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Abstract
A halotolerant chromate reducing bacterium CSB 5 isolated from the Sambhar Salt Lake (Rajasthan) was identified as Halomonas sp. CSB 5 by 16SrDNA sequence 
analysis. The isolate could tolerate up to 25% NaCl (w/v) and100 µg mL-1of Chromium hexavalent in the complex medium (CM). Removal of Cr (VI) at concen-
tration of 20, 40 and 60 µg mL-1 was found to be 98%, 90.2%, and 65.7% within a period of 60 hour.Effect of factors like pH and temperature on the total removal 
of Cr (VI) at 60µg mL-1concentration showed maximum removal at pH 8.0 (77.9 %) and temperature 35°C (82.6%) in 60 hour. The maximum intracellular uptake 
and surface adsorption (3.22 ± 0.09 and 14.16 ± 0.49 µg mg-1 dry wt.) in CMB 5 bacterium was observed at 75 µg mL-1 of Cr (VI) concentration in 45 min.The 
results showed that contribution of surface binding was about 4-5 fold higher than the intracellular uptake. Bacterium showed concentration dependent increase in 
the chromate reductase activity with saturating rate at 60 µg mL-1 concentration of chromium. The values of Km and Vmax with NADH of the bacterium was found 
to be 0.818 µg mL-1 and 0.085 µg mL-1.min-1.mg-1 protein, respectively. Fourier Transform Infrared Spectroscopy (FTIR) analysis of Cr (VI) binding on membrane 
surface showed changes in wavenumber between 3300-2800 cm-1due to involvement of proteins and fatty acids in the binding of Cr (VI). The absorption peaks at 
wavenumbers 1654.9, 1580.3 cm-1, 1248 and 1085.6 cm-1 shifted to lower frequencies due to interaction of Cr (VI) with functional groups like amides and phospho-
diester. These results suggested that the isolated CSB 5 bacterium can be used as potential bioremediating agent for removal of Cr (VI) in salt loaded waste water.
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Introduction
 
Hexavalent chromium Cr (VI)is highly water soluble 

and is widely used in various industries including elec-
troplating, leather, tanning, dye and pigment manufac-
turing etc. (1, 2). Leather processing industries (LPI) 
use chromium (chrome liquor or chrome powder) for 
tanning of rawleather and residual chromium is dischar-
ged in solid or liquid effluents. Soluble Cr (VI) is extre-
mely toxic.If ingested in excess, it causes irritation in 
the stomach, which may ultimately lead to ulcers and 
damage to kidney and liver (3). Cr (VI) is mutagenic, 
carcinogenic, persistent in nature, and has toxic effects 
on biological systems due to its strong oxidizing nature 
(4). The Cr (III) form is less toxic and less bioavailable 
than Cr (VI), as it readily forms insoluble oxides and 
hydroxides above pH 5 (5,6).The removal of toxic me-
tals by the Physico-chemical methods includes reverse 
osmosis, solvent extraction, lime coagulation, ion ex-
change, chemical precipitation, and membrane separa-
tion process, filtration, and incineration (7). All of these 
methods have many drawbacks, for instance, recurring 
expenses with elevated capital investments, incomplete 
metal removal, high energy requirement, generation of 
toxic sludge or other waste products that require safe 
disposal (8).

Recently, microorganisms have been reported as 
biological remediators and adsorbents to remove heavy 
metals from wastewater (9). Microorganisms can also 
cause chemical biotransformation of toxic metals which 
helps in detoxification of contaminated sites (10). Mi-
crobial reduction of Cr (VI) reduction was first repor-
ted in the late 1970s, when Romanenko and Koren’kov 

observed Cr (VI) reduction capability in Pseudomonas 
sp. grown under anaerobic conditions (11). Since then, 
several researchers have isolated new microorganisms 
that catalyze Cr (VI) detoxification under varying 
conditions (12, 13). Biosorption is the first stage in 
metal accumulation involving adsorption of metal onto 
the cell walls of microorganisms (14), followed by bio-
transformation of Cr (VI) to relatively nontoxic Cr (III)
form by chromate reductase enzyme (12, 15, 16).The 
presence of high salinity (1–10% NaCl by w/v.) in the 
waste water stream hinders the biological treatment.Se-
veral groups have made significant contribution to bio-
logical treatment of saline wastewater. Kargi and Din-
cer treated waste waters rich in halogenated organics at 
different salt concentrations and showed COD removal 
decreased with increasing salt concentration (17). Re-
duction of Cr (VI) by Bacillus sp.PB2 in the presence 
of NaCl showed that removal efficiency was inversely 
proportional to NaCl concentration (18). Toxic mate-
rials present in saline conditions could impose an im-
portant challenge for treatment of industrial waste water 
as the soluble salts pose a serious problem for survival 
of microbes. The aim of present study was to isolate a 
halotolerant bacterium exhibiting both salt as well as 
Chromium (VI) tolerance, so that it can be exploited for 
bioremediation of Cr (VI) in saline waste water stream.

Materials and methods

Isolated bacterial strain and culture conditions
The bacterium used in this study was isolated  from 

Sambhar Salt Lake, situated at 26° 52ʹ - 27° 2ʹ  N, 74° 
53 ʹ - 75° 13ʹ E in the middle of a closed depression 
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in Aravalli schists in Rajasthan, India. Isolation of the 
bacterial culture was carried out by culture enrichment 
technique. Isolate was grown in CM media used for ha-
lophiles (19).The medium containing Yeast extract-10, 
KCl -2, FeCl3 - 0.02, Casamino acid -7.5, tri-sodium ci-
trate-3.0, MgSO4.7H2O – 20, NaCl -100 (g L-1) and sup-
plemented with K2Cr2O7 20 µg mL-1 in the pH was main-
tained at 8± 0.02 by using HCl or NaOH and the flasks 
were incubated at room temperature for 24 h on an orbi-
tal shaker. After 24 h, the enriched bacterial strain was 
isolated by plating it on agar plate. The isolated strain 
was identified by biochemical and 16S rDNA analysis.

Characterization and identification by 16S rDNA gene 
Sequencing

After growth of the bacterial isolate on a solid me-
dium, Catalase and oxidase activities were determined 
following Smibert and Krieg (20). The isolate was iden-
tified by 16S r DNA sequencing usingUniversal primers 
(forward primer; 27 F 5’- AGA GTTT GAT CMT GGC 
TCAG -3’ and reverse primerwith modification; 1492 R 
5’- TA CGG YTA CCT TGT TAC GAC TT-3’).

Preparation of stock solution and reagent
Stock solution of Cr (VI) (1000 mgL-1) was prepa-

red by dissolving 2.829 g of K2Cr2O7 in 1000 mL of 
Millipore Water and pH of the solution was adjusted to 
6.5 using 0.1 M HCl or NaOH. For the preparation 1, 
5-diphenylcarbazide solution (0.25 g) was added in 50 
mL of acetone to minimize the deterioration and reagent 
was stored in sterilized brown colored bottle.

Growth measurement of culture at different NaCl 
Concentrations

The CM broth with different initial concentration of 
NaCl ranging from (0 %, 5%, 10%, 15%, 20% and 25% 
w/v) at pH 8.0 was inoculated with overnight grown 
bacterial culture to obtain an optical density of 0.05 and 
incubated at 35°C. Aliquots (3 mL) were withdrawn at 
regular time interval and were centrifuged at 8000 × 
g min-1 for 10 min at room temperature. Thebacterial 
growth was determined by measuring the absorbance 
of bacterial culture at 600 nm against distilled water as 
blank.

Measurement of growth andchromium removal
The CM broth with 10 % NaCl (w/v) and different 

initial concentration of chromium ranging from 20 to 
100 µg mL-1 were inoculated with bacterial culture to 
obtainan optical density of 0.05 and incubated at 35°C 
under shaking condition (150 rpm). Aliquots (3 mL) 
were withdrawn at regular time interval and were cen-
trifuged at 8000 × g min-1 for 10 min at room tempera-
ture. The supernatant was used to measure the residual 
chromium concentration at 540 nm (21). The growth 
was determined by measuring the absorbance of bacte-
rial culture at 600 nm against blank. During the growth, 
viability and contamination of culture was checked by 
plating the culture on agar plates. 

Effect of temperature
Overnight grown culture under shaking condition 

(Optical density = 0.05) inoculated in CM broth with 
10 % NaCl (w/v), pH 8.0 and 60 µg mL-1chromium 

concentration at different temperature 25, 30,35 and 40 
°C.Aliquots (3 mL) were withdrawn at regular time in-
terval and analyzed for growth as well as residual chro-
mium concentration in the medium.

Effect of pH
The CM broth supplemented with 10% NaCl (w/v) 

and 60µg mL-1 concentration of Cr (VI) under different 
set for pH conditions (6-10), were inoculated with over-
night grown bacterial culture to obtain an absorbance 
of 0.05. Aliquots (3 ml) were withdrawn at regular time 
interval to monitor the growth as well as residual level 
of chromium in the medium.

Cr (VI) uptake and adsorption by isolated strain
Mid exponential phase bacterial culture were har-

vested and after centrifugation in a (REMI Centrifuge 
Mumbai, India) at 8000 g for 10 min. and pellet dried in 
hot air oven at 40 °C overnight.  In order to study the up-
take and adsorption of Cr (VI) under different concen-
trations 15 -75 µg mL-1 using 1 mg mL-1dry weight of 
cells (22). Samples were withdrawn at regular intervals 
of 15 min up to 60 min. The cell suspension was cen-
trifuged and supernatant was discarded. Pellets were 
washed with (EDTA) 2 mM solution and centrifuged. 
The supernatant was accounted as EDTA washable me-
tal fraction (adsorption). Intracellular Cr (VI) concen-
trations were determined in the EDTA washed pellets 
after digesting it with 10-15 mL HNO3 and HClO4 (ratio 
of 3:1) on hot plate at 60-80 °C until mixture became 
colorless.  The solution was filtered through Whatman 
No. 42 filter paper before analysis. The accumulation 
and adsorption of chromium concentrations was ex-
pressed in terms of in µg mg−1 dry biomass after deter-
mination by Atomic absorption spectrophotometer (AA 
240 FS: Fast Sequential AAS Varian, Netherland) at a 
wavelength 357.87 nm. The uptake rate was expressed 
as  μg  Cr (VI)  mg-1  dry wt.  

 
Preparation of cell-free extract

Cell free extracts (CFE) of CSB 5 bacterial strain 
was prepared by following the modified procedure des-
cribed before (23). Chromium induced mid-exponential 
phase cells were harvested and washed twice with 10 
ml of 50 mM potassium phosphate buffer (pH 7.0) and 
frozen in liquid nitrogen by dropping the1 gram cell pel-
let in liquid nitrogen for 6-8 min. To harvest the broken 
cells from the jar, a precooled spatula (dipped in liquid 
nitrogen) was used. The broken samples were added in 
10 mL of phosphate buffer and centrifuged (10000 × 
g, 4°C, and 20 min.). The collected supernatant filtered 
through a 0.2 µm cellulose acetate membrane filter was 
used as a CFE. Total protein in the enzyme sample was 
estimated as described before (24), using bovine serum 
albumin (BSA) as standard.

NADH dependent chromate reductase assay
Activity of chromate reductase in crude cell extract 

was measured using Nicotinamide adenine dinucleotide 
(NADH) as an electron donor. The reaction mixture (1 
ml) contained different concentration of  Cr (VI) (15-
90 µg mL-1)  in 800 µl of 50 mM potassium phosphate 
buffer (pH 7.0), and 50 µl of 0.1 mM NADH. An ali-
quot of 200 µl of CFE was added to initiate the reaction. 
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Results

Isolation and characterization of bacterial strain
The bacterial strain CSB 5 was isolated from sambhar 

salt lake (saline water). The strain was a Gram-negative 
heterotrophic microorganism that formed sandy color, 
rod shape colonies with 1.5-2.0 mm in diameter (Table 
1). Based on 16S rDNA gene sequence, the isolate CSB 
5 was assigned to the genus Halomonas, which is in-
cluded in the group Proteobacteria, subgroup Gamma, in 
the family of Halomonadaceae. The distance is measu-
red in the phylogram along the horizontal branches. The 
phylogenetic tree provided evidence of 100% sequence 
homology of the test organism to Halomonas sp. CSB 
5. A partial (1410 bp) 16S r DNA sequence was deter-
mined for the bacterial isolate CSB 5. The sequence was 
submitted in the Gen-Bank database with the accession 
number:KF 322103. The consensus sequence of isolate 
CSB 5 was compared with those deposited in Gen Bank 
using the BLAST program (26).The closest relative of 
the strain CSB-5 was Halomonas sp. (AB305208.1) and 
Chromohalobacter salexigens strain (HE662816.1).

Effect of NaCl and Cr (VI) on growth
The growth of isolate was measured in the presence 

of varying NaCl concentrations (0-25% w/v). In gene-
ral the isolate exhibited NaCl dependent decline in the 
growth upto 25 % NaCl. However a sluggish growth 
continued upto 20 % NaCl concentration (Fig. 1A). 
These results revealed the halotolerant nature of the iso-
late. Maximum growth at all the concentrations of NaCl 
was observed after 72 hours of incubation. The growth 
of isolated bacterium at various concentrations of Cr 
(VI) (0-100 µg mL-1) showed a concentration dependent 
decrease in the growth (Fig. 2b).A 50% growth inhibi-
tory concentration of Cr (VI) was at 80 µg mL-1.

Removal of Cr (VI)
Bacterial removal of chromium at 20, 40 and 60 µg 

mL-1 concentration ofCr (VI) was found to be 98 %, 
90.2%, 65%  respectively, within a period of 60hour (at 
pH 8 and 35°C).The results showed that percent removal 
of chromium decreased with increase in Cr (VI) concen-

An assay mixture with given composition above except 
CFE or NADH was used as respective controls. Cr (VI) 
was quantified colorimetrically using DPC as the com-
plexing reagent (25). One unit of chromate reductase 
activity of enzyme which reduced 1.0 µg Cr (VI) per 
minute. The concentration dependent chromium reduc-
tase activity was measured. The Km and Vmax values 
were derived from Lineweaver-Burk plot equation [1/V 
= Km/Vmax.1/S + 1/Vmax ].

Measurement of Cr (VI)
Chromium concentration in the supernatant was 

measuredwith time using hexavalent chromium speci-
fic colorimetric reagent 1, 5- diphenylcarbazide (DPC) 
0.25% (w/v) as described elsewhere (21).The reaction 
mixture was set up in 10 mL volumetric flask as fol-
lows: 200 µL or 400 µL sample (supernatant) volume 
was made to 1 ml using glass distilled water, followed 
by addition of 330 µL of 6 M H2SO4 and 400 µL of 
DPC and final volume was made to 10 mL using Mil-
lipore water.The mixture of solution was shaken for 30 
second to form a bright pink color, After 5 minutes the 
absorbance of the solution was read at 540 nm in UV- 
vis  Spectrophotometer a model no. (1601 Shimadzu, 
Japan).

Measurement of FTIR spectra
Mid-exponential phase bacterial culture was col-

lected by centrifugation at 7000 rpm for 10 minutes at 
4˚C, filter-sterilized Cr (VI) of different concentration 
(30 and 60 ppm) was added to the medium and incu-
bated for 30 minutes. Control experiment consisted of 
cells without addition of Chromium. The aliquots of 
bacterial suspensions was withdrawn, centrifuged and 
washed three times with Millipore water and dried in 
hot air oven at 60˚C for 8 hours. The dried bacterial cell 
samples and Potassium bromide (KBr) (1/100 ratio) 
were grinded pressed to form pellet by using a manual 
hydraulic press (150 lb).The IR spectra (400-4000 cm-1) 
were obtained with resolution of 5-7 cm-1 with the 32 
scan number for each spectrum, using (FTIR) (Thermo- 
Scientific Nicole 6700, USA).

Table1. Morphological, physiological and biochemical characteristics of the isolate.
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of chromium between pH 7.0 to 8.0 (73.48 and 77.9 %), 
respectively. The metal removal efficiency declined at 
pH 6.0, 9.0 and 10.0 (Fig. 3B). The bacterial growth 
optima was found to be commensurating with pattern 
of pH or temperature dependent Cr (VI) removal. Appa-
rently, there was a direct relationship between growth 
and chromium removal efficiency. These result indica-
ted that the bacterium CSB5 requires optimum pH and 
temperature conditions for its growth as well as Cr (VI) 
removal.

Uptake and adsorption of Cr (VI) by dry Cells
The concentration dependent of intracellular uptake 

and surface adsorption of Cr (VI) in Halomonas sp.CSB  
5 was studied in synthetic solutions of Cr (VI) contai-
ning different concentrations (15-75 µg mL-1).The 
results showed (Fig. 5) highest uptake and adsorption 
rate of Cr (VI) after 45 min. of incubation. The uptake 
and adsorption of metal was increased with the increase 
in Cr (VI) concentration of the solution.The maximum 
uptake and adsorption (3.22 ± 0.09 and 14.16 ± 0.49 µg 
mg-1 dry wt.)was observed at 75 µg mL-1concentration 
of Cr (VI). 

Chromate reductase activity
The crude cell free extract (CFE)was used to mea-

sure chromate reductase activity against different 
concentrations of chromate. The chromate reductase 
activity in CFE was about 2-3 fold higher in the cells 
pretreated with hexavalent chromium when compa-

tration, perhaps due to adverse effect of Cr (VI) on the 
microbial population. Results on time dependent mea-
surement (Fig. 2) of residual Cr (VI) at initial concen-
trations of 20, 60, 80 and 100 µg mL-1 exhibited that 
percent removal of Cr (VI) increased with increasing 
time of incubation.  

Effect of pH and temperature on Cr (VI) reduction by 
bacterial strains

The Cr (VI) removal by CSB 5 was evaluated under 
four different temperatures, namely, 25, 30, 35 and 40°C 
(pH 8.0) for 60 hour. The Cr (VI) removal reached to 
optimum level (82.43, 82.60 %) at 30 and 35 °C, respec-
tively (Fig.3A).An increase or decrease in temperature 
beyond the optimum temperature led to decline in Cr 
(VI) removal efficiency. Similarly, Chromium removal 
was studied under different pH (6.0, 7.0, 8.0, 9.0 and 
10) conditions. Result showed the maximum removal 

A

B

Figure 1. (A) Growth of bacterium CSB 5 at different NaCl (0-25%) 
concentrations at pH 8.0 (B) bacterial growth at different concentra-
tions (0 -100 µg mL-1) of Cr (VI). Results are expressed the mean ± 
SE of 3 replicates, significant at p ≤ 0.05.

Figure 2. Percent residual of Cr (VI) (20-100 µg mL-1) concentra-
tions at different time interval. Results are expressed the mean ± SE 
of 3 replicates, significant at p ≤ 0.05. 

Figure 3. (A) Growth and percent removal of Cr (VI) by Halomonas 
sp. CSB 5 at different temperature (25-40 °C). The medium supple-
mented with 60 µg mL-1Cr (VI) and 10% NaCl was incubated for 60 
hour at pH 8.0. Results are expressed the mean ± SE of 3 replicates, 
significant at p ≤ 0.05. (B) Growth and percent removal of Cr (VI) 
by Halomonas sp. CSB 5 at different pH (6-10). The medium sup-
plemented with 60 µgmL-1 Cr (VI) and 10% NaCl was incubated for 
60 hour at 35°C. Results are expressed the mean ± SE of 3 replicates, 
significant at p ≤ 0.05.

A

B
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of chromium,but this band  completely disappearedat 
higher concentrations of Cr (VI). The absorption peak at 
wavenumber 1580.3 cm-1shifted to lower wavenumber 
1540.7 and 1539.4 cm-1 due to adsorption of chromium. 
This result revealed an involvement of N-H stretching 
and C-N bending vibration in chromium binding. The 
wavenumbers 1454.5 and 1449.1 cm–1 appeared in the 
presence of chromium due to the asymmetric bending 
of –CH3 attributed to methyl groups of proteins moiety 
(31). A characteristic peak of -COOH group often ob-
served around 1403.8 cm−1in untreated cells shifted to 
lower wavenumbers 1401.3 and 1403.3 cm−1at 30 and 60 
µg mL-1  chromium,indicated the symmetric stretching 
vibrations of −COO− functional groups of side chain 
amino acid, free fatty acids, or other derivatives (30). 
The absorption peak at wavenumber 1248.0 cm-1 shif-
ted to lower frequencies 1239.3 and 1239.0 cm−1 due 
to adsorption of chromium by phosphodiester, and free 
phosphate (32). Emergence of a new absorption band 
at 1110.4 cm−1 was attributed to β (1-3) polysaccharide, 
indicating the role of polysaccharide in Cr (VI) binding 
(33).  The involvement of absorption peak at wavenum-
ber 1085.6 cm-1, mainly contributed by phosphodiester 
group of nucleic acid, membrane phospholipids and 
amide- III, shifted to 1083.4 cm-1at 30 µg mL-1 Cr (VI) 
concentration, suggesting major role of these functional 
groups in the surface binding of Cr (VI) (32). 

Discussion

The halotolerant and Cr (VI) resistant strain Halo-
monas sp. CSB 5 isolated from Sambhar salt lake was 
identified by using 16S rDNA sequence analysis.Earlier 
the Cr (VI) resistant strain of Halomonas sp. MV-2007 

red with that of without Cr (VI) treatment. The rate of 
NADH supported chromate activity reached to satura-
tion level within 45 minutes of the incubation.Cr(VI) 
reduction by chromate reductase showed strong de-
pendence on substrate concentration (15 to 45µg mL-1). 
The rate of Cr(VI) reduction was the highest (62%) and 
at 60µg mL-1concentration of Cr (VI). The initial velo-
city of chromate reductase activity linearly increased 
with chromate concentration, which followed Michae-
lis -Menten saturation kinetics with saturating rate at 60 
μg mL-1 concentration of Cr (VI) (Fig. 5A). The values 
of Michaelis -Menten Constant (Km and Vmax) were 
calculated from the Lineweaver-Burk plot (Fig. 6B). 
The values of  Km and Vmax in CFE in the presence 
of NADH were 0.818 µg mL-1 and 0.085 µg.min-1.mg-

1protein, respectively.

IR spectral analysis
The IR spectra of the Halomonassp.CSB 5 cells trea-

ted with 30 and 60 µg mL-1 concentration of Cr (VI) 
were obtained (Table. 2 and Fig. 6). The results showed 
changes in the peakat 3863.2 cm-1 in the cells (without Cr 
(VI) treatment). Which shifted to lower wavenumbers 
3800.0 and 3729.1 cm-1 in the presence of 30 µg mL-1 

chromium. This result suggested involvement of OH 
stretching in Cr (VI) binding (27). However, both the 
peaks disappeared at higher concentration of chromium 
(60 µg mL-1). The wavenumber 3654.3 and 3465.6 cm-1 

depicting slightly broad peaks in the untreated cells, in-
dicated assigned to overlapping of hydroxyl and amines 
stretching on the bacterial surface (28), which  com-
pletely disappeared due to chromium treatment. Fur-
ther, emergence of new peaks at 3290.3, 3295.5 cm–1 

mainly contributed by N-H stretching in the amide -A 
proteins suggested for involvement of membrane pro-
teins in chromium binding (59). After treatment of chro-
mium by 30 and 60 µg mL-1 concentration, new peaks 
appeared at 2959.2, 2926.7, 2856.2 and 2963.8, 2932.1 
cm–1 which occurred due to adsorption of chromium 
by methyl groups of proteins and the fatty acid (mem-
brane phospholipid) regions (29).The shifting of these 
bands indicated for the involvementof N-H and C-H of 
phospholipids and some amino acid side-chain vibra-
tions in the adsorption process (30). The amide-I band at 
wavenumber 1654.9 cm−1in untreated cells is shifted to 
1651.5 cm-1 due to C=O stretching vibrational modes of 
the α-helical segment of protein at lower concentration 

Figure 4. Uptake and adsorption of Chromium by dry biomass of 
Halomonas sp. CSB 5 exposed to different concentrations (15, 30, 
45, 60 and 75 μg mL−1) at pH 8.0. Results are expressed as mean ± 
SD of 3 replicates, significant at p ≤ 0.05.

Figure 5. The Figure 5A represents the Michaelis-Menten saturation 
kinetics for Chromate reductase activity (Rate of chromate reduction 
versus chromate concentration i.e., 0-100 ug mL-1). The Figure 5B 
represents the Lineweaver- Burk plot of the chromate reductase acti-
vity of Halomonas sp. CSB 5.The values of 1/V vs 1/S were derived 
from Figure 5A.
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report also, the Enterobacter cloacae strain HO1exhi-
bited optimum removal of Cr (VI) at 30°C (29). The 
Cr (VI) removal by P. phragmitetus evaluated under 
different temperatures showed optimum removal of Cr 
(VI) as well as optimum growth at 30°C (40). Growth 
and Cr (VI) removal study under different pH (6-10)
conditions showed the highest growth as well as Cr (VI) 
removal at pH 8.  In a previous report, the optimal pH 
for Cr (VI) removal by Halomonas sp. TA 4 pH was 
reported between pH 7.0-8.0 (37). 

The present study showed that the contribution of 
surface adsorption process was about 4-5 fold higher 
in the removal of Cr (VI) as compared to intracellular 
uptake of Cr (VI) in the bacterial isolate. Comparati-
vely, the present results showed significantly better per-
formance by Halomonas sp. than that reported for S.  
cerevisiae(41).

A high rate of chromate reducing activity in the pre-
sence of NADH corroborated the earlier reports related 
to removal of Cr (VI) by Halomonas sp. TA-04 (42) 
and E. coli (43).The other studies on NADH dependent 
enzymatic reduction of Cr (VI) under aerobic condi-
tions (44, 45, 46, 47, and 48) reported the involvement 
of soluble chromate reductase and NADH as external 
electron donor (49).

IR spectroscopic study on interaction of cell sur-
face of Halomonas sp. CSB 5 with Cr (VI) revealed the 
nature of Cr (VI) binding. Shifting of the IR bands at 
3863.2, 3465.6 cm–1 with substantial decrease in wave-
number indicated the role of the hydroxyl and amine 
groups in chromium binding. The absorption peak at 
2856.2 cm–1,assigned to the –CH stretching in fatty 
acids, was also involved in the chromium binding.The 
peaks in the spectral region between 2400-2300 cm-1 
occurring due to an asymmetric stretching band of CO2 
hydrates, particularly near 2343 cm-1, was influenced 

isolated from Soap Lake, a chemical stratified alkaline 
lake located incentral Washington State, USA (34). 
Halomonas sp. TA-04 was isolated from stainless steel 
plant in the Taranto Gulf, Ionian Sea, Southern Italy 
(35). The wastewater from tannery and textile industries 
not only contain high concentrations of Cr (VI), but also 
show significant amount of soluble salts (36). Earlier 
removal of Cr (VI) was studied in the strain Bacillus sp. 
PB2 in the presence of NaCl, although the removal effi-
ciency was found to be inversely proportional to NaCl 
concentration (18). In other reports, Halomonas sp. TA4 
reduced the Cr (VI) in the presence of high concentra-
tion (16%, w/v) of NaCl (37).

In the present study, removal of Cr (VI) by Halo-
monas sp. CSB 5 showed concentration dependent in-
crease in the presence of 10 % NaCl. However, higher 
concentration of Cr (VI) were found to have adverse 
effect on the survival of bacterium (38). The chromium 
removal in initial phases followed a slow rise, but rea-
ched to its maximum capacity within 45 minutes as 
observed by other workers (39).In a previous study, it 
was observed that the maximum removal (80.16%) of 
Cr (VI) by Pseudomonas sp.was observed at 10 mg L-1 
concentration within 72 hours. The removal of Cr (VI) 
by Pseudomonas aeruginosa and Bacillus subtilis at 25 
mg L-1of the Cr (VI) concentration had been reported to 
be about 78.6 and 33.5 %, respectively (8). However, 
few earlier studies have shown that an increase in the 
concentration of Cr (VI) lowered the growth, without 
affecting chromium removal efficiency ina Brucella 
sp.and Halomonas sp. TA-04 isolated from chromium-
contaminated soil (21, 35).

Results on the growth response as well as Cr (VI) re-
moval efficiency of bacterium CSB 5 over a wide range 
of temperature (20-40 °C) indicated an optimum tempe-
rature of  30-35° C for removal chromium. In previous 

Table 2. Assignment of functional groups associated with major vibration bands in mid-IR spectra of Halomonas sp.CSB 5.

Wavenumber (cm−1) and band assignment of Mid-IR spectra without chromium (Control) and Cr (VI) treated with 30 and 60 ppm.
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2.	 Cheung, K.H. and Gu, J.D. Mechanism of hexavalent chromium 
detoxification by microorganisms and bioremediation application 
potential: a review. International Biodeterioration and Biodegrada-
tion. 2007, 59 (1): 8-15. doi:10.1016/j.ibiod.2006.05.002
3.	 Babu, R.L., Vijayalakshmi, E., Naveen Kumar, M., Rajeshwari, 
H.P., Devaraju, K.S. and   Chidananda S.S. Biosorption of Chro-
mium (VI) and Lead (II): Role of Spirulina platensis in the Treat-
ment of Industrial Effluent. Bioremediation Journal. 2013, 17 (4): 
231-239. doi:10.1080/10889868.2013.827619
4.	 McLean, J. and Beveridge, T.J. Chromate reduction in Pseu-
domonad isolated from a site contaminated with chromate copper 
arsenate. Applied and Environmental Microbiology. 2001, 67: 1076-
1084.doi:10.1128/AEM.67.3.1076-1084.2001
5.	 Pellerin, C. and Booker, S.M.  Reflections on hexavalent chro-
mium: health hazards of an industrial heavy weight. Environ Health 
Perspectives. 2000, 108: 402-407.
6.	 Rai, D., Sass, B.M. and Moore, D.A. Chromium (III) hydroly-
sis constants and solubility of chromium (III) hydroxide. Inorganic 
Chemistry. 1987, 26: 345-349.doi:10.1021/ic00250a002
7.	 Donmez, G., Aksu, Z. Bioaccumulation of copper (II) and nickel 
(10) by the non-adapted and adapted growing Candida sp., Jour-
nal of Water Research. 2001, 35:1425-1434. doi:10.1016/S0043-
1354(00) 00394-8
8.	 Seker, A., Shahwan, T., Eroglu, A.E., Yilmaz, S. and Demirel. Z.  
Equilibrium Thermodynamic and kinetic studies for the biosorption 
of aqueous lead (II) Cadmium (II) and nickel (II) ions on Spirulina-
platensis. Journal of Hazardous Materials.2008,154:973-980.doi: 
10.1016/j.jhazmat.2007.11.007
9.	 Elizabeth, K.M. and Anuradha, T.V.R. Biosorption of hexava-
lent chromium by non-pathogenic bacterial cell preparations. Indian 
Journal of Microbiology. 2000, 40: 263-265.
10.	Galvao, C.T., Mohn, W.W. and Victor. D.L.  Exploring the mi-
crobial biodegradation and biotransformation gene pool. Trends 
Biotechnology. 2005,23:497-506.doi: 10.1016/j.tibtech.2005.08.002
11.	Romanenko, V.I. and Korenkov, V.N. A pure culture of bacteria 
utilizing chromate and dichromate as hydrogen acceptors in growth 
under anaerobic conditions. Mikrobiologiya. 1977, 46, 414- 417.
12.	Ganguli, A. and Tripathi, A.K. Inducible periplasmic chromate 

by Cr (VI) binding as reported in Candida dublinien-
sis(50, 59). The spectral shift in this range of 2362.2, 
2336.9 cm-1 observed in the Cr (VI) treated cells might 
be attributed to Cr (VI) induced the trans-gauche ratio 
in acyl chains (30, 51). Decline in the absorption peaks 
at 1654.9 and 1580.0 cm–1in the presence of Cr (VI) was 
indicative of Cr (VI) interaction with amide groups. 

The Cr induced shifting of the wavenumber to 
1403.8 cm–1 with a decrease in intensity corresponding 
to O–H bending was assigned to binding of Cr (VI) 
with the carboxylate ions.  A shift in the wavenumber 
at 1248.0 cm–1suggested for possible role of PO2 

– and 
polysaccharide in the adsorption of Cr (VI) on to the 
cell surface (32).The FTIR spectra showed the presence 
of the electronegative functional groups (i.e., carboxyl, 
hydroxyl, phosphate and amino groups) on the Gram-
negative bacterial surface (52), which are involved in 
binding of Cr (VI) (4). 

From the present investigation, it was demonstra-
ted that the isolated halotolerant bacterium Halomo-
nas sp., showing cross resistance against Cr(VI) can be 
very efficient agent from mobilizing and removing the 
toxic chromium for the salt loaded waste water.  They 
can also contribute to detoxification of Cr (VI) through 
chromate reductase activity.
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