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Isolation and characterization of novel carotenoid pigment from marine

Planococcus maritimus MBP-2 and their Biological applications

ABSTRACT

Background: Numerous types of carotenoids with other structures are produced by organisms
like bacteria, fungi, algae, yeast, higher plants, etc. In the present study, carotenoid pigment-
producing, orange or red-pigmented organisms were isolated from scraping from the ship hull.
Material and Methods: According to Bergey's manual of systematic bacteriology, the isolated
bright orange pigmented organism was identified based on morphology, biochemical and
physiological characters, strain myelin basic protein MBP-2 and identified as Planococcus
maritimus . Results: Orange pigment was extracted by solvent extraction method and characterized
by using UV-Vis spectroscopy, scanning electron microscope, Transmission electron microscope,
and Fourier-transform infrared spectroscopy. The Maximum absorbance was obtained at 447nm,
justify the presence carotenoid pigment in MBP-2 and FTIR results reveals the same. The
antibacterial activities were performed against gram positive bacteria, Staphylococcus aureus
(ATCC 25923) was 6 = 0.12 mm, Bacillus cereus (ATCC 14579) was 12.3 £1.02 mm and gram
negative Escherichia coli was 5.8+0.91 mm, Pseudomonas aeruginosa (ATCC 39315) was 5.6+
1.12 mm and Klebsiella pneumoniae (ATCC 13313) was 11.6+1.01. Furthermore antifungal
activities were tested against Aspergillus niger (5+£2.15mm), Aspergillus flavus (250 .85mm),
Pencillium commune( 14.8+1.15mm), Pencillium digitatum (12.0 £1.8) mmand showed sensitive
to some of the bacterial and fungal pathogens. The in-vitro cytotoxic activity of pigment showed

19.46 + 1.46% of cell death against DLA cells at 20pl/ml of the drug concentration. Conclusion:




The isolated orange carotenoid is a good source to treat antimicrobial, antifungal and anticancer

activates and further study to be implemented.
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1. Introduction

Natural pigments and synthetic colours are widely employed in many aspects of daily life,
including food, feed, textiles, paper, printing ink, cosmetics, and pharmaceuticals. Color additives
are necessary in the food industry since color is crucial in determining whether a consumer would
accept a food product. As a result, several artificial food colours have been produced, many of
which have adverse side effects. Uses of natural additives are becoming more and more popular
because of the toxicity of certain artificial colourants. As consumer awareness has grown, more
focus has been placed on the creation of natural colors derived from fruits, vegetables, roots, and
microbes (Goswami and Bhowal, 2014). The production of microbial pigments is a relatively
new phenomenon. The term "microbial pigments" refers to when microbial cells are used to create
the color (Masi et al., 2014). Bacterial pigments are also more environmentally friendly and have
better biodegradability. Carotenoids are more observed and studied. Bacterial pigments are used
extensively throughout various industries, including the food, pharmaceutical, cosmetic, textile,
and dye sectors. Recent study identified carotenoid biosynthetic different gene cluster which are

produced by Planococcus sp. CP5-4 [Moyo et al., 2022].

Carotenoid pigments are two types of colourants: natural and synthetic. Because they are toxic
and non-biodegradable, synthetic colourants are bad for the environment and people’s health.

Natural pigment produced by bacteria, fungus, plants, and animals is now in greater demand




(Sanchez-Muiioz et al., 2020). Bacterial pigments have been shown to have antibacterial
(Boontosaeng et al., 2016), antioxidant (Manimala and Murugesan, 2014), and anticancer
action, and they may play a significant role as a food coloring additive (Tibor, 2007). among the
different colors claimed to be produced by bacteria. Two types of natural carotenoids and
xanthophylls which are in orange and yellow in colour respectively (Berman et al., 2015).
Microorganisms that produce carotenoids include Paracoccus, Bacillus, Micrococcus,
flavobacterium, Sporobolomyces, Blakeslea trispora, Rhodotorula, and Phaffia (Manimala and
Murugesan, 2014). One of the most common natural pigments found in various plants and
microorganisms is carotenoids (Berman et al., 2015). Because of their demonstrated pro vitamin
A and antioxidant action, which are yellow, orange, red in color these are employed in the food,
cosmetic, and feed industries. About 700 distinct chemical structures with unusual colours and
biological characteristics make up these pigment (Stafsness et al., 2010). The lipophilic
isoproprenoid molecule known as carotenoids have double bonds that combine to form a light-
absorbing chromophore, giving them their coloring properties (Chirstaki et al., 2013).
Carotenoids are vulnerable to oxidation, isomerization, and light, heat, acids, and oxygen because
of these double bonds (Amorim-Carrihlo et al., 2014). Carotenoids may help bacteria adjust their
membrane fluidity so they may live in low-temperature environments. By absorbing or blocking
UV light, carotenoid also protects bacterial cells (Dieser et al., 2010). The present study confirmed
that the scraping from the ship hull samples producing orange pigmented bacteria Planococcus
maritimus MBP-2 and exhibited excellent biological activities including antimicrobial, antifungal

and cytotoxicity effects.

2. Materials and methods

2.1. Sample and Isolation




The experimental samples were collected randomly from marine biofilm sources by scraping
from the boat hull with help of a sterile spatula and it shifted to a sterile sample collection bottle.
Heterotrophic microbes were isolated by the standard plate method and pure cultures were

maintained.

2 2. Identification of MBP-2

We follow the study to Bergey’s manual of determinative bacteriology, isolated dominant
orange pigmented colonies (MBP-2) were obtained from the characteristic features of

morphological, biochemical, and physiological and also 16s TRNA Sequencing analysis.

2.3. Evolutionary relationships of taxa

The Neighbor-Joining method inferred the evolutionary history (Saitou and Nei, 1987). The
measurement (% ) of replicate trees in which the associated taxa clustered together in the bootstrap
test (100 replicates). This analysis involved 128 nucleotide sequences. Evolutionary studies were

conducted in MEGA11 Software (Tamura et al., 2021).

2.4. Pigment Production

A loop of pure cultured Pre-inoculum was inoculated into Luria Bertani broth and it was
incubated for 7 days in a rotary shaker at room temperature and in 120 rpm. The culture was
centrifuged for 10 min at 10000 rpm, and the supernatant was mixed with solvents to extract the
pigment. Using motor and pestle, pellets were grinding well in dark till pellet became colorless.
Extracted pigment in solvent was allow to concentrate and dried pigment was quantified. A

modified method carried out pigment production and solvent extraction (Gunasekaran, 2005).

2.5. Confirmatory Test for Carotenoids




Bacterial colonies were inoculated in to LB broth, incubated at 37°C at 120rpm for 3 days.
After the desired incubation the broth was centrifuged at 4°C at 8000 rpm for 10minutes. Pellet
was washed repeatedly using distilled water and centrifuged. and mixed with methanol and
incubate at 60°C for 15 minutes. The supernatant was filtered through Whatman No.1 filter paper
and collect the orange-pigmented precipitate was mixed with Sulfuric acid and water in a ratio of

1:9. The appearance of blue color is the confirmatory test of carotenoid

2.6. Pigment Extraction

The test organism was inoculated into the nutrient broth with pH 4 and incubated for 72 h at
27+ 2°C. Then, centrifuged at 10000 rpm for 10 minutes and collect supernatant and pellet, the
pellet was mixed separately with five solvents (I) Acetone, (1) Ethyl acetate, (III) Isopropanol,
(IV) Ethyl alcohol, (V Butyl alcohol. Extracted Pigment in solvents were compared for the

selection of powerful solvent.

2.7. Characterizations

Pigment extracted with ethyl alcohol was characterized by SEM (Scanning Electron
Microscopy and UV-VIS spectrophotometry, Transmission Electron Microscopy (TEM) which is
the preferred FTIR spectrophotometer (SHIMADZU 1730 model, JAPAN) in the diffuse

reflectance mode operating at a resolution of 0.2cm™
2.8. Antibacterial Activity

The antimicrobial efficiency of the orange pigment and green synthesized silver
nanoparticle from bacterial culture supernatant were tested by well diffusion method against the
bacterial pathogens such as Staphylococcus sp, Bacillus sp , Klebsiella sp , E.coli, Pseudomonas

sp. Muller Hinton Agar plates were prepared and wells prepared by cutting media using gel
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puncture. 50pg/50u! of pigment suspension as well as the appropriate control were added. The

zone of inhibition of bacterial was measured after incubate at 37°C for 24-48 h, the inoculum sizes

of 1x 10° cfu/mL (CLSI, 2012)
2.9. Antifungal Activity

The antifungal activity of bacterial pigment was assayed by using the well diffusion method
against Aspergillus niger, Aspergillus flavus, Pencillium commune, Pencillium digitatum. Pre
inoculam was prepared, uniformly spread on to Sabouraud Dextrose Agar plates, and 50y g/50u1
of sample were added to respective wells with control. The zone of inhibition of fungi was

measured in mm after incubation at room temperature for 48-72 hours (CLSI, 2012).
2.10. In-Vitro Cytotoxicity

The cytotoxicity analysis was performed using Dalton’s Lymphoma Ascites cells (DLA). Cell
viability was determined by trypan blue exclusion method. Viable cells suspension (1x10° cells in
0.1 ml) was added to tubes containing different concentrations 1, 2, 5, 10 and 20 ul/ ml
Planococcus maritimus orange pigments and the total volume up to 1 ml using phosphate buffered
cell line (PBS) followed [Thavamani et al., 2014; Devanesan and Alsalhi., 2021]
Statistical evaluation
The statistical evaluation was performed with simple Microsoft excel and mean and standard
deviation with >0.005.
3. Results

The collected samples of large numbers of orange pigment producing bacteria (Fig. 1a.) were
selected (MBP-2) for further investigations. The preliminary identification of bacterial isolate was

revealed by Bergeys Manual Determinative Bacteriology (Fig. 1b.) and Molecular Identification.




The genomic DNA of MBP-2 was isolated, quality was checked using the Agarose gel
electrophoresis (AGE) (Fig.1c.) was captured under UV light using Gel Documentation System
(Bio-rad). Isolated DNA shows the molecular weight of 1.5 KB were subjected to PCR. The
sequencing reaction was done in PCR thermal cycle and sequence quality was checked using
sequence scanner software vl (Applied Biosystem). Sequences were BLAST in NCBI, shows that
MBP-2 was 99.88% similarity with Planococcus maritimus. GenBank accession No- OP872634.
Evolutionary analyses were conducted in MEGA11.The tree was constructed with maximum
likelihood tree, with branch lengths in the same units as those of the evolutionary distances used
to infer the phylogenetic tree and 100 repeated number used with traditional rectangular method.

(Fig. 1d.).

Pigment production was quantified the optimum conditions like, pH 7, Incubation time 72 h
by using nutrient broth. The extracted pigment in ethyl alcohol was quantified 2.064 g /L (Fig.2.).
The maximum biomass dry weight and carotenoid production at 96 h and pH 8, were 3.71g/L and
9.39 mg/100g respectively. Carotenoid production and dry weight biomass were increased in

higher pH than the lower pH studied.

In UV —VIS spectroscopy, maximum absorbance of orange colored pigment was obtained at
447 nm (Fig-3a). It was confirmed the presence of carotenoid pigment. The FTIR spectrum report
was analyzed and interpreted corresponding to the standard peak values 3345.36 Symmetrical
stretching of Hydroxyl group (-OH), 1635.25 presence of amide, 1403.47 stretching vibration
presence of aromatics (C-C) 1357.35 N-O stretching vibrations presence of nitro compounds
1085.62 and 1045.60 C-N stretching vibration presence of aliphatic amines (Fig.3b). FTIR
conform the presence of carotenoid. Similar studies reported the FTIR bands at 1653-1661cm™!

indicates the presence of chlorophyll 1424-1426 ¢cm ! as -C-H- (CH2) bending vibration from
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methylene of carotenoids or lycopene, 1366-1367 ¢cm -1 band as the B-ionone ring of B-carotene
due to the C-H, (-CH3) symmetrical bending. Surface structures of orange pigment was visualized
in various magnification under scanning electron microscope (Fig.3c) and also used to

measurement of transmission electron microscope TEM (Fig.3d).

The antibacterial activity of orange pigment was analyzed after the incubation with a different
concentrations 40-80 pg/ml concentration of pigment was able to inhibit mostly tested pathogens,
the plates were observed for the zone of inhibition (Fig.4 (a-b). The of zone of inhibition results
of both gram positive and gram negative pathogens results were B. cereus was 12.3 £ 1.02 mm, S.
aureus was 6 + 0.12 mm, K. pneumoniae was 11.6 £ 1.01. E. coli was 584091 mm and P.

aeruginosa was 5.6+ 1.12 mm.

The Antifungal activity of pigment extracted was assayed with different concentration of
orange pigment 40-80 pg/ml (Fig.5 a-b.). Orange pigment showed the excellent inhibition activity
against tested organisms was 25 + 0.85mm against A. flavus, P. commune was 14.8+1.15mm, P.

digitatum 12.0 = 1.8mm and minimal inhibition results was against A. niger was 5 £2.15mm.

The pigment shows a good cytotoxicity of 17.6% of cell death against DLA cells at 20 p1 (Fig.
6a and b). For the in vitro cytotoxicity analysis, the different concentration of pigment is added
with DLA cells. The carotenoid pigments from an extremophilic Deinococcus sp UDEC-P1 and

Arthrobacter sp.

3. Discussion

In the present investigation isolate orange pigment MBP-2 identified as Planococcus
maritimus and studied their biological activities including antimicrobial, antifungal and
cytotoxicity effects. There are numerous enzymes are responsible for the formation of pigments

8




(Pandey et al, 2018). Another work on yellow pigment from Micrococcus sp produced maximum
carotenoid at 35°C, pH 6 and at 96 h, the maximum yield was 4.13 g /1 and 9.97 mg /100 g of
carotenoid in apple pomace based medium (Nisha and Thangavel, 2014; Maoka T, 2019).
Psychrotrophic Planococcus maritimus produced maximum carotenoid yield at 10 °C after 6 days
of incubation at pH 7 in BHI; the highest production was at 3% NaCl concentration (Kushwahal
et al., 2020). Psychrotrophic Planococcus maritimus producing carotenoids showed maximum

absorbance at tentative peaks 458 nm and 437 nm, with control (Kushwahal et al., 2020).

Methanol extract of the carotenoid pigments analyzed using UV-Vis in the 200-800 nm range
showed the maximum absorbance at 466 nm as similar observation was reported (Vila et al., 2019;
Yan et al., 2001). Similar studies were reported that, most of the carotenoid pigments have

maximum absorption range between 375 -505 nm (Sahin, 2011; Kusmita et al., 2017).

Interestingly, the bands in the range of 1511-1530, 1153-1159 and 1003-1010 ¢cm ' also
represent bacterial carotenoids (Kushwaha et al., 2014). FTIR spectra of carotenoid pigment from
bacterial species functional peaks at 1661, 1653, 1654 and 1655 cm-1 the peaks in range between
1600 to 1670 correspond to protein (Suresh et al., 2016) and the peaks of 1425, 1426 and 1424
cm-1, are the vibrations of methylene in Beta carotene standard at 1450.68 cm-1 peak height

(Parlog, 2011; Bermejo et al., 2021).

The pigment produced by Planococcus maritimus of the present study exhibited good antibacterial activity
against B. cereus and K. pneumoniae. The similar study was reported orange pigment involve the treatment
of bacterial pathogens which penetrate to cytoplasmic membrane was broken (Zhao et al., 2016). Recent
study was reported that Planococcus maritimus to shield the Caenorhabditis elegans from damaged
by Vibrio anguillarum [Li et al., 2021]. The present study exhibits excellent antifungal effects of

Aspergillus niger , Aspergillu sflavus, Pencillium digitatum ,Pencillium commune, the similar effects of




antimicrobial and antifungal effects of Planococcus sp halophilic bacterium which are capable to produce
the variety of secondary metabolites act as an antioxidant agent [Waghmode et al., 2020]. UDEC-A13
were the compound with anticancer activity and were reported to be used as a novel anticancer agent (Tapia
etal., 2021). Another study reported the P. maritimus SAMP MCC have a good source of cytotoxic effects

with different cell line [ Waghmode et al., 2020].

4. Conclusion

The present study concluded, according to Bergey’s manual of systematic bacteriology, the
isolated dominant organism Planococcus maritimus MBP-2 was identified. To confirm with
different characterizations UV spectrum and FTIR obtained the presence of carotenoid pigment.
The carotenoid pigment produced by Planococcus maritimus is exhibited good antibacterial
activity against Bacillus sp (12.3 £1.02 mm) and Klebsiella sp (11.6+1.01) and also excellent
antifungal results were observed for A. flavus ( 25+0.85 mm) , P. commune ( 14.8£1.15mm) and
P.digitatum (12.0 £1.8 mm). The in-vitro cytotoxic activity of pigment of cell death against DLA
cells. This study suggested that, the orange pigmented bacteria Planococcus maritimus MBP-2

may use as an excellent antimicrobial, antifungal and cytotoxic agents.
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Figure Captions

Fig. 1. (a) Orange pigment producing bacteria; (b) Identification of bacterial revealed by Bergeys
Manual Determinative Bacteriology; (c) Isolated the DNA from MBP-2 and identified by agarose

gel electrophoresis; (d) phylogenetic tree analysis showing the Planococcus sp.

Fig. 2. The optimization process of Orange pigments quantification by using nutrient broth

medium (optimum pH 7 at 72 h)
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Fig 3. Characterizations of identified pigment producing bacteria (a) Orange colored pigment -UV
absorbance; (b) FTIR spectrum of carotenoid pigment from bacterial species; (c) Scanning electron
microscopy of Orange color pigment; (d) Transmission electron microscopy of Orange color

pigment

Fig. 4. The antibacterial activity of orange pigment against Staphylococcus sp., Bacillus sp.,

Escherichia coli, Pseudomonas sp., Klebsiella sp. (a) Zone of inhibition mm (b) plate observation

Fig. 5. The Antifungal activity of A. niger , A. flavus, P. digitatum, P. commune pigment extract

(a) Zone of inhibition mm (b) plate observation

Fig. 6. Effect of orange pigment on cytotoxicity effects with different concentration by MTT assay

in DLA cells

Figures
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