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REPEAT SEQUENCE PROTEIN POLYMER 
ACTIVE AGENT CONGJUGATES, METHODS AND 

USES 

RELATED APPLICATION 

[0001] This application claims priority under 35 U.S.C. 
§119 of US. Provisional Application Ser. No. 60/470,464 
?led May 14, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to conjugates formed 
from repeat sequence protein polymers and various active 
agents, methods of manufacture, and, more particularly, to 
applications comprising them. 

BACKGROUND OF THE INVENTION 

[0003] Proteins have been used in Wide variety of products 
to perform a variety of functions and to impart desired 
characteristics to product formulations. Proteins have also 
been used to provide ?lms and substrates Which confer 
speci?cally desirable properties related to function, appear 
ance, texture, and durability to many products in home-care, 
health-care, and many other consumer and industrial market 
segments. 

[0004] HoWever, natural proteins may not exhibit all 
desired characteristics and functions When used in product 
formulations. For example, natural silk proteins may impart 
durability but may also form tight, hard ?bers that are not 
suitable for ?lm formation. Many natural proteins have a 
loW isoelectric point, and the loW isoelectric point reduces 
the af?nity of the protein for the negatively charged sub 
strates. This is particularly problematic in personal care 
formulations Where target substrates such as skin and hair 
typically are negatively charged, and proteins may accumu 
late on hair or skin over time. Additionally, more than one 
protein may be needed to impart all desired characteristics to 
a given formulation, and the necessity of using more than 
one protein may increase the cost and production time for a 
given product. Proteins may be chemically modi?ed or 
quaterniZed in order to make them more suitable for inclu 
sion in desired applications. HoWever, even chemically 
modi?ed proteins may not have all desired characteristics. 

[0005] Active agents such as fragrances, dyes, tints, UV 
actives, sunscreens, lanolin, vitamins, bleaches, thickening 
agents, silicones, proteins/peptides, enZymes, antimicrobials 
and preservatives have been added to various products to 
impart a number of desired characteristics or functions. For 
example, speci?cally in personal care products, silicones 
have been used to provide protection and moisturiZation. 
Amino functional silicones may polymeriZe in air and 
provide improved compatibility, electrostatic reduction, and 
soft touch for hair. Silicones may also provide lubrication 
and gloss for hair, skin, or nails. Fragrances have been used 
as ?nishing ingredients to impart a desired odor. Radiopro 
tective agents have been employed in a variety of products 
directed to UV-sensitive applications including personal 
care, clothing and home care products. 

[0006] Many active agents lose viability over time and 
may not exhibit good bulking activity or good ?lm forming 
characteristics. Many active agents may be insoluble in 
Water, and thus the active agents may have to be applied as 
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aqueous emulsions. For instance, proteins and peptides may 
be desirable active agents, particularly for protein-based 
applications, but incorporation into formulations may be 
problematic due to their generally high levels of hydropho 
bicity, and incorporation into material substrates may sub 
ject them to laundering or other cleaning effects, causing 
loss of the active agent as Well as functional ef?cacy, over 
time. Thus, the active agents may not be suitable for all 
applications, and their inclusion in certain applications may 
be dif?cult due to their interactive properties such as hydro 
phobicity, and/or binding and structural limitations. 

[0007] Thus, there remains a need in the art for prepara 
tions that have desired characteristics of proteins and active 
agents, and for methods of deliberately tailoring the proteins 
and active agents to the unique product and delivery 
demands of speci?c applications. There also remains a need 
in the art for products incorporating such preparations. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention meets that need 
by providing biomolecular recombinant repeat sequence 
protein polymer active agent conjugates to be used in 
various product formulations suitable for many speci?c 
applications. Repeat sequence protein polymers are engi 
neered proteins Which provide a scaffolding to Which active 
agents may be bound. In particular, they enhance the ability 
to utiliZe proteins and peptides as active agents. Biomolecu 
lar conjugates may be formed betWeen repeat sequence 
protein polymers and protein/peptide active agents Which 
overcome many of the hydrophobicity, solubility, and bind 
ing limitations, and increase their functional applicability. In 
particular, the biomolecular conjugates of the present inven 
tion alloW the use of protein/peptide active agents in appli 
cations for Which a total protein environment is desirable. 

[0009] For purposes of de?ning and describing the present 
invention, “repeat sequence protein polymer” (RSPP) refers 
to a polymer comprising repeating amino acid sequence 
units, Which repeating units are derived from a natural or 
synthetic protein. For example, the repeating sequence units 
may be derived from natural structure supporting materials 
such as silk, elastin, and collagen. Alternatively, the repeat 
ing sequence units may be derived from synthetic structures. 

[0010] For purposes of de?ning and describing the present 
invention, “personal care composition” refers to a product 
for application to the skin, hair, nails, oral cavity and related 
membranes for the purposes of improving, cleaning, beau 
tifying, therapeutically treating, caring for these surfaces and 
membranes. 

[0011] For purposes of de?ning and describing the present 
invention, “an effective amount” refers to the amount of 
repeat sequence protein polymer Which is added to a per 
sonal care composition to provide the composition With a 
desired characteristic or characteristics. 

[0012] For purposes of de?ning and describing the tech 
nology, the term “dispersed phase” is a term Well-knoWn to 
one skilled in the art of emulsion technology, Which means 
that the phase exists as small particles or droplets that are 
suspended in and surrounded by a continuous phase. The 
dispersed phase is also knoWn as the internal or discontinu 
ous phase. 

[0013] For purposes of de?ning and describing the present 
invention “active agent” shall be understood as referring to 
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a suitable product component including, but not limited to, 
silicones, fragrances, dyes, tints, UV actives, sunscreens, 
lanolin, vitamins, bleaches, thickening agents, proteins, pep 
tides, enZymes, antimicrobials and preservatives. 

[0014] For purposes of de?ning and describing the present 
invention, the term “protein” as used herein, shall be under 
stood as comprising greater than ?fty (50) amino acids, 
While the term “peptide” as used herein, shall be understood 
as comprising 50 or less amino acids. 

[0015] In accordance With one embodiment of this inven 
tion, the biomolecular conjugates comprise the conjugation 
product of a repeat sequence protein polymer and at least 
one active agent. Speci?c embodiments are directed to such 
biomolecular conjugates Wherein the repeat sequence pro 
tein polymer is a silk elastin like polymer (SELP), and more 
speci?cally Where it comprises SELP47K. Other speci?c 
embodiments are directed to biomolecular conjugates 
Wherein at least one of the active agents is a silicone, 
fragrance, dye, tint, UV active, lanolin, vitamin, bleach, 
thickening agent, protein, peptide, enZyme, preservative, 
and in some embodiments the conjugation is formed from 
more than one active agent. 

[0016] An additional aspect of the invention relates to the 
repeat sequence protein polymer active agent conjugates 
formulated into personal care product compositions, and to 
processes for making personal care product compositions 
utiliZing the biomolecular conjugates. In accordance With 
another aspect of the present invention, the personal care 
product formulation is a skin protection cream. Further 
embodiments relate to emulsions and surfactant systems 
comprising the biomolecular conjugates useful in a variety 
of applications. 
[0017] Another more speci?c embodiment of the inven 
tion relates to biological conjugates comprising SELP and at 
least one active agent comprising a protein or peptide 
Wherein the SELP and the protein conjugate as a fusion 
protein. Very speci?c aspects of this embodiment include 
fusion protein conjugates formed from active agents includ 
ing antimicrobial peptides, green ?uorescent protein, radio 
protective P4 peptides, and/or cotton binding peptides. In 
one embodiment, more than one protein or peptide active 
agent is conjugated With the SELP. 
[0018] An additional embodiment relates to methods of 
producing biomolecular conjugates comprising fusion pro 
tein conjugates comprising a conjugation product of a repeat 
sequence protein polymer and at least one active agent 
comprising a protein or peptide. This method embodiment 
comprises selecting the repeat sequence protein polymer and 
the protein active suitable for a desired application, obtain 
ing a gene encoding the repeat sequence protein polymer 
and a gene encoding the at least one active agent comprising 
a protein or peptide, constructing a conjugate gene from the 
gene encoding the repeat sequence protein polymer and the 
gene encoding the at least one active agent, expressing the 
conjugate gene to form an expression product comprising 
the fusion protein conjugate, fermenting the expression 
product comprising the fusion protein conjugate, and puri 
fying the fusion protein conjugate. Further speci?c embodi 
ments are directed to methods Which employ speci?c pro 
teins as the active agents, and/or more than one protein or 
peptide active agent. 
[0019] A further embodiment of the invention is directed 
to methods for providing biomaterial adapted for at least one 
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predetermined desirable function comprising selecting a 
biomolecular conjugate comprising a conjugation product of 
a repeat sequence protein polymer and at least one active 
agent, Wherein the repeat sequence protein polymer com 
prises a silk elastin polymer and the at least one active agent 
comprises a protein or peptide, and further Wherein the 
conjugation product comprises a fusion protein, according to 
the predetermined desirable function; and incorporating the 
biomolecular conjugate into a material. In another aspect, a 
biomaterial adapted for at least one predetermined desirable 
function is provided. Very speci?c embodiments provide 
applications for particular biomolecular conjugates. 

[0020] Accordingly, it is a feature of the present invention 
to provide repeat protein polymer active agent conjugates, 
methods of their production, and product compositions and 
materials incorporating them in order to deliver a number of 
bene?ts. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The present invention utiliZes recombinant repeat 
sequence protein polymers containing repeating units con 
jugated With at least one active agent to serve as components 
in a variety of personal care, health care, home care, and 
other consumer products. The repeating units of the repeat 
sequence protein polymers may be of natural structure 
supporting materials such as silk, elastin, and collagen, or 
the repeating units may be of synthetic structure. Typically, 
the present invention involves synthesiZing the repeat 
sequence protein polymers, forming the repeat sequence 
protein polymer active agent biomolecular conjugates, and 
adding the repeat sequence protein polymer active agent 
conjugates to the product formulations, or directly to mate 
rials for Which a speci?c function or characteristic conferred 
by the biomolecular conjugates is desired. 

[0022] The recombinant repeat sequence protein polymers 
of the present invention are comprised of naturally or 
non-naturally occurring repeating units. There are more than 
six hundred repeat protein sequences knoWn to exist in 
biological systems as of the ?ling of this application. For 
example, Well knoWn proteins containing repeat protein 
sequences include abductin, elastin, byssus, ?agelliform 
silk, dragline silk, gluten high molecular Weight (HMW) 
subunit, titin, ?bronectin, leminin, and collagen. Addition 
ally, synthetic repeating units may be utiliZed. Individual 
repeating units Will generally comprise from 3 to 50 amino 
acids, and Will usually have the same amino acid appearing 
at least tWice in the same unit. Typically, individual units 
Will comprise from about 3 to 35 amino acids. Therefore, 
each individual unit Will typically be formed from about 3 to 
35 amino acids. Different unit combinations may be joined 
together to form a block polymer or alternating block 
polymer. Typically, the polymers Will have the folloWing 
formula: 

[0024] T is an amino acid sequence of from about 1 
to 100 amino acids, usually 1 to 60 amino acids, 
Which may be any sequence, generally being feWer 
than 20% of the total number of amino acids in the 
repeat protein polymer; 
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[0025] y is 0 or 1; 

[0026] T‘ and y‘ are the same as or different from T 
and y respectively, Wherein the analogous symbols 
have the same de?nition as their counterparts; 

[0027] A is an individual unit of a repeat amino acid 
sequence; 

[0028] n is an integer of at least 2 and not more than 
250; 

[0029] X is 0 or an integer of at least 1 and Will vary 
With the number of different amino acids in A so as 
to provide for at least 30 amino acids in eachArepeat 
sequence; 

[0030] A‘, n‘, and X‘ are the same as or different from 
A, n, and X respectively, at least one being different, 
Wherein the analogous symbols have the same de? 
nition as their counterparts; 

[0031] A“, n“, and X“ are the same as or different 
from A, n, and X respectively, at least one being 
different, Wherein the analogous symbols have the 
same de?nition as their counterparts; 

[0032] B is any amino acid sequence of 4 to 50 amino 
acids, usually being a functional sequence that 
results in a biological or chemical function or activ 
ity; 

[0033] b is 0 to 3; 

[0034] B‘ and b‘ are the same as or different from B 
and b respectively, Wherein the analogous symbols 
have the same de?nition as their counterparts; and 

[0035] 
to 35. 

i is 1 to 100, usually 1 to 50, more usually 1 

[0036] Additionally, the protein polymer may have amino 
acid sequences that link the repeating A, A‘, and A“ units or 
amino acid sequences that link betWeen the individual A, A‘ 
or A“ units. These linking sequences are typically from 1 to 
10 amino acids and serve to link the repeating units. These 
repeat polymers can be synthesiZed by generally recogniZed 
methods of chemical synthesis (for eXample, L. Andersson 
et al., Large-scale synthesis of peptides, Biopolymers 55(3), 
227-50 (2000)), genetic manipulation (for eXample, J. Cap 
pello, Genetically Engineered Protein Polymers, Handbook 
of Biodegradable Polymers, Domb, A. J .; Kost, J .; Wiseman, 
D. (Eds.), Harvard Academic Publishers, Amsterdam; pages 
387-414), and enZymatic synthesis (for eXample, C. H. 
Wong & K. T. Wang, New Developments in Enzymatic 
Peptide Synthesis, EXperientia 47(11-12), 1123-9 (1991)). 
For eXample, the repeat sequence protein polymers of the 
present invention may be synthesiZed using the methods 
described in US. Pat. Nos. 5,243,038 and 6,355,776, the 
disclosures of Which are incorporated by reference herein. In 
another eXample, the repeat sequence protein polymers can 
by synthesiZed utiliZing non-ribosomal peptide synthase (for 
eXample, H. V. Dohren, et al., Multifunctional Peptide 
Synthase, Chem. Rev 97, 2675-2705(1997). 

[0037] Individual repeat amino acid sequence units of 
particular interest include units found in silk-, elastin-, 
collagen-, abductin-, byssus-, gluten-, titin-, eXtensin-, and 
?bronectin-like proteins. Silk-like proteins have a repeating 
unit of SGAGAG (G=glycine; A=alanine; S=serine) (SEQ 
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ID NO. 1). This repeating unit is found in naturally occur 
ring silk ?broin protein, Which can be represented as 
GAGAG(SGAGAG)8SGAAGY (Y=tyrosine) (SEQ ID NO. 
2). Elastin-like proteins have a base repeating unit of 
GVGVP (V=valine; P=proline) (SEQ ID NO.3). This repeat 
ing unit may be found in naturally occurring elastin. Col 
lagen-like proteins have repeating units of G-X-y (X=any 
amino acid, often alanine or proline; y=any amino acid, 
often proline or hydroXy-proline). Abductin-like proteins 
have a base repeating unit of GGFGGMGGGX (F=pheny 
lalanine; M=methionine, X=any amino acid) (SEQ ID NO. 
4). Byssus-like proteins have a repeating unit of (GPGGG) 
(SEQ ID NO. 5). Gluten-like proteins of the high molecular 
Weight subunit have repeating units of PGQGQQ (SEQ ID 
NO. 6), GYYPTSPQQ (SEQ ID NO. 7), and GQQ 
(Q=glutamine; Y=tyrosine; T=threonine) SEQ ID NO. 8). 
Titin-like proteins have a repeating units of PPAKVPEVP 
KKPVPEEKVPVPVPKKPEA (K=Lysine, E=Glutamic 
Acid) (SEQ ID NO. 9) and are found in the heart, psoas, and 
soleus muscle. EXtensin-like proteins have repeating units of 
SPPPPSPKYVYK (SEQ ID NO. 10). Fibronectin-like pro 
teins have repeating units of RGDS (R=arginine; D=aspartic 
acid) (SEQ ID NO. 11). 

[0038] Additional repeating units of interest are found in 
gliadin, glue polypolypeptide, ice nucleating protein, kera 
tin, mucin, RNA polymerase II, and resilin. Gliadin has a 
repeating unit of PQQPY (SEQ ID NO. 12). The glue 
polypeptide has a repeating unit of PTTTK (SEQ ID NO. 
13). The ice nucleating protein has a repeating unit of 
AGYGSTGT (SEQ ID NO. 14). Keratin has repeating units 
of YGGSSGGG (SEQ ID NO. 15) or FGGGS (SEQ ID NO. 
16). Mucin has a repeating unit of TTTPDV (Seq. ID No. 
17). RNA polymerase II has a repeating unit of YSPTSPS 
(SEQ ID NO. 18). Additionally, resilin, a rubber-like protein 
contains repeating units. 

[0039] It Will be understood by those having skill in the art 
that the repeat sequence protein polymers of the present 
invention may be engineered to include appropriate repeat 
ing units in order to provide desired characteristics. For 
eXample, the repeat sequence protein polymers may be 
produced to have moisturiZing properties, to have a high 
glass transition temperature for hardness or strength, to have 
a high cloud temperature for heat sensitive applications, or 
to enhance delivery of particular active agents into materials. 
Similarly, the proteins may be produced to have a high 
isoelectric point to increase the af?nity of the protein to 
certain substrates. The molecular Weight of the protein may 
be chosen in order to increase or decrease Water solubility as 
desired. 

[0040] Repeat sequence protein polymers utiliZing the 
natural or synthetic repeating units may have their properties 
altered by appropriate choice of different units, the number 
of units in each multimer, the spacing betWeen units, and the 
number of repeats of the multimer combination assembly. 
Multimer refers to the portion of the polymer represented by 
Ty[(An)X(B)b(A‘n,)X,(B‘)b,(A“n,.)X,.]iT‘y, in the above formula. 
The spacing betWeen units refers to the other amino acid 
sequences represented by B or B‘ in the above formula. 
Preferred polymers are combinations of silk units and elastin 
units to provide silk-elastin polymers having properties 
distinctive from polymers having only the same monomeric 
unit. 
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[0041] It Will be understood by those having skill in the art 
that the repeat sequence protein polymers of the present 
invention may be produced to have a combination of desir 
able characteristics. For example a polymer having silk 
repeating units and elastin repeating units may be produced 
to impart durability due to the silk repeating units and to 
impart ?exibility due to the elastin repeating units. Addi 
tionally, the silk-elastin polymer may exhibit other desirable 
properties such as good clear ?lm and hydrogel formation, 
Which the individual monomeric units may not exhibit. The 
silk-elastin polymer may be hydrophilic and Water soluble. 
The silk-elastin polymer may also exhibit a high cloud 
temperature Which is desirable in heat sensitive applications. 
The silk-elastin polymer may have a high isoelectric point 
Which may make the polymer more substantive to skin and 
hair. The silk-elastin polymer may further exhibit self 
assembly into ?bers and ?lms Which may be desirable in 
some applications. 

[0042] It Will be further understood by those having skill 
in the art that the repeat sequence protein polymers of the 
present invention may be monodispersed or polydispersed. 
For purposes of de?ning and describing the present inven 
tion, “monodispersed” polymers are polymers having a 
single de?ned molecular Weight. For purposes of de?ning 
and describing the present invention, “polydispersed” poly 
mers are polymers that have been subjected to proteolysis 
and have a distribution of molecular Weights. 

[0043] Once a suitable repeat protein has been synthesized 
and puri?ed, it may be conjugated With a suitable active 
agent or agents to form the repeat sequence protein polymer 
active agent biomolecular conjugates. For purposes of de?n 
ing and describing the present invention, “repeat sequence 
protein polymer active agent biomolecular conjugate” Will 
be understood as referring to compounds having at least one 
repeat sequence protein polymer portion covalently bonded 
to at least one active agent portion. For purposes of de?ning 
and describing the present invention “active agent” shall be 
understood as referring to a suitable product component 
including, but not limited to, silicones, fragrances, dyes, 
tints, UV actives, sunscreens, lanolin, vitamins, bleaches, 
thickening agents, proteins, peptides, enZymes, antimicro 
bials and preservatives. The biomolecular conjugates of the 
present invention may be formed in any suitable manner, and 
the conjugates may be of any conjugate form. For example, 
the conjugates may be block polymers. 

[0044] Any suitable silicone may be used to form the 
biomolecular conjugates of the present invention. Suitable 
silicones include silicones containing an epoxy functional 
group. Such epoxy functional silicones may be used to form 
a repeat sequence protein polymer silicone conjugate by 
linking the epoxy functional group to an amine containing 
group such as a lysine on a suitable repeat sequence protein 
polymer. Other suitable silicones include Polydimethyl 
siloxanes such as (3-glycidoxypropyl) diethoxy-methylsi 
lane and 3-chloropropylmethyldimethoxysilane that may be 
used to form the conjugates of the present invention. Addi 
tionally, silicone resins, such as trimethyl siloxy silicate and 
PEG (PEG/PPG-20/15 and PEG-12 from G.E.Silicones, 
Waterford, N.Y.), may be used to form biomolecular con 
jugates for use in makeup and skin care formulations. 

[0045] Silicone surfactants, such as dimethicone copolyol, 
cetyl dimethicone polyol, and capryl dimethicone ethoxy 
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glucoside, may be used to form conjugates for use in skin 
and sun care formulations. Alkyl modi?ed silicones, such as 
steryl methicone, lauryl methicone, and stearoxy dimethi 
cone, may be suitable for conjugates for use in skin care 
product formulations. Gum ?uid blends, phenyl ?uids, and 
dimethyl ?uids may be suitable for conjugates that may be 
incorporated in hair care formulations. QuaterniZed ammo 
nium salts of suitable silicones may be used to form con 
jugates that may provide enhanced conditioning properties 
to hair and skin care product formulations. For example, 
glycidyltrimethylammonium chloride may be used to form 
the biomolecular conjugates of the present invention. The 
silicones may contain one or more amino functional groups 
in order to provide enhanced bulking. For example, the 
silicones may be aminodimethicone or trimethylsiloxya 
modimethicone. 

[0046] Any suitable fragrance molecule may be used to 
form the biomolecular conjugates of the present invention. 
For example, allyl cinnamic acid may be used to form the 
conjugates of the present invention. Other fragrance mol 
ecules include, but are not limited to adipic acid, phenyl 
acetic acid, citronellyl valeric acid, and vanillic acid. Any 
suitable vitamin may be used to form the conjugates of the 
present invention. For example, vitamin C may be used. 
Additionally, other vitamins such as B, D, K, and their 
derivatives may be used. 

[0047] Any suitable UV or radioprotective active may be 
used to form the biomolecular conjugates of the present 
invention. For example, p-hydroxy cinnamic acid may be 
used as the active agent. Additionally, other UV actives such 
as phenylbenZimidaZole sulfonic acid, octyl methoxycin 
namate, benZophenone-3, titanium dioxide, and octyl sali 
cylate, butylmethoxydibenZoymethane, amyl methoxy cin 
namate, and menthyl anthranilate, and their derivatives may 
be used. Naturally-derived peptide-based UV agents (see, 
e.g., K. H. Dittmann, N. Gueven, C. Mayer, and H-P. 
Rodemann, Protein Engineering, 14, 2001, 157-160) bio 
molecular conjugates may be used in applications to render 
a variety of surfaces protective of uv radiation When desir 
able. Non-limiting examples include textiles, Wound dress 
ings, skin creams, and coatings to be applied to UV-sensitive 
surfaces. A speci?c conjugate With particular utility in 
UV-sensitive applications is P4-SELP47K. 

[0048] Any suitable dye may be used to form the conju 
gates of the present invention. For example, Fluorescein 5(6) 
isothiocyanate (FITC) may be used. Any suitable preserva 
tive may be used to form the conjugates of the present 
invention. For example, methyl and propyl paraben, imida 
Zilidinyl urea, and sorbic acid may be used as the active 
agent of the present invention. Any suitable enZyme may be 
used to form the conjugates of the present invention. For 
example, hydrolases, proteases, lipases, oxidases, peroxi 
dases, amylases, carbohydrolases, superoxide dismutases, 
and Q10 or PQQ coenZyme may be used. 

[0049] Many proteins and peptides capable of forming 
fusion proteins With repeat sequence protein polymers may 
be used to form the biomolecular conjugates of the present 
invention. Such proteins include, but are not limited to, 
antimicrobial peptides (AMPs), cotton binding peptides 
(CBPs), peptide-based UV protective agents, and green 
?uorescence protein (GFPs). Persons of ordinary skill in the 
art Will immediately recogniZe that any protein or peptide 
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comprising a desirable functionality or conferring a desir 
able characteristic to a substrate in Which it is incorporated, 
Which is capable of being fused With a repeat sequence 
protein polymer, may be used to form the biomolecular 
conjugates of the present invention. 

[0050] The biomolecular conjugates of the present inven 
tion may be formed in any suitable manner. Generally, a 
chemical or biochemical method Will be selected to form the 

conjugate based upon What functional groups are available 
for making conjugated materials of repeat sequence protein 
polymers and active agents. For example, thermal reaction, 
chemically assisted conjugations, such as conjugations uti 
liZing glutaraldehyde, diisocyanates, carbodimide, living 
radical polymeriZation, and enZymatically assisted conjuga 
tions, such as conjugations utiliZing lipase and transglutami 
nase, may be used to form the conjugates of the present 
invention. Generally, the active agent may have functional 
groups including, but not limited to, epoxy, chloroalkyl, 
amino, carboxy, sulfhydryl, vinylsulfones, and the like. The 
methods outlined in Bioconjugation, Eds., Aslam & Dent, 
Macmillan Publications, London, 1998, Chapter 6 may be 
used to form the conjugates of the present invention. 

[0051] The biomolecular conjugates formed from the 
fusion of repeat sequence protein polymers and protein, 
peptide or enZyme actives may be formed via biological 
production methods Well-knoWn in the art, for example, 
DNA synthesis, polymerase chain reaction, recombinant 
DNA technologies, microbial fermentation, and advanced 
protein recovery techniques. These techniques alloW pro 
duction of speci?cally designed, sequence-controlled repeat 
sequence protein polymer-protein/peptide/enZyme conju 
gates that may be incorporated as components of biomate 
rials so that the biomaterials exhibit predetermined physical, 
functional and biological properties. 

[0052] The repeat sequence protein polymer active agent 
conjugates of the present invention may be added to any 
suitable personal care product formulation. For example, the 
conjugates may be added to hair rinse formulations. The 
conjugates may be used in shampoos, gels, mousses, and 
other hair care products. The conjugates may be suitable for 
use in skin care products such as moisturiZers, toners, and 
makeup. The conjugates may also be suitable for use in nail 
products such as polishes and polish remover. 

[0053] The biomolecular conjugates may be present in any 
suitable amount in product formulations. For example, the 
repeat sequence protein polymer active agent conjugates 
may comprise from about 0.001% to about 10% by Weight 
of the composition. More generally, the repeat proteins may 
comprise about 0.01% to about 5% by Weight of the com 
position, more preferably about 0.01% to about 1% by 
Weight of the composition. 

[0054] In accordance With one embodiment of the present 
invention, the repeat sequence protein polymer active agent 
conjugates may be formulated into a variety of emulsions. 
The emulsions may provide moisturiZing, softening, ?lm 
formation, feel improvement, optical effects, strengthening, 
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?rming, and conditioning properties. The emulsions may 
contain: 

Water qs 

Emulsi?er(s) 1—5% 
Thickener(s)/Stabilizer(s) O.1—3% 
Emollient(s) 2—10% 
Opaci?er(s) O—10% 
Humectant(s) O—10% 
Repeat sequence protein polymer 0.001—10% 
active agent conjugate(s) 
Functional ingredient(s) 0.001—25% 
Preservative qs 
Finishing ingredient(s) qs 

[0055] It Will be understood that the emulsions may addi 
tionally contain other suitable components. 

[0056] Suitable emulsi?ers may be anionic, cationic, or 
nonionic in nature. For example, suitable emulsi?ers 
include, but are not limited to, TEA stearate, ethoxylated 
fatty acids, or alcohols. Suitable thickeners may be any 
combination of ingredients used to modify product viscosity 
or rheology. The thickeners may be natural, and natural 
thickeners may include silicas, magnesium aluminum sili 
cate, xanthan gum, and alginates. The thickeners may alter 
natively be polymeric, and polymeric thickeners may 
include acrylate crosspolymers, polyacrylic acid, and modi 
?ed cellulosics. The thickeners may also include crystalline 
agents such as fatty acids and alcohols, and suitable crys 
talline agents include stearyl alcohol or stearic acid. 

[0057] The emollients may be any combination of one or 
more ingredients used to modify product feel and aesthetics. 
Suitable emollients include: simple and complex esters such 
as isopropyl myristate and octyldodecyl stearoyl stearate; 
triglycerides such as capric/caprylic triglyceride; Waxes 
such as camauba and shea butter; vegetable or animal oils 
such as castor, coconut, and rice bran oil; fatty alcohols such 
as stearyl, myristyl, cetyl and behenyl alcohol; and fatty 
acids such as stearic, lauric and oleic acid. 

[0058] Opaci?ers may be any combination of one or more 
ingredients used to modify product appearance. Suitable 
opaci?ers include, but are not limited to, fatty alcohols such 
as stearyl, myristyl, cetyl and behenyl alcohol and fatty acids 
such as stearic, lauric and oleic acid). Suitable humectants 
may be any combination of one or more ingredients used to 
retain moisture in the formula and impart hydration to the 
user. Suitable humectants include, but are not limited to, 
glycerin, propylene glycol, and sorbitol. 
[0059] Functional ingredients may be any combination of 
one or more ingredients added to impart a speci?c effect 
When used. These can include: UV absorbers such as octyl 
methoxycinnamate, benZophenone-3, titanium dioxide, and 
octyl salicylate; ?lm-forming agents such as VP/Eicosene 
polymer; cosmeceutical agents such as peptides and pro 
teins, alpha hydroxy acids, and retinol and retinoic acid 
derivatives; antioxidants such as tocopherol and derivatives 
thereof and ascorbic acid and derivatives thereof; vitamins 
such as B, D, K and their derivatives; antiperspirant actives 
such as aluminum hydroxide and Zirconium hydroxide; 
depilating agents such as thioglycolate salts; anti-acne 
agents such as salicylic acid and benZoyl peroxide; abrasives 
and exfoliants such as silicates, pumice, and polyethylene; 
and extracts of plant, fruit, vegetable or marine sources. 
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[0060] Suitable preservatives may be any combination of 
ingredients approved by regulatory agencies and acceptable 
for use in cosmetic applications. For example, methyl and 
propyl paraben, imidaZolidinyl urea, and sorbic acid may be 
used as perservatives. Finishing ingredients may be any 
combination of one or more ingredients added to adjust a 
formula’s characteristics. Finishing ingredients may 
include: fragrance; colors; chelating agents such as tetraso 
dium EDTA; and pH buffers such as citric and phosphoric 
acid and salts. 

[0061] Those skilled in the art may modify the illustrative 
emulsion formula for a variety of personal care applications. 
The emulsion formula may be used to form creams, lotions, 
moisturiZers, facial cleansers, depilatories, masks, suncare 
products, antiperspirants, acne products, foundations, hair 
conditioners, hair relaxers, hair treatments, mascara, nail 
products, lip products, shaving products, and toothpaste, and 
the like. It Will be understood that, if an active agent is 
conjugated With a repeat sequence protein polymer, the 
active agent Will not generally be included separately in the 
emulsion formulation. HoWever, some active agents, such as 
silicones, may be included in conjugated and unconjugated 
form in the formulations as needed. 

[0062] In accordance With another embodiment of the 
present invention, repeat sequence protein polymer active 
agent biomolecular conjugates may be formulated into a 
variety of surfactant systems. The surfactant systems may 
provide a number of properties to personal care products 
including moisturiZing, softening, ?lm formation, feel 
improvement, optical effects, strengthening, ?rming and 
conditioning. Typical surfactant systems may contain, but is 
not limited to, the folloWing components: 

Water qs 
Primary surfactant(s) 01-15% 
Secondary surfactant(s) 0.1—10% 
Rheology modi?er(s) 0.1—5% 
Alcohol(s) 0—25% 
Functional ingredient(s) 0—10% 
Conditioning ingredient(s) 0—5% 
Preservative(s) qs 
Finishing ingredient(s) qs 
Repeat sequence protein polymer 0.001—10% 
active agent conjugate(s) 

[0063] It Will be understood that additional, suitable com 
ponents may be included in the surfactant systems. 

[0064] Primary surfactants may be any combination of one 
or more ingredients used to reduce surface tension or create 
foam. Surfactants may include; anionic surfactants such as 
alkyl sulfates, ether sulfates, alpha ole?n sulfonates, and 
soap; amphoteric surfactants such as glucosides, glutamates, 
carboxylates, isethionates, carboxylates, glycinates, and lau 
ramphoacetates; ZWitterionic surfactants such as betaines 
and sultanes; or nonionic surfactants such as fatty alcohol 
ethoxylates, fatty acid ethoxylates, and amine oxides 

[0065] Secondary surfactants may be any combination of 
one or more ingredients used to modify foam characteristics 
and quality, stabiliZe foam, or reduce irritation. These can 
include, for example, cocoamidopropyl betaine, monoetha 
nolamides, and diethanolamides. Suitable rheology modi? 
ers can be any combination of one or more ingredients used 
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to modify product appearance, viscosity or rheology. Rhe 
ology modi?ers may be natural rheology modi?ers, includ 
ing salt, silicas, magnesium aluminum silicate, xanthan 
gum, guar derivatives, and alginates. Rheology modi?ers 
may be polymeric rheology modi?ers including acrylate 
crosspolymers, modi?ed cellulosics, and polyacrylic acids. 
They may also include opaci?ers and crystalline agents such 
as fatty acids and alcohols including stearyl alcohol or 
stearic acid. Suitable alcohols may be any combination of 
one or more ingredients added to provide astringency, cool 
ing, volatility, or solubiliZation. For example, suitable alco 
hols include ethanol and isopropanol. 

[0066] Functional ingredients may be any combination of 
one or more ingredients added to impart a speci?c effect 
When used. These can include: UV absorbers such as octyl 
methoxycinnamate and benZophenone-3; styling and ?lm 
forming agents such as polyvinyl pyrolidone (PVP) and 
PVP/polyvinyl alchol (PVA) polymers; cosmeceutical 
agents such as peptides, proteins, alpha hydroxy acids, 
retinal, and retinoic acid derivatives; antioxidants such as 
tocopherol and derivatives thereof and ascorbic acid and 
derivatives thereof; vitamins such as vitamins B, D, K and 
their derivatives; anti-acne agents such as salicylic acid and 
benZoyl peroxide; anti-dandruff agents such as Zinc 
pyrithione and selenium sul?de; and conditioning agents 
such as cationic agents and extracts of plant, fruit, vegetable 
or marine sources. 

[0067] Conditioning agents may be any combination of 
one or more ingredients added to impart moisturiZation, feel, 
smoothing, anti-static effects or shine. Suitable conditioning 
agents may include: cationic polymers such as polyquater 
nium-10 and polyquaternium-11; quaterniZed fatty acids 
such as cetyl trimethyl ammonium chloride; animal or 
vegetable proteins and their derivatives such as hydrolyZed 
Wheat protein and hydrolyZed collagen; silicone derivatives 
such as dimethicones, amodimethicones, phenyl trimethi 
cones, and volatile silicones; emollient oils such as isopro 
pyl myristate and capric/caprylic triglyceride; and humec 
tants such as glycerin and propylene glycol. 

[0068] Those having skill in the art can modify this 
illustrative surfactant system formula for a variety of per 
sonal care applications. For example, the surfactant formula 
may be modi?ed to form shampoos, body cleansers, facial 
cleansers, hair conditioners, hair gels, hair treatments, facial 
toners, fragrance products, and mouthWashes, and the like. 
It Will be understood that, if an active agent is conjugated 
With a repeat sequence protein polymer, the active agent Will 
not generally be included separately in the surfactant for 
mulation. HoWever, some active agents, such as silicones, 
may be included in conjugated and unconjugated form in the 
formulations as needed. 

[0069] The repeat sequence protein polymer active agent 
biomolecular conjugates of the present invention may be 
engineered to provide many desirable properties to personal 
care products. For example, the conjugates may provide 
improved sensation to touch of the skin and hair, lubrication 
to Wet or dry hair, improved longevity, and better ?lm 
formation and cross-linking. The repeat sequence protein 
polymer component may be able to provide improved sub 
stantivity to the hair, skin, and nails Without causing a 
decrease in moisturiZation. The conjugates may additionally 
alloW an active agent such as silicone to be incorporated into 
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personal care formulations Without the use of surfactants. 
Additionally, the conjugates of the present invention may 
not cause an appreciable level of protein accumulation to 
hair because they could be removed by shampooing. 

[0070] It Will be understood by those having skill in the art 
that the repeat sequence protein polymer portion and the 
active agent portion of the conjugates of the present inven 
tion may be chosen to provide desired properties. For 
example, the repeat sequence protein polymer may be cho 
sen to have a high isoelectric point to increase af?nity to the 
hair and skin While the active agent is chosen to provide 
moisturiZation. It Will be further understood that the repeat 
sequence protein polymer and/or the active agent portion of 
the conjugate may be chosen to impart one or more desirable 
properties to the conjugate. 

[0071] In accordance With another embodiment of the 
invention, the active agents comprise proteins, peptides or 
enZymes capable of forming biomolecular conjugates With 
the repeat sequence protein polymers via protein fusion 
methods. For purposes of de?ning the invention, “fusion 
protein” as used herein is understood to mean the product of 
combining tWo independent, proteins/peptides by a coupling 
involving a chemical bond. Fusion proteins may be created 
using chemical, enZymatic, physical, or genetically engi 
neered means. A speci?c repeat sequence protein polymer 
particularly useful in the formation of these conjugates is 
SELP47K (SEQ. ID. NO. 19). Examples of particular con 
jugate embodiments include those comprised of SELP47K 
conjugates With antimicrobial peptides (AMPs), Green ?uo 
rescent proteins (GFPs), Cotton Binding Peptides (CBPs) 
and radioprotective P4. These engineered biopolymers 
closely simulate natural polymers but provide additional 
desirable functions. One aspect relates to methods for pro 
viding the repeat sequence protein polymers that incorporate 
the protein or peptide actives, and other aspects, detailed in 
the examples beloW provide processes employing biological 
production methods Well-knoWn in the art, such as DNA 
synthesis, polymerase chain reaction, recombinant DNA 
technologies, microbial fermentation and advance protein 
recovery techniques, Which provide speci?cally designed, 
sequence-controlled repeat sequence protein polymers With 
predetermined properties. A further aspect is directed to 
biomaterials and applications incorporating these conju 
gates. 

[0072] A speci?c embodiment of the invention relates to 
novel bioengineered biomaterials that incorporate AMP 
agents. Antimicrobial peptides (AMPs) are the ?rst nonspe 
ci?c defense system of all organisms against microbial 
infection, including humans and plants. These ribosomally 
synthesiZed peptides are poWerful protectants against 
microbes. Their most remarkable property is that develop 
ment of microbial resistance against them is uncommon. For 
this reason, using AMPs in creating antimicrobial materials 
offers long-term ef?cacy and stability against microbial 
infection. Non-limiting examples of such applications 
include incorporation into textiles, including UV-protective 
textiles; ?lters, including air ?lters and surgical masks; 
protective garments, including surgical goWns, and gar 
ments designed for biological Warfare defense; Wound dress 
ings; skin cream; and coatings intended to provide a hygiene 
concerned surface Which Would protect against, e.g., micro 
organisms, spores and viruses. 
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[0073] Another speci?c embodiment provides conjugates 
formed from repeat sequence protein polymers and green 
?uorescence protein (GFP). A more speci?c embodiment 
provides SELP47K-GFP conjugates. These conjugates offer 
a potential to extend the utility of GFP as a research tool, as, 
for example, a real time reporter of gene expression. In 
addition, the conjugates comprising a GFP component, 
through conferring ?uorescent properties When exposed to 
particular Wavelengths of light to biomaterials comprising 
them, may provide a means of searching and/or identifying. 
For example, AlZheimer’s patients or children prone to 
Wander may Wear garments comprising these conjugates, or 
military personnel may Wear such garments enabling mili 
tary surveillors to distinguish friend from foe. The GFP gene 
can be obtained from Clonetech, Inc. The repeat sequence 
protein polymer-GFP conjugate is constructed according to 
the examples provided beloW. 

[0074] A further speci?c protein-fusion biomolecular con 
jugate embodiment provides conjugates formed from repeat 
sequence protein polymers and cotton binding peptide 
(CBP). Incorporation of CBPs into, for example, fabrics and 
textiles or cotton gauge dressing, renders these materials 
more accessible to desirable biomaterials. Other applications 
relate to fabric care and use of the biomaterials comprising 
the conjugates to provide detergent formulations suitable for 
improved cleaning of cotton based clothing. The CBPs 
employed in the present invention Were derived from screen 
ing a library of peptides under typical laundry Wash condi 
tions. The repeat sequence protein polymer-CBP conjugate 
offers advantages over the use of cellulose binding modules 
(CBMs), knoWn in the industry as useful for targeting 
molecules to cotton substrates. The CPBs, unlike the CBMs, 
can be made application speci?c. For example, the CPB can 
be tailored to meet the application requirements for pH, 
conductivity, presence of detergent, solvents, etc. Use of 
CBMs, on the other hand, is limited to those applications 
Where the reaction conditions are the same as the CBM’s 
requirements for binding. A very speci?c repeat sequence 
protein polymer utiliZed to form this conjugate is SELP47K, 
and the CPB used to form the conjugate With the SELP47K 
is one that binds to cotton under European detergent stan 
dards. Therefore, the SELP47K-CPB conjugate can be used 
to attach a Wider variety and greater amounts of agents to 
cotton materials as they are sustained through a Wash cycle. 
CBMs do not bind under Wash conditions and therefore have 
limited utility in laundry applications. 

[0075] Another speci?c aspect of the invention provides a 
radioprotective P4-repeat sequence protein polymer conju 
gate, With a very speci?c embodiment comprising 
SELP47K-P4. A further aspect provides biomaterials that 
incorporate these naturally-derived peptide-based UV 
agents (see, eg K. H. Dittmann, N. Gueven, C. Mayer, and 
H. P. Rodemann, Protein Engineering, 14, 2001, 157-160). 
Such conjugates may be used in applications to render 
surfaces protective from UV radiation When desirable. Sev 
eral non-limiting examples include incorporation into tex 
tiles, Wound dressings, skin creams, and coatings to be 
applied to various UV sensitive surfaces. These engineered 
biopolymers closely simulate natural polymers, but, as con 
jugates, are also capable of protecting the surfaces from 
exposure to UV radiation, thereby preventing loss of mate 
rial value. 
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[0076] A further aspect provides conjugates coupled 
together by design and/or simple mixing. For example, 
AMP-repeat sequence protein polymer conjugates, P4-re 
peat sequence protein polymer conjugates, CBP-repeat 
sequence protein polymer conjugates, and GFP-repeat 
sequence protein polymer conjugates, as described above 
and detailed in the examples beloW, can be coupled together 
both by de novo design and/or simple mixing to create 
multifunctional biomaterials desirable for various applica 
tions in home-care, personal care, biodefense, health care, 
and other consumer and industrial market segments. 

[0077] In a speci?c coupled conjugate embodiment, anti 
microbial/UV resistant skin binding protein is constructed 
using P4-SELP47k protein as the backbone protein for the 
addition of AMP hexamers using the methods disclosed in 
the examples beloW for the addition of cecropinA-melettin 
and/or MBI-28 hexamers to N-terminal and/or C-terminal 
regions of unmodi?ed SELP47K. A further speci?c embodi 
ment comprises antimicrobial/cotton binding protein 
Wherein a CottonS2E1-SELP47K protein is used as the 
backbone protein for the addition of AMP hexamers, While 
another speci?c embodiment comprises antimicrobial/cot 
ton binding protein Wherein the AMP hexamer is added to 
the C-terminal or N-terminal region of unmodi?ed 
SELP47K While the cotton binding hexamer is added to the 
opposite end of the resulting AMP-SELP47K conjugate 
using the methods disclosed in the examples illustrating the 
addition of cotton binding hexamer to unmodi?ed 
SELP47K. Another coupled embodiment comprises cotton 
binding/UV resistant skin binding protein Wherein the 
P4-SELP47K protein is used as the backbone protein for the 
addition of cotton binding hexamer to N-terminal and/or 
C-terminal regions. An additional coupled conjugate 
embodiment comprises cotton binding/Antimicrobial/UV 
resistant skin binding protein Wherein P4-SELP47K protein 
is used as the backbone protein for the addition of cotton 
binding hexamer to N-terminal or C-terminal regions using 
the methods disclosed for the addition of cotton binding 
hexamer to unmodi?ed SELP47K. AMP hexamer is added 
to the opposite end of the resulting Cotton-P4-SELP47K 
conjugate using the methods disclosed in prior examples for 
the addition of AMP hexamer to unmodi?ed SELP47K. 

[0078] In order that the invention may be more readily 
understood, reference is made to the folloWing examples, 
Which are intended to be illustrative of the invention, but are 
not intended to be limiting in scope. 

EXAMPLES 

Example 1 

[0079] A genetically engineered silk-elastin polymer 
(SELP47K) Was isolated and puri?ed from E. coli bacteria. 
The E. coli containing the SELP47K recombinant DNA Was 
obtained from Protein Polymer Technologies, Inc. of San 
Diego, Calif. The E. coli may be prepared in accordance 
With the methods described in Us. Pat. Nos. 5,243,038 and 
6,355,776. The silk-elastin polymer SELP47K had a general 
structure of: head 

[(GAGAGS)2(GVGVP)3GKGVP(GVGP)4(GAGAGS)2]13 
tail (SEQ ID NO. 19). The polymer contained 886 amino 
acids, With 780 amino acids in the repeating unit. 

[0080] Monodispersed silk-elastin protein polymer 
SEPL47K Was produced for application testing in the fol 
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loWing manner. E. coli fermentation Was performed to 
produce a cell-paste containing monodispersed SELP47K. 
The cell-paste Was placed in ice cold Water and homog 
eniZed to make the cell extract. The cell-extract Was mixed 
With polyethyleneimine and a ?lter-aid and Was alloWed to 
stir at 7° C. for one hour. The polyethyeleneimine caused 
precipitation of cell debris and a signi?cant amount of E. 
coli proteins. This SELP47K containing reaction mixture 
Was then ?ltered using RVDF. The ?ltered SELP47K solu 
tion Was then mixed With ammonium sulfate to 25% satu 
ration. This led to precipitation of SELP47K. Precipitated 
SELP47K and mother liquor Was mixed With a ?lter-aid and 
again ?ltered using RVDF. The RVDF cake containing 
SELP47K and ?lteraid Was mixed With cold Water to dis 
solve the SELP47K. This precipitation and solubiliZation 
step Was repeated to improve the purity pro?le of the 
SELP47K. Puri?ed monodispersed SELP47K Was then 
Water-exchanged until the conductivity of SELP solution 
reached 50 pS/cmZ. The monodispersed SELP solution Was 
then concentrated to 10% Wt/vol and then lyophiliZed to 
make poWdered monodispersed SELP47K protein polymer. 
The material Was stored at —70° C. until needed for appli 
cation testing. 

Example 2 

[0081] The puri?cation and preparation of the polydis 
persed silk-elastin protein polymer for application testing 
Was carried out in the folloWing steps. Acell separation from 
the fermentation broth Was done using micro?ltration. Acell 
disruption to make a cell-extract Was done using a French 
press. The cell extract Was separated from the cell-debris 
using polyethyleneimine and a ?lter-aid. The cell-extract 
Was mixed With ammonium sulfate to 25% saturation to 
precipitate the silk-elastin protein polymer. The precipitated 
silk-elastin protein polymer Was further puri?ed by dissolv 
ing it in Water and precipitating it With ammonium sulfate. 

[0082] In order to prepare a polydispersed silk-elastin 
protein polymer, the precipitated silk-elastin protein poly 
mer Was again dissolved in Water and mixed With a trace 
amount of commercial protease. The commercial protease 
Was then inactivated and destroyed by acid treatment. The 
polydispersed silk-elastin protein polymer Was then ultra?l 
tered until the silk-elastin protein polymer solution reached 
an electrical conductivity of 50 pS/mz. The polydispersed 
silk-elastin protein polymer solution Was concentrated to 10 
Wt % and Was lyophiliZed. The lyophiliZed polydisperesed 
silk-elastin protein polymer poWder Was stored at —70° C. 
until use. 

Example 3 

[0083] A SELP47K-EpoxySilane conjugate Was prepared 
in the folloWing manner. A 1-10% solution of SELP47K, in 
accordance With Example 1, Was prepared in 100 mM 
bicarbonate buffer pH 9.7. The solution Was stirred to 
dissolve all the protein polymer. The protein polymer solu 
tion Was then mixed With (3-glycidoxypropyl)diethoxy 
methylsilane or With 3-glycidoxypropyl)dimethyl-ethoxysi 
lane in an excess of 13 mole equivalent and alloWed to react. 
The epoxy reacts With the amino group of the SELP47K to 
form a CH2—NH linkage. The reaction Was carried out 
betWeen 25-65° C., and the preferred reaction temperature 
Was betWeen 40-60° C. The reaction Was carried out 
betWeen 5-15 hours, and the preferred reaction time Was 
betWeen 10-15 hours. 



US 2004/0234609 A1 

[0084] The reaction product mixture Was diluted With 
Water, the buffer Was exchanged With Water, and excess 
unreacted silane Was removed using a membrane dialyZer. 
The conjugation or grafting of the silanes to SELP Was 
con?rmed by SDS-PAGE analysis and total amine content 
analysis. The silylated-SELP conjugates Were concentrated 
to 1% solution. 

[0085] performed. 

Example 4 

[0086] ASELP47K-ChloroalkylSilane conjugate Was pre 
pared in the folloWing manner: A SELP47K 1-10% solution 
of SELP47K, prepared in accordance With Example 1, Was 
placed in 100 mM bicarbonate buffer having a pH 9.7 and 
Was stirred to dissolve the protein polymer. 3-chloropropy 
lmethyldimethoxysilane Was placed in a pH 3.5 Water solu 
tion and Was stirred for 30 minutes at room temperature to 
hydrolyZe the methoxy groups. The protein polymer solu 
tion Was then mixed With the Water solution of 3-chloro 
propylmethyldimethoxysilane in an excess of 13 mole 
equivalent and alloWed to react. The reaction Was carried out 
at a temperature betWeen 25 to 55° C. The preferred reaction 
temperature Was betWeen 40 to 55° C. The reaction Was 
carried out for betWeen 5 to 15 hours, and the preferred 
reaction time Was betWeen 10 to 15 hours to alloWs the 
silylation to be completed. The reaction product mixture Was 
diluted With Water, the buffer Was exchanged With Water, and 
excess unreacted silane Was removed using memebrane 
dialysis. The grafting of silane to the SELP47K Was con 
?rmed by SDS-PAGE analysis and total amine content 
analysis. The silylated-SELP47K Was concentrated to 1% 
solution. 

Example 5 

[0087] A UV active p-hydroxy cinnamic acid Was conju 
gated With SELP47K. The conjugation Was performed by 
catalyZing amide bond formation betWeen a lysine of 
SELP47K and a carboxyl group of p-hydroxy cinnamic acid. 
The amide bond formation Was performed using 1-Ethyl-3 
(3-Dimethylaminopropyl)carbodiimide Hydrochloride 
(EDC) and NHS (Product No. 24500), both available from 
Pierce Biotechnology, Rockford, Ill. SELP47K Was dis 
solved at 1 mg/ml in an activation buffer (0.1 M MES, 0.5 
M NaCl, pH 6.0). 0.4 mg EDC and 0.6 mg of NHS Was 
added to 1 ml of the SELP47K solution and alloWed to react 
for 15 minutes at room temperature. 1.4 pl of 2-mercapto 
ethanol Was added to quench the EDC. The p-hydroxy 
cinnamic acid Was added to the reaction mixture at an equal 
mole-to-mole ratio With the SELP47K. The reaction mixture 
Was alloWed to react for 2 hours at room temperature. The 
reaction Was quenched by adding hydroxylamine to a ?nal 
concentration of 10 mM. Excess quenching reagent Was 
removed by gel ?ltration. UV spectral analysis of the ?ltered 
product con?rmed the grafting of the p-hydroxy cinnamic 
acid to SELP47K. 

Example 6 

[0088] Preparation and Veri?cation of Quat 188 
SELP47K Conjugate proceeded as folloWs. The Quat 188 
SELP47K material Was made by conjugation of Quat 188 
(DoW Chemicals) to SELP47K at pH 10.7 in 24 hrs of 
reaction time. 50 g of SELP47K Was dissolved in 900 ml of 
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Water & mixed With 100 ml Na Carbonate pH 11 (1M) and 
Was ?lter steriliZed using —0.22 micron ?lter. In parallel, the 
epoxide form of Quat 188 Was made using 60 mls of Quat 
188 in 240 ml of Water and then adding 13 mls of 25% 
NaOH, to have a ?nal pH of 11.5. Once pH 11.5 Was 
reached, the Quat Was alloWed to react for 15 minutes at 
room temperature by mixing. Reaction of epoxy quat With 
the SELP47K Was done by mixing it With 300 mls of quat 
preparation. The resulting pH Was 10.7. The reaction mix 
ture Was placed in a 2 L roller bottle and mixed overnight at 
37 C on a roller bottle mixer rotating sloWly. Con?rmation 
of conjugation of SELP47K With quaternary ammonium salt 
Was performed by Lys C (a commercial peptidase, Sigma 
chemical company) digestions (2 hrs) Were performed on the 
material after ~20 hrs of reaction. The reaction mixture Was 
then dialyZed (15K cut off membrane) to remove all 
unbound quat 188 and to reduce the pH. The conjugate Was 
concentrated using YM30 membranes to a concentration 
betWeen 30-60 mg/ml. The SELP-Quat Were then lyo 
philiZed. The con?rmation of the SELP47k-Quat conjugates 
Was done through Endoproteinase Lys C digestion of 
SELP47K. Endo Lys C is an enZyme Which cuts at lysines. 
SELP47K has 13 lysines spaced at regular intervals across 
the protein. Therefore, Endo lys C treatment of native SELP 
reduces the protein doWn to peptides ranging in MW from 
4.5-6.3 KDa. HoWever, if Quat 188 has been successfully 
conjugated to the lysines on SELP than they are no long 
susceptible to hydrolysis by endo Lys C. The degree of 
conjugation can be qualitatively determined by the resulting 
banding pattern on the gel. The SDS-PAGE gel analysis of 
lys-C treated SELP47K (control) and SELP47K-Quat con 
jugate con?rms that the Quat 188 conjugate of SELP47K 
appears to be resistant to Lys-C digestion, indicating that the 
majority of the lysines have been modi?ed With Quat 188 
Whereas Lys-C treatment of native SELP47K results in 
complete hydrolysis at all the lysines to the monomer. 

Example 7 

[0089] A ?uorescent dye Was conjugated With SELP47. 
Amide bond formation betWeen a lysine of SELP47K and 
Fluorescein 5(6) isothiocyanate (FITC) Was performed. 4 
mg of FITC (available from Sigma Chemical) Was dissolved 
in 2 ml of 100 mM sodium carbonate buffer pH 9 in a 
aluminum foil covered test tube. 1 ml of this solution Was 
reacted With 3 ml of SELP47K 0.01% solution in the same 
carbonate buffer at 5° C. With sloW mixing (50 rpm) using 
a magnetic stirrer for ninety minutes. An additional 0.5 ml 
of FITC reagent Was added and further reacted With addi 
tional stirring for thirty minutes. To purify the FITC grafted 
SELP47K from the unreacted material, a PD-10 (BioRaD) 
desalting column Was used. The PD-10 column Was equili 
brated With the same carbonate buffer prior to use. The 
reaction mixture (2 ml each) Was loaded on to the column. 
The void volume Was collected from the column containing 
the SELP47K-FITC conjugate. 10 ul of this SELP47K-FITC 
conjugate Was assayed for estimating the speci?c activity 
(ef?ciency) of this conjugation by checking RFU (relative 
Fluorscence Unit) in a ?uorescence plate reader (Molecular 
Devices, Fmax model) against bovine serum albumin pro 
tein control and BCA protein assay Kit (available from 
Pierce Biotechnology). The ef?ciency of conjugation Was 
calculated and found to be above 95%. 
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Example 8 

[0090] This example provides a method to conjugate the 
exemplary antimicrobial quaternary silicone, DC5700 (DoW 
Corning), to SELP47K, thereby creating a silicone-based 
antimicrobial-repeat sequence protein polymer conjugate, 
Which may then be incorporated into desired surface mate 
rial for antimicrobial protection. Conjugation of DC5700 to 
SELP47K Was accomplished through a tWo-step process in 
Which the DC5700 is attached to SELP47K via an epoxysi 
lane (ES) linker. The epoxysilane Was ?rst conjugated to the 
lysines on SELP47K (50 mg) via an epoxy group on the 
silane. The epoxysilane used in the reactions is (3-glycidox 
ypropyl) methyl dimethyoxysilane (4-8 ul) (Aldrich Chemi 
cal Company). This reaction Was carried out at 37° C. 
overnight, using 1 ml of 0.1 molar sodium carbonate/ 
bicarbonate buffer pH 9.5. The reaction mixture Was then 
desalted into Water using a NAP5 desalting column ending 
With 400 pl of SELP47K-ES conjugate. Conjugation of 
epoxysilane to the beta amino groups of lysines of SELP47K 
Was veri?ed using endopeptidase lysC and SDS PAGE gel 
electrophoresis analysis. The next step involved a silicone 
condensation reaction betWeen the hydroxy silane groups on 
the ES With those on DC5700. The 400 pl desalted 
SELP47K-ES samples Were reacted With 4 pl of DC700 
(Ageis Chemicals) at pH 8 using 2 pl of 1 molar NaOH, 
overnight at room temperature. The reaction mixture Was 
desalted again to make sure unconjugated DC5700 separated 
out. The veri?cation of DC5700 conjugation With SELP47K 
Was pursued using endopeptidase lysC, SDS-PAGE gel and 
siZe exclusion chromatography. The conjugated material 
Was then tested for its antimicrobial ef?cacy using the 
microorganism Bacillus subtilis. The results suggest that the 
conjugated material exhibits antimicrobial ef?cacy similar 
to that of DC5700 alone. 

Example 9 

[0091] A SELP47K-carboxysiloxane conjugate may be 
prepared in accordance With the folloWing steps. A 1-10% 
solution of SELP47K may be placed in 100 mM phosphate 
buffer, pH 7.0, and stirred to dissolve all the protein polymer. 
This protein polymer solution may then be mixed With 
monocarboxyldecyl terminated polydimethylsiloxane in an 
excess of 13 mole equivalent and a lipase enZyme. The 
reaction may be carried out at about 37° C. The reaction may 
be carried out for betWeen 5 to 15 hours. The preferred 
reaction time may be betWeen 10 to 15 hours. After the 
reaction, the reaction product mixture may be diluted With 
Water, the buffer may be exchanged With Water, and excess 
unreacted siloxane may be removed. The grafting of the 
siloxane to SELP47K may be con?rmed by SDS-PAGE 
analysis and total amine content analysis. The silylated 
SELP47K may be concentrated to 1% solution and stored. 

Example 10 

[0092] An allyl cinnamic acid fragrance molecule 
SELP47K conjugate may be prepared according to the 
folloWing steps. The conjugation may be performed by 
catalyZing amide bond formation betWeen a lysine of 
SELP47K and a carboxyl group of allyl cinnamic acid. The 
amide bond formation may be performed using 1-Ethyl-3 
(3-Dimethylaminopropyl)carbodimide Hydrochloride 
(EDC) and NHS (Product No. 24500), both available from 
Pierce Biotechnology, Rockford, Ill. SELP47K may be 
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dissolved at 1 mg/ml in an activation buffer (0.1 M MES, 0.5 
M NaCl, pH 6.0). 0.4 mg EDC and 0.6 mg of NHS may be 
added to 1 ml of the SELP47K solution and alloWed to react 
for 15 minutes at room temperature. 1.4 pl of 2-mercapto 
ethanol may be added to quench the EDC. The allyl cin 
namic acid may be added to the reaction mixture at an equal 
mole-to-mole ratio With the SELP47K. The reaction mixture 
may be alloWed to react for 2 hours at room temperature. 
The reaction may be quenched by adding hydroxylamine to 
a ?nal concentration of 10 mM. Excess quenching reagent 
may be removed by gel ?ltration. The conjugated material 
may have a UV spectral signature that is either red or blue 
shifted in comparison to the UV spectral signature of the 
unreacted allyl cinnamic acid. 

Example 13 

[0093] An ascorbic acid (vitamin C) molecule SELP47K 
conjugate may be prepared according to the folloWing steps. 
The conjugation may be performed by catalyZing amide 
bond formation betWeen a lysine of SELP47K and a car 
boxyl group of ascorbic acid. The amide bond formation 
may be performed using 1-Ethyl-3-(3-Dimethylaminopro 
pyl)carbodiimide Hydrochloride (EDC) and NHS (Product 
No. 24500), both available from Pierce Biotechnology, 
Rockford, Ill. SELP47K may be dissolved at 1 mg/ml in an 
activation buffer (0.1 M MES, 0.5 M NaCl, pH 6.0). 0.4 mg 
EDC and 0.6 mg of NHS may be added to 1 ml of the 
SELP47K solution and alloWed to react for 15 minutes at 
room temperature. 1.4 pl of 2-mercaptoethanol may be 
added to quench the EDC. The ascorbic acid may be added 
to the reaction mixture at an equal mole-to-mole ratio With 
the SELP47K. The reaction mixture may be alloWed to react 
for 2 hours at room temperature. The reaction may be 
quenched by adding hydroxylamine to a ?nal concentration 
of 10 mM. Excess quenching reagent may be removed by 
gel ?ltration. The conjugated material may have a UV 
spectral signature that is either red or blue shifted in com 
parison to the UV spectral signature of the unreacted ascor 
bic acid. 

Example 12 

[0094] Construction, analysis, and veri?cation of AMP 
SELP47K Conjugates proceeded as folloWs. TWo previously 
described AMPs Were chosen, MBI-28 WKLFKKIGIGAV 
LKVLTTGLPALKLTK (Gough, M. et. al. Infect Immun. 
1996 December; 64(12): 4922-7) and Cecropin A-Melettin 
hybrid KWKLFKKIGAVLKVL. AMP peptide sequences 
Were back-translated into Escherichia coli DNA coding 
sequences using Vector NTI softWare (Informax). A hex 
amer tandem repeat Was designed for each AMP, individual 
AMPs being linked by glycine residue hexamers. Codon 
redundancy in E. coli Was exploited in order to minimiZe the 
repetitive nature of the hexamer sequence While avoiding 
rare codons. 5‘ and 3‘ DNA sequences Were added to the 
hexamers rendering the hexamer amenable to subcloning 
into the N-terminus or the C-terminus of SELP47K coding 
sequence With in frame expression. In addition, the coding 
sequence for a thrombin protease recognition site Was 
included in the 5 prime region of the hexamer such that 
AMPs may be cleaved in vitro from C-terminal fusions. 
Each AMP hexamer construct had a unique restriction 
enZyme cleavage site included Within its sequence to facili 
tate screening, identi?cation of correct constructs. AMP 
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hexamer constructs Were manufactured by Blue Heron Bio 
technology (Bothell, Wash.) using arti?cial gene synthesis 
technology and Were provided in a pUC-based plasmid. 

[0095] SELP47K is encoded by a 2652 base pair sequence 
present on a pUC based plasmid under the control of a heat 
inducible lambda Pr promoter. The selectable marker for 
kanamycin antibiotic resistance is present on this plasmid. A 
unique BglII restriction site Was engineered into the 3‘“tail” 
of the SELP47K coding sequence using Quick ChangeTM 
methodology (Stratagene). AMP hexamer construct plas 
mids provided by Blue Heron Biotechnology Were subjected 
to restriction enZyme digestion using BglII enZyme (Roche) 
and the resulting hexamer cassettes Were excised and puri 
?ed from agarose gels using a commercial kit (Qiagen). 
SELP47K plasmid Was cut With BglII enZyme, puri?ed from 
agarose gels, and dephosphorylated using calf intestinal 
phosphatase (NeW England Biolabs). Hexamer cassettes 
Were subcloned into the SELP47K 3‘ BglII site using T4 
DNA ligase (NeW England Biolabs). Subcloning Was per 
formed using E. coli TOP10 chemically competent cells 
(Invitrogen). Recombinant SELP47K plasmids Were 
screened for the presence of hexamer cassettes using plas 
mid isolation and restriction enZyme analysis/gel electro 
phoresis. DNA sequencing Was used to con?rm the presence 
of AMP hexamer in the correct orientation. 

[0096] Insertion of the AMP hexamers into SELP47K 
5‘“head” Was performed as described above except that a 
unique BamHI site Was used. AMP hexamer constructs 
contain a 3‘ TAA stop codon as they Were designed primarily 
for C-terminal insertion. Quick Change Was used to remove 
the T residue from the stop codon prior to subcloning into 
SELP47K. Removal of the T residue had the concomitant 
effect of rendering the subsequent SELP47K coding region 
in-frame. Successful constructs Were further veri?ed for 
correctness using restriction enZyme/gel electrophoresis 
analysis. Plasmids Were used to transform E. coli MM294 
using LB plates containing 50 ppm kanamycin. Single 
colonies Were picked and groWn in 60 ml TM2 (recipe)+2% 
glucose, 50 ppm kanamycin in 500 ml ?uted Erlenmeyer 
?asks, 30° C., 250 rpm, 16 hrs. Cell culture Was supple 
mented With glycerol (10% v/v), and 1.5 ml aliquots Were 
placed in cryovials and stored at —80° C. Random vials Were 
tested for contamination by incubating 10 pl inoculating 
loopfuls on LA+1.6% skim milk plates, 37° C., 16 hrs. 
Integrity of the plasmids Were also con?rmed using plasmid 
puri?cation and analysis using restriction enZyme digestion/ 
gel electrophoresis as Well as DNA sequencing. FroZen 
cryovials Were used as seed stocks for subsequent culturing, 
protein production. 

[0097] Seed vials Were used for fermentation of AMP 
SELP47K protein polymers. TWo strains tested for fermen 
tation Were MM294/pSELP0888 (CAM-SELP47K, SEQ. 
ID. NO. 32) and MM294/pSELP1064 (MBI-SELP47K, 
SEQ. ID. NO. 33). Both strains Were inoculated With a 
de?ned TM2 medium and batched glucose. E. coli fermen 
tation Was continued With a feed of 2 g/min of glucose upon 
consumption of batched glucose till cells in the fermentors 
greW up to an OD of 60. The expression of AMP-SELP47K 
protein polymer Was started With temperature induction by 
raising the fermentation temperature to 40 C. Both fermen 
tations behaved similarly. GroWth rates Were nearly the 
same. Cell pastes Were harvested by centrifuging fermenta 
tion broth after CER drop. 
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[0098] Puri?cation of AMP-SELP47K fusion proteins Was 
performed by ?rst taking the cell paste in 1:2 ratio in DI 
Water, folloWed by homogeniZing the cells using French 
Press at 8000 PSI. HomogeniZed cells Were mixed With 
01-10% PEI (polyethyleneimine) to ?ock-out cell-debris. 
The cell-debris Was removed by centrifugation. Cell-extract 
generated from centrifugation Was mixed With ammonium 
sulfate (10-25% saturation) to precipitate AMP-SELP fusion 
protein polymer. Precipitated AMP-SELP47K fusion poly 
mer Was separated from the rest of mother liquor and 
dissolved in MO Water. AMP-SELP47K fusion polymer Was 
puri?ed for its salts contents by dialysis and then lyophiliZed 
as solid poWder for storage. Analysis of puri?ed AMP 
SELP47K Was carried out using SDS gel electrophoresis as 
Well as mass spectrometry. 

[0099] Antimicrobial activity of culture supernatants and 
puri?ed samples Was assayed as folloWs: Samples of interest 
as Well as AMP positive controls and puri?ed SELP47K 
negative control Were used. Positive controls Were serial 
diluted 1:2 from 200 pig/ml to 1.56 pig/ml in Luria Broth (LB 
media) and consisted of cecropin A (Sigma), and MBI-28 
(synthesiZed in-house). Escherichia coli MG1655 and Bacil 
las sabtilis 168 Were used as Gram-negative and Gram 
positive microbial targets. Five ml overnight cultures, groWn 
from single colonies in LB, Were diluted 1:250 in Terri?c 
Broth (TB) and 100 pl aliquots Were placed in duplicate in 
Wells of sterile ?at bottom 96 Well microtiter plates. Unin 
oculated TB Was also aliquoted as control. Perimeter Wells 
Were not used but Were instead ?lled With media so as to 
minimiZe “edge effects”. 100 pl of the above dilutions of 
controls and samples Were mixed With diluted bacterial 
aliquots as Well as With 100 pl of sterile TB as negative 
controls/blanks. Plates Were incubated, humidi?ed, at 37 C, 
250 rpm. OD600 for each Well Was monitored hourly using 
a plate reader. 

[0100] Culture supernatant samples from post-induction 
time-points from a fermentation of Cecropin A-Melettin 
(CAM) fused to the N-terminus of SELP47K Were tested for 
groWth inhibition of E. coli and B. sabtilis. The results 
indicated that inhibition of groWth of both strains increases 
dramatically after induction. Puri?ed CAM-SELP47K 
(SEQ. ID.NO.32) and MBI-SELP47K (SEQ. ID. NO. 33) 
biomaterials Were similarly tested for their antimicrobial 
activity. LyophiliZed material Was dissolved in Water at 1.25 
mg/ml and used in a test-tube based assay performed as 
folloWs: Bacillus subtilis 168 and Escherichia coli MG1655 
Were each groWn from single colonies in 5 ml volumes of 
LB in test tubes, 37° C., 250 rpm, 16 hrs. Cultures Were 
diluted 1:500 in Terri?c broth. Equal volumes of diluted 
culture and puri?ed AMP-SELP fusions described above 
Were combined in sterile glass test-tubes (1 ml total volume 
in 5 ml tubes), in duplicate, and incubated at 37° C., 250 
rpm. Puri?ed SELP47K Was used as a negative control. 
After 4 hours groWth Was clearly visible in the tubes 
containing SELP47K While tubes containing AMP-SELP 
fusions had signi?cantly less groWth indicating groWth 
inhibitory and antimicrobial properties of the fusion pro 
teins. 

Example 14 

[0101] Construction, analysis, and veri?cation of 
SELP47K-GFP (SEQ. ID. NO. 34) conjugate proceeded as 
folloWs. Aprotein fusion of green ?uorescent protein (GFP) 
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and silk elastin protein polymer (SELP47K) in E. coli Was 
produced using molecular biology and fermentation tech 
niques. Brie?y, a gene encoding GFP Was cloned into the 5 
prime end (N-terminus) of the gene encoding SELP47K, for 
in-frame translation. This gene construct Was expressed With 
a lambda Pr expression vector in E. coli MM294 at shake 
?ask scale. Plasmid pGFP and its DNA sequence Were 
obtained from Clontech. After methods similar to those 
discussed in the previous example, resultant seed vials Were 
checked for microbial contamination and stored at —80° C., 
and used for fermentation of GFP-SELP47K protein poly 
mers. Puri?cation of GFP-SELP47K fusion proteins Was 
performed similarly to Example 13. Analysis of puri?ed 
GFP-SELP47K Was carried out using SDS gel electrophore 
sis as Well as mass spectrometry to con?rm the formation of 
fusion polymer. GFP-SELP47K conjugate protein polymer 
Was probed for ?uorescence excitation and emission spec 
trum of GFP-SELP47K protien polymer biomaterial and its 
surface ?lming characteristics as folloWs: the emission spec 
tra of puri?ed GFP-SELP47K Were recorded and compared 
to puri?ed SELP47K at the same protein concentration level 
using a ?uoresence spectrophotometer (Spectromax Gemini, 
Molecular Devices). Excitation Wavelengh for this measure 
ment Was 395 nm and emission spectrum Was recorded 

(450-600 nm). The green ?uoresence emission of GFP 
SELP47K Was similar to that of native Wild-type GFP of 
jelly?sh (Clonetech) at 509 nm. 

Example 14 

[0102] Construction, analysis and veri?cation of the 
SELP47K-CPB (SEQ. ID. NO. 37) conjugate proceeded 
using the same general techniques as discussed in previous 
Examples 12 and 13. Cellulose binding peptide (CBP) 
sequence Was obtained in-house using PCR driven phage 
display. The sequence used Was TTHPQMLWQMST. CBP 
peptide sequence Was back-translated into Escherichia coli 
DNA coding sequence using Vector NTI softWare (Infor 
max). A hexamer tandem repeat Was designed using CBP 
DNA sequence, individual CBPs being linked by glycine 
residue quatramers. Codon redundancy in E. coli Was 
exploited in order to minimiZe the repetitive nature of the 
hexamer sequence While avoiding rare codons. 5‘ and 3‘ 
DNA sequences Were added to the hexamer rendering the 
hexamer amenable to subcloning into the N-terminus or the 
C-terminus of SELP47K coding sequence With in-frame 
expression. The CBP hexamer construct had a unique 
restriction enZyme cleavage site included Within its 
sequence to facilitate screening, identi?cation of correct 
constructs. CBP hexamer construct Was manufactured by 
Blue Heron Biotechnology (Bothell, Wash.) using arti?cial 
gene synthesis technology and Was provided in a pUC-based 
plasmid. SELP47K is encoded by a 2652 base pair sequence 
present on a pUC based plasmid under the control of a heat 
inducible lambda Pr promoter. The selectable marker for 
kanamycin antibiotic resistance is present on this plasmid. A 
unique BglII restriction site Was engineered into the 3‘“tail” 
of the SELP47K coding sequence using Quick ChangeTM 
methodology (Stratagene). CBP hexamer construct plasmid 
provided by Blue Heron Biotechnology Was subjected to 
restriction enZyme digestion using BglII enZyme (Roche) 
and the resulting hexamer cassette Was excised and puri?ed 
from agarose gels using a commercial kit (Qiagen). 
SELP47K plasmid Was cut With BglII enZyme, puri?ed from 
agarose gels, and dephosphorylated using calf intestinal 
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phosphatase (NeW England Biolabs). The hexamer cassette 
Was subcloned into the SELP47K 3‘ BglII site using T4 DNA 
ligase (NeW England Biolabs). Subcloning Was performed 
using E. coli TOP10 chemically competent cells (Invitro 
gen). Recombinant SELP47K plasmids Were screened for 
the presence of hexamer cassette using plasmid isolation and 
restriction enZyme analysis/gel electrophoresis. DNA 
sequencing Was used to con?rm the presence of CBP hex 
amer in the correct orientation. Insertion of the CBP hex 
amer into SELP47K 5‘“head” Was performed as described 
above except that a unique BamHI site Was used. The CBP 
hexamer construct contains a 3‘ TAA stop codon as it Was 
designed primarily for C-terminal insertion. Quick Change 
Was used to remove the T residue from the stop codon prior 
to subcloning into SELP47K. Removal of the T residue had 
the concomitant effect of rendering the subsequent 
SELP47K coding region in-frame. Successful constructs 
Were further veri?ed for correctness using restriction 
enZyme/gel electrophoresis analysis. Plasmid Was used to 
transform E. coli MM294 using LB plates containing 50 
ppm kanamycin. Single colonies Were picked and groWn in 
60 ml TM2 (recipe)+2% glucose, 50 ppm kanamycin in 500 
ml ?uted Erlenmeyer ?asks, 30° C., 250 rpm, 16 hrs. Cell 
culture Was supplemented With glycerol (10% v/v), and 1.5 
ml aliquots Were placed in cryovials and stored at —80° C. 
Random vials Were tested for contamination by incubating 
10 ul inoculating loopfuls on LA+1.6% skim milk plates, 
37° C., 16 hrs. Integrity of the plasmid Was also con?rmed 
using plasmid puri?cation and analysis using restriction 
enZyme digestion/gel electrophoresis as Well as DNA 
sequencing. FroZen cryovials Were used as seed stocks for 
subsequent culturing, protein production. 

Example 15 

[0103] The SELP47K conjugate construct, CBP 
SELP47K-S2E1 in Which all polymer subunits contain one 
cotton-binding peptide sequence Was made as folloWs: Arti 
?cial gene synthesis Was used to create a 2 subunit version 
of the desired construct in Which each identical subunit 
contains a unique non-palindromic restriction site. Speci? 
cally, SELP47K subunits contained the linear cotton binding 
peptide (TTHPQMLWQMST) incorporated betWeen the 
C-terminal end of the silk region and the N-terminal end of 
the elastin region (region S2E1). A BsgI restriction enZyme 
cleavage site Was designed Within each subunit. Gene con 
struction Was carried out by Blue Heron Biotechnology 
(Bothell, Wash.). DNA Was digested With BsgI Which 
resulted in the release of a single subunit per molecule. 
Resulting modi?ed SELP monomers as Well as plasmid 
vector Were puri?ed from agarose gels and concentrated 
using a Spin Vac. Monomers Were self ligated using T4 DNA 
ligase (NeW England Biolabs) as per manufacturer’s instruc 
tions overnight at 16 C (FIG. 3). Original puri?ed vector Was 
added to ligation mix With additional fresh ligase and 
incubated at 16 C for an additional 24 hrs. Ligation mix Was 
used to transform E. coli TOP 10 cells (Invitrogen) as per 
manufacturer’s instructions. Resulting transformants Were 
used to inoculate culture tubes containing 5 ml Luria broth 
and appropriate antibiotic. Tubes Were incubated for 16 hrs, 
37 C, 250 rpm. Plasmids Were puri?ed from resulting 
cultures using a Plasmid Miniprep kit (Qiagen). Complete 
SELP47K-CBP conjugate inserts Were excised from vector 
by digestion With EcoRV and BamHI restriction enZymes 
and siZed using agarose gel elecrophoresis in order to 
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identify constructs containing the desired 13 total subunits. 
Appropriate SELP47K-CBP conjugate gene constructs Were 
subcloned into vector containing lambda Pr promoter and 
transformed into production host E. coli MM294. Prepared 
seed vials Were stored at —80 C. Seed vials Were used for 
fermentation of CBP-SELP47K protein polymers. Strain 
tested for fermentation run 20031115 and 20031211 Was 

MM294/pSELP0845 (CBP{L12}-SELP47K). E. coli strain 
Was inoculated With a de?ned TM2 medium and batched 
glucose. E. coli fermentation Was continued With a feed of 
2 g/min of glucose upon consumption of batched glucose till 
cells in the fermentors greW up to an OD of 60. The 
expression of CBP-SELP47K protein polymer Was started 
With temperature induction by raising the fermentation tem 
perature to 40 C. Both fermentations behaved similarly. 
GroWth rates Were nearly the same. Cell pastes Were har 
vested by centrifuging fermentation broth after 20% drop in 
CER and With no further rise in OD. Puri?cation of CBP 
SELP47K fusion proteins Was performed by ?rst taking the 
cell paste in 1:2 ratio in DI Water, folloWed by homogeniZing 
the cells using French-Press at 8000 PSI. HomogeniZed cells 
Were mixed With 0.1%-10% PEI (polyethyleneimine) to 
?ock-out cell-debris. The cell-debris Was removed by cen 
trifugation. Cell-extract generated from centrifugation Was 
mixed With ammonium sulfate (10-25% saturation) to pre 
cipitate CBP-SELP fusion protein polymer. Precipitated 
CBP-SELP47K fusion polymer Was separated from the rest 
of mother liquor and dissolved in either MQ Water or With 
the use of chiotropic agents such as urea, guanidinium 
hydrochloride. CBP-SELP47K fusion polymer(s) Was puri 
?ed for its salts contents by dialysis and then lyophiliZed as 
solid poWder for storage. Analysis of puri?ed CBP 
SELP47K Was carried out using SDS gel electrophoresis as 
Well as mass spectrometry to con?rm the formation of fusion 
polymer. 

[0104] CBP-SELP47K fusion proteins Were assayed for 
cellulose binding properties as folloWs: the cotton binding 
properties of CBP-SELP47K Were compared to SELP47K in 
tWo different assays. One assay Was a dose response assay 
in Which the cotton (substrate) concentration Was held 
constant and the SELP47K concentration varied. The second 
experiment Was one in Which the cotton concentration varied 
and the SELP47K concentration Was held constant. All 
binding studies Were carried out in European laundry deter 
gent. The procedures and results are as folloWs: each experi 
ment consisted of three parts 1) preparation of the cotton 
sWatches and detergent 2) incubation of SELP47K With 
cotton in European detergent 3) determination of the amount 
of SELP47K bound to the cloth. 1) A circular 1/4 inch dye 
Was used to punch out cotton microsWatches from EMPA 
221 unsoiled cotton fabric (Testfabrics). 28 microsWatches 
Were Washed for 15 minutes at 37 C in 10 ml of ?ltered 
WFK-l European laundry detergent (3.5 g/L, AATCC— 
American Association of Textile Chemists and Colorists) 
containing 15 grains per gallon (gpg) hardness (1.85 mM 
CaCl2. 0.54 mM MgCl2). The samples Were Washed using a 
DYNAL rotating mixer (40 RPM). The sWatches Were then 
rinsed in 3 gpg Water hardness (0.37 mM CaCl2, 0.108 mM 
MgCl2) at 37 C for 5 minutes (40 RPM) and then blotted dry 
on paper toWels. 2) Three concentrations of the SELP 
proteins (CBP-SELP47K: 1.25, 0.84, 0.45 & 0 mg/ml: 
SELP47K 1.35, 1.0, & 0.58 mg/ml) Were made up in ?ltered 
WFK-l detergent (3.5 g/l, 15 gpg hardness). 900 ul of the 
diluted SELP proteins Was then added to a 1.5 ml eppendorf 
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tube containing 4 preWashed cotton microsWatches. The 
tubes Were mixed on a DYNAL rotary mixer (30 min, 40 C, 
400 RPM). The sWatches Were then rinsed 3 times in 1 ml 
of Water containing 3 gpg hardness (5 min, room tempera 
ture, shaking). 3) The sWatches, supernatant and rinses Were 
all analyZed for the presence of SEL47K using the BCA 
protein assay (Pierce). The BCA assay Was modi?ed slightly 
in order to analyZe the solid cotton sWatches. The reaction 
Was carried out as folloWs: 300 ul of the BCA assay reagent 
Was incubated With 1 cotton sWatch from each reaction. A 
BSA standard curve Was assayed at the same time and used 
to quantify the amount of protein bound to the cloth. The 
sWatches and BSA Were incubated With the BCA reagent for 
~30 minutes, in eppendorf tubes. At the end of the 30 
minutes the sWatches Were mixed Well and then 200 pl 
aliquots of the supernatant Was then read at 562 nm. The 
concentration of protein bound to the sWatch Was deter 
mined based off of the BSA standard curve. The cotton 
binding activity of CBP-SELP47K Was compared to that of 
native SELP47K and revealed that the CBP-SELP47K tar 
gets and binds SELP47K to the cotton to a much greater 
extent than does native SELP47K. In order to con?rm that 
the protein Which bound to the cloth Was CBP-SELP47K, 
the bound protein Was eluted from the cotton and run on a 
SDS gel. This Was accomplished by boiling the bound 
sWatch in NuPage LDS sample buffer 4>< (Invitrogen) at 95 
C for 10 minutes, and running the supernatant on a SDS gel 
(invitrogen, on a 4-12% bis-tris NuPage gel). 

[0105] A second binding experiment Was run Which 
explored the cotton binding of Hexamer CBP-SELP47K at 
different substrate concentrations. The sWatches Were pre 
pared in the same manner as described in the previous 
experiment. This time 40 sWatches Were Washed. The 
Washed sWatches Were placed in a 48 Well microtiter plate 
such that tWo Wells contained 0, 1, 2, 3, 4, & 5 sWatches 
respectively. SELP47K stock solutions (SELP47K: 1 
mg/ml, CBP-SELP47K, 0.75 mg/ml) Were made up in 
?ltered WFK-l European laundry detergent (3.5 g/l, 15 gpg 
hardness). 200 pl of the SELP stock solutions Was added to 
the Wells of the microtiter plate, Which contained the Washed 
sWatches. The SELP proteins Were then incubated With the 
sWatches (40 C, 30 minutes, 240 RPM). The supernatant Was 
then removed from the Wells and the sWatches rinsed 3>< in 
3 gpg Water (600 pl, 5 minutes shaking). The sWatches Were 
analyZed in the same manner as described in the previous 
binding experiment. The amount of CBP-SELP47K Which 
bound to cotton increased With increasing cotton concentra 
tion. The same amount of CBP-SELP47k binds to each 
sWatch regardless of the number of sWatches present in the 
reaction. This indicates that CBP-SELP47K has saturated all 
the binding sites available on the cotton sWatches. In all 
cases the amount of CBP-SELP47K, Which bound to the 
cotton is much greater than that of native SELP47K. The 
CBP-SELP47K-S2E1 (SEQ. ID. NO. 35) conjugate shoWs 
an excellent and improved binding to cotton because the 
cotton binding peptide is capable of being provided peri 
odically throughout the conjugate. More than 10% of this 
cotton S2E1-SELP47K (CBP-SELP47K-S2E1) (SEQ. ID. 
NO. 35) conjugate Was bound to the cotton as tested using 
the above described protocol. 

Example 17 

[0106] Construction, analysis and veri?cation of the 
SELP47K-P4 (SEQ. ID. NO. 36) conjugate proceeded as 
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follows. SELP constructs in Which all polymer subunits 
contain additional P4 (ALSYP) peptide sequences Were 
made as folloWs: Arti?cial gene synthesis Was used to create 
a 2 subunit version of the desired construct in Which each 
identical subunit contains a unique non-palindromic restric 
tion site. Speci?cally, SELP subunits contained either BBI 
derived P4 sequences (Seq ALSYP) incorporated in tWo 
places per subunit, ?anking the silk region, incorporated 
betWeen the C-terminal end of the silk region and the 
N-terminal end of the elastin region. A BsgI restriction 
enZyme cleavage site Was designed Within each subunit. 
Gene construction Was carried out by Blue Heron Biotech 
nology (Bothell, Wash.). DNA Was digested With BsgI 
Which resulted in the release of a single subunit per mol 
ecule. Resulting modi?ed SELP monomers as Well as plas 
mid vector Were puri?ed from agarose gels and concentrated 
using a Spin Vac. Monomers Were self ligated using T4 DNA 
ligase (NeW England Biolabs) as per manufacturer’s instruc 
tions overnight at 16 C. Original puri?ed vector Was added 
to ligation mix With additional fresh ligase and incubated at 
16 C for an additional 24 hrs. Ligation mix Was used to 
transform E. coli TOP10 cells (Invitrogen) as per manufac 
turer’s instructions. Resulting transformants Were used to 
inoculate culture tubes containing 5 ml Luria broth and 
appropriate antibiotic. Tubes Were incubated for 16 hrs, 37 
C, 250 rpm. Plasmids Were puri?ed from resulting cultures 
using a Plasmid Miniprep kit (Qiagen). Complete SELP 
inserts Were excised from vector by digestion With EcoRV 
and BamHI restriction enzymes and sized using agarose gel 
elecrophoresis in order to identify constructs containing the 
desired 13 total subunits. Appropriate SELP gene constructs 
Were subcloned into vector containing lambda Pr promoter 
and transformed into production host E. coli MM294. Pre 
pared seed vials Were stored at —80 C. Seed vials Were used 
for fermentation of P4-SELP47K protein polymers. Strain 
tested for fermentation run 20040236 Was MM294/ 
pSELP01472 (P4-SELP47K). E. coli strain Was inoculated 
With a de?ned TM2 medium and batched glucose. E. coli 
fermentation Was continued With a feed of 2 g/min of 
glucose upon consumption of batched glucose till cells in the 
fermentors greW up to an OD of 60. The expression of 
P4-SELP47K protein polymer Was started With temperature 
induction by raising the fermentation temperature to 40 C. 
Both fermentations behaved similarly to that of SELP47K 
fermentation and groWth rates Were nearly the same. Cells 
greW Well prior to induction and after. Cell pastes Were 
harvested by centrifuging fermentation broth after 20% drop 
in CER and With no further rise in OD. Puri?cation of 
P4-SELP47K fusion proteins Was performed by ?rst taking 
the cell paste in 1:2 ratio in DI Water, folloWed by homog 
eniZing the cells using French-Press at 8000 PSI. Homog 
eniZed cells Were mixed With 0.1%-10% PEI (polyethylene 
imine) to ?ock-out cell-debris. The cell-debris Was removed 
by centrifugation. Cell-extract generated from centrifuga 
tion Was mixed With ammonium sulfate (10-25% saturation) 
to precipitate P4-SELP fusion protein polymer. Precipitated 
P4-SELP47K fusion polymer Was separated from the rest of 
mother liquor and dissolved in in either MO Water or With 
the use of chiotropic agents such as urea, guanidinium 
hydrochloride. P4-SELP47K fusion polymer(s) Was puri?ed 
for its salts contents by dialysis and then lyophiliZed as solid 
poWder for storage. Analysis of puri?ed P4-SELP47K Was 
carried out using SDS gel electrophoresis as Well as mass 
spectrometry to con?rm the formation of fusion polymer. 
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P4-SELP47K fusion proteins Were assayed for properties as 
folloWs: A ?broblast cell culture model Was used to assess 
the ability of the test materials to exert a protective effect by 
promoting cell survival after UVB exposure. P4-SELP47K 
biomaterial Was tested at three concentrations in triplicate. 
Human dermal ?broblasts Was exposed to a dose of UVB 
light (approximately 50 mj/cm2), Which has been shoWn to 
reduce the number of viable cells by 50% at 48 hours post 
UV exposure. Immediately after the UVB exposure cells 
Was treated With either P4-SELP conjugate materials, 20 pM 
Trolox (an anti-oxidant, used as a positive control), or left 
untreated (untreated controls). Changes in cell viability Will 
then be determined 48 hours later via an MTT assay. The 
MTT assay is a colorimetric analysis of the metabolic 
activity of the cell, Which is a re?ection of cell viability. 
Viable cells can take up MTT, Which is then reduced by 
mitochondria resulting in the formation of insoluble purple 
formaZin crystals. These crystals are then extracted from the 
cells With isopropanol and quanti?ed spectrophotometri 
cally. The intensity of the purple color is directly propor 
tional to the number of viable cells and inversely propor 
tional to the toxicity of the test material. Fibroblasts Were 
seeded into the individual Wells of a 96 Well plate in 100 pl 
of Fibroblast GroWth Medium (FGM) and incubated over 
night at 37+2° C. and 5+1% CO2. On the folloWing day the 
media Was removed via aspiration to eliminate any non 
adherent cells and replaced With 100 pl of fresh FGM. The 
cells Were groWn until con?uent, With a media change every 
48 to 72 hours. An UVLM-26 lamp Was used as the source 
of UVB light. UV light intensity Was measured using a UVX 
radiometer coupled to a UVB sensor probe (UV Products) to 
determine the time required to deliver an approximate dose 
of 50 mj/cm2. Prior to UVB exposure the FGM Was replaced 
With 100 pl of PBS. After exposure the PBS Was removed 
and replaced With FGM supplemented With either the 
P4-SELP conjugate, 20 pM Trolox, or left unsupplemented. 
A duplicate set of cells Were also be prepared and treated as 
described above With the exception that they Were exposed 
to UVB light. This second set Was used to assess any 
changes on cell viability induced by the test materials alone. 
The non-UVB exposed cells treated With unsupplemented 
FGM Were used to represent 100% cell viability. At the end 
of the 48-hour incubation period the cells Were photo 
graphed to record any changes in cell morphology. Also, 
after the 48-hour incubation, the cell culture medium Was 
removed and the ?broblasts Were Washed With PBS to 
remove any remaining test material. After the ?nal Wash, 
100 pl of DMEM supplemented With 0.5 mg/ml MTT Was 
added to each Well and the cells Were incubated for 1 to 2 
hours at approx. 3712° C. and 511% CO2. After the incu 
bation, the DMEM/MTT solution Was removed and the cells 
Were Washed again once With PBS and then 50 pl of 
isopropyl alcohol Was added to the Well to extract the purple 
formaZin crystals. The 96-Well plate Was then be read at 540 
nm using isopropyl alcohol as a blank. The mean MTT 
absorbance value for the negative control cells Was calcu 
lated and used to represent 100% value for cell number. The 
individual MTT values from the cells undergoing the various 
treatments Was then divided by the mean value for the 
negative control cells and expressed as a percent to deter 
mine the change in cell number caused by each treatment. 
SELP47K-P4 conjugate results in 100% viability improve 
ment of UV treated human ?broblast cells. 



US 2004/0234609 A1 

Example 18 

[0107] Construction of P4 and Linear CBP-SELP conju 
gates proceeded as follows. SELP constructs in Which all 
polymer subunits contain additional peptide sequences Were 
made as folloWs: Arti?cial gene synthesis Was used to create 
a 2 subunit version of the desired construct in Which each 
identical subunit contains a unique non-palindromic restric 
tion site. Speci?cally, SELP subunits contained either BBI 
P4 sequences incorporated in tWo places per subunit, ?ank 
ing the silk region, or the linear cotton binding peptide 
incorporated betWeen the C-terminal end of the silk region 
and the N-terminal end of the elastin region (region S2E1). 
ABsgI restriction enZyme cleavage site Was designed Within 
each subunit. Gene construction Was carried out by Blue 
Heron Biotechnology (Bothell, Wash). DNA Was digested 
With BsgI Which resulted in the release of a single subunit 
per molecule. Resulting modi?ed SELP monomers as Well 
as plasmid vector Were puri?ed from agarose gels and 
concentrated using a Spin Vac. Monomers Were self ligated 
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using T4 DNA ligase (NeW England Biolabs) as per manu 
facturer’s instructions overnight at 16 C (FIG. 1). Original 
puri?ed vector Was added to ligation miX With additional 
fresh ligase and incubated at 16 C for an additional 24 hrs. 
Ligation miX Was used to transform E. coli TOP10 cells 
(Invitrogen) as per manufacturer’s instructions. Resulting 
transformants Were used to inoculate culture tubes contain 

ing 5 ml Luria broth and appropriate antibiotic. Tubes Were 
incubated for 16 hrs, 37 C, 250 rpm. Plasmids Were puri?ed 
from resulting cultures using a Plasmid Miniprep kit 
(Qiagen). Complete SELP inserts Were excised from vector 
by digestion With EcoRV and BamHI restriction enZymes 
and siZed using agarose gel elecrophoresis in order to 
identify constructs containing the desired 13 total subunits. 
Appropriate SELP gene constructs Were subcloned into 
vector containing lambda Pr promoter and transformed into 
production host E. coli MM294. Prepared seed vials Were 
stored at —80 C. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 37 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 1 

Ser Gly Ala Gly Ala Gly 
l 5 

<2 10> SEQ ID NO 2 
<2ll> LENGTH: 53 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 2 

silk fibroin repeat sequence 

silk fibroin peptide repeat sequence 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala 
l 5 l0 

Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala 
20 25 30 

Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser 
35 40 45 

Gly Ala Ala Gly Tyr 
50 

<2 10> SEQ ID NO 3 
<2ll> LENGTH: 5 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 

<220> FEATURE: 

<223> OTHER INFORMATION: elastin peptide sequence 

<400> SEQUENCE: 3 

Gly Val Gly Val Pro 
1 5 
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SEQ ID NO 4 
LENGTH: 10 

TYPE: PRT 

ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: repeat sequence protein polymer 
FEATURE: 

NAME/KEY: miscifeature 
LOCATION: (10). .(10) 
OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

SEQUENCE: 4 

Gly Gly Phe Gly Gly Met Gly Gly Gly Xaa 
l 

SEQ ID NO 5 
LENGTH: 5 

TYPE: PRT 

ORGANISM: unknown 

FEATURE: 

OTHER INFORMATION: repeat sequence protein polymer 

SEQUENCE: 5 

Gly Pro Gly Gly Gly 
5 

SEQ ID NO 6 
LENGTH: 6 

TYPE: PRT 

ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial repeat sequence 

SEQUENCE: 6 

Pro Gly Gln Gly Gln Gln 
l 5 

SEQ ID NO 7 
LENGTH: 9 

TYPE: PRT 

ORGANISM: unknown 
FEATURE: 

OTHER INFORMATION: artificial repeat sequence 

SEQUENCE: 7 

Gly Tyr Tyr Pro Thr Ser Pro Gln Gln 
l 5 

SEQ ID NO 8 
LENGTH: 3 

TYPE: PRT 

ORGANISM: wheat 

SEQUENCE: 8 

Gly Gln Gln 
l 

SEQ ID NO 9 
LENGTH: 28 

TYPE: PRT 

ORGANISM: unknown 

FEATURE: 

OTHER INFORMATION: artificial repeat sequence 
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<400> SEQUENCE: 9 

Pro Pro Ala Lys Val Pro Glu Val Pro Lys Lys Pro Val Pro Glu Glu 
l 5 l0 l5 

Lys Val Pro Val Pro Val Pro Lys Lys Pro Glu Ala 
20 25 

<2 10> SEQ ID NO 10 
<2ll> LENGTH: 12 

<2 12> TYPE: PRT 

<2 13> ORGANISM: human 

<400> SEQUENCE: l0 

Ser Pro Pro Pro Pro Ser Pro Lys Tyr Val Tyr Lys 
1 5 l0 

<2 10> SEQ ID NO 11 
<2ll> LENGTH: 4 
<2 12> TYPE: PRT 

<2 13> ORGANISM: tomato 

<400> SEQUENCE: ll 

Arg Gly Asp Ser 
1 

<2 10> SEQ ID NO 12 
<2ll> LENGTH: 5 

<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 

<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: 12 

Pro Gln Gln Pro Tyr 
l 5 

<2 10> SEQ ID NO 13 
<2ll> LENGTH: 5 

<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: 13 

Pro Thr Thr Thr Lys 
1 5 

<2 10> SEQ ID NO 14 
<2ll> LENGTH: 8 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: l4 

Ala Gly Tyr Gly Ser Thr Gly Thr 
l 5 

<2 10> SEQ ID NO 15 
<2ll> LENGTH: 8 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 
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<400> SEQUENCE: l5 

Tyr Gly Gly Ser Ser Gly Gly Gly 
l 5 

<2 10> SEQ ID NO 16 
<2ll> LENGTH: 5 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 

<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: l6 

Phe Gly Gly Gly Ser 
1 5 

<2 10> SEQ ID NO 17 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: l7 

Thr Thr Thr Pro Asp Val 
l 5 

<2 10> SEQ ID NO 18 
<2ll> LENGTH: 7 

<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 
<220> FEATURE: 

<223> OTHER INFORMATION: artificial repeat sequence 

<400> SEQUENCE: l8 

Tyr Ser Pro Thr Ser Pro Ser 
1 5 

<2 10> SEQ ID NO 19 
<2ll> LENGTH: 780 
<2 12> TYPE: PRT 

<2 13> ORGANISM: unknown 

<220> FEATURE: 

<223> OTHER INFORMATION: silk and elastin peptide repeats 

<400> SEQUENCE: l9 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Val Gly 
l 5 l0 15 

Pro Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Lys Gly Val 
20 25 30 

Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly 
35 40 45 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly 
50 55 60 

Gly Ser Gly Ala Gly Ala Gly Ser Gly Val Gly Val Pro Gly Val 

Val Pro Gly Val Gly Val Pro Gly Lys Gly Val Pro Gly Val Gly 
85 90 95 

Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro Gly Ala Gly 
100 105 110 

Val 

Pro 

Pro 

Ala 

Gly 

Pro 

Ala 
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-oontinued 

Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala 
115 120 125 

Gly Ala Gly Ser Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Val 
130 135 140 

Gly Val Pro Gly Lys Gly Val Pro Gly Val Gly Pro Gly Val Gly Pro 
145 150 155 160 

Gly Val Gly Pro Gly Val Gly Pro Gly Ala Gly Ala Gly Ser Gly Ala 
165 170 175 

Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser 
180 185 190 

Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Val Gly Val Pro Gly 
195 200 205 

Lys Gly Val Pro Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro 
210 215 220 

Gly Val Gly Pro Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser 
225 230 235 240 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Val Gly Val 
245 250 255 

Pro Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Lys Gly Val Pro 
260 265 270 

Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro 
275 280 285 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala 
290 295 300 

Gly Ser Gly Ala Gly Ala Gly Ser Gly Val Gly Val Pro Gly Val Gly 
305 310 315 320 

Val Pro Gly Val Gly Val Pro Gly Lys Gly Val Pro Gly Val Gly Pro 
325 330 335 

Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro Gly Ala Gly Ala 
340 345 350 

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

Gly Ala Gly Ser Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Val 
370 375 380 

Gly Val Pro Gly Lys Gly Val Pro Gly Val Gly Pro Gly Val Gly Pro 
385 390 395 400 

Gly Val Gly Pro Gly Val Gly Pro Gly Ala Gly Ala Gly Ser Gly Ala 
405 410 415 

Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser 
420 425 430 

Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Val Gly Val Pro Gly 
435 440 445 

Lys Gly Val Pro Gly Val Gly Pro Gly Val Gly Pro Gly Val Gly Pro 
450 455 460 

Gly Val Gly Pro Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser 
465 470 475 480 

Gly Ala Gly Ala Gly Ser Gly Ala Gly Ala Gly Ser Gly Val Gly Val 
485 490 495 

Pro Gly Val Gly Val Pro Gly Val Gly Val Pro Gly Lys Gly Val Pro 
500 505 510 






































































