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The biosorption of cadmium removal by the isolated bacteria was studied in a
laboratory simulated environment. The bacterium was isolated from fireworks industry
soil. The bacterium was screened under various biochemical tests and identified as
Bacillus sp. Various parameters such as pH, temperature, metal tolerant assay, kinetics
assays were carried out to optimize and evaluate the cadmium ions removal. The isolated
bacterium Bacillus sp removed 90% cadmium (II) ions in the simulated environment.
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Theheavy metal cadmiumiswell known
that is very harmful. Cadmium is a non-
biodegradable and has the capacity to accumul ate
in living organisms, causes significant problems
to both the environment and public healtht. There
are various physicochemical strategies types of
techniquesareavailable, such asfiltration, chemical
precipitation, el ectrochemical treatment, oxidation/
reduction, ion exchange, membrane technology,
reverse osmosis, and evaporation recovery, have
been devel oped to remove heavy metals, including
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cadmium, from polluted water. However, most
strategies appear to be expensive, inefficient, and
labor-intensive, or the treatment process lacks
selectivity'2. Biosorption using the biomass of
microorganisms is an effective and economic
technology for the removal and recovery of
cadmium and other heavy metal ions from
wastewater streams. Different types of biomass
have been investigated for the biosorption
properties of cadmium and other heavy metal ions®.

Inthe current work, sorption of cadmium
(11) ions from simulated laboratory agueous
solutions on to Bacillus sp which was isolated
fromfirework industry chemical exposed soil was
studied. Various parameters such as pH,
temperature, metal tolerant assay, kinetics assays
were carried out to optimize and evaluate the
cadmium ions removal Further the protein
variations between the metal trained and untrained
Bacillus sp have been studied.
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MATERIALSANDMETHODS

Collection of sample

Soil sampleswere collected from firework
industry, Sivakasi, Virudhunagar District,
Tamilnadu Indiaand stored at -20°C.
| solation of cadmium tolerant bacterial species

Cadmium tolerant bacterial strain was
isolated from the soil samples using bacterial
medium [Luria Bertani Broth]. The medium was
amended with different concentration of cadmium
[10-100mg L1]. Serial dilution was carried out to
decrease the microbial load in the sample and
standard spread plate method was performed. The
plates were than incubated at room temperature
[30-35°C] for 48 h. After 48 h incubation larger
identical coloniesfrom each plate wereisolated.
Heavy metal assay and biomassquantification

Cadmium concentration was determined
by Pyronine G method with cadmium chloride as
standard at 470 nm spectrophotometrically. The
bacterial biomasswas quantified at 595 nm 4.
Optimization of pH for cadmium removal

The bacteria isolate wasinoculated into
a series of 2100ml conical flasks containing
cadmium chloride[100mg L1]. The pH wasvaried
[2,4,6,8and 10] and kept in orbital shaker [120rpm]
for 24 h incubation. The cadmium removal and
bacterial biomass was measured spectrophoto
metrically.
Optimization of temper atur efor cadmium removal

The bacteria isolate wasinoculated into

Table 1. Enumeration of Cadmium resistant
bacterial speciesat different concentrations

Concentration No. of Colony forming
of cadmium ] Colonies unit [CFU/ml
[mglL]

10 78 78X 10¢
20 72 72 X 104
30 56 56 X 10
40 30 30 X 10
100 20 20 X 10
60 15 15 X 10*
70 12 12 X 10*
80 7 7 X 10
0 8 8 X 10*
100 6 6 X 10
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aseriesof 100ml conica flasks contai ning cadmium
chloride[100mg L1]. Theflaskswereincubated at
different temperatures[25, 30, 35, 40 and 45°C] and
kept inorbital shaker [120rpm] for 24 hincubation.
The cadmium removal and bacterial biomasswas
measured spectrophotometrically.
M easurement of the kinetics of broth cellular
growth and cadmium removal

The bacteria isolate wasinoculated into
a100ml conical flask containing cadmium chloride
[100mg L1]. The flask was kept in orbital shaker
[120 rpm] at optimum pH and temperaturefor 26 h.
During the incubation period, heavy metal
concentration and biomass were monitored for
every two hoursinterval until heavy metal removal
attains a saturation level.
Cadmium toleranceassay

To elucidate the tolerance of the isolate
towards cadmium, optimal culture conditionswere
used with varying initial cadmium concentrations.
To afreshly prepared growth medium, cadmium
wasamended [10-100 mg LY. After 24 hincubation,
the biomasswas measured. The extent of tolerance
was compared and the normalized biomass was

Table 2. Morphological, physiological and
biochemical characteristics of theisolated
bacterial species

Morphological/ Isolated bacterial strain
Physiological/
Biochemical

characteristics

Gram'’sstaining +
Cell shape
Indole production test -
Methyl red test -
Voges- Proskauer test +
Citrate test +
Triple sugar iron test
Gas production -
Urease test +
H,S production -
Motility test -
Catalase test -
Oxidase test -
ONPG test

Nitrate test

Gelatin hydrolysis test
Starch hydrolysis test +
Strain name Bacillus sp

+ o+
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calculated, i.e., biomass at each heavy metal
concentration per biomass using acontrol. All the
experimentswere carried out in triplicates.
Protein expression assaysin cadmium trained and
untrained bacteria

Proteomes from the bacterial isolate was
extracted and purified using microbial lysis
method®. Cell sampleswastaken frommidlog phase
of cellular growth to measure the kinetics of the
cellular growth and heavy metal removal. The
isolated protein was quantified by Bradford
method and the pattern of proteomic expression
wasanayzed by 10% SDS- PAGE using Laemmli’s
method®.

RESULTSAND DISCUSSION

Screening of cadmium tolerant bacterial species

The number of bacterial colonies
decreased in the plates with increase in cadmium
concentration Table 1. This showsthetoxic nature
and the tolerant nature of bacteria. The isolated
bacterial species showed maximum cadmium
tolerance up to the concentration of 100 mg L*
Identification of cadmium tolerant bacterial
species

Identification of the isolated bacterial
species was done by various biochemical tests
and by using Bergeys Manual of systemic
bacteriology Table 2.
Optimal pH for heavy metal removal by isolated
bacterial species

Removal of cadmiumincreased [90%)] with
increased in pH up to 6 and further the cadmium
removal decreased [Fig 14 at alkaline conditions.
Most of the microbial surfaces are negatively
charged due to the ionization of the functional
groups, thereby contributing to metal binding. The
pH of the biosorption medium affectsthe sol ubility
of the metal ions and the ionization state of the
functional groups. Bacterial surfaces have a
negative charge in the pH range of 2-6 5 The
optimum pH of bacterial biomass was seen at
temperature 35 °C which isshownin Fig 1b. The
proton concentration ishigh at lower pH [<2] and
heavy metal biosorption decreases due to the
positive charge density on metal binding sites, i.e.
hydrogen ions compete effectively with metal ions
in binding to the sites. The negative charge density
on the cell surface increases with increasing pH
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due to deprotonation of the metal binding sites.
The metal ions then compete more effectively for
available binding sites, which increase biosorption’.
Decreasein biosorption at higher pH [>6] isdueto
the formation of soluble hydroxylated complexes
of the metal ions and their competition with
hydroxyl ions for active sites. Beyond pH 8.0,
precipitations of the ions

as hydroxides occur®.

Optimal temper atur efor heavy metal removal by
isolated bacterial species

Removal of cadmium by the isolated
Bacillus sp appears to be temperature dependent.
Maximum removal of cadmium [95%] wasobserved
at 35°C [Fig 2a]. The optimum growth of bacterial
biomass was seen at temperature 35 °C which is
showninFig2h. Therange of optimal temperature
values[30-35°C] were comparableto therange of
room temperature that was used when isolating
the microorganisms, suggesting that the selection
of these isolates might have been influenced not
only with the heavy metal but also with the
temperature used in the isolation procedure. The
temperature of the adsorption medium could be
important for energy dependent mechanisms in
metal removal by microorganisms. Temperatureis
known to affect the stahility of the cell wall, its
configuration and can also cause ionization of
chemical moieties. These factors may
simultaneously affect the binding sitesonisolated
fungal and bacterial species causing reduction in
heavy metal removal. Energy-independent
mechanisms are less likely to be affected by
temperature since the processes responsible for
removal are largely physiochemical in nature®.
Mostly adsorption is an exothermic process &,
whereas, some examples of endothermic adsorption
have also been reported™.

In case of exothermic biosorption
processes, an increase in temperature has been
found to reduce the biosorption capacity of the
biomass'*2. This is attributed to the increase in
temperature may increase metal desorption
tendency from the interface to the solution®. At
that temperature 35°C, the bacterial growth was
also higher. During endothermic biosorption
processes, the extent of adsorption processes
increases with increasing temperature. Thiseffect
may be dueto thefact that at higher temperatures,
an increase in active sites occurs due to bond
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Fig 1a. Cadmium removal by Bacillus sp. in response
to various pH. Temperature: 35°C, incubation time:
24h, concentration of cadmium: 100 mgL*
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Fig 2a. Cadmium removal by Bacillus sp. in response
to various temperatures. Concentration of cadmium:
100 mgL %, pH: 4, incubation time: 24h
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Fig 3a. Cadmium removal by Bacillus sp.
Concentration of cadmium:100 mgL %, pH: 4,
temperature: 35°C

rupture*. However, physical damage to the
biosorbent can be expected at higher temperature
M easurement of the kinetics of broth cellular
growth and heavy metal removal
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Fig 1b. Cellular growth by Bacillus sp. in response to
various pH. Temperature: 35°C, incubation time: 24h,

concentration of cadmium:100 mgL*
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Fig 2b. Cellular growth of Bacillus sp. in response to

various temperatures. Concentration of cadmium: 100
mgL %, pH: 4, incubation time: 24h
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Fig 3b. Kineticsof cellular growth by Bacillus sp.
Concentration of cadmium:100 mgL %, pH: 4,
temperature: 35°C

Cadmium removal by Bacillus sp

increased up to 24 hours of incubation. After that,
sorption reached equilibrium. The maximum
removal capacity of cadmium in agueous solution
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by Bacillus sp was found to be 90 % Fig 3a. The
time-course data for heavy metal removal and
cellular growth were observed for each isolate
under its optimal pH and temperature conditions
Fig 3b. For cadmium removal by bacterial isolates,
specific metal bioaccumulation [accumulative
biosorption [removal] of each heavy metal per
accumulative biomass] increased when cellswere
in stationary phases. When these isolates are
applied in removing heavy metal from industrial
wastewater, information regarding the effect of
growth phase will be important in designing
bioreactor for wastewater treatment plants. The
growth rate during the lag phase was very low
becausetheisol ated bacterial isolateswas adapting
with the environment. After thisstage, theisolates
grew in logarithmic form using the nutrients. In
thethird stage, the number of living and dead cells
isfixed. Intheinitial stagestheremoval efficiencies
of metal by biosorbents increased rapidly due to
the abundant availability of active binding sites
on the biomass, and with gradual occupancy of
these sites, the sorption became less efficient in
the later stages®.
Heavy metal toleranceassay

Theinitial concentration of the cadmium
in the solution remarkably influenced the
equilibrium uptake. It was noticed that initial
concentration increased the sorption of cadmium
asisgenerally expected dueto equilibrium process
Fig 4. This increase in uptake capacity of the
biosorbents with the increase in initial metal
concentrationisdueto higher avail ability of metal
ions for the sorption. Moreover, higher initial
concentration provides increased driving force to
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Fig 4. Normalized biomass [measured at 24h
incubation time] in response to varying initial
concentrations of cadmium concentration range: 10-
100 mgL %, temperature: 35°C, pH: 4
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overcomeall masstransfer resistance of metal ions
between the agueous and solid phase resulting in
higher probability of collision between metal ions
and sorbents. This also results in higher metal
uptake®®. Tolerance implies a large change in
sensitivity between setsof organismsto aparticular
toxicant. Tolerance can be adaptive, constitutive,
or induced. Adaptive tolerance is where the
organism colonizing a contaminated site is less
insensitive than the same species colonizing
uncontaminated sites and where this change in
sensitivity is caused by the selection of genesthat
confer enhanced insensitivity. Induced tolerance,
for which thereislessevidence, iswhere particular
enzymes that cause decreased sensitivity are
induced on exposure to metal ions’.
Protein expression assaysin heavy metal trained
and untrained bacteria

Heavy metals are increasingly found in
microbial habitats due to natural and industrial
processes, microbes have evolved several
mechanisms to tolerate the presence of heavy
metals[by either efflux, complexation, or reduction
of metal iong] or to use them as terminal electron
acceptors in anaerobic respiration®. When

kDa M A B

Fig 5. SDS- PAGE protein expression patterns in
cadmium trained [resistant] and untrained; LaneM —
Marker; Lane 1 and 2 — Cadmium untrained Bacillus
sp; Lane 3 and 4 — Cadmium trained Bacillus sp
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compared with controls [without heavy metals],
Bacillus sp. expressed considerable amount of
polypeptide [protein] which is separated by 10%
SDS-PAGE. Theintensity of band at 88, 43,47, 56,
61 kDawere high when compared with contral. In
Bacillus species in the presence of cadmium the
organism express more proteins and a significant
differential expression of polypeptide was seen on
low molecular weight protein such as 22, 24 and 26
kDa s involved in response to heavy metals and
probably pervasively existsin heavy metal resistant
bacteria, which remainsto be further examined Fig
5. Thiswas probably attributed to ahigher degree
of functional diversity among bacteria. Similar
results was reported by Thacker et al., *° that
protein with molecular weight 30 kDainduced in
presence of chromium and this may possibly be
associated with resistance of chromate. Similarly
nickel resistant strain of Pseudomonas fragi®
showed the induction of protein s with molecular
weight 48 and 18 kDaproteinsplay avital rolein
metal resistance mechanism. Heavy metals are
essential micronutrients required for a variety of
processesin the cell metabolism, but they aretoxic
above optimal cellular concentrations. All
organisms must therefore critically balance the
cellular concentrations of these potentially toxic
elements, asthey do for non-essential heavy metals.
The understanding of the molecul ar bases of heavy
metal in microorganisms will open new
technological perspectivesin bioremediation, and
attention has been focused on the influence of
metal ions on gene expression and protein
synthesis in different organisms .. Several
intracellular polypeptides have been identified
following metal induction, and play specific roles
in metal tolerance. Metal-binding polypeptides
such as cysteine-rich metallothioneins and
phytochelatins are induced in the presence of
heavy metals and reduce the concentration of free
metal ionsinthecell?.

CONCLUSON

This study elucidated the soil isolated
cadmium tolerant bacteriaisolated from fire work
industry was potential in removing Cadmium (I1)
ionsinasimulated environment under an optimized
conditions. The observed effect(s) of pH on
bioaccumulation was attributable mainly to
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organism-specific physiology, asindicated by the
observed positive correlation between biomassand
heavy metal removal. Furthermore, the kinetic and
tolerance experiments provided information for SRT
design and the lethal tolerance limits, which are
important in designing CSCM (Chiral selective
cation-exchange membrane) bioreactors for
removing heavy metals of high concentrations.
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