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Abstract: Collagen and its derivative proteins have been widely used as a major component for
cosmetic formulations as a natural ingredient and moisturizer. Most commercially available collagens
are animal-derived collagen type I and other forms of collagen, such as type III collagen, are far less
prevalent in animals, making extraction and purification extremely difficult and expensive. Here, we
report the production of a 50 kDa protein produced in yeast that is 100% identical to the N-terminus
of the human type III collagen. This recombinant protein has a larger molecular weight than most
incumbent recombinant collagen proteins available for personal care applications. We report the
industrialization of both the fermentation and purification processes to produce a final recombinant
protein product. This final protein product was shown to be safe for general applications to human
skin and compatible with common formulation protocols, including ethanol-based formulations.
This recombinant collagen type III protein was also shown to uniquely stimulate both collagen type I
and type III production and secretion by primary human dermal fibroblasts. The unique combination
of biostimulation, compatibility with beauty product formulations and demonstrated commercial
production, make this novel recombinant type III collagen a good candidate for broad application in
the cosmetics industry.

Keywords: collagen; collagen III; Pichia; formulation; recombinant; cosmetics

1. Introduction

Collagen is the most abundant protein in the human body, present in connective
tissue such as cartilage, bones, tendons, ligaments and skin [1]. The collagen superfamily
comprises twenty-eight members in which type I collagen is the most abundant form
(~80–85% of total collagen) and the major protein in the extra-cellular matrix of human
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cells. It assembles into fibers that form the structural and mechanical scaffold (matrix) of
bone, skin, tendons, cornea, blood vessel walls and other connective tissues.

Collagen type III is the second most abundant collagen (~10–15% of total collagen). It
is primarily produced by young fibroblasts before tougher type I collagen is synthesized [2].
Collagen type III is found in granulation tissue, artery walls, skin, intestines and the
uterus [3–5]. Both collagen type I and III are fibrillar collagens that form higher order
structures (particularly fibrils, fibers and bundles), but they have slightly different structural
properties. Type I collagen tends to form densely packed fibrils and rigid triple helices for
structure building. On the other hand, type III collagen forms a more flexible triple helical
structure that assembles into small fibrils that are associated with the more rigid type I
collagen fibrils. As a result, collagen type III functions as a “modulator” of overall tissue
elasticity and function. Indeed, the ratio of collagen type I/III correlates with skin aging
and elasticity [6–9].

Type I collagen is frequently used as a supplement in cosmetics products. While most
commercial forms of collagen come from mammals, such as bovine or porcine, other animal
sources such as chicken, fish skin and jelly fish have also been reported [10–16]. Although
animal-derived collagen is generally abundant and cheap, it does suffer drawbacks such as
risk of infectious disease transmission, potential viral vector transmission from animals
to humans, causing allergic reaction within the human body and can have an unpleasant
smell and color [17]. Non-type I collagens, such as type III collagen, tend to be very rare
and expensive due to challenges with sourcing sufficient protein quantities and purifying
from natural sources [18].

In the last two decades, more and more effort has been put into recombinant collagen
production as part of the rapid development of genetic engineering technology. Recom-
binant collagen molecules of different sizes have been expressed in all major expression
platforms including mammalian cells, insect cells, yeast, bacteria and plant cells [19–37]. In
general, high quality full-length collagen proteins have been produced in eukaryotic hosts
but with very low productivity. Prokaryotic hosts, such as E. coli were also explored for pro-
duction of unmodified collagen; however, these recombinant proteins were generally either
very small (a few kDa up to 20 kDa) or differ extensively from wild-type human collagen
sequences. For example, it is well known that prokaryotic hosts lack post-translational
modification functions that are needed to generate the hydroxyproline amino acid residues
that are found in mature, animal-derived collagen [38–40]. As such, previously produced
recombinant collagen proteins generally only exhibit an unmodified collagen sequence.

To produce a novel collagen-based ingredient that is natural, safe, sustainable and
inexpensive for cosmetics application we developed a scalable platform that produced a
50 kDa protein in a eukaryotic host (Pichia pastoris) that is 100% identical to an N-terminal
portion of human type III collagen. We successfully increased production to an industrial
scale and the final protein preparation has been shown to be safe to human skin, being
neither allergenic nor mutagenic. It is also compatible with all formulation protocols we
tested. Unexpectedly, this protein stimulated collagen synthesis in primary human dermal
fibroblast assays making it an exciting new bioactive product for the cosmetics industry.

2. Materials and Methods
2.1. Formulation Compatibility Evaluation

The testing materials were each dissolved at 1% by weight concentration in deionized
water, with 1% glycols for preservation. The resulting solutions were added at 3% by weight
into seven base formulations to test compatibility and performance: gel (carbomer system);
serum (ammonium acryloyldimethyltaurate/VP copolymer and acrylates/C10-30; alkyl
acrylate crosspolymer system); cream emulsion (oil/water); hair conditioner (containing
cetrimonium chloride and behentrimonium methosulfate); shampoo/cleanser (sulfate-free);
toner (water-based system); toner (alcohol-based system). The result is repeatable in three
individual experiments. Skin fell evaluation was a blind analysis of each material in a
1% solution with a request for feedback regarding stickiness, tack, roll-up, irritation, or
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any other feel-specific observation that the testers might comment on. The testers include
chemists and licensed aesthetician.

2.2. EpiOcular

An EpiOcular irritation test was performed using a previously disclosed protocol [41].

2.3. Bacterial Reverse Mutation Assay

A bacterial reverse mutation assay (Ames Test) was done according to a previously
used protocol [42]. The bacterial reverse mutation assay was used to evaluate the mutagenic
potential of the test sample at a single concentration of the test sample: 1%. Testing was
done with the appropriate solvent control and positive controls were plated with overnight
cultures of the test systems (Salmonella Typhimurium TA97a, Salmonella Typhimurium TA98,
Salmonella Typhimurium TA100, Salmonella Typhimurium TA102, Salmonella Typhimurium
TA1535) on the selective minimal agar in the presence and absence of the Acroclor-induced
rat liver S9. All dose levels of the test samples, solvent controls and positives were plated
in triplicates.

2.4. MTT Assay

Primary human dermal fibroblast cells were seeded in a petri dish. After a 2-day
incubation, the cell culture medium was removed and the fibroblasts were washed twice
with PBS to remove any remaining test material. After the final wash, 500 µL of DMEM
supplemented with 0.5 mg/mL MTT was added to each well and the cells were incubated
for 1 h at 37 ◦C and 5% CO2. After the incubation, the DMEM/MTT solution was removed
and the cells were washed again once with PBS. Isopropyl alcohol (0.5 mL) was added to
the well to extract the purple formazin crystals. Two hundred microliters of the isopropyl
extracts were transferred to a 96-well plate and the plate was read at 540 nm using isopropyl
alcohol as a blank. The mean MTT absorbance value for the negative control cells was
calculated and used to represent 100% cell viability. The individual MTT values from
the cells undergoing the various treatments were then divided by the mean value for the
negative control cells and expressed as a percent to determine the change in cell viability
caused by each treatment.

2.5. Type I Collagen Assay

Human primary dermal 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 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 h. Upon reaching confluency the cells were
treated for 24 h with DMEM supplemented with 1.5% FBS to wash out any effects from the
growth factors included in the normal culture media. After this 24 h wash out period the
cells were treated with the test materials at the specified concentrations dissolved in FGM
with 1.5% FBS. TGF-β (50 ng/mL) was used as a positive control for collagen. Untreated
cells (negative controls) just received DMEM with 1.5% FBS. The cells were incubated for
48 h and at the end of the incubation period cell culture medium was collected and either
stored frozen (−75 ◦C) or assayed immediately. Materials were tested in triplicate.

A series of type I C-peptide standards were prepared ranging from 0 ng/mL to
640 ng/mL. Next, an ELISA microplate was prepared by removing any unneeded strips
from the plate frame followed by the addition of 100 µL of peroxidase-labeled anti-
procollagen type I-C peptide antibody to each well used in the assay. Twenty microliters of
either the collected tissue culture media or the standard was then added to appropriate
wells and the microplate was covered and allowed to incubate for 3 ± 0.25 h at 37 ◦C.
After incubation, the wells were aspirated and washed three times with 400 µL of wash
buffer. The final wash was removed; 100 µL of a peroxidase substrate solution (hydrogen
peroxide + tetramethylbenzidine as a chromagen) was added to each well and the plate was
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incubated for 15 ± 5 min at room temperature. After the incubation, 100 µL of stop solution
(1 N sulfuric acid) was added to each well and the plate was read using a microplate reader
at 450 nm.

2.6. Type III Collagen Assays

A series of standards were prepared and 100 µL of these standards or samples were
added to the wells of the type III collagen ELISA plates. The plates were then incubated
at 37 ◦C for 1.5 h. After this incubation, the ELISA plates were washed twice with wash
buffer, followed by the application of 100 µL of detection antibody solution. The ELISA
plates were then incubated for 1 h at 37 ◦C. After incubation, all the ELISA plates were
washed with wash buffer, followed by the addition of 100 µL of HRP conjugate solution and
incubated at 37 ◦C for 30 min. After this incubation the ELISA plates were again washed
and 100 µL of substrate solution was added to each well and the plates were incubated for
10–30 min at room temperature to allow the color generation reaction to occur. At the end
of the color generation reaction, 100 µL of stop solution was added to each well and the
plates were read at 460 nm using a plate reader.

3. Results
3.1. Characterization of 50 kDa Protein

The production of recombinant 50 kDa protein is summarized in Figure 1A. We first
generated a plasmid containing a promoter, a secretion signal and N-terminus of the human
COL3A1 gene codon optimized for expression in Pichia pastoris. The circular plasmid was
linearized and transformed into Pichia pastoris cells and transformants were selected on
YPD plates with antibiotics (Zeocin, 100 µg/mL).
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Figure 1. (A) Workflow to produce 50 kDa protein. (B) SDS PAGE analysis of 50 kDa protein and
other commercially available collagen proteins. Lane 1, protein ladder; Lane 2 &3, Modern Meadow
50 kDa protein; Lane 4, commercially available collagen protein sample # 1 (marine collagen); Lane
5, commercially available collagen protein sample # 2 (recombinant collagen produced in bacteria).
(C) The final purified 50 kDa protein prep doesn’t contain detectable genetically modified DNA. Lane
1, DNA ladder; Lane 2, positive control PCR (10 ng plasmid DNA was used); Lane 3, PCR result of
50 kDa protein solution at 2% (1 µL was used as template).
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After several rounds of screening, the best clone (PP1186) was promoted into fermen-
tation development. A three-step fermentation process was started by inoculating the best
clone in shake flasks, followed by a seed fermentation lasting approximately 23–27 h, which
was then used to inoculate a production fermenter with BMGY media. The production
fermenter was run for about 72 h with a 24 h batch phase followed by a 48 h fed-batch phase.
At the end of fermentation, yeast cells were removed by centrifugation and the supernatant
containing target protein was processed to further purify the recombinant protein.

The purified protein was diluted to 1% by weight and resolved on SDS PAGE (Bis-Tris
4–20%). Due to the protein’s extended conformation, it migrated at ~65 kDa, which is larger
than the actual molecular weight of ~ 50 kDa (Figure 1B). Lanes 4 and 5 are two commercial
collagen samples at 1%. We also checked for any residual genetically modified DNA in the
final protein prep by PCR assay. As seen in Figure 1C, a PCR product between 500–750 bp
(lane 2) was detected when the PCR template was the plasmid used to transform yeast cells.
No band was detected under the same condition when 1 µL final protein prep was used as
template at 2% (lane 3).

3.2. Formulation Testing and Potential Applications

First, we assessed the appearance and rheology of this protein. It dissolved quickly
when mixing at 50 RPM, did not perceive any solubility issues. When dissolved in water,
it shows as a clear to slightly hazy liquid and very flowable with low viscosity. This
1% protein solution readily incorporated into deionized water and ethanol. We tested
various formulations including Gel, Serum, Cream, Hair conditioner, Shampoo, Toner (both
water-based and alcohol-based), Carbomer Gel System, Acrylates Polymer Gel System,
Emulsion System Hair Conditioner and Sulfate-free Cleanser and found this recombinant
50 kDa protein is compatible with all formulations within 10 min of mixing. Notably, the
bioactive protein exhibited good color and odor and could easily be incorporated into
certain formulas.

There was no negative skin feel observed for any of the 1% solutions at any of the eval-
uated levels. Enhanced elasticity, wrinkle reduction, smoothing, moisture-loss prevention,
firming and film forming are all potential benefits seen or expected when incorporating
the recombinant protein into typical formulations. As such, we believe this material could
be safely formulated into the products listed in Table 1, as well as many other products,
with a reasonable expectation that these formulations will be safe, stable and well suited
for topical formulations in the personal care market.

Table 1. Potential cosmetic applications of 50 kDa protein.

Major Category Specific Examples

Skincare

Eye care—Cream, serum, mask (sheet, pad, cream, etc..), treatment
Eyebrow—serums, primer and treatment
Eyelash—serums, primer and treatment
Face care

• Sun Care Products, Day and/or night, tinted or not, with/without SPF
• Face, neck and decollete

Serum, lotion, cream, balm, gel, oil, oil in cream, toner, micellar water, face mist, face essence, BB
formula and CC formula, face mask (sheet, pad, cream, etc..), Self-tanning face care, face sunscreen,
cleansing oil
Lip care (tinted or not, with/without SPF)—lip oil, lip balm, lip mask, lip treatment
Body care

• Overall body, hand, feet
• Stretch mark treatment
• Tinted or not, with/without SPF
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Table 1. Cont.

Major Category Specific Examples

Moisturizer (all forms lotion, cream, gel, balm, oil, oil in cream, mist), body butter, mask,
moisturizing cleanser, self-tanning body care, body sunscreen

• Face exfoliator, cleanser, peel and make up remover
• Lip scrub, exfoliator
• Body cleanser, scrub, exfoliator, bath/soak cleanser
• Cellulite treatment

Haircare—prewash hair treatment, hair mist, scalp treatment and/or oil, serum, primer, leave-in
conditioner, hair mask, hair toner, leave on spray, lotion, haircare shampoo and dry shampoo, wash
off conditioner, hair dye, scalp scrub and all haircare styling product
Shaving—Aftershave balm, razor burn and bumps relief, bear oil

• Shaving products—men/women—body/face/head—cream, foam, oil, lotion, gel -Deodorant
and anti-perspirant

Makeup

• Foundation all forms—liquid, cream, powder (compact/loose)
• Concealer all forms—liquid, cream, stick
• Color corrector—cream, stick, etc.
• Make up Base, Make up primer, Setting spray/powder
• Eye primer
• Lipstick, lip gloss, lip oil, lip balm, lip stain
• Highlight, bronzer
• Eye shadow
• Lip and eye liner
• Lip plumper
• Mascara
• Contour, blush in form of powder, cream, stick

Supplements/drinks

3.3. Safety Testing

We conducted ocular irritation test to verify the expected safety performance of this
50 kDa protein. Ocular irritation is defined as reversible damage to the eye following
application of a test substance, whereas ocular corrosion is defined as irreversible damage.
The data from EpiOcular test predicted that this protein to be classified as a GHS NC, with
an average viability score of 85.3% and passed quality control checks.

We also assessed the risk of the protein to induce bacterial reverse mutation using
the classical Ames test. This test was used to evaluate the mutagenic potential of the test
sample at a 1% concentration. In the Ames mutagenic potential evaluation, this protein
was found to be not cytotoxic to the test system and there was no detectable genotoxic
activity associated with this protein at the 1% concentration.

3.4. Collagen Synthesis Induction in Human Primary Dermal Fibroblast by 50 kDa Protein

We used a fibroblast cell culture model to assess the ability of the recombinant 50 kDa
protein to affect collagen synthesis. Fibroblasts are the main source of extracellular matrix
peptides, including the structural proteins collagen and elastin. Procollagen is a large
protein synthesized by fibroblasts in the dermal layer of the skin and is the precursor for
collagen. As the protein chain is processed to form a mature collagen protein, the pro-
peptide portion is cleaved off (forming a type I C-peptide). Both the mature collagen protein
and the type I C- peptide fragments are then released into the extracellular environment.
As collagen is synthesized, the type I C-peptide fragment accumulates into the tissue
culture medium. Since there is a 1:1 stoichiometric ratio between the two parts of the
procollagen peptide, assaying for type I C-peptide will reflect the amount of collagen
protein synthesized. Type 1 C-peptide can be assayed via an ELISA-based method.
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In addition, the viability of cells after exposure to the protein prep was assessed by the
MTT assay. The MTT assay is a colorimetric analysis of the metabolic activity of the cell,
which reflects the number of viable cells.

As seen in Figure 2A, untreated cells were used as a negative control and set as 100%
and addition of 50 ng/mL TGFβ1 slightly increases cell viability by ~20%. The recombinant
50 kDa protein and other commercial samples did not decrease cell viability significantly at
different concentrations.
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T, TGFβ at 50 ng/mL final concentration; bar #1, 0.1%; bar #2, 0.05%; bar #3, 0.01%; bar #4, 0.005%;
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(B) collagen type I assay (C) collagen type III assay.
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Both collagen type I and type III synthesis assays were performed under the same
conditions. While commercial marine collagen samples did not stimulate any collagen I
production, 50 kDa protein (0.1%) significantly increased collagen I production in fibroblast
to ~200% of baseline (Figure 2B). This collagen induction effect is comparable to TGFβ1,
which is well known as a potent collagen synthesis stimulator. This collagen induction
activity was not detected at lower concentrations of the 50 kDa protein (0.05% or lower).

Similarly, the recombinant 50 kDa protein stimulated collagen III production in fi-
broblast with an even higher potency. The collagen protein prepared at both 0.1% and
0.05% significantly increased soluble collagen III synthesis more effectively than the TGFβ1
control (Figure 2C). The commercial marine collagen samples had no or some negative
effect on collagen III synthesis at the same concentrations.

4. Discussion

Many previous studies have tried to produce recombinant collagen molecules in dif-
ferent systems including bacteria, yeast and plant [25,28–31,37,43–46]. These recombinant
proteins include full-length or fragments of collagen I, II, III and XXI at different hydroxy-
lation levels (unhydroxylated or hydroxylated). All hydroxylated collagen proteins were
produced intracellularly with co-expression of P4H enzymes resulting in low productivity
and recovery rate due to cell lysing. Some unhydroxylated collagen proteins were pro-
duced by secretory pathway but they only represent a very small portion of the full-length
collagen polypeptide (<30 kDa). In other cases, collagen-like protein (CLP) was used or
the wild-type collagen sequence was modified to enhance productivity and stability. This
study illustrated the production and characterization of a 50 kDa recombinant protein
from a eukaryotic host (yeast). Unlike many other recombinant collagen-like proteins, this
protein is 100% identical to human collagen type III alpha chain without any sequence
manipulation and mimics natural collagen III function. Given the close correlation between
aging and the collagen I/III ratio, this protein could well balance the collagen composition.

Because this protein is produced in a single-cell organism (yeast), it may be amenable
to scaling the fermentation process to industrial scale to reduce cost. We used simple
fermentation media and mostly physical separation to purify the final sample and the
resulting protein preparation is highly pure and free of harmful chemicals (strong acid or
base), which are often seen in animal-derived collagen preparations. Since Pichia pastoris is
a eukaryotic host, we also have the flexibility to add post-translational modifications on the
final protein, such as proline-4 hydroxylation.

Many collagen samples suffer from poor color, possess an odor, have poor solubility
and are difficult or impossible to formulate for use in personal care products. This 50 kDa fi-
nal protein prep is odorless and has only light color at high concentrations. When we tested
it in various formulation types, it was compatible with all formulations assessed, including
ethanol-based protocols. Furthermore, from a safety perspective the Occular Irritation and
Ames tests results verified the safety of the protein for personal care applications.

Collagen peptides have been shown to stimulate collagen I synthesis in human der-
mal fibroblast cultures, but only when they were mixed with antioxidant constituents
such as Carnosine, CoEnzyme Q10, Resveratrol (red wine powder extract), Borage seed
oil/Primrose oil Hyaluronic acid Piperine (Piper Nigrum seed extract), Lycopene (tomato
pulp extract), Acai berry extract or Pomegranate juice (concentrated) [47]. Unexpectedly,
this 50 kDa human collagen protein alone was able to enhance both collagen I and III
production in fibroblasts comparable to or even better than the TGFβ1 positive control [48].
A specific motif in collagen type I alpha 2 chain has been found to induce collagen I syn-
thesis in human dermal fibroblasts, but no such motif has been reported for collagen type
III induction [49].

All these properties make this 50 kDa protein a good candidate for personal care
product development. A panel of basic formulations have been tested for this protein and
collagen stimulation data were acquired by in vitro cell culture assay. Further studies to
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better evaluate this novel recombinant protein include testing broader formulation testing
and collagen induction study in skin model and clinical studies.

There are many known uses for collagen in the cosmetics and skincare industry. For
example, skincare compositions that include collagen can be used to combat the effects of
ageing and environmental stress on the appearance, elasticity and thickness of skin [50].
Ageing and environmental factors can lead to dermatological conditions including, but
not limited to fine lines, wrinkles, dry skin, excessive pore size, skin dyschromia, reduced
elasticity, unwanted hair, skin thinning, purpura, actinic keratosis, pruritus, eczema, acne,
rosacea, erythema, telangiectasia, actinic telangiectasia, skin cancer and rhinophyma. Oral
collagen supplements/drinks have been shown to improve skin hydration and elasticity
for older people [51–54]. Although there are numerous skincare products on the market
to improve skin appearance, many consumers are hesitant to use chemically synthesized
products they perceive as being environmentally unfriendly or otherwise unsafe.

Therefore, this 50 kDa protein potentially can be used to treat a wide range of dermal
conditions and applied in a variety of different compositions. Since this protein was
produced in a natural yeast host and purified mostly by physical separation, it is a safer and
more environmentally friendly substitute for animal-derived collagen. To achieve these
goals, this recombinant protein can be formulated into various formulations described
herein (Table 2).

Table 2. Potential formulations of 50 kDa protein.

Ingredients: %wt/wt

Alcohol-Based Toner

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein about 0.0005% to about 25%

Alcohol Denat. 10–20%
Pentylene Glycol 5–10%

Glycerin 1–5%
Gluconolactone 0.1–1%

Dipotassium Glycyrrhizate 0.1–1%
Sodium Citrate 0.1–1%

Sodium Benzoate 0.1–1%

Water-Based Toner

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein about 0.0005% to about 25%

Niacinamide 1–5%
Pentylene Glycol 1–5%

Propanediol 1–5%
Glycerin 1–5%

Biosaccharide Gum-1 0.1–1%
Glyceryl Caprylate 0.1–1%

Sodium Anisate 0.1–1%
Sodium Hydroxide 0.1–1%

Caprylhydroxamic Acid 0.1–1%
Acrylates/C10-30 Alkyl
Acrylate Crosspolymer 0.1–1%

Sodium Levulinate 0.1–1%
Caprylyl Glycol 0.1–1%

Cream

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein about 0.0005% to about 25%
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Table 2. Cont.

Ingredients: %wt/wt

Cetearyl Alcohol 5–10%
Glycerin 1–5%
Squalane 1–5%

Butyrospermum Parkii (Shea) Butter 1–5%
Glyceryl Caprylate 1–5%

Microcrystalline Cellulose 1–5%
Glyceryl Stearate Citrate 0.1–1%

Tocopheryl Acetate 0.1–1%
Cetearyl Glucoside 0.1–1%

Sodium Stearoyl Glutamate 0.1–1%
Cellulose Gum 0.1–1%
Xanthan Gum 0.1–1%

Caprylhydroxamic Acid 0.1–1%
Sodium Phytate 0.01–0.1%

Gel

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein
about 0.0005% to about

25%
Sodium Phytate 0.1–1%

Sodium Hydroxide 0.1–1%
Carbomer 0.1–1%

Phenoxyethanol 0.1–1%

Serum

Water (Aqua) Remainder Ingredient
Recombinant collagen fragment

disclosed herein about 0.0005% to about 25%

Pentylene Glycol 1–5%
Niacinamide 1–5%
Dimethicone 1–5%
Propanediol 1–5%
Tocopherol 0.1–1%

Sodium Hyaluronate 0.1–1%
Linoleic Acid 0.1–1%
Ammonium

Acryloyldimethyltaurate/VP
Copolymer

0.1–1%

Acrylates/C10-30 Alkyl Acrylate
Cross polymer 0.1–1%

Caprylyl Glyceryl Ether 0.1–1%
Tetrasodium Glutamate Diacetate 0.01–0.1%

Sodium Hydroxide 0.01–0.1%
Phenoxyethanol 0.01–0.1%
Linolenic Acid 0.001–0.0

Shampoo

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein about 0.0005% to about 25%

Cocamidopropyl Betaine 5–10%
Sodium Lauroyl Methyl

Isethionate 5–10%

Propanediol 1–5%
Sodium Methyl Oleoyl

Taurate 1–5%

Sodium Cocoyl Isethionate 1–5%
Trisodium Ethylenediamine

Disuccinate 0.1–1%
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Table 2. Cont.

Ingredients: %wt/wt

Caprylhydroxamic Acid 0.1–1%
Panthenol 0.1–1%
Citric Acid 0.1–1%

Caprylyl Glycol 0.1–1%
Sodium Benzoate 0.1–1%

Conditioner

Water (Aqua) Remainder Ingredient
Recombinant collagen

fragment disclosed herein about 0.0005% to about 25%

Cetearyl Alcohol 5–10%
Glyceryl Caprylate 1–5%
Behentrimonium

Methosulfate 1–5%

Glycerin 1–5%
Caprylhydroxamic Acid 0.1–1%

Panthenol 0.1–1%
Hydroxyethylcellulose 0.1–1%

Cocos Nucifera (Coconut)
Oil 0.1–1%

Citric Acid 0.01–0.1%

5. Conclusions

We reported the production of a recombinant 50 kDa protein in yeast at large scale.
This protein is safe to human skin, compatible with many different formulations, stimulates
collagen synthesis in human dermal fibroblast and we proposed its potential for broad
cosmetic applications.
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