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ABSTRACT

Introduction: Melanin is a high-molecular weight pigment produced through the oxidative polymerization of phenolic or
indolic compounds and plays a perfect role in UV-light shielding, as well as in photoprotection. Among biopolymers,
melanin is unique in many aspects. This study is designed to screen Production, extraction and characterizes of an
extracellular melanin pigment from clinically isolated P. aeruginosa.

Objective: The aim of the current study is isolation and diagnosis of P. aeruginosa using vitek-2 compact system and
screening the ability to produce melanin and characterization of extracted melanin by UV-vis, FTIR, XRD and SEM.
Materials and methods: the samples swab inoculated on cetrimide agar as selective media and incubated aerobically for
24 hours at 37°C and used nutrient agar with nutrient broth supplement with 1% tyrosine for Screening for melanin
production by P. aeruginosa isolates.

Results: Four isolates P. aeruginosa were identified out of 109 specimens have ability to produce melanin pigment under
specific medium and culture conditions. According to morphological, cultural, biochemical, and VITEK-2 characteristics,
isolates were identified as P. aeruginosa. The results showed that the isolate of burn was greatest in production of melanin.
Based on its solubility in organic solvents, the black pigment was identified as melanin and structurally and functionally
characterized by UV-Vis absorbance and presence of various characteristic peaks that determined by FTIR analysis, and
the morphology of the pigment surface was examined using SEM and XRD spectra analysis.

Conclusion: Depending on the type of bacteria and the conditions of their culture, different melanin-producing bacteria
produce different amounts of melanin. The primary factors for bacterial melanin production are L-tyrosine, energy source,
pH, temperature and surface area for shaker agitation. In this study, results found that the optimum condition for melanin
production by P. aeruginosa in pH=7.3 and the effect of L-tyrosine concentration on melanin production found that use
1g/L is the best concentration for production.

Keywords: P. aeruginosa, Detection, Melanin pigment, Physico-Chemical Characterization, Experimental study,
University of Baghdad.

INTRODUCTION

Melanin is a biopolymer synthesized from phenolic Melanin was first used by Berzelius to refer to dark
or indolic compounds @. It has the capacity to absorb a animal pigments in 1840 ©. The source and mechanism
variety of electromagnetic radiation, from visible light to of melanin synthesis depend on many factors like
the X-ray region®. It serves as a shield against chemicals, enzymes, polymerization pathways and building blocks
heat, desiccation and hyperosmotic shock (heavy metals @9 1t can be classified depending on chemical
and oxidizing agents) ©, composition like monomer subunit structure 9,

The most important ones are free radical scavenging The aim of the current study is isolation and
and drug delivery capability ®. Although melanin is diagnosis of P. aeruginosa using vitek-2 compact system
required to improve microbes' capability of competing and screening the ability to produce melanin and
and surviving in different unfavorable conditions, such as characterization of extracted melanin by UV-vis, FTIR,
those caused by ultraviolet rays, it is thought to be not XRD and SEM.
necessary for their growth and development ©.

P. aeruginosa is a motile, heterotrophic, gram- MATERIALS AND METHODS
negative rod shape that measures 0.5-1.0 um in width and Collection and Identification of P. aeruginosa isolate:
1-5 pm in length. It is facultative non-spore forming and From November 2021 to February 2022, 109 samples
grows using aerobic respiration, P. aeruginosa can were collected. All the samples were clinically isolated
survive in varying temperatures ranging from 4 to 42°C from Iragi patient's hospitals (burns patients, UTI,
and produces flat, large, serrated, green or blue pigmented tracheostomy patients in ICU, endotracheal tube patients
colonies giving characteristic sweetish fruity odour 7). P. in ICU, mastoiditis, and wound infection). These samples
aeruginosa is a commercially valuable organism because were collected from Medical City/Burning Hospital, ICU
it produces many soluble pigments like pyocyanin (blue- Ghazy AL-Hariri Hospital for surgical specialties, Arabi
green), pyorubin (red), pyoveridin (yellow-green) and Private Hospital, and Al Alawia Hospital. All samples
pyomelanin (brown-black) ®. swab inoculated on cetrimide agar as selective media and
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incubated aerobically for 24 hours at 37°C. Isolates were
initial  identification by cultural characteristics,
biochemical Tests, and Vitek -2 system.

Screening for melanin production by P. aeruginosa
isolates:

The bacterial strains were inoculated and incubated on
cetrimide agar at 37°C for 24 hr. after that, a loopful of
bacterial strains was inoculated to nutrient agar and
nutrient broth supplement with 1% tyrosine to detect the
ability of bacteria strains to produce melanin. This
method was previously described ¢2.

Measurement of melanin concentration:

In 1 N NaOH, synthetic melanin (Sigma Aldrich,
USA) was dissolved at various concentrations (0.1, 0.2,
0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1) ¢g/l. A standard curve was
made by using ELISA Versa Max at Asso and used to
guantify melanin by comparing the OD at 450 nm of
unknown samples with a standard curve ®, NaOH was
used as a blank.

Production of melanin:

Liquid medium was used for P. aeruginosa
cultivation and melanin production according to 2,
1. Nutrient broth was dissolved in150 ml of D.W. (500mi
Erlenmeyer flask) supplement with 1% of tyrosine.
2. The pH has been fixed at 7.0.
3. The medium was sterilized by autoclave for 15 minutes
at 15 Ibs pressure (121°C).
4. After sterilizing, kept it for cooling, a colony of fresh
culture was added to this medium and placed in a rotary
shaker moving incubated at 37°C 160 rpm for 3 to 6 days
until the liquid medium became darkly pigmented.

Extraction and purification of melanin pigment:

The highest-produced isolate was used to produce
melanin, as previously mentioned 4 by following steps:
1. To separate the supernatant from cells and debris, for
15 minutes, the medium was centrifuged at 8000 rpm.

2. Chloroform was mixed with the above solution to
deproteinize the melanin pigment. Each tube (10) ml add
(2) ml chloroform.

3. To ensure complete polymerization of melanin, 5M of
NaOH was used to adjust pH to 10 and further autoclaved
at 120°C for 20 minutes .

4. After autoclaved solution completed centrifuging the
solution at 5000 g for 5 minutes and the supernatant was
collected.

5. 5M HCI was added carefully to acidify the solution to
pH 2 until melanin precipitate.

6. After the melanin precipitate by centrifuged for 20
minutes at 8000 rpm to extract crude melanin, and then
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equal volumes of chloroform, ethyl acetate, and double
methanol (1V:1V:2V) were added and combined.

7. To obtain melanin dissolved in this mixture, for 15
minutes, the mixture was centrifuged at 8000 rpm. and
then put in a glass petri dish until solvent evaporation, 2
to 3 times this step was repeated to have powder melanin
once dried, the purified preparation was kept at room
temperature.

Physical and chemicals characterization of extract
melanin

Chemical Analysis of extract Crude melanin Pigment:
The pigment's solubility is tested in various solvents using
techniques described previously 9. Melanin solubility
was investigated by dissolving (5mg/mL) of melanin in
various inorganic and organic solutions.

UV-Visible Spectroscopic Analysis for extracted
melanin:

UV-visible spectrophotometer (200-700 nm) was
used to scan the extracted- melanin powder after it had
been dissolved in a 0.5 M NaOH solution. 0.5 M NaOH
solution served as the blank control @7,

Analysis fourier transform infrared spectroscopy
(FTIR):

The extracted pigment was further investigated by
FT-IR spectrum through using 5 ml of 3 N HCl in a sealed
glass vial and kept at 100°C for 2 hours. Then melanin
was ground by pressing the samples into KBr granules in
1:90 ratio, and pressed into disks under vacuum using a
Spectra Lab Pelletiser. and then scanned with a resolution
of 4 cm-1 between 4000 and 500 cm-1 by FTIR
spectrophotometer (FT/IR-4100; Shimadzu-Japan) 9.

X-Ray Diffraction method analysis (XRD):

Extracted melanin powder was placed intol-2 mm
thick and 1cm diameter discs. The melanin pigment was
scanned with an X-ray diffractometer lab XRD-600
(Shimadzu-Japan) at a wavelength 1.54056 A°, at a room
temperature X-ray beam with a step size of 0.02 and a
scanning rate of 20/minutes. As a function of the

scattering angle, the intensity of scattering was measured
(19)

Field emission scanning electron microscopy (FE-
SEM):

The dehydrated sample was dried on a slide and then
coated with gold at 50 nm in a PE-5000 sputter coater
(International Scientific Instrument, London). At 00
detector angle, a Scanning Electron Microscope- S-4160
(Japan) was used to view the specimen, randomly chosen
fields were photographed, and well-contrast negative
films were mounted and projected with a slide projector.
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Ethical Consideration:

This study was approved by the Ethical
Committee, Department of Biology, College of
Science, University of Bagdad, Baghdad, Iraq and the
Iragi Ministry of Health [Ref.: CSEC/0122/0033].

RESULTS
Isolation and Identification of P. aeruginosa:

Up to 109 clinical samples were collected, and only
35(32.11%) isolates were P. aeruginosa were obtained
from 109 clinical samples, while other 74(67.88%)
represented other bacterial genera. Results show Wound
specimens were 7 (30.43%), UTI specimens were 2
(14.28%), burn specimens were 15 (53.57%),
tracheostomy patients in ICU specimens 5 (23.8%),
endotracheal tube patients in ICU 4 (22.22%) and
mastoiditis 2 (40%).

The preliminary identification of P. aeruginosa was
carried out on MacConkey agar and cetrimide agar that
appeared as a pale colony on MacConkey agar. On

nutrient agar, isolates were able to grow at 42°C and had
sweat grape odor. P. aeruginosa is distinguished from
other species by its capacity to grow at high temperatures,
and some isolates have ability to produce pyocyanin
pigment.

Results showed that all 35 isolates were positive for
oxidase, urease, and catalase tests. IMVIiC test results
showed that all isolates were indole, methyl red (MR) and
voges-proskauer (VP) negative and had able to utilize
citrate as a sole carbon source.

Screening for melanin-producing P. aeruginosa:

From 35 strains, four isolates, including Ps 9, 22, 29,
and 51 which are identifications by Vitek -2 system, have
to ability to produce a brown black diffusible pigment, as
shown in Figure 1.

The source of the 4 isolates that produce melanin
pigment were 3 from burns and one from a patient in ICU
with tracheostomy.

Figure 1: P. aeruginosa produce melanin pigment (A) on nutrient agar supplement with L-tyrosine after 4 days
incubation (B) on nutrient broth supplement with L-tyrosine after 6 days shaker incubation
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Extraction and purification of P. aeruginosa melanin pigment: The extraction was performed as described by @ with
slight modifications as shown in Figure 2. Many steps involve to having melanin powder these steps are illustrated in
discussion section.

Centrifuged at 8000 rpm for 15 min to

Separate the supernatant and cells

1

| Chloroform was mixed with the above solution and |

Centrifuged to deproteinize
The melanin pigment

s

The pH adjust to 2 with SM HCI,

The pigment starts to precipitation

i

The xﬁixture was oentﬁfuge& at 8000 rpm
For 20 min to obtain the melanin crude

I

Supemmatant was removed 1o

Obeain s tride Iaafanin

it

Equal volumee of chioroform, ethrv] acetare and |

Double methanol (1 V:IV:2V) were mixed
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4

Melasun pigment was collected by ginss petn dish

AL FOOM Temperaniue

Figure 2: Extraction steps of melanin pigment.

Calculates standard melanin concentration: Melanin concentration was determined according to the formula (Y =
1.8306X + 0.0497) by comparing unknown samples' OD at 450 nm to a standard curve Figure 3. The absorbance of the
centrifuged culture supernatant at 450 nm was used to quantify melanin production (Table 1).

Table 1: P. aerucI;inosa isolates and melanin concentration.

Ps 9 1.188299
Ps 22 1.082869
Ps 29 1.05337
Ps51 1.272424
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Figure 3: Standard curve for synthetic melanin.

Physical and chemicals characterization of melanin
Solubility of extract melanin: In this study, melanin was insoluble in mineral acids such as HCI, water (cold, hot) and
organic solvents such as ether and chloroform but it was easily soluble in NaOH and dimethyl sulfoxide (DSMO) and

precipitated in hydrochloric acid (1N HCI).

UV-Visible Spectrophotometer (UV-Vis): For the extracted pigment, the UV-visible spectrum scanned from 200 to 1000
nm and the melanin exhibited a maximum spectral peak at 274 nm which then decreased as it approached the visible region,
as shown in Figure 4.
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Figure 4: UV—visible absorption spectrum of extract melanin pigment.

Fourier Transform IR Analysis (FTIR): Results show FTIR absorption peak at 3362.70 cm—1 corresponds to the OH
group. Peaks 2359.04, 2920.04, 2851.89 cm—1 are due to aliphatic C—H groups. The peak at 1650.38 refers to aromatic
C=C conjugated with C=0 and/or COO- groups and 1575.03 cm—1aromatic C=C bonds. The band at 1418.46 cm—1
corresponds to a C-H flexion in aliphatic groups. The peak at 1258.46 cm-1 relates to the anhydride group (C-O). Peaks at
1089.28, 1039.37 cm—1 relates to C—N stretch of aliphatic amines. Peaks at 874.11, 667.52, 468.38 cm—1 contributes to
the aromatic C-H group (Figure 5).
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Figure 5: FTIR extract melanin pigment.

Field emission scanning electron microscopy (FE-SEM): General view of P. aeruginosa melanin aggregates of various
sizes. as in figure 6 images of the fragment's surfaces at higher magnifications demonstrated that they are spherical- like
structures and are formed by aggregates of granules of different size with irregular shape and these granules' surface is not
smooth.
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Figure 6: Field emission scanning electron microscopy (FE-SEM) image of extract melanin pigment (1500X)
(3000X) (6000X) (12000X) (25000X).
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X —ray Diffraction (XRD):

Broad features known as non-Bragg features were produced by the amorphous compound in the diffraction spectrum,
which prevented coherent scattering from repeating and regular structures as seen in crystals. The dry melanin XRD
spectrum fig 7 shows a broad diffraction peak (2=15- 25°). Such broad peaks indicate non-Bragg features and show a variety
of random orientations of structural elements. Amorphous nature is also distinguished by broad peaks.

3000

[Group:2022, Data:1422]

2000

1000

iwwmw«w WWMWHWW*‘ J

o

iy JM.WJ

LWWHM&M

%WMMM%W‘ J\w&&w

T T T T T T T T T T T T T T T T T T
10 20 30 an

Figure 7: XRD analysis of P. aeruginosa melanin pigment.
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DISCUSSION

Only 35 (32.11%) isolates were P. aeruginosa were
obtained from 109 clinical samples while other 74
(67.88%) represented other bacterial genera. these
isolates were first identification by Cultural
Characteristics that appear as pale colony on MacConkey
agar and ability to produce pyocyanin pigment similar as
mentioned by @%. The biochemical tests are similar to
those described previously by @Y. The screening was
carried out in nutrient broth supplement with L-tyrosine
as shown in the figure 1 to choose the higher isolate
melanin production this media was used by ©@?. Only 4
isolates have ability to produce melanin pigment. Results
showed in Table 1 that the 4 isolates (Ps 9, 22, 29, and
51) have the ability to produce melanin pigment but the
isolate (Ps 51) gave the highest melanin production
(1.272424) pg/mL thus it was selected for further steps of
this study @,

The extraction was done by two basic steps acid
precipitation and centrifugation as shown in Figure 2.
Following incubation, the medium was centrifuged at
8000 rpm for 15 minutes to separate cells from the
supernatant. Firstly, to ensure that melanin is completely
polymerized, with 5M NaOH, the pH of the supernatant
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was adjusted to 10 to prevent the formation of
melanoidins and filtered by Millipore filter 0.2 pm to get
rid of cell debris. After that alkaline melanin mixture was
adjusted to pH 2 with 5M HCI this step was used to
precipitate melanin and centrifugation at 8000 rpm for 20
min, and then the pellet was collected. After that pellet
was washed with an equal volume of chloroform, ethyl
acetate and double methanol (1V:1V:2V) three times to
remove proteins, carbohydrate and lipids, list step is
washing step with deionized water, a rotary evaporator
was used to concentrate the partially purified melanin and
the pigment powder was then gathered, this procedure
used by @?. Since the solubility of melanin is distinctive,
solubility is the most common stage for the
characterization of melanin

Extract melanin was insoluble in water, mineral
acids such as HCI and organic solvents such as an ether
and chloroform but it was easily soluble in NaOH and
dimethyl sulfoxide (DSMO). Whereas a similar study
reported they were soluble in alkaline (pH 10) and
dimethyl sulfoxide but were insoluble in ethanol, acetone
and chloroform %429,

Extract melanin absorbs maximum spectral peak at
274 nm as shown in Figure 4. Melanin absorbs UV light
due to the presence of complex conjugated molecular
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structures as mentioned by @Y. A similar study reported
maximum UV-Vis absorption peaks in the melanin from
different sources varied such as Pleurotus
cystidiosus melanin exhibited maximum absorption peak
at 280 nm @9, whereas another study reported the highest
absorption peak at 220 nm and 244 nm, respectively, in
the visible region @, FT-IR spectroscopy provides
detailed information about an organic compound (main
functional groups). The pigmentation procedure
extraction and purification may cause some differences in
the FT-IR spectra. FT-IR test is useful for determining the
types of chemical bonds (functional groups) and can thus
be used to clarify some components of an unknown
mixture. the results of peaks as in Figure 5 comparable in
the functional group region with ?*31, The image for (FE-
SEM) as in Figure 6 were shown in previous studies 233
which take the form of tiny granules with irregular or
spherical shapes or filamentous projections with a porous
structure.  Melanin's  X-ray diffraction  pattern
demonstrates that it lacks crystalline structure as ¢4,

CONCLUSION

In this study P. aeruginosa isolated from clinical
Iraqi patients’ hospitals, only 4 isolates produced melanin
pigment. P. aeruginosa was identified in this study as a
melanin-producing bacterium through growth in nutrient
agar and nutrient broth that contained L-tyrosine and the
ability to produce melanin. All experiments were
conducted in 500 ml conical flasks containing 100 ml of
medium less than 25% of the total volume of the flask to
increase the surface area (Figure 1). The maximum
production UV-vis was observed in 274 nm (Figure 4),
and functional groups were analyzed by FTIR (Figure 5)
that when compared with previous studies have a high
degree of similarity in main absorption peaks confirming
that the pigment produced is melanin. In addition to these
properties UV, FTIR and melanin's X-ray diffraction
pattern exhibits a lack of crystalline structure.

Depending on the type of bacteria and the
conditions of their culture, different melanin-producing
bacteria produce different amounts of melanin. The
primary factors for bacterial melanin production are L-
tyrosine, energy source, pH, temperature and surface area
for shaker agitation. In this study, results found that the
optimum condition for melanin production by P.
aeruginosa in pH =7.3 and the effect of L-tyrosine
concentration on melanin production found that use 1g/L
is the best concentration for production. After six days,
maximum melanin production was noted at 37°C and 180
rpm of shaker agitation, and with a temperature increase
of up to 45°C, there was a gradual and uniform decrease
in growth and melanin production. Bacterial melanin
extraction of P. aeruginosa is simple and can produce
melanin from low-cost sources.
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