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Functional and Structural Characterization of Melanin
from Brevibacillus invocatus Strain IBA
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Abstract— Melanin is a polyphenol or indolic dark brown to black pigment of macromolecules that has a vari-
ety of biological functions including UV defence, desiccation, and oxidation. The pigment is classified as a
heterogenic polymer. Analytical characterization of melanin can be difficult due to its heterogeneity. In this
study, a newly isolated strain of Brevibacillus invocatus strain IBA capable of extracellular melanin production
was grown on nutrient agar and the bacteria were molecularly identified. Chemical and physical methods
were used to characterize melanin. The solubility of melanin in organic and inorganic solvents was used to
characterise it chemically. According to the UV-visible wavelength scan, physical characterization revealed
absorption in the UV region 200 to 300 nm, but declining towards the visible region. Functional group iden-
tification of extracted melanin was carried out by FTIR with different stretching vibrations at 3226, 2920,
2849, 1628, 1555, 1340 cm~! and weak absorption bands at 1104 and 1015 cm~!. Structural characterization
was carried by SEM of extracted melanin which showed irregular shape and size at different magnifications.
The crystallinity of melanin was studied using X-ray crystallography, with a lattice parameter of approxi-
mately a = 8.54. The XRD spectrum of the extracted melanin crystallographic pattern revealed peaks at 20 =
27.32, 31.66, 45.41, 53.84, 53.84, 56.44, 66.18, 73.10, 75.26, and 83.94, which correspond to reflections (111),
(200), (220), (311), (222), (400), (331), (420), and (422), respectively. The analytical methods available for
melanin analysis are largely complementary, providing detailed knowledge required to draw reliable conclu-
sions about the sample under investigation.

Keywords: Brevibacillus invocatus strain IBA, fourier transform infrared spectroscopy, melanin, scanning
electron microscopy, X-ray diffraction
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INTRODUCTION and even bacteria, therefore its development is not
limited to animals [3].

Melanin is a group of biopolymers with distinct Melanins are available in three forms, Eumelanins,

physicochemical and biological properties [3]. They
are macromolecules that are formed when phenolic or
indolic compounds are oxidatively polymerized. The
resulted pigments are frequently brown or black in
color, but a wide variety of other colors have also been
observed. Melanins are also negatively charged and
hydrophobic in nature [4, 5]. It is one of the most
commonly distributed pigments in the animal king-
dom. However, melanin can be found in fungi, plants,
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pheomelanins, and allomelanins. Eumelanins are pig-
ments that appears in color from black to brown and
are made by oxidative polymerization of tyrosine to L-
DOPA, which is then converted to dopachrome and
then to melanin [5]. Eumelanin is the most common
pigment formed by humans and microbes [10]. Phe-
omelanins are red or yellow color pigments that are
synthesized similarly to eumelanins, except that
DOPA undergoes cysteinylation [10]. Allomelanins,
which belong to the third class of pigments that are
nitrogen-free heterogeneous polymers derived from a
number of sources such as dihydrofolate, homogen-
tisic acid, catechols, and others [4, 11].

The major precursor for melanin is tyrosine and
phenylalanine [7]. The biosynthesis of melanin is cat-
alysed by enzyme tyrosinase via a series of enzymatic
and nonenzymatic reactions [6]. Tyrosinase (mono-
phenol monooxygenase, EC 1.14.18.1) catalyses the
conversion of L-tyrosine to L-3,4-dihydroxyphenyl
alanine (L-DOPA), which is converted to dopa-
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chrome. A sequence of nonenzymatic oxidoreduction
reactions transform dopachrome to melanin [7]. For
the synthesis of L-DOPA and the removal of phenolic
compounds from wastewaters, tyrosinases from vari-
ous biological sources have been used [8]. Eumelanins
are made by oxidative polymerizing tyrosine and/or
phenylalanine to L-DOPA, which is then converted to
dopachrome and then to melanin [5]. Pheomelanins
are synthesized similarly to eumelanins, except that
DOPA undergoes cysteinylation (incorporation of
cysteine in the polymer) [10] and contain sulphur [4].

Melanization has been described as a defining
characteristic of microorganisms that survive in
extreme conditions, and it has helped pigmented spe-
cies to colonize in such a harsh conditions. Since the
pigmented organisms can colonize in such an extreme
environments, the ecology of certain melanized spe-
cies is especially fascinating. Their widespread distri-
bution proves that the pigmentation supports the
growth of such organisms in such harsh climatic envi-
ronments [1, 2]. As per the previous literature different
bacterial species have been identified such as Strepro-
myces glaucescens, Proteus mirabilis, Pseudomonas spe-
cies and Escherichia coli which can also produce mel-
anin [4, 66—69]. Melanin protect microorganisms
from thermal, chemical (heavy metals and oxidizing
agents), and biochemical stresses (reactive oxygen cre-
ated by exposure to solar UV radiation) [12]. Microbe-
produced melanin has the ability to chelate metal ions
[13]. It also gives cell walls structural rigidity and
assists in the storage of water and ions [4, 5].

Melanin can also provide resistance to antimicro-
bial drugs [14], and plants integrate melanin into their
cell walls as a strengthening agent [15]. In Humans,
melanin not only determines the skin color, but also
protects against UV radiation [16], and its absence
causes a variety of abnormalities and diseases. Mela-
noma is an increasingly common cancer that affects
about 40000 people in the United States each year and
an estimated 100000 people worldwide. Fungal (Cryp-
tococcus neoformans) melanin has previously been used
to produce monoclonal antibodies (mAb) against
melanin for the treatment of human metastatic mela-
noma in mice. Since, the structure of fungal and
human melanin is similar; monoclonal antibody gen-
erated against fungal melanin can also binds to human
melanin [30, 31]. Melanin has physicochemical prop-
erties that allow them to act as ultraviolet absorbers,
cation exchangers, drug carriers, amorphous semi-
conductors, and X-ray and 7y-ray absorbers [17]. To
provide higher UV protection, water soluble melanins
are used in sun-screens, solid plastic films, lenses,
paints, varnishes, and other surface protection formu-
lations [18]. Melanins have a wide range of biological
functions, including antimicrobial [19], antitumor
[20], antivenin [21], and liver protection [22]. Bacte-
rial melanins have been found to have anti-inflamma-
tory properties [23]. Melanin protects melanocytes
and keratinocytes from the induction of DNA strand
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breaks by hydrogen peroxide, according to Hoogduijn
et al. [24], suggesting that this pigment plays an
important antioxidant role in the skin [25]. AIDS
treatment reveals synthetic soluble melanin’s selective
antiviral activity against the human immunodefi-
ciency virus [26]. Microorganisms have recently
gained attention as an environmental friendly and
cost-effective alternative to chemical production [27].
Actinomycetes are biotechnologically important bac-
teria that are well-known for their secondary metabo-
lites [28]. They can naturally produce and excrete dark
soluble pigments known as melanins or melanoid pig-
ments [4, 29].

The aim of this study is to isolate and identify a Bre-
vibaccillus invocatus strain IBA that produces effective
extracellular melanin. This research study covers the
isolation and molecular identification of bacteria, as
well as the extraction and characterization of melanin
using UV-visible spectroscopy, FTIR, SEM, and
XRD, which are the most widely used techniques in
melanin analysis. The structure of melanin is not con-
fined, and this research is an attempt to determine the
chemical and physical features of melanin. This is
thought to be the first study of Brevibacillus invocatus
strain IBA for melanin production and characteriza-
tion. The overall goal is to assist specialists in choosing
appropriate analytical methods for melanin analysis so
that the findings can be correlated with existing litera-
ture and incredible conclusions can be drawn.

MATERIAL AND METHODS
Materials

All chemicals used were of highest purity and ana-
Iytical grades were purchased from Sigma Aldrich,
USA and SRL, India. Chemicals are mentioned below
in the methods.

Media Preparation

Nutrient agar was prepared and plated. Briefly, the
following ingredients were added in 90% of water in
Erlenmeyer flask (peptone 0.5%, beef extract 0.3%,
yeast extract 0.3%, NaCl 0.5%, agar 2%, CuSO,
0.004%, L-tyrosine 0.5%) and the pH is adjusted to
6.5. The flask is autoclaved at 121°C (15 psi) for
20 min. In hand bearable temperature (40—50°C)
approximately 20—30 mL is poured on the 90 mm
petriplates and allowed to solidify. After the plates
were solidified, the plates were used.

Isolation and Screening of Bacteria

Melanin producing bacteria were isolated from soil
loaded with water of paddy fields of Amblikoppa
(15.357723° N 74.943763° E). Dharwad, India. A
nutrient agar with L-tyrosine is used to isolate the
melanin producing bacteria. Serial dilution techniques
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(a)

Control Without L-tyros

(b) (c)

With L-tyrosine

Fig. 1. Showing screening of Brevibacillus invocatus strain IBA (a) control, (b) bacterial growth without addition of substrate
(L-tyrosine) because of this there was no any dark brown pigmentation around the colonies. (c) Bacterial growth with addition
of substrate (L-tyrosine) so there is formation of dark brown pigmentation around the colonies.

(10 fold) with 0.85% saline were used to isolate bacte-
ria. Dilution of 10~¢ of 0.1 mL sample was spread over
agar plates and incubated at 37°C for 48 h. Bacterial
isolates with dark brown pigments surrounding colo-
nies were selected and screened further for production
of melanin (Fig. 1).

Molecular Identification of Bacteria

The genus and species of highest melanin produc-
ing bacteria was identified by 16S rRNA sequencing,
carried out at BioEdge solutions Pvt. Ltd. Banglore,
India.

The strain’s genomic DNA was prepared using the
CTAB method defined by Sambrook er al (33).
The PCR amplification reaction was carried out
according to El-Naggar et al. [34]. Primers used are
27F 5'-agagtttgatcctggetcag-3" at 53°C annealing tem-
perature and 1492R 5'-ggttaccttgttacgactt-3' at 57°C
annealing temperature. And PCR amplification con-
dition used are: 1. initial denaturation 95°C for 2 min;
2. final denaturation 95°C for 30 s; 3. annealing 50°C
for 30 s; 4. elongation 72 °C for 1 min; 5. repeat steps
2, 3, and 4 for 30 cycles; 6. final elongation 72°C for
10 min; 7. hold at 4°C forever.

Using the BLAST program (https://blast.ncbi.
nlm.nih.gov/Blast.cgi?PAGE_ Sort= Blast Search)
[35], the sequence was aligned against the sequences
present in the NCBI database. The partial sequence
was submitted in NCBI GenBank database under the
accession number MW696201. By the sequences of
representative members of the genus Brevibacillus was
collected and Phylogenetic tree was constructed via
the bootstrap test of neighbor-joining algorithm
method [36] in MEGA 4 version 2.1 [37].

Molecular Identification of Bacteria

tccaccccgtaaaagatgagtgctaggtgttagg
ggtttcaatccctttagtgccgcagctaacgcaata
cgcactccgcctggggagtactgtcgcaagactgaa
actcaaaggaattgacgggggcccgcacaagcggtg
gagcatgtggtttaattagaagcaacgagaagaacc
ttcccaggtcttgacatcccgctgaccgetctggag
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acagagtttcccttcggggcagcggtgacaggtggt
gcatggttgtcgtcagctcgtgtcgtgagatgttgg
gttaagtcccgcaacgagcgcaacccttatttttag
ttgccagcattcagttgggcactctagagagactgc
cgtcgacaagacggaggaaggcggggatgacgtcaa
atcatcatgccccttatgacctgggctacacacgtyg
ctacaatggttggtacaacgggatgctacctcgcga
gaggatgccaatctcttaaaaccaatctcagttcgg
attgtaggctgcaactcgcctacatgaagccggaat
cgctagtaatcgcggatcagcatgccgcggtgaata
cgttcccgggcecttgtacacaccgcecccgtcacacca
cgggagtttgcaacacccgaagtcggtgaggtcacc
acaacgtgccaacataacgcgtagtgtaatac

Bacterial sequence submitted to NCBI gene bank.

Melanin Production

In a 250 mL Erlenmeyer flask, nutrient broth with
the following composition peptone 0.5%, beef extract
0.3%, yeast extract 0.3%, NaCl 0.5%, CuSO, 0.004%,
L-tyrosine 0.5%, and pH 6.5 was used as the process-
ing medium.

A loop full of culture was inoculated in nutrient
broth flask and the flasks were incubated at 37°C,
120 rpm in an orbital shaking incubator for 48 h. After
48 h of incubation, melanin content in the broth was
measured spectrophotometrically at 475 nm by using a
standard melanin calibration curve (Sigma-Aldrich,
St. Louis, USA) [32].

Isolation and Purification of Melanin

The broth was centrifuged at room temperature for
15 min at 10000 rpm to remove cells and debris in
order to take supernatant which contains melanin. To
ensure complex polymerization of melanin (aggrega-
tion), the supernatant was filtered through a 0.45-um
membrane and the pH was adjusted to 11 with 10 M
NaOH. Since the solubility of melanin decreased
within the pH range of 2.6—3.0, concentrated HCl was
applied to the mixture to decrease the pH to 3, result-
ing in a dark brown precipitate known as crude mela-
noprotein. To deproteinize the pigment, these brown
amorphous particles were dissolved in 10 M NaOH
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Table 1. Sequences producing significant alignments for Brevibacillus invocatus strain IBA

Description Max score| Total score | Query cover | E value| Per. ident| Accession
Brevibacillus invocatus SAR gene 1125 1125 96% 0.0 97.56 |LC416189.1
Brevibacillus invocatus strain B32 1125 1125 96% 0.0 97.56 | MHS587029.1
Brevibacillus invocatus strain B25 1125 1125 96% 0.0 97.56 | MH587028.1
Brevibacillus invocatus strain AB14 1125 1125 96% 0.0 97.56 | MHS587025.1
Brevibacillus invocatus strain ZLynn1000-20 1125 1125 96% 0.0 97.56 | KY316485.1
Brevibacillus sp. strain invocatus 1125 1125 96% 0.0 97.56 | KX863514.1
Brevibacillus sp. mkj-11 1125 1125 96% 0.0 97.56 | KU159202.1
Brevibacillus sp. ADMK13 1125 1125 96% 0.0 97.56 | KU850969.1
Brevibacillus invocatus strain CFPSW.5.1 1125 1125 96% 0.0 97.56 |KT719835.1
Uncultured bacterium clone L54 1125 1125 96% 0.0 97.56 |KJ554998.1
Brevibacillus invocatus strain SEPV-7 1125 1125 96% 0.0 97.56 | KF228917.1

and then treated with 20% chloroform. The mixture
was centrifuged for 15 min at 10000 rpm, and then the
supernatant was precipitated by adding concentrated
HCl until the pH was decreased to 3, then centrifuged.
The base solubilization and acid precipitation steps
were repeated five times more until the acid wash
supernatant was almost colourless. The crude melanin
was washed six times with distilled water, once with
100% methanol, 70% ethanol, and ether, and then air-
dried and lyophilized. A dark brown powder is pro-
duced as a result of this process [38—41]. This pigment
was collected and analyzed chemical based on solubil-
ity test and physically by Spectrophotometric, FTIR,
SEM, and XRD analysis.

Chemical Characterization

Chemical nature of melanin was determined by its
solubility test in water, inorganic solvents, such as
NaOH, HCI, and organic solvents, as C,HcO and
CHCI;. Pigments were precipitated in HCI and
C,H,0, and oxidized in H,O,. All these tests were car-
ried out (Table 1) and compared with earlier studies
done by Pacelli et al. [2].

PHYSICAL CHARACTERIZATION
Spectrophotometric Analysis

After extraction of melanin (0.1 g L~') pigments
were dissolved in 10 M NaOH and its UV-visible spec-
trum was measured. 10 M NaOH was used as a blank
and the instrument was set in a range of 200—800 nm
for the analysis. The sample was scanned at the wave-
length of 200—800 nm. The correlation between
absorbance and wavelength was defined.

FTIR Analysis

The functional group of the molecule is deter-
mined by infrared spectroscopy analysis. Extracted

pigment were analyzed with potassium bromide (KBr)
as blank using FTIR spectrophotpmeter.

SEM Analysis

The scanning electron microscopy (SEM) is used
for the morphological characterization and particle
size distribution of extracted melanin. The extracted
melanin was coated with gold-palladium (Au:Pd;
60:40) layer using a coating sputter coater (Quorum Q
150 TES) to increase the conductivity of the sample.
SEM was performed on same sample using imaging
at 10 keV collected with JSM-IT 500 detector (Jeol) at
20 keV. SEM images showing the morphology of
extracted melanin, at different magnifications, are
presented in Fig. 2 [6].

XRD Analysis

The crystallinity of extracted melanin was deter-
mined by XRD. The extracted melanin was scanned
using a SmartLab SE Rigaku corporation made in
Japan X-ray diffractometer with CuK_, radiation with
wavelength, MKKoaol) = 1.5405 A. The x-ray tube
was powered with a current of 30 mA and a voltage of
40 kV. The step width was 0.01° and scanning speed
was 5 deg/min. For extracted melanin X-ray scan
range was kept at 10° to 90°. The thin films samples
used for XRD measurement on clean glass slide. Sam-
ple is uniformly spread at the centre of slide and then
analyzed.

RESULTS AND DISCUSSION
Isolation and Screening of Bacteria

Samples were taken from a paddy field in Amb-
likoppa village, India, near Dharwad. Soil was placed
in a sterile container and transported to the laboratory
right away. A total of 14 organisms were isolated from
the soil, including 9 bacteria and 5 fungi. Nutrient agar
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20 Brevibacillus invocatus IBA MW696201
S Brevibacillus invocatus CFPSW.5.5 KT719835
10 Brevibacillus sp. mkj-11 KU159202
Brevibacillus sp. invocatus KX863514
5 { Brevibacillus invocatus SAR LC416189
20 Uncultured bacterium KJ554998
Brevibacillus invocatus ZLynn1000-20 KY316485
Brevibacillus invocatus B25 MH587028
23 Brevibacillus invocatus B32 MH587029
25 — 1 Brevibacillus invocatus SEPV-7 KF228917

14 { Brevibacillus invocatus AB14 MH587025
15 Brevibacillus sp. ADMK13 KU850969

Fig. 2. Phylogenetic tree analysis of Brevibacillus invocatus strain IBA with the other similar genus of the Brevibacillus species.

and Potato dextrose agar were used as a base medium
with L-tyrosine as a substrate for both bacteria and
fungi respectively. Out of 9 bacteria, only 1 bacterium
showed a change in media color from dark brown to
black around the colonies (Fig. 1) after incubation
period. The pigmentation was very less in fungi in
comparison to the bacterial pigmentation. Hence, the
bacterium which shown good pigmentation around
the colony was taken forward for further study and the
genus and species of the bacteria was identified by
molecular method.

Molecular Identification of Bacteria

A BLAST scan of the GenBank database of with
678-bp 16 S rRNA partial gene sequence of unknown
strain was identical to Brevibacillus invocatus. The
strain had 97—100% identity to Brevibacillus species 16
S rRNA gene sequence. The phylogenetic tree depicts
Brevibacillus invocatus strain IBA has close phyloge-
netic relationship with other Brevibacillus invocatus
species. Brevibacillus invocatus strain 1BA is consis-
tently found in a clade with Brevibacillus invocatus SAR
(GenBank/EMBL/DDBJ accession no. LC416189.1,
similarity 97.56%), Brevibacillus invocatus B32 (Gen-
Bank/EMBL/DDBJ accession no. MHS587029.1,
similarity 97.56%), Brevibacillus invocatus B25 (Gen-
Bank/EMBL/DDBJ accession no. MH587028.1,
similarity 97.56%), Brevibacillus invocatus AB14 (Gen-
Bank/EMBL/DDBJ accession no. MH587025.1, simi-
larity 97.56%). Based on previously collected data and
a comparison of the morphological, cultural, and
physiological characteristics of the isolate Brevibacil-
lus invocatus strain IBA in comparison to its nearest
phylogenetic Brevibacillus genus neighbors (Table 1),
in relation to its most closely related Brevibacillus invo-
catus SAR (GenBank/EMBL/DDBJ accession no.
LC416189.1, the highest degree of similarity 97.56%). As
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a result, this strain was Identified as Brevibacillus invoca-
tus strain IBA.

Melanin Production

Melanin production was checked in nutrient broth
composition used as mentioned above. Change in the
media color was observed from yellow to black color.
As showed in Fig. 3. Melanin production was checked
spectroscopically.

Chemical characterization of melanin produced by
Brevibacillus invocatus strain IBA. The pigment
extracted from Brevibacillus invocatus strain IBA was
soluble in 10 and 1 M NaOH and insoluble in 1 M HC1
and inorganic solvents, such as C,H,0O, and CHClI,4
(Table 2). The extracted pigment was precipitated in
HCl and C,H4O and oxidized in 30% H,O,. Therefore
extracted pigment was assigned to be melanin based
on its chemical properties as previously reported by
Gadd [13] and Pacelli et al. [2]. Chemical properties of
extracted melanin were compared with synthetic mel-
anins DOPA and DHN as reported by the Pacelli et al.
[2]. Based on this comparison, the melanin could not
be typed. Hence the extracted melanin is purified and
taken for further analysis.

Physical characterization of melanin produced by
Brevibacillus invocatus strain IBA. Spectrophotometric
analysis. The absorbance of the melanin in UV—Vis
spectra was strongest in the UV region of 200 to
300 nm (Fig. 4a), but decreased towards the visible
region (Fig. 4b). The linear curve was obtained after
plotting the logarithm of absorbance against wave-
length.

The UV—Vis measurement reveals UV—Vis absor-
bance in the 200—800 nm optical range. There are two
distinct spectral regions: 200—300 nm and 300—
800 nm. The absorption was strongest in the UV
region of 200 to 300 nm, but decreased towards the vis-
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Fig. 3. Showing the production of melanin by Brevibacillus
invocatus strain IBA. Before incubation there is no change
in the colour and after incubation of around 12 to 18 h dark
black pigmentation was formed with the indication of mel-
anin formation.

ible region. It has a single sharp peak that is centered at
219 nm. The UV—Vis spectrum of synthesized mela-
nin nanoparticles [45, 46] has a similar overall struc-
ture. The UV—Vis spectrum of the melanin samples is
shown in Fig. 4. According to Huang et al., melanin
does not have distinct absorption peaks that differen-
tiate it from other cutaneous chromophores. Instead,
as wavelengths increase from 300 to 800 nm, melanin
absorption decreases monotonically [45, 47].

The UV—Vis spectrum revealed the typical absorp-
tion profile of melanin, which is characterized by
heavy absorption in the UV—Vis spectral range, a
nearly featureless line form, and absorbance values
that decrease monotonically from the UV—Vis spectral
area [45, 47—49]. The t — nn* and n — ©t* of the
amino, carboxylic, and aromatic moieties are respon-
sible for the high UV absorption in the 200—300 nm

Wavelength, nm

Fig. 4. (a) The UV—Vis spectra of extracted melanin of
Brevibacillus invocatus strain IBA. (b) The linear curves
obtained after plotting the logarithm of absorbance against
the wavelength [3].

range of the spectrum [48]. The UV—Blue energy
transitions relates to the transition after the nonbond-
ing orbital n to the anti-bonding orbital r* (n — ©*),
which follows mainly in carbonyl (C=0) bonds that
are very abundant in the melanin. Region 2 (300—
800 nm) shows a quasi-constant and large absorbance
which definitely is the source of the black color of the
extracted melanin itself. This wide-ranging and large
spectral absorption is accredited to strong absorption
transitions containing the orbital energy of the anti-
bonding niw* and the bonding nrt (tw — 7t*). This
later occurs in the aromatic-unsaturated C bonds
[48, 50]. The measure of delocalized electron in the
extracted melanin structure and the high degree of
conjugation enable the transitions to the anti-bonding

Table 2. Chemical characterization of Brevibacillus invocatus strain IBA extracted melanin compared with DHN and DOPA

melanins [2]

Chemical tests | DHN melanin | DOPA melanin Mela.nin §Xtracted f“’r? Brevi-
bacillus invocatus strain IBA
Solubility in inorganic solvents | NaOH 1 M + + +
HCI1 M — — —
Solubility in inorganic solvents | C,;HgO — — —
CHCl; - -
Precipitation HCl Light Light Light
C,HcO Heavy Heavy Heavy
Oxidation 30% H,0, +0 +0 +0
Soluble = +, insoluble = —, low precipitation = light, high precipitation = heavy, high oxidation = +O, light oxidation = -0,
DOKLADY BIOLOGICAL SCIENCES  Vol. 500 2021
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ni* orbitals. A strong absorption of extracted melanin
in the red part of visible extracted melanin is mainly
due to many carbonyl groups present in its indolic
groups [45, 48]. This is the cradle of the black color of
extracted melanin. After plotting the logarithm of
absorbance against the wavelength, negative slope of
the extracted melanin (Fig. 4b) was (—0.00487). Sim-
ilar results with little difference were obtained [3].

FTIR Analysis

FTIR spectroscopy is measurement of the wave-
length and intensity of the absorption of mid-infrared
light by a sample. Mid-infrared light (4000—500 cm™")
is energetic enough to excite molecular vibrations to
higher energy states (42). The wavelength of many IR
absorption bands is characteristic of specific types of
chemical bonds, and IR spectroscopy finds its greatest
utility for qualitative analysis of organic and organo-
metallic molecules. IR spectroscopy is used to identify
particular compound or a newly synthesized molecule
(43, 44).

Melanin FTIR spectra typically have three distinct
bands: 3600—3000, 1650—1600, and 1500—1400 cm™!
[51-55]. Figure 5 shows the FT-IR spectrum of
extracted Melanin. The stretching vibration of
hydroxyl (O—H) and amine (N—H) groups was due to
the characteristic peak at 3226 cm™! [56].

The symmetric and asymmetric C—H stretching
vibrations of methylene (—CH,) groups are aligned
with the peaks at 2920 and 2849 cm™!, respectively.
The presence of a sharp characteristic peak at
1628 cm~! corresponded to the stretching vibration of
carbonyl (C=0). The C—N stretching vibration of
aromatic amine was attributed to the peak at 1340 cm™!.
According to previous research papers, unique
stretches 1500—1400 cm~' were found in some mela-
nin and were due to the bending vibration of N—H and
the stretching vibration of C—N (secondary amine) of
an indolic system. Based on this, a characteristic pick
appears at 1555 cm™!, indicating the existence of N—H
and C—N (secondary amine) groups. As a result, the
extracted melanin FT-IR result was very similar to
previously recorded melanin [3, 52, 55, 57]. The
stretching vibration of phenolic —OH groups causes
absorption bands between 1250 and 1180 cm™! in sev-
eral melanin spectra [58, 59]. The weak absorption
bands found between 1150 and 1100 cm~! may be due
to the C—O—C bond’s symmetric contraction vibra-
tion [60]. Absorption bands below 1100 cm™! were
normally weak and were attributed to C—H bond in-
plane deformation, aromatic CH groups, or alkene
CH substitution/conjugated systems [58, 61—63]. Other
separate bands have been established depending on
the source of the melanin [59].
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Fig. 5. FTIR spectra of extracted melanin from Brevibacil-
lus invocatus strain 1BA.

SEM Analysis

Scanning electron microscopy (SEM) is a powerful
technique for the structural characterization and particle
size distribution of different types of melanin [64, 65].
Based on this structural characterization is carried out
which is shown the extracted melanin showed the
irregular shape and size at different magnifications
(Fig. 6).

The magnifications at 10, 5, 2, and 1 um showed
the irregular structure of extracted melanin. Depend-
ing on the melanin source, the granule morphology
and size range between 30—1000 nm and melanin
granules are usually amorphous with irregular shape as
per the previous studies [59, 66—69].

XRD Analysis

Peaks at 20 angles are visible in a standard XRD
spectrum. The type of crystals present on the sample
can be determined by the location of the peaks. This is
achieved by conducting qualitative phase analysis
(search match) with the ICDD PDF-2 2021 database
for evaluation in order to identify the crystal phase.
The absence of structure in the diffraction pattern cor-
responding to any important crystallinity in this
extracted melanin was observed in the results from the
extracted melanin sample. A strong non-Bragg dif-
fraction pattern dominated the spectrum. XRD spec-
tra of a highly concentrated extracted melanin solution
drop coated onto 2 X 2 cm cleaned glass substrates are
shown in Fig. 7. Sharp peaks in the diffraction spec-
trum caused by X-ray scattering by crystalline struc-
tures serve as a signature for the crystal being studied.
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Fig. 6. SEM image showing the multi-scale morphology of extracted melanin at different magnifications.

Amorphous compounds such as extracted melanin, on
the other hand create large features in a diffraction
spectrum known as non-Bragg features as a result of
the absence of coherent scattering from normal and
repeated structures as seen in crystals [45, 70, 71].

The sharp diffraction peaks visible on the spectrum
(except for the first peak, which was identified by the
software) are caused by NaCl molecules, which have
been reported by EDS of Mbonyiryivuze et al., 2015 to
be a component of sepia melanin. As mentioned above
the extracted melanin crystallographic patterns
showed peaks at 26 = 27.32, 31.66, 45.41, 53.84, 56.44,
66.18, 73.10, 75.26, and 83.94, which correspond to
reflections (111), (200), (220), (311), (222), (400),
(331), (420), and (422), respectively, as shown in the
XRD spectra shown in Fig. 7. XRD spectra of
extracted melanin is similar with little difference of
Mbonyiryivuze et al., 2015 sepia melanin. This crystallo-
graphic structure of extracted melanin lattice parameter
is approximately a = 8.54 (JCPDS 00-001-0993) and
Mbonyiryivuze et al., 2015 sepia melanin was to be
found lattice parameter is a = 5.6.

On the XRD spectra of extracted melanin, a broad
diffraction peak (26 = 10°—90°) reveals its amorphous
nature. Melanin structures are unclear due to its amor-
phous, insoluble, and heterogeneous existence [71].
The application of XRD techniques to the structure

analysis of amorphous materials like extracted mela-
nin is limited. The extracted melanin XRD result was
very similar to Mbonyiryivuze et al. [2, 45, 71, 72].
XRD pattern of sepia melanin was carried out by
Mbonyiryivuze et al., 2015, and the findings of sepia
melanin are used as a standard in several research pub-
lications.

CONCLUSION

The main objective of this study is to demonstrate
isolation of melanin producing Brevibacillus invocatus
strain and to establish various analytical methods
which can be used to characterize melanin from vari-
ous matrices, either qualitatively or quantitatively.

This is the first research on the extraction of mela-
nin from Brevibacillus invocatus strain. The strain was
isolated from soil of paddy fields of Amblikoppa
(15.357723° N 74.943763° E). Dharwad, India. The
strain was identified by molecular method and con-
firmed. An attempt was made to characterize the mel-
anin with various analytical methods in this study.
Chemical characterization of melanin based on its sol-
ubility in different organic and inorganic solvents was
done, according to the results melanin dissolved in
NaOH Physical characterization of melanin was car-
ried out by UV—visible spectra, FTIR for functional
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Fig. 7. XRD spectrum of extracted melanin with scan range
from 10° to 90°.

group identification of melanin at different Strong and
weak absorption can be determined, SEM for mor-
phology of melanin at different magnifications and
XRD for crystallographic study of melanin.

Since the chemical synthesis of melanin is cost
effective, a biotechnological approach to melanin pro-
duction by bacteria, fungi, and actinomycetes will
lower production costs. The analytical methods avail-
able for melanin analysis are largely complementary,
providing detailed knowledge required to draw reliable
conclusions about the sample under investigation. The
most optimal work flow for qualitative and quantita-
tive approaches will be GC-MS, MALDI, and LC-
MS, respectively. The best method for structural elu-
cidation will be microscopic techniques (SEM, TEM,
and AFM), as well as FTIR, XRD, and other tech-
niques. Basic determinations such as solubility and
UV-spectra, which can provide useful knowledge in a
short amount of time, should not be overlooked.

This is an attempt to produce melanin from a bac-
teria Brevibacillus invocatus and characterize the mel-
anin by using different analytical tools. However, more
information about the structure, properties, and func-
tional relationships is needed. Melanin research may
aid in the development of creative and long-term solu-
tions for human health and the environment, as well as
long-term exploration.
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