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Abstract
Actinomycetes strain was isolated from leaf litter soil sample and was identified as Streptomyces sp. by conventional and 
molecular approaches. The biologically active compound responsible for antimicrobial and anticancer activity of the strain 
JAR6 was elucidated by solid state fermentation followed by subsequent chromatographic and spectroscopic analysis. 
Extraction, purification and structural confirmation of red pigment metabolite viz undecylprodigiosin were established on 
the basis of spectroscopic studies and comparing the data from the literature. The biologically active compound was tested 
against Gram-positive and Gram-negative clinical isolates and its minimum inhibitory concentration was recorded. The 
antimicrobial activity of undecylprodigiosin is more prominent against Salmonella sp., Proteus mirabilis, Shigella sp. and 
Enterococcus sp. whereas, it was less effective against Staphylococcus aureus, Klebsiella pneumonia and Escherichia coli. 
The anticancer activity of undecylprodigiosin was tested against HeLa cell lines and it exhibited commendable cytotoxicity 
effect with IC50 value of 145 µg/ml. The present investigation reveals that undecylprodigiosin produced by Streptomyces 
strain JAR6 is a potent bioactive metabolite with effective pharmaceutical properties.
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Introduction

Natural products and their derivatives are most conspicuous 
and successful source of new medicines (Newsman et al. 
2003). They have been characterized as the single most pro-
ductive source which leads to drug discovery and develop-
ment (Harvey 2008). In developing countries, the infection 
caused by superbugs (multidrug-resistant bacterial strains) is 
a major problem. Cancer also is a leading cause of morbid-
ity and mortality throughout the world (Barros et al. 2007). 
To overcome the infectious diseases and to combat cancer, 
there is an urgent need to develop new therapeutic agents. 
Microbes have been known for long as leading source of 
natural products of therapeutic agents. In the search for new 
pharmaceutical active agents, microbes with diverse habitats 
including tropical forests and various terrestrial regions are 
explored by various researchers to obtain potential bioactive 

compounds (Demain and Sanchez 2009). More than 22,500 
biologically active compounds have been extracted from 
microbes, among them 45% have been produced by actino-
mycetes, 38% is contributed by fungi and 17% by unicellular 
bacteria (Jose and Jebakumar 2013; Smaoui et al. 2012). 
This indicates that actinomycetes are promising sources of 
new biologically active compounds.

Actinomycetes are Gram-positive, free living and sap-
rophytic bacteria widely distributed in soil and without a 
doubt a potential source of many biologically active com-
pounds (Conlon et al. 2004). They are considered to be 
the largest producers of bioactive metabolites with novel 
pharmaceutical background. There are few new antibiot-
ics being introduced by the pharmaceutical industry in 
the last decade, none of them have improved the activity 
against multidrug-resistant bacteria (Solanki et al. 2008). 
Among actinomycetes, Streptomyces genus represents 50% 
of the total population of soil actinomycetes. The bioactive 
metabolites produced by actinomycetes infer a wide range 
of biological activities such as antibacterial, antifungal, 
antitumor, immunosuppressive and insecticidal proper-
ties, and enzyme inhibition (Locci 1989). The classifica-
tion of actinomycetes genus is based on the combination 
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of genotypic, phenotypic and taxonomic characteristics. 
Actinomycetes are also capable of producing dark brown 
colored substances in the culture medium. These colored 
substances have been long described as melanoid pigments 
and are essential and useful measure in taxonomic stud-
ies (Shirling and Gottlieb 1996). Actinomycetes produce 
discrete and variable shades of pigments either as intracel-
lular or extracellular products. The pigment production by 
actinomycetes is influenced by pH of the culture medium, 
sole carbon and nitrogen sources. There is a dearth of lit-
erature supporting the extraction and chemical nature of 
pigments from Streptomyces genera. Hence, in the present 
investigation, actinomycetes were isolated from leaf litter 
soil sample and screened for pigment production. The iso-
lated strain was screened for diffusible pigment, and opti-
mization studies were carried out to extract the pigment 
from strain JAR6. Furthermore, antimicrobial and antioxi-
dant studies were carried out to underline the biological 
potential of extracted pigment from the isolated strain.

Materials and methods

Actinobacteria strain and its maintenance

The actinomycete strain (Streptomyces sp. strain JAR6) 
was isolated from leaf litter samples collected from 
VIT University campus, Vellore, Tamil Nadu, India on 
starch casein nitrate medium (soluble starch 10  g−1, 
casein 0.3 g−1, NaCl 2 g−1, KNO3 2 g−1, K2HPO4 2 g−1, 
MgSO4·7H2O 0.5  g−1, CaCO3 0.02  g−1, FeSO4·7H2O 
0.01 g−1) at pH 7.0. The pure culture was further main-
tained on yeast extract-malt extract agar at 4 °C.

Taxonomic studies

The cultural characteristics of strain JAR6 were monitored 
and examined on the basis of observations made on Inter-
national Streptomyces Project (ISP) media described by 
Shirling and Gottlieb (1996). The mature sporulating aer-
ial and substrate mycelia of strain JAR6 was investigated 
on ISP1-7 medium, maltose-tryptone agar and sabouraud 
agar at 7, 14 and 21 days. The production of melanin pig-
ment by the isolates was observed on peptone yeast extract 
iron (ISP-6) agar and trypsin (ISP-7) agar. The utilization 
of sole carbon and nitrogen sources by strain JAR6 was 
investigated according to Shirling and Gottlieb (1996) as 
well as Tsukamura (1966). 1.0% (v/v) of the each carbon 
and nitrogen sources were added to make final concentra-
tion in ISP-2 medium with 2 ml (5 × 109 spores/ml) spore 
suspension as inocula.

Morphological analysis

Scanning electron microscopy

The morphology of strain JAR6 was analyzed by cover-slip 
method for 7, 14 and 21 days then further spore surface mor-
phology and the arrangement of the spores were determined 
by field emission scanning electron microscope (FE-SEM). 
The strain JAR6 was cultured on oatmeal agar for 14 days 
and fresh spores were scraped from the Petri dish. The col-
lected spores were then washed with ethanol and stored in 
refrigerator at 4 °C. The spores were completely dried on 
the stubs and then coated with the thin film of gold in vac-
uum evaporator. The samples were then viewed under cold 
field emission electron microscope (S-4700, Hitachi, Mis-
sissauga, ON, Canada) under the magnification of 22.81 K 
and spore morphology were determined.

Biochemical analysis

The degradation of casein (1.0% w/v) was analyzed using 
the protocol described by Gordon et al. (1974) at 28 °C and 
examined after 3, 7 and 14 days (Covan and Steel 1974). 
Starch (1.0% w/v) degradation was observed after 3 days 
on yeast malt extract medium at 28 °C by flooding plates 
with iodine solution. The effect of salt on growth of isolated 
strains was determined in TSB media supplemented with 
discrete doses of sodium chloride at 28 °C and examined 
after 3 days. The biochemical test was analyzed according 
to protocols mentioned by Cappuccino and Sherman (2004). 
The pH (4.0–10.0) was tested on ISP-2 medium and was 
incubated for 7–15 days on rotary shaker at 220 rpm.

Phylogenetic characterization

The genomic DNA was extracted from actinomycetes strain 
JAR6 according to Hopwood et al. (1985) protocol. The PCR 
amplification of 16S rRNA gene of strains was carried out 
using forward primer of 400 ng 5′-AGA​GTR​TGATCMTYG​
CTW​AC-3′ and reverse primer of 400 ng 5′-CGYTAMCTT​
WTT​ACG​RCT​-3′, 2.5 + mM each of dNTPs, 10× Taq 
polymerase assay buffer and Taq DNA polymerase enzyme 
(1.25 units/50 µl) keeping the reaction volume up to 100 µl. 
The amplification reaction was further followed by initial 
denaturation at 94 °C for 5 min; to improve the denatura-
tion of the DNA 5% (v/v), DMSO was added to the reaction 
mixture. After denaturation, annealing at 55 °C for 30 s was 
carried out leading to final extension at 72 °C using MgCl2 
with 1.5 mM final concentration. The amplified product was 
sequenced with the primer using ABI 3730xl genetic ana-
lyzer (Amnion Biosciences Pvt. Ltd.). The homology search 
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was performed using BLAST search algorithm. The nucleo-
tide sequence of the whole gene 16S rRNA gene has been 
submitted in the Gen Bank (EMBL) and accession number 
KC842214 was obtained. The multiple sequence alignment 
was performed by CLUSTAL W at European Bioinformatics 
Institute website. The phylogenetic tree of isolated strains 
was constructed using neighbor joining algorithm.

Antibiogram studies

The resistance towards antibiotics of isolated strain JAR6 
was examined using gentamicin, kanamycin, tigecycline, 
erythromycin, ciprofloxacin, clindamycin, vancomycin, 
ampicillin, ofloxacin, oxacillin, methicillin, penicillin, chlo-
ramphenicol, fluconazole and streptomycin using disk dif-
fusion method on glucose yeast extract agar medium (Lech-
evalier and Lechevalier 1970).

Optimization of culture medium

The production of pigment was evaluated in basal medium 
composed of (NH4)2SO4 2.64  g−1; KH2PO4 2.38  g−1; 
MgSO4·7H2O 1.00  g−1; CuSO4·5H2O 0.0064  g−1; 
FeSO4·7H2O 0.0011  g−1; MnCl2·4H2O 0.0079  g−1; 
ZnSO4·7H2O 0.0015  g−1 with varying range of pH 
(4.0–10.0). The pigment production by strain JAR6 was 
evaluated at various pH in comparison to 3, 6, 9, 12 and 
15 days and optical density was recorded at 560 nm. Carbon 
sources including lactose, mannitol, starch, sucrose, dex-
trose and nitrogen sources including peptone, sodium nitrate 
(NaNO3), ammonium chloride (NH4Cl), yeast extract, beef 
extract, casein, soybean meal, casein peptone and meat pep-
tone were added to basal medium at 1.0% (v/v) of concentra-
tion. The spore suspension of 5 ml (5 × 109spores/ml) was 
added to 50 ml basal medium supplemented with various 
carbon and nitrogen sources, and was incubated on rotary 
shaker at 28 °C for 15 days. The inorganic salt medium 
without carbon and nitrogen sources served as control. The 
biomass consisting of bioactive metabolite was recorded at 
600 nm (optical density) and antimicrobial activity was eval-
uated against clinical pathogens after 3, 6, 9, 12 and 15 days.

Production, extraction and characterization 
of crude pigment

The strain JAR6 was cultivated on yeast extract-malt 
extract medium at 28 °C for 7–10 days. After the incuba-
tion was complete, spores from freshly grown slant were 
scrapped and inoculated into seed medium containing 
yeast extract 4 g−1, malt extract 10 g−1, dextrose 4 g−1 
and tyrosine 1 g−1 at 220 rpm for 48 h. To extract the 
pigment produced by strain JAR6, solid state fermenta-
tion was used and wheat bran provided commendable 

pigment production. 50 g of sterilized wheat bran was 
supplemented with 1% (w/v) of starch and peptone as car-
bon and nitrogen sources, respectively. To the production 
medium, 10.0% (w/v) of the seed medium was added and 
incubated at 28 °C for 10–14 days. The mature sporu-
lating aerial mycelium producing red color pigment was 
observed and extracted with ethyl acetate (100 ml) twice 
by solid–liquid phase extraction. The obtained extract was 
vacuum dried under reduced pressure and was defatted 
with cyclohexane.

The crude pigment obtained was purified using silica gel 
column which was left overnight with chloroform to settle 
silica. 1.5 g of solid powder (red pigment) was loaded onto 
the top of silica column for complete adsorption on the sur-
face of silica gel. Elutions were carried out by increasing the 
ratio of hexane and decreasing ratio of ethyl acetate (10:90). 
All the fractions were collected, concentrated and observed 
on silica coated thin layer chromatographic plates for single 
spot. The fraction exhibiting single spot was further charac-
terized by gas chromatography–mass spectrometry and 1H 
and 13C nuclear magnetic resonance (NMR) spectra of the 
compound in CDCl3. The dried pigment was analyzed at the 
flow rate of 1 ml/min with the total run time of 32 min on 
the column. The gas chromatogram and mass spectrometry 
was obtained on Perkin Elmer, GC model (Clarus 680) and 
mass spectrometer (Clarus 600 EI).

Biological assays

Antimicrobial activity

The Gram-negative bacteria including Escherichia coli, 
Shigella sp., Proteus mirabilis, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Salmonella sp. and Gram-positive 
bacteria Staphylococcus aureus, Enterococcus sp. were 
acquired from Thanjavur Medical College, Thanjavur, Tamil 
Nadu India. These clinical isolates were further maintained 
in Microbial Biotechnology Lab, SBST, VIT University, 
Vellore, India. The test organisms were grown overnight in 
nutrient broth medium at 30 °C for 24 h and 100 µl of the 
culture was seeded onto Mueller Hinton agar plates. The 
sensitivity of microorganisms to the extracted pigment was 
tested by measuring the zone of inhibition by well diffu-
sion method. Four different wells (4 mm in diameter) were 
punctured onto the agar plate and 50 mg/ml of dried ethyl 
acetate extract (red pigment) with different concentrations 
(25, 50, 75 and 100 µl) were loaded into the wells (Chauhan 
and Abraham 2013). The Petri plates were incubated for 
24 h, and the zone of inhibition was measured around the 
wells. The minimum inhibitory concentration (MIC) against 
bacterial pathogens was determined using protocol described 
by Boruwa et al. (2004).
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DPPH radical scavenging activity

The free radical scavenging activity of extracted pigment was 
analyzed by 2,2-diphenyl-1 picrylhydrazyl (DPPH). 50 mg/
ml of the ethyl acetate extracted pigment (0.3 ml) was mixed 
with 2.7 ml of methanol solution containing DPPH radicals 
of 0.05 mM (Hatano et al. 1988). The reaction was shaken 
vigorously and allowed to stand for 30 min in dark. The 
reduction of the DPPH radical was determined by measuring 
the absorption at 517 nm. The radical scavenging activity 
(RSA) was calculated as a percentage of DPPH discolora-
tion using the equation  % RSA = [(ADPPH − AS)/ADPPH]/100, 
where AS is the absorbance of the solution when the sample 
extract has been added at a particular level, and ADPPH is the 
absorbance of the DPPH solution (Barros et al. 2007).

Anticancer activity

The human cervical cancer cell line (HeLa) was obtained 
from National Centre for Cell Science (NCCS), Pune and 
grown in Eagles Minimum Essential Medium (EMEM) 
containing 10% fetal bovine serum (FBS). All cells were 
maintained at 37 °C, 5% CO2, 95% air and 100% relative 
humidity. The monolayer cells were detached with trypsin-
ethylenediaminetetraacetic acid (EDTA) to make single cell 
suspensions and viable cells were counted using a hemo-
cytometer and diluted with medium containing 5% FBS to 
give final density of 1 × 105 cells/ml. 100 µl per well of cell 
suspension were seeded into 96-well plates at plating density 
of 10,000 cells/well and incubated to facilitate cell attach-
ment at 37 °C, 5% CO2, 95% air and 100% relative humidity 
(Mosmann 1983).

After 48 h of incubation, 15 µl of MTT (5 mg/ml) in 
phosphate-buffered saline (PBS) was added to each well 
and incubated at 37 °C for 4 h. The medium with MTT was 
separated and the formazan formed crystals were solubilized 
in 100 µl of DMSO and then the absorbance was measured 
at 570 nm using microplate reader. The percentage cell 
inhibition was determined using the following formula: % 
cell inhibition = 100 − Abs (sample)/Abs (control) × 100 
(Monks et al. 1991). Nonlinear regression graph was plotted 
between % cell inhibition and log concentration and IC50 was 
determined using GraphPad Prism software.

Results and discussion

The complete sequence of strain JAR6 was determined in 
this study and has been deposited in GenBank database 
with accession number KC842214. The aligned sequence 
of strain JAR6 was subjected to similarity searches against 
public databases to infer possible phylogenetic relation-
ships of strain JAR6. The 16S rRNA gene sequence of the 

strain JAR6 was compared and aligned with those sequences 
retrieved from NCBI Genbank database using BLAST analy-
sis (Yellamanda et al. 2016). The phylogenetic tree (Fig. 1) 
from representative strains of the related species indicated 
that strain JAR6 should be placed in genus as Streptomyces. 
The 16S ribosomal RNA encoding gene analysis of isolated 
strain attested that strain was 99% related to Streptomyces 
pilosus and is depicted in Fig. 1. The morphological obser-
vations were recorded on the basis of International Strepto-
myces Project and revealed the abundant growth of aerial 
and vegetative mycelium on starch casein nitrate medium, 
yeast extract-malt extract medium (ISP-2) and oatmeal agar 
(ISP-3). The strain JAR6 produced red color as reverse pig-
ment on starch casein nitrate medium as well on ISP-2.

The strain JAR6 showed an abundant growth on carbon 
sources including starch, inositol, lactose, dextrose, manni-
tol, maltose and fructose. The strain JAR6 was able to grow 
in the presence of 5% NaCl and tolerated up to 10% sodium 
chloride for its abundant growth. In addition, Streptomyces 
strain JAR6 reduced sulfur to sulfide, degraded starch and 
hydrolyzed lipase, however, it was not capable to degrade 
cellulose and gelatin. The strain JAR6 was found to be sensi-
tive to various commercial antibiotics including gentamicin 
(18.5 ± 0.244), kanamycin (31.33 ± 0.249), erythromycin 
(11.33 ± 0.124), vancomycin (10.46 ± 0.88), ampicillin 
(11.53 ± 0.329), ofloxacin (21.5 ± 0.21), and streptomycin 
(17.43 ± 0.124), but was resistant to tigecycline, clindamy-
cin, ampicillin, oxacillin, methicillin, penicillin, chloram-
phenicol and fluconazole. The antibiotic sensitivity test sug-
gests that biological active compounds produced by strain 
JAR6 may be responsible for the resistance of the strain 
to these antibiotics (Kavitha et al. 2010). The strain JAR6 
depicted spore chain morphology as represented in Fig. 2. 
The pigment production was found to be highest at 7.0 pH at 

Fig. 1   Phylogenetic tree depicting Streptomyces sp. strain JAR6 
(arrow) with its close phylogenetic neighbors. The tree was drawn 
using the neighbor joining method (MEGA7-Molecular Evolutionary 
Genetic Analysis). The accession numbers are shown in brackets
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9th day with starch and soybean meal as carbon and nitrogen 
sources, respectively, for JAR6 strain.

The analytical characterization of purified metabolite 
produced by strain JAR6 exhibited the molecular weight 
of compound as 389.95 which are closely similar to unde-
cylprodigiosin (mol. wt. 392.2694). The fragmentation 
pattern of red color pigment has been presented in Fig. 3. 
Furthermore, the complete characterization was obtained 
by 1H NMR [(D6) CDCl3, 200 MHz]: δ = 7.50 (br. s 1H), 
6.68 (s. C=C gem 1H), 6.35 (s. heterocyclic 1H), 6.05 (s. 

heterocyclic 1H), 5.39 (s. C=C trans 1H), 5.37 (s. C=C trans 
1H), 5.30 (s. C=C cis 1H), 5.12 (br. s 2H –NH), 3.80 (s. 
3H –OCH3), 2.48 (t. 2H CH2), 1.31 (t. 16H 8CH2), 0.88 (s. 
3H CH3) and 13C NMR [(D6) CDCl3, 75.5 MHz]: δ = 163.7 
(C=C, imine pyrrole), 159.3 (C=C, ethylene), 142.3 (C=C, 
ethylene), 141.0 (C, bipyrrole), 135.4 (CH=CH, ethylene), 
131.5 (C=C, attached to –NH), 126.5 (C=C, 2-pyrrole), 
119.2 (CH, ethylene), 114.6 (C, N–C=C), 112.0 (CH, 2-pyr-
role), 107.7 (CH, ethylene, 2-pyrrole), 94.6 (CH, C=C–H), 
91.0 (CH, C=C–H, bipyrrole), 59.6 (CH3, –OCH3), 29.6 (8 
C, chain CH2), 22.7 (CH2, aliphatic), 14.1 (CH3, aliphatic). 
The red pigment produced by strain JAR6 manifested good 
antimicrobial activity against all test pathogens except S. 
aureus, P. aeruginosa and K. pneumoniae. The highest 
antimicrobial effect was manifested against Salmonella 
sp., Proteus mirabilis, Shigella sp. and Enterococcus sp., 
whereas the lowest zone of inhibition was manifested against 
E. coli and Bacillus subtilis as listed in Table 1. The mini-
mum inhibitory concentration was determined through cfu/
ml method and MIC values have been detailed in Table 2.

The free radical scavenging activity was investigated 
through DPPH radical and was compared with ascorbic 
acid. The radical scavenging activity (%) of extracted pig-
ment was effective as it showed the color change from 

Fig. 2   Spore chain surface morphology of strain JAR6 by FE-SEM

Fig. 3   GC-MS fragmentation pattern of red pigment produced by strain JAR6
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purple to yellow color solution after 30 min of reaction. 
The strain JAR6 producing red color pigment which exhib-
ited good antioxidant activity with 5.11% of discolora-
tion. The strain JAR6 exhibited effective cytotoxic effect 
at various concentrations and IC50 was calculated to be 
145 µg/ml. The cervical cell inhibition at various concen-
trations has been presented in Table 3, and Fig. 4 shows 
the graph with decline in cell number. Figure 5a represents 
the microscopic view of control of HeLa cells without any 
compound inoculation, whereas (b)–(d) shows the inhibi-
tion of cervical cancer cells with various concentrations 
75, 150 and 300 µg/ml, respectively, of red pigment iso-
lated from strain JAR6. Maximum of 90% cell death was 
observed at 30 µg/ml, whereas lower concentrations of red 
pigment also exhibited the cell inhibition.

With increasing demand of new natural products there is 
a growing interest for microbial pigments as an alternative 
to synthetic colorants for food, cosmetics dyes, and drugs 
(Dufosse 2009). Streptomyces echinoruber produces red 
pigment, rubrolone, which is already in use as natural food 
colorant (Gupta et al. 2004). Other natural colorants such as 
anthraquinone and prodigiosin have antimicrobial proper-
ties, which makes them an excellent target for the dual or 
multifunctional applications (Alihosseini et al. 2008). The 
chromogenecity of Streptomyces species and various color 
groups have become a valuable index for taxonomic diver-
sity among Streptomyces as it has been well documented by 
Arai and Mikami (1972).

In our study, leaf litter soil samples served as a great 
source of pigment producing actinomycetes with effective 
antimicrobial potential against pathogenic microorganisms. 
The phylogenetic analysis through 16S rRNA gene sequenc-
ing showed 99% similarity to Streptomyces sp. (JAR6) 
confirming the strain belong to Streptomyces genera. The 
isolated strain exhibited abundant growth on ISP-medium 
and starch casein nitrate agar with smooth surface, suggest-
ing that species with smooth surface fall under gray color 

Table 1   Antimicrobial activity 
of red pigment produced by 
Streptomyces sp. strain JAR6 
against various pathogens

– no inhibition zone

S. no. Test organisms Diameter zone of inhibition (mm)

25 µl 50 µl 75 µl 100 µl

1 Staphylococcus aureus – – – –
2 Shigella sp. 17.5 ± 0.294 17.3 ± 0.294 20.46 ± 0.262 22.03 ± 0.249
3 Pseudomonas aeruginosa – – – –
4 Enterococcus sp. 16.53 ± 0.205 17.3 ± 0.294 20.4 ± 0.244 22.03 ± 0.294
5 Escherichia coli 15.43 ± 0.2054 16.4 ± 0.374 18.56 ± 0.368 20.6 ± 0.244
6 Bacillus subtilis 16.23 ± 0.205 17.48 ± 0.302 18.36 ± 0.205 20.48 ± 0.139
7 Proteus mirabilis 27.46 ± 0.249 27.063 ± 0.129 28.53 ± 0.262 29.55 ± 0.168
8 Klebsiella pneumoniae – – – –
9 Salmonella sp. 27.5 ± 0.294 28.43 ± 0.169 28.13 ± 0.49 29.53 ± 0.286

Table 2   Minimum inhibitory concentration of red pigment produced 
by strain JAR6

S. no. Pathogenic microorganisms MIC (µg/ml)
Strain JAR6

1 Salmonella sp. 150
2 Bacillus subtilis 50
3 Proteus mirabilis 80
4 Shigella sp. 100
5 Escherichia coli 170
6 Enterococcus sp. 120
7 Klebsiella pneumoniae 180

Table 3   Percentage cell inhibition of HeLa cells using red pigment 
produced by strain JAR6

S. no. Concentration (µg/ml) Cell inhibition (%)

1 18.75 4.310377 ± 0.01687
2 37.5 10.717010 ± 0.0090
3 75 24.48653 ± 0.4516
4 150 43.20844 ± 0.003
5 300 90.34155 ± 0.030

Fig. 4   Cell inhibition of HeLa cells through MTT assay by strain 
JAR6
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series. The strain JAR6 represented wide range of carbon 
assimilation and biochemical characterization revealed that 
it hydrolyzes starch, produces hydrogen sulfate, and exhibits 
lipolytic activity. According to Williams et al. (1983), bio-
chemical identification and other test is an imperative tool 
for the classification of actinobacteria.

The pigment production through solid state fermentation 
by isolated strains was substantially affected by pH, car-
bon and nitrogen sources. The type, concentration of car-
bon and nitrogen sources and mineral composition of the 
culture medium had an impact on the antibiotic synthesis 
in Streptomycetes (Vijayabharathi et al. 2011). The utiliza-
tion of starch, dextrose, soybean meal and peptone by the 
strain JAR6 for the production of bioactive metabolites sug-
gests that these substrates act as active uptake system for 
other Streptomyces sp. which has been previously reported 
by Dharamraj (2009). It has also been suggested that dur-
ing the complex life span, the soil-dwelling bacterial genus 
Streptomyces is challenged with diverse nutritional and envi-
ronmental stresses, so the pigment production may provide 
competitive advantage in the environment (Chater 2001; 
Staric et al. 2010).

The bioactive compound produced by strain JAR6 
belongs to the family of prodiginines which are designated 
as red, linear, tripyrrole antibiotics. The antibiotic properties 
of undecylprodigiosin (prodigiosin based compound) have 
been recognized as potential antibacterial colorant (Chater 
2001; Staric et al. 2010). The strain JAR6 manifested good 
inhibitory activity against Gram-negative isolates; however, 
the inhibition was not significant against P. aeruginosa, K. 
pneumoniae and Gram-positive bacteria.

The antioxidant properties of undecylprodigiosin from 
Streptomyces have not been studied before, and strain JAR6 
was able to reduce compounds to pale yellow hydrazine as 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical which is a 
long-lived organic nitrogen radical with a deep purple color. 
The reference antioxidant used for the assay was vitamin C. 
In this reducing assay, the purple chromogenic radical is 
reduced by antioxidant or reducing compounds to pale yel-
low hydrazine. The free radicals produced in this reaction 
determine the number of DPPH molecules reduced which 
can be monitored by decolorization. Therefore, the reduction 
of free radicals could be monitored by absorbance at 517 nm 
and free radical scavenging activity can be determined by 
the physical examination, representing discoloration of the 
DPPH solution (Saadoun and Gharaibeh 2003).

The cytotoxicity assay of undecylprodigiosin produced 
by strain JAR6 exhibited effective in vitro cytotoxic activity 
against HeLa cell lines in dose-dependent manner and the 
recorded IC50 value was found to be 145 µg/ml. After MTT 
assay, it was found that 300 µg/ml of the red pigment could 
greatly inhibit the HeLa cell and 18.75 µg/ml of extracted 
pigment could inhibit the minimum of cervical cancer cells. 
The IC50 of the biological active red pigment was calcu-
lated by statistical analysis and was found to be 145 µg/ml. 
Similar findings have been reported from Streptomyces sp. 
CNQ766 having cytotoxicity against Mouse splenocyte T 
cells and macrophages with the IC50 value of 20 µg/ml. In 
other reports, actinomycetes isolated from marine sediment 
sources have shown anticancer property against MCF-7 and 
MDA-MB-231 cell lines with the IC50 value range from 
10.13 to 18.54 (Ravikumar et al. 2012). Recently, a study 

Fig. 5   Microscopic views of 
morphological alterations with 
HeLa cells. a Morphological 
characteristics of HeLa cells 
control without any compound. 
b Morphological alterations in 
HeLa cells treated with 75 µg/
ml of red pigment extracted 
from strain JAR6. c Morpho-
logical alterations in HeLa 
cells treated with 150 µg/ml 
of red pigment extracted from 
strain JAR6. d Morphological 
alterations in HeLa cells treated 
with 300 µg/ml of red pigment 
extracted from strain JAR6
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on red pigment extracted from coral reef has also exhibited 
good cytotoxicity effect against various cell lines (Karuppiah 
et al. 2013). With the discovery of actinomycin, actinomy-
cetes have been widely studied for biological active natural 
pigments.

Other bacteria such as Serratia marcescens strains, Vibrio 
sp. DSM 14379 (Staric et al. 2010) are good producers of 
prodigiosins as natural colorants (Giri et al. 2004; Wei and 
Chen 2005) but their growth is inhibited by temperature var-
iation. Streptomyces sp. JAR6 is good producer of undecyl-
prodigiosin in solid state fermentation and it has proven to 
be effective antimicrobial, antioxidant and cytotoxic agent. 
As actinomycetes is the largest genera which produces bio-
logical active compounds, there is lot of research going on 
with bioactive compounds from marine sources but still ter-
restrial samples are the hub for new actinomycetes potent 
strains.

Conclusions

The present investigation reveals that the strain JAR6 iso-
lated from leaf litter produced a biopigment which can be 
efficiently utilized for therapeutic applications. From the 
above study, it can be concluded that undecylprodigiosin is 
an effective antimicrobial and anticancer agent, and this bio-
pigment has various biological and industrial applications.
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