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ABSTRACT

Biodegradability, non-toxic nature and therapeutic nature of the natural pigments, colorants and dyes make an alternate and
attractive source for human use. The current study aimed to screen and identify pigment producing Pseudomonas aeruginosa from
garden soil using pseudomonas isolation agar and its species level was identified under the guidance of Bergey’s manual. Different
incubation times were provided to optimize its maximum pigment production. There was a slight colour change in the media
observed, for the first three days during the incubation of P.aeruginosa in nutrient broth. The colour change was notable from the
fifth day onwards. On the seventh day, it was dark green and continued on until the end of the incubation time. The validity of this
experiment was demonstrated by colorimetric method. The pigment concentration was low (0.076+0.18) during the third day of
colorimetric reading. The concentration of pigments was gradually increased at the time of the fifth and seventh day of colorimetric
observation. The concentration of pigment production in optical density was increased at 9t day observation (1.873+0.16). The
colorimetric reading in the following days was more or less the same. The density of the pigments remained intact.
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INTRODUCTION

Biodegradability, non-toxicity and non carcinogenicity of the natural
dyes and colorants derived from natural flora and fauna make an alternate source for human use (Joshi et
al., 2003). Plants and microorganisms are the natural colorant resources of nature and are great
alternatives to synthetic dyes and pigments currently employed (Parekh et al., 2000). In today’s living
conditions, the impact of natural pigment is rapidly spreading and raising awareness among people. The
side effects of chemical colouring agents cannot be listed and they are the important cause of diseases that
affect the human species (Kamla et al., 2012).

Among natural pigments, pigments from microbial sources are potentially good alternatives to synthetic
pigments (Dufossel,2006). Pigments responsible for bright colours are synthesized almost exclusively by
bacteria belonging to genera Pseudomonas, Streptomyces, Nocardia, Sorangium, Brevibacterium,
BurkholderiaandBacillus. Among them Pseudomonas is most eligible pigment producing agent (Yuodim et
al., 2002). Pigments posses some inhibitory effects towards many bacterial strains and microorganisms
commonly present in medical and industrial process. It is nontoxic, safe and inorganic antibacterial agent.

Behind the discovery of many diseases, it has become important to bring our rare species of plants and
antimicrobial agents for those dreadful diseases (Hawkey 2008; Jemal et al., 2011). The phytochemical
analysis of many plants emphasized that the secondary metabolites are bioactive compounds with
medicinal properties like antibacterial, antifungal, antioxidant, antidiabetic and anticancer (Gurib-Fakim
2006; Phillipson 2007).

Pharmaceutical industries turned researchers to find potential components in these pigments that have
important therapeutic applications (Muhammed numan et al.,2018). The toxic effect of many drugs compel
pharmacist to search new sources of drugs that are safer in use and antibiotic of broad spectrum potential.
The current increase in the drug resistance in the pathogen might be due to the increased use of present
antibiotics. Products of the microbesin particular isolated from novel ecosystem can be a potential
alternative source for new drugs (Mellouli et al., 2003). Considering the pharmacological potential of
bacterial pigments, and realizing the importance of natural pigments and its positive impact on society, the
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work plan was designed to synthesize natural pigments from Pseudomonas aeruginosa.
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Materials and Methods

Glassware preparation

All glasswares used were cleaned with 6N HCI to remove residual iron and rinsed with distilled water. All
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growth media and reagents were prepared in the same water.
Isolation of Escherichia coli

Sewage sample was collected in a sterile conical flask and was streaked on EMB agar plates using
qguadrant streak method. The incubation time of 24-48 hrs were provided at 37°C. E. coli were appeared as
metallic sheen on EMB agar plates. Then the strains were maintained on nutrient agar slants at 4°C. Thus
obtained colonies were stored in agar slants for further microbiological, biochemical and physiological
characterization. Cultures obtained were made free of contamination at frequent intervals by streak
plating and sub-culturing. The isolated bacterial cultures by using selective media were subjected to the
following tests adopting the scheme recommended by Bergey's Manual, (1998). A loopful of E. coli bacterial
strain was inoculated into 50ml of sterile nutrient broth was incubated on a rotary shaker for 24hours to
activate the strain. Muller Hinton Agar medium was used as a bacterial culture medium in the antibacterial
assays.

Isolation of Pseudomonas aeruginosa

The soil samples were collected from the botanical garden of Millerpuram, Thoothukudi, at a depth
of 5cm from the substratum. It was collected in sterile containers aseptically and transported immediately
to the lab and processed for bacteriological analysis. The collected sample was serially diluted from 1072 to
10 and the diluted samples were plated on both nutrient and Pseudomonas Isolation Agar. The plates
were incubated at 37°C for 24hrs. After incubation, the total Bacterial Count from Nutrient Agar plate and
the individual colony from Pseudomonas Isolation Agar (PSI) were screened for pigment production. The
selected strain was streaked on nutrient agar slant and stored at 4°C for further analysis. The bacterial
cultures on PSI are identified based on the morphological and biochemical characteristics outlined by
Kannen et al., (1978).

After biochemical confirmation, stored Pseudomonas culture was quadrant streaked on Nutrient agar
plate to check its purity. Well isolated purified colonies were stored for experimental purposes. The mass
cultivation has done by preparing 100 ml nutrient broth and was sterilized at 121 lbs for 15minutes
followed by the cooling of the medium. The stored P.aeruginosa was inoculated aseptically into the sterile
nutrient broth.

Pigment production

An incubation period of 10 days was provided. But once every two days, the sample was collected,
centrifuged at 8000 rpm for 15 min and both the supernatant and bacterial cell pellets were collected.
Bacterial pellets were then extracted using either 95% (v/v) methanol or 99% (v/v) acetone in the ratio of
1:5 until the pellet was colorless, i.e., complete pigment extraction was achieved and then the pellet was
discarded. The pigment extract was then analyzed by scanning the absorbance in the wavelength region of
580nm using a colorimeter. This was performed for 14days and results were collected in triplicate (Kamla et
al., 2012).

Antibacterial Activity

To test the antibacterial activity of pigment, agar well diffusion method (Kirby-Bauer method) was
followed (Bauer et al., 1966). Cultured E.coli was used for this assay. A sterile cotton
swab was dipped into the bacterial suspension and evenly streaked over the entire surface of sterile Muller
Hinton agar plate to obtain uniform inoculum separately. Wells were punched on the plates using sterile
borer (8mm). The plates were allowed to dry for 5 min. pigment extract (25, 75, 100ul) were dispensed
into each well using sterile micropipette. Streptomycin (10ul) was used as positive control. The plates
were incubated overnight at 37°C. Antibacterial activity was determined by measuring the diameter of
zone of inhibition (mm).

Result and Discussion
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Pigment Production

During the incubation of P.aeruginosa in nutrient broth, for the first four days, there was a slight
colour change in the media. The colour change was notable from the fifth day onwards. On the ninth day, it
was dark green and continued on until the end of the incubation time (Plate 2). The validity of this
experiment was demonstrated by colorimetric observation also. The pigment concentration was low
(0.076+0.18) during the third day of colorimetric reading. At the time of the fifth and seventh day of
colorimetric observation, the concentration of pigments was gradually increased (Figl). The concentration
of pigment production was high during the ninth day of optical density(1.873+0.15).

Analysis of antibacterial activities

Using selective media, the bacterial cultures were isolated and they were subjected to various
microbiological, biochemical and physiological analysis (Platel &3) to identify its species level and it was
tabulated (Table 1). The antibacterial activity was expressed in terms of Zone of Inhibition and the amount
of 25, 50, 75ul extracts were used for the assay (plate4 &5). The results of the antibacterial activities are
presented in Table2. The antibacterial activity was increased with increasing volume of extract. The
pigment extracts of 75ul volume showed significant antibacterial activity against E.coli isolates tested . The
growth inhibition zone measured for E.coli ranged from 2to 7mm (Table 2). The colorimetric reading in the
subsequent days was more or less the same. The density of the pigments remained intact.

Tablel Microbiological, biochemical and physiological analysis of isolates
Properties E.coli P.aeruginosa
analysed

Microbiological Analysis

Simple Rod Rod
staining
Gram staining - -
Spore staining - -
Motility + +
Biochemical Analysis

Catalase + +
Oxidase - +
Hydrolysis of - +
Gelatin

Casein - -
Starch -
Lipid + +

Fermentation of

Lactose - -
Dextrose + -
Sucrose (-) -
Arabinose - +
Xylose - -
Manitol - +
H,S - (+)
production
NOsproduction + +
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indole - -
MR reaction + -
VP reaction - -
Citrate utility - +
Urease activity - -
Physiological

Analysis

Temperature

4°C - -
15° C
30°C
41° C
50° C
65° C - -
Effect of P"
5.7 - +
6.8 + +
8.0 - -
Nacl tolerance
2.5% - +
5% - (+)
7% - -
Growth on - +
MacConkey
+ positive results  (90-100% positive)
- Negative results (0-10% positive )
(+) weak positive (76-89% positive)

+ |+

Table 2 Antibacterial activities of pigment on E.coli

Fraction of the Extract Zone of Clearance (mm)
() E.coli

25 2+0.19

50 4+0.13

75 7+0.09

Standard deviationdtmean

Platel.lsolated colonies of P.aeruginosa

®

O

iz

E?
2
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Plate 2 Piment production during 10" day of Incubation
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Plate.5.Antibacterial effect of the pigment on E.coli
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Fig.1. Pigment production from Pseudomonas aeruginosa
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Microbial pigments are the characteristic feature of some bacteria which may be useful in
identification. Bacterial pigments offer promising avenues for various applications due to their better
biodegradability and higher compatibility with the environment (MeghaWaghela and Shabib Khan, 2018).
The present experiment revealed that the microorganism P.aeruginosa isolated from the soil produces a
large amount of pigments. The advantages of pigment production from microorganisms comprise easy and
fast growth in cheap culture medium, independent from weather conditions and colors of different shades
(Sinha et al., 2017). According to the above assertion, the simple, easiest nutrient broth medium was used
for the pigment producing P.aeruginosa respectively.

These compounds have remarkable anticancer, immunosuppressive, inflammatory, antimicrobial
and antioxidant activities (Korkina 2007). Recently, a review has been published on the biosynthesis of
these compounds from bacteria (Singh et al., 2017). With the passage of time the investigation of new, vital
and bioactive compounds from bacterial sources increased as compared to other sources. For example,
anthocyanin, a compound that have diverse biological activities and positively affect health and have the
property to reduce the risk of cancer (Kong et al., 2003; Katsube et al., 2003; Lazze et al., 2004; Martin et
al., 2003; Kim et al., 2012). Anthocyanin is also involved in reducing the chances of inflammatory insults
and have role in modulating the immune response (Youdim et al., 2002; Wang and Mazza 2002). As
another example, violacein has the properties such as antiviral (Sanchez et al., 2006), anticancer (Ferreira
et al.,, 2004; Kodach et al., 2006), antiprotozoan (Matz et al., 2004), antioxidant activities (Konzen et
al., 2006) and antibacterial activities ( Nakamura et al., 2002).

There is growing interest in microbial pigments due to their natural character, safety to use,
medicinal properties, nutrients like vitamins, production is independent of season and geographical
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conditions, and controllable and predictable yield (Nakashima et al., 2005).Again bacterial pigments can be
produced from waste material thus environmental pollution can be minimized (Joshi et al., 2003; Kamlaet
al., 2012). In the present work, the periodical colorimetric observation of pigment production revealed that
the highest production or colour change occurred on the 9" day of incubation and very low pigment
production on 3" day of incubation. After 9" day, not much notable increase in the optical density was
observed. This in turn indicated that, there was no more pigment production in the medium.

Sewage is commonly a cloudy aqueous solution containing minerals and organic matter. The
sewage water without treatment was simply discharged into the nearest large body of water such as river,
which leads to contamination of rivers and lakes chronically affecting the flora and fauna. Bacteria are
considered as serious pathogens, which cause diseases and subsequent economic losses. Among the
bacterial diseases, Gram-negative bacteria such as E.coli and Enterobacter predominantly affected not only
human beings but also the fishes. The microorganisms present not alone in the sewage water but also in
the wastewater from the distilleries which contains the microbial stains such as Enterobacter sp,
Corynebacterium sp and Micrococcus in large amount (Vasanthy and Thamarai selvi, 2006). This is what led
to the discovery of today’s drugs and acted as a stimulus.

In today’s fast-paced world, there is an urgent need to discover new antimicrobial and anti-tumour
agents following the discovery of many infectious diseases. Because of safe and effective constituents of
plant products, the interest in medicinal plants has been shown all over the world. Particularly the
presence of active components and principles are acting as a good immunomodulators.

The reason may be, once the nutrient content in the media began to decrease, the bacteria began to
produce pigments to save their lives (antagonism) so it is for this reason, that bacteria not producing
pigments in its early days began producing pigments in later days when there is food shortage come.
Chidambaram et al., (2013) clearly mentioned that, Pseudomonas aeruginosa produces a variety of
extracellular pigments and they are biologically active metabolites that function in microbial
competitiveness.
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