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RECOMBINANT COLLAGEN AND ELASTIN MOLECULES AND USES 

THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS AND 

	

5 	 APPLICATIONS INCORPORATED BY REFERENCE 

[0001] This application claims priority to U.S. Patent Application No. 16/144,914, 

filed September 27, 2018, titled, "RECOMBINANT COLLAGEN AND ELASTIN 

MOLECULES AND USES THEREOF," which claims the benefit under 35 USC 

119(e) of U.S. Provisional Patent Application 62/564,964, filed September 28, 2017, 

	

10 	and U.S. Provisional Patent Application 62/657,591, filed April 13, 2018, both titled, 

"RECOMBINANT COLLAGEN AND ELASTIN MOLECULES AND USES 

THEREOF," the disclosures of which are incorporated by reference herein in their 

entirety. 

FIELD 

	

15 	[0002] The present disclosure relates to non-naturally occurring full-length and 

truncated collagen molecules and full-length and truncated elastin molecules and uses 

thereof. 

BACKGROUND 

[0003] Collagens and similar proteins are the most abundant proteins in the 

	

20 	biosphere. Collagens and elastins are structural proteins found in the skin, connective 

tissue and bone of animals and other tissues. In humans, the amount of collagen 

present in the body is approximately one third of the total proteins and accounts for 

about three fourths of the dry weight of skin. Elastin is a highly elastic protein found 

in connective tissue and other types of tissue. 

	

25 	[0004] 	The structure of collagen is a triple helix in which three polypeptide strands 

together form a helical coil. The individual polypeptide strands are composed of 

repeating triplet amino acid sequences designated as GLY-X-Y. X and Y can be any 

amino acid and the third amino acid is glycine. The amino acids proline and 

hydroxyproline are found in high concentrations in collagen. The most common 

	

30 	triplet is proline-hydroxyproline-glycine (Gly-Pro-Hyp) accounting for approximately 

10.5% of the triplets in collagen. 

[0005] Gelatin is a product obtained by partial hydrolysis of collagen. Typically, 

gelatin is produced by acid hydrolysis, alkaline hydrolysis, and enzymatic hydrolysis 
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or by exposing collagen to heat in an aqueous solution (e.g., boiling the bones and 

skins of animal, boiling fish scales, etc.). 

[0006] Gelatin is used in many products including cosmetics, foods, 

pharmaceuticals, medical devices, photographic films, adhesives, binders and many 

	

5 	others. The physical and chemical properties of gelatin are tuned to the particular 

application. These physical/chemical properties include gel strength, melting point 

temperature, viscosity, color, turbidity, pH, isoelectric point and others. 

[0007] 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 

	

10 	with the ability to stretch and return to its original shape. The protein tropoelastin is 

the building block of elastin. In contrast to collagen that include a family of genes, 

there is one tropoelastin gene in humans. When expressed, the single elastin gene is 

spliced to produce different forms of the tropoelastin protein. Many tropoelastin 

molecules associate together to form elastin. 

	

15 	[0008] L-form bacteria, or L-forms, are bacterial strains derived from parent species 

(N-forms) that are able to grow as cell wall-deficient (spheroplast type) or as cell 

wall-less (protoplast type) cells. See, Madoff S (Ed): The Bacterial L-Forms. New 

York: Marcel Dekker Inc., 1986; Mattmann LH (Ed): Cell Wall Deficient Forms. 

Boca Raton: CRC Press; 1993; and Gumpert J, Taubeneck U: Characteristic 

	

20 	properties and biological significance of stable protoplast type L-forms. In 

Protoplasts, Lecture Proceedings of the 6th International Protoplast Symposium: 

Basel. Experientia 1983, 46(suppl):227-241. 

[0009] Protoplast type L-forms have been cultivated in the cell wall-less state and 

represent genetically stable mutants showing extreme pleiotropic changes, including 

	

25 	the inability to form cell walls, capsules, flagella, pili, spores and mesosomes, altered 

colony and cell morphology, qualitative and quantitative changes in the lipid and 

protein components of the cytoplasmic membrane, the absence of extracellular 

proteolytic activities, resistance against bacteriophages and the incapability to 

propagate outside laboratory conditions. See, Gumpert and Taubeneck (supra); and 

	

30 	Hoischen et al., Lipid and fatty acid composition of cytoplasmic membranes from 

Streptomyces hygroscopic and its stable protoplast type L-form. J Bacteriol 1997, 

179:3430-3436. 
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SUMMARY 

[0010] In one aspect, a non-naturally occurring collagen produced by a host cell is 

provided. The non-naturally occurring collagen is jellyfish (Hydrozoan) collagen, 

human collagen, Chondrosia reniforinis (kidney sponge) collagen, or Rhincodon 

	

5 	typus (whale shark) collagen. In an embodiment, the non-naturally occurring collagen 

is a full-length or a truncated collagen. In one embodiment, the collagen is truncated 

by an internal truncation of between 50 amino acids and 500 amino acids. In another 

embodiment, the truncation is at the C-terminal end or the N-terminal end of the 

collagen polypeptide. The non-naturally occurring collagens are SEQ ID NO: 10, 

	

10 	SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, 

SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 82, 

SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 89 SEQ ID NO: 91, SEQ ID NO: 92, 

SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 

106, SEQ ID NO: 108, SEQ ID NO:110, or SEQ ID NO: 112. 

	

15 	[0011] In another aspect, the non-naturally occurring collagen further comprises 

amino acid sequences including a secretion tag, a histidine tag, a green fluorescent 

protein tag, a protease cleavage site, a Beta-lactamase and/or GEK amino acid trimer 

repeats and/or GDK amino acid trimer repeats. When the non-naturally occurring 

collagen comprises one or more amino acid trimer repeats of the sequence glycine- 

	

20 	glutamic acid-lysine (GEK) and/or glycine-aspartic acid-lysine (GDK), the number of 

GEK and/or GDK trimer repeats can range from 2 to 50 trimer repeats. In one aspect, 

the secretion tag is DsbA, Pe1B, OmpA, To1B, MalE, 1pp, TorA, or Hy1A, or a hybrid 

secretion tag that comprises a portion of one secretion tag fused to a portion of a 

second secretion tag. An exemplary secretion tag is DsbA. 

	

25 	[0012] In one aspect, provided are compositions that comprise between 0.005% and 

30% w/w non-naturally occurring collagen. The compositions can further comprise at 

least one additional ingredient comprising a topical carrier or a preservative. 

[0013] Compositions comprising non-naturally occurring collagen are in one aspect 

topical compositions for applying to skin. The topical compositions are used for 

	

30 	decreasing skin damage or promoting the repair of damaged skin. 

[0014] One aspect provides methods for decreasing skin damage or promoting the 

repair of damaged skin. The method comprises applying the composition comprising 

elastin to the skin of a subject. The method increases the viability of the fibroblast 

cells or keratinocytes of the skin of the subject. In another aspect the application of 
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the composition increases the synthesis of procollagen by the fibroblast cells of the 

subject's skin. In another aspect the topical application of the composition protects 

skin or keratinocytes against UV damage. In yet another embodiment, thymine-

thymine (TT) dimer formation is decreased by the collagens or elastins disclosed 

	

5 	herein. 

[0015] Another aspect provided herein are methods of increasing the viability of 

skin cells. The method comprises applying collagen or elastin molecules to the skin 

or skin cell. The collagen or elastin as provided increases the viability of 

keratinocytes and/or fibroblasts is increased upon exposure to UV radiation, urban 

	

10 	dust or other damaging stimuli. 

[0016] 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. The method comprises applying a collagen or elastin molecule to a skin 

cell. The production of inflammatory cytokines including TNFct, IL-la, 11,-1p, IL-3, 

	

15 	IL-6, IL-7, IL-8, IL-10, IL-18, and IL-1RA. 

[0017] In another aspect, provided are methods of protecting skin cells against the 

effect of exposure to urban dust. The method comprises the step of applying the 

collagen or elastin disclosed herein to the skin cell. The exposure of skin cell to 

collagen or elastin increases the viability of the skin cell. In an embodiment, the skin 

	

20 	cell is a keratinocyte or a fibroblast. 

[0018] In one aspect, a non-naturally occurring elastin produced by a host cell is 

provided. The non-naturally occurring elastin is jellyfish elastin, human elastin, 

Chondrosia reniformis (kidney sponge) elastin, or Rhincodon typus elastin. In an 

embodiment, the non-naturally occurring elastin is a full-length or truncated elastin. 

	

25 	In one embodiment, the elastin is truncated by an internal truncation of between 50 

amino acids and 500 amino acids. In another embodiment, the truncation is at the C-

terminal end or the N-terminal end of the elastin polypeptide. The non-naturally 

occurring elastins are SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID 

NO: 37, SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID 

	

30 	NO: 47, SEQ ID NO: 49, SEQ ID NO: 51, SEQ ID NO: 53, SEQ ID NO: 55 SEQ ID 

NO: 57, SEQ ID NO: 59, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID 

NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID NO: 98, or SEQ ID NO: 110. 

[0019] In another aspect, the non-naturally occurring elastin further comprises 

amino acid sequences including a secretion tag, a histidine tag, a green fluorescent 
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protein tag, a protease cleavage site, a Beta-lactamase and/or GEK amino acid trimer 

repeats and/or GDK amino acid trimer repeats. When the non-naturally occurring 

collagen comprises one or more amino acid trimer repeats of the sequence glycine-

glutamic acid-lysine (GEK) and/or glycine-aspartic acid-lysine (GDK), the number of 

	

5 	GEK and/or GDK trimer repeats can range from 2 to 50 trimer repeats. In one aspect, 

the secretion tag is DsbA, Pe1B, OmpA, To1B, MalE, 1pp, TorA, or HyTA, or a hybrid 

secretion tag that comprises a portion of one secretion tag fused to a portion of a 

second secretion tag. An exemplary secretion tag is DsbA. 

[0020] In another embodiment, compositions that comprise between 0.005% and 

	

10 	30% w/w non-naturally occurring elastin are provided. The compositions can further 

comprise at least one additional ingredient comprising a topical carrier or a 

preservative. 

[0021] Compositions comprising non-naturally occurring elastin are in one aspect 

topical compositions for applying to skin. The topical compositions are used for 

	

15 	decreasing skin damage or promoting the repair of damaged skin. 

[0022] One embodiment provides methods for decreasing skin damage or 

promoting the repair of damaged skin. The method comprises applying the 

composition comprising elastin to the skin of a subject. The method increases the 

viability of the fibroblast cells of the skin of the subject. In another aspect the 

	

20 	application of the composition increases the synthesis of procollagen by the fibroblast 

cells of the subject's skin. In another aspect the topical application of the 

compositions protects skin or keratinocytes against UV damage. In yet another 

embodiment, thymine-thymine (TT) dimer formation is decreased by the collagens or 

elastins disclosed herein. 

	

25 	[0023] Another embodiment provides polynucleotides that encode a non-naturally 

occurring collagen or a non-naturally occurring elastin. The polynucleotides encode 

collagen or elastin from jellyfish, human, Chondrosia reniformis (kidney sponge), or 

Rhincodon typus . The encoded collagen or elastin may be full length or truncated. In 

one embodiment, the collagen or elastin is truncated by an internal truncation of 

	

30 	between 50 amino acids and 500 amino acids. 

[0024] 	In one embodiment polynucleotides that encode fusion proteins comprising 

a secretion tag, a histidine tag, a green fluorescent protein tag, a protease cleavage 

site, a Beta-lactamase along and/or GEK amino acid trimer repeat and/or GDK amino 

acid trimer repeats together with collagen or elastin are provided. The non-naturally 
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occurring collagen or elastin may comprise one or more amino acid trimer repeats of 

the sequence glycine-glutamic acid-lysine (GEK) and/or glycine-aspartic acid-lysine 

(GDK), the number of GEK and/or GDK trimer repeats can range from 2 to 50 trimer 

repeats. In one aspect, the secretion tag is DsbA, Pe1B, OmpA, To1B, MalE, 1pp, 

	

5 	TorA, or HyTA, or a hybrid secretion tag that comprises a portion of one secretion tag 

fused to a portion of a second secretion tag. An exemplary embodiment secretion tag 

is DsbA. 

[0025] The polynucleotides and vectors can be used to transform host cells and 

express the polynucleotides. Polynucleotides encoding a non-naturally occurring 

	

10 	collagen, wherein the polynucleotide is SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 

13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 SEQ ID NO: 73, SEQ ID NO: 

75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 

85, SEQ ID NO: 90, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 

103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO:111, SEQ ID 

	

15 	NO: 113, or SEQ ID NO:105 are provided. Polynucleotides encoding a non-naturally 

occurring elastin, wherein the polynucleotide is SEQ ID NO: 34, SEQ ID NO: 36, 

SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, 

SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, 

SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, 

	

20 	SEQ ID NO: 68, SEQ ID NO: 70, and SEQ ID NO: 72, SEQ ID NO: 99, or SEQ ID 

NO :101provided. 

[0026] Host cells that express the polynucleotides of the invention are disclosed. 

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 

	

25 	polynucleotides. 

[0027] Bacterial host cells in which the cells have been modified to inhibit cell 

division and the periplasmic space is increased are provided. An exemplary host cell 

is E. coli. 

[0028] One embodiment provides a method of producing a non-naturally occurring 

	

30 	collagen or a non-naturally occurring elastin. The method comprises the steps of 

inoculating a culture medium with a recombinant host cell comprising 

polynucleotides that encode the collagen or elastin, cultivating the host cell, and 

isolating the non-naturally occurring collagen or the non-naturally occurring elastin 

from the host cell. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00291 Fig. 1 depicts the physiological state difference between switched and 

unswitched cells. A) Unswitched Escherichia coli cells. l3) Same Escherichia coli 

population as figure A but has undergone the physiological switch. C) Phase contrast 

	

5 	of switched Escherichia coli cell containing cytoplasmic RFP and periplasmic GFP. 

D) Fluorescent imaging of cell in figure C illustrates targeted protein localization. 

[00301 Fig. 2 depicts enhanced protein production in switched cells. A-B) Target 

protein for T7 inducible protein production is periplasmic expressed GFP, produced in 

Escherichia coli BL21. The same population of cells was used and induced at OD 1.1. 

	

10 	A) Protein ladder (lane 1), IPTG induced protein production (lane 2), IPTG induced 

protein production with physiological switch (lane 3). B) Two vials of the cell GFP 

induced cultures with IPTG only on left and IPTG+Switch on right. C) Expression of 

a 22 kDa collagen using switched cells showing protein ladder (lane 1), supernatant 

after protein production (lane 2), cell pellet (lane 3). 

	

15 	[00311 Fig. 3 depicts a time-lapse of Escherichia coli cell switching over time. 

Fig. 4 illustrates other organisms undergoing the physiological switch. A) 

Agrobacterium turnefaciens normal physiology. B)Agrobacterium turnefaciens 

switched physiology. C)Pseudomonas aeruginosa PAO1 normal physiology. D) 

Pseudomonas aeruginosa PAO1 switched physiology. E)Brevundimonas diminuta 

	

20 	normal physiology. F) Brevundimonas diminuta switched physiology. G) 

Agrobacterium turnefaciens normal physiology. H)Agrobacterium turnefaciens 

switched physiology. 

[00321 Fig. 4 illustrates other organisms undergoing the physiological switch. A) 

Agrobacterium turnefaciens normal physiology. B)Agrobacterium turnefaciens 

	

25 	switched physiology. C)Pseudomonas aeruginosa PAO1 normal physiology. D) 

Pseudomonas aeruginosa PAO1 switched physiology. E)Brevundimonas diminuta 

normal physiology. F) Brevundimonas diminuta switched physiology. G) 

Agrobacterium turnefaciens normal physiology. H)Agrobacterium turnefaciens 

switched physiology. 

	

30 	[00331 Fig. 5 illustrates the reduction in TT dim er formation by treatment of human 

keratinocytes with truncated collagen. 
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DESCRIPTION 

[0034] 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 

	

5 	without these details. 

[0035] As used herein the term "about" refers to + 10 %. 

[0036] The term "consisting of means "including and limited to". 

[0037] The term "consisting essentially of means that the composition, method or 

structure may include additional ingredients, steps and/or parts, but only if the 

	

10 	additional ingredients, steps and/or parts do not materially alter the basic and novel 

characteristics of the claimed composition, method or structure. 

[0038] As used herein, the singular form "a", "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, 

	

15 	including mixtures thereof. 

[0039] Throughout this application, 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 

	

20 	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, 

	

25 	and 6. This applies regardless of the breadth of the range. 

[0040] 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 indicate number and a second indicate number and 

"ranging/ranges from" a first indicate number "to" a second indicate number are used 

	

30 	herein interchangeably and are meant to include the first and second indicated 

numbers and all the fractional and integral numerals there between. 

[0041] As used herein the term "method" refers to manners, means, techniques and 

procedures for accomplishing a given task including, but not limited to, those 

manners, means, techniques and procedures either known to, or readily developed 
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from known manners, means, techniques and procedures by practitioners of the 

chemical, pharmacological, biological, biochemical and medical arts. 

[0042] The term "collagen" or "collagen-like" as used herein refers to a monomeric 

polypeptide that can associate with one or more collagen or collagen-like 

	

5 	polypeptides to form a quaternary structure. Collagen can be treated with acid, base 

or heat to prepare gelatin. The quaternary structure of natural collagen is a triple helix 

typically composed of three polypeptides. Of the three polypeptides that form natural 

collagen, two are usually identical and are designated as the alpha chain. The third 

polypeptide is designated as the beta chain. Thus a typical natural collagen can be 

	

10 	designated as AAB, wherein the collagen is composed of two alpha ("A") strands and 

one beta ("B") strand. The term "procollagen" as used herein refers to polypeptides 

produced by cells that can be processed to naturally occurring collagen. 

[0043] The terms "elastin" as used herein refers to a polypeptide that is elastic and 

functions to stretch or contract and return to its original shape. Elastin is found 

	

15 	naturally in connective tissue. 

[0044] The term "expression vector" or "vector" as used herein 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 

	

20 	selection markers, and other nucleic acids useful in the practice of recombinant 

technologies. 

[0045] The term "fibroblast" as used herein refers to a cell that synthesizes 

procollagen and other structural proteins. Fibroblasts are widely distributed in the 

body and found in skin, connective tissue and other tissues. 

	

25 	[0046] The term "fluorescent protein" is a protein that is commonly used in genetic 

engineering technologies used 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 is green fluorescent protein 

(GFP) and proteins that emit red light is red fluorescent protein (RFP). 

	

30 	[0047] The term "gelatin" as used herein refers to collagen that has been further 

processed by exposure to acid, base or heat. While not wishing to be bound by theory 

or mechanism, treatment of collagen with acid, base or heat is thought to denature the 

collagen polypeptides. Aqueous denatured collagen solutions form reversible gels 
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used in foods, cosmetics, pharmaceuticals, industrial products, medical products, 

laboratory culture growth media, and many other applications. 

[0048] The term "gene" as used herein refers to a polynucleotide that encodes a 

specific protein, and which may refer to the coding region alone or may include 

	

5 	regulatory sequences preceding (5' non-coding sequences) and following (3' non- 

coding sequences) the coding sequence. 

[0049] The term "histidine tag" is a 2-30 contiguous series of histidine residues on a 

recombinant polypeptide. 

[0050] The term "host cell" is a cell that is engineered to express an introduced 

	

10 	exogenous polynucleotide. 

[0051] The term" keratinocyte" is a cell that produces keratins found in the 

epidermal layer of the skin. 

[0052] The term "lactamase" as used herein refer to enzymes that hydrolyze 

antibiotics that contain a lactam (cyclic amide) moiety. "Beta-lactamase" or 1- 

	

15 	lactamase" are enzymes that hydrolyze antibiotics that contain a 13-lactam moiety. 

[0053] The term "non-naturally occurring" as used herein refers to collagen or 

elastin that is not normally found in nature. The non-naturally occurring collagen or 

elastin are recombinantly prepared. The non-naturally occurring collagen or elastin is 

a recombinant collagen or recombinant elastin. The non-naturally occurring collagen 

	

20 	is in one embodiment a truncated collagen. Other non-naturally occurring collagen 

polypeptides include chimeric collagens. A chimeric collagen is a polypeptide 

wherein one portion of a collagen polypeptide is contiguous with a portion of a 

second collagen polypeptide. For example, a collagen molecule comprising a portion 

of a jellyfish collagen contiguous with a portion of a human collagen is a chimeric 

	

25 	collagen. In another embodiment, the non-naturally occurring collagen comprises a 

fusion polypeptide that includes additional amino acids such as a secretion tag, 

histidine tag, green fluorescent protein, protease cleavage site, GEK repeats, GDK 

repeats, and/or beta-lactamase. The non-naturally occurring elastin in one 

embodiment a truncated elastin. Other non-naturally occurring elastin polypeptides 

	

30 	include chimeric elastins. A chimeric elastin is a polypeptide wherein one portion of 

an elastin polypeptide is contiguous with a portion of a second elastin polypeptide. 

For example, a collagen molecule comprising a portion of a jellyfish elastin 

contiguous with a portion of a human elastin is a chimeric elastin. In another 

embodiment, the non-naturally occurring elastin comprises a fusion polypeptide that 
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includes additional amino acids such as a secretion tag, histidine tag, green 

fluorescent protein, protease cleavage site and/or beta-lactamase. The chimeric 

gelatin or the chimeric elastin can comprise additional amino acids such as a secretion 

tag, histidine tag, green fluorescent protein, protease cleavage site, GEK repeats, 

	

5 	GDK repeats, and/or beta-lactamase. 

[0054] The term "protease cleavage site" is an amino acid sequence that is cleaved 

by a specific protease. 

[0055] The term "secretion tag" or "signal peptide" refers to an amino acid 

sequence that recruits the host cell's cellular machinery to transport an expressed 

	

10 	protein to a particular location or cellular organelle of the host cell. 

[0056] The term "truncated collagen" refers to a monomeric polypeptide that is 

smaller than a full-length collagen wherein one or more portions of the full-length 

collagen is not present. Collagen polypeptides are truncated at the C-terminal end, the 

N-terminal end, or truncated by removal of internal portion(s) of the full-length 

	

15 	collagen polypeptide. 

[0057] The term "truncated elastin" 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 are truncated at the C-terminal end, the N-

terminal end, or truncated by removal of internal portion(s) of the full-length elastin 

	

20 	polypeptide. 

[0058] In co-owned application PCT/US17/24857, incorporated by reference, an 

expression system that uses modified bacterial cells (switched cells) in which cell 

division is inhibited and growth of the periplasmic space is greatly enhanced was 

disclosed. In this expression system, the expressed proteins are targeted to the 

	

25 	periplasmic space. Recombinant protein production in these switched cells is 

dramatically increased compared with that in non-switched cells. Structurally, the 

cells comprise both inner and outer membranes but lack a functional peptidoglycan 

cell wall, while the cell shape is spherical and increases in volume over time. Notably, 

while the periplasmic space normally comprises only 10-20% of the total cell volume, 

	

30 	the periplasmic compartment of the switched state described herein can comprise 

more than 20%, 30%, 40% or 50% and up to 60%, 70%, 80% or 90% of the total cell 

volume. 

[0059] The modified bacterial cells of PCT/US17/24857 are derived from Gram-

negative bacteria, e.g. selected from: gammaproteobacteria and alphaproteobacteria. 
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In some embodiments, the bacterium is selected from: Escherichia coli, Vibrio 

natriegens, Pseudomonas fluorescens, Caulobacter crescentus, Agrobacterium 

tumefaciens, and Brevundimonas diminuta. In specific embodiments, the bacterium is 

Escherichia coli, e.g. strain BL21(DE3). 

	

5 	[0060] In another aspect, the host bacterial cells have an enlarged periplasmic space 

in a culture medium comprising a magnesium salt, wherein the concentration of 

magnesium ions in the medium is at least about 3,4, 5 or 6 mM. In further 

embodiments, the concentration of magnesium ions in the medium is at least about 7, 

8, 9 or 10 mM. In some embodiments, the concentration of magnesium ions in the 

	

10 	medium is between about 5 mM and 25 mM, between about 6 mM and/or about 20, 

15 or 10 mM. In some embodiments, the magnesium salt is selected from: 

magnesium sulfate and magnesium chloride. 

[0061] In other embodiments, the culture medium further comprises an osmotic 

stabilizer, including, e.g. sugars (e.g., arabinose, glucose, sucrose, glycerol, sorbitol, 

	

15 	mannitol, fructose, galactose, saccharose, maltotrioseerythritol, ribitol, 

pentaerythritol, arabitol, galactitol, xylitol, iditol, maltotriose, and the like), betaines 

(e.g., trimethylglycine), proline, sodium chloride, wherein the concentration of the 

osmotic stabilizer in the medium is at least about 4%, 5%, 6%, or 7% (w/v). In 

further embodiments, the concentration of osmotic stabilizer is at least about 8%, 9%, 

	

20 	or 10% (w/v). In some embodiments, the concentration of the osmotic stabilizer in 

the medium is between about 5% to about 20% (w/v). 

[0062] In some embodiments, the cell culture may further comprise ammonium 

chloride, ammonium sulfate, calcium chloride, amino acids, iron(II) sulfate, 

magnesium sulfate, peptone, potassium phosphate, sodium chloride, sodium 

	

25 	phosphate, and yeast extract. 

[0063] The host bacterial cell may be cultured continuously or discontinuously; in a 

batch process, a fed-batch process or a repeated fed-batch process. 

[0064] In some embodiments, the antibiotic is selected from: 13-lactam antibiotics 

(e.g. penicillins, cephalosporins, carbapenems, and monobactams), phosphonic acid 

	

30 	antibiotics, polypeptide antibiotics, and glycopeptide antibiotics. In particular 

embodiments, the antibiotic is selected from alafosfalin, amoxicillin, ampicillin, 

aztreonam, bacitracin, carbenicillin, cefamandole, cefotaxime, cefsulodin, 

cephalothin, fosmidomycin, methicillin, nafcillin, oxacillin, penicillin g, penicillin v, 

fosfomycin, primaxin, and vancomycin. 
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[0065] Without being bound by theory, the cell morphology that promotes 

recombinant protein production and inhibits cell division appears to be driven by the 

removal of the cell wall under the media conditions stated above. In some 

embodiments, the methods for removal/inhibition of cell wall synthesis can be 

	

5 	through the use of antibiotics that inhibit peptidoglycan synthesis (such as ampicillin, 

carbenicillin, penicillins or fosfomycin), or other methods known in the art. 

[0066] When having an appropriate periplasmic targeting signal sequence, 

recombinantly produced polypeptides can be secreted into the periplasmic space of 

bacterial cells. Joly, J.C. and Laird, M.W., in The Periplasm ed. Ehrmann, M., ASM 

	

10 	Press, Washington D.C., (2007) 345-360. In the chemically oxidizing environment of 

the periplasm the formation of disulfide bonds and thereby the functionally correct 

folding of polypeptides is favored. 

[0067] 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 

	

15 	signal sequence selected should be one that is recognized and processed (i.e., 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 is 

substituted by any commonly known bacterial signal sequence. In some 

embodiments, recombinantly produced polypeptides can be targeted to the 

	

20 	periplasmic space using the DsbA signal sequence. Dinh and Bernhardt, J Bacteriol, 

Sept. 2011, 4984-4987. 

[0068] In one aspect, t a non-naturally occurring collagen or elastin is produced by 

a host cell is provided. The non-naturally occurring collagen or elastin is jellyfish 

collagen or elastin, t, human collagen or elastin, or Chondrosia reniformis (kidney 

	

25 	sponge) collagen or elastin, or Rhincodon typus collagen or elastin. The non-naturally 

occurring collagen or elastin is a truncated collagen. The truncation is an internal 

truncation, a truncation at the N-terminal portion of the collagen or elastin, or a 

truncation at the C-terminal portion of the collagen or elastin. The collagen or elastin 

is truncated by a truncation of between 50 amino acids and 1000 amino acids, 

	

30 	between, 50 amino acids and 950 amino acids, between 50 amino acids and 900 

amino acids, between 50 amino acids and 850 amino acids, between 50 amino acids 

and 800 amino acids, between 50 amino acids and 850 amino acids, between 50 

amino acids and 800 amino acids, between 50 amino acids and 750 amino acids, 

between 50 amino acids and 700 amino acids, between 50 amino acids and 650 amino 
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acids, between 50 amino acids and 600 amino acids, between 50 amino acids and 650 

amino acids, between 50 amino acids and 500 amino acids, between 50 amino acids 

and 450 amino acids, between 50 amino acids and 400 amino acids, between 50 

amino acids and 350 amino acids, between 50 amino acids and 300 amino acids, 

	

5 	between 50 amino acids and 250 amino acids, between 50 amino acids and 200 amino 

acids, between 50 amino acids and 150 amino acids, or between 50 amino acids and 

100 amino acids. In another embodiment, the collagen or elastin is truncated by 50, 

10 

naturally occurring collagen or elastin are encoded by a portion of a polynucleotide 

sequence or the entire polynucleotide sequence disclosed herein. 

[00691 The non-naturally occurring collagen or elastin further comprises amino acid 

	

15 	sequences including a secretion tag. The secretion tag directs the collagen or elastin 

to the periplasmic space of the host cell. In particular embodiments, the signal 

peptide is derived from DsbA, Pe1B, OmpA, To1B, MalE, 1pp, TorA, or Hyl A, or a 

hybrid secretion tag that comprises a portion of one secretion tag fused to a portion of 

a second secretion tag. h one aspect the secretion tag is attached to the non-naturally 

	

20 	occurring collagen or elastin. In another aspect the secretion tag is cleaved from the 

non-naturally occurring collagen or elastin. 

[00701 The non-naturally occurring collagen or the non-naturally occurring elastin o 

further comprises a histidine tag. The histidine tag or polyhistidine tag is a sequence 

of 2 to 20 histidine residues that are attached to the collagen or elastin. The histidine 

	

25 	tag comprises 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 are useful in purification of proteins by chromatographic 

	

30 	methods utilizing nickel based chromatographic media. 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 collagen or the on-naturally occurring elastin comprises a GFP and/or RFP. 

In one embodiment a superfolder GFP is fused to the on-naturally occurring collagen 

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, 750, 800, 850, 900, 950, or 1000 amino acids. The non- 
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or elastin. The superfolder GFP is a GFP that folds properly even when fused to a 

poorly folded polypeptide. In one aspect the histidine tag is attached to the non-

naturally occurring collagen or elastin. In another aspect the histidine tag is cleaved 

from the non-naturally occurring collagen or elastin. 

	

5 	[0071] The non-naturally occurring collagen or non-naturally occurring elastin 

further comprises a protease cleavage site. The protease cleavage site is useful to 

cleave the recombinantly produced collagen or elastin to remove 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 the Beta-lactamase. 

	

10 	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 is attached to the non-naturally occurring 

	

15 	collagen or elastin. In another aspect the cleavage tag is removed by an appropriate 

protease from the non-naturally occurring collagen or elastin. 

[0072] The non-naturally occurring collagen or non-naturally occurring elastin 

further comprises an enzyme that is a Beta-lactamase. The beta-lactamase is useful as 

a selection marker. In one aspect the beta-lactamase is attached to the non-naturally 

	

20 	occurring collagen or elastin. In another aspect the beta-lactamase is cleaved from the 

non-naturally occurring collagen or elastin. 

[0073] The non-naturally occurring collagen or non-naturally occurring elastin 

further comprises GEK amino acid trimer repeats and/or GDK amino acid trimer 

repeats. The GEK and the GDK trimer repeats facilitate the gelling of the collagen 

	

25 	and/or the gelatin. In one embodiment, the non-naturally occurring collagen or the 

non-naturally occurring elastin comprises 2-50 GEK and/or 2-50 GDK trimer repeats, 

2-40 GEK and/or 2-40 GDK trimer repeats, 2-30 GEK and/or 2-30 GDK trimer 

repeats, 2-20 GEK and/or 2-20 GDK trimer repeats, 2-15 GEK and/or 2-15 GDK 

trimer repeats. 2-10 GEK and/or 2-10 GDK trimer repeats, 2-9 GEK and/or 2-9 GDK 

	

30 	trimer repeats, 2-8 GEK and/or 2-8 GDK trimer repeats, 2-7 GEK and/or 2-7 GDK 

trimer repeats, 2-6 GEK and/or 2-6 GDK trimer repeats, 2-5 GEK and/or 2-5 GDK 

trimer repeats, or 2-4 GEK and/or 2-4 GDK trimer repeats. In one aspect the GEK 

trimer repeat or the GDK trimer repeat is attached to the non-naturally occurring 
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collagen or elastin. In another aspect the GEK trimer repeat or the GDK trimer repeat 

is cleaved from the non-naturally occurring collagen or elastin. 

[00741 Provided herein are compositions that comprise between 0.005% and 30% 

w/w non-naturally occurring collagen and/ or non-naturally occurring elastin. The 

	

5 	composition comprises between 0.005% and 20% w/w non-naturally occurring 

collagen and/ or non-naturally occurring elastin, between 0.005% and 10% w/w non-

naturally occurring collagen and/ or non-naturally occurring elastin, between 0.005% 

and 5% w/w non-naturally occurring collagen and/ or non-naturally occurring elastin, 

between 0.005% and 2% w/w non-naturally occurring collagen and/ or non-naturally 

	

10 	occurring elastin, between 0.005% and 1% w/w non-naturally occurring collagen and/ 

or non-naturally occurring elastin, between 0.005% and 0.5% w/w non-naturally 

occurring collagen and/ or non-naturally occurring elastin, and between 0.005% and 

0.2% w/w non-naturally occurring collagen and/ or non-naturally occurring elastin. 

[00751 The compositions that comprise the between non-naturally occurring 

	

15 	collagen and/or non-naturally occurring elastin are personal care products. In some 

embodiments the compositions are formulated for topical administration. The 

compositions can contain other cosmetic ingredients suitable for human use. The 

personal care products are useful for preventing or treating ultraviolet radiation 

damage to human skin or hair. The personal care products are applied to skin or hair. 

	

20 	The compositions include, for example, masks, skin cleaners such as soap, cleansing 

creams, cleansing lotions, cleansing milks, cleansing pads, facial washes, hair 

shampoo, hair conditioner and body shampoos. 

[00761 The compositions that comprise the non-naturally occurring collagen and/ or 

non-naturally occurring elastin can further comprise at least one additional ingredient 

	

25 	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, 

	

30 	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-chloroally1)-3,5,7-triaza-1-azoniaadamantane chloride, glutaraldehyde, 
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4,4-dim ethyl oxazolidine, 7-Ethylbicyclooxazolidine, methyl paraben, sorbic acid, 

Germaben II, rosemary extract, and EDTA 

[00771 Provided are methods of decreasing skin damage, promoting the repair of 

damaged skin, protecting skin against UV damage, protecting skin cells against the 

	

5 	effects of exposure to urban dust.. The method comprises the step of applying the 

composition comprising the non-naturally occurring collagen and/ or non-naturally 

occurring elastin to the skin of a subject. Without being bound to a particular theory 

or mechanism, the collagen and/or the elastin in the composition decrease skin 

damage by protecting against UV damage, and/or promotes the repair of damaged 

	

10 	skin by increasing the viability of cells and/or increasing procollagen synthesis when 

applied to skin, and/or promotes the viability of skin cells. The collagens and elastins 

in one aspect decrease the formation of thymine-thymine (TT) dimer formation. 

[00781 One aspect provides polynucleotides that encode a non-naturally occurring 

collagen or a non-naturally occurring elastin. The polynucleotides encode collagen or 

	

15 	elastin from jellyfish, human, Chondrosia reniformis (kidney sponge), or Rhincodon 

typus. The polynucleotides encode for collagen or elastin that is full length or 

truncated. 

[00791 Another aspect provides polynucleotides that encode collagen or elastin 

fusion proteins. The elastin or collagen fusion proteins comprise a secretion tag, a 

	

20 	histidine tag, a fluorescent protein tag, a protease cleavage site, a Beta-lactamase 

along and/or GEK amino acid trimer repeats and/or GDK amino acid trimer repeats 

together with collagen or elastin. 

[0080] The polynucleotides are in one aspect vectors used to transform host cells 

and express the polynucleotides. The polynucleotides further comprise nucleic acids 

	

25 	that encode enzymes that permit the host organism to grow in the presence of a 

selection agent. The selection agents include certain sugars including galactose 

containing sugars or antibiotics including ampicillin, hygromycin, G418 and others. 

Enzymes that are used to confer resistance to the selection agent include 13-

galactosidase or al3-lactamase. 

	

30 	[00811 In one aspect host cells that express the polynucleotides of the invention are 

provided. 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. An exemplary gram-

negative host cell is E. coli. 
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[0082] Bacterial host cells in which the cells have been modified to inhibit cell 

division and the periplasmic space is increased are taught. As discussed herein and 

taught in example 1, Beta-lactam antibiotics are useful as a switch to convert wild-

type bacterial cells to a modified bacterial cell in which cell replication is inhibited 

	

5 	and the periplasmic space is increased. Exemplary Beta-lactam antibiotics including 

penicillins, cephalosporins, carbapenems, and monobactams. 

[0083] The switched form of bacteria (L-form) are cultivated in culture media that 

include certain salts and other nutrients. Salts and media compositions that support the 

physiological switch physiology that have been tested are M63 salt media, M9 salt 

	

10 	media, PYE media, and Luria-Bertani (LB) media. 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, 

	

15 	ammonium sulfate, calcium chloride, casamino acids, iron(II) sulfate, magnesium 

sulfate, peptone, potassium phosphate, sodium chloride, sodium phosphate, and yeast 

extract. 

[0084] Beta-lactamases are enzymes that confer resistance to lactam antibiotics in 

prokaryotic cells. Typically when Beta-lactamases are expressed in bacterial host 

	

20 	cells, the expressed Beta-lactamase protein also includes targeting sequences 

(secretion tag) that direct the Beta-lactamase protein to the periplasmic space. Beta-

lactamases are not functional unless they are transported to the periplasmic space. 

Beta-lactamase targeted to the periplasmic without the use of an independent 

secretion tag that targets the enzyme to the periplasmic space are provided. By 

	

25 	creating a fusion protein in which a periplasmic secretion tag added to the N-terminus 

of a protein such as GFP, collagen, or GFP/collagen chimeras, the functionality of the 

Beta-lactamase lacking a native secretion tag can be used to select for full translation 

and secretion of the N-terminal fusion proteins. Using this approach, we have used a 

DsbA-GFP-Collagen-Beta-lactamase fusion to select for truncation products in the 

	

30 	target collagens that favor translation and secretion. 

[0085] Another embodiment provides methods of producing a non-naturally 

occurring collagen or a non-naturally occurring elastin. The method comprises the 

steps of inoculating a culture medium with a recombinant host cell comprising 

polynucleotides that encode the collagen or elastin, cultivating the host cell, and 
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isolating the non-naturally occurring collagen or the non-naturally occurring elastin 

from the host cell. 

[0086] A process for fermentative preparation of a protein is provided. The process 

comprises the steps of: 

	

5 	a) 	culturing a recombinant Gram-negative 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; 

b) adding an antibiotic to the medium, wherein the antibiotic inhibits 

	

10 	peptidoglycan biogenesis in the bacterial cell; and 

c) harvesting the protein from the medium. 

[0087] 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 process for the purpose of producing the target protein. In 

	

15 	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- 

	

20 	scale fermentation refers generally to fermentation in a fermentor that is no more than 

approximately 20 liters in volumetric capacity. 

[0088] 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 

	

25 	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. 

[0089] The bacterial cells are cultured at suitable temperatures. For E. coli growth, 

	

30 	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 
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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 is 23°, 

24°, 25°, 26°, 27°, 28°, 29°, 30°, 31°, 32°, 33°, 34°, 35°, 36°, or 37° C. The second 

temperature is 20°, 21°, 22°, 23°, 24°, 25°, 26°, 27°, 28°, 29°, 30°, 31°, 32°, 33°, 34°, 

	

5 	35° or 36° C. The cultivation at the second temperature is 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, 

	

10 	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. 

[0090] 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 is from about 6.8 to about 7.4, or 

	

15 	about 7.0. 

[0091] For induction of gene expression, typically the cells are cultured until a 

certain optical density is achieved, e.g., an 0D600 of about 1.1, at which point 

induction is initiated (e.g., by addition of an inducer, by depletion of a repressor, 

suppressor, or medium component, etc.) to induce expression of the exogenous gene 

	

20 	encoding the target protein. In some embodiments, expression of the exogenous gene 

is inducible by an inducer selected from, e.g. isopropyl-13-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 

	

25 	levels of the fermentation during cell propagation is between 10% and 30%. To 

induce gene expression the dissolved oxygen level is 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. 

	

30 	[0092] After product accumulation, the cells are vortexed and centrifuged in order 

to induce lysis and release of recombinant proteins. The majority of the proteins is 

found in the supernatant but any remaining membrane bound proteins can be released 

using detergents (such as triton X-100). 
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[0093] In a subsequent step, the target protein, as a soluble or insoluble product 

released from the cellular matrix, is recovered in a manner that minimizes co-recovery 

of cellular debris with the product. The recovery may be done by any means, but in 

one embodiment, can comprise histidine tag purification through a nickel column. 

	

5 	See, e.g., Purification of Proteins Using Polyhistidine Affinity Tags, Methods 

Enzymology. 2000 ; 326: 245-254. 

Examples 

Example 1: Expression System 

Materials and methods: 

	

10 	Strains: 

[0094] Tested physiological switch and protein production: 

E. coli BL21(DE3)- From NEB, product #c2527 

E. coli K12 NCM3722- From The Coli Genetic Stock Center, CGSC# 12355 

[0095] Tested physiological switch: 

	

15 	Gammaproteobacteria: 

Vibrio natriegens - From ATCC, product #14048 

Pseudomonas fluorescens - From ATCC, product # 31948 

Pseudomonas aeruginosa PAO1- From ATCC, product # BAA-47 

[0096] Alphaproteobacteria: 

	

20 	Caulobacter crescentus - From ATCC, product #19089 

Agrobacterium tutnefaciens/Rhizobium radiobacter - From ATCC, product #33970 

Brevundimonas diminuta - From ATCC, product #13184 

Media compositions: 

[0097] 1 liter 5x m63 salts: 

	

25 	10 g (NH4)2SO4 — From P212121, product #7783-20-2 

68 g KH2PO4 — From P212121, product #7778-77-0 

2.5 mg FeSO4.7H20 — From Sigma Aldrich, product #F7002 

Bring volume up to 1 liter with milliQ water 

Adjust to pH 7 with KOH (From P212121, product #1310-58-3) 

	

30 	Autoclave mixture 

[0098] 1 liter of 1M MgSO4: 

246.5 g MgSO4 7H20 — From P212121, (Sigma Aldrich, product #10034-99-8) 

Bring volume up to 1 liter with milliQ water. 
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Autoclave mixture. 

[0099] 1 liter of switch media 1: 

133.4 mL 5X m63 salts 

10 mL 1M MgSO4 

	

5 	38.6 g Glucose — From P212121, product #50-99-7 

66.6 g Sucrose — From P212121, product #57-50-1 

8.33 g LB mix — From P212121, product #lb-miller 

Bring volume up to 1 liter with milliQ water. 

Filter sterilize mixture through a 0.22M pore vacuum filter (Sigma Aldrich, product 

	

10 	#CLS430517). 

[0100] 1 liter of switch media 2: 

133.4 mL 5X m63 salts 

10 mL 1M MgSO4 

38.6 g Glucose — From P212121, product #50-99-7 

	

15 	66.6 g Sucrose — From P212121, product #57-50-1 

10 g Yeast Extract — From FisherSci.com, product #J60287A1 

Bring volume up to 1 liter with milliQ water. 

Filter sterilize mixture through a 0.22 !.i.M pore vacuum filter (Sigma Aldrich, product 

#CL S430517). 

	

20 	[0101] For Bioreactor growth: 

5 liter of bioreactor media MGZ12: 

1) Autoclave 1L of Glucose at concentration of 500g/L in DI water. (VWR, product 

#97061-170). 

2) Autoclave 1L of Sucrose at concentration of 500g/L in DI water. (Geneseesci.com, 

	

25 	product #62-112). 

3) Autoclave in 3946mL of DI water: 

20 g (NH4)2HPO4. (VWR, product # 97061-932). 

66.5 g KH2PO4. (VWR, product # 97062-348). 

22.5 g H3C6H507. (VWR, product #BDH9228-2.5KG). 

	

30 	2.95 g MgSO4.7H20. (VWR, product # 97062-134). 

10 mL Trace Metals (Teknova), 1000x. (Teknova, product #T1001). 

After autoclaving add 400 mL of (1) to (3), 65 mL of 10M NaOH (VWR, product 

#97064-480) to (3), and 666 mL of (2) to (3). 

A feed of 500g/L of glucose can be used during fermentation run as needed. 
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At induction add: 

50mL of 1M MgSO4.7H20 to a 5 L bioreactor 

1 to 10mM concentration of IPTG. (carbosynth.com, product # EI05931). 

Add Fosfomycin (50 ttg/mL or higher) and Carbenicillin (100 iii.g/mL or higher). 

	

5 	Physiological switch: 

[0102] The physiological switch is optimally flipped at an OD 600 of 1 to 1.1 for E. 

coli for growth in shake flasks at volumes up to IL. For the other species tested, 

cultures were grown in switch media and subcultured once cultures reached maximal 

OD 600. In all cases the physiological switch is flipped through the addition of 100- 

	

10 	200ug/mL Carbenicillin (From P212121, product #4800-94-6) and 50-100ug/mL 

Fosfomycin (From P212121, product #26016-99-9). The majority of the population is 

in the switched state within a few hours. To confirm that cells underwent a 

physiological switch, cells were imaged on a Nikon Ti-E with perfect focus system, 

Nikon CFI60 Plan Apo 100X NA 1.45 objective, Prior automated filter wheels and 

	

15 	stage, LED-CFP/YFP/mCherry and LED-DA/FI/TX filter sets (Semrock), a 

Lumencor Sola II SE LED illumination system, and a Hamamatsu Flash 4.0 V2 

CMOS camera. 

Image analysis of physiological switch: 

[0103] Images were analyzed using ImageJ to measure dimensions. In the switched 

	

20 	state, the spherical outline of the outer membrane is treated as a sphere to calculate 

total volume (V=(4/3)icr3). The cytoplasmic volume is calculated as an ellipsoid that 

exists within the sphere (V=(4/3)lc*(longest radius)*(short radius)2). To calculate the 

periplasmic volume, the cytoplasmic volume is subtracted from the total volume of 

the cell. 

	

25 	Protein Expression and quantification: 

[0104] E. coli BL21(DE3) (NEB product #c2527) containing pET28a (emd 

Millipore product #69864) and its derivatives carrying GFP or collagen derivatives 

were grown in a shaking incubator at 37oC overnight in switch media containing 

50mg/mL kanamycin (p212121 product # 2251180). Next day, subcultures are started 

	

30 	with a 1:10 dilution of the overnight culture into fresh switch media containing 

50mg/mL kanamycin. The culture is then physiologically switched and protein 

production is induced simultaneously at an OD 600 of 1 to 1.1 (Read on a Molecular 

Devices Spectramax M2 microplate reader). The physiologically switch and protein 

production are flipped through the addition of 100ug/mL Carbenicillin, 5Oug/mL 
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Fosfomycin, and 10Oug/mL IPTG (p212121 product #367-93-1). Protein expression is 

continued in the switched state from between 8 hours to overnight at room 

temperature (approximately 22oC) on an orbital shaker. In order to quantify total 

protein levels, Quick StartTM Bradford Protein Assay was used on mixed portion of 

	

5 	culture and standard curves are quantitated on a Molecular Devices Spectramax M2 

microplate reader. In order to quantitate the relative intensity of target protein 

production relative to the rest of the protein population the mixed portion of the 

cultures were run on Mini-PROTEAN® TGXTM Gels and stained with Bio-Safe TM  

C oomassie Stain. 

	

10 	Induction of protein production: 

[0105] Standard procedures have been followed to induce protein production in the 

physiological state. We have been using the strain BL21(DE3) containing the plasmid 

pET28a driving the IPTG/lactose inducible production of recombinant proteins and 

targeting them to the periplasmic space using the DsbA signal sequence. Using the 

	

15 	GFP protein, targeted to the periplasmic space as described above, we have 

demonstrated the ability to gain and increase of 5-fold in protein production when 

compared to un-switched cell populations induced at the same optical density, for the 

same amount of time (figures). The induction was optimal at an OD600 of 1.1 and 

induction was continued for 10 hours at which point the protein produced was 

	

20 	measured at about 200 mg/mL. 

Example 2: Production of Full-Length Collagen 

[0106] Full length jellyfish collagen was produced using the expression system 

discussed in Example 1 herein. The wild-type, full length amino acid sequence of 

Podocoryna carnea (jellyfish or Hydrozoan) collagen is provided in SEQ ID NO: 1. 

25 GPQGVVGADGKDGTPGEKGEQGRTGAAGKQGSPGADGARGPLGSIGQQGA 

RGEPGDPGSPGLRGDTGLAGVKGVAGPSGRPGQPGANGLPGVNGRGGLRGK 

PGAKGIAGSDGEAGESGAPGQ SGPTGPRGQRGPSGEDGNPGLQGLPGSDGEP 

GEEGQPGRSGQPGQQGPRGSPGEVGPRGSKGPSGDRGDRGERGVPGQTGSA 

GNVGEDGEQGGKGVDGASGPSGALGARGPPGSRGDTGAVGPPGPTGRSGLP 

30 GNAGQKGPSGEPGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEGERGLAGPPG 

PDGRRGETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGV 

RGIPGNDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGD 

RGAPGPDGSKGSAGRPGLR (SEQ ID NO: 1) 
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//www. ncbi. nlm .nih. g ov/protein/4379341 ?report=genbank&log $=protalign&blast ra 

nk=1 &RID =T1N9ZEU W014 

[0107] The non-codon optimized polynucleotide sequence encoding the full length 

jellyfish collagen is disclosed in SEQ ID NO: 2. 

	

5 	ggaccacaaggtgttgtaggagetgatggcaaagatggaacacegggagagaaaggtgageaaggacgaaccggage 

tgcaggaaaacagggaagccetggagcagatggagcaagaggcectcttggatcaattggacaacaaggtgetcgtgga 

gaacctggtgatccaggatcteceggettaagaggagatactggattggetggagtcaaaggagtagcaggaccatctgg 

tcgacctggacaaccoggtgcaaatggattacctggtgtgaatggcagaggeggtttgagaggcaaacctggtgctaaag 

gaattgctggcagtgatggagaagegggagaatctggcgcacctggacagtccggacctaccggtccacgtggtcaacg 

	

10 	aggaccaagtggtgaggatggtaatcaggattacagggattgcctggttetgatggagagcceggagaggaaggacaa 

cctggaagatctggtcaaccaggacagcaaggaccacgtggttcccctggagaggtaggaccaagaggatctaaaggtc 

catcaggagatcgtggtgacaggggagagagaggtgttectggacaaacaggtteggctggaaatgtaggagaagatgg 

agageaaggaggcaaaggtgtegatggagegagtggaccaagtggagctettggtgetegtggteccecaggaagtag 

aggtgacaceggggcagtgggaccteccggacctactgggegatetggtttacctggaaacgcaggacaaaagggacc 

	

15 	aagtggtgaaccaggtagtccaggaaaageaggatcagctggtgaacagggtcctectggtaaagacggatcaaatggt 

gaacctggatctectggcaaagagggtgaacgtggtettgctggtccaccaggtccagatggcagacgtggtgaaacgg 

gatctccaggtatcgctggtgctettggtaaaccaggtttggaaggacctaaaggttatccaggattaagaggaagagatgg 

aaccaatggcaaacgaggagaacaaggagaaactggtectgatggagtcagaggtattectggaaatgatggacaatctg 

gcaaaccaggtattgatggtattgacggaacaaatggtcaaccaggtgaggctggataccaaggtggtagaggtacacgt 

	

20 	ggteagttaggtgaaactggtgatgteggacagaatggagategaggagctcctggtcctgatggatetaaaggttetgctg 

gtagaccaggacttcgtgg (SEQ ID NO: 

2) https://www.ncbi.nlm.nih.gov/nucleotide/3355656?report=genbank&log$=nuclalig   

n&blast rank=1 &RID =T SYP7CMV014  

[0108] Two different codon optimized polynucleotide sequences encoding the wild- 

	

25 	type, full-length jellyfish collagen were synthesized. The two polynucleotide 

sequences were slightly different due to slightly different codon optimization 

methods. In addition to the non-truncated, full-length jellyfish collagen, the 

polynucleotides also encoded a secretion tag, a 9 amino acid his tag, a short linker, 

and a thrombin cleavage site. The DsbA secretion tag is encoded by nucleotides 1-71. 

	

30 	The histidine tag comprising 9 histidine residues is encoded by nucleotides 73-99 and 

encodes amino acids 25-33. The linker is encoded by nucleotides 100-111. The 

thrombin cleavage tag is encoded by nucleotides 112-135 and encodes amino acids 

38-45. The truncated collagen is encoded by nucleotides 136-1422. The two 

polynucleotides are disclosed below in SEQ ID NO: 3 and 4. 

25 
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A T GAAAAAGATTT GGC TGGCGC TGGC T GGTT TAGTT TTAGCGT TT AGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGGGTCCGCAGGGTGTTG 

T TGGTGCAGATGGT AAAGACGGTACCCCGGGTGAAAAAGGAGAACAGGG 

5 ACGTACAGGTGCAGCAGGTAAACAGGGCAGCCCGGGTGCCGATGGTGCC 

CGTGGCCCGCTGGGTAGCATTGGTCAGCAGGGTGCAAGAGGCGAACCGG 

GCGATCCGGGT AGT CC GGGCCT GC GTGGT GATACGGGT CTGGCC GGT GT T 

AAAGGCGTTGCAGGTCCTTCAGGTCGTCCAGGTCAACCGGGTGCAAATGG 

TCTGCCGGGTGTTAATGGTCGTGGCGGTCTGCGTGGCAAACCGGGAGCAA 

10 	A AGGT AT TGCAGGT AGCGATGGAGAAGC CGGTGAAAGCGGT GCC CC GGG 

TCAGAGTGGTCCGACCGGTCCGCGCGGTCAGCGTGGTCCGTCTGGTGAAG 

ATGGCAATCCGGGTCTGCAGGGTCTGCCTGGTAGTGATGGCGAACCAGGT 

GAAGAAGGTCAGCCGGGTCGTTCAGGCCAGCCGGGCCAGCAGGGCCCGC 

GT GGT AGCCCGGGCGAAGTTGGCC CGC GGGGTAGTAA AGGT C CT AGTGGC 

15 GATCGCGGTGATCGTGGTGAACGCGGTGTTCCTGGTCAGACCGGTAGCGC 

AGGTAATGTTGGCGAAGATGGTGAACAGGGTGGCAAAGGTGTTGATGGTG 

CAAGCGGTCCGAGCGGTGCACTGGGTGCACGTGGTCCTCCGGGCAGCCGT 

GGTGACACCGGTGCAGTTGGTCCGCCTGGCCCGACCGGCCGTAGTGGCTT 

ACCGGGTAATGCAGGTCAGAAAGGTCCGTCAGGTGAACCTGGCAGCCCTG 

20 GTAAAGCAGGTAGTGCCGGTGAGCAGGGTCCGCCGGGCAAAGATGGTAG 

T AATGGTGAGCCGGGT AGCCCT GGC AAAGAAGGTGAACGTGGTC TGGC AG 

GACCGCC GGGT CC T GATGGTCGCCGCGGTGAAACGGGT TCACCGGGTAT T 

GCCGGTGCCCTGGGTAAACCAGGTCTGGAAGGTCCGAAAGGTTATCCTGG 

TCTGCGCGGTCGTGATGGTACCAATGGCAAACGTGGCGAACAGGGCGAAA 

25 	C CGGT CCAGAT GGT GT TCGTGGT AT TCCGGGTAACGATGGTCAGAGCGGT 

A AACC GGGC AT TGATGGT ATTGAT GGC AC CAATGGTC AGC CTGGCGAAGC 

AGGTT ATCAGGGTGGTCGCGGT AC C CGTGGTCAGC T GGGTGAAACAGGT G 

ATGTTGGTCAGAATGGTGATCGCGGCGCACCGGGTCCGGATGGTAGCAAA 

GGTAGCGCCGGTCGTCCGGGTTTACGTtaa (SEQ ID NO: 3) 

30 	A T GAAAAAGATTT GGC TGGCGC TGGC T GGTT TAGT T TTAGCGT TT AGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGGGTCCGCAGGGTGTTG 

T TGGTGCAGATGGT AAAGACGGTACCCCGGGTGAAAAAGGtGAACAGGGt 

C GT AC cGGT GC AGC AGGTAAAC AGGGC AGCCCGGGTGC CGAT GGTGCC C G 
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TGGCCCGCTGGGTAGCATTGGTCAGCAGGGTGCAcgtGGCGAACCGGGCGA 

T CC GGGTAGeCC GGGCCT GC GTGGT GATACGGGT CT GGCC GGT GT TAAAG 

GCGTT GCAGGT CC T TCtGGTCGT CC AGGTC AACC GGGT GCAAATGGT C T GC 

C GGGT GT TAAT GGT CGTGGCGGTC T GC GTGGC AAAC CGGGtGC AAAAGGT 

5 ATTGCAGGTAGCGATGGeGAAGCCGGTGAAAGCGGTGCCCCGGGTCAGAG 

eGGTCCGACCGGTCCGCGCGGTCAGCGTGGTCCGTCTGGTGAAGATGGCA 

ATCCGGGTCTGCAGGGTCTGCCTGGTageGATGGCGAACCAGGTGAAGAAG 

GTCAGCCGGGTCGT TCtGGCC AGCCGGGC C AGCAGGGCCC GC GTGGTAGC 

CCGGGCGAAGT TGGCCCGCGeGGTteTAAAGGTCCTAGeGGCGATCGCGGT 

10 	GAT CGTGGTGAAC GCGGT GTTC C TGGT CAGACC GGT AGCGCAGGTAAT GT 

T GGCGAAGATGGT GA AC AGGGT GGCAAAGGTGT TGATGGTGCAAGCGGT 

CCGAGCGGTGCACTGGGTGCACGTGGTCCTCCGGGCAGCCGTGGTGACAC 

C GGTGCAGTTGGT C CGCCTGGC C CGAC CGGC CGT AGeGGC etg C CGGGTA AT 

GC AGGTC AGAAAGGT CCGTCtGGTGAACC TGGC AGC CCTGGT AAAGCAGG 

15 	T AGeGCCGGTGAGCAGGGTCCGCCGGGCAAAGATGGT AGeAATGGTGAGC 

CGGGT AGCCCTGGCAAAGAAGGTGAACGTGGTCTGGCAGGtCCGCCGGGT 

CCTGATGGTCGCCGCGGTGAAACGGGT TCtCCGGGTAT TGC CGGT GC CC T G 

GGTAAACCAGGTCTGGAAGGTCCGAAAGGTT ATCCTGGTCTGCGCGGTCG 

TGATGGTACCAATGGCAAACGTGGCGAACAGGGCGAAACCGGTCCAGAT 

20 	GGT GT TCGT GGT AT TCCGGGT AACGATGGTC AGAGC GGTAAACC GGGC AT 

TGATGGTAT TGATGGCACCAATGGTCAGCCTGGCGAAGCAGGTT AT C AGG 

GT GGT CGCGGT ACC CGTGGT C AGC T GGGTGAAACeGGT GATGT TGGT CAG 

A AT GGTGATCGCGGCGCACCGGGT CC GGATGGTAGCA AAGGT AGCGCCG 

GTCGTCCGGGTctgCGTtaa (SEQ ID NO: 4) 

25 	[01091 The amino acid sequence encoded by the polynucleotides of SEQ ID NO: 3 

and SEQ ID NO:4 is disclosed in SEQ ID NO:5 below. In SEQ ID NO: 5 the DsbA 

secretion tag is encoded by nucleotides 1-71 and encodes amino acids 1-24; the 

histidine tag comprising 9 histidine residues is encoded by nucleotides 73-99 and 

encodes amino acids 25-33; the linker is encoded by nucleotides 100-111 and encodes 

30 	amino acids 34-37; the thrombin cleavage tag is encoded by nucleotides 112-135 and 

encodes amino acids 38-45; the full-length collagen is encoded by nucleotides 136-

1422 and encodes amino acids 46-474. 

MKKIWLALAGLVL AFS AS AAQYEDHHITHEIHEIHHSGS SLVPRGSHIVIGPQGV 

V GADGKDGTPGEK GEQ GRTGAAGKQGSPGAD GARGPL GSIGQQGARGEPGD 
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PGSPGLRGDTGLAGVKGVAGPSGRPGQPGANGLPGVNGRGGLRGKPGAKGI 

AGSDGEAGESGAPGQSGPTGPRGQRGPSGEDGNPGLQGLPGSDGEPGEEGQP 

GRSGQPGQQGPRGSPGEVGPRGSKGPSGDRGDRGERGVPGQTGSAGNVGED 

GEQGGKGVDGASGPSGALGARGPPGSRGDTGAVGPPGPTGRSGLPGNAGQK 

5 GPSGEPGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEGERGLAGPPGPDGRRG 

ETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGVRGIPGN 

DGQ SGKPGID GIDGTNGQPGEAGYQ GGRGTRGQLGETGDVGQNGDRGAPGP 

DGSKGSAGRPGLR(SEQ ID NO: 5) 

[0110] The full length jellyfish collagen without the DsbA secretion tag, the histidine 

10 	tag, linker and thrombin cleavage site is disclosed in SEQ ID NO: 89. 

GPQGVVGADGKDGTPGEKGEQGRTGAAGKQGSPGADGARGPLGSIGQQGA 

RGEPGDPGSPGLRGDTGLAGVKGVAGPSGRPGQPGANGLPGVNGRGGLRGK 

PGAKGIAGSDGEAGESGAPGQ SGPTGPRGQRGPSGEDGNPGLQGLPGSDGEP 

GEEGQPGRSGQPGQQGPRGSPGEVGPRGSKGPSGDRGDRGERGVPGQTGSA 

15 GNVGEDGEQGGKGVDGASGPSGALGARGPPGSRGDTGAVGPPGPTGRSGLP 

GNAGQKGPSGEPGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEGERGLAGPPG 

PDGRRGETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGV 

RGIPGNDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGD 

RGAPGPDGSKGSAGRPGLR(SEQ ID NO: 89) 

20 	[0111] The polynucleotides of SEQ ID NO: 3 and SEQ ID NO: 4 were synthesized 

by Gen9 DNA, now Ginkgo Bioworks internal synthesis. Overlaps between the 

pET28 vector and SEQ ID NO: 3 and SEQ ID NO: 4 were designed to be between 30 

and 40bp long and added using PCR with the enzyme PrimeStar GXL polym erase 

(http://www.clontech.com/US/Products/PCR/GC  Rich/PrimeSTAR GXL DNA Pol 

25 	ymerase?sitex=10020:22372:US). The opened pET28a vector and insert DNA (SEQ 

ID NO: 3 or SEQ ID NO: 4) were then assembled together into the final plasmid 

using S GI Gibson assembly (https://us.vvvr.com/store/product/17613857/gibson-

assembly-hifi-l-step-kit-synthetic-genomics-inc). Sequence of plasmid was then 

verified through sanger sequencing through Eurofins Genomics 

30 	(www. eurofins g enomic s . c oin). 

[0112] The transformed cells were cultivated in minimal media and frozen in 1.5 

aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture was revived in 50m1 of minimal media overnight at 37 °C, 200rpm. Cells were 
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transferred into 300m1 of minimal media and grown for 6-9 hours to reach an OD600 

of 5-10. 

[01131 Minimal media used in this example and throughout this application is 

prepared as follows. The minimal media (Table 1) was autoclaved in several separate 

5 	fractions, Salts mix (Ammonium Phosphate dibasic, Potassium phosphate monobasic, 

Citric acid anhydrous, Magnesium sulfate heptahydrate), the Sucrose at 500g/L, the 

Glucose at 55%, the Trace Metals TM5 (table 2), and Sodium Hydroxide 10M. The 

minimal media was then mixed together at the above concentrations post-autoclaving 

in the hood. 

10 

Table 1 Minimal media recipe for shake flask cultures 

chemical Formula MW Conc (g/L) 

Ammonium Phosphate dibasic (NH4)2HPO4  133 4 

Potassium phosphate monobasic KH 2PO 4  137 13.3 

Citric acid anhydrous H3 C 6H507  192.14 4.5 

Magnesium sulfate heptahydrate MgSO4.7H 20 246 0.59 

Trace Metals TM5 2 

Glucose C6111206  500 40 

Sodium Hydroxide 10M NaOH 400 5.2 

Sucrose 500g/L C12H22011 500 66.6 
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Table 2 Trace Metals TM5 composition 

chemical Formula MW Conc (g/L) 

Ferrous Sulfate Heptahydrate FeSO 4  • 7H2 0 278.02 27.8 

Calcium Chloride CaC12  • 2H2 0 147 2.94 

Manganese Chloride MnC 12 125.84 1.26 

Zinc Sulfate ZnSO4  • H2 O 179.5 1.8 

Nickel Chloride NiC12  • 6H20 237.69 0.48 

Sodium Molybate Na2Mo0 4  • 2H 2 0 241.95 0.48 

Sodium Selenite Na2Se0 3 172.94 0.35 

Boric Acid H3B03  61.83 0.12 

[0114] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

	

5 	[0115] The collagen was purified by acid treatment of homogenized cell broth. The 

pH of the homogenized slurry was decreased to 3 using 6M Hydrochloric acid. 

Acidified cell slurry was incubated overnight at 4° C with mixing, followed by 

centrifugation. Supernatant of the acidified slurry was tested on a polyacrylamide gel 

and found to contain collagen in relatively high abundance compared to starting 

	

10 	pellet. The collagen slurry thus obtained was high in salts. To obtain volume and salt 

reduction, concentration and diafiltration steps were performed using an EMD 

Millipore Tangential Flow Filtration system with ultrafiltration cassettes of 0.1 m2  

each. Total area of filtration was 0.2 m2  using 2 cassettes in parallel. A volume 

reduction of 5x and a salt reduction of 19x was achieved in the TFF stage. Final 

	

15 	collagen slurry was run on an SDS-PAGE gel to confirm presence of the collagen. 

This slurry was dried using a multi-tray lyophilizer over 3 days to obtain a white, 

fluffy collagen powder. 

[0116] The purified collagen was analyzed on an SDS-PAGE gel and a thick and 

clear band was observed at the expected size of 42 kilodaltons. The purified collagen 

	

20 	was also analyzed by mass spectrometry and it was confirmed that the 42 kilodalton 

protein was jellyfish collagen. 

[0117] The fermentations were performed at various temperature ranging from 25° 

to 28° C. For some fermentations, the temperature of the fermentation was 

maintained at a constant temperature and immediately upon completion of 
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fermentation (0D600 of 5-10) the collagen was purified. For other fermentations, the 

temperature of the fermentations was maintained for a desired period of time and 

when cell densities of OD600 of 5-10 were reached, the temperature was reduced to 

induce protein production. Typically, the temperature was reduced from 28° C to 25° 

	

5 	C. After the fermentation at 25° C was continued for 40-60 hours, the collagen was 

isolated. 

Additional full length jellyfish collagens 

[0118] A full length jellyfish collagen without a His tag, linker, and thrombin 

cleavage site is disclosed below. Two codon-optimized nucleotide sequence encoding 

	

10 	this collagen are provided in SEQ ID NO: 6 and SEQ ID NO: 7. The differences in 

the nucleotide sequences are due to different codon-optimization strategies but encode 

the same protein. The amino acid sequence is disclosed in SEQ ID NO: 8. The DsbA 

secretion tag is encoded by nucleotides 1-72 and encodes amino acids 1-24. The 

collagen sequence is encoded by nucleotides 73-1359 and encodes amino acids 25- 

	

15 	453 

A TGAAAAAGATTT GGC TGGCGC TGGC T GGTT TAGT T TTAGCGT TT AGCGCA 

TCGGCGGCGCAGT ATGAAGATGGTCCGCAGGGTGT TGT TGGTGC AGA TGG 

T AAAGAC GGTACC CCGGGTGAAAAAGGAGA AC AGGGACGTACAGGTGC A 

GCAGGTAAACAGGGCAGCCCGGGTGCCGATGGTGCCCGTGGCCCGCTGG 

	

20 	GT AGC AT TGGTCAGCAGGGTGCAAGAGGCGAACCGGGCGATCCGGGTAG 

T CC GGGCCT GC GTGGT GATACGGGT CT GGCC GGTGT TAAAGGCGTT GC AG 

GTCCTTCAGGTCGTCCAGGTCAACCGGGTGCAAATGGTCTGCCGGGTGTT 

A ATGGTC GTGGCGGTC TGCGTGGC AAACC GGGAGCAA AAGGT AT TGCAGG 

T AGCGAT GGAGAAGC CGGTGAAAGCGGT GC C CC GGGTCAGAGTGGT CC G 

25 ACCGGTCCGCGCGGTCAGCGTGGTCCGTCTGGTGAAGATGGCAATCCGGG 

TCTGCAGGGTCTGCCTGGTAGTGATGGCGAACCAGGTGAAGAAGGTCAGC 

CGGGTCGTTCAGGCCAGCCGGGCCAGCAGGGCCCGCGTGGTAGCCCGGGC 

GAAGT TGGCCC GC GGGGT AGTAAAGGTCC TAGTGGCGAT C GC GGTGAT CG 

T GGTGAACGCGGT GT T CCTGGT C AGAC CGGTAGCGC AGGT AATGTTGGCG 

	

30 	A AGAT GGTGAACAGGGT GGC AAAGGTGT TGATGGTGCAAGC GGT CC GAG 

CGGTGCACTGGGTGCACGTGGTCCTCCGGGCAGCCGTGGTGACACCGGTG 

C AGTT GGTC CGC CT GGCCCGACC GGCC GTAGTGGCT TACCGGGTA ATGC A 

GGTCAGAAAGGTCCGTCAGGTGAACCTGGCAGCCCTGGTAAAGCAGGT AG 

T GC CGGTGAGC AGGGT CC GCCGGGCA AAGAT GGTAGT AA TGGTGAGCC G 
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GGTAGCCCTGGCAAAGAAGGTGAACGTGGTCTGGCAGGACCGCCGGGTCC 

TGATGGTCGCCGCGGTGAAACGGGTTCACCGGGTATTGCCGGTGCCCTGG 

GTAAACCAGGTCTGGAAGGTCCGAAAGGTTATCCTGGTCTGCGCGGTCGT 

GATGGTACCAATGGCAAACGTGGCGAACAGGGCGAAACCGGTCCAGATG 

5 GTGTTCGTGGTATTCCGGGTAACGATGGTCAGAGCGGTAAACCGGGCATT 

GATGGTATTGATGGCACCAATGGTCAGCCTGGCGAAGCAGGTTATCAGGG 

TGGTCGCGGTACCCGTGGTCAGCTGGGTGAAACAGGTGATGTTGGTCAGA 

ATGGTGATCGCGGCGCACCGGGTCCGGATGGTAGCAAAGGTAGCGCCGGT 

CGTCCGGGTTTACGTtaa (SEQ ID NO: 6) 

10 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATGGTCCGCAGGGTGTTGTTGGTGCAGATGG 

TAAAGACGGTACCCCGGGTGAAAAAGGtGAACAGGGtCGTACcGGTGCAGC 

AGGTAAACAGGGCAGCCCGGGTGCCGATGGTGCCCGTGGCCCGCTGGGTA 

15 GCATTGGTCAGCAGGGTGCAcgtGGCGAACCGGGCGATCCGGGTAGcCCGG 

GCCTGCGTGGTGATACGGGTCTGGCCGGTGTTAAAGGCGTTGCAGGTCCT 

TCtGGTCGTCCAGGTCAACCGGGTGCAAATGGTCTGCCGGGTGTTAATGGT 

CGTGGCGGTCTGCGTGGCAAACCGGGtGCAAAAGGTATTGCAGGTAGCGA 

TGGcGAAGCCGGTGAAAGCGGTGCCCCGGGTCAGAGcGGTCCGACCGGTC 

20 CGCGCGGTCAGCGTGGTCCGTCTGGTGAAGATGGCAATCCGGGTCTGCAG 

GGTCTGCCTGGTagcGATGGCGAACCAGGTGAAGAAGGTCAGCCGGGTCGT 

TCtGGCCAGCCGGGCCAGCAGGGCCCGCGTGGTAGCCCGGGCGAAGTTGG 

CCCGCGcGGTtcTAAAGGTCCTAGeGGCGATCGCGGTGATCGTGGTGAACGC 

GGTGTTCCTGGTCAGACCGGTAGCGCAGGTAATGTTGGCGAAGATGGTGA 

25 ACAGGGTGGCAAAGGTGTTGATGGTGCAAGCGGTCCGAGCGGTGCACTGG 

GTGCACGTGGTCCTCCGGGCAGCCGTGGTGACACCGGTGCAGTTGGTCCG 

CCTGGCCCGACCGGCCGTAGcGGCctgCCGGGTAATGCAGGTCAGAAAGGT 

CCGTCtGGTGAACCTGGCAGCCCTGGTAAAGCAGGTAGcGCCGGTGAGCAG 

GGTCCGCCGGGCAAAGATGGTAGcAATGGTGAGCCGGGTAGCCCTGGCAA 

30 AGAAGGTGAACGTGGTCTGGCAGGtCCGCCGGGTCCTGATGGTCGCCGCG 

GTGAAACGGGTTCtCCGGGTATTGCCGGTGCCCTGGGTAAACCAGGTCTGG 

AAGGTCCGAAAGGTTATCCTGGTCTGCGCGGTCGTGATGGTACCAATGGC 

AAACGTGGCGAACAGGGCGAAACCGGTCCAGATGGTGTTCGTGGTATTCC 

GGGTAACGATGGTCAGAGCGGTAAACCGGGCATTGATGGTATTGATGGCA 
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CCAATGGTCAGCCTGGCGAAGCAGGT T AT CAGGGT GGT CGCGGT AC CC GT 

GGTCAGCTGGGTGAAACcGGTGATGTTGGTCAGAATGGTGATCGCGGCGC 

ACCGGGTCCGGATGGTAGCAAAGGTAGCGCCGGTCGTCCGGGTetgCGTtaa 

(SEQ ID NO: 7) 

5 

MKKIWLALAGLVLAFSASAAQYEDGPQGVVGADGKDGTPGEKGEQGRTGA 

AGKQGSPGADGARGPLGSIGQQGARGEPGDPGSPGLRGDTGLAGVKGVAGP 

SGRPGQPGANGLPGVNGRGGLRGKPGAKGIAGSDGEAGESGAPGQ SGPTGPR 

GQRGPSGEDGNPGLQGLPGSDGEPGEEGQPGRSGQPGQQGPRGSPGEVGPRG 

10 SKGPSGDRGDRGERGVPGQTGSAGNVGEDGEQGGKGVDGASGPSGALGAR 

GPPGSRGDTGAVGPPGPTGRSGLPGNAGQKGPSGEPGSPGKAGSAGEQGPPG 

KDGSNGEPGSPGKEGERGL AGPPGPDGRRGETGSPGIAGALGKPGLEGPKGY 

PGLRGRDGTNGKRGEQGETGPDGVRGIPGNDGQSGKPGIDGIDGTNGQPGEA 

GYQGGRGTRGQLGETGDVGQNGDRGAPGPDGSKGSAGRPGLR (SEQ ID NO: 

15 	8) 

Example 3: Production of Truncated Collagen 

[0119] A codon optimized DNA sequence, optimized for expression in E. coli, 

encoding a jellyfish collagen with a truncation of 240 internal amino acids was 

synthesized and expressed. The DNA sequence is shown below in SEQ ID NO: 9. h 

20 	SEQ ID NO: 9, The DsbA secretion tag is encoded by nucleotides 1-72 and encodes 

amino acids 1-24 of SEQ ID NO: 10. The histidine tag comprising 9 histidine 

residues is encoded by nucleotides 73-99 and encodes amino acids 25-33 of SEQ ID 

NO: 10. The linker is encoded by nucleotides 100-111 and encodes amino acids 34-

37 of SEQ ID NO: 10. The thrombin cleavage site is encoded by nucleotides 112-135 

25 	and encodes amino acids 38-45 of SEQ ID NO: 10. The truncated collagen is 

encoded by nucleotides 136-822 and encodes amino acids 46-274 of SEQ ID NO: 10. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGGGTCCGCAGGGTGTTG 

30 TTGGTGCAGATGGTAAAGACGGTACCCCGGGTGAAAAAGGAGAACAGGG 

ACGTACAGGTGCAGCAGGTAAACAGGGCAGCCCGGGTGCCGATGGTGCC 

CGTGGCCCGCTGGGTAGCATTGGTCAGCAGGGTGCAAGAGGCGAACCGG 

GCGATCCGGGTAGTCCGGGCCTGCGTGGTGATACGGGTCTGGCCGGTGTT 
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A AAGGCGTTGCAGGT C CT TCAGGT C GT CCAGGT C AA CC GGGTGC AAAT GG 

T C T GC CGGGT GT TAATGGTCGTGGCGGTCTGGAACGTGGTCTGGCAGGAC 

C GC CGGGTCCT GAT GGTCGC CGC GGTGAAACGGGT TCACCGGGT AT T GC C 

GGT GC CCTGGGT AAAC CAGGTC T GGAAGGTC CGAAAGGT T AT CC TGGT C T 

	

5 	GCGCGGTCGTGATGGT AC CAAT GGC AAAC GT GGCGAACA GGGCGAAAC C 

GGT CC AGATGGT GT TCGTGGTAT TC CGGGTA AC GAT GGTCAGAGCGGT AA 

ACCGGGCATTGATGGT ATTGAT GGC AC CAATGGTC AGC CTGGCGAAGCA G 

GT T AT CAGGGT GGT CGCGGTAC CCGTGGTCAGC T GGGT GAAACAGGTGAT 

GTTGGTCAGAATGGTGATCGCGGCGCACCGGGTCCGGATGGTAGCAAAGG 

	

10 	TAGCGCCGGTCGTCCGGGTTTACGTtaa (SEQ ID NO: 9) 

[0120] The truncated collagen is approximately 54')/0 of the full length collagen and 

is disclosed below in SEQ ID NO:10. 

MKKIWLALAGLVL AFS AS AAQYEDHHHHHHHHHSGS SLVPRGSHMGPQGV 

VGADGKDGTPGEKGEQGRTGAAGKQGSPGADGARGPLGSIGQQGARGEPGD 

15 PGSPGLRGDTGLAGVKGVAGPSGRPGQPGANGLPGVNGRGGLERGLAGPPG 

PDGRRGETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGV 

RGIPGNDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGD 

RGAPGPDGSKGSAGRPGLR (SEQ ID NO: 10) 

[0121] The polynucleotide encoding the truncated jellyfish collagen without the DsbA 

	

20 	secretion tag, the histidine tag, linker and thrombin cleavage site is disclosed in SEQ 

ID NO: 85 

GTC CGCAGGGT GT T GT TGGT GC AGATGGTAAAGAC GGT AC CCCGGGT GAA 

AAAGGAGAACAGGGACGTACAGGTGCAGCAGGTAAACAGGGCAGCCCGG 

GT GCC GATGGT GCC CGTGGCCC GC T GGGTAGCA T TGGT CAGCAGGGT GC A 

25 AGAGGCGAACCGGGCGATCCGGGTAGTCCGGGCCTGCGTGGTGATACGG 

GTC TGGCCGGT GT T AAAGGCGT T GC AGGTCC T TC AGGTCGTC C AGGT CA A 

CCGGGTGCAAATGGTCTGCCGGGTGTT AATGGTCGTGGCGGTCTGGAACG 

TGGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGAAACGGGTT 

CACCGGGTATTGCCGGTGCCCTGGGTAAACCAGGTCTGGAAGGTCCGAAA 

	

30 	GGT TATCCT GGT CT GCGC GGT CGTGATGGTAC CAAT GGCAAACGT GGCGA 

ACAGGGCGAAACCGGTCCAGATGGTGTTCGTGGTATTCCGGGTAACGATG 

GTC AGAGCGGTAA AC CGGGC ATTGAT GGT AT TGAT GGC AC CAAT GGTC AG 

CCTGGCGAAGCAGGT T AT CAGGGT GGT CGCGGTAC CC GTGGTCAGC T GGG 
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TGAAACAGGTGATGTTGGTCAGAATGGTGATCGCGGCGC ACCGGGTCCGG 

ATGGI.WCAAAGGTAGCGCCGGTCGTCCGGGTTTACGTtaa (SFQ ID NO: 85) 

[0122] The truncated jellyfish collagen without the DsbA secretion tag, the histidine 

tag. linker and thrombin cleavage site is disclosed in SEQ ID NO: :86 

GPQGVVGADGIcDUIPGEKGEQGRTGAIGKOGSPGADGARGPI:GSIGQQGA 

i0(n  

GPP(G1n  

TGPDGVRGININDGQSCTXPGIDGIDOT 	 QGGRGTR.GQLGETGDV ciETGD 

C NCOR.GAPGPDG' SK GSAGRPGLA (SEQ ID NO: 86) 

	

10 	[0123] The polynueleotides of S1-.Q II) NO: 9 was colon optimized and synthesized 

by Gen9 DNA, now Ginkgo Biow arks internal synthesis. Overlaps between the 

pET28 vector and SEQ ID NO: 9 Were designed to be between 30 and 40bp long and 

added using PCR with the enzyme Prime star 	polymerase 

(http://www.clontech.eony  lTS/Products/PCR/GC_Rich/Prim eST AR GX1,_DNALPol 

	

15 	yin erasesitex-10020:22372:1!5). The opened pET28a vector and insert DNA (SFQ 

ID NO: 9)Was then assembled together into the final plasinid using SGI Gibson 

assembly (https::/us.vwr.com'store/produef'17613857tibson-assembly-hili-I-'tep-

kit,synthetic-genomics-ine). Sequence of plasmid was then verified through sanger 

sequencing through Eurofins Genomics (wwwxurofin ztrioln isMCOM). 

	

21) 	[0124] The transformed cells were cultivated in minimal media and frozen in 1.5 

aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture Was revived in 50m1 of minimal media overnight at 37 	20 Orpm . Cells were 

transferred into 300mi of minimal media and grown for 6,9 hours to reach an OD600 

of 5-10. 

	

5 	[0125] A hioreactor was prepared with 2.71, of minimal media + glucose and 300 

ml of OD600 of 5-10 culture was added to bring the starting volume to 3L. Cells were 

grown at 28'C, pH7 with Dissolved Oxygen Maintained at 20% saturation using a 

cascade containing agitation, air and oxygen. pH was controlled using 28% Wiw 

.Ammonium hydroxide solution. Fermentation was run in a led-batch mode using a. 

	

30 	DO-stat based feeding algorithm once the initial bolus of 400. was depleted around 

13hours. Alter 24-26hours of initial growth, the 0D600 reached above 100. At this 

point. 3001111, of 500g/L sucrose w:Os added and teinperature was reduced to 25C. 

High density culture was induced for protein production using 1mM IPTG. 

Fermentation was continued for another 20-24 hours and cells were harvested using a 
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bench top centrifuge at 9000 rcf, 15C for 60 minutes. Cell pellet recovered from 

centrifugation was resuspended in a buffer containing 0.5M NaC1 and 0.1M KH2PO4 

at pH8 in a weight by weight ratio of 2x buffer to lx cells. 

[0126] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

	

5 	in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

[0127] The fermentations were performed at various temperature ranging from 25° 

to 28° C. For some fermentations, the temperature of the fermentation was 

maintained at a constant temperature and immediately upon completion of 

fermentation (0D600 of 5-10) the collagen was purified. For other fermentations, the 

	

10 	temperature of the fermentations was maintained for a desired period of time and 

when cell densities of 0D600 of 5-10 were reached, the temperature was reduced to 

induce protein production. Typically, the temperature was reduced from 28° C to 25° 

C. After the fermentation at 25° C was continued for 40-60 hours, the collagen was 

isolated. 

	

15 	[0128] The collagen was purified by acid treatment of homogenized cell broth. 

Additionally, acid treatment was also performed on non-homogenized whole cells 

recovered from the bioreactor after centrifugation and resuspension in the buffer 

described above. The pH of either the homogenized slurry of the resuspended whole 

cells was decreased to 3 using 6M Hydrochloric acid. Acidified cell slurry was 

	

20 	incubated overnight at 4° C with mixing, followed by centrifugation. Supernatant of 

the acidified slurry was tested on a polyacrylamide gel and found to contain collagen 

in relatively high abundance compared to starting pellet. The collagen slurry thus 

obtained was high in salts. To obtain volume and salt reduction, concentration and 

diafiltration steps were performed using an EMD Millipore Tangential Flow Filtration 

	

25 	system with ultrafiltration cassettes of 0.1 m2  each. Total area of filtration was 0.2 m2  

using 2 cassettes in parallel. A volume reduction of 5x and a salt reduction of 19x was 

achieved in the TFF stage. Final collagen slurry was run on an SDS-PAGE gel to 

confirm presence of the collagen. This slurry was dried using a multi-tray lyophilizer 

over 3 days to obtain a white, fluffy collagen powder. 

	

30 	[0129] The purified truncated collagen obtained from homogenized cell broth or 

non-homogenized cells were analyzed on an SDS-PAGE gel and a thick and clear 

band was observed at the expected size of 27 kilodaltons. The purified collagen was 

also analyzed by mass spectrometry and it was confirmed that the 27 kilodalton 

protein was jellyfish collagen. 
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[0130] An alternative purification method of the full length and truncated collagens is 

provided below. 

[0131] The fermentation broth was mixed with 0.3-0.5% w/v of Poly Ethyl Imine 

(PEI). After 15 minutes of incubation with PEI, the fermentation broth was 

	

5 	centrifuged at 9000 ref for 15 minutes to recover the supernatant, which contained the 

collagen protein. The pellet containing the cells was discarded and the PEI-treated 

collagen containing supernatant was mixed with Sodium Bentonite (0.2% final w/v) 

(Wyopure®, Wyoming Bentonite) and centrifuged. The bentonite containing pellet 

was discarded and the supernatant was recovered. 

	

10 	[0132] The Bentonite treated supernatant was concentrated between 3-6 fold on a 

tangential flow filtration system (TFF) (EMD Millipore) using a SkDa cassette. The 

collagen was retained with almost no losses in the permeate stream. To remove salts, 

the retentate from the concentration step was diafiltered using the same TFF set-up. 

Final conductivity of the protein solution was < 10 milliSiem ens. The typical 

	

15 	conductivity was between 400 microsiemens and 1.5 millisiemens. Highly 

concentrated collagen solutions had higher conductivities approaching 4 

milliSiemens. A skilled artisan will understand that conductivities higher than 10 

milliSiemens may be observed depending on the concentration of the collagen. Next, 

the desalted and concentrated protein was subjected to treatment with activated 

	

20 	carbon using the W-L 9000 10 x 40 granulated resin (Carbon Activated Corporation). 

5% w/v of the carbon resin was mixed with collagen containing protein feed and 

mixed at 45-50°C with mild agitation. The carbon-treated slurry was filtered using a 

Buchner funnel lined with an Ertel Filter Press Pad M-953 (Ertel Alsop) in presence 

or absence of a filtration aid such as Diatomaceous Earth (Sigma Aldrich). Post- 

	

25 	filtration, the collagen solution was filtered through a 0.2 micron filter followed by 

one to several hours of treatment with Sodium Bentonite (0.2% w/v final) 

(Wyopure®, Wyoming Bentonite) and centrifuged at 9000 rcf, 15-30 minutes to 

obtain a highly pure, clear and particulate free collagen solution. When removal of 

endotoxin proteins was desired, the protein was passed through a chromatographic 

	

30 	filter like Sartobind-Q (Sartorius-Stedim) to specifically remove endotoxin proteins. 

[0133] The purified collagen was analyzed on an SDS-PAGE gel and a thick and 

clear band was observed at 30 kilodaltons. The upshift in size is due to the structure 

of the collagen molecule and the high glycine/proline amino acid content. The 
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purified collagen was also analyzed by mass spectrometry and it was confirmed that 

the 30 kilodalton protein was the truncated collagen. 

[01341 The truncated collagens were further analyzed by HPLC using an Agilent 

1100 series HPLC. The column was the 50mm Agilent PLRP-S reverse phase 

	

5 	column with an inner diameter of 4.6mm, !..t.M particle size and 1000 Angstrom pore 

size. 

[01351 The sample was prepared by diluting 1:1 in a 0.04% sodium azide solution 

in HPLC-grade water. After dilution, the resulting mixture was filtered through a 0.45 

um filter to remove any large particles that can clog the HPLC column. For analysis, 

	

10 	the samples are diluted appropriately with a 20 mM ammonium acetate buffer in 

HPLC-grade water at a pH of about 4.5. After mixing the sample, it was transferred to 

a 300 µL microvial that was then placed in the autosampler. Using ChemStation, the 

software that operates the HPLC, the analysis parameters such as sample flowrate, 

column temperature, mobile phase flowrate, mobile phase composition, etc. can be 

	

15 	altered. In one exemplary, but non-limiting analysis the parameters were: sample 

flow rate of 1 mL/min, column temperature of 80°C, column pressure of 60-70 bar, 

mobile phase composition of 97.9% water/1.9% acetonitrile with 0.2% trifluoroacetic 

acid; UV wavelength for analysis of 214.4 nm, injection volume of 10 µL, and sample 

run time of 10 minutes. 

	

20 	[01361 Under these conditions, the truncated jellyfish collation of SEQ ID NO: 91 

has an elution time of about 5.4 minutes. ChemStation quantifies the peak area of the 

elution peak and calculates the protein concentration using a calibration curve that 

directly relates peak area to protein concentration. The calibration curve is generated 

using a known collagen solution that is serially diluted to contain collagen 

	

25 	concentration ranges of 0.06 mg/mL to 1.00 mg/mL. 

Truncated Collagen Without His Tag-Linker-Thrombin Cleavage Site 

[01371 A truncated jellyfish collagen without a His tag, linker, and thrombin 

cleavage site is disclosed below. The codon-optimized nucleotide sequence encoding 

this collagen is provided in SEQ ID NO: 11. The amino acid sequence is disclosed in 

	

30 	SEQ ID NO: 12. The DsbA secretion tag is encoded by nucleotides 1-72 and encodes 

amino acids 1-24. The truncated collagen sequence is encoded by nucleotides 73-639 

and encodes amino acids 25-213. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATGGTCCGCAGGGTGTTGTTGGTGCAGATGG 
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T AAAGAC GGTACC CCGGGTAATGC AGGT C AGAAAGGT CC GT C AGGTGA AC 

CTGGCAGCCCTGGT AAAGCAGGTA GT GCC GGTGAGCA GGGTC CGCCGGGC 

A AAGATGGT AGTAATGGTGAGCCGGGTAGCCCTGGCAAAGAAGGTGAAC 

GTGGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGAAACGGGT 

	

5 	T C ACC GGGTAT T GC CGGTGC CC T GGGTAAAC C AGGT CTGGAAGGT CCGAA 

A GGT T ATCC T GGTC TGCGCGGT C GT GATGGT ACC AATGGCAA ACGT GGC G 

A AC AGGGCGAAACCGGT C CAGATGGTGT TCGTGGTAT T CC GGGT AA CGAT 

GGTCAGAGCGGTAAACCGGGCATTGATGGTATTGATGGCACCAATGGTCA 

GCCTGGCGAAGCAGGT TATCAGGGTGGT C GC GGTA CC C GT GGTC AGCT GG 

	

10 	GT GAAAC AGGTGA T GT TGGTCAGA AT GGT GATCGC GGCGC AC CGGGTC CG 

GATGGTAGCAAAGGTAGCGCCGGTCGTCCGGGTTTACGTtaa (SEQ ID NO: 

11) 

MKKIWLALAGLVL AFS A S AA QYEDGPQGVVGADGKDGT PGNAGQKGPSGE 

PGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEGERGLAGPPGPDGRRGETGSP 

	

15 	GIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGVRGIPGNDGQ S 

GKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGDRGAPGPDGSK 

GSAGRPGLR (SEQ ID NO: 12) 

[0138] A polynucleotide encoding a truncated jellyfish collagen without a His tag, 

linker and thrombin cleavage site disclosed in SEQ ID NO: 90 

	

20 	GGT CC GCAGGGTGT TGTTGGTGC AGAT GGTAAAGA CGGTACC CC GGGT AA 

TGCAGGTCAGAAAGGTCCGTCAGGTGAACCTGGCAGCCCTGGTAAAGCAG 

GT AGT GC CGGT GAGC AGGGT CCGC CGGGC AAAGATGGTA GT AATGGTGA 

GCCGGGT AGCC CT GGC AAAGAAGGTGAA CGT GGTCTGGC AGGAC CGCC G 

GGTCCTGATGGTCGCCGCGGTGAAACGGGTTCACCGGGTATTGCCGGTGC 

25 CCTGGGTAAACCAGGTCTGGAAGGTCCGAAAGGTTATCCTGGTCTGCGCG 

GT C GT GATGGT ACC AATGGCAAAC GT GGC GAACAGGGCGAAACC GGTC C 

A GAT GGT GTTC GT GGT ATTCCGGGT AACGATGGTCAGAGCGGTAAACCGG 

GC ATT GATGGT AT T GATGGCA CC AATGGTCAGC C TGGC GAAGCAGGT TAT 

CAGGGTGGTCGCGGTACCCGTGGTCAGCTGGGTGAAACAGGTGATGTTGG 

	

30 	TCAGAATGGTGATCGCGGCGCACCGGGTCCGGATGGT AGCAAAGGTAGCG 

CCGGTCGTCCGGGTTTACGTtaa (SEQ ID NO: 90) 

[0139] A truncated jellyfish collagen without a His tag, linker and thrombin 

cleavage site disclosed in SEQ ID NO: 91 
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GPQGVVGADGKDGTPGNAGQKGPSGEPGSPGKAGSAGEQGPPGKDGSNGEP 

GSPGKEGERGLAGPPGPDGRRGETGSPGIAGALGKPGLEGPKGYPGLRGRDG 

TNGKRGEQGETGPDGVRGIPGNDGQSGKPGIDGIDGTNGQPGEAGYQGGRGT 

RGQLGETGDVGQNGDRGAPGPDGSKGSAGRPGLR (SEQ ID NO: 91) 

	

5 	Truncated Collagen With GEK Repeats 

[0140] A jellyfish collagen with GEK repeats is disclosed below. The codon-

optimized nucleotide sequence encoding this collagen is provided in SEQ ID NO: 13. 

The amino acid sequence is disclosed in SEQ ID NO: 14. The DsbA secretion tag is 

encoded by nucleotides 1-72 and encodes amino acids 1-24. The GEK repeat is 

	

10 	encoded by nucleotides 73-126 and encodes the GEK repeats of amino acids 25-42. 

The truncated collagen sequence is encoded by nucleotides 127-693 and encodes 

amino acids 43-231. 

A T GAAAAAGATTT GGC TGGCGC T GGC T GGTT TAGTT TTAGCGT TT AGCGCA 

TCGGCGGCGCAGT ATGAAGATGGTGAAAAAGGTGAaAAGGGCGAGAAAG 

15 GTGAGAAAGGCGAAAAGGGTGAAAAAGGTCCGCAGGGTGTTGTTGGTGC 

A GAT GGT AAAGACGGT AC CC CGGGTA AT GCAGGTCAGAA AGGTC CGTC A 

GGTGAACCTGGCAGCCCTGGTAAAGCAGGTAGTGCCGGTGAGCAGGGTCC 

GCCGGGCAAAGATGGTAGTAATGGTGAGCCGGGTAGCCCTGGCAAAGAA 

GGTGAACGTGGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGA 

	

20 	A ACGGGT TCACCGGGT AT TGCC GGT GC CCTGGGT AAAC CAGGTC T GGAAG 

GT C CGAAAGGT T AT CC TGGT C T GCGCGGTCGT GATGGTAC CA ATGGC AAA 

C GT GGCGAACAGGGC GA AAC CGGTCC AGAT GGT GTTC GT GGT AT TCCGGG 

T AACGAT GGTC AGAGC GGTAAACCGGGC AT T GATGGT AT T GATGGCAC C A 

A T GGT CAGCCT GGC GAAGCAGGTT AT C AGGGTGGT CGC GGTACC CGT GGT 

25 CAGCTGGGTGAAACAGGTGATGTTGGTCAGAATGGTGATCGCGGCGCACC 

GGGTCCGGATGGT AGCAAAGGTAGCGCCGGTCGTCCGGGT TTACGTtaa 

(SEQ ID NO: 13) 

MKKIWLALAGLVL AFS AS AAQYEDGEK GEKGEK GEK GEKGEKGPQ GVVGA 

DGKDGTPGNAGQKGPSGEPGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEGE 

	

30 	RGL AGPP GPD GRRGET GSPGIAGALGKPGLEGPKGYP GLRGRDGTNGKRGEQ 

GETGPDGVRGIPGNDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETG 

DVGQNGDRGAPGPDGSKGSAGRPGLR(SEQ ID NO: 14) 

[0141] The polynucleotides of SEQ ID NO: 13 was codon optimized and 

synthesized by Gen9 DNA, now Ginkgo Bioworks internal synthesis. Overlaps 
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between the pET28 vector and SEQ ID NO: 13 was designed to be between 30 and 

40bp long and added using PCR with the enzyme PrimeStar GXL polym erase 

(http://www. clontech. com/US/Products/PCR/GC_Rich/Prim  e ST AR_GXL_DNA_Pol 

ymerase?sitex=10020:22372:US). The opened pET28a vector and insert DNA (SEQ 

	

5 	ID NO: 13) was then assembled together into the final plasmid using SGI Gibson 

assembly (https ://us . vwr. com/store/product/17613857/gibson-assembly-hifi-1-step-

kit-synthetic-genomics-inc). Sequence of plasmid was then verified through Sanger 

sequencing through Eurofins Genomics (www.eurofinsgenomics.com). 

[0142] The transformed cells were cultivated in minimal media and frozen in 1.5 

	

10 	aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture was revived in 50m1 of minimal media overnight at 37 °C, 200rpm. Cells were 

transferred into 300m1 of minimal media and grown for 6-9 hours to reach an OD600 

of 5-10. 

[0143] A bioreactor was prepared with 2.7L of minimal media + glucose and 300 

	

15 	ml of OD600 of 5-10 culture was added to bring the starting volume to 3L. Cells were 

grown at 28°C, pH7 with Dissolved Oxygen maintained at 20% saturation using a 

cascade containing agitation, air and oxygen. pH was controlled using 28% w/w 

Ammonium hydroxide solution. Fermentation was run in a fed-batch mode using a 

DO-stat based feeding algorithm once the initial bolus of 40g/L was depleted around 

	

20 	13hours. After 24-26 hours of initial growth, the OD600 reached above 100. At this 

point, 300mL of 500g/L sucrose was added and temperature was reduced to 25C. 

High density culture was induced for protein production using 1mM IPTG. 

Fermentation was continued for another 20-24 hours and cells were harvested using a 

bench top centrifuge at 9000 rcf, 15C for 60 minutes. Cell pellet recovered from 

	

25 	centrifugation was resuspended in a buffer containing 0.5M NaC1 and 0.1M KH2PO4 

at pH8 in a weight by weight ratio of 2x buffer to lx cells. 

[0144] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

[0145] The collagen was purified by acid treatment whole cells recovered from 

	

30 	bioreactor after centrifugation and resuspension in a buffer as described above The 

pH of either the homogenized slurry or the resuspended suspension was decreased to 

3 using 6M Hydrochloric acid. Acidified cell slurry was incubated overnight at 4° C 

with mixing, followed by centrifugation. Supernatant of the acidified slurry was tested 

on a polyacrylamide gel and found to contain collagen in relatively high abundance 
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compared to starting pellet. The collagen slurry thus obtained was high in salts. To 

obtain volume and salt reduction, concentration and diafiltration steps were performed 

using an EMD Millipore Tangential Flow Filtration system with ultrafiltration 

cassettes of 0.1 m2  each. Total area of filtration was 0.2 m2  using 2 cassettes in 

	

5 	parallel. A volume reduction of 5x and a salt reduction of 19x was achieved in the 

TFF stage. Final collagen slurry was run on an SDS-PAGE gel to confirm presence of 

the collagen. This slurry was dried using a multi-tray lyophilizer over 3 days to obtain 

a white, fluffy collagen powder. 

[0146] The purified collagen was analyzed on an SDS-PAGE gel and was observed 

	

10 	to run at an apparent molecular weight of 35 kilodaltons. The 35 kilodalton band does 

not correspond to the expected size of 22 kilodaltons. The upshift between the 

expected size and the apparent size is thought to be due to the GEK repeats interacting 

with the gel matrix. The 35 kDa band was confirmed by mass spectrometry to be the 

correct collagen with the GEK repeats. 

	

15 	Truncated Collagen With GDK Repeats 

[0147] A jellyfish collagen with GDK repeats is disclosed below. The codon-

optimized nucleotide sequence encoding this collagen is provided in SEQ ID NO: 15. 

The amino acid sequence is disclosed in SEQ ID NO: 16. The DsbA secretion tag is 

encoded by nucleotides 1-72 and encodes amino acids 1-24. The GDK repeat is 

	

20 	encoded by nucleotides 73-126 and encodes the GDK repeats of amino acids 25-42. 

The truncated collagen sequence is encoded by nucleotides 127-693 and encodes 

amino acids 43-231. 

ATGAAAAAGATTT GGC TGGCGC TGGCT GGTT TAGTT TTAGCGT TT AGCGCA 

TCGGCGGCGCAGTATGAAGATGGTGATAAAGGTGATAAGGGCGACAAAG 

25 GTGACAAAGGCGATAAGGGTGATAAAGGTCCGCAGGGTGTTGTTGGTGCA 

GATGGTAAAGACGGTACCCCGGGTAATGCAGGTCAGAAAGGTCCGTCAG 

GTGAACCTGGCAGCCCTGGTAAAGCAGGTAGTGCCGGTGAGCAGGGTCCG 

CCGGGCAAAGATGGTAGTAATGGTGAGCCGGGTAGCCCTGGCAAAGAAG 

GTGAACGTGGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGAA 

30 ACGGGTTCACCGGGTATTGCCGGTGCCCTGGGTAAACCAGGTCTGGAAGG 

TCCGAAAGGTTATCCTGGTCTGCGCGGTCGTGATGGTACCAATGGCAAAC 

GTGGCGAACAGGGCGAAACCGGTCCAGATGGTGTTCGTGGTATTCCGGGT 

AACGATGGTCAGAGC GGT AAAC CGGGCAT TGAT GGTATTGAT GGCACC AA 

T GGTC AGCC TGGCGAAGC AGGT TAT CAGGGTGGTC GC GGT ACCC GT GGT C 
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AGCTGGGTGAAACAGGTGATGTTGGTCAGAATGGTGATCGCGGCGCACCG 

GGTCCGGATGGTAGCAAAGGTAGCGCCGGTCGTCCGGGTTTACGTtaa (SEQ 

ID NO: 15) 

MKKIWLALAGLVLAFSASAAQYEDGDKGDKGDKGDKGDKGDKGPQGVVG 

5 ADGKDGTPGNAGQKGPSGEPGSPGKAGSAGEQGPPGKDGSNGEPGSPGKEG 

ERGLAGPPGPDGRRGETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGE 

QGETGPDGVRGIPGNDGQ SGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGET 

GDVGQNGDRGAPGPDGSKGSAGRPGLR (SEQ ID NO: 16) 

[0148] The polynucleotides of SEQ ID NO: 15 was codon optimized and 

10 	synthesized by Gen9 DNA, now Ginkgo l3ioworks internal synthesis. Overlaps 

between the pET28 vector and SEQ ID NO: 15 was designed to be between 30 and 

40bp long and added using PCR with the enzyme PrimeStar GXL polym erase 

(http://www. clontech. com/US/Products/PCR/GC_Rich/Prim  e ST AR_GXL_DNA_Pol 

ymerase?sitex=10020:22372:US). The opened pET28a vector and insert DNA (SEQ 

15 	ID NO: 15) was then assembled together into the final plasmid using SGI Gibson 

assembly (https ://us.vwr. com/store/product/17613857/gibson-assembly-hifi-1-step-

kit-synthetic-genomics-inc). Sequence of plasmid was then verified through sanger 

sequencing through Eurofins Genomics (www.eurofinsgenomics.com). 

[0149] The transformed cells were cultivated in minimal media and frozen in 1.5 

20 	aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture was revived in 50m1 of minimal media overnight at 37 °C, 200rpm. Cells were 

transferred into 300m1 of minimal media and grown for 6-9 hours to reach an OD600 

of 5-10. 

[0150] A bioreactor was prepared with 2.7L of minimal media + glucose and 300 

25 	ml of OD600 of 5-10 culture was added to bring the starting volume to 3L. Cells were 

grown at 28°C, pH7 with Dissolved Oxygen maintained at 20% saturation using a 

cascade containing agitation, air and oxygen. pH was controlled using 28% w/w 

Ammonium hydroxide solution. Fermentation was run in a fed-batch mode using a 

DO-stat based feeding algorithm once the initial bolus of 40g/L was depleted around 

30 	13hours. After 24-26hours of initial growth, the OD600 reached above 100. At this 

point, 300mL of 500g/L sucrose was added and temperature was reduced to 25C. 

High density culture was induced for protein production using 1mM IPTG. 

Fermentation was continued for another 20-24 hours and cells were harvested using a 

bench top centrifuge at 9000 rcf, 15C for 60 minutes. Cell pellet recovered from 
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centrifugation was resuspended in a buffer containing 0.5M NaC1 and 0.1M KH2PO4 

at pH8 in a weight by weight ratio of 2x buffer to lx cells. 

[0151] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

	

5 	[0152] The collagen was purified by acid treatment of whole cells recovered from 

bioreactor after centrifugation and resuspension in a buffer as described above. The 

pH of either the homogenized slurry was decreased to 3 using 6M Hydrochloric acid. 

Acidified cell slurry was incubated overnight at 4° C with mixing, followed by 

centrifugation. Supernatant of the acidified slurry was tested on a polyacrylamide gel 

	

10 	and found to contain collagen in relatively high abundance compared to starting 

pellet. The collagen slurry thus obtained was high in salts. To obtain volume and salt 

reduction, concentration and diafiltration steps were performed using an EMD 

Millipore Tangential Flow Filtration system with ultrafiltration cassettes of 0.1 m2  

each. Total area of filtration was 0.2 m2  using 2 cassettes in parallel. A volume 

	

15 	reduction of 5x and a salt reduction of 19x was achieved in the TFF stage. Final 

collagen slurry was run on an SDS-PAGE gel to confirm presence of the collagen. 

This slurry was dried using a multi-tray lyophilizer over 3 days to obtain a white, 

fluffy collagen powder. 

[0153] The purified collagen was analyzed on an SDS-PAGE gel and was observed 

	

20 	to run at an apparent molecular weight of 35 kilodaltons. The 35 kilodalton band does 

not correspond to the expected size of 22 kilodaltons. The upshift between the 

expected size and the apparent size is thought to be due to the GDK repeats 

interacting with the gel matrix. The 35 kDa band was confirmed by mass 

spectrometry to be the correct collagen with the GDK repeats. 

	

25 	Truncated Collagen with DsbA secretion tag-His tag-Linker-Thrombin cleavage 

site and GFP Beta-lactamase fusion (version 1): 

[0154] A jellyfish collagen with DsbA secretion tag-His tag-Linker-Thrombin 

cleavage site and GFP Beta-lactamase fusion is disclosed below. The codon-

optimized nucleotide sequence encoding this collagen is provided in SEQ ID NO: 17. 

	

30 	The amino acid sequence is disclosed in SEQ ID NO: 18. The DsbA secretion tag is 

encoded by nucleotides 1-72 and encodes amino acids 1-24. The His tag is encoded 

by nucleotides 73-99 and encodes a 9 histidine tag of amino acids 25-33. The linker 

is encoded by nucleotides 100-111 and encodes amino acids 34-37. The thrombin 

cleavage side is encoded by nucleotides 112-135 and encodes amino acids 38-45. The 
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green fluorescent protein (GFP) with linker is encoded by nucleotides 136-873 and 

encodes amino acids 46-291. The truncated collagen sequence is encoded by 

nucleotides 874-1440 and encodes amino acids 292-480. The Beta-lactamase with 

linker is encoded by nucleotides 1441-2232 and encodes amino acids 481-744. The 

5 	Beta-lactamase was properly targeted to the periplasmic space even though the 

polypeptide did not have an independent secretion tag. The DsbA secretion tag 

directed the entire transcript (Truncated Collagen with DsbA secretion tag-His tag-

Linker-Thrombin cleavage site and GFP Beta-lactamase fusion protein) to the 

periplasmic space and the Beta-lactamase functioned properly. 

10 ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGTCTGGCTCGAGCAGTA 

AAGGTGAAGAACTGTTCACCGGTGTTGTTCCGATCCTGGTTGAACTGGAT 

GGTGATGTTAACGGCCACAAATTCTCTGTTCGTGGTGAAGGTGAAGGTGA 

15 TGCAACCAACGGTAAACTGACCCTGAAATTCATCTGCACTACCGGTAAAC 

TGCCGGTTCCATGGCCGACTCTGGTGACTACCCTGACCTATGGTGTTCAGT 

GTTTTTCTCGTTACCCGGATCACATGAAGCAGCATGATTTCTTCAAATCTG 

CAATGCCGGAAGGTTATGTACAGGAGCGCACCATTTCTTTCAAAGACGAT 

GGCACCTACAAAACCCGTGCAGAGGTTAAATTTGAAGGTGATACTCTGGT 

20 GAACCGTATTGAACTGAAAGGCATTGATTTCAAAGAGGACGGCAACATCC 

TGGGCCACAAACTGGAATATAACTTCAACTCCCATAACGTTTACATCACC 

GCAGACAAACAGAAGAACGGTATCAAAGCTAACTTCAAAATTCGCCATAA 

CGTTGAAGACGGTAGCGTACAGCTGGCGGACCACTACCAGCAGAACACTC 

CGATCGGTGATGGTCCGGTTCTGCTGCCGGATAACCACTACCTGTCCACCC 

25 	AGT CT aaaCT GTC CAAAGACC CGAAC GAAAAGCGCGAC CAC AT GGTGCT GC 

TGGAGTTCGTTACTGCAGCAGGTATCACGCACGGCATGGATGAACTCTAC 

AAATCTGGCGCGCCGGGCGGTCCGCAGGGTGTTGTTGGTGCAGATGGTAA 

AGACGGTACCCCGGGTAATGCAGGTCAGAAAGGTCCGTCAGGTGAACCTG 

GCAGCCCTGGTAAAGCAGGTAGTGCCGGTGAGCAGGGTCCGCCGGGCAA 

30 AGATGGTAGTAATGGTGAGCCGGGTAGCCCTGGCAAAGAAGGTGAACGT 

GGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGAAACGGGTTC 

ACCGGGTATTGCCGGTGCCCTGGGTAAACCAGGTCTGGAAGGTCCGAAAG 

GTTATCCTGGTCTGCGCGGTCGTGATGGTACCAATGGCAAACGTGGCGAA 

CAGGGCGAAACCGGTCCAGATGGTGTTCGTGGTATTCCGGGTAACGATGG 
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TCAGAGCGGTAAACCGGGCATTGATGGTATTGATGGCACCAATGGTCAGC 

CTGGCGAAGCAGGTTATCAGGGTGGTCGCGGTACCCGTGGTCAGCTGGGT 

GAAACAGGTGATGTTGGTCAGAATGGTGATCGCGGCGCACCGGGTCCGGA 

T GGTAGC AAAGGT AGCGC CGGTCGTC C GGGT TT AC GT cacccag aaacgctggtgaaa 

	

5 	gtaaaagatgetgaagatcagttgggtgeacgagtgggttacatcgaactggatctcaacageggtaagatecttgagagtt 

ttcgcccegaagaacgttttccaatgatgageacttttaaagttetgetatgtggegeggtattatcccgtattgacgccggge 

aagageaacteggtcgccgcatacactattetcagaatgacttggttgagtacteaccagteacagaaaagcatcttacgga 

tggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactmgccaacttacttctgacaacgatc 

ggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctg 

	

10 	aatgaagccataccaaacgacgagegtgacaccacgatgcctgtageaatggcaacaacgttgcgcaaactattaactgg 

cgaactacttactctagettccoggcaacaattaatagactggatggaggeggataaagttgcaggaccacttctgcgctcg 

gccettccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggc 

cagatggtaagccetccegtatcgtagttatetacacgaeggggagtcaggcaactatggatgaacgaaatagacagatcg 

ctgagataggtgcctcactgattaagcattggtaa (SEQ ID NO: 17) 

	

15 	MKKIWL ALAGLVL AFS AS AAQYEDHHHHHHHHHSGS SLVPRGSHIVI SGSSSK 

GEELFTGVVPILVELDGDVNGHKF SVRGEGEGDATNGKLTLKFICTTGKLPVP 

WPTLVTTLTYGVQCFSRYPDHMKQHDFFK SAMPEGYVQERTISFKDDGTYK 

TRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFNSHNVYITADKQKNG 

IKANFKIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYL S TQ SKL SKDPNE 

	

20 	KRDHMVLLEFVTAAGITHGMDELYK SGAPGGPQGVVGADGKDGTPGNAGQ 

K GP SGEPGSPGKAGSAGEQ GPPGKD GSNGEPGSPGKEGERGL AGPPGPDGRR 

GETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGVRGIPG 

NDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGDRGAPG 

PDGSKGSAGRPGLRHPETLVKVKDAEDQLGARVGYIELDLNSGKILESFRPEE 

	

25 	RFPMM STFKVLLCGAVLSRIDAGQEQLGRRIHY SQNDLVEY SPVTEKHLTDG 

MTVRELC SA AITM SDNT AANLLLTT IGGPKELT AFLHNMGDHVTRLDRWEPE 

LNEAIPNDERDTTMPVAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPL 

LRSALPAGWFIADK SGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDER 

NRQIAEIGASLIKHW (SEQ ID NO: 18) 

	

30 	[01551 The polynucleotides of SEQ ID NO: 17 was constructed by assembling 

several DNA fragments. The collagen containing sequence was codon optimized and 

synthesized by Gen9 DNA, now Ginkgo Bioworks internal synthesis. The GFP was 

also synthesized by Gen9. The Beta-lactamase was cloned out of the plasmid pKD46 

(http://cgsc2.biology.yale.edu/Strain.php?ID=68099)  using PCR with the enzyme 
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PrimeStar GXL polym erase 

(http://www. clontech. com/US/Products/PCR/GC_Rich/Prim  e ST AR GXL DNA Pol 

ymerase?sitex=10020:22372:U5). Overlaps between the pET28 vector, GFP, 

Collagen, and Beta-lactamase was designed to be between 30 and 40bp long and 

	

5 	added using PCR with the enzyme PrimeStar GXL polymerase. The opened pET28a 

vector and inserts were then assembled together into the final plasmid using SGI 

Gibson assembly (https://us.vwr.com/store/product/17613857/gibson-assembly-hifi-l-

step-kit-synthetic-genomics-inc). Sequence of plasmid was then verified through 

sanger sequencing through Eurofins Genomics (www.eurofinsgenomics.corn). 

	

10 	[0156] The transformed cells were cultivated in minimal media and frozen in 1.5 

aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture was revived in 50m1 of minimal media overnight at 37 °C, 200rpm. Cells were 

transferred into 300m1 of minimal media and grown for 6-9 hours to reach an OD600 

of 5-10. 

	

15 	[0157] A bioreactor was prepared with 2.7L of minimal media + glucose and 300 

ml of OD600 of 5-10 culture was added to bring the starting volume to 3L. Cells were 

grown at 28°C, pH7 with Dissolved Oxygen maintained at 20% saturation using a 

cascade containing agitation, air and oxygen. pH was controlled using 28% w/w 

Ammonium hydroxide solution. Fermentation was run in a fed-batch mode using a 

	

20 	DO-stat based feeding algorithm once the initial bolus of 40g/L was depleted around 

13hours. After 24-26hours of initial growth, the OD600 reached above 100. At this 

point, 300mL of 500g/L sucrose was added and temperature was reduced to 25C. 

High density culture was induced for protein production using 1mM IPTG. 

Fermentation was continued for another 20-24 hours and cells were harvested using a 

	

25 	bench top centrifuge at 9000 ref, 15C for 60 minutes. Cell pellet recovered from 

centrifugation was resuspended in a buffer containing 0.5M NaCl and 0.1M KH2PO4 

at pH8 in a weight by weight ratio of 2x buffer to lx cells. 

[0158] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

	

30 	[0159] The collagen was purified by acid treatment of non-homogenized whole 

cells recovered from the bioreactor after centrifugation and resuspension in the buffer 

described above. The pH of the resuspended suspension-was decreased to 3 using 6M 

Hydrochloric acid. Acidified cell slurry was incubated overnight at 4° C with mixing, 

followed by centrifugation. The pH was then raised to 9 using 10N NaOH and the 
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supernatant of the slurry was tested on a polyacrylamide gel and found to contain 

collagen in relatively high abundance compared to starting pellet. The collagen slurry 

thus obtained was high in salts. To obtain volume and salt reduction, concentration 

and diafiltration steps were performed using an EMD Millipore Tangential Flow 

	

5 	Filtration system with ultrafiltration cassettes of 0.1 m2 each. Total area of filtration 

was 0.2 m2 using 2 cassettes in parallel. A volume reduction of 5x and a salt 

reduction of 19x was achieved in the TFF stage. Final collagen slurry was run on an 

SDS-PAGE gel to confirm presence of the collagen. This slurry was dried using a 

multi-tray lyophilizer over 3 days to obtain a white, fluffy collagen powder. 

	

10 	[0160] The purified collagen-GFP-Beta-lactamase fusion protein was analyzed on 

an SDS-PAGE gel and was observed to run at an apparent molecular weight of 90 

kilodaltons. The expected size of the fusion protein is 85 kd. The 90 kDa band was 

confirmed by mass spectrometry to be the correct collagen fusion protein. 

Truncated Collagen with DsbA secretion tag-His tag-Linker-Thrombin cleavage 

	

15 	site and GFP Beta-lactamase fusion (version 2): 

[0161] A jellyfish collagen with DsbA secretion tag-His tag-Linker-Thrombin 

cleavage site and GFP Beta-lactamase fusion is disclosed below. The codon-

optimized nucleotide sequence encoding this collagen is provided in SEQ ID NO: 19. 

The amino acid sequence is disclosed in SEQ ID NO: 20. The DsbA secretion tag is 

	

20 	encoded by nucleotides 1-72 and encodes amino acids 1-24. The His tag is encoded 

by nucleotides 73-99 and encodes a 9 histidine tag of amino acids 25-33. The linker 

is encoded by nucleotides 100-111 and encodes amino acids 34-37. The thrombin 

cleavage side is encoded by nucleotides 112-135 and encodes amino acids 38-45. The 

green fluorescent protein (GFP) with linker is encoded by nucleotides 136-873 and 

	

25 	encodes amino acids 46-291 The truncated collagen sequence is encoded by 

nucleotides 874-1440 and encodes amino acids 292-480. The Beta-lactamase with 

linker is encoded by nucleotides 1441-2232 and encodes amino acids 481-744. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

30 TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGTCTGGCTCGAGCAGTA 

AAGGTGAAGAACTGTTCACCGGTGTTGTTCCGATCCTGGTTGAACTGGAT 

GGTGATGTTAACGGCCACAAATTCTCTGTTCGTGGTGAAGGTGAAGGTGA 

TGCAACCAACGGTAAACTGACCCTGAAATTCATCTGCACTACCGGTAAAC 

TGCCGGTTCCATGGCCGACTCTGGTGACTACCCTGACCTATGGTGTTCAGT 
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GTTTTTCTCGTTACCCGGATCACATGAAGCAGCATGATTTCTTCAAATCTG 

CAATGCCGGAAGGTTATGTACAGGAGCGCACCATTTCTTTCAAAGACGAT 

GGCACCTACAAAACCCGTGCAGAGGTTAAATTTGAAGGTGATACTCTGGT 

GAACCGTATTGAACTGAAAGGCATTGATTTCAAAGAGGACGGCAACATCC 

5 TGGGCCACAAACTGGAATATAACTTCAACTCCCATAACGTTTACATCACC 

GCAGACAAACAGAAGAACGGTATCAAAGCTAACTTCAAAATTCGCCATAA 

CGTTGAAGACGGTAGCGTACAGCTGGCGGACCACTACCAGCAGAACACTC 

CGATCGGTGATGGTCCGGTTCTGCTGCCGGATAACCACTACCTGTCCACCC 

AGT CT aaaCT GTC CAAAGACC CGAAC GAAAAGCGCGAC CAC AT GGTGCT GC 

10 TGGAGTTCGTTACTGCAGCAGGTATCACGCACGGCATGGATGAACTCTAC 

AAATCTGGCGCGCCGGGCGGTCCGCAGGGTGTTGTTGGTGCAGATGGTAA 

AGACGGTACCCCGGGTAATGCAGGTCAGAAAGGTCCGTCAGGTGAACCTG 

GCAGCCCTGGTAAAGCAGGTAGTGCCGGTGAGCAGGGTCCGCCGGGCAA 

AGATGGTAGTAATGGTGAGCCGGGTAGCCCTGGCAAAGAAGGTGAACGT 

15 GGTCTGGCAGGACCGCCGGGTCCTGATGGTCGCCGCGGTGAAACGGGTTC 

ACCGGGTATTGCCGGTGCCCTGGGTAAACCAGGTCTGGAAGGTCCGAAAG 

GTTATCCTGGTCTGCGCGGTCGTGATGGTACCAATGGCAAACGTGGCGAA 

CAGGGCGAAACCGGTCCAGATGGTGTTCGTGGTATTCCGGGTAACGATGG 

TCAGAGCGGTAAACCGGGCATTGATGGTATTGATGGCACCAATGGTCAGC 

20 CTGGCGAAGCAGGTTATCAGGGTGGTCGCGGTACCCGTGGTCAGCTGGGT 

GAAACAGGTGATGTTGGTCAGAATGGTGATCGCGGCGCACCGGGTCCGGA 

T GGTAGC AAAGGT AGCGC CGGTCGTC C GGGT TT AC GT cacceagaaacgaggtgaaa 

gtaaaagatgetgaagateagttgggtgeacgagtgggttacategaactggatetcaacageggtaagatecttgagagtt 

ttegccecgaagaacgttttecaatgatgagcacttttaaagttctgetatgtggegeggtattateccgtattgacgccgggc 

25 	aagageaacteggtegecgeatacactatteteagaatgacttggttgagtacteaccagteacagaaaagcatettaegga 

tggcatgacagtaagagaattatgeagtgagccataaccatgagtgataacactgeggccaacttacttctgacaacgate 

ggaggacegaaggagetaaccuttattgeacaacatgggggateatgtaactegeettgategttgggaaccggagetg 

aatgaagccataccaaacgacgagegtgacaccacgatgectgtagcaatggcaacaacgttgegcaaactattaactgg 

cgaactacttactetagettecoggcaacaattaatagactggatggaggeggataaagttgeaggaccacttctgegetcg 

30 	geecttceggaggetggtttattgagataaataggagecggtgagegtgggtetegeggtateattgcageactgggge 

cagatggtaageccteccgtategtagttatctacacgacggggagteaggcaactatggatgaacgaaatagacagateg 

ctgagataggtgcctcactgattaagcattggtaa (SEQ ID NO: 19) 

MKKIWLALAGLVL AFS AS AAQYEDHHHHITHEIHHSGS SLVPRGSHM SGSSSK 

GEELFTGVVPILVELDGDVNGHKF SVRGEGEGDATNGKLTLKFICTTGKLPVP 
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WPTLVTTLTYGVQCFSRYPDHMKQHDFFK SAMPEGYVQERTISFKDDGTYK 

TRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFNSHNVYITADKQKNG 

IKANFKIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYL STQ SKL SKDPNE 

KRDHMVLLEFVTAAGITHGMDELYK SGAPGGPQGVVGADGKDGTPGNAGQ 

	

5 	K GP SGEP GSPGKAGS AGEQ GPPGKD GSNGEPGSPGKEGERGL AGPPGPDGRR 

GETGSPGIAGALGKPGLEGPKGYPGLRGRDGTNGKRGEQGETGPDGVRGIPG 

NDGQSGKPGIDGIDGTNGQPGEAGYQGGRGTRGQLGETGDVGQNGDRGAPG 

PDGSKGS AGRPGLRHPETLVKVKDAED QL GARVGYIELDLN SGK IL E SF RPEE 

RFPMM STEKVLLCGAVLSRIDAGQEQLGRRIHY SQNDLVEY SPVTEKHL TDG 

	

10 	MTVRELC SA AITM SDNT AANL LLTT IGGPKELT AFLHNMGDHVTRLDRWEPE 

LNEAIPNDERDT TMPV AM AT T LRKLL TGELLTL ASRQQLIDWMEADKVAGPL 

LRSALPAGWFIADK SGAGERGSRGIIAAL GPDGKPSRIVVIYT TGSQATMDER 

NRQIAEIGASLIKHW (SEQ ID NO: 20) 

Example 4: Production of Full-Length Elastin 

	

15 	[01621 Full length human elastin were expressed as described below. The wild- 

type, full length amino acid sequence of human elastin is provided below. 

MA GL TAAAPRPGVLLLLL SILHPSRPGGVPGAIPGGVPGGVFYPGAGLGAL G 

GGALGPGGKPLKPVPGGL AGAGL GAGLGAFPAVT FP GAL VPGGVADAAAAY 

KAAKAGAGLGGVPGVGGLGV SAGAVVPQPGAGVKPGKVPGVGLPGVYPGG 

20 VLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLG 

YPIKAPKLPGGYGLPYT TGKLPYGYGPGGVAGAAGK AGYPT GTGV GP Q AAA 

AAAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAA 

AAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGA 

GIPGAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFG 

25 VGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAG 

VLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGV 

APGVGVAPGVGVAPGVGL APGVGVAPGVGVAPGVGVAPGIGPGGVAAAAK 

SAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPG 

FGAGADEGVRRSLSPELREGDPS S SQHLPSTPSSPRVPGAL AAAKAAKYGAA 

30 VPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLG 

GLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVA 

ARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 21) 

http : //www. uniprot. org/uniprot/P  15502 

50 



WO 2019/068018 	 PCT/US2018/053601 

[0163] The non-codon optimized polynucleotide sequence encoding the full length 

elastin is disclosed below. In SEQ ID NO: 22, nucleotides 1-78 encode the DsbA 

secretion tag and nucleotides 79-2358 encode the full length human elastin. 

ATGGCGGGTCTGACGGCGGCGGCCCCGCGGCCCGGAGTCCTCCTGCTCCT 

5 GCTGTCCATCCTCCACCCCTCTCGGCCTGGAGGGGTCCCTGGGGCCATTCC 

TGGTGGAGTTCCTGGAGGAGTCTTTTATCCAGGGGCTGGTCTCGGAGCCCT 

TGGAGGAGGAGCGCTGGGGCCTGGAGGCAAACCTCTTAAGCCAGTTCCCG 

GAGGGCTTGCGGGTGCTGGCCTTGGGGCAGGGCTCGGCGCCTTCCCCGCA 

GTTACCTTTCCGGGGGCTCTGGTGCCTGGTGGAGTGGCTGACGCTGCTGCA 

10 GCCTATAAAGCTGCTAAGGCTGGCGCTGGGCTTGGTGGTGTCCCAGGAGT 

TGGTGGCTTAGGAGTGTCTGCAGGTGCGGTGGTTCCTCAGCCTGGAGCCG 

GAGTGAAGCCTGGGAAAGTGCCGGGTGTGGGGCTGCCAGGTGTATACCCA 

GGTGGCGTGCTCCCAGGAGCTCGGTTCCCCGGTGTGGGGGTGCTCCCTGG 

AGTTCCCACTGGAGCAGGAGTTAAGCCCAAGGCTCCAGGTGTAGGTGGAG 

15 CTTTTGCTGGAATCCCAGGAGTTGGACCCTTTGGGGGACCGCAACCTGGA 

GTCCCACTGGGGTATCCCATCAAGGCCCCCAAGCTGCCTGGTGGCTATGG 

ACTGCCCTACACCACAGGGAAACTGCCCTATGGCTATGGGCCCGGAGGAG 

TGGCTGGTGCAGCGGGCAAGGCTGGTTACCCAACAGGGACAGGGGTTGGC 

CCCCAGGCAGCAGCAGCAGCGGCAGCTAAAGCAGCAGCAAAGTTCGGTG 

20 CTGGAGCAGCCGGAGTCCTCCCTGGTGTTGGAGGGGCTGGTGTTCCTGGC 

GTGCCTGGGGCAATTCCTGGAATTGGAGGCATCGCAGGCGTTGGGACTCC 

AGCTGCAGCTGCAGCTGCAGCAGCAGCCGCTAAGGCAGCCAAGTATGGA 

GCTGCTGCAGGCTTAGTGCCTGGTGGGCCAGGCTTTGGCCCGGGAGTAGT 

TGGTGTCCCAGGAGCTGGCGTTCCAGGTGTTGGTGTCCCAGGAGCTGGGA 

25 TTCCAGTTGTCCCAGGTGCTGGGATCCCAGGTGCTGCGGTTCCAGGGGTTG 

TGTCACCAGAAGCAGCTGCTAAGGCAGCTGCAAAGGCAGCCAAATACGG 

GGCCAGGCCCGGAGTCGGAGTTGGAGGCATTCCTACTTACGGGGTTGGAG 

CTGGGGGCTTTCCCGGCTTTGGTGTCGGAGTCGGAGGTATCCCTGGAGTCG 

CAGGTGTCCCTGGTGTCGGAGGTGTTCCCGGAGTCGGAGGTGTCCCGGGA 

30 GTTGGCATTTCCCCCGAAGCTCAGGCAGCAGCTGCCGCCAAGGCTGCCAA 

GTACGGTGCTGCAGGAGCAGGAGTGCTGGGTGGGCTAGTGCCAGGTCCCC 

AGGCGGCAGTCCCAGGTGTGCCGGGCACGGGAGGAGTGCCAGGAGTGGG 

GACCCCAGCAGCTGCAGCTGCTAAAGCAGCCGCCAAAGCCGCCCAGTTTG 

GGTTAGTTCCTGGTGTCGGCGTGGCTCCTGGAGTTGGCGTGGCTCCTGGTG 
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TCGGTGTGGCTCCTGGAGTTGGCTTGGCTCCTGGAGTTGGCGTGGCTCCTG 

GAGTTGGTGTGGCTCCTGGCGTTGGCGTGGCTCCCGGCATTGGCCCTGGTG 

GAGTTGCAGCTGCAGCAAAATCCGCTGCCAAGGTGGCTGCCAAAGCCCAG 

CTCCGAGCTGCAGCTGGGCTTGGTGCTGGCATCCCTGGACTTGGAGTTGGT 

5 GTCGGCGTCCCTGGACTTGGAGTTGGTGCTGGTGTTCCTGGACTTGGAGTT 

GGTGCTGGTGTTCCTGGCTTCGGGGCAGGTGCAGATGAGGGAGTTAGGCG 

GAGCCTGTCCCCTGAGCTCAGGGAAGGAGATCCCTCCTCCTCTCAGCACC 

TCCCCAGCACCCCCTCATCACCCAGGGTACCTGGAGCCCTGGCTGCCGCT 

AAAGCAGCCAAATATGGAGCAGCAGTGCCTGGGGTCCTTGGAGGGCTCGG 

10 GGCTCTCGGTGGAGTAGGCATCCCAGGCGGTGTGGTGGGAGCCGGACCCG 

CCGCCGCCGCTGCCGCAGCCAAAGCTGCTGCCAAAGCCGCCCAGTTTGGC 

CTAGTGGGAGCCGCTGGGCTCGGAGGACTCGGAGTCGGAGGGCTTGGAGT 

TCCAGGTGTTGGGGGCCTTGGAGGTATACCTCCAGCTGCAGCCGCTAAAG 

CAGCTAAATACGGTGCTGCTGGCCTTGGAGGTGTCCTAGGGGGTGCCGGG 

15 CAGTTCCCACTTGGAGGAGTGGCAGCAAGACCTGGCTTCGGATTGTCTCC 

CATTTTCCCAGGTGGGGCCTGCCTGGGGAAAGCTTGTGGCCGGAAGAGAA 

AATGA (SEQ ID NO: 22) 

Codon optimized Elastin with DsbA secretion tag-His tag-Linker-Thrombin 

cleavage site 

20 	[01641 The codon optimized polynucleotide sequence encoding the full length 

human elastin with DsbA secretion tag-His tag-Linker-Thrombin cleavage site is 

disclosed below. In SEQ ID NO: 23: nucleotides 1-72 encode the DsbA secretion tag 

encoding amino acids 1-24 of SEQ ID NO: 24; nucleotides 73-99 encode the 9 His 

tag encoding amino acids 25-33 of SEQ ID NO: 24; nucleotides 100-111 encode the 

25 	linker encoding amino acids 34-37 of SEQ ID NO: 24; nucleotides 112-135 encode 

the thrombin cleavage tag encoding amino acids 38-45 of SEQ ID NO: 24; 

nucleotides 136-2415 encode the amino acids 46-805 of the full length human elastin 

of SEQ ID NO: 24. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

30 TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGGGTGGCGTACCAGGCG 

CAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTATCCGGGCGCCGGTCTTG 

GCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGGCAAACCGCTGAAACC 

GGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCGCAGGTCTGGGAGCAT 
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TTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTGGAGGTGTGGCCGATG 

CAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCGGGTTTAGGAGGCGTC 

CCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGCAGTTGTTCCGCAGCC 

GGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAGTAGGTCTGCCAGGC 

5 GTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTCCGGGCGTTGGTGTTC 

TTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCGAAAGCCCCCGGTGTT 

GGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCCGTTTGGTGGTCCGCA 

ACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACCGAAACTGCCCGGCG 

GTTATGGTCTGCCGTACACAACCGGTAAACTGCCGTATGGTTATGGCCCG 

10 GGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTATCCTACCGGAACCGG 

TGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAAAGCAGCGGCTAAAT 

TTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTG 

CCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGTATTGCCGGTGTCGG 

CACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGCCAAAGCTGCTAAAT 

15 ACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGGGTTTTGGTCCGGGA 

GTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGGGCGTTCCAGGTGC 

AGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCGCGGCCGTTCCGGG 

GGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAG 

TATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATCCCGACCTATGGGGT 

20 GGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGTAGGAGGTATACCGG 

GCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTG 

CCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCAGCCGCAGCTAAGGC 

AGCGAAATATGGTGCCGCCGGCGCAGGAGTTTTAGGTGGGCTGGTTCCGG 

GCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCGGTGGTGTCCCTGGA 

25 GTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCTGCGAAAGCAGCAC 

AGTTTGGCTTAGTACCGGGTGTGGGAGTTGCCCCCGGCGTTGGCGTTGCTC 

CAGGGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCCTGGAGTGGGCGTA 

GCACCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTGCACCGGGTATCGG 

TCCGGGCGGTGTCGCAGCAGCAGCTAAAAGCGCGGCGAAAGTTGCGGCC 

30 AAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCGGGGCT 

GGGTGTCGGAGTTGGAGTCCCGGGTTTGGGCGTGGGCGCGGGAGTTCCGG 

GACTGGGAGTGGGTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGAA 

GGTGTTCGTCGTAGCCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAG 

CAGCCAGCATCTGCCGAGCACCCCGAGCAGCCCGCGTGTTCCGGGTGCAT 
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TAGCTGCAGCAAAAGCCGCCAAGTATGGTGCAGCCGTGCCGGGCGTCTTA 

GGTGGTCTGGGCGCCCTGGGTGGTGTAGGCATTCCGGGAGGTGTTGTGGG 

TGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGCG 

GCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCGGTTTAGGTGTGGGT 

5 GGACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGC 

GGCCGCGAAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTG 

GGTGGGGCAGGTCAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATT 

TGGTCTGAGCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGG 

TCGTAAACGTAAAtaa (SEQ ID NO: 23) 

10 	MKKIWLALAGLVL AFS AS AAQYEDHHHHHHHHHSGS SLVPRGSHIVIGGVPG 

AIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGL AGAGLGAGL GAF 

PAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGAVVPQP 

GAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVG 

GAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGV 

15 AGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGGAGVPG 

VPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFGPGVVG 

VPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAAKYGAR 

PGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGI 

SPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPGVGTPA 

20 	A AAAK AAAK AAQFGLVPGVGVAPGVGVAPGVGVAPGVGL AP GVGVAPGV 

GV APGVGVAPGIGPGGVAAA AK S AAKV AAKAQLRA AA GL GAGIPGL GVGV 

GVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSL SPELREGDPSS SQHLPS 

TPS SPRVPGALA AAK AAKY GAAVPGVL GGL GALGGV GIPGGVV GAGP AA AA 

AAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKY 

25 GAAGLGGVLGGAGQFPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ 

ID NO: 24) 

[01651 The polynucleotide encoding the full length human elastin without the native 

sequence tag is disclosed in SEQ ID NO: 87. 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

30 CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 
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AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

5 GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

10 GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCT GCGGC AGCGGCGGCT GC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

15 CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

GTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCA 

20 GCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAGGAGTTTTAGG 

TGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

GTGGTGTCCCTGGAGTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCT 

GCGAAAGCAGCACAGTTTGGCTTAGTACCGGGTGTGGGAGTTGCCCCCGG 

CGTTGGCGTTGCTCCAGGGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCC 

25 TGGAGTGGGCGTAGCACCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTG 

CACCGGGTATCGGTCCGGGCGGTGTCGCAGCAGCAGCTAAAAGCGCGGC 

GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

GTATTCCGGGGCTGGGTGTCGGAGTTGGAGTCCCGGGTTTGGGCGTGGGC 

GCGGGAGTTCCGGGACTGGGAGTGGGTGCCGGAGTTCCTGGCTTTGGTGC 

30 AGGCGCAGATGAAGGTGTTCGTCGTAGCCTGAGTCCGGAACTGCGTGAAG 

GTGATCCGAGTAGCAGCCAGCATCTGCCGAGCACCCCGAGCAGCCCGCGT 

GTTCCGGGTGCATTAGCTGCAGCAAAAGCCGCCAAGTATGGTGCAGCCGT 

GCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGGGTGGTGTAGGCATTCCGG 

GAGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGC 
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AGCTGCAAAAGCGGCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCG 

GTTTAGGTGTGGGTGGACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGA 

ATTCCGCCCGCAGCGGCCGCGAAAGCGGCAAAATATGGCGCGGCAGGCC 

TGGGCGGCGTGCTGGGTGGGGCAGGTCAGTTTCCGCTGGGCGGGGTTGCC 

5 GCACGTCCGGGATTTGGTCTGAGCCCGATTTTCCCTGGCGGCGCATGTCTG 

GGTAAAGCATGTGGTCGTAAACGTAAAtaa (SEQ ID NO: 87) 

[0166] The full length human elastin sequence without the native sequence tag is 

disclosed in SEQ ID NO: 88. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

10 	GL GAFPAVTFPGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

15 PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPG 

V GTPAAAAAKAAAKA AQF GL VPGVGV APGVGVAPGVGVAPGV GL AP GV GV 

APGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGL 

20 	GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPS S S 

QHLPSTPS SPRVPGALAAAKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAG 

PAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAA 

K AAKYGAAGLGGVLGGAGQFPLGGVAARPGFGL SPIFPGGACLGK ACGRKR 

K (SEQ ID NO: 88) 

25 	Codon optimized Elastin with DsbA secretion tag 

[0167] The codon optimized polynucleotide sequence encoding the full length 

human elastin with a DsbA secretion tag is disclosed in SEQ ID NO: 25. In SEQ ID 

NO: 25: nucleotides 1-72 encode the DsbA secretion tag encoding amino acids 1-24 

of SEQ ID NO: 26; nucleotides 73-2355 encode the amino acids 25-785 of the full 

30 	length human elastin of SEQ ID NO: 26. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATATGGGTGGCGTACCAGGCGCAATTCCTGG 

GGGTGTCCCAGGCGGTGTTTTTTATCCGGGCGCCGGTCTTGGCGCACTGGG 

TGGCGGTGCACTGGGCCCGGGCGGCAAACCGCTGAAACCGGTACCAGGT 
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GGTTTAGCAGGCGCCGGCTTAGGCGCAGGTCTGGGAGCATTTCCGGCAGT 

TACCTTTCCAGGGGCACTGGTTCCTGGAGGTGTGGCCGATGCAGCCGCGG 

CATATAAAGCCGCTAAAGCCGGTGCGGGTTTAGGAGGCGTCCCAGGTGTC 

GGTGGCCTGGGTGTTAGCGCCGGTGCAGTTGTTCCGCAGCCGGGAGCAGG 

5 GGTTAAACCTGGTAAAGTGCCGGGAGTAGGTCTGCCAGGCGTTTATCCTG 

GTGGTGTTTTGCCGGGTGCCCGTTTTCCGGGCGTTGGTGTTCTTCCAGGCG 

TGCCGACCGGAGCCGGTGTTAAACCGAAAGCCCCCGGTGTTGGAGGTGCA 

TTTGCAGGCATCCCGGGAGTTGGCCCGTTTGGTGGTCCGCAACCTGGGGTT 

CCGTTAGGTTATCCGATTAAAGCACCGAAACTGCCCGGCGGTTATGGTCT 

10 GCCGTACACAACCGGTAAACTGCCGTATGGTTATGGCCCGGGTGGAGTTG 

CGGGTGCAGCAGGTAAAGCGGGTTATCCTACCGGAACCGGTGTAGGTCCG 

CAGGCCGCTGCTGCCGCCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGG 

AGCAGCGGGTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTAC 

CTGGTGCAATTCCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCG 

15 CGGCAGCTGCGGCAGCGGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCG 

GCGGGTCTGGTGCCAGGAGGTCCGGGTTTTGGTCCGGGAGTGGTTGGCGT 

GCCTGGCGCAGGCGTTCCTGGTGTGGGCGTTCCAGGTGCAGGGATTCCTG 

TTGTGCCTGGTGCCGGTATTCCCGGCGCGGCCGTTCCGGGGGTGGTTAGCC 

CGGAAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAGTATGGCGCACG 

20 CCCAGGAGTCGGCGTGGGTGGTATCCCGACCTATGGGGTGGGCGCAGGGG 

GTTTTCCTGGTTTCGGCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGT 

GTACCAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGG 

TATTTCACCGGAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATG 

GTGCCGCCGGCGCAGGAGTTTTAGGTGGGCTGGTTCCGGGCCCGCAGGCA 

25 GCTGTGCCGGGGGTTCCAGGCACCGGTGGTGTCCCTGGAGTCGGTACGCC 

GGCTGCAGCGGCAGCCAAAGCGGCTGCGAAAGCAGCACAGTTTGGCTTAG 

TACCGGGTGTGGGAGTTGCCCCCGGCGTTGGCGTTGCTCCAGGGGTGGGT 

GTTGCTCCTGGCGTCGGTCTGGCTCCTGGAGTGGGCGTAGCACCCGGTGTG 

GGGGTGGCCCCGGGTGTTGGGGTTGCACCGGGTATCGGTCCGGGCGGTGT 

30 CGCAGCAGCAGCTAAAAGCGCGGCGAAAGTTGCGGCCAAAGCCCAACTG 

CGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCGGGGCTGGGTGTCGGAGT 

TGGAGTCCCGGGTTTGGGCGTGGGCGCGGGAGTTCCGGGACTGGGAGTGG 

GTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGAAGGTGTTCGTCGT 

AGCCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCT 
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GCCGAGCACCCCGAGCAGCCCGCGTGTTCCGGGTGCATTAGCTGCAGCAA 

AAGCCGCCAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGTGGTCTGGGC 

GCCCTGGGTGGTGTAGGCATTCCGGGAGGTGTTGTGGGTGCAGGACCGGC 

CGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGCGGCCCAGTTTGGTT 

5 TAGTGGGCGCCGCAGGTTTAGGCGGTTTAGGTGTGGGTGGACTGGGTGTA 

CCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGCGAAAGC 

GGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGGGCAGGT 

CAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCTGAGCCC 

GATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTAAACGTA 

10 	AAtaa (SEQ ID NO: 25) 

MKKIWLALAGLVL AFS AS AAQYEDMGGVPGAIPGGVPGGVFYPGAGLGALG 

GGALGPGGKPLKPVPGGL AGAGL GAGLGAFPAVTFP GAL VPGGVADAAAAY 

KAAKAGAGLGGVPGVGGLGV SAGAVVPQPGAGVKPGKVPGVGLPGVYPGG 

15 VLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLG 

YPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAA 

AAAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAA 

AAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGA 

GIPGAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFG 

20 VGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAG 

VLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGV 

APGVGVAPGVGVAPGVGL APGVGVAPGVGVAPGVGVAPGIGPGGVAAAAK 

SAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPG 

FGAGADEGVRRSLSPELREGDPS S SQHLPSTPSSPRVPGAL AAAKAAKYGAA 

25 VPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLG 

GLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVA 

ARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 26) 

[0168] The polynucleotides of SEQ ID NO: 22 was codon optimized and 

synthesized by Gen9 DNA, now Ginkgo Bioworks internal synthesis. Overlaps 

30 	between the pET28 vector and SEQ ID NO: 22 was designed to be between 30 and 

40bp long and added using PCR with the enzyme PrimeStar GXL polym erase 

(http://www.clontech.com/US/Products/PCR/GC  Rich/Prim eSTAR GXL DNA Pol 

ymerase?sitex=10020:22372:US). The opened pET28a vector and insert DNA (SEQ 

ID NO: 22) was then assembled together into the final plasmid using SGI Gibson 
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assembly (https ://us.vwr. com/store/product/17613857/gibson-assembly-hifi-1-step-

kit-synthetic-genomics-inc). Sequence of plasmid was then verified through sanger 

sequencing through Eurofins Genomics (www.eurofinsgenomics.com). 

[0169] The transformed cells were cultivated in minimal media and frozen in 1.5 

	

5 	aliquots with glycerol at a ratio of 50:50 of cells to glycerol. One vial of this frozen 

culture was revived in 50m1 of minimal media overnight at 37 °C, 200rpm. Cells were 

transferred into 300m1 of minimal media and grown for 6-9 hours to reach an OD600 

of 5-10. 

[0170] A bioreactor was prepared with 2.7L of minimal media + glucose and 300 

	

10 	ml of OD600 of 5-10 culture was added to bring the starting volume to 3L. Cells were 

grown at 28°C, pH7 with Dissolved Oxygen maintained at 20% saturation using a 

cascade containing agitation, air and oxygen. pH was controlled using 28% w/w 

Ammonium hydroxide solution. Fermentation was run in a fed-batch mode using a 

DO-stat based feeding algorithm once the initial bolus of 40g/L was depleted around 

	

15 	13hours. After 24-26hours of initial growth, the OD600 reached above 100. At this 

point, 300mL of 500g/L sucrose was added and temperature was reduced to 25C. 

High density culture was induced for protein production using 1mM IPTG. 

Fermentation was continued for another 20-24 hours and cells were harvested using a 

bench top centrifuge at 9000 rcf, 15C for 60 minutes. Cell pellet recovered from 

	

20 	centrifugation was resuspended in a buffer containing 0.5M NaC1 and 0.1M KH2PO4 

at pH8 in a weight by weight ratio of 2x buffer to lx cells. 

[0171] The fermentations were performed at various temperature ranging from 25° 

to 28° C. For some fermentations, the temperature of the fermentation was 

maintained at a constant temperature and immediately upon completion of 

	

25 	fermentation (0D600 of 5-10) the elastin was purified. For other fermentations, the 

temperature of the fermentations is maintained for a desired period of time and when 

cell densities of OD600 of 5-10 are reached, the temperature is reduced to induce 

protein production. Typically, the temperature is reduced from 28° C to 25° C. After 

the fermentation at 25° C is continued for 40-60 hours, the elastin is isolated. 

	

30 	[0172] The harvested cells were disrupted in a homogenizer at 14,000 psi pressure 

in 2 passes. Resulting slurry contained the collagen protein along with other proteins. 

[0173] The supernatant from the homogenized cells was analyzed on an SDS-

PAGE gel and a clear band was observed at around 70 kilodaltons corresponding to 
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the expected size of 68 kilodaltons. The purified elastin is analyzed by mass 

spectrom etry. 

Full Length Elastin with DsbA secretion tag-His tag-Linker-Thrombin cleavage 

site and GFP Beta-lactamase fusion 

	

5 	[01741 A human elastin with DsbA secretion tag-His tag-Linker-Thrombin cleavage 

site and GFP Beta-lactamase fusion is disclosed below. The codon-optimized 

nucleotide sequence encoding this elastin is provided in SEQ ID NO: 27. The amino 

acid sequence is disclosed in SEQ ID NO: 28. The DsbA secretion tag is encoded by 

nucleotides 1-72 and encodes amino acids 1-24. The His tag is encoded by 

	

10 	nucleotides 73-99 and encodes a 9 histidine tag of amino acids 25-33. The linker is 

encoded by nucleotides 100-111 and encodes amino acids 34-37. The thrombin 

cleavage side is encoded by nucleotides 112-135 and encodes amino acids 38-45. The 

green fluorescent protein (GFP) with linker is encoded by nucleotides 136-873 and 

encodes amino acids 46-291. The full-length elastin sequence is encoded by 

	

15 	nucleotides 874-3153 and encodes amino acids 292-1051. The Beta-lactamase with 

linker is encoded by nucleotides 3154-3945 and encodes amino acids 1052-1315. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGCGCAGTATGAAGATCACCATCACCACCACCACCATCACCACTC 

TGGCTCGAGCCTGGTGCCGCGCGGCAGCCATATGTCTGGCTCGAGCAGTA 

20 AAGGTGAAGAACTGTTCACCGGTGTTGTTCCGATCCTGGTTGAACTGGAT 

GGTGATGTTAACGGCCACAAATTCTCTGTTCGTGGTGAAGGTGAAGGTGA 

TGCAACCAACGGTAAACTGACCCTGAAATTCATCTGCACTACCGGTAAAC 

TGCCGGTTCCATGGCCGACTCTGGTGACTACCCTGACCTATGGTGTTCAGT 

GTTTTTCTCGTTACCCGGATCACATGAAGCAGCATGATTTCTTCAAATCTG 

25 CAATGCCGGAAGGTTATGTACAGGAGCGCACCATTTCTTTCAAAGACGAT 

GGCACCTACAAAACCCGTGCAGAGGTTAAATTTGAAGGTGATACTCTGGT 

GAACCGTATTGAACTGAAAGGCATTGATTTCAAAGAGGACGGCAACATCC 

TGGGCCACAAACTGGAATATAACTTCAACTCCCATAACGTTTACATCACC 

GCAGACAAACAGAAGAACGGTATCAAAGCTAACTTCAAAATTCGCCATAA 

30 CGTTGAAGACGGTAGCGTACAGCTGGCGGACCACTACCAGCAGAACACTC 

CGATCGGTGATGGTCCGGTTCTGCTGCCGGATAACCACTACCTGTCCACCC 

AGTCTaaaCTGTCCAAAGACCCGAACGAAAAGCGCGACCACATGGTGCTGC 

TGGAGTTCGTTACTGCAGCAGGTATCACGCACGGCATGGATGAACTCTAC 

AAATCTGGCGCGCCGGGCGGTGGCGTACCAGGCGCAATTCCTGGGGGTGT 
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CCCAGGCGGTGTTTTTTATCCGGGCGCCGGTCTTGGCGCACTGGGTGGCGG 

TGCACTGGGCCCGGGCGGCAAACCGCTGAAACCGGTACCAGGTGGTTTAG 

CAGGCGCCGGCTTAGGCGCAGGTCTGGGAGCATTTCCGGCAGTTACCTTT 

CCAGGGGCACTGGTTCCTGGAGGTGTGGCCGATGCAGCCGCGGCATATAA 

5 AGCCGCTAAAGCCGGTGCGGGTTTAGGAGGCGTCCCAGGTGTCGGTGGCC 

TGGGTGTTAGCGCCGGTGCAGTTGTTCCGCAGCCGGGAGCAGGGGTTAAA 

CCTGGTAAAGTGCCGGGAGTAGGTCTGCCAGGCGTTTATCCTGGTGGTGTT 

TTGCCGGGTGCCCGTTTTCCGGGCGTTGGTGTTCTTCCAGGCGTGCCGACC 

GGAGCCGGTGTTAAACCGAAAGCCCCCGGTGTTGGAGGTGCATTTGCAGG 

10 CATCCCGGGAGTTGGCCCGTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGG 

TTATCCGATTAAAGCACCGAAACTGCCCGGCGGTTATGGTCTGCCGTACA 

CAACCGGTAAACTGCCGTATGGTTATGGCCCGGGTGGAGTTGCGGGTGCA 

GCAGGTAAAGCGGGTTATCCTACCGGAACCGGTGTAGGTCCGCAGGCCGC 

TGCTGCCGCCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGGAGCAGCGG 

15 GTGTTCTGCCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTACCTGGTGCA 

ATTCCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAGC 

TGCGGCAGCGGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCGGCGGGTC 

TGGTGCCAGGAGGTCCGGGTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGC 

GCAGGCGTTCCTGGTGTGGGCGTTCCAGGTGCAGGGATTCCTGTTGTGCCT 

20 GGTGCCGGTATTCCCGGCGCGGCCGTTCCGGGGGTGGTTAGCCCGGAAGC 

CGCAGCGAAGGCTGCGGCAAAGGCAGCAAAGTATGGCGCACGCCCAGGA 

GTCGGCGTGGGTGGTATCCCGACCTATGGGGTGGGCGCAGGGGGTTTTCC 

TGGTTTCGGCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGTGTACCAG 

GGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGGTATTTCAC 

25 CGGAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTGCCGC 

CGGCGCAGGAGTTTTAGGTGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGC 

CGGGGGTTCCAGGCACCGGTGGTGTCCCTGGAGTCGGTACGCCGGCTGCA 

GCGGCAGCCAAAGCGGCTGCGAAAGCAGCACAGTTTGGCTTAGTACCGGG 

TGTGGGAGTTGCCCCCGGCGTTGGCGTTGCTCCAGGGGTGGGTGTTGCTCC 

30 TGGCGTCGGTCTGGCTCCTGGAGTGGGCGTAGCACCCGGTGTGGGGGTGG 

CCCCGGGTGTTGGGGTTGCACCGGGTATCGGTCCGGGCGGTGTCGCAGCA 

GCAGCTAAAAGCGCGGCGAAAGTTGCGGCCAAAGCCCAACTGCGCGCCG 

CCGCGGGCCTCGGTGCAGGTATTCCGGGGCTGGGTGTCGGAGTTGGAGTC 

CCGGGTTTGGGCGTGGGCGCGGGAGTTCCGGGACTGGGAGTGGGTGCCGG 
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AGTTCCTGGCTTTGGTGCAGGCGCAGATGAAGGTGTTCGTCGTAGCCTGA 

GTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCTGCCGAGC 

ACCCCGAGCAGCCCGCGTGTTCCGGGTGCATTAGCTGCAGCAAAAGCCGC 

CAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGG 

5 GTGGTGTAGGCATTCCGGGAGGTGTTGTGGGTGCAGGACCGGCCGCCGCA 

GCTGCGGCCGCCAAAGCAGCTGCAAAAGCGGCCCAGTTTGGTTTAGTGGG 

CGCCGCAGGTTTAGGCGGTTTAGGTGTGGGTGGACTGGGTGTACCTGGCG 

TAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGCGAAAGCGGCAAA 

ATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGGGCAGGTCAGTTTC 

10 CGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCTGAGCCCGATTTTCC 

CTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTAAACGTAAAcacccagaa 

acgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacageggtaag 

atccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtat 

tgacgccgggcaagagcaacteggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaa 

15 	gcatettacggatggcatgacagtaagagaattatuagtutgccataaccatgagtgataacactgcggccaacttacttc 

tgacaacgatcggaggaccgaaggagctaaccgctifittgcacaacatgggggatcatgtaactcgccttgatcgttggga 

accggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaa 

ctattaactggcgaactacttactctagettcccggcaacaattaatagactggatggaggeggataaagttgcaggaccact 

tctgcgctoggccettccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcag 

20 	cactggggccagatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaata 

gacagatcgctgagataggtgcctcactgattaagcattggtaa (SEQ ID NO: 27) 

MKKIWL ALAGLVL AFS AS AAQYEDHHHHHHHHHSGS SLVPRGSHIVI SGSSSK 

GEELFTGVVPILVELDGDVNGHKF SVRGEGEGDATNGKLTLKFICTTGKLPVP 

WPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTISFKDDGTYK 

25 TRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFNSHNVYITADKQKNG 

IKANFKIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYL S TQ SKL SKDPNE 

KRDHMVLLEFVTAAGITHGMDELYK SGAPGGGVPGAIPGGVPGGVFYPGAG 

LGALGGGALGPGGKPLKPVPGGLAGAGLGAGLGAFPAVTFPGALVPGGVAD 

AAAAYKAAKAGAGLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPG 

30 VYPGGVLPGARFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQP 

GVPLGYPIKAPKLPGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVG 

PQAAAAAAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPA 

AAAAAAAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIP 

VVPGAGIPGAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGG 
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FPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGA 

AGAGVLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVP 

GVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIGPGGVA 

AAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGA 

	

5 	GVPGFGAGADEGVRRSLSPELREGDPSS SQHLPSTPSSPRVPGAL AA AK AAK Y 

GAAVPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAA 

GLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLG 

GVAARPGFGLSPIFPGGACLGKACGRKRKHPETLVKVKDAEDQLGARVGY1E 

LDL NSGK ILESFRPEERFPMMS TFKVL LC GAVL SRIDAGQEQLGRRIHYSQND 

	

10 	LVEYSPVTEKHL TDGMTVRELCSAAITM SDNT AANLL LT TIGGPKEL TAFLHN 

MGDHVTRLDRWEPELNEAIPNDERDTTMPVAMAT TLRKLL TGELL TL A SRQ 

QLIDWMEADKVAGPLLRSALPAGWFIADK SGAGERGSRGIIAALGPDGKPSRI 

VVIYTTGSQATMDERNRQIAEIGASLIKHW (SEQ ID NO: 28) 

Example 5: Production of Truncated Elastin 

	

15 	[01751 Truncated human elastin is produced using the expression system as 

described in Example 4. The full length amino acid sequence lacking the native 

secretion tag is disclosed in SEQ ID NO: 29. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GL GAFPAVTFPGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

20 VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

25 KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPG 

V GTPAAAAAKAAAKA AQF GL VPGVGV APGVGVAPGVGVAPGVGL AP GV GV 

APGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGL 

GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPS S S 

	

30 	QHLPSTPS SPRVPGALAAAKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAG 

PAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAA 

K AAKYGAAGLGGVLGGAGQFPLGGVAARPGFGL SPIFPGGACLGK ACGRKR 

K (SEQ ID NO: 29) 
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[0176] The codon optimized polynucleotide sequence encoding the full length 

human elastin lacking the native secretion tag is disclosed in SEQ ID NO: 30. 

GGTGGCGTACCAGGCGCAAT TC CT GGGGGTGTC CC AGGCGGTGT T TT TTAT 

CCGGGCGCCGGTCT TGGCGCAC T GGGT GGCGGT GC AC T GGGCCC GGGC GG 

	

5 	CAAACCGCTGAAACCGGT AC CAGGTGGT T TAGCAGGCGCCGGCT TAGGCG 

C AGGT CTGGGAGC AT T TCCGGCAGT TACCTT T CC AGGGGCAC T GGT T CC TG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGT TT AGGAGGCGTCC CAGGTGTCGGT GGCCTGGGT GT TAGCGCCGGTGC 

AGT TGTTCC GC AGC CGGGAGCAGGGGT TAAA CC TGGT AAA GT GC CGGGAG 

10 TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

C GGGC GT TGGT GT T CTTC C AGGC GT GCCGAC CGGAGCC GGTGT TA AACC G 

A AAGC CC CCGGTGT TGGAGGTGCAT TT GCAGGC AT C CC GGGAGT TGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGT TATGGT CT GCC GTAC AC AAC CGGTAAAC TGCCGT 

	

15 	A T GGT TATGGCCCGGGTGGAGT T GC GGGT GCAGCAGGT AAAGCGGGTT AT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGT TG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

20 CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GT T TTGGTC C GGGA GT GGTT GGC GT GCCT GGC GC AGGC GTTC C TGGTGT GG 

GCGTT CCAGGT GC AGGGATTCC T GT TGTGCC T GGTGCCGGT AT TC CC GGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

	

25 	CCGACCTATGGGGTGGGCGCAGGGGGTTT TCCTGGT TTCGGC GTAGGT GT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

GT GTT GGCGGT GT GCC AGGTGT TGGTATT TC ACC GGAAGCAC AGGC AGC A 

GCCGC AGCTAAGGC AGCGAA AT ATGGT GC CGCCGGCGCAGGAGT TT TAGG 

TGGGCTGGT TCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

30 GTGGTGTCCCTGGAGTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCT 

GCGAAAGCAGCACAGTT TGGCT TAGT ACC GGGTGT GGGAGTT GC CC CC GG 

C GT TGGCGT T GC TC CAGGGGTGGGT GT TGCT C CT GGCGTC GGT CT GGCT CC 

T GGAGTGGGCGTAGC ACC CGGTGT GGGGGTGGC CC CGGGT GT TGGGGT TG 

CACCGGGTATCGGTCCGGGCGGTGTCGCAGCAGCAGCTAAAAGCGCGGC 
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GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

GT ATT CCGGGGC T GGGTGTC GGAGT TGGAGTCCCGGGT TTGGGCGTGGGC 

GCGGGAGTTCC GGGAC TGGGAGTGGGT GC CGGAGTTC C T GGC TT TGGT GC 

A GGCGCAGATGAAGGTGT TC GTCGT AGCC TGAGTC CGGAACTGC GT GA AG 

5 GTGATCCGAGTAGCAGCCAGCATCTGCCGAGCACCCCGAGCAGCCCGCGT 

GTTCCGGGTGCATTAGCTGCAGCAAAAGCCGCCAAGTATGGTGCAGCCGT 

GCCGGGCGTCT T AGGT GGTC TGGGC GC CCTGGGT GGTGTAGGCATT CCGG 

GAGGT GT TGTGGGT GC AGGACCGGCC GCC GC AGCT GC GGC CGCC AAAGC 

A GC TGCAAAAGCGGC CC AGT TTGGT TT AGTGGGCGCCGCAGGTT TA GGCG 

10 	GT T TAGGTGT GGGT GGAC TGGGT GT AC CTGGCGT AGGC GGTC T GGGT GGA 

ATTCCGCCCtaa (SEQ ID NO: 30) 

[0177] The amino acid sequence of a 60.7 kDa human elastin truncated at the C-

terminal is disclosed in SEQ ID NO: 31. The 60.7 kDa truncated elastin has amino 

acids 706-761 deleted from the full length elastin. 

15 GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GL GAFPAVTFPGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIK APKLPGGYGLPYT TGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

20 AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAK AAKYGAAGAGVLGGLVPGPQ AAVPGVPGTGGVPG 

V GTPAAAAAKAAAKA AQF GL VPGVGV APGVGVAPGVGVAPGVGL AP GV GV 

25 APGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGL 

GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPS S S 

QHLPSTPS SPRVPGALAAAKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAG 

PAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGIPP (SEQ 

ID NO: 31) 

30 	[0178] The codon optimized polynucleotide sequence encoding the truncated 60.7 

kDa human elastin is disclosed in SEQ ID NO: 32. 

GGTGGCGTACCAGGCGCAAT TC CT GGGGGTGTC CC AGGCGGTGT TT T TTAT 

CCGGGCGCCGGTCT TGGCGCAC T GGGT GGCGGT GC AC T GGGCCC GGGC GG 

CAAACCGCTGAAACCGGT AC CAGGTGGT T TAGCAGGCGCCGGCT TA GGCG 
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CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

5 TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

10 ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

15 CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

20 CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

GTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCA 

GCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAGGAGTTTTAGG 

TGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

25 GTGGTGTCCCTGGAGTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCT 

GCGAAAGCAGCACAGTTTGGCTTAGTACCGGGTGTGGGAGTTGCCCCCGG 

CGTTGGCGTTGCTCCAGGGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCC 

TGGAGTGGGCGTAGCACCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTG 

CACCGGGTATCGGTCCGGGCGGTGTCGCAGCAGCAGCTAAAAGCGCGGC 

30 GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

GTATTCCGGGGCTGGGTGTCGGAGTTGGAGTCCCGGGTTTGGGCGTGGGC 

GCGGGAGTTCCGGGACTGGGAGTGGGTGCCGGAGTTCCTGGCTTTGGTGC 

AGGCGCAGATGAAGGTGTTCGTCGTAGCCTGAGTCCGGAACTGCGTGAAG 

GTGATCCGAGTAGCAGCCAGCATCTGCCGAGCACCCCGAGCAGCCCGCGT 
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GTTCCGGGTGCATTAGCTGCAGCAAAAGCCGCCAAGTATGGTGCAGCCGT 

GCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGGGTGGTGTAGGCATTCCGG 

GAGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGC 

AGCTGCAAAAGCGGCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCG 

5 GTTTAGGTGTGGGTGGACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGA 

ATTCCGCCCtaa (SEQ ID NO: 32) 

[0179] The amino acid sequence of a 58.8 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 33. The 58.8 kDa truncated elastin has amino 

acids 2-85 deleted from the full length elastin. 

10 GLGGVPGVGGLGVSAGAVVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFP 

GVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKL 

PGGYGLPYTTGKLPYGYGPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAA 

AKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAA 

KYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVP 

15 	GVV SPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPG 

VAGVPGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPG 

PQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGVAPGVGVAP 

GVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIGPGGVAAAAK SAAKVAAK 

AQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEG 

20 	VRRSL SPELREGDPS SSQHLPSTPSSPRVPGALAAAKAAKYGAAVPGVLGGLG 

ALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLG 

VPGVGGL GGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVAARPGF GL SP 

IFPGGACLGKACGRKRK (SEQ ID NO: 33) 

[0180] The codon optimized polynucleotide sequence encoding the 58.8 kDa 

25 	truncated human elastin is disclosed in SEQ ID NO: 34. 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

30 AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 
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A GC AGCGGC TAAA T T T GGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGT TG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

	

5 	GT T TTGGT CC GGGAGT GGTT GGC GT GCCT GGC GC AGGCGTTCCTGGTGT GG 

GC GTT CCAGGT GC AGGGATTCC T GT TGTGCCT GGTGCCGGT AT TC CC GGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTAT GGGGT GGGCGCAGGGGGTTT TCCT GGT TTCGGC GTA GGT GT 

	

10 	A GGAGGT AT ACCGGGC GT GGCCGGTGT AC CAGGGGTT GGT GGCGTC CC T G 

GT GTT GGCGGT GT GCC AGGTGT T GGTA TT T C A CC GGAAGCAC AGGCAGC A 

GCC GC AGCTAAGGC AGC GAA AT ATGGT GC CGCCGGCGCA GGAGT TT TAGG 

T GGGCTGGT T CC GGGC CCGCAGGC AGCTGTGCCGGGGGTTCCAGGCACCG 

GTGGTGTCCCTGGAGTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCT 

	

15 	GC GAAAGCAGCACAGTT T GGCT TA GT ACC GGGTGT GGGAGTT GC CC CC GG 

C GT TGGCGT T GC TC CAGGGGTGGGT GT TGCT C CT GGCGTC GGT CT GGCT CC 

T GGAGTGGGCGTA GC ACC CGGTGT GGGGGTGGC CC CGGGT GT TGGGGT TG 

C AC CGGGTATC GGT CC GGGCGGTGT CGCAGCAGCA GC T AAAAGCGCGGC 

GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

	

20 	GT ATT CCGGGGC T GGGTGTC GGAGT TGGAGTCCCGGGT TTGGGCGTGGGC 

GC GGGAGTTCC GGGAC TGGGAGTGGGT GC CGGA GTTC C T GGC TT TGGT GC 

A GGC GCAGATGAAGGTGT TC GTCGT AGCC TGAGTC C GGAACTGC GT GAAG 

GT GAT CCGAGT AGCAGCC AGCATC T GC CGAGCACC CC GAGCAGC CC GC GT 

GT T CC GGGTGC AT T AGCTGC AGCAAAAGCCGCC AA GT ATGGTGC AGC C GT 

	

25 	GCCGGGCGTCT TAGGT GGTC TGGGC GC CCTGGGT GGTGTAGGCATT CC GG 

GAGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGC 

A GC TGCAAAAGCGGC CC AGT TTGGT TT AGTGGGCGCCGCAGGTT T AGGCG 

GT T TAGGTGTGGGT GGAC TGGGT GT AC CTGGCGT AGGC GGTC TGGGT GGA 

ATTCCGCCCGCAGCGGCCGCGAAAGCGGCAAAATATGGCGCGGCAGGCC 

	

30 	T GGGCGGCGTGCT GGGTGGGGCAGGTCAGTT TCCGCTGGGCGGGGT T GC C 

GC AC GTCCGGGAT T TGGTCT GA GC C CGATTT T CC CTGGCGGC GCA TGTC T G 

GGTAAAGCATGTGGTCGTAAACGTAAAtaa (SEQ ID NO: 34) 
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[0181] The amino acid sequence of a 57 kDa human elastin truncated at the C-

terminal is disclosed in SEQ ID NO: 35. The 57 kDa truncated elastin has amino 

acids 661-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

5 GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

10 PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPG 

VGTPAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGV 

APGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGL 

15 	GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPS SS 

QHLPSTPS SPRVPGALAAAKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAG 

P (SEQ ID NO: 35) 

[0182] The codon optimized polynucleotide sequence encoding the 57 kDa 

truncated human elastin is disclosed in SEQ ID NO: 36 

20 GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

25 GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

30 GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 
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GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GT T TTGGT C C GGGA GT GGTT GGC GT GCCT GGC GC AGGC GTTC C TGGTGT GG 

	

5 	GCGTT CCAGGT GC AGGGATTCC T GT TGTGCC T GGTGCCGGT AT TC CC GGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTT TCCTGGT TTCGGC GTA GGT GT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

	

10 	GT GTT GGCGGT GT GCC AGGTGT TGGTATT T C ACC GGAAGCAC AGGC AGC A 

GCCGC AGCTAAGGC AGCGAA AT ATGGT GC CGCCGGCGCA GGAGT TT TAGG 

TGGGCTGGT TCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

GT GGT GTCC C T GGAGT CGGT AC GC C GGCTGC AGC GGCAGC CAAAGCGGCT 

GCGAAAGCAGCACAGTT TGGCT T AGT ACC GGGTGT GGGAGTT GC CC CCGG 

	

15 	C GT TGGCGT T GC TC CAGGGGTGGGT GT TGCT C CT GGCGTC GGT CT GGCT CC 

T GGAGTGGGCGTA GC ACC CGGTGT GGGGGTGGC CC CGGGT GT TGGGGT TG 

C AC CGGGTATC GGT CC GGGCGGTGT CGCAGCAGCA GC T AAAAGCGCGGC 

GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

GT ATT CCGGGGC T GGGTGTC GGAGT TGGAGTCCCGGGT TTGGGCGTGGGC 

	

20 	GCGGGAGTTCC GGGAC TGGGAGTGGGT GC CGGAGTTC C T GGC TT TGGT GC 

A GGCGCAGATGAAGGTGT TC GTCGT AGCC TGAGTC CGGAA CTGC GT GA AG 

GT GAT CCGAGT AGC AGCC AGCATC T GC CGAGCACC CCGAGCAGC CC GC GT 

GT T CC GGGTGC AT T AGCTGC AGC AAAAGC CGCC AA GT ATGGTGCAGCCGT 

GCCGGGCGTCT T AGGT GGTC TGGGC GC CCTGGGT GGTGTAGGCAT TCCGG 

	

25 	GAGGTGTTGTGGGTGCAGGACCGtaa (SEQ ID NO: 36) 

[0183] The amino acid sequence of a 53.9 kDa human elastin truncated at the C-

terminal is disclosed in SEQ ID NO: 37. The 53.9 kDa truncated elastin has amino 

acids 624-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

	

30 	GL GAF PAVTF PGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPL GYPIK APKLPGGYGLPYT TGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 
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PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPG 

VGTPAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGV 

5 APGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGL 

GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSLSPELREGDPS SS 

QHLPSTPSSPRVPGA (SEQ ID NO: 37) 

[0184] The codon optimized polynucleotide sequence encoding the 53.9 kDa 

truncated human elastin is disclosed in SEQ ID NO: 38 

10 GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

15 GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

20 GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

25 GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

30 CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

GTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCA 
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GCCGCAGCTAAGGCAGCGAAAT ATGGT GC CGCCGGCGCA GGAGT TT TAGG 

TGGGCTGGT TCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

GT GGT GTCC C T GGAGT CGGT AC GC C GGCTGC AGC GGCAGC CAAAGCGGC T 

GCGAAAGCAGCACAGTT TGGCT TA GT ACC GGGTGT GGGAGTT GC CC CC GG 

	

5 	C GT TGGCGT T GC TC CAGGGGTGGGT GT TGCT C CT GGCGTC GGT CT GGCT CC 

T GGAGTGGGCGTA GC ACC CGGTGT GGGGGTGGC CC CGGGT GT TGGGGT TG 

C AC CGGGTATC GGT CC GGGCGGTGT CGCAGCAGCA GC T AAAAGCGCGGC 

GAAAGTTGCGGCCAAAGCCCAACTGCGCGCCGCCGCGGGCCTCGGTGCAG 

GT ATT CCGGGGC T GGGTGTC GGAGT TGGAGTCCCGGGT TTGGGCGTGGGC 

	

10 	GCGGGAGTTCC GGGAC TGGGAGTGGGT GC CGGAGTTC C T GGC TT TGGT GC 

A GGCGCAGATGAAGGTGT TC GTCGT AGCC TGAGTC CGGAA CTGC GT GA AG 

GT GAT CCGAGT AGC AGCC AGCATC T GC CGAGCACC CCGAGCAGC CC GC GT 

GTTCCGGGTGCAtaa (SEQ ID NO: 38) 

[0185] The amino acid sequence of a 45.3 kDa human elastin truncated at the C- 

	

15 	terminal is disclosed in SEQ ID NO: 39. The 45.3 kDa truncated elastin has amino 

acids 529-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GL GAFPAVTFPGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

	

20 	APGVGGAFAGIPGVGPFGGPQPGVPLGYPIK APKLPGGYGLPYT TGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

	

25 	PGVGISPEAQAAAAAK AAKYGAAGAGVLGGLVPGPQ AAVPGVPGTGGVPG 

V GTPAAAAAKAAAKA AQF GL VPGVGV APGVGVAPGVGVAPGVGL AP GV GV 

APGVGVAPGVGVAPGIGPGGV (SEQ ID NO: 39) 

[0186] The codon optimized polynucleotide sequence encoding the 45.3 kDa 

truncated human elastin is disclosed in SEQ ID NO: 40 

	

30 	GGTGGCGTACCAGGCGCAAT TC CT GGGGGTGTC CC AGGCGGTGT T TT TTAT 

CCGGGCGCCGGTCT TGGCGCAC T GGGT GGCGGT GC AC T GGGCCC GGGC GG 

CAAACCGCTGAAACCGGT AC CAGGTGGT T TAGCAGGCGCCGGCT TA GGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGT GT GGCCGA T GC AGCC GCGGCA T AT AAAGCCGC TA AAGCC GGTGCG 
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GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

5 AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

10 AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

15 GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

20 GTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCA 

GCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAGGAGTTTTAGG 

TGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

GTGGTGTCCCTGGAGTCGGTACGCCGGCTGCAGCGGCAGCCAAAGCGGCT 

GCGAAAGCAGCACAGTTTGGCTTAGTACCGGGTGTGGGAGTTGCCCCCGG 

25 CGTTGGCGTTGCTCCAGGGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCC 

TGGAGTGGGCGTAGCACCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTG 

CACCGGGTATCGGTCCGGGCGGTGTCtaa (SEQ ID NO: 40) 

[0187] The amino acid sequence of a 44.4 kDa human elastin truncated at the N- 

terminal is disclosed in SEQ ID NO: 41. The 44.4 kDa truncated elastin has amino 

30 	acids 2-246 deleted from the full length elastin. 

GVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGL 

VPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVV SPEAAA 

KAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVG 

GVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVPGV 
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PGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGV 

GLAPGVGVAPGVGVAPGVGVAPGIGPGGVAAAAKSAAKVAAKAQLRAAAG 

L GAGIP GL GV GV GV PGLGV GAGV PGLGVGAGVP GFGAGADEGVRRSL SPEL 

REGDPSS SQHLPSTPSSPRVPGAL AAAKAAKYGAAVPGVL GGLGAL GGVGIP 

	

5 	GGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGL GGLGVGGLGVPGVGGLG 

GIPPAAAAKAAKYGAAGLGGVL GGAGQFPLGGVAARPGFGL SP IFPGGACL G 

KACGRKRK (SEQ ID NO: 41) 

[0188] The codon optimized polynucleotide sequence encoding the 44.4 kDa 

truncated human elastin is disclosed in SEQ ID NO: 42 

	

10 	GGT GT TCTGCC T GGAGTTGGT GGTGCGGGCGT GC CAGGGGTACCT GGTGC 

AATTCCGGGTATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAG 

C T GCGGCAGCGGC GGC TGCCAAAGCT GC T AAATAC GGT GC CGCGGCGGGT 

CTGGTGCCAGGAGGTCCGGGTT T TGGT CCGGGA GT GGT TGGCGTGCCTGG 

C GC AGGC GTTC C TGGT GTGGGC GT T CCAGGT GC AGGGATTCC TGT TGTGCC 

	

15 	TGGTGCCGGTAT TC CCGGCGCGGCC GT TCCGGGGGTGGTTAGCCCGGAAG 

C CGCAGC GAAGGC TGCGGCAAAGGCAGC AA AGT AT GGCGCA CGCC C AGG 

A GT CGGC GTGGGT GGT AT CCCGAC C TA TGGGGT GGGC GCAGGGGGT TT TC 

CTGGT TT CGGCGTAGGTGT AGGAGGTATACCGGGCGTGGC CGGT GT ACC A 

GGGGT TGGTGGCGT CC CTGGTGT TGGC GGTGT GC CAGGTGTT GGT AT TTCA 

20 CCGGAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTGCCG 

C C GGC GC AGGAGT T TT AGGTGGGC T GGTTCCGGGC C CGCA GGCA GC TGT G 

CCGGGGGTTCCAGGCACCGGTGGTGTCCCTGGAGTCGGTACGCCGGCTGC 

A GCGGCAGC CAAAGC GGC TGCGAAAGCAGC AC AGT TTGGCT T AGTA CC GG 

GT GTGGGAGTT GCC CC CGGCGT T GGCGTTGC T CC AGGGGTGGGTGT T GC TC 

	

25 	CTGGCGTCGGTCTGGCTCCTGGAGTGGGCGT AGC AC CC GGTGTGGGGGT G 

GCC CC GGGTGT TGGGGTTGCACCGGGT ATCGGTCCGGGCGGTGTCGCAGC 

A GC AGCT AAAAGCGCGGCGAAAGT TGCGGC C AAAGCCCAAC T GC GCGC C 

GCCGC GGGCCT CGGTGCAGGTA TT C CGGGGCTGGGT GT CGGAGT TGGAGT 

C CC GGGTTT GGGCGTGGGCGCGGGAGT TCCGGGACTGGGAGTGGGTGCCG 

	

30 	GAGTTCCTGGCT TT GGTGC AGGC GC AGATGAAGGT GTT CGTC GTA GCC T G 

AGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCTGCCGAG 

C AC CC CGAGCAGC C CGCGTGTT C CGGGTGCA TT AGC TGCAGC AA AAGC CG 

C C AAGTATGGT GC AGC CGTGCC GGGCGTC TT AGGT GGT CTGGGCGC C CT G 

GGTGGTGTAGGCAT TC CGGGAGGT GT T GTGGGT GC AGGAC CGGC CGCC GC 
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A GC TGCGGCCGCC AAAGC AGCTGC AA AAGCGGC CCAGTT TGGTT TA GT GG 

GCGCC GC AGGT TTAGGCGGTTT AGGTGTGGGTGGACTGGGTGTACCTGGC 

GTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGCGAAAGCGGCAA 

A AT AT GGCGCGGC AGGCC TGGGCGGC GT GCT GGGTGGGGC AGGT C AGT TT 

	

5 	CCGCTGGGCGGGGT TGCCGCACGTCCGGGATTTGGTCTGAGCCCGAT TT TC 

C C T GGCGGCGC AT GTC TGGGTA AA GC ATGTGGT CGT AAACGTAAAtaa 

(SEQ ID NO: 42) 

[0189] The amino acid sequence of a 40.4 kDa human elastin truncated at the N- 

terminal is disclosed in SEQ ID NO: 43. The 40.4 kDa truncated elastin has amino 

	

10 	acids 2-295 deleted from the full length elastin. 

GLVPGGPGF GPGVV GVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVV SPEA 

AAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGEGVGVGGIPGVAGVPG 

VGGVPGVGGVPGVGISPEAQAAAAAKAAKYGAAGAGVLGGLVPGPQAAVP 

GVPGTGGVPGVGTPAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAP 

	

15 	GVGL APGVGVAPGVGV APGV GVAP GIGPGGV AA AAK SAAK VAAK AQLRAA 

A GL GAGIPGL GVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGVRRSL SP 

ELREGDPS S SQHL PS TP S SPRVPGALAAAKAAKYGAAVPGVL GGLGALGGVG 

IPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGL 

GGIPPAAAAK AAKYGAAGLGGVLGGAGQFPL GGV AARPGF GL SPIFPGGACL 

	

20 	GKACGRKRK (SEQ ID NO: 43) 

[0190] The codon optimized polynucleotide sequence encoding the 40.4 kDa 

truncated human elastin is disclosed in SEQ ID NO: 44 

GGT CT GGTGCC AGGAGGT CCGGGT T TT GGTC CGGGAGT GGTTGGC GT GC C 

T GGCGCAGGCGTT C CT GGTGTGGGC GT TCCA GGT GC AGGGAT TCCTGTTGT 

	

25 	GCCTGGTGCCGGT ATTCCCGGCGCGGCCGTTCCGGGGGTGGT TAGCCCGG 

AAGCCGCAGCGAAGGCTGCGGCAAAGGCAGCAAAGTATGGCGCACGCCC 

A GGAGTC GGCGTGGGT GGTATCCC GAC CT ATGGGGTGGGC GC AGGGGGTT 

T TCCTGGTTTCGGCGT AGGTGTAGGAGGTAT ACC GGGC GTGGCCGGT GT A 

CCAGGGGTTGGTGGCGTCCCTGGTGTTGGCGGTGTGCCAGGTGTTGGTATT 

30 TCACCGGAAGCACAGGCAGCAGCCGCAGCTAAGGCAGCGAAATATGGTG 

CCGCCGGCGCAGGAGT TT TAGGTGGGCTGGTTCCGGGCCCGCAGGCAGCT 

GT GCC GGGGGT T CC AGGC ACCGGT GGT GT CCCT GGAGT CGGTAC GC CGGC 

T GC AGCGGCAGCC AA AGC GGCTGCGA AA GC AGC AC AGTT TGGCT TA GT AC 

C GGGT GT GGGAGT T GC CC CCGGCGT TGGC GT TGC TC CAGGGGTGGGT GT T 

75 



WO 2019/068018 	 PCT/US2018/053601 

GCTCCTGGCGTCGGTCTGGCTCCTGGAGTGGGCGTAGCACCCGGTGTGGG 

GGTGGCCCCGGGTGTTGGGGTTGCACCGGGTATCGGTCCGGGCGGTGTCG 

C AGC AGC AGCTAA AA GC GCGGC GAAAGT TGC GGCC AAAGCC CAAC T GC G 

C GC CGCCGCGGGC C TC GGTGCA GGT AT TCCGGGGCTGGGTGTCGGAGT TG 

	

5 	GAGTCCCGGGT TTGGGCGTGGGCGCGGGAGT TCCGGGACTGGGAGTGGGT 

GCCGGAGTTCCTGGCT TT GGT GC AGGC GCAGAT GA AGGTGTT CGT CGTAG 

CCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCAGCATCTGC 

C GAGC AC CCCGAGC AGCC CGCGTGT T C CGGGTGCA T TAGCTGCA GC AAAA 

GCCGCCAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGTGGTCTGGGCGC 

10 CCTGGGTGGTGTAGGCATTCCGGGAGGTGTTGTGGGTGCAGGACCGGCCG 

C CGCAGC TGCGGC CGC CAAAGCAGCT GCAAAAGCGGC CC AGT TT GGTT T A 

GT GGGCGCCGCAGGT T TAGGCGGT T TAGGTGTGGGT GGAC TGGGTGT AC C 

TGGCGTAGGCGGTCTGGGTGGAAT T CC GC CCGC AGCGGCC GCGAAAGCGG 

CAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGGGCAGGTCA 

	

15 	GT T TCCGCTGGGCGGGGTTGCCGCACGTCCGGGATT TGGT CT GAGCC CGAT 

T T T CCCT GGC GGCGCATGT C T GGGTAAAGCA T GT GGTCGT AAACGTAAAtaa 

(SEQ ID NO: 44) 

[0191] The amino acid sequence of a 39.8 kDa human elastin truncated at the C- 

tenninal is disclosed in SEQ ID NO: 45. The 39.8 kDa truncated elastin has amino 

	

20 	acids 462-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GL GAF PAVTF PGALVP GGV AD AAAAYKAAKAGAGL GGVPGVGGL GV SAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPL GYPIK APKLPGGYGLPYT TGKLPYGY 

25 GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQAAAAAK AAKYGAAGAGVLGGLVPGPQ AAVPGVPGTGGVPG 

	

30 	VGTP (SEQ ID NO: 45) 

[0192] The codon optimized polynucleotide sequence encoding the 39.8 kDa 

truncated human elastin is disclosed in SEQ ID NO: 46 

GGTGGCGTACCAGGCGCAAT TC CT GGGGGTGTC CC AGGCGGTGT TT T TTAT 

CCGGGCGCCGGTCT TGGCGCAC T GGGT GGCGGT GC AC T GGGCCC GGGC GG 
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CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

5 AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

10 GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

15 ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

20 AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

AGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGTGGCGTCCCTG 

GTGTTGGCGGTGTGCCAGGTGTTGGTATTTCACCGGAAGCACAGGCAGCA 

GCCGCAGCTAAGGCAGCGAAATATGGTGCCGCCGGCGCAGGAGTTTTAGG 

25 TGGGCTGGTTCCGGGCCCGCAGGCAGCTGTGCCGGGGGTTCCAGGCACCG 

GTGGTGTCCCTGGAGTCGGTACGCCGtaa (SEQ ID NO: 46) 

[01931 The amino acid sequence of a 36.1 kDa human elastin truncated at the C-

terminal is disclosed in SEQ ID NO: 47. The 36.1 kDa truncated elastin has amino 

acids 418-761 deleted from the full length elastin. 

30 GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 
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AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGV 

PGVGISPEAQ (SEQ ID NO: 47) 

5 	[01941 The codon optimized polynucleotide sequence encoding the 36.1 kDa 

truncated human elastin is disclosed in SEQ ID NO: 48 

GGTGGCGTACCAGGCGCAAT TC CT GGGGGTGTC CC AGGCGGTGT TT T TTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

10 CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

15 CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

20 CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

25 GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCGGCGTAGGTGT 

30 	A GGAGGT AT ACCGGGCGT GGCCGGTGT AC CAGGGGTT GGT GGCGTC CC T G 

GT GTT GGCGGT GT GCC AGGTGT T GGTA TT T C A CC GGAAGCAC AGtaa (SEQ 

ID NO: 48) 
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[0195] The amino acid sequence of a 34.9 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 49. The 34.9 kDa truncated elastin has amino 

acids 2-360 deleted from the full length elastin. 

RPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVG 

	

5 	ISPEAQ AAAAAK AAKYGAAGAGVL GGL VPGP QA AVPGVPGTGGVP GV GT PA 

A AAAK AAAK AAQFGLVPGVGVAPGVGVAPGVGVAPGVGL AP GVGVAPGV 

GV APGVGVAPGIGPGGVAAA AK S AAKV AAKAQLRA AA GL GAGIPGL GVGV 

GVPGL GVGAGVPGL GVGAGVPGFGAGADEGVRRSL SPELREGDPSS SQHLPS 

TPS SPRVPGALAAAKAAKYGAAVPGVL GGL GALGGV GIPGGVV GAGP AA AA 

10 AAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKY 

GAAGLGGVLGGAGQFPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ 

ID NO: 49) 

[0196] The codon optimized polynucleotide sequence encoding the 34.9 kDa 

truncated human elastin is disclosed in SEQ ID NO: 50 

	

15 	C GC CC AGGAGT CGGCGTGGGTGGT AT C CC GACC TA T GGGGTGGGCGCA GG 

GGGTT TTCCTGGTTTCGGCGT AGGTGT AGGAGGT AT ACCGGGCGTGGCCG 

GT GTACCAGGGGT TGGTGGCGTCCCTGGTGT T GGCGGT GTGC C AGGT GT T 

GGT AT TTCA CCGGAAGCACAGGCA GC AGC CGCAGC TA AGGC AGC GAAA T 

A T GGT GC CGCC GGCGC AGGAGTTT T AGGTGGGCTGGT T CCGGGC CC GC AG 

20 GCAGCTGTGCCGGGGGTTCCAGGCACCGGTGGTGTCCCTGGAGTCGGTAC 

GCCGGCTGCAGCGGCAGCCAAAGCGGCTGCGAAAGCAGCACAGT TTGGC 

T TAGT ACCGGGT GT GGGAGTTGCCC CC GGCGT T GGC GTTGCT C CAGGGGT 

GGGT GTTGC TC C TGGCGT C GGT C TGGCTC C TGGAGTGGGC GT AGC AC CC G 

GT GTGGGGGTGGC CCC GGGTGT TGGGGTTGCACCGGGT AT CGGT CC GGGC 

	

25 	GGT GT CGCAGC AGC AGCT AAAAGCGCGGCGAAAGT TGCGGC C AA AGCC C 

AACTGCGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCGGGGCTGGGTGTC 

GGAGT TGGAGTCCCGGGT TTGGGCGTGGGCGCGGGAGTTCCGGGACTGGG 

A GT GGGT GCCGGA GT T CC TGGC T TT GGTGCA GGCGC AGATGAAGGTGT TC 

GT C GT AGCC T GAGT CC GGAACT GC GTGAAGGTGAT CCGAGTAGC AGCC AG 

30 CATCTGCCGAGCACCCCGAGCAGCCCGCGTGTTCCGGGTGCATTAGCTGC 

A GC AAAAGC CGCCAA GT A TGGTGCAGCC GT GCCGGGCGT C TT AGGTGGTC 

T GGGC GC CC TGGGT GGTGTAGGCA T TC CGGGAGGT GT T GTGGGTGC AGGA 

CCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGCGGCCCAGTT 

TGGTT TAGTGGGCGCCGCAGGT T TAGGCGGT TT AGGTGTGGGTGGACTGG 
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GTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGCG 

AAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGGG 

CAGGTCAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCTG 

AGCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTAA 

5 	ACGTAAAtaa (SEQ ID NO: 50) 

[0197] The amino acid sequence of a 32 kDa human elastin truncated at the C-

terminal is disclosed in SEQ ID NO: 51. The 32 kDa truncated elastin has amino 

acids 373-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

10 GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

15 PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPEAAAKAAAKAA 

KYGARPGVGVGGIPTY (SEQ ID NO: 51) 

[0198] The codon optimized polynucleotide sequence encoding the 32 kDa 

truncated human elastin is disclosed in SEQ ID NO: 52 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

20 CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

25 AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

30 GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 
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ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

GTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGTTCCTGGTGTGG 

GCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGGTATTCCCGGCG 

5 CGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGAAGGCTGCGGC 

AAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGTGGGTGGTATC 

CCGACCTATtaa (SEQ ID NO: 52) 

[0199] The amino acid sequence of a 29.9 kDa human elastin truncated at the C- 

tenninal is disclosed in SEQ ID NO: 53. The 60.7 kDa truncated elastin has amino 

10 	acids 347-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

15 GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTPAAAAAAAAAAKAAKYGAAAGLVPGGPGFG 

PGVVGVPGAGVPGVGVPGAGIPVVPGAGIPGAAVPGVVSPE (SEQ ID NO: 

53) 

[0200] The codon optimized polynucleotide sequence encoding the 29.9 kDa 

20 	truncated human elastin is disclosed in SEQ ID NO: 54 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

25 GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

30 AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 
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A GC AGCGGC TAAA T T T GGCGCCGGAGC AGCGGGTGTT C TGCCTGGAGT TG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

ATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAGCGGCGGCTGC 

CAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCAGGAGGTCCGG 

	

5 	GT T TTGGT CCGGGAGT GGTT GGC GT GCCT GGCGC AGGC GTTC C TGGTGT GG 

GCGTT CCAGGT GC AGGGATTCC T GT TGTGCC T GGTGCCGGT AT TC CC GGCG 

CGGCCGTTCCGGGGGTGGTTAGCCCGGAAtaa (SEQ ID NO: 54) 

[0201] The amino acid sequence of a 29.4 kDa human elastin truncated at the N- 

terminal is disclosed in SEQ ID NO: 55. The 29.4 kDa truncated elastin has amino 

	

10 	acids 2-425 deleted from the full length elastin. 

KYGAAGAGVLGGLVPGPQAAVPGVPGTGGVPGVGTPAAAAAKAAAKAAQF 

GLV PGVGV APGVGV AP GV GV APGV GL APGVGVAPGVGVAPGV GV AP GIGP 

GGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGL 

GVGAGVPGFGAGADEGVRRSLSPELREGDPSSSQHLPSTPSSPRVPGALAAAK 

15 AAKYGAAVPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGL 

VGAAGLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQ 

FPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 55) 

[0202] The codon optimized polynucleotide sequence encoding the 29.4 kDa 

truncated human elastin is disclosed in SEQ ID NO: 56 

	

20 	A AAT ATGGTGC CGC CGGC GCAGGAGT T TT AGGTGGGCTGGTTCCGGGCCC 

GCAGGCAGCTGTGCCGGGGGTTCCAGGCACCGGTGGTGTCCCTGGAGTCG 

GT ACGCCGGCT GC AGC GGCAGCCA AA GC GGC TGCGAAAGCA GCA C AGT T 

TGGCTTAGTACCGGGTGTGGGAGTTGCCCCCGGCGTTGGCGTTGCTCCAG 

GGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCCTGGAGTGGGCGTAGCA 

25 CCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTGCACCGGGTATCGGTCC 

GGGCGGT GTCGCA GC AGC AGCTAAAAGC GC GGC GAAAGT TGCGGCC AAA 

GCC CAAC TGCGCGC CGCCGCGGGC C TC GGTGCA GGT AT TCCGGGGCTGGG 

T GT CGGAGT TGGAGTCCCGGGT T TGGGCGTGGGCGCGGGA GT TCCGGGAC 

TGGGAGTGGGTGCCGGAGTTCCTGGCT TTGGT GC AGGC GCAGAT GAAGGT 

30 GTTCGTCGTAGCCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAG 

C C AGC ATCT GC CGAGC AC CC CGAGC AGCC CGCGTGT TCCGGGTGCATTAG 

CTGCAGCAAAAGCCGCCAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGT 

GGT CT GGGCGC CC T GGGTGGTGT AGGC AT TC CGGGAGGTGTTGTGGGT GC 

AGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGCGGCC 
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CAGTT TGGT T TAGTGGGCGCCGCAGGT TT AGGCGGT TTAGGTGTGGGTGG 

ACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGG 

CCGCGAAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGG 

T GGGGCAGGTCAGT T T CCGC TGGGC GGGGTTGC CGC AC GTCCGGGAT TTG 

	

5 	GT C TGAGCC CGAT T TTCC C TGGC GGCGCA T GT CTGGGT AA AGC AT GT GGTC 

GTAAACGTAAAtaa (SEQ ID NO: 56) 

[0203] The amino acid sequence of a 25.3 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 57. The 25.3 kDa truncated elastin has amino 

acids 2-473 deleted from the full length elastin. 

10 QFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGI 

GPGGVAAAAKSAAKVAAKAQLRAAAGLGAGIPGLGVGVGVPGLGVGAGVP 

GLGVGAGVPGFGAGADEGVRRSL SPELREGDPSSSQHLPSTPSSPRVPGAL AA 

AKAAKYGAAVPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQ 

FGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGG 

	

15 	AGQFPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 57) 

[0204] The codon optimized polynucleotide sequence encoding the 25.3 kDa 

truncated human elastin is disclosed in SEQ ID NO: 58 

CAGTT TGGCTTAGT ACCGGGT GT GGGAGTTGCCC CC GGCGTT GGC GT TGCT 

CCAGGGGTGGGTGTTGCTCCTGGCGTCGGTCTGGCTCCTGGAGTGGGCGT 

20 AGCACCCGGTGTGGGGGTGGCCCCGGGTGTTGGGGTTGCACCGGGTATCG 

GT C CGGGCGGT GT C GC AGCAGCAGCT AAAAGCGCGGCGA AA GTT GC GGC 

C AAAGCC CAAC TGCGC GC CGCCGC GGGCC TCGGTGCA GGT ATTCCGGGGC 

TGGGTGTCGGAGT TGGAGTCCCGGGTT TGGGCGT GGGC GC GGGAGT T CC G 

GGACTGGGAGTGGGTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGA 

	

25 	A GGT GTTCGT CGTAGC CTGA GT C CGGAACTGCGT GAAGGTGATCCGAGT A 

GC AGC CAGCAT CT GCC GAGCAC CC CGAGC AGCCCGCGT GT TCCGGGT GC A 

T T AGC TGCAGC AAAAGCC GCCAAGT AT GGTGCAGC CGT GC CGGGCGTC T T 

A GGT GGT CTGGGC GCC CTGGGT GGT GT AGGCAT TC C GGGAGGTGTT GT GG 

GTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGC 

	

30 	GGCCCAGTT TGGTT TAGTGGGC GCC GC AGGT TT AGGCGGTTT AGGTGTGG 

GT GGACT GGGTGT ACC TGGCGT AGGCGGTCTGGGTGGAAT TCCGC CCGC A 

GCGGCCGCGAAAGCGGCAAAAT ATGGCGCGGCAGGCCTGGGCGGCGTGC 

TGGGTGGGGCAGGTCAGT TTCC GC T GGGC GGGGTT GCC GC ACGT CC GGGA 
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TTTGGTCTGAGCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGT 

GGTCGTAAACGTAAAtaa (SEQ ID NO: 58) 

[0205] The amino acid sequence of a 24.1 kDa human elastin truncated at the C- 

terminal is disclosed in SEQ ID NO: 59. The 24.1 kDa truncated elastin has amino 

5 	acids 277-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

10 GPGGVAGAAGKAGYPTGTGVGPQAAAAAAAKAAAKFGAGAAGVLPGVGG 

AGVPGVPGAIPGIGGIAGVGTP (SEQ ID NO: 59) 

[0206] The codon optimized polynucleotide sequence encoding the 24.1 kDa 

truncated human elastin is disclosed in SEQ ID NO: 60 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

15 CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

20 AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

25 GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCGCCGCCGCAAA 

AGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTGCCTGGAGTTG 

GTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGGTATTGGTGGT 

30 	ATTGCCGGTGTCGGCACCCCGtaa (SEQ ID NO:60) 

[0207] The amino acid sequence of a 20.3 kDa human elastin truncated at the C-

tenninal is disclosed in SEQ ID NO: 61. The 20.3 kDa truncated elastin has amino 

acids 229-761 deleted from the full length elastin. 
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GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGGLGVSAGA 

VVPQPGAGVKPGKVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVKPK 

APGVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPKLPGGYGLPYTTGKLPYGY 

5 	GPGGVAGAAGKAGYPTGTGVGPQ (SEQ ID NO: 61) 

[0208] The codon optimized polynucleotide sequence encoding the 20.3 kDa 

truncated human elastin is disclosed in SEQ ID NO: 62 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

10 CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

GAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGCCGGTGCG 

GGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCGCCGGTGC 

AGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTGCCGGGAG 

15 TAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCCCGTTTTC 

CGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTTAAACCG 

AAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGTTGGCCC 

GTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAAAGCACC 

GAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAACTGCCGT 

20 ATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAAAGCGGGTTAT 

CCTACCGGAACCGGTGTAGGTCCGCAGtaa (SEQ ID NO: 62) 

[0209] The amino acid sequence of a19.6 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 63. The 19.6 kDa truncated elastin has amino 

acids 2-542 deleted from the full length elastin. 

25 QLRAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPGFGAGADEGV 

RRSLSPELREGDPSSSQHLPSTPSSPRVPGALAAAKAAKYGAAVPGVLGGLGA 

LGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVP 

GVGGL GGIPPAAAAKAAKYGAAGL GGVLGGAGQFPL GGVAARPGF GL SPIFP 

GGACLGKACGRKRK (SEQ ID NO: 63) 

30 	[0210] The codon optimized polynucleotide sequence encoding the 19.6 kDa 

truncated human elastin is disclosed in SEQ ID NO: 64 

CAACTGCGCGCCGCCGCGGGCCTCGGTGCAGGTATTCCGGGGCTGGGTGT 

CGGAGTTGGAGTCCCGGGTTTGGGCGTGGGCGCGGGAGTTCCGGGACTGG 

GAGTGGGTGCCGGAGTTCCTGGCTTTGGTGCAGGCGCAGATGAAGGTGTT 
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CGTCGTAGCCTGAGTCCGGAACTGCGTGAAGGTGATCCGAGTAGCAGCCA 

GCATCTGCCGAGCACCCCGAGCAGCCCGCGTGTTCCGGGTGCATTAGCTG 

CAGCAAAAGCCGCCAAGTATGGTGCAGCCGTGCCGGGCGTCTTAGGTGGT 

CTGGGCGCCCTGGGTGGTGTAGGCATTCCGGGAGGTGTTGTGGGTGCAGG 

5 ACCGGCCGCCGCAGCTGCGGCCGCCAAAGCAGCTGCAAAAGCGGCCCAG 

TTTGGTTTAGTGGGCGCCGCAGGTTTAGGCGGTTTAGGTGTGGGTGGACTG 

GGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGGCCGC 

GAAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGGTGGG 

GCAGGTCAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTGGTCT 

10 GAGCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGGTCGTA 

AACGTAAAtaa (SEQ ID NO: 64) 

[0211] The amino acid sequence of a 11 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 65. The 11 kDa truncated elastin has amino 

acids 2-635 deleted from the full length elastin. 

15 VPGVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLG 

GLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLGGAGQFPLGGVA 

ARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 65) 

[0212] The codon optimized polynucleotide sequence encoding the 11 kDa 

truncated human elastin is disclosed in SEQ ID NO: 66 

20 GTGCCGGGCGTCTTAGGTGGTCTGGGCGCCCTGGGTGGTGTAGGCATTCC 

GGGAGGTGTTGTGGGTGCAGGACCGGCCGCCGCAGCTGCGGCCGCCAAA 

GCAGCTGCAAAAGCGGCCCAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGG 

CGGTTTAGGTGTGGGTGGACTGGGTGTACCTGGCGTAGGCGGTCTGGGTG 

GAATTCCGCCCGCAGCGGCCGCGAAAGCGGCAAAATATGGCGCGGCAGG 

25 CCTGGGCGGCGTGCTGGGTGGGGCAGGTCAGTTTCCGCTGGGCGGGGTTG 

CCGCACGTCCGGGATTTGGTCTGAGCCCGATTTTCCCTGGCGGCGCATGTC 

TGGGTAAAGCATGTGGTCGTAAACGTAAAtaa (SEQ ID NO: 66) 

[0213] The amino acid sequence of a 7.9 kDa human elastin truncated at the N- 

tenninal is disclosed in SEQ ID NO: 67. The 7.9 kDa truncated elastin has amino 

30 	acids 2-674 deleted from the full length elastin. 

QFGLVGAAGLGGLGVGGLGVPGVGGLGGIPPAAAAKAAKYGAAGLGGVLG 

GAGQFPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID NO: 67) 
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[0214] The codon optimized polynucleotide sequence encoding the 7.9 kDa 

truncated human elastin is disclosed in SEQ ID NO: 68 

CAGTTTGGTTTAGTGGGCGCCGCAGGTTTAGGCGGTTTAGGTGTGGGTGG 

ACTGGGTGTACCTGGCGTAGGCGGTCTGGGTGGAATTCCGCCCGCAGCGG 

5 CCGCGAAAGCGGCAAAATATGGCGCGGCAGGCCTGGGCGGCGTGCTGGG 

TGGGGCAGGTCAGTTTCCGCTGGGCGGGGTTGCCGCACGTCCGGGATTTG 

GTCTGAGCCCGATTTTCCCTGGCGGCGCATGTCTGGGTAAAGCATGTGGTC 

GTAAACGTAAAtaa (SEQ ID NO: 68) 

[0215] The amino acid sequence of a 6.3 kDa human elastin truncated at the C- 

10 	terminal is disclosed in SEQ ID NO: 69. The 6.3 kDa truncated elastin has amino 

acids 74-761 deleted from the full length elastin. 

GGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGGKPLKPVPGGLAGAGLGA 

GLGAFPAVTFPGALVPGGVAD (SEQ ID NO: 69) 

[0216] The codon optimized polynucleotide sequence encoding the 6.3 kDa 

15 	truncated human elastin is disclosed in SEQ ID NO: 70: 

GGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGTTTTTTAT 

CCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCCGGGCGG 

CAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCTTAGGCG 

CAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTGGTTCCTG 

20 	GAGGTGTGGCCGATtaa (SEQ ID NO: 70) 

[0217] The amino acid sequence of a 4.3 kDa human elastin truncated at the N-

terminal is disclosed in SEQ ID NO: 71. The 4.3 kDa truncated elastin has amino 

acids 2-717 deleted from the full length elastin. 

GLGGVLGGAGQFPLGGVAARPGFGLSPIFPGGACLGKACGRKRK (SEQ ID 

25 	NO: 71) 

[0218] The codon optimized polynucleotide sequence encoding the 4.3 kDa 

truncated human elastin is disclosed in SEQ ID NO: 72 

GGCCTGGGCGGCGTGCTGGGTGGGGCAGGTCAGTTTCCGCTGGGCGGGGT 

TGCCGCACGTCCGGGATTTGGTCTGAGCCCGATTTTCCCTGGCGGCGCATG 

30 	TCTGGGTAAAGCATGTGGTCGTAAACGTAAAtaa (SEQ ID NO: 72) 

Truncated Human Elastin 1 with DsbA secretion and FLAG tag 

[0219] The amino acid sequence of truncated human elastin 1 with DsbA secretion 

and FLAG tag is disclosed in SEQ ID NO: 98. The DsbA secretion tag is encoded by 

nucleotides 1-57 of SEQ ID NO: 99 and the amino acid sequences are amino acids 1- 

87 



WO 2019/068018 	 PCT/US2018/053601 

19 of SEQ ID NO: 98. The elastin nucleotide sequences are nucleotides 58-657 of 

SEQ ID NO: 99 and the amino acid sequences are amino acids 20-219 of SEQ ID 

NO: 98. The FLAG nucleotide sequences are nucleotides 658-684 of SEQ ID NO: 99 

and the amino acid sequences are amino acids 220-228 of SEQ ID NO: 98. 

	

5 	MKKIWL ALAGLVL AFS AS AGGVPGAIPGGVPGGVFYPGAGLGALGGGAL GP 

GGKPLKPVPGGL AGAGLGAGLGAFPAV TFPGALVPGGVADAAAAYKAAKA 

GAGLGGVPGVGGL GV S AGAVVPQPGAGVKPGKVPGVGLPGVYPGGVLPGA 

RFPGVGVLPGVPTGAGVKPKAPGVGGAFAGIPGVGPFGGPQPGVPLGYPIKA 

PKLPGGYGLPYTTGKLGDYKDDDDK (SEQ ID NO: 98) 

	

10 	[0220] The nucleic acid sequence of truncated human elastin 1 with DsbA secretion 

and FLAG tag is disclosed in SEQ ID NO: 99. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGGTGGCGTACCAGGCGCAATTCCTGGGGGTGTCCCAGGCGGTGT 

TTTTTATCCGGGCGCCGGTCTTGGCGCACTGGGTGGCGGTGCACTGGGCCC 

15 GGGCGGCAAACCGCTGAAACCGGTACCAGGTGGTTTAGCAGGCGCCGGCT 

TAGGCGCAGGTCTGGGAGCATTTCCGGCAGTTACCTTTCCAGGGGCACTG 

GTTCCTGGAGGTGTGGCCGATGCAGCCGCGGCATATAAAGCCGCTAAAGC 

CGGTGCGGGTTTAGGAGGCGTCCCAGGTGTCGGTGGCCTGGGTGTTAGCG 

CCGGTGCAGTTGTTCCGCAGCCGGGAGCAGGGGTTAAACCTGGTAAAGTG 

20 CCGGGAGTAGGTCTGCCAGGCGTTTATCCTGGTGGTGTTTTGCCGGGTGCC 

CGTTTTCCGGGCGTTGGTGTTCTTCCAGGCGTGCCGACCGGAGCCGGTGTT 

AAACCGAAAGCCCCCGGTGTTGGAGGTGCATTTGCAGGCATCCCGGGAGT 

TGGCCCGTTTGGTGGTCCGCAACCTGGGGTTCCGTTAGGTTATCCGATTAA 

AGCACCGAAACTGCCCGGCGGTTATGGTCTGCCGTACACAACCGGTAAAC 

	

25 	TGGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 99) 

[0221] The polynucleotide of SEQ ID NO: 99 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated elastin was purified as described herein. 

The purified elastin produced a clear band on SDS-PAGE and an anti-FLAG western 

was observed at around 25 kilodaltons. There were no existing bands that appear at 

	

30 	that location on the gel in the absence of expression of this protein. 

Truncated Human Elastin 2 with DsbA secretion and FLAG tag 

[0222] The amino acid sequence of truncated human elastin type 2 with DsbA 

secretion and FLAG tag is disclosed in SEQ ID NO: 100. The DsbA secretion tag is 

encoded by nucleotides 1-57 of SEQ ID NO: 101 and the amino acid sequences are 
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amino acids 1-19 of SEQ ID NO: 100. The elastin nucleotide sequences are 

nucleotides 58-657 of SEQ ID NO: 101 and the amino acid sequences are amino acids 

20-219 of SEQ ID NO: 100. The FLAG nucleotide sequences are nucleotides 658-

684 of SEQ ID NO: 101 and the amino acid sequences are amino acids 220-228 of 

	

5 	SEQ ID NO: 100. 

MKKIWL ALAGLVL AFS AS APY GY GPGGVAGAAGKAGYPTGTGVGPQAAAA 

AAAKAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGTPAAAAAAA 

AAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGI 

PGAAVPGVV SPEAAAKAAAKAAKY GARPGVGVGGIPTYGVGAGGFPGFGV 

	

10 	GVGGIPGVAGVPGVGGVGDYKDDDDK (SEQ ID NO: 100) 

[0223] The nucleic acid sequence of truncated human elastin 2 with DsbA secretion 

and FLAG tag is disclosed in SEQ ID NO: 101. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGCCGTATGGTTATGGCCCGGGTGGAGTTGCGGGTGCAGCAGGTAA 

15 AGCGGGTTATCCTACCGGAACCGGTGTAGGTCCGCAGGCCGCTGCTGCCG 

CCGCCGCAAAAGCAGCGGCTAAATTTGGCGCCGGAGCAGCGGGTGTTCTG 

CCTGGAGTTGGTGGTGCGGGCGTGCCAGGGGTACCTGGTGCAATTCCGGG 

TATTGGTGGTATTGCCGGTGTCGGCACCCCGGCCGCGGCAGCTGCGGCAG 

CGGCGGCTGCCAAAGCTGCTAAATACGGTGCCGCGGCGGGTCTGGTGCCA 

20 GGAGGTCCGGGTTTTGGTCCGGGAGTGGTTGGCGTGCCTGGCGCAGGCGT 

TCCTGGTGTGGGCGTTCCAGGTGCAGGGATTCCTGTTGTGCCTGGTGCCGG 

TATTCCCGGCGCGGCCGTTCCGGGGGTGGTTAGCCCGGAAGCCGCAGCGA 

AGGCTGCGGCAAAGGCAGCAAAGTATGGCGCACGCCCAGGAGTCGGCGT 

GGGTGGTATCCCGACCTATGGGGTGGGCGCAGGGGGTTTTCCTGGTTTCG 

25 GCGTAGGTGTAGGAGGTATACCGGGCGTGGCCGGTGTACCAGGGGTTGGT 

GGCGTCGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 101) 

[0224] The polynucleotide of SEQ ID NO: 101 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated elastin was purified as described herein. 

The purified elastin produced a clear band on SDS-PAGE and an anti-FLAG western 

	

30 	was observed at around 25 kilodaltons. There were no existing bands that appear at 

that location on the gel in the absence of expression of this protein. 
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Example 6: Effect of Truncated Collagen on fibroblast Cell Viability, 

Procollagen Synthesis, and Elastin Synthesis 

[0225] A human fibroblast cell culture was used to assess the ability of the 

truncated jellyfish collagen molecule of Example 2 to determine its effect on 

	

5 	procollagen, and elastin synthesis. The human fibroblast cell culture was also used to 

determine the increased viability of the human fibroblast cells after exposure to the 

truncated jellyfish collagen. 

[0226] A stock solution of 2% w/w truncated collagen was prepared from the 

histidine tagged truncated collagen of example 3. Aliquots from the 2% stock 

	

10 	truncated collagen solution were then used in the experiments described below. 

Preparation of Fibroblasts  

[0227] Fibroblasts were 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% 

CO2. On the following day the media was removed via aspiration to eliminate any 

	

15 	non-adherent cells and replaced with 0.5 ml of fresh FGM. The cells were grown until 

confluent, with a media change every 48 to 72 hours. Upon reaching confluency the 

cells were treated for 24 hours with DMEM supplemented with 1.5% 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 were treated with the truncated jellyfish collagen at 

	

20 	specified concentrations dissolved in FGM with 1.5% FBS. Transforming Growth 

Factor Beta (TGF-13) (20 ng/ml) was used as a positive control for collagen and elastin 

synthesis. Untreated cells (negative controls) just received DMEM with 1.5% FBS. 

The cells were incubated for 48 hours and at the end of the incubation period cell 

culture medium was collected and either stored frozen (-75°C) or assayed 

	

25 	immediately. Materials were tested in triplicate. 

MTT Assay  

[0228] 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 were assessed via an MTT assay. When cells are 

	

30 	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 the 

purple color is directly proportional to the number of living cells (metabolically active 
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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. 

[02291 After the 2-day incubation discussed above, the cell culture medium was 

removed (see above) and the fibroblasts were washed twice with PBS to remove any 

	

5 	remaining jellyfish glycogen molecules. After the final wash, 500 pi of DMEM 

supplemented with 0.5 mg/m1MTT was added to each well and the cells were 

incubated for 1 hour at 37:.± 2' C and 5 ± 1% CO2 . After the incubation, the 

DMEM/MTT solution was removed and the cells were washed again once with PBS 

and then 0.5 ml of isopropyl alcohol was added to the well to extract the purple 

	

10 	formazin crystals. Two hundred microliters of the isopropyl extracts was transferred 

to a 96-well, plate and the plate was read at 540 nm using isopropyl alcohol as a blank. 

[02301 The mean MTT absorbance value for the negative control cells WaS 

calculated and used to represent 100% cell viability. The individual MTT absorbance 

values from the cells undergoing the various treatments were then divided by the 

	

15 	mean value for the negative control cells and expressed as a percent to determine the 

change in cell iability caused by each treatment. 

[02311 In Tables 1, 2 and 3 of this example, the experiments were performed by 

using the designated aliquots of the 	stock truncated collagen solution in the 

assays. For example. in the samples that tested the "10% Collagen Solution," an 

	

20 	aliquot of the 2% truncated collagens in an amount sufficient to provide 10% of the 

assay volume was used. For a total assay volume of 1.0 ml, 1000 of the 2%stock 

truncated collagen solution was used. In. Tables 1, 2 and 3., "10% Collagen Solution" 

is 0.2% collagen, '5% Collagen Solution" is 0.1% collagen, "1% Collagen Solution" 

is 0.02% collagen, "0.5% Collagen Solution" is 0.01(?`..) collagen. "0.1% Collagen 

	

25 	Solution" is 0.002% collagen, "0.05% Collagen Solution" is 0.001'-!:0 collagen, -0.01 

Collagen Solution" is 0.0002%. collagen, "0.005°.0 Collagen Solution" is 0.0001% 

collagen,. f 

102321 The results for the MTT assay are presented in Table 3. The values are 

presented as the mean percent viability A_ the deviation from the mean. 

	

30 	[02331 Table 3. MTT Assay 
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011n.0.1.8.0.10. ± 3.4  

0.005°0 Collagen Solution 	 103 	3.9 
*Denotes values that are significantly different from the Untreated group (p 

[02341 The histidine tagged truncated jellyfish collagen showed protective effect by 

increasing the cell viability of human fibroblast cells. As can be seen in Table 3, the 

highest value in the MTT assay was observed when the fibroblast cells were exposed 

	

5 	to 0.02°,0 to 0.2% truncated jellyfish collagen. 

Procollagen Synthesis  

[0235] 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 

	

10 	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 I 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 

	

15 	procollagen peptide. assaying for type I C-peptide will reflect the amount of collagen 

synthesized. Type 1 C-peptide can be assayed via an ELBA based method. 

[0236] A series of type I C-peptide standards was prepared ranging from 0 ng/ml to 

640 ng/ml. Next, an ELISE microplate was prepared by removing any unneeded 

strips from the plate frame followed by the addition of 100 pi of peroxidase-labeled 

	

20 	anti procollagen type I-C peptide antibody to each well used in the assay. Twenty (20) 

ul of either sample (collected tissue culture media) or standard was then added to 

appropriate wells and the microplate was covered and allowed to incubate for 3 0.25 

hours at 37°C. After the incubation the wells were aspirated and washed three times 

with 400 trl of wash buffer. After the last wash was removed 100 Id of peroxidase 

	

25 	substrate solution (hydrogen peroxide a- tetramethylbenzidine as a chroinagen) was 

added to each well and the plate was incubated for 15 + 5 minutes at room 

temperature. After the incubation 100 IA of stop solution (1 N sulfuric acid) was 

added to each well and the plate was read using a microplate reader at 450 am. 

[0237] To quantify the amount of each substance present, a standard curve was 

	

30 	generated using known concentrations of each substance. A regression analysis was 

performed to establish the line that best fits these data points. Absorbance values for 
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the test materials and untreated samples were used to estimate the amount of each 

substance present in each sample. 

[0238] The results for the ELIS A assays are presented in Table 4. 

[0239] Table 4. Type I Collagen Assay. The values presented are mean 

concentration (ng/ml) ± the deviation from the mean. 

Treatment 
	

Type I C-Peptide (ng/ml) 

0.005° Collagen Solution 	1551 ± 149 
*Denotes values that are significantly different from the Untreated group 

(p <0.05). 

10 	[0240] The truncated histiciine tagged jellyfish collagen was observed to have a 

biphasic effect on collagen synthesis. At the 1%, 5% and the 10% levels, collagen 

synthesis increased. At the 5% concentration truncated jellyfish collagen significantly 

increased collagen synthesis with a p-value of less than 0.05. 

Elastin Synthesis  

15 	[0241] 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 El .ISA based 

20 	method. 

[0242] Soluble ct-eiastin was dissolved in 0.1 M sodium carbonate (pH 9.0) at a 

concentration of 1.25 µg/ml. 150 µI of this solution was then applied to the wells of a 

96-well maxisorp Nune plate and the plate was incubated overnight at 4°C. On the 

following day the wells were saturated with PBS containing 0.25:'o BSA and 0.05% 

25 	Tween 20. The plate was then incubated with this blocking solution for 1 hour at 

3"3'C and then washed two times with PBS containing 0.05% Tween 20. 
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[0243] A set of a-elastin standards was generated ranging from 0 to 100 ng/ml. 180 

pl of either standard or truncated.jellyfish collagen was then transferred to a 650 µ1 

microcentrifuge tube. An anti-elastin antibody solution was prepared (the antibody 

was diluted 1:100 in PBS containing 0.25% BSA and 0.05% Tween 20). and .20 pl of 

	

5 	the solution was added to the tube. The tubes were then incubated overnight at 4 ± 

2°C. On the following day, 150 pl was transferred from each tube to the 96-well 

elastin ELISA plate, and the plate was incubated for 1 hour at room temperature. The 

plate was then washed 3 times with PBS containing 0.05% Tween 20. After washing, 

200 id of a solution containing a peroxidase linked secondary antibody diluted in PBS 

	

10 	containing 0.25% BSA and 0.05% Tween 20 was added, and the plate was incubated 

for 1 hour at room temperature. After washing the plate three times, 200 p1 of a 

substrate.solution was added and the plate was incubated for 10 to 30 minutes in the 

dark at room. temperature. After this final incubation the plate was read at 460 nm 

using a plate reader. 

	

15 	102441 Table 5. The values are also presented as mean concentration (ng/ml) ± 

deviation from the mean. 

Treatment 
	

Elastin (ng/ml) 

0.05° Collagen Solution 
	

8 

0.005% Collagen Solution 	 56 2: 24 
*Denotes values that are significantly different from the Untreated group (p <0.05). 

20 	[0245] Truncated his-tagged jellyfish collagen significantly increased elastin 

production when it was used at the 0.5% concentration as shown in Table 5. 

Example 7: Effect of Truncated Collagen on Keratinocyte Proliferation and 

UVB Protection 

102461 A human keratinocyte cell culture model was used to assess the ability of the.  

25 	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 was also. assessed. 
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[0247] A stock solution of 2% w/w truncated collagen was prepared from the 

truncated collagen of example 1. Aliquots from the 2% stock truncated collagen 

solution was then used in the experiments described below. 

[0248] This study was conducted in two parts. In the first part cultured 

	

5 	keratinocytes were incubated with the test materials for 48 hours, after which changes 

in the number of viable cells were assessed using an MTT assay. In the second part of 

the study cultured keratinocytes were 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 was again assessed via an MTT assay. 

	

10 	[0249] Changes in cell number of viable cells can be determined using an MTT (3- 

(4,5-Dim ethylthiazol-2-y1)-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 

	

15 	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  

[0250] For the proliferation assay the keratinocytes were seeded into 96-welll plates 

using without growth factors and incubated for 24 hours at 3712°C and 511% CO2. 

	

20 	After this initial incubation the media was replaced with media supplemented with the 

test materials. Normal media (with growth factors) was used as a positive control. 

After the addition of the test materials the cells were cultured for 48 hours as 

described above. At the end of the incubation period changes in the number of viable 

cells was determined using an MTT assay. 

	

25 	UVB Protection Assay  

[0251] For the UVB protection assay the keratinocytes were seeded into 96-well! 

plates using normal media and incubated for 24 hours at 37±2°C and 5±1% CO2. 

After this initial incubation the media was replaced with 100 	of phosphate buffered 

saline (PBS) and the cells were exposed to UVB (40 mJ/cm2). After the UVB 

	

30 	exposure, the PBS was replaced with fresh media supplemented with the test 

materials (ascorbic acid at 100 gg/m1 served as the positive control) and the cells were 

cultured for 48 hours at 3712°C and 511% CO2. At the end of the 48 hour incubation 

cell viability was determined using an MTT assay. 
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MTT Assay  

102521 After the 48-hour incubation the cell culture medium was removed and 

replaced with 200 .µ1 of culture media supplemented with 0.5 mg/ml MTT. The well 

plates were incubated for llhour at 37t2oC and 5+1% CO2. After the incubation, the: 

	

5 	:MTT solution was removed and the cells were washed once with phosphate buffered 

saline and then 200 of isopropyl alcohol was added to the well to extract the purple 

form,azin crystals. The 96,well plate was read at 540 nm using isopropyl alcohol as a 

blank. 

102531 The mean absorbance value for the cells not treated with test materials 

	

10 	(proliferation assay: Untreated Group) or not exposed to UVB (UVB protection assay: 

Non-UVB. Exposed Group) was calculated and used to represent .100% cell viability. 

The individual absorbance values from the cells undergoing the various treatments 

were then divided by the mean absorbance value representing 100% cell viability and 

expressed as a percent to determine the Change in cell viability caused by each 

	

15 	treatment. 

192541 The.results for the.Proliferation assay using the his-tagged truncated jellyfish 

collagen are presented in Table 6. The results for.  he UVB Protection.assay using the 

his-tagged truncated jellyfish collagen are presented in Table 7. The values for both 

assays are presented as mean viability f standard deviation 

	

20 	02551 Table 6. Proliferation Assay 

0..005%c-oilmen Solution 	 .96 f 2.8 
* Denotes values which are significantly different from the Untreated Group (p < 

0.05) 

102561 Table7. INB Protection Assay 
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0.01°.0 Collagen Solution 
t 	oh ti it  

* Denotes values which are significantly different from the Untreated Group (p < 

0.05) 

[0257] For the proliferation assay the Untreated group was used to represent 100'? 

cell viability. Values above 100°....0 reflect an increase in the number of viable cells 

	

5 	and hence are indicative of cell proliferation. In this study, the test material was not 

observed to promote cell proliferation. 

[0258] In addition, the keratinocyte proliferation assay was performed using the 

truncated collagen of SEQ ID NO: 91. A 1% and 0.5% collagen solution of a 5% 

stock solution was prepared according to Example 8 and tested. The truncated 

	

10 	collagen of SEQ ID NO: 91 had keratinocyte cell viability assay values of 102 2.9 

and 102 + 2.0, respectively. The observed values were statistically significant (p 

<0.05). 

[0259] In addition to its effects on cell proliferation, the test material was also 

screened to determine if it had an impact on cell recovery after UVB exposure. In this 

	

15 	study. exposure to IL:VB was observed to result in a significant reduction in the 

number of viable cells 48 hours post exposure. However, treatment with the test 

material prevented this decrease in cell viability. The effect was evident within a 

concentration range between 0.05% and 5% of the test material. with an optimal 

effect at a concentration of 0.0 5 %, Within this range of concentrations cell viability 

	

20 	was significantly greater than the untreated group (with the lone exception of the 

0.01(!...o concentration), demonstrating that the material has UVB protective effect. 

Since this material was added after the UVB exposure it could be acting to reduce the 

damaging effects of the UVB irradiation, or it could be helping the damaged cells to 

recover at a faster rate. With respect to the latter, then truncated collagen is beneficial 

	

25 	when applied topically to the skin and has a regenerative effect on skin cells damaged 

by UVB. 

[0260] In addition, the UVB protection assay was performed using the truncated 

collagen of SEQ ID NO: 91. A 1% and 0.5% collagen solution of SEQ ID NO: 91 

had keratinocyte cell viability assay values of 80 - 4.6 and 78 2.5. respectively. 

	

30 	The observed values were statistically significant (p <0.05). 
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Example 8: Effect of Truncated Collagen on Thymine Dimer Formation 

[0261] 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 

	

5 	cancer. 

[0262] The polynucleotide of SEQ ID NO: 11 was expressed in the expression 

system of Example 1 and purified as described in this example. The encoded 

polypeptide includes the DsbA secretion tag. As the polypeptide is processed through 

the secretion pathway, the DsbA tag, amino acids 1-24 of SEQ ID NO: 12 is cleaved 

	

10 	by the host cell. The truncated collagen without the DsbA secretion tag is provided in 

SEQ ID NO: 91. 

[0263] The truncated collagen of SEQ ID NO: 91 was tested to determine if it could 

reduce TT dimer formation is human epidermal keratinocytes. For this study, the 

cells were exposed to UVB (25 mJ/cm2). Following the exposures cells were treated 

	

15 	with the test materials or Trolox (100 ug/ml) and incubated overnight. On the 

following day cellular DNA was extracted and assayed for thymine dimer content 

using an ELISA based method. 

[0264] Human keratinocytes were seeded into 12-well plates using normal media 

and incubated for 24 hours at 37±2°C and 5±1% CO2. After this initial incubation the 

	

20 	media was replaced with 100 µI of phosphate buffered saline (PBS) and the cells were 

exposed to UVB (25 mJ/cm2). After the UVB exposure, the PBS was replaced with 

fresh media supplemented with the test materials or Trolox (100 µg/ml, this served as 

the positive control) and the cells were cultured overnight at 37±2°C and 5+1% CO2. 

At the end of the incubation cellular DNA was extracted. 

	

25 	[0265] After the overnight incubation the cell culture media was removed from the 

wells and replaced with 200 gl of PBS and 20 gl of Proteinase K. After swirling the 

plate to mix the PBS and Proteinase K, 200 µI of buffer AL was added to each well. 

After again swirling the plate to mix the reagents, the plates were incubated for 10 

minutes at 55±2°C. After cooling the plate to room temperature, the DNA was 

	

30 	precipitated by the addition of 200 µI of 100% ethanol. The precipitated DNA 

mixtures were 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 were 

discarded, and 500 µI of Wash Buffer One was added to the spin column and the 

column was placed into a new collection tube and centrifuged at 8,000 RPM for 1 
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minute. The flow through and collection tube were again discarded, and 500 µ1 of 

Wash Buffer Two was added to the spin column and the column was placed into a 

new collection tube and centrifuged at 14,000 RPM for 3 minutes. The spin column 

was then placed into a new 1.5 ml centrifuge tube and 110 pl of ultrapure water was 

	

5 	added to the column. The column was incubated for 1 minute at room temperature 

and then centrifuged at 8,000 RPM for 1 minute. 

[0266] Extracted DNA was quantified via a fluorometric assay. A 2 µI aliquot of the 

DNA sample was mixed with 100 pl TE buffer in a 96-well plate. A series of DNA 

standards was also transferred to wells in a 96-well plate (in duplicate). Finally, 100 

	

10 	µI of dilute Cyquant Green dye was added to each well and the fluorescence intensity 

of each well was determined using an excitation wavelength of 480 nm and an 

emission wavelength of 520 nm. 

[0267] Thymine Dim er Detection was determined using an OxiSelectTM  UV-

Induced DNA Damage ELISA Kit) 

	

15 	[0268] Aliquots of genomic DNA samples or standards were converted to single 

stranded DNA by incubating the samples at 95°C for 10 minutes and then chilled on 

ice. 100 pl or each sample or standard was transferred to a DNA binding ELISA plate 

and incubated overnight at 4°C. On the following day the wells were rinsed once with 

100 pl of PBS and then blocked with 150 pl of Assay Diluent for one hour at room 

	

20 	temperature. After removing the Assay Diluent, 100 µI of anti-CPD antibody was 

added to each well and the plate was incubated for one hour at room temperature. 

After this incubation, the plate was washed three times with 250 µI of wash buffer per 

well, and then 150 µI of Blocking Reagent was added to the plate. The plate will be 

blocked again for one hour at room temperature, and then washed three times as 

	

25 	described before. 100 pl of Secondary Antibody was then added to each well and the 

plate was incubated for 1 hour at room temperature. After washing the plate again, 

100 i.t1 of substrate was added to each well and the plate was incubated for 5-20 

minutes to allow for color generation in the plate. The color generation reaction was 

stopped by the addition of 100 pl of stop solution and the plate was read at 460 nm 

	

30 	using a plate reader. 

[0269] To quantify the amount of DNA present, a standard curve was generated 

using known concentrations of DNA and their respective fluorescence intensity 

(measured in RFUs or relative fluorescence units). A regression analysis was 

performed to establish the line that best fits these data points. The Relative 
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Fluorescence Units (RFU) for each unknown sample was then used to estimate the 

amount of DNA. 

[0270] A series of DNA standards with known amounts of thymine dimer content 

were used to generate a standard curve. This standard curve was used to determine the 

5 

	

	amount of DNA damage in the sample DNA. Means for each treatment group were 

calculated and compared using an ANOVA. In table 8 and Fig. 5, a standard 5% 

collagen solution (5g truncated collagen in 95 ml deionized water was further diluted 

with phosphate buffered saline (PBS) to the indicated percent solution. 

[0271] Table 8. Thymine Dimer Assay 

Treatment Thymine Dimer, ng/ml 

Non-UVB Exposed 0.1 ± 0.2* 

Untreated 10.7 ± 1.4* 

100 tg/m1 Trolox 1.6 1 0.3* 

5% Truncated Collagen 3.5 1 0.3* 

1% Truncated Collagen 5.5 ± 1.0* 

0.5% Truncated Collagen 8.9 1 0.8 

0.1% Truncated Collagen 9.2 1 0.9 

0.05% Truncated Collagen 9.2 1 0.3 

10 	*Denotes values which are statistically significantly different from untreated with 

P<0 .05 

[0272] Table 8 shows that the 5% and the 1% truncated collagen solution reduced 

TT dimer formation with statistical significance (p < 0.05). The data is presented 

graphically in Fig. 5. 

15 	[0273] The experiment was repeated with a different lot of truncated collagen (SEQ 

ID NO: 91). The amount of TT dimer in ng/ml in non-UVB exposed cells was 1.3 

1.2, untreated cells was 18.1 ± 0.4, 100 gg/m1 Trolox treated cells was 7.9 ± 0.3, 5% 

collagen was 13.1 ± 0.2, and 1% collagen was 17.4 10.7. The reduction in TT dimer 

formation for non-UVB exposed cells, Trolox treated cells, 5% collagen treated cells 

20 	and 1% collagen treated cells was statistically significant compared to untreated cells 

(p< 0.05). 

Example 9: Human Collagens 

Truncated Human Collagen Type 21 alpha 1 
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[0274] A truncated human collagen type 21 alpha 1 without a His tag, linker, and 

thrombin cleavage site is disclosed below. The codon-optimized nucleotide sequence 

encoding this collagen and the amino acid sequence are disclosed below. In SEQ ID 

NOs: 73 and 74, the DsbA secretion tag is encoded by nucleotides 1-72 and encodes 

5 	amino acids 1-24. In SEQ ID NOs: 73 and 74, the truncated collagen sequence is 

encoded by nucleotides 73-633 and encodes amino acids 25-211. 

[0275] The codon-optimized nucleotide sequence encoding this collagen is 

provided in SEQ ID NO: 73. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

10 TCGGCGGCGCAGTATGAAGATGCAGGTTTTCCGGGTCTGCCTGGTCCGGC 

AGGCGAACCGGGTCGTCATGGTAAAGATGGTCTGATGGGTAGTCCGGGTT 

TTAAAGGTGAAGCAGGTTCACCGGGTGCACCTGGTCAGGATGGCACCCGT 

GGTGAACCGGGTATTCCGGGATTTCCGGGTAATCGTGGCCTGATGGGTCA 

GAAAGGTGAAATTGGTCCGCCTGGTCAGCAGGGTAAAAAAGGCGCACCG 

15 GGTATGCCAGGACTGATGGGTTCAAATGGCAGTCCGGGTCAGCCAGGCAC 

ACCGGGTTCAAAAGGTAGCAAAGGCGAACCTGGTATTCAGGGTATGCCTG 

GTGCAAGCGGTCTGAAAGGCGAGCCAGGTGCCACCGGTTCTCCGGGTGAA 

CCAGGTTATATGGGTCTGCCAGGTATCCAAGGCAAAAAAGGTGATAAAGG 

TAATCAGGGCGAAAAAGGCATTCAGGGCCAGAAAGGCGAAAATGGCCGT 

20 CAGGGTATTCCAGGCCAGCAGGGCATCCAGGGTCATCATGGTGCAAAAGG 

TGAACGTGGTGAAAAGGGCGAACCAGGTGTTCGTtaa (SEQ ID NO: 73) 

[0276] The amino acid sequence is disclosed in SEQ ID NO: 74. 

MKKIWLALAGLVLAFSASAAQYEDAGFPGLPGPAGEPGRHGKDGLMGSPGF 

KGEAGSPGAPGQDGTRGEPGIPGFPGNRGLMGQKGEIGPPGQQGKKGAPGM 

25 PGLMGSNGSPGQPGTPGSKGSKGEPGIQGMPGASGLKGEPGATGSPGEPGYM 

GLPGIQGKKGDKGNQGEKGIQGQKGENGRQGIPGQQGIQGHHGAKGERGEK 

GEPGVR (SEQ ID NO: 74) 

[0277] The codon-optimized nucleotide sequence encoding the truncated human 

collagen type 21 alpha 1 without the DsbA secretion tag collagen is provided in SEQ 

30 	ID NO: 75. 

TGCAGGTTTTCCGGGTCTGCCTGGTCCGGCAGGCGAACCGGGTCGTCATG 

GTAAAGATGGTCTGATGGGTAGTCCGGGTTTTAAAGGTGAAGCAGGTTCA 

CCGGGTGCACCTGGTCAGGATGGCACCCGTGGTGAACCGGGTATTCCGGG 

ATTTCCGGGTAATCGTGGCCTGATGGGTCAGAAAGGTGAAATTGGTCCGC 
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CTGGTCAGCAGGGTAAAAAAGGCGCACCGGGTATGCCAGGACTGATGGG 

TTCAAATGGCAGTCCGGGTCAGCCAGGCACACCGGGTTCAAAAGGTAGCA 

AAGGCGAACCTGGTATTCAGGGTATGCCTGGTGCAAGCGGTCTGAAAGGC 

GAGCCAGGTGCCACCGGTTCTCCGGGTGAACCAGGTTATATGGGTCTGCC 

5 AGGTATCCAAGGCAAAAAAGGTGATAAAGGTAATCAGGGCGAAAAAGGC 

ATTCAGGGCCAGAAAGGCGAAAATGGCCGTCAGGGTATTCCAGGCCAGC 

AGGGCATCCAGGGTCATCATGGTGCAAAAGGTGAACGTGGTGAAAAGGG 

CGAACCAGGTGTTCGTtaa (SEQ ID NO: 75) 

[0278] The amino acid sequence of truncated human collagen type 21 alpha 1 

10 	without the DsbA secretion tag is disclosed in SEQ ID NO: 76. 

AGFPGLPGPAGEPGRHGKDGLMGSPGFKGEAGSPGAPGQDGTRGEPGIPGFP 

GNRGLMGQKGEIGPPGQQGKKGAPGMPGLMGSNGSPGQPGTPGSKGSKGEP 

GIQGMPGASGLKGEPGATGSPGEPGYMGLPGIQGKKGDKGNQGEKGIQGQK 

GENGRQGIPGQQGIQGHHGAKGERGEKGEPGVR (SEQ ID NO: 76) 

15 	Truncated Human Collagen type 1 alpha 2 (1) 

[0279] A truncated human collagen type 1 alpha 2 without a His tag, linker, and 

thrombin cleavage site is disclosed below. The codon-optimized nucleotide sequence 

and the amino acid sequences are disclosed below. In SEQ ID NOs: 78 and 79, The 

DsbA secretion tag is encoded by nucleotides 1-72 and encodes amino acids 1-24. 

20 	The truncated collagen sequence is encoded by nucleotides 73-636 and encodes 

amino acids 25-212. 

[0280] The codon-optimized nucleotide sequence encoding this collagen is 

provided in SEQ ID NO: 77. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

25 TCGGCGGCGCAGTATGAAGATATGGGTCCGCCTGGTAGCCGTGGTGCAAG 

TGGTCCGGCAGGCGTTCGTGGTCCGAATGGTGATGCAGGTCGTCCGGGTG 

AACCGGGTCTGATGGGTCCTCGTGGTCTGCCTGGTTCACCGGGTAATATTG 

GTCCTGCAGGTAAAGAAGGTCCGGTTGGTCTGCCAGGTATTGATGGCCGT 

CCGGGTCCGATTGGTCCAGCCGGTGCACGTGGTGAACCTGGCAATATTGG 

30 TTTTCCGGGTCCTAAAGGTCCGACCGGTGATCCGGGTAAAAATGGTGATA 

AAGGTCATGCAGGTCTGGCAGGCGCACGCGGTGCACCTGGTCCGGATGGT 

AATAATGGTGCACAGGGTCCACCGGGTCCGCAGGGTGTTCAAGGTGGTAA 

AGGCGAACAGGGTCCTGCCGGTCCTCCGGGTTTTCAGGGACTGCCTGGTC 

CGAGCGGTCCTGCGGGTGAAGTTGGTAAACCTGGTGAACGCGGTCTGCAT 
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GGTGAAT TTGGCC T GC CTGGGC C TGCAGGTC CGC GT GGCGAACGTGGT C C 

GCCAGGTGAAAGCGGTGCAGCAGGTCCGACAGGTtaa (SEQ ID NO: 77) 

[0281] The amino acid sequence is disclosed in SEQ ID NO: 78. 

MKKIWLALAGLVL AFS A S AA QYEDMGPPGSRGAS GPAGVRGPNGD AGRP GE 

5 PGLMGPRGLPGSPGNIGPAGKEGPVGLPGIDGRPGPIGPAGARGEPGNIGFPGP 

KGPTGDPGKNGDKGHAGL AGARGAPGPDGNNGAQGPPGPQGVQGGKGEQG 

P AGPPGF QGLPGPSGPAGEVGKPGERGLHGEFGLPGP AGPRGERGPP GE SGAA 

GPTG (SEQ ID NO: 78) 

[0282] The nucleic acid sequence of truncated human collagen type 1 alpha 2(1) 

10 	without the DsbA secretion tag is disclosed in SEQ ID NO: 79. 

A T GGGTC CGCC T GGTAGCCGTGGT GCAAGTGGT CC GGC AGGCGT TC GT GG 

TCCGAATGGTGATGCAGGTCGTCCGGGTGAACCGGGTCTGATGGGTCCTC 

GT GGT CTGC C T GGT TCACCGGGT AATATT GGT CC TGCAGGT AAAGAAGGT 

CCGGT TGGTCTGCCAGGTAT T GATGGCCGTC CGGGT CCGA TT GGT CC AGCC 

15 	GGT GC AC GTGGT GAAC CT GGCAAT AT T GGTT TT C CGGGTC CT AAAGGTCC 

GACCGGTGATCCGGGT AAAAATGGTGAT AAAGGTCAT GC AGGTC TGGC AG 

GCGC ACGCGGTGC ACC TGGTCC GGA TGGT AATAAT GGT GC ACAGGGTC C A 

CCGGGTCCGCAGGGTGTTCAAGGTGGT AAAGGCGAAC AGGGT CC TGCC GG 

T CC TCCGGGT TT TCAGGGAC T GC CTGGTC C GAGC GGTC CT GCGGGTGAA GT 

20 	T GGTAAACCTGGT GAACGCGGT CT GCATGGTGAAT T TGGCCTGCCTGGGC 

CTGCAGGTCCGCGTGGCGAACGTGGTCCGCCAGGTGAAAGCGGTGCAGCA 

GGTCCGACAGGTtaa (SEQ ID NO: 79) 

[0283] The amino acid sequence of truncated human collagen type 1 alpha 2(1) 

without the DsbA secretion tag is disclosed in SEQ ID NO: 80. 

25 MGPPGSRGASGPAGVRGPNGDAGRPGEPGLMGPRGLPGSPGNIGPAGKEGPV 

GLPGIDGRPGPIGPAGARGEPGNIGFPGPKGPTGDPGKNGDK GHAGL AGARG 

APGPDGNNGAQGPPGPQGVQGGKGEQGPAGPPGFQGLPGPSGPAGEVGKPG 

ERGLHGEFGLPGPAGPRGERGPPGESGAAGPTG (SEQ ID NO: 80) 

Truncated Human Collagen type 1 alpha 2 (2) 

30 	[0284] A truncated human collagen type 1 alpha 2 without a His tag, linker, and 

thrombin cleavage site is disclosed below. The codon-optimized nucleotide sequence 

and the amino acid sequences are disclosed below. in SEQ ID NO: 82 and 83, the 

DsbA secretion tag is encoded by nucleotides 1-72 and encodes amino acids 1-24. 
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The truncated collagen sequence is encoded by nucleotides 73-609 and encodes 

amino acids 25-203. 

[0285] The codon-optimized nucleotide sequence encoding this collagen is 

provided in SEQ ID NO: 81. 

	

5 	A T GAAAAAGATTT GGC TGGCGC TGGC T GGTT TA GT T TTAGCGT TT AGCGCA 

TCGGCGGCGCAGT ATGAAGATGGT T TT CAGGGT CC T GC CGGT GAAC CGGG 

TGAACCTGGTCAGACAGGTCCGGCAGGCGCACGTGGTCCTGCAGGTCCTC 

CTGGT AAAGCC GGT GAAGAT GGTC AT C CGGGTAAACC GGGTC GT CC T GGT 

GAACGTGGTGT T GT TGGTCC GC AGGGT GCCCGT GGT TTTCCGGGT AC TC CG 

	

10 	GGT CT GCCAGGT T T TAAAGGT AT TCGTGGTCATAATGGTCTGGATGGTCTG 

A AAGGTC AGCC TGGT GCACCGGGT GT T AAAGGTGAAC C AGGT GC TC CGGG 

TGAAAATGGCACACCGGGTCAGACCGGTGCGCGTGGTCTGCCTGGCGAAC 

GCGGTCGTGTTGGTGCACCTGGTCCAGCCGGTGCACGCGGTAGTGATGGT 

A GCGT TGGTCCGGT TGGTCC AGCGGGT CCGA TT GGT AGCGCAGGTC C AC C 

	

15 	GGGTT TTCC AGGCGCACCGGGT CCGAAAGGTGAAA TT GGT GCAGTT GGT A 

A T GCAGGCCCT GCC GGTCCAGC AGGAC CGCGTGGT GA AGT TGGC CT GC C T 

GGTCTGtaa (SEQ ID NO: 81) 

[0286] The amino acid sequence is disclosed in SEQ ID NO: 82. 

MKKIWLALAGLVL AFS A S AAQYEDGFQGP AGEPGEP GQ T GPAGARGP AGPP 

	

20 	GK AGEDGHPGK PGRPGERGVV GP QGARGF PGT PGLP GFK GIRGHNGLDGLK 

GQPGAPGVKGEPGAPGENGTPGQ TGARGLPGERGRVGAPGPAGARGSDGS V 

GPVGPAGPIGSAGPPGFPGAPGPKGEIGAVGNAGPAGPAGPRGEVGLPGL 

(SEQ ID NO: 82) 

[0287] The nucleic acid sequence of truncated human collagen type 1 alpha 2(2) 

	

25 	without the DsbA secretion tag is disclosed in SEQ ID NO: 83. 

GGT TT TCAGGGT CC TGCC GGT GAAC CGGGTGAACC T GGTCAGACAGGT C C 

GGCAGGCGCACGTGGTCCTGCAGGTCCTCCTGGTAAAGCCGGTGAAGATG 

GT C AT CCGGGT AAACC GGGTCGT CC TGGTGAAC GT GGT GTTGT TGGT CC GC 

A GGGT GC CCGT GGT TT TCCGGGT AC TCCGGGT C T GCCAGGTT T TAAAGGTA 

	

30 	T T C GTGGTC AT AAT GGTC T GGAT GGTC TGAAAGGTC AGCC TGGTGC ACC G 

GGT GT TAAAGGT GAAC CAGGTGCT CCGGGTGAAAATGGC ACACC GGGT CA 

GACCGGTGCGCGTGGTCTGCCTGGCGAACGCGGTCGTGTTGGTGCACCTG 

GT C CAGCCGGT GC ACGCGGTAGTGAT GGT AGCGTT GGT CCGGTTGGT CC A 

GCGGGTCCGAT T GGTAGC GCAGGT CC ACC GGGT TTTCCAGGCGCACCGGG 
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TCCGAAAGGTGAAATTGGTGCAGTTGGTAATGCAGGCCCTGCCGGTCCAG 

CAGGACCGCGTGGTGAAGTTGGCCTGCCTGGTCTGtaa (SEQ ID NO: 83) 

[0288] 	The amino acid sequence of truncated human collagen type 1 alpha 

2(2) without the DsbA secretion tag is disclosed in SEQ ID NO: 84. 

5 GFQGPAGEPGEPGQTGPAGARGPAGPPGKAGEDGHPGKPGRPGERGVVGPQ 

GARGFPGTPGLPGFKGIRGHNGLDGLKGQPGAPGVKGEPGAPGENGTPGQTG 

ARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGPIGSAGPPGFPGAPGPKGEI 

GAVGNAGPAGPAGPRGEVGLPGL (SEQ ID NO: 84) 

[0289] The polynucleotides of SEQ ID NO: 73, 77 or 81 were subcloned in vector 

10 	pET28a as described herein to prepare a transformation vector. Host cells were 

transformed with the vector the polynucleotides were expressed as described in 

Example 2. 

[0290] After the fermentation was completed, the truncated human collagen was 

purified from the fermentation broth using the procedures disclosed in Example 3. 

15 	The purified truncated human collagens were analyzed using SDS-PAGE and HPLC 

as disclosed in Example 3. 

[0291] All three truncated human collagens ran at the expected molecular weights in 

the SDS-PAGE analysis. In analyzing the truncated human collagens using HPLC, a 

standard curve using the jellyfish collagen of Example 3 was utilized. The retention 

20 	times of the human collagens were slightly different than the jellyfish collagen. The 

retention time of SEQ ID NO: 76 was 5.645 minutes, the retention time of SEQ ID 

NO: 80 was 5.631 minutes, and SEQ ID NO: 84 ran at two peaks and the retention 

times were5.531 and 5.7 minutes. 

Truncated Human Collagen Type 1 alpha 2 truncation 5 with DsbA secretion 

25 	and FLAG tag 

[0292] The amino acid sequence of truncated human collagen type 1 alpha 2 

truncation 5 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 92. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 93 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 92. The collagen nucleotide 

30 	sequences are nucleotides 58-657 of SEQ ID NO: 93 and the amino acid sequences 

are amino acids 20-219 of SEQ ID NO: 92. The FLAG nucleotide sequences are 

nucleotides 658-684 of SEQ ID NO: 93 and the amino acid sequences are amino acids 

220-228. 
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MKKIWLALAGLVLAFSASAGDQGPVGRTGEVGAVGPPGFAGEKGPSGEAGT 

AGPPGTPGPQGLLGAPGILGLPGSRGERGLPGVAGAVGEPGPLGIAGPPGARG 

PPGAVGSPGVNGAPGEAGRDGNPGNDGPPGRDGQPGHKGERGYPGNIGPVG 

A AGAPGPHGPVGPAGKHGNRGETGP SGPV GPAGAVGPRGP SGPQGIRGDK G 

	

5 	EPGEKGPRGLPGLGDYKDDDDK (SEQ ID NO: 92) 

[0293] The nucleic acid sequence of truncated human collagen type 1 alpha 2 

truncation 5 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 93. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGGTGATCAGGGTCCGGTTGGTCGTACCGGTGAAGTTGGTGCAGT 

10 CGGGCCGCCGGGTTTTGCGGGTGAAAAAGGCCCGTCAGGTGAAGCAGGC 

ACCGCTGGCCCTCCTGGCACGCCTGGCCCACAGGGTTTACTGGGCGCACC 

TGGAATTCTGGGACTGCCGGGCAGCCGTGGAGAACGCGGTTTACCAGGTG 

TTGCCGGTGCCGTTGGTGAACCTGGTCCACTGGGCATTGCAGGGCCGCCT 

GGCGCACGGGGACCGCCTGGTGCTGTTGGTAGTCCGGGTGTGAATGGTGC 

15 TCCGGGTGAAGCCGGTCGTGACGGTAATCCGGGAAATGACGGCCCGCCAG 

GCCGCGATGGTCAGCCGGGTCATAAAGGTGAGCGTGGTTACCCAGGTAAT 

ATTGGTCCAGTCGGTGCCGCCGGTGCGCCGGGTCCTCATGGCCCTGTCGGT 

CCAGCCGGTAAACATGGTAATCGCGGTGAGACAGGTCCGTCAGGACCAGT 

GGGCCCTGCTGGCGCAGTCGGTCCGCGCGGGCCGAGTGGCCCTCAGGGTA 

20 TTCGTGGCGATAAAGGGGAACCGGGCGAAAAAGGGCCGCGGGGTCTGCC 

AGGCCTGGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 93) 

[0294] The polynucleotide of SEQ ID NO: 93 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated collagen was purified as described 

herein. The purified collagen produced a clear band on SDS-PAGE and an anti- 

	

25 	FLAG western was observed at around 100 kilodaltons. There were no existing bands 

that appear at that location on the gel in the absence of expression of this protein. 

Truncated Human Collagen Type 1 alpha 2 truncation 6 with DsbA secretion 

and FLAG tag 

[0295] The amino acid sequence of truncated human collagen type 1 alpha 2 

	

30 	truncation 6 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 94. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 95 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 94. The collagen nucleotide 

sequences are nucleotides 58-657 of SEQ ID NO: 95 and the amino acid sequences 

are amino acids 20-219 of SEQ ID NO: 94. The FLAG nucleotide sequences are 
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nucleotides 658-684 of SEQ ID NO: 95 and the amino acid sequences are amino acids 

220-228 of SEQ ID NO: 94. 

MKKIWLALAGLVLAFSASAKGHNGLQGLPGIAGHHGDQGAPGSVGPAGPRG 

PAGPSGPAGKDGRTGHPGTVGPAGIRGPQGHQGPAGPPGPPGPPGPPGV SGG 

	

5 	GYDFGYDGDFYRADQPRSAPSLRPKDYEVDATLK SLNNQIETLLTPEGSRKN 

PARTCRDLRL SHPEWSSGYYWIDPNQGCTMDAIKVYCDF ST GET CIRAQPENI 

PAKNWYRSSKDGDYKDDDDK (SEQ ID NO: 94) 

[0296] The nucleic acid sequence of truncated human collagen type 1 alpha 2 

truncation 6 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 95. 

10 ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGAAAGGTCACAATGGACTGCAAGGCCTGCCAGGTATTGCAGGTCA 

TCATGGTGATCAAGGTGCCCCGGGAAGCGTTGGTCCGGCGGGGCCGAGAG 

GCCCTGCGGGACCTTCAGGTCCGGCAGGCAAAGATGGTCGGACAGGCCAT 

CCGGGCACCGTTGGCCCTGCAGGAATTCGTGGACCGCAGGGTCATCAGGG 

15 ACCTGCTGGTCCGCCAGGTCCCCCGGGCCCTCCGGGACCACCGGGTGTTA 

GTGGTGGTGGTTATGATTTTGGCTATGATGGTGATTTTTATCGTGCAGATC 

AGCCGCGTAGCGCACCGAGCCTGCGTCCTAAAGATTATGAAGTTGATGCA 

ACCCTGAAAAGCCTGAATAATCAGATTGAAACACTGCTGACACCGGAAGG 

TAGCCGTAAAAATCCGGCCCGTACCTGTCGTGATCTGCGTCTGAGCCACC 

20 CGGAATGGAGCAGCGGTTATTATTGGATTGATCCGAATCAAGGTTGTACC 

ATGGATGCAATTAAAGTTTATTGTGATTTTAGCACAGGTGAAACATGTATC 

CGTGCACAGCCGGAAAATATTCCGGCCAAAAATTGGTATCGTAGTAGCAA 

AGATGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 95) 

[0297] The polynucleotide of SEQ ID NO: 94 was subcloned into vector pET28a, 

	

25 	expressed host E. coli cells and the truncated collagen was purified as described 

herein. The purified collagen produced a clear band on SDS-PAGE and an anti-

FLAG western was observed at around 25 kilodaltons. There were no existing bands 

that appear at that location on the gel in the absence of expression of this protein. 

Truncated Human Collagen Type 1 alpha 2 truncation 7 with DsbA secretion 

	

30 	and FLAG tag 

[0298] The amino acid sequence of truncated human collagen type 1 alpha 2 

truncation 7 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 96. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 97 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 96. The collagen nucleotide 
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sequences are nucleotides 58-759 of SEQ ID NO: 96 and the amino acid sequences 

are amino acids 20-253 of SEQ ID NO: 96. The FLAG nucleotide sequences are 

nucleotides 760-786 of SEQ ID NO: 97 and the amino acid sequences are amino acids 

254-262 of SEQ ID NO: 96. 

5 MKKIWLALAGLVLAFSASAYEVDATLKSLNNQIETLLTPEGSRKNPARTCRD 

LRL SHPEWSSGYYWIDPNQGCTMDAIKVYCDFSTGETCIRAQPENIPAKNWY 

RSSKDKKHVWLGETINAGSQFEYNVEGVTSKEMATQLAFMRLLANYASQNI 

TYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKK 

TNEWGKTIIEYKTNKPSRLPFLDIAPLDIGGADQEFFVDIGPVCFKGDYKDDD 

10 	DK (SEQ ID NO: 96) 

[0299] The nucleic acid sequence of truncated human collagen type 1 alpha 2 

truncation 7 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 97. 

TGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCAT 

CGGCGTATGAAGTTGATGCAACCCTGAAAAGCCTGAATAATCAGATTGAA 

15 ACACTGCTGACACCGGAAGGTAGCCGTAAAAATCCGGCCCGTACCTGTCG 

TGATCTGCGTCTGAGCCACCCGGAATGGAGCAGCGGTTATTATTGGATTG 

ATCCGAATCAAGGTTGTACCATGGATGCAATTAAAGTTTATTGTGATTTTA 

GCACAGGTGAAACATGTATCCGTGCACAGCCGGAAAATATTCCGGCCAAA 

AATTGGTATCGTAGTAGCAAAGATAAAAAACATGTGTGGCTGGGTGAAAC 

20 CATTAATGCAGGTAGCCAGTTTGAATACAATGTTGAAGGTGTTACCAGCA 

AAGAAATGGCAACACAGCTGGCATTTATGCGTCTGCTGGCAAATTATGCA 

AGCCAGAATATTACATATCATTGTAAAAATAGCATTGCATATATGGATGA 

AGAAACCGGTAATCTGAAAAAAGCAGTTATTCTGCAGGGTAGCAATGATG 

TTGAACTGGTTGCCGAAGGTAATAGCCGTTTTACATATACCGTTCTGGTTG 

25 ATGGTTGTAGCAAAAAAACCAATGAATGGGGTAAAACCATCATTGAATAT 

AAAACCAACAAACCGAGCCGTCTGCCGTTTCTGGATATCGCTCCGCTGGA 

TATTGGTGGTGCCGATCAGGAATTTTTTGTCGATATCGGTCCTGTGTGTTTT 

AAAGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 97) 

[0300] The polynucleotide of SEQ ID NO: 97 was subcloned into vector pET28a, 

30 	expressed host E. coli cells and the truncated collagen was purified as described 

herein. The purified collagen produced a clear band on SDS-PAGE and an anti-

FLAG western was observed at around 30 kilodaltons. There were no existing bands 

that appear at that location on the gel in the absence of expression of this protein. 
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Example 10: Protective Effect of Truncated Human Collagen on Fibroblasts 

[0301] The effect of truncated human collagen on fibroblast cell viability, 

procollagen synthesis, and elastin Synthesis is determined according to the methods of 

Example 6. 

	

5 	[0302] The effect of truncated human collagen on Keratinocyte proliferation and 

UVB protection is determined according to the methods of Example 7. 

[0303] The effect of truncated collagen on thymine dimer formation after exposure 

to UV radiation is determined according to the methods of Example 8. 

[0304] It is understood that the examples and embodiments described herein are for 

	

10 	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 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. 

	

15 	Example 11: Effect of Truncated Collagen on Inflammatory Cytokines 

[0305] 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-irriation stimuli), keratinocytes can release a vast array of 

cytokines. These cytokines are thought to help engage immune cells to the site of 

	

20 	inflammation. Cytokines released by the keratinocytes include TNFct, IL-la, IL-113, 

IL-3, IL-6, IL-7, IL-8, IL-10, IL-18, and IL-1RA. 

[0306] The testing model used for this study was 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. 

	

25 	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 

	

30 	been localized in this model. The MatTek EpiDerm is also mitotically and 

metabolically active. 

[0307] The MatTek EpiDerm tissues were used to assess the ability of various test 

materials to inhibit the release the inflammatory mediator IL-la . Test materials were 
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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 was also used to assess the viability of the tissues after 

exposure to the test materials. 

	

5 	[0308] IL-1a, IL-6 and IL-8 are synthesized and stored in keratinocytes and have 

been identified as a 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 will bind IL-la, IL-6 or IL-8 present in spent culture media samples. 

	

10 	A second antibody that is covalently attached to an acetylcholinesterase enzyme will 

in turn detect the specific bound cytokines. Upon addition of an appropriate color 

substrate the acetylcholinesterase enzyme will generate a colored end product that can 

be measured spectrophotometrically. 

[0309] MatTek EpiDerm Tissues were purchased from MatTek corporation and 

	

15 	were stored at 4°C until used. Prior to use, the tissues to be used were 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 were allowed to incubate 

overnight at 37±2°C and 5±1% CO2. After this initial incubation, the assay medium 

was replaced with 0.9 ml of fresh hydrocortisone free medium (3712°C). Three 

	

20 	tissues were prepared for each test material. 

[0310] An inflammatory response in the tissues was initiated via UV irradiation 

(UVB). A UV lamp was used to give a 300 mJ/cm2  dose of UVB radiation to the 

tissues. Immediately after the application of the inflammatory stimuli 50 µ1 or mg of 

test material was applied directly onto the surface of the tissue. An over the counter 

	

25 	hydrocortisone cream was used as a positive control. For a negative control tissues 

were exposed to the inflammatory stimuli but were not treated with any type of anti-

inflammatory material. One additional set of tissues was left without exposure to the 

inflammatory stimuli to provide a baseline measurement for the cytokines. The tissues 

were incubated at37±2°C and 5±1% CO2  for 24 hours after exposure to the 

	

30 	inflammatory stimuli. After the 24-hour incubation the cell culture medium was 

collect and stored at -75° C until analyzed for cytokines. 

[0311] The ELISA plates were prepared by diluting the appropriate capture 

antibody in PBS. Next, 100 µI of the diluted capture antibody was added to the wells 

of a 96-well ELISA plate and the plate was incubated overnight at room temperature. 
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On the following day the plate was washed three times with 300 µ1 wash buffer 

(0.05% Tween 20 in PBS) and then blocked by adding 300 gl of blocking buffer (1% 

BSA in PBS) to each well. The plate was incubated with the blocking buffer for at 

least one hour. After the incubation the blocking buffer was removed and the plate 

	

5 	was washed three times as described above. 

[0312] A series of standards was prepared and 100 gl of each of these standards was 

dispensed into two wells (duplicates) in the appropriate 96-well plate. Subsequently, 

100 µl of each sample was added to additional wells and the plate was incubated for 

two hours at room temperature. After the incubation the plate was washed three times 

	

10 	as described above. Once the last wash was removed, 100 µ1 of a biotin conjugated 

detection antibody was added. After incubating the plate for two hours at room 

temperature the plate was washed again as described above. 100 µl of HRP-

streptavidin was then added to each well and the plate was incubated for 20 minutes at 

room temperature. Once the last wash was removed, 1000 of substrate solution 

	

15 	(hydrogen peroxide + tetramethylbenzidine as a chromagen) was added to each well. 

Once a sufficient level of color development had occurred, 50 µ1 of stop solution (2N 

sulfuric acid) was added to each well and the plate was read at 460 nm. 

[0313] After the 24 hour incubation, the tissues were rinsed twice with at least 100 

µ1 of phosphate buffered saline to remove the test material and then transferred to a 6- 

	

20 	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 3712°C and 511% CO2. After the 

incubation, the tissues were rinsed at least twice with 100 µ1 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 was covered and allowed to incubate at room 

	

25 	temperature for at least 2 hours on a rocking platform to extract the reduced MTT 

from the tissues. After the extraction, a 200 µI sample of the isopropanol/MTT 

mixture was transferred to a 96-well plate and the absorbance of the sample was read 

at 540 nm with a plate reader using 200 µ1 of isopropanol as the blank. The MTT 

assay is described in Example 6 herein. The cell viability results of the MTT assay 

	

30 	were similar to the results obtained in Example 6 

[0314] The results of the IL-la assay are shown in Table 9 below. A 2% stock 

solution of the jellyfish collagen of SEQ ID NO: 91 is Sample 4 and Sample 3 is a 2% 

stock solution of the truncated jellyfish collagen of SEQ ID NO: 10. In Table 9 

below, the indicated percentage is the percent dilution of the stock solution used for 
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the test. For example, the 1% Sample 4 treatment is a 1% solution of the 2% stock 

truncated collagen solution. The untreated cells produced 18.2 pg/ml of Il-la. Upon 

treatment with truncated collagen, all samples showed decreases in Il-la production. 

The 1% Sample 4 treatment reduced IL-lA production to 13.4 pg/ml, which is 

5 	significant with a p value of less than 0.05. The decrease in IL-la production 

indicates that the truncated collagen has anti-inflammatory effects. 

Table 9 IL-la Assay 

Treatment Il-la pg/ml 

Non-UVB Exposed 4.912.1 

Untreated 18.2+1.4 

1% Hydrocortisone 6.710.6 

5% Sample 4 18.1+1.1 

1% Sample 4 13.410.9* 

0.5% Sample 4 15.7+0.7 

0.1% Sample 4 13.911.7* 

5% Sample 3 15.812.0 

Denotes values that are significantly different from Untreated (p<0.05) 

Example 12: Urban Dust Protection by Truncated Collagen 

10 	103151 A keratinocyte cell culture model was used to assess the ability of truncated 

collagens to exert a protective effect by promoting cell survival after exposure to 

urban dust. 

[0316] Human epidermal keratinocytes were pretreated with the test materials and 

then exposed to urban dust. At the end of the treatment period changes in cell 

15 	viability were then determined via an MTT assay. 

[0317] Keratinocytes were seeded into the individual wells of a 96 well plate in 100 

µ1 of medium and incubated overnight at 37+2°C and 5+1% CO 2. On the following 

day the media was removed via aspiration to eliminate any non-adherent cells and 

replaced with 100 µI of fresh medium. The cells were grown until confluent, with a 

20 	media change every 48 to 72 hours. 

Pretreatment with Test Material followed by Urban Dust Treatment 

[0318] Test materials were prepared at 2x their final desired concentrations in cell 

culture media. Urban dust (NIST 1649B from Sigma Chemicals) was also prepared at 

2x solutions. For the pretreatment, 50 µl of 2x test material was combined with 50 
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of culture media and the cells were incubated for 24 hours. At the end of the 

pretreatment period the test material containing culture media was removed and 

replaced with 500 of 2x urban dust and 50 gl of media. Another set of cells was 

treated with media alone (non-dust exposed) and used as a reference control to 

	

5 	represent 100% cell viability. The cells were then incubated for 24 hours and then 

subjected to an MTT assay to determine changes in cell viability. 

[03191 At the end of the treatment period, the cell culture medium was removed and 

the cells were washed with PBS. After the wash, 100 µI of cell culture media 

supplemented with 0.5 mg/ml MTT was added to each well and the cells were 

	

10 	incubated for 30 minutes at 37+2oC and 5+1% CO2. After the incubation, the 

media/MTT solution was removed and the cells were washed again once with PBS 

and then 100 µl of isopropyl alcohol was added to the wells to extract the purple 

formazin crystals. The 96-well plate was then read at 540 nm using isopropyl alcohol 

as a blank. 

	

15 	[0320] The mean MTT absorbance value for the non-dust exposed cells was 

calculated and used to represent 100% value for cell number. The individual MTT 

values from the cells undergoing the various treatments was then divided by the mean 

value for the non-dust exposed cells and expressed as a percent to determine the 

change in cell number caused by each treatment. 

	

20 	[03211 The MTT results for the pretreatment with the test material then dust 

treatments are presented in Table 10. Table 10 shows that as the cells were treated 

with increasing amounts of collagen, cell viability increased upon pretreatment with 

truncated collagen and subsequent exposure to urban dust. These results show that 

truncated collagen protects against the decline in cell viability associated with urban 

	

25 	dust exposure. 

Table 10 MTT Assay, Truncated Collagen Pretreatment 

Treatment Viability (% Non-Dust 

Exposed) 

4 mg/ml Urban Dust 

Viability (')/0 Non-Dust 

Exposed) 

2 mg/ml Urban Dust 

Non-Dust 

Exposed 

100+4.4* 100+1.8 

Untreated 59+3.8 70+0.9 

0.1% Collagen 61+4.7 72+3.5 
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0.5% Collagen 59+2.2 73+2.2 

1% Collagen 58+0.5 7412.6 

5% Collagen 66+1.0 83+6.5* 

* Denotes values that are significantly different from untreated group (p<0.05) 

Example 12: Truncated Chondrosia reniformis (Kidney sponge) Collagen 

Truncated Chondrosia reniformis (Kidney sponge) Fibrillar Collagen 1 with 

DsbA secretion and FLAG tag 

	

5 	[0322] The amino acid sequence of truncated Chondrosia reniformis fibrillar 

collagen 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 102. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 103 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 102. The fibrillary collagen 

nucleotide sequences are nucleotides 58-792 of SEQ ID NO: 103 and the amino acid 

	

10 	sequences are amino acids 20-264 of SEQ ID NO: 102. The FLAG nucleotide 

sequences are nucleotides 793-819 of SEQ ID NO: 103 and the amino acid sequences 

are amino acids 265-273 of SEQ ID NO: 102. 

MKKIWL ALAGLVL AFS AS APV GRRGPK GSRGDPGDGGAAGPKGPEGVDGLI 

GEPGQPGPIGAEGSSGLEGFLGDKGSKGARGGPGNRGRPGQDGVPGQDGRA 

15 GEKGEGGETGDRGQQGLRGKVGDPGLVGDLGAQGPQGSQGLVGPPGIPGEP 

GSGGEPGDQGPRGPEGPQGSPGVRGGRGERGTPGAVGPKGPPGKNGADGPR 

GLPGASGPPGSPGNQGPEGSRGADGNNGFPGDDGENGLVGIPGEPGPKGARG 

TRGELGKTGDYKDDDDK (SEQ ID NO: 102) 

[0323] The nucleic acid sequence of truncated Chondrosia reniformis fibrillar 

	

20 	collagen 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 103. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGCCGGTTGGTCGTCGTGGTCCGAAAGGTAGCCGTGGTGATCCTGG 

TGATGGTGGTGCAGCAGGTCCTAAAGGTCCGGAAGGTGTTGATGGTCTGA 

TTGGTGAACCGGGTCAGCCTGGTCCGATTGGCGCAGAAGGTAGCAGCGGT 

25 CTGGAAGGTTTTCTGGGTGATAAAGGTAGCAAAGGTGCACGTGGTGGTCC 

GGGTAATCGCGGTCGTCCTGGTCAGGATGGTGTTCCGGGTCAAGATGGTC 

GTGCCGGTGAAAAAGGTGAAGGTGGTGAAACCGGTGATCGCGGTCAGCA 

GGGTCTGCGTGGTAAAGTTGGTGATCCAGGTCTGGTGGGTGATCTGGGTG 

CACAGGGTCCGCAGGGTAGCCAAGGTCTGGTTGGTCCGCCTGGTATTCCG 

30 GGTGAACCTGGTAGCGGTGGCGAACCGGGTGATCAGGGTCCTCGCGGTCC 
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AGAAGGTCCTCAGGGTTCACCGGGTGTTCGCGGTGGTCGTGGTGAACGTG 

GTACACCGGGTGCAGTTGGACCGAAAGGTCCGCCAGGTAAAAATGGTGCA 

GATGGTCCGCGTGGTCTGCCTGGTGCAAGCGGTCCTCCGGGTAGTCCTGGT 

AACCAGGGTCCTGAAGGTTCTCGTGGTGCCGATGGTAATAATGGTTTTCCA 

5 GGTGATGATGGTGAAAATGGCCTGGTTGGTATCCCTGGCGAACCAGGTCC 

AAAAGGCGCACGCGGTACACGCGGTGAACTGGGTAAAACCGGTGACTAC 

AAAGACGACGACGACAAAtaa (SEQ ID NO: 103) 

[0324] The polynucleotide of SEQ ID NO: 103 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated Chondrosia reniformis fibrillar collagen 

10 	lwas purified as described herein. The purified fibrillary collagen produced a clear 

band on SDS-PAGE and an anti-FLAG western was observed at around 40 

kilodaltons. There were no existing bands that appear at that location on the gel in the 

absence of expression of this protein. 

Truncated Chondrosia reniformis (Kidney sponge) Fibrillar Collagen 2 with 

15 	DsbA secretion and FLAG tag 

[0325] The amino acid sequence of truncated Chondrosia reniformis fibrillar 

collagen 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 104. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 105 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 104. The fibrillary collagen 

20 	nucleotide sequences are nucleotides 58-1323 of SEQ ID NO: 105 and the amino acid 

sequences are amino acids 20-441 of SEQ ID NO: 104. The FLAG nucleotide 

sequences are nucleotides 1324-1350 of SEQ ID NO: 105 and the amino acid 

sequences are amino acids 442-450 of SEQ ID NO: 105. 

MKKIWLALAGLVLAFSASAGRGGPAGLQGAAGNPGDPGDRGQAGEIGLPGT 

25 EGQRGQGGSRGDDGIGGQSGTDGDPGNDGVAGIRGARGEPGATGPEGAAGQ 

KGDRGRFGEQGRPGNDGPPGRRGRVGNLGETGAEGDEGTRGYTGDRGPEGA 

IGISGVTGNPGPQGIKGPPGDTGHPGRQGPSGPQGPPGIPGTDGLTIHNLIKPPS 

QFFDATSSSDPLTDAVVESILKSFQYAELEIDLTKKPDGTMKYPAISCDDLHK 

DYPQLPSGNYTLDPNGGCKNDAFETYCEFNNSVKMCLTPKIPTLLPMGTYKY 

30 YVNSEGYYSPNDFGLNLRFFEYYGSVTQLKFLQTKATRVTQTIRVLCKNYDP 

LHKQPVFIGMNDETVMDEPRMEENQCQYFNGL SAHVELELS SNDPSYLPIYE 

MRLYLGRKTNEELGIELGDLCFEYGDYKDDDDK (SEQ ID NO: 104) 

[0326] The nucleic acid sequence of truncated Chondrosia reniformis fibrillar 

collagen 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 105. 
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ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGGTCGTGGCGGTCCGGCAGGTCTGCAGGGTGCTGCAGGTAATCC 

TGGCGACCCTGGCGATCGTGGTCAGGCAGGCGAAATTGGTCTGCCAGGCA 

CCGAAGGTCAGCGTGGTCAAGGTGGTTCACGTGGTGATGACGGTATTGGT 

5 GGTCAGAGCGGCACCGATGGCGATCCGGGTAACGATGGTGTTGCAGGTAT 

TCGTGGTGCACGCGGAGAACCTGGTGCCACCGGACCTGAAGGTGCAGCCG 

GTCAGAAAGGTGATCGTGGCCGTTTTGGCGAACAGGGTCGTCCGGGAAAT 

GATGGTCCACCGGGTCGCCGTGGCCGTGTGGGCAATCTGGGTGAAACAGG 

TGCCGAAGGTGATGAAGGCACCCGTGGTTATACAGGTGACCGTGGACCGG 

10 AAGGCGCAATTGGTATTAGCGGTGTGACCGGTAATCCGGGTCCACAGGGC 

ATTAAAGGCCCTCCGGGTGATACGGGTCATCCGGGTCGTCAGGGACCGAG 

CGGTCCGCAAGGACCACCGGGTATTCCAGGTACAGATGGCCTGACCATTC 

ATAATCTGATTAAACCGCCTAGCCAGTTTTTTGATGCAACCAGCAGCAGC 

GATCCGCTGACCGATGCAGTTGTTGAAAGCATTCTGAAATCTTTTCAGTAT 

15 GCCGAGCTGGAAATTGACCTGACCAAAAAACCGGATGGCACCATGAAAT 

ATCCGGCAATTAGCTGTGATGATCTGCACAAAGATTATCCGCAGCTGCCG 

AGCGGTAATTATACCCTGGATCCGAATGGTGGTTGTAAAAATGATGCCTTT 

GAAACCTATTGCGAGTTCAACAATAGCGTGAAAATGTGTCTGACCCCGAA 

AATTCCGACACTGCTGCCGATGGGCACCTATAAATACTATGTTAATAGCG 

20 AGGGTTACTACAGCCCGAATGATTTTGGTCTGAATCTGCGCTTTTTTGAGT 

ATTATGGTAGCGTTACCCAGCTGAAATTTCTGCAGACCAAAGCAACCCGT 

GTTACCCAGACCATTCGTGTTCTGTGTAAAAACTATGATCCGCTGCATAAA 

CAGCCGGTTTTTATTGGTATGAATGACGAAACCGTTATGGATGAACCGCG 

TATGGAAGAAAATCAGTGCCAGTATTTTAACGGTCTGAGCGCACATGTTG 

25 AACTGGAACTGAGCAGCAATGATCCGAGCTATCTGCCGATTTATGAAATG 

CGTCTGTATCTGGGTCGTAAAACCAATGAAGAACTGGGCATTGAACTGGG 

CGATCTGTGTTTTGAATATGGTGACTACAAAGACGACGACGACAAAtaa 

(SEQ ID NO:105) 

[0327] The polynucleotide of SEQ ID NO: 105 was subcloned into vector pET28a, 

30 	expressed host E. coli cells and the truncated Chondrosia reniformis fibrillar collagen 

2 was purified as described herein. The purified fibrillary collagen produced a clear 

band on SDS-PAGE and an anti-FLAG western was observed at around 55 

kilodaltons. There were no existing bands that appear at that location on the gel in the 

absence of expression of this protein. 
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Truncated Chondrosia reniformis (Kidney sponge) Non-Fibrillar Collagen 1 with 

DsbA secretion and FLAG tag 

[0328] The amino acid sequence of truncated Chondrosia reniformis non-fibrillar 

collagen 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 106. The 

5 	DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 107 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 106. The non-fibrillar collagen 

nucleotide sequences are nucleotides 58-831 of SEQ ID NO: 107 and the amino acid 

sequences are amino acids 20-277 of SEQ ID NO: 106. The FLAG nucleotide 

sequences are nucleotides 832-858 of SEQ ID NO: 107 and the amino acid sequences 

10 	are amino acids 278-286 of SEQ ID NO: 106. 

MKKIWL ALAGLVL AFS AS AEK T S SKVALMTVLVV IT GAL IIEGT SITRGSTHV 

NRGLRKRQT SEDNCEAVKVGLPGRDGREGPPGPPGPAGRDGRDAVCSNQTT 

GLGAK GDRGPPGTPGFPGEVGRPGPPGADGIPGPQGERGAVGPGGKPGPRGE 

V GTPGAD GADGAT GAT GV QGPDGAKGEKGAS GTAGLK GEKGD TC IPD SN ST 

15 LGMPGTPGAGGSKGQKGESGIVGPKGERGEIGTPGHPGFRGADGEPGHKGVP 

GRAGAQGDRGDPGDDGLTGDYKDDDDK (SEQ ID NO: 106) 

[0329] The nucleic acid sequence of truncated Chondrosia reniformis non-fibrillar 

collagen 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 107. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

20 TCGGCGGAAAAAACCAGCAGCAAAGTTGCACTGATGACCGTTCTGGTTGT 

TATTACCGGTGCACTGATTATTGAAGGCACCAGCATTACCCGTGGTAGCA 

CCCATGTTAATCGTGGTCTGCGTAAACGTCAGACCAGCGAAGATAATTGT 

GAAGCAGTTAAAGTTGGTCTGCCAGGTCGTGATGGTCGTGAAGGTCCTCC 

GGGTCCGCCTGGTCCGGCTGGCAGAGATGGCCGTGATGCAGTTTGTAGCA 

25 ATCAGACCACCGGTCTGGGTGCAAAAGGTGATCGTGGTCCGCCAGGTACA 

CCGGGTTTTCCGGGTGAAGTTGGCCGTCCGGGTCCACCGGGTGCAGATGG 

TATTCCGGGTCCTCAGGGTGAACGTGGTGCAGTTGGTCCTGGTGGTAAAC 

CTGGTCCGCGTGGTGAAGTGGGCACCCCTGGTGCCGATGGCGCAGATGGT 

GCAACCGGTGCGACCGGTGTTCAGGGTCCTGATGGTGCCAAAGGCGAAAA 

30 AGGTGCAAGCGGCACCGCAGGTCTGAAAGGTGAGAAAGGCGATACCTGT 

ATTCCGGATAGCAATAGCACCCTGGGTATGCCTGGTACACCAGGTGCCGG 

TGGTAGCAAAGGCCAGAAAGGTGAAAGTGGTATTGTTGGTCCGAAAGGC 

GAACGCGGTGAAATTGGCACACCGGGTCATCCTGGTTTTCGTGGTGCGGA 

TGGTGAACCAGGTCATAAAGGTGTTCCGGGTCGTGCCGGTGCGCAGGGTG 
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ATCGCGGTGATCCGGGTGATGATGGTCTGACCGGTGACTACAAAGACGAC 

GACGACAAAtaa (SEQ ID NO: 107) 

[0330] The polynucleotide of SEQ ID NO: 107 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated Chondrosia reniformis non-fibrillar 

	

5 	collagen 1 was purified as described herein. The purified non-fibrillar collagen 

produced a clear band on SDS-PAGE and an anti-FLAG western was observed at 

around 30 kilodaltons. There were no existing bands that appear at that location on the 

gel in the absence of expression of this protein. 

Truncated Chondrosia reniformis (Kidney sponge) Non Fibrillar Collagen 2 with 

	

10 	DsbA secretion and FLAG tag 

[0331] The amino acid sequence of truncated Chondrosia reniformis non-fibrillar 

collagen 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 108. The 

DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 109 and the amino 

acid sequences are amino acids 1-19 of SEQ ID NO: 108. The non-fibrillar collagen 

	

15 	nucleotide sequences are nucleotides 58-1509 of SEQ ID NO: 109 and the amino acid 

sequences are amino acids 20-503 of SEQ ID NO: 108. The FLAG nucleotide 

sequences are nucleotides 1510-1536 of SEQ ID NO: 109 and the amino acid 

sequences are amino acids 504-512 of SEQ ID NO: 108. 

MKKIWLALAGLVLAFSASAGFPGAPGADGAPGQKGELGAVGPQGTPGLSGP 

20 SGPTGPPGPKGVRGAPGSSGAKGDAGNPGDDGPVGPQGVPGVDGSPGQKGE 

TGRVGPRGHDGINGTPGEDGATGFPGPDGAKGEKGTSGTAGLKGEKGDTCIP 

DSNSTLGMPGTPGAGW SKGQKGESGIVGPKGEKGEIGTPGPPGFRGADGEPG 

QRGEPGRAGAQGERGAPGNNGRDGFPGDPGADGAPGQKGELGAIGHPGFSG 

PSGPSGPTGPPGPKGVRGAQGRPGDRGSPGDVGPIGAPGPPGADGVPGLTGV 

25 QGRDGPKGESASSGAVYVRWGRTTCPSGADVVYSGRAAGAKYDHSGGTSD 

HHCLPNNPQYLSEDDTNALGAQLYGVEYEIRDRSSPYNSLDQSDMPCVVCNA 

NGRSQLLMVPARYTCPTGWSREYYGYMMSEGKAKNREGRKTTICMDFSAE 

AVPGSGANTNPSPGIMMRANCNGLACPPYQSNTPLTCAVCTKGDYKDDDDK 

(SEQ ID NO: 108) 

	

30 	[0332] The nucleic acid sequence of truncated Chondrosia reniformis non-fibrillar 

collagen 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 109. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGGTTTTCCTGGCGCTCCGGGTGCCGACGGTGCTCCGGGTCAAAA 

AGGTGAACTGGGTGCCGTGGGTCCGCAGGGCACTCCGGGTCTGAGTGGTC 
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CTAGTGGTCCGACCGGTCCACCAGGTCCAAAAGGCGTGCGTGGTGCACCG 

GGTAGCAGCGGAGCCAAAGGTGATGCAGGTAACCCTGGTGATGACGGTCC 

GGT TGGTCCAC AGGGC GT TC CAGGT GT TGAT GGTAGCC CTGGCCAAAAGG 

GTGAAAC CGGT CGTGT GGGTCC TCGTGGTCATGATGGT AT TAATGGCAC C 

	

5 	C CAGGTGAAGATGGT GCGAC AGGCTT T CC AGGT CC GGATGGC GC AAAGGG 

TGAGAAGGGCACCAGCGGTACAGCTGGCCTGAAGGGCGAAAAGGGCGAT 

ACATGCATCCCGGATTCAAATTCAACACTGGGCATGCCAGGTACGCCTGG 

CGCAGGTTGGAGTAAAGGACAAAAAGGCGAATCAGGCATTGTGGGACCT 

AAAGGCGAGAAGGGTGAGATTGGT ACTC CGGGACC GCCAGGCTT TC GC GG 

10 TGCAGACGGCGAACCGGGTCAGCGTGGCGAACCTGGTCGTGCAGGCGCA 

C AAGGTGAACGCGGAGC C CC TGGTAATAATGGACGTGAT GGC TT TC CTGG 

TGATCCAGGTGCAGATGGCGCACCTGGCCAGAAAGGCGAACTGGGAGCA 

ATTGGTCATCCGGGATTTAGCGGTCCGTCAGGTCCGAGCGGACCGACAGG 

TCCTCCTGGACCGAAAGGTGTACGTGGCGCACAGGGTCGTCCTGGCGATC 

15 GTGGCAGTCCAGGTGATGTGGGTCCGATTGGTGCACCTGGTCCTCCAGGT 

GCGGACGGC GTGC CTGGT TTAACAGGT GT GCAGGGTCGCGAC GGTC CTAA 

AGGTGAATCAGCAAGCAGCGGT GCAGTT T AT GT TC GTT GGGGTCGT ACC A 

C CT GT CC TAGCGGAGC AGATGT TGT TTAT AGCGGTC GCGC AGCCGGTGC A 

AAATATGATCATTCAGGTGGCACCTCAGATCATCATTGTCTGCCGAATAAT 

20 CCGCAGTATCTGAGCGAAGATGATACCAATGCACTGGGTGCACAGCTGTA 

T GGTGTGGAAT AT GAAAT TCGT GAT CGTAGCAGCC C GT ATAATAGC C TGG 

ATCAGAGCGATATGCCGTGTGTTGTTTGTAATGCAAATGGTCGTAGCCAG 

C TGCT GATGGT T CC GGCACGT TATACATGCCC GACCGGTT GGAGC CGTGA 

ATATTATGGTTATATGATGAGCGAAGGCAAAGCCAAAAATCGCGAAGGTC 

	

25 	GTAAAAC CACCAT T TGTATGGAT TT TAGC GC AGAAGCAGTTC CTGGTAGC 

GGTGC AAATAC CAATC CGAGTC CGGGT AT TATGAT GCGTGCAAATT GTAA 

TGGTCTGGCATGTCCGCCTTATCAGAGCAATACACCGCTGACCTGTGCCGT 

TTGTACCAAAGGTGACTACAAAGACGACGACGACAAAtaa (SEQ ID NO: 

109) 

	

30 	[03331 The polynucleotide of SEQ ID NO: 109 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated Chondrosia remformis non-fibrillar 

collagen 2 was purified as described herein. The purified fibrillary collagen produced 

a clear band on SDS-PAGE and an anti-FLAG western was observed at around 60 
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kilodaltons. There were no existing bands that appear at that location on the gel in the 

absence of expression of this protein. 

Example 13: Truncated Rhincodon typus (whale shark) Collagen 

Truncated Rhincodon typus (whale shark) Collagen Type 1 alpha 1 truncation 1 

	

5 	with DsbA secretion and FLAG tag 

[0334] The amino acid sequence of truncated Rhincodon typus collagen typel 

truncation 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 110. 

The DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 111 and the 

amino acid sequences are amino acids 1-19 of SEQ ID NO: 110. The collagen 

	

10 	nucleotide sequences are nucleotides 58-630 of SEQ ID NO: 111 and the amino acid 

sequences are amino acids 20-210 of SEQ ID NO: 110. The FLAG nucleotide 

sequences are nucleotides 631-657 of SEQ ID NO: 111 and the amino acid sequences 

are amino acids 211-219 of SEQ ID NO: 110. 

MKKIWL ALAGLVL AFS AS AGPAGAK GP SGDIGRPGES GSPGARGHS GQPGRT 

15 GIAGNQGLPGTAGEEGRTGPPGPAGLRGQAGMMGFPGPKGAAGLPGKPGDR 

GNVGLAGPRGAPGKDGEVGAQGPPGVAGPTGPRGETGLAGSVGFQGMPGPS 

GAAGEPGKPGNQGLRGDAGSPGMIGPRGERGLPGERGAS GAQGLL GPRGT S 

GAPGLGDYKDDDDK (SEQ ID NO: 110) 

[0335] The nucleic acid sequence of truncated Rhincodon typus collagen typel 

	

20 	truncation 1 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 111. 

ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGGGTCCGGCAGGCGCAAAAGGTCCGAGCGGTGATATTGGTCGTCC 

GGGTGAAAGCGGTAGTCCGGGTGCACGTGGTCATAGCGGTCAGCCTGGTC 

GTACCGGTATTGCAGGTAATCAGGGTCTGCCTGGTACAGCCGGTGAAGAA 

25 GGTCGCACCGGTCCGCCAGGTCCTGCAGGTCTGCGTGGTCAGGCAGGTAT 

GATGGGTTTTCCGGGTCCGAAAGGTGCAGCGGGTCTGCCAGGCAAACCGG 

GTGATCGTGGTAATGTTGGTCTGGCTGGTCCGCGTGGTGCACCGGGTAAA 

GATGGTGAAGTTGGTGCACAGGGTCCTCCGGGTGTTGCAGGTCCGACCGG 

TCCTCGTGGTGAAACCGGTCTGGCAGGTAGCGTTGGTTTTCAGGGTATGCC 

30 AGGTCCGTCAGGTGCAGCAGGCGAACCTGGTAAACCGGGTAACCAGGGC 

CTGCGTGGTGATGCCGGTTCACCGGGTATGATTGGTCCACGCGGTGAACG 

TGGCCTGCCTGGCGAACGTGGTGCAAGCGGTGCACAAGGTCTGCTGGGTC 

CACGTGGCACCTCAGGCGCACCAGGTCTGGGTGACTACAAAGACGACGAC 

GACAAAtaa (SEQ ID NO: 111) 
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[0336] The polynucleotide of SEQ ID NO: 111 was subcloned into vector pET28a, 

expressed host E. colt cells and the truncated Rhincodon typus collagen typel 

truncation 1 was purified as described herein. The purified collagen produced a clear 

band on SDS-PAGE and an anti-FLAG western was observed at around 25 

	

5 	kilodaltons. There were no existing bands that appear at that location on the gel in the 

absence of expression of this protein. 

Truncated Rhincodon typus (whale shark) Collagen Type 6 alpha 1 truncation 2 

with DsbA secretion and FLAG tag 

[0337] The amino acid sequence of truncated Rhincodon typus collagen type 6 

	

10 	truncation 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 112. 

The DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 113 and the 

amino acid sequences are amino acids 1-19 of SEQ ID NO: 112. The collagen 

nucleotide sequences are nucleotides 58-684 of SEQ ID NO: 113 and the amino acid 

sequences are amino acids 20-228 of SEQ ID NO: 112. The FLAG nucleotide 

	

15 	sequences are nucleotides 685-711 of SEQ ID NO: 113 and the amino acid sequences 

are amino acids 229-237 of SEQ ID NO: 112. 

MKKIWL ALAGLVL AFS AS AQ GIPGS AGKEGGK GDPGPLGSPGKPGPDGLRGF 

AGARGLPGAAGPPGLKGAEGPMGAPGLTGSTGERGPNGPAGAIGLPGRPGGP 

GPPGPVGEKGDPGDKGLPGPAGDDGVQGAMGLPGPIGSQGPPGDYGDKGEL 

20 GKPGQKGSKGDKGESGPPGPIGIQGPIGHPGPIGSDGSPGLRGYLGMRGQKGD 

DGIRGLPGSAGPVGLQGLPGGDYKDDDDK (SEQ ID NO: 112) 

[0338] The nucleic acid sequence of truncated Rhincodon typus collagen type 6 

truncation 2 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 113. 

ATGAAAAAGATTT GGC TGGCGC TGGC T GGTT TAGT T TTAGCGT TT AGCGCA 

25 TCGGCGCAGGGTATTCCGGGTAGCGCAGGTAAAGAAGGTGGTAAAGGCG 

ATCCGGGTCCGCTGGGTTCACCGGGTAAACCGGGTCCTGATGGTCTGCGT 

GGT TT TGCC GGT GC ACGTGGTCT GC CTGGTGC AGCAGGTC CGC CT GGTC TG 

AAAGGTGCCGAAGGTCCGATGGGTGCTCCGGGTCTGACCGGTAGCACCGG 

TGAACGCGGTCCGAATGGTCCGGCAGGCGCAATTGGTCTGCCAGGTCGTC 

30 CTGGTGGTCCGGGTCCTCCTGGTCCGGTTGGTGAAAAAGGTGATCCTGGT 

GAT AAAGGC CTGC C TGGT CC TGCCGGT GATGAT GGT GT TCAGGGT GC CAT 

GGGCT TACCGGGT C CGATTGGT AGC CAGGGTCC T CC GGGTGATTATGGC G 

ATAAAGGTGAACTGGGTAAACCTGGCCAGAAAGGTAGCAAAGGTGACAA 

AGGCGAAAGCGGTCCGCCAGGTCCGATCGGCATTCAGGGTCCTATTGGTC 
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ATCCAGGTCCAATTGGTTCAGATGGCTCACCGGGACTGCGTGGCTATCTG 

GGTATGCGTGGACAGAAAGGTGATGACGGTATTCGTGGCCTGCCAGGTAG 

TGCAGGTCCGGTGGGTCTGCAGGGACTGCCTGGTGGTGACTACAAAGACG 

ACGACGACAAAtaa (SEQ ID NO: 113) 

	

5 	[03391 The polynucleotide of SEQ ID NO: 113 was subcloned into vector pET28a, 

expressed host E. colt cells and the truncated Rhincodon typus collagen type 6 

truncation 2 was purified as described herein. The purified collagen produced a clear 

band on SDS-PAGE and an anti-FLAG western was observed at around 35 

kilodaltons. There were no existing bands that appear at that location on the gel in the 

	

10 	absence of expression of this protein. 

Truncated Rhincodon typus (whale shark) Collagen Type 6 alpha 1 truncation 3 

with DsbA secretion and FLAG tag 

[03401 The amino acid sequence of truncated Rhincodon typus collagen type 6 

alpha 1 truncation 3 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 

	

15 	114. The DsbA secretion tag is encoded by nucleotides 1-57 of SEQ ID NO: 115 and 

the amino acid sequences are amino acids 1-19 of SEQ ID NO: 114. The collagen 

nucleotide sequences are nucleotides 58-735 of SEQ ID NO: 115 and the amino acid 

sequences are amino acids 20-245 of SEQ ID NO: 114. The FLAG nucleotide 

sequences are nucleotides 736-762 of SEQ ID NO: 115 and the amino acid sequences 

	

20 	are amino acids 246-254 of SEQ ID NO: 114. 

MKKIWLALAGLVLAFSASAKGETGEAGDPGTPGEPGIAGPKGDVGDKGDAG 

PPGAAGPAGVKGPPGEDGAKGDVGPAGFPGDPGPTGEPGVPGMDGGVGEKG 

SLGDPGLTGPRGASGEPGPPGSPGKRGPPGPAGPEGREGLKGSKGSPGQEGPV 

GRTGPIGPQGSPGNVGPKGLRGIPGPTGEQGLLGPPGQAGPPGPMGPPGMPGL 

	

25 	RGAQGLKGDKGHVGLIGLIGPPGEMGEKGDQGLPGIQGDYKDDDDK (SEQ 

ID NO: 114) 

[03411 The nucleic acid sequence of truncated Rhincodon typus collagen type 6 

alpha 1 truncation 3 with DsbA secretion and FLAG tag is disclosed in SEQ ID NO: 

115. 

30 ATGAAAAAGATTTGGCTGGCGCTGGCTGGTTTAGTTTTAGCGTTTAGCGCA 

TCGGCGAAAGGTGAAACCGGTGAAGCGGGTGATCCGGGTACACCGGGTG 

AACCTGGTATTGCAGGTCCGAAAGGTGATGTTGGTGATAAAGGTGACGCA 

GGTCCGCCTGGTGCAGCAGGTCCGGCAGGCGTTAAAGGTCCTCCGGGTGA 

AGATGGTGCAAAAGGCGACGTTGGTCCTGCAGGTTTTCCTGGCGATCCGG 
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GTC CGACTGGT GAACC GGGTGT GC C AGGT ATGGATGGTGGTGTGGGTGAA 

AAAGGTAGCCTGGGTGATCCTGGTCTGACCGGTCCGCGTGGCGCAAGTGG 

TGAACCAGGTCCACCGGGTAGTCCGGGTAAACGTGGTCCTCCTGGACCGG 

CTGGTCCGGAAGGTCGTGAAGGTCTGAAAGGTAGCAAAGGTTCACCGGGT 

5 CAAGAAGGTCCGGTTGGTCGTACCGGTCCGATTGGTCCGCAGGGCTCACC 

GGGT AAT GTTGGT C CT AAAGGTCTGCGTGGT AT T CC GGGT CC T AC AGGC G 

AACAGGGTCTGCTGGGTCCGCCAGGCCAAGCAGGTCCTCCAGGTCCTATG 

GGTCCACCTGGTATGCCTGGCCTGCGTGGTGCCCAGGGCCTGAAAGGCGA 

TAAAGGCCATGTTGGTCTGATTGGCCTGATTGGTCCACCAGGTGAAATGG 

10 	GAGAAAAAGGC GATCAGGGCCT GC CTGGTA T TCAGGGTGACT AC AAAGA 

CGACGACGACAAAtaa (SEQ ID NO: 115) 

[0342] The polynucleotide of SEQ ID NO: 115 was subcloned into vector pET28a, 

expressed host E. coli cells and the truncated Rhincodon typus collagen typel 

truncation 1 was purified as described herein. The purified collagen produced a clear 

15 	band on SDS-PAGE and an anti-FLAG western was observed at around 25 

kilodaltons. There were no existing bands that appear at that location on the gel in the 

absence of expression of this protein. 
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What is claimed is: 

1. A non-naturally occurring collagen selected from the group consisting 

of jellyfish collagen, human, Chondrosia reniformis (kidney sponge), and Rhincodon 

	

5 	typus (whale shark). 

2. The non-naturally occurring collagen of claim 1, wherein the non-

naturally occurring collagen is truncated. 

3. The non-naturally occurring truncated collagen of claim 2, wherein the 

collagen is truncated by an internal truncation of between 50 amino acids and 300 

	

10 	amino acids. 

4. The non-naturally occurring collagen of any of claims 1 to 3, wherein 

the amino acid sequence of the collagen is selected from the group consisting of SEQ 

ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ 

ID NO: 20, SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80, SEQ 

	

15 	ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 89, SEQ ID NO: 91, SEQ 

ID NO: 92, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 102, SEQ ID NO: 104, 

SEQ ID NO: 106, SEQ ID NO: SEQ ID NO: 108, SEQ ID NO:110, and SEQ ID NO: 

112. 

5. The non-naturally occurring collagen of any of claims 1 to 4, wherein 

	

20 	the collagen further comprises amino acid sequences selected from the group 

consisting of a secretion tag, histidine tag, green fluorescent protein, protease 

cleavage site, and a Beta-lactamase protein. 

6. The non-naturally occurring collagen of claim 5, wherein the secretion 

tag is DsbA. 

	

25 	7. 	The non-naturally occurring collagen of any of claims 1 to 6, wherein 

the collagen further comprises one or more amino acid trimer repeats of the sequence 

glycine-glutamic acid-lysine (GEK) and/or glycine-aspartic acid-lysine (GDK). 

8. 	The non-naturally occurring collagen of claim 7, wherein the non-

naturally occurring collagen comprises between 2 and 50 amino acid trimer repeats. 

	

30 	9. 	The non-naturally occurring collagen of any of claims 1 to 8, wherein 

the non-naturally occurring collagen is a jellyfish collagen. 

10. 	A composition comprising between 0.005% and 30% w/w the non-

naturally occurring collagen of any of claims 1 to 9, wherein said composition 
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stimulates the growth of fibroblast cells, and/or stimulates synthesis of procollagen, 

and/or decreases the formation of thymine-thymine (TT) dim er formation. 

	

11. 	The composition of claim 10, wherein the composition comprises 

between 0.005% and 1% non-naturally occurring collagen. 

	

5 	12. 	The composition of claim 10, wherein the composition comprises 

between 0.01% and 1% non-naturally occurring collagen. 

13. The composition of claim 10, wherein the composition comprises 

between 0.02% and 0.5% non-naturally occurring collagen. 

14. The composition of any of claims 10 to 13, wherein the composition is 

	

10 	a topical composition, said topical composition further comprising at least one 

additional ingredient comprising a topical carrier and/or a preservative. 

15. The composition of claim 14, wherein the topical composition is a 

mask. 

16. The topical composition of claims 14 or 15, wherein the topical carrier 

	

15 	is 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- 

	

20 	octyldodecanol, benzyl alcohol, cyclomethicone, cyclopentasiloxane, and water. 

17. The topical composition of any of claims 14 to 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-chloroally1)-3,5,7-

triaza-1-azoniaadamantane chloride, glutaraldehyde, 4,4-dim ethyl oxazolidine, 7- 

	

25 	Ethylbicyclooxazolidine, methyl paraben, sorbic acid, Germ aben II, rosemary extract, 

and EDTA. 

18. A method of decreasing skin damage, 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 of any of claims 1 to 17 to 

	

30 	the skin or skin cell of a subject. 

19. The method of claim 18, wherein the viability of fibroblast cells 

present in the subject's skin is increased. 

20. The method of claim 18, wherein the synthesis of procollagen by 

fibroblast cells present in the subject's skin is increased. 
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21. A non-naturally occurring elastin selected from the group consisting of 

a jellyfish elastin, human elastin, Chondrosia reniformis (kidney sponge) elastin, or 

Rhincodon typus elastin. 

22. The non-naturally occurring elastin of claim 21, wherein the non- 

	

5 	naturally occurring elastin is truncated. 

23. The non-naturally occurring truncated elastin of claim 22, wherein the 

elastin is truncated by a truncation of at least 50 amino acids. 

24. The non-naturally occurring elastin of any of claims 21 to 23, wherein 

the amino acid sequence of the elastin is selected from the group consisting of SEQ 

	

10 	ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ 

ID NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ 

ID NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ 

ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, SEQ 

ID NO: 71, SEQ ID NO: 98, and SEQ ID NO: 100. 

	

15 	25. 	The non-naturally occurring elastin of any of claims 21 to 24, wherein 

the elastin further comprises amino acid sequences selected from the group consisting 

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

a Beta-lactamase protein. 

26. The non-naturally occurring elastin of claim 25, wherein the secretion 

	

20 	tag is DsbA. 

27. The non-naturally occurring elastin of any of claims 21 to 26, wherein 

the elastin further comprises one or more amino acid trimer repeats of the sequence 

glycine-glutamic acid-lysine (GEK) and/or glycine-aspartic acid-lysine (GDK) 

28. The non-naturally occurring elastin of claim 27, wherein the non- 

	

25 	naturally occurring elastin comprises between 2 and 50 amino acid trimer repeats. 

29. The non-naturally occurring elastin of any of claims 21 to 28, wherein 

the non-naturally occurring elastin is a human. 

30. A composition comprising between 0.005% and 30%w/w the w non-

naturally occurring elastin of any of claims 21 to 29, wherein said composition 

	

30 	stimulates the growth of fibroblast cells, and/or stimulates synthesis of procollagen. 

31. The composition of claim 30, wherein the composition comprises 

between 0.005% and 1% non-naturally occurring elastin. 

32. The composition of claim 30, wherein the composition comprises 

between 0.01% and 1% non-naturally occurring elastin. 

126 



	

WO 2019/068018 	 PCT/US2018/053601 

33. The composition of claim 30, wherein the composition comprises 

between 0.02% and 0.5% non-naturally occurring Elastin. 

34. The composition of any of claims 30 to 33, wherein the composition is 

a topical composition, said topical composition further comprising at least one 

	

5 	additional ingredient comprising a topical carrier and/or a preservative. 

35. The composition of claim 34, wherein the topical composition is a 

mask. 

36. The topical composition of claim 34 or 35, wherein the topical carrier 

is selected from the group consisting of liposome, biodegradable microcapsule, lotion, 

	

10 	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. 

	

15 	37. 	The topical composition of any of claims 34 to 36, wherein the 

preservative is selected from the group consisting of tocopherol, diiodomethyl-p-

tolylsulfone, 2-Bromo-2-nitropropane-1,3-diol, glutaraldehyde, 4,4-dim ethyl 

oxazolidine, 7-Ethylbicyclooxazolidine, methyl paraben, sorbic acid, Germaben II, 

rosemary extract, and EDTA. 

	

20 	38. 	A method of decreasing skin damage, promoting the repair of damaged 

skin, or protecting skin against UV damage, the method comprising the step of 

applying the composition of any of claims 21 to 37 to the skin of a subject. 

	

39. 	The method of claim 38, wherein the viability of fibroblast cells or 

keratinocytes present in the subject's skin is increased. 

	

25 	40. 	The method of claim 38, wherein the synthesis of procollagen by 

fibroblast cells present in the subject's skin is increased. 

41. A polynucleotide encoding a non-naturally occurring collagen, wherein 

the polynucleotide is selected from the group consisting of SEQ ID NO: 9, SEQ ID 

NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 SEQ ID 

	

30 	NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 81, SEQ ID 

NO: 83, SEQ ID NO: 85 SEQ ID NO: 90, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID 

NO: 97, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, 

SEQ ID NO:111, SEQ ID NO: 113, and SEQ ID NO:105. 

42. The polynucleotide of claim 41, wherein the polynucleotide is a vector. 
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43. 	The polynucleotide of claim 41 or 42, wherein the polynucleotide 

further comprises nucleic acids selected from the group consisting of nucleic acids 

that encode a secretion tag, histidine tag, green fluorescent protein, protease cleavage 

site, and a Beta-lactamase protein. 

	

5 	44. 	The polynucleotide of any of claims 41 to 43, wherein the 

polynucleotide further comprises polynucleotides that encode one or more amino acid 

trim er repeats of the sequence glycine-glutamic acid-lysine (GEK) and/or glycine-

aspartic acid-lysine (GDK). 

	

45. 	A host cell comprising the polynucleotide of any of claims 41 or 45. 

	

10 	46. 	The host cell of claim 48, wherein the host cell traffics the non- 

naturally occurring collagen to the periplasmic space of the host cell. 

47. The host cell of claim 45 or 46, wherein the host cell produces jellyfish 

collagen. 

48. The host cell of any of claims 45 to 47, wherein the host cell is gram 

	

15 	negative bacteria. 

49. The method of claim 48, wherein the host cell is E. coli. 

50. The method of claim 49, wherein the E. coli is a switched E. coli. 

51. A method of producing a non-naturally occurring collagen, the method 

comprising the steps of: 

	

20 	 a. 	cultivating the host cell of any of claims 45 to 50 in a culture 

medium; and 

b. 	isolating the non-naturally occurring collagen from the host 

cell. 

52. A polynucleotide encoding a non-naturally occurring elastin, wherein 

	

25 	the polynucleotide is selected from the group consisting of SEQ ID NO: 34, SEQ ID 

NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID 

NO: 46, SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID 

NO: 56, SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID 

NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ ID NO: 99, and 

	

30 	SEQ ID NO:101. 

53. The polynucleotide of claim 52, wherein the polynucleotide is a vector. 

54. The polynucleotide of claim 52 or 53, wherein the polynucleotide 

further comprises nucleic acids selected from the group consisting of nucleic acids 
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that encode a secretion tag, histidine tag, green fluorescent protein, protease cleavage 

site, and a Beta-lactamase protein. 

55. The polynucleotide of any of claims 52 to 54, wherein the 

polynucleotide further comprises polynucleotides that encode one or more amino acid 

	

5 	trim er repeats of the sequence glycine-glutamic acid-lysine (GEK) and/or glycine- 

aspartic acid-lysine (GDK). 

56. A host cell comprising the polynucleotide of any of claims 52 to 55. 

57. The host cell of claim 56, wherein the host cell traffics the non-

naturally occurring collagen to the periplasmic space of the host cell. 

	

10 	58. 	The host cell of claim 56 or 57, wherein the host cell produces jellyfish 

collagen. 

59. The host cell of any of claims 56 to 58, wherein the host cell is gram 

negative bacteria. 

60. The method of claim 59, wherein the host cell is E. coli. 

	

15 	61. 	The method of claim 60, wherein the E. coli is a switched E. coli. 

62. A method of producing a non-naturally occurring elastin, the method 

comprising the steps of: 

a. 	cultivating the host cell of any of claims 56 to 61 in a culture 

medium; and 

	

20 	 b. 	isolating the non-naturally occurring collagen from the host 

cell. 

63. A method of decreasing the production of inflammatory cytokines by a 

skin cell, the method comprising the step of applying the composition of any of 

	

25 	claims 1 to 17 to the skin cell. 

64. The method of claim 63, wherein the inflammatory cytokine is IL-la. 

65. The method of claim 63, wherein the skin cell is a keratinocyte. 

66. A method of increasing viability of skin cells, the method comprising 

the step of applying the composition of any of claims 1 to 17 to the skin or skin cell of 

	

30 	a subject. 

67. The method of claim 66, wherein the viability of keratinocytes present 

in the subject's skin is increased. 

68. The method of claim 66, wherein the viability of fibroblasts present in 

the subject's skin is increased. 
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69. A method of protecting skin cells against the effects of exposure to 

urban dust, the method comprising the step of applying the composition of any of 

claims 1 to 17 to skin cells, wherein the viability of the skin cells is increased. 

70. The method of claim 69, wherein the skin cell is a keratinocyte or a 

5 	fibroblast. 
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