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ABSTRACT 
Chromium (Cr) and its compounds are widely distributed in the environments by several industrial 
processes. Chromium is most important for environmental concern due to their toxicity, mutagenicity 
and carcinogenicity. High mobility of hexavalent chromium as compared to trivalent chromium has 
gained more importance for microbial reduction of chromium. In this study we used tannery effluent 
for the isolation of indigenous bioremediation relevant microorganisms. A new gram-negative Cr(VI) 
resistant bacteria strain designated as P-2 was isolated. Based on biochemical tests and 16S rRNA 
gene sequence analysis, the strain P-2 was identified as Alcaligenes faecalis (KF499017). It was 
grown in Minimal Salt Medium (MSM) containing Cr(VI) up to 750 mg L-1. Cr(VI) reducing 
capability of the bacterium was checked by estimating the amount of Cr(VI) in the growth medium at 
selected time intervals during the course of growth. The reduction of Cr(VI) was accompanied by an 
increase in the cell biomass under aerobic conditions. Initial pH value and glucose (0.1%) 
concentration were found to influence the reduction rate of Cr(VI) and the optimal pH was 8. At pH 8 
and 37oC with 0.5% salinity more than 75% of initial Cr(VI) of 10 mg L-1 was reduced when 5% 
inoculum was used. Furthermore 95% Cr(VI) reduction was observed with cell free extract. Cr(VI) 
reductase activity enhanced (>1.1 fold) by NADH. The enzyme activity was enhanced by Cu2+, Zn2+, 
Ca2+ and Fe2+. Overall observation indicates the Cr(VI) reduction potential to the isolated A. faecalis 
strain P-2 indigenous to tannery waste. 

Key Words : Alcaligenes faecalis, Bioremediation, Cr(VI) reduction, 16S rRNA gene, 
Cr(VI) reductase 

 
INTRODUCTION 

Chromium (Cr) and its compounds have 
caused great public concern in recent years 
only because of its wide used in industry, like 
textile, leather tanning, electroplating, galvaniz 
-ing, dyes and pigment producing, metallurgi- 
cal and paint industries and other metal 
processing and refining.1-3 As a result improper 
disposal and poor management of such industri 
-al wastes cause serious threat to environment. 
Biological effects of chromium are highly 
dependent on oxidation state. In the environme 
-nt, chromium exists primarily as trivalent and 
hexavalent states. Cr(VI) state is known to be 
highly soluble, extremely toxic and carcinogen 
-nic. Various physicochemical methods are 
available for the treatment of chromium 

contaminated environments although many of 
these technologies are costly, energy intensive, 
inefficient and not eco-friendly.4,5 Bioremedia 
-tion using microorganisms offers an 
alternative treatment technology for the 
remediation of chromium contaminated 
environments by the conversion of Cr(VI) to 
less toxic and less mobile Cr(III). In recent 
years chromium resistant micro-organisms 
such as Pseudomonas spp., Microbacterium, 
Desulfo vibrio, Enterobacter spp., E.coli, 
Arthrobactor spp, Shewanella alga, Bacillus 
spp., Cellulomonas, Micrococcus, Staphy-
lococcus, Achromobacter, Ochrobactrum and 
several other bacterial isolates have been 
reported to reduce Cr(VI).6-9 Bio-reduction of 
Cr(VI) can occur directly by microbial 
metabolism or indirectly by the production of 
metabolites. Chromium resistant and reducing *Author for correspondence 
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bacteria are able to transformed Cr(VI) to 
Cr(III) using of chromate reductase enzyme.10 
The enzymatic reduction of Cr(VI) involves a 
soluble cytosolic chromate reductase under 
aerobic conditions or a membrane bound 
chromate reductase during anaerobic 
respiration. Under aerobic conditions, most of 
the chromate reductase are reported as soluble 
in the cytosolic and reduce from Cr(VI) to 
Cr(III) inside or/and outside the plasma membr 
-ane. In Bacillus sp. ES29 chromate reducing 
activity was localized in the soluble fraction of 
Cell-Free Extract (CFE) which utilizes NADH 
as the sole electron donors.11 

AIMS AND OBJECTIVES 
In the present study, bacterial strain P-2 was 
isolated from tannery effluent and the strain 
was characterized by 16S rRNA gene sequence 
analysis and biochemically. The chromium 
reduction by the strain P-2 was investigated in 
shake flask condition using MSM where yeast 
extracts as carbon source. Different physicoche 
-mical parameters (temperature, pH, salinity 
and inoculums size) suitable for the growth of 
this strain and consequently chromium reducti 
-on were examined. Furthermore, the chromate 
reductase enzyme was assayed and the cellular 
location of the chromate reductase enzyme was 
determined. The effects of electron donor and 
different metal ions on enzymatic reduction of 
chromium were also investigated. 

MATERIAL AND METHODS 
Sample collection and isolation of Cr(VI) 
reducing bacterial strain 
Tannery effluent sample was collected in 
sterile screw-capped glass amber bottles (1-L 
capacity) from Tannery industry in Kolkata, 
West Bengal, India and immediately stored on 
ice and transported to the laboratory. 
Enrichment isolation was carried out on MSM 
followed by agar plates supplemented with 
gradually increasing concentrations of Cr(VI) 
added as K2Cr2O7 by serial dilution plate 
method as described. The composition of 
MSM used was as follows (g L-1 of deionized 
water) : Tris buffer, 1.0 NaCl, 4.68 NH4Cl, 
1.07 KCl, 1.49 Na2SO4, 0.43 MgCl2, 2H2O, 
0.2 CaCl2, 2H2O, 0.03, supplemented with 
glucose (0.1%) glycerol Phosphate (2mM). 
Colonies were identified by color and colony 

morphology and purified by repeated sub-
culturing. chromium tolerances of the isolated 
strains were checked on Luria agar plate 
amended with 10–500 mgL-1 of C(VI). The 
strain P-2 was selected for further studies and 
stored in 15% glycerol at 80°C for long time 
preservation of the strain. 
Identification of the isolated strain  
Genomic DNA of the strain P-2 was isolated 
using standard phenol chloroform extraction 
procedure. Polymerase Chain Reaction (PCR) 
amplification of bacterial 16S rRNA gene 
using 27F (5′-AGAGTTTGATCCTGGCTCA 
G-3′) and 1492R (5′-TACGGYTACCTTGTT 
ACGACTT-3′) primers was performed. The       
50μL PCR reaction mixture contained 2 μL of 
template DNA (50 ng μL-1), 10pmol of each 
the oligonucleotide primer, 2.5mm MgCl2,       
5μL 10 × PCR reaction buffer (200mm Tris-
HCl, 100mm KCl, pH 8.4), 0.2mm each dNTP 
and 1.5U Taq DNA polymerase (Fermentas, 
USA). Thermal cycling condition for bacterial 
primers was as follows : An initial 
denaturation at 95°C for 5 min followed by 35 
cycles of 94°C for 30s, annealing at 58°C for 
45s and extension at 72°C for 90s followed by 
a 10 m final extension at 72 °C. Amplified 
PCR products were analysed on 1% agarose 
(Sigma-Aldrich, USA) and purified with QIA 
quick gel extraction kit (QIAGEN Ltd., 
Hilden, Germany) according to the manufactu 
-rers instructions and the purified products 
were used for sequencing. The sequence was 
initially analyzed at NCBI using the BLAST 
service to determine their approximate phyloge 
-netic affiliations. The retrieved 16S rRNA 
gene sequences from the genbank were aligned 
with our sequence by using clustalW and 
phylogenetic analysis was done by MEGA 4.0 
followed by neighbour-joining methods 
incorporating jukes-cantor distance correction 
where, Methanospirillum hungatei (M60880) 
was selected as out-group. 
Morphological and biochemical characteri- 
zation of the isolate 
The bacterial isolates were characterized by 
colour and colony morphology. The cell shape 
and grams nature were determined by bright 
field microscopy using gram staining procedu- 
re. Gram staining was performed using gram 
staining kit of HiMedia (India). Catalase 
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activity was determined by bubble formation 
in a 3% hydrogen peroxide solution. Oxidase 
activity was determined by oxidation of 1% p-
aminodimethylaniline oxalate and nitrate reduc 
-tion test was monitored after addition of 
sulfanilic acid, α-naphthylamine and zinc dust 
in nitrate broth culture of isolated bacterial 
strains. The carbohydrate metabolisms were 
tested using different standard carbohydrate 
discs (25μg sugar disc-1) such as glucose, 
sucrose, maltose, galactose, mannose, lactose 
and inosital and produce acid in phenol red 
agar plates. All the sugar discs were procured 
from HiMedia (India).  
Batch growth and Cr(VI) reduction at differ 
-ent initial concentration 
All batch chromium reduction experiments 
using strain P-2 were carried out in MSM 
broth. The experiments were conducted in 100 
mL conical flask containing 25 mL of MSM 
supplemented with 10 mgL-1, 20 mgL-1, 30 
mgL-1, 40 mgL-1 and 50 mgL-1 Cr(VI) respecti 
-vely and incubated at 37°C in dark at a speed of 
150 rpm after adding 2% inoculums in each 
flask. Samples were collected at regular intervals 
of time and the bacterial cell concentration was 
determined by UV/V is spectrophotometer by 
measuring the absorbance or Optical Density 
(OD) of the cell suspensions at 600 nm. Residual 
Cr(VI) concentrations were measured in the 
culture supernatant using 0.2 M H2SO4, 0.25% 
(w/v) and 1, 5 – Di – Phenyl - Carbahydrazide 
(DPC). The colour mixture was measured by 
UV/Vis spectrophotometer U-2800, (Hitachi) at 
540 nm.  
Effect of temperature, pH and salinity on 
bacterial growth and Cr(VI) reduction  
Temperature, pH and salinity effects on 
bacterial growth and Cr(VI) reduction were 
evaluated using MSM supplemented with 
glucose, glycerol-phosphate and 10 mgL-1 of 
Cr(VI). For the effect of temperatures on the 
growth of strain P-2 was monitored at different 
temperatures (25ºC, 30ºC, 37ºC and 45ºC). To 
determine the effect of pH on bacterial growth 
and Cr(VI) reduction were monitored at 
different pH (3, 5, 6, 7, 8, 9 and 10) in MSM. 
Different pH in the medium was maintained 
1M HCl or 1M NaOH solutions. The influence 
of salinity on bacterial growth was examined 
using the same culture medium to which 

different NaCl concentrations (0.25, 0.5, 1.0 
and 5.0%) were maintained. All the experimen 
-tal flasks were incubated at 150 rpm using 2% 
of fresh cultures. At regular intervals, samples 
were withdrawn and measured for cell growth 
(OD600). residual Cr(VI) was estimated by 
DPC method. All the experiments were done 
in duplicate. 
Effect of cell concentration 
For the effect of cell concentrations on Cr(VI) 
reduction were analyzed with different initial 
inoculum (1-5%) size. Experiment was 
conducted with initial pH of 7.0, temperature 
of 37°C in MSM with 10 mgL-1 Cr(VI). At 
regular intervals, the cell growth and residual 
Cr(VI) were measured using standard methods. 
Preparation of cell-free extract 
Strain was grown in 50 mL of MSM 
supplemented with 1 mgL-1 of Cr(VI) to 
exponential phase of growth. The cells were 
harvested by centrifugation at 10000 rpm for 5 
min at 4 °C and the pallet was washed twice 
with 10 mm phosphate buffer (Na2HPO4, 
7H2O, 1.037 NaHPO4, H2O, 0.156 H2O, 100 
mL and pH 8.0). Then the cells were re-
suspended in 1 mL of same buffer and disrupt- 
ted by sonication (6 cycles of 60s on and 60s 
off at 80% amplitude) using a probe-type 
sonicator (Sartorius, Germany). The cell 
suspension was kept in an ice bath during 
sonic treatment. Cellular debris was removed 
by centrifugation at 14000rpm for 40 min at 4 
°C. The clear supernatant (cell free extract) 
was used as a crude cell extract for enzyme 
assays. A total protein concentration in extract 
was measured by lowrys method. The OD was 
taken at 595 nm by UV–visible spectrophotom 
-eter (Rayleigh, China) using Bovine Serum 
Albumin (BSA) as a standard. Chromate 
reduction by extra-cellular assay and cell free 
extract was performed as previously published 
protocol.12 
Chromate reductase assay and protein 
estimation 
The chromate reductase assay was performed 
in 10mm phosphate buffer (pH 8.0) containing  
1mm NADH, 1 and 10 mgL-1 Cr(VI) solution. 
The assay mixture was incubated at 30°C for 1 
hour. Then the residual Cr(VI) content was 
determined at 540 nm. The optimal 
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temperature of chromate reductase activity was 
determined at various temperatures ranging 
from 25 to 45oC. The samples were also 
treated with several metal ions (Zn2+, Ca2+, 
Cu2+, Fe2+, Ni2+, Ag2+) to concentration of 1 
mm at optimal pH and temperature, 
respectively.  

RESULTS AND DISCUSSION 
Isolation and characterization of the Cr (VI) 
- resistant isolated bacterial strain 
The bacterial strain P-2 was isolated from 
tannery effluent in the presence of Cr(VI). The 
Cr(VI) resistant property demonstrated that the 
strain P-2 could tolerate up to 750 mgL-1 of 
Cr(VI) in MSM. This strain was characterized   
by   macroscopic    (colour)    microscopic    cell 
morphology and gram-staining and biochemical 
characteristics (Table 1). The strain P-2 was a 
gram-negative heterotrophic microorganism that 
formed circular, white colored with convex 
colonies. The strain P-2 was positive for catalase, 
oxidase test and the strain was unable to reduce 
nitrate. The strain produced acid from  glucose,  

sucrose, maltose, mannose but no acid was 
produced from galactose, lactose and inositol. 
The phylogenetic affiliation of the strain P-2 was 
ascertained through 16S rRNA gene sequence 
analysis (Fig. 1). Based on 16S rRNA gene 
sequence analysis and compared with known 
sequences in the nucleotide database using 
BLAST N search which showed closest match 
with Alcaligenes sp. (>99%). The phylogenetic 
affiliation was ascertained through neighbor-
joining algorithm showed the strain Alcaligenes 
faecalis P-2 was closely related with heavy metal 
tolerant, ammonia oxidizing Alcaligenes sp. 
(AB968094.1) and Alcaligenes faecalis strain Y5 
(KF925435.1) which have previously been 
reported from tannery effluent and other sources. 
The genbank accession number of Alcaligenes 
faecalis strain P2 is KF499017.1. Tree was 
constructed using the neighbor-joining method 
incorporating jukes - cantor distance corrections. 
Sequence of Methanospirillum hungatei was 
used as the out group. One thousand bootstrap 
analyses were conducted and bootstrap values 
>50% were indicated at the nodes. Scale bar = 
0.05 change per nucleotide position. 

Table 1 : Morphological, biochemical and physiological characteristics of Alcaligenes 
faecalis strain P-2 isolated from tannery effluent 

S/N Characteristic properties Growth of strain P-2 
1. Color of colonies White 
2. Form Round 
3. Margin Entire 
4. Elevation Convex 
5. Gram staining Gram positive,  round shaped 
6. Oxidase test + 
7. Catalase test + 
8. Motility test + 
9. Nitrate reduction - 
 Carbohydrate utilization 

1 Glucose + 
2 Sucrose + 
3 Maltose + 
4 Galactose - 
5 Mannose + 
6 Lactose - 
7 Inositol - 
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Fig. 1 : Phylogenetic tree based on 16S rRNA gene sequence of the bacterial isolate  

P-2 retrieved from tannery effluent  

Batch growth and Cr(VI) reduction at differ 
-ent initial concentration 
Growth as well as Cr(VI) reduction ability of 
Alcaligenes faecalis strain P-2 was periodical 
-ly monitored up to 62 h at different initial 
concentrations of Cr(VI) ranging from 10-50 
mgL-1 under aerobic condition. The active 
ability of the isolate to reduce Cr(VI) was 
indicated by an increase in turbidity of the 
medium measured at 600 nm. Fig. 2 shows 
the change of biomass concentration  as   well 
as Cr(VI) reduction in the culture at different  

time intervals at different initial Cr(VI) 
concentrations ranging from 10‒50 mgL-1. It 
was observed that a lag phase of around 2hour 
in the growth profile was evident at all 
concentrations. The lag phase observed in this 
is due to the highly toxic nature of the 
compound. The efficiency of Cr(VI) 
reduction by Alcaligenes faecalis Strain P-2 
was affected by the concentration of Cr(VI) 
the cell growth was also significantly change 
which indicating the tolerance level of 
Cr(VI).  

 
Fig. 2 : (a) Growth of Alcaligenes faecalis strain  P-2 at different initial concentrations of Cr(VI) 
ranges from 10–50 mgL-1  (b) Reduction of Cr(VI) by Alcaligenes faecalis strain P-2 at different 

initial,  concentrations of 10–50 mgL-1 

The results indicated that increase of 
chromium concentrations which directly 
involved by increasing inhibition of cellular 
growth. The microbial biomass generation 
decreased as the concentration of heavy 
metal increased.13 Above 50% of Cr (VI) 
was reduced within 22h when the initial Cr 

(VI) concentration ranged from 10-30 mgL-1 
and the concentrations 40 mgL-1 and 50 
mgL-1 were reduced 36% and 43% 
respectively after 22h of incubation. The 
strain P-2 exhibited higher ability of Cr(VI) 
reduction about 73% at 10 mgL-1 of Cr(VI) 
after 62h of incubation and Cr(VI) at 
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concentrations ranges from 20-50 mgL-1 
reduced about >60% after 62h. 
Biotransformation of chromium by chromate 
reducing bacteria offers an economical as 
well as eco-friendly option for detoxification 
and bioremediation.14 Bioreduction  of  toxic  
Cr(VI)  to  stable  Cr(III)  by  micro-
organisms has  been  regarded  as  a  
promising  approach  for  the  remediation of  
chromium  contamination. 
Effect of pH and temperature on bacterial 
growth and Cr(VI) reduction  
The effect of pH, on the growth of Alcaligenes 
faecalis strain P-2 was studied experimentally 
at different initial pH values varying from 
(3.0–10.0) under identical environmental 
conditions like temperature at 37°C and the 
initial concentration of C(VI) at 10 mgL-1. 
Cr(VI) reduction efficiency of the isolate 
Alcaligenes faecalis strain P-2 occured very 

well when the initial pH maintained 6.0–8 
(Fig. (3a)). Subsequently growth of the 
isolated strain also showed maximum 
biomass at this pH. Maximum reduction of 
Cr(VI) occurred 69.7% and 65.5% at pH 7.0 
and 8.0 respectively. In the present work the 
pH of medium is taken to be 7.0 for further 
studies. Growth as well as Cr(VI) reduction 
was also studied with varying temperature 
ranges from 25-45oC. The optimum 
temperature for reduction of Cr(VI) was 
found to be 37oC with 78.3% of chromium 
reduction (Fig. (3 b)). For this isolate the 
optimum growth temperature of 37°C 
indicates that the isolated strain is 
mesophilic in nature. The chromate 
reduction ability of bacteria is affected by a 
number of factors. In this study the Cr(VI) 
reduction ability of strain P-2 increased with 
the increase in initial cell concentrations, 
initial level of pH and specific temperature.  

 
Fig. 3 : Effect of pH and temperature on growth and Cr (VI) reduction in MS medium containing 

10 mgL-1 Cr(VI). (a) Growth and Cr(VI) reduction at different pH, (b) Growth and Cr(VI) 
reduction at different temperatures 

Effect of inoculum and salinity on bacterial 
growth and Cr(VI) reduction  
Effect of various amounts of inoculum (1%, 
2%, 3% and 5% (v/v)) was investigated in 
present of 10 mgL-1 of Cr(VI). Maximum 
Cr(VI) reduction observed about 65% when 
medium contained 5% of inoculum             
(Fig. (4 a)). The effect of salinity on the 
growth of the strain was observed in the batch 
set up containing 4 different NaCl 

concentrations (0.25, 0.5, 1.0 and 5.0% (v/v)). 
Optimum salinity was 0.5% and at this 
concentration maximum growth and reduction 
(63.5%) of Cr(VI) was observed (Fig. (4 b)).  
Chromate reductase activity of cell free 
extract with and without NADH 
After celllyses by ultra sonication the CFE had 
0.09U (extra cellular extract) and 0.08U 
(Cytoplasmic extract) chromate reductase 
activity for 20 mgL-1. This sample was used 
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for further studies using NADH as an electron donor (Table 2). 

 
Fig. 4 : Effect of inoculums size and salinity on growth and Cr(VI) reduction in MS medium 

containing 10 mgL-1 Cr(VI). (a) Growth and Cr(VI) reduction at different inoculum, (b) Growth 
and Cr(VI) reduction at different salinity. 

It has previously been reported that chromate 
reducing bacteria may utilize a variety of 
organic compounds as electron donors for 
Cr(VI) reduction. Addition of NADH to the 
reaction mixture improved the chromate 
reductase to 0.09 U (extra cellular extract) and 
0.10 U (Cytoplasmic extract) under similar 
conditions.15 [1U= amount of enzyme (crude 
extract) that converts 1µmol Cr(VI) per minute 
at 30oC]. Among the metal ions of (1 mgL-1) 
tested for 2h, Cu2+ , Zn2+ , Ca2+ and Fe2+ 

enhanced the activity of chromate reductase by 
removing 80%, 98%, 79%  and  91% of Cr(VI) 
respectively. Ni 2+ and Ag2+ inhibited chromate 
reductase activity at 10 mgL-1 Cr(VI) (Fig. 5). 
In general, the mechanisms adopted by 
microorganisms for Cr(VI) reduction are 
variable in different species. Some species use 
Cr(VI) as the final electron acceptor in the 
respiratory chain, while some other strains use 
certain secreted soluble enzymes for reduction 
of Cr(VI) to Cr(III).16-27   

Table 2 : Hexavalent chromium removed (%) after incubation with crude cell extract with 
and without NADH (as electron donor) 

Chromate 
reductase 
enzymes 

Initial protéin 
concentration (mgL-1) 

Specific activity 
[U*] 

(without NADH) 

Cr(VI) reduction 
(without NADH) 

1 mgL-1 10 mgL-1 

Extra cellular 
enzyme 168.1 0.08 75 % 65% 

Cytoplasmic 
enzyme  195.4 0.09 80 % 70% 

Chromate 
reductase  
enzyme 

Initial protéin 
concentration (mgL-1) 

Specific activity 
[U*] with NADH 

Cr(VI) reduction 
(with NADH) 

1 mgL-1 10 mgL-1 

Extra cellular 
enzyme 

168.1 0.09 80 % 70 % 

Cytoplasmic 
enzyme 195.4 0.1 94 % 84% 
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Fig. 5 : Effect of different metal ions on the chromate reductase enzymes and Cr(VI) reduction 

CONCLUSION 
The present study highlights some silent 
features of the strain Alcaligenes faecalis P-2. 
Ability of the isolated strain to reduce Cr(VI) 
in the presence of wide range of pH, 
temperatures and salinity indicated the potenti 
-al of the strain to survive various environment 
-ts. Moreover, the use of cell free extract could 
represents a further opportunity for Cr(VI) 
removal and the effect of different heavy 
metals on chromate reductase enzymes could 
be useful in detoxification of chromium as well 
as various heavy metals.  
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