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ABSTRACT

Objective: Prodigiosin is a red tripyrrole pigment which is synthesized as a secondary metabolite by biotypes A1, A2, and A6 of Serretia marcescens. 
This study was aimed to optimize production parameters for prodigiosin pigment produced by S. marcescens strain JAR8 and to determine its 
antimicrobial, cytotoxicity, and dyeing properties.

Methods: The effect of various media components, process parameters (temperature, pH, incubation period), and other supplements was investigated, 
and the maximum production of prodigiosin was found to be at temperature 28°C, pH 7.0, incubation period of 5 day with peptone in the media. 
Antibacterial, cytotoxicity, and dyeing properties of prodigiosin were studied in depth.

Results: The antimicrobial study of prodigiosin revealed that it is a potent inhibitor of Gram-positive bacteria as well as Gram-negative bacteria. The 
prodigiosin exhibited commendable dose-dependent cytotoxicity effect against human bone cancer cells with the IC50 of 108 µg/ml. Prodigiosin 
produced by strain JAR8 resisted the action of acid, alkali and detergent when applied to textile cloth.

Conclusion: The deep red pigment prodigiosin produced by strain JAR8 is economically effective and can be categorized as microbial natural product 
for further pharmaceutical applications.
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INTRODUCTION

Microbial natural products are critical sources of potential medicinal 
use majorly known as secondary metabolites. There are number of 
microorganisms which produce pigments and represents important 
class of secondary metabolites. These are small molecular weight 
compounds often referred as “biopigments” which can be obtained 
from two major sources, plants and microorganisms [1]. The 
pigment production from microorganisms is found to be economical 
and feasible as it includes easy and fast growth in culture medium. 
When compared to plant sources [2], it has been reported that 
microorganisms produce a large variety of stable pigments such as 
carotenoids, flavonoids, quinones, and rubramines, and the microbial 
fermentation has higher yields in pigment production and lower 
residues compared to the use of plants and animals [3]. Among 
microbial pigments, prodigiosin belongs to the family of natural 
red pigment extensively characterized by pyrrolylpyrromethane 
skeleton possessing low molecular weight of 323.4Da which 
develops in the late stages of bacterial growth. There are several 
other bacterial species which produce bioactive compounds, such as 
Vibrio psychroerythrus, Pseudomonas magnesiorubra, Alteromonas 
rubra, Streptomyces spp., and Nocardia sp. [4]. Prodigiosin is a red 
pigment which is an alkaloid being first identified and characterized 
in Serretia marcescens and have been fully investigated [5,6]. The 
effective clinical properties of prodigiosin imply it as antibacterial, 
antitumor  [7], immunosuppressive  [8], phytopathogenic fungal 
inhibitor agent [9]. The major advantage of pigment production 
from microorganisms includes easy doubling time, specific growth 
rate, fast in the cheap culture medium, and optimal environmental 
parameter [10]. The standardization of culture medium and 
fermentation conditions plays a very crucial role in the maximum 
production of prodigiosin.

In the present investigation, isolation characterization and cytotoxicity 
activity of prodigiosin from S. marcescens strain JAR8 for pharmaceutical 
applications are being reported.

METHODS

Sample collection
Sewage water and soil samples were collected aseptically from different 
parts of VIT University, Vellore, was screened for S. marcescens. The 
collected soil samples were air dried and then serially diluted on 
nutrient agar plates and soybean casein digest agar plates. The red 
pigment colonies were purified after incubation at 28°C for 24 hr and 
preserved at 4°C.

Identification and characterization
The molecular characterization of the isolated strain was performed by 
16S rRNA nucleotide gene sequencing was submitted in NCBI Genbank. 
The extraction of whole genomic DNA from strain JAR8 was performed by 
following standard protocol described by Liu et al. [11]. The amplification 
of 16S-rRNA gene of strain JAR8 was carried out using forward primer 
of approximately 400 g 5’- AGAGTTTGATCCTGGCTCAG-3ʹ and reverse 
primer of 400 ng 5’- GGTTACCTTGTTACGACTTC-3’ [12]. The reaction 
mixture of 100 µl was prepared by mixing 2.5 mM each of dNTPs, 10X 
Taq polymerase assay buffer, and Taq DNA polymerase enzyme. The 
polymerase chain reaction (PCR) amplification reaction comprises 
initial denaturation at 94°C for 5  minutes, and denaturation of the 
DNA was improved by adding 5% (v/v) dimethyl sulfoxide (DMSO) 
to the reaction mixture. The denaturation and annealing at 55°C for 
30  seconds was followed by final extension at 72°C using MgCl2 with 
1.5 mM final concentration. The obtained PCR reaction mixture was 
analyzed by agarose gel electrophoresis. The nucleotide sequence of the 
16S rRNA gene of JAR8 strain was determined with primer using ABI 
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3730xl genetic analyzer (Amnion Biosciences Pvt. Ltd.). The homology 
search was performed using BLAST search algorithm. The nucleotide 
sequence of the whole gene 16S rRNA gene has been submitted in the 
Gen Bank (EMBL) under accession number KF709428.

Optimization and mass production
The production of prodigiosin was determined in nutrient broth, 
peptone glycerol broth, Luria-Bertani broth, and soybean casein digest 
broth. The medium showing maximum production of pigment was 
used for the growth of S. marcescens [13]. 250 ml of nutrient broth in 
Erlenmeyer flask was inoculated with 5% of S. marcescens JAR8 and was 
incubated on rotary shaker at 120 rpm for 48 hr. After the incubation 
was completed, the seed medium was inoculated into 2.5 L of peptone 
glycerol medium in the fermentor for 5  days which was constantly 
monitored by optimum temperature and pH. The fermentation was 
carried out for 5  days, and the pigment was allowed to settle down 
overnight in the fermentor. The settled mass was then carefully extracted 
from the fermentor and allowed to dry for 2 days. The obtained culture 
medium was centrifuged at 4000 rpm for 30 minutes and supernatant 
was discarded after centrifugation. 5 ml of ethyl acetate, ethanol and 
methanol was added subsequently to the pellet and again centrifuged 
at 2000 rpm for 30 minutes. The supernatant was collected and stored 
in small vials at 4°C for further analysis [13].

Thin layer chromatography
The methanol extract of prodigiosin was separated on preparative 
silica-coated plates by solvent system containing methanol, ethyl 
acetate and chloroform in the ratio of 6:3:1 (v/v). 10 µL of methanolic 
extract of prodigiosin was loaded onto the silica gel slides and run 
against the solvent till the solvent front reached 2/3rd of the slide. After 
the development of the chromatograms, slides were removed and dried. 
The rate of flow (Rf) values of the chromatogram was calculated [14].

Antimicrobial activity
The antimicrobial activity of prodigiosin from S. marcescens was 
determined against various clinical isolates such as Staphylococcus 
aureus NCIM 5021, Escherichia coli NCIM 2645, Pseudomonas 
aeruginosa NCIM 5029, Klebsiella pneumoniae NCIM 2957, Shigella 
sp., Salmonella sp., Proteus mirabilis, Alcaligenes sp., and Bacillus 
subtilis. The bacterial pathogens NCIM 5021, NCIM 2645, NCIM 5029, 
NCIM 2957 were procured from National collection of industrial 
microorganisms, Pune, India, and clinical pathogens Shigella sp., 
Salmonella sp., P. mirabilis, Alcaligenes sp., and B. subtilis were procured 
from Microbial Biotechnology Laboratory, SBST, VIT University, Vellore, 
Tamil Nadu, India. The bacterial pathogens were swabbed onto Mueller-
Hinton agar plates, and a sterile cork borer was used to punch four wells 
onto the plates. The powdered prodigiosin pigment extracted from 
different solvents was mixed in sterile distilled water, and 100 µg/ml 
of the extract was used to evaluate antimicrobial activity. To the wells, 
different concentration (25 µl, 50 µl, 75 µl and 100 µl) of prodigiosin 
was added and the plates were then incubated at 37°C for 24 hr. The 
zone of inhibition around each well was measured and recorded as 
antimicrobial effect [15].

Cytotoxicity effects
The human bone cancer cell line (MG 63) was obtained from National 
Centre for Cell Science, Pune, and grown in eagle’s minimum essential 
medium 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 to make single cell suspensions, and viable cells were counted 
using a hemocytometer 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 allow for cell attachment at 37°C, 5% CO2, 95% air, and 
100% relative humidity [16].

After 48 hr of incubation, 15 µl of MTT (5 mg/ml) in phosphate buffered 
saline was added to each well and incubated at 37°C for 4  hr. The 

medium with MTT was separated, and the formazan formed crystals 
were solubilized in 100 µl of DMSO and then measured the absorbance 
at 570 nm using microplate reader. The percentage cell inhibition was 
determined using the following formula: % cell inhibition = 100−Abs 
(sample)/Abs (control)×100 [17,18]. Nonlinear regression graph was 
plotted between % cell inhibition and log concentration and IC50 was 
determined using GraphPad Prism software.

Dyeing properties
The dyeing ability of prodigiosin pigment was analyzed using 1 cm2 of 
cotton, linen, and polyester fabric and was soaked in 2 ml methanolic 
extract of prodigiosin taken in different test tubes and incubated for 
48 hr at room temperature. The each fabric was completely dried and 
cut into five smaller pieces and was treated with acid, alkali, cold water, 
cold water, detergent and hot water for 20 minutes in respective test 
tubes. The fabric which retained the color after the washing treatment 
was chosen to be dyed using prodigiosin [13].

RESULTS

S. marcescens strain JAR8 was isolated from sewage water sample 
among five soil samples and sewage water samples. The isolate was 
confirmed as S. marcescens by its morphological, biochemical and 
phylogenetic characteristics. The accession number KF709428 was 
obtained from the NCBI Genbank data as the isolate showed 100% 
similarity with S. marcescens strain JASM and the phylogenetic tree was 
constructed using neighbour joining method as depicted in Fig. 1.

The isolate was observed to be Gram-negative single rod-shaped 
bacilli and showed catalase positive and oxidase negative [19]. The 
other biochemical test such as urease, hydrogen sulphide, arabinose, 
and lactose fermentation showed negative whereas citrate, lysine, and 
the ornithine decarboxylase tests were positive for the isolate. The 
highest pigment production was observed in peptone glycerol broth 
(1.26  mg/ml) followed by nutrient broth (0.97  mg/ml) and LB broth 
and soybean casein digest broth showed lower production levels of 
prodigiosin 0.32  mg/ml and 0.21  mg/ml, respectively, at 30°C. The 
production of prodigiosin was found to be highest at 28°C (1.47 mg/ml) 
temperature, but the prodigiosin content was found to be 1.28 mg/ml at 

Fig. 1: Phylogenetic relationship based on 16S rRNA gene 
nucleotide sequences between the Serratia marcescens JAR8 and 
reference sequences retrieved from NCBI Gen Bank constructed 

through the neighbor joining method
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30°C and was almost negligible at 37°C (0.18 mg/ml). The pH also affected 
the growth of pigment production and was found to reach maximum at 
pH  7.0 with 1.46  mg/ml of biomass and at pH  6.0 it was found to be 
0.98 mg/ml, at pH 8.0 was 1.15 mg/ml and at pH 10.0 was 0.45 mg/ml 
which showed least growth with other pH. The pigment production 
was carried out in fermentor for 5 day at 30°C and the cell mass was 
allowed to settle down to extract pigment. The prodigiosin pigment 
was effectively extracted with ethyl acetate, ethanol, and methanol 
using centrifugation. The separation of components of prodigiosin was 
analyzed by thin layer chromatography and purple, red, yellow bands 
were obtained with Rf of 0.54, 0.86 and 0.95, respectively. When the 
methanol extract of prodigiosin was run against a mixture of methanol: 
ethyl acetate: chloroform in the ratio of 6:3:1  (v/v). It was observed 
that purple fraction was the first to be separated followed by yellow 
and red fractions. The yellow component was found to be unstable and 
was found to merge with the red component very rapidly soon after the 
separation. Production of prodigiosin and thin layer chromatography of 
strain JAR8 has been presented in Fig. 2a and b, respectively.

The prodigiosin pigment showed effective antimicrobial effect against 
Gram-positive bacteria than Gram-negative bacteria. The ethyl acetate, 
methanol, ethanol, and distilled water showed good inhibition results 
as shown in Tables 1 and 2.

The highest zone of inhibition was found against S. aureus NCIM 
5021  (40.6±0.52  mm) with methanol extract of prodigiosin pigment, 
whereas the weak activity was manifested against Gram-negative 
bacteria such as Klebsiella pneumoniae, E. coli, and P. aeruginosa. The 
free radical scavenging activity of the obtained pigment was analyzed 
by 2, 2-diphenyl-1 picrylhydrazyl, and no discoloration of purple color 

to yellow was observed which resulted in poor antioxidant activity 
which further depicts the strain JAR8 can be used specifically for active 
pharmaceutical antimicrobial agent. The prodigiosin pigment was 
evaluated for in-vitro cytotoxicity effect against human bone cancer cell 
line (MG 63) and was found to be effectively inhibiting cancer cells. The 
cytotoxicity was determined at various concentrations of prodigiosin 
from 12.5 µg/ml to 200 µg/ml using MTT assay. To determine cell death, 
prodigiosin produced by strain JAR8 (>200  µg/ml) is commendable 
to induce 50% of cell mortality, and the IC50 was calculated to be 
108  µg/ml which exhibits dose dependent relation on cell death. 
Fig.  3 represents the bone cancer cell inhibition from 12.5  µg/ml to 
200 µg/ml.

Table 1: Antimicrobial activity of methanol and ethanol extracts of prodigiosin against clinical pathogens

Pathogens Zone of inhibition (mm)

Methanol extract (100 µg/mL) Ethanol extract (100 µg/mL)

25 µL 50 µL 75 µL 100 µL 25 µL 50 µL 75 µL 100 µL
Staphylococcus aureus NCIM 5021 20.86±0.47 29.03±0.35 37.5±0.51 40.6±0.52 22.43±0.40 30.6±0.59 32.53±0.15 35.4±0.4
Escherichia coli NCIM 2645 ‑ ‑ ‑ 15.3±0.51 ‑ ‑ ‑ 13.5±0.5
Klebsiella pneumoniae NCIM 5029 ‑ ‑ ‑ 14.46±0.41 ‑ ‑ ‑ ‑
Pseudomonas aeruginosa NCIM 
2957

‑ ‑ ‑ 15.3±0.51 ‑ ‑ ‑ 14.5±0.3

Shigella sp. ‑ ‑ 13.5±0.5 15.3±0.51 ‑ 11.4±0.4 12.6±0.31 14.5±0.3
Salmonella sp. ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Proteus mirabilis ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Alcaligenes sp. 7.2±0.46 10.6±0.40 16.16±0.21 19.5±0.25 ‑ ‑ ‑ ‑
Klebsiella pneumoniae ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Pseudomonas aeruginosa ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Bacillus subtilis ‑ ‑ 12.6±0.31 14.5±0.3 ‑ ‑ ‑ 15.36±0.30

Table 2: Antimicrobial activity of ethyl acetate and water extracts of prodigiosin against clinical pathogens

Pathogens Zone of inhibition (mm)

Ethyl acetate extract (100 µg/mL) Prodigiosin powder+water (100 µg/mL)

25 µL 50 µL 75 µL 100 µL 25 µL 50 µL 75 µL 100 µL
Staphylococcus aureus NCIM 5021 24.5±1.32 30.5±0.5 33.3±1.52 40.3±0.57 28.5±0.5 32.16±0.76 35.66±0.57 40.3±0.57
Escherichia coli NCIM 2645 ‑ ‑ ‑ 18.5±0.3 ‑ ‑ ‑ ‑
Klebsiella pneumoniae NCIM 5029 ‑ ‑ ‑ 13.5±0.5 ‑ ‑ ‑ ‑
Pseudomonas aeruginosa NCIM 
2957

‑ ‑ ‑ 14.0±0.4 ‑ ‑ ‑ ‑

Shigella sp. ‑ ‑ ‑ ‑ 10.6±0.40 10.6±0.40 13.5±0.5 14.0±0.4
Salmonella sp. ‑ ‑ ‑ ‑ 16.16±0.28 16.16±0.28 19.43±0.45 21.26±0.46
Proteus mirabilis ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Alcaligenes sp. ‑ ‑ ‑ ‑ 10.33±0.57 14.0±0.4 18.5±0.50 19.43±0.45
Klebsiella pneumoniae ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Pseudomonas aeruginosa ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Bacillus subtilis ‑ ‑ 11.43±0.37 13.13±0.61 9.13±0.61 12.36±0.32 13.73±0.60 14.0±0.40

Fig. 2: (a) Production of red pigment prodigiosin by strain JAR8 
in peptone glycerol broth. (b) Separation and purification of 

prodigiosin pigment produced by Serratia marcescens strain JAR8 
using thin layer chromatography

ba
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The dyeing of different fabric with prodigiosin pigment was found to 
be effective. The different fabrics (cotton, linen, and polyester) were 
subjected to the treatment with acid, alkali, cold water, hot water, cold 
water, and detergent for 20 minutes. The color of the dye for cotton and 
linen fabrics was completely retained in cases of acid and cold water 
treatments, whereas a small amount of discoloration resulted when 
treated with alkali and hot water and detergent as shown in Fig. 4a and 
b. Polyester textile did not retain the color after washing with different 
solutions. Thus, the pigment can be used to dye cotton and linen fabrics 
to get textiles as major industrial application.

DISCUSSION

In this study, S. marcescens JAR8 produces natural and effective 
pharmaceutically important secondary metabolite identified as 
prodigiosin. It is bacterial secondary metabolite which serves as 
antimicrobial, anticancer, and immunosuppressant agent. The 
optimization of culture medium components, pH and temperature 
parameters improve the system of bacteria resulting in high yield of 
metabolite [20]. The maximum production of prodigiosin was yielded in 

peptone glycerol broth which was similarly observed in Gulani et al. [13] 
findings report the combination of peptone and glycerol to increase the 
production of prodigiosin. The parameters such as pH and temperature 
also play a significant role affecting the pigment production. Our results 
were in agreement with Giri el al. [21] as maximum production of pigment 
was obtained at lower temperature on peptone-glycerol medium. 
Prodigiosin obtained from S. marcescens JAR8 is a natural bacterial 
pigment and also possesses effective antimicrobial, anticancer properties 
whereas there are many medicinal plant pigments which have been 
successfully employed in pharmaceutical industries. To sustain plant 
species, S. marcescens JAR8 can be extensively used for the production of 
prodiogosin to meet pharmaceutical and dyeing industries needs.

CONCLUSION

The present investigation reveals that prodigiosin produced by 
S.  marcescens JAR8 isolated from sewage water samples collected 
around the VIT University, Vellore, possess clinical and industrial 
applications. This study deals with the successful optimization of 
the cultural parameters that facilitated the enhanced production and 
extraction of the prodigiosin produced by S. marcescens JAR8 strain. The 
antimicrobial and dyeing potential of the obtained pigment from JAR8 
strain could be aimed at the possible future usage of prodigiosin as a 
therapeutic agent against infectious diseases. The pigment obtained 
is economically effective and can be categorized as microbial natural 
product for further pharmaceutical applications.
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