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Prokaryotes in the frozen continent

During almost six months a year, Antarctica does not receive solar energy and when it does, it
is not quantitatively comparable to that of other latitudes. This phenomenon takes place due to
the inclination of the Earth's axis and gives rise to unique ecosystems, where evolution and
biological adaptation processes have been developed without human intervention [1].

In winter the sea surface freezes and
extends about 1,000 km northwards so that
the continent is trapped within a ring of ice.
The freezing and thawing of the sea
surface around the Antarctic continent
takes place twice a year during
approximately 100 days [1].

Temperatures may sink to -40 °C or lower
in the winter months, and in contrast to the

rather limited biodiversity of plants and
animals, the microbial variety has been
shown to be surprisingly diverse. Barren
soil, rock landscapes, and numerous
lakes at the edges of the continent,
harbour a range of prokaryotes, which
indicate that the extremely low
temperatures are no obstacle to microbial
colonisation [2].

Prokaryotes colonise different niches of Antarctica, dominating many ecosystems.
Therefore, microbial communities control many processes within the marine environment, like
primary production, turnover of biogenic elements, degradation of the organic matter and also
mineralisation of xenobiotics and pollutants [3].

During the last years, many microbiologists focused their attention on the
identification of Antarctic bacterial isolates. Approximately 30 new species
of Antarctic bacteria have been described to date, and many of them have
not been found anywhere in the world (3).



Extreme cold environments harbour unique bacteria

Extremophiles are single-celled, prokaryotic organisms that thrive in extreme conditions,
which would otherwise be toxic to life. They are believed to be some of the oldest forms of
life on Earth and include microorganisms that can tolerate extreme temperatures and pH,
salinity, hydrostatic pressure and ionising radiation, as well as low oxygen tension, desiccation

and the presence of heavy metals.

Extremophiles have adapted to their
environments by optimising their
metabolic processes. One type of
extremophiles is low-temperature-adapted
microorganisms, which grow at
temperatures around 0 °C [4].

The Earth has extensive cold ecosystems
that do not reach temperatures greater than
5 °C. Psychrophiles and psychrotrophs
are cold-loving extremophiles adroitly
adapted to these environmental conditions.

Psychrophiles were defined as those
bacteria which have an optimal and
maximal temperature for growth < 15 °C
and < 20 °C respectively, and a minimal at 0
°C. Bacteria that grew at temperatures
such as 5 °C or lower but had higher
optimal growth temperatures were
characterised as psychrotrophs [4].

Psychrophiles and psychrotrophs
produce extracellular compounds that
may present interesting properties for the
cosmetic industry [4].

The sea pack ice and coastal attached ice around Antarctica has been found to contain
abundant populations of bacteria. The majority of the bacterial populations in sea ice

assemblages are psychrophilic [5].

In seawater underlying sea ice, the
presumable lack of nutrients, and surfaces
or stable matrices for colonisation, prevents
the  establishment of psychrophilic
populations [5].

In contrast, psychrotrophic bacteria are
predominantly found in under-ice seawater.
These species appear to be as common in
sea ice as in the underlying seawater, being
Pseudoalteromonas strains the most
frequently isolated psychrotrophs [5].

The search for new cosmetic active ingredients of
marine origin around the world. Biotechnology is a
field of biology that involves the wuse of living
organisms to obtain natural molecules for a specific
use such as cosmetic active ingredients with particular
benefits. Optimal bioprocesses to obtain well-defined
molecules with a greater reproducibility.



Pseudoalteromonas: a great biotechnological potential

The genus Pseudoailteromonas consists mainly of species isolated from marine
environments, and they have not been detected in terrestrial or other sources [6].

Pseudoalteromonas strains are aerobic,
Gram-negative, non-sporeforming, straight
or slightly curved, rod-shaped bacteria,
which are motile by means of one or two
unsheathed polar flagella [5, 6].

All species grow at 20-25 °C, however most
of them are able to grow at 4 °C, and

several studies have shown that seawater
or sodium ions are essential for their
growth [6].

Pseudoalteromonas are  well-known
producers of several biologically active
substances that may offer activities with
a great biotechnological potential [6].

It has been reported that Antarctic strains protects against cold environment by producing
high amounts of Extracellular Polymeric Substances (ECPSs), which could enhance bacterial

growth and survival in these extreme conditions.

When an organism is cooled below the
freezing point of its tissue fluids, ice may
form, which is usually lethal for cells. At
lower tissue temperatures (< 0 °C) the
water in skin may start to freeze, and
winter xerosis can appear, ice-like water
increases whilst decreases useful water
available for normal physiological
processes [4].

Cryoprotective products can modify the
crystal morphology or even avoid their
formation thereby preventing any damage
to the lipid bilayer. ECPSs produced by
cold-loving extremophiles may present
cryoprotective properties, which could help
them to protect these organisms from
freezing.

Extreme cold ecosystems

offer novel sources for the

discovering of new microorganisms, which can provide

advanced Dbiotechnological
outstanding cosmetic properties.

active ingredients presenting
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Marine Actives, perfect skin comes from the Antarctic

Marine Actives ingredient is a glycoprotein obtained through biotechnology from the
marine extremophile strain Pseudoalteromonas Antarctica NF;.

During a scientific expedition to the
Antarctic continent, the bacterial strain
Pseudoalteromonas Antarctica NF; was
isolated from sludge collected from the
base of a glacier located in the region of
Inlet Admiralty Bay (King George lIsland,
South Shetland Island).

The psychrotrophic bacteria turned out to
be a catalase and oxidase positive, capable
of gelatin hydrolysis, Gram-negative rod
with a single polar flagellum arrangement.
It was observed that the strain produced
large amounts of ECPS, which was
mainly composed of proteins and sugars.

It was supposed that ECPS had to provide some kind of protection to Pseudoalteromonas
Antarctica NF; so that it was able to thrive in such extreme cold environmental conditions.
Therefore, it was thought that it could present potential benefits in cosmetics, which were
confirmed by performing some in vitro and in vivo assays on it.

Marine ingredient protects the skin from
extreme cold environments preventing it from
dryness thanks to its cryoprotective
activity, as proved to modify ice crystal
morphology and delay the ice formation by
decreasing the melting point.

Moreover, marine ingredient promotes
skin cohesion and restructuration by
specifically promoting HDF adhesion and
HEK cellular growth. It also enhances skin
regeneration, by notably inducing dermal
protein synthesis, and proved to provide an
excellent reduction of wrinkles.




In vitro efficacy

CRYOPROTECTIVE PROFILE

The cryoprotective activity on the lipid bilayer was evaluated by frosting and
defrosting carboxyfluorescein (CF) liposomes in the presence of 1% marine ingredient.

CF is a self-quenching fluorescent molecule Liposomes containing high concentrations
that at high concentrations shows a low of CF were prepared. When the instability of
fluorescence and at low concentrations the bilayer causes the release of the
increases the fluorescence. encapsulated CF of the liposome, and its

consequent dilution in the medium, an
increased fluorescence is detected.
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Fig. 1. Liposome protection against frosting by marine ingredient.

The defrosted CF liposomes incubated

with the marine ingredient showed a Marine ingredient protects the lipid
fluorescent intensity very close to
that of the non-frozen liposomes,
meaning that the liposomes structure
has suffered little damage.

bilayer from damage during the
freezing process.



CRYOPROTECTIVE ACTIVITY ASSAY BY DIFFERENTIAL SCANNING CALORIMETRY {DSC)

The cryoprotective properties of marine ingredient were evaluated by measuring the
melting point depression of water by Differential Scanning Calorimetry (DSC).

Solutions of 0.06%, 0.6%, 2.4%, 5% and 10%
(w/v) marine ingredient in pure water
were prepared. Solutions of 2.5%, 5%
and 10% of Bovine Serum Albumin
(BSA) in pure water were used as controls.
25 uL of each sample was put into capsules,
transferred to the calorimeter, cooled
down to -40 °C at the rate of 5 °C/min and
kept for 10 min at that temperature. The
samples were then heated up to 10 °C at a
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rate of 5 °C/min and the melting behaviour
of the water was registered.

The amplitude of endothermic heat flow
due to the melting point was normalised by
the weight of each sample, and the melting
point was calculated. Results were
corrected considering the melting point of
pure water as 0 °C.
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Fig. 2. The melting point depression of pure water (0 °C) in presence of the marine ingredient or BSA.

The active ingredient induced a
depression in the melting point in
a dose-response manner, reaching
a decrease of almost 2 °C at a
concentration of 10%. Albumin
samples, a protein usually present in
physiological fluids, only decreased
the melting point by 0.5 °C at the
same concentration.

Marine ingredient delays the formation of

in pure water, so it is expected to

present cryoprotective properties protecting
skin at low temperatures.



EFFECT ON CELL ADHESION IN HUMAN DERMAL FIBROBLASTS

The induction of cell adhesion on Human Dermal Fibroblasts (HDF) by ANTARCTICINE® marine
ingredient was evaluated by the Crystal Violet Dye Elution (CVDE) method.

Crystal Violet is a dye that stains DNA. After
elimination of excess dye and solubilisation
of the fixed dye, the amount taken up by the
cells it is measured spectrophotometrically
and can be correlated to cell number.

The substrates were coated with 1 ng/mL
and 1 mg/mL marine ingredient.
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ingredient on a support, the cells were
added, and a wash was performed. The
determination of remaining cells on the
substrate is a measure of bioadhesion.

Substrate coated with 20 pg/mL of type
collagen was used as control of cellular
substrate adhesion.
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Fig. 3. Adhesion assay on HDF on a substrate coated with marine ingredient.

HDF cells grown on a substrate coated
with 1 mg/mL marine ingredient
increased cellular adhesion by 125.4%
after 5 h. At 1 ng/mL, the levels of
bioadhesion were comparable to those
for 20 uyg/mL type | collagen.

Marine ingredient presents a specific
effect on HOF adhesion, which was
superior to that of type | collagen.



EFFECT ON CELL GROWTH IN HUMAN KERATINOCYTES

The efficacy of marine ingredient in

inducing cell

growth on Human Keratinocytes

(HEK) was determined through the use of the Crystal Violet Dye Elution (CVDE) method.

Crystal Violet is a dye that stains DNA. After
elimination of excess dye and solubilisation
of the fixed dye, the amount taken up by the
cells it is measured spectrophotometrically
and can be correlated to cell number.
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Culture medium with minimal supplements
of 2% FCS in presence of 1 ng/mL
marine ingredient were used to study
the specific effect on HEK cellular growth.
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Fig. 4. HEK cell growth in presence or absence of the active ingredient.

The ingredient stimulated the
growth of HEK cells. Culture
medium in presence of 1 ng/mL
active ingredient showed a specific
effect on HEK cellular growth
increasing it up to 36.2% after 48 h.

Marine ingredient promotes cellular growth of HEK.
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TYPE | COLLAGEN INDUCTION ON HUMAN DERMAL FIBROBLASTS

Collagen induction by marine ingredient was evaluated by an Enzyme-Linked Immunosorbent

Assay (ELISA). Quantification

of collagen

synthesis

induction on HDFa provides

information about potential anti-aging effects on the skin.

Type | collagen attached to the bottom of a
plate well was detected with a type | anti-
collagen antibody, which was recognized by
a labeled secondary antibody. Then, the
amount of labeled secondary antibody
bound to the matrix was measured, using a
colorimetric substrate. Peroxidase labeled
to the secondary antibody turned the
colorless substrate to a colored product.

proportional to the quantity of type |
collagen present in the sample.

Non-treated cells were used as control. The
absorbance was read at a wavelength of
490 nm in a microtiter plate reader.
Collagen concentration was determined and
the percentage of induction with respect to
the control was calculated.

This color was measured and it is
5
- ® 34.0%
R rEw KRR
= 40
@
@ 35
» 30
®
20
@ 5
> 15
10
5
o
0
Control marine ingredient marine
(0.1 mgrmL) ingredient {1
mg/mL)
Fig. 5. Increase of type | collagen synthesis induced by the ingredient with respect to non-treated cells after 48 h
(***p<0.01).
At 0.1 mg/mL, the ingredient ) ) ) o )
induced type | collagen synthesis Marine ingredient significantly induced

in HDF by approximately 34.0%
with respect to non-treated cells
after 48 h.

type | collagen synthesis in HDFa.



TYPE IV COLLAGEN SYNTHESIS IN AN IN VITRO 3D MODEL OF HUMAN SKIN

The induction of type IV collagen in human keratinocytes on a feeder layer of 3T3 fibroblasts
treated with 1 mg/mL of a cream* containing 5% marine ingredient was studied through

the Dot Blot method.

The proteins extracted from the cultures of
HEK after being treated with the cream
were adsorbed on nitrocellulose filters.
Then, type IV collagen was detected by
immunochemistry using a specific
monoclonal antibody for type IV human
collagen. The reaction with the secondary
antibody was detected by a mixture of

250 -

substrates that thanks to the enzymatic
activity of HRP emits photons that are
impressed in an autoradiographic plate.

The results were analyzed and evaluated by
densitometry, which is a quantitative
measurement of optical density in light-
sensitive materials.
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Fig. 6. Increase of type IV collagen synthesis induced by the marine ingredient.

The increase in type IV collagen
induction on an in vitro 3D model of
human skin was 36.1% and 81.5%,
after 7 and 15 days of treatment with
the active cream.

*Test performed with a customer’s formulation.

Marine ingredient notably enhanced type IV
collagen
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ELASTIN INDUCTION ON AN /N VITRO 3D MODEL OF HUMAN SKIN

A Western-Blot Assay was performed to measure the elastin induction by 1 mg/mL of a cream*
containing 5% marine ingredient on HEK on a feeder layer of 3T3 fibroblasts.

The proteins extracted from the cultures of
HEK after being treated with the cream
were separated by their molecular weight
through electrophoresis using SDS-PAGE
gel. Then, they were moved onto filters of
nitrocellulose, where the proteins were
adsorbed. Elastin was detected by
immunochemistry using a specific
monoclonal antibody for human elastin.
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The reaction with the secondary antibody
was detected by a mixture of substrates
that thanks to the enzymatic activity of HRP
emits photons that are impressed in an
autoradiographic plate. The results were
analyzed and evaluated by densitometry.
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Fig. 7. Increase of elastin synthesis induced by the cream.

Elastin synthesis increased by 16.3%
and 31.5% after 7 and 15 days,
respectively of treatment with the
active cream on an in vitro 3D model
of human skin.

*Test performed with a customer’s formulation.

Marine ingredient induces elastin
synthesis.



Invivo efficacy

INSTRUMENTAL EVALUATION OF SKIN ROUGHNESS

The anti-aging efficacy of marine ingredient was evaluated to determine its capacity to improve
skin wrinkle depth.

A panel of 10 female volunteers applied a 15 and 30 days of treatment. Then, they
cream* containing 5% marine ingredient were analyzed by a confocal microscopy
around the eyes twice a day for 30 days. adapted to a motorised microscopy.

The silicon imprints of the treated areas were The depth-coded image obtained from
obtained at the beginning, and after section series is a real map of the surface

structure of the sample.

0 days 30 days

Fig. 8. Skin topography images before and after the treatment.

After 15 and 30 days of treatment with

the active cream, the skin imprints Marine ingredient presents an excellent wrinkle
presented an average roughness reduction capability.

reduction of 33.4% and 44.5%.

*Test performed with a customer’s formulation.
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Cosmetic properties

marine ingredient:

& possesses cryoprotective activity, as proven to modify ice crystal morphology, to
protect the lipid bilayer from freezing, and to depress the melting point protecting the
skin from extreme cold conditions.

& promotes skin cohesion and restructuration, enhancing HDF adhesion and HEK growth.
@ notably enhances skin regeneration, by increasing type | collagen synthesis in HDFa
to approximately 34.0% after 48 h. It also increased type IV collagen on a human skin
model by 36.1% and 81.5%, and elastin by 16.3% and 31.5%, after 7 and 15 days,

respectively.

& is an excellent anti-wrinkle ingredient showing an average roughness reduction of
33.4% and 44.5% after 15 and 30 days of treatment (5% marine ingredient).

Cosmetic applications

Marine ingredient is the perfect ingredient for facial and corporal creams and treatments
looking for skin protection against extreme cold conditions. It is also appropriate for sensitive
skin products.

Thanks to its cohesive, restructuring and regeneration properties, it is also highly
recommended for anti-aging products specially targeting protection and regeneration of natural
dermal proteins. In addition, it is also an excellent ingredient suitable for anti-wrinkle
formulations.
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Technical data

INCI NAME OF THE ACTIVE INGREDIENT

Active ingredient INCI name

marine ingredient
g Pseudoalteromonas Ferment Extract

PRESENTATION AND PRESERVATIVE
Solution containing 25% of active ingredient.

Code Product presentation Preservative

marine ingredient with Salicylic

P14-PD030 Acid

Salicylic Acid

Other versions available. Please contact your sales representative for further information.

Application data

PROCESSING

Marine ingredient with Salicylic Acid needs to be incorporated into the aqueous phase
in case of cold gels, lotions or emulsions. In case of warm emulsions, it should be added just at
the end of the emulsion formation process and at temperatures below 40 °C.

Recommended pH range between 3.0 and 7.5 for marine ingredient with Salicylic Acid.

INCOMPATIBILITIES

Oxidants and strong electrophiles.

SOLUBILITY

Soluble in water.

DOSAGE

A dosage of 3-5% of marine ingredient with Salicylic Acid is recommended in final cosmetic
formulations.

16



References

1. Castellvi J. De cémo Espafa abrié su ruta para la investigaciéon antartica. ARBOR Ciencia,
Pensamiento y Cultura. CLXXXIII 727: 739 - 747, 2007.

2. Tindall BJ. Prokaryotic diversity in the Antarctic: the tip of the iceberg. Microb Ecol. 47(3):
271 - 283, 2004.

3. Michaud L, Di Cello F, Brilli M, Fani R, Lo Giudice A, Bruni V. Biodiversity of cultivable
psychrotrophic marine bacteria isolated from Terra Nova Bay (Ross Sea, Antarctica). FEMS
Microbiol Lett. 230(1): 63 — 71, 2004.

4. Hamamoto T, Kaneda M, Horikoshi K, Kudo T. Characterization of a Protease from a

Psychrotroph, Pseudomonas fluorescens 114. Appl Environ Microbiol. 60(10): 3878 — 3880,
1994,

5. Bowman JP. Pseudoalteromonas prydzensis sp. nov., a psychrotrophic, halotolerant
bacterium form Antarctic sea ice. Int J Syst Bacteriol. 48 Pt 3: 1037 — 1041, 1998.

6. Mikhailov VV, Romanenko LA, Ivanova EP. The genus Alteromonas and related
Proteobacteria. The Prokaryotes: a Handbook on the Biology of Bacteria. 6: 597 — 645, 2006.

17



