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Abstract

In this study, the structure of the purified extracellular eumelanin pigment isolated from Streptomyces spp. was elucidated by
detailed analysis via two different spectroscopic techniques (FT-IR and NMR). In vitro antiproliferative effects of eumelanin
were evaluated on HeLa cell line. These experiments were carried out with the evaluation of the parameters including cell
viability, cell index, and mitotic index. With the cell viability and cell index, IC50 concentration of eumelanin was determined
as 10 pM. This result showed that the IC50 concentration of eumelanin decreased the values of cell viability, cell index and
mitotic index. These changes are statistically significant (p <0.01). The ability of the dissolved eumelanin (250 pg mL™!)
to scavenge free radicals was determined via DPPH and ABTS and was shown to be about 87.73% and 75.2%, respectively,
compared with standard antioxidants. It was observed that dry weights of eumelanin yield among the selected strains ranged
from 160 to 240 mg L~!. The strain with the highest production potential was selected for 16S rDNA sequence analysis
and, accordingly, the selected strain BSB49 was identified as Streptomyces parvus and the sequence analysis results were
deposited in NCBI under accession number MK894155.
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Introduction

Pigments are substances that give color to living and/or non-
living objects as the result of their selective color absorp-
tion. These colored objects are divided into two main groups
as natural and synthetic pigments. In recent years, there
has been an increasing demand for natural pigments over
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synthetic counterparts because of their nontoxic, nonpol-
luting, non-carcinogenic, nonpoisonous, and environmen-
tally friendly nature. Additionally, many synthetic pigments
have been banned or being banned by WHO (World Health
Organization), FDA (U.S. Food and Drug Administration)
and EFSA (the European Food Standards Authority) due to
their toxic, allergic, carcinogenic properties besides other
adverse effects (Tuli et al. 2015).

To date, a large number of studies have been carried
out to produce natural pigments instead of synthetic ones.
For this purpose, plants, animals and microorganisms have
been used; however, many different studies showed that
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microorganisms are much more suitable and versatile com-
pared to other living organisms (Tuli et al. 2015). Microbial
pigments have key production advantages based on their
features such as reproducibility and manageability, as well
as being independent of geographic conditions and season
(Joshi et al. 2003; Geng et al. 2010; Venil et al. 2013).

Microorganisms are able to produce versatile pigments
such as prodigiosin, zeaxanthin, astaxanthin, lycopene,
B-carotene, and melanin. These colored compounds have
been utilized for many different industrial areas such as
food, textiles, cosmetics, and pharmaceuticals. Among all
these microbial pigments, melanin has recently aroused the
interest of scientists because of its chemical, physical, and
biological properties (Eisenman and Casadevall 2012; Venil
et al. 2013; Kumar et al. 2015).

Melanins are complex natural pigments, which are widely
distributed in nature from microorganisms to humans.
These ubiquitous heteropolymer pigments are available in a
range of colors like black, brown, and red. These pigments
are classified as eumelanins, allomelanin, pheomelanin,
pyomelanin, and neuromelanin and biosynthesized from
different sources through different biochemical pathways.
While eumelanin is produced by oxidation and polymeriza-
tion of tyrosine amino acid with tyrosinase enzyme, allo-
melanin is produced from catechol in the presence of poly-
phenol oxidase. These dark colored and negatively charged
pigments also have a high molecular weight and hydropho-
bic structure (Banerjee et al. 2014).

Melanin pigment gives advantage to microorganisms
under various adverse environmental conditions and thus
increase the chances of survival of microorganisms. Mela-
nins play an important role in protecting microorganisms
from various environmental stresses such as UV radiation,
heavy metals, desiccation, temperature fluctuations, and
hydrolytic enzymes and digestion (Rehnstrom and Free
1996; Paolo et al. 2006).

These complex macromolecules are widely used in the
fields of medicine and pharmacology, since it possesses cru-
cial biological activities such as antioxidant, antivenin, anti-
inflammatory, antimicrobial, antiviral, antitumor, and liver
protective activity (Montefiori and Zhou 1991; Avramidis
et al. 1998; Sava et al. 2003; Hung et al. 2004; EI-Obeid
et al. 2006; Sivaperumal et al. 2015; Srisuk et al. 2016; El-
Naggar and El-Ewasy 2017). Another important applica-
tion area for these biopolymers is sunscreen in the cosmetic
industry with their unique UV absorption properties (Kalka
et al. 2000; Joshi et al. 2003). In addition, melanin has also
been known for amorphous organic semiconductor proper-
ties for decades (Mostert et al. 2012).

Recently, the interest on the melanin pigment has focused
on its drug delivery properties. In a study reported by Araijo
et al. (2014), metronidazole was loaded onto the melanin
nanoparticles using supercritical CO, (scCO,) technology
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(Aratjo et al. 2014). This study showed that melanin nano-
particles are promising biocompatible drug nanocarrier
candidates for the treatment of intestinal diseases such as
amebiasis, giardiasis, and Crohn’s disease.

In another study, Zhang et al. (2015) used melanin nano-
particles as an efficient drug-delivery system for imaging-
guided chemotherapy. Melanin nanoparticles with their
biocompatibility and biodegradability properties have been
utilized as an alternative to inorganic nanosystems (quan-
tum dots, metal, and metal oxide) which exhibit toxic effects
(Zhang et al. 2015).

Herein, Streptomyces strains isolated from different soil
samples were qualitatively evaluated in terms of eumelanin
pigment production potential. Eumelanin pigment-producing
strain were transferred to a general purpose liquid media
(nutrient broth=NB) and the optimal conditions for this
strain to produce pigments were determined. The obtained
eumelanin pigments as monomers and/or oligomers in lig-
uid medium were polymerized and purified. The strain with
the highest eumelanin production potential was selected for
16S rDNA sequence analysis. According to the 16S rDNA
sequence analysis result, the strain BSB49 has been identi-
fied as Streptomyces parvus and the sequence result of the
purified 16s rDNA was deposited in the NCBI GenBank
with the accession number MK894155. The in vitro anti-
proliferative effect of the purified eumelanin pigment was
assessed using the HeLa cell line and these experiments
were carried out with the evaluation of the parameters
including cell viability, cell index, and mitotic index. Next,
the structure of the purified eumelanin pigment was eluci-
dated via Fourier-transform infrared spectroscopy (FT-IR)
and nuclear magnetic resonance (NMR) spectroscopy stud-
ies. At the final stage, the antioxidant properties of the puri-
fied eumelanin pigment were determined using two different
methods (ABTS and DPPH).

Materials and methods
Pretreatments in isolation of Streptomyces strains

Streptomyces strains have been isolated from different soil
samples from Bayburt province (Turkey). During the isola-
tion processes made from soil, the air-dried soil samples
were first mixed with CaCOj in a ratio of 10:1 w/w and incu-
bated at 37 °C for 4-7 days in a humid environment (Korn-
Wendisch and Kutzner 1991). Dilutions prepared from pre-
treated soil samples were seeded into ISP 2 medium and
incubated at 26 °C for 2 weeks. Different colonies observed
on Petri plates on the 3rd, 5th, 7th, and 14th days of incuba-
tion were isolated by transferring them to new media (ISP
2). The isolated pure Streptomyces strains have been stored
at —80 °C in 1/2 nutrient broth containing 20% glycerol
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until further use (Cacchio et al. 2003; Sahin and Ugur 2003;
Anansiriwattana et al. 2006).

Determination of eumelanin pigment producing
strains

In this study, ISP2 agar and ISP4 agar were used to deter-
mine the eumelanin pigment production properties of Strep-
tomyces strains. For this purpose, previously isolated Strep-
tomyces strains were seeded (about 1 m?) to Petri dishes
containing ISP2 and ISP4 medium and incubated 30 °C
for 96-120 h (El-Naggar and El-Ewasy 2017). At the end
of the incubation period, colonies that have dark colored
extracellular pigment around it were considered to be posi-
tive for eumelanin pigment production (See Supplementary
Figure 1).

Total genomic DNA extraction and PCR
amplification of 16S rDNA

DNA extraction and PCR amplification process were
performed with small modification based on the method
reported by Dahal et al. (2017). Genomic DNA was extracted
from pure cultures using the QiaAmp DNA Mini Kit (Qia-
gen) and stored at —20 °C until use. 16S rDNA gene was
amplified by PCR using universal primers 27F and 1492R.
The PCR was performed in 70 pL reactions consisting of
0.7 pL 5 unit pL~! Tag DNA polymerase, 7 uL 10 x PCR
buffer, 1.4 pL ANTP mix, 0.7 pL 50 pM primer 27F (forward
5'-AGA GTT TGA TCC TGG CTC AG-3'), 0.7 pL 50 pM
primer 1492R (reverse 5-CGG TTA CCT TGT TAC GAC
TT-3"), 4.2 pL (25 mM) MgCl,, and 51 pL sterile distilled
water. Finally, 1.5 pL extracted genomic DNA was added to
the mixture and the total volume was completed to 70 pL.
The PCR conditions were: initial denaturation at 95 °C for
3 min, 36 cycles 94 °C for 1 min, 53 °C for 1 min and 72 °C
for 2 min and a final elongation at 72 °C for 5 min (Dahal
et al. 2017).

Purification of eumelanin pigment

Streptomyces strains capable of producing eumelanin pig-
ment in solid media were transferred to sterile liquid media
(nutrient broth) and incubated in orbital shaker set at 35 °C,
200 rpm for 1 week (See Supplementary Figure 1). At the
end of the 1-week incubation period, pigment-producing
samples were centrifuged at 10,000 rpm for 10 min and this
process was repeated twice. After the centrifugation, pH of
the cell-free supernatant was adjusted to 2.0 with 6 M HCl
and was allowed to stand at room temperature for 24 h. The
obtained suspension was again centrifuged at 10,000 rpm
for 10 min and precipitates were carefully separated from
the supernatant. The eumelanin pigment separated from the

supernatant was washed with distilled water three times and
centrifuged at 10,000 rpm for 10 min. After this process,
the purified eumelanin pigment was lyophilized and stored
at —20 °C until use (Tarangini and Mishra 2014; El-Naggar
and El-Ewasy 2017).

Dissolution of eumelanin pigment

Eumelanin is insoluble in acidic solutions and in common
organic solvents. Therefore, to record the UV-VIS absorp-
tion spectrum (200-800 nm) and to study the radical-scav-
enging acitivities, the purified eumelanin pigments were dis-
solved in an ultrasonic water bath (Kudos) at 35 kHz with
dimethylsulfoxide. Eumelanin was kept in an ultrasonic
water bath at 60 °C for 30 min.

UV-VIS absorption spectroscopy of the purified
eumelanin

The purified eumelanin powder was first dissolved in DMSO
and then scanned in a UV-visible spectrophotometer (Epoch
2, Biotek Instruments) at UV, visible, and near-infrared
wavelengths (200-800 nm). The blank control was con-
ducted with DMSO.

Cell culture

HelLa cells used as human cervical cancer model were grown
in Dulbecco’s modified Eagle’s medium (DMEM, high glu-
cose) (Gibco: Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 2 mM L-glutamine and 10% fetal
bovine serum (FBS; Gibco: Thermo Fisher Scientific, Inc.)
plus antibiotics in a humidified atmosphere with 5% CO,
in air. The pH of the medium was adjusted to 7.40 with
NaHCO;. The HeLa cell line used in this experiment was
obtained from European cell culture collection (CCL) (Cetin
and Topcul 2019).

Eumelanin concentrations

5 pM, 10 pM, and 20 pM concentrations were prepared for
HeLa cell line. These concentrations were prepared by dilu-
tion of the 1 mM stock solution with DMEM medium.

Cell viability assay

Cell viability was examined using the MTT (thiazolyl blue
tetrazolium bromide, Sigma, Missouri, USA) colorimetric
assay. HeLa cells (3 x 10* cells well™) were dispensed into
96-well plate. After 24 h incubation, eumelanin concentra-
tions were added to each well. At the end of the experi-
mental period, the medium in each well was removed and
40 pL fresh MTT solution (5 mg mL~! in PBS) was added
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into each well and cells were incubated at 37 °C for 4 h.
After incubation, 160 pL. of DMSO (solubilizing reagent)
was added to each well and shaken thoroughly for 1 h on
a shaker. Then, the absorbance of the samples was meas-
ured against a background control as a blank using an Elisa
reader (pQuant, Bio-Tek Instruments Inc Vermont, USA) at
450-690 nm (Cetin and Topcul 2017).

Cell index (Cl)

Real-time cell proliferation monitoring HeLa cells were
seeded at a density of 6000 cells well™! into an E-plate 16
(ACEA Biosciences, San Diego, CA) containing 100 pL
medium per well and monitored on the xCELLigence real-
time cell analyzer dual plate (RTCA DP) instrument (ACEA
Biosciences). When the cells entered log phase, the differ-
ent eumelanin concentrations were added to final concen-
trations of 5 pM, 10 pM and 20 pM. The cells were treated
with eumelanin for 72 h and incubated at 37 °C in a 5%
CO, atmosphere. To calculate the proliferation of the cells,
RTCA software v. 1.2.1 was used (Topcul et al. 2018).

Mitotic index (Ml)

After fixation with Carnoy Fixative, HeLa cells were hydro-
lyzed by Feulgen method and stained with Giemsa and MI
was scored using the following formula: MI = (n/C) X 100.
The number of cells in the mitotic phases (including the late
prophase, metaphase, anaphase and telophase; n) per total
cells was determined (3000-3500; C) (Topcul and Cetin
2016).

Determination of antioxidant activity

ABTS (2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt) radical-scavenging activity

The ABTS reagent prepared at 7 mM concentration was dis-
solved in water. The ABTS radical cation was reacted with
2.45 mM potassium persulfate in water and left in the dark
at room temperature for 12—16 h before use. For the spec-
trophotometric analysis of samples, the ABTS solution was
diluted with methanol to an absorbance of 0.70 at 734 nm
and equilibrated at 30 °C.

The extracts were diluted with 1 mL of sample and 1 mL.
of ABTS solution, and then diluted with methanol to a total
volume of 5 mL. After the tubes were kept closed at room
temperature for 6 min, the absorbances of the samples were
read at 734 nm on a 96-well plate spectrophotometer (Biotek
Instruments). Butylated hydroxytoluene (BHT) was used as
a positive control. The scavenging activity (%) values of the
eumelanin were calculated by using Eq. 1.1 for the ABTS
method, where A is the absorbance of the control and Ag
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is the absorbance of eumelanin (Re et al. 1999). All tests
were performed in triplicate and the values were shown as
mean + SD.

Scavenging effect (%) = [ACA_CAS] % 100.

Assay of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical-scavenging activity

The antioxidant activity of purified eumelanin was inves-
tigated based on the free radical scavenging effect of
1,1-diphenyl-2-picrylhydrazulin (DPPH) with some modi-
fications in a previously described method by Moon and
Terao (1998). Diluted working solutions of test compounds
were prepared in methanol. One milliliter of DPPH (0.02%)
was mixed with 1 mL of the eumelanin in dimethylsulfoxide
(DMSO) diluted with methanol to a total volume of 5 mL.
The mixture was shaken vigorously and allowed to stand in
the dark for 30 min. The absorbance of the resulting solution
was measured at 517 nm on a 96-well plate spectrophotom-
eter (Biotek Instruments). BHT was used as a positive con-
trol. DPPH radical-scavenging activity was calculated using
following Eq. 1.1 for DPPH method. The concentrations of
the test compound were plotted as standard curves (Moon
and Terao 1998). All tests were performed in triplicate and
the values were shown as mean + SD.

"H NMR spectroscopy

The 'H NMR spectrum was obtained by Bruker AVANCE
IIT 400 MHz NMR Spectrometer at 25 °C (9 T). Chemical
shifts & were reported in ppm downfield from tetramethyl-
silane using the residual deuterated solvent signals as an
internal reference [(CD;),SO: 6H=2.50 ppm)].

Fourier transform-infrared (FT-IR) spectroscopy

Infrared (IR) spectra were recorded on a Perkin-Elmer FT-IR
spectrometer and reported as wavenumbers V (cm™) with
band intensities indicated as s (strong), m (medium), w
(weak), b (broad).

Results and discussion
Eumelanin production and structure elucidation

In this study, eumelanin pigment production potentials of
Streptomyces strains isolated from different soil samples
collected from Bayburt, Turkey, were evaluated in some
general purpose liquid media (See Supplementary Fig-
ure 1). The purified pigment was analyzed with nuclear
magnetic resonance (NMR) spectra (Fig. 1) and Fourier-
transform infrared spectroscopy (FT-IR) (Fig. 2) and it has
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been observed that our spectroscopic findings are com-
patible with the results of the El-Naggar and El-Ewasy
(2017). UV-visible spectra of purified pigment resem-
bled the spectrum results of Ye et al. (2011) and obtained
results from UV-vis, NMR, FT-IR, supporting that the
purified pigment is eumelanin.

The '"H NMR spectrum of the extracted eumelanin pig-
ment in DMSO-d6 was measured on a Bruker AVANCE
III 400 MHz NMR Spectrometer at 25 °C (9 T). The
extracted eumelanin polymer is sparingly soluble in
DMSO-d6. Its spectroscopic data are in agreement with
those previously reported (El-Naggar and El-Ewasy 2017).
Chemical shifts (o) are reported in ppm downfield from
SiMe,, with the residual solvent signal as an internal ref-
erence. The overall pattern shows that signals between
6.00 and 8.00 ppm belong to the aromatic groups (indole/
pyrrole repeating units). The line broadening in the aro-
matic region is probably due to irregular structural nature
of the eumelanin polymers (Katritzky et al. 2002). On the
other hand, resonance signals at the higher field of the dia-
gram (0.50-2.30 ppm) represents residual protein peaks.
Earlier literature report misassigned signals between
3.20-4.30 ppm and the protons attached to the N and O
atoms (El-Naggar and El-Ewasy 2017). We would like to
highlight that these regions were covered by the residual
solvent (DMSO and H,0) signals (2.50 ppm and 3.33 ppm,
respectively). Acidic OH/NH signals may overlap with the
residual solvent peaks or may not be seen due to fast deu-
terium—proton exchange in DMSO-d6.

We subsequently used IR spectroscopy to further iden-
tify the structure of the extracted eumelanin pigments. The

Fig.1 'H NMR spectrum of
the extracted melanin pigment
(400 MHz)
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results obtained show strong correlations with the previous
studies. A strong, broad band at around 3265 cm! indicates
the presence of —OH groups. A weak signal at 2923 cm™ can
be assigned as the C—H stretching band (Coates 2006). The
broad IR absorption in the region between 2500 cm™' and
3600 cm™ represents overlapped IR bands of amine, amide,
carboxylic acid functional groups present in the indole and
pyrrole core structures. The IR band near 1632 cm™ in
Fig. 2 is attributed to the NH bending. Additionally, the band
at around 1528 cm™' (N-H bending) indicates the presence
of indole structure in the eumelanin polymer. Another char-
acteristic IR band of eumelanin is observed near 1450 cm™
(CH,—CHj; bending). The peak near 1210 cm™' may be
attributed to phenolic COH stretching. Based on the close
similarities between literature and our experimental results,
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Mitotic index
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Fig.3 Absorbance values of HeLa cells treated with 5 pM, 10 pM,
and 20 pM melanin for 24 h (p <0.01)

we propose that the extracted melanin pigment resembles
the eumelanin structure (El-Naggar and El-Ewasy 2017).

Cell viability

The absorbance values of eumelanin on HeLa cell line
at a concentration of 5 pM, 10 pM, and 20 pM for 24 h
were decreased from 350 % 1073 to 340x 1073; 170x 1073;
50% 1073, respectively 5 pM, 10 pM and 20 pM (Fig. 3). A
statistically significant decrease in absorbance values espe-
cially at 10 pM and 20 pM concentrations was observed as
aresult of eumelanin application at 24 h (p <0.01).

The results indicated that 24 h after the administration
of eumelanin concentrations to HeLa cells, viability values
were 97.14% for 5 uM; 48.57% for 10 uM and 14.28% for
20 pM compared to the control group which was considered
as 100% (See Supplementary Figure 2). When the % viabil-
ity values were examined, the ICs, concentration that caused
the death of half of the cells in culture was determined to be
10 pM for HeLa cells. All other experiments were performed
using ICs, values of the cells.

When the cell viability of HeLa cells for 72 h was exam-
ined, it was seen that the absorbance values decreased
from 352X 107 to 172 107 for 24 h; from 423 x 107 to
88x 107 for 48 h and from 596 x 10~ to 71x 10~ for 72 h
(See Supplementary Figure 3).

Cell index

Cell index values obtained from xCELLigence RTCA sys-
tem demonstrated that eumelanin had significant antiprolif-
erative effects on HeLa cell line. Curves belonging to graph-
ics suggest that 10 pM baicalein has DNA damaging effect,
while 20 pM eumelanin has cytostatic effect on HeLa cells
(see Supplementary Figure 4).
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(»<0.01) in a time-dependent manner.
Antioxidant activity

The pure eumelanin purified from Streptomyces strains were
compared with the standard antioxidant BHT by DPPH
radical-scavenging activity method. The results show that
eumelanin has a high scavenging activity of 100 pg mL™!
(64.73%). Positive control BHT showed a radical-scav-
enging activity of 86.66%. ABTS radicals also quickly
and effectively reacted with eumelanin pigment. Percent
scavenging activity was 45.93% and 75.92% for eumelanin
of 100 pg mL~" and 250 pg mL~!, respectively (Fig. 5).
However, the scavenging activity of BHT, a known antioxi-
dant, which was used as a positive control, was determined
88.20% (100 pg mL~Y). The radical-scavenging activity of
pure melanin isolated from Klebsiella was compared to that
of standard antioxidants (Sajjan et al. 2013). The results sug-
gest that melanin with DPPH method has 74% scavenging
activity (50 pg mL™!). In the ABTS method, the percent
scavenging activity was 98% and 48.5% for eumelanin of
50 pg mL~" and 25 pg mL~", respectively.

In another study, the purified eumelanin pigment of the
Streptomyces glaucescens strain NEAE-H has been reported
to possess a good antioxidant activity. The results indicated
that 100 pg mL~! of eumelanin showed 57.2% radical-scav-
enging activity (El-Naggar and El-Ewasy 2017). Eumelanin
showed better results with DPPH radical than ABTS radical.
Eumelanin pigment shows strong scavenging activity against
both DPPH and ABTS radicals, indicating that it may be a
useful therapeutic agent for the treatment of radical-related

3

w Control

210 pM

Mitotic Index (%)
w

Time (Hour)

Fig.4 Mitotic index values of HeLa cells treated with 10 pM melanin
for 0-72 h (p<0.01)
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Fig.5 The antioxidant activities of melanin

pathological damage. The eumelanin pigment acts as an
antioxidant that is readily available due to the presence of
unconjugated electrons in its structure by interacting with
free radicals and other reactive species, and recommending
it to be used as a raw cosmetic material to minimize toxin-
induced tissue destruction.

Spectrophotometric measurements

Eumelanin is a polyphenolic polymer with an irregular
structure produced by the oxidation of polyhydric phenols.
In general, natural eumelanin is only soluble in alkaline
solutions, but not in water, acid solutions, and organic
solvents. In addition, it can be oxidized by oxidants, is
resistant to chelate metal ions and is capable of absorbing

UV-VIS light. The ultraviolet (UV) invisible light absorp-
tion spectrum of the purified eumelanin of Streptomyces
strains showed the absorption peak at 230 nm (See Sup-
plementary Figure 5). The eumelanin pigment is strongly
absorbed in the UV region and gradually decreases as
the wavelength increases. This is due to the presence of
many complex conjugated structures in the eumelanin
molecule (Cockell and Knowland 1999). The decrease in
absorption with increasing wavelength is almost linear to
melanins. Therefore, the slopes of linear parcels are often
used to describe eumelanins (Ravishankar et al. 1995).
The UV-visible absorbance (200-800 nm) spectrum of
the purified pigment showed a strong absorbance in the
UV region and a characteristic absorption peak at 230 nm
was observed. At 250-280 nm, a spectrum similar to the
synthetized eumelanin was obtained with a small shoulder
(Madhusudhan et al. 2014), suggesting the presence of
phenol groups.

Antiproliferative effects

In a study performed by Ganesh Kumar et al. (2013), it
was demonstrated that eumelanin pigment possesses anti-
proliferative effect against two different tumor cell lines
(human lung epithelial carcinoma and human epithelial
cervical cancer). In this study, to determine cell viabil-
ity, MTT colorimetric assay was used and tumor cells
were exposed to various concentrations of eumelanin
for 48 h. The greatest cell viability they observed was a
concentration of 50 pg mL~!. In addition to this study,
El-Naggar and El-Ewasy (2017) tested in vitro cytotoxic-
ity and anticancer activities of purified melanin pigment
from Streptomyces glaucescens strain NEAE-H, against
skin cancer cell line (HFB4) using MTT (El-Naggar and
El-Ewasy 2017). In this study, both safety and the anti-
cancer activities were measured in vitro on both cancer-
ous [skin cancer cell line (HFB4)] and non-cancerous
cells [human lung fibroblast (WI-38) and human amnion
(WISH)]. To determine the inhibitory effects of melanin
pigment on cell growth, HFB4 (skin cancer cell line) was
used. The obtained results in this study revealed that the
ICy, value was 16.34 +1.31 pg mL~! for melanin pigment
and 8.8 +0.5 pg mL~! for standard 5-fluorouracil that is
an antineoplastic antimetabolite and at a concentration
50 pg mL~' melanin pigment inhibited cell viability by
70.9%. Lastly, in a study, Arun et al. (2015) revealed that
the in vitro inhibition of Hep 2 (human epidermoid larynx
carcinoma cell line) proliferation correlated with concen-
tration. The melanin pigment was shown to inhibit cell life
by 53% at a concentration of 60 pg mL™!.
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Conclusion

When the results obtained in this study were compared with
the results obtained from the literature, it was observed that
the NMR and FT-IR peaks were found to be consistent and
compatible. Based on these results, it was concluded that
the purified pigment was eumelanin. The close similarity in
the NMR and FT-IR spectroscopy results between our study
and current literature supports these results. In addition, in
a limited number of in vitro studies, it was determined that
eumelanin pigment has an antiproliferative effect against dif-
ferent cell lines and these findings are in accordance with
the result of this presented research. However, to support
these results and to determine the anticancer activity of
this organic biopolymer, further in vitro and in vivo studies
needs to be performed. Additionally, it was observed that
purified eumelanin pigments from S. parvus BSB49 have
radical scavenging and photoprotective properties. Based on
these properties, it has been concluded that this eumelanin
pigment has the potential to be used in pharmaceutic and
cosmetic industries.
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