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[0001] This application claims benefit under 35 U.S.C. § 119(e) of the U.S. Provisional
Application Serial No. 61/378,056, filed August 30, 2010, content of which is incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] The present invention is directed to an organic composite material formed from
carbohydrates and proteins. More specifically, the invention relates to a composite
biocompatible material formed from layers of Chitosan and proteins, such as Fibroin, having

superior strength and energy-dissipating properties.

BACKGROUND OF THE INVENTION
[0003] Chitin is the second most abundant polymer on earth after cellulose, it is common
waste in seafood factories and (as a natural polymer) it is biodegradable. However its
processing in the laboratory for fabrication produce a hydrogel material with poor mechanical
properties.
[0004] Chitin is a broadly employed polymer in nature. It is found in the walls of fungi,
in mollusk shells and the exoskeleton of arthropods. It provides many structural uses due to
its mechanical properties. Many attempts have carried out to employ the polymer as a
substitute of current synthetic plastics; however it has not been possible to reproduce its
exceptional natural properties in the lab. The lack of success results from the failure to
appreciate the important structural role played by chitin-associated proteins that are present
within natural structures, and the laminar microarchitecture of naturally occurring materials
produced by living organisms.
[0005] The main protein present both in the mollusk shells and the arthropods
exoskeleton, which plays a fundamental role in the structural integrity of the shell, has an
amino acid sequence similar to that of silk fibroin.
[0006] Chitin and protein (such as silk fibroin) blends have been produced in the prior art
by the simple mixing of both materials in solution. These processes are intent on producing
consistent mixtures of Chitin/Chitosan and silk fibroin by mixing both polymers in solution

and casting the mixture. That approach does not yield any improvement in the mechanical
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solution containing a genetically engineered silk, such as from bacteria, yeast, mammalian
cells, transgenic animals or transgenic plants. See, for example, WIPO Publication No. WO
1997/108315 and US Patent 5,245,012 which are hereby incorporated by reference herein.
[0008] Silk fibroin has excellent film-forming capabilities and is also compatible for use
in the human body. Silk fibroin films, without further manipulation or treatment, are soluble
in water because of dominating random coil protein structures. The structural features of the
protein can be transformed from random coil to beta-sheet structure by several treatments,
including mechanical stretching, immersion in polar organic solvents, or curing in water
vapor. Without wishing to be bound by a theory, use of highly concentrated silk solutions is
also known to promote beta-sheet transition from random coils. This structural transition
results in aqueous insolubility, thus providing options for the use of the material in a range of
biomedical and other applications. Some pure silk fibroin films tend, over time, to become
stiff and brittle in the dry state, however, exhibiting impressive tensile strength but low
ductility. Further, dissolved Silk Fibroin can be mixed with particulates to produce a
homogeneous mixture that can be formed into implantable structures. Methods of making
silk polymer structures and Silk Fibroin films are shown in WIPO Publication Nos. WO
2009/0100280 and WO 2010/0042798, both which are hereby incorporated by reference
herein.

SUMMARY OF THE INVENTION
[0009] The invention relates to the process for the formation of complex 3D structures
with a carbohydrate polymer, e.g., oligosaccharides and polysaccharides, with high control of

shape, topography and material properties, and the resulting composite material. It also
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[0007]Silk Fibroinis well known polyner material. Silk provides an
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[0014] Another object of the invention is to provide a composite material formed from
Chitosan and Fibroin having superior mechanical properties as compared to its component
materials.

[0015] Another object of the invention is to provide a composite material formed from a
carbohydrate based polymer and a protein having adjustable mechanical properties. For
example, a composite material formed from a Chitin-based material and a protein having
adjustable flexibility properties.

[0016] Another object of the invention is to provide a composite material formed from
Chitosan and a protein having adjustable mechanical properties.

[0017] Another object of the invention is to provide a composite material formed from
Chitosan and a protein that is biocompatible and biodegradable but stable in the presence of

moisture.
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[0022] FIG. 1D shows graphs of the Modulus of toughness (grey, left vertical axis) and
breaking strength (black, right vertical axis) of the Shrilk composite material, Chitosan,
Fibroin and the Fibroin-Chitosan blend (with SD error bars).

[0023] FIG. 2A shows the breaking strength of the Shrilk composite material fabricated
according to the invention at different Chitosan:Fibroin ratios. Dashed line marks the
breaking strength of the Chitosan film in absence of protein.

[0024] FIG. 2B shows a scanning electron micrograph (SEM) image of a Chitosan-
Fibroin interface within the Shrilk laminate. The darker material (top) corresponds to the
Chitosan layer, while the lighter one (bottom) is the fibroin layer (bar is 20um)

[0025] FIG. 2C shows a plot of the weight of the hydrated samples with respect the
Fibroin:Chitosan content. The linear fit presumes independent absorption of each phase and
indicates the lack of an effect of interactions between the polymer layers. The slope of the
linear fit is 8.20mg and the y-intercept is 18.89mg.

[0026] FIG. 2D shows a graph of the mechanical strain at the break point (with SD error
bars) for dry (red) and water-saturated (blue) Shrilk composite material fabricated according
to the invention.

[0027] FIG. 3A shows the Topography of the Shrilk composite material fabricated by
the deposition of the protein-layer on a microstructured Chitosan film (bar=100 um) in
accordance with the invention.

[0028] FIG. 3B shows a tube of the composite material with part of the surface
microstructured. A region of the protein-layer has been compromised to form an open

region(white arrow), which reveals the underlying Chitosan layer (bar= 1mm)
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[ 0015] Anot her object of the invention is to provide a conposite materi al
formed from a carbohydrate based pol yner and a protein having adjustable
mechani cavopopsngoses. For exanpl e, a conposite materi alPCTasewed/oie7om a
Chitin-based material and a protein having adjustable flexibility
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bi odegrl803| e BlG. 3P abdwes structired prfserfebrigteduasicgtdingto tha@vention, in more

2012/ 03 PCT/ US2011/.049702 [ 0018].These and ot her capabilities of the
i nvent ic%ﬁa%saégg%ﬁr%agwﬁfﬂéoqﬁg‘[eﬁ "S- itself, will be nore fully understood

after g00¥Mi ewrpt. 8ID6hdv 4 M N Binfihgb hReriad@sRhih Y HQGEkirBdatng 1:386 ol ai ms.
BRI EF DESCRI PTI ON OF THE FI GURES
Chitosan and -Fibroin fabricated according to the invention (1,2, and 3 indicate 3 sequential
layers of Chitosan-Fibroin laminates).
[0032] FIG. 4A shows FTIR spectra of Chitosan (black) and protonated Chitosan (grey).
Molecule on the top represents the typical Chitosan/Chitin structure, where the acetyl-
glucosamine (left) and the glucosamine (right) monomers, are representative of Chitin and
Chitosan respectively.
[0033] FIG. 4B shows FTIR spectra of the composite laminar material fabricated
according to the invention. Both the strong polysaccharide structure of the Chitosan (950-
1850cm™) and the Amide I and II from Fibroin (1640 and 1536cm™ respectively) are clearly
observable.
[0034] FIG. 4C shows FTIR specta of Fibroin (black) and Fibroin in the composite
laminar material fabricated according to the invention (grey).
[0035] FIG. 5 shows a picture of a Shrilk composite material compared with Chitosan
alone fabricated in a foam or sponge structure in the form of a cylinder.
[0036] FIG. 6A shows a mineralized foam composite material structure fabricated
according to the invention.
[0037] FIG. 6B shows an enlarged portion of the highly porous material from the inset of
FIG. 6A.
[0038] FIG. 7 shows pieces of tissue with different approaches for wound healing.
Tissue has been bonded by the use of foams, films, or combinations of both.
[0039] FIG. 8 shows pieces of tissue with an open cut.
[0040] FIG. 9 shows chitosan based films (Shrilk) employed for bonding the separated
pieces of tissue.
[0041] FIG. 10 shows deposition of transglutaminase (i.e., white powder) over the
tissue.
[0042] FIG. 11 shows closing of the tissue cut by the use of the chitosan based film of
Fig. 9 on the transglutaminase treated tissue.

[0043] FIG. 12 shows the samples from Fig. 11 after three days.



[0019] FIG 1A shows a diagram of the conposite material according to the
I nvention, which mmcs the natural |am nar structure of insect cuticles
and crustwoeary/saseskel et ons. A Chitosan film (blue) is mergsdoniosdron
separated Fibroin phase (yell ow) . [0020]FIG 1B shows a picture of a
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of the @H&kgn&gm $tal @M@t erial (blue line, 1:2 weight ratio
Chitosan: Fi broin), Chitosan alone (red line) and the 1:2 blend (m xture) of

Ch| t 0sdA045]br oFHG. DRI sHl tavelsdl g oithegraplesindflG: A8 Wistutha $ilmfcan beghness
(grey, left vert I cal axis) and breaking strength (black, right vertical
axi s) o‘:l1 atr]ﬁ’ Shri | k conposite material, Chitosan, Fibroin and the

Fi br oi o461t 0s ENG P BebwisWidda o‘EBsﬁfenﬂ{er@ah&)@ha& Béb%%théa 2A shows the
br eaki ngﬂés]t]rength of the Shrl | k conposite material fabricated according to
on

the ind 1G 16 shomesribe emplofam Figohdmiththa irasglupariness treameenianks t he
br eaki NG %l{o%ﬁﬁgﬁg'se ffoe{nl?%n tosan filmin absence of protein. [0024]FIG 2B
shows a scanni ng ron mcrograph (SEM image of a Chitosan-
[0048] FIG 17 shows insertion of chitosan based piece of foam in the treated cavity.

[0049] FIG. 18 shows the covering of the sample of Fig. 17 with a chitosan based film
(similar to that in Fig. 9). The area under the chitosan film was also treated with
transglutaminase to promote the crosslinking.

[0050] FIG. 19 shows the same sample as in Fig. 18 but three days later. The sample
was cut following the diameter of the cavity to observe the foam/tissue bond.

[0051] FIG. 20 shows the same sample as in Fig. 19 but from a different angle.

[0052] FIGS. 21 and 22 show closer images of the interface between the foam and the
tissue. The film is also observed to be clearly attached to the foam.

[0053] FIGS. 23A-23D show the analysis of the adhesion strength of the films to the
biological tissue. The tissue is postmortem domestic pig (“Sus domesticus”) lumbar tissue.
Fig. 23A shows an image of a piece of tissue covered by a chitosan-fibroin film
enzymatically attached to the tissue (as in the inset). A trench in the tissue piece was made to
show that the film can easily follow complex geometries. Fig. 23B shows the removal of the
film by pulling (a T-peel test). The film is being removed from right to left. Inset show the
principle of a T-peel test. Fig. 23C shows the resulting measurements from the t-peel test.
Fig. 23D is a bar graph showing the average force necessary to peel a 1 cm wide film
attached to the tissue by enzymatic adhesion (Shr+tTG), without any promoter, just the film
over the tissue (Shr), the adhesive force of two pieces of tissue glued together by enzymatic
adhesion (tTG), and the force of gluing a film with a cyanoacrylate based glue (aka
“superglue”) (Cyn). As seen, enzymatic adhesion (Shr+tTG) is not only clearly above the
adhesion force of the natural tissue, but also very close to the cyanoacrylate adhesion force,
while both the method and the materials are perfectly compatible and bioabsorbable.

[0054] Fig. 24 is a bar graph showing that parylene coating is an effective moisture
barrier even in extreme conditions. The dry samples correspond to the plain coated Shrilk

(standard conditions) while the “Hydrated” are those in equilibrium with a water based



Fibroin interface within the Shrilk |am nate. The darker material (top)
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slightly damaged and the second layer exposed, then the bonding by transglutaminases is
successful, as demonstrated in experiments where shrilk was bonded to the dermis instead of
epidermis. In Fig. 25, Tg-1 to Tg-5: samples treated with transglutaminase; no Tg-2: sample
not treated with a transglutaminase; and dermis+Tg: adhesion to dermis in presence of a
transglutaminase. This shows that shrilk can be used as a “patch” in skin treatments (e.g.,
bandages).

DETAILED DESCRIPTION OF THE INVENTION
[0056] The present invention relates to a composite material formed from carbohydrate
polymers, and one or more proteins and the process for the fabrication of these composite
materials into useful structures. The present invention is directed to a composite material that
includes layers of the component materials. In accordance with the invention, complex 3D
structures with high control of shape, topography and material properties can be fabricated
from the resulting composite material.
[0057] In some embodiments, the composite material has the structure [(protein-
layer).:[(carbohydrate-layer),:(protein-layer),],]n, Wherein m, n, y, and z are independently
an integer equal to or greater than 1; and x is O or an integer equal to or greater than 1.
[0058] Generally, n, m, y, and z are independently an integer from 1 to 10°. For example,
each of m, n, y and z can be independently 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, or 20. Similarly, x can be O or an integer from 1 to 10°. For example, x can be 0,
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
[0059] In some embodiments, the composite material comprises one or more of layers of
carbohydrate-layer:protein-layer, e.g., mis 1, nis 1 to 106, xis0,yis 1,and z is 1, and the
composite material has the structure [carbohydrate-layer:protein-layer],. In some

embodiments, mis I;nis 1,2,3,4,5,6,7,8,0or9; xis 0; yis 1; and z is 1.



[ 0029] FI G 3C shows surface m crotopography of Shrilk where the structures
are formed in the Fibroin protein-layer (bar= 50i _tm [0030]FI G 3D shows
st ruct ur edoorfmesds fabricated according to the inventi @al/useomosgozet ai l
at higher magnification (bar =5 inm. [0031]FIG 3E shows a nulti-Ilamnate
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layer, e.g.,mis 1 to 10°® and n, X, y, and z are all 1, and the composite material has the
structure protein-layer:(carbohydrate-layer:protein-layer)y,.

[0063] In some embodiments, the composite material comprises one carbohydrate-layer
and two protein-layers, e.g. m, n, X, y, and z are all one and the composite material has the
structure protein-layer:carbohydrate-layer:protein-layer.

[0064] In some embodiments, the composite material comprises one carbohydrate-layer
and two or more protein-layers, e.g., mis 1,nis 1 to 106, xis0,yis 1l,and zis 2 to 106, and
the composite material has the structure [carbohydrate-layer:(protein-layer),],. In some
embodiments, nis 1,xis 0, yis I,and zis 2 to 106, and the composite material has the
structure carbohydrate-layer:(protein-layer),. In some embodiments, zis 2,3,4,5,6,7,8, 9,
or 10.

[0065] In some embodiments, the composite material has the structure [(carbohydrate-
layer),:[(protein-layer)q.(carbohydrate-layer),]Ju, wherein p, g, 1, t, and u are independently an
integer equal to or greater than 1.

[0066] Generally, p, q, 1, t, and u are independently an integer from 1 to 10°. In some
embodiments, p, g, I, t, and u are independently, 1, 2, 3,4, 5,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19 or 20.

[0067] In some embodiments, outer most layer of the composite material is a
carbohydrate layer, e.g., p,q,r,anduare 1 and tis 1 to 10°, and the composite material has
the structure carbohydrate-layer:[protein-layer:carbohydrate-layer],. In some embodiments,
the composite material comprises two carbohydrate-layer and one protein-layers, e.g. p, q, 1, t
and u are all 1, and the composite material has the structure carbohydrate-layer:protein-
layer:carbohydrate-layer.

[0068] The carbohydrate and the protein layers can be coextensive with each other or not
coextensive. In other words, full surface of the carbohydrate layer can be coated with the
protein layer or only a part of the surface of the carbohydrate layer can be coated with the

protein layer.



| am nar material fabricated according to the invention (grey). [0035]FIG 5
shows a picture of a Shrilk conposite material conpared with Chitosan al one
fabri cat eslOi2n12203689am or sponge structure in the form of pPaT@ERIMGBEIT02

[ 0036] FI G 6A shows a mineralized foam conposite material structure

fabric acc rd|n to the inveption. [0037]FlI G 6B shows an enl arged
porti oﬁhﬁ&t he ThisgATd H%WB%QHWPE‘P‘%IHF“? ‘$fd ey s £t SSﬂ“qﬁPéa mB&rfll ‘6%138] FI G
7 shows,fhE&sSp dﬁfenttdamgdl\mettkhséd Ma%klﬁmtanamwﬁaﬁémnfo%o&@yﬁe sH@&tkd

Ti ssue has been bonded by the use of foans, filns, or conblnatlons of bot h.

[ 0039] Fvith pl@tfsmm ppq)\ed«eé)rdie inipgeemnant Dﬁsmmfmpbmractmlstlc[sommeqrm G 9 shows

chit osal b%lsn%gnts the resél? ng C(l)nle)os?trf;rpnlla?é/rlea(iI h];l‘sO Med arrllg:lapsc{reng psrg G, if(':a'st ed
significantly greater than any of the component. In some embodiments, the mechanical
strength of the composite material of the invention is at least 2-fold, at least 3-fold, at least 4-
fold, at least 5-fold, at least 10-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 40-fold, at least 50-fold, at least 100-fold, at least 200-fold, at least greater
than the mechanical strength of any one of the component materials.
[0070] In some embodiments, the mechanical strength of the composite material of the
invention is at least 1.2-fold, at least 1.5-fold, at least 10.75-fold, at least 2-fold, at least 3-
fold, at least 4-fold, at least 5-fold, at least 10-fold, at least 15-fold, at least 20-fold, at least
25-fold, at least 30-fold, at least 40-fold, at least 50-fold, at least 100-fold, at least 200-fold,
at least greater than the total mechanical strength of the component materials.
[0071] Additionally, the composite material of the invention has very low density. In
some embodiments, the density of the composite material is less than 2 g/cm’, less than 1.9
g/em’, less than 1.8 g/cm’, less than 1.7 g/cm’, less than 1.6 g/cm’, less than 1.5 g/cm’, less
than 1.4 g/cm’, less than 1.3 g/cm’, less than 1.2 g/cm’, less than 1.1 g/cm™, less than 1
g/cm3, less than 0.9 g/cm3, less than 0.8 g/cm3, less than 0.7 g/cm3, less than 0.6 g/cm3, less
than 0.5 g/cm’, less than 0.4 g/cm’, less than 0.3 g/cm’, less than 0.2 g/cm’, less than 0.1
g/em’, or less than 0.05 g/cm’.
[0072] Density of the composite material can be calculated as described in the ASTM
specification D792-00. According to the ASTM specification standard D792-00, the density

of the composite material (p) in g/cm’ is:

W, \%
ﬁ}uuﬂu‘i
‘i{;\ "‘E—iig% — ‘gh

where: W, is the weight of the specimen when hung in the air; W,, is the weight of the partly

p=

immersed wire holding the specimen; W, is the weight of the specimen when immersed fully
in distilled water, along with the partly immersed wire holding the specimen;and p,qz- is the
density in g/cm’ of the distilled water at testing temperature (for example 0.9975 g/cm’ at 23
°C). While the above is discussed in relation to water, other liquids can be used in place of
water. Alternatively, or in addition to the above, the density-gradient techniques for

measuring the density of plastics can be employed as described in ASTM specification



pi eces of tissue. [0041]FIG 10 shows deposition of transglutam nase (i.e.,
white powder) over the tissue. [0042]FIG 11 shows closing of the tissue
cut by thwouse/3bsoshe chitosan based filmof Fig. 9 on rh@usc@ansgl7or an nase
treated tissue. [0043]FIG 12 shows the sanples fromFig. 11 after three
days. %%%ﬁ)12/030805PCT/U82011/049702 [0044] FIG 13 shows sanple foll ow ng
sane pr ure as for Figs. 10-12 but with higher concentration of fat in

the sanpyes) [ 0B4Rdif! c@‘thé—éorﬁ 16 nfudiTaAVAT Bdet&Hlin®f atthR sSR! @mipBraklG. 13
where the f| m can "be clearly seen.
and pressure. In some embodiments, density of the composite material is determined at a

temperature in the range of 0°C to 25°C. For example, density can be determined at 0°C, 5°C,
10°C, 15°C, 20°C, or 25°C. In some embodiments, density of the composite material is
determined at a pressure of 100kPa or 101.325kPa.

[0074] In some embodiments, density of the composite material is at standard condition
for temperature and pressure. Without any limitations, the standard condition for temperature
and pressure can be those as defined by the International Union of Pure and Applied
Chemistry (IUPAC) or the National Institute of Standards and Technology (NIST). The
current version of IUPAC's standard is a temperature of 0 °C and an absolute pressure of 100
kPa, while NIST's version is a temperature of 20 °C and an absolute pressure of 101.325 kPa.
[0075] In some embodiments, density is measured at 0°C and 100kPa, at 0°C and
101.325kPa, at 15°C and 101.325kPa, at 20°C and 101.325kPa, at 25°C and 101.325kPa, at
25°C and 100kPa, at 20°C and 100kPa, at 15°C and 100kPa, or at 20°C and 101.3kPa.

[0076] In some embodiments, the composite material comprises an outer waterproof
coating. As used herein, the term “waterproof” refers to a barrier against both liquid and
gaseous water (i.e., against both liquid water and water vapor). Generally, the waterproof
coating has a permeability of less than less than 1 as determined by the Water Vapor
Transmission Test ASTME96. Exemplary water-repelling materials include, but are not
limited to, parylene, polydimethylsiloxane, polyethylene, polyvinyl, polypropylene,
polyester, latex, oils, organic solvents, waxes, lipids, esters of fatty acids, esters of sterols,
long chain alcohols, myricyl palmitate, cetyl palmitate, lanolin, candelila wax, ouricury wax,
sugarcane wax, retamo wax, jojoba oil, paraffin, and any combinations thereof.

[0077] The composite material can be coated with a waterproof layer by submerging the
composite material in an organic solution (e.g., solution of a water-repelling material), and/or
by protecting some regions from hydration (e.g., by microcontact printing patterns of water-
repelling wax materials on the surface of the composite material), and permitting it in others.
Generally, the organic solution will have an affinity for the carbohydrate and/or protein-layer.
In some embodiments, the organic solution comprises wax or wax and a protein.
Alternatively, the composite material can be waterproofed by depositing a layer of
waterproofing material on at least one surface of the composite material. In some
embodiments, the composite material is coated by vapor deposition of a waterproofing

material. The waterproofing material also can be patterned to create regions that are

10



[ 0046] FI G 15 shows piece of tissue where a hol e has been opened.

[0047] FIG 16 shows the sanple fromFig. 15 with the transgl utam nase

t r eat mentweandi2diesoshi t osan- based foam on top. [0048] Fl GPCIUSeomgo70nserti on
of chitosan based piece of foamin the treated cavity. [0049]FIG 18 shows
t he covering of the san'gle of Fi(g. 17 wth a Chitosﬁlﬂ based film (simlar
to t hatSUfGFPREDIG (o gpter ¢piact AdRICEH 4@ Fegi s i Af R AP PHR GAS VAICE 6P ed wi t h
transgl YAk BaARFosi@ R gt L RGesGh S $hdcRkied prdfRARR R4 @egr&@abﬂh?%eﬁ fae same
sanple as in Fig. 18 but three days later. The sanple was cut follow ng the
di anet eurfode.t he cavity to observe the foanmti ssue bond. [0051]FI G 20 shows

(1 SSRGS B Safolneh, Rl 8 B8 LR ST RO s OERRHENSR, 2L

The fi lgikdreomimePDoRE e thdr®laRers T beghir | ¥ndt PaglagdisttRe tri d@@or a variety
of chemical vapor deposited poly(p-xylylene) polymers, which are USP Class VI
biocompatible polymers. Exemplary parylenes include, but are not limited to, parylene A,
AF-4, AM, C, D, E, HT, N, SF, and X. Of the three most common types of parylene (C, D
and N), parylene C is the most widely used in industry. The advantages of the use of
parylene include its proven biocompatibility, its strength and flexibility (e.g., Young's
modulus=4 GPa), its conformal pinhole-free room-temperature deposition, its low dielectric
constant (=3) and high volume resistivity (>1016 Q-cm), its transparency, and its ease of
manipulation using standard microfabrication techniques. Thus, parylene coating can be used
to create a biocompatible, waterproof coating on the composite material. The paralyene
coating can be patterned to create regions that are hydrophobic or biocompatible adjacent to
regions that are not hydrophilic or not biocompatible. Without wishing to be bound by a
theory, this can create a composite material that varies in its biocompatibility, mechanical

properties, or degradability over its surface.

Carbohvdrate polymers

[0079] As used herein, the term “carbohydrate based polymer,” includes, but is not
limited to, oligomers or polymers that contain monomers having the formula C,,(H,O),
wherein m and n are > 3 and where in m and n can be same or different. Preferably m and n
are independently 3, 4, 5, 6, or 7. Carbohydrate based polymers include, but are not limited
to, compounds such as oligosaccharides, polysaccharides, glycoproteins, glycolipids and the
like.

[0080] In some embodiments of this and other aspects of the invention, the carbohydrate
polymer comprises at least 5, at least 6, at least 7, at least 8, at least 9, or at least 10 or sugar
monomers.

[0081] Without limitation, the carbohydrate polymer comprises sugar monomers
independently selected from the group consisting of erythrose, threose, ribose, arabinose,
xylose, lyxose, ribulose, xylulose, allose, altrose, glucose, mannose, gulose, idose, galactose,
galactosamine, N-acetylgalactose, glucosamine, N-acetylglucosamine, sialic acid, talose,

psicose, fructose, sorbose, tagatose, fucose, fuculose, rhamonse, sedoheptulose, octose,

11



[ 0053] FI GS. 23A-23D show the anal ysis of the adhesion strength of the filns
to the biological tissue. The tissue is postnortem donestic pig ("Sus
domest i cusO2012un30895 ti ssue. Fig. 23A shows an i nage of &Cpitse@10f9702 ssue
covered by a chitosan-fibroin filmenzymatically attached to the tissue (as
in the | A trench |n t he tlssgd% ‘gec.e S made Ebo show that the film
can east" 9‘1‘1‘1 PYSHARD RIS (RFUERENICi S 112‘561“2 BSUHHMEY CROPHEMVal of the

film bysuewthﬂe&gvxélaqoﬁt Hﬁﬁhué@&{ch Suérali'%aﬁ iﬂdﬁ?énﬁeﬁ%’ el tROPVEGhE pRM right to
left. Inset show the principle of a T-peel test. Fig. 23C shows the

resul t icegfarmagor.emrents fromthe t-peel test. Fig. 23D is a bar graph

the 11 9008y ThE R RREET A S Te R o bRl rpt oM Per T ust the

film ovwenfibhetiéi. smehﬁblre) thetliRa@dhe@sbanethé ew@ f cdnbe pb8CcPS40f->bi gsue
gl ued together by enzymatic adhesion (tTG) the force of gI uing a film

with a lky@noacryl ate based glue (aka ' supergl ue") (Cyn). As seen, enzymatic

adnes BpES0" “InGind SyRhmaR Yo RS- 0918 4 he 43pGSL B [R1 56 o the

nat ur al sue 180 very ose on force,
whi | e hestonidrés @Iahadbﬁmldamh@ gmﬁ;erlnabﬁqe&lhﬁ)oﬁﬁﬁérﬁs;m@/h}mwmaw foséicarof

bi oabsor babl e. [ 0054] Fi 24 is a bar showi ng that paryl ene coating
is an dh¢ &y V@Hﬁﬁ%ltsa?@a%érbmaérané%arquﬁ 2@@? PEYRO &rBHHF%r} '%Fn%PUO?H]éY dry

I whi |
sarpl e%gﬁ&ftﬁ gRefdad @1@1%&5{! eqw@g% féf &éét@ngﬁgﬂ%&ﬁﬁg%&uaes) ile

rate are thosg i a wat er
2012/ OaﬁﬁﬁﬁPﬁﬁyummlbﬁtw?m tfhuwlr ﬁ)mermmfel(re’mzlmyil proep g$ :nm)yl I n that

enviro an th onl crorret t hi ck c atl e . strength
"o of (BB 2" Bovirtesremer oG et R i e fardle

[ 0055] ﬁio@ym&@ohﬁm@em{e ARRD (SHONM NG, 2NGST O of 8- LS ThSreh HRBURaLR, ) -
Because the last |ayer of the epidernis is generated by cornification,

whi ch itriwk:lmsietomet@@awhgﬂm@mrmr) indepertdanthy S@ftct@dnﬁr@rnlthwgnouwomstlng
transgl tanlna refore tissue a subj ect
W et B PR Ritg BN R dreh VRS cFRies kB Rtigb bR dfnleof paor e
confir F[EBiTTréHaﬁ)saSu RO réHANske N@phyrobe, 2Hiahtibiatd, RasdHioatiraR6E mdtene¥er , when
the last layer is slightly danaged and the second | ayer exposed then the

bondi ngaawmmeaﬁ@rgmﬂlasrﬁ, AugBebipse, Bighbiese ryfinosggudppies kylabose. irdfiagiser i nent s
wher e s[QéIH_lé)_sgvaﬁallg ‘ﬁstta{% 2‘%}% derm s instead of epiderms. In Fig. 25,

Tg-1to sarrp rea W th transgl utam nase; no Tg-2: sanple not
tr eat ec[00$5]h aAk m@étBlgalrﬂhaﬂh[b asE oligochcderide’s tefgs vadloaeslimhnation tdeevarsl i n
presence of_ a transglutam nase. This shows that shrilk can be used as a

" pat ch"(eign fisRity tan) edalgatly dinked gonosagehside amits. pieyised e SReReBT ON OF THE
| NVENTI ?Bhg%] Caﬁ%@% fse@ﬁmut @AY M mAfR &LESe1dRndr GRITPADIVERn RTifEdR!

formed ohy
sugar units. Polysaccharldes can have molecular masses ranging well into millions of daltons.

Exemplary oligosaccharides and polysaccharides include, but are not limited to,
fructooligosaccharide, galactooligosaccharides, mannanoligosaccharides, glycogen, starch
(amylase, amylopectin), glycosaminoglycans (e.g., hyaluronic acid, chondroitin-4-sulfate,
chondroitin-6-sulfate, dermatan sulfate, keratin sulfate, heparin and the like), cellulose, beta-
glucan (zymosan, lentinan, sizofiran), maltodextrin, inulin, levan beta (2->6), chitin, and
chitosan.

[0086] In some embodiments of this and other aspects of the invention, the carbohydrate
polymer is chitin or a derivative thereof. One preferred chitin derivative is chitosan (a-(1-4)
2-amino-2-deoxy-B-D-glucan) and derivatives thereof. Exemplary derivatives of chitosan
include, but are not limited to, N-(aminoalkyl) chitosans, succinyl chitosans, quteraminated
chiotosans, N-acylated chitosans (e.g., caproyl chitosan, octanoyl chitosan, myristoyl

chitosan, and palmitoyl chitosan), N-methylene phosphonic chitosans, N-lauryl-N-methylene
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pol ymers, and one or nore proteins and the process for the fabrication of
these conposite materials into useful structures. The present invention is
di rect ed wo 2012030896si te material that includes | ayers ofCrhs2aomnponent
materials. In accordance with the invention, conplex 3D structures with

hi gh contrql of shape, topography and nmterial operties can be fabricated
fr om ¢ HROPRSHI TG BorSoRY CeBrRreyl hisosny. S HE- wHBd TnvEs. ¢ he
conposih@1&t &filofdnshas Eﬂi@osﬁﬁf%ﬁﬁ{ih'ﬂhﬁ)_l:fnfefjElﬁﬁdﬁhr{lﬂf—thiobut lamidine, and chitosan-

| ayer) x: Rcar bohydr at e-|1 ayer)y: (protein-layer)z]nb, ereinm n, y, and z

ar e i ndbpghdeht dgidannd phasgeerybépdadhitosane). greater than 1; and x is 0 or an

I nt eger al to o eater than . 1. [0058 eral.l n ,and.z are
i ndeperw@ﬂﬂl y Q ePﬁf@Bé‘? h]fer W epc?wf%%(?ésﬂh&%g% B}?fﬂ%ls Wélécélrr? aB%Beﬂhse(ﬂf,or y and z
can be thodepeRpemichiboydrdte pdlyriers.5.Seb for bxaBpledStidld R. W1 CatBohydditest dhe 15, 16,

17, 18, 19, or 20. Si_mlarldy, X _can be 0 or an integer from1 to 106. For
exanpl eSwex! Mafecwles of Life.; Acadgmi¢Press, pg 113178 (2@2):1@ric . & Pudkig V.14 Ams5 16,
17, 18, r X 591 | i | te. |~al

corpr i e 30 S OGS IR R TR S e S P e g
mis 1,MnydarST.IG] Brd@e, BX&i SchbhidtyRi R. Syntlgséh of al SPIlanchaitbfttheyeaeposi t e
materi al has the structure [carbohydrate-|ayer: protei n-I(a erb. .In so

enbodi MgREITORYGes cqrevigiges Apgevp. Chem. Ant. Bd. Igngl733. 81762181 (390 Sgifeyy. §.5 mi; and
ot NP RSB B 1310 L0 o . "L
undecasaccharide. Angew. Chem. Int. Ed. 39, 531-534 (2000); Wang, Z.-G. et al. Toward
fully synthetic homogeneous glycoproteins: a high mannose core containing glycopeptide
containing carrying full H-type 2 human blood group specifity. Angew. Chem. Int. Ed. 40,
1728-1732 (2001); Caruthers, M. H. Gene synthesis machines: DNA chemistry and its uses.
Science 230, 281-285 (1985); Sears, P. & Wong, C.-H. Toward automated synthesis of
oligosaccharides and glycoproteins. Science 291, 2344-2350 (2001); Zhang, Z. et al.
Programmable one-pot oligosaccharide synthesis. J. Am. Chem. Soc. 121, 734-753 (1999;
Nishimura, S. Automated glycosynthesizer '‘Golgi' by mimicking biosynthetic process.
Tanpakushitsu Kakusan Koso 48, 1220-1225 (2003); Plante, O. J., Palmacci, E. R. &
Seeberger, P. H. Automated solid-phase synthesis of oligosaccharides. Science 291, 1523—
1527 (2001); Andrade, R. B., Plante, O. J., Melean, L. G. & Seeberger, P. H. Solid-phase
oligosaccharide synthesis: preparation of complex structures using a novel linker and
different glycosylating agents. Org. Lett. 1, 1811-1814 (1999); Love, K. R. & Seeberger, P.
H. Automated solid-phase synthesis of protected tumor-associated antigen and blood group
determinant oligosaccharides. Angew. Chem. Int. Ed. 43, 602—605 (2004); and Seeberger,
P.H. & Werz, D.B. Synthesis and medical applications of oligosaccharides. Nature 446,

1046-1051 (2007), content of all of which is herein incorporated by reference.

Proteins

[0088] Generally any protein that can be induced to form an ordered structure, e.g., from
random coil and/or helical structure to B-sheet, can be used in the fabrication of the composite
material of the invention. A protein can be transformed from a random coil to a B-sheet form
by treatment with heating, mechanical stretching, immersion in organic solvents, e.g.,

ethanol, methanol, and curing in water vapor. See for example, Hu et al., 41 Macromolecules
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and one protein-layer, e.g., m n, y, and z are 1 and x is 0, and the
conposite material has the structure carbohydrate-| ayer: protein-|ayer.

[ 0061] | n worze12203i89di nent s, the conposite material conpriPSEASRINBE9702

car bohydrate- |ayers and three protein-layers, e.g., m y, and z are 1; X

is O; n i n he co ite the s ure

L ear bonga? 2ed308yei: bagnn i s 103 o6 R0 Some b RIS out er
nost | gysfido8cit 5'%13315@@@899 aﬁBtJfﬁrét%l 1§Aav ArRke M. 12ayer, (2@055 eonn@ﬂt%fl to
106 and n, x, y, and z are all 1, and the conposite materi al has the

st ruct Lﬂllevlppbtgnmrpalylad.l(eceam bmhﬁ;fduea«tee Ihayeue cpyest wing 4 ighbly)arncdn@@88] | n sone

Puo.pr o aieht olinS STETE) bianRe B3 et RGP an L SNV BB o Blibe L e

nat er i ab bBdsuAdISy & tHebBl UHiS stAICAll tharls AR re SRtk hoift){ﬁb@dlﬂsdlabﬁﬁty, gt ei n-layer.
[0064] I n sone enbodi ments, the conposite material r;‘grl ses one

car bohyriptlag|oafiens f@h&l@t%@ op puchgpaeritl on éirmglea?f}é#%ne and eghgrsapplicgiiong 1 t o

106, x . ?S se¥1%dr 1 fo e?eflmse)%n{p? %ﬁzﬁi ?@%c%?&nﬁpmsbélem&ﬁn%mshas Fhe

structure car ayer nis
1, X i scoftenyof \shlil:h 1salﬂébrp01la&3d2hetd'17n bpesference. t he conposite material has the
structure car bohydrate | ayer rotein-layer). In sone enbodi nents, z is 2,
3, 4, 4008] 7 Igsonee efB‘POdi@entFGB‘BBI]OIt%H éscansslﬂ@?fﬁ@m PR analogins adsHpabiet

T} Shol 1Mo LENBAHIRL (RATRINER B, i progn e b ety

u are icdep@pddkploteiare.g.nilegetraceirbmtsikeormyiceatoas, drhaik like protein or
polymer. A number of silk like proteins and polymers are known in the art and are amenable
to the present invention. See for example Asakura et al., Production and characterization of a
silk-like hybrid protein, based on the polyalanine region of Samia cynthia ricini silk fibroin
and a cell adhesive region derived from fibronectin, Biomaterials, 25(4): 617-624 (2004);
Yang, M. & Kawamura, J. Development of silk-like materials based on Bombyx mori and
Nephila clavipes dragline silk fibroins, Polymer, 50(1): 117-124 (2009); Barr, L.A.,
Fahnestock’ S.R., & Yang, J. Production and purification of recombinant DP1B silk-like
protein in plants, Molecular Breeding, 13(4): 345-356 (2004); Anderson, J.P., Cappello, J., &
Martin, D.C. Morphology and primary crystal structure of a silk-like protein polymer
synthesized by genetically engineered Escherichia coli bacteria, Biopolymers, 34(8): 1049-
1058 (2004); Huang, J. Foo, C.W.P., & Kaplan, D.L. Biosynthesis and Applications of Silk-
like and Collagen-like Proteins, Polymer Reviews, 47(1) 29-62 (2007); Yao, J. & Asakura, T.
Synthesis and Structural Characterization of Silk-Like Materials Incorporated with an Elastic
Motif, J. Biochem. 133(1): 1147-1154 (2003); Yang et al., Silklike materials constructed
from sequences of Bombyx mori silk fibroin, fibronectin, and elastin, J. Biomed. Mater. Res.
Part A, 84A(2): 353-363 (2007); and Werten et al., Biosynthesis of an Amphiphilic Silk-Like
Polymer, Biomacromolecules, 9(7): 1705-1711 (2008), content of all of which is herein
incorporated by reference. Hardy and Scheible presented a review of the silk inspired
polymers and proteins, Hardy, J.G. & Scheibel, T.R. Biochem. Soc. Trans. 36: 677-681
(2009), content of which is herein incorporated by reference.
[0090] Without wishing to be bound by a theory, silk fibroin has excellent film-forming
capabilities and is also biocompatible and acceptable for use in the human body. Altman et

al., 24 Biomats. 401-16 (2003); Vepari & Kaplan, 32 Prog. Polym. Sci. 991-1007 (2007). Silk
14



[ 0066] Generally, p, q, r, t, and u are independently an integer from1l to
106. In sone enbodi nents, p, g, r, t, and u are independently, 1, 2, 3, 4,
5, 4, 5, w0 2012/80808, 10, 11, 12, 13, 14, 15, 16, 17, 18pCTAISer112@70% 0067]1n
sone enbodi ments, outer nost |ayer of the conposite material is a

gg:.rgg 2 ?/qggiltq&tllg}% Ye %%%1 c{lWQvaep?)éé{g%%a@?gea y 1n ]heawngt stateI: Ssm%ﬂ%}rc%o ]hoafts of and the
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t he carlB8dr aFarthepere. eerstiyetusd deaserenpt +ilk filroisreh derangfpened frop
2012/ 0391? o%fg 833291&]6%{ 9)%?1%% df,[ ? 83]“51&1 }?e%fgé qﬁ‘&%ﬁm@ﬁﬂsﬂe{%ﬂ@gr g;g[ﬁgyagﬁ% of the

|nvent|on uen catiron o ’he componen rate based

mat er i airgarﬁmbltzéms eahreticabl, mt}mfnop@ﬁqbomﬂgems&awo\tapme Bilk ﬁbpﬁﬁ)bm also b&an
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enmbodi ridficsd %@%?@Pﬁ&%%&ggmé congeapntgd fifepin sletiothi cal st rengt h

proper t[DWZ]S' anHe b AERRLEhetd Q@&tsat{%x%ﬁ;edtﬂé?elﬁ QHP%% 1s. sle{éc% 'ﬁs)rr]ne

enbodi ment s, ani cal streng e conposite materia

I nvent ItbﬂflglIOSp abnshsimgtof 3erfculmi,,abductireﬁlbnn,aﬁlfroindﬁlaain resdgt, fibrorfectid, at | east
5-fold,.at |least 10-fold, at |east, K 15-fold, | east old,. at | east
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100- f ol gy (ﬁﬁotélﬁﬁ%buﬁgc’ﬁ K ifhin, AikdcBASH, REERALBIonidARN s IR tBRPAMCal strength

of any one of the conponent materials. [0070]1n sone enbodlnents t he
mechanigsattiestly enpessed pottivas obpiotaiis, &agments thereadf andraey combinations thereof.

[0093] The characteristics of the composite material can be modulated, e.g., enhanced, by
using a protein other than silk proteins or silk like proteins, mixture of proteins, and/or by
incorporating non-protein molecules in the protein-layer. For example, elastin or resilin can
be used for the protein-layer, or added to carbohydrate-layer and/or protein-layer to increase
elasticity. Similarly perlucin can be used for the protein-layer, or added to carbohydrate-
layer and/or protein-layer to improve mineralization.

[0094] In some embodiments of the aspects described herein, the composite material
comprises a molecule selected from the group consisting of carbon fibers, carbon nanotubes,
fiberglass, small molecules, polymers, proteins, peptides, peptidomimimetics, nucleic acids,
organic compounds, inorganic compounds, crystalline compounds, biological compounds,
biologically active compounds, compounds having biological activity, and a biological, a
pharmaceutical or a therapeutic agent, and any combinations thereof, in at least one of

carbohydrate-layer or protein-layer of the composite material.

Svnthesis of composite material

[0095] The composite material of the invention can be prepared by preparing alternating
layers of carbohydrate and protein-layers on a suitable surface. A carbohydrate based
substrate, such as a film, can first be prepared by drying a carbohydrate solution (e.g. a
carbohydrate polymer solution). In some embodiments, the carbohydrate based substrate is

in a acid solution. Some exemplary acids include, but are not limited to, itaconic acid,
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invention is at least 1.2-fold, at least 1.5-fold, at |east 10.75-fold, at
| east 2-fold, at least 3- fold, at |east 4-fold, at |east 5-fold, at |east
10-f ol d, WO 202A808035-f 0ol d, at | east 20-fold, at |east 2Pcfralsdyi1agovrast
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o ong i s b aER e kid okae T T8 i Aoty aflel M TESed o8 T e
t han O. h@/dg:‘fﬁﬁﬁc atiasBydrbaanie. Lid)hGad gedsesFideNathdphdsBosibBeid! ﬁﬁﬁuéd@%&do 4
g/cnB, l'ess than 0.3 g/cnB, less than 0.2 g/cnB, less than 0.1 g/cnB, or

less t trarbopicsidyceniggate 007 2f pavesk byscof Wlﬂ@utbmﬁ@tsqm gherpeneqntigfio ghadid

cal cul g} s%§utﬁ>%3c%£' {@g 5@%5@@9§%§f%§&b@§§%y %}n?e emlﬁs%%% &L it e to the

ASTM specification s e conp eri al
(p) in sgltiel compride From abburakew/v fol abpiit 2aev/e of i ak:ﬁl tIheoNVEIegfbbdmientshe
spemmen when hung in the air; Wvis the vveaﬁght of the partly inmersed wre

hol di ngh¢ fdd §pevrdedrid yingay %@dwﬂ@ﬁpns?n%t &seef wentham e phvrefsed ful ly
in di st ].& %}ﬁéms A ONG Wi gglgmd partly inmmersed wire holding the

speci nen; an ter ist ensity in g/cnB of the distilled water at
testi ndOOQﬂ]per ihclpep(ufedrcalémhymhte sOb@@tScag/benvBashed 281 fG)thenhodiéied hed/above i s

ciscussgd L elaLion Lo vl el AlheLauds ron be et An place of
t echni quRRiohQhn H@ﬁs"édrfbf‘ﬁhetrﬁtﬁh%@i%h ta¥d/Bf ndlt@Akicon A RBsEaP! PY&ApIas
descri bed in ASTM specification
bases include, but are not limited to, sodium hydroxide, ammonium hydroxide, potassium
hydroxide, calcium hydroxide, magnesium hydroxide, barium hydroxide, strontium
hydroxide, lithium hydroxide, rubidium hydroxide, sodium carbonate, and ammonia.
Without limitation concentration of base in neutralizing solution can range from about 0.1%
w/v to about 10% w/v. In some embodiments, the solution comprises from about 4% w/v to
about 6% w/v of the base. In some embodiments, the neutralizing solution is a pH buffer,
e.g., a high pH carbonate buffer. By high pH buffer is meant a buffer having a pH higher
than 7, 8,9, 10, 11, or 12 or higher.
[0097] If required, any remaining water molecules from the carbohydrate substrate can be
removed using methods known to one of skill in the art for such purposes. For example, the
film can be washed with an organic solvent such as alcohol, e.g., methanol, ethanol, etc.
Furthermore, methods of preparing carbohydrate films are well known in the art and can be
used to prepare such films. See for example, Ito, R. & Matsuo, Y. Eds. Handbook of
Carbohydrate Polymers: Development, Properties and Applications, Nova Science Pub. Inc.
(2010); and Richert et al., Langmuir, 20(2): 448-58 (2004), content of which is herein
incorporated by reference.
[0098] The carbohydrate substrate then can be coated with a layer of protein by dipping it
in a protein solution. Alternatively, the carbohydrate substrate can be coated with a layer of
protein by depositing a layer of protein solution on it. Generally, any ratio of protein to
carbohydrate, e.g., weight ratio or mole ratio, can be used in formatting the composite

material. In some embodiment, the carbohydrate to protein ratio is 10:1 to 1:10. In some
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WO 2012/ 030805PCT/ US2011/ 049702 D1505. [0073] Density of the conposite
mat eri al can be determ ned at any suitable tenperature and pressure. In
sonme enbodpreerspsodensity of the conposite material is ®#erTarspimograr a
tenperature in the range of 0C to 25C. For exarrpl e, density can be

det er i ned .at 0C, 0C, 15C,. 20C, 25C, it
of t ho CURFULT IS HRELITAY 9 ERGHD SR Hod G173 Brodehre o StotP g 1
101. 325kRR-enltdQiifldtd) tmo@m@@ltm@§ nAQRR dbREmEME KOFBOSd 10, material is

at standard condition for tenperature and pressure. Wthout any
li mi tatramnsan hzehl@ssd amdlazr\delgbtrmmMQmOﬂ“QarbOﬁledqwrmdereteamﬂdpd esthaselugam be

t hose as ‘ﬁﬁﬁy 1nternatl onal Union of Pure and Applied Chem stry
(1 UPAC) °b OHPH]eg { Bﬁcéve Rt tute of Standards and Technol ogy (NIST). The

cur r ent[o§9]si oGepdrall R cHbSHyaRd@Estutish nigieefrainibduof %Qv/¢ tamsbuvagoabsol ut e
pressure of 100 kPa, while NIST's version is a tenperature of 20 C and an

absol utVté/me dhesqarlohyfiratonol gmer. pgome goTPsTine s fhe camsbailistolutionensity i s

20¢ and T SoERRAb 1R Bl I8 R B e B I s B PSR S ™
100k Pa, thatarbai(ydadtel sdl00kPeommrisea tro204boanie W% .+3 kbeut 6PORRGH the sathydrate.

enbodi nents, the conposite material. conprises. an outer waterproof coating.
As usedWHE%mshlfl&&) beeband Rydppryor Soméfeabgdtr@ﬁnés Bighrqoasendigphst bot h

liquid éﬂ%h?ﬁ%&%ﬁd@% &fe vistd CFor &Qﬁgfés fn sl?)%ehedl gnt@@%@farm Ler vapor).

General ly, wat er pr oof coati ng per rrea ty o} ess 't an | ess than
1 as dsbhnﬂmhmemphyestﬂmnMmﬁO%awarto'ﬁbmntW«swV\oof the sarbABdvite6 In fooenpl ary
water-re eIlln mat er | i ncl.ude, but ar a ene

ol vl BRI et b S Eeomisth o bopis b PO Bl S F 6 S e
latex, Rébsbold/dgapi ¢ sol vents, waxes, |ipids, esters of fatty acids, esters
of sterols, 10dng chain al cohol S, rryri cyl pal n1 tate, cetyl palmtate,

| anol i HOOHMA deSimidardmshe C@tholh&dnﬁgﬁ Smh)tionsthg@r@@méw)éiﬂn comprisns fugx abgusj oba

oil, PafA va/\If t abougSW /% ?H{enp%gtiegln S[ntsgr%g émbodiments, the protein solution
comprises from about 1% w/v to about 25% w/v of the protein. In some embodiments, the
protein solution comprises from about 2% w/v to about 6% w/v of the protein.
[00101] The protein-layer can be optionally treated to induce a change in the protein
structure, e.g., from fibrous to crystalline, a-helical to B-sheet, and vice versa. For example,
the protein-layer can be treated to induce formation of crystalline structure. In some
embodiments, the protein-layer can be treated to induce formation of -sheet or similar
structures. In some embodiments, the protein-layer is treated to induce a f transition.
Exemplary methods of inducing changes in protein structure include, but are limited to, using
a high concentration solution of protein, heating, freezing, mechanical stretching, pressure,
immersion or washing with organic solvents, e.g., ethanol, methanol, and curing in water
vapor.
[00102] The protein-layer itself can be built by a layer-by-layer design. For example, the
carbohydrate substrate can be coated with a first layer of protein. Such coated carbohydrate
can then be coated with a second layer of same protein or a different protein. This process
can be repeated until the total protein-layer reaches the proper thickness. After each coating
with protein, the protein-layer can be optionally treated to induce a change in the protein
structure as described above.
[00103] Generally, the composite material has a thickness of from about 1 to about 500

um. In some embodiments, the composite material has a thickness of from about 1 to about
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[0077] The conposite material can be coated with a waterproof |ayer by
subnergi ng the conposite material in an organic solution (e.g., solution of
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hydration (e.g., by rricrocontact printing patterns of water-repelling wax
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in induystr The advantﬁggﬁ of th use of | ene i ncl e its proven

bi oconpArPHF FMPYdinengs. a gRnraffi asfersebavs.t fist " lcﬁneSSY s nodul us=4

GPa) , idngbdRREME, %leaﬁ't@zh%ﬁbfl% te[19RR hAREffakHl @iclgRQsi tion, its low
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t ranspdPOHES}, &ivdildrtys thegbigkigdss nﬁﬁlermbtaltnrl@}’ﬁrﬁlm the Cgltl’laﬂﬁ@rl’ﬂatml:dr(:@]ﬁ albspi cat i on
t echni (g %Aﬂ‘/ Ien? coat i n Q sed tofcre§ ﬁ §O tible,
wat er pr BSPeRY: r’i@‘P ?nP\@ %‘?Sﬁ%sgi ’rnile > i PACRP 83tt'ng can be
pat t er nggh. IR hRaheIdRHEMREShithdkss af Be BYEN BBRADIge 0K umeP@mimay FloheatRd} acent
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to be boi@riors258 umpegsgmetenibodipngnts fhagneswuofcgmip petein-1agr &rselectedhat vari es

inits Yooy I er its
L0 e dOSRERY R Ul BRI e AOARREAL G000l AR b

" car bohpduteteuhased apoltymerabout Sk mdfsm dbuiit 1 ® abotit 40 mmt ﬁ'dmtdbputoi fogoners or
polymers that contain nonomers having the formula ép wherein mand n

are? 3 3RAH WheRelPR abpuinorbed? Hems B agpudh W@Péh%o mrﬁr Brakery! % and n
are i ndepeNeeH! %@ abut Pro BouCl0 (m, Qﬁm&ﬁ%mﬁ%%ﬁa“ ;gtgsw%rﬁe' ncl ude,

but are not limted to, conmpounds sucn as ol gosacc
pol ysacoitadinass, aﬂlpymomrlayfars hsve the yoot thidkasssard sothe embkéimepBO80pdshtvsone
enbodi rI)E;gttelsn 1%1;ers LS, 5\%rent tthkneSSpect s of the invention, the carbohydrate
[00106] In some embodiments, thickness of a protein-layer is about 0.1x to about 5x the
thickness of a carbohydrate-layer. In some embodiments, thickness of a protein-layer is
about 0.25x, about 0.5x, about 0.75x, about 1x, about 1.25x, about 1.5x, about 1.75x, about
2x, about 2.5x, or about 5x the thickness of a carbohydrate-layer of the composite material.
[00107] In some embodiments, all layers of the composite material have the same
thickness. In some embodiments, at least two layers of the composite material have different
thickness. The at least two layers with different thickness can be layers of the same
component (e.g., carbohydrate layers or protein layers) or at least one of carbohydrate layer
and at least one of protein layers.

[00108] In one non-limiting example, the composite material is formed by preparing a

Chitosan film. The Chitosan film can be prepared by drying a solution of Chitosan in an
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pol ymer conprises at least 5, at least 6, at least 7, at |least 8, at |east
9, or at least 10 or sugar nononers. [0081]Wthout limtation, the
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repl ac advdmyloﬁ,nwm thé) Cgttosam fﬂffhe caibined gritUfiboaninkeraops erﬂihEdpbi;OxﬁﬁﬂﬁIyl tuted
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i nvention, car béhydr at’e

[00109] In accordance with an alternative embodiment of the invention, the composite

material can be fabricated from a medium molecular weight Chitosan. The Chitosan material
having a medium molecular weight and a high degree of deacetylation (Sigma Aldrich) can
be dissolved at 2% w/v in 1% v/v acetic acid. The 6ml of the resulting solution can be
poured on a 9cm diameter Petri dish and the solvent evaporated at 37°C. The resulting film
can be submerged in NaOH 4% (w/v) for a time period ranging from 5 — 15 min., for
example 10 minutes, to neutralize the protonated amino groups and avoid further dissolution.
The resulting Chitosan films can be intensely washed in deionized (DI) water to remove the
remaining NaOH and then optionally dried at 37°C. The final thickness of the Chitosan can

be in the range from 7 — 13 um, for example 10um.

Fabrication of the Chitosan-Fibroin laminar composite:

[00110] In accordance with one embodiment of the invention, Silk from Bombyx Mori
already degummed, available from Mielke’s Fiber Arts (USA) is used to form the protein-
layer. The silk can be washed several times in DI water before being dissolved at 10% w/v in
LiBr at 80% (w/v) at 60°C for 6 hours. The dissolved silk can be dialyzed against water in a
dialysis tube with a molecular weight cut off of 12-14kDa (VWR Scientific, USA). The
dialysis can be carried out for 3, 4 or 5 days with constant water replacements. The final
concentration of fibroin can be measured by weighing (XS205, Mettler Toledo, USA). The
resulting Fibroin concentration can be in the range of 2 — 6%, for example, about 4% (w/v).
An alternate method for producing aqueous silk fibroin solution is described in detail in
WIPO Publication Number WO 2005/012606 entitled “Concentrated Aqueous Silk Fibroin

Solution and Uses Thereof,” which is incorporated by reference herein.
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pol ymer conprises one or nore (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or
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33, 21798xpgat %@9\3&3 versgej fgr ¢xample, thegprgteiirlaypiesan b tregtegte indyce fymatienj s of

an a- (%r3}ysdd f?ﬁeyét ke, Cﬁ%h@%&ﬁ&ﬁn&ﬁ@%@éﬁ&@hgb &m HRNEEWA (SiiRITe | Nt . Ed.
39, 531- 5@1 8 © Wang, Z.-G et a To y synthetic nogeneous
gIycopﬁbnmummmﬁ@smnghnmamMU$audnﬁs dnmbmmmnmgdgmymnﬁepnomelb@mhahﬁmﬂ@

carrying.full nan blood I nt.

S0, 1739 s aisiiiion e Ervapeepneia Ban B e snfineEleptim MO gua

chem st om d if §n&§ﬁﬁnu@céx%ﬁ@@e Q&Qdef%{’eh Ridroté y oP@R Bsulfing & VWONQ,
ward aut omat ed synthesis of oligosaccharideS and glycoprotelns

SC|enc@ozgmﬂﬁﬁ®m$4%3®©P@ZD@@}byzﬁaﬁgnl eEﬂH@mSOFM@gbamwabhe one- pot

ol i gos h Ch 121,.734-753 Ni_shi mur a,
S Aut oG SHRbR LTS i B Ry TR S L R s Phcess .
Tanpakusftaées tandﬁaieqmmhh@@w fﬂ& Thamtel%&’ébé B%B}a,teﬂt@m?@ for&evekal hdaad, macci ,
E. R & Seeberger, P. H Autonated soli hase synt hesis of

ol i gosa?@éﬁ%ﬁm@sosﬂsma&qﬁ@bp@éeﬂ ofiéyelthqmg (2000the carRfage-stretugd Pl ant e,
0. J. p gtk erterlgL t}f% S Ee\(/Qﬁel{leth ol |_1'e t§8 lté %r@%% %e@lltfa%}%%; (?(l()v'aﬂ%d
syntheS|s preparatron o ex s FUCE Ur es usi ng a nove er and

di f f er anDIgtay@osyl ati ng agents Og. Lett. 1, 1811 1814 (1999); Love, K R
& Seeber P. H Automated solid-phase syntheS|s of . protected

t urror - 6{9812{&1 at BHacsAdagesV iR an BWBB@H&Pb%ifpthEi &V@P?%éﬁﬁmtﬂr?tab%%@waqf thes.

Angew. ng édr%posgg fllrﬂg’can r@c@&e& %? qg%osugi}gt f'ol?ﬁfl QR stiietired® Verz, D.B.

Synthe5|s a di cal applications o arldes Nat ure 446,
1046- 1G65fboh2d@E)fjlnc oTiteetmrbcdnfydailtd filpd ca/xmecdurunslrebtbb}eknvwmmonhpdm zﬁolefdzabrple

refer er{)y alloxevqt?é[ a soqutlon of carbohydrate to dry on a PDMS mold. The structured carbohydrate
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[ 0088] Generally any protein that can be induced to forman ordered
structure, e.g., fromrandomcoil and/or helical structure to |I3-sheet, can
be used iwotzhe/idedesi cati on of the conposite material of PChaSeoemDN. A
protein can be transformed froma randomcoil to a |3-sheet form by

treatne t a mechanj cal retchin i mrersion [n organic

sol vent elbcanhléetéfétﬁgfl treafd a5 mﬂbeiﬁ?areemo.m 4o REiBICWehRmPEEE f or

exanpl ematgiqaleatcc&hm t4 theNBOS@oR! ecul es 13 WD 2012/ 030805PCT/ US2011/ 049702
3939-48 (2008); Ji n & Kapl an, 424 Nature 1057-61 (2003); Canetti et al., 28
Bi opol \[A811]- Pe«pnqrdm 18viting ex&nglezﬂle(rmgﬁmpogmhy O thegbsudiing confpodiy.  Funct .

Mat . 1-47 i.S i nc or d her

Vot or eqdEs thn bé BRI RR o bl SR en ASPURE ol £l T ons can
al so prHIRken ARk sarshe@iucturésy khdWh meMBUS, FpEoah BN, bs all¥kindant Chitshng to be
bound by a theory, this structural transition results in aqueous

i nsol ubPlutiop to grRien %)PBM%mﬁgldo pihestyctisd GHe@syseandie faifher tipatedrdpal in a

for Cox Qe HRIRENG Ao, A0TSR RDEHE nBGD) B3 ERE R RIRILAOED. o5
i ncor pqoamq hErgarerB owsahe caniag acdddggld ﬂlC%ﬁﬂﬁdﬁmﬁiMﬂfﬁﬁhﬁfﬁntﬁd&E Hipgatein is

a sil ki%rotel n or an apal og or a derivative thereof, In sone enbadi nents,
the si 134 thatsehntqpegiaphy of the cemppsitspateiisl ferpedpecarding o thg Inyenitaithag si | k
pr ot ei f haPL rotein
DrOLe! i S pFINATR {4 QRLIBRIE SRS P 180D ke T Ot
art andhawe aauterndbhecdnopdshie npreemeadcordivetut tho mveSeéen wah pent afifflesudsakur a et

al ., Production and aracterization of a silk-1ike hybrid protein, based
on’ t he “WHP SR ARG B SRTHER el Rt S T bIoRo £f BPOTEE Shiica. cel |

adhesi ok Rgia98: tﬂﬁrrwe% thé aﬂaefrlyh{écemeashma yBi @R ﬁh&& eﬁfgﬁf'e) 3C Glcke 524

(2004); Yang, M Kawamur a vel opnent of silk-1i mat eri al s based on
Bonbyx th@tqpoamhmﬁ)tﬂw lcamppsitei patsrid faghddreceiding thiahegibadimapobi/ther , 50( 1) :
117-124 (2009):. Barr Fahnestock' .S . R ... &.Y J. Pro .tio

buri 1 dRITRT R PR ks SRR Bt R by FRP ey Sf 8T Fih D

Br eedi ngowd 8leAliuctdflr 3blcd @00dhic JNdahs@Rictadl. Ahe hoaRRRAIMANdIon th&vmlrstl n
D.C. Morphology and primary crystal structure of a silk-like protein

pol yrerara thetrplicn o thepdeep senstiy ¢ tin| afchangymaeks (of ghemgerd (the hiag=SB D). Bdreri a,
Bi opol |
b PO RV iAo AP SO a R fonitor EABpife Hifonan FpltBR S0

Pol ymerm&Renil evsneddin (dgordshcbd 2v1(h2z@10:11)b0d1fﬁ®nt of theSndamiodr dhe iumbyRtbeesdes and
Structural Characterization of Silk-Like Materials Incorporated with an

El ast i ¢MebEGiFr 07 digpsetefiostn iy (theday=pP8m)(2003) ; Yang et al., Silklike
materi als constructed from sequences of Bonbyx nori silk fibroin,
fibronectin, and elastin, J. Bioned. Mater. Res. Part A, 84A(2): 353-363
(2007) ;StafmdSz\Mzbatmswtemms Bi osynt hesi s of an Anmphiphilic Silk-Like

Pol ymer j QMagGr o I 1705-1711 (2008),_ content of | of which
is her 4p9ﬂgﬁcog gféﬁ‘%ﬂ%@ mytgrig) W eéé]‘dutéﬁl)‘\escm %mﬁrbé(sge‘ﬁ?gﬂl 8a review
of the il ah@%@teﬁempmlsﬁmmza@domrm%@bm;skprrﬁythlekn@ss &@Bﬁm@d wasl- R

Bi ochem Soc. Trans. 36: 6/7-681 (2009), content of which is herein

i ncor pcm@ﬁswdwth@fcmmmem?{lg@mwm Helss, Gérganngpstthe peerdgguid dbifelantt heory,
Sl|kflbl’ ex t filmform bilities ndlsals
o1 ocomgRt TP et L ke L OB PR ERR shanb BRad M o e o | 24
Bi omat ssubﬁ@tkdl&sﬁpzpﬁﬁ)ymweparl & Kapl an, 32 Prog. Polym Sci. 991-1007
(2007).

[00119] Figure 1C shows a stress-strain curve comparing the composite material according
to the invention with the individual components. As shown, the strength of the composite
Chitosan-Fibroin laminate material at a ratio of 1:2, herein called “Shrilk” is substantially
greater than either Chitosan, or the non-laminar Chitosan-Fibroin blend that was produced by
mixing Chitosan and Fibroin, both in liquid phase. The Fibroin films are very brittle (data is

not shown in Figure. 1C), having a low breaking strength of 3.14 MPa (shown in Fig. 1C).
Figure 1D shows the modulus of toughness and the breaking point of the composite Shrilk
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WD 2012/ 030805PCT/ US2011/ 049702 fibroin filns have good di ssol ved oxygen
pernmeability in the wet state, simlar to that of human skin, which
suggest s wotera3edosappl i cati ons for these filns in V\DunGCﬂtmssmilm@mnd
artificial skin systens. M noura et al., 11 Biomats., 430-34 (1990);

M nour a et 31 Pol yner 990a) , |Ims romsilk fibroin,
wi t houtm?tﬁlil"falﬁgfl t%?ﬂ“ﬂiﬂ“ﬁ‘?tl%ﬁeﬂ ?egégW goﬂhtﬁﬁvg%oéfl us EEWLPCSSB% ause of
dom naty 8fif ARARKBIGR &orﬂﬁd%it@ﬂd?mﬁﬁlr SN hRSerial QC&%MtEMatu@eg&m&haﬁ er
structural features of sil broin can be transformed fromrandomcoil to

13- shee@hifoaarmﬂﬂgromr@ahwmtruwutdd Hetsamgibromdtendi cal stretching, i mer 5| on

oo P0G o KRR sl BE R PR RS G n O Yot Pl B Chin §R°

concenttb Fgdinfih ie0d InsoRiteltanhar th094] FyeODR sBHWNO tHatBiRhISin®ktrdideh aﬁtlh@Ct s
described herein, the protein is selected fromthe wu{g consi sting of
per cul iGempepEL@atcral i stgnifieantly gieaienthag theshreaking etsingy hitpsghalens when

fibri “‘%Hgﬁhltgs%% ‘E{ifroﬁl'rﬁ s 1@' Ei g‘gll%r%B &t%wsﬁﬂsgﬁl\ﬁiﬁ%e &%Qﬁhgoﬁgﬂyﬁ&ro?&’h' "

Ftsz, achur
pr ot ei rinu‘effagermnhm thémmlﬁtetcbmppﬁml des, genetically expressed portions of
pr ot ei ns fragrrent s thereof, and any conbl nati ons thereof. [0093 The

char actl@012i ¢ &sdndigaied Rhovpdls P@np&%térqlaé?ﬂaéé%brwéte%wcaf@ace ¥ig e enhanced,
by usi NByéhiBh %1@ %Eg@?nr}g&%tssdnldlﬁnwugtseis'@ﬁe 1951:1@ 'hb&/el/érk eRbA gél%z m xture

of proteins, orporating non-protein nolecules |

prot ei rrnzhtmyzdr thatFmrrnxex amptad str@dt@st (sncloas massdcet cutcdn), healuwedteh aimes he
protein-|a or added to carbohydrate-| ayer, .and/ or otein-layer.to

" nor eaclORfs MEreyT. SR fegaraciibion of dk Gulidrend BPrIR Br SBEHTE | ayer
or add%nﬁgmﬁ%@@ﬂ’*m’ﬁﬁ% CedniRite RAAAAMAERIS AnlRY&icd & JoBRE QY e

m neral i za [0094] I n sone enbodi nents of the aspects déscri bed herein,

t he composgaseohtht epinpbnanemipei @m@san)nﬁﬁm@nb@ysvet e@lv@d whigneach énﬂg‘mﬂllpﬁ

o ror ko 2bediB ke bietfhRui < Bt ORRAIHRER k! (T ARSmu R oL ocu! o

conpou nﬂﬁxpdcfsar;g@ﬁurﬁemnﬂ@gﬁfdﬁ/prﬁtem dsia@ i6 QRIS withi thé BFEG@IN.
conpounds,  bi ol o% ically active conpounds n&( ounds havi ng bi ol ogi cal

act i vi tYhilgHgonldfiesxpesitechthat te I@%ﬂ%@%@wrdém matefiple peghesthiiolgént , and
f
any C.Oﬂl{b@&ﬂ &Qﬁld:;ﬁ&{u%g a ma{tél—tlaffkvea A3haPAE gﬁfuo AR M%{g%%ﬁnlgg g}%{'lﬁ%mgmger Cal

pr ot el ayer e conposli erlia eSI S O
the blend), the resulting “Shrilk” composite laminar material absorbs 1.5 times more energy

than Chitosan before breaking.

[00122]  Accordingly, the composite material can absorb at least 1.2-fold, at least 1.3-fold,
at least 1.4-fold, at least 1.5-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least 5-fold,
at least 10-fold, at least 50-fold, at least 100-fold more energy than the constituent
carbohydrate film before breaking.

[00123] In comparison with common materials, the ultimate strength of 120Mpa of the
composite material is twice that of Nylon and comparable to the Aluminum. However,
because the composite material’s density is approximately 1.46g/cm3, the Chitosan-Fibroin
composite ‘Shrilk’” materials exhibit similar mechanical characteristics to Aluminum alloys
and equivalents, but at half of the weight. In addition, Shrilk is biocompatible and
biodegradable; in certain configurations, it is also optically clear.

[00124] Accordingly, the composite material can be at least 1.2-fold, at least 1.3-fold, at
least 1.4-fold, at least 1.5-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least 5-fold, at
least 10-fold, at least 50-fold, at least 100-fold or more, stronger than the material formed

from constituent carbohydrate or protein alone or a blend thereof. In some embodiments, the
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[ 0095] The conposite nmaterial of the invention can be prepared by preparing
alternating |ayers of carbohydrate and protein-layers on a suitable
surface. wocarishgpdr at e based substrate, such as a fil mpCtrars2dingt7obe
prepared by drying a carbohydrate solution (e.g. a carbohydrate pol yner
solution). In sonme enbodi nents, the rhohydr at sed substrate is in a
aci d sdi°UtRegiE MasHal SruFaRy obet o PRtPRab oD 1\3% R

i taconiyy peh th 1800 AL 038PI PASR A4kt B V12 sk 7h AgLNIaFleRGisd MBgEONt i C
acid, uric acid, glucuronic acid, formc acid, acetic acid, trichloroacetic
aci d, gkl MPacitdeasblieMbror awirel, 4- chl or obut anoi ¢ aci d,

3-chl or noi c..act d, 2-bronmobut anoi ¢.acid, 2-chl orobytanqgic acid,

oh or od80tAst b sBTk ing FstLRTBRHE AP pF 18 Saling SicG BB AR REXPER aci
oxal i ¢ ragd 6f ChiddshRFittoidGh Bpprosiakdly ¢:2a¢ ;ijgj.QAMB ibiailing BEadoudivdpdibor i

aci d, E%drocyaniq aci d, hydrogens sulfide, orthophosphoric acid, sulfurous
aci d, PhoeEimEmEs deesrjohganrcar cindarste the aidedt obisassogiativpumorepiets Khadn, t he
concent i f i.d LN i C I 1% to
bout | 150 oS iferbdldefe BRth WBR AR TARAS oA SRRy reltalt O
W Vv to thdaesign? YW gvriaf totahrataitdl dnechmnisgliecl e adFibrsit.s, the acid is a weak
acid haying an_acid ionization constant (Ka) of less than 10-2 at 25C In
some e %fﬁ}enlrsSEMH@agEﬁ of the Fitpeip{Chitosanyinterized f]igndd phe Porediry & et at e
substr - P - - ' 3 ndi ng
e S G R U b Tl St
can be sapadtidm confivening thefhiglatheanca ntfioty ofdothr ampaentsn of the substrate.

Exenpl ses . j.pclude, but are. not limted to, sodi hydr oxi de, anmoni um
nyar o 12 o0r SR b Fheaie aR Sl R ah (6T S G SR o

bar i um piyids bRy laskT @B ChWBh e 9 et €an bd M farm RV hendeint. UREGkaiREly,

hydr oxi de, sodi um carbonate,” and amonia. Wthout limtation concenfration
of basdnispmaembedinicaisnthesatbohydmtedayer cambeirf the fierabefia foaml $panke, fikgrabout 10%
wv. In sone errbodilrrrsﬁ%st the solution conprises fromabout 4% w v to about
6% w v BFRE BALECSHUSYIfe enbodi ments, the neutralizing solution is a pH

buf f er ,[08128], Fhétahpidile GaitdIQNat@rdibt t®he eBiboBinghtddt thelfdventidrSscai@ant a
buffer having a pH higher than 7, 8, 9, 10, 11, or 12 or higher. [0097]If

r equi r dabricatngl iperiaioamniikaprtsepngrolilecuntesalidniceties dabwitgrdn e subst rate can
be re mc\ﬁﬁa%ﬁgéﬂa&gsoﬂﬁfog%g ?thdéﬁg,%} nl#%lgﬁg%gzh%le gﬁﬁa('ta%'la\ll\% ({ér%t.,ré?dt %Nstaflsq that ld?rpbe

pur poses. r exanpl e, e WwWa an organrc sol vent such

as al cahigblveaftgr the fedrhanglongeidfanntd. Ake@natiely, ey foameor speideatiscate gunepari ng
carbohydrate filps are well known in the art and can be used to prepare

such fiberfRrmeskly fregze dypg e carholydiate selutions Jge syblimpgfion qfghrytbat of

Car boh I y Rr. i LCAt i va

Sei enca i [T PSP PREGPIE Hhrod S RALLE T, SRR RbbGR, A% R o
(2004) ,magnvaEystto obntvditiehsizesofttbe poms.i Roaxpomdt, €d dze afehiep@ncean He0098] The

car bohydr atﬁ: ubstrabe t hen can be caat ﬁrd Vgiffgh' a layer of protein by

di ppi ngoPto; ‘iﬂngp fng ¢ %femﬂef?ﬁ‘?re/ﬂ!u’flgg SEAVENYE Y ng HHWNNFaf at e substrate
can be @gatnedivh,tahd thd e rTHRffoRR&E QIbnRYrdeRas drispeng dafYih RfinM@ial n
solution on it. Generally, any ratio of protein to carbohydrate, e.g.,

wei ght inatsplution ofiptotein at phervasicdatedusiditla protéinsolmtion fryprodecegoivpaslikecor

TRt e i Al 0y ONR AP IR o RnFRERC WAHE! Sick RaRhOtEH s b boul 8 49 1 tO
carbohydrate based foam or sponge can be coated with the protein.
[00129] Further information concerning the formation of porous carbohydrate materials
can be found, for example, in Madihally, S.V. & Matthew, H.-W.T. Porous Chitosan scaffolds
for tissue engineering. Biomaterials, 20(12): 1133-1142 (1999); and and Xu, HH.K&
Simon, C.G. Fast setting calcium phosphate-Chitosan scaffold: mechanical properties and
biocompatibility. Biomaterials, 26(12): 1337-1348 (2005), content of both of which is herein

incorporated by reference. Another interesting option for forming foams is the use of high

pressure CO; (i.e. supercritical CO,) with the solid material. It mostly works by introducing
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WO 2012/ 030805PCT/ US2011/ 049702 enbodi nents, carbohydrate to protein ratio
is 5:1to 1:5 2.5:1to 1:2.5, 1.15:1 to 1:1.15. In sone enbodi nents, the
ratio i s WOROB/MBEBOE: 2. 5. I n sonme enbodi nents, the rati oPCI/UB2@.1/0997@2rati o
can be based on dry weight or noles of carbohydrate and protein added to

the soluytion for formng the respectiye |ayers. [00Q99 nerally, the
car bony P aiidns BlolgenBh-EasF 3 S TTRGIR b B sl THBE RSO of ¢ he
car bohwihat feRpd¥ireris reldds KO MR COPRBUIRN S itadForGRE RARYE! afifs RN OBr

conprises fromabout 1% wv to about 25% w' v of the carbohydrate. In sone
enbodi meertasing prpubsaity eid/ chmatderesloigutendn conpri ses from about 2% w v to about
6% W v e rbohydrate. Wthout w shing.to be _baund,by a theor in
cone. orfBbIe B¢ RRMEE Hofe ahtnode s hEPBRyaPaBE earERn el of 858kline For
exanpl ematkfals,GEh &G MRAfSDNat NSy BRhOohy dhadEnso3lte hia@fial AIHRT br5®Sngd OM
about 50% w v to about 95% w/ v of the carbohydrate. In sone enbodi nents,

t he carsHoBit Ataesugesyriagd ©bioniof de qrysaliap siateripbagdlipwing aysats 8509w v of

t he car te. 0 Simlar to the carbohydrate solution, the protein
sol uti ooﬁqg%gn%?%cgglsl& nr%lrgnglé%g%' 1% w v to about 50% w v of the protein. In
sone erpor1entisa ndm Emdtigt edampsg ki dobipoSiddPiatesi@badcbalinggdoahié ethBodimeéndso about
25% w v of the protein. In sonme enbodinents, the_protein solution conprises
fr om ahe DygRYoR p bafrhicagdinip ¢ faamyliks op serngeriike mepsaied Py THECtHIERA i n- | ayer
can be \0pbe0Rab ke ¢iRRLE DI AdHESes2 dHAblRadPi AL B8 SHTdiGkMbe,
e.g., fromeg:ﬂﬁrous t0 crystgﬂiﬁne, A helical 10 |3 sheet Féé;n% vdlilif:% v)ersa.
For exahylcen bt Hessq@rvad gitar-thafpem aapotpe it f@atedd It acdortthuncewith embbdimmenof of

crystal]ine structure. In_sonme enbodinents, the protein-|ayer._c be
Yot o BN e e st T SR o B Sy Msperad e e iep ot e Sath & o BGhe

enbodi Bkidn b PRAIREO Riafr-liRY Gfuchie bf BRIBFPbAL AEAR. AN rédudild fohfltan
Exenpl ary met hods of inducing changes in protein structure include, but are
| i mi t ecbetraineradizedgbiathhiigftoduoneeaft erastiline swlaialsopuchfas Srabtienf arbmate hy,

freezing, nechanical stretchi pressur.e, 1nmrersion or washing. with

or gant ATETYER L SRS GRHIPamRLEREHGR s ARG RET M hor

[ 00102]caifoatelif wWatdd ah@¥Bswink S8 stalC@Tohe ohWhd durfaye and ANBE chitidsay etie desi gn.
For exanpl e, the carbohydrate substrate can be coated with a first |ayer of
pr ot ei foarsy dhopopenlefimghtihaingenticnapn aberprhelaggesaraeungof GaQOs ecdifr@lvedyer of
sanme pr. i di.f t teln. Thi d until the
ot al Aot siflld 0 Bortl Bl - Sl BB el Fel BRAEHEY, 10 i 1
pr ot ei nesuldivgs quod & filtdréd/@rredane e vapissanad CyCOs. eAftecktht solutichugguras ghange in
the protein structure as described above. j&)‘20103] Cenerally, the conposite
mat er i APORASMBCTAIC KifeSRitesn feagheiaipgnee @r fidmagii e igmeerisdin theCabhe

enbodi ngpkP,, the conposite material has a thickness of fromabout 1 to
about 250 11m fromabout 1 to about 150 iim fromabout 1 to about 100
iim frleodXRoutn dnatler abodimifibg efanmpte,aboftanion spoagrotituct@e cambe forred bpout 1

to abo 25 1i.m _ from aboyt t 0 ahout iim. fromabout. 1 to about 15
e HOGHE the BB ol fh olgion - i slimetidn banE e F RS 60104,
Thi cknasgbRrf tHf‘a@Ffbdﬁ@é PehyRkeuand Bt ﬁhﬁ-dragsﬁge@ THeRears RERPSaly e tdmat er i al
can i ndependently range froma few angstrons to mllinmeters, e.g., from

about ZXonatrelghebige pf Gierpares| os eranmEeibdlsineal the poites ckmeseongfolledhby each

car bohydrate-l aver can independently .ran fromahout. 1 about 250 iim
" soms BTk febubeRnlERRARCRER: e ARponf iR B biadof e JORaLBE

i ndependatbllad By @y inp ehIEDUEN RGBS oS tHenglveht. TR Mhcahridturds showaheWigutld® i i m
fromabout 1 to about 75 iim fromabout 1 to about 50 iim fromabout 1 to

about 40di6 fhe Fhigrmmpaudissplted iaBdde Asetiq Aaid sphigien apeempared witsbut %25 ii m
from abput. : i] IQF gt 1 i : bout 1 to
about - 2o AASsARR el 0 by GReB M ool bofleclhTEROT

car bohyfdrmitenl dperdis halweratecheatsdae cihbefonad $n MadinabyeS ¥rvaHW M. s, at | east
two carbohydrat e- | mers have different thickness. [001051 Simlarly, the

t hi cknd¥atthsw, PREeys (drterai sealjelds farfispyreenglieping- tiomateaplsal 90 atV@rk &

| ndependantyy) bAnGe, HIPR. dnd e G AP U ibiehBYhaicCflitosaf T OM about 1
A to about 5 mm In sone enbodi nents, thickmness of 'the each protein-I|ayer

i s i ndep#ifidldnmbshahicahprapatits dnd woaimopatibRBY. Bibmaterinlss2008. 2otiddiprédi’s,

t hi ckne f each otei n-layer,.is selected.independently fromthe group
consi st]is}%é’olfﬂthP‘lg?fm%éSBWC‘ier’é?eé]bWuﬁe?ef%e#’Fﬁm'from about 1 to about 75 iim
fromabout 1 to about 50 iim from about,1 to about 40 iim fromabout 1 to
about 30 iim fromabout 1 to about 25 1im fromabout 1 to about 20 iim
fromabout 1 to about 15 iim fromabout 1 to about 10 iim and from about
1 to about 5iim In sone enbodi nents, all protein-layers have the sane

t hi ckness. In sonme enbodi nents, at |east two protein-layers have different



[ 00106] In sone enbodi nents, thickness of a protein-layer is about 0.1x to
about 5x the thickness of a carbohydrate-layer. In sone enbodi nents,

t hi cknesswof2or/q3nsesei n- | ayer i s about 0.25x, about O0.5xPCause1104976X%, about
| x, about 1.25x, about 1.5x, about 1.75x, about 2x, about 2.5x, or about 5x

t he thi S rbo teI er of . the co S|te material . [00107] In
e oS Plavfef B et ot i Peis R RBEr P W BAIE s ans

thi ckneggordhfteSAMEHS rme@lhambﬁ sﬁE alGTfi‘t%Tsant w@ed PRI s%neturé feme psmRrst 4 €
materi al have different thlckness The at least two layers with different

t hi cknesydndean Fupur¢ssfened 6B shéve againerabordplonmrvompesity macanltiwgdrat Bighwyer s or
prot ei ers at a one, of _.car bohydr | ayer and | east one of
ot ot o P &3 syt PF s S B ER v B st pRES eb ol Rrtmt er
is for r@@iclayﬂ)oplgml ng a Chitosan film The Chitosan filmcan be prepared

by dryi ng a solution of Chitosan in an WO 2012/ 030805PCT/ US2011/ 049702
aci d, fleP1¥tanp) eccardensecwidle Parbodimentsiad theniatientian; thesgroohgdrpielcan bagiadg f or

exarrpl ] '- i e
xcampl R oMb ABAT Sl e tRLLARRL I/pr ORI BRSS AlfaralT e
The r espmll}tmerrgfrcdn aedrbehydr@teaaluhbh rrFmaerkab@cr@m dagtschylyetly ﬁlbeabl:zel lamid)rrﬁedt e
brittle. However, conbining the Chitosan filmwth a coati n% of protein,

A

such adYANKFGITA Scflb‘iwle%faﬁ%ﬂ?oé‘,‘/dlﬁiﬁsdli“ﬁ&SﬁtZPIldr?@h’G‘PPtSB%IhWaT the gRPRh Rt pr of n

wat er %h%ﬁlht@@ mdco%gm]% (i &Jﬁ%ﬁ%ﬂdb@ egoucgpmutcﬁames L@ (%tg Hhtfor Vi el ds
a conposi l'am nar filmhaving significantly inproved st h

char acttbe dimtetes of the fabec.o I’Edaax:aenp/lb,tafnamtélydrmgdﬂutmmtm atidtdam bB mjened meg a when

the Chitosan filmis conbined wi.th Fibrqgin in rom roimaely
1'% Co Bk Splution BF ke §oB01 ABCmibYely. ol andeGRRES Py i A he
resul tiddca@anes bf @e WBabh, &y @XM hii)/Sd ﬁ&ﬁahﬁﬂ%&%s%ﬁﬁ%@bré&ﬁ@ngt h
characteristics than Chitosan alone. [00109] In accordance with an

al t er ndteptyeg elrﬂ@@tingre‘haklog etch&uitherdnfaroation ¢mcemimeobe famativeof fibersamn be

fab i al
navi ng 5t Sh SaMEuioe Tk Pt T 8% vglh Shabraes P didy Tt Bn (i g
Al dri chphgians Beacdiis whm Ry (@ wh¥ okide L Yo vl @/qabmateamsdsae%e of the

resul ti n sol uti on can be foured on a 9cm di anmeter Petri dish and the

sol ventE@tepdpeed Tad 1 13200+ mnd Qhkaupt Knd. Ghanklckimiss abulﬂﬁetr@eumm MaOH 4%

(Wv) f i n tes,
to neut iofal MR BRbIR L RO TR A Bicis 2B D00, DS TIAIR. Gout U PHRHLDS
The resu tncogotined D fertndeeraanine dlrireiise kybudistadof the deicatior el (DI )

water to renpve the remaini and then, opti onaloﬁ%édrl ed at_37C. The

NaCH
final tq%mﬂlaﬁ%@ge G beremess lp@gfab?r%@hr%aéym SPREINEL esaiaMiy Nanphibes my - f or
exanpl g 0 a a ite:
[00110] bal%:g};r(g&ﬁ@ %%‘ﬁﬁ%nfgag%%%agy MR o Cﬁh%gq?&nv%ﬁgp%npa& IIITEKSrom
Bonbyx NAJIOl Lead. Qéb(dylncﬂ-;-m(fmﬁlm @.wdntlatsllerdhyomdhpcehﬂcé by réfetrare Arts (USA) is
e| n- er The silk ca several tines in D

vorer ' BebBT LB a RORTiGuda i e, T Ricsth fbeanadE PR OhESIY) “he  60C for 6

hours. eT&@roﬁ‘[hﬁﬁﬁ!g\LQQl | dle] &R Qfﬁr%@t@ SRde HORISRE ChBLAITrdR aTHllody ST S tube
wi th a nol ecul ar wei ght cut off 14kDa (VR Scientific, USA). The

di al ysisolutign. breacsardanediwihong embgdimenpef the dezystlw, tflhelts&isttoam capdreer

repl ac The .final, conc ration o roin .can sur

e o R Rk bR ot P ERBPECh Sl kot AR R ERRE Sl  at s on
can be (sichtReNaGHNg eTHef CHdtosab8baghates Ealﬁrpérﬁactash@uhe 834 vdlion ABd@liher nat e
met hod for produ0| ng aqueous silk fibroin solution is described in detail
in W PAtpif htash gulp capbs catroddahiengh o segll dosiiarpeaingdo Aqueous

Silk Fi erence
her ei n.%@8@%&%&&@@}%@2%*1%‘%48%’20%%’8&%?#@ﬁ*&.ﬂﬁ%@%ﬁ%so Bohl Con be
deposi tjekpamiig) ena@uietunisiaed fel.d. Moharoinad ReedBadrotdamapoidlbymAdite BcBowedi anet er
Petri dish and dried at. 37C. The resultlngl conposite filmcan be inmersed
in met MK Af@psspleyig Kabharker Ngpotdhes mppenblyuikptary JplopRiBnipg Vg Lt

transi tdqp R)‘(6:) P56t £ d@j)(and prevent further dissolution) and washed with
D water. r enbodi nents, the beta transition can be induced by other
i nduci r{QObZ'@ént &) adcpelaoch wigh me(mbﬂﬂhtsmvcmgmnﬂm carlalohgdras: lagcqlspemhs faoledt i ons,

t he appl catl sure and/ L 00112] res 1 B show
St o ® et SmBeTE Y Reahrare; ATBbiost Bante Wi At arP iR 8 Hr gur o
1A shows a diagram of the conposite mat g§| al according to one enbodi nent of
the invention where the Chitosan film (blue) is bonded to a | ayer of
Fibroin (green), which mmcs the natural |am nar structure that provides
insect cuticles and crustacean exoskel etons with their novel mechani cal
propertles Fi gure 1B shows a p| cture of the corrp05|te Iam nar material, in

s o o o o, - ~ o~



M cro topography [00113] In accordance with an enbodi nrent of the

i nvention, a predefined m crotopography of the resulting conposite filns
can be prwoureed3mpst he casting the protein solution bet ReENUSA011/049702

Pol ydi et hoxyS| | ane (PDMS) nold (fabricated by polynmer casting on a

structu |I|con surface the.fl at carboh | ayer or film The
corrp05|c{egm? panoseals fpeRsiap tggﬂf%“ MhthiREto e@ﬁgﬁégy afﬁ’oﬁh ofeBicalepoLdion ct ur e,
e.g., farnarﬁhw@ﬂ(aﬁ%c& %tfddﬁéécpw ehe@@po%rdpﬁbl(@ged 1911Ar§y§1k@§ﬁee &@ﬁ!ldwl&@oﬂ/er sa.

For exanple, the protein-layer can be trea toin formation of
cryst alth¢ sreucturesigt defiped ragionborersodiladAti®san ¢ve berfotneddwitlhg defingan  be

treated to ind f £ l3.sheet or .sini| struct ]
enbod HRREPHE § pGegs vy B piedeif PEReaPug! M e TR G0 BIR The
conposiTe Rl A |3AC sdmbepdiaphy a8 Brarl @khbhamhd: e W&t shic {&Hdiitidh aha a
non-limting exanple a predefined m crotopogra of the resulting

conposithephysiqeseléests hEoprasd by dbe Wogllqghx:ﬁ:ﬁ |Chlgﬁtuhfé() Frestust degrgdaitondh bet ween
Pol | t
2t vt APETERI el RBfed ISR B ok PR PRSI Re® a2 “Can be

evapor goet7at Bﬁ(ﬁ‘elﬁ@&anSﬂs{ﬂjieadseﬂﬁhﬂfabrlc&ﬂdg fierosoigeass be polgirer tatingeel ed of f

fromthe nold. As in the case of non-structured conposite material, the
sanpl e Ageerdinglyahe mieogRicsyes erksrioamediby ersting fheaatetngrer A watkwadi n DI
water . I{lﬁ%&ﬁﬁtufen Q&ﬁﬁ‘ﬁ'&gﬁ ?nevi‘eélhtlﬁ’%:'m ﬂl: Egrla?éaﬁﬁkecas{% gﬁeb&gi Bﬁ he

m cr ot opogr aphy of e resulting conpos Ims can be produ

deposi tshage byhalgqwiog Giercoorpositesinateahiuioeldy om tltmdppmpalate slhalbem FoTkmampllebthhydr ate
filmcan be structured bg/ .known n%gg ds., for exanple oW ng a

sol ut i SYTHPSSMBEHH R A RO FYOORY AllpERgs thisiogp f‘eméieflﬂl:"to ta"ar bohydr at e
WO 2017/Q30R802RT6UHSBO11/ 049702 fil mthen can be further treated as

descri bed herein to produce the structured conposite material according to
t he i n[@ot3&dn. T[le)oqrmﬁqsnbrmmr@l aanb¢ inaile flepgblesbarepbesure wewate cvhapotriaphy of

t he resul corrp051t an be produced deposi ti the Fibroin
br ot o1 oA SERIR oL b §otks BB PR e P CF R TS BE St ruct ur ed
by knowacdrhRodispe. f BY ptetink 8omb Yeedddsdvdi Gydagofty. MidrBcch@ctpliftihg 0 dry
on a PDMS nofl}?% pTheygtruct%red Chg?dt)osan cgn be fuér?ﬁ}gr treat edpas g
descr i Ragieme peaterdepstlinguees mRErigls ondhuywtice shise spepositeapteasl).-a8€or di ng to
the inv i i

enbod el i Shiitl el BHE onfp R I RERRL] 08 RIRRIALTIE vhithe
conposiraeratpespeatiesf aichad nace aidliengfld:dble Iﬂ@mﬁn\/@@éd mﬂthb)abtdiﬁtldecpf(lﬁbﬁel on of

t he proteln phase on a structured Chitosan film (the bar = 100 inm). Figure

3B shovidddess eI ofesResHVE Bnp¥ e wishiag foube %@érbd.thﬁ)ry s RIMieR B8Rt i on wi t h
part Ofmééﬂgn@ﬁﬁrgﬁﬁcﬁ EHeL&BHEe?&o@GPanQI%Eo&f aMEts%hEﬁl‘é %&Héﬁéﬂ@hﬁj’eﬁ% The
white arrow points to an opening on th prote| n-1ayer that I's the
under | DOPIThi Fibsein 1& dy@a g()mmmatmal for therfpbridatign e n3Costhmweet lbbepmlplpegr aphy
of the co ite eria d accordi.ng to an enbodi nent of

hvent iGNl Ec e PR TIBE el Pos ' enF O Aa TGS FLPOIHEE RE bar =
50i tn)oastﬁig%é Brotdin INRMES §H3ﬁvrﬁhrflﬂ%&rb'§§@a§&'bf ml@énaﬁy EGesdfeinigh Nnore
detail. The horizontal bands on t |s are the r ca of tghe deep
react i wenipesitemstiinigandbelesstan aserondaonistage hechrana tﬂbfsq%lg PP bFiajawenBE shows
an SEM g O UL L0h-2o BYSLES O @il e | ATLAAN ORISR Sice material
Chi t osafEPBYOIAHAL B RP™ £ SHRER IHUSCE SP Farf SR DAl BB E e RS ¢ he

i nventicn be TiRle MRDES By HGIov@L Mo Wit itheif RithinQoclided feglorRbr Wwhelsaindl ayers
(the bar = 50i tm . Stress/Strain measurements [00118] Sanples of the

dried dBemRIaradenniosmcaiixuse & diyantd rﬁetlth%éQ?PWl%*Jé skapeg Byrpgadns1oipes and
tested ) t ( C t he sanpl es
was neas 1?@%%r€mat1{¥9%t1§§gg%6§8% éﬁ r %J%S t%ll-lr 52(? &%eﬂé}gﬁ?}?g géxt he aver age
of 5 dirhiteri@nbn pei saifacodf thélshlfﬂkb mnd'ﬁhﬂnﬂtﬂmgmk iesthevphs wradesthsositer e al so

corrobarated in those sanples subjected to SEM anal ysis. [00119] Figure 1C
shows dA@tEEtesial eanpedyp Oeeshlﬁgrvaﬁ@blf: AT BEPPRES e AT BPTeAIddf i ng t o
the | NRAIHIORoWsbaldaCor MELIHR SHRODRTISs wher SRV NCTRRRRALN OF the
conposite Chitosan-Fibroin nate material at a ratio of 1:2, herein

cal | ed thShethdalsn By sahmltthmtxcakelytogroéantérogoﬂagaleas ttheariabh nno@mmcabr t he

non- | am nar .Chitosan- Fi broin bl end that was produced by m xi ng Chitosan and
Fi broi PBEER i n i quid phase. The Fibroin films are very brittle (data is
not shown in Figure. 1C), having a |ow hgeaking strength of 3.14 MPa (shown
in Fig. 1C. Figure 1D shows the nodul us of toughness and the breaking

poi nt of the conposite Shrilk WO 2012/ 030805PCT/ US2011/ 049702



material and the conponent materials. As shown, both the nodul us of

t oughness and breaki ng point of the conposite lamnar Shrilk material is
subst ant iaDI2g12¢3esser t han eit her Chitosan, Fibroin or trhe/useetowrdrr ed
Chi t osan- Fi broin bI end. [00120] Figures 2A shows the strength

char act funct' an .of the 0 . of Chlto an to Fibroi t he
el 111 kg R s KRS AL W MR B A M

conposih @sJXRIES ﬁhratesco%{p%@ité ekl My &E%ﬁgtﬁfctﬁrgé’-@oﬁlp&lems%k'gﬂﬂ nSthemgt h of

Chi t osan al one he ‘Chitosan to Fibroin ratioi1s 1:2 ure 2B shows
an SEM Wiﬂag@tamﬁ, etg@ll@mnt 6l§ampl‘r§p¢$s ollows mudtflatgemiof Itherr:omr@Sitamawaml to be
corrp05| i cat bov t he osit mater al fabricated in
cocor adiuhit frohs i o O EmehiEd SRS e R s Jhadac ™ he

bl end, elﬁwayrﬁénts ,lh®ob (R TohPofi@iteEdntle, gltidtBlogBth8i 15SappRfikld plotdih fdICt Ur es

(such as in insect cuticles), is alnost ten tines stronger. Mreover,
sur pri slehydrpted jaecas saidhe antire suiggcey plthexsiubeBydiats sEMPPRANG #nd then prSEIBECI f i ¢

confi g%%é%lﬂ ﬂ%{?roéhﬁ LtH(C l%rgo%ogggﬁoneg% nar material is alnost twice as

strong as onges s (i.e. Chitosan). The energy per
vol une [a0141h ea,cborﬁﬁltggr irfhn erﬁbcahhlenttccftﬁéaﬁmrhndmeﬁmr@nbmea&shm togke” modul us
of toughness, Fig. further illustrates unexpected 6ierti es of the

Chi ti n/\pHEsd Hue inﬂtt]élé empodisent. dAnesan, G PPONRRES Fi’ﬁ/%g]iu toZohET Y | t could
be eXp?gEg@;%\lﬁi@ Oéltl i O g/gfakédoﬂea%f(oﬁth}é%ﬁﬂrekﬁﬁﬁﬁéé) of @Lt@ga'n%!om %H&R%Qrﬁj Fi br oi n,

to Chi uce a material weaker than the Chitosan but stronger
t han Fidptionally( @uging thecbdtd @md)tjontdieha potei,isnch 43y the kpploatiposf dleoHchm nar
material absorbs 1.5 times nore energy than Chitosan before breaking.

[ 00122]ARCWEA NGy, the conposite material can absorb at least 1.2-fold, at

| east 0f 0|23| din &leotRASL with 4n ERbEdinRht bARS inv%néotf @Jfgfst 18fer b?@@thé)s'itfeC’l d, at

| east at least 4-fold, at |least 5-fold, at |east 10-fold, at |east
50- f ol dnateriali(badng 2 60t ﬂayledomp@nemwgyo & st layee OEwb@hﬁdm@ﬂ)tcao@pb@hyﬂr ate

film bef br.eaki 123 | h
Ut s ST BPeorbBRE My GRTBR AL SE0d i TR O b eqria
Nyl on angkrepomesiaaef sy ’fglﬁngd’ uﬁh?umw EHowvRNeitioniReRHSR itha (c%ﬁmga te

n-

material s density is approxi nat 46g/ cnB8, the Chitosa broin
conposisPBItiogh iIp ﬁomﬁﬁmépd@%megmrm aohﬁmnr@vldwéeﬁéhmbhﬁ Céwghm;r@@rtp stics to

Al um n LH%M& ﬁp{&)‘gﬁ%éfhﬁéoﬁigﬁgﬁt dthg glgl d%bs'oﬂi? oﬁn chn E‘l &M’%QWV of ?ot?lﬂd I"[th' On

Shril k I'oconpat i N ocertain conflg i ons,

al so opt)vlodajelryofcdo@e}fosmi pakzid] Aaderpaessed bb,geﬂhbﬁartd()ﬂi}?@&i Hubbleetranoald, ash be at
| east 1.2-fold, at least 1.3-fold, at least 1.4-fold, at least 1.5-fold, at
| east 2SP¥UgingAstipighb edes. ar sveesss. to Bioyides %Ftantlaélty ynfRem layer gf proteid | east

10-fol q)et\?éen tﬁ@é&%r %ﬁ;d]}aq‘k (ija efl 'I*h%q&tult%%ﬁm{lfﬁllﬂrepéoxﬂ%{sﬁe it rgAF'gft{ bd zﬂﬂﬂfvetdhe

mat eri al fornmed const| tuent car drat'e or protein one or bl end
t her eofto diyn f@mmm@tﬁtmm?@nﬂsldltlphd me\b@izﬂmﬂdﬂe&&f)@@@r ¢dgSROtlde O 40y 612

conposite materi trength of a MPa, a,
ome D et g as Aabod ghphsaCithoh RineBiben g oie? siony ralerin S gpaaay o oast
60 MPa,fitdts) & asther hcMide mﬁ@enhﬁﬁ@faerﬁ@s NRptindbe 42884 bORVMPRT tRllahBRRE 100 MPa

or nore.
material.

[00143] In a non-limiting example, a first layer of composite material (having a first layer
of Fibroin joined to a first layer of Chitosan) can be joined to a second layer of composite
material (having a second layer of Fibroin jointed to a second layer of Chitosan) by “gluing”
using a lower concentration (< 4% w/v) Fibroin solution that provides less than the 2:1
Fibroin to Chitosan ratio. The two layers of composite material can be pressed together and
any air bubbles removed, such as by using a straight edge or squeegee, to provide a
substantially uniform layer of Fibroin between the layers of Chitosan. The resulting
multilayer composite material can be allowed to dry, for example at 37 C. Figure 3E shows

an SEM cross section image of the multilayer composite material. The resulting structure has

27



[00125] In Shrilk, the maxi mum strength of the conposite is approached when
the weight ratio of Chitosan:Fibroin is approximately 1:2 (Fig. 2A).

| ncr easi rgotzhe/@mwant of protein above certain |imts dees/usetiiappenr to
enhance the effect of the association; noreover, it has been observed that
i ncreas t he. protein abovethe12ra|oa earst ullify the effect of
he doahgmetiniihoiardu ey S hanel 1Ge RbtrumRe gt BEBRIEE by o n

[ 00126]5ukRe t§EM6 TRGEMNPS). tpttedlﬁiu@reelaﬂé@ Iaa&ﬁeﬂaunrﬁt&tatr@@redlffaegu B cantee
boundary |s clearly defi'ned by the different electronic proper ies of the
mat er i aﬂdSICCbulto thh@het layerenchtahearbenifilerncenrodn melpar’oat |oonthecetmngrrnatngalts he high
chem cal nity onent s terial
CoCat o el o B Rt EOMPRRR B e onfi 4 R PRl n T ayer

t he cardhohytdhat enakeriser can be in a formother than a film Accordingly, in
sone enbodi nents, the carbohydrate |ayer can be in the formof a foam
sponge, fiber, mesh or a nanoscale structure. [00128] The conposite

materiad, according t g‘h’itfl}‘s%n? egl/‘%fg;s of the invention can be fabricated
into a = rial by injecting air bubbles into the
car bohy00 443 sBhutire eamsss oft thel chi@san/Proteis icogpbaeahablid, 2ok enaalde wieh g. , salt

crystals) that .can be dissolve after the foam or sponge is forned.

Al t er ngepsantChitosan thicknessand yarighle ampwrtl Fébreim wisks Vejehekbasgrededsze drying
the car; Qﬁ%}f T cthe
bubbl es a%ydg%lgaﬁ(gkeﬂ tkéhagé}rg%rric}glsqg?rlhﬁt&?@% o?ﬂatﬁm?%g{rh%?rﬁ ls?gfgfldgegﬁhft' ere are
many vva;;appmsmcuﬂhatrhnith plrsesarz éndeperideet pulrtbs findoveightarfpheeqontpusits maeeriaf t he
pores ca Fe controlled by controlling the tenperature during freeze
drying, aWQ i"hg Vt'heY'sol vent concentration, and the like. The forned

car bohydrate foam or spom@evegawgshgggpwﬁymﬁgsed igh a solution of protein
or otherwi se coated with a protein solufion to pro uce a foamlike or
sponge-Whetes Wivetis the weight efitbe bydrpiod compositeanatetial, \Wes hodiW/il are thetdrpns, only

e pr otae ot Bueey BT eRA At Sy oo R DRLLART A s T bRt FOR P por ous

car bohy\dgrtéytggbsds@tleﬁg al s can be found, for exanple, in Madihall Y, S. V. &
Matt hew, H WT. Porous Chitosan scaffol ds for tissue engi neeri ng.

Bi omat dPPHS,  Fbg mpatomiigze g dliscovyed thapfexibitiey dihe Fompesie el cm G Fast

2ot 1 MALLAEY RAGSANAL SRS 0l BEIEN CA, BRBRET e and
of whi atunkferhed  dymmoditaingahawattr b@'ntér&f eomncery Aifdhaediial Qviemest) tog opti on

for formng foans is the use of hig {())ressure CO2(i.e. supercritical CO2)

with tHEXSd PR rﬂil%ﬂpenqerlﬂﬁegpthyr tfrﬁ KSSUSY 2F HPB@EicgPowepn. Figure 2C
2012/ 03&@@@@ Bgrdlb's%%/ OQ 4&9&?&% Qﬁgcﬂlﬂ)sﬁﬁ? 0@111 @%E@sﬁte%ﬁe[t&‘f&tl r@v@iﬁ LERS! ng
t he pressure, genera Int e range 2 n the pressure IS el eased,
t he CORfphodeight afalie Water Satumfedtslampl'fatlEIGPB:Isenta'dl aylmsetﬂwddntosardﬁbrmn rgasi ng

opul ar, and consi dered ' een The esultrn r onge can
Do ke Bk anaS e CE Ve e e SyrEcs i 1 Thiad e g

cal ci urgreRy h@rﬁytéseﬁts RD¥yi WRTE 409)9? o aRPASH (Be Spaplid Fhtef Qﬁtﬁk@éf sRenge
structure in a supersaturated solution of the crystalline material and

al | owi rgatenaldayers tltlentdmamsmattwrwtaka@eménr@bndmtt%eheclatﬁrftqtlee be(v@on 8K In a
non-1 i mting. SXTRL & fitgy ac SR R, ter”a&s&“ acl:eo ﬁogﬁité‘s%n astehlgz%ftbn‘i’é’s' ment s
of the CAVERTTOR Cal faBricated®  ht 62 dam e or pongel Ke“mat eri al
by inj erﬁghdﬂgqaalthatbiﬂhbjreﬁl th@ts@mbfég Welhi th 8 AThi @Ak Oon@sin Inforél vaS, be@tfg USi NQ
| eachabl e materials (e.g., salt crystals) that can be dissolved after the
f oam orthe oA at eqvilipriea dirpeilyseesidieth AR eHraEinn O thewehes typ cemeomehtse ntion,

the Chi f A
Lo RO, SAMARIZE S DL O RSB AR ol
resul t imgefidasnhypdnede Aviuner ledréin e by lh@'dialtﬁtdl’ dnlueicoce ©ofa mymbiad | i ne

mat eri al s, such as Cal ci.um Car bopat e, i mrersj ng the conposite materi al

f oam stPaefalreferso somppsifesmptgrialithy C%leﬂﬁ‘?so‘hat%‘f RSPEIgY dBrsBBRat e i n wat er
and al | icafin i A SindRicd Al AN AR LABH AR foth o 1d f%upbsd e
foam In one enbodi ne of the i1nveéntion, b|trar| y |l arge anount of
CaCO3 it wihites bheywdtei pontertt of aémdlramdmoarqpsma)mzenp]sqancbb b@@@l dnathe fatio & days.
After the pr rels rel eased, sultin is fjltered to renove
e undr SeB1e Sl oRrbare PhutabouRt bir e kit it sobisSiac or . the
Chi tosan foam or sponge (or film can bggr mrersed in the CaCO3 sol ution.
[00132] In another non-limting exanple, the foam or sponge structure can
be formed by freeze drying the Chitosan dissolved in solution. The
sublimati on of the sol vent nucl eates the bubbles that produce the porous
structure of the foam or sponge. There are many ways to control the si ze of

o o — o o o o - Y b1 o o



WO 2012/ 030805PCT/ US2011/ 049702 [00133] Figure 5 shows sanples of the
conposite material fabricated in a foamin accordance with the invention
al ong si dwoaofi3vgesan based foam structure in the form eCTaSeyiiontier .

Fi gures 6A and 6B show a mineralized foam conposite material structure.

Fi gure 6B sho an _enl argenent of th in Fi ure 6A 1N t he open
por es d’flat‘?rﬁg 2@@&@%&@ @gévaé?ré?&@iei}t ‘?fe 331?36&@6‘1 R]olike fﬂf%@%&%ﬂ% gd@it h
enmbodi NROLSioQr Welléht bPWARY ﬁrpﬁ‘le cbRBoGRI PABY A8 R \Qéghtbﬁ tﬁ@éiﬁn;bd%it@ nfakdPRY S by

el ectrospinning - using an electric charge to produce fibers of

car bohyfat dytigmen songmmebodandrohydtertcentsot oft 4 ampdsie maseaiaplsén t he
carbohyd ate fibers can b ecting.a.solution of carbohydrates
Cht o o relsiRe L BF T CRRuE ot Brarte RS SRR R stor ks Seerecragul at e
t hen cqoobe]exThe setkatibn UGB campiBtel mitbadBY e woleERINEdiR (BONkingke t he

di ameter of the fiber. For exanple, a carbohydrate solution in acid can be

i nj ect efrengthof ﬁleb:ammm%maw iakbyoat 1gast 80% extdest 0% e phlsast 38l at leudQfaat i on

Ca“ be .l id tdéﬂqat Pe(Astt’R)%/ Sa%‘ieta%tcéb’%%’t‘ieaatdo‘%” a}g eagélﬁqs%%ds?? by
hem cal an /or an ca S,” suc or cooli ng,

s haki ngokt 6t lefsu Stfbmr atl lamrlﬁﬁblldpm le@nz@EMdrtg léd§e3(f ol dcedt et 4:0‘ fold,laeteastcan be

found, for_ ex an, et al., Electrospinning

of chi R éblea%t 189@@&%%@ F%ma%ma t%hﬁ wltﬁaqlt?é%m;«h ehide JUPHEIMPOHEr nal  of
Bi omat gfilig Sci ence, Polynmer Edition, 15(6): 797-811(2004) and Ohkawa, K.,
D. Cha H Kim et al., Electrospinning of Chitosan. Macronol ecul ar Rapid
Communi[66148dns Th b(vesprs Hh@@ @lst 6lsoy2eDhpt a kighificadt differehcedreeweanctbe pateat ed by

reference herein. Ln an native enbodi ment. of the i.nveptiaqn, the
Car hohyGIEHE! ComP U PHTSHRAI TS oY Gurtray" +S&Q%P9tn%etm@5% & s Yindroac bed

i n " Nanpéik Befo assieitil o mdYartiO & f¥erkfde bRl &Ml thén V@ﬁﬂih@mﬂ@’to MRbold byvee

Goss JA, Parker KK, Nano Lett. 2010 Jun 9;10(6):2257-6, which is hereby

i ncor pdh@(:tr E@hbygqselﬂteq@n@@for [tlmwasq anyl athaoking pﬁllﬁ@fﬁ@}lO@lﬂaMﬂf@OVCt Heerchi t osan
can be nmade into bers b S n|n cLr harge to

ot oduced ™ ToapEbE iais B g s hARE Pl S PR e Bkl fahce it b one
enbodi rRohQdratd@dipiyteintHydfated fildy, SA & s GahidieofbebaBAd BY thebiyetlel Ng a
solution of Chitosan in acid (such as acetic acid) into a basic solution

(such asitstgpding myghanical ehgssierisBesrf]the eampgssn magatad sasuliifiom i difientc

sol uti | ber san. The coagul ate can be extruded
througﬁﬂ%&éﬁgﬁcﬂr é{%s ert %‘%{anﬁg}leh@o control the dianeter of the fiber.

Al terng00149]y, Im(bﬂtﬁfonflhrbﬂi’ngexﬁmpﬁ:l B snmidtiod ®f t}&mﬁ:toam/ﬁbrbmrqompetsltes pi nni ng,
may be utilized (e. ammd Reza Badr ossamay, Alice M|l wee,

Josue Anat%@wwwweﬁwedﬁa? Rléﬁmatq\%tﬁ'@gﬂbt@ran&g%ré%wu%ﬁ RotMprywhigh i5pi nni ng.
Na L th
A A O S R A RS S SR

t opogr gpivy tayicklinpinosbaleduceditby afnabeoitwoh degemhmmeanerdes appdd ad over the

fi .har I . h h h
s S e T e A R e o
(e.g., mpthlslzaf%tf&)th@leaqy&%%%é@mmeﬁarﬁs sthlaemsﬁ Fugkaipes i n defined
regions. For exanple, Chitosan can be fornmed with a defined topography at a

nanoscal e with the protein phase applied over the structured Chitosan film
The resk i gFlg 3A, sane topography than B and C) shows that the isotropic
deposi t physi cal effects introduced by the topography (e.qg.

capi | 1 g00130], MR ophieae wiegoaiatd Uhaf retdIgist sl RSwidh HeL00®shd FWean's even
at very |low Fibroin concentrations. [00137] Proteins can also be used for

f abri cdtVieHgx nP.dBraker Gerragnys apg anpdyapaeyithchssentipg FTHR é@P‘%IFUPfg[FIyﬁ W) T
t d
T or osth HehBE ot s AP Ya AL oBRaleay 1 g WXl Oty BREL T CPC,

in a sdeandaihtosdnaflen hsybaakgmmncngghdi@eﬁmmﬁsﬁomaemﬁrsmraiaubm dr y on the

approp(r{iaﬁ e shape. For exanple, the conpaosite materjal can cast .into a tube

by all It hErm Asdequiar rPﬁ’cné pf xiew Qhaws yrally descsibrd s eslluiere vityoneupe.

[ 00138] ter,
e e e R A s S

fi xtur &RIB adnlysiamd Cersamrfdrrsembndta?[mlssh‘admracﬁgnspp@bmpmmgofsbﬂ:r@ Oegl ons from

hydrati roc j.ntin atterns o i ng wax
o er | avgepfieiumetpiscAReet RESeBh ot ﬁ%%?@afe%éaﬁ% BphelBeng T
others, the sane conposite |anminar materhal can be nade to exhibit variable
naterial properties, such as nore and |l ess flexible regions based on the
absorption of nore and | ess water, respectively. Wthout w shing to be
bound by theory, this mimics the nechani smby which the exoskel eton of
anthropods galns |ts varlable nechanlcal propertles [00139] Fibroin is

o o o o, - - 1. oy



[00140] In accordance with the invention, the affinity between the
conponents can be used to assenbl e separate conposite material |ayers or
st ruct ur edlocorpsm®at s by "gluing” themw th protein, e.@CTRiSkoiom70Xhi s
process aIIovvs mul tiple layers of the conposite naterial to be built-up in

order t i cate ex three di nensional bioc tructures. In
some e 1atio Bgﬁ‘%gﬂ%or“&ts gl hRsABed e dprske- ﬁ@a 0? BEEYIAEMEY appl yi ng
prot ei %Mﬂ@dﬁédﬁ@;&gl@l%&l&y% tﬁé@os@ﬂﬁlbﬁ ®asdl dt 86@)sid of iR eatihobydeat e

conponents and then causing a change in the protein structure, e.g., a0

t ransi trehyl gromuam]d (A&?ﬂmdl)nghlph arerﬁlalnteémbbwlmdtl%ficmhes shmfenmlﬁgureﬁ broi n
can be Chi t.osan structure
C omomch g e Snigdball Bl B ERRe BRI 30 a0 2k oS B SaBDera B o
(or thecentddde surface) of Chitosan conponents and optionally causing the
beta transition of the 1% rotein, such as by the application of alcohol,

B

pr essurlB0BY2] heds Shqg\mnm urerfB decorapns e Wik matcratsaidl e Gihitesan the

i nventi y of
e HsiTal] Sy TG Ao AP SREGTRL Pt e (RO FhlESh (RER2L,
| ayer dflackoapdBibidin iBilgeid, alackhaphemglsa ﬁﬁ;fcemle |aﬁm&l’H(bﬁncDW¢Iheespe¢tQhent ed to a
second Ia%Fr of carbohydrateh by "gluing" using a | ow concentration protein

sol uti drit S@} drong 1% (et ldghenr.)s Pﬁe%w%aé(ﬁ{ydam@ todn layesy Thiy bagfl ajlrehtor ovi des
| ess ”‘tﬁé‘rﬂx B&%@E%rﬁ@béﬂu% A&, @roh@@h'e%mléié‘ﬁﬁpa[ﬁ%ng hadhdenys, the
gluing so Ut1on conprises <4% W v of protein two | ayers of conposite
mat er i akrecaimgheode: edserforteoge tniven iraerdctaomybea centholibpleses grppusdo bsumhe as by

using a,str edge or .sqgueegee, .to provi supstanti al | ni.formlayer
of pr ot RufAvRErhuSEuR din R & rosien ot Ve @n UL R R e 5
conposi [061 t enis@howRReBR, el iRMRR bR b&KNen flféﬁﬁé@ﬂ@o%@he@tlﬁ th@ddi ti onal

mat er i aI s of different types can be added into the glue |ayer (such as

car bon donipesits metgriblowppaan éa bbeestrictnd tottheelntegftaﬁ@ gthnthe eew dosds beang i cul at es or

! ek Al RERSRER G, s SBPH A eR SRR B e

first |IAyRin fecepas b@ﬁp@@keﬁatallalﬁéﬁﬁwmgn refyl ihFigdrayer c&ﬁpdr*ecbmhra j oi ned
to a first |layer of Chitosan) can be joined to a second |ayer of conposite

mat er i SinghbrAnhgpestramdwedicedPrp (ditongiile '?aékgnoemd tocemBatendithdper  of
Chit < Fib
sol ut: s Foroil i em Rl By B SGRGR e LR B RUBE MMl DT 0 M o

| ayer s (efretcling ofihe greaIe), M&lhchCﬁpp&let}ﬁrlg@sﬁhdsm ofjedvnBondBdingfyrméd whhikid es
removed, ,such as by using a straight edge or. squeegee, to provide a

subst arfitially {reg, NH-dMerepusrein aglitien e &eﬁn%flwé&a of fthe A mder 4 band epadysan. The
resul tipngh kg tﬂeé%%é tﬁ‘eqm% ltﬁeeabfg&ﬁ;%h BhnLAN 5B6cAYY, RistaQidHfitloanf OF €xanpl e

at 37 C. Figure 3E sh ows an oss section image of the nultilayer
conposideereast iertheal417¢me tapdLiThe pvgtlcsﬂmty olinle theasirialt@ds of the spectra is that

2012/ 030P805PCT/ US2011/ 049702 . t n| cal characteristics of _a sjngle
ayer AROCHRIEIaN i aedRnd LY It SOM PG T PEPaER) TA A

di scussg%lyﬁa@haosa%dﬂir&bpﬁ%lgeﬁﬁtg%dt@he%&{dl | Bk RE@Nthe b)RER af@helEnigdger i nto
the gl ue Tayer (such as carbon fibers, carbon nanotubes, or other strong

mat er i ath@corpmsutﬁd;mlatale@af@?lalfls br@risypemwfauwllrreugh theseechsmicnd gzauipal properties
o OPt i Een deshred BONRYLON 46 & B AT\ S oTBLeEd Bl ALK eoRpaS! U on:

Chi t os teln are s es O osan/ protern

conpositigtoi®: Eib!r@h bleaar&b@l@a@d% g SMrilblatmifQBSthaNitrédenta@saappdaicdbess and
vari abl e anount of Fibroin, were weighed before being i mersed in 37C D

wat er fddecthyvoled in thﬁééystaépswwienﬁwm the, intgrgplesulachydrogemong Nt kk
supposi S@é] 61‘2 %alj t of the
Suppos ¢ UG BAESTR R SR el iyt

between C=0O—H-N (w1thout free OH and NH groups in the bulk crystal) in Chitin.

Therefore the interaction with Fibroin is a process that competes with the interchain

association of Chitosan and the formation of the crystal structure.

[00155] The composite material fabricated in accordance with the present invention is an

organic composite laminate material made of biodegradable and biocompatible materials with

30



where: Wwet is the weight of the hydrated conposite material, Ws and Wib
are the dry weight of Chitosan and Fibroin in the sanple, respectively, and
Acs and AvVDRotAmsisosassoci at ed wat er absorptions. [00145PCThiS201n0&97Dr s have
al so discovered that flexibility of the conposite material can be nodul ated

with water. Furthernore, the copposite rial can_pe reversiply

(' ano! g uiEnel St iBHATARIHE T1e" A G Got RUnES i TR SIPERHRE at e f al
(when dioypoti Mafeligiik RAransl ek Qﬁg{nal taasRRAdenE bin B fPhbghand agdpRidsosuch as
tanni ng or conposition. Figure 2C shows the absorbance of water by the

chi t osandiprwesiincledngbsthtrecdieal end adpn-medial aptiliggtiensgAdpitiondllyt ihes anei ght of t he
wat er sat urated es. i s represented against the.Chitosan/Fibroin ratio.
The viarapAledt fPaFigRine Sl o ARRT S etHied Wi P Rusoh olda Bt e and
t he fi natem@isgilRhcedTohht6lling i £soudnt bEwYRF h thekbmp&AEnAalieRiled e sum of

t he separate water uptake of both material |ayers; this indicates that
wat er uptana tp sravifeeblrad mnge P meehanirabelneadtaststipe figsen venstifciopuweitt s at

t he int [ f ' s 2.3

t mes. HEBEOE sty RuortEh i S RARRERE Ba HeEl SRS HANRI SR .
cont ai rsatiipated with &vaterli®lotgg mbeularedOl7:@00@@Pa).i bri um directly associated to
concentration of the other two conponents. [00146] Accordingly, in sone
enbodi ments of the aspects described herein, the conposite material is
hydr at ?sesg?thlé%ggzgpﬁfe%ﬁeri&lge term"hydrated” in reference to a conposite
mat er i i material that conprises water. Accordingly, in
sone erfbothaienDse t¢ hebiooomppaitilétynegk siralgth sndgbdlitytte thoanthtecionpiffrees tHer om
about 5%t o about 95% g?f wat er . Thbe wat er coPt ent o]fé a h%g[?at ed conposite
mat er i S°TPANGRAUSHELG D USHE BT BRCE GRPIGH O KT S ATPIfe Meonposi t e

mat er i alonffRsitd RafefhBdan Weigéd in%frosltﬂ&ic%édfc@&,@gs&@ﬂgﬁ}%bﬁ% ME¥folds, wound

2012/ 030805PCT/ US2011/ 049702 material. Alternatively, the water content of
a hydr dreeldngdaviess iané compenrcints| asoeahl dse toploeinant fortpdastias il ehengyngiatic of wat er

in the .conposit terial to the ight of th onposi te terial, before
hycr at (e iR e contolife e fteronitsf HRE ShmbelRatiady 88 % ¢ 1,
r ef er engiemé® driRxibditlof ai¥aatrigifcah BRatalt OBy déedlif pRice Bf #Hv@ddyahge she

conposite material. [00147] The saturation of the conposite material wth
wat er dipue waercmdifections. fanewmple angsdafiefd ermshes prgréltic sompoegnt.a Fultherat

| east 9 t % .at. | 0 ] % . o cat | east
5056 art 2Shs BEBR'oLAR Toafarg GBS e Pitlauh BBt Cpalles pERRIIRANOCE 1€

fol d, ahe Ineastionbofbeluded fulr dheasid th&apealtid agait deBast by Ondoppadatimy the @gait in
30-fold, at |east 40-fold, at |least 50-fold, at |east 100-fold or nore
conpar ehe peyes Awing ¢ aftsr thedabrigatiom PEIcesShe dri ed conposite material . [00148]
The in S i L gy flgant. di C, t ween
{he vatlon1e Y EofipS A hRGRY ELPA- bl (6] RO BRI RHERSE (67 0
honogerindwstiiad applicatibes. flanr meamplehthe eoinposie satgnidl fche housadenyaheeal di f f er ence

bet ween. them , W.t hout wi shi ng .to be bound by theory,. changes i ntroduced for
Dhe e gy N inlt YRRt if RelRa s M AaguelivE (er sty chBec e o o
di f f er ecese {ehidlBe aRPRRARI veflc1 &N AN PEL ST dubibdl G8dRIrick Nghe esmpSiifendi@iAr i al ,

carbohydrate and protein hydrated filns. Again, w thout wshing to be bound
by t hemag alspibe wtrapldénplashiss bsadl io dhe lednadisey.i och ssfostonthi@esemgosi t e

materigl result from.the different chani ca roperties of the c onents.
00140 oHiorbt sehB e Fr i S APk TG REM Ry G BRIt Sl sl Ea L3 br o1

conposirdoelififee ko, 3toridet ddnw@iey, Iidue decipackd) kdnkdyBlothifd, @B disPoiaBlcaasAVer age
val ue of 3.5Moa, which is nore than 30 tines bel ow that obtained for the
dry matbags.aPtheppygaplary usereofdhe pppresits srasaenl s weluds, Byt aredig fimiedder y

reduce f ; - i R ' j.gni fi cant
| mer oacutbt AopEPREuR; st orbol haTRY ThRAAR Hafniide St sBhg® Gl |
Si ze, ivehtnbumsts, wrdsh bhhier? andedadmdienacapgsipinent@ige rpyédnsivhen dry as
shown ipn Figure 2D. IR S ectrometrﬁ [ 00150] IR spectra were obtained with
a resol4igrnady. Be enrpueBUF 14! ran Bo gt ddn dnaucHring efspaents fopr uker

Cer manyy)e fddicaRai¥Z 8dc-pMdin tg§§enti al FTIR (Operant LLC, USA). The Fibroin
on conposite material FTI I%)d ta was obtai ned by enploying the single beam
spect r 400138h aT@hioopesite mdtenahef hagkepenindergioghat moef op@ichtiensFoclndiag,
transformati on. [00151] From a nol ecul.ar int .of view Chitin is.usually
eocr i HEUOHE T A Gl wRone Ry S PoRpHer B o ob st WEMSH! de3isesi tut 2o
wi th an acetyl am ne group. Figure 4 shows the FTIR anal ysis of Chitosan
films and confirns the characteristic absorption of the C=0 stretching of
the am de (Amde I, 1658cm 1), indicating inconplete deacetylation of the
WO 2012/ 030805PCT/ US2011/ 049702 Chitin. The ratio of acetyl groups per

gl ucosam ne residues (i.e. degree of acetylation) is calculated as the

o o, M. o " Y M o o N Y b1 Y



[ 00152] As shown in Figure 4B, the conposite Shrilk material (at a 1:2
Chitosan to Fibroin ratio) shows an IR absorption spectrumvery simlar to
t he sum ovOChizesn (Fi g. 4A, black) and Fibroin (Fig 4@cThisacili)p4970here is
a shift of the amne Il band with respect the Chitosan (from 1562 to

1536cm 1), .even w t.h ve, hin Fi rorn | Thi s ba d rela es to the
e AL e RO mRntie Aetreiid heehurg Peprai EHE ot wili et utbingt {he o N
st ret chicGedpBARs MdIEES 0 Rs, dDOmERhY bRt SnAtt dlana@etﬂtﬁ@dmé@%tth AR

appears to be made through the Nitrogen atomin the number 2 position of
t he ChidfifmicGiont osan saccharide ring. [00153] As shown herein, the

appear 4006 0be P BEEPRL B PR TEPRARE Gt ot e R BoRHC et g

scr eeneyd sjatsié Gsral tfshid @Bifdefdiohkirnited @hl @b be TReERlIBfEt dnderi@ivepRtecul ar
bonds in detail, the Fibroin spectra in the conposite material 1Is shown in

grey i rrERIGGPECITENt Op FAssRRIAliqR StHtegias theyireayesasiisisentthasmnaddldesc etk by a

Chi t os r i

Corona b RS HRAAETT Yy A EATREEL 190 S ot AP RRMLITS, oy ng
of the rtgemerdNbh stribgiehinglijlpoy; buttrhﬁhh)i&dttdﬂ&@hﬁl dikc, mldml@a& bebngerior med
with the initially free NH Mreover, in addltlon to the nDdlflcatlon of

the AnitHeug, rW%ﬁ%pCafra.selaéwnewfirlengae%%éeg aushls. sksletalinppseleeteBEISY pt i on
band at i band.
e LA T R S R e St
| ocat edlefact tdpmrsacrteastt&ndsl Iapalem&uwqud desupe mtcbmamr anmedicilhwppheatioes.gAoups

(Fig. 4A n Chlt further ug t hat he bondi ng bet ween
the. pr GBI L b el S8 el e DR el anl i p By o e
spect  iggplitiioh aueky bRepgERen EaLGT QRS redROAGHInI ARy RhSeI Al Lan can

al so explain the very poor nechanical characteristics of the
Chi t osdhe:added ithe bls%lﬂd:nemngad eonstigct floe chhmnlgI@nd @ebsille enplah@tion. tln@g@ng at om

appears d|re i nv ed in th str re t hr qu

PP or mebbat B T ot BERHY Rt S R HBRRoeRH SRRy, R R

gl ucosajitedeyted, Pafehthy@sa kel Aidh b heps@ht yidd epdiy bang edlishaiethdngt MReBelfsy.0<- 41- N
(wi t hout f?%g %H anJ@%H Sroups in theybuﬁi crystalfqln é?%%ln TEZrefore

t he i nteHaet ingrtinglorgm. BRGPHCT eelly spehorsassve ¢ells. bopaprrey eallsrskitheelisnt er chai n
associ C re. [00155]
The cormulitydl I ARORA, S AL T, i Rbico bl RSB 2ot o
is an Qﬁ@aﬁd@hﬁ@ﬂnmsmbmﬁPsmuﬂBtandabemhahomﬂﬂﬁmﬁkuhmaﬁe@nﬁdﬁhhﬁnand

bloconpatlble materials with the strength of the Al um num alloys but with
one hal4onPiss ra@rrétabyshetwell SHIWR GRS OF CYRPEYRPH afteranplge ] %frnetﬂ% far above

the or !eﬂgﬁ% t?sséé‘é’ancaq% ek r\{z"ﬁglr ?r{é'lg rp?%%)é £8uhpL: JTR rHﬁt%%ll

i ncludin and non- nedla app |t|ona y It is an
excelIempwnmdeh@knnnmhmestudy of nat ural structures mnth great i nplications

in zool terial science. ntrol t he anopu er in the
g ;LT e SR I e Lt A e T A S
mechani ) bChaleachie] 4 @atrbaﬁydmtté RR/&r PiSle¥n é%twttctn M&%ﬁrﬁﬁ:ngrat @bingbsihen dry

(Young nodul us=5.750. 4 to a extrenely elastic material when saturated
with manetﬁnf(lmungierdndmlthsa@nmm n@@fzr@tbal) a pessien thefreafpétecibmplosined Fed eri al s

[ 00156] L3 bi qc i h stren th and bilit nDduIate
s stieriesh pitd BUIERIRLET i oo ety GEBLRORRG! o bbb fullRE

appl i cahé et cdroe mamwlm tht: babepymﬁts ok Brow@h Befoad fo@@ﬂtl&ﬁoﬂtﬁedomﬁo@ﬂ’eos'[ hetic
devi ces, tissue engineering scaffolds, wound healing devices and conponents

as wel Imaerial. Adisrmadiuphynthepgent spm ke Fowlantly lakedio by suhehydsats or prasgigani c
t
ot o | apverafiel okt FORRE RN ALt ERTkENch (Ll BE ORISR, |

used i nvih ke eabohadrafede praecigdayd wWithssbendtorpesugnagn ftkraiedarslinkear exanpl e as

a scaff b or ot her prosthetic conponent. Further, the porous nature of the
f oam ar{ﬁ f@dngé %W&F‘& oF 20tve ABTHS Heheas bersed &C%&Pwrrtléhwommﬂﬁnvenu on
to be USagidIof ol esAntERRIARS b BAPALIEEL MR hbIRYId, nﬁam@rsgﬁl { he
agent in the por during or after the fabrication process 57] The
cCoNnposi p;eptldmt pqrptldbrrmanncaicsmtmhamm branicaempedindsainoagmid mm;romnés, e.g. for
|ndustr| plicati For exapple, the .co 05|t nmat er,i. can be. used
oy whertidae iR SinigneaBreRT: PrmttBer gmpuibdiRe tidbnt iR he
autonotive (e.g., hybrid vehicles, elecgsic vehicles, and racing vehicles)
and aeronautical industries. The conposite nmaterial can also be used to
repl ace plastics used in the food industry, such as for containers and
bottles. The conposite material can be used to manufacture consuner goods
|nclud|ng, but not Ilnlted to storage cont ai ners, Iuggage backpacks,

M T o o M [ ~ 1 o o S Y M



Al'l of the conposites described herein can be easily functionalized with
drugs, antibiotics, cell responses nol ecul es, dyes, enzynes and other small
and | argewoobeonibses, with retention of function. [00159pCThs2@mbedonent s of
the present invention thus provides for conposites that nay be suitable for
atiss i neered constructs, that can.be use for def ect. and or

r epai rllL“eOcS %HP ePF ACRYRASEN Py 'éf‘g%ﬁ@FaaPﬂ‘%‘ha%ePI o Rigiogicat pa “%W"@&%gﬁ]ﬁ from
these rrﬁfiIJdi@gistahlchmalslefaﬁl BeptRet MIPRR! ARIsSQDNARNAVHALHRL, mNAbe used for
organ repair, organ replacenent or regeneration strategies including, but
not |i rntischse oligapicleatidadi decoy otigoiwleotides uacrofiN/a apraereve and sbogymdsj,ver ,
pancreas, , Ki dn bl adder | een, cardi nmuscl e

P endondelef st g el i etRon i BrEH Y sRbeeRes s SiaRafR 3 Ee of (e
i nvent la(hﬂb&ﬁBs BermisiRd, HRmofehREdoni e atdwihUsdoR Br k@bRibalant elRaIth faRkEs wound

cl osure and repalr to nedi cal applications. A conposite of the material can
be usedngdragmpepts|ang v apKs thereopreytakiesi & cAAYMEH amﬂagttw%vwge%nyvuals

applic t g. Any
fype ofokBrradHED Alu e UARE el SRR AUELIRD AR b8 o BBMRESRALETE,  hg
and posSuinid @cenqmﬁraattatd a@Bnts istiedblecfon gmdeﬂyi@ thé ccbrhpogim Sicdidranls efitle pregtrat al
systens, such as chondroc¥tes fibrohl asts, e cells and osteocytes,

par enc H?YF‘élI“OE nqludes Gelfs @re Iﬂé%%@f@@@ erg&ﬁ@l?%%&n QEP@I Y4GPR peptidfsng 1 sl et
cells), I , t I e cells,
bone o&i‘@é}l%? SSE?}nA(%gI II}g,Mrg#lg raflgggl éﬁt fﬁgerénﬁ? S%%aélgbtcieh r%%%% iélg(l ncl udi ng,
e.g. emblgencs:amitamaigpmadu@bumﬁelm stetdids; asfildotiase inselin; phtarfelpas erahd st en(i PS)
ceIIs d conbinatjon thereof, either as obt.ained fronIdonors from

est abl I%Wgﬁi‘ﬂ%ﬁ pRStngr ghematirdapeyic agrits (e NECPICCLIFERN) HBMEERTES iy enet i
engi neghébg. o zfﬂdqﬁ RftRIdids: SQVRRAMA AIIRBsUSRH a5 WO By Rk W Migera nunber
of different cell types in a single structure. [00160] The conp05|tes can
be nodirfaiwally dﬁm@dpagmeapallm@ne@rﬁé faeteinsepgrantharifite ghgeprotaiesy be ni xed
with a ca rtboh%/ %jte and/or rotein soI ution prior to formng the conposite
mat eri aP,o or & T HEgUE “%0%1881”%0 Material or a portion thereof after

it is floor62q. Oaeraganplasafedbsfick@eso et byt ard Ad@inivdd b, ®asdbydmt e or
protein-layers. For covalent |inking, the agent can be linked with the

car bohydtratsen L rigciesiaf Iyergf Mefflwreatlﬁ oRdigiong ligs. d drddatisen rw.d¥ieGraw-

Al terngy h a e or
pr ot ei n- ]Ill\glg?/ l\a?t ﬁhﬁ?c oér]{ﬁaqel%g#% g I?\éeg(gﬂ;%%g#tle% Z’ad?}ea(rafﬂta%“&%%%ywﬁﬁ%l, t he
agent dzwonbeidiGeeRHaymhdoidgiehl Biatil of Maeapebioh&iT EdigomGapdatagiand IGilyem, wi t h a
bond or throug%lan internedi ate_linker. lvj&[00161 The_variety of active

agent s POR%t Upilsql Hatey EBYMIRORG ﬂﬁ‘ﬁé‘ﬁ“@ﬁa yRutaRe Wbk éﬂyrIétl@PPaI of the
pr esent. |\ RNENR iR o Godtidth (jﬁﬁ%lﬁﬁeﬁl L pgd Pf;@rrrﬁﬁ@ @zcﬂ?&%ﬂgf@hgr&%mﬁ hid

proteins, peptides, peptidonm mmetics, nuc acl ds ani'c conpounds,

i nor gamuuentmwmg hetdolcbgideal the ompplumntdnt of dhofcwhicly amdteraie conpounds,

conmpounds havi bi ol ogi cal activity. WO 2012/ 030805PCT/ US2011/ 049702 For

exanplén“FH@aﬁgg?ve *fYEWt may be a therapeutic agent or biol ogica

mat er i gho1634Choaser @@Jtérﬁal td lEt@érHEIédEIGd st &SRl SaterRlQlafiiNGuddgRbbHdeSanduc! ei ¢

acids (DNA, "RNA, plasm ds, siRNA antisense oligonucleotides, decoy

ol i gonuelatedtsystems fori dHyenaf gelmtlarreatenalarmmddﬁ@zsi mqms muastiat celbdird

analogue nucleqildes olugpnucle?tldes or .seguences e |de cIelc
S

ali scades; peptides a roteins to promote mlIlCI' 1za lOIlO CVCIltS rom
aci ds, I]i B%aa h%rpm)nes or m)nepan agoni S actors of

r econbi JRBGtadBERM Ibepfuaei zﬁfdspraﬂéﬁlsftdi agpLné ﬁlrﬁﬂﬁsﬂbﬁhte@fﬁ&é‘s ttehie@bialcyt oki nes,

or enzymes, antibiotics, viruses, antivirals, toxins, prodrugs

chenot Ipepaféeéupm&ena@emre ategpamponpise aid ebohydiaes. HistdingrrTaemples t her eof .

Sone e able for nodifying the conposite materials
Ygg sﬁﬁ%ﬁ g%a%eanﬁ &Eé 12&65‘[1&

of the esen ent | o es cells (including stemcells),

eryt hr c[pt)l(dt]l nAGhBEY, ond cﬁ&%rpepmvmk%ents@htybeemtn@gjdyfgzahecc(rﬁ:jk@et): mawyrall.ur oni ¢

acid , I.ntegrins, selectins _and cadherins; anal gesic¢cs and anal gesic
conbi na‘f“'?CBFf]s}ngl& whe gréng thacoppotitecd the pistant WVe‘FtIﬂ“eﬁSfad?lﬁfiﬁ&matoéﬁﬂpoft

| nt erl liobRa AFEAASLOPas CETPLARARSIHLNE (PARN e fabrials ATHbARACRE agents)
tunor necrosis factors a and J3: anti bodi es; attachnment nedi ators,
such agr&@d drthé ageegrplrcvmotemlne fomhtmnahamfrth¢ hg,endeﬁtemexd releasge fiotn dal | y

engi neer ed proteins ysacchart.i des copratejn t ot oxi ns, prodrugs,
o geREolt of 1N e P ReT LRUEE S e HET SRt ATUFENEPIRRUE: ¢ hgent s
include, but are not [imted to those § %und in Harrison's Principles of
Internal Medicine, 13th Edition, BEds. T.R Harrison et al. McGawHi |

N. Y., NY; Physicians Desk Reference, 50th Edition, 1997, Oradell New

Jersey, Medical Econonics Co.; Pharmacol ogi cal Basis of Therapeutics, 8th
Editi on, Goodman and G I man, 1990 Unlted St ates Phar macopel a, The Nat| onaI
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Enzymatic bonding to extracellular matrix [00165] In another aspect the
i nvention provides a nethod of attaching a nedical inplant device to a
ti ssue orworgem3osfie net hod conprising appl yi ng an ef f eeCirusS2amouwrn2 of a
transgl utam nase to the surface of the tissue or organ where the nedica

i npl ant_devi.ce ne e attached and contacti i cal inplant

devi ce R'B°HES Bﬁﬂ?dg'%éela‘f’g{@h@a‘te?’lé E@OWN‘? Bre %Pgrowglp 1ﬁ”ﬁJ%ﬁ RitPbn, the
transgliyphd Base) g‘rawtmeﬁamubﬁgs bRIRc&IE Mg @f EdieviceihtabMienp)| gy devi ce
and the medical inhplant device contacted with thé tissue surface. Still, in

anot herbogimssdivme (B S)t hen-esedhitod hmingpcahtand @ntikieticsa andgrogwin tuad mecbhagerhic t he

her oi m, RSO B8P PTG a (anegF drrd AL g B ordh Ferapprig: %

ref ers agculfitGhaamting girckwthqﬁmuln(tvmls)agﬁluyﬂrﬁay gRiwth FAd@NEOIRY! pteRas&i@d t he
desired site. Accordingly, the term"ap enbr aces topica

appl i carputhsfagpr (RRAEEY wvhﬁﬂlhag@wtb f@%ﬁﬂ%ﬁdémd JﬁETIBab@W@WéO&%@ﬁ?I‘ésm on of
host th
ot vi (oS ABRAT AN El 2 ok Ll e BB iR PR SR ik g

to be HG)E[D(B),llyanafdnlilﬁ@rgtow&ﬂﬁc@&ﬂ(elglﬂ@%eTGﬁeB BXY, @SSt @rovath fagdisyvarddy of a
host trans%lutanlnase b ing a _conposition that increases the

expr esSEBKIDRAEBS ‘é&wtb%%cwéﬁretlﬂl@vvﬂlrlaﬂ?gqrhﬁ%ﬁnerga@selrtézr Thigafsiislar Bavi es et
al . (J.vBf Rasis %ﬁﬁoﬁﬂ-ﬂ%ﬁ)& %@gmﬁl@@' i!nz&fe)s Ci)e)scr i be inducing
transgl ut am nase expression using retinoic acid. Exenplary transgl utan nase
activators include, but are not limted to, thronbin, TIG3 protein, calcium
chl ori de oh'ngo%y Ichollne Addltlonally, Si gma- Al drich
sel | s tHeX¥ . WLEEt which can be used for screening

act i vat Qﬂﬁiﬁf i ﬁf@)‘ﬂ%‘r HE&@I m@%@ven{lgﬁﬂﬁ)ude@% sl drek@iring B¥nedical implant
transglutanlnase is meant a nmenber of the group of enzynes identified by
Enzyne dCuivrite s tisyne 9y stgam dihe @Gletlysi donmuisingrapRbyingargeffectige ermlmf a

2012/0 0805PCT/.US2011/ 049702 . 13). Skilled arti aware that
Cr ansgl Ut aRrHaLEEed Beat ey beafugdl aregs osf S gttt FrustiRR of
y- car bayagafdechgd ahiP ctitacting |tk RBHIOE ifrSdnd HevitdtodhP QRFdcE Of gRaishue.
Transgl ut am nases form 8-(y-A u)-Lys crosslinks in and between protein

ol ecul&léerppbislyanr BLasditiv. Hedispseintaminase canebe apligd éo ¢ purfacpobtheimedigdls as an
acyl si due
Tto o DParadevio BRAH: WAk AR SRR L AP A R OLERE BB O G
Such t rafmlehgf erhbodimase shel medicd émphlahcdavivel cad &p eomtecttd bvﬁtanlscghuha sirfies @gd and
cal ci um dependent  trans Iutanlnases The former include an enzyne derived

f rom nite¢ BorGaBIRES Pebe dpldgrwardsnpl e, JP- A-1- 27471, content of which is

i ncorp h r ke ;i ncl ude
OO PG RS B ehRRASE ol PIAAERIina RISy L e ! U
whi ch irsfersntooncpcarsatgthe Iamloentrortaytme}f draemmmg]umnnmsseemtherc@sly@d sien enzyne
derived fro {see for Qxa %ﬁ hon Sui san

Gakkai $Hfeor %ly’ BT 2PRIYING” © ac(ei@@éﬁa lr‘ff‘té‘?ﬂs 051”%1‘&%“1}‘?5? Bcbr por at ed
her ei n gyfradd $ncBHsine®he/dxpréldntd?@ hobd¢Bans P@ufahhﬁz{se at thelsn€ bESERh SRR mﬁﬁor
produced by gene reconbination (see, -1- 300889, JP-A-5- 19988

JP-A-6 12@53757@ the epiiaivt of wfamgiutamlaase at eottpof aitasimint: SV ithoy wislfieg émb,fe in
their onihighhondy. [OOLED] Te. fransalubam nass, bPL i gahliile et hods of

t he preseng Avert 1 on® EahM5E T O APt Ut &1 2ora s ?%et|§;source .9,

r econbiapgliing a fetfpositichNBE ikéradbet &ﬁ:%xpfe@ﬂaﬂi @ldi/éﬂ acﬁwt?&f hecaadlutamdmse.
manmal i an ti ssue sanpl es, as well manmal i an transglutanlnases expressed

by reccﬁ%ﬁﬁ'ﬂfmﬂer@&‘ﬁ%‘s efrab (. rﬁlph@é@mh@@éﬁh26qzﬁlrﬁ6h%lr7ﬁﬁfl@scnb%\m HANE of

nat ur al t [ 00170]
o o SRS TS| LS RSO o A0SES A Syl Daliah (00170
NhnnalnaﬂumfansgkmbaMMna$esﬂﬁambbeTﬁbignmﬁdchkmﬁnahbmﬂbzmdlls and tissues
and cellular products. [00171] | n sonme enbodi nents, tran%glutanlnase is a

ti ssue sPhuseylRfcaPhgEsholiter giddayonaflyoygom-Alarighlls dh bantalppginase Assay

transglgh GMdBAsSH bk Qs 3 gérQQhﬁé adtf AP G U ATL AR Enash, M Cr obi al
transgl ut am nase can be i1solated fromone ofF nore of a Streptonyces

hygr osdopl6&Tls asmaédherS8ny bpt* tmmgtutmninlasaj s BehwacoemberStf tlepgrovent i ci | i um

Tt e AT By bR S ST b, 55 2l g 1o ©

herein by reference in its entirety). [QP173] In some enbodi ments,

transgl utam nase i s a human transgl utam nase. Human transglutaninase can be
prepared from human tissue or cells. For exanple, a human transgl utam nase
can be extracted from human tissue sources such as lung, liver, spleen,




WO 2012/ 030805PCT/ US2011/ 049702 ki dney, heart nuscle, skeletal nuscle, eye
| ens, endothelial cells, erythrocytes, snooth nuscle cells, bone and

macr ophagwe.20{20B80804] Al ternatively, human transgl ut am nase/usanioe7obt ai ned
froma culture of human cells that express a mammalian transgl utam nase,

usi ng ce ur.e, net hodol kno in the art. Preferred cell line
Sour co -9 b PR IS BN v b e P DAD arpig S5 A Srisy e oL G S
endot heicypdralﬁﬁér Irea]ch&?o %%oiirﬁfde%]kéﬁﬁﬁ atglﬁtaﬁl%é%ﬁﬁh@ﬁﬁsﬁﬂepﬁﬁg RN

ost eosar coma cel i ne 'n sone enbodi nent S, transgl ut am nase
is a céfr@nagmtamdeﬁr@tfdmms 44 Cdlm)slgjymram1nhsm antlipeygre potthiormeadte it ),

t ransgl ut am nase m: dependent  trans 0176] Sone
exonp dr PP A drd AR BRRSR B wE PL AR Pl B MRl BT 1
(fibrimist@aitgd DglutagiheFdsidu e alllthdNSHidfe3 b 8Rn (WetdratisROaY héyl

transgl utam nase, ), Type 2 transglutam nase (tissue transglutam nase), Type
3 trandgtartdni nase (epi dermal transgl utam nase), Type 4 transgl utam nase

(prost an 9{%& nase X),
Tope 6 PPl or SR AR AR R R P b A R b A s
( Tr ans glalthatidepaled) trank Y arihasks. Thielforoe ippdees @Tz?ﬁleldynﬁémans killed in
the art that the source of the transgl ut am nase can be sel ected according

to the PEFITEMAS (&% reexgmpls; (Aot -2 fﬁﬂ SARtERG f yyhiglt istipgorpRigicd AEreihPy ant
mat er i as
Drtrri ariep gl uEeT ) lpd U e 4G SOBLEL i (S ediRed i VTS
bone- depdey &t Bt T H1389] aohsemt nfawhlchTsmnsorpomtetdﬁmrmbmefemhcd: hetspmeis@n), an

i nvention, of Iut naseg e used d the o n _and the
bt UGBS U s BoFe AP b ORISRt Aot ok ARPom e ert B it nase
can be gieNovedD. leS’mmmhén%f WhiSK RAh&ERPHARE heMpi BOVSInGrd IR AR dike.
reconbi nant transgl utanm nase can al so be used. [00179] Sone commercial ly

avai | adfusther, atnggiudnsaﬂwmsmmdmed\mgem oreominatibe (sesudhAals3QIB3AeE- pi Iy

b o e A Paeg L AnRRSE e STl G FUER S FERRE Wl o

Ltd., Upstaiks. USA I nc. and Bi odeS| gn International. Qher non-limting
exarrpl es of commercially avail able transgjﬁut am nase products incl ude t hose
pr oducd@0HP1 Aj Wh@%@sﬁh{tﬁmn@ﬁ@aﬁ%§%lﬂl thg ag )18 O%t@émreégnt/\@wnt@nmhq fromet i va

TG FP, ced by

Yi m ng ﬁfat“{‘%g‘? ca y@etlg\g@{ré@ %A %‘%g%ﬁ | na glut aEQB %@%ﬁgﬂ%’ TG A

[ 00 180]exﬂfbﬁecﬂ)ffﬁﬁﬁ@idﬁhﬁdiﬁdﬁ&&@ud:@mlﬂ1@ apwell eﬁmlaﬂmﬁﬂmn &unstgahhmlﬂa@ersm i ncl udi ng,
but not limted to, solutions, emulsions (oil-in-water, water-in-oil),

aer 0solXpresssrhy reefrpkipuH rreanyyyespalodassagi B Actriheaperes Yot s nawealys |

| ot i ONSyc  ROWE i Anm nstran@%lq{aﬁﬂﬁésés aﬂ%@’s’o%&h&éﬂ ds, creanms, and any

conbi nati ons t er eo ne enbodi nent e transgl utam nase is applied in
t he for[@Bi0]a posmhmemlpc@ﬁ)msﬂt]s tfr«h&amsghn&ginmealmanmma]aan tmptsglmmmhg/sebe in a

phar maceuti c acce abl e co i on har ut| al ac bl e

P oo B LEh BT SBLe Bing (4 PR S8 T R Sdns Jouh i SR one or
nor e pf‘iﬁl@d{ﬁ;@seutl cal | y acceptable carriers (addl t| ves) and/or diluents. As
used here, the term "pharnmaceutically acceptable” refers to those
corrpour{ﬂ§171r}at I;rmmem'@@mo@s,ttrmglutaannﬂsons YosageranlutsmisabetiTaase). wit hin

t he scgag und nme da qua swtab e. foB se |f1 cont act with the
me em 1ments utamntqaf_? a icrobia transg utaniin se
ti ssue 1‘ unan el ngs and ani rav excessive Foxicity, | rritation,

al | er gigickedsd1 @RS alut@miein wleah@mfﬁfm 66N heRtdf Ay repRRASUr ate With a
reasonabl e benefit/risk ratio. 0012’623 General ly, the transgl utam nase

acti vi t@gr@cmﬁaw&r@w, AtreRIPesrEeidaim Biderdt u?téeptqmascﬂlwenm@wg ®an be

per f or e I t fornmed
B an a1t ol SRER il CuiToRR P BRAE IR BBy PRSI B APS!

hi gher 38@6®omtenhbghhrch 1§ﬁ€o@bralmd;1h:eesm b§5&emncdnugtneafn¢ire:ty) 60C or higher. In

sone errggfl nments, bonding is perforned at roomtenperature, Pﬁbga from
about 18H71Y afpiamesrbodimerts Hansgl BaY RSAiSa h%ﬁairﬁzjg wampigasen ALt o

tenper ik Qu@hl@é@@ Whn 80 &e}aﬁe@lﬁ%’ﬁ hutR4n tissue or cells. For example, a human

transglutaminase can be extracted from human tissue sources such as lung, liver, spleen,

35



[00183] As used herein, the term"pharmaceutically-acceptable carrier”
nmeans a pharnaceutical |l y-acceptable material, conposition or vehicle, such
as a |iquwo2or2/sesosd filler, diluent, excipient, manufaetCunisegiaigyofe. g.,

| ubricant, talc magnesium calciumor zinc stearate, or steric acid), or

sol vent _.encapsul at i te i nvol ved i [ or transporting the
subj ectk@% THias o S]g;ﬁ%ta](rjﬁnlj%e Cot eﬁﬁreﬂl%ﬁgelﬂﬁa ]Ii%e (51359‘:“?% sB98thher or gan,
or por theRidells P Ay maERphagedr ri er nust be "acceptable” in the sense of
bei ng conpatible with the other ingredients of the fornulation and not

i nj uri d08174g tHétepatlv‘émhun&mrtmn@glataphe@e@ﬁn havktaingdl $romhi ckltweant kenve as
phar nace C acceptabl.e carrjers. inc such | act ose,
01 ucoseaniE e Sa TR Al e e e ferdwll BR oS e Paf ngB: oh:
(3) celihdheose, Préfigret csll URE botRbds\WE SuctStaRgRsansiasies MchrRle DX EREhdtYimieal | ul ose,
met hyl cel | ul ose, ethyl cellul ose, mcrocrystalline cel | ul ose and cel | ul ose

acet at o, umangwgabelial cell diga ESWIN4 ({05 Yissusl tFansglgtamyedsa} ane: huomn | ubri cat i ng
agents, e%g,ﬂcg},ﬁ Qappgesm3stear ate, sodiumlauryl sulfate and talc; (8)

exci pi ent’s, Such as Cocoda butter and suppository waxes; (9) oils, such as
peanut [00175]cotit @m&e@ﬁb@hﬂnentsafa‘nhglwrmﬁmb,ls sedanm- mﬂépendéﬂtve oil, corn oil
and soybean oil; ycol s, such as propyl ene glycol; ols, such

as gl yé@nﬁﬁutagwaépt B}SO%WH?&?@@O&H&G%%@?&W%S@F%ﬁc%ﬂk:ltl en efﬁzl) esters,
such as.gthylanphfate and ethyl laurate; (13) agar; (14) buf f eri ng agents,
such as magnesi um hydr oxi de and al um num hydroxi de; (15) alginic acid; (16)
pyrogerf001#d waome ex¢riiplhry tsotsglniamisades mejude @)t aRi my émisedso] Kiciop X111(A9)

et hyl al.cahol 2 2012/ 030805PCT/ US2Q11/ 049702 buf f ered_sol uti ons;
o L ahBan bt o, Dol e R TSR RGP S EIEPStsh KM ot 5.
SUCh aSrdAQ Mﬁﬁﬁﬁds@ t§ssﬁ@ga@§hﬂﬁnﬁ‘1ﬁééjsl“ 3&1 @trzﬁﬁglﬁmnﬁﬁﬁgéqgﬁﬂ&rmﬁucr] as serum

bum n, (22) C2-C12 ol s, such as ethanol; and (23) other
non toﬂr@sﬁgﬁ&pamasm éfyscuécltaaml@tgmermpﬁ: dye&!atﬁ trap$elutamorst)i Tabe 5 or mul at i ons.

gent s praysr e A nrd ERE S oD R R RO B BT SRR ot s

can al spypga twngglafhrrmhz{get(mﬁmggmmuﬁsbgm The terms such as "excipient"
“carrier pharmaceutical ly accept able carrier” or the like are used

i nt er cHAAHFADI §t willbsianprepaeitdy] thayseskdiedrimhectit thatihe joweeelfhabl e conposi ti on

[ 001857 e EisH B kn G20 REPYcRor R P LR vor P g 1R SFIABBRLULABERT T
t he rTEdh@ﬁiedlcmphprnt devdré. Hoekoaraplt hié tlrmdecﬁedl impjahembtecievis €ebd ssedfabi xed t o

a tissue or. organ. used in the context of a msdl cal inplant device and

t r ansgl é‘?ﬁ‘lrh%lé it ?‘H’ebet Rengfieigkiop heqnaarialite RompRssfsbansderivad

transgl Aftifask S THASHHheOliRq S REpH RKEE ahG QY RhAlemt!

noncovat,f—htﬂ@%‘}J ?ﬁl\?\na’sth t |ceﬁP 4 tF E > e\}]%“;ge ag ﬁgr%fi)tdmmaal%f;tsscanthe

t r ansglhetumed, maédleonmgubenctithspmchledom prot:tm thmt«efrarahoulsmdedo fabricate the
medi cal M/%% deV| c In sone e% nts, af | ut am nase can be

coval ed0P4/8; 6c‘;ltrfubgg Yamugsg gode rﬂ@d}l?&a@ ri%P&ﬁ&oo&%‘é‘%}i 88 In sone
enmbodi n\Btesvert ﬁ@ﬁ%ﬁkéﬂ@@&rﬁ@%@n&ﬁﬂ ﬁtaﬁ@ﬁh‘s@@é&ﬁh%‘% ¥seli nked to the surface
of the medical inplant device. [00186] In some enbodi nents,

t r ansgl[00EA%] nageme apminercialticayailable Ibr@nmldammascrsm}ﬂrlancﬂ frgmvingmmats srchtase

nmedi cal | an r| cat ed. h S C cco for exanpl e,
by d p iR R iy AR ST Do AR A S rprllelvELOmE PR R

t r ansgltinagluAatease [ 20 3BuilabRtfi@f kDTI%ﬂtal Q’feaﬁ agditg aUpktarl 89A 16€hge conpri sing
a transgl utam nase may or nay not reqwre application of any additional
transgl péwgila@@r@%swphle Qehernaselimftingjcxamales ol epgaaraimlerayaddtiachnent is to
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[00190] In sone enbodi nents, the nedical inplant device is a foam or
sponge. [00191] In sone enbodi nents, the nedical inplant device conprises a
nanopar t iwbeomro3es08i croparticle. [00192] I n one enbodi meaT/USkée/oned: cal

i npl ant device is a wound dressing. Exenplary wound dressings include, but
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Alternatively, the nedical inplant device can be dipped in a solution of
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gl ut at hi one erase osin, troponin tau
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Non- | i thickdegysedimmaidcdinloé aﬁdj@énunx%@tata@ta @n powessd n’@gﬁamﬂ@(s)mﬁme in US
Pat. No. 5,428,014; No. 5,939,385; and No. 7,208,171, content of all of
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bi ocomafd PG RIPAIER! ViehidsB3AbILRMNARER1 BPRS (13 Uab! @1 RAldepgpt | des.

agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16)

pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH
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[00199]U. S. Pat. No. 7,208,171, describes the rational design of

transgl ut am nase substrate peptides. The design strategy was based on
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residues’ i n peptide an pré%eln St es can a 6 an-efiect on the amine
speci f iifetchangdabBlHeysini n al | pept i des a Gy residue was added on the
C-termnal side to act as a_ spacer between the peptide and the polyner in
t he pedp%%ﬂpoﬂbﬁﬁhare@ﬁ?%alﬂﬁé%mgt@blﬁwafnpt%%éfm ?18%111?1{\1‘1? ABY %Fﬂcmjét e may be
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term "bi odegradabl e” describes a material” which can deconpose under

physi ol wgircahere etigihnenhis t eewirbr eakdown products. Such physi ol ogi cal

condi ti nclude for. exa dro i deconmposi.tion via hydralytic
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is meant the surface area of the tissue that will be in contact with the implant device. For
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pol yanhydri des, pol yhydroxybutyric acid, polyorthoesters, polysiloxanes,
pol ycaprol act one, poly(lactic-co-glycolic acid), poly(lactic acid),

pol y( gl yowbi2e12asbs5, and copol yners prepared fromthe mpaobrses 10i9vhese
pol yners. [00205] In sone enbodi nents, the nedical inplant device is

fabricated froma bioc ati bl e, biodegradable materjal 00206 ui tabl e
pol yner%owﬁ?,ctﬁe E%a%é“%%&r?ao‘}anfr%%ﬁﬂ&eag?%ﬂge N@HP& QIFA/ e toiel 8 ?eﬁe

i ncl udeyedMthateumPt limted to, one or a mxture of polynmers selected from
the group consisting of carbohydrate polyners; silk; glycosam noglycan;
fibrin;[0ptI%}- et ypbeshlegtipchE rPE@¢di@ implatdeyiiey sdfkigltedevigisyfonl s (e. g.

pory ncr PAeHERahan SR P el aisd] Phip B MeaCeRRAR " por y

| act i c-fo@tiglitee @, iadtifagaldist R GNificipDdrgads; pr%MeHAEERNS, &Iﬁg'd}];ivd? byatdy! ene
oxi de; poly(gropylene fumarate (PPF); poly acrylic acid (PAA); hydrol ysed
pol yacryouidressings, fsrsy perdpatticldsi uiciepadticlpo Qe s pnesronges. nd¥ithout

pol yanhydr | ; . Sy > d: i 1 i{ pxanes;
Dol ycan RS ReL KT Ap YRS (o B3 i REWBFLARERFh 3 RS B 0

pol y( glsysfedlds fibeistjcanal gionges, fitie;anéahetsmbihatdrgithdreofacAdneddet irhplagt aci d;
esters of pectinic acid; carboxy nethyl cellul gse; hyaluronic acid; esters
of hyaldsVishican Beried fReprPiAent sRbsEfutienlan 2fen (Bct®¥an: car boxynet hyl
chi t osgp¢ itie ; X e ; ynet hyl
starchﬁﬂgggﬁoxgﬂgpﬁ5%m§gggfgﬁsh%E%ﬁﬁ%%@%?%ﬂgﬁﬁggkgg%%gfﬁgﬁpgéguar; cationic
st ar ch [68194@| | Ine®nsadhisodamenteshe nedichleingddnt dp@OR Oathpiises 8 areopanddeldbnent s,

t he nedi cal in?Iant device is fabricated froma carbohydrate polyner. In
one enIBETMBHC® t he carbohydrate pol yner is chitosan or derivatives

t her eofj001939208] od VB ETOAL IRV imB1AG& JEBRE ¢ad wholiRd @&RLsifle VE&endlry
fabricated froma transgl utam nase |inkable protein. [0020 In sone

enbodi reming dressimgpigiusial butmpd mottlinddeedi to bandnge s lgrizsat tepesf meshes, nebwposi t e
mat eri al,, descr,i bed herein. .[ 00210 i onal | a. wound heal i ng .agent can
pbat T el e Bt T S T L D BN T e S

i mpl antcaﬁevﬂnﬁﬁs@@mﬁmﬁs nidgiavaeseeboembing agent. W thout wishing to be
bound by a theory, a wound healing agent can be rel eased fromthe nedical

i mpl antl @EﬁﬂcgthéW3@n%éﬁWQGSdheﬂwﬁﬁahpﬁéﬁﬁﬂfWA%BGEEQgNerein, a "wound
el | OBBEA. 1% SANRRLON e RIRSEL AR 6 3G DYBLH B RS,
2012/ 030180 RCT6d9IRRAt1E B4 A A sglutaminase. As used in context of a medical implant
device, the term “associated with” refers to a medical implant device which is coated with,
includes, or comprises a transglutaminase linkable protein. In some embodiments, the
medical implant device is coated with the transglutaminase linkable protein. By “coated” is
meant that the transglutaminase linkable protein is applied to the surface of the medical
implant device. Thus, the medical implant device can be painted or sprayed with a solution
comprising a transglutaminase linkable protein. Alternatively, the medical implant device can
be dipped in a solution of transglutaminase linkable protein solution.
[00195] The transglutaminase linkable protein can be covalently or non-covalently
associated with the medical implant device, e.g. at the external surface of the medical implant
device. Once associated with the medical implant device, the transglutaminase linkable
protein provides means of attaching the medical implant device to a tissue or organ.
[00196] As used herein, the term “cross-linkable by a transglutaminase” refers to a protein
or polypeptide which serves as a substrate for a transglutaminase.

[00197] Accordingly, a transglutaminase cross-linkable protein is or comprises a

transglutaminase substrate. As used herein, the term “transglutaminase substrate” refers to a
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not limted to dexpanthenol; growh factors; enzynes, hornones;

povi don-iodide; fatty acids; anti-inflamuatory agents; anti biotics;

antim cr oNpabry03es6i septi cs; cytokines; thronbin; angal gesiusso11op7or ds;

am noxyls; furoxans; nitrosothiols; nitrates and ant hocyani ns; nucl eosi des,
such as ad nosi ne, gd nucl eot.i des, such as adfnom ne di ph phate ( ADP) and

adenosiRFBULT PIRRNSRY G SCARTTISE; Wilbalt RPTORTES Fanse W%WPB%&@F&%BFEOSS such as
acet yl qhgbignewandubriinstaxys {rmgﬁmrﬂﬁaée%{k%faryr&éé iti) coiprideqmi ne and

cat echol am nes, such as adrenalin and noradrenalin; |ipid nolecules, such
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ini d, | the b P d
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O L. g oIS RATh PGB R RS il IRRRIRS BT ot

TGF- a, 15ﬁﬁEmI1 ILTBEarcbstdoagam octesponginf @s@é@alsmAt}ﬁaﬁbe@onmm aisdntapluci ng
factors, osteogenin, vascul ar endotheli al rowth factor, bone growth

fact or P Oélzholha@“éﬁ AgrBigtkines wBeaseslatin nyhey Rrofoine CRFEBMEN PIRteinsy Bea IsgiMinh e r

bi ol ogi [ f di cal
i nmpl ant@%!g%/%cfgg{chgsugﬁgiﬁettécl)%{se?){rlgaeglg%%ﬁ]gg;gggr OEE?(;MJ%%&@ né&%\%ﬁ Eg I?ﬁg
Accor dipgteinasd, ﬂ’lepatm@mmrcopar mtaﬂefragnrmtshbﬂeﬁfthqﬁrmmpah@ qﬁ/d»umhhgﬂt(eaal ing in

a subject in need thereof onpri sing contacti a tran u am hase to
mound, SO ET R R HGOR, A U et P inee Rt R n
dr essi ngkasie P&eﬂﬂ%@@hl& BbieRVE a @zﬁ‘giin&it ﬁ&?e&f%t%@%le U?Bélﬁg cARAIIGR ations

descri bed hereln can be used for suture-less closure of wounds. [00214] As
used hdraspglntarheaseer m "wound" refers to physical disruption of the

rechan 13917 o PR e Baapidh Fusthi Vibaf bR Bp BB B b,

chem calod¥Bakeng o kREKH irCWUb aft, NoRdihRinglex PR of aith PIPRES afe mwilsb‘a fr the
skin. The term "wound" al so enconpasses contused wounds, as well as

i nci sedxamplenn U.8cRataNed, 42838d; Noends?.a87:mgd Nsur@081d], eopreaspowlof gr azes,
b
v, (ORI 5L AR OSSR DL P T,

enconpaﬁsmesib@eﬂaatglmamu(ase eross-lihiediespolypapeitier whdryinuttaneglataafindsbés skin. The
term "wound" al so i ncl udes surgl cal wounds. [00215] As used herel n, the

t er m " WSGHE thEatRIvAgan peyldragsfepieactiondehweet thy & Provewnglegrew ¢ fREoteiduct i on of
an exa r re and
e b oD e o OO eI, e M ot o
enconpad sg3-ghuttmiyglysiot isopeptidedonds. t BS. BatoNess,é39 085 desanbdsadtioampatible,

neovas uI i zatjon, fibroblast n?ﬂﬁg]g lial and epithelial cell mgration,

extrac S VRETSR R RIS SPESH YPEPYYESi zati on, and remodel i ng. The
term’ mwe@ls 4. Nd”'@'z‘@)@eﬁlt&%cﬁl?e%ttl%ﬁhb% d@ilgﬁ bﬁé&kﬁ‘sglu’?ﬁrﬁﬁﬁéé y. It will
be understood that this can refer to a partial or a restoration of
ti ssue &uhit@gfr pewldesrrTélaﬁnem sterftegy wesubreded hlmglammlémg thonurhlerf @thabhm
| mpr Ovearge acce EI%CSSI Otrllde Su %gtrezlteesra%t n]tc}_lo u a%’lil\lllm See ﬁe su%c?rar:rteeg Ew ne or
nore sta p JCE PSRBT At e "Che"WoUhy héd rocess 00216]
As usedoh@ﬁ@gmauﬁllﬂgset&dsmhﬂmygw@eyérﬁstufsetherlgisah& dle sﬁlﬁ&aﬁé%bhm vadfre 2 Wound
wherein sides of the wound are rejoined to forma continuous barrier (e.g.,
i ntact dskigAgd tojmyesesy basastegirs dHkpaya biamacreraplgerlgs adyathpdhrentideer s to t he
process surface
(ot orPntaad e 195 Bkdabiy G B SR AGAE ERpd B a2 SV

' neovaswitiguduz &3l essiduceftasel droevidence erat pepitkhbafonte! teadr wvasgkkaninadeh t he

result that the oxygen and nutrient supply is inproved. Simlarly, the term

"angi og¥hYEe Wlﬂélrnérfeéﬂpg) lgngth ffalurreatsARdithH PEYtEIaS SANRIRING tWorRy Nde
devel Opa’ETHEEntQﬁlu'}%&e@Bké Lifwh BlReod SRRELES, [A%%%&d@éwb?@%é&eid‘gdcgm thhe
term"ce mgration” refers to the novenent of cel r obl ast
endot heh¢ &lly nepihereltéralinusan se\)eral@epm@smauteshns das pFD2BOWVn Asragslech her ei n

the term xtraceIIuJ rratr 0Si refe oth etion by cell's
of 1§ breokianb e bty TPt GRS Rl Cpaies RETR ot of ne
(e.g., fibronectin, Iam nin), and spaceyfilling nolecules (e.g.,

gl ycosam nogl ycans). [ 00221] As used herein, the term
"re-epithelialization" refers to the reformati on of epitheliumover a
denuded surface (e.g., wound).



[ 00222] As used herein the term"renodeling” refers to the replacenent of
and/ or devascul ari zation of granulation tissue. [00223] The wound can be
acute or wbrorisisods used herein, the term "chroni c woulrdT/usediansI7dd a
wound that does not fully heal even after a prolonged period of tinme (e.qg.,

2to 3 gmﬁor | on er) Chroni ¢ wounds, . i ncl d|n sure S0res, venous

| eg ul & %’n sitop 3pd S"tﬂ“&%?es‘)ft %t?fngtorﬁﬁ’rftij SB’é’de% UGidlinds t hat
fail tgehea@d andfbledt sﬁb@@at@%c%thawlaﬁﬁffe&%nﬁﬁé Hﬁﬁh@@ﬁ 1§c1gt Fiﬁ'a[lenhPall’\DundS i's

not fuIIy understood, it is acknow edged -factorial. As th

nor mal peee‘fbforvs@ls/ rotldmeewasjetdtedandhmﬁ?gﬂatloal;mcbeb kst astarsm@rbotu&teen thej ury becorre
i npai red e nds ar r|ze ed infla tory

o ondEPi R e B A Fe RS e R eoRb e B T s ont

fai | ur ecgfugh® @Rl dhabiealct&aiblc@-enk#R224] The wound can be an internal
wound, @gxnmhere the external structural integrity of the skinis

mai nt ailf sudtmedicl amplagf devigs @h biettatcated frang apybiogpmpasiblesatsrighl Aounds,

ot or nal s SR S BB p IR s ERCHTBI0 Y pi¥aFelt AR P B

sone erdeadion®a ipfrbeatily 284 dodsnos kiducd s sighifRantitiimmeskipohse or. (Eletéri‘tﬁas wound i s
a cut aneous wound, such as a dernpual __or epidermal wound. [00225] Wunds can

be cl adbrts EACHOR. Ble LHC feRei ettt aificant egtetlpesovebaﬁwﬂtenﬂwetapaﬁéggt%unds or
full t
ep|dernyg%gﬁgﬁgﬁggg?éé?§0gggﬁﬁgés%g%§%££§§5ﬁg%gg?%§%kgﬂi rnalg%ﬂggg

vessel swheh if cdmestlhlcome:s&th/\bluodi Stmt/adnlla/lasccdnlsatlbilﬁ meteriolf indhededierivagveand

extends to deeper tlss oIv ru t| n of the dernmal bl ood
vessel #ndfRROINBEIS GG R ‘gydﬁﬁWF fPﬁﬁbﬁﬁngo 88@ rs by sinple
regener[ﬁl)we@}&l&felrﬁﬁ'et hiel Gﬁo@wltm&th% pONAHaRE NI LEL, bbbl Ckness wounds

is more conpl ex. [0022 I n some enbodi ments, the wound is selected from
t he grd@@meﬂwemstmnépobﬂoﬂU§Sand | acer at i ons, surglcal i nci si ons or wounds,

punct ur razes, scratches r,essi on unds friction
Pounds 198201 S GhESARER FOMRIRRCHET M ERER AR AR RS o il

pr essursledled BRih §RI@SIp conbiefii@bf @ttt&@ttrawmyl&el(sbwowsnsf sigFiBeid and heat
sources, either directly or through conduction, convection, or radiation,
and el aotydimathylsgoraesyolyietgeirohiet d@replehdateamlmméﬂlyhnqthaqrylm ns) or

P oo G R e bl RShRShuhS el el ucing open o

i ntact n-er 1 ons cers, chronic wounds,

(|ncIudmmgndhﬁbaﬁmﬁr@6§pﬁm@kﬁdzwmﬂﬁdﬁyﬁﬁﬁ&ﬂ@@u&ppﬂ@mhagland f oot ul cers,
venous qu ul cers and pressure sores), .skin raft/transplant donor and

reci pi 9ty %tr%fberoqthﬁtﬂ}?eptlé%&%ea%ﬂﬂdetlpBﬁgadleée §tyrezsopqlxasrglonifileeczemm,

st onac t ltSre e nout h,
Ganngod Dbt et bR G- Erep b Sl MRl AROHE), POy R SR KAl 7
conbi ngtolyadhytchegbobl), s[tﬁeﬁeiqrylonmahh resih, pohziltmnethdkne ceeepdldrqlﬂtc)spoigvmyl

transglutantn se. C ed to trea he a stop . intern or externa
bl s T BOB SR G eIt R BT BHBU RS- S hBHOR A £ dirFelg,

st oppi Nge202] d@%&ﬁ&l R pRaNBikags berfaur{ttaearfatm Q'bﬁﬂ@gﬂ&ga@é 2RI RA. a

bl eedi ng, the nethod conprising applying a medical inplant devi ce

conpri shw@gwdablamebtnuﬁtramsnegbhe:tmt the teint iedegtraiablet Hapeibeta mat,eel@.l which
Bondi ng_of, scaffol d 0 ot her t the v rgyides a
met hOdQ:O dB%On OSC un geré)ﬁqsmlﬁig ca (EOH%QISO(I}%_IHF ﬁ(fpﬁ odua eﬁ-quch %lcg]f er ent
scaf f oldasﬁd@tbndintcﬁﬂe ot enafifle, tgﬁr&ytes dd@é(ﬁﬁ}ﬁos&ld’nuﬁﬁ uy@otyﬁbeldzetgwd conpri sing
appl yi ng an ef fecti ve amount of a transglutanminase to a surface of a first
scaf f ol @zyiRaiecaplyes HayBatiF degraflaieddand peganical igagdioandAs rrddersing t he
second o 43 L ly, or in
addi ti otﬁg?%‘ bl @abilfl PHE BRSnBluk Ml biE i GREbRIE, MUPERGAS ¥, & ang
the tranbghnicahitrlasemppps wetir physologicaconditiosomebredskdidi merirsductdrhat
transglutam nase is applied to both the first and second scaffolds before

cont act4iIHE S e T BRfANHALC. thip\aP SIS0 SHEISET PERIRA HF R gD of the

biochemical systems of the host organism.

[00203] The term “biodegradable polymer”, as used herein, refers to a polymer that at least

a portion thereof decomposes under physiological conditions. The polymer can thus be
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[00229] In sone enbodi nents, the transgl utam nase can be associated with
the first scaffold before contact wth the second scaffold. As used in the
cont ext ovoaopoebfosl d and transgl ut am nase, the term "agsoaiSatiem49mws h"
means that the transgl utam nase is coated on or otherw se |inked

(coval ently or non-cqvalent|y) with the scaffold, In.some enbodi nents, the
t r ans gl RHEHY, §%rnﬁ%?88é.f@&éjﬁéz’@8‘asepﬂngﬁé’%r¥§9 i3] cQEEPSo £ abri cat e the
scaf f olgg204) SEREmFRBOGHIRNAEDIL JoNIRSk WAHeNBEEAR IRgi&aval ently linked to

the surface of the scaffold. In some enmbodiments, transglutan nase can be
non- c oVl enhydrides rpcdyhydeoxtyhetysia afide polpfrthdestesse pdliysil akandsn pslyeaprelattonk. ment s,
the tran ut.am nase..can .be ociated with the first scaffold and the
second EAPERTeBRRERE 0gh PaBTRRG FidipHtalyialf o Sy 3Ry Res i

enbodi redih $he thosarh bt @eid@sigmean be added to a scaffold after the scaffold
has been fabricated. This can be acconplished, for exanple, by dipping the
f abr i cd08N c alt winep gbadimentstthe medicak imphang davisersrfalécate freeBment of a
scaffold ¢ 1IN ) .amm nase may or nmay not require application
of any bg%p(ﬂ%@([)lh%r Q@g%%%@&%%#ﬁ?%e to the surface of the scaffold where

at t achreo206]s Boitai€ pdlymeB0233] cdmbecyall éxitfabiicadibg aciddigl iniplascari fcel ds

together, an "effectjve anount of a transgl utam nase" neans the anount of
t r ansgl0¢IEHE- Ras¥e RAt ERitr&toe PRR 3 ixtis qf PRy meissalesiis S the$r@uP t oget her. In

this conheting GRHIGATMALS M. EREIGHTIRAMAROHE. poll GnlRnafiQw 100y

per cn? o ntact s ace area. one envodi nents, e ive anount of a
t r ansgl(BEG&N @2a8eCé polynlmicabglicolsrggt, prapyteut gb5@nl); pdyhwhexy dthgdm about 5ng to
about 40 er cn, fr bout 10ng to abqut 30 er. cn, from ahout 15ny
Fo abouteBatiuisepoihyl Br el oMyl PO o0 235 RS eel bl ¢ ne
term " seaf (pel A): p61§flﬁftl§_—éop%l§‘é’6ﬁc3&g1 ('P"P;@ﬁ%)@ﬁé‘l:y e%hﬁﬂﬁctor@‘(?’@? apolydeatiol ds

i m

include, but are not ed to, artificial tissues, artificial organs,
pr ost hetxids; delyipcemylengriumaried (REED ypade ¢¢1gbs acidolihd):diydesdysed polyeckylonitvididages,

gauzes, ta shes, nets, adhesive,plasters, fil nbr anes, patches,
and” ¢ heeolRERerRERSE polfehiaer PR POLB RGeS nobi R PRSP ARG phr ¢ ches,
and anyboh@HdboBatrk OstydiliRe] polydaBRAatdne po@gaaicema%@i:aﬁmcw); pols@adiicol d i s
associated with a Prot‘ei n_ whi c%‘ Is cross-linkable by a transgl utam nase. As
used i rickbnpadxelyspliaagdhpighig acidnestere philzindsindd:deetiniaipeify estess ef pectigica
scaf f ol d. ywhi [ R .nel S I SEs, 8. g N nase

i kbl P BefRPLARINE, Mol R pocls of BIRELORRRY, WEARESLULAN 12

t r ansglsutfase ¢ta®earl; icalbakyrethylothétiosan; Byitincmdluddh’ geltanRaithar; kallagehe

transgl utam nase_ |inkable protein is applied to the surface of the

scaf f ol GPoxnsthy} Harch e pSIyanedhn dBErParfRIOIER selfHeratORF SR CYINR | on
conpri Ssi(tjeﬂ&lés%él?%&htgﬁmﬁé%%%éré&kam e protein. Alternatively, the scaffold
can be dipped in a solution of transglutam nase |inkable protein solution.
WO 20174002178 05 PGS0l Dd®¥,0Re peOR3UmpTae deviensdhluiaddrfase al i nkabl e
protein ag &% coqial ently or BOE-COV | ent | ssoci.ated with the scaffold,
e.g. at“fpByERtchaiyrers Jprae emBpdimeat ey I RUYRESS EMULBA Wi th t he

scaf f ol @eividhestinaasggl ut am nase |inkabl e protein provides nmeans of attaching
the scaffold to a second scaffold and/or a tissue or organ. [00235] A

scaf f ol [0 b oaiyr ¢robadémiemts.che megdichl iomdansdeviee & falbrivatad fvrodegr adabl e

mat er i qlr 'nsllﬂta%?”%e%ﬂp%é”%%ﬁ’ the scaffold is fabricated froma
car bohyc'flra%e po]ilymer. hPone ‘embodi ment, the scaffold is fabricated from

chi t 0sg00209] deld soaid steSoditerteahe mebica D] ST AOALEBRThSricatdierrsia afcb@lpdsites
fabricated froma conposite material described herein. [00236] In sone
enbodi rfe¥edal depraibsd Aefel).d i s fabricated froma transgl utani nase |inkable

protei 100210] Optionally, a wound healing agent can also be administered to the subject. In
some embodiments, the medical implant device comprises the wound healing agent. Without
wishing to be bound by a theory, a wound healing agent can be released from the medical
implant device over a period of time.
[00211] As used herein, a “wound healing agent” is a compound or composition that

actively promotes wound healing process. Exemplary wound healing agents include, but are
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Definitions [00237] Unless stated otherwise, or inplicit fromcontext, the
follow ng terns and phrases include the neani ngs provided bel ow. Unl ess
explicitlwos0etmmost herwi se, or apparent from context, wrheg/usesrmw4anz
phrases bel ow do not exclude the nmeaning that the termor phrase has

acquired e art t ich it pertains. The definitions are provided to
aidin Dd’éber‘ieg ith e"pPéP@‘F‘\é\‘ﬂ g BSIRTERrEes Rormangs oy GO edided a9t ¢t he

cl ai medptinyeRthin@bry Qg&@sl"%ﬁtl‘t;lbﬁcss ﬁaﬁﬁlcﬁrblémeanhmeé icQfdkins] thfdnts, only by
the clains. Further, unless otherw se required by context, singular terns

shal | mgaledvecqobmoadsr unaox gndiupdxang nitresottgolsratrhtes mis} andleocy hsins; ngul ar.

ot or ool aES ssBRiaMeidier S el Syt sl iR R [DPTRE | Ie(r;f

t hat ara@e@cssaﬁnthésphae (REP);Mea@dEMMmittYGheudRBsdl RofsNSuch s hid1eRol e and
unspecrfr ed el enents, whether essential or not. The terns conprisin and

corrpr i Shxdrox Bip{rgeing Frerqtenipd- HEbrhsst@fﬂrnﬂ@n@fsatemmle%ﬂ%r4Srrgreé1§heﬁl@ ally

O oo BT, BN SO I SR O Bl s>

pr esenceniobd aﬁdﬂlsﬁd:lDzliBﬁdrgﬁlr&%ﬂtlﬁmﬁd‘,\ @Eptdiés @mih mhebﬂaaylhyma,f %Bﬁlhndeh%aﬂlﬁm ¢ and
novel or_functional characteristic(s) of that enbadi nent of the invention.

[ 00240]cirHEN EeRqHOlRShRIPYP HUBF): Hiiceride; BnEynpEEItnasings trgthods, and
respecty brrﬁzqorrﬁseaﬁ@:afye%;%rﬁaho@a dRReridpar J&%pﬁhﬁd t%%bl%rt r Plf&lﬁbr\’e of

any el enment "not in that description o odi nent. [ 00241]
O her t(hail), FGE-heFGper, BGFAY Fé&daop@R-p, p]ratelrfnéa“re/edtgtmvt\lmfs@on iRt edylial |

ner of n WG érsoév'éﬂﬂ«wﬁﬁﬁéf@otfﬁr&%%ed' Supi eissgt bbioh Barsak RBBE: ed i n
al | i nstrahgedcidy. 2t é}ﬁdér&%ﬂgro%‘i’fgctor Z(1 &ﬁh%nﬁiﬂgﬁoww}ﬁ&oym)' TG@QD”EC“ on
vmth percent ages can nean 1% [002 he singular terns , "and

"t he" |T{&1F1Bdeamlaﬂeanducetfgeﬁaetm%AwndeBsosetmd extucipigdaatosy, @ﬂtﬂhgelane@smlhlervm se.
Siml arI nc ude he cont ext

ol ear |yt g e Bundhnobl SRUER IS e B R Taer R TR BF s T | v
or equifd@beNind @eil BRISyiE@RGctiDedeRkQEN can be used in the practice or
testing of this disclosure, suitable nethods and materials are descri bed

bel ow. 19913 er khe Bsodios agachingmmedicaldmpies devighi® BitsHOT FRMHAN 2150 be
deri Ve%g& RIS Gy £ﬁx{?g_rhus %Pc{ fﬁge@rtg% i&en&%}{j%ﬂo%a%&ﬂwﬂ% edf;fgr&»ﬁo r{%‘}g&ﬂ{d‘a a

nonllm I ng exarrp reviati nony vmthth
term fh&ah@ﬁhrmduﬁject {nQQde]eréHﬁ ecdngirising ddﬁ@b&ﬂ@@transgﬂ&ﬁkﬁﬁﬁﬁh to waéwduct i on"

"decrease” or "inhihit" are all used herein eneraII to mean a decrease by
a stat i fageandyroatagiing f donpd dicsting to the weyad: h%woa%5@%%caa bedtsephto

“reducedyer anﬁ%%é@ttﬁé)@ourﬁf MEBEE AP Eom mtdn@ﬁ%a&'ntbedﬁﬁg bg%‘éécﬁf%ﬁe by at

| east 10% as conpared to a reference Tevel or exarrp ecrease by at
| east about-180etoswr ofitvoirdsst about 30% or at Ieast about 40% or at | east
or, at. | eas I 70% r at | east about

about ﬁ t | east .about 60% .

80% - or0014]c 086 vaEbie B0t o s e r by b darnbahe b B reatE Theery
absent jheygly @slsaer@%arﬂe ERs@ beh ﬁﬁy%srtfa@(esg rral:a)amcar) foRY, deelRraehet ween
10- 100% as "conpared to a reference |evel

thermic or actinic force), or a chemical means. In partlcular the term “wound” encompasses
wounds of the skin. The term “wound” also encompasses contused wounds, as well as
incised, stab, lacerated, open, penetrating, puncture, abrasions, grazes, burns, frostbites,
corrosions, wounds caused by ripping, scratching, pressure, and biting, and other types of
wounds. In particular, the term encompasses ulcerations (i.e., ulcers), preferably ulcers of the
skin. The term “wound” also includes surgical wounds.

[00215] As used herein, the term “wound healing” refers to a regenerative process with the
induction of an exact temporal and spatial healing program comprising wound closure and

the processes involved in wound closure. The term “wound healing” encompasses but is not

limited to the processes of granulation, neovascularization, fibroblast, endothelial and
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[00245] The terms "increased", "increase" or "enhance" or "activate" are
all used herein to generally nean an increase by a statically significant
anount ; WO 201368061 dance of any doubt, the terns "incr @a3a$2011/0i9702 ease”
or "enhance" or "activate" neans an increase of at |east 10% as conpared to
a reference. level , for exanple an increase of at |east about 20% or at

| east aﬂBHﬁ?ehaéG@ Mgraten, |eé‘£[§$|'1&‘66Wt%éﬁpowlogtre?%%ﬁﬁgﬁti% agermagelige. | east
about 60 “@bulERalin@0RklddOHe rQordfiord SaRtuARRYHNBA K105 @HdekRRRL about
90% or up to and including a 100% i ncrease or any |ncrease between 10-100%
as conphatehiisican eefergb apartee of @@l restoratign of dasie iatbgity. Hreatnfianit df a mound | east
about g 3-fg| dt R at Iteast about a 4-fol d, or gt tl east tﬁbout a 5-fold or
at | easPUHEEGT N BEYHIULT AN RELICEAOHR T Th AFEREE Pe PURBRYS o d and

10- f ol chdQiinc@hRAt Sond%r AV ALEE dr PrateiRf aisBbiaRdvaMethe WdAAQABITHRroRKM
"statistically significant” or "significantly" refers to statistical

si gni f i[083k6d aAd vershiearein| fie fasan svaungd\glpsyrea refarsdo des/eating af ¢ 9myd bel ow

nor mal , . ration of r..The . r. . 1.0

o e i UL o GG SRRl 105, PO Bou R ERAFLEAL 1

pr obabi[D0217] of ARmkédigeréind@e ke primuldtidn? edfedshe thetgrbeddy phitlebg kimalhed t he

nul | hypothesis is actually true. The decision is aoften nmade using the

p- val uedraindke prymingners dornyap 8y syfreedapel weindshas Rraling pgentsef f ect | veness”
i ncl quﬁ??f&t] h B@%Fméiﬁgﬂhg@érme‘fnfegﬁtsbmgﬁ %naﬁlﬁ R Wﬁfecﬂeg)gérsafth SEfI8sY -

Phar macol ogical effectiveness refers to the a |f|ty of the treatnent to
resul t vesseds wligls iheardsubt thhtabie oaygeefahé attrient dupelypaimpmoved. Bimdudy,og €ah saf ety
refers to the leyel of toxicity, or other advyerse physiol ogical effects at
e col s RRSIeSS yera it o iiaSin VST IR GH TR TR PBFo e

si de- efd,B801aS) bIb6S W19 from adm ni stration of the treatnment. "Less
effective" neans that the treatnent results in a therapeutically

si gni f (6824911 ovhe us¢cehastingthe pdvarx ‘feald oripgiionl reédrg exthe vervessniaefdrbs (cag.,

t her apeytical l eater .| evel of adverse physiological effects. [00248] As
used h:fibé?l?il?“aé/ndg%ﬁﬁlc?pllﬁglngtca R V}ﬂou&d S?l%i mal . Usually the animal is a
ver t ebrjg0Z20g uc i s aseBhddéin ML Garnt ‘@G Atellutie ARSh EepdRitidhl redérs GRIR sadrefidy -

Primat es include chi npanzees, cynonol ogous ‘m)‘nkg%/s, spi der monkeys, and
macaquéy, cells gf fibiugelggieniRigancalligse) dapdinpiedigulin) gk prgisétscRige Kibrofegtinet s,

rabbi t h . I | j.hcl ude cows, horses, pigs,
deer, E?@gﬁl})’ %EEF%pglF%fﬂlﬁglqiﬁﬂgeéug%gg%é@@?%ﬂj{ngg%?r%ﬂss ic cat, canine species,
e.g., dqo021foxAswedd heraivij @B tSpeae-epithedializatiodhirefkBno tlemeformatied eth, and fi sh,

e.g., trout, catfish and sal non. Patient or subject includes any subset of
t he fore@QtB?IHle}O%f?rg'l.d,enH@qd %‘ffa%@-?ab‘wlg}d)-but excl udi ng one or nore groups or
SPECI €9¢§ f’i%.sgh einithd eRndeiRFERESs td de FPid@hRnEsRRd/ENt s of the
aspects described herein, the subject Ts a mammual, e.g., a prinate, e.g., a
human. deEmasctilarinstjon'qgf@raretdtionaissbe: subj ect" are used i nterchangeably herein.

The ter "patjent” and "subject” are used, |nterchangeably herein, A
Toe eetBizza P ahe Nound et Bl s AbGr kOB Mot Shseporady mamal
The mansRls ©anvOsdahRURMmot TRy Hmoerpﬁfi&atp@@mﬂ%éﬁ%ﬁoa@t tinQ8.g ,2ab 3 horse,

or cow, but are not limted to these exanples. mral s ot her t'han humans
can be mevhnorgegas| Yhigswdvenndsibilading prassure seiss.ecapus lagileats and dedbstiof

di sorders, associ ated w th autoimune diseas rinfl. tion. l.n addition,
the. motROdLcand ompe Pt oAb ROy PR REFE e Yeal, NPT PR oo
donest i gagiopehaii dTehfonaWo@idspehs - full PReeddtodd) & ik BriedIIIEeg anbdguef | ned by
any of the follow ng nunbered paragraphs: 1. A conposite |am nar materi al
conpr i Sretgrial. Aafhsomyaakicepapseedf retid pad BugRWracHissuaing acyte infhy begpppsi t e
| am nar. i r . i e trate
compr ; 4LBHLE. tftke OlouRl AOLARN 1M Holoite HIIBIIAS T, BARCfofURT
st r uct weund@xtridedlute mpost (BCMarmaedellirat @diaghilat ofinyegithefialisagomphs 1- 2,
wher ei n M]e rati o of carbohydrate to protein is in the ran(%e of 10:1 to
1-10. [00224]  The wound can be dn internal wound, e.g. where the external structural integrity

of the skin is maintained, such as in bruising or internal ulceration, or external wounds,

particularly cutaneous wounds, and consequently the tissue can be any internal or external
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WO 2012/ 030805PCT/ US2011/ 049702 4. The conposite |amnar material of any of
paragraphs 1-3, wherein carbohydrate based substrate is a chitin,

fruct ool iwo=saraiiesosde, gal act ool i gosacchari des, nannanolPCgasaciaioaa7nzies,

gl ycogen, starch (anyl ase, anyl opectin), glycosam noglycans (e.g.,

hyal urqni.c acid, chondroitin-4-sul.fate, chondroitin-6-. sulfate, dermatan
sul f at ,Odﬁéflaﬁenlns%?me_ odi B thntissHu St _SF%b‘)S,huHEinlsﬁ}r@slee;t Y| itg an
(Zymos afeank &R AR, si&hZzQhidefRal.or BBidbARAXtdund, inulin, or levan beta (2->6)
based substrate. 5. The conposite |lam nar material of any of paragraphs

1-4, wHEZES t Meownds buhlyadelatsdicdds ede slifyat geatral tafegoriehi paoisa thiblesed
bstrate. 6. ite,lam i al of.any. hs 1-5,
Shst 3 i SRRl et A PP0 A EE Bl Sl BE BREERIESA 1 o,

per cul igaperfibRUEérhils with@dtdamagé ®Stht dBsmdl bljodRRSdelsN A il BhitRREeFouler atin,
titin, collagen, actin, Ar p2f3, coroni n, dystrophin, FtsZ, nyosin,

spect r ilAvolvesdigrppiérrertriie dergpsipndhextends s Aefipar tispg yRisr inyolvingagrantien afnd

anal og ' ' e [ ' I . The
Capoc TSRS, PhaRhe o0 i UL LSRRI glnnl, 177,

Chi t osangenpchtivh@f ppicHetinintds ke IWokaR] Isdalikg fo fatlehiok@R s wobeds iathiose edmplbkt osan to
silk fibroinis inthe range of 1:1.5 to 1:2. 8. The conposi.te | am nar

mat er i dP0%A0]anin G EPbRiApHS. the woulhErsleRtof Hiont esspHRat SRR sUBSt r at e
i ncl u.dQ§ce?§tidn§,?s§1}ga%?néﬂ!ﬂﬁsa&ﬁ}/&ﬁ\ﬂk,q%n@t% g,e@giésn&gateﬂe%r g&w&bxm d the

protein 1s applied to the surface. nposite | am nar materi al of
par agr agphasinsvinietien wotids (preekgfpymaedh, fiatiootbbpeg) afehybifis ukerded. prissure he

car bohydr at e- based substrate. 10. The co site lam nar naterial of any of
par agr SBHES 10585 (et hcEEOBKBRBIT THE GHLEHheat SHSEe oL Fdee havi g a
pr edef i (RRM AT AR T6ARRY on, bk raditorC BRPOISE a1l sBAICBAT cHERTEM Wdun@ (eRAT agr aph
10, wherein the predefined m crotopography is nolded into the protein. 12.
The comgiskortagkalidhvirpa or pathegdnad ingdctigny/(ef. vpak hegtenpi or fungal) finpledieg opasngr i si ng
a second Ca\{]o?lgg?@r at e.bas §S§1bst r(ggce. ‘%13. T:ﬁe cg%os' t § L,am nar Rt eri al
of par aBPEpIE 2 WHEP TR PIRETOSE AW D8y HEHT AL BRELY: HigEYParEPrLca
chitin RagedeSwbsidsatieh as lower leg and foot ulcers, venous leg ulcers and pressure sores),

skin graft/transplant donor and recipient sites, immune response conditions, e.g. psoriasis and

eczema, stomach or intestinal ulcers, oral wounds, including a ulcers of the mouth, damaged

cartilage or bone, amputation wounds, corneal lesions, and any combinations thereof.

[00227] A medical implant device comprising a transglutaminase can be used to treat

hemorrhage, stop internal or external bleeding. Accordingly, the invention provides a

method of treating, stopping, or decreasing hemorrhage or internal bleeding or external

bleeding, the method comprising applying a medical implant device comprising a

transglutaminase at the site of hemorrhage or bleeding.

Bonding of scaffolds

[00228] In another aspect the invention provides a method of bonding or attaching two
scaffolds together, e.g., two different scaffolds or different parts of one larger structure. The
method comprising applying an effective amount of a transglutaminase to a surface of a first
scaffold where a second scaffold needs to be attached and contacting the second scaffold to
the surface of the first scaffold. Alternatively, or in addition, the first scaffold can be
contacted with the second scaffold and the transglutaminase applied afterwards. In some
embodiments, the transglutaminase is applied to both the first and second scaffolds before

contacting them together.
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14. The conposite lam nar material of any of paragraphs 1-13, wherein the

conposite material conprises a nolecule selected fromthe group consisting
of car borwDi2bermspsosar bon nanot ubes, fiberglass, snall nmpCeaskes/ 4970t yners,
proteins, peptides, peptidom m netics, nucleic acids, organi c conpounds,

I nor ga unds 012/ 030805PCT/ US2011/ Q49702 e conpounds,
bi of ool B onBb B GrEg ﬂrffn%ﬁr ?%a&eoﬁﬁygamgomé‘zﬂymﬁﬁ s Mhavi ng

bi ol ogigafroladkiotd Edhta@RHthand g&bfw k&@fold. a\snnéa RGEUbh Rl of ArscardlIgh@peut i
agent, and any conbinations thereof, in at |east one of carbohydrate-I|ayer

or pr ottmnagluat;tenase,ltﬁe teTine ‘apchated woit ”paw?grﬂaaphhelmansghmnwasetlheom @mﬂ e is

ol coul B UL er hR B TR PR TP Bisn) A are T ayas em SRS B o

of par agia@btakfinasws B¢ BispdisedmItRC bR rinBused té PBripitO tR) RaffMen sdfle The
met hod of paragraph 17, erein the nolecule is covalently linked with the

pr ot ei renbeglements, grangeetaiase satt ke oxaicAtly lipkeddipithg Slbﬂfacgﬁilth@fscaééﬁléghaphs
14-18, s\éﬁ% ?ﬂb%d Iﬁ'eefltsc 1¥lﬁ§ %thﬁﬂ%sé@&n Iﬂa()n éo%aféﬁLg ﬁﬁafgt%rtge a@e 0?816 The
conposi te lTamnar 19 er conprising a
wat er rsepgdlti rg sematehfbgd@mmast, tHeaaﬁltsglatanﬁﬁztse@mn bé adsbaaedrphstht Erdrat eri al .
21. The corrp05| te lam nar_material of any of paragraphs 20, wherein the

corrposﬁ%f e rad the Se?@ldc%ﬁ%%léé’&f%? C‘E}&'f‘?%néﬁ]éem segethehe conposite | ani nar
mat er i o) a”gq @&ﬁffl t?aqlséﬁtanﬁﬁa%%hr?b# Q@deﬁqwgée#ffo?d 1&hd @l

exhi bit's varia ani cal properties as a function of a [ocation of the

wat er rsepiésld |hagbmdabmrgtt@1n Thipomnttiearcahplithed donposiftle byatigrngathewhen exposed

to aqu%ggr?ca?e Vslcarlf?&g%? Elssblution of transglutaminase. Attachment of a scaffold comprising a
transglutaminase may or may not require application of any additional transglutaminase to
the surface of the scaffold where attachment is to occur.
[00231] In context of attaching two scaffolds together, an “effective amount of a
transglutaminase” means the amount of transglutaminase which is effective to link the tewo
scaffolds together. In this context, effective amount can range from about 1ug to about
100mg per cm” of contact surface area. In some embodiments, effective amount of a
transglutaminase is from about 1mg to about 50mg per cm?, from about 5mg to about 40mg
per cm?, from about 10mg to about 30mg per cm’, from about 15mg to about 25mg per cm”,
or about 20mg per cm’.
[00232] As used herein, the term “scaffold” refers to any 3-dimensional object.
Exemplary scaffolds include, but are not limited to, artificial tissues, artificial organs,
prosthetic devices, drug delivery devices, wound dressings (e.g., bandages, gauzes, tapes,
meshes, nets, adhesive plasters, films, membranes, patches, and the like), fibers, films, foams,
sponge, nanoparticles, microparticles, and any combinations thereof..
[00233] In some embodiments, a scaffold is associated with a protein which is cross-
linkable by a transglutaminase. As used in context of a scaffold, the term “associated with”
refers to a scaffold which is coated with, includes, or comprises a transglutaminase linkable
protein. In some embodiments, the scaffold is coated with the transglutaminase linkable
protein. By “coated” is meant that the transglutaminase linkable protein is applied to the
surface of the scaffold. Thus, the scaffold can be painted or sprayed with a solution
comprising a transglutaminase linkable protein. Alternatively, the scaffold can be dipped in a

solution of transglutaminase linkable protein solution.

46



23. A nethod of form ng a conposite |lam nar material conprising: providing
a carbohydrate based substrate and contacting the carbohydrate based
subst r at ewai2ote/@o50t ei n sol ution. 24. The net hod of paragrspé12870nher ei n
t he carbohydrate based substrate is a chitin, fructooligosaccharide

gal act | gosacchari des, pannano osaccharldes co starch (anyl ase,
oyt opdBbaST> G By aab ke G e oo Bl i covileRty

chondr ojstdcinét wHh bRt s%aff&llao@ rQigkd &Té}nﬁ%hf@éee@f HELRRD OMefRlGiadkeRARI
sulfate, heparin and the [iKke), cellulose, beta-glucan (zynosan, |entinan,

5|zof|ﬂumymﬂhhlﬂudam@@mwnnnMﬁﬂmhdﬂ@pnﬁ@n@nnm@ﬁanﬁmsﬁﬁwubhmgdh@ubﬁbkhpe 25.

The net hod Qf %%d, gp Egraphs 23-24, wherein the carbohydrate based
subst r &Y %? a8 h BRSSP O rate. 26. The method of any of

par agr gpoz3s3 3- Acaffblgrcah Be FiMeichie@ Fi@inarysbis @@tk ndanbidig@dale consi sting
of silk fibroin, perculin, abductin, elastin, resilin, f|bronect|n

fi bri noarialk dr semaempediments e seaitad isfabrigaedaygp azarbobydaierpol et dvphi n,
FLSZ, et oD N2 OROROSRATIEAN L DARIOZooRERLEL I oty RLgRET )

t ubul i urin And 5 rrvatrves

t her eofe,mtﬁﬂdnans/ tisosthifoRltik ﬁabslchth& mﬁf a c@posith emmﬁgﬂl delscﬁbecane;remf par agr aphs
23- 36, mhereln t he ratlo of carboh¥drate to Proteln is in the range of from
10: 1 t dO9h¥t I soane embodimentsene sratiofd 1gAgbrispteddrony A S3psglvaminase lipkabls n t he
carbohyﬁgéhp based substrate is formed by dehydrating a solution of

car bohydrate based material. 29. The net hod of paragraph 28, wherein the

sol ution of carbohydrate based material includes an acid. 30. The nethod of
par agr h 29, mherein the acid is selected fromthe group consisting of

i taconi 5 polyitaconic acid, acontic acid, uric acid, gl ucuronic acid,

f or m CJ@GZ:@] a%lés§ stael Sthelwise mr%@ﬁ&?h‘oﬁl &)%téit the mb%gcteﬁﬁé £hd @H&s%ﬁ‘c’i C
aci d, chl or obut anoi ¢ aci d, 3-chl orobutanoic acid, 2-bronopbutanoic acid,

2- chl oriotudatheinecaninigel prqymedrtmw Abileks chylpaidhsteted otheawisel, or@ppareit fen d,
o onieudl he LAGLb AT BG5S B e R PO DG
or t hophRgPRarihGhegt & whidh fitffedtdins A efi@ATIAO BieCpradided tCAnjHgatebiagi d of a
weak base, and any. conbi nations thereof.
partlcular embodiments, and are not intended to limit the claimed invention, because the
scope of the invention is limited only by the claims. Further, unless otherwise required by
context, singular terms shall include pluralities and plural terms shall include the singular.
[00238] As used herein the term “comprising” or “comprises” is used in reference to
compositions, methods, and respective component(s) thereof, that are essential to the
invention, yet open to the inclusion of unspecified elements, whether essential or not. The
terms “comprising” and “comprises” include the terms “consisting of” and “consisting
essentially of.”
[00239] As used herein the term “consisting essentially of” refers to those elements
required for a given embodiment. The term permits the presence of additional elements that
do not materially affect the basic and novel or functional characteristic(s) of that embodiment
of the invention.
[00240] The term “consisting of” refers to compositions, methods, and respective
components thereof as described herein, which are exclusive of any element not recited in
that description of the embodiment.

[00241]  Other than in the operating examples, or where otherwise indicated, all numbers

expressing quantities of ingredients or reaction conditions used herein should be understood
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31. The nethod of any of paragraphs 29-30 further conprising neutralizing
t he carbohydrate based nmaterial by applying a basic solution. 32. The

met hod ofwpaneysepl 30, wherein the basic sol uti on conpPCTas2@ 1l0asye2

sel ected fromthe group consisting of sodium hydroxi de, ammoni um hydroxi de,

pot assi um cal c dr gxi de,, nesj um oxi de, barium

Pyir o GO s B (0T GG BaMe St AP ar b,
sodi um gy g%esaﬂgnmqnw@ or the basic solution is a high pH buffer.
33. The nethod of paragraph 32, wherein the high pH buffer is a carbonate

buf f er .[08242] Théhereinpaldr t@frna‘r‘ﬁy” &, pardafghe’fpihsluéapwl refheentsiunlasheogextbohydr at e
based sy bstrate is forne neeze dryi.ng.a oI utian _.of garbohydrate based
mat or | ey b BT T IRE i e snaRSuctis MelRls SR BRI &b

car bohydhakeclbaserldRuRs bikwisé.S for med by injecting air bubbles into a
solution of carbohydrate based material. 36. The met hod of any of

par agr dfP&4333- eyhowgﬁhﬁd&wra@tpmihymlbmr paeten (p hosadesciibed kprpiad by

t d of
ohy "ot e SLRMERALE: AATGHnT A L Rtb el ATl BEfRas Ao mSlTIPE O,
f or med deycritlegt ®eTons Pl g “contises’ hmbageﬁhcmieslt’lme abbref/mtlﬁmf felreris. 38. The

nmet hod of. an%/ of paragraphs, 22-32 or 35, wherei.n the carbohydrate based
subst r glegved rP@rtH%&a‘b%/e’Fe@%I&‘r gratihiand iiped heishiorydirae & ngadBAtiag FEAmMIIE ¢ o

fOmeiﬁﬁJsSthemré !u%é 3@50 n%%ﬁ&?ﬁ%%ﬁ%‘%qgm?%r&h%ﬂf@bhOd of any of

par agr aphs 23- 38 urt er"conprising inducing a beta transition of the
prot ei M0024] Thibe tmmhédiecpalseigr‘mdhce:’dg “redhetion’n “tibeedsel ar tinkibg? tuiecrl ussd
i with one or, mr e of the oIIovvlng agent s

i nduceqﬁ t reat t he:frf{ ot ei
i ncl udi %5‘6‘5’5@ cgreas "hftgtm%ﬁ]ﬂl}é @thoélﬁg BYVERE T ppl i cat i on
of str ea'if&daﬁc‘feeo':ﬁié'h@t, Ofedﬂ@e@t’, “reduction” or decrease or “inhibit” means a decrease by at

least 10% as compared to a reference level, for example a decrease by at least about 20%, or
at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at
least about 70%, or at least about 80%, or at least about 90% or up to and including a 100%
decrease (e.g. absent level as compared to a reference sample), or any decrease between 10-
100% as compared to a reference level.

[00245] The terms “increased”, “increase” or “enhance” or “activate” are all used herein to
generally mean an increase by a statically significant amount; for the avoidance of any doubt,
the terms “increased”, “increase” or “enhance” or “activate” means an increase of at least
10% as compared to a reference level, for example an increase of at least about 20%, or at
least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least
about 70%, or at least about 80%, or at least about 90% or up to and including a 100%
increase or any increase between 10-100% as compared to a reference level, or at least about
a 2-fold, or at least about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at
least about a 10-fold increase, or any increase between 2-fold and 10-fold or greater as
compared to a reference level.

[00246] The term “statistically significant” or “significantly” refers to statistical
significance and generally means a two standard deviation (2SD) below normal, or lower,
concentration of the marker. The term refers to statistical evidence that there is a difference.
It is defined as the probability of making a decision to reject the null hypothesis when the null

hypothesis is actually true. The decision is often made using the p-value.
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41. The nethod of any of paragraphs 23-40 further conprising: introducing
carried material selected fromthe group consisting of carbon nanotubes,

fi ber gl aswp 20reel3b8050l ecul es, pol yners, proteins, pepti de€T/US2011/049702

pepti dom m nmetics, nucleic acids, organic conmpounds, inorganic conpounds,
crystallj material, hiological, conpoynds, bialogigally active conmpounds,
compourllEFTAui A3 BiOissEncr TEe T ST eaneH STl G L AR RN maceut i cal or
a ther %@Hﬁa&@ﬁ&mEffe&nén@@xn&ﬁlﬁwa@%bg%few@hﬁ%acorogictah@ff&am¢ Fefers
material. 42. The nethod of paragraph 40, wherein the carried material is
coval ertpblthe dbiiliyed thedraatraerd dorposlt irea desirerd badlogidd effactdotroitienion of matt er

f d ) h f .aph 3-42. 44, A i devi
Lomnrt Bl 0T TREG IR, R ol AR AT o fG et biwoReRR R ehfac teV! ©©

par agr apdsel Rdardargakt Bnd/ér dro&E R 18RY(TRAMEM G ERds\ P ele FEQP dsSiting flom
conposition of matter forned by any of the nethods of paragraphs 23-42. 46.
A dr ug adetiniviestiongd e ecasmay i lsish gifecttsmprsans thehthe freptgionerestlgyifdd by any of
t he net f .agr- -42, Ll . terial conprising a
ey R0 R RRRRNIR T of s BLANAN BRSO 15,10 2
A mat erthahpationlty siengr Rvelatpadsértd phystflogiadl effectk.or med by any of the net hods
hs 23-42 conprising mnerals or crystal materials. 49, Athin

2{ car. ?[ﬂir)ff&&owérs ushPraincHnYBEFY i BeRns A harap oF anigiake istlydhganimal & et hods

of par agLaRiR 2dh 44a primate, rodent, domestic animal or game animal. Primates include
chimpanzees, cynomologous monkeys, spider monkeys, and macaques, e.g., Rhesus.
Rodents include mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game
animals include cows, horses, pigs, deer, bison, buffalo, feline species, e.g., domestic cat,
canine species, e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g.,
trout, catfish and salmon. Patient or subject includes any subset of the foregoing, e.g., all of
the above, but excluding one or more groups or species such as humans, primates or rodents.
In certain embodiments of the aspects described herein, the subject is a mammal, e.g., a
primate, e.g., a human. The terms, “patient” and “subject” are used interchangeably herein.
The terms, “patient” and “‘subject” are used interchangeably herein. A subject can be male
or female.
[00249] Preferably, the subject is a mammal. The mammal can be a human, non-human
primate, mouse, rat, dog, cat, horse, or cow, but are not limited to these examples. Mammals
other than humans can be advantageously used as subjects that represent animal models of
disorders associated with autoimmune disease or inflammation. In addition, the methods and

compositions described herein can be used to treat domesticated animals and/or pets.

[00250] The invention can be defined by any of the following numbered paragraphs:

1. A composite laminar material comprising a carbohydrate based substrate and a
protein.
2. The composite laminar material of paragraph 1 wherein the carbohydrate based

substrate comprises a film, a fiber, a sponge, a mesh, a foam, or a nanoscale structure.
3. The composite laminar material of any of paragraphs 1-2, wherein the ratio of

carbohydrate to protein is in the range of 10:1 to 1:10.
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50. Amlti-lamnate material conprising a conposition of matter fornmed by
any of the nethods of paragraphs 23-42. 51. A nulti-lamnate nateri al
conpri si nyoaoaspsesi ti on of matter formed by any of thePo@tusoas/ oef702

par agr aphs 23-42 conprising additional conponents to provide tailored

mechani cal operties. 52. A material c risin onposi tion of matter
f or med ‘by aﬁ_{ﬁecfpntpﬁé{t%f%%gna&mﬁaf S SIgREA SR 3 YRSHIG PO drate bited
wat er - r epel |§,pgr£ORt dmm?%@{obﬁgesay@aaeék?g/a&%gy%ﬂgg’s@{éﬂdﬁa&% 1/049702 53. A

material conprising a conposition of matter formed by any of the nethods of
par agr aphs 2Bam2nelggpprdcbimdesyglyéesh estarely(aomdassf amylsacatin)r epel | i ng coati ng

material to provide reqio wi,th variable. flexibility. 54. nmet hod of

form ng a comsostPEoRBRmIF s ai e B3t srpafitst 4t SFrefaBHe: o based
material i n @fa@cddingtanahifhte OtbratfrOdulliakdhépatiftiahtl thdlaeg eftilod€ befacolBdant he
chitin based material by evaporating the solvent; treating the chitin based

struct ure wi(gymasapalsating), sizpldiant, naledexteniipelin. s lqyapbefad2-ed) baicdo gr oups:
washi ng thesﬁﬂ&ﬂﬁ@ based structure; optionally dehydrating the chitin based
structure; '

5. The composite laminar material of any of paragraphs 1-4, wherein the carbohydrate

based substrate is a Chitosan based substrate.

6. The composite laminar material of any of paragraphs 1-5, wherein the protein is
selected from the group consisting of silk fibroin, perculin, abductin, elastin, resilin,
fibronectin, fibrinogen, keratin, titin, collagen, actin, Arp2/3, coronin, dystrophin,
FtsZ, myosin, spectrin, Tau (protein), tubulin, F-spondin, Pikachurin, fragments and
analogs and derivatives thereof, and any combinations thereof.

7. The composite laminar material of paragraph 1, wherein the carbohydrate is Chitosan
and the protein includes silk fibroin and the ratio of Chitosan to silk fibroin is in the
range of 1:1.5 to 1:2.

8. The composite laminar material of any of paragraphs 1-7, wherein the carbohydrate
based substrate includes at least one surface having a predefined microtopography and
the protein is applied to the surface.

9. The composite laminar material of paragraph 8, wherein the predefined
microtopography is molded into the carbohydrate-based substrate.

10. The composite laminar material of any of paragraphs 1-9, wherein the protein
includes at least one surface having a predefined microtopography.

11. The composite laminar material of paragraph 10, wherein the predefined
microtopography is molded into the protein.

12. The composite laminar material of any of paragraphs 1-11 further comprising a
second carbohydrate based substrate.

13. The composite laminar material of paragraph 12, wherein the second carbohydrate
based substrate is a chitin based substrate.

14. The composite laminar material of any of paragraphs 1-13, wherein the composite
material comprises a molecule selected from the group consisting of carbon fibers,
carbon nanotubes, fiberglass, small molecules, polymers, proteins, peptides,

peptidomimimetics, nucleic acids, organic compounds, inorganic compounds,
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applying a protein solution to the chitin based structure to produce a
conposite material having at | east one |layer of protein on the chitin based
st ruct ur evoan12/a3ggoshe protei n-l1ayer on the chitin basedPstrusediangy7oand
treating the conposite naterial wi th an al cohol based solution to induce a
beta transition ﬁf t he

. The t a h 54, wherein the
ratio of chi¥Y¥RBaseyn ?| ‘%]0%1851&08%1’8}1&; B“’? G aF%\%F‘g‘éPUEHO“P%m 10:1 to
1:10. 56. Thenpehh@thin @moglcaMElagy a0 b'i_’éllog@al WhRiglaRedtRal & tin based

material is chltosan Thé net hod” of any of paragraphs 54-56, wherein
the prot ein thegapdicagent. 8L anylrembpetations dereahyn @tflempagobcpﬂnlsolﬁdrmlayﬂher ein
the acidic sol uti or I ncl udes acetic acid. 59. The nethod of any of

par agr aphs 534 %t 8rein the base solution includes NaOH. 60. The net hod

of any of pan@%@t%@oﬁﬁarég&apmrv@ieﬁelﬁt& ableanelks ihameshrisetydtdt@mybncl udes

met hanol . 61. A conposition of matter fornmed by any of the net hods of
par agr aiphs Stheguethgdof parggsapiotd. d‘fheéﬁm@relfﬂ@le‘éﬂmoﬁé\lﬁnﬁlﬁbn@ﬂwﬂéch to a
ti ssue or or gaiy Ylg%]» %hod conprising applying an effective anount of a

transgl ut am nase’to surface of the tissue or organ and contacting the

medi cal17. npl'Brtmethvd ofpdrapriyfte] 4 wHeade tef molbeult issia wiee p16&1n llayer met hod of

{3 ?;ﬁ.grgfiph 62’];{1(.;;\2&{1&'1 (r)]f Igarr]z?grgghdlﬁ: %&l/helreqr? lthaénraltlolgg}/lé: ?seco(\:fglrggtly hnked with the
protein-layer.

19. The composite laminar material of any of paragraphs 14-18, wherein the crystalline
material is calcium carbonate.

20. The composite laminar material of any of paragraphs 1-19 further comprising a water
repelling coating on at least a portion of the composite material.

21. The composite laminar material of any of paragraphs 20, wherein the composite
material is composed of parylene.

22. The composite laminar material of any of paragraphs 20-21, wherein the composite
material exhibits variable mechanical properties as a function of a location of the
water repelling coating on a portion of the composite material when exposed to
aqueous environments.

23. A method of forming a composite laminar material comprising:
providing a carbohydrate based substrate and contacting the carbohydrate based
substrate with a protein solution.

24. The method of paragraph 23, wherein the carbohydrate based substrate is a chitin,
fructooligosaccharide, galactooligosaccharides, mannanoligosaccharides, glycogen,
starch (amylase, amylopectin), glycosaminoglycans (e.g., hyaluronic acid,
chondroitin-4-sulfate, chondroitin-6-sulfate, dermatan sulfate, keratin sulfate, heparin
and the like), cellulose, beta-glucan (zymosan, lentinan, sizofiran), maltodextrin,
inulin, or levan beta (2->6) based substrate.

25. The method of any of paragraphs 23-24, wherein the carbohydrate based substrate is a
Chitosan based substrate.

26. The method of any of paragraphs 23-25, wherein the protein is selected from the
group consisting of silk fibroin, perculin, abductin, elastin, resilin, fibronectin,

fibrinogen, keratin, titin, collagen, actin, Arp2/3, coronin, dystrophin, FtsZ, myosin,
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64. A nethod of adhering a nedical inplant device to a tissue or organ, the
nmet hod conprising contacting the nedical inplant device with the organ,
wher ei n twe 2nedizess | npl ant devi ce conprises an ef f ecti PeTarsount49792 a
transgl ut am nase. WO 2012/ 030805PCT/ US2011/ 049702 65. The met hod of

par agraph 65, further co i sing applyjn n effective ampunt, of a
transgl ut amsﬁﬁ%tﬂnt'ga“s(ﬁmtgfgit lg‘hg B‘P’ﬁ“&rg’l FHUIH{ESRAO AR nﬁ&rﬂalﬁﬁ%a‘@f

par agr aphs Qi%r@éavemgr@dfnaﬁd% toabadhkivhadpase is a mamalian

transgl utam nase. 67. The net hod of any of paragraphs 62-65, wherein the

t r ansgl27t am Hwgeethed af aycfgiiagraphs 3As3¢l whaminrths mtl(omfga@e)lydr% to Phageimet hod
of any of para hs 6 7, Wherein the transglutam nase is a cal cium

i ndependent 't P%SSWF& rﬁggbmg%gbo?ﬁiqﬁst hod of any of paragraphs 62-68,
wher ei rpgt he THe&ﬂaﬁbdlbﬁz{Hyﬂﬁﬁﬁrdgﬁap‘ﬁgQ@QUthéI’éﬁhrfhé babeliykiie 6aNRIIsEbdte: @f
Factor XIIlI A (fibrin stabilizing factor) ge 1 transgl utam nase

(kerat i nocytféfm%bﬁs@qhxﬂ@ﬁﬁlﬁasﬁ@lu}lon??%b@lytdif%ﬁ #led maatsivds e (t| ssue
transglj amfhaesrﬁ%ths)drgﬁa?%‘gr?&y vﬁ1 E&ﬁ‘ﬂise% Hi H]o?@% léfcﬁbtg%r material

t ransgl ut am nase am nase ros ransg TEH nase),
Type 5 transgtludamnnare (Tr ansgl ut am nase X), Type 6 transgl ut am nase
(Transg| ut am nase %{4 Type 7 transgl utam nase (Transgl utam nase 2), and any

conbi natd onstherasthegd of %agrw@%ﬁh?&an gre 8&%9/18@?16%%1 ér@mataﬁgr%? cgosistifigehtei n
the transgl qiaeaﬁleaaa b Mbm&'aefdegcdn@ic%cﬁ%ﬂfé 5&@ gléd?lr&fiy bSOy ﬁrhcfaer osol ,

a foam an ol ntnent aste, a lotion, a powd ahy roge
hydr ocol | oi cheeti amud;rtnq:iﬂortoacﬂtxe acal, pepoPBe aamt,ll:euamrc za:lct; AedhhoroFidtancih ecidet hod

of any of p raphs 62-70, in the ical |nplant eV|ce i s.selected
romthe of o TRGREREEE g o TP RREIoM o5 Duo AR RE ot GOH RS
prosthetic dgybafsoudhdld Gelci ¢RI ¥1udeNit 86, 1aWRURGd, Bx8BS hdl8Sartdrid &g, T oams,
sponges, hermpdstatic materials, and any conbi nations thereof. 72. The net hod

of paragr apmsmblc\m@r dMahdrunes m%dilt}’éroflwpbami hedrpeyanicsicd, Wgdmederdr essi ng
et e, adnes U5 aZk BB 8 ey dElt 2 RPun dBY FhuyssBERR of TRVES
nanoparti cl asse,and a@ylyorﬁgﬁmdmtth&m t her eof 73. The nethod of paragraph
71, wherein the medical i npl ant device is a foam
31. The method of any of paragraphs 29-30 further comprising neutralizing the
carbohydrate based material by applying a basic solution.
32. The method of paragraph 30, wherein the basic solution comprises a base selected
from the group consisting of sodium hydroxide, ammonium hydroxide, potassium
hydroxide, calcium hydroxide, magnesium hydroxide, barium hydroxide, strontium
hydroxide, lithium hydroxide, rubidium hydroxide, sodium carbonate, and ammonia
or the basic solution is a high pH buffer.
33. The method of paragraph 32, wherein the high pH buffer is a carbonate buffer.
34. The method of any of paragraphs 23-33, wherein the carbohydrate based substrate is
formed by freeze drying a solution of carbohydrate based material.
35. The method of any of paragraphs 23-33, wherein the carbohydrate based substrate is
formed by injecting air bubbles into a solution of carbohydrate based material.
36. The method of any of paragraphs 23-33, wherein the carbohydrate based substrate is
formed by spinning a carbohydrate based solution to form fibers.
37. The method of any of paragraphs 23-33 or 35, wherein the carbohydrate based
substrate is formed by electrospinning a chitin-based solution to form fibers.

38. The method of any of paragraphs 22-32 or 35, wherein the carbohydrate based

substrate is formed by rotary spinning a carbohydrate based solution to form fibers.
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74. The nmethod of any of paragraphs 62-73, wherein the nedical inplant
device is conprises a protein and wherein the protein is cross-linkable by
a transglwoanizms®s 75. The net hod of paragraph 74, whereirnseég/onwd: cal
inplant device is coated with the protein. 76. The method of any of

par agr aphs 7 e t he IS silk fibrojn, 77. The met hod of
any of Jar agﬁ%&dﬂ%thg ‘[7’(81Y %Pé‘%?arﬁ’% ﬁér}ﬁ f&rrﬁ]zf‘d CQMRHF R S e ARRHAH I he
surface of tdrendmdiep@l inplant device. WO 2012/ 030805PCT/ US2011/ 049702 78.
The met hod of any of paragraphs 62-77, wherein the transglutam nase is

noncovailent I'Ehel mﬁk@ﬂpwmglhpln B, wiei¢io dhe bmtratrsﬁtiqj@\?iiwce&m triéi’iélgrtm hod of any

f f ti fot | ut i
Dt o o EP o Vith gho Sof it BUbEHe o d Tietiind sph AR e R S on”t ne

tissue or thguesgabludbas, b thergiicadioniofBlréR] prd@yiecd-he@Q. The nethod of any
of par L%raphs 62-79, further nggl’l Si n adm ni stering a wound heal i ng
agent. 91 Trhe methedefl Bty oimyragearhyPaph p@heagpal@ﬁgmso wherein the wound

heal i ng agent )& 'c%%e%dmﬁt%ﬁﬁ?sk ‘Stegrﬁ%%&)gl% Q(?dapt(% sf«!tu?%otdceaﬁ%rﬁa%@l%s ar OWt h

factors; enzymnes rnones, povidon-1o0 armat o

agents; ant |fthe@g1mssmahmbmcﬁlregmo@}rﬁcrs qmcbueﬁlep;tdpaaes pyjtichiigsmetidl ardbio;
angal gesi cs; opioids: am noxyls; furoxans; nitrosothiols: nitrates and
ant hocyani n<idi RNEals comgounsciRomanis FoRpSIRAS: crypalling casgial diglogicakh as

adenosi ne dipipsRaL 6iofAREN, AR AARARRNEE chipBRSATES HATELA! acivi
neutotransmtt neurlc())n@g@%gt oer such as Cac té}ﬁghoﬁnﬁe ang al activity,

5- hydr oxyt ryqnﬂarhlmieglé:sleaphmmanélﬁ}cb[rc)ra theispanicreeanandcatyemhdligationes, such as
adrenal i n ang (P]% qli?enal in; fgtl d .nol ecul es, such as

sphi ngosi ne-'1¢'f 81“8m8ﬂ%]te|19 §pHosphat i di ¢ acid; amino acids, such as

ar gi ni e andrieyféAsd oPS:REdraRS 4G Y ras tHeQ%nﬁHdarﬁé(tEhﬁl'1§1§@va$éﬁlﬁ§tlﬁﬁ€&toﬂh@”d

cal cium gene-rel ated peptide (CGRP): nitric oxide; and any”conbi nati ons

t hereof . 82. Comsmmh@dabf any of paragraph 62-81, wherein the nedical

P! a0 €SBl A0Y LS s RS BLSEIP R B2 ¢ e e

devi ce 445 f abpidsaled dEviedten SNROS térﬁpdﬁ&icﬁlrdfahatt& famed Oy apgoateandtbods 21.
of paragraphs 23-42.

45. A tissue engineering scaffold comprising a composition of matter formed by any of
the methods of paragraphs 23-42.

46. A drug delivery device comprising a composition of matter formed by any of the
methods of paragraphs 23-42.

47. An implantable material comprising a composition of matter formed by any of the
methods of paragraphs 23-42.

48. A material comprising a composition of matter formed by any of the methods of
paragraphs 23-42 comprising minerals or crystal materials.

49. A thin clear film comprising a composition of matter formed by any of the methods of
paragraphs 23-42.

50. A multi-laminate material comprising a composition of matter formed by any of the
methods of paragraphs 23-42.

51. A multi-laminate material comprising a composition of matter formed by any of the
methods of paragraphs 23-42 comprising additional components to provide tailored
mechanical properties.

52. A material comprising a composition of matter formed by any of the methods of

paragraphs 23-42 comprising a water-repelling coating material.
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84. The nethod of any of paragraphs 62-83, wherein said applying conprises
i ncreasi ng expression or activity of a host transgl utam nase. 85. A nethod
of pronotwogouingdsheal i ng in a subject in need thereof PCEAIspO11HUITG2

appl ying an effective anount of a transglutam nase to a wound surface and
contactjng a wound dressi.ng to the. wound, erein the und dressjng
conpri s¥s a%8}%%1f@%ﬁl@?fa?mB?Slta%Ofc}Pat&\ﬁ?%rg}eé gy 0p he ghody (i et hod of
par agr aph 83,ar{gghl 8RR PrRin3d aARPE Yé diéhstorfa0mit R pé NG WOMRE. mMBeN8h N t he
foam conpri ses a conposite material of any of paragraphs 1-2I. 87. The

met hod of arprovfle paragvapgher@bleg®xibihigr ei n t he wound is selected fromthe
group nsi stin f cuts and | acerations urgi cal .i.nci si ons, punctures,
grazes%ﬁ$crd%8#@5%‘%3%@?8%§f8ﬁmﬁﬂﬁﬂﬁgyw'HpggpgﬁgPp?$?%tion wounds, chronic
wounds, ul cefigolvifies Stin 8hded Ghatl ielsn a&lieRbE@bnvounds, wounds resul ting
from pat hogeni c 2012/ 030805PCT/ US2011/ 049702 i nfections, skin

gr af t/ t r ansgPeRing ashsm kased sterstyp ehtheshitbasedmaisaak espons@tieg Adi t i ons,

or al moundsxo egpach or intestinal wounds, damaged cartil age or bone,
anputation sites’and corneal |esions. 88. The nethod of any of paragraphs
85- 87, wher aieatihf thetchahisigiseld ericaas eviths Enserediondn @meutralieghepdmesie. 89.
The nmet hod of .any of paragraphs 85-87, wherein the transglutamnase is a
m crobi al t rPANE8QEIRUAN nase (nfgase). 90. The nethod of any of paragraphs

85- 89, “herQhﬁhﬁﬁﬁhé&ﬁﬁﬁgbgh%ﬂhﬂﬁ&@ is a cal ciumindependent
' T 0

transgl ut am nase.” 91. e met of any of paragraphs 85-90, wherein the
t r ansgl ut amapéiseallysdehetiathe thefahaim badsed griebipeconsi sting of Factor Xl A

(fibrin stabiljzing factor), Typ transgl ut am nase (keratinocyte

{r ansgl ut aniabe £orrie o e BrliPRRt st bR kR eGP P dinase) . Type
3 transgl ut aiPRARAhal BRI RAIRIne 14§ OHElMTbR AR hitin:RE] drich@Bsgl ut am nase
(prostate transglutamnase), Type 5 transgl utam nase (Transgl utam nase X)

Type 6 transyyiogam prateen-{ayeners gl ¢higim baseestivicturdyapd 7 transgl ut ani nase
(Transgl ut a

of paragrap&%Qgéggé%bﬂﬁﬁgggﬁ%Fﬁ%q?@i%iéggiak?%gggLF@%%%FﬁﬁgﬁggtQ?g gf ik
sol uti on, anuggwbﬁbpﬂwrﬁagﬂ@rosol, a foan; an ointnent, a paste, a | oti on,
ﬁaﬁg\é\ggﬁ. C|a 1 %ljﬁetgoggglraq;ggﬁgﬁh 5a4,r:x¥h(2:;e?1(1: (t)}lel rgtliéj of (?hitriql ggs%g%gtfl:r?all ?o’ praotein isin
the range of from 10:1 to 1:10.
56. The method of any of paragraphs 54-55, wherein the chitin based material is chitosan.
57. The method of any of paragraphs 54-56, wherein the protein is fibroin.
38. The method of any of paragraphs 54-57, wherein the acidic solution includes acetic
acid.
59. The method of any of paragraphs 534-58, wherein the base solution includes NaOH.
60. The method of any of paragraphs 54-59, wherein the alcohol based solution includes
methanol.
61. A composition of matter formed by any of the methods of paragraphs 54-60.
62. A method of adhering a medical implant device to a tissue or organ, the method

comprising applying an effective amount of a transglutaminase to surface of the tissue

or organ and contacting the medical implant device to the surface of the tissue.

63. The method of paragraph 62, wherein the medical implant device comprises a
transglutaminase.
64. A method of adhering a medical implant device to a tissue or organ, the method

comprising contacting the medical implant device with the organ, wherein the medical

implant device comprises an effective amount of a transglutaminase.
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93. The nethod of any of paragraphs 85-92, wherein the wound dressing is
sel ected fromthe group consisting of bandages, gauzes, tapes, neshes,
nets, adhweizve/pbasters, filns, menbranes, patches, andPamyusSe@miougrari ons

t hereof. 94. The nethod of any of paragraphs 85-93, wherein the

transgl yt am pase | s, associ ate ith the wound dressin 95. The t hod of
par agr aph 94, evmfét'ﬂ‘é‘il H‘s E%@grﬁplaﬁ%gvm%ﬁpwag@nsép ey G C?YPeaf%‘E}F‘I‘gE% of the
wound dr essifigsel@Bmiddie tdairiRE oPlheatyuedf paragraphs 94-95, wherein the
transgl ut am nase i s noncovalently linked with the wound dressing. 97. The
met hod @f ankhegficthed aigarapHpaBgrPbs 6MOSr whereinttbe shiisgbitimmasmsant  of

t ransgl ut am nase i.s fro bout |Ii _tg to about 100ng per cn2 of wound area.
98. The net HB%tn%lﬁl%{hS¥a“c§€“§a§?1£6%eaphs 85-97, further conprising adm nistering
a woungs7heal THm&BENbf &y Jftparapidphe 62-659hertahavbgiiahinads RArmaRbbYS,
wherein the wound healing agent is selected fromthe group consisting of
dexpant henoltrangglaiaamngsg émdease).enzynmes, hor nones; povi don- WO

2012/ 0 05RGT/ 9 i odi de: {.ds; agents;
anti bi otr cs;ﬁagn#sﬁng%%%ﬁa%%?m%%&lg§|2o't6if7§sv%lé(r8§tcddg?rﬁ%sg;ﬂ}t%lﬁirng%oﬁgnm;@%ﬁg gesi cs;
opi oi ds; amindep¢hdent transgkamnainad.t r osot hi ol s; nitrates and ant hocyani ns;

nucl eosi des; nucl eoti des,: neurotransm tter/neuronodul ators, such as

acet yl Qol i ndednethed playBiperagmPand 468 wheistnghe Hrssghrfymingsesis saleeted and

cat echol am ng$y : ' @T%I radr hn:old D ul es, such
as sphi ngosi ne- il-%:)%guslgﬁ%@fe&g%g%r%stop cl)ggrggltg flg?%t)glg%né;fh%?ngh'g%aegfds, such as
ar gi ni ne andranygitaeringse ptdraescgiectansgutahgndse adiyiper? tnmsglatipshasedessie and

cal ci um gene-rel at ed peptide ( P): nitric oxide; and any conbi nations

t her eof . 100" TIEafRR satfa?se_é PG (PP LY RARIAS S2p 4 Ml S HARIRRappl yi ng
conpri ses 1 nEypRasthdglataiifse(Hidsiate t%%%l‘dtahﬁné%fa),afyﬁé’%ttrahé naglitkam nase.
101. The nethod of any of paragraphs 85-99, wheréin said applying is

bef ore, aft dlramsgldtaniingge cont apst 6 mgnsgiutarhimaseedirasklvitaminaset Y ddypeé or t he
wound dressitpa%

sglutaminase (Transglutaminase Z), and any combinations thereof.

70. The method of any of paragraphs 62-69, wherein the transglutaminase is formulated
in a solution, an emulsion, an aerosol, a foam, an ointment, a paste, a lotion, a powder,
a gel, a hydrogel, a hydrocolloid, a microparticle, a nanoparticle, or a cream.

71. The method of any of paragraphs 62-70, wherein the medical implant device is
selected from the group consisting of artificial tissues, artificial organs, prosthetic
devices, drug delivery devices, wound dressings, films, foams, sponges, hemostatic
materials, and any combinations thereof.

72. The method of paragraph 71, wherein the medical implant device is a wound dressing
selected from the group consisting of bandages, gauzes, tapes, meshes, nets, adhesive
plasters, films, membranes, patches, microparticles, nanoparticles, and any
combinations thereof.

73. The method of paragraph 71, wherein the medical implant device is a foam.

74. The method of any of paragraphs 62-73, wherein the medical implant device is
comprises a protein and wherein the protein is cross-linkable by a transglutaminase.

75. The method of paragraph 74, wherein the medical implant device is coated with the
protein.

76. The method of any of paragraphs 74-75, wherein the protein is a silk fibroin.

7. The method of any of paragraphs 62-76, wherein the transglutaminase is coated on the

surface of the medical implant device.
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[ 00251] To the extent not already indicated, it will be understood by those
of ordinary skill in the art that any one of the various enbodi nents herein
descri bedweardi2/d3bsest r at ed can be further nodified to i neorpseatssdrent ures
shown in any of the other enbodiments disclosed herein. Thus, other

enbodi nts re tﬁghin th sco e agg SP] it.of the ﬁnventlon Furt her,

while t i\i%? é’aFaé d 't WBTFHBRITARE “t%fﬁglaﬁf‘e‘éélPPptl on may

i ncl ude m)rQ:Orvg[@ﬁﬂ}oﬁﬁ(édwﬁpme%dlclgwg[ﬁ%e[ygg252] The invention now bei ng
general ly described, it be nore readily understood by reference to the

fol | owitg ethmh@hod mmfrpfazamgrapdas 024648, wherelnth¢ offegsivepomest off il | ustration
of certain and enbodi esent i pvention nd are not
"ntendeq o TRSEERPHRCE FuenoiBRn redoabrrPRREGReam T aubRl s BBRaBh® s orm
was appl i ed wtwanapd 2009 GRDroMm dldehd ksaidel iafpthnddbyies.at ed fil m (either
shrilk or a chitosan film was contacted with the tissue. After 30 m nutes

of bondithg akherraethed egseraltparagraphh 62 Janiyr@evresmpyish)seadneigistesing apeindt est .

Resul t s of tl‘{%ﬁluﬁj Jfest are shown in Fig. 23. The inventors discovered
that the eit e'of a shrilk film (carbohydrate |ayer or the protein
| ayer) &lan leeQﬁﬂh&thﬁlMatd‘grﬁﬂiﬁ)atragﬁsplﬁ SDpwhéremtthe g.ouhd 2Bk ademiisr | ar
experinment was carried out to test bonding to derm s tissue. Because the
| ast |ayer oflectd i Hergiow q%lSl@%%?%éeéaargbe%rgwthcfaW%enwm% | ayer nay

be the only yiS5HE: g&q@oﬂsﬂjl?ﬂid%cfat atclhs”é}lfti?l‘rﬁ@nl'égl%@h&gggé&ﬂpsan%ﬁ{o E’Qnd' ng by

transgl ut am nase treatnent. Résul'ts con S no di ng by
t ransgl ut amanéisgsowal; sr&eaptldslom(vlem:s vitrembinh engadstsick aypaoids; sansha)zg/ﬂns I y
damaged anddihe second osed, then.the ondlng b i nases

i s successf roxé‘és'&étﬁﬁﬂ@ﬂﬁ%tt“é A AnEhacKuns MFEPRdeshiYC L?S ﬁ to

the derms 'ﬂ%%fe%ﬁ&’esoiucﬁl% 85Tk e ATHHROMNR: (ADFY Shd a%@nosﬂ’é'tﬁpl’%&%lﬂ‘@te Rapy;shrilk
can be used as a "patch" for treating skin (e.g., bandages). [00255] All

patents and mtv@tanmlﬁtbr/n@trvmﬂ@ulatdemum8@@C¢t&kb®1rrnqaané Selxyshrexsdtyptannigor por at ed
herein by referenc I ur pgse These p |ca ions are provi

Cot ety for trarengy i Bianti BRREE pdaRRR Righ oS Rt SRR Rl SoPlfm s

appl i cati on.lighohddidaglek rsutﬂna§sp11ﬂ£g®@ﬁeshﬂnghda@alﬁp1ry§csﬁh@ a88icakiddmifsi on
that the inventors are not entitled to antedate such disclosure by virtue

of prior inaskisi Bishes adrned ]dﬁlﬁéarpepéé@()"’mhﬂﬂheé’(f@ait%%ﬁﬁt subsgnepPapd dat e
or representat cﬁﬁﬁ gglf e}e até ?‘E@ggﬁ?&kﬂ%ufc%&%ﬁb %gf&h%lhfnoﬁléﬁl%% o the

i nformation ava rcants an constitute any

adm ssign asTHeanéthed clanyesftpaegsaphf62t $le whatedrs thermaionil énplantafevideese

docunents. WD 2012/ 030805PCT/ US2011/ 049702 CLAINS What is clained is: 1. A
conposi te | dAbricafedrfEame pibipcoppiibieshingesiadabliagBugdrlat e based substrate and a

proteirgs, The method of any of paragraphs 62-82, wherein the medical implant device is

fabricated from a composite material of any of paragraphs 1-21.

84. The method of any of paragraphs 62-83, wherein said applying comprises increasing
expression or activity of a host transglutaminase.

85. A method of promoting wound healing in a subject in need thereof, comprising
applying an effective amount of a transglutaminase to a wound surface and contacting
a wound dressing to the wound, wherein the wound dressing comprises a composite
material of any of paragraphs 1-21.

86. The method of paragraph 85, further comprising applying a foam to the wound,
wherein the foam comprises a composite material of any of paragraphs 1-21.

87. The method of any of paragraphs 85-86, wherein the wound is selected from the
group consisting of cuts and lacerations, surgical incisions, punctures, grazes,
scratches, compression wounds, abrasions, friction wounds, chronic wounds, ulcers,

thermal effect wounds, chemical wounds, wounds resulting from pathogenic
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2. The conposite lam nar material of claim1 wherein the carbohydrate based
substrate conprises a film a fiber, a sponge, a nesh, a foam or a
nanoscal ewetzniea3esoeé. 3. The conposite |am nar nmaterial @CTasgoefo4o0ai s
1-2, wherein the ratio of carbohydrate to protein is in the range of 10:1

to 1:10. 4. The.compasite |lamnar materjal. of any of clainms 1-3, wherein
car bohydr at éM§54Y>- %gfﬂ?‘é‘faé“l’ nEAQURY A r,ec’rpﬂ%lét%%r Y G ERR e,

gal act ool i 9Q2AGEBAL, e SvouRBORAMRICH SP FREHRAN W ElGRIs, An¥Ee@eRila3t AF 65nd 2Nyl ase,
anyl opectin), glycosam noglycans (e.g., hyaluronic acid,
chondr oi t i n-amdtioatsges otdorndnead tesiong- sul fate, dermatan sulfate, keratin

sul f at heparin .an he |.ike e 0S bet a-gl ucan (zynpnsan, | enti nan,
S vori iy PRl Pefiadol 15 ofmiierantS 5o oy B Beh bR 3t Tt e
The conposi tifah@alifafadtl@mhiahsedf any of clains 1-4, wherein the

car bohydrate based substrate is a Chitosan based substrate. 6. The
conposi®e | atheriaetheholedniyf paraggamps 89-8¢| whersinithg trapgedptammastis agpistabial i s
selected fr . nsi.sting of silk fibroin, perculin, abductin,

el astin, regﬁnlgg,gtaﬁlfg#gﬁ%%%ﬁ? fibrinogen, keratin, titin, collagen, actin,
Ar p2/ 3,90cor OFtiemmetlyd of Otofpardgtaphs §HBOSWhereBIRRE trangglutdralhagedis ateaiciym
tubulin, F-spondin, Pikachurin, fragnments and anal ogs and derivatives

t hereof , andNgeRFntHrmeYyRNher eof . 7. The conposite | aninar material of

clai m Iy; whefigl fehdifo %Q%E%t ggatapﬁs i8§—9@%v&9§?{}h9ﬂgn§gﬂﬁarﬁfn‘ﬁ ElsNelelich udes silk

fibroin and the ratio o nto si roirn I's 1n the range of 1:1.5
to 1:2. 8. Themdengosp tanslsaing nfFaatatX>H] Al(fibfin atayilaingdhatbnsTipe7] wherein the
car bohydrate based substrate includes at .| east oneiI surface havin

2

a
predef i ned HACrH GRS ARGy CAENDF BRS¢ TR té"dlsglﬂitat“%as&ﬁ?%&%e. 9.

The conposi tgnkAMaRAkasEP ¢ 8liraR{gl Gth RS (e peeh 8l dank Naapiigses, mpd 4
m cr ot opograpr?ygi él mﬁsgag%?nt orat hge car bohg/egr at e- basne%n sublst r;t@? 10. The

conposi t e | dranpglntamanase i(prostote tranyglotamahase g ype § trapggduteininashie pr ot ei n
B R
m cr ot opogr aphyglu@niiidse €frah il ainiers®ZPtaat Any YEMBRAZsAAIRGESCT/ US2011/ 049702
92. The method of any of paragraphs 85-91, wherein the transglutaminase is formulated
in a solution, an emulsion, an aerosol, a foam, an ointment, a paste, a lotion, a powder,
a gel, a hydrogel, a hydrocolloid, a microparticle, a nanoparticle, or a cream.
93. The method of any of paragraphs 85-92, wherein the wound dressing is selected from
the group consisting of bandages, gauzes, tapes, meshes, nets, adhesive plasters, films,
membranes, patches, and any combinations thereof.
94. The method of any of paragraphs 85-93, wherein the transglutaminase is associated
with the wound dressing.
95. The method of paragraph 94, wherein the transglutaminase is coated on the surface of
the wound dressing.
96. The method of any of paragraphs 94-95, wherein the transglutaminase is non-
covalently linked with the wound dressing.
97. The method of any of paragraphs 85-96, wherein the effective amount of
transglutaminase is from about 1ug to about 100mg per cm® of wound area.
98. The method of any of paragraphs 85-97, further comprising administering a wound
healing agent to the subject.
99. The method of paragraph 98, wherein the wound healing agent is selected from the

group consisting of dexpanthenol; growth factors; enzymes, hormones; povidon-
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12. The conposite lam nar material of any of clainms 1-11 further conprising
a second carbohydrate based substrate. 13. The conposite | am nar materi al
of cl ai mw0,2018085n t he second car bohydrat e based substPcatus2e13/0a970hi tin
based substrate. 14. The corrposite | am nar material of any of clains 1-13,
ecul e selected from.t he group

wherein the cg}g‘g |te gaterla rlsesarrgjl

consi sting dPdigarBbhagifn@pd-in %?15‘6 Dhagrotse BEELI04GS HEHIFHGD 1a%ﬁﬁﬁlﬁepﬂfﬂ ecul es,
pol yners, pProt&ims; tRGRbihdGmigcRRPldpHAM; TR RyES furbksls Shiro@sthidf; nRfagani C
conpounds, inorgani c conpounds, crystalline conpounds, bi ol ogi cal

conpounds, bindlandiocydning; amléasgleeamtﬂsmd@,,, I@@rﬁpmuﬁdgter{awrngmdmleﬂomg sedl

activity, and a biological,, a pharmaceutica eutic agent and
ny. conti nacraned EfufRRa s PO BRTE Lo Gro Rt Al SRS afarSor
protei n- | ayefatecASlamies, diieh AOsHrohalidl Al Modeirenah B! 18318 nidl&uli)] ®ehhe ls in the
car bohydrate-| ayer. 16. The nmethod of claim 15, wherein the nolecule is

coval ent |y |sPhicagsing- ﬂwhpma@ean@dmhwéam%é@d aminopRiels rfpch etaiginieg idm 14

wherein the

wherein the 12%*166?#) t?deséu%}g%sé {%ldgﬁ ]ﬁ nke%gt%?%ﬁ? %d;r e%eﬁé)?%ggg(ri%@gdp
conposi t e | JOICKR); nibtiesiidd; aall apnyorabinati@istierddf: 18, wherei n the crystalli ne
material is calciumcarbonate. 20. The conposite lam nar material of any of

cl ai ms 9019 Fhermethed elgiyrqf Prrgraphi 8 &P, WB%%“I FHFPOOARS FYNBHCAINTEINE a
portion of te*%ﬁre%QHJPB?éétfvu%EE%?c'tranggluta%sg0”pos' te lam nar material of

any of clainms 20, wherein"the conposite material is conposed of paryl ene.
22. ThelOdonpldeihehddof amgrof rpatagrapals 860%anieroin saldzippyi2isdtforatdteebn t he

conposite nmaterial exhibits variahble mechanica rties as a function of
T boat i on ORI COuEE e Ao EGHT G GO SEEROST T he. conpos t o

mat eri al when exposed to aqueous environnents.
[00251] To the extent not already indicated, it will be understood by those of ordinary skill

in the art that any one of the various embodiments herein described and illustrated can be
further modified to incorporate features shown in any of the other embodiments disclosed
herein. Thus, other embodiments are within the scope and spirit of the invention. Further,
while the description above refers to the invention, the description may include more than

one invention.

EXAMPLES
[00252] The invention now being generally described, it will be more readily understood
by reference to the following examples, which are included merely for purposes of
illustration of certain aspects and embodiments of the present invention, and are not intended
to limit the invention.
[00253] Transglutaminase in powder form was applied at about 20mg/cm” on the tissue
and a hydrated film (either shrilk or a chitosan film) was contacted with the tissue. After 30
minutes of bonding at room temperature, the sample was subjected to a peel test. Results of
the peel test are shown in Fig. 23. The inventors discovered that the either side of a shrilk
film (carbohydrate layer or the protein layer) can be contacted with the tissue for bonding.
[00254] A similar experiment was carried out to test bonding to dermis tissue. Because
the last layer of the epidermis is generated by cornification, this layer may be the only tissue
in a subject with no available groups for bonding by transglutaminase treatment. Results

confirmed this as no bonding by transglutaminases was seen. However, when the last layer is
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23. A nethod of form ng a conposite |lam nar material conprising: providing
a carbohydrate based substrate and contacting the carbohydrate based

subst r at ewai2ote/gogs0t ei n sol ution. 24. The net hod of cl &CHUB3)11MEPEI N t he
car bohydrate based substrate is a chitin, fructooligosacchari de,

AR R R B e e
2012/ 03Q8Q3FGT. /ayﬁ%is‘c@ée%m&5&&%&0&5&@-sﬂrﬂﬁws%ﬁﬁdﬁcp@(zﬁ@a&hﬁ ﬁal-séaéyf fate,

dermatan sulfate, keratin sulfate, heparin and the |like), cellulose,

bet a- glepedenm{szy shewm in Fign2$.ndhis skowothar dmilk candbet uwwsders a i‘patch ot freatingr | evan
beta (2:>6) bqgeg supstrate. 25. The nmethod of any of clainms 23-24, wherein
t he caﬁ%ﬁﬁf&ﬁa B°458%d substrate is a Chitosan based substrate. 26. The

met hod [00258)1Y @l fatehkdnd23het ubMbigions RchiiGedheéifiare éxpr&slyasésporhfe@m t he
group consisting of silk fibroin, perculin, abductin, elastin, resilin,

fi br ondetdimby fefpicnerotgeall prEoses nhesq publicateqyis|agyayidgd solaly fay #2113, coroni n,
dyst r ophi t ' e ' T [ At ubyl i i n,

O oo SNy GRESLAL BT plRGE0E. RboglBil Pesghy SERPFOD

conbi najohangdtaban adissidn.thaklie: iwénod aed n@ryitinédd ©laatadbte33eRBisclohiee Biyn t he
rati o of carbohydrate to proteinis in the range of from 10:1 to about

1:10. 28rtuerpfeprigidGation 0%1&9 apy othpiieaony Nl stateisaisar fo thedateihohydr at e based
substr i raty L f .

it or 1 A o B e o o v P Ry i at
based nh¢ epplzbnts and dokssoapomtiute ailBOadniiksormey thake afrrectrabnofaABe datheorei n t he
acid is selected fromthe group consisting of itaconic acid, polyitaconic
aci d, &QBKNISETARSSHIOWRDSei d, gl ucuronic acid, formic acid, acetic acid,
trichloroacetic acid, propionic acid, butanoic acid, 4-chlorobutanoic acid,
3-chl orobut anoi ¢ aci d, 2-bronobutanoic acid, 2-chlorobutanoic acid,

chl orous acid, hypochlorous acid, citric acid, gluconic acid, lactic acid,
oxalic acid, tartaric acid, ascorbic acid, Meldrunmis acid, hydrofluoric
acid, hydrocyanic acid, hydrogens sulfide, orthophosphoric acid, sulfurous
acid, carbonic acid, conjugate acid of a weak base, and any conbi nations

t her eof .
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31. The nethod of any of clains 29-30 further conprising neutralizing the
carbohydrate based material by applying a basic solution. 32. The nethod of
cl ai m 30, wotreraizmsoshe basi c sol uti on conprises a base seC@&atsedfonon t he
group consi sting of sodi um hydroxi de, ammoni um hydr oxi de, potassi um

hydr oxi de, cal ci um hydr oxi de, nagngﬁéé dr oxi de, bari um hydroxi de,
stronti um hydroxi de, |ithium hydroxi bi di um hydroxi de, sodi um

car bonaygat iabdigdgRNi @ or the basic solution is a high pH buffer. 33. The
met hod of claim 32, wherein the high pH buffer is a carbonate buffer. 34.
The method o"fscamyoamfe lghmianma@giaB@mmitsered enrbdteydede bokg dubstistebad@d substrat e
is formed by freeze drying a solution of carbohydrate based material. WO
2012/ 0308053 Fls2011/ 049702 35. The nethod of any of claims 23-33, wherein

t he carbohydriat@nipasi@dasiiis toiadieal b chith TRehebdin kY RE8JIhREradd Basbulbs@sei Nt 0 a
solution of carbohydrate based material. 36. The nethod of any of clains

23- 33, wher €omprties £EMbEHRA R @ona%@dnfsshb%fqam,@ragawra#eamwur@m nni ng a

car bohy Frg‘éen{%ac%ﬁlgm&?e{%%énﬁg&; rr%a??ﬁa rg’fl@ dliims \{ ﬁ‘?ﬁe@%ﬁ gf any of clainms

23-33 or wher ased. fe s tormed by
el ect r ospi nriaft@hsdiate toipnotbiadeth tﬁekaﬁgb(mﬁ 1ol foor no.fi bers. 38. The rret hod of
any of clains 22-32 or 35, wherein the carbohydrate based substrate is

formed by r otN&raPMPgifmiaRgas r%aéffr%ﬁwsa?fedﬁa@é& SR 6RPPBYdree i tdoer s.  30.
The net hod Q b& efgfac(ﬁtﬁi %ct%%h%%aééﬂahﬁ@r a {35[ §§a@c§1 1@95““ ng a beta

transition o e protein eréin the beta
transition |manmadml¢gﬂadoyamdeeagly¢rggenmearp]n (mmylasevmmplopemlno,r nore of the

ol owing agorts, heLchng, ol Gohol oy ofganic, solvent v, USRYR S9! W1 one
sulfate, dermatan sulfate, keratin sulfate, heparin and the like), cellulose, beta-glucan
(zymosan, lentinan, sizofiran), maltodextrin, inulin, or levan beta (2->6) based
substrate.

5. The composite laminar material of any of claims 1-4, wherein the carbohydrate based
substrate is a Chitosan based substrate.

6. The composite laminar material of any of claims 1-5, wherein the protein is selected
from the group consisting of silk fibroin, perculin, abductin, elastin, resilin,
fibronectin, fibrinogen, keratin, titin, collagen, actin, Arp2/3, coronin, dystrophin,
FtsZ, myosin, spectrin, Tau (protein), tubulin, F-spondin, Pikachurin, fragments and
analogs and derivatives thereof, and any combinations thereof.

7. The composite laminar material of claim 1, wherein the carbohydrate is Chitosan and
the protein includes silk fibroin and the ratio of Chitosan to silk fibroin is in the range
of 1:1.5 to 1:2.

8. The composite laminar material of any of claims 1-7, wherein the carbohydrate based
substrate includes at least one surface having a predefined microtopography and the
protein is applied to the surface.

9. The composite laminar material of claim 8, wherein the predefined microtopography
is molded into the carbohydrate-based substrate.

10. The composite laminar material of any of claims 1-9, wherein the protein includes at
least one surface having a predefined microtopography.

11. The composite laminar material of claim 10, wherein the predefined microtopography

is molded into the protein.
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41. The nethod of any of clains 23-40 further conprising: introducing
carried material selected fromthe group consisting of carbon nanotubes,

fi ber gl aswp 20reel3b8050l ecul es, pol yners, proteins, pepti de€T/US2011/049702
pepti dom m nmetics, nucleic acids, organic conmpounds, inorganic conpounds,
crystal |ine terial, biological .c oundgs, bi lcally active coppounds,
conpourids haVIefgROsit P’é%ﬁr?%?é?ri%o? 9"?% %gfgalglst}rﬂ %Sﬁﬁiegﬁer?{@%% tae¥ut i cal or
a therapeut | G RBMate R dM¥rsOTDI nations thereof, to the conposite
material. 42. Thé nmethod of claim40, wherein the carried material is

coval ent3l y | Thelkeedposite hminompoeial of alained 2.abvherdid thedsecomposbeliydratobasedt t er
formed by an f the nethods.of clainms 23-42. 44. A prosthetic device
conpri si ng §%B§ﬁ$%§ﬁfwgﬁp% e%ﬂ#Fﬁweforned by any of the nethods of clains
23-42. W5. AThé 8SHEosRB WMAES nRAGriSICH ah 0 bt claAPT 18] WEerdinaReBRHpdsiten of matter
formed by any of the nmethods of clains 23-42. 46. A drug delivery device

conpri si ng dndengsemprises aomolegile selegted fremn thy ey consistig eferthoadibsss, cl ai ns
23-42. 47. i | i i si ition. tt
ADLAGLAR AT RIRSAS B A RA LB e |

formed by an ai s conprising a
conposi ti on pebtid@hingimetiod, MacleieyacrIByorghnit bempeinidedsohniclcampsudB; 42
conprising mnerals or crystal materials. W) 2012/ 030805PCT/ US2011/ 049702

crystalline compounds, biological compounds, biologically active compounds,

compounds having biological activity, and a biological, a pharmaceutical or a

therapeutic agent, and any combinations thereof, in at least one of carbohydrate-layer

or protein-layer.

15. The method of claim 14, wherein the molecule is in the carbohydrate-layer.

16. The method of claim 15, wherein the molecule is covalently linked with the

carbohydrate-layer.

17. The method of claim 14, wherein the molecule is in the protein-layer.

18. The method of claim 17, wherein the molecule is covalently linked with the protein-
layer.

19. The composite laminar material of any of claims 14-18, wherein the crystalline

material is calcium carbonate.

20. The composite laminar material of any of claims 1-19 further comprising a water
repelling coating on at least a portion of the composite material.

21. The composite laminar material of any of claims 20, wherein the composite material
is composed of parylene.

22. The composite laminar material of any of claims 20-21, wherein the composite
material exhibits variable mechanical properties as a function of a location of the
water repelling coating on a portion of the composite material when exposed to
aqueous environments.

23. A method of forming a composite laminar material comprising:
providing a carbohydrate based substrate and contacting the carbohydrate based
substrate with a protein solution.

24. The method of claim 23, wherein the carbohydrate based substrate is a chitin,
fructooligosaccharide, galactooligosaccharides, mannanoligosaccharides, glycogen,

starch (amylase, amylopectin), glycosaminoglycans (e.g., hyaluronic acid,
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49. A thin clear filmconprising a conposition of matter fornmed by any of
the nmethods of clains 23-42. 50. A nulti-lamnate material conprising a
conposi t iwo 20f2/a3e806er forned by any of the nethods of clrairms2@3/0490251. A
nmul ti-lam nate material conprising a conposition of natter formed by any of

t he met hods | ai 42 co i sjng.additional onents rovi de
tailored n"ec“;??%ﬁ? 851“‘ 'F‘é‘?ﬂé‘? t@@%ﬂgt’?@é ‘gf?é‘% gFF%?ta% ﬁi F%&%ﬁ“%ﬁﬁ%@?‘?ﬁ on of
mat ter fornegdhye BoY, QfiuihRe Hz@atglgéla% @ mebAl réﬁuaﬁl 4206RAP hadiot8x fin,

wat er -repel | i ng coating materi 53.” A material ‘conprising a conposition
of matter fanlmladOb!,cvalmyet@f(2t>ﬁébaﬁedhw§a®f claims 23-42 conprising variable

vari aor 11 Qeared SP 8 O AR R orF s R B i R PR ot e

conpri sing: chiesel visB@swbsEhiet i N based material in an acidic solution;
formng a chitin based structure of the chitin based material by
evapor a0 ng tsenefbpd efany of ckadmp gd- 2t5h‘éfh%1ﬁ1ntthﬁ prodeiadp splactpdifyere the AU base

sol ution to c&ﬁ%_&é@p@f&%ﬁf{% Foil 0%%8% {Th Mastt OﬁéEﬁnbasegéé?@r ki norg'éht 'n

based struct iona he chi
keratin, titin, collagen actin, Arp2/3 coromn dystrophin, FtsZ, myosin, spectrin, Tau

(protein), tubulin, F-spondin, Pikachurin, fragments and analogs and derivatives
thereof, and any combinations thereof.

27. The method of any of claims 23-26, wherein the ratio of carbohydrate to protein is in
the range of from 10:1 to about 1:10.

28. The method of any of claims 23-27, wherein the carbohydrate based substrate is

formed by dehydrating a solution of carbohydrate based material.

29. The method of claim 28, wherein the solution of carbohydrate based material includes
an acid.
30. The method of claim 29, wherein the acid is selected from the group consisting of

itaconic acid, polyitaconic acid, acontic acid, uric acid, glucuronic acid, formic acid,
acetic acid, trichloroacetic acid, propionic acid, butanoic acid, 4-chlorobutanoic acid,
3-chlorobutanoic acid, 2-bromobutanoic acid, 2-chlorobutanoic acid, chlorous acid,
hypochlorous acid, citric acid, gluconic acid, lactic acid, oxalic acid, tartaric acid,
ascorbic acid, Meldrum’s acid, hydrofluoric acid, hydrocyanic acid, hydrogens
sulfide, orthophosphoric acid, sulfurous acid, carbonic acid, conjugate acid of a weak
base, and any combinations thereof.

31. The method of any of claims 29-30 further comprising neutralizing the carbohydrate
based material by applying a basic solution.

32. The method of claim 30, wherein the basic solution comprises a base selected from
the group consisting of sodium hydroxide, ammonium hydroxide, potassium
hydroxide, calcium hydroxide, magnesium hydroxide, barium hydroxide, strontium
hydroxide, lithium hydroxide, rubidium hydroxide, sodium carbonate, and ammonia
or the basic solution is a high pH buffer.

33. The method of claim 32, wherein the high pH buffer is a carbonate buffer.

34. The method of any of claims 23-33, wherein the carbohydrate based substrate is

formed by freeze drying a solution of carbohydrate based material.
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applying a protein solution to the chitin based structure to produce a
conposite material having at | east one |layer of protein on the chitin based
st ruct ur evoan12/a3ggoshe protei n-l1ayer on the chitin basedPstrusediangy7oand
treating the conposite material with an al cohol based solution to induce a

beta trgnsitjon o h r ot ei.n. ., The nethod, of claim54, wherein the
atio o oni i aaet af whi i S?@M@@FW %C?rholawéatﬁimﬁg “Bpstrfoh 10: 1 to
1:10. 56. The &t bemjclinda babbled Rkd® scifttiSPor WRSIhSHRL BiRed Ratd:al based
material is chitosan. 57. The method of any of clains 54-56, wherein the
pr ot ei Bo. s fTHerméthod 8BanyTHelamss Bod3oWhemin b cabaliyiats basd subdtieteeisn t he
aci di c solutdion jncludes aceti cid. 59.. The t hod of any of clains

S 58, wher dPmeH wTERe S EGEPEWTRE BrsrdSo BB R bR Rt nod of “any of
cl ai ms 354- 59%heWh@h6d Bf dyef £000B-30a86d, Wwhkibini tAd cArBeH ydeas baRt Rabdlate i61. A
conposition of matter fornmed by any of the nethods of clains 54-60. WD

2012/ 030805 HemeddP0alestonpipomgechith-hesed seluben tfieanitivgrsa nedi cal i npl ant
Sevice 3 2 BBl T oTRiAad. PGB ARRLAL IR AT ElReL e
contacti ng tfhaneesh eadry ispiph@gta @ebohgératedbadsdsduidnaogol fibéie. ti ssue.

39. The method of any of claims 23-38 further comprising inducing a beta transition of
the protein.

40. The method claim 39, wherein the beta transition is induced by treating the protein
with one or more of the following agents including alcohols, organic solvents,
aqueous solutions, or the application of stress, pressure or heat.

41. The method of any of claims 23-40 further comprising:
introducing carried material selected from the group consisting of carbon nanotubes,
fiberglass, small molecules, polymers, proteins, peptides, peptidomimimetics, nucleic
acids, organic compounds, inorganic compounds, crystalline material, biological
compounds, biologically active compounds, compounds having biological activity,
and a biological, a pharmaceutical or a therapeutic agent, and any combinations
thereof, to the composite material.

42. The method of claim 40, wherein the carried material is covalently linked to the
composite material.

43. A composition of matter formed by any of the methods of claims 23-42.

44, A prosthetic device comprising a composition of matter formed by any of the methods
of claims 23-42.

45. A tissue engineering scaffold comprising a composition of matter formed by any of
the methods of claims 23-42.

46. A drug delivery device comprising a composition of matter formed by any of the
methods of claims 23-42.

47. An implantable material comprising a composition of matter formed by any of the
methods of claims 23-42.

48. A material comprising a composition of matter formed by any of the methods of

claims 23-42 comprising minerals or crystal materials.
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63. The nethod of claim62, wherein the nedical inplant device conprises a
transgl utam nase. 64. A nethod of adhering a nedical inplant device to a
ti ssue orworgem3ogohe net hod conprising contacting the nmediraskotivowd7ant
device with the organ, wherein the nedical inplant device conprises an

effective a nt of transgl.utam nase. 65. The nethqd of claim 64, further
conpri si’ng ! Fﬁ@r &ﬁ‘i%‘?rfl 1iRg & CyRBsEonH9t At é?fgt?pg’tyeﬂ’i‘i‘y Rh L Pt %Sr‘#gce of
the tissue. &8msbheoret hod of any of clains 62-65, wherein the

transgl utam nase is a mammal i an transgl utam nase. 67. The nethod of any of

cl ai ns 32- 65) nwittedaninate meatenia wempusiagh rag@osisomohingtterdpamed yaanygifubanm nase
(nlrgase). 68, tTh hod f4 any of clains 62-67, wherein the

transgl ut am'rﬂ%lg% Siog% au@élztgfi &m i ndependent transgl utam nase. 69. The net hod

of any 3uf clAniBtixniGe rﬁﬁl@ﬁeﬂicﬂmgﬂﬁing h2BEPbHtianbN@as€er f6rns&l WEiBbfthom t he
group consisting of Factor XIII A (frbrin stabilizing factor), Type 1

t r ansgl ut animeBeds(aéstamp ddcemprisig goditiandliragwonentsipyaoypide falesssl ut ami nase
(tissue tra afm . I Tgase), Type 3 transgl utam nase (epi dermal
transgl ut amqﬁg%%l?gﬂlﬂ;%&ﬂest ransgl ut am nase (prostate transgl utam nase),
Type 5 321 ansgyhiteatiil oasprididg avsgpoHidsn sfagstiteformbdbg dnytof drsgetibdsndmase
(Transgl ut am nase 12 Type. 7 transgl ut am nase (Transgl utam nase Z), and any
conbi nat i on<1RE 2802 comprisinga waehaelhing sAdtingrmatedilns 62- 69, wherein the

Lr ansgl4it am 085G 15 ol bR 4 ElnhéidorOt HidPomRR 15T S B maflogesiosol .
paste, a lotion, a powder, a’gelf, a , a

foam an ointnent, a hydr oge

hydr ocol | oi dlaims2Be2aparrisolgeariabl asg@ar dfiack @er-@peling ceaimg midterialhe et hod

of any of clai 62- 70, .vvher.eiD@ quhei:{‘fEdi cal inplant device is selected from
the group cdheyst fesiPrsevidy yarieplsiflaxtiliYsyes, artificial organs, prosthetic

devi cessq dr %n@ﬁiddvﬁrfyrngﬁgb%gﬁpo%!{ﬁﬂirﬂ?%?a?érﬁgc?om%ﬂiéi 3, foams, sponges,
henostatic materials, and any conbi nati ons thereof. The nmethod of claim

71, wher ei n ditvelvimgli elitin bastanatersdvi seadidicaolmtiond dr essi ng sel ected from
bl astorsr {1 AGRUPASE  Batah oLt ARl aR Pl anapaits dRes. ~and any
conbi nat i onselvlear:eof . WO 2012/ 030805PCT/ US2011/ 049702
treating the chitin based structure with a base solution to neutralize the protonated
amino groups;
washing the chitin based structure;
optionally dehydrating the chitin based structure;
applying a protein solution to the chitin based structure to produce a composite
material having at least one layer of protein on the chitin based structure;
drying the protein-layer on the chitin based structure; and
treating the composite material with an alcohol based solution to induce a beta
transition of the protein.
55. The method of claim 54, wherein the ratio of chitin based material to protein is in the
range of from 10:1 to 1:10.
56. The method of any of claims 54-55, wherein the chitin based material is chitosan.
57. The method of any of claims 54-56, wherein the protein is fibroin.
38. The method of any of claims 54-57, wherein the acidic solution includes acetic acid.
59. The method of any of claims 54-58, wherein the base solution includes NaOH.
60. The method of any of claims 54-59, wherein the alcohol based solution includes
methanol.

61. A composition of matter formed by any of the methods of claims 54-60.
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73. The nmethod of claim 71, wherein the nedical inplant device is a foam
74. The nethod of any of clainms 62-73, wherein the nedical inplant device
is conpriwe0r/q3n8esei n and wherein the protein is crossPCirnisanhaidgryg2 a
transgl utam nase. 75. The nethod of claim 74, wherein the nmedical inplant
device js coate ith the protein.. 76. The nethod of any of clains 74-75,
wher ei P’ he DFbt fiaghl! -We?lf:@rlmpﬁa.nt JeeTa RV B S PEROU ai s |
62- 76, wher QiohprRBiotahPRHY dH ATHNRS Smbent©PaRHs MkakfiisS W 168 6f tht igsuredi cal
i npl ant device. 78. ¢ method of any of clainms 62-77, wherein the

t r ansgl ut aniara@sgni amd gontactongthe medical inmdaxd devich ta the snifaliegdIthd ipsheint devi ce.

79. The nethQd of . a f. clai 62-.78 I ei e.effective amount of

{r ansgrr am {rBendlyt SintediFerqtR 1 thodtEl b RabORi R b oont act
surface areardpeilwefiindsbe tissue or the organ and the medical inplant
device. 80. The nmethod of any of clains 62-79, further conprisin

adni ni st%er i iy methodum ddhering ngedigdrimplapy devigretorfeiseriolofredhyhecmethad cl ai ns 80,
wherein the . heal i i t ed. o] : i St of
Goxpant henol RTSiARSpL Ot ARE Med oy RENERIBUCLLIR BOG Jh R4 ERIRL FLRG

aci ds; anti -impldnatedtocommgenius effastive AmotinCs,a tembglotaatiodeal s; anti septi cs;
cytoki nes; thronbin; angal gesics; opiaids; am noxyls; furoxans;

ni t r osdPhi ol Khe Msthodpledaigher, Swithes CORRTIHSE 2pRIYINgSBiediestivesareerns et adenosi ne:

and nucleotug?%¥E§Hﬁgmg%)ggﬁeggfgﬁtg%gposphate (ADP) and adenosi ne

tri phosphate neutotransmtter/ neuronodul ators, such as acetyl choline
and 5- lbdr oxXBiermghadroieny(sf efaite 6R1655whiikin the shasglutemansk icatmohobhbm nes,
such as adrenalin and noradrenalin; |ipid nolecules, such as

sphi ngosi ne-"BNSHBEBHIASE and | ysophosphati dic acid; amino acids, such as

ar gi ni gy andrile)fétA&d oPARLdrEESmS o Ib5awhé b RE adydelthAmhasSRshRREa1P and
cal cium gene-rel ated peptide (CGRP); nitric oxide; and any conbi nati ons

t her eof . 82.traTbglutaptitasd (wf gasey. of cl ai m 62-81, wherein the nedical inplant
oo i LORPRUSIA R, T
fabricated fin@peadsemmegli@nmateri al of any of clainms 1-21.
69. The method of any of claims 62-68, wherein the transglutaminase is selected from the
group consisting of Factor XIII A (fibrin stabilizing factor), Type 1 transglutaminase
(keratinocyte transglutaminase,), Type 2 transglutaminase (tissue transglutaminase,
tTgase), Type 3 transglutaminase (epidermal transglutaminase), Type 4
transglutaminase (prostate transglutaminase), Type 5 transglutaminase
(Transglutaminase X), Type 6 transglutaminase (Transglutaminase Y), Type 7
transglutaminase (Transglutaminase Z), and any combinations thereof.
70. The method of any of claims 62-69, wherein the transglutaminase is formulated in a
solution, an emulsion, an aerosol, a foam, an ointment, a paste, a lotion, a powder, a
gel, a hydrogel, a hydrocolloid, a microparticle, a nanoparticle, or a cream.
71. The method of any of claims 62-70, wherein the medical implant device is selected
from the group consisting of artificial tissues, artificial organs, prosthetic devices,
drug delivery devices, wound dressings, films, foams, sponges, hemostatic materials,
and any combinations thereof.
72. The method of claim 71, wherein the medical implant device is a wound dressing
selected from the group consisting of bandages, gauzes, tapes, meshes, nets, adhesive
plasters, films, membranes, patches, microparticles, nanoparticles, and any

combinations thereof.
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84. The nethod of any of clains 62-83, wherein said applying conprises

i ncreasi ng expression or activity of a host transgl utam nase. 85. A nethod
of pronotwogouingdsheal i ng in a subject in need thereof PCEAIspO11HUITG2

appl yi ng an effective amount of a transglutam nase to a wound surface and
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til t hod of
e R R D U
t ransgl ut amisngfae: of3Be m‘ébﬁalrﬁﬁiﬁmdde&many of clains 85-87, wherein the

transgl utam nase i s _a m crobi al transgl ut am nase ngase) 90. The_ net hod
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i ndependent met hod of any of clains 85-90,
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Type 4 tran§9|t1§g@?‘hﬂ‘ﬁ‘l‘?@thélﬁ{éa%aﬂrﬁplﬁﬁt%$ﬂbm am nase), Type 5

transgl ut am nase (Transgl utam nase X), Type 6 transgl utam nase

( Tr ansflOut arﬁhﬁ!as@th(\q of anypd claims §ATG) Inrther eraspis{ngy ahsigisteriagianeswdz) , and any

combi nati on lereof ., 92. The nethod of any of clains 85-91, wherein the

transgl ut am 5 8 {8 or nul ated in a solution, an emul sion, an aerosol, a
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hydrocol l oid, a mcroparticle, a nanoparticle, or a cream 93. The nethod

of any of clthe gipuBsoEDstingies dexpanttisaohdiavdh drcsarsi angymes, Sermencstpavidmn- t he

group consi e e
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cytokines; thrombin; angalgesics; 0p101dS aminoxyls; furoxans; nitrosothiols; nitrates

and anthocyanins; nucleosides, such as adenosine; and nucleotides, such as adenosine
diphosphate (ADP) and adenosine triphosphate (ATP);
neutotransmitter/neuromodulators, such as acetylcholine and 5-hydroxytryptamine
(serotonin/5-HT); histamine and catecholamines, such as adrenalin and noradrenalin;
lipid molecules, such as sphingosine-1-phosphate and lysophosphatidic acid; amino
acids, such as arginine and lysine; peptides such as the bradykinins, substance P and
calcium gene-related peptide (CGRP); nitric oxide; and any combinations thereof.

82. The method of any of claim 62-81, wherein the medical implant device is fabricated
from a biocompatible, biodegradable material.

83. The method of any of claims 62-82, wherein the medical implant device is fabricated
from a composite material of any of claims 1-21.

84. The method of any of claims 62-83, wherein said applying comprises increasing
expression or activity of a host transglutaminase.

85. A method of promoting wound healing in a subject in need thereof, comprising

applying an effective amount of a transglutaminase to a wound surface and contacting
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94. The nethod of any of clainms 85-93, wherein the transgl utam nase is
associ ated with the wound dressing. 95. The nethod of claim94, wherein the
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89. The method of any of claims 85-87, wherein the transglutaminase is a microbial
transglutaminase (mTgase).

90. The method of any of claims 85-89, wherein the transglutaminase is a calcium
independent transglutaminase.

91. The method of any of claims 85-90, wherein the transglutaminase is selected from the
group consisting of Factor XIII A (fibrin stabilizing factor), Type 1 transglutaminase
(keratinocyte transglutaminase,), Type 2 transglutaminase (tissue transglutaminase),
Type 3 transglutaminase (epidermal transglutaminase), Type 4 transglutaminase
(prostate transglutaminase), Type 5 transglutaminase (Transglutaminase X), Type 6
transglutaminase (Transglutaminase Y), Type 7 transglutaminase (Transglutaminase
Z), and any combinations thereof.

92. The method of any of claims 85-91, wherein the transglutaminase is formulated in a
solution, an emulsion, an aerosol, a foam, an ointment, a paste, a lotion, a powder, a
gel, a hydrogel, a hydrocolloid, a microparticle, a nanoparticle, or a cream.

93. The method of any of claims 85-92, wherein the wound dressing is selected from the
group consisting of bandages, gauzes, tapes, meshes, nets, adhesive plasters, films,
membranes, patches, and any combinations thereof.

94. The method of any of claims 85-93, wherein the transglutaminase is associated with
the wound dressing.

95. The method of claim 94, wherein the transglutaminase is coated on the surface of the

wound dressing.
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96.

97.

98.

99.

100.

101.

The method of any of claims 94-95, wherein the transglutaminase is non-covalently
linked with the wound dressing.

The method of any of claims 85-96, wherein the effective amount of transglutaminase
is from about 1ug to about 100mg per cm* of wound area.

The method of any of claims 85-97, further comprising administering a wound
healing agent to the subject.

The method of claim 98, wherein the wound healing agent is selected from the group
consisting of dexpanthenol; growth factors; enzymes, hormones; povidon-iodide; fatty
acids; anti-inflammatory agents; antibiotics; antimicrobials; antiseptics; cytokines;
thrombin; analgesics; opioids; aminoxyls; furoxans; nitrosothiols; nitrates and
anthocyanins; nucleosides; nucleotides,; neurotransmitter/neuromodulators, such as
acetylcholine and 5-hydroxytryptamine (serotonin/5-HT); histamine and
catecholamines, such as adrenalin and noradrenalin; lipid molecules, such as
sphingosine-1-phosphate and lysophosphatidic acid; amino acids, such as arginine and
lysine; peptides such as the bradykinins, substance P and calcium gene-related peptide
(CGRP); nitric oxide; and any combinations thereof.

The method of any of claims 85-99, wherein said applying comprises increasing
expression or activity of a host transglutaminase.

The method of any of claims 85-99, wherein said applying is before, after or during

contacting of the medical implant device or the wound dressing.
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