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Arthrobacter sp. SUK 1201, a chromium resistant and reducing bacterium having 99% sequence homol-
ogy of 16S rDNA with Arthrobacter sp. GZK-1 was isolated from chromite mine overburden dumps of
Orissa, India. The objective of the present study was to optimize the cultural conditions for chromate
reduction by Arthrobacter sp. SUK 1201. The strain showed 67% reduction of 2 mM chromate in 7 days
and was associated with the formation of green insoluble precipitate, which showed characteristic peak
of chromium in to energy dispersive X-ray analysis. However, Fourier transform infrared spectra have
failed to detect any complexation of end products of Cr(VI) reduction with the cell mass. Reduction of
chromate increased with increased cell density and was maximum at 10'° cells/ml, but the reduction
potential decreased with increase in Cr(VI) concentration. Chromate reducing efficiency was promoted
when glycerol and glucose was used as electron donors. Optimum pH and temperature of Cr(VI) reduction
was 7.0 and 35 °C respectively. The reduction process was inhibited by several metal ions and metabolic
inhibitors but not by Cu(Il) and DNP. These findings suggest that Arthrobacter sp. SUK 1201 has great
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promise for use in Cr(VI) detoxification under a wide range of environmental conditions.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Microbial reduction of toxic hexavalent chromium [Cr(VI)] to
comparatively less toxic trivalent form [Cr(III)] and its precipita-
tion at near neutral pH is a cost effective green technology for the
treatment of Cr(VI) contaminated wastes in contrast to the tra-
ditional physico-chemical methods [1,2]. Reduction of Cr(VI) has
been achieved using a wide variety of bacterial isolates [2-4] and
consortium [5,6] under both aerobic [7,8] as well as anaerobic con-
ditions [9-11]. These bacterial isolates were derived primarily from
anthropogenic sources [3,12-14], but their occurrence in naturally
metal percolated environments is not uncommon [4].

Chromium resistant and reducing bacteria have been reported
from chromite mining environments and have attracted increased
interest for potential application in bioremediation of Cr(VI)
polluted waste water [15,16]. Arthrobacter spp., the common
Gram-positive bacteria having characteristics rod to cocci cell cycle
during growth are no exception to these. They are not only capable
of surviving in various metal stressed environments [2] such as
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tannery wastes [12], dichromate contaminated soil samples [2],
waste water treatment plant [5] and other chromium contaminated
sites [17-19], but are also able to reduce chromium during growth,
by whole cells and by cell-free extracts. Asianti et al. [17] and
Megharaj et al. [12] reported an Arthrobacter strain able to reduce
nearly 35 and 30 pg/ml of Cr(VI)in 10 d and 46 hrespectively. How-
ever, Arthrobacter crystallopoites ES 32 reported by Camargo et al.
[2] showed much less reducing efficiency during growth. Molok-
wane et al. [5] reported an Arthrobacter sp., which in a consortium
was able to reduce nearly 94.3% of 100 mg/1 Cr(VI) in 24 h of incu-
bation.

During the course of our survey for bacterial strains capable of
tolerating and reducing high concentrations of Cr(VI) from metal-
liferous chromite resources, we have isolated a potent bacterium
Arthrobacter sp. SUK 1201 from chromite mine overburdens of
Orissa, India. The present study envisages to confirm the taxonomic
identity and phylogenetic relation of the strain by 16S rDNA analy-
sis and optimize the cultural conditions for Cr(VI) reduction under
batch culture, which facilitates its in situ application for bioreme-
diation of contaminated wastes.

2. Materials and methods
2.1. Source and maintenance of bacterial culture

The chromate reducing bacterium, Arthrobacter sp. SUK
1201 used in this study was isolated from metalliferous mine
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Fig. 1. Phylogenetic tree derived from 16S rRNA gene sequence of SUK 1201. The evolutionary history was inferred using the Neighbor-Joining method. The evolutionary
distances were computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site.

overburden collected from chromite mining areas of Orissa, India.
The strain was routinely maintained on slopes of peptone, yeast
extract and glucose (PYEG) agar medium [20] containing (g/1) pep-
tone, 10.0; yeast extract, 5.0; glucose, 3.0 and agar agar, 20.0 (pH
7.0), supplemented with 2 mM Cr(VI) and stored at 4°C.

2.2. Identification of the strain

The identity of the isolate SUK 1201 was confirmed based
on 16S rDNA analysis. The DNA was isolated and purified by
phenol/chloroform extraction and precipitated by adding 3 M
potassium acetate and isopropanol.

PCR amplification was performed using the 8 F
(5'-AGAGTTTGATCCTGGCTCAG-3') and 1492 R (5-
TACGGYTACCTTGTTACGACTT-3’) as forward and reverse primers
respectively. Reactions were carried out using BDT v 3.1 cycle
sequencing kit. The reaction mixture consisted of 2 ul BDT v 3.1
(ABI, cat # 4337455), 1 ul sequencing buffer (ABI, cat # 4336697),
2 pl primer (@ 4 uM), 4 .l template and 1 wl PCR water. The 16S
rRNA gene was amplified using a 26 cycle PCR (96°C, for 10s;
annealing temperature, 55 °C, for 5 s; extension temperature, 60 °C
for 4min) and hold at 4°C. The PCR amplification products were
analyzed by electrophoresis on a 1% agarose gel and purified. DNA
sequencing was performed using the dideoxy chain termination
method with an ABI 3730 x 1 Genetic Analyzer. A consensus
sequence of 1385 b.p. of 16S rDNA gene was generated from
forward and reverse sequence data using aligner software.

The 16S rDNA gene sequence was analyzed using BLAST pro-
gram with NCBI GenBank database. Based on maximum identity
score, first ten sequences were selected and aligned using multi-
ple alignment software program Clustal W. Distance matrix was
generated using RDP database and the phylogenetic tree was con-
structed using MEGA 4. The sequence was deposited at Gen Bank
with accession No. JQ312665.

2.3. Reduction of Cr(VI) during growth

Reduction of chromium during growth of Arthrobacter sp. SUK
1201 was determined in Vogel Bonner (V. B.) broth. The V. B. broth
contained 2% of sterile stock solution of V. B. concentrate containing
(grams per liter) anhydrous K;HPO4, 500.0; Na(NH4)HPO4-4H-O0,
175.0; citric acid, 100.0; MgS04-7H,0, 10.0 and 2.0% of 25% D-
glucose 20.0ml (pH 7.0) in 11 distilled water [20]. The medium
(20ml/100 ml flask) was inoculated with overnight grown cul-
tures and incubated at 35 °C under continuous shaking (120 rpm).

Unless otherwise mentioned, the initial inoculum was maintained
at 106 cells/ml in all experiments. In order to monitor any abiotic
Cr(VI) reduction, cell-free controls were used and all experiments
were done in triplicates. Residual hexavalent chromium was mea-
sured following the usual diphenyl carbazide method [21].

2.4. Fourier transform infrared (FTIR) spectroscopy

The cell mass along with the green precipitate formed dur-
ing the course of Cr(VI) reduction was separated from the culture
by centrifugation at 10,000 x g for 10 min at 4°C. The pellet was
washed thrice with distilled water to remove traces of water solu-
ble Cr(VI) and subsequently lyophilized at —56 °C using a Secfroid
LSL lyophilizer.

The lyophilized cell mass along with precipitate was pow-
dered in mortar and pestle, mixed with 2% KBr and compressed
into translucent sample discs using manual hydraulic press. The
disc was then scanned between 500 and 4000cm~! in a Perkin
Elmer FTIR spectrophotometer (Model No. RX-1). Biomass grown
in chromium-free medium was used as control.

2.5. Determination of growth

Growth of chromate reducing bacteria in liquid media was mea-
sured following the viable count method. The cultures were serially
diluted and plated on peptone yeast extract glucose (PYEG) agar
medium and the number of colony forming units/ml was calculated
after incubating at 35°C for 2d.

2.6. Estimation of chromium

Hexavalent chromium reduction in the culture filtrate was
estimated by measuring the decrease of chromate at definite
time interval. Cr(VI) was quantified following diphenyl carbazide
method of Park et al. [21].

Total chromium was measured using a Varian Atomic
Absorption Spectrometer (spectrAA-20Plus). Elemental analysis of
chromate reduction products was carried out with energy disper-
sive X-ray (EDX) analysis. For EDX analysis the cell mass along with
the green precipitate was separated from the culture by centrifu-
gation at 10,000 x g for 10 min at 4 °C. The pellet was washed and
subsequently lyophilized at —56 °C using a Secfroid LSL lyophilizer.
The lyophilized cell mass along with precipitate was powdered
in mortar and pestle and mounted on aluminum stubs. It was
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Fig. 2. Growth and reduction of hexavalent chromium by isolate Arthrobacter sp.
SUK 1201 in Vogel Bonner broth under batch culture (-4- residual hexavalent
chromium, -M- total chromium, -a- growth).

subjected to 90°A thick carbon coating in polaron Sc 7640 sputter
coater for 10 min. Elemental analysis was carried out at 15 kV.

3. Results
3.1. Identification of the strain

The chromium resistant and reducing Gram-positive bacterial
strain Arthrobacter sp. SUK 1201 isolated from overburden samples
of chromite mine around Sukinda, Orissa, India showed a charac-
teristics rod to cocci cycle during growth. The consensus sequence
of 1385 b.p. of 16S rDNA gene was generated and used to carry
out BLAST with database of NCBI GenBank. The results showed 99%
sequence similarity with Arthrobacter sp. GZK-1. The phyllogenetic
tree has been drawn using Neighbor-Joining program in MEGA 4

450

4004

software between different members of the genus Arthrobacter and
the present bacterial isolate SUK 1201 and are shown in Fig. 1.

3.2. Chromate reduction during growth

Chromate reduction by Arthrobacter sp. SUK 1201 as studied
under batch culture in V. B. broth supplemented with 2 mM Cr(VI)
showed gradual discoloration of the medium and formation of a
light to deep green colored precipitate in the culture along with
decrease in the Cr(VI) content (Fig. 2). However, there was no sig-
nificant change in the total chromium content of the medium. EDX
analysis carried out with washed lyophilized cells along with green
colored precipitate confirmed the presence of chromium in the pre-
cipitate. The green precipitate was insoluble at neutral pH, but was
highly soluble at pH below 5.5 and may possibly represent salts of
Cr(III) (Fig. 3).

3.3. FTIR analysis

The FTIR spectra of biomass grown in chromium-free medium
and those grown in medium containing 2 mM Cr(VI) were com-
pared. No major change in the spectra was noticed (Fig. 4), which
indicated that the end product of hexavalent chromium reduction
so formed during the course of growth has not complexed with
bacterial cell.

3.4. Effect of initial Cr(VI) concentration

Growth as well as chromate reduction was monitored at dif-
ferent initial chromium concentration ranging from 0.5 to 6.0 mM.
Complete reduction of hexavalent chromium in the medium even
failed to occur at the lowest concentration (0.5 mM), where nearly
92% of initial Cr(VI) was reduced. With increase in chromium con-
centration (1-6 mM), the reduction rate increased from 0.34 to
2.0mM Cr(VI)/day during the first day of incubation. However,
the extent of reduction decreased with prolonged incubation and
at higher concentration. Virtually there was no reduction from
4th and 3rd day of incubation at 4 and 6 mM Cr(VI) respectively,
although some degree of growth was evident (Fig. 5a and b).
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Fig. 3. EDX spectrum of the precipitate formed during the Cr(VI) reduction by Arthrobacter sp. SUK 1201 cells.
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Fig. 4. FTIR spectrum of the cell mass during Cr(VI) reduction by Arthrobacter sp.
SUK 1201, (a) control, (b) 2 days and (c) 4 days.

3.5. Effect of cell concentration on Cr(VI) reduction

The effect of initial cell density on Cr(VI) reduction was tested at
a concentration of 10°-1010 cells/ml. Cr(VI) reduction was found to
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Fig. 6. Effect of cell density on Cr(VI) reduction by isolate Arthrobacter sp. SUK 1201
(m 2 days, O 4 days, k2 6 days, LA 8 days).

increase proportionally with increase in cell density. At the highest
cell density (1010 cells/ml, 2 mM of Cr(VI) declined to 0.2 mM in 8
days showing about 90% of initial Cr(VI) reduction, but at lower cell
concentration (10° cells/ml) only 53% Cr(VI) was reduced (Fig. 6).

3.6. Effect of electron donor

Several organic compounds viz. propionate, acetate, benzoate,
glucose, sucrose, glycerol, propylene glycol, chlorophenol and
cresol were supplemented at 0.1% (w/v) level in the V. B. broth
and reduction of Cr(VI) during growth of Arthrobacter sp. SUK 1201
was studied. Complete reduction of initial 2 mM chromate was seen
within 4 days of incubation when glycerol was used as electron
donor. This was followed by glucose where 76% of initial Cr(VI) was
reduced. Sucrose was the least effective electron donor followed by
tryptone and acetate (Fig. 7a and b).

3.7. Effect of pH and temperature

Chromate reduction by isolate Arthrobacter sp. SUK 1201
occurred fairly well when the initial pH of the media was main-
tained between 4.0 and 8.0. Maximum reduction of hexavalent
chromium (68.65%) occurred at pH 7.0, which was affected on
either side of the pH scale (Fig. 8).

The chromate reduction efficiency of the isolate SUK 1201 was
greatly influenced by the incubation temperature when tested over
a temperature range of 30-40°C. The optimum temperature for
reduction was found to be 35 °C with 65.7% of chromate reduction.

0123 456 78

Incubation,days

Fig. 5. Effect of concentration of Cr(VI) on growth (a) and Cr(VI) reduction (b) by isolate Arthrobacter sp. SUK 1201 (-4- 0.5 mM, -B- 1.0 mM, -a- 2.0 mM, -C- 4.0 mM, -A-

6.0mM).
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Fig. 7. Effect of electron donor on growth (a) and Cr(VI) reduction (b) by isolate Arthrobacter sp. SUK 1201.

However, the process of reduction was severely affected when the
temperature was increased to 40°C (Fig. 9).

3.8. Effect of metal ions

Effect of metal ions on chromate reduction was investigated
using metals like Ni(II), Mn(II), Cu(II), Co(II), Zn(II) and Cd(II). Reduc-
tion of Cr(VI) by the isolate was maximum (73%) when 1 mM Cu(lI)
was supplemented in the medium along with Cr(VI) and this was
much better than the control set containing only Cr(VI). Presence
of Cu(Il) however, retarded the growth to some extent. Cadmium
appeared to be most toxic of all the metal tested, presence of
which impaired growth as well as chromate reduction and was fol-
lowed by Zn(II), Co(II) and Ni(II). Apparently, Cr(VI) reduction by the
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Fig. 8. Effect of pH on growth and chromate reduction during growth by isolate
Arthrobacter sp. SUK 1201 (-B- growth, -4- % Cr(VI) reduced).

isolate (64%) was more or less unaffected by the presence of Mn(II)
(Table 1).

3.9. Effect of inhibitor

Several inhibitors such as sodium azide (NaN3), sodium fluo-
ride (NaF), 2,4-di nitrophenol (DNP), N,N,-dicyclohexyl carboiimide
(DCC) and carbonyl cyanide-m-chloro phenyl hydrazone (CCCP)
were used to evaluate their influence on chromate reduction.
Reduction was remarkably inhibited by most of the inhibitors
except DNP when used at 1 mM level. Only 34-46% of chromate
reduction was possible after 8 days of incubation. DNP appeared
neither inhibitory nor promotive as it leads to the reduction of 68.5%
of 2mM Cr(VI) as against 67.3% in the control (Table 2).
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Fig. 9. Effect of temperature on growth and chromate reduction during growth by
isolate Arthrobacter sp. SUK 1201 (-B- growth, -4- % Cr(VI) reduced).
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Table 1
Effect of metal ions on growth and Cr(VI) reduction by Arthrobacter sp. SUK 1201.

Metals Incubation, days

2 4 6 8

A B A B A B A B
Control (-Metal) 7.8 £ 0.06 19.0 + 0.0 8.16 £ 0.0 49.75 + 0.0 8.61 £ 0.0 59.0 £+ 0.06 8.52 + 0.0 67.0 £ 0.0
Ni(Il) 7.90 £+ 0.0 23.25+ 0.0 8.04 £ 0.04 46.4 + 0.0 8.74 £ 0.0 59.8 + 0.06 8.28 £ 0.0 59.8 + 0.06
Mn(1II) 7.60 £ 0.0 46.4 £+ 0.0 8.42 £ 0.02 59.8 £ 0.0 8.62 £ 0.0 63.15 £ 0.06 8.60 &+ 0.0 63.15 £ 0.06
Cu(In) 6.89 + 0.0 33.0+ 0.0 8.25 £ 0.0 39.7 £ 0.0 8.55 + 0.02 59.8 £ 0.0 8.38 £ 0.0 73.2 £ 0.0
Co(II) 7.20 £ 0.0 33.0 + 0.09 8.03 £ 0.0 46.4 + 0.0 8.55 + 0.0 46.4 + 0.0 8.26 +£ 0.0 46.4 + 0.0
Zn(1I1) 7.25 £ 0.08 30.0 £ 0.0 7.83 £ 0.01 33.0+0.2 8.60 + 0.02 39.7 £ 0.0 7.90 £ 0.0 39.7 £ 0.0
Cd(In) 7.38 £ 0.0 9.8 £0.0 7.71 £ 0.02 9.8 £0.0 8.38 £ 0.0 9.8 £ 0.0 7.68 £ 0.0 9.8 £ 0.0

A, growth, log no. of cells/ml; B, % Cr(VI) reduced. All metals were added to the chromate reduction medium at 1 mM level. Results represent mean =+ standard error of

triplicate sets.

Table 2

Effect of different inhibitors on growth and Cr(VI) reduction by Arthrobacter sp. SUK 1201.

Inhibitors Incubation, days

2 4 6 8

A B A B A B A B
Control (-Inhibitor) 7.72 + 0.06 325+ 0.0 8.26 + 0.01 49.60 + 0.6 8.52 + 0.0 57.0 £ 0.6 8.60 + 0.0 673 £ 0.0
cccp 6.86 + 0.02 19.8 + 0.02 7.02 £ 0.0 23,5+ 0.0 7.01 £ 0.0 31.0 + 0.02 6.45 + 0.0 34.0 + 0.02
DCC 7.02 £ 0.04 21.0 £ 0.0 7.23 £ 0.02 33.0 + 0.06 7.09 £ 0.06 39.7 £ 0.0 6.75 £+ 0.02 39.7 £ 0.0
DNP 7.02 £ 0.04 30.0 +£ 0.0 723 £0.0 37.0 + 0.02 7.02 £ 0.0 68.5 + 0.06 6.75 £ 0.02 68.5 + 0.06
NaNj3 7.68 + 0.04 37.5 £ 0.59 7.61 + 0.06 40.0 +£ 0.0 7.30 + 0.05 46.75+0.0 7.02 £ 0.0 46.75 + 0.0
NaF 6.82 + 0.02 26.8 + 0.07 7.02 £ 0.06 30.0 £ 0.0 6.96 + 0.0 33.0 £ 0.06 6.8 £0.0 3424 + 0.0

A, growth, log no. of cells/ml; B, % Cr(VI) reduced. All inhibitors were added to the chromate reduction medium at 1 mM level. Results represent mean =+ standard error of
triplicate sets. CCCP, carbonyl cyanide-m-chloro phenyl hydrazone; DCC, N,N,-dicyclohexyl carboiimide; DNP, 2,4-di nitrophenol; NaNs, sodium azide; NaF, sodium fluoride.

4. Discussion

Ever since the findings of Camargo et al. [2] that Arthrobacter
spp. could thrive better in metal stressed environments and could
reduce hexavalent chromium, several reports have been published
on chromate reduction by members of this actinomycetes genus
isolated from soil contaminated with tannery effluent [12], basalt
rocks [17], activated sludge [5] and landfarming process soil sam-
ple [19]. Moreover, Arthrobacter spp. have attracted the attention
for its potential applications in bioremediation of Cr pollutant in
culture [12], using free and immobilized cell-free extract [18] and
biofilm packed bed reactors [19].

The bacterial isolate SUK 1201, obtained from metalliferous
chromite mine overburden of Orissa, India was identified as
Arthrobacter sp. SUK 1201 (MTCC 8728). The taxonomic identity of
strain as been confirmed following analysis of 16S rDNA sequence
homology, which showed 99% homology with Arthrobacter sp. GZK-
1, previously isolated from sugarcane cultivated soils in Kenya
[22]. The strain GZK-1 was reported to mineralize herbicides like
atrazine but were unable to resist and reduce Cr(VI). Strikingly,
Arthrobacter sp. SUK 1201 isolated from chromite mine overburden
has shown resistance to heavy metals including Cr and developed
the property of reducing hexavalent chromium as an adaptive fea-
ture in withstanding the toxic mining environment enriched with
different metallic ions.

Arthrobacter sp. SUK 1201 reduced nearly 67% of 2mM Cr(VI)
in V. B. broth (Fig. 2) in 7 days, where low level of organic sub-
stances minimized the possible complexation of Cr(VI) with media
constituents [12] and Cr(VI) reducing capability of the isolate was
more or less accurately assessed. This corroborates the findings
of Megharaj et al. [12] where Cr(VI) reduction was assessed using
synthetic media. Chromate reduction by SUK 1201 during growth
resulted in the formation of characteristics extracellular green
precipitates. Wang et al. [9] and Carlos et al. [23], reported the
formation of white colloid precipitate as a result of Cr(VI) reduc-
tion by Enterobacter cloacae and Bacillus subtilis respectively, while

similar extracellular blue precipitate formation during Cr(VI)
reduction was also demonstrated in Achromobacter [24] and Leu-
cobacter sp. [25].

With increase in Cr(VI) concentration, chromate reduction rate
increased (Fig. 5) as presence of Cr(VI) and the cell density stim-
ulated Cr(VI) reduction activity [7]. However, the reduction rate
decreased with incubation due to Cr(VI) toxicity and reduction in
cell number as was evident in Bacillus sp. [20].

Chromate reducing organisms in general may utilize a vari-
ety of organic compounds as electron donors for Cr(VI) reduction
[26,27]. The isolate SUK 1201 was able to utilize a wide variety of
sugar metabolites and nitrogenous components but glycerol was
most effective (Fig. 7). Pal and Paul [4] found that glycerol pro-
moted Cr(VI) reduction by Bacillus sphaericus. While a considerable
increase in Cr(VI) reduction by Bacillus sp. FM1 was achieved in
presence of glucose [28].

Arthrobacter sp. SUK 1201 effectively reduced chromite in a nar-
row range of pH with an optimum of pH 7.0 (Fig. 8) similar to that
of Camargo et al. [29], who also reported that the optimal pH for
Cr(VI) reduction ranged between 7 and 8. Thacker and Madamwar
[30] reported that maximum growth and chromate reduction by
Ochrobactrum sp. occurred at pH 7.0. However, Masood and Malik
[28] reported the optimum pH for Cr(VI) reduction by Bacillus sp.
to be 8.

Temperature is an important factor that affect microbial Cr(VI)
reduction. The optimum temperature for chromate reduction by
SUK 1201 was found to be 35 °C (Fig. 9) characteristic of mesophilic
organism. Similar optimum temperature for Cr(VI) reduction was
also reported in isolate Ochrobactrum intermedium SDCr-5 [7] and
in Bacillus sp. [28]. Optimum temperature for growth and Cr(VI)
reduction was found to range between 35 and 40°C for Staphylo-
coccus aureus and Pediococcus pentosaceus [31].

Though Arthrobacter sp. SUK 1201 was tolerant to a number
of heavy metals, the Cr(VI) reduction efficiency was significantly
affected by metals like Cd(II) and Zn(II). Similar inhibitory effect
was also evident with different strains of Bacillus [28,32]. The
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stimulatory effect of Cu(Il) on the chromate reductase activity of
Arthrobacter sp. SUK 1201 (Table 1) may probably be due to the
fact that Cu is a prosthetic group for many reductase enzymes and
acts as an electron redox center and help in the shuttle of elec-
tron between subunits. Similar enhancement of Cr(VI) reduction
potential was also evident with Bacillus sp. [29] and O. intermedium
[7].

Chromate reductase activity of SUK 1201 was severely affected
by the metabolic inhibitors like CCCP, NaF and DCC (Table 2) due to
disruption of chemiosmotic gradient, disruption of enolase activity
[11] and inhibition of ATPase activity respectively. Like Arthrobacter
sp. SUK 1201, inhibition of Cr(VI) reduction was also evident with
Stenotrophomonas maltophilia, Staphylococcus gallinarum, Pantoea
sp. and Aeromonas sp. in presence of NaN3 [33]. DNP, the uncou-
pler might have accelerated the respiratory chain linked electron
transport mechanism [34] and thereby showed chromate reduc-
tase activity more or less similar to control. Enhancement of Cr(VI)
reduction by DNP has also been reported in Burkholderia cepacia
[34] and Staphylococcus gallinarum [33].

5. Conclusion

The optimization of cultural and physico-chemical features of
Cr(VI) reduction by Arthrobacter sp. SUK 1201 clearly established
the biotechnological potential of transformation of Cr(VI) to less
toxic Cr(IIl) and thus could be useful in detoxification of chromium
pollutants particularly in aquatic systems.
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