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Introduction

MICROSMETICS, is an EU funded project aiming to discover and bring to development innovative products in the area of anti-ageing cosmeceuticals, originating from microbial biodiversity and using emerging and state of the art
technologies in the field of biotechnology, natural products chemistry and applied microbiology. In the frame of MICROSMETICS more than 110 potential candidate strains (fungi and actinomycetes) identified from a Rational Drug Design
Tool (using a functional prediction model, virtual screening and similarity search) were selected to be studied. Approximately 1100 extracts have been generated and evaluated for their biological activity. A broad spectrum of bioassays
and novel analytical approaches are being incorporated for the evaluation of anti-ageing, more specifically anti-oxidant, skin-protecting, and skin-whitening activity of all derived products. For the evaluation of antioxidant activity the
DPPH and ABTS assays were used. Skin-protecting was evaluated by measuring spectrophotometrically the inhibitory properties of samples against enzymes which are related to the elasticity and moisture of the skin (elastase
collagenase, and caseinase). The skin whitening activities were determined by the tyrosinase assay, using L-DOPA as substrate. Finally for the safety of those extracts cytotoxicity was evaluated. The results of the above bioassays
permitted the elimination of all toxic and non active extracts. Among the 1100 extracts, 100 were selected as highly potent and have been forwarded for LC-HRMS profiling and dereplication.

Experimental

40,000 known microbial metabolites from the dictionary of microbial natural products ANTIBASE were screened in silico against selected biological targets with cosmeceutical interest (Tyrosinase, Elastase, Collagenase). Continuously, all selected strains were cultured using nutritional 
arrays (~10 different conditions). The produced biomass was extracted to give ~1000 primary extracts. The selected  strains are presented in  figures1 and 2.

The produced extracts were evaluated in vitro for their potency to contain novel cosmeceutical agents. More specifically, their in vitro anti-oxidant, anti-ageing (inhibition of elastase, collagenase and protease) and bleaching (inhibition of tyrosinase) activities were evaluated.
In addition all extracts were primarily evaluated for their cytotoxicity.

Cytotoxicity
Cytotoxicity was evaluated on A2058, CCD25sk, HepG2 cell lines by the ΜΤΤ method, a colorimetric assay for assessing cell metabolic activity.

Antioxidant activity
Antioxidant activity was assessed in a cell-free system using the DPPH and the ABTS method. These methods are based on the reduction of the free radical DPPH (2,2-diphenyl-1-picryl-hydrazyl) and free radical ABTS by antioxidant agents, which leads to the discoloration of the DPPH
and ABTS (2,29-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) solution; the color change was monitored spectrophotometrically at 517 nm and at 734nm, respectively. Gallic acid (DPPH assay) and trolox (ABTS assay) were used as positive control. The percentage of DPPH and ABTS
scavenging was calculated by the following equation: {[(A-B)-(C-D)]/(A-B)}x100, where A : Control (w/o sample), B : Blank (w/o sample, w/o DPPH/ABTS), C : sample, D : Blank sample (w/o DPPH/ABTS).

Whitening activity
Anti-tyrosinase (anti-hyperpigmentation) activity of samples was determined in a cell-free system using the 96-well microplate method. The produced amount of dopachrome was measured at 475 nm and the percentage inhibition of the tyrosinase activity was calculated. Kojic acid and
glykyriza were used as positive control. The percentage inhibition of the tyrosinase activity is calculated by the following equation: {[(A-B)-(C-D)]/(A-B)}x100, where A : Control (w/o sample), B : Blank (w/o sample, w/o tyrosinase), C : sample, D : Blank sample (w/o tyrosinase).

Anti-ageing activity
All samples were evaluated for their ability to inhibit enzymes involved in skin aging, e.g. collagenase, elastase and caseinase .The collagenase activity were performed used native collagen and is defined by “One Collagen Digestion Unit liberates peptides from collagen equivalent in
ninhydrin colour to 1.0 µmole of leucine in 5 hr at pH 7.4 at 37°C in the presence of calcium ions”. The elastase activity was measured “one unit of elastase will hydrolyze one µmol of N-succinyl-L-Ala-Ala-Ala-ρ-nitroanilde per minute at pH 8.0 at 25ºC. The caseinase method was measured
by the method of Folin-Ciocalteu where “One unit of enzyme is able to hydrolyze caseinase resulting in an absorbance value as the Folin-Ciocalteu reagent equivalent to 1 µmol (181 µg) of tyrosine per minute at pH = 7.5 at 37 º C" .

Selection of ~100 most promising strains

~10 different cultivation protocols ~1000 extracts
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FIGURE 1: Taxonomy of the selected actinomyces at the genus level FIGURE 2: Taxonomy of the selected fungi at class level

Results and discussion

Cytotoxicity evaluation was prioritized in order to eliminate the extracts that present cytotoxicity on both A2058 and 
HepG2 cell lines by the ΜΤΤ method (Figures 2 & 3).

FIGURE 3: Cytotoxicity of actinomyces strains FIGURE 4: Cytotoxicity of fungi strains

Analysis of biological screening data revealed  in total  104 active  extracts, of which the  29 belong to fungi strains and 
the remaining  75 belong to actinomyces strains (Figures 4 & 5). 

FIGURE 5: Percentage of non toxic and active at 
least at one of the targets actinomyces extracts

FIGURE 6: Percentage of non toxic and active 
at least at one of the targets fungi extracts

Conclusions

High throughput screening of more than 1100 extracts showed at least 16 extracts with significant activity that worth to be 
further investigated for the discovery of novel cosmeceutical agents. To this end all selected strains will be cultivated in 
bioreactors at large scale in order to obtain biomass and identify and evaluate the active principles. 

Data analysis (Graphs 1 & 2) of the media that were used to cultivate the 104 active strains showed that particular media , such
as DNPM for the fermentation of actinomyces and SCY2 for the fermentation of fungi, may contribute to the production of
secondary metabolies that are responsible for the higher bioactivity of the selected extracts.

GRAPH 1: Fermentation media of  active extracts of 
actinomyces

GRAPH 2: Fermentation media of active extracts of fungi

Representative examples of the chosen extracts of actinomyces and fungi are presented in the Table 1, below. 

TAXONOMY FERM_MEDIUM

DPPH 
INHIBITION 

ABTS 
INHIBITION 

TYROSINASE 
INHIBITION 

ELASTASE 
INHIBITION 

COLLAGENASE 
INHIBITION

CASEINASE
INHIBITION

% STDEV % STDEV % STDEV (U/ml) STDEV

Fungi extracts
(genus level)

Bjerkandera sp. Dex-Soy - - 37.79 1.57 - - -

Ascochytulina sp. SMK - - 34.38 3.92 - - -

Cercospora sp. SCY2 50.55 1.38 96.21 0.059 - - - -

Rhizopycnis sp. AD5 - - 42.75 2.38 - - -

Virgaria sp. SCY2 (or YES) - - - ѵ - -

Phellinus sp. Dex-Soy - - - ѵ - -

Bjerkandera sp. LSFM - 97.72 0.689 37.45 2.53 ѵ - ѵ

Flammulina sp. MSPM - - - - ѵ -

Actinomyces extracts 
(genus level)

Amycolatopsis DNPM - 82.91 0.60 31.56 1.84 - - -

Streptomyces sp. DNPM 40.88 1.51 99.78 0.122 - - - -

Streptomyces sp. FPY-12 - - - ѵ - -

Streptomyces sp. FPY-6 47.37 0.58 99.95 0.104 - - - -

Streptomyces sp. DNPM - 98.94 0.282 52.8 1.61 - - -

Streptomyces sp. DNPM 41.42 1.81 99.75 0.134 - - - -

Streptomyces sp. APM9 49.00 1.40 99.69 0.066 - ѵ - -

Streptomyces sp. FRM - - - ѵ - -

Micromonospora sp. DEF-15S - - - ѵ - -

Streptomyces sp. DEF-15 - - - ѵ - ѵ

Streptomyces sp. FRM - - - ѵ ѵ -

GRAPH 3: Percentage of active actinomyces extracts in each 
assay

GRAPH 4: Percentage of active fungi extracts in each assay
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