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RECOMBINANT ELASTIN AND PRODUCTION THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application Nos. 62/833,415, filed
April 12, 2019, and 62/889,397 filed August 20, 2019, which applications are incorporated

herein by reference in their entireties.

BACKGROUND
[0002] Elastin is an elastic protein that is crucial for the proper functioning of arteries, lung,
tendons, ligament, skin, and other tissue. Elastin provides the tissues with the ability to stretch
and return to their original shape. The protein tropoelastin is the building block of elastin. In
contrast to other structural proteins, like collagen, that include a family of genes, there is one
tropoelastin gene in humans. When the gene encoding tropoelastin is expressed, the single
tropoelastin gene is spliced to produce different forms of the tropoelastin protein. Many
tropoelastin molecules associate together to form elastin.
[0003] The structure of natural elastin is similar to collagen with an amino acid sequence rich in
glycine and proline. The individual polypeptide strands are composed of repeating triplet amino
acid sequences designated as GLY-X-Y interspersed with strings of alanines that provide
flexibility. X and Y can be any amino acid and the first amino acid is glycine. The amino acids
proline and hydroxyproline are found in high concentrations in elastin. Elastin is normally
covalently crosslinked to other elastin peptides by the action of lysyl oxidase enzyme. Because
of the extensive crosslinking of elastin peptides, it is difficult to extract elastins from animal
tissues.
[0004] Certain domains of elastin may act as signaling domains for intracellular communication.
In addition, certain elastin domains may function as binding domains for polypeptides and other
biological molecules. Degradation products of elastin have been demonstrated to activate cellular
processes such as phagocytosis. These cell interacting domains are interspaced with stretches of
alanine that produce the flexible stretchy structure that is characteristic of elastin. The stretches
of alanine are also rich in lysines that, in tissues, get converted to allysine by lysyl oxidase and
crosslink together into a fishing net-like structure, making extraction of elastin from animal
tissues very difficult which requires the breaking down of the elastin molecule for release. Due to
this difficult extraction process, commercially available elastins are only 3-5 kDa in size.
[000S] In human natural elastin, there are two sections of the molecule, each of which contains
three contiguous repeats of VGVAPG, namely, VGVAPGVGVAPGVGVAPG. The amino acid

sequence VGVAPG has been reported to promote extracellular matrix degradation.
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SUMMARY
[0006] In one aspect, a non-naturally occurring polypeptide is provided consisting of an amino
acid sequence having at least 80% sequence identity to an amino acid sequence selected from the
group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., a
polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and
optionally, one or more selected from the group consisting of: a secretion tag, a histidine tag, a
fluorescent protein, and a protease cleavage site. In some cases, the non-naturally occurring
polypeptide consists of an amino acid sequence having at least 85% sequence identity to an
amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO:
19, or a truncate thereof (e.g., a polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, or 150 amino acids); and optionally, one or more selected from the group consisting of:
a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage site. In some cases,
the non-naturally occurring polypeptide consists of an amino acid sequence having at least 90%
sequence identity to an amino acid sequence selected from the group consisting of: SEQ ID NO:
5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID
NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide having at least 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and optionally, one or more selected from
the group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a protease
cleavage site. In some cases, the non-naturally occurring polypeptide consists of an amino acid
sequence having at least 95% sequence identity to an amino acid sequence selected from the
group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., a
polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and
optionally, one or more selected from the group consisting of: a secretion tag, a histidine tag, a
fluorescent protein, and a protease cleavage site. In some cases, the non-naturally occurring
polypeptide of consists of an amino acid sequence having at least 98% sequence identity to an
amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO:
19, or a truncate thereof (e.g., a polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, or 150 amino acids); and optionally, one or more selected from the group consisting of:
a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage site. In some cases,

the non-naturally occurring polypeptide consists of an amino acid sequence selected from the
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group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., a
polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and
one or more selected from the group consisting of: a secretion tag, a histidine tag, a fluorescent
protein, and a protease cleavage site. In some cases, the non-naturally occurring polypeptide
consists of an amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17,
and SEQ ID NO: 19; and one or more selected from the group consisting of: a secretion tag, a
histidine tag, a fluorescent protein, and a protease cleavage site. In some cases, the non-naturally
occurring polypeptide consists of an amino acid sequence selected from the group consisting of:
SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide having at
least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids). In some cases, the non-
naturally occurring polypeptide consists of an amino acid sequence selected from the group
consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13,
SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19. In some cases, the secretion tag is
DsbA. In some cases, the non-naturally occurring polypeptide is a recombinant polypeptide.

[0007] In another aspect, a composition is provided comprising between 0.001% and 30% w/w
of a non-naturally occurring polypeptide of any one of the preceding. In some cases, the
composition comprises between 0.001% and 1% w/w of the non-naturally occurring polypeptide,
between 0.001% and 0.05% w/w of the non-naturally occurring polypeptide, between 0.001%
and 0.03% w/w of the non-naturally occurring polypeptide, between 0.001% and 0.02% w/w of
the non-naturally occurring polypeptide, between 0.001% and 0.01% w/w of the non-naturally
occurring polypeptide, between 0.005% and 0.1% w/w of the non-naturally occurring
polypeptide, between 0.005% and 0.03% w/w of the non-naturally occurring polypeptide,
between 0.005% and 0.02% w/w of the non-naturally occurring polypeptide, or between 0.005%
and 0.01% w/w of the non-naturally occurring polypeptide. In some cases, the composition is
capable of stimulating growth of fibroblast cells, stimulating synthesis of tropoelastin, decreasing
formation of thymine-thymine (TT) dimer formation, or any combination thereof. In some
cases, the composition is formulated for topical application. In some cases, the composition
comprises one or more of a topical carrier and a preservative. In some cases, the topical carrier
is selected from the group consisting of: water, oil glycereth-8 esters, glycerin, coconut alkanes,
hydroxyethyl acrylate/sodium acryloyldimethyl taurate copolymer, pentylene glycol, disodium
EDTA, caprylyl glycol, chlorphenesin, phenoxyethanol, liposome, biodegradable microcapsule,
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lotion, spray, aerosol, dusting powder, biodegradable polymer, mineral oil, triglyceride oil,
silicone oil, glycerin, glycerin monostearate, alcohols, emulsifying agents, liquid petroleum,
white petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene, wax, sorbitan
monostearate, polysorbate, cetyl ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol,
cyclomethicone, and cyclopentasiloxane. In some cases, the preservative is selected from the
group consisting of’ tocopherol, diiodomethyl-p-tolylsulfone, 2-Bromo-2-nitropropane-1,3-diol,
cis isomer 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride, glutaraldehyde, 4,4-
dimethyl oxazolidine, 7-Ethylbicyclooxazolidine, methyl paraben, sorbic acid, Germaben II,
rosemary extract, and EDTA. In some cases, the composition is a cosmetic.

[0008] In another aspect, a method of treating the skin of a subject is provided, the method
comprising administering to the skin of a subject a composition of any one of the preceding,
thereby treating the skin of the subject. In some cases, the treating comprises decreasing skin
damage, promoting the repair of damaged skin, protecting the skin against UV damage,
increasing viability of skin cells, protection of skin cells from the effects of urban dust exposure,
or any combination thereof. In some cases, viability of fibroblast cells, keratinocyte cells, or
both, present in the skin of the subject is increased. In some cases, synthesis of procollagen by
fibroblast cells present in the skin of the subject is increased. In some cases, expression of one
or more anti-oxidant gene by keratinocytes present in the skin of the subject is increased. In
some cases, the one or more anti-oxidant gene is selected from the group consisting of: SOD2,
GPX2, GPX4, GSTK1, GSTZ1, GSTA4, GSTM2, CCS, GPX1, GLRX, PRDXS, PRDX6, and
PRDX2. In some cases, expression of one or more pro-apoptotic genes by keratinocytes present
in the skin of the subject is decreased. In some cases, the one or more pro-apoptotic gene is
selected from the group consisting of: APAF1, BAK1, CASP7, CASP8, FADD, MCL1, and
MET. In some cases, production of inflammatory cytokines by a keratinocyte present in the skin
of the subject is decreased. In some cases, the inflammatory cytokine is IL-1o. In some cases,
viability of keratinocytes present in the skin of the subject is increased.

[0009] In yet another aspect, a polynucleotide is provided encoding a non-naturally occurring
polypeptide according to any one of the preceding. In some cases, the polynucleotide is
contained within a vector. In some cases, the polynucleotide comprises a nucleic acid sequence
comprising at least 80% sequence identity to a nucleic acid sequence selected from the group
consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18. In some cases, the polynucleotide
comprises a nucleic acid sequence comprising at least 85% sequence identity to a nucleic acid

sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
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SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18. In
some cases, the polynucleotide comprises a nucleic acid sequence comprising at least 90%
sequence identity to a nucleic acid sequence selected from the group consisting of: SEQ ID NO:
4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ 1D
NO: 16, and SEQ ID NO: 18. In some cases, the polynucleotide comprises a nucleic acid
sequence comprising at least 95% sequence identity to a nucleic acid sequence selected from the
group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18. In some cases, the
polynucleotide comprises a nucleic acid sequence comprising at least 98% sequence identity to a
nucleic acid sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6,
SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID
NO: 18. In some cases, the polynucleotide comprises a nucleic acid sequence selected from the
group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18. In some cases, the
polynucleotide further comprises a nucleic acid sequence encoding one or more of a secretion
tag, a histidine tag, a fluorescent protein, and a protease cleavage site. In some cases, the nucleic
acid sequence is codon-optimized for expression in a host cell.

[0010] In yet another aspect, a recombinant cell is provided comprising at least one copy of a
heterologous nucleic acid sequence encoding a non-naturally occurring polypeptide of any one of
the preceding. In some cases, the recombinant cell is a microbial cell. In some cases, the
microbial cell is a bacterial cell. In some cases, the bacterial cell is of the species Escherichia
coli. In some cases, the heterologous nucleic acid sequence has at least 95% sequence identity to
a nucleic acid sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6,
SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16; and SEQ
ID NO: 18. In some cases, the heterologous nucleic acid sequence comprises a nucleic acid
sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16; and SEQ ID NO: 18. In
some cases, the heterologous nucleic acid sequence is codon-optimized for expression in a cell.
In some cases, the recombinant cell is capable of secreting the non-naturally occurring
polypeptide extracellularly.

[0011] In yet another aspect, a composition is provided comprising a recombinant cell of any
one of the preceding, and a culture media comprising a non-naturally occurring polypeptide of

any one of the preceding.
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[0012] In yet another aspect, a method of producing a non-naturally occurring polypeptide is
provided, the method comprising: a) incubating a recombinant cell of any one of the preceding in
a culture media, wherein the recombinant cell secretes the recombinant polypeptide into the
culture media; b) collecting the culture media comprising the recombinant polypeptide secreted
thereto; and ¢) purifying the recombinant polypeptide from the culture media.

[0013] In another aspect, a non-naturally occurring polypeptide is provided consisting of an
amino acid sequence having at least 80% sequence identity to an amino acid sequence according
to SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide having at least 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, or 150 amino acids); and optionally, one or more selected from the
group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage
site. In some cases, the non-naturally occurring polypeptide consists of an amino acid sequence
having at least 85% sequence identity to an amino acid sequence according to SEQ ID NO: 19,
or a truncate thereof (e.g., a polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, or 150 amino acids); and optionally, one or more selected from the group consisting of: a
secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage site. In some cases,
the non-naturally occurring polypeptide consists of an amino acid sequence having at least 90%
sequence identity to an amino acid sequence according to SEQ ID NO: 19, or a truncate thereof
(e.g., a polypeptide having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino
acids); and optionally, one or more selected from the group consisting of: a secretion tag, a
histidine tag, a fluorescent protein, and a protease cleavage site. In some cases, the non-naturally
occurring polypeptide consists of an amino acid sequence having at least 95% sequence identity
to an amino acid sequence according to SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide
having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and optionally,
one or more selected from the group consisting of: a secretion tag, a histidine tag, a fluorescent
protein, and a protease cleavage site. In some cases, the non-naturally occurring polypeptide
consists of an amino acid sequence having at least 98% sequence identity to an amino acid
sequence according to SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide having at least
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and optionally, one or more
selected from the group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a
protease cleavage site. In some cases, the non-naturally occurring polypeptide consists of an
amino acid sequence according to SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide
having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids); and one or more
selected from the group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a

protease cleavage site. In some cases, the non-naturally occurring polypeptide consists of an
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amino acid sequence according to SEQ ID NO: 19, or a truncate thereof (e.g., a polypeptide
having at least 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids). In some cases,
the non-naturally occurring polypeptide consists of an amino acid sequence according to SEQ ID
NO: 19. In some cases, the secretion tag is DsbA. In some cases, the non-naturally occurring
polypeptide is a recombinant polypeptide. In another aspect, a composition is provided
comprising between 0.001% and 30% w/w of the non-naturally occurring polypeptide. In some
cases, the composition comprises between 0.001% and 1% w/w of the non-naturally occurring
polypeptide, between 0.001% and 0.05% w/w of the non-naturally occurring polypeptide,
between 0.001% and 0.03% w/w of the non-naturally occurring polypeptide, between 0.001%
and 0.02% w/w of the non-naturally occurring polypeptide, between 0.001% and 0.01% w/w of
the non-naturally occurring polypeptide, between 0.005% and 0.1% w/w of the non-naturally
occurring polypeptide, between 0.005% and 0.03% w/w of the non-naturally occurring
polypeptide, between 0.005% and 0.02% w/w of the non-naturally occurring polypeptide, or
between 0.005% and 0.01% w/w of the non-naturally occurring polypeptide. In some cases, the
composition is capable of one or more selected from the group consisting of: stimulating growth
of fibroblast cells, increasing viability of fibroblast cells or keratinocyte cells, stimulating
synthesis of tropoelastin, stimulating synthesis of procollagen, stimulating expression of one or
more anti-oxidant gene, reducing expression of one or more pro-apoptotic gene, decreasing
production of one or more inflammatory cytokines, and decreasing formation of thymine-
thymine (TT) dimer formation. In some cases, the composition is formulated for topical
application. In some cases, the composition comprises one or more of a topical carrier and a
preservative. In some cases, the topical carrier is selected from the group consisting of: water,
oil glycereth-8 esters, glycerin, coconut alkanes, hydroxyethyl acrylate/sodium acryloyldimethyl
taurate copolymer, pentylene glycol, disodium EDTA, caprylyl glycol, chlorphenesin,
phenoxyethanol, liposome, biodegradable microcapsule, lotion, spray, aerosol, dusting powder,
biodegradable polymer, mineral oil, triglyceride oil, silicone oil, glycerin, glycerin monostearate,
alcohols, emulsifying agents, liquid petroleum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene, wax, sorbitan monostearate, polysorbate, cetyl ester wax,
cetearyl alcohol, 2-octyldodecanol, benzyl alcohol, cyclomethicone, and cyclopentasiloxane. In
some cases, the preservative is selected from the group consisting of: tocopherol, diiodomethyl-
p-tolylsulfone, 2-Bromo-2-nitropropane-1,3-diol, cis isomer 1-(3-chloroallyl)-3,5,7-triaza-1-
azoniaadamantane chloride, glutaraldehyde, 4,4-dimethyl oxazolidine, 7-
Ethylbicyclooxazolidine, methyl paraben, sorbic acid, Germaben II, rosemary extract, and

EDTA. In some cases, the composition is a cosmetic. In another aspect, a recombinant cell is
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provided comprising at least one copy of a heterologous nucleic acid sequence encoding the non-
naturally occurring polypeptide. In some cases, the recombinant cell is of the species
Escherichia coli.

[0014] In certain embodiments herein are various polypeptides, compositions comprising such
polypeptides, and methods of using such polypeptides and/or compositions thereof. In certain
embodiments, such polypeptides comprise non-naturally occurring and/or recombinant
polypeptides, such as comprising one or more amino acid sequence that is truncated relative to a
naturally occurring elastin (e.g., a full-length elastin), such as a naturally occurring elastin
described herein. In certain instances, such polypeptides are described herein as a “truncated
elastin”. In specific embodiments, the polypeptide comprises one or more (e.g., two or more)
truncated amino acid sequence of a naturally occurring human elastin.

[0015] In one aspect, a non-naturally occurring full length or a non-naturally occurring truncated
human elastin molecule is provided. In one embodiment, the truncated human elastin molecule
is produced by a host cell. The non-naturally occurring elastin may be a human elastin. In an
embodiment, the non-naturally occurring elastin may be a full-length or a truncated elastin (e.g.,
relative to a naturally occurring and/or a full-length elastin).

[0016] In one embodiment, a non-naturally occurring polypeptide (e.g., a truncated human
elastin) is provided, wherein the non-naturally occurring polypeptide does not comprise one or
more contiguous amino acid sequences, and wherein each of the one or more contiguous amino
acid sequences has the sequence of VGVAPG (SEQ ID NO: 1). In another embodiment, the
non-naturally occurring polypeptide (e.g., a truncated human elastin) does not comprise two or
more of the contiguous amino acid sequence VGVAPG. For example, in an embodiment, the
non-naturally occurring polypeptide (e.g., a truncated human elastin) does not comprise the
amino acid sequence VGVAPGVGVAPG (SEQ ID NO: 2) or the non-naturally occurring
polypeptide (e.g., a truncated human elastin) does not comprise the amino acid sequence
VGVAPGVGVAPGVGVAPG (SEQ ID NO: 3). In some cases, a non-naturally occurring
polypeptide described herein (e.g., a truncated human elastin) reduces extracellular matrix
degradation or does not promote or cause extracellular matrix degradation.

[0017] In various aspects, a non-naturally occurring polypeptide disclosed herein (e.g., a
truncated human elastin) may have a molecular weight of between 1 kDa and 60 kDa, between 5
kDa and 55 kDa, between 5 kDa and 50 kDa, between 5 kDa and 45 kDa, between 5 kDa and 40
kDa, between 5 kDa and 35 kDa, between 5 kDa and 30 kDa, between 5 kDa and 25 kDa,
between 5 kDa and 20 kDa, between 5 kDa and 15 kDa, between 5 kDa and 10 kDa, between 10



WO 2020/210440 PCT/US2020/027399

kDa and 40 kDa, between 10 kDa and 35 kDa, between 10 kDa and 30 kDa, between 10 kDa and
25 kDa, or between 10 kDa and 20 kDa.

[0018] In yet another embodiment, a non-naturally occurring polypeptide (e.g., a truncated
human elastin) is provided, wherein the non-naturally occurring polypeptide is truncated at the
C-terminal end relative to a naturally occurring and/or full-length human elastin, the N-terminal
end relative to a naturally occurring and/or full-length human elastin, internally truncated relative
to a naturally occurring and/or full-length human elastin, or truncated at both the C-terminal end
and the N-terminal end relative to a naturally occurring and/or full-length human elastin. In
some cases, a non-naturally occurring polypeptide described herein comprises a truncation (e.g.,
at the N-terminal end, at the C-terminal end, and/or an internal truncation) relative to SEQ ID
NO: 20.

[0019] A non-naturally occurring polypeptide described herein (e.g., a truncated human elastin)
may be between 10 and 700 amino acids in length, between 10 and 600 amino acids in length,
between 10 and 500 amino acids in length, between 10 and 400 amino acids in length, between
10 and 300 amino acids in length, between 10 and 200 amino acids in length, between 10 and
100 amino acids in length, between 10 and 50 amino acids in length, between 50 and 800 amino
acids in length, between 50 and 700 amino acids in length, between 50 and 600 amino acids in
length, between 50 and 500 amino acids in length, between 50 and 400 amino acids in length,
between 50 and 300 amino acids in length, between 50 and 200 amino acids in length, or
between 50 and 100 amino acids in length. In another embodiment, a non-naturally occurring
polypeptide described herein (e.g., a truncated human elastin) may be a molecule that is shorter
by at least 1, 5, 10, 20, 50, 100, or more amino acids than full-length human tropoelastin or a
full-length human elastin.

[0020] In specific embodiments, a non-naturally occurring polypeptide herein comprises an
amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19,
and a homolog thereof (e.g., having at least 80%, at least 85%, at least 90%, at least 95%, or at
least 98% sequence identity thereto). In more specific embodiments, a non-naturally occurring
polypeptide herein consists of an amino acid sequence selected from the group consisting of:
SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 17, SEQ ID NO: 19, and a homolog thereof (e.g., having at least 80%, at least
85%, at least 90%, at least 95%, or at least 98% sequence identity thereto).

[0021] In another aspect, a non-naturally occurring polypeptide described herein further

comprises one or more amino acid sequences selected from the group consisting of: a secretion
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tag, a histidine tag, a green fluorescent protein tag, and a protease cleavage site. In one aspect,
the secretion tag is DsbA, PelB, OmpA, TolB, MalE, Ipp, TorA, HylA, DegP, or a hybrid
secretion tag that comprises a portion of one secretion tag fused to a portion of a second
secretion tag. In a specific embodiment, the secretion tag is DsbA.

[0022] In certain embodiments, compositions are provided herein. In some embodiments, such a
composition comprises any polypeptides (e.g., truncated and/or non-naturally occurring elastin)
described herein. In one aspect, provided herein are compositions that comprise any suitable
amount such as between 0.001% w/w and 30% w/w, of any polypeptide (e.g., truncated and/or
non-naturally occurring elastin) provided herein. In some cases, the composition comprises
between 0.001% w/w and 1% w/w, between 0.001% w/w and 0.05% w/w, between 0.001% w/w
and 0.03% w/w, between 0.001% w/w and 0.02% w/w, between 0.001% w/w and 0.01% w/w,
between 0.005% w/w and 0.1% w/w, between 0.005% w/w and 0.03% w/w, between 0.005%
w/w and 0.02% w/w, or between 0.005% w/w and 0.01% w/w of any polypeptide (e.g., truncated
and/or non-naturally occurring elastin) provided herein.

[0023] In certain embodiments, a composition provided herein is a topical composition, such as
a composition that is formulated and/or suitable for topical administration or use. The topical
compositions provided herein may include any polypeptide described herein (e.g., truncated
and/or non-naturally occurring elastin, e.g., in any suitable amount) and at least one additional
ingredient. In one aspect, provided herein is a method, such as of providing a benefit (e.g., as
described herein) to the skin of a subject, the method comprising topically administering the
topical composition to the skin of a subject. In specific embodiments, the topical compositions
may be used in methods for decreasing skin damage, promoting the repair of damaged skin,
stimulating production of collagen by skin cells, improving skin health and moisturization,
improving the appearance of skin. In certain embodiments, the topical compositions may be used
in methods for increasing, promoting, stimulating, or otherwise increasing elastin production in
the skin. In certain embodiments, the topical compositions may be used in methods for
stimulating the growth of fibroblast cells, and/or stimulating synthesis of tropoelastin, and/or
decreasing the formation of thymine-thymine (TT) dimer formation in cells. The topical
compositions can further comprise at least one additional ingredient comprising a topical carrier
or a preservative.

[0024] In an embodiment, the topical compositions comprise one or more topical carriers
selected from the group consisting of: water, oil glycereth-8 esters, glycerin, coconut alkanes,
hydroxyethyl acrylate/sodium acryloyldimethyl taurate copolymer, pentylene glycol, disodium
EDTA, caprylyl glycol, chlorphenesin, phenoxyethanol, liposome, biodegradable microcapsule,
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lotion, spray, aerosol, dusting powder, biodegradable polymer, mineral oil, triglyceride oil,
silicone oil, glycerin, glycerin monostearate, alcohols, emulsifying agents, liquid petroleum,
white petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene, wax, sorbitan
monostearate, polysorbate, cetyl ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol,
cyclomethicone, and cyclopentasiloxane.

[0025] In another embodiment, the topical compositions comprise one or more preservatives
selected from the group consisting of: tocopherol, diiodomethyl-p-tolylsulfone, 2-Bromo-2-
nitropropane-1,3-diol, cis isomer 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride,
glutaraldehyde, 4,4-dimethyl oxazolidine, 7-Ethylbicyclooxazolidine, methyl paraben, sorbic
acid, Germaben II, rosemary extract, and EDTA.

[0026] In some embodiments, methods for decreasing skin damage and/or promoting the repair
of damaged skin are provided. The method may comprise applying a composition (e.g., a topical
composition) comprising any non-naturally occurring polypeptide described herein (eg., a
truncated and/or non-naturally occurring human elastin) to the skin of a subject. In some cases,
the method increases the viability of the fibroblast cells or keratinocytes of the skin of the
subject. In some cases, the application of the composition (e.g., a topical composition) increases
the synthesis of tropoelastin by the fibroblast cells of the subject’s skin. In some cases, the
topical application of the composition (e.g., a topical composition) protects skin or keratinocytes
against UV damage. In some cases, application of a composition (e.g., a topical composition) to
the skin of a subject decreases thymine-thymine (TT) dimer formation.

[0027] In another aspect, a non-naturally occurring polypeptide (e.g., a truncated human elastin)
is a recombinant polypeptide (e.g., produced by a host cell, e.g., by recombinant expression).
The recombinant polypeptide may be a recombinant human elastin (e.g., a non-naturally
occurring and/or truncated human elastin). In an embodiment, the recombinant elastin is a full-
length or truncated elastin. In one embodiment, the recombinant polypeptide (e.g., a truncated
human elastin) is truncated at the C-terminal end relative to a natural and/or full-length elastin,
the N-terminal end relative to a natural and/or full-length elastin, internally truncated relative to a
natural and/or full-length elastin, or truncated at both the C-terminal end and the N-terminal end
of a natural and/or full-length elastin.

[0028] In some aspects, a recombinant polypeptide (e.g., a non-naturally occurring and/or
truncated human elastin) described herein may be between 10 and 700 amino acids in length,
between 10 and 600 amino acids in length, between 10 and 500 amino acids in length, between
10 and 400 amino acids in length, between 10 and 300 amino acids in length, between 10 and

200 amino acids in length, between 10 and 100 amino acids in length, between 10 and 50 amino
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acids in length, between 50 and 800 amino acids in length, between 50 and 700 amino acids in
length, between 50 and 600 amino acids in length, between 50 and 500 amino acids in length,
between 50 and 400 amino acids in length, between 50 and 300 amino acids in length, between
50 and 200 amino acids in length, or between 50 and 100 amino acids in length.

[0029] In another embodiment, a recombinant polypeptide described herein (e.g., a non-naturally
occurring and/or truncated human elastin) may have a molecular weight of between 1 kDa and
60 kDa, between 5 kDa and 55 kDa, between 5 kDa and 50 kDa, between 5 kDa and 45 kDa,
between 5 kDa and 40 kDa, between 5 kDa and 35 kDa, between 5 kDa and 30 kDa, between 5
kDa and 25 kDa, between 5 kDa and 20 kDa, between 5 kDa and 15 kDa, between 5 kDa and 10
kDa, between 10 kDa and 40 kDa, between 10 kDa and 35 kDa, between 10 kDa and 30 kDa,
between 10 kDa and 25 kDa, or between 10 kDa and 20 kDa.

[0030] In various aspects, a recombinant host cell may comprise at least one copy of a
heterologous nucleic acid sequence encoding a recombinant polypeptide described herein (e.g., a
non-naturally occurring and/or truncated elastin). In some cases, a nucleic acid sequence
encoding a recombinant polypeptide (e.g., a non-naturally occurring and/or truncated human
elastin) may comprise a nucleic acid sequence selected from the group consisting of: SEQ ID
NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ
ID NO: 16, SEQ ID NO: 18, and a homolog thereof (e.g., having at least 80%, at least 85%, at
least 90%, at least 95%, or at least 98% sequence identity thereto). In another embodiment, a
nucleic acid sequence encoding a recombinant polypeptide (e.g., a non-naturally occurring
and/or truncated human elastin) may consist of a nucleic acid sequence selected from the group
consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, and a homolog thereof (e.g., having at least
80%, at least 85%, at least 90%, at least 95%, or at least 98% sequence identity thereto).

[0031] In another embodiment, a recombinant polypeptide described herein may include one or
more of the group consisting of: a secretion tag, a histidine tag, a fluorescent protein tag, and a
protease cleavage site. In some cases, the secretion tag is DsbA, PelB, OmpA, TolB, MalE, Ipp,
TorA, Hy1A, DegP, or a hybrid secretion tag that comprises a portion of one secretion tag fused
to a portion of a second secretion tag. In a specific embodiment, the secretion tag is DsbA.
[0032] The polynucleotides encoding the polypeptides described herein (e.g., non-naturally
occurring and/or truncated elastin), and vectors comprising the polynucleotides, can be used to
transform host cells which may then express the recombinant polypeptides (e.g., non-naturally

occurring and/or truncated human elastin).
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[0033] In another embodiment, host cells that have been engineered (e.g., recombinant host
cells) to express the disclosed recombinant polypeptides (e.g., non-naturally occurring and/or
truncated elastin) are provided. Host cells can be any host cell including bacterial cells, yeast
cells, fungal cells, insect cells, mammalian cells, plant cells, and any other cells used to express
exogenous polynucleotides. In a specific embodiment, the host cell is Escherichia coli. In
specific embodiments, the host cell is capable of secreting the recombinant polypeptide
extracellularly (e.g., into a culture medium).

[0034] In another embodiment, a method of producing a polypeptide described herein is
provided (e.g., a recombinant polypeptide such as, e.g., a non-naturally occurring elastin and/or a
truncated elastin). The method comprises the steps of inoculating a culture medium with a
recombinant host cell comprising at least one copy of a heterologous nucleic acid sequence
encoding a polypeptide described herein (e.g., a non-naturally occurring and/or truncated
elastin), cultivating the host cell (e.g., culturing the host cell in the culture medium) whereby the
host cell secretes the recombinant polypeptide extracellularly (e.g., into the culture medium), and
isolating the recombinant polypeptide (e.g., from the host cell and/or the culture medium).

[0035] In another aspect, provided herein are methods for decreasing the production of
inflammatory cytokines in a skin cell. In one embodiment, the skin cell is a keratinocyte or a
fibroblast. The method comprises applying a polypeptide described herein (e.g., a non-naturally
occurring and/or truncated elastin, e.g., in a topical formulation) to a skin cell or to skin of a
subject. In some instances, the production of inflammatory cytokines (e.g., TNFa, IL-1a, IL-1B,
IL-3, IL-6, IL-7, IL-8, IL-10, IL-18, and IL-1RA) are decreased.

[0036] In another aspect, a method for decreasing skin damage or promoting the repair of
damaged skin is provided. The method may comprise applying a composition (e.g., a
composition formulated for topical application) comprising a non-naturally occurring
polypeptide described herein (e.g., a truncated elastin) to the skin of a subject. In some cases, the
method increases the viability of the fibroblast cells or keratinocytes of the skin of the subject.
In some cases, the application of the composition increases the synthesis of tropoelastin by the
fibroblast cells or keratinocytes of the subject’s skin. In some cases, the topical application of
the composition protects skin, fibroblasts, or keratinocytes against UV damage. In some cases,
thymine-thymine (TT) dimer formation is decreased by topical application of the compositions
provided herein.

[0037] In another aspect, provided herein are methods of protecting skin cells against the effect
of exposure to urban dust. In some cases, the method comprises applying a non-naturally

occurring polypeptide described herein (e.g., a truncated elastin) to a skin cell or to skin of a
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subject. In some cases, the exposure of the skin cell or the skin of the subject to the non-
naturally occurring polypeptide increases the viability of the skin cell after exposure to urban

dust. The skin cell may be a keratinocyte or a fibroblast.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0039] FIG. 1 shows a photograph of a protein gel. Lane 1 is the size marker. Lanes 2 and 3
show that the 23 kDa truncated human elastin of Example 10 runs on the gel at the expected
molecular weight. Lane 4 is blank with no proteins loaded. Lanes 5 and 6 show that the 13 kDa
truncated human elastin of Example 11 runs on the gel at the expected molecular weight.
[0040] FIG. 2 depicts an SDS-PAGE protein gel showing high purity and homogeneity of a
recombinantly produced polypeptide (comprising a non-naturally occurring truncated elastin
amino acid sequence) described herein.
[0041] FIG. 3 depicts secretion levels of pro-collagen type I C-peptide after treatment of
fibroblasts with an exemplary polypeptide (comprising a non-naturally occurring truncated
elastin amino acid sequence) provided herein.
[0042] FIG. 4 depicts the anti-oxidative capacity of an exemplary polypeptide (comprising a
non-naturally occurring truncated elastin amino acid sequence) provided herein.
[0043] FIG. 5 depicts expression levels of mRNA of various anti-oxidant genes after treatment
of keratinocytes with an exemplary polypeptide (comprising a non-naturally occurring truncated
elastin amino acid sequence) provided herein.
[0044] FIG. 6 depicts expression levels of mRNA of various pro-apoptotic genes after treatment
of keratinocytes with an exemplary polypeptide (comprising a non-naturally occurring truncated

elastin amino acid sequence) provided herein.

DESCRIPTION
[0045] In the following description, certain specific details are set forth in order to provide a
thorough understanding of various embodiments of the disclosure. However, one skilled in the
art will understand that the disclosure may be practiced without these details.
[0046] As used herein the term “about” generally refers to + 10 %.
[0047] The term “consisting of” means “including and limited to”. In general, a disclosure of

“comprising” includes a disclosure of “consisting of”.
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[0048] The term “consisting essentially of” means that the composition, method or structure may
include additional ingredients, steps and/or parts, but only if the additional ingredients, steps
and/or parts do not materially alter the basic and novel characteristics of the claimed
composition, method or structure. In general, a disclosure of “comprising” includes a disclosure
of “consisting essentially of”.

W
a

[0049] As used herein, the singular form an” and “the” include plural references unless the
context clearly dictates otherwise. For example, the term “a compound” or “at least one
compound” may include a plurality of compounds, including mixtures thereof.

[0050] Throughout this document, various embodiments of this disclosure may be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the disclosure. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.

[0051] Whenever a numerical range is indicated herein, it is meant to include any cited numeral
(fractional or integral) within the indicated range. The phrases “ranging/ranges between” a first
indicated number and a second indicated number and “ranging/ranges from” a first indicated
number “to” a second indicated number are used herein interchangeably and are meant to include
the first and second indicated numbers and all the fractional and integral numerals there between.
[0052] The term “elastin” or “elastin-like” as used herein refers, in some instances, to a (e.g.,
monomeric) polypeptide that can associate with one or more elastin or elastin-like polypeptides
and/or can bind to another polypeptide, nucleic acids, polysaccharides, lipids or other molecules.

23

Generally, the terms “elastin” or “elastin-like” refer to a polypeptide that has one or more
functions associated with a naturally occurring elastin. The non-naturally occurring polypeptides
provided herein (e.g., a truncated elastin) may be termed “elastin” or “elastin-like” when they
have one or more functions associated with a naturally occurring elastin. The term
“tropoelastin” as used herein generally refers to polypeptides that can be further processed (e.g.,
by cleavage, splicing, etc.) to produce an elastin polypeptide. A non-limiting example of an

elastin is a naturally occurring human elastin having an amino acid sequence according to SEQ

ID NO: 20.
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[0053] The term “expression vector” or “vector” as used herein generally refers to a nucleic acid
assembly which is capable of directing the expression of the exogenous gene. The expression
vector may include a promoter which is operably linked to the exogenous gene, restriction
endonuclease sites, nucleic acids that encode one or more selection markers, and other nucleic
acids useful in the practice of recombinant technologies.

[0054] The term “extracellular matrix” as used herein generally refers to a network of
extracellular macromolecules such as elastin, collagen, enzymes, and glycoproteins that provide
the scaffolding for cells in multicellular organisms. The extracellular matrix may provide
structural components that mediate cell adhesion, cell to cell communication, and other
functions.

[0055] The term “fibroblast” as used herein generally refers to a cell that synthesizes
tropoelastin, procollagen and other structural proteins. Fibroblasts may be widely distributed in
the body and may be found in skin, connective tissue, and other tissues.

[0056] The term “fluorescent protein” generally refers to a protein that may be used in genetic
engineering technologies as a reporter of expression of an exogenous polynucleotide. The protein
when exposed to ultraviolet or blue light fluoresces and emits a bright visible light. Proteins that
emit green light include green fluorescent protein (GFP) and proteins that emit red light include
red fluorescent protein (RFP).

[0057] The term “gene” as used herein generally refers to a polynucleotide that encodes a
specific protein, and which may refer to the coding region alone or may include regulatory
sequences preceding (5’ non-coding sequences) and following (3’ non-coding sequences) the
coding sequence.

[0058] The term “histidine tag” generally refers to a 2-30 contiguous series of histidine residues
on a recombinant polypeptide.

[0059] The term “host cell” generally refers to a cell that is engineered to express an introduced
exogenous polynucleotide.

[0060] The term “keratinocyte” generally refers to a cell that produces keratins, tropoelastin, and
other cellular components found in the epidermal layer of the skin.

[0061] The term “non-naturally occurring” as used herein generally refers to a gene, a
polypeptide, or a protein, for example, an elastin, that is not normally found in nature. The non-
naturally occurring elastin may be recombinantly produced (e.g., by expression by a recombinant
host cell). The non-naturally occurring elastin may be a recombinant elastin (e.g., produced by a
recombinant host cell). The non-naturally occurring elastin may be a truncated elastin. Other

non-naturally occurring elastin polypeptides include chimeric elastins. A chimeric elastin may be

16



WO 2020/210440 PCT/US2020/027399

a polypeptide wherein one portion of an elastin polypeptide is contiguous with a portion of a
second elastin polypeptide. For example, a molecule comprising a portion of a human elastin
contiguous with a portion of another human polypeptide may be a chimeric elastin. In another
embodiment, the non-naturally occurring elastin comprises a fusion polypeptide that includes
additional amino acids such as a secretion tag, histidine tag, green fluorescent protein, and/or
protease cleavage site.

[0062] In general, disclosure of an elastin or a truncated elastin provided herein, such as having a
specific amino acid sequence, includes polypeptides having or comprising that precise amino
acid sequence and homologs thereof. In some instances, homologs of an amino acid sequence
provided herein may have a longer or shorter sequence and may have a substitution of one or
more amino acid residue of such amino acid sequence. Such homologs have a specific sequence
identity to the recited sequence, such as in an amount provided herein. Sequence identity, such
as for the purpose of assessing percent identity, may be measured by any suitable alignment
algorithm, including but not limited to the Needleman-Wunsch algorithm (see e.g. the EMBOSS
Needle aligner available at www.ebi.ac.uk/Tools/psa/emboss_needle/nucleotide html, optionally
with default settings), the BLAST algorithm (see e.g. the BLAST alignment tool available at
blast.ncbi.nlm.nih.gov/Blast.cgi, optionally with default settings), or the Smith-Waterman
algorithm (see eg. the EMBOSS Water aligner available at
www.ebi.ac.uk/Tools/psa/emboss_water/nucleotide.html, optionally with default settings).
Optimal alignment may be assessed using any suitable parameters of a chosen algorithm,
including default parameters. In some cases, a non-naturally occurring elastin may have at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100% sequence identity to a
sequence disclosed herein.

[0063] The term “protease cleavage site” generally refers to an amino acid sequence that is
cleaved by a specific protease.

[0064] The term “secretion tag” or “signal peptide” generally refers to an amino acid sequence
that recruits the host cell’s cellular machinery to transport an expressed protein to a particular
location or cellular organelle of the host cell.

[0065] The term “truncated elastin” generally refers to a monomeric polypeptide that is smaller
than a full-length elastin wherein one or more portions of the full-length elastin is not present.
Elastin polypeptides may be truncated at the C-terminal end relative to a full-length elastin, the
N-terminal end relative to a full-length elastin, truncated by removal of internal portion(s) of the
full-length elastin polypeptide (e.g., an internal truncation), or truncated at both the C-terminal

end and the N-terminal end relative to a full-length elastin. In a non-limiting embodiment, a
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truncated human elastin may comprise an amino acid sequence according to SEQ ID NO: 19, or
a homolog thereof. Generally, a truncated elastin provided herein may have a function and/or
provide a benefit (e.g., as provided herein) similar or substantially similar to that of a natural or a
full-length elastin. In some cases, a truncated elastin provided herein may have improved or
increased function and/or benefit (e.g., as provided herein) as compared to a natural or a full-
length elastin.

[0066] When used in reference to an amino acid position, a “truncation” is inclusive of said
amino acid position. For example, an N-terminal truncation at amino acid position 100 of a full-
length protein means a truncation of 100 amino acids from the N-terminus of the full-length
protein (i.e., the truncated protein is missing amino acid positions 1 through 100 of the full-
length protein). Similarly, a C-terminal truncation at amino acid position 901 of a full-length
protein (assuming a 1000 amino acid full-length protein) means a truncation of 100 amino acids
from the C-terminus (i.e., the truncated protein is missing amino acid positions 901 through 1000
of the full-length protein). Similarly, an internal truncation at amino acid positions 101 and 200
means an internal truncation of 100 amino acids of the full-length protein (i.e., the truncated
protein is missing amino acid positions 101 to 200 of the full-length protein).

[0067] In some embodiments, the cell culture may comprise one or more of ammonium chloride,
ammonium sulfate, calcium chloride, amino acids, iron(II) sulfate, magnesium sulfate, peptone,
potassium phosphate, sodium chloride, sodium phosphate, and yeast extract.

[0068] The host bacterial cell may be cultured continuously or discontinuously; in a batch
process, a fed-batch process or a repeated fed-batch process.

[0069] In one aspect, a non-naturally occurring elastin is provided. In some cases, the non-
naturally occurring elastin is a recombinant polypeptide that is produced by a host cell (e.g., a
recombinant cell). In some cases, the non-naturally occurring elastin may be a human elastin. In
some cases, the non-naturally occurring elastin may be a truncated elastin. The truncated elastin
may be truncated relative to a full-length elastin (e.g., having an amino acid sequence according
to SEQ ID NO: 20). The truncation may be an internal truncation relative to a full-length elastin,
a truncation at the N-terminal portion relative to a full-length elastin, a truncation at the C-
terminal portion relative to a full-length elastin, or a truncation at both the C-terminal end and
the N-terminal end relative to a full-length elastin.

[0070] The truncated elastin may have a truncation of between 10 and 700 amino acids in length,
between 10 and 600 amino acids in length, between 10 and 500 amino acids in length, between
10 and 400 amino acids in length, between 10 and 300 amino acids in length, between 10 and

200 amino acids in length, between 10 and 100 amino acids in length, between 10 and 50 amino
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acids in length, between 50 and 800 amino acids in length, between 50 and 700 amino acids in
length, between 50 and 600 amino acids in length, between 50 and 500 amino acids in length,
between 50 and 400 amino acids in length, between 50 and 300 amino acids in length, between
50 and 200 amino acids in length, or between 50 and 100 amino acids in length, relative to a full-
length elastin. In another embodiment, a truncated elastin may be truncated by 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460,
470, 480, 490, 500, ,510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 650, 700, or 750 amino
acids relative to a full-length elastin. The truncated elastin may be encoded by a portion of a
polynucleotide sequence or the entire polynucleotide sequence disclosed herein.

[0071] In some embodiments, a truncated elastin (e.g., amino acid sequence thereof) (e.g., of a
polypeptide provided herein) may be truncated at the C-terminal end (relative to a full-length
elastin) by any suitable number of amino acid residues, such as up to 10, 10 to 800, 10 to 700, 10
to 500, 10 to 400, 10 to 300, 10 to 200, 10 to 100, 50 to 800, 50 to 700, 50 to 600, 50 to 500, 50
to 400, 50 to 300, 50 to 200, 50 to 100, or the like. In some cases, a truncated elastin may be
truncated at the C-terminal end (relative to a full-length elastin) by 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460,
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650,
660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800 or more amino acids.
[0072] In some embodiments, a truncated elastin (e.g., amino acid sequence thereof) (e.g., of a
polypeptide provided herein) may be truncated at the N-terminal end (relative to a full-length
elastin) by any suitable number of amino acid residues, such as up to 10, 10 to 800, 10 to 700, 10
to 500, 10 to 400, 10 to 300, 10 to 200, 10 to 100, 50 to 800, 50 to 700, 50 to 600, 50 to 500, 50
to 400, 50 to 300, 50 to 200, 50 to 100, or the like. In some cases, a truncated elastin may be
truncated at the N-terminal end (relative to a full-length elastin) by 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460,
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 630,
660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800 or more amino acids.
[0073] In some embodiments, a truncated elastin (e.g., amino acid sequence thereof) (e.g., of a
polypeptide provided herein) may be truncated at both the N-terminal end and the C-terminal end
relative to a full-length elastin. In some instances, a truncated elastin may be truncated at the N-

terminal end (relative to a full-length elastin) by any suitable number of amino acid residues,
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such as up to 10, 10 to 800, 10 to 700, 10 to 500, 10 to 400, 10 to 300, 10 to 200, 10 to 100, 50 to
800, 50 to 700, 50 to 600, 50 to 500, 50 to 400, 50 to 300, 50 to 200, 50 to 100, or the like; and
may be truncated at the C-terminal end (relative to a full-length elastin) by any suitable number
of amino acid residues, such as up to 10, 10 to 800, 10 to 700, 10 to 500, 10 to 400, 10 to 300, 10
to 200, 10 to 100, 50 to 800, 50 to 700, 50 to 600, 50 to 500, 50 to 400, 50 to 300, 50 to 200, 50
to 100, or the like. In some cases, a truncated elastin may be truncated at the N-terminal end
(relative to a full-length elastin) by 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330,
340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520,
530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710,
720, 730, 740, 750, 760, 770, 780, 790, 800 or more amino acids; and may be truncated at the C-
terminal end (relative to a full-length elastin) by 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310,
320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500,
510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690,
700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800 or more amino acids.

[0074] In some embodiments, a truncated elastin (e.g., amino acid sequence thereof) (e.g., of a
polypeptide provided herein) may be internally truncated (relative to a full-length elastin) by any
suitable number of amino acid residues, such as up to 10, 10 to 800, 10 to 700, 10 to 500, 10 to
400, 10 to 300, 10 to 200, 10 to 100, 50 to 800, 50 to 700, 50 to 600, 50 to 500, 50 to 400, 50 to
300, 50 to 200, 50 to 100, or the like. In some cases, a truncated elastin may be internally
truncated (relative to a full-length elastin) by 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310,
320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500,
510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690,
700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800 or more amino acids.

[0075] A truncated elastin disclosed herein may comprise a truncation relative to a full-length
elastin. In some embodiments, a truncated elastin disclosed herein may comprise a truncation
relative to a full-length human elastin. In some cases, a full-length human elastin has an amino

acid sequence according to SEQ ID NO: 20 provided in Table 1 below.
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Table 1. Full-length elastin amino acid sequences

Elastin Amino Acid Sequence

Human elastin GGVPGAIPGGVPGGVEFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGAGLG
AFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGAVVPQPGA
ONthUtthenaﬁve GVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAG
IPGVGPEGGPQPGVPLGY PIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKA
GYPTGTGVGPQARAAAARAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIA
GVGTPAAAAAARAANKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAG
IPVVPGAGIPGAAVPGVVSPEAAAKAARKARAKYGARPGVGVGGIPTYGVGAGGE
PGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAG
VLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGVAPGV
GVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAK
AQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRS
LSPELREGDPSSSQHLPSTPSSPRVPGALAAAKAAKYGAAVPGVLGGLGALGGV
GIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGT
PPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVAARPGEFGLSPIFPGGACLGKACG
RKRK (SEQ ID NO: 20)

secretion tag)

[0076] In some cases, a truncated elastin as described herein may comprise an N-terminal
truncation at any amino acid position between amino acid positions 1 and 68; between amino
acid positions 1 and 73; between amino acid positions 1 and 78; between amino acid positions 1
and 83; between amino acid positions 1 and 88; between amino acid positions 1 and 93; or
between amino acid positions 1 and 98 of SEQ ID NO: 20. In some cases, a truncated elastin as
described herein may comprise a C-terminal truncation at any amino acid position between
amino acid positions 213 and 760; between amino acid positions 218 and 760; between amino
acid positions 223 and 760; between amino acid positions 228 and 760; between amino acid
positions 233 and 760; between amino acid positions 238 and 760, or between 243 and 760 of
SEQ ID NO: 20. In some cases, a truncated elastin as described herein may comprise both an N-
terminal truncation and a C-terminal truncation. For example, a truncated elastin as described
herein may comprise an N-terminal truncation at any amino acid position between amino acid
positions 1 and 68; between amino acid positions 1 and 73; between amino acid positions 1 and
78, between amino acid positions 1 and 83; between amino acid positions 1 and 88; between
amino acid positions 1 and 93; or between amino acid positions 1 and 98 of SEQ ID NO: 20; and
a C-terminal truncation at any amino acid position between amino acid positions 213 and 760;
between amino acid positions 218 and 760; between amino acid positions 223 and 760; between
amino acid positions 228 and 760; between amino acid positions 233 and 760; between amino
acid positions 238 and 760, or between 243 and 760 of SEQ ID NO: 20. In a specific
embodiment, a truncated elastin disclosed herein may comprise an N-terminal truncation at
amino acid position 83 of SEQ ID NO: 20; and a C-terminal truncation at amino acid position

228 of SEQ ID NO: 20.
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[0077] In some cases, a truncated elastin as described herein may comprise an N-terminal
truncation at any amino acid position between amino acid positions 1 and 68; between amino
acid positions 1 and 73; between amino acid positions 1 and 78; between amino acid positions 1
and 83; between amino acid positions 1 and 88; between amino acid positions 1 and 93; or
between amino acid positions 1 and 98 of SEQ ID NO: 20. In some cases, a truncated elastin as
described herein may comprise a C-terminal truncation at any amino acid position between
amino acid positions 331 and 760; between amino acid positions 336 and 760; between amino
acid positions 341 and 760, between amino acid positions 346 and 760, between amino acid
positions 351 and 760; between amino acid positions 356 and 760; or between amino acid
positions 361 and 760 of SEQ ID NO: 20. In some cases, a truncated elastin as described herein
may comprise both an N-terminal truncation and a C-terminal truncation. For example, a
truncated elastin as described herein may comprise an N-terminal truncation at any amino acid
position between amino acid positions 1 and 68; between amino acid positions 1 and 73; between
amino acid positions 1 and 78; between amino acid positions 1 and 83; between amino acid
positions 1 and 88; between amino acid positions 1 and 93; or between amino acid positions 1
and 98 of SEQ ID NO: 20; and a C-terminal truncation at any amino acid position between
amino acid positions 331 and 760; between amino acid positions 336 and 760; between amino
acid positions 341 and 760; between amino acid positions 346 and 760; between amino acid
positions 351 and 760; between amino acid positions 356 and 760; or between amino acid
positions 361 and 760 of SEQ ID NO: 20. In a specific embodiment, a truncated elastin
disclosed herein may comprise an N-terminal truncation at amino acid position 83 of SEQ ID
NO: 20; and a C-terminal truncation at amino acid position 346 of SEQ ID NO: 20.

[0078] In some cases, a truncated elastin may comprise any amino acid sequence provided in
Table 2 below. In some cases, a truncated elastin may consist of any amino acid sequence
provided in Table 2 below. In some cases, a truncated elastin may consist essentially of any
amino acid sequence provided in Table 2 below. In specific embodiments, the non-naturally
occurring elastin is or comprises an amino acid sequence of any one of SEQ ID NO: 5, SEQ ID
NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and
SEQ ID NO: 19. In some embodiments, the truncated elastin comprises an amino acid sequence
having at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% sequence identity to
any one of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13,
SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19.

[0079] In some embodiments, the truncated elastin may be a truncate (e.g., a polypeptide having

at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at
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least 130, at least 140, or at least 150 amino acids) of any one of SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID
NO: 19; or may be a truncate (e.g., a polypeptide having at least 50, at least 60, at least 70, at
least 80, at least 90, at least 100, at least 110, at least 120, at least 130, at least 140, or at least
150 amino acids) of an amino acid sequence having at least 80%, at least 85%, at least 90%, at
least 95%, or at least 98% sequence identity to any one of SEQ ID NO: 5, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO:
19. For example, the truncated elastin may have an N-terminal truncation, a C-terminal
truncation, and/or an internal truncation relative to any one of SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID
NO: 19; or an N-terminal truncation, a C-terminal truncation, and/or an internal truncation
relative to an amino acid sequence having at least 80%, at least 85%, at least 90%, at least 95%,
or at least 98% sequence identity to any one of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19.

Table 2. Non-limiting examples of truncated elastins

SEQ ID NO: Amino acid sequence

SEQ ID NO: 5 MKKIWLALAGLVLAFSASAGPQPGVPLGYPIKAPKLPGGYGLPY
TTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAK
FGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAARA
AAKAAKYGAAAGLVPGGPGEGPGVVGVPGAGVPGVGVPGAGIPV
VPGAGIPGAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTY
GVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEA
QAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPGVGT
P

SEQ ID NO: 7 GPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAG
KAGYPTGTGVGPOQAAAAAARAKAANKFGAGAAGVLPGVGGAGVPG
VPGAIPGIGGIAGVGTPAAAAAAAARAKAAKYGAAAGLVPGGPG
FGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEA
AAKAAAKAAKYGARPGVGVGGIPTYGVGAGGEFPGFGVGVGGIPG
VAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVL
GGLVPGPQAAVPGVPGTGGVPGVGTP

SEQ ID NO: 8 GPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLG
VGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPSSSQHL
PSTPSSPRVPGALAAAKAAKYGAAVPGVLGGLGALGGVGIPGGY
VGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVYGG
LGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVAARPGFEGLS
PIFPGGACLGKACGRKRK

SEQ ID NO: 10 GGVPGAIPGGVPGGVEYPGAGLGALGGGALGPGGKPLKPVPGGL
AGAGLGAGLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGG
VPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPGVYPGGVLPGA
REPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPEFGGPOPGY
PLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPT
GTGVGPQAAAAAANKAAAKEFGAGAAGVLPGVGGAGVPGVPGAIP
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GIGGIAGVGTPAAAAAARANAKAAKYGAAAGLVPGGPGEGPGVY
GVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAA
KAAKYGARPGVGVGGIPTYGVGAGGEFPGEFGVGVGGIPGVAGVPG
VGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPG
POAAVPGVPGTGGVPGVGTPAAAAKSAAKVAAKAQLRAAAGLGA
GIPGLGVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSL
SPELREGDPSSSQHLPSTPSSPRVPGALAAAKAAKYGAAVPGVL
GGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGL
GGLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGO
FPLGGVAARPGFGLSPIFPGGACLGKACGRKRK

SEQID NO: 13 MKKIWLALAGLVLAFSASAAGLGGVPGVGGLGVSAGAVVPQPGA
GVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK
APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYT
TGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKE
GAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAARAAAR
AKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVYV
PGAGIPGAAVPGVVSPE

SEQID NO: 15 AGLGGVPGVGGLGVSAGAVVPOPGAGVKPGKVPGVGLPGVYPGG
VLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGG
POPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGK
AGYPTGTGVGPQAAARAAAAKAAAKFGAGAAGVLPGVGGAGVPGV
PGAIPGIGGIAGVGTPAAAAAAARAANKAAKYGAAAGLVPGGPGE
GPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPE

SEQID NO: 17 MKKIWLALAGLVLAFSASAAGLGGVPGVGGLGVSAGAVVPQPGA
GVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK
APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYT
TGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQ

SEQ ID NO: 19 AGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPGVYPGG
VLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGG
POPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGK
AGYPTGTGVGPO

[0080] In various aspects, the truncated human elastin does not comprise two or more
contiguous amino acid sequences of VGVAPG (SEQ ID NO: 1). In some cases, the truncated
human elastin does not comprise VGVAPGVGVAPG (SEQ ID NO: 2). In some cases, the
truncated human elastin does not comprise VGVAPGVGVAPGVGVAPG (SEQ ID NO: 3). In
some cases, the non-naturally occurring truncated human elastin reduces extracellular matrix
degradation or does not cause extracellular matrix degradation.

[0081] In some cases, a truncated elastin may be between 100 and 150 amino acids, between 100
and 200 amino acids, between 100 and 300 amino acids, between 140 and 250 amino acids,
between 140 and 200 amino acids, between 150 and 250 amino acids, between 160 and 250
amino acids, between 160 and 220 amino acids, between 170 and 200 amino acids, between 180
and 190 amino acids, or between 185 and 190 amino acids in length.

[0082] In some aspects, the truncated human elastin may have a molecular weight of at least

about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more than 50 kDa. In some embodiments, the
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molecular weight is less than about 10, 15, 20, 25, 30, 35, 40, 45, or 50 kDa. In some
embodiments, the molecular weight is between 1 kDa and 60 kDa, between S kDa and 55 kDa,
between 5 kDa and 50 kDa, between 5 kDa and 45 kDa, between 5 kDa and 40 kDa, between 5
kDa and 35 kDa, between 5 kDa and 30 kDa, between 5 kDa and 25 kDa, between 5 kDa and 20
kDa, between 5 kDa and 15 kDa, between 5 kDa and 10 kDa, between 10 kDa and 40 kDa,
between 10 kDa and 35 kDa, between 10 kDa and 30 kDa, between 10 kDa and 25 kDa, or
between 10 kDa and 20 kDa.

[0083] The non-naturally occurring elastin may, in some embodiments, comprise a signal
sequence. In general, the signal sequence may be a component of the expression vector, or it may
be a part of the exogenous gene that is inserted into the vector. The signal sequence selected
should be one that is recognized and processed (e.g., cleaved by a signal peptidase) by the host
cell. For bacterial host cells that do not recognize and process the native signal sequence of the
exogenous gene, the signal sequence may be substituted by any commonly known bacterial
signal sequence. In some embodiments, recombinantly produced polypeptides can be targeted to
the periplasmic space using the DsbA signal sequence. Dinh and Bernhardt, J Bacteriol, Sept.
2011, 4984-4987.

[0084] The non-naturally occurring elastin may, in some embodiments, further comprise amino
acid sequences including a secretion tag. The secretion tag may direct the elastin to the
periplasmic space of the host cell. In particular embodiments, the signal peptide is derived from
DsbA, PelB, OmpA, TolB, MalE, lpp, TorA, DegP, or HylA, or a hybrid secretion tag that
comprises a portion of one secretion tag fused to a portion of a second secretion tag. In one
aspect, the secretion tag is attached to the non-naturally occurring elastin. In another aspect, the
secretion tag is cleaved from the non-naturally occurring elastin.

[0085] In some embodiments, the non-naturally occurring elastin further comprises a histidine
tag. The histidine tag or polyhistidine tag may be a sequence of 2 to 20 histidine residues that are
attached to the elastin. The histidine tag may comprise 2 to 20 histidine residues, 5 to 15
histidine residues, 5 to 18 histidine residues, 5 to 16 histidine residues, 5 to 15 histidine residues,
5 to 14 histidine residues, 5 to 13 histidine residues, 5 to 12 histidine residues, 5 to 11, 5 to 10
histidine residues, 6 to 12 histidine residues, 6 to 11 histidine residues, or 7 to 10 histidine
residues. The histidine tags may be useful in purification of proteins by chromatographic
methods utilizing nickel based chromatographic media. In one aspect, the histidine tag may be
attached to the non-naturally occurring elastin. In another aspect, the histidine tag may be

cleaved from the non-naturally occurring elastin.
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[0086] In some embodiments, the non-naturally occurring elastin further comprises a fluorescent
protein. Exemplary fluorescent proteins include green fluorescent protein (GFP) or red
fluorescent protein (RFP). Fluorescent proteins are well known in the art. In one embodiment,
the non-naturally occurring elastin comprises a GFP and/or RFP. In one embodiment, a
superfolder GFP may be fused to the non-naturally occurring elastin. The superfolder GFP may
be a GFP that folds properly even when fused to a poorly folded polypeptide.

[0087] In some embodiments, the non-naturally occurring elastin further comprises a protease
cleavage site. The protease cleavage site may be useful to cleave the recombinantly produced
clastin to remove one or more portions of the polypeptide. The portions of the polypeptide that
may be removed include the secretion tag, the histidine tag, the fluorescent protein tag and/or a
protease cleavage site. The proteases comprise endoproteases, exoproteases, serine proteases,
cysteine proteases, threonine proteases, aspartic proteases, glutamic proteases, and
metalloproteases. Exemplary protease cleavage sites include amino acids that are cleaved by
Thrombin, TEV protease, Factor Xa, Enteropeptidase, and Rhinovirus 3C Protease. In one
aspect, the cleavage tag maybe attached to the non-naturally occurring elastin. In another aspect,
the cleavage tag may be removed by an appropriate protease from the non-naturally occurring
elastin.

[0088] Provided in certain embodiments herein are (e.g., topical) compositions or formulations
comprising one or more polypeptide provided herein. In some embodiments, the composition
provides any suitable amount of polypeptide provided herein, such as in any suitable amount
(e.g., an amount suitable to provide a benefit when given or administered to an individual or
cell). In some specific embodiments, the composition comprises an amount suitable to provide a
beneficial effect to the skin of a subject when (e.g., topically) administered to the skin of the
subject. In specific embodiments, the composition comprises between 0.001% and 30% w/w of a
polypeptide (e.g., a non-naturally occurring elastin) such as provided herein. In more specific
embodiments, the composition comprises between 0.001% and 20% w/w of a polypeptide (e.g.,
a non-naturally occurring elastin) such as provided herein, between 0.001% and 10% w/w of a
polypeptide (e.g., a non-naturally occurring elastin) such as provided herein, between 0.001%
and 5% w/w of a polypeptide (e.g., a non-naturally occurring elastin) such as provided herein,
between 0.001% and 2% w/w of a polypeptide (e.g., a non-naturally occurring elastin) such as
provided herein, between 0.001% and 1% w/w of a polypeptide (e.g., a non-naturally occurring
elastin) such as provided herein, between 0.001% and 0.5% w/w of a polypeptide (e.g., a non-
naturally occurring elastin) such as provided herein, and between 0.001% and 0.2% w/w of a

polypeptide (e.g., a non-naturally occurring elastin) such as provided herein.
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[0089] In one aspect, the compositions that comprise non-naturally occurring human elastin are
personal care products (e.g., cosmetics). In some embodiments, the compositions are formulated
for topical administration. The compositions may contain other cosmetic ingredients suitable for
human use. The personal care products may be useful for preventing or treating ultraviolet
radiation damage to human skin or hair. The personal care products may be useful for increasing
the firmness, elasticity, brightness, hydration, tactile texture, or visual texture of skin and/or
stimulate collagen production. The personal care products may be applied to skin or hair. The
compositions include, for example, masks, skin cleaners such as soap, cleansing creams,
cleansing lotions, facial cleansers, cleansing milks, cleansing pads, facial washes, facial and
body creams and moisturizers, facial serums, facial and body masks, facial Toners and mists, eye
creams and eye treatments, exfoliator formulas, lip balms and lipsticks, hair shampoo, hair
conditioner and body shampoos, hair and scalp serums, hair mists and sprays, eye shadow,
concealer, mascara and other color cosmetics.

[0090] The compositions that comprise the non-naturally occurring elastin can further comprise
at least one additional ingredient comprising a topical carrier or a preservative. The topical
carrier comprises a topical carrier selected from the group consisting of liposome, biodegradable
microcapsule, lotion, spray, aerosol, dusting powder, biodegradable polymer, mineral oil,
triglyceride oil, silicone oil, glycerin, glycerin monostearate, alcohols, emulsifying agents, liquid
petroleum, white petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene, wax,
sorbitan monostearate, polysorbate, cetyl ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol, cyclomethicone, cyclopentasiloxane, and water. The preservative comprises a
preservative selected from the group consisting of tocopherol, diiodomethyl-p-tolylsulfone, 2-
Bromo-2-nitropropane-1,3-diol, cis isomer 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane
chloride, glutaraldehyde, 4,4-dimethyl oxazolidine, 7-Ethylbicyclooxazolidine, phenoxyethanol,
butylene glycol, 1,2 Hexanediol, methyl paraben, sorbic acid, Germaben II, rosemary extract,
and EDTA.

[0091] Also provided herein are methods of decreasing skin damage, promoting the repair of
damaged skin, protecting skin against UV damage, and/or protecting skin cells against the effects
of exposure to urban dust. In another embodiment, methods of increasing the firmness, elasticity,
brightness, hydration, tactile texture, or visual texture of skin and/or stimulating elastin or
collagen production is provided. The method comprises applying the composition comprising the
non-naturally occurring elastin to the skin of a subject. Without being bound to a particular
theory or mechanism, the non-naturally occurring elastin in the composition decreases skin

damage by protecting against UV damage, and/or promotes the repair of damaged skin by
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increasing the viability of cells and/or increasing tropoelastin or procollagen synthesis when
applied to skin, and/or promotes the viability of skin cells. The non-naturally occurring truncated
human elastin, in one aspect, decreases the formation of thymine-thymine (TT) dimer formation.
[0092] The methods provided herein encompass the use of a composition for treatment indicated
in the method, such as by the steps provided herein. In embodiments, the disclosure provides the
use of a composition provided herein (e.g., a truncated elastin or a formulation comprising a
truncated elastin) in a method provided herein.

[0093] In some embodiments, application of the composition stimulates the growth of fibroblast
cells, and/or stimulates synthesis of tropoelastin, and/or decreases the formation of thymine-
thymine (TT) dimer formation. In some embodiments, application of the composition stimulates
the growth of fibroblast cells by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, or more than 100%% compared to the skin or skin cell where the composition is not
applied. In some embodiments, application of the composition stimulates the synthesis of
tropoelastin by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or more
than 100%% compared to the skin or skin cell where the composition is not applied. In some
embodiments, application of the composition decreases the formation of TT dimer formation by
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or more than 100%%
compared to the skin or skin cell where the composition is not applied. In some embodiments,
the formation of TT dimer formation is measured using an ELISA-based assay.

[0094] In some embodiments, disclosed herein is a method of promoting the repair of damaged
skin, protecting the skin against UV damage, or increasing viability of skin cells, the method
comprising the step of applying the composition to the skin or skin cell of a subject. In some
embodiments, the damaged skin may be repaired by at least about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100%, or more than 100% when the composition is applied compared to
the skin or skin cell where the composition is not applied. In some embodiments, the skin may be
protected against UV damage by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, or more than 100% when the composition is applied compared to the skin or skin
cell where the composition is not applied. In some embodiments, viability of skin cells is
increased by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or more
than 100% compared to the skin or skin cell where the composition is not applied. In some
embodiments, the skin cell may be a keratinocyte. In some embodiments, the skin cell may be a
fibroblast. In some embodiments, the viability of fibroblasts may be measured using an MTT

assay.

28



WO 2020/210440 PCT/US2020/027399

[0095] In some embodiments, disclosed herein is a method of increasing the synthesis of
procollagen by fibroblast cells by applying the composition to the skin or skin cell of a subject.
In some embodiments, the synthesis of procollagen by fibroblast cells present in the subject’s
skin may be increased by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100%, or more than 100% when the composition is applied compared to the skin or skin cell
where the composition is not applied. In some embodiments, the synthesis of procollagen by
fibroblast cells present in the subject’s skin may be increased by at least about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, or more than 100% as measured by an ELISA-based
assay. In some embodiments, the ELISA-based assay measures levels of pro-collagen type I-C
peptide.

[0096] In some embodiments, disclosed herein is a method of decreasing the production of
inflammatory cytokines by a skin cell, the method comprising the step of applying a non-
naturally occurring elastin or composition comprising non-naturally occurring elastin to the skin
or skin cell of a subject. In some embodiments, the cytokine comprises TNFa, IL-1a, IL-1p, IL-
3, IL-6, IL-7, IL-8, 1IL-10, IL-18, IL-1RA, or a combination thereof. In some embodiments, the
inflammatory cytokine may be an interleukin, such as IL-1, IL-6 or IL-8. In some embodiments,
the inflammatory cytokine may be IL-la. In some embodiments, the production of the
inflammatory cytokines by a skin cell may be decreased by at least about 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 100%, or more than 100% when the composition is applied
compared to the skin or skin cell where the composition is not applied. In some embodiments,
the skin cell may be a keratinocyte. In some embodiments, the skin cell may be a fibroblast. In
some embodiments, cytokine production may be measured using an ELISA-based assay.

[0097] In some embodiments, a truncated elastin as provided herein may stimulate expression of
antioxidant genes in a skin cell or skin of a subject. In some cases, a truncated elastin as
provided herein may stimulate expression of one or more antioxidant genes selected from the
group consisting of: SOD2, GPX2, GPX4, GSTK1, GSTZ1, GSTA4, GSTM2, CCS, GPXI,
GLRX, PRDX5, PRDX6, and PRDX2. In some cases, mRNA expression may be measured
(e.g., by microarray, RNA sequencing, and the like)

[0098] In some embodiments, a truncated elastin as provided herein may reduce expression of
pro-apoptotic genes in skin cells or the skin of a subject. In some cases, a truncated elastin as
provided herein may reduce expression of one or more pro-apoptotic genes selected from the
group consisting of: APAF1, BAK1, CASP7, CASP8, FADD, MCL1, and MET. In some cases,

mRNA expression may be measured (e.g., by microarray, RNA sequencing, and the like).
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[0099] In some embodiments, disclosed herein is a method of increasing viability of skin cells,
the method comprising the step of applying a non-naturally occurring elastin or composition
comprising non-naturally occurring elastin to the skin or the skin cell of a subject. In some
embodiments, the viability of skin cells may be increased by at least about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, or more than 100% when the composition is applied
compared to the skin or skin cell where the composition is not applied. In some embodiments,
the skin cell may be a keratinocyte. In some embodiments, the skin cell may be a fibroblast.
[0100] In some embodiments, disclosed herein is a method of protecting skin cells against the
effects of exposure to urban dust, the method comprising the step of applying a non-naturally
occurring elastin or the composition comprising a non-naturally occurring elastin to the skin or
the skin cell of a subject, wherein the viability of the skin cells is increased. In some
embodiments, viability of the skin cells may be increased by at least about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, or more than 100% compared to untreated cells. In
some embodiments, the skin cell may be a keratinocyte. In some embodiments, the skin cell may
be a fibroblast. In some embodiments, the viability may be measured using an MTT assay.

[0101] In some embodiments, the composition has anti-oxidative capacity. In some
embodiments, the anti-oxidative capacity may be measured using an oxygen radical absorbance
capacity (ORAC) assay. In some embodiments, the antioxidative capacity may be measured in
Trolox equivalent units. In some embodiments, the antioxidative capacity of the composition
may be at least about 50 uM, 100 uM, 150 pM, 200 uM, 250 uM, or more than 250 uM Trolox
equivalent units.

[0102] In some embodiments, the non-naturally occurring elastin may be encoded by a
polynucleotide (e.g., a non-naturally occurring elastin; e.g., for expression in a host cell). The
polynucleotides may encode for a full-length elastin or a truncated elastin. In various
embodiments, the polynucleotide may comprise a polynucleotide according to any one of SEQ
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14,
SEQ ID NO: 16, SEQ ID NO: 18, or a homolog thereof (e.g., having at least 80%, at least 85%,
at least 90%, at least 95%, or at least 98% sequence identity thereto). In some cases, the
polynucleotide may be codon optimized (e.g., for expression in a host cell).

[0103] The polynucleotides may be, in one aspect, contained within a vector (e.g., to transform
host cells). The polynucleotides may further comprise nucleic acids that encode enzymes that
permit the host organism to grow in the presence of a selection agent. The selection agents may

include certain sugars, including galactose containing sugars, or antibiotics, including ampicillin,
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hygromycin, G418 and others. Enzymes that are used to confer resistance to the selection agent
may include B-galactosidase.

[0104] In one aspect, host cells that express the disclosed polynucleotides (and the polypeptides
encoded by said polynucleotides) are provided. In some cases, the host cell may comprise at least
one copy of a heterologous nucleic acid sequence (e.g., encoding a polypeptide described
herein). Host cells can be any host cell including gram negative bacterial cells, gram positive
bacterial cells, yeast cells, insect cells, mammalian cells, plant cells, or any other cells used to
express exogenous polynucleotides. In a specific embodiment, the host cell is Escherichia coli.
In various aspects, the host cell may be capable of secreting the non-naturally occurring elastin
extracellularly (e.g., into a culture medium).

[0105] Any necessary supplements besides carbon, nitrogen, and inorganic phosphate sources
may also be included at appropriate concentrations introduced alone or as a mixture with another
supplement or medium such as a complex nitrogen source. In certain embodiments, the medium
further comprises one or more ingredients selected from: ammonium chloride, ammonium
sulfate, calcium chloride, casamino acids, iron(Il) sulfate, magnesium sulfate, peptone,
potassium phosphate, sodium chloride, sodium phosphate, and yeast extract.

[0106] Another embodiment provides methods of producing a non-naturally occurring elastin.
The method comprises inoculating a culture medium with a recombinant host cell comprising at
least one copy of a heterologous nucleic acid sequence encoding the non-naturally occurring
elastin, cultivating the host cell (e.g., culturing the host cell in a culture medium), and isolating
the non-naturally occurring elastin from the host cell. In some cases, the method comprises
culturing a recombinant host cell in a culture medium, wherein the recombinant host cell secretes
the non-naturally occurring elastin into the culture medium, collecting the culture medium
containing the non-naturally occurring elastin secreted thereto, and purifying and/or isolating the
non-naturally occurring elastin from the culture medium (e.g., by centrifugation, filtration, and
the like).

[0107] In another aspect, a process for fermentative preparation of a protein is provided. The
process comprises the steps of:

a) culturing a recombinant bacterial cell in a medium comprising a magnesium salt,
wherein the concentration of magnesium ions in the medium is at least about 6 mM, and wherein

the bacterial cell comprises an exogenous gene encoding the protein; and
b) harvesting the protein from the medium.

[0108] The bacteria may be cultured continuously (as described, for example, in WO 05/021772)

or discontinuously in a batch process (batch cultivation) or in a fed-batch or repeated fed-batch
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process for the purpose of producing the target protein. In some embodiments, protein
production is conducted on a large-scale. Various large-scale fermentation procedures are
available for production of recombinant proteins. Large-scale fermentations have at least 1,000
liters of capacity, preferably about 1,000 to 100,000 liters of capacity. These fermentors use
agitator impellers to distribute oxygen and nutrients, especially glucose (the preferred
carbon/energy source). Small-scale fermentation refers generally to fermentation in a fermentor
that is no more than approximately 20 liters in volumetric capacity.

[0109] For accumulation of the target protein, the host cell is cultured under conditions sufficient
for accumulation of the target protein. Such conditions include, e.g., temperature, nutrient, and
cell-density conditions that permit protein expression and accumulation by the cell. Moreover,
such conditions are those under which the cell can perform basic cellular functions of
transcription, translation, and passage of proteins from one cellular compartment to another for
the secreted proteins, as are known to those skilled in the art.

[0110] The bacterial cells are cultured at suitable temperatures. For E. coli growth, for example,
the typical temperature ranges from about 20° C to about 39° C. In one embodiment, the
temperature is from about 20° C to about 37° C. In another embodiment, the temperature is at
about 30° C. In one embodiment, the host cells, in the non-switched state or switched state, are
cultivated at one temperature and switched to a different temperature to induce protein
production. The host cells are cultivated first at one temperature to propagate the cells, then to
induce protein production the cell are cultivated at a lower temperature. The first temperature
may be 23°, 24°, 25°, 26°, 27°, 28°, 29°, 30°, 31°, 32°, 33°, 34°, 35°, 36°, or 37° C. The second
temperature may be 20°, 21°, 22°, 23°, 24°, 25°, 26°, 27°, 28°, 29°, 30°, 31°, 32°, 33°, 34°, 35°
or 36° C. The cultivation at the second temperature may be conducted between 1 hour and 100
hours, between 5 hours and 90 hours, between 5 hours and 80 hours, between 5 hours and 80
hours, between 5 hours and 70 hours, between 10 hours and 70 hours, between 15 hours and 70
hours, between 15 hours and 65 hours, between 15 hours and 60 hours, between 20 hours and 60
hours, between 20 hours and 55 hours, between 20 hours and 50 hours, between 24 hours and 50
hours, between 24 hours and 48 hours, between 30 hours and 50 hours, between 30 hours and 45
hours, or between 30 hours and 40 hours.

[0111] The pH of the culture medium may be any pH from about 5-9, depending mainly on the
host organism. For E. coli, the pH may be from about 6.0 to about 7.4, about 6.2 to about 7.2,
about 6.2 to about 7.0, about 6.2 to about 6.8, about 6.2 to about 6.6, about 6.4, or about 6.5.
[0112] For induction of gene expression, typically the cells are cultured until a certain optical

density is achieved, e.g., an OD600 of about 1.1, at which point induction is initiated (e.g., by

32



WO 2020/210440 PCT/US2020/027399

addition of an inducer, by depletion of a repressor, suppressor, or medium component, etc.) to
induce expression of the exogenous gene encoding the target protein. In some embodiments,
expression of the exogenous gene may be inducible by an inducer selected from, e.g., isopropyl-
B-d-1-thiogalactopyranoside, lactose, arabinose, maltose, tetracycline, anhydrotetracycline,
vavlycin, xylose, copper, zinc, and the like. The induction of gene expression can also be
accomplished by decreasing the dissolved oxygen levels during fermentation. The dissolved
oxygen levels of the fermentation during cell propagation may be between 10% and 30%. To
induce gene expression the dissolved oxygen level may be reduced to below 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%, or 0%. In host cells, in either the physiological state or the switched
state, protein production can be induced by lowering the temperature of the fermentation as

disclosed herein.

EXAMPLES
Example 1. 25 kDa Truncated Human Elastin
[0113] A non-naturally occurring truncated human elastin without a His tag, linker, and/or
thrombin cleavage site is disclosed below. The non-naturally occurring truncated human elastin
was truncated relative to full-length human elastin (SEQ ID NO: 20). The codon-optimized
nucleotide sequence encoding this elastin and the amino acid sequence are disclosed below. In
SEQ ID NO: 4, the DsbA secretion tag is encoded by nucleotides 1-57 and encodes amino acids
1-19 of SEQ ID NO: 5. In SEQ ID NO: 4, the non-naturally occurring truncated human elastin
sequence is encoded by nucleotides 58-927 and encodes amino acids 20-309 of SEQ ID NO: 5.
[0114] The codon-optimized nucleotide sequence encoding this non-naturally occurring
truncated elastin is provided in SEQ ID NO: 4.
[0115] ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCATC
GGCGGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACCGAAACTGCC
CGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGTATGGTTATGGCCCGGG
TGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTATCCTACCGGAACCGGTGTAGGTC
CGCAGGCCGCTGCTGCCGCCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGGAGCA
GCGGGTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATT
CCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGC
GGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTC
CGGGTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGGGCG
TTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCGCGGCCGTTC
CGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAGTA
TGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATCCCGACCTATGGGGTGGGCGCAG
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GGGGTTTTCCTGGTTTCGGCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGTGTAC
CAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGG
AAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAGG
AGTTTTAGGTGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCA
CCGGTGGTGTCCCTGGAGTCGGTACGCCGTAA (SEQ ID NO: 4)

[0116] The amino acid sequence of the 25 kDa non-naturally occurring truncated human elastin
sequence including the DsbA secretion signal is disclosed in SEQ ID NO: 5.

[0117] MKKIWLALAGLVLAFSASAGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYG
PGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGGAGVPGVPG
ATIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGV
GVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAG
GFPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGV
LGGLVPGPQAAVPGVPGTGGVPGVGTP (SEQ ID NO: 5)

[0118] The codon-optimized nucleotide sequence encoding the non-naturally occurring truncated
human elastin without the DsbA secretion tag is provided in SEQ ID NO: 6.

[0119] GGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACCGAAACTGC
CCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGTATGGTTATGGCCCGG
GTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTATCCTACCGGAACCGGTGTAGGT
CCGCAGGCCGCTGCTGCCGCCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGGAGC
AGCGGGTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAA
TTCCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAG
CGGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGT
CCGGGTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGGGC
GTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCGCGGCCGTT
CCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAGT
ATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATCCCGACCTATGGGGTGGGCGCA
GGGGGTTTTCCTGGTTTCGGCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGTGTA
CCAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCG
GAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAG
GAGTTTTAGGTGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGC
ACCGGTGGTGTCCCTGGAGTCGGTACGCCGTAA (SEQ ID NO: 6)

[0120] The amino acid sequence of the non-naturally occurring truncated human elastin without

the DsbA secretion tag is disclosed in SEQ ID NO: 7.
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[0121] GPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTG
VGPQAAAAAAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAA
AAAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAA
VPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGV
PGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGT
GGVPGVGTP (SEQ ID NO: 7)
[0122] The polynucleotide of SEQ ID NO: 4 was synthesized by Gen9 DNA (now Ginkgo
Bioworks) internal DNA synthesis. Overlaps between the pET28 vector and SEQ ID NO: 4 and
SEQ ID NO: 6 were designed to be between 20 and 30 bp long and added using PCR with the
enzyme  PrimeSTAR® GXL  polymerase (www.takarabio.com/products/pcr/ge-rich-
per/primestar-gxl-dna-polymerase). The opened pET28a vector and insert DNA (SEQ ID NO: 4)
were then assembled together into the final plasmid wusing In-Fusion Cloning
(www takarabio.com/products/cloning/in-fusion-cloning). Sequence of plasmid was then verified
through Sanger sequencing through Genewiz (www.genewiz.com/en).
[0123] The transformed cells were cultivated in minimal media and frozen in 1.5 mL aliquots
with vegetable glycerin at a ratio of 50:50 of cells to glycerin. One vial of this frozen culture was
revived in 50 mL of minimal media overnight at 37° C, 200 rpm. Cells were transferred into 300
mL of minimal media and grown for 6-9 hours to reach an OD600 of 5-10.
[0124] Minimal media used in this example and throughout this disclosure is prepared as
follows:

1) Autoclave 5 L of 550 g/kg Glucose syrup at concentration in DI water. (VWR,
product #97061-170).

2) Autoclave in 3946 mL of DI water:

20 g (NH4):;HPO4 (VWR, product # 97061-932).

66.5 g KHoPO4 (VWR, product # 97062-348).

22.5 g H3CsHs07 (VWR, product #BDH9228-2.5KG).

8.85 g MgS04.7H,0 (VWR, product # 97062-134).

10 mL of 1000x Trace metals formulation (Table 3).
[0125] After autoclaving, add

118 gof (1) to (2)

5 mL of 25 mg/mL Kanamycin Sulfate (VWR-V0408)

Use 28% NH4OH (VWR, product #BDH3022) to adjust pH to 6.1.

35



WO 2020/210440 PCT/US2020/027399

Table 3. Trace metals formulation

Ferrous Sulfate Heptahydrate, 27.8 g/L. (Spectrum, 7782-63-0)
Zinc Sulfate heptahydrate, 2.88 /L (Spectrum, 7446-20-0)
Calcium chloride dihydrate, 2.94 g/L. (Spectrum, 2971347)
Sodium molybdate dihydrate, 0.48 g/L (Spectrum, 10102-40-6)
Manganese chloride tetrahydrate, 1.26 g/, (Spectrum, 13446-34-9)
Sodium selenite, 0.35 g/L (Spectrum, 10102-18-8)

Boric acid, 0.12 g/L (Spectrum, 10043-35-3

[0126] The fermentations were performed at various temperatures ranging from 25° to 28° C.
For some fermentations, the temperature of the fermentation was maintained at a constant
temperature. For other fermentations, the temperature of the fermentations was maintained for a
desired period of time and when cell densities of OD600 of 10-20 were reached, the temperature
was reduced to induce protein production. Typically, the temperature was reduced from 28° C to
25° C; the fermentation at 25° C was continued for 40-60 hours.

[0127] The purified non-naturally occurring truncated elastin was analyzed on an SDS-PAGE
gel and a clear band was observed at the expected size of 25 kilodaltons in a location void of a
band in the control strain.

Example 2. 21 kDa Truncated Human Elastin

[0128] A non-naturally occurring truncated human elastin is synthesized according to the
method of Example 1.

[0129] The amino acid sequence of a 21 kDa non-naturally occurring truncated human elastin
truncated at the N-terminal relative to a full-length human elastin (SEQ ID NO: 20) is disclosed
in SEQ ID NO: 8. The 21 kDa non-naturally occurring truncated human elastin has amino acids
1-522 deleted from the full length human elastin (SEQ ID NO: 20).

[0130] GPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGL
GVGAGVPGFGAGADEGVRRSLSPELREGDPSSSQHLPSTPSSPRVPGALAAAKAAKYGA
AVPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVG
GLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVAARPGFGLSPIFPG
GACLGKACGRKRK (SEQ ID NO: 8)

[0131] The codon optimized polynucleotide sequence encoding the 21 kDa non-naturally
occurring truncated human elastin is disclosed in SEQ ID NO: 9.

[0132] GGTCCGGGCGGTGTCGCAGCAGCAGCTAAAAGCGCGGCGAAAGTTGCGGCC
AAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCGGGGCTGGGTGT
CGGAGTTGGAGTCCCGGGTTTGGGCGTGGGCGCGGGAGTTCCGGGACTGGGAGTGG
GTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGAAGGTGTTCGTCGTAGCCTGA
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GTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCTGCCGAGCACCCCG
AGCAGCCCGCGTGTTCCGGGTGCATTAGCTGCAGCAAAAGCCGCCAAGTATGGTGC
AGCCGTGCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGGGTGGTGTAGGCATTCCGGG
AGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAA
AAGCGGCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCGGTTTAGGTGTGGGTG
GACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGCG
AAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGGGCAGGTC
AGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCTGAGCCCGATTTTCC
CTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTAAACGTAAATAA (SEQ ID NO:
9

[0133] The cells are cultivated and the polynucleotide of SEQ ID NO: 9 is expressed as
disclosed in Example 1.

Example 3. 60 kDa Truncated Human Elastin

[0134] The amino acid sequence of a 60.3 kDa non-naturally occurring truncated human elastin
truncated internally relative to a full-length human elastin (SEQ ID NO: 20) is disclosed in SEQ
ID NO: 10. The 60.3 kDa non-naturally occurring truncated human elastin has amino acids 461-
527 deleted from the full length human elastin (SEQ ID NO: 20).

[0135] GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGAGL
GAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGAVVPQPGAG
VKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVG
PFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVG
PQAAAAAAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAA
AAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVP
GVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPG
VGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTG
GVPGVGTPAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLG
VGAGVPGFGAGADEGVRRSLSPELREGDPSSSQHLPSTPSSPRVPGALAAAKAAKYGAA
VPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGG
LGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVAARPGFGLSPIFPGG
ACLGKACGRKRK (SEQ ID NO: 10)

[0136] The codon optimized polynucleotide sequence encoding the 60.3 kDa non-naturally
occurring truncated human elastin is disclosed in SEQ ID NO: 11.

[0137] GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTITTTTITATCC
GGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGGCAAACCGC

37



WO 2020/210440 PCT/US2020/027399

TGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCGCAGGTCTGGGAGCA
TTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTGGAGGTGTGGCCGATGCAGCC
GCGGCATATAAAGCCGCTAAAGCCGGTGCGGGTTTAGGAGGCGTCCCAGGTGTCGG
TGGCCTGGGTGTTAGCGCCGGTGCAGTTGTTCCGCAGCCGGGAGCAGGGGTTAAAC
CTGGTAAAGTGCCGGGAGTAGGTCTGCCAGGCGTTTATCCTGGTGGTGTITTTGCCGG
GTGCCCGTTTITCCGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTITA
AACCGAAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCCG
TTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACCGAAACTG
CCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGTATGGTTATGGCCCG
GGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTATCCTACCGGAACCGGTGTAGG
TCCGCAGGCCGCTGCTGCCGCCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGGAG
CAGCGGGTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTACCTGGTGCA
ATTCCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCA
GCGGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGG
TCCGGGTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGGG
CGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCGCGGCCGT
TCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAG
TATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATCCCGACCTATGGGGTGGGCGC
AGGGGGTTTTCCTGGTTTCGGCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGTGT
ACCAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACC
GGAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCA
GGAGTTTTAGGTGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGG
CACCGGTGGTGTCCCTGGAGTCGGTACGCCGGCAGCAGCAGCTAAAAGCGCGGCGA
AAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCG
GGGCTGGGTGTCGGAGTTGGAGTCCCGGGTTTGGGCGTGGGCGCGGGAGTTCCGGG
ACTGGGAGTGGGTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGAAGGTGTTC
GTCGTAGCCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCTG
CCGAGCACCCCGAGCAGCCCGCGTGTTCCGGGTGCATTAGCTGCAGCAAAAGCCGC
CAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGGGTGGTGT
AGGCATTCCGGGAGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCA
AAGCAGCTGCAAAAGCGGCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCGGT
TTAGGTGTGGGTGGACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCC
GCAGCGGCCGCGAAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGG
GTGGGGCAGGTCAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCTGA
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GCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTAAACGTAAAT
AA (SEQIDNO: 11)

[0138] The cells are cultivated and the polynucleotide of SEQ ID NO: 11 is expressed as
disclosed in Example 1.

Example 4. Effect of Truncated Elastin on Fibroblast Cell Viability, Procollagen Synthesis,

and Tropoelastin Synthesis

[0139] A human fibroblast cell culture is used to assess the ability of the non-naturally occurring
truncated human elastin molecule of Example 1 to affect procollagen and tropoelastin synthesis.
The human fibroblast cell culture is also used to determine the viability of the human fibroblast
cells after exposure to the truncated elastin.

[0140] A stock solution of 2% w/w truncated elastin is prepared from the truncated elastin of
Example 1. Aliquots from the 2% stock truncated elastin solution are then used in the
experiments described below.

Preparation of Fibroblasts

[0141] Fibroblasts are seeded into the individual wells of a 24-well plate in 0.5 mL of Fibroblast
Growth Media (FGM) and incubated overnight at 37 £ 2° C and 5 = 1% COz. On the following
day, the media is removed via aspiration to eliminate any non-adherent cells and replaced with
0.5 mL of fresh FGM. The cells are grown until confluent, with a media change every 48 to 72
hours. Upon reaching confluency the cells are treated for 24 hours with Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 1.5% Fetal Bovine Serum (FBS) to wash out any
effects from the growth factors included in the normal culture media. After the 24-hour wash out
period the cells are treated with the truncated elastin at specified concentrations dissolved in
FGM with 1.5% FBS. Transforming Growth Factor Beta (TGF-B) (20 ng/mL) is used as a
positive control for collagen and elastin synthesis. Untreated cells (negative controls) receive
only DMEM with 1.5% FBS. The cells are incubated for 48 hours and at the end of the
incubation period, cell culture media is collected and either stored frozen (-75° C) or assayed
immediately. Materials are tested in triplicate.

MTT Assay

[0142] The MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide, a tetrazole)
assay is a colorimetric assay used to determine the metabolic activity of cells. Changes in cell
number are assessed via an MTT assay. When cells are exposed to MTT, reduction of MTT by
mitochondria in viable cells results in the formation of insoluble purple formazin crystals that are
extracted from the cells with isopropanol and quantified spectrophotometrically. Non-living cells

cannot reduce MTT and therefore cannot produce the purple formazin crystals. The intensity of
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the purple color is directly proportional to the number of living cells (metabolically active cells).
The intensity of the purple color is directly proportional to the metabolic activity of the cells and
is inversely proportional to the toxicity of the test material.

[0143] After the 2-day incubation discussed above, the cell culture medium is removed (see
above) and the fibroblasts are washed twice with Phosphate Buffered Saline (PBS) to remove
any remaining elastin molecules. After the final wash, 500 uL. of DMEM supplemented with 0.5
mg/ml MTT is added to each well and the cells are incubated for 1 hour at 37 + 2° C and 5 + 1%
COz. After the incubation, the DMEM/MTT solution is removed and the cells are washed again
once with PBS and then 0.5 mL of isopropyl alcohol is added to the well to extract the purple
formazin crystals. Two hundred microliters of the isopropyl extracts is transferred to a 96-well
plate and the plate read at 540 nm using isopropyl alcohol as a blank.

[0144] The mean MTT absorbance value for the negative control cells is calculated and used to
represent 100% cell viability. The individual MTT absorbance values from the cells undergoing
the various treatments are then divided by the mean value for the negative control cells and
expressed as a percent to determine the change in cell viability caused by each treatment.
Procollagen Synthesis

[0145] Fibroblasts are the main source of the extracellular matrix peptides, including the
structural proteins collagen and elastin. Procollagen is a large peptide synthesized by fibroblasts
in the dermal layer of the skin and is the precursor for collagen. As the peptide is processed to
form a mature collagen protein, the propeptide portion is cleaved off (type I C-peptide). Both the
mature collagen protein and the type 1 C-peptide fragment are then released into the extracellular
environment. As collagen is synthesized, the type I C-peptide fragment accumulates into the
tissue culture medium. Since there is a 1:1 stoichiometric ratio between the two parts of the
procollagen peptide, assaying for type I C-peptide reflects the amount of collagen synthesized.
Type I C-peptide can be assayed via an Enzyme Linked Immunosorbent Assay (ELISA)-based
method.

[0146] A series of type I C-peptide standards are prepared ranging from 0 ng/mL to 640 ng/mL.
Next, an ELISA microplate is prepared by removing any unneeded strips from the plate frame
followed by the addition of 100 pL of peroxidase-labeled anti-procollagen type 1-C peptide
antibody to each well used in the assay. Twenty (20) uL of either sample (collected tissue culture
media) or standard is then added to appropriate wells and the microplate is covered and allowed
to incubate for 3 £ 0.25 hours at 37° C. After the incubation, the wells are aspirated and washed
three times with 400 uL of wash buffer. After the last wash is removed, 100 uL of peroxidase

substrate solution (hydrogen peroxide + tetramethylbenzidine as a chromagen) is added to each
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well and the plate is incubated for 15 + 5 minutes at room temperature. After the incubation, 100
uL of stop solution (1 N sulfuric acid) is added to each well and the plate is read using a
microplate reader at 450 nm.

[0147] To quantify the amount of each substance present, a standard curve is generated using
known concentrations of each substance. A regression analysis is performed to establish the line
that best fits these data points. Absorbance values for the test materials and untreated samples are
used to estimate the amount of each substance present in each sample.

Elastin Synthesis

[0148] Elastin is the main component of a network of elastic fibers that give tissues their ability
to recoil after a transient stretch. This protein is released by fibroblasts (soluble elastin) into the
extracellular space where it is then cross-linked to other elastin proteins to form an extensive
network of fibers and sheets (insoluble elastin). Soluble elastin can be readily measured from cell
culture medium via an ELISA-based method.

[0149] Soluble a-elastin is dissolved in 0.1 M sodium carbonate (pH 9.0) at a concentration of
1.25 pg/mL. 150 pL of this solution is then applied to the wells of a 96-well Maxisorp Nunc
plate, and the plate is incubated overnight at 4° C. On the following day, the wells are saturated
with PBS containing 0.25% Bovine Serum Albumin (BSA) and 0.05% Tween 20. The plate is
then incubated with this blocking solution for 1 hour at 37° C and then washed two times with
PBS containing 0.05% Tween 20.

[0150] A set of a-elastin standards is generated ranging from O to 100 ng/mL. 180 pL of either
standard or truncated elastin is then transferred to a 650 pL microcentrifuge tube. An anti-elastin
antibody solution is prepared (the antibody is diluted 1:100 in PBS containing 0.25% BSA and
0.05% Tween 20) and 20 pL of the solution is added to the tube. The tubes are then incubated
overnight at 4 + 2° C. On the following day, 150 uL is transferred from each tube to the 96-well
elastin ELISA plate, and the plate is incubated for 1 hour at room temperature. The plate is then
washed 3 times with PBS containing 0.05% Tween 20. After washing, 200 pL of a solution
containing a peroxidase linked secondary antibody diluted in PBS containing 0.25% BSA and
0.05% Tween 20 is added, and the plate is incubated for 1 hour at room temperature. After
washing the plate three times, 200 pL of a substrate solution is added and the plate is incubated
for 10 to 30 minutes in the dark at room temperature. After this final incubation, the plate is read
at 460 nm using a plate reader.

Example 5. Effect of Truncated Elastin on Keratinocyte Proliferation and UVB Protection
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[0151] A human keratinocyte cell culture model is used to assess the ability of the test materials
to exert an effect on cell proliferation. In addition, the impact of the test materials on the cell
viability after an exposure to UVB is also assessed.

[0152] A stock solution of 2% w/w truncated elastin is prepared from the truncated elastin of
Example 1. Aliquots from the 2% stock truncated elastin solution are then used in the
experiments described below.

[0153] This study is conducted in two parts. In the first part, cultured keratinocytes are incubated
with the test materials for 48 hours, after which, changes in the number of viable cells are
assessed using an MTT assay. In the second part of the study, cultured keratinocytes are
irradiated with UVB and then treated with the test materials for 48 hours. At the end of the 48
hour period, the number of viable cells is again assessed via an MTT assay.

[0154] Changes in cell number of viable cells can be determined using an MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide, a tetrazole) assay. The MTT assay is a
colorimetric analysis of the metabolic activity of the cell, which is a reflection of the number of
viable cells. Reduction of MTT by mitochondria in viable cells results in the formation of
insoluble purple formazin crystals that are extracted from the cells with isopropanol and
quantified spectrophotometrically. The intensity of the purple color is directly proportional to the
number of metabolically active cells.

Proliferation Assay

[0155] For the proliferation assay, the keratinocytes are seeded into 96-well plates without
growth factors and incubated for 24 hours at 37 + 2° C and 5 £ 1% CO2. After this initial
incubation, the media is replaced with media supplemented with the test materials. Normal
media (with growth factors) is used as a positive control. After the addition of the test materials,
the cells are cultured for 48 hours, as described above. At the end of the incubation period,
changes in the number of viable cells are determined using an MTT assay.

UVB Protection Assay

[0156] For the UVB protection assay, the keratinocytes are seeded into 96-well plates using
normal media and incubated for 24 hours at 37 £ 2° C and 5 = 1% COa. After this initial
incubation, the media is replaced with 100 pL of phosphate buffered saline (PBS) and the cells
are exposed to UVB (40 mJ/cm?). After the UVB exposure, the PBS is replaced with fresh media
supplemented with the test materials (ascorbic acid at 100 pg/mL serves as the positive control)
and the cells are cultured for 48 hours at 37 £ 2° C and 5 £ 1% CO,. At the end of the 48 hour
incubation, cell viability is determined using an MTT assay.

Example 6. Effect of Truncated Elastin on Thymine Dimer Formation
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[0157] Upon exposure to ultraviolet radiation, the thymine dimer (TT dimer) content in DNA
present in cells increases. Increases in TT dimer formation are correlated with skin damage and
certain types of cell proliferative diseases including skin cancer.

[0158] The truncated elastin of Example 1 is tested to determine if it can reduce TT dimer
formation in human epidermal keratinocytes. Human keratinocytes are seeded into 12-well plates
using normal media and incubated for 24 hours at 37 £ 2° C and 5 + 1% COs. After this initial
incubation, the media is replaced with 100 pL of phosphate buffered saline (PBS) and the cells
are exposed to UVB (25 mJ/cm?). After the UVB exposure, the PBS is replaced with fresh media
supplemented with the test materials or Trolox (100 pg/ml, a positive control) and the cells are
cultured overnight at 37 = 2° C and 5 + 1% COx». At the end of the incubation, cellular DNA is
extracted and assayed for thymine dimer content using an ELISA-based method.

[0159] After the overnight incubation, the cell culture media is removed from the wells and
replaced with 200 pL. of PBS and 20 pL of Proteinase K. After swirling the plate to mix the PBS
and Proteinase K, 200 pL of buffer AL is added to each well. After again switling the plate to
mix the reagents, the plates are incubated for 10 minutes at 55 + 2° C. After cooling the plate to
room temperature, the DNA is precipitated by the addition of 200 pL. of 100% ethanol. The
precipitated DNA mixtures are then transferred to DNEasy Spin Columns in 2 mL collection
tubes and centrifuged at 8,000 RPM for 1 minute. The flow through and collection tubes are
discarded, and 500 pL. of Wash Buffer One is added to the spin column and the column is placed
into a new collection tube and centrifuged at 8,000 RPM for 1 minute. The flow through and
collection tube are again discarded, and 500 ul. of Wash Buffer Two is added to the spin
column, and the column is placed into a new collection tube and centrifuged at 14,000 RPM for
3 minutes. The spin column is then placed into a new 1.5 mL centrifuge tube and 110 pL of
ultrapure water is added to the column. The column is incubated for 1 minute at room
temperature and then centrifuged at 8,000 RPM for 1 minute.

[0160] Extracted DNA is quantified via a fluorometric assay. A 2 uL aliquot of the DNA sample
is mixed with 100 puLL Tris-EDTA (TE) buffer in a 96-well plate. A series of DNA standards is
also transferred to wells in a 96-well plate (in duplicate). Finally, 100 pL of dilute CyQUANT
Green dye is added to each well, and the fluorescence intensity of each well is determined using
an excitation wavelength of 480 nm and an emission wavelength of 520 nm.

[0161] Thymine Dimer Detection can be determined using an OxiSelect™ UV-Induced DNA
Damage ELISA Kit.

[0162] Aliquots of genomic DNA samples or standards are converted to single stranded DNA by
incubating the samples at 95° C for 10 minutes and then chilling on ice. 100 uL of each sample
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or standard is transferred to a DNA binding ELISA plate and incubated overnight at 4° C. On the
following day, the wells are rinsed once with 100 uL. of PBS and then blocked with 150 pL of
Assay Diluent for one hour at room temperature. After removing the Assay Diluent, 100 uL of
anti-CPD antibody is added to each well and the plate is incubated for one hour at room
temperature. After this incubation, the plate is washed three times with 250 pL of wash buffer
per well, and then 150 uL of Blocking Reagent is added to the plate. The plate is blocked again
for one hour at room temperature and then washed three times as described before. 100 L. of
Secondary Antibody is then added to each well, and the plate is incubated for 1 hour at room
temperature. After washing the plate again, 100 uL. of substrate is added to each well and the
plate is incubated for 5-20 minutes to allow for color generation in the plate. The color
generation reaction is stopped by the addition of 100 uL of stop solution, and the plate is read at
460 nm using a plate reader.

[0163] To quantify the amount of DNA present, a standard curve is generated using known
concentrations of DNA and their respective fluorescence intensity (measured in RFUs or relative
fluorescence units). A regression analysis is performed to establish the line that best fits the data
points. The Relative Fluorescence Units (RFU) for each unknown sample is then used to
estimate the amount of DNA.

[0164] A series of DNA standards with known amounts of thymine dimer content is used to
generate a standard curve. This standard curve is used to determine the amount of DNA damage
in the sample DNA. Means for each treatment group are calculated and compared using an
ANOVA.

Example 7. Protective Effect of Truncated Human Elastin on Fibroblasts

[0165] The effect of non-naturally occurring truncated human elastin on fibroblast cell viability,
procollagen synthesis, and elastin synthesis is determined according to the methods of Example
4.

[0166] The effect of non-naturally occurring truncated human elastin on Keratinocyte
proliferation and UVB protection is determined according to the methods of Example 5.

[0167] The effect of non-naturally occurring truncated human collagen on thymine dimer
formation after exposure to UV radiation is determined according to the methods of Example 6.

Example 8. Effect of Truncated Elastin on Inflammatory Cytokines

[0168] Keratinocytes and dermal fibroblasts play an important role in the immune response of
the skin. In response to irritating chemicals or UV radiation (pro-inflammatory/pro-irritation

stimuli), keratinocytes can release a vast array of cytokines. These cytokines are thought to help
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engage immune cells to the site of inflammation. Cytokines released by the keratinocytes include
TNFa, IL-10, IL-1B, IL-3, IL-6, IL-7, IL-8, IL-10, IL-18, and IL-1RA.

[0169] The testing model used for this study is the MatTek EpiDerm. This skin model consists
of normal human-derived epidermal keratinocytes that have been cultured to form a
multilayered, highly differentiated model of the human epidermis. Ultrastructural analysis has
revealed the presence of keratohyalin granules, tonofilament bundles, desmosomes, and a multi-
layered stratum corneum containing intercellular lamellar lipid layers arranged in patterns
characteristic of in vivo epidermis. Markers of mature epidermis specific differentiation, such as
pro-filaggrin, the K1/K10 cytokeratin pair, involucrin, and type I epidermal transglutaminase,
have been localized in this model. The MatTek EpiDerm is also mitotically and metabolically
active.

[0170] The MatTek EpiDerm tissues are used to assess the ability of various test materials to
inhibit the release of the inflammatory mediator IL-1a. Test materials are compared to an over
the counter topical hydrocortisone preparation (positive control) as well as to untreated tissues
(negative control 1) and untreated, non-inflamed tissues (negative control 2). This test is also
used to assess the viability of the tissues after exposure to the test materials.

[0171] IL-10, IL-6, and IL-8 are synthesized and stored in keratinocytes and have been identified
as mediators of skin irritation and inflammation. Release of these cytokines can be directly
measured in tissue culture media via a colorimetric based enzyme linked immunosorbent assay
(ELISA). Briefly, antibodies covalently linked to a solid support can bind IL-1q, IL-6, or IL-8
present in spent culture media samples. A second antibody that is covalently attached to an
acetylcholinesterase enzyme can in turn detect the specific bound cytokines. Upon addition of an
appropriate color substrate, the acetylcholinesterase enzyme can generate a colored end product
that can be measured spectrophotometrically.

[0172] MatTek EpiDerm Tissues are purchased from MatTek corporation and stored at 4° C
until used. Prior to use, the tissues to be used are removed from the agarose-shipping tray and
placed into a 6-well plate containing 0.9 mL of hydrocortisone free assay medium (37 + 2° C).
The tissues are allowed to incubate overnight at 37 + 2° C and 5 + 1% COa. After this initial
incubation, the assay medium is replaced with 0.9 mL of fresh hydrocortisone free medium (37 +
2° C). Three tissues are prepared for each test material.

[0173] An inflammatory response in the tissues is initiated via UV irradiation (UVB). A UV
lamp is used to give a 300 mJ/cm? dose of UVB radiation to the tissues. Immediately after the
application of the inflammatory stimuli, 50 uLL or mg of test material is applied directly onto the

surface of the tissue. An over the counter hydrocortisone cream is used as a positive control. For
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a negative control, tissues are exposed to the inflammatory stimuli but are not treated with any
type of anti-inflammatory material. One additional set of tissues is left without exposure to the
inflammatory stimuli to provide a baseline measurement for the cytokines. The tissues are
incubated at 37 + 2° C and 5 + 1% COz for 24 hours after exposure to the inflammatory stimuli.
After the 24 hour incubation, the cell culture medium is collected and stored at -75° C until
analyzed for cytokines.

[0174] The ELISA plates are prepared by diluting the appropriate capture antibody in PBS.
Next, 100 pL of the diluted capture antibody is added to the wells of a 96-well ELISA plate and
the plate is incubated overnight at room temperature. On the following day, the plate is washed
three times with 300 uLL wash buffer (0.05% Tween 20 in PBS) and then blocked by adding 300
uL of blocking buffer (1% BSA in PBS) to each well. The plate is incubated with the blocking
buffer for at least one hour. After the incubation, the blocking buffer is removed, and the plate is
washed three times as described above.

[0175] A series of standards is prepared and 100 uL of each of these standards is dispensed into
two wells (duplicates) in the appropriate 96-well plate. Subsequently, 100 uL of each sample is
added to additional wells and the plate was incubated for two hours at room temperature. After
the incubation, the plate is washed three times as described above. Once the last wash is
removed, 100 uL of a biotin conjugated detection antibody is added. After incubating the plate
for two hours at room temperature, the plate is washed again as described above. 100 pL of
HRP-streptavidin is then added to each well, and the plate is incubated for 20 minutes at room
temperature. Next, 100 puL of substrate solution (hydrogen peroxide + tetramethylbenzidine as a
chromagen) is added to each well. Once a sufficient level of color development occurs, 50 pL of
stop solution (2 N sulfuric acid) is added to each well and the plate is read at 460 nm.

[0176] After the 24 hour incubation, the tissues are rinsed twice with at least 100 pL of
phosphate buffered saline to remove the test material and then transferred to a 6-well plate
containing 1.0 mL of assay medium supplemented with MTT (1 mg/mL) and allowed to incubate
for 3 £ 0.25 hours at 37 = 2° C and 5 = 1% CO,. After the incubation, the tissues are rinsed at
least twice with 100 uL of phosphate buffered saline, blotted dry, and then placed into a 24-well
plate containing 2 mL of isopropanol per well. The 24-well plate is covered and allowed to
incubate at room temperature for at least 2 hours on a rocking platform to extract the reduced
MTT from the tissues. After the extraction, a 200 pL. sample of the isopropanol/MTT mixture is
transferred to a 96-well plate, and the absorbance of the sample is read at 540 nm with a plate
reader using 200 puL of isopropanol as the blank.

Example 9. Urban Dust Protection by Truncated Elastin
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[0177] A keratinocyte cell culture model is used to assess the ability of truncated elastin to exert
a protective effect by promoting cell survival after exposure to urban dust.

[0178] Human epidermal keratinocytes are pretreated with the test materials and then exposed to
urban dust. At the end of the treatment period, changes in cell viability are determined via an
MTT assay.

[0179] Keratinocytes are seeded into the individual wells of a 96-well plate in 100 uL. of
medium and incubated overnight at 37 + 2° C and 5 + 1% CO3. On the following day, the media
is removed via aspiration to eliminate any non-adherent cells and replaced with 100 uL of fresh
medium. The cells are grown until confluent, with a media change every 48 to 72 hours.
Pre-Treatment with Test Material Followed by Urban Dust Treatment

[0180] Test materials are prepared at 2x their final desired concentrations in cell culture media.
Urban dust (NIST 1649B from Sigma Chemicals) is also prepared at 2x solutions. For the
pretreatment, 50 uL of 2x test material is combined with 50 puL of culture media and the cells are
incubated for 24 hours. At the end of the pretreatment period, the test material containing culture
media is removed and replaced with 50 uL of 2x urban dust and 50 uL of media. Another set of
cells is treated with media alone (non-dust exposed) and used as a reference control to represent
100% cell viability. The cells are then incubated for 24 hours and then subjected to an MTT
assay to determine changes in cell viability.

[0181] At the end of the treatment period, the cell culture medium is removed, and the cells are
washed with PBS. After the wash, 100 pL of cell culture media supplemented with 0.5 mg/mL
MTT is added to each well and the cells are incubated for 30 minutes at 37 + 2°C and S + 1%
COy. After the incubation, the media/MTT solution is removed and the cells are washed again
once with PBS and then 100 uL of isopropyl alcohol is added to the wells to extract the purple
formazin crystals. The 96-well plate is then read at 540 nm using isopropyl alcohol as a blank.
[0182] The mean MTT absorbance value for the non-dust exposed cells is calculated and used to
represent 100% value for cell number. The individual MTT values from the cells undergoing the
various treatments is then divided by the mean value for the non-dust exposed cells and
expressed as a percent to determine the change in cell number caused by each treatment.

Example 10. 23 kDa Truncated Human Elastin

[0183] A non-naturally occurring truncated human elastin without a His tag, linker, and
thrombin cleavage site is disclosed below. The codon-optimized nucleotide sequence encoding
this truncated elastin and the amino acid sequence are disclosed below. In SEQ ID NO: 12, the

DsbA secretion tag is encoded by nucleotides 1-57 and encodes amino acids 1-19 of SEQ ID
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NO: 13. In SEQ ID NO: 12, the truncated elastin sequence is encoded by nucleotides 58-843 and
encodes amino acids 20-281 of SEQ ID NO: 13.

[0184] The codon-optimized nucleotide sequence encoding this non-naturally occurring
truncated elastin is provided in SEQ ID NO: 12.

[0185] ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCATC
GGCGGCCGGTCTGGGTGGCGTGCCTGGCGTTGGTGGCCTGGGCGTTAGCGCCGGTG
CAGTTGTTCCGCAGCCTGGTGCGGGTGTTAAACCGGGTAAAGTTCCTGGTGTTGGTC
TGCCTGGTGTTTATCCAGGCGGTGTTCTGCCAGGTGCGCGTTTTCCTGGCGTGGGTGT
TCTGCCGGGTGTTCCGACCGGTGCAGGCGTGAAACCGAAAGCACCAGGTGTTGGTG
GTGCATTTGCAGGTATTCCAGGTGTGGGTCCGTTTGGTGGTCCGCAGCCAGGCGTTC
CGCTGGGTTATCCGATTAAAGCACCGAAACTGCCTGGCGGTTATGGTCTGCCGTATA
CCACCGGTAAACTGCCGTATGGTTATGGCCCTGGCGGTGTTGCCGGTGCGGCAGGTA
AAGCAGGCTATCCGACCGGTACCGGTGTAGGTCCGCAGGCAGCAGCCGCAGCAGCG
GCAAAAGCAGCAGCGAAATTTGGTGCGGGTGCAGCCGGTGTGCTGCCAGGCGTAGG
TGGCGCTGGTGTACCTGGTGTCCCTGGCGCAATTCCAGGTATTGGCGGTATTGCAGG
CGTTGGTACTCCGGCAGCTGCAGCCGCTGCCGCAGCCGCAGCTAAAGCAGCCAAAT
ATGGTGCAGCGGCAGGCCTGGTTCCTGGCGGTCCAGGTTTTGGTCCGGGTGTTGTTG
GCGTCCCAGGTGCCGGTGTGCCTGGTGTGGGTGTTCCAGGTGCGGGTATTCCGGTTG
TTCCTGGCGCAGGCATTCCGGGTGCCGCAGTTCCGGGTGTAGTTAGCCCGGAATAA
(SEQ ID NO: 12)

[0186] The amino acid sequence of the 23 kDa non-naturally occurring truncated human elastin
sequence including the DsbA secretion signal is disclosed in SEQ ID NO: 13.

[0187] MKKIWLALAGLVLAFSASAAGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVP
GVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQP
GVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAA
AAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAA
KYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPE
(SEQ ID NO: 13)

[0188] The codon-optimized nucleotide sequence encoding the non-naturally occurring truncated
human elastin without the DsbA secretion tag elastin is provided in SEQ ID NO: 14.

[0189] GCCGGTCTGGGTGGCGTGCCTGGCGTTGGTGGCCTGGGCGTTAGCGCCGGTG
CAGTTGTTCCGCAGCCTGGTGCGGGTGTTAAACCGGGTAAAGTTCCTGGTGTTGGTC
TGCCTGGTGTTTATCCAGGCGGTGTTCTGCCAGGTGCGCGTTTTCCTGGCGTGGGTGT
TCTGCCGGGTGTTCCGACCGGTGCAGGCGTGAAACCGAAAGCACCAGGTGTTGGTG

48



WO 2020/210440 PCT/US2020/027399

GTGCATTTGCAGGTATTCCAGGTGTGGGTCCGTTTGGTGGTCCGCAGCCAGGCGTTC
CGCTGGGTTATCCGATTAAAGCACCGAAACTGCCTGGCGGTTATGGTCTGCCGTATA
CCACCGGTAAACTGCCGTATGGTTATGGCCCTGGCGGTGTTGCCGGTGCGGCAGGTA
AAGCAGGCTATCCGACCGGTACCGGTGTAGGTCCGCAGGCAGCAGCCGCAGCAGCG
GCAAAAGCAGCAGCGAAATTTGGTGCGGGTGCAGCCGGTGTGCTGCCAGGCGTAGG
TGGCGCTGGTGTACCTGGTGTCCCTGGCGCAATTCCAGGTATTGGCGGTATTGCAGG
CGTTGGTACTCCGGCAGCTGCAGCCGCTGCCGCAGCCGCAGCTAAAGCAGCCAAAT
ATGGTGCAGCGGCAGGCCTGGTTCCTGGCGGTCCAGGTTTTGGTCCGGGTGTTGTTG
GCGTCCCAGGTGCCGGTGTGCCTGGTGTGGGTGTTCCAGGTGCGGGTATTCCGGTTG
TTCCTGGCGCAGGCATTCCGGGTGCCGCAGTTCCGGGTGTAGTTAGCCCGGAATAA
(SEQ ID NO: 14)

[0190] The amino acid sequence of the non-naturally occurring truncated human elastin without
the DsbA secretion tag is disclosed in SEQ ID NO: 15.

[0191] AGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPG
VGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPY
TTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGV
GGAGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFGPGVV
GVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPE (SEQ ID NO: 15)

[0192] The polynucleotide of SEQ ID NO: 12 was synthesized by Twist DNA. Overlaps
between the pET28 vector and SEQ ID NO: 12 were designed to be between 20 and 30 bp long
and added wusing PCR with the enzyme PrimeSTAR® GXL polymerase
(www.takarabio.com/products/pcr/ge-rich-pcr/primestar-gxl-dna-polymerase).  The  opened
pET28a vector and insert DNA (SEQ ID NO: 12) were then assembled together into the final
plasmid using In-Fusion Cloning (www .takarabio.com/products/cloning/in-fusion-cloning). The
sequence of the plasmid was then verified using Sanger sequencing through Genewiz
(www.genewiz.com/en).

[0193] The transformed cells were cultivated in minimal media of Example 1 and frozen in 1.5
mL aliquots with vegetable glycerin at a ratio of 50:50 of cells to glycerin. One vial of this
frozen culture was revived in 50 mL of minimal media overnight at 37° C, 200 rpm. Cells were
transferred into 300 mL of minimal media and grown for 6-9 hours to reach an OD600 of 5-10.
[0194] The 23 kDa non-naturally occurring truncated human elastin was detected on 12%
BisTris protein gel. A photograph of the gel is depicted in FIG. 1. The 23 kDa non-naturally
occurring truncated human elastin was confirmed to be the correct mass by intact mass

spectrometry using liquid chromatography—mass spectrometry.
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Example 11. 13 kDa Truncated Human Elastin

[0195] A non-naturally occurring truncated human without a His tag, linker, and thrombin
cleavage site is disclosed below. The codon-optimized nucleotide sequence encoding this elastin
and the amino acid sequence are disclosed below. In SEQ ID NO: 16, the DsbA secretion tag is
encoded by nucleotides 1-57 and encodes amino acids 1-19 of SEQ ID NO: 17. In SEQ ID NO:
16, the truncated elastin sequence is encoded by nucleotides 58-489 and encodes amino acids 20-
163 of SEQ ID NO: 17.

[0196] The codon-optimized nucleotide sequence encoding this elastin is provided in SEQ ID
NO: 16.

[0197] ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCATC
GGCGGCCGGTCTGGGTGGCGTGCCTGGCGTTGGTGGCCTGGGCGTTAGCGCCGGTG
CAGTTGTTCCGCAGCCTGGTGCGGGTGTTAAACCGGGTAAAGTTCCTGGTGTTGGTC
TGCCTGGTGTTTATCCAGGCGGTGTTCTGCCAGGTGCGCGTTTTCCTGGCGTGGGTGT
TCTGCCGGGTGTTCCGACCGGTGCAGGCGTGAAACCGAAAGCACCAGGTGTTGGTG
GTGCATTTGCAGGTATTCCAGGTGTGGGTCCGTTTGGTGGTCCGCAGCCAGGCGTTC
CGCTGGGTTATCCGATTAAAGCACCGAAACTGCCTGGCGGTTATGGTCTGCCGTATA
CCACCGGTAAACTGCCGTATGGTTATGGCCCTGGCGGTGTTGCCGGTGCGGCAGGTA
AAGCAGGCTATCCGACCGGTACCGGTGTAGGTCCGCAGTAA (SEQ ID NO: 16)

[0198] The amino acid sequence of the 13 kDa non-naturally occurring truncated human elastin
sequence including the DsbA secretion signal is disclosed in SEQ ID NO: 17.

[0199] MKKIWLALAGLVLAFSASAAGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVP
GVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQP
GVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQ (SEQ
ID NO: 17)

[0200] The codon-optimized nucleotide sequence encoding the non-naturally occurring truncated
human elastin without the DsbA secretion tag is provided in SEQ ID NO: 18.

[0201] GCCGGTCTGGGTGGCGTGCCTGGCGTTGGTGGCCTGGGCGTTAGCGCCGGTG
CAGTTGTTCCGCAGCCTGGTGCGGGTGTTAAACCGGGTAAAGTTCCTGGTGTTGGTC
TGCCTGGTGTTTATCCAGGCGGTGTTCTGCCAGGTGCGCGTTTTCCTGGCGTGGGTGT
TCTGCCGGGTGTTCCGACCGGTGCAGGCGTGAAACCGAAAGCACCAGGTGTITGGTG
GTGCATTTGCAGGTATTCCAGGTGTGGGTCCGTTTGGTGGTCCGCAGCCAGGCGTTC
CGCTGGGTTATCCGATTAAAGCACCGAAACTGCCTGGCGGTTATGGTCTGCCGTATA
CCACCGGTAAACTGCCGTATGGTTATGGCCCTGGCGGTGTTGCCGGTGCGGCAGGTA
AAGCAGGCTATCCGACCGGTACCGGTGTAGGTCCGCAGTAA (SEQ ID NO: 18)
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[0202] The amino acid sequence of the non-naturally occurring truncated human elastin without
the DsbA secretion tag is disclosed in SEQ ID NO: 19.

[0203] AGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPG
VGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPY
TTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQ (SEQ ID NO: 19)

[0204] The polynucleotide of SEQ ID NO: 16 was synthesized by Twist DNA. Overlaps
between the pET28 vector and SEQ ID NO: 16 were designed to be between 20 and 30 bp long
and added wusing PCR with the enzyme PrimeSTAR® GXL polymerase
(www.takarabio.com/products/pcr/ge-rich-per/primestar-gxl-dna-polymerase).  The  opened
pET28a vector and insert DNA (SEQ ID NO: 16) were then assembled together into the final
plasmid using In-Fusion Cloning (www takarabio.com/products/cloning/in-fusion-cloning). The
sequence of the plasmid was then verified through Sanger sequencing through Genewiz
(www.genewiz.com/en).

[0205] The transformed cells were cultivated in minimal media and frozen in 1.5 mL aliquots
with vegetable glycerin at a ratio of 50:50 of cells to glycerin. One vial of this frozen culture was
revived in 50 mL of minimal media overnight at 37° C, 200 rpm. Cells were transferred into 300
mL of minimal media and grown for 6-9 hours to reach an OD600 of 5-10.

[0206] The 13 kDa non-naturally occurring truncated human elastin was detected on 12%
BisTris protein gel. A photograph of the gel is depicted in FIG. 1. The 13 kDa non-naturally
occurring truncated human elastin was confirmed to be the correct mass by intact mass
spectrometry using liquid chromatography—mass spectrometry

Example 12. Purity and Uniformity of a 13 kDa non-naturally occurring truncated elastin
[0207] A polypeptide with an amino acid sequence according to SEQ ID NO: 19 was analyzed
by SDS-PAGE to assess purity and uniformity. FIG. 2 demonstrates that the polypeptide with an
amino acid sequence according to SEQ ID NO: 19 appeared as a single band on an SDS-PAGE
protein gel, indicating high purity and homogeneity. In contrast, a commercially-available
elastin appeared as a smear on the protein gel indicating high heterogeneity.

Example 13. In vitro study of a non-naturally occurring truncated human collagen
Non-naturally occurring truncated human elastin stimulates fibroblast production of
Collagen Type I protein

[0208] Fibroblasts are the main source of the extracellular matrix peptides, including the
structural proteins collagen and elastin. Human primary fibroblasts were evaluated for collagen
type I protein secretion. Fibroblasts were cultured with a polypeptide according to SEQ ID NO:
19 for 48 hours. The culture supernatants were analyzed by ELISA for pro-collagen type I C-
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peptide, a readout for total secreted collagen type I protein. FIG. 3 demonstrates that fibroblasts
treated with a 0.1% w/w solution (FIG. 3, “B”), a 0.05% w/w solution (FIG. 3, “C”), and a
0.025% w/w solution (FIG. 3, “D”) of a polypeptide according to SEQ ID NO: 19 secreted
higher levels of collagen type I than untreated control fibroblasts (FIG. 3, “A”).

Non-naturally occurring truncated human elastin demonstrates anti-oxidative capacity
[0209] An oxygen radical absorbance capacity (ORAC) assay was performed to analyze the anti-
oxidative capacity of a polypeptide according to SEQ ID NO: 19. The ORAC assay is a cell-free
assay that uses a fluorescent readout to measure anti-oxidative capacity. Data is reported in
Trolox (Vitamin E) equivalents (TEs). As shown in FIG. 4, a 0.0125% w/w solution (FIG. 4,
“E”), a 0.025% w/w solution (FIG. 4, “D”), a 0.05% w/w solution (FIG. 4, “C”), a 0.1% w/w
solution (FIG. 4, “B”), and a 0.2% w/w solution (FIG. 4, “A”) of a polypeptide according to SEQ
ID NO: 19 each demonstrated anti-oxidative properties. For example, a 0.2% w/w solution of a
polypeptide according to SEQ ID NO: 19 demonstrated anti-oxidative properties equivalent to
228 pM Trolox.

Non-naturally occurring truncated human elastin stimulates antioxidant genes in
keratinocytes

[0210] Keratinocytes were incubated for 24 hours with media alone or with 0.03% w/w solution
of a polypeptide according to SEQ ID NO: 19. RNA was extracted from the cells and analyzed
by Clariom microarray (ThermoFisher) for global gene expression. FIG. 5 demonstrates that
many antioxidant genes, including SOD2, GPX2, GPX4, GSTKI1, GSTZ1, GSTA4, GSTM2,
CCS, GPX1, GLRX, PRDXS, PRDX6, and PRDX2, were upregulated in keratinocytes treated
with a polypeptide according to SEQ ID NO: 19 (FIG. 5, “B”), relative to untreated cells (FIG. 5,
“A”).

Non-naturally occurring truncated human elastin reduces expression of apoptosis genes in
keratinocytes

[0211] Keratinocytes were incubated for 24 hours with media alone (untreated) or with 0.03%
w/w solution of a polypeptide according to SEQ ID NO: 19. RNA was extracted from the cells
and analyzed by Clariom microarray (ThermoFisher) for global gene expression. FIG. 6
demonstrates that many pro-apoptotic genes, including APAF1, BAK1, CASP7, CASPS, FADD,
MCLI1, and MET, were downregulated in keratinocytes treated with a polypeptide according to
SEQ ID NO: 19 (FIG. 6, “B”), relative to untreated cells (FIG. 6, “A”).

[0212] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to

persons skilled in the art and are to be included within the spirit and purview of this application
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and scope of the appended claims. All publications, patents, and patent applications cited herein

are hereby incorporated by reference in their entirety for all purposes.
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CLAIMS
WHAT IS CLAIMED IS:

1. A non-naturally occurring polypeptide consisting of an amino acid sequence
having at least 80% sequence identity to an amino acid sequence selected from the group
consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13,
SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g., having at least
100 amino acids); and optionally, one or more selected from the group consisting of: a secretion

tag, a histidine tag, a fluorescent protein, and a protease cleavage site.

2. The non-naturally occurring polypeptide of claim 1, consisting of an amino acid
sequence having at least 85% sequence identity to an amino acid sequence selected from the
group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g.,
having at least 100 amino acids); and optionally, one or more selected from the group consisting

of' a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage site.

3. The non-naturally occurring polypeptide of claim 1 or 2, consisting of an amino
acid sequence having at least 90% sequence identity to an amino acid sequence selected from the
group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate thereof (e.g.,
having at least 100 amino acids); and optionally, one or more selected from the group consisting

of: a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage site.

4. The non-naturally occurring polypeptide of any one of claims 1-3, consisting of
an amino acid sequence having at least 95% sequence identity to an amino acid sequence
selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate
thereof (e.g., having at least 100 amino acids); and optionally, one or more selected from the
group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage

site.

5. The non-naturally occurring polypeptide of any one of claims 1-4, consisting of

an amino acid sequence having at least 98% sequence identity to an amino acid sequence
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selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID NO: 19, or a truncate
thereof (e.g., having at least 100 amino acids); and optionally, one or more selected from the
group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a protease cleavage

site.

6. The non-naturally occurring polypeptide of any one of claims 1-5, consisting of
an amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID
NO: 19, or a truncate thereof (e.g., having at least 100 amino acids); and one or more selected
from the group consisting of: a secretion tag, a histidine tag, a fluorescent protein, and a protease

cleavage site.

7. The non-naturally occurring polypeptide of any one of claims 1-5, consisting of
an amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID
NO: 19; and one or more selected from the group consisting of: a secretion tag, a histidine tag, a

fluorescent protein, and a protease cleavage site.

8. The non-naturally occurring polypeptide of any one of claims 1-5, consisting of
an amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID

NO: 19, or a truncate thereof.

9. The non-naturally occurring polypeptide of any one of claims 1-5, consisting of
an amino acid sequence selected from the group consisting of: SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, and SEQ ID
NO: 19.

10. The non-naturally occurring polypeptide of any one of claims 1-7, wherein the

secretion tag is DsbA.
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11. The non-naturally occurring polypeptide of any one of claims 1-10, wherein the

non-naturally occurring polypeptide is a recombinant polypeptide.

12. A composition comprising between 0.001% and 30% w/w of the non-naturally

occurring polypeptide of any one of claims 1-11.

13. The composition of claim 12, wherein the composition comprises between
0.001% and 1% w/w of the non-naturally occurring polypeptide, between 0.001% and 0.05%
w/w of the non-naturally occurring polypeptide, between 0.001% and 0.03% w/w of the non-
naturally occurring polypeptide, between 0.001% and 0.02% w/w of the non-naturally occurring
polypeptide, between 0.001% and 0.01% w/w of the non-naturally occurring polypeptide,
between 0.005% and 0.1% w/w of the non-naturally occurring polypeptide, between 0.005% and
0.03% w/w of the non-naturally occurring polypeptide, between 0.005% and 0.02% w/w of the
non-naturally occurring polypeptide, or between 0.005% and 0.01% w/w of the non-naturally

occurring polypeptide.

14. The composition of claim 12 or 13, wherein the composition is capable of
stimulating growth of fibroblast cells, stimulating synthesis of tropoelastin, decreasing formation

of thymine-thymine (TT) dimer formation, or any combination thereof.

15. The composition of any one of claims 12-14, wherein the composition is

formulated for topical application.

16. The composition of claim 15, wherein the composition comprises one or more

of a topical carrier and a preservative.

17. The composition of claim 16, wherein the topical carrier is selected from the
group consisting of: water, oil glycereth-8 esters, glycerin, coconut alkanes, hydroxyethyl
acrylate/sodium acryloyldimethyl taurate copolymer, pentylene glycol, disodium EDTA,
caprylyl glycol, chlorphenesin, phenoxyethanol, liposome, biodegradable microcapsule, lotion,
spray, aerosol, dusting powder, biodegradable polymer, mineral oil, triglyceride oil, silicone oil,
glycerin, glycerin monostearate, alcohols, emulsifying agents, liquid petroleum, white
petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene, wax, sorbitan monostearate,

polysorbate, cetyl ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol, cyclomethicone,
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and cyclopentasiloxane.

18. The composition of claim 16, wherein the preservative is selected from the
group consisting of: tocopherol, diiodomethyl-p-tolylsulfone, 2-Bromo-2-nitropropane-1,3-diol,
cis isomer 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride, glutaraldehyde, 4,4-
dimethyl oxazolidine, 7-Ethylbicyclooxazolidine, methyl paraben, sorbic acid, Germaben 11,

rosemary extract, and EDTA.

19. The composition of any one of claims 12-18, wherein the composition is a
cosmetic.
20. A method of treating the skin of a subject, the method comprising administering

to the skin of a subject a composition of any one of claims 12-19, thereby treating the skin of the

subject.

21. The method of claim 20, wherein the treating comprises decreasing skin
damage, promoting the repair of damaged skin, protecting the skin against UV damage,
increasing viability of skin cells, protection of skin cells from the effects of urban dust exposure,

or any combination thereof.

22 The method of claim 20 or 21, wherein viability of fibroblast cells, keratinocyte

cells, or both, present in the skin of the subject is increased.

23. The method of any one of claims 20-22, wherein synthesis of procollagen by

fibroblast cells present in the skin of the subject is increased.

24, The method of any one of claims 20-23, wherein expression of one or more

anti-oxidant gene by keratinocytes present in the skin of the subject is increased.

25. The method of claim 24, wherein the one or more anti-oxidant gene is selected
from the group consisting of: SOD2, GPX2, GPX4, GSTK1, GSTZ1, GSTA4, GSTM2, CCS,
GPX1, GLRX, PRDX5, PRDX6, and PRDX2.

26. The method of any one of claims 20-25, wherein expression of one or more pro-

apoptotic genes by keratinocytes present in the skin of the subject is decreased.
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27. The method of claim 26, wherein the one or more pro-apoptotic gene is selected

from the group consisting of: APAF1, BAK1, CASP7, CASP8, FADD, MCL1, and MET.

28. The method of any one of claims 20-27, wherein production of inflammatory

cytokines by a keratinocyte present in the skin of the subject is decreased.
29. The method of claim 28, wherein the inflammatory cytokine is IL-1a.

30. The method of any one of claims 20-29, wherein viability of keratinocytes

present in the skin of the subject is increased.

31 A polynucleotide encoding a non-naturally occurring polypeptide according to

any one of claims 1-11.

32. The polynucleotide of claim 31, wherein the polynucleotide is contained within
a vector.
33. The polynucleotide of claim 31 or 32, wherein the polynucleotide comprises a

nucleic acid sequence comprising at least 80% sequence identity to a nucleic acid sequence
selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18.

34 The polynucleotide of any one of claims 31-33, wherein the polynucleotide
comprises a nucleic acid sequence comprising at least 85% sequence identity to a nucleic acid
sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18.

35. The polynucleotide of any one of claims 31-34, wherein the polynucleotide
comprises a nucleic acid sequence comprising at least 90% sequence identity to a nucleic acid
sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18.

36. The polynucleotide of any one of claims 31-35, wherein the polynucleotide
comprises a nucleic acid sequence comprising at least 95% sequence identity to a nucleic acid
sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18.

37 The polynucleotide of any one of claims 31-36, wherein the polynucleotide
comprises a nucleic acid sequence comprising at least 98% sequence identity to a nucleic acid
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sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9,
SEQID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and SEQ ID NO: 18.

38. The polynucleotide of any one of claims 31-37, wherein the polynuclectide
comprises a nucleic acid sequence selected from the group consisting of: SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, and
SEQ ID NO: 18.

39. The polynucleotide of any one of claims 31-38, wherein the polynucleotide
further comprises a nucleic acid sequence encoding one or more of a secretion tag, a histidine

tag, a fluorescent protein, and a protease cleavage site.

40. The polynucleotide of any one of claims 31-39, wherein the nucleic acid

sequence is codon-optimized for expression in a host cell.

41. A recombinant cell comprising at least one copy of a heterologous nucleic acid

sequence encoding a non-naturally occurring polypeptide of any one of claims 1-11.

42. The recombinant cell of claim 41, wherein the recombinant cell is a microbial
cell.

43. The recombinant cell of claim 42, wherein the microbial cell is a bacterial cell.

44, The recombinant cell of claim 43, wherein the bacterial cell is of the species

FEscherichia coli.

45. The recombinant cell of any one of claims 41-44, wherein the heterologous
nucleic acid sequence has at least 95% sequence identity to a nucleic acid sequence selected
from the group consisting of: SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16; and SEQ ID NO: 18.

46. The recombinant cell of any one of claims 41-45, wherein the heterologous
nucleic acid sequence comprises a nucleic acid sequence selected from the group consisting of:
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
14, SEQ ID NO: 16; and SEQ ID NO: 18.

47. The recombinant cell of any one of claims 41-46, wherein the heterologous

nucleic acid sequence is codon-optimized for expression in a cell.
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48. The recombinant cell of any one of claims 41-47, wherein the recombinant cell

is capable of secreting the non-naturally occurring polypeptide extracellularly.

49. A composition comprising a recombinant cell of any one of claims 41-48, and a

culture media comprising a non-naturally occurring polypeptide of any one of claims 1-11.

50. A method of producing a non-naturally occurring polypeptide, the method

comprising:

a) incubating a recombinant cell of any one of claims 41-48 in a culture
media, wherein the recombinant cell secretes the recombinant polypeptide into the

culture media;

b) collecting the culture media comprising the recombinant polypeptide

secreted thereto; and

) purifying the recombinant polypeptide from the culture media.
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