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ABSTRACT

Heavy metal pollution due to an increase in industrialization has become a serious
issue in Tuticorin coast. The common meta pollutants are copper (Cu), zinc (Zn),
nickel (Ni), lead (Pb), mercury (Hg), chromium (Cr) and cadmium (Cd).
Enumeration of total microbial load of mangrove ecosystem states that bacterial
load was higher than the fungal and Actinomycetes load and was found that only
two bacterial strains (PB-5 and RSA-4) had cadmium resistance. Heavy metd
Keywords resistance assay against CdCl,, PbNO;, CuSO, ZnCl, and CoCl, at different
concentrations (20ppm, 40ppm, 60ppm, 80ppm and 100ppm) reveaed that RSA-4

Tuticorin, strain was the best. Percentage of cadmium reduction in the medium, absorption by
mangrove, the cells, growth and pigment production was evaluated at various pH (5, 6, 7, 8
heavy metal, and 9) with two different concentrations (40 and 60 ppm) of cadmium and the
cadmium, results showed that the removal of cadmium by reduction and absorption was to a
Bacillus maximum of 83.5, 39% and 98.10, 92% for 40 and 60 ppm of cadmium,
safensis respectively at pH 7. The growth of the strain RSA-4 was maximum at pH 7 and

the pigment production was decreased with increasing cadmium concentration and
its production was maximum at pH 5. The potent strain RSA-4 was identified as
Bacillus safensis by phylogenetic analysis and received an accession no. JX126862
from gene bank. This investigation has proved that the mangrove ecosystem plays
an important role in reduction and biosorption of cadmium as it contains wide
microbial diversity.

I ntroduction

Heavy metals are the most important to the World Health Organization (WHO,
pollutants in marine environments (Safahieh 2008), the metals of most immediate
et al., 2012). The toxic effects of heavy concern include cadmium,  chromium,
metals result mainly from the interaction of cobalt, copper, lead, nickel, mercury and
metals with proteins (enzymes) and thereby zinc, which contaminate the soils, ground
inhibition of metabolic processes. According water, sediments and surface waters are
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extremely toxic to biologica and
ecological systems (Sundar et al., 2010;
Choudhury and Pradhan, 2011) and are
responsible for their persistence in the food
chain (Tamil Selvi et al., 2012). Each heavy
metal has unique biofunctions or
biotoxicities (Wel et al., 2009). Among
metals, cadmium is a non essential element
and highly toxic to organisms even at very
low dosages. Cadmium damages cells by
strong affinity to glutathione and sulphydryl
groups in proteins (Cunningham and Lundie,
1993) and displacement of zinc and iron
ions from proteins. Moreover, these metals
known to cause detrimental effect in humans
such as brain damage, reproductive failures,
nervous system failures and tumor formation
(Zaki and Farag, 2010). Furthermore,
researches indicated that cadmium is related
to reactive oxygen species (ROS) and cancer
(Zeng et al., 2010). In Japan, Itai-itai disease
occurred due to high concentration of
cadmium in silver mine waste water,
causing  skeleton  deformation  and
spontaneous fractures (Faryal, 2003). Some
reports have shown that indigenous
microbes tolerate high heavy metal
concentrations in different ways (Wel et al.,
2009).

One such way is bioremediation of heavy
metals by which the microbes such as
bacteria and fungi to absorb or convert them
to non-toxic products (Safahieh et al., 2012)
through their different microbial detoxifying
mechanisms such as bioaccumulation,
biotransformation,  biomineralization or
biosorption (Lin and Lin, 2005; Preetha and
Viuthagiri, 2005, Wuyep et al., 2007
Kumar et al., 2007). With the characteristics
of quick reproducible velocity and easy
control, microbe is preferable to use In
environmental treatment (Zeng et al., 2010).
Increased industrialization in Tuticorin coast
has become the maor cause marine
pollution by receiving heavy amount of
effluents containing organic compounds,
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chlorinated hydrocarbons and heavy metals
including mercury from the fertilizer and
heated effluents and fly-ash are discharged
from the therma power plant. The present
study deals with the enumeration of marine
microbes and assessing their heavy metal
tolerance from mangrove ecosystem of
Tuticorin coast.

M aterials and M ethods

| solation of microorganisms

Sediments associated on rhizosphere of
mangrove plant, decomposing plastic
samples and also free mangrove sediments
were collected from different sites of
mangrove area near Roach park (N 08°46’
582 and E 78° 09°363), Tuticorin coast. 1
gm of sediment sample was serially diluted
and 0.1 ml of aliguots was plated separately
on Zobell marine agar, Sabouraud dextrose
agar and Starch casein agar medium for
enumeration of bacteria, fungi and
actinomycetes, respectively. The plates were
incubated at room temperature and growth is
expressed in CFU/g. Respective media’s
were supplemented with cycloheximide (50
mg/l), chloramphenicol (50 mg/l) and both
to permit the growth of bacteria, fungi and
actinomycetes. The microbes of different
morphology were streaked on plate and pure
colonies were maintained at 4°C.

Isolation and Screening for heavy metal
resistant bacteria

The selective isolation of resistant bacteria
to some heavy metals was done by streaking
the isolates onto marine agar supplemented
with 10ppm of different metal salts (HgSO,,
CdC|2, PbNO3, CuS0O,, KoCry07, ZnC|2 and
CoCly). Control plates, without isolate were
also maintained (Rajbanshi, 2008). Heavy
metal resistance assay was carried out by
well plate method for selected potential
strains against CdCl,, PbNOs, CuSQO,, ZnCl,
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and CoCl; following the method of (Altalhi,
2009).

Effect of pH in bioremediation of
Cadmium by theresistant RSA-4 strain

Bioremediation of cadmium was carried out
in two sets following the method of
(Akujobi et al., 2012). One set involves the
reduction of cadmium in medium and
second set involves removal of cadmium by
cell absorption. Two culture flasks
containing 100 ml of SCA medium was
supplemented with Cd of two concentrations
such as 40ppm and 60 ppm respectively and
were maintained at various pH 5, 6, 7, 8 and
9 following inoculation with 5% of culture.
Media without Cd was also inoculated with
the same bacterium and uninoculated media
containing Cd served as controls. All the
cultures including controls (in duplicate)
were incubated for 8 days a room
temperature (30°C). To estimate the Cd
reduction and absorption by cells, 6ml
culture from each of the above flasks was
centrifuged (6000 rpm for 10 min at 10°C)
and the supernatant was analyzed for Cd
concentration. Harvested cells (biomass)
were then washed twice with de-ionized
distilled water, autoclaved and dried in an
oven at 80°C for 5 h. The dried powdered
biomass was used for extraction process.

Effect of Cadmium on growth and
pigment production by RSA-4

The influence of Cadmium on pigment
production and growth by RSA-4 strain
(5%) was estimated with two concentrations
of cadmium (40 ppm and 60 ppm) at
different pH such as 5, 6, 7, 8 and 9. To
estimate the growth and pigment production,
6ml culture from each of the above flasks
was centrifuged (6000 rpm for 10 min at
10°C) and the supernatant was analyzed for
pigment production. Harvested cells
(biomass) were then washed twice with
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phosphate buffer (0.1 M NaH2PO4-
Na,HPO,; pH, 7.1) following the procedure
of (Akujobi et al., 2012). The amount of
pigment production and growth was
monitored by measuring optical density of
the cultures spectrophotomettricaly at 420
nm and 600 nm, respectively.

Heavy metal analysis

Collected supernatant and harvested cells
were digested with 10 ml of a mixture
perchloric acid: nitric acid (HCLO4:HNOs-
1:5v/v). Acid digestion was carried out on a
hot plate at 70-100°C until yellow fumes of
HNO; and white fumes of HCIO, were
observed. The digested sample was
dissolved in distilled water, filtered through
Whatman no.1 filter paper to remove
impurities and made up to 25 ml following
the method of (Sharma and Fulekar, 2009).
The made up samples were transferred to
polythene bottles and were analyzed for
cadmium content using Atomic Adsorption
Spectrometer (AAS ELICO SD194).

[dentification of cadmium resistant
bacteria (RSA-4) by 16SrRNA sequencing

Bacterial DNA isolation and purification
was performed using Bacterial genomic
DNA isolation kit. The isolated DNA was
then amplified by polymerase chain reaction
(PCR). The PCR was carried out using PCR
Master Mix Kit. The size and purity of the
genomic DNA was analyzed by agarose-gel
electrophoresis was carried out. The PCR
product was directly sequenced using ABI
3500 XL genetic analyzer. RNA sequences
were compared with aready submitted
sequence in NCBI database using BLAST
software and phylogenetic tree was viewed
using tree view software to analyze
evolutionary relationships among sequences
of isolated microorganism and nearest
neighbours.
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Results and Discussion

Selection of Cadmium resistant strain

35 strains of bacteria isolated from various
samples of mangrove ecosystem were
selected based on different morphology and
assessed for their degradation activity
against 7 heavy metals salts (HgSO,4, CdCl»,
PbNOg, CuSQy, K,Cr,0y, ZnCl, and CoCl 2).
Among them, two cadmium resistant
bacteria (PB-5 and RSA-4) were chosen
since it is most toxic heavy metal and they
were subjected to heavy metal resistance
assay against 6 heavy metals (CdCly,
PbNOg, K>Cr,07CuSQy,, ZnCl, and COC|2)
at various concentrations (20, 40, 60, 80 and
100 ppm) (Table 1). The strain RSA-4 strain
was selected for further studies as it showed
resistant to most of the heavy metals tested
and cadmium at higher concentration (Fig.
1).

Influence of pH in Cadmium degradation,
Growth and Pigment production:

The effect of pH on cadmium degradation
on the basis of reduction and absorption,
growth and pigment production was
assessed at various pH (5, 6, 7, 8 and 9) with
two different concentrations (40 and 60
ppm) of cadmium and the results indicated
that the reduction and absorption of
cadmium was at a maximum of 83.5, 39%
and 98.10, 92% for 40 and 60 ppm of
cadmium, respectively at pH 7 for RS-4
strain (Fig. 3 and 4). The growth was at a
maximum a pH 5 but in the presence
cadmium the growth was found to be
maximum at pH 7 (Fig. 5) and the pigment
production was high without cadmium at pH
5 (Fig. 2) and the level of production
gradually decreased with increase in pH and
cadmium concentration.

Identification of Cadmium resistant

strain
The potent strain was identified as Bacillus
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safensis by comparative analysis of the
sequence with the NCBI database which
showed that RSA-4 strain (1500 bp) was
close to the member of the genus Bacillus
sp. and showed 98% homology with
Bacillus safensis and the sequences were
deposited at Gene Bank and got a Gene
Bank accession number as JX126862.

The bioremediation of heavy meta by
marine strains are not new to our coast. The
effect of heavy metals copper, mercury,
cadmium and nickel and enzymatic activity
of the five bacterial strains isolated from
mangrove sediments of Tuticorin coast have
been reported by (Prabhahar et al., 2012).
Selection of bacteriawas made sinceit isthe
fast grower. 35 bacteria colonies of
different morphology were selected and
when screened in the preliminary study, PB-
5 and RSA-4 strain had the capability to
degrade the most toxic heavy metal,
cadmium. The quantity of cadmium
degradation by these strains was observed
favorably in heavy metal resistance assay.
Similar methodology was followed by
(Kermani et al., 2010) for cadmium resistant
Pseudomonas aeruginosa. Among the two
strains, RSA-4 strain was found to tolerate
cadmium up to the concentration of 80 ppm
while PB-5 strain only upto 60 ppm. Similar
results are obtained by (Abd-Elnaby et al.,
2011) with Vibrio harvei. (Baskar and
Prabakaran, 2011) stated that the bacteria
present in the rhizoshere sediment of
mangrove ecosystem have the resistance
against heavy metals. Similar to their
finding the present work revealed that the
strain RSA-4 from the rhizoshere sediment
of mangrove ecosystem is highly resistant to
toxic heavy metal cadmium. The pH of the
medium was found to have prominent role
in growth and degradation efficiency of
heavy metal resistant strain and so this study
was done at various pH (5, 6, 7, 8 and 9) in
the present work. Based on this same idea,
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several workers have carried out studies at
various pH. For example, (Congeevaram et
al., 2007) determined the optimum pH and
temperature conditions for both the growth
and heavy metal removal was lower (5-5.2)
than that for bacterial isolates (7). The
present study showed that the optimal pH
for growth of bacteria was pH 7 a a
temperature of 30°C which is supported by
(Raja et al., 2009) who isolated Proteus
vulgaris (BC1), Pseudomonas aeruginosa
(BC2), Acinetobacter radioresistens (BC3)
and Pseudomonas aeruginosa (BC5) based
on high level of heavy metal and antibiotic
resistances from sewage water sample.
(Sinha and Mukherjee, 2009) reported a
significant ability to remove more than 75%
and 89% of the soluble cadmium during the
active growth phase from the growth
medium by Pseudomonas aeruginosa strain
KUCd1. Similar finding was observed in the
present work that during 40 ppm of
cadmium, the active growth of bacterium
reduced 83.5% while in 60 ppm only 39%.
In the present study, the inhibition of growth
of the bacterium was observed as the
concentration of cadmium chloride increases
which indicates the concentration based
degradation. It can be substantiated by the
work of (Vijayalakshmi et al., 2011) that the
increasing concentrations of cadmium
inhibited the growth of Bacillus subtilis and
Corynebacterium rubrum. The study on
cadmium’s influence in pigment production
by Bacillus safensis was carried out similar
to (Abdul-sada, 2008) described the role of
heavy metals (HgCl, MgSos, Zn,0s,
MgC03, Na,SO,4, CigH20O, EDTA, NiSO4,
CuCl, and CdCl,) to influence the
production of bacteriad pigments by
Pseudomonas aeruginosa. Reduction in
yellow pigment production was found in
RSA-4 strain on exposure to cadmium and
thus the present work suggests its
application in detection and monitoring of
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cadmium in the environment. Similarly,
(Cheung and Gu, 2002) proved that
reduction in blue colour pigment production
occurs with Vogesella indigofera occurs on
exposure of higher concentrations of
chromium nearly 150 pg of chromium/ml.
The characterization of cadmium resistant
bacteria from mangrove ecosystem was
analyzed phylogeneticaly and the active
strain was identified as Bacillus safensis.
| dentification of marine strains by molecular
characterization is found to be very common
nowadays. A very few reports are available
on isolation of B. safensis viz., (Nath et al.,
2012) reported Bacillus safensis from sweet
meat whey which had the capability to
degrade copper, lead and Cadmium.
(Khanga et al., 2010) reported the
production of yellow orange and pink
pigment in Bacillus sp. which was sampled
from soil, sea water and the human
gastrointestinal  tract and phylogenetic
profiling using 16S rRNA sequences
revealed the presence of Bacillus safensis,
Bacillus marisflavi, Bacillus indicus,
Bacillus firmus, and Bacillus altitudinus.

From these observations, it can be
concluded that the mangrove environment
could be used as a promising source for
isolation of heavy metal resistant bacteria.
The study suggested that pH plays an
important role in the bioremediation of
cadmium and stresses the importance of
bacteria in eco-friendly method mitigate
environmental pollution; the mangrove
environment can be used to isolate many
microbes with bio-degradation potential.
The active bacterium, Bacillus safensis
(JX126862) observed in this study can
potentially be used in cadmium treatment.
Further studies on the mechanism of
cadmium removal will provide new insight
towards future scopes in this area of
research.
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Table.1 Heavy metal resistance activity of PB-5 and RSA-4 against various
heavy metalsin different concentrations

Heavy | Concentration
Metals (ppm)

20

40

1 CdcCl, 60

80

100

20

40

2 PbNo3 60 -
80 -
100 -
20 -
40 -
3 CuSO,4 60 -
80 -
100 -
20 -
40 -
4 | KyCr0Oy 60 -
80 -
100 -
20 -
40 -
5 ZnCl, 60 -
80 -
100 -
20 -
40 -
6 CoCl, 60 -
80 -
100 -

SI.No

IN

+ + +| @

+ + |

e T T T T ) A I &
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Fig.1 Cadmium resistance assay of RSA-4
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Fig.2 Cadmium reduction in medium by Bacillus safensis at various pH
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Fig.4 Effect of pH and cadmium on the growth of Bacillus safensis
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