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Abstract

Sundarban Mangrove Forest (SMF) is a tidal forest of Bangladesh and ecologically unique ecosystem
for natural resource. SMF soils were studied for pigment producing bacteria The pH of the collected
mangrove soil samples ranged 6.02 - 7.70. The bacterial load varied from 2.68 x 10 to 3.38 x 10 cfu/g soil
with an average bacterial count of 2.90 x 10 cfu/g. The highest bacterial count of 3.38 x 10 cfu/g was
observed in the soil of Katka, and the lowest count of 2.68 x 107 cfu/g was noticed at Tambulbunia. The
selected isolates were cultured in different pigment producing media for pigment production and LB medium
supplemented with 5% sucrose showed the best response towards maximum pigment production. The
physico-chemical analyses reveded that pH 6.5, temperature 37°C and salt concentration of 2 - 14% were
optimum both for bacterial growth and pigment production. Thirty pigment producing bacterial isolates were
randomly selected for detail study. Most of the isolates belong to the genus Bacillus including B. subtilis (8),
B. firmus (4), B. pumilus (3), B. licheniformis (2), B. pantothenicus (2), B. lentus (2), B. acidocaldarius (1),
B. schlegelii (1), B. azotoformans (1), B. polymixa (1), B. stearophilus (1), B. alcalophilus (1), B. fastidiosus
(1), B. lentimorbus (1). Only one isolate was Planococcus halophilus. Eight best pigment producing bacterial
isolates were further confirmed through 16S rDNA sequence analysis. Different types of color such as
yellow, orange, cream, brown color pigment producing bacteria were observed in the soil sample.

Introduction

Natural pigments can be obtained from two major sources such as. plants (Mizukami et al.
1978, Papageorgiou et al. 1979) and microorganisms (Cho et al. 2002). The pigments production
from microorganism is becoming more attractive as compared to plants derived pigments because
of the rapid growth and less culture expense of microorganisms. Bacteria can produce water
soluble or insoluble pigments. The pigment molecules are synthesized in cell wall or periplasmic
space of bacteria (Unagul et al. 2005). The utilization of natural pigments in foodstuff, dyestuff,
cosmetic and pharmaceutical manufacturing processes have been increasing in recent years.
Bacterial pigment production is now one of the emerging fields of research to demonstrate its
potential for various industrial applications. Pigmented microorganisms have awakened the
interest of the scientific community and their biotechnological potentia in processes like
fermentation and bioprocess engineering (Copley 2002, Karl 2002, Raisainen et al. 2002,
Aniszewski et al. 2010).

Forests are documented as sites of elevated biodiversity where multifaceted relationship
among fauna, flora and microflora are maintained due to the structural affluence of the habitat
(Ahmad et al. 2009). Mangroves are rich in microbial diversity and these microbes are directly
involved in the transformation of nutrients, photosynthesis, No-fixation, methanogenesis, PO,
solubility, SO, reduction and production of metabolites. Mangroves provide a unique ecological
niche to different microbes which play various roles in nutrient recycling as well as various
environmental activities (Ramanath et al. 2008). Although microbes demonstrate tremendous
diversity among all lives on earth, the vast majority of Sundarban mangrove forest (SMF) soil
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bacteria still identified rarely due to the lack of suitable techniques over the decades (Pace 1997).
Recently in India, Thatoi et al. (2012) analyzed microbia biodiversity in Mangrove soils of
Bhitarkanika, Odisha.

Considering all the present work was undertaken to carry out the isolation and enumeration of
bacteria from the soil of SMF with special reference to pigment production.

Materials and Methods

Sundarban Mangrove Forest (SMF) of Bangladesh was selected for the collection of soil
samples. The SMF lying between the longitudes 89°00" and 89°55' east and latitudes 21°30" and
22°30' north covering an area of 5.770 km?, of which 4.016 km?are covered by the forests and the
remaining 1.756 km? are in the form of rivers, canals and creeks, varying from a few meters to
several miles (Hussain and Acharya 1994). Soil samples were collected in March, 2009 from three
different locations viz. Tambulbunia, Herbal Nadir Tek and Katka. Each location was comprised
of five sampling sites and samples were collected depth wise which includes upper layer (U, 0 - 10
mm), middle layer (M, 11 - 20 mm) and lower layer (L, 21 - 30 mm). Collected soil samples were
kept in sterilized plastic bags and immediately brought to the laboratory and was preserved before
and after analyses. The pH of the soil samples were determined by using a digital pH meter
(Jenway 3310 pH meter, U.K.) making soil paste at 1 : 2 (Soil : Water) ratio.

Nutrient agar (NA) medium was used for the enumeration and isolation of bacteria. The pH of
the culture media was maintained identical according to the collected soil samples, respectively.
Serial dilution plate technique was followed for the isolation and enumeration of bacteria
(Greenberg et al. 1998). After 24 hrs of incubation of the inoculated plates, developed colonies
were counted by a digital colony counter (OSK 10086, DC-3, Japan). Based on pigmentation
discrete bacterial colonies were selected for isolation, and were purified by streaking method.
Isolated colonies were preserved in arefrigerator at 4°C.

Eleven different specialized media such as Luria Bertani (LB), glucose tyrosine agar (GTA),
glucose yeast ammonium agar (GY AA), melanin formation medium (MFM), peptone glucose salt
agar (PGSA), peptone fructose salt agar (PFSA), peptone sucrose salt agar (PSSA), sucrose agar
(SA), peptone glucose salt agar supplemented with beef extract (Waksman 1967) and Nutrient
agar (NA) were used for pigment production. Optimum temperature, pH and salt concentration
were evaluated for bacterial growth and pigment production. Major biochemical tests were carried
out for provisional identification of the selected isolates. Bergey's Manua for Systematic
Bacteriology (Sneath et al. 1986) was followed for the identification of Gram positive isolates.
The best pigment producing eight isolates were selected for identification through molecular basis.
For this purpose bacteria cells from single colony of each isolates were heat lysed in boiling water
bath for 5 min and centrifuged for 1 min at 13,000 rpm. The supernatant was used as a source of
template DNA in the PCR reaction. In this study, 16S rDNA gene was amplified using universal
primer pairs. The PCR reaction was done with an initial denaturation at 95°C for 5 min. The
denaturation at 94°C for 1 min, annealing at 60°C for 30 sec and extension at 72°C for 30 sec were
followed by 30 cycles of amplification reactions. The final extension was completed at 72°C for 5
min. The size of the amplified DNA band was checked by agarose gel (1% agar in 0.5 x TBE
solutions) electrophoresis. The DNA amplified by PCR was gel purified using Qiagen kit
following manufacturer’s protocol. The sequences generated by the automated sequencing of PCR
amplified DNA was analyzed through BLAST program (http://blast. ncbi.nlm.nih.gov/) to find out
the correct match of the bacterial isolates. Sequence alignment and phylogeny reconstruction were
performed on MEGA4 using CLUSTALW and Neibour-Joining packages, respectively. The
consensus tree generated was tested by bootstrapping (1000 times).
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As shown in Table 1, the pH of the collected soil samples of SMF varied from 6.02 to 7.70.
Higher pH was found in samples of Harbal Nadir Tek and lower pH was at Tambulbunia. Each
sampling site revealed varied bacterial count. In SMF, highest average bacterial count (3.38 x
10’cfu/g soil) was observed in the area of Katka and the lowest count (2.68 x 10’cfu/gm soil) was
found in Tambulbunia. The lowest bacterial abundance in Tambulbinia might be due to low pH.
Interestingly, lower soil (21 - 30 mm depth) showed the higher bacterial load (1.83 x 10 to 6.85 x
10 cfu/g soil) than upper soil (0 - 10 mm depth, 1.02 x 10" to 6.20 x 10’ cfu/g soil). Theresult

Table 1. pH and bacterial load (cfu/g) in soil samples of Sundarban mangrove forest.

Sampling site Site Sample pH Bacteria Average Average
No. No count count number/ site
Tambulbunia (T) S1 SUU 6.02 1.62 x 10 1.85 x 10’ 2.68 x 10
UM 6.04 2.09 x 10’
S1L 6.81 1.83 x 10
S2 S/2/U 6.91 1.53 x 10’ 2.21x10°
S2IM 6.85 2.20 x 10’
S2/IL 6.88 2.90 x 10’
S3 S3/U 6.65 4.87 x 10 552 x 10
S3IM 7.21 8.50 x 10’
S3IL 6.90 3.20 x 10’
S4 S4U 6.71 1.54 x 10 1.10 x 10’
S4M 7.02 0.94 x 10°
S4L 7.19 1.83 x 10’
S5 S/5/U 7.24 1.93 x 10 2.71x 10"
S/5/M 7.46 2.07 x 10’
S/5/L 7.62 4.13x 10’
Herbal Nadir Tek (H) S6 S6/U 7.09 6.20 x 10’ 387x10°  291x 10
S6/M 6.83 3.10 x 10°
S6/L 7.38 2.30 x 10’
S7 S7/U 7.01 2.60 x 10’ 3.83x 10’
S7IM 7.30 3.00 x 10’
S7IL 7.24 5.90 x 10’
S8 S/8/U 7.14 211 x 10’ 2.73x 10’
S8/M 7.14 2.87 x 10"
S8IL 6.90 3.20 x 10°
S9 S9U 6.84 4.00 x 10° 2.01x 10’
S9M 7.10 1.55 x 10’
S9IL 7.21 1.04 x 10
S10 10U 7.29 1.23 x 10 2.11x 10’
S10/M 7.53 3.93x 10’
S/10/L 7.70 1.17 x 10
Katka (K) S11 S 7.20 2.85x 10’ 379x 10" 3.38x10
S1UM 7.40 1.66 x 10
S1UL 7.46 6.85 x 10’
S12 S12U 7.40 1.02 x 10 1.95 x 10’
S12/M 7.26 2.70 x 10’
S12/L 7.60 212 x 10’
S13 913U 7.23 4.20 x 10’ 4.41 % 10’
S13/M 7.63 4.13x 10
S13/L 7.46 4.90 x 10’
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clearly revealed that leaching of soil organic matter might influence the bacterial growth in the
lower soil. On an average the bacterial abundance in SMF was 2.90 x 10’ cfu/g soil. During this
study 30 pigment producing bacteria were selected and purified for detail study towards
identification.

Among the 30 isolates, yellow (30%) and orange color (30%) pigments dominated over the
others (Fig. 1). Various types of pigments were noticed among the isolated bacteria and it might
help to survive the bacteria in the saline environment (Khanafari et al. 2010). Table 2 showed
degrees of pigment production on different pigment producing media. Among them LB was found
to be the most suitable for all the bacterial isolates to produce better pigment. The bacterial
isolates were cultured in various range of pH (4.5, 5.5, 6.5, 7.5 and 8.5), temperatures (4, 10, 30,
37, 45, 50 and 55°C) and salt concentrations (0, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20%) to find out
the optimum pH, temperature and salt concentration for maximum bacterial growth and pigment
production (data not shown here). It was found that optimum pH, temperature and salt
concentration were 6.5, 37°C and 2 - 14%, respectively both for culture and pigment production.
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Fig. 1. The pigment producing bacteria of Sundarban Mangrove Forest soil.

All the isolates were Gram positive and motile. Important biochemical tests viz., oxidase,
citrate, propionate, NOs, VP, MR and indole tests were carried out for provisional identification.
On the basis of morphological and biochemical characteristics the isolates were provisionally
identified with the help of Bergey’s Manual of systematic Bacteriology (Sneath et al. 1986) (Table
3). Among 30 pigment producing isolates 29 were rod shaped and one was coccus. All rod shaped
bacteria belonged to the genus Bacillus while the coccus was the member of Planococcus
halophilus. Under the genus Bacillus there were 14 distinct species, B. pumilus (3), B. subtilis (8),
B. licheniformis (2), B. polymixa (1), B. pantothenicus (2), B. acidocaldarius (1), B. firmus (4), B.
schlegelii (1), B. lentus (2), B. azotoformans (1), B. stearophilus (1), B. alcalophilus (1), B.
fastidiosus (1), B. lentimorbus (1). Bacillus subtilis was found to be predominant (34.5%).

Identification of 8 isolates was confirmed by the results of 16S rDNA sequences (Table 4).
Seven isolates belong to the genus Bacillus of which four was B. subtilis. The T/1L-1 and K/11L-
28 isolates were identified as Bacillus lentus. The H/8U-19 isolate showed similarity with Bacillus
licheniformis and the H/9M-23 isolate exhibited similarity with Marinococcus halophilus. The
phylogenetic tree was generated using MEGA4 (Tamura et al. 2007) software with the Neighbor-
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Joining (NJ) algorithm based on 16S rDNA sequence. Bootstrap values for 1000 replications are
indicated (Fig. 2).

Table 2. Pigment production of the isolated SMF soil bacteria on different selective media
based on visual estimation.

Isolates GTA GYA MFM PGSA SA LB NA
T/1L-1 + 0 ++ ++ +++ +++ +
T/2U-2 0 0 +++ + + +++ +
T/2U-3 + +++ +++ +++ ++ +++ ++
T/2U-4 0 + +++ +++ + +++ ++
T/3M-5 + 0 + + + +++ ++
T/4U-6 + + + + +++ +++ ++
T/4U-7 + ++ +++ +++ +++ +++ ++
T/4M-8 + + + + +++ +++ +
T/5U-9 + + +++ +++ ++ +++ +
H/6L-10 + 0 +++ + ++ +++ +
H/6L-11 + + +++ 0 + +++ +
H/6M-12 + + + +++ +++ +++ ++
H/6M-13 + + +++ +++ + +++ +++
H/6M-14 + + +++ ++ + +++ +++
H/7U-15 + +++ + +++ + +++ +++
H/7U-16 + +++ +++ +++ +++ +++ +++
H/7L-17 + + + ++ + +++ +++
H/3M-18 + + + + + +++ +++
H/8U-19 + ++ +++ +++ ++ +++ ++
H/8L-20 + + ++ + +++ +++ ++
H/8U-21 + +++ +++ +++ ++ +++ +++
H/8L-22 ++ + + + + +++ ++
H/9M-23 ++ + +++ +++ + +++ +++
H/9U-24 0 + + + ++ +++ +++
H/9U-25 0 + ++ ++ + +++ +++
H/9L-26 + + + + ++ +++ +
H/10M-27  + + + + + +++ ++
K/11L-28 + +++ ++ + + +++ +++
K/11L-29 + 0 ++ ++ + +++ +++
K/11L-30 0 0 +++ + + +++ +++

‘+' to ‘+++' = Degree of pigment formation. ‘0’ = No pigment formation. GTA = Glucose tyrosine agar,
GYAA = Glucose yeast ammonium agar, MFM = Melanin formation medium, PGSA = Peptone glucose salt
agar, SA = Sucrose agar, LB = Luria berteni, NA = Nutrient agar.

The results of the present study showed that the bacterial communities of the SMF soils
differed in the morphology of cells with special reference to pigment production. Tidal fluctuation
and increased sdlinity in soil and water of the coastal habitats of the SMF has made it unique in
terms of environment (Rawte et al. 2002). Further, differences in vegetation composition above



722

SAHA et al.

ground and soil environment might also be responsible for soil bacterial communities (Hossain

et al. 2010, Ewel et al. 1998, Gopal and Chauhan 2006).

Table 3. Biochemical characteristics of the provisionally identified SMF soil bacteria.

Biochemica Characteristics

Isolates No. Oxidase Citrate pizrr?a-tte ; ed’\LIJSt?on VP MR Indole I(I;rer?glfis'cc;lizln Pigment
T/1L -1 + - - + - - Bacillus lentus Light yellow
T/2U -2 + - - + - - B. firmus White

T/2U -3 + - + + + o+ B. pumilus Cream

T/2U -4 + + + + + o+ B. subtilis White

T/3M -5 + - + + - - B. acidocaldarius Light yellow
T/4U -6 + - + + - - B. polymyxa Yellow
T/4U -7 + + - + - - B. subtilis Cream

T/4AM -8 + - + + + o+ B. sterothermophilus  Cream
T/5U- 9 + - - + + + B. schlegelii Off white
H/6L -10 + - + + - - B. pumilus Orange
H/6L -11 - - - - - - B. azotofomans Off white
H/6M -12 + - - + B. subtilis Light yellow
H/6M -13 + + + B. subtilis Orange
H/6M -14 + - + + - - B. firmus White

H/7U -15 + + + + + o+ B. alcalophilus Yellow
H/7U -16 + + + + - - B. licheniformi Orange
H/7L -17 + - + + + + B. fastidiosus Cream
H/3M -18 + + + - - B. subtilis Yellow
H/8U -19 + + + + - - B. licheniformis Orange
H/8L -20 + - + + - - B. subtilis Cream

H/8U -21 + - + + - - B. subtilis Light orange
H/8L -22 + + + - B. pumilus Light yellow
H/9M -23 + - + - + Planococcus halophilus [ jght yellow
H/9U -24 + - - + - - Bacillus pantothenticus | jght orange
H/9U -25 + - + - - - B. pantothenticus Light yellow
H/9L -26 + - + + - - B. firmus Brown
H/10M -27 - - - + + o+ B. subtilis Cream
K/11L -28 + - + + - - B. lentus Light orange
K/11L -29 - + - - - - B. lentimorbus Light orange
K/11L -30 + - - - - - B. firmus Orange

‘+'= Positive result, ‘-* = Negative result.

A good number of heterotrophic bacteria were recorded in the SMF and associated with
different pigment production. Biological origin of pigment is very important to our modern life.
Microbial pigments are ubiquitous in the extreme marine environment where they are essential for
microbial survival (Maet al. 2010). Most of the protective natures of microorganisms are ascribed
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Table 4. Name and basic bioinformatics of the bacteria isolated from Sundarban Mangrove Forest Soil.

Basis of the bioinformatics parameters

Isolates Name Strain Pigment Base Score Bits Query Expect Identities Gaps
pair coverage vaue (%) (%)
(bp) (%)
T/1L-1 Bacillus lentus  ATCC  Light 510 795 430 87 0.0 94 2
10840  yellow
T/4U-7 B. subtilis AP- Cream 1427 867 469 87 0.0 98 1
MSU 6
H/6M-12  B. subtilis PE-LR-4 Light 1399 686 371 72 0.0 96 4
yellow
H/9M-23  Marinococcus  JCM Light 1494 841 455 77 0.0 98 2
halophilus 2479 yellow
H/6M-13  B. subtilis PEBSO7 Orange 1107 789 427 83 0.0 95 5
031802
K/11L-28  B. lentus NCIMB Light 1535 846 458 78 0.0 98 2
8773 orange
H/3M-18  B. subtilis B34 Yellow 1000 710 384 78 0.0 94 6
H/8U-19  B. licheniformis DS23 Orange 1263 503 272 67 0.0 91 8

Marinococcus halophilus (JCNL2479)
Bacillus subtilis (AP-MSU 6 )

2
. { Bacillus subtilis (PEBS07031802)
i { Bacillus subtilis (PE-LR-4)
22 Bacillus subtilis (B34)

Bacillus licheniformis (DS23)

98

Bacillus lentus (ATCC10840)

Bacillus lentus (NCIN8773)

o1

—

Fig. 2. Phylogentic tree of the isolated pigment producing bacteria of Sundarban Mangrove Forest soil.

to the pigments and their precise roles are dependent on the ecological niches in which the
microorganisms live. The pigments could assist the microbial communities to endure extremes of
temperature, salinity and nutrient availability, creating a boundary between the bacterial cell and
its immediate environment. Pigment producing bacteria have good biotechnological potential in
pharmaceutical industries, food processing, solidifying agent, emulsifier, and solubilizer.
Considering the above mentioned potentialities, the microbia biodiversity of SMF ecosystem is
relatively unexplored. It is reasonable to hypothesize that the isolation and identification of new
microorganisms will provide wide opportunities for new field of biotechnology.
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