
S112� Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 2 (Suppl) | Apr-Jun, 2019

Original Article

www.ijper.org

Biosynthesis, Characterization and Antagonistic 
Applications of Extracellular Melanin Pigment from 
Marine Nocardiopsis Sps

Neethu Kamarudheen, Thahiya Naushad, Kokati Venkata Bhaskara Rao*

Department of Biomedical Sciences, School of Biosciences and Technology, VIT University, Vellore, Tamil Nadu, INDIA.

ABSTRACT
Context: Although there is an abundance of several microbial phyla in the oceans 
actinobacteria have emerged as a major source for natural products. Streptomyces sps is 
the widely encountered actinobacteria. Lately, Streptomyces are increasingly been used 
for pigment extraction. Aim: The aim herein was to extract bioactive melanin pigment 
from rare actinobacteria, which is a not a widespread occurrence. Materials and Methods: 
Marine samples were collected aseptically from the waters of the Arabian Sea, Allepey, 
Kerala, India. Isolation was performed by serial dilution method upon dry heat treatment 
and pre-enrichment technique on Actinomycetes Isolation Agar. Selected potent isolates 
were fermented and the pigments were extracted. Thereafter the pigment was analyzed 
by various techniques viz., thin layer chromatography, UV-Visible spectrophotometry 
and Fourier Transfer Infra Red spectroscopy. Further, the pigment was evaluated for 
its antibacterial, anti-biofilm and anti-quorum sensing potential. Results: The isolates 
were designated as JN1 and JN2 and their respective extracts JN1M and JN2M. JN1M 
was found to be inhibiting biofilm forming clinical isolate Staphylococcus sp. showing 
an activity of 64.20 ± 3.33% and pigment from JN2M 65.99± 2.81%. The melanin 
pigment also exhibited considerable activity against various human pathogens. The 
isolate JN1 was identified as Nocardiopsis dassonvillei strain JN1 (accession number: 
KX263302) and JN2 as Nocardiopsis sp (accession number: KX263303) by conventional 
and molecular techniques. Conclusion: With reference to previous reports, this is one of 
the very few reports of marine Nocardiopsis dassonvillei exhibiting melanin production. 
Thus it has established the production of melanin from rare actinomycetes, N. dassonvillei 
in specific.
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Key Messages: There has been a step up in the demand for microbial pigments. 
Melanin is increasingly being used in biomedicine (against cancer, Parkinson’s disease, 
as antimicrobials) and in cosmetic industries. We herein investigated the production of 
melanin from rare actinobacteria which is an uncommon occurrence. The ability of the 
pigment to determine anti-quorum sensing activity is a research highlight.
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INTRODUCTION
The marine realm hosts diverse life forms 
including plants, animals and microorgan-
isms. Among the marine microorganisms, 
actinobacteria are well documented for the 
production of  chemically diverse bioactive  
compounds.1-2 Marine actinobacteria Dietzia,  
Marinispora, Nocardiopsis, Rhodococcus, 
Salinispora, Streptomycetes, etc. are being 
increasingly exploited for the discovery  
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of  structurally and functionally different 
bioactive substances.3 Among the microbial  
bioactive compounds that have been obtained  
so far more than 10000 bioactive compounds  
(enzymes, enzyme inhibitors, antibiotics,  
pigments and single cell proteins) are 
reported from actinobacteria and they are 
noteworthy as structurally diverse secondary  
metabolite producers.4-5
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Bacterial pigment production is one of  the emerging 
fields of  research. Actinobacteria showed considerable  
interest owing to their ability to produce pigments. 
Microbial pigment production by fermentation technol-
ogy is more dynamic and economic. These pigments 
are biodegradable, less toxic and highly stable than 
synthetic and plant pigments. Microbial pigments have 
wide industrial application as food colourants, dying 
agents and as pharmaceutical agents.6 Pigments like  
carotenoids, anthraquinone, zeaxanthin, lycopene, melanin  
etc. have been synthesized from microorganisms.7

Actinobacteria are known for producing dark coloured 
pigments melanin or melanoid which is a benchmark for 
taxonomical characterization.8 Biosynthesis of  melanin  
in lower organisms is by tyrosinase concept. In the pres-
ence of  enzyme tyrosinase and oxygen, tyrosine gets 
oxidized to 3, 4-dihydroxyphenylalanine (DOPA) and is 
converted to DOPA-quinone by the further oxidation  
process. After undergoing several reactions DOPA- 
quinone is converted to an indole derivative which 
polymerizes to form melanin.9-11

Recent studies revealed that the function of  melanin is 
associated with the protection against environmental 
stress. Melanin-producing bacteria are found to be more 
resistant to antibiotics. These properties make melanin 
an important bioactive material with various industrial 
applications. Studies also revealed the antibacterial and 
antiviral properties of  melanin which opens a new area 
in the field of  research. Melanin and its derivatives are  
used for the therapeutic agents to cure neurodegenerative  
diseases like Alzheimer’s disease, retinitis pigmentosa, 
schizophrenia and dementia.12

Thus, in our study, we intend to explore the production 
of  melanin, a biotechnologically relevant biomolecule. 
Although Streptomyces spp are widespread producers 
of  melanin, the contribution of  rare actinobacteria in 
this is comparatively less. This makes us explore the 
potential of  rare actinobacteria in melanin production. 
Nocardiopsis is a genus of  rare actinobacteria that thrive 
in alkaline soil with high salinity.13 It has been reported 
to produce anti-cancer, anti-fungal, anti-candidal and 
anti-microbial agents. It is also interesting to note the 
production of  tetrodotoxin.14-17 However herein the 
ability of  production of  melanin by Nocardiopsis spp is  
explored. The study undertaken was focused on the  
isolation and characterization of  melanin-producing 
actinobacteria from marine soil sediments. It also dealt 
with the physical and chemical characterization of  
derived melanin. This is the first report on the production  
of  melanin from marine Nocardiopsis dassonvillei.

MATERIALS AND METHODS
Materials

Dimethylsulfoxide, ferric chloride, ethyl acetate, Ninhydrin  
solution, absolute ethanol, methanol, disodium phosphate,  
ammonium molybdate, trichloroacetic acid were pur-
chased from Sisco Research Laboratories Pvt. Ltd. (SRL) 
- India. Yeast extract iron agar (ISP6) and tyrosine agar 
base (ISP7), Starch casein agar (SCA), Actinomycetes  
isolation agar (AIA) were obtained from HiMedia  
Laboratories Pvt. Ltd., India. All the chemicals purchased  
were of  analytical grade.

Instruments

Major instruments used for this study include UV-Visible  
double beam spectrophotometer 2202 (Systronics), 
Attenuated Total Reflectance- Fourier Transform Infra-Red  
spectroscopy (ATR-FTIR, Schimadzu Affnity1), Scanning  
Electron Microscope (SEM- Zeiss [EVO18]) and MJ 
Research Peltier Thermocycler.

Sample collection and processing

For isolation of  actinobacteria, 2 different marine soil 
sediment samples were collected from the Allepey 
Beach, Alappuzha, (9.54°N, 76.40°E). The samples were 
brought to the laboratory in sterile polyethene bags and 
were stored for further analysis at 4°C. 

Isolation of rare Actinobacteria

Three different methods were performed for the selective 
isolation of  actinobacteria from collected marine soil  
samples. One gram of  each sample was diluted with  
9 mL of  sterilized marine water up to 10-7 dilution. For 
eliminating the contamination of  unwanted bacteria, 
Streptomyces and fungi, the dry heat treatment method 
was employed. The samples were heated at 120ºC for  
60 min in a hot air oven and 10 fold dilutions were  
prepared by serial dilution technique. 0.1 mL of  the 10-5, 
10-6 and 10-7 dilutions were plated on starch casein agar, 
actinomycetes isolation agar, tyrosine agar base (ISP7), 
M1 media (starch-10g, yeast extract-4g, peptone-4g, 
agar-18g per 1 litre of  seawater) and M6 media (beef  
extract-4g, peptone-4g, yeast extract-1g, glucose-10g, 
sodium chloride-20g, agar-20g per 1 litre of  distilled  
water). In the pre-enrichment method, sterilized actino-
mycetes isolation broth with 1 gram of  the sample was 
incubated at room temperature for 7 days in shaking 
condition at 120 rpm. 0.1 mL of  enriched broth was 
then inoculated onto starch casein agar, actinomycetes 
isolation agar, ISP7, M1 and M6 media. All the plates 
were observed for any growth for a period of  21 days.
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Screening for melanin producing actinobacteria

To determine the melanin production, Peptone Yeast 
Extract Iron agar (ISP6) and tyrosine agar base (ISP7)  
media were employed according to the standard protocol.  
All the actinobacterial isolates were streaked on ISP6 
and ISP7 media for the screening of  melanin-producing 
actinomycetes. These plates were incubated for 7 to 14 
days at room temperature to observe the black diffusible 
pigment in media. From 20 distinct isolates, one poten-
tial melanin producer was selected for further analysis. 
The isolates were cultured in SS media (Soluble starch-
25g, glucose-10g, yeast extract-2g, calcium carbonate-3g  
and trace elements-1 mL) and incubated in both shaking  
and static conditions for 7 to 14 days at room temper-
ature with respective controls for observation of  any 
extracellular pigment production.

Melanin formation test and fermentation

The standard protocol for the brown melanin formation 
test was followed with slight modifications. The culture 
broth medium was centrifuged at 8000 rpm for 15 min  
to obtain a cell-free suspension of  crude pigment. 2 mL  
of  this cell-free supernatant was treated with 1 mL of  
0.4% L-3 4-dihydroxyphenylalanine (L-DOPA) and 
incubated at 37°C for 60 to 120 min to observe black 
colouration due to dopachrome formation. The absor-
bance was read spectrophotometrically at 480 nm.18 
Thereafter the isolates were cultured in SS broth and 
incubated at room temperature for 14 days at 250 rpm 
for the production of  crude melanin.

Optimization of culture conditions for higher 
melanin production
Effect of carbon and nitrogen sources on melanin 
production

Effect of  carbon sources on melanin production was 
studied using five different sugars (lactose, sucrose, 
fructose, mannitol and galactose). For determination of  
the effect of  nitrogen sources on melanin production, 
nitrogen sources such peptone, casein, L-tyrosine and 
L- asparagine were used. These nutrient sources were  
prepared in 10% solution and were sterilized using  
bacteriological membrane filter. The sterilized solutions 
were then added to SS broth to give a final concentration  
of  1% of  C and 0.1% for the N2 source. The inoculated  
broth cultures were incubated in a rotary shaker for 
14 days at room temperature. Estimation of  sugar was 
done with culture filtrate and L-DOPA. The dopachrome  
formation was read at 480 nm using UV-Vis spectro-
photometer.

Effect of temperatures on melanin production

Melanin production by the two isolates under different 
temperatures was studied by incubating the inoculated 
cultures at 25°C, 30°C, 35°C and 40°C for 14 days. The  
cell-free supernatant was used for the dopachrome  
formation test.

Effect of pH on melanin production

The pH of  SS broth was adjusted to acidic (6.0 and 6.5) 
neutral (7.0) and alkaline conditions (7.5, 8.0 and 8.5) 
and the flasks were inoculated with the two isolates to 
observe the effect of  pH on melanin production.

Effect of different concentrations of marine water on 
melanin production 

The concentrations of  marine water in media were varied  
accordingly to 25%, 50%, 75% and 100% and its effect 
on melanin productions were observed with 14 days old 
cultural filtrate.

Selective extraction and purification of melanin

For extraction and purification of  melanin, the production  
broth was centrifuged at 8000 rpm for 20 min. The cell-
free supernatant was treated with 6M HCl to precipitate 
the pigment at a pH of  2.0. After letting stand for 4 h 
the supernatant was centrifuged at 9000 rpm for 15 min. 
The precipitate obtained was washed three to four times 
with distilled water and centrifuged further at the same 
conditions.19

Physiochemical characterization of melanin

The solubility of  melanin was observed by dissolving 
melanin (5mg/mL) in different organic and inorganic 
solutions with varying polarity. Melanin dissolved in 
DMSO was subjected to various temperatures at 20°C, 
40°C, 60°C, 80°C and 100°C in a water bath for 2 h and 
the temperature stability was scanned (200 nm -800 nm) 
in a UV-visible spectrophotometer. The pH of  melanin 
was adjusted to 4, 6,8,10 using 1N HCl and 1N NaOH 
let stand for 30 min at 25°C. This was scanned for its 
absorbance using UV-VIS spectrophotometer.

UV-Visible spectra of melanin

An amount of  0.1g of  crude melanin was dissolved in  
2 mL of  alkaline distilled water (prepared by adding 
0.1N sodium hydroxide to distilled water) with pH 10. 
The resulted solution was scanned with UV-VIS spectro
photometer at wavelengths 200-800 nm and absorption 
spectra were analysed.

TLC analysis

The extracted pigment was spotted on TLC and was 
run in the solvent system consisting of  n-butanol, acetic 
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acid and water (70:20:10) and the retention factor for 
pigment by both isolates were measured.

Fourier transform infrared (FTIR)

FTIR is a rapid and non-destructive technique used for 
the structural characterization of  unknown samples. 
It is one of  the most standout technique used for the 
detection of  functional groups in a compound. The 
FT-IR spectra of  the sample were recorded on FT-IR 
instrument (ATR-FTIR, Schimadzu Affnity1) in order  
to characterize the presence of  functional groups in  
isolated pigments. The 2 mg of  the isolated compound 
was added in 200 mg of  potassium bromide (KBr- 
FT-IR grade) and prepared as discs pellet. All measure-
ments were carried out in the range of  400-4000 cm-1 at 
a resolution of  4.0 cm-1.

Antibacterial activity of melanin

The isolated melanin was subjected to study the antimi-
crobial activity against 7 human clinical isolates, Staphy-
lococcus aureus,  Escherichia coli, Salmonella typhi, 
Pseudomonas aeruginosa, Vibrio parahaemolyticus, 
Bacillus subtilis, Proteus sp. and Klebsiella sp, isolated 
from patient samples at a local hospital, Vellore, Tamil 
Nadu and two foodborne pathogens Listeria monocy-
togenes (MTCC 657) and Bacillus cereus (MTCC 1272) 
by 96 well microtiter plate technique. The bacterial 
loads of  overnight cultures were maintained at 1.5x108 
CFU/mL as per the McFarland standards. 50 µL of  vari-
ous concentrations of  melanin (10, 20, 40, 60, 80, 100 
and 150µg/mL) was mixed with 50 µl of  bacterial cul-
ture. The plate was incubated for 24 h at 37°C and read 
at 600 nm. 

Anti-biofilm activity of melanin

The effects of  melanin against biofilm forming clinical  
isolate Staphylococcus sp. and Pseudomonas aeruginosa 
were tested on 96-well microtiter plate. The melanin 
at different concentrations (10, 20,40,60,80,100 and  
150µg/mL) was added to the well containing bacterial  
suspensions. The plates were incubated for 24 h at 
37°C. The incubated plates were washed with sterile 
phosphate buffer saline (PBS) to remove planktonic 
cells. This was stained with 0.4% crystal violet. After  
staining, the cells were de-stained with 95% ethyl alcohol.20  
Bacterial suspensions without melanin were kept as the 
control system. The contents of  the well were quantified  
spectrophotometrically at 630 nm.
The percentage of  biofilm inhibition was calculated by 
the formula

Percentage inhibition = (AC – At) / Ac *100
Where Ac is the absorbance of  control and At is the 
absorbance of  the test

Anti-quorum sensing activity of melanin

Anti-quorum sensing activity of  melanin was deter-
mined by the agar well diffusion method. The agar 
plates were swabbed with quorum sensing bacterium 
Chromobacterium violaceum (MTCC 2656). Wells 
were punched on the agar plates using sterile gel borer.  
100 µl of  various concentrations of  melanin (10, 20,40, 
60,80,100 and 150 µg/mL) were added to the wells. 
After 24 to 48 h of  incubation at 37°C, the zone of  
inhibition was measured. Kerekes et al. reports the use  
of  agar well diffusion technique to detect the anti-quorum  
sensing potential of  essential oils that possess anti- 
biofilm activity.21

Polyphasic identification of the actinobacterial 
isolate

The isolate was identified using polyphasic identification  
including, morphological, biochemical and genomic  
characterization. Spore chain morphology of  both  
isolates was studied by transplantation embedding tech-
nique. The technique was employed to protect the spore 
chain structure from breaking. The structures were 
observed under a binocular microscope and as well as 
scanning electron microscope (SEM- Zeiss [EVO18]).  
The morphology of  the spore surface was also studied 
to determine the shape and texture of  the spore. The 
samples were sputter coated using 60% of  gold and  
40% of  palladium before SEM analysis. The aerial  
mycelium, substrate mycelium, reverse side pigmentation  
and soluble pigmentation were studied. The production 
of  melanin and other melanoid pigments were noted.  
Biochemical tests were performed which included  
catalase, urease, hydrogen sulfide production, nitrate 
reduction, gelatin liquefaction, starch hydrolysis tests 
and IMVIC.

Genomic analysis

The melanogenic actinobacterial isolates were identified 
by I6s rRNA sequencing. The isolate was cultured on 
Yeast Extract Malt Extract Dextrose broth. The genomic 
DNA was derived using the InstaGeneTM Matrix  
Genomic DNA isolation kit. Isolated DNA was amplified  
using MJ Research Peltier Thermo cycler employing 
universal primers 27F (Forward primer: 5’-AGAGTTT-
GATCMTGGCTCAG-3’) and 1492R (Reverse primer: 
5’-TACGGYTACCTTGTTACGACTT-3’). The 16srRNA  
sequences were BLAST (Basic Local Alignment Search 
Tool) using NCBI BLAST search tool.
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Statistical analysis

All the experiments performed were replicated in three 
(n=3) and the results were significant statistically by 
TWO way ANOVA using GraphPad Prism 6, GraphPad 
Software, Inc.

RESULTS AND DISCUSSION
Rare actinobacteria are acclaimed for the production 
of  commercially important secondary metabolites. 
Researchers are looking forward to more novel metabo-
lites from these microorganisms. Actinobacteria have 
a significant role in the area of  future biotechnology,  
because of  their significance as the producers of  bioactive  
compounds.22 Melanin is one such secondary metabolites  
that microorganisms produce, which they utilize to with-
stand stressful condition. They are negatively charged, 
hydrophobic, high molecular weight compounds with 
amorphous nature.23 Melanin production is a widely 
observed property among lower to higher animals. As 
compared to the terrestrial actinobacteria, exploration  
of  melanin production by marine actinobacteria is  
inadequate with limited literature.
Melanin pigment-producing rare actinobacteria were 
isolated from two different marine soil samples herein. 
Marine actinomycetes were isolated on Actinomycetes 
isolation agar, Starch casein agar, ISP7, M1 and M6 
media by serial dilution method, heat treatment method 
and enrichment method. SCA had a significant number 
of  isolates and was regarded as suitable media for the 
isolation and heat treatment as the suitable technique. 
69% of  colonies were observed on SCA. Lee et al. 
reported similarly the colonies on SCA outnumbered 
AIA and ISP7.24 The isolated actinobacterial colonies  
were screened for melanin production. Two potent  
isolates designated as JN1 and JN2 showed dark diffusible  
pigment in ISP6 and ISP7 media (Figure 1).
Melanin production was also observed in SS broth 
inoculated with JN1 and JN2 isolates and the pigments  
were designated as JN1M and JN2M melanin. Melanin  
production by JN1 and JN2 were initiated at 72 h and 48 
h of  incubation respectively and production increased  
with the incubation period. After 14 days of  incubation,  
JN2M showed a higher amount of  production than 
JN1M in both static and stationary conditions (Figure 1).  
The production was correlated with the biomass yield  
and time of  incubation. Whereas, in a study report  
of  Dholakiya et al. a marine strain of  Streptomyces 
cavourensis strain RD8 was reported to be initiated 
after 24 h of  growth and reached maximum on the 7th 
day.25 Melanin formation was estimated by dopachrome 
formation by spectrophotometric means. Dopachrome 

is a major intermediate in the melanogenic pathway of  
microorganisms. Therefore, the measurement of  dopa-
chrome indirectly measures the production of  melanin.  
The reaction mixtures (2 mL of  cell-free supernatant + 
1 mL of  0.4% L-DOPA) showed black colour after 2 h  
of  incubation at 37°C. The absorbance was recorded 
at 480 nm. JN1 supernatant recorded an absorbance 
of  0.965 at 480 nm whereas JN2 supernatant recorded 
1.077 which was considered relative in comparison with 
the previous literature.
Mass production of  JN1M was carried out in SS broth 
under aerobic and shaking condition at room temperature.  
The optimum carbon and nitrogen sources for JN1 was 
found be sucrose and tyrosine respectively whereas,  
JN2 showed optimum production in the media supple-
mented with lactose and casein (Figure 2). JN1 and JN2 
showed variations in melanin production at different  
temperatures. JN1 and JN2 showed maximum pro-
duction at 40°C and 35°C respectively (Figure 3). JN1 
showed good melanin production at pH 6.0 and JN2 at 
neutral pH (Figure 4) Also, melanin production in JN1 
and JN2 were found to be higher at 75% and 100% of  
seawater concentration respectively.

Figure 1: Pigment production of JN1 (A and B) and JN2  
(C and D) on ISP7 agar plates; Melanin in SS broth.

Figure 2: Effect of sugar and nitrogen sources on melanin 
production.
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The melanin pigment from the isolates JN1 and JN2 
were extracted and the dried powder form was used for 
further analysis. The extracted pigment was determined 
as melanin by dopachrome formation test and UV-VIS 
spectrophotometer which showed a peak at 350 nm,  
whereas a similar study reported the Nocardiopsis melanin  
peak at 220 nm. Both JN1 and JN2 melanins were found 
to be stable at a temperature between 20°C and 100°C 
and also stable at pH 9, 10 and 12. On TLC plates, Rf 
values of  JN1 and JN2 melanins were measured as 
0.73 and 0.74 related to melanin pigment as correlated 
with previous studies. In the study of  Kiran et al. they 
reported the Rf value of  the purple spots to be 0.74.26

We studied the physical properties of  the produced  
pigments. JN1M and JN2M were found to be insoluble 
in ethyl acetate, chloroform and methanol but they were 
soluble in dimethylsulfoxide, alkaline water (pH 10) and  
phosphate buffer saline (pH 7.2). The temperature  
tolerance and stability of  JN1M and JN2M were tested 
and both were found to be stable between temperatures  
of  20°C and 100°C. The temperature stability was 
marked by the presence of  visible peaks in UV-Spectro-
photometer at 350 nm from 20 to 100°C. 

The investigation of  the UV spectrum revealed the 
absorbance at 350 nm for both JN1M and JN2M and 
a diminishing spectrum towards the visible region. The 
FTIR spectrum of  JN1M (Figure 5) was characterized 
by a broad absorption band at 3259 cm-1 which revealed 
the presence of  alkynes with C-H stretching. The peak 
at 2929 cm-1 represents C-H stretch showing the pres-
ence of  alkanes and alkyls or O-H stretch showing the 
presence of  carboxylic acids. The peak at 1624 cm-1 was 
assigned as N-H bend related to amines. The peak at 
1145 cm-1 shows C-O stretch showing the presence of  
alcohols. The peak at 1072 has a C-F stretch which falls 
under alkyl halides. This was correlated with the stan-
dard melanin FTIR spectrum and found to be at par.
The FTIR spectrum of  JN2M also characterized a 
broad absorption band at 3240cm-1 which revealed 
the presence of  OH stretching and a hydroxyl group. 
The peak at 2931cm-1 exhibits a C-H stretch and corre-
sponds to alkanes. The peak at 1629 represents a C=O 
and hence is an aldehyde. The peak at 1409 represents a 
C=C stretch and thus falls in aromatic rings. The peak 
at 1016 cm−1 and 1145 cm−1 was assigned to C-N stretch 
bond related to the aliphatic amine. This was correlated 
with the standard melanin FTIR spectrum and found to 
be at par. 
Melanin pigments extracted from microorganisms like 
bacteria and fungi were reported for their anti-biofilm 
activity. In the present study, the melanin pigments 
JN1M and JN2M promising results in the antibiofilm 
assay with the highest activities of  64.20% and 65.99% 
respectively against Staphylococcus sp. They also showed  
antibacterial activities against human pathogens with the  
highest activity of  61.28 ± 0.280 % and 68.08 ± 0.141% 
against Listeria monocytogenes and Bacillus sp respectively  
at 150 µg/mL, exerted by JN2 (Figure 6). In a similar  
study, the melanin pigment from Streptomyces was 
reported to have antibacterial activity against  
Escherichia coli and Lactobacillus vulgaris.27 Our study 

Figure 3: Effect of pH melanin production.

Figure 4: Effect of temperature on melanin production.

Figure 5: FTIR spectrum of JN1 and JN2 melanin.
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for JN1 and negative for JN2. Using 16S rRNA 
sequencing the isolates were identified as Nocardiopsis 
dassonvillei and Nocardiopsis sp. Furthermore, there 
are no records stating the melanin production from 
Nocardiopsis dassonvillei, albeit previous studies had  
reported the production of  melanin from Streptomyces  
and Nocardiopsis alba.30 The potent strains JN1 and 
JN2 were identified as Nocardiopsis dassonvillei (accession  
number: KX263302) and Nocardiopsis sp. (accession 
number: KX263303) respectively by 16s rRNA sequencing  
(Figure 8).

CONCLUSION
Melanin is an increasingly important secondary metabolite  
in pharmaceutical and cosmetic industries. Melanin 
produced from the isolates herein was compared with 
previous reports and was concluded as the natural bio-
pigments, melanin. The study opens up the scope of  
exploring for melanin from Nocardiopsis dassonvillei. 
The results also depict the prospects of  using melanin 
as a potential anti-quorum sensing agent as there was 
a significant reduction in the proliferation of  the indi-
cator organism, Chromobacterim  violaceum MTCC 
2656. Thus the exploration of  marine habitat has afresh 
proved to produce potential actinobacteria and also 
their novel applications.
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is the first report regarding the anti-quorum sensing 
ability of  melanin pigment. Both the pigments have 
inhibited the growth of  quorum sensing bacteria Chro-
mobacterium violaceum MTCC 2656 with maximum 
zones of  inhibition of  13mm by JN1M and 8mm by 
JN2M at the highest concentration. 
The occurrence of  melanin production by rare actino-
bacteria is much lesser when compared to Streptomyces 
spp. Another study reports the incidence of  production  
of  melanin from rare actinobacteria, Actinoalloteichus 
sp. MHA15.28 However, our study resulted in the isolation  
of  two melanogenic Nocardiopsis species. Nocardiopsis 
genus is attributed to the production of  a wide range  
of  bioactive metabolites exhibiting cytotoxic, antibac-
terial and antifungal drugs. Ibrahim et al. suggests the 
percentage of  natural products is found as high as 
43.55% in Nocardiopsis spp from marine sediments, 
followed by terrestrial soil.29 The isolates were identified 
by polyphasic mode of  identification. Both the isolates 
exhibited aerial hyphae in white series. Powdery aerial 
hyphae were observed for both the isolates grown on 
ISP7 medium. The substrate hyphae were observed 
in black colour. JN1 and JN2 were observed as rectus 
with LPCB staining under optical microscopy. SEM 
images showed the presence of  smooth spores of  JN1  
and JN2 strains under different magnifications (Figure 7).  
The colony morphology on the plate, as well as the 
spore chain morphology, as compared to previous 
reports resembled Nocardiopsis sp.13 On performing 
the biochemical tests, the strains were citrate utilization 
test positive, catalase test positive. Also, both JN1 and  
JN2 were found to produce hydrogen sulphide and  
urease enzyme. Both strains have the ability to reduce 
the nitrate. However, the two strains were unable to  
liquefy gelatin. Indole test was negative for both isolates,  
while Methyl red and Voges Proskauer tests were positive  

Figure 6: Antimicrobial activity of JN2 melanin. Figure 7: a and b SEM images of JN1 in different  
magnifications of 7.00KX and 14.00KX;c and d SEM images of 

JN2 in different magnifications of 9KX and 18KX.
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ABBREVIATIONS 
ISP6: International Streptomyces Project media no. 6; 
MTCC: Microbial Type Culture Collection and Gene 
Bank; nm: Nanometer; rpm: Revolutions per minute; 
ANOVA: Analysis of  Variance.
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Figure 8: 16s rRNA gene-based phylogenetic tree of strain 
JN1 (a) and JN2 (b) by neighbour joining method.



Kamarudheen, et al.: Bioactive Melanin Pigment from Marine Nocardiopsis sps

S120� Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 2 (Suppl) | Apr-Jun, 2019

•	 Pigments are one of  the major bioactive products of  actinomycetes, exploited for industrial purpose. Strep-
tomyces species have been increasingly relied on for the extraction of  pigments. However, in our study, we 
concentrate on the extraction of  bioactive pigment from rare actinomycetes.

•	 Two isolates of  a rare actinomycetes species, Nocardiopsis dassonvillei and Nocardiopsis sp were isolated and 
screened to obtain melanin pigment namely JN1M and JN2M respectively.

•	 Analysis by various techniques viz., thin layer chromatography, UV-Visible spectrophotometry and Fourier 
Transfer Infra Red spectroscopy confirmed the presence of  melanin. 

•	 The assays of  bioactivity of  the pigment threw light on the anti-biofilm activity. JN1M was found to be 
inhibiting biofilm forming clinical isolate Staphylococcus sp. showing an activity of  64.20 ± 3.33% and pig-
ment from JN2M 65.99± 2.81%.

•	 Although anti-bacterial activity was detected, JN2M showed significant antibacterial activities against 
human pathogens with the highest activity of  61.28 ± 0.280 % and 68.08 ± 0.141% against Listeria monocy-
togenes and Bacillus sp respectively at 150 µg/mL. Anti-quorum sensing ability was further unveiled. 

•	 The study thus establishes the abundance of  melanin in rare actinomycetes, making Nocardiopsis sps a source 
of  bioactive melanin.

•	 The study for the first time reports the anti-quorum sensing activity of  melanin.

Summary
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