGFB-2. Binding the loop to the 
protein prevents the protein from binding to its target. Thus, 
binding interactions are thought to be disrupted by binding 
the loop to the protein. As a result, bioactivity can be altered 
as desired. HoWever, it is not intended that the present inven 
tion be limited to any particular mechanism. 
[0126] The present invention further provides scaffolds to 
stabiliZe the loops. STI, BBI and EglinC have native loops 
that bind to and inhibit proteases. In some embodiments, STI 
and BBI native loops are replaced With the polypeptides and/ 
or peptides of the invention. In some embodiments, these 
sequences are replaced With inhibitors or enhancers of TGFB 
1, While in other embodiments, the sequences are replaced 
With inhibitors or enhancers of TGFB-2. In additional 
embodiments, STI and BBI native loops are replaced With 
sequences that have been isolated using various techniques 
knoWn in the art (e. g., phage display), such as TGFB-l bind 
ing proteins described herein. 
[0127] In some embodiments, a native loop is replaced With 
a loop Which is 3 to 20 amino acids in length, preferably 5 to 
15 amino acids in length, and more preferably 5 to 10 amino 
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acids in length. In alternative embodiments, longer sequences 
?nd use, as long as they provide binding and/or inhibition. In 
addition, peptides suitable for use as replacements of the 
native loop(s) can form constrained loops (i.e., a loop formed 
by the presence to a disul?de bond betWeen tWo cysteine 
residues). In some particularly preferred embodiments, the 
peptides are betWeen 7 and 9 amino acids in length. 

[0128] There are several advantages to using scaffolds to 
stabiliZe peptide sequences. In some preferred embodiments, 
the biological activity of the peptide is higher and/or effec 
tively modulates biological function as a result of limiting 
peptide ?exibility and reducing the entropic cost of ?xing the 
polypeptide sequence in the bioactive conformation. In addi 
tion, structural information obtained by x-ray crystallography 
?nds use in guiding af?nity maturation. Furthermore, in some 
embodiments, the sequence presented on a structural scaffold 
is more resistant to proteolytic degradation in different bio 
logical applications. In still further embodiments, the chi 
meric construction is obtained in large amount in loW cost 
biological expression systems for industrial applications. 
[0129] As shoWn in the Examples, in some embodiments, 
the present invention provides compounds that bind TGFB-l, 
While in alternative embodiments, the present invention pro 
vides compounds that bind TGFB-2. In some embodiments, 
binding absorbs extracellular TGFB- 1, thereby preventing 
TGFB-l from interacting With its cognate ligand, When then 
prevents doWnstream biological effect(s). In the present 
invention, binding prevents TGF-L from interacting With its 
cognate receptor and inhibits transition from the anagen to the 
catagen promoting hair groWth and preventing hair loss. In 
some embodiments, binding absorbs extracellular TGFB-2, 
thereby preventing TGFB-2 from interacting With its cognate 
ligand, Which then prevents doWnstream biological effect(s). 
In the present invention, binding prevents TGF [3-2 from inter 
acting With its cognate receptor and inhibits transition from 
the anagen to the catagen promoting hair groWth and prevent 
ing hair loss. 
[0130] BBI represents a class of protein scaffolds Whose 
binding to proteases is mediated by an exposed native loop 
that is ?xed in a characteristic canonical conformation and 
Which ?ts into the active site in a manner thought to be similar 
to that of a substrate (LaskoWski and Kato, Ann. Rev. Bio 
chem., 49:593-626 [1980]; and Bode & Huber, supra). The 
native loop is frequently constrained by the presence of dis 
ul?de bridges and/ or extensive hydrogen-bonding networks 
that act to lock the structure into the correct canonical struc 
ture. The sequence of this loop determines the speci?city of 
the inhibition, Which mirrors the speci?city of proteases for 
their substrates. For example, most trypsin inhibitors have 
Arg or Lys as their P1 residue. Inhibitors of the BBI family 
have a network of conserved disul?de bridges that help form 
a symmetrical structure of tWo tricyclic domains (Chen et al., 
supra; Werner and Wemmer, supra; and Liu et al., supra), each 
containing an independent serine protease binding site. The 
native binding loop is contained Within a region joined by 
disul?de bridges formed betWeen cysteine residues. The 
identity of the amino acid residue at the P1 site on each 
domain is the main determinant of the serine protease inhib 
ited. Native domains possess lysine or arginine for trypsin, 
leucine or tyrosine for chymotrypsin and alanine for elastase 
(Tsunogae et al., J. Biochem. (Tokyo) 100:243-246 [1986]). 
In addition, serine is highly conserved at the P'l position and 
proline at the P'3 position. The individual native loop regions 
of BBI are Well suited for protein loop grafting of previously 
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identi?ed cysteine constrained peptides that bind to targets 
selectively, as described herein. 
[0131] Numerous isoforms of BBI have been character 
iZed. For example, SEQ ID NO: 17 (See, FIG. 2) provides the 
amino acid sequence of a BBI backbone described herein 
comprising approximately 71 amino acid residues. In addi 
tion, in some embodiments BBI is truncated With as many as 
10 amino acid residues being removed from either the N- or 
C-terminal. Any of the isoforms described herein, as Well as 
those additional ones knoWn in the art, ?nd use as scaffolds in 
the present invention. 
[0132] The present invention provides several advantages 
over creation of, for example, chimeric proteins. Transfer of 
an entire protein can be dif?cult When, for example, a protein 
domain of interest carries more than one important biological 
activity. Maintaining one activity (eg functionally signi? 
cant domain-domain interactions) While altering another (e. g. 
high a?inity binding to a co-factor or receptor) can be prob 
lematic. The present invention, as indicated herein, over 
comes that limitation, as in preferred embodiments the loops 
are transferred, instead of entire domains. 
[0133] In addition, in some embodiments, the compounds 
of the present invention comprise at least one mutation in 
addition to those set out above. Other mutations, such as 
deletions, insertions, substitutions, transversions, transitions 
and inversions, at one or more other locations, also ?nd use in 
the present invention. 
[0134] In some embodiments, the compounds of the 
present invention also comprise a conservative substitution 
that may occur as a like-for-like substitution (e.g., basic for 
basic, acidic for acidic, polar for polar etc.). In additional 
embodiments, non-conservative substitutions are provided 
(i.e., from one class of residue to another or alternatively 
involving the inclusion of unnatural amino acids such as 
omithine, diaminobutyric acid ornithine, norleucine orni 
thine, pyriylalanine, thienylalanine, naphthylalanine and 
phenylglycine). 
[0135] In some embodiments, the sequences also have 
deletions, insertions and/or substitutions of amino acid resi 
dues that produce a silent change and result in a functionally 
equivalent substance. 
[0136] In some embodiments, deliberate amino acid sub 
stitutions are made on the basis of similarity in amino acid 
properties (e.g., polarity, charge, solubility, hydrophobicity, 
hydrophilicity, and/or the amphipathic nature of the residues) 
and it is therefore useful to group amino acids together in 
functional groups. Amino acids can be grouped together 
based on the properties of their side chain alone. HoWever it 
is more useful to include mutation data as Well. The sets of 
amino acids thus derived are likely to be conserved for struc 
tural reasons. These sets can be described in the form of a 

Venn diagram (See e.g., Livingstone and Barton, Comput. 
Appl Biosci., 9:745-756 [1993]; and (Taylor, J. Theor. Biol., 
119:205-218 [1986]). In some embodiments, conservative 
substitutions are made, for example according to the table 
beloW that describes a generally accepted Venn diagram 
grouping of amino acids. 

Set Sub-set 

Aromatic F W Y H 
Aliphatic I L V 

Hydrophobic FWYHKMILVAGC 
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-continued 

Set Sub-set 

Polar WYHKREDCSTNQ Charged HKRED 
Positively H K R 
charged 
Negatively E D 
charged 

Small VCAGSPTND Tiny AGS 

[0137] In some embodiments, variant amino acid 
sequences of the present invention also include suitable 
spacer groups inserted between any two amino acid residues 
of the sequence including alkyl groups such as methyl, ethyl 
or propyl groups in addition to amino acid spacers such as 
glycine or [3-alanine residues. A further form of variation 
involves the presence of one or more amino acid residues in 
peptoid form. 
[0138] In some embodiments, homology comparisons ?nd 
use in identifying homologous sequences that ?nd use in the 
present invention. Homology comparisons can be conducted 
by eye, or more usually, with the aid of readily available 
sequence comparison programs. Available computer pro 
grams can calculate the percent homology between two or 
more sequences. Additionally, percent homology may be cal 
culated over contiguous sequences (i.e., one sequence is 
aligned with the other sequence and each amino acid in one 
sequence is directly compared with the corresponding amino 
acid in the other sequence one residue at a time). This is called 
an “ungapped” alignment. Typically, such ungapped align 
ments are performed only over a relatively short number of 
residues. 
[0139] Although this is a very simple and consistent 
method, it fails to take into consideration that, for example, in 
an otherwise identical pair of sequences, one insertion or 
deletion will cause following amino acid residues to be put 
out of alignment, thus potentially resulting in a large reduc 
tion in % homology when a global alignment is performed. 
Consequently, most sequence comparison methods are 
designed to produce optimal alignments that take into con 
sideration possible insertions and deletions without penaliz 
ing unduly the overall homology score. This is achieved by 
inserting “gaps” in the sequence alignment to try to maximize 
local homology. 
[0140] However, these more complex methods assign “gap 
penalties” to each gap that occurs in the alignment, so that for 
the same number of identical amino acids, a sequence align 
ment with as few gaps as possible (i.e., re?ecting higher 
relatedness between the two compared sequences) will 
achieve a higher score than one with many gaps. “Af?ne gap 
costs” are typically used that charge a relatively high cost for 
the existence of a gap and a smaller penalty for each subse 
quent residue in the gap. This is one of the most commonly 
used gap scoring system. High gap penalties will of course 
produce optimized alignments with fewer gaps. Most align 
ment programs allow the gap penalties to be modi?ed. How 
ever, it is preferred to use the default values when using such 
software for sequence comparisons. For example when using 
the GCG Wisconsin Best?t package the default gap penalty 
for amino acid sequences is — 12 for a gap and —4 for each 
extension. 
[0141] Calculation of maximum % homology therefore 
?rstly requires the production of an optimal alignment, taking 
into consideration gap penalties. A suitable computer pro 
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gram for carrying out such an alignment is the GCG Wiscon 
sin Best?t package (See e.g., Devereux et al., Nuc. Acids 
Res., 121387 [1984]). Examples of other software packages 
than can perform sequence comparisons include, but are not 
limited to, the BLAST package FASTA, and the GENE 
WORKS suite of comparison tools, all of which are well 
known to those in the art. Both BLAST and FASTA are 
available for of?ine and online searching. However, for some 
applications, it is preferred to use the GCG Best?t program. 
The BLAST 2 Sequence package is also available for com 
paring protein and nucleotide sequences. 
[0142] Although the ?nal percent homology can be mea 
sured in terms of identity, the alignment process itself is 
typically not based on an all-or-nothing pair comparison. 
Instead, a scaled similarity score matrix is generally used that 
assigns scores to each pair-wise comparison based on chemi 
cal similarity or evolutionary distance. An example of such a 
matrix commonly used is the BLOSUM62 matrixithe 
default matrix for the BLAST suite of programs. GCG Wis 
consin programs generally use either the public default values 
or a custom symbol comparison table if supplied. For some 
applications, it is preferred to use the public default values for 
the GCG package, or in the case of other software, the default 
matrix, such as BLOSUM62. 
[0143] Alternatively, percentage homologies may be calcu 
lated using the multiple alignment feature in DNASISTM (Hi 
tachi Software), based on an algorithm, analogous to 
CLUSTAL (See e.g., Higgins and Sharp, Gene 73:237-244 
[1 988]). 
[0144] Once the software has produced an optimal align 
ment, it is possible to calculate the percent of homology, and 
more preferably, the percent of sequence identity. The soft 
ware typically does this as part of the sequence comparison 
and generates a numerical result. 

[0145] In some embodiments, the present invention pro 
vides nucleic acids encoding any of the compounds described 
herein, as well as complements thereof. In additional pre 
ferred embodiments, the invention provides vectors compris 
ing a compound, as disclosed herein, cells comprising the 
compound and methods of expressing the compound. 
[0146] Those of skill in the art appreciate the relationship 
between nucleic acid sequences and polypeptide sequences, 
in particular as relate to the genetic code and the degeneracy 
of this code, and will be able to construct such nucleic acids 
without di?iculty. For example, one skilled in the art is aware 
that for each amino acid substitution in a sequence there may 
be one or more codons that encode the substitute amino acid. 
Accordingly, it is evident that, depending on the degeneracy 
of the genetic code with respect to that particular amino acid 
residue, one or more nucleic acid sequences may be generated 
corresponding to that polypeptide sequence. 
[0147] Mutations in amino acid sequence and nucleic acid 
sequence may be made by any of a number of techniques, as 
known in the art. In particularly preferred embodiments, the 
mutations are introduced into parent sequences by means of 
PCR (polymerase chain reaction) using appropriate primers. 
In some embodiments, the parent enzymes are modi?ed at the 
amino acid level, while in other embodiments, the enzymes 
are modi?ed at the nucleic acid level, in order to generate the 
sequences described herein. In some preferred embodiments, 
the present invention provides for the generation of com 
pounds by introducing one or more corresponding codon 
changes in the nucleotide sequence encoding a compound. It 
will be appreciated that the above codon changes will ?nd use 
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in various nucleic acid sequences of the present invention. For 
example, in some embodiments, sequence changes are made 
to any of the homologous sequences described herein. 
[0148] As indicated above, in some embodiments, the 
“compound” comprises the “complete” protein, (i.e., in its 
entire length as it occurs in nature (or as mutated)), While in 
other embodiments it comprises a truncated form of a protein. 
Thus, the compounds of the present invention are either trun 
cated or be “full-length.” In addition, in some embodiments, 
the truncation is located at the N-terminal end, While in other 
embodiments the truncation is located at the C-terminal end 
of the protein. In further embodiments, the compound lacks 
one or more portions (e. g., sub-sequences, signal sequences, 
domains or moieties), Whether active or not. 
[0149] In yet further alternative embodiments, the nucle 
otide sequences encoding the compounds are prepared syn 
thetically by established standard methods (eg the phospho 
roamidite method described by Beucage et al., Tetrahedr. 
Lett., 22: 1 859-1 869 [1981]; or the method described by Mat 
thes et al., EMBO 1., 3:801-805 [1984]). In the phosphoroa 
midite method, oligonucleotides are synthesized (e.g., in an 
automatic DNA synthesizer), puri?ed, annealed, ligated and 
cloned in appropriate vectors. 
[0150] In some embodiments of the present invention, the 
nucleotide sequences are either of mixed genomic and syn 
thetic origin, mixed synthetic and cDNA origin or mixed 
genomic and cDNA origin, prepared by ligating fragments of 
synthetic, genomic or cDNA origin, in accordance With stan 
dard techniques. Each ligated fragment corresponds to vari 
ous parts of the entire nucleotide sequence. In some embodi 
ments, the DNA sequence is prepared by polymerase chain 
reaction (PCR) using speci?c primers, as knoWn in the art. 
[0151] In some embodiments, the nucleotide sequences 
described here and suitable for use in the methods and com 
positions described here include Within them synthetic or 
modi?ed nucleotides. A number of different types of modi? 
cation to oligonucleotides are knoWn in the art. These include, 
but are not limited to methylpho sphonate and pho sphorothio 
ate backbones and/or the addition of acridine or polylysine 
chains at the 3' and/ or 5' ends of the molecule. HoWever, it is 
not intended that the present invention be limited to any 
particular method, as any suitable method knoWn to those in 
the art for modifying nucleotide sequences ?nd use in the 
present invention. In some embodiments, these modi?cations 
are performed in order to enhance the in vivo activity and/or 
life span of nucleotide sequences. 
[0152] In some preferred embodiments, the present inven 
tion provides nucleotide sequences and methods for using 
nucleotide sequences that are complementary to the 
sequences presented herein, as Well as derivatives and/or 
fragments of these sequences. 
[0153] In some embodiments, the polynucleotides of the 
present invention ?nd use in the production of primers and/or 
probes. Thus, in some embodiments, the polynucleotide 
sequences are used to produce PCR primers, primers for other 
ampli?cation methods as knoWn in the art, labeled probes, 
and/ or for cloning methods. In preferred embodiments, these 
primers, probes and other fragments are at least 15, preferably 
at least 20, and in some more preferable embodiments, at least 
25, 30 or 40 nucleotides. In addition, these primers, probes 
and fragments are encompassed by the term “polynucle 
otide.” 
[0154] In some embodiments, polynucleotides such as 
DNA polynucleotides and probes are produced recombi 
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nantly, While in other embodiments they are produced syn 
thetically. In additional embodiments, these sequences are 
cloned using standard methods. In general, primers are pro 
duced by synthetic means, involving a stepWise manufacture 
of the desired nucleic acid sequence one nucleotide at a time. 
Techniques for accomplishing this using automated tech 
niques are readily available in the art. HoWever, it is not 
intended that the present invention be limited to production of 
polynucleotides using any particular method, as any suitable 
method knoWn to those in the art ?nds use in the present 
invention. 
[0155] In some embodiments, longer polynucleotides are 
generally be produced using recombinant means, for example 
using PCR cloning techniques, as knoWn in the art. In such 
embodiments, the primers are typically designed to contain 
suitable restriction enzyme recognition sites so that the 
ampli?ed DNA can be readily cloned into a suitable cloning 
vector. Preferably, the variant sequences are at least as bio 
logically active as the sequences presented herein. 
[0156] In some preferred embodiments, sequences that are 
provided that are complementary to the compound or 
sequences that are capable of hybridizing to the nucleotide 
sequences of the compounds (including complementary 
sequences of those presented herein), as Well as nucleotide 
sequences that are complementary to sequences that can 
hybridize to the nucleotide sequences of the compounds (in 
cluding complementary sequences of those presented 
herein). In some preferred embodiments, polynucleotide 
sequences that are capable of hybridizing to the nucleotide 
sequences presented herein under conditions of intermediate 
to maximal stringency are provided. 
[0157] In some preferred embodiments, nucleotide 
sequences that can hybridize to the nucleotide sequence of the 
compound nucleic acid, or the complement thereof, under 
stringent conditions (e. g., 500 C. and 0.2 X SSC) are provided. 
More preferably, the nucleotide sequences can hybridize to 
the nucleotide sequence of the compound, or the complement 
thereof, under more highly stringent conditions (eg 650 C. 
and 0.1 XSSC). 
[0158] In some embodiments, it is desirable to mutate the 
sequence in order to prepare a compound. Accordingly, in 
some embodiments, mutants are prepared from the com 
pounds provided herein. In some embodiments, mutations are 
introduced using synthetic oligonucleotides. These oligo 
nucleotides contain nucleotide sequences ?anking the 
desired mutation sites. Various methods knoWn in the art ?nd 
use in this embodiment (See e.g., Morinaga et al., Biotech 
nol., 2:646-649 [1984]; Nelson and Long, Anal. Biochem., 
180:147-151 [1989]; and Sarkar and Sommer, Biotechn., 
8:404-407 [1990]). HoWever, additional methods ?nd use in 
the present invention and it is not intended that the present 
invention be limited to any particular method. 
[0159] In some preferred embodiments, the sequences used 
in the methods and compositions described herein is a recom 
binant sequence (i.e., a sequence that has been prepared using 
recombinant DNA techniques produced using any suitable 
method knoWn in the art. 

[0160] In additional embodiments, the present invention 
provides vectors comprising the compound, cells comprising 
the compound, and methods of expressing the compound. In 
some embodiments, the nucleotide sequences used in the 
methods and compositions described herein are incorporated 
into a recombinant replicable vector. In some embodiments, 
the vector is used to replicate and express the nucleotide 
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sequence, in enzyme form, in and/or from a compatible host 
cell. In some embodiments, expression is controlled using 
control sequences (e.g., regulatory sequences). In some 
embodiments, proteins produced by a host cell by expression 
of the nucleotide sequence are secreted (i.e., into the growth 
medium), While in other embodiments, the proteins are con 
tained intracellularly Within the host cell. In some embodi 
ments, the coding sequences are designed to include signal 
sequences Which direct secretion of the substance coding 
sequences through a particular prokaryotic or eukaryotic cell 
membrane. In further embodiments, polynucleotides are 
incorporated into a recombinant replicable vector. In addi 
tional embodiments, the vector is used to replicate the nucleic 
acid in a compatible host cell. In preferred embodiments, the 
vector comprising the polynucleotide sequence is trans 
formed into a suitable host cell. While any suitable host ?nds 
use in the present invention, in some preferred embodiments, 
the hosts are selected from the group consisting of bacterial, 
yeast, insect, fungal, and mammalian cells. 
[0161] In some embodiments, compounds and their poly 
nucleotides are expressed by introducing a polynucleotide 
into a replicable vector, introducing the vector into a compat 
ible host cell, and groWing the host cell under conditions 
Which bring about replication of the vector. In some embodi 
ments, the vector is recovered from the host cell. 

[0162] In additional embodiments, the compound nucleic 
acid is operatively linked to transcriptional and translational 
regulatory elements active in the host cell. In some embodi 
ments, the compound nucleic acid also encodes a fusion 
protein comprising at least one signal sequence (e.g., those 
derived from the glucoamylase gene from Schwanniomyces 
occidenlalis, d-factor mating type gene from Saccharomyces 
cerevisiae and the TAKA-amylase from Aspergillus oryzae). 
In further alternative embodiments, the compound nucleic 
acid encodes a fusion protein comprising a membrane bind 
ing domain. 
[0163] In some preferred embodiments, the compound is 
expressed at the desired levels in a host organism using an 
expression vector. It is contemplated that any expression vec 
tor comprising a compound nucleic acid that is capable of 
expressing the gene encoding the compound nucleic acid in 
the selected host organism Will ?nd use in the present inven 
tion. The choice of vector depends upon the host cell into 
Which it is to be introduced. Thus, in some embodiments, the 
vector is an autonomously replicating vector (i.e., a vector 
that exists as an episomal entity, the replication of Which is 
independent of chromosomal replication, such as, for 
example, a plasmid, a bacteriophage or an episomal element, 
a minichromosome or an arti?cial chromosome). Alterna 
tively, in some embodiments, the vector integrates into the 
host cell genome and replicates together With the chromo 
some. 

[0164] In some preferred embodiments, the expression vec 
tor includes the components of a cloning vector, including but 
not limited to such components as an element that permits 
autonomous replication of the vector in the selected host 
organism and one or more phenotypically detectable markers 
for selection purposes. In preferred embodiments, the expres 
sion vector further comprises control nucleotide sequences 
encoding a promoter, operator, ribosome binding site, trans 
lation initiation signal, and optionally, a repressor gene or one 
or more activator genes. Additionally, in some embodiments, 
the expression vector comprises a sequence coding for an 
amino acid sequence capable of targeting the compound to a 

May 15, 2008 

host cell organelle such as a peroxisome or to a particular host 
cell compartment. Such a targeting sequence includes but is 
not limited to the sequence SKL. For expression under the 
direction of control sequences, the nucleic acid sequence 
encoding the compound is operably linked to the control 
sequences in proper manner With respect to expression. 

[0165] In some preferred embodiments, the polynucleotide 
in a vector is operably linked to a control sequence that is 
capable of providing for the expression of the coding 
sequence by the host cell (i.e., the vector is an expression 
vector). In some embodiments, the control sequences are 
modi?ed (e.g., by the addition of further transcriptional regu 
latory elements) in order to make the level of transcription 
directed by the control sequences more responsive to tran 
scriptional modulators. In some preferred embodiments, the 
control sequences comprise promoters. 
[0166] In some preferred embodiments of the vectors, the 
nucleic acid sequence encoding for the compound is operably 
combined With a suitable promoter sequence. The promoter 
can be any DNA sequence having transcription activity in the 
host organism of choice and can be derived from genes that 
are homologous or heterologous to the host organism. 
Examples of suitable promoters for directing the transcription 
of the modi?ed nucleotide sequence, such as compound 
nucleic acids, in a bacterial host include, but are not limited to 
the promoter of the lac operon of E. coli, the Slreplomyces 
coeli color agarase gene dagA promoters, the promoters of the 
Bacillus licheniformis d-amylase gene (amyL), the aprE pro 
moter of Bacillus sublilis, the promoters of the Bacillus 
slearolhermophilus maltogenic amylase gene (amyM), the 
promoters of the Bacillus amyloliquefaciens d-amylase gene 
(amyQ), the promoters of the Bacillus sublilis xylA and xylB 
genes and a promoter derived from a Laclococcus sp .-derived 
promoter including the P170 promoter. When the gene encod 
ing the compound is expressed in a bacterial species such as 
E. coli, a suitable promoter can be selected, for example, from 
a bacteriophage promoter including a T7 promoter and a 
phage lambda promoter. For transcription in a fungal species, 
examples of useful promoters are those derived from the 
genes encoding the Aspergillus oryzae TAKA amylase, Rhi 
zomucor miehei aspartic proteinase, A. niger neutral d-amy 
lase, A. niger acid stable d-amylase, A. niger glucoamylase, 
Rhizomucor miehei lipase, A. oryzae alkaline protease, A. 
oryzae triose phosphate isomerase, and A. nidulans acetami 
dase. Examples of suitable promoters for the expression in a 
yeast species include but are not limited to the Gal 1 and Gal 
10 promoters of Saccharomyces cerevisiae and the Pichia 
pasloris AOXl or AOX2 promoters. 
[0167] Examples of suitable bacterial host organisms are 
Gram positive species, including, but not limited to members 
ofthe Bacillaceae, (e.g., B. sublilis, B. licheniformis, B. len 
Zus, B. brevis, B. slearolhermophilus, B. alkalophilus, B. amy 
loliquefaciens, B. coagulans, B. laulus, B. megalerium and B. 
Zhuringiensis), Slreplomyces species (e.g., S. murinus and S. 
lividans) lactic acid bacteria (e.g., Laclococcus spp. such as 
Laclococcus laclis; Laclobacillus spp. including Laclobacil 
lus reuleri; Leuconosloc spp.; Pediococcus spp.; and Strep 
Z0c0ccus spp. Alternatively, strains of Gram-negative species 
belonging to Enterobacteriaceae (e. g., E. coli) or members of 
the Pseudomonadaceae ?nd use in the present invention. 

[0168] In some embodiments, a suitable yeast host organ 
ism is selected from various biotechnologically useful yeasts 
species, including but not limited to Pichia sp., Hansenula sp 
orKluyveromyces, Yarrowinia, Saccharomyces (e.g., Saccha 
































