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Pyomelanins are pigment of high molecular weight formed by
oxidative polymerization of phenolic or indolic compounds and usually
are dark brown or black produced by all organisms from
microorganisms to human. At the moment pyomelanins are still
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enigmatic bio-pigments with structure and determination methods not
clearly understood. Among biopolymers, pyomelanins are unique in
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many aspects. This study was designed to screen and characterizes
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extraction and characterization of pyomelanin pigment. Eight
pyomelanoenic isolates were identified out of 143 specimens from

burns, urine and sputum were collected from Iraqi patients hospitalizedinto eleven hospitals
which are located in Baghdad, Al-Anbar and Karbala provinces during the period of July
2013 to April 2014. All isolates were identified as P.

aeruginosa according to

morphological, cultural, biochemical characteristics, VITEK-2 and 16S rRNA. The results
were showed that the isolate of sputum from cystic fibrosis (CF) was greatest in production
of pyomelanin. Pyomelanogenic isolates were 5.6% which produced pyomelanin pigment on
pyomelanin production medium. The black pigment was conﬁrmed as pyomelanin based on
the solubilit y in organic solvents, UV-Vis, FT-IR and XRD spectra analysis. This is the
ﬁrst report on screening of pyomelanogenic local P. aeruginosa isolates and characterization
of the produced pyomelanin pigment.
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INTRODUCTION
Pseudomonas aeruginosa, a gram negative bacteria which is main opportunistic human
pathogen that has been known for many years, this organism is extremely adaptable, has a
high level of intrinsic antibiotic resistance, a wide range of virulence factors, and the ability
to form biofilms.[1]
P. aeruginosa produces many types of soluble pigments such as pyocyanin and pyoverdin are
the most common, other pigments produced are pyorubin (red), pyomelanin (dark
brown/black) and pyoverdin (yellow/green)

[2]

. Pyomelanin production has been reported

in P. aeruginosa isolates mainly from urinary tract infections and chronically infected Cystic
Fibrosis (CF) patients.[2, 3, 4 ]
Pyomelanin is a group of negatively charged hydrophobic macromolecules formed by the
enzymatic oxidation and subsequent polymerization of phenolic and/or indolic compounds,
which are classified into four categories based on the intermediates of melanogenesis:
eumelanin, pheomelanin, allomelanin and pyomelanin.[5, 6]
Pyomelanin, and other forms of melanin has been described to occur almost in every taxon of
living organisms ranging from bacteria to human.[7, 8]
Pyomelanins are difficult to characterize because of their intractable chemical properties and
the heterogeneity in their structural features. pyomelanin pigments, in fact, are composed of
many different types of monomeric units that are connected through strong carbon-carbon
bonds. In other words, the high insolubility and undefined chemical entities are the two main
obstacles in complete characterization of pyomelanin pigment.[9]
In the recent years, there is a renewed consumer interest towards the use of natural dyes and
pigments in food, cosmetic and pharmaceutical industries because synthetic pigments are
perceived as undesirable and potentially harmful; some of them are considered as
carcinogenic.[10] Therefore the study aimed to screen and characterizes pyomelanogenic local
P. aeruginosa isolates with extraction and characterization of pyomelanin pigment.
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MATERIALS AND METHODS
Isolates selection and pigment production
Pyomelanin-producing bacterium was isolated from 143 samples placed on L-tyrosine agar
plates for several days. Eight samples were capable of producing black /brown pigment. They
were picked out and identified as P. aeruginosa, based on their morphological and
biochemical characteristics, VITEK-2 and 16S rRNA sequence.
In vitro melanization assays
In vitro melanization assays were performed to determine whether P. aeruguinosa produces
pyomelanin pigment from L-tyrosine. Cells were spread onto agar plates with or without Ltyrosine. The bacterial cells turned black colored within 3 days on agar plate containing Ltyrosine, but pigmentation was little observed in agar plates lacking L-tyrosine. The liquid
medium containing L-tyrosine also turned black / brown after 2-3 days.[11]
Extraction and purification of pyomelanin pigment
Bacterial strains capable of producing high amounts of pyomelanin on pyomelanin
production medium supplemented with L –tyrosine were isolated. Then the plates freezed and
thawed to extract the pyomelanin pigment. The disrupted broth was acidified with 1 N HCl to
pH 2 and allowed to stand for one week at room temperature. Then this suspension was
boiled for 1 h to prevent the formation of melanoidins and then centrifuged at 8,000 g for 10
min.[11] The formed black pigment pellet was washed three times with 15 ml of 0.1 N HCl,
and then washed with water. To this pellet, 10 ml of ethanol was added and the mixture was
incubated in a boiling water bath for (10) min and kept at room temperature for 1 day. The
pellet was washed with ethanol two times and then dried in air. The extracted pigment was
pooled for use in subsequent analysis. The chemical analysis of pyomelanin pigment was
carried out by the modified method of Fava et al.[11]
UV-Visible Spectroscopic Analysis of the Extracted Melanin
Different concentrations of purified pyomelanin were prepared using the initial
concentrations of 100 mg/l in 0.1 N NaOH, and diluted to 1:1, 1:2 and 1:3. Each alkaline
solution was scanned from 180 to 900 nm wavelengths. A 0.1 N NaOH was used as the
blank.[12] The spectroscopic property of the melanin pigment obtained from P. aeruguinosa
was compared with synthetic pyomelanin[Sigma, santh Louis].
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Fourier transform infrared (FT-IR) spectroscopy
For FT-IR spectrum, the pigment was further puriﬁed by acid hydrolysis with 5 ml of 3 N
HCl in a sealed glass vial and kept for 2 h at 100°C.[13] The puriﬁed pigment was ground with
infrared grade KBr (1: 10) and pressed into disks under vacuum using a Spectra Lab
Pelletiser.The

spectrum

)044–00444(cm-1

was

recorded

in

a

Shimadzu

FTIR

spectrophotometer.[14]
X-Ray Diffraction (XRD)
Pure pyomelanin powder was made into discs 1 cm in diameter and 1-2 mm thick. The
pyomelanin pigment was scanned using a Shimadzu -LB6000 (Japan) X-ray diffractometer
operating at a wavelength of 1.54056 Å with a step size of 0.02 oand scanning rate of 2 o/min
X-ray beam at room temperature. Scattering intensity was recorded as a function of the
scattering angle.[15]
RESULTS AND DISCUSSION
Extraction and purification of pyomelanin pigment
Eight pyomelanoenic samples of Pseudomonas aeruginuosa were isolated from 143 clinical
samples from burns, urinary tract infections, respiratory tract infections and cystic fibrosis
patients which picked from (11) hospitals in Iraq divided into three provinces, Baghdad, AlAnbar and Karbala during the period of July 2013 to April 2014. These isolates were placed
on L-tyrosine agar plates for several days Figure [1-A&B]. The colonies were capable of
producing black / brown pigment which picked out and identified as P. aeruguinosa, based
on their morphological and biochemical characteristics as well as 16S rRNA sequence.
Utilization of L-tyrosine by P. aeruginosa increased and caused more growth of the
bacterium and pigment production. Maximum growth of the bacterium was observed on day
3 of incubation along with the maximum amount of pyomelanin production. The study of
pyomelanin requires separation and purification of the pigment from its biological
environment. The challenge is to develop procedures that do not modify the pigment during
isolation, so the pigment obtained is reflective of its native form.[12,16,17]
The purification process of pyomelanin pigment derived from P. aeruginosa isolates is
relatively easy and inexpensive, which needs only two steps. They are a simple acid
precipitation followed by centrifugation. The precipitation step done by using 1N HCl below
pH 2, which produced a brown flocculent precipitate in alkaline FeCl3 (test for polyphenols)
Figure.[2] These procedures are comparable to the pyomelanin purification protocols reported
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in previous studies.[18, 19, 20] The purified pigment was positive to all main qualitative physicochemical tests which were used to characterize pyomelanin pigment.
Physico- Chemical characteristics of pyomelanin pigment produced by local P.
aeruguinosa isolates
1.

The solubility in organic solvents

The solubility of pyomelanin pigment in organic solvents is very limited. Pyomelanin was
readily soluble in distilled water (both hot and cold), phenol, KOH and NaOH (100°C, 2 h),
and insoluble in different organic solvents such as methanol, chloroform, acetone, hexane,
ethyl acetate, benzene, methyl benzene, acetic acid, dichloromethane,

acetonitrile

and

petroleum ether solvents. The solubility results were in agreement with Sajjan.[21]
2. UV-Vis Absorption spectra
UV absorption spectrum of pyomelanin exhibited maximum spectral peaks which were in the
range of 235 -300nm for both extracted and standard synthetic pyomelanin pigments as
shown in Figure (3&4). An increase in wavelength decreases the absorbance of melanin
pigment progressively which is one of the most important criteria for the characterization of
pyomelanin Schaeffer.[19] showed that the log of optical density of a pyomelanin solution,
when plotted against wavelength, produces a linear curve with negative slopes. Such
characteristic straight lines with negative slopes have been obtained for pyomelanin produced
by some fungi.[15, 16, 12] The pigment produced by Klebsiella sp. GSK also gave a straight line
with a negative slope indicating that it was pyomelanin.[15] When the pyomelanin was
subjected to gradual dilutions, the absorbance decreased unevenly from the UV region to near
the red region. This is due to the presence of much complex conjugated structure in the
pyomelanin molecule. The similar reason that all spectra showed a strong UV absorption in
the 200-300 nm region that can be attributed to the Л=> Л * and n=> Л* of the amino,
carboxylic and aromatic moieties. Also, the presence of oxygen containing groups may
contribute to the dark color of pigments. It is clear that pyomelanin efficiently and rapidly
converts absorbed photon energy into heat.[17]
3. Fourier transform infrared (FT-IR) spectroscopy
FTIR spectroscopy technique was performed on extracted and standard synthetic pyomelanin
pigment samples to obtain information about the chemical structures assigned to O-H and NH stretching vibrations. The overlay of the FTIR spectra of synthetic and extracted
pyomelanin from the supernatant cultures showed a high degree of similarity Figure (5). The
www.wjpr.net
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spectra depict a broad absorption at 3, 410 cm−1, which is due to associated or polymeric OH
groups. The peak observed at 2927 cm_1 suggested the presence of aliphatic CH bonding
groups this is due to the asymmetric and symmetric stretching vibration of the melaninalginate beads and the melanin pigment, which is mainly due to the presence of an -O-H
group, usually H-bonded, and the presence of an aldehyde -C-H group. The analysis of the
1800-1400 cm-1 zone shows well defined maxima at 1651, 1516 and 1419 these maxima
absorption were assigned to carbonyl stretching (C =O) and to aromatic rings, C = C/ C=N
double bonds, conjugated with C =O and/or COO groups. While, 1455 cm-1 corresponding to
(C-H) vibrations modes, 1400 cm-1 caused by oscillation of O- H groups of alcohols. The
binding of metal ions to the melanin pigment causes a shift in the FT-IR vibration and
depends on the percent adsorption, respectively. Extracted pigment showed high degree of
resemblance in main absorption peaks which confirmed produced pigment is a pyomelanin.
These results were in agreement with previous studies on melanin pigment. [18, 19, 20]
4. X-Ray Diffraction (XRD)
The XRD spectra of the extracted and standard pyomelanin pigment present a single broad
diffraction peak on the 2h scale of 20°C in all the diffractograms forms (Fig. 6&7).
Pyomelanin structures are uncertain due to the amorphous, heterogeneous and insoluble
nature of these pigments.[21] Amorphous pyomelanins are not amenable to study by
crystallography. The scattering of X-rays by crystalline structures produces sharp peaks in the
diffraction spectrum that serve as a signature for the crystal that is analyzed. In contrast, the
amorphous compound melanin produces broad features in a diffraction spectrum, known as
non-Bragg features resulting in the absence of coherent scattering from regular.
and repeating structures as observed in crystals.[22,23,24] A consistent finding with all the
samples is the produced pigment was positive to all main qualitative physico-chemical tests
which were used to characterize pyomelanin pigment which was produced by local
Pseudomonas aeruginosa isolates.
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Figure (1): Pyomelanin

pigment produced on pyomelanin production medium. A:

after 24 h, B: after 72h. of incubation time at 37°C.

Figure (2): Extraction of pyomelanin pigment by using acid precipitation and
centrifugation.

Figure (3): UV absorbance of synthetic pyomelanin pigment.

www.wjpr.net

Vol 4, Issue 10, 2015.

295

Mahmood et al.

World Journal of Pharmaceutical Research

Figure (4): UV absorbance of extracted pyomelanin pigment.

Figure (5): FTIR spectra of synthetic (red) and extracted pyomelanin pigment (black).

Figure (6): X-Ray Diffraction of synthetic pyomelanin pigment from local isolates.
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Figure (7): X-Ray Diffraction of extracted pyomelanin pigment from local isolates.
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