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Abstract

This study shows that a clinical isolate of Pseudomonas spp. from different sources, like burn
patients, wound infections, and UTI patients, can make melanin pigment when 2% L-tyrosine is
present in both liquid and solid states. Morphological, biochemical, and VITEK-2 compact system
analysis led to the identification of these bacteria as Pseudomonas aeruginosa. The higher melanin
producer isolates Ps81, which produces melanin at a rate of 3.018933 pg/ml, has been chosen for
further investigation steps. We extracted the pigment using several steps, including alkali
dissolving, acid precipitation, and washing with organic solvents. The pigment particles were
tested chemically and found to be acid-resistant, alkaline-soluble, and not soluble in water. They
were, however, soluble in methanol 100%, ethanol 70%, and DMSO, but not in ethyl acetate or
chloroform. The alkali melanin solution had a strong UV absorbance at 273.5 nm, which decreased
as the wavelength got longer toward visible light and infrared. The pigment's UV-visible spectrum
went from 200 to 800 nm. We further characterized the melanin pigment using FT-IR
spectroscopy. The infrared spectrum of pure melanin taken from Ps 81 showed a broad absorption
band around 3280.82 cm ™. This means that -OH groups and N-H groups were present.
Keywords: Melanin pigments, Pseudomonas aeruginosa, Extraction, Purification, UV-vis
spectroscopy, FT-IR spectroscopy.

1. Introduction

Pseudomonas aeruginosa is a gram-negative and environmental bacterium that can infect
vulnerable patients with both acute and chronic infections. This organism is very versatile, and has
the capacity to build biofilms, a high level of inherent antibiotic resistance, and a variety of
virulence factors (1).Also, P.aeruginosa bacteria are capable of producing different kinds of
pigments, including melanin. The oxidative polymerization of phenolic or indolic compounds
generates melanin pigment, which is typically brown or black in color, hydrophobic, and
negatively charged (2). The generation of melanin involves many enzymatic and non-enzymatic
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stages . The tyrosinase catalyzer first converts L-tyrosine into L-3,4 dihydroxyphenyl alanine (L-
DOPA), then the tyrosinase enzyme converts L-DOPA to dopachrome, which subsequently
converts to melanin through numerous non-enzymatic oxidoreduction steps (3).

Recent studies have linked the function of melanin to the defense against environmental stressors
such as UV-light, free radicals, heavy metal toxicity, and hydrolytic enzymes. Antibiotics find
bacteria that produce melanin to be more resistant. These characteristics make melanin a
significant bioactive substance with numerous industrial applications. Studies have also shown
that melanin has antimicrobial and antiviral effects, which opens up new avenues for research (3-
5).Thus, in our study, we intend to focus on the production, extraction, purification, and
characterization of microbial melanin.

2. Materials and Methods

2.1. Identification of isolates and inoculated

Forty P.aeruginosa isolates were obtained from one hundred clinical specimens from Iraqi
patients' hospitals, including burn patients, UTI patients, and wound infections. All specimen
swabs were inoculated and incubated on MacConkey agar as selective and differential media for
Gram-negative and enteric bacteria for 24 hrs. at 37°C in a lactose fermenter. For further
identification, the isolates were re-cultured on cetrimide agar as selective and differential media
for P.aeruginosa. The isolates were initially identified by cultural characteristics, biochemical
tests, and the VITEK-2 compact system (Bio Merieux/France) used in this present study (6).

2.2. Screening for melanin production by P.aeruginosa

All the Pseudomonas isolates were tested for melanin production by inoculating fresh
Pseudomonas colonies on nutrient agar medium supplied with 2% L-tyrosine. These plates were
incubated for 3 to 4 days at 37°C and observing the brown-black color of melanin. Also, 1 ml of
overnight bacterial culture inoculated on nutrient broth supplied with 2% L-tyrosine (melanin
production broth media) and incubated at 37°C for 3 to 4 days in a shaker incubator with a speed
120 rpm with nutrient broth without tyrosine as a control for observing any color change, the most
potent melanin-producing isolate will be chosen for further study. In order to choose the highest
melanin-producing isolates, all the melanin-producing isolates were inoculated in brain-heart
infusion broth and incubated at 37°C for 24 hrs. then the optical density was measured at 600 nm
to normalize the cell number, then 1 ml of overnight bacterial culture inoculated in 100 ml flasks
with 20 ml melanin production broth media and then incubated at 37°C for 3 to 4 days in a shaking
incubator with a speed 120 rpm, until the color of the media turned brown, then the media were
centrifuged at 8000 rpm for 20 minutes, and the supernatant was taken. The concentration of
melanin in the supernatants was measured using an enzyme-linked immunosorbent assay (ELISA)
at absorbency 450A and calculated by comparing the OD of unknown samples with a standard
curve in Figure 1 (7).
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Standard curve of melanin at 450 nm
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Figure 1. Standard curve for synthetic melanin.

2.3. Production of melanin pigment

Production of melanin by P.aeruginosa was employed in melanin production broth medium, then
1 ml of an overnight P.aeruginosa culture was added and incubated in a shaker incubator with a
shaking speed of 120 rpm at 37°C for 72 to 96 hrs. Until the broth color turned dark brown (7).
2.4. Extraction and partial purification of melanin pigment

The isolate with the maximum melanin production underwent the following procedures according
to (8) to extract and purify melanin.

1. The cultures of melanin-producing broth medium were collected into falcon tubes and
centrifuged at 8000 rpm for 15 min at 4°C to eliminate other debris.

2. The cell-free supernatant was adjusted to pH 12 with 10 M NaOH to ensure complete
polymerization.

3. Then the pH of the supernatant was adjusted to 2 with 5 M HCI, and the precipitated melanin
was centrifuged at 10000 rpm for 20 min to remove the supernatant.

4. The collected precipitated melanin was dissolved in 10 M NaOH, then 0.2 ml of chloroform
was mixed with the dissolved melanin in order to deproteinize the pigment and centrifuged
at 10000 rpm for 10 min.

5. The supernatant pH was adjusted to 2 in order to precipitate the crude melanin and
centrifuged again as above.

6. The partially purified melanin was obtained after it was washed twice with 0.1 ml of 100%
methanol and 0.1 ml of 70% ethanol.

7. The partially purified melanin was allowed to air dry in a sterile petri dish at room
temperature.

2.5. Physico-chemical characterization of partially purified melanin pigment

2.5.1. Solubility of partially purified melanin

We examined the solubility of melanin by dissolving a small amount of the partially purified
pigment in various organic and inorganic solutions, as per (9, 10). The solubility of the melanin in
distilled deionized water is ethyl acetate, chloroform, methanol 100%, ethanol 70%, chloroform,
dimethyl sulfoxide (DMSO), 0.5 and 0.1 M HCL, and 0.5 and 0.1 M NaOH.
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2.5.2. UV-Visible Spectroscopy

Small amount of melanin pigment dissolved in 0.1 M NaOH, the alkalize pigment solution was
scanned with UV-VIS spectrophotometer from (Shimadzu UV-2550/Japan) at wavelength 200-
800 nm (10).

2.5.2. Fourier transform infrared (FTIR) Spectroscopy analysis

The most effective use of Fourier transform infrared (FTIR) spectroscopy is for the interpretation
of structurally unidentified compounds and for determining the functional group for melanin
extracted from Ps 81. The FTIR was recorded at 4,000- 400 cm-1(10) using (Thermo Fisher
Scientific/USA)

3. Results

3.1. Isolation and identification of P.aeruginosa

Only 47 specimens (47%) were P.aeruginosa obtained from 100 clinical specimens, while the
other 53 specimens (53%) represented non-Pseudomonas genera, as shown in Table 1.

Table 1. Number and percentage of P.aeruginosa isolates based on the source of the specimens.
Number in percentage of
P.aeruginosa

Source of Specimens Number of Specimens Number of P.aeruginosa

Wound infection 15 7 46.66%
Burns 45 25 55.55%
UTI 40 15 37.5%
Total 100 47 47%

The early identification of Pseudomonas bacteria was done on MacConkey agar; it is a selective
and differential medium. The pseudomonas colony appeared pale (lactose non-fermenter), as
shown in Figure 2A. On cetrimide agar, isolates are able to grow at 42°C and produce a sweaty
grape-like odor and also have the ability to produce different pigments as they grow. Cetrimide
agar is a selective and differential media. Cetride is a quaternary ammonium compound that has a
bactericidal effect against certain Gram-negative organisms, including species other than
P.aeruginosa and a wide range of Gram-positive bacteria. Dipotassium sulfate and magnesium
chloride, which are present in cetrimide agar, enhance the production of pyoverdine and pyocyanin
pigments, which work together to create distinctive green and yellow colonies of Pseudomonas
aeruginosa, as shown in Figure 2B.

Biochemical tests showed that all the Pseudomonas isolates were positive to oxidase and catalase.
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Figure 2. P. aeruginosa, A. on MacConkey agar, B. on cetrimide agar.

3.2. Screening for melanin production by P.aeruginosa isolates

From all P.aeruginosa isolates, only two isolates (Ps 81 and Ps m) had the ability to produce a
brown-black pigment of melanin on nutrient agar with 2 % L-tyrosine as shown in Figure 3A. The
source of these two isolates that produce melanin pigment was burns.

Figure 3. A.Melanin producing isolate, B. and C. melanin non-producing isolate.

We cultured the two melanin-producing isolates, Ps 81 and Ps m, in melanin production broth with
2% tyrosine under the same incubation conditions (initial pH 7.0, temperature 37°C, agitation
speed 120 rpm). Melanin production broth without tyrosine was used as a negative control. In
order to figure out how much melanin each isolate made, the absorbency of the melanin-producing
broth was measured at 450 nm using an ELISA spectrophotometer. This was done after the broth
was centrifuged at 8000 rpm for 15 minutes to get rid of the bacteria cells. The concentration of
the melanin pigment was then calculated in pg/ml units using Figure 1 as a guide. Table 2 and
Figure 4 show that we selected the Ps 81 isolate for further steps of this study due to its highest
melanin production.
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Figure 4. A. Negative control, B. Ps m isolate. C. Ps 81 isolate.

Table 2. The concentrations of melanin produce from P.aeruginosa isolates.
Melanin producing P. aeruginosa isolate Melanin Conc. (ug/ml)
Ps 81 3.018933
Psm 2.596065

3.3. Extraction and partial purification of melanin pigments
The extraction steps were performed as described by (8) with slight modification, as shown in

Figure 5.
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Figure 5. A. Negative control, B. Ps m isolate. C. Ps 81 isolate.
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Table 3. Solubility test for purified melanin extracted from Ps 81 isolates.

Solvent Results
5and 0.5 M NaOH Soluble
Methanol 100% Soluble
Ethanol 70% Soluble
Chloroform Insoluble
Ethyl acetate Insoluble
5and 0.5 M HCI Insoluble
Water Insoluble
DMSO Soluble
A B C D E ¥ G

Figure 6. A. The solubility test for purified extracted melanin from Ps 81 isolates. A. Solubility in water. B.

Solubility in ethyl acetate. C. Solubility in methanol. D. Solubility in ethanol. E. Solubility in chloroform. F.
solubility in HCI. G. Solubility in NaOH.

3.4.2. UV-Visible Spectroscopic Analysis of partially purified melanin
In the UV region, alkaline melanin solution shows a significant optimal absorption peak at 273.5
nm that gradually fades as longer wavelengths are approached, as shown in Figure 7.

Absorbance (a.u.)

T T T T T
300 400 500 600 700 800
Wavelength (nm)

Figure 7. A. UV-visible absorption spectrum of purified extracted melanin.

3.4.3. Fourier Transform infrared spectroscopy Analysis (FTIR)
The most effective use of Fourier transform infrared (FTIR) spectroscopy is for the interpretation
of structurally unidentified compounds and for determining the functional group for melanin
extracted from Ps 81. FTIR analysis shows 17 peaks, as shown in Figure 8.
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Figure 8. FTIR analysis for purified extracted melanin.

4. Discussion

We collected 100 clinical samples from various sources, such as UT]I patients, wound infection
patients, and burn patients. We directly inoculated all sample swabs on MacConkey agar. Only 47
isolated (47%) from 100 specimens were identified as P.aeruginosa, while the other 53 samples
(53%) represented non-Pseudomonas genera, as shown in Table 1. These isolates manifest as pale
colonies on MacConkey agar, a lactose non-fermenter, as reported by (11). They can grow at 42
°C on cetrimide agar, producing green and blue colonies with a sweet grape odor, as demonstrated
in Figure 2B. These results are consistent with those reported by (12, 13). All the isolates were
positive to catalase and oxidase tests similar to those mentioned by (14, 15, 16). Also, the isolates
identified by the VITEK-2compact system are similar to those mentioned by (17).
All of the isolates have undergone melanin production screening, as shown in Figure 3, but only
two isolates (Ps81 and Psm) from burn patients have the ability to produce melanin, as shown in
Figures 4A and B, as used by (7). The results showed the isolate Ps m gave 2.596065 pg/ml of
melanin, whereas the isolate Ps 81 gave the maximum melanin pigment concentration (3.018933
pg/ml), as shown in Table 2 and Figure 4. The extraction and purification of melanin pigment
was done by two major steps: alkaline dissolving and acid precipitation, as shown in Figure 5 as
used by (8) with little modification. Table 3 illustrates the solubility of purified melanin in various
organic and inorganic solvents. We found that the purified melanin was insoluble in water and
some organic solvents like chloroform and ethyl acetate, and it precipitated when dissolved in
acidic solutions like (0.5 and 5) M HCI. These results aligned with previous research (18).
However, it dissolved easily in other organic solvents like methanol 100%, ethanol 70%, and
DMSO. These findings align with previous research (9), (19) and (20), which found that the
melanin dissolves easily in alkaline solutions like NaOH, precipitates by HCI, and is insoluble in
water. The solubility of melanin in methanol and ethanol, as well as the insolubility in chloroform
and ethyl acetate, were agreed with by (21), (22) and (23). The UV-visible spectroscopic analysis
of partially purified melanin reveals a maximum absorption in the UV-region at 273.5 nm, as
illustrated in Figure 5. This absorption then declines towards the visible and infrared regions, a
characteristic property of melanin. When identifying and classifying melanin, people frequently
utilize the slopes of linear plots as crucial criteria, as they are unique to melanin (24-26). The
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infrared spectrum of partially purified melanin extracted from Ps 81 exhibited Infrared spectrum
of partially purified melanin extracted from Ps 81 showed a broad absorption band around 3280.82
cmL, which was caused by the presence of -OH groups and N-H groups. There were also small
bands at 2929.35 and 2960.12 cm™* that were caused by the C-H stretch of alkanes groups, peaks
at 1657.44 cm™* and 1614.64 cm™* that were caused by aromatic C=C bonds with either C=0 or
COO- groups, peaks at 1515.70 and 1536.16 cm™* that were caused by aromatic C=C bonds, peaks
at 1446.12 and 1403.12 cm™* caused by C-H bending in aliphatic groups, a peak at 1233.61 cm™
that was caused by anhydride group C-O, and two peaks at 1173.22 and 1105.79 cm™* that were
caused by aliphatic amine C-N. Sult closely aligns with the findings reported by (18). Peaks at
837.87, 792.27, 619.81, and 540.05 cm™ referred to aromatic C-H groups. These outcomes
correspond to the findings of (2, 9, 27).

5. Conclusion

Pseudomonas aeruginosa has the ability to produce melanin in the presence of tyrosine.
Melanin pigment was soluble in methanol, ethanol, and NaOH and insoluble in water, chloroform,
and ethyl acetate. The maximum absorption peak was at 273.5 nm in the UV region and decreased
toward visible light and infrared. The FT-IR study of partially purified melanin shows a broad
absorption band around 3280.82 cm™?, which is caused by the -OH group and N-H groups. There
are also small bands at 2929.35 and 2960.12 cm™* that are caused by the C-H stretch of alkane
groups. These bands helped researchers figure out the structure of melanin pigment.
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