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ABSTRACT

Arthrobacter sp. SUK 1205 isolated from metalliferous chromite mine environment of Orissa, India showed wide de-
gree of tolerance to heavy metals including Cr(V1), variety of antibiotics and was also capable of reducing Cr(V1) dur-
ing growth. Freshly grown whole cells of this bacterium were evaluated for chromate reduction under batch culture us-
ing Vogel Bonner (V. B.) broth as the base. Cells of SUK 1205 were capable of completely reducing 100 uM Cr(VI1) in
V. B. broth within 48 h of incubation. Reduction of chromate increased with increase in cell density which attained
maximum at 10 cells/ml, however, reverse was the phenomenon when the concentration of Cr(V1) increased gradually.
Glyceral, glycine and glucose promoted chromate reduction efficiency of the cells when used as electron donors. Opti-
mum pH and temperature were found to be 7.0 and 35°C respectively. The process of reduction was inhibited by Ni(ll),
Mn(I1), Zn(I1) and Co(ll), but Cu(ll) and Fe(lll) was promotive in nature. On the other hand, 2,4-dinitrophenol was
found to be neither promotive nor inhibitory for the reduction process, but carbonyl cyanide-m-chloro phenyl hydrazone,
sodium azide, sodium fluoride and N,N,-dicyclohexyl carboiimide were inhibitory. Cells of SUK 1205 when permeabi-
lized with toluene, triton X-100 and tween 80 showed an enhancement of the process and thereby indicated that reduc-
tion of Cr(VI) was mainly associated with soluble component of the cells. Arthrobacter sp. SUK 1205, therefore,
showed great promise for usein Cr(V1) detoxification under a wide range of environmental conditions.

Keywords: Arthrobacter sp.; Chromate Reduction; Chromite Mine Overburden; Detoxification; Hexavalent Chromium,;
Metal Resistance; Bioremediation; Environmental Pollution

1. Introduction

Environmental pollution of chromium due to industria
operations such as metallurgical, refractory and chemical
manufacturing is common occurrence. In addition, wea-
thering and leaching of chromium from overburdens
dumped in chromite mining areas along with accumu-
lation of seepage water in quarries also play a significant
role in contaminating the environment. In most cases,
chromium is represented by both trivalent [Cr(I11)] and
hexavaent [Cr(VI)] forms as they are the most stable
oxidation states. Mobilization of Cr(Ill) is slow unless
dissolved in acidic environment or complexed by organic
compounds [1] and is less bicavailable in natural envir-
onment, whereas Cr(V1) is highly toxic, carcinogenic and
mutagenic [2] due to its high degree of solubility and
membrane permeability leading to oxidative stress, DNA
damage and altered gene expression.

Bioreduction of toxic Cr(VI) to less toxic Cr(Ill) and
its precipitation in aguatic environment is considered as a
cost effective and eco-friendly strategy for treatment of
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Cr(V1) contaminated wastes in contrast to the traditional
physico-chemical treatment process [3], which are not
environment friendly. A wide variety of indigenous mi-
crobia cultures as well as microbia consortium have
been tested for reduction of Cr(V1) under both aerobic [4,
5] and anaerobic conditions [6] and proved to effective
for environment management.

Members of the genus Arthrobacter capable of surviv-
ing in various chromium contaminated industrial areas
such as tannery, chromite mining area and Department of
Energy (DOE) waste sites have been explored for their
chromate reducing potential by severa authors [4,7-10].
These isolates are able to reduce chromium during growth,
by whole cells and aso by cell-free extracts. Camargo et
al., [10] have reported the chromate reducing efficiency of
Arthrobacter crystallopoites ES 32 during growth.
Similarly Arthrobacter sp. in a consortium was able to re-
duce nearly 94.3% of 100 mg/l Cr(VI) in 24 h of incu-
bation [7]. On the other hand, Asianti et al., [9] and
Meghraj et al., [4] have demonstrated that Arthrobacter

GM



74 S.DEY, A. K. PAUL

strains were able to reduce nearly 35 and 30 pg/ml of
Cr(VI) in 10 day and 46 h respectively.

During the course of our survey for bacterial strains
capable of tolerating and reducing high concentration of
Cr(VI) from metalliferous chromite mine environments,
we have isolated an efficient chromite reducing bacte-
rium, Arthrobacter sp. SUK 1205 (MTCC 8731) from
overburdens of Sukinda, Orissa, India. The strain has
been shown to reduce 64% of initial 2 mM Cr(VI) [11].
The present study confirmed the taxonomic identity, phy-
Ilogenetic analysis of the strain and optimized the cul-
tural conditions for Cr(V1) reduction by whole cdlls of
the strain under batch culture.

2. Materials and Methods
2.1. Source and Maintenance of Bacterial Isolate

Chromate reducing bacterial isolate SUK 1205 (MTCC
8731) was isolated from metalliferous chromite mine
overburden samples collected from chromite mining en-
vironment of Orissa, India. The strain was grown on slo-
pes of peptone yeast-extract and glucose (PYEG) agar
medium [12] supplemented with 2 mM Cr(VI) and main-
tained at 4°C after 48 h growth in the same medium.

2.2. Phyllogenetic Analysis of the Strain

While the morphological, physiological and biochemical
characteristics along with tentative identity of the isolate
has been reported in Dey and Paul [11], the identity of
theisolate SUK 1205 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 ul primer
(@ 4 uM), 4 pl template and 1 pl PCR water. The 16S
rRNA gene was amplified using a 26 cycle PCR (96°C,
for 10 sec; annealing temperature, 55°C, for 5 sec; exten-
sion temperature, 60°C for 4 min) and hold at 4°C. The
PCR amplification products were analyzed by electroph-
oresis on a 1% agarose gel and purified. DNA sequen-
cing was performed using the dideoxy chain termination
method with an ABI 3730 x 1 Genetic Analyzer. A con-
sensus sequence of 801 b.p. of 16S rDNA gene was ge-
nerated from forward and reverse sequence data using
aligner software. The 16S rDNA gene sequence was
analyzed using BLAST programme with NCBI GenBank
database. Based on maximum indentity score, first ten
sequences were selected and aligned using multiple
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alignment software program Clustal W. Distance matrix
was generated using RDP database and the phylogenetic
tree was constructed using MEGA 4. The sequence was
deposited at NCBI Gen Bank with accession No. JQ
312666.

2.3. Heavy Metal Tolerance

Heavy metal tolerance of the isolate SUK 1205 was eva-
luated by broth dilution method [13]. The Vogel Bonner (V.
B. broth) supplemented with increasing concentration of
heavy metal was inoculated with overnight grown culture
and incubated at 35°C for 24 - 48 h under continuous
shaking (120 rpm). Optical density was recorded at 540 nm
using uninoculated broth as control. Minimum inhibitory
concentration (MIC) of the metal was determined as the
lowest concentration responsible for complete inhibition of
growth of the bacterium.

2.4. Antibiotic Susceptibility

Susceptibility of the isolate to different antibiotics was
evaluated following standard disc-diffusion method. An-
tibiotic impregnated discs (6 mm dia. HHIMEDIA) were
placed on freshly prepared lawns of the isolate on PYEG
agar medium and incubated at 35°C for 24 h. The dia-
meter of inhibition zone against each of the antibiotic
was measured to nearest mm and isolates were identified
as sensitive, resistant and intermediate following stan-
dard antibiotic sensitivity testing method [14]. Disc con-
taining the following antibiotics were used: streptomycin
(25 ng/disc), tetracycline (30 ug/disc), neomycin (30 ug/
disc), kanamycin (30 pg/disc), chloramphenicol (30 pg/
disc), doxycycline (30 pg/disc), ampicillin (10 pg/disc),
polymixin B (50 units/disc), penicillin G (10 units/disc),
erythromycin (15 pg/disc), methicilin (5 pg/disc), nali-
dixic acid (30 ug/disc), gentamycin (10 ug/disc), rifam-
cipin (30 pg/disc), netilin (30 pg/disc), novobiocin (30
pg/disc) and norfloxacin (30 pg/disc).

2.5. Reduction of Cr(VI) by Whole Cells

The isolate SUK 1205 was grown in PYEG medium at
35°C under continuous shaking for 24 h and cells were
harvested by centrifugation (10,000 x g) for 10 min at
4°C. The cell pellet was thoroughly washed with sterile
Tris HCI buffer (pH 7.0) and resuspended in the same
buffer. The reduction of Cr(V1) by suspended whole cells
was carried out in V. B. broth (25 ml/100ml flask)
supplemented with 100 uM Cr(V1) and the cell density
was adjusted at 10° cells/ml. The flasks were incubated at
35°C under continuous shaking (120 rpm). Samples were
withdrawn aseptically and analyzed for residual Cr(VI1)
following standard diphenyl carbazide method [15].
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2.6. Reduction by Permeabilized Cells

To obtain permeabilized cells, overnight grown cultures
were harvested (centrifugation at 10000 x g for 10 min),
and washed with Tris-HCI buffer (pH 7.0) and suspended
in the same buffer. Toluene, Triton X100 and Tween 80
were added to the cell suspension at a desired concen-
tration and vortexed for 15 min to permeabilized the cells.
Chromate reduction assay with these permeabilized cells
was performed in the same way as with untreated whole
cells as describe before.

Each experiment was performed in triplicates and the
mean of triplicate readings + Standard Error were repre-
sented.

3. Results and Discussion
3.1. Phyllogenetic Analysis of the Strain

The chromium reducing Gram-positive bacterial isolate
SUK 1205 was obtained from chromite mine overburden
samples of Sukinda Valley, Orissa, India. It showed cha
racteristic rod to cocci cell cycle during growth, identi-
fied as Arthrobacter sp. based on phenotypic character-
istics [11] and deposited to Microbial Type Culture
Collection Institute of Microbial Technology, Chandi-
garh (MTCC 8731). The identity of the isolate was
further confirmed by 16S rDNA analysis. The consensus
sequence of 801 b.p. for 16S rDNA of the isolate SUK
1205 was generated to carry out BLAST with database of
NCBI GenBank and confirmed as Arthrobacter sp.
having 98.0% similarity with Arthrobacter sp. 3 - 4 A
[16]. A phyllogenetic tree has been drawn (Figure 1)
using Neighbour-joining programme in MEGA 4 so-
ftware between the reported Arthrobacter species and the
present isolate. The nucleotide sequence has been
deposited to GenBank with an accession number JQ

312666. While a number of species of Arthrobacter have
been documented to survive in diverse metal stressed
environments [7,9] and exhibited the exceptional pro-
perty of detoxifying the hexavalent chromium by redu-
cing it to non-toxic Cr(l11) [4,10,17], Arthrobacter 3 - 4
A reported by O'Niell et al., [16] from Anthrosol of
Brazil was capable of surviving at higher pH, phosphorus
and calcium contents, but was not reported to reduce
hexavalent chromium.

3.2. Heavy Metal Tolerance

Arthrobacter sp. SUK 1205 was also screened for its
tolerance to chromium along with other heavy metals
like Ni(ll), Fe(l11), Cu(ll), Co(l1), Mn(ll), Zn(I1), Cd(Il)
and Hg(ll). It showed a high degree of tolerance to
chromium (MIC 11.8 mM) like other species of Ar-
throbacter [4,8,17] where as MICs for Ni(ll), Fe(lll),
Cu(ll), Co(Il) and Mn(ll) were 7.8, 6.0, 4.8, 4.2 and 3.1
mM respectively. However, the isolate was comparative-
ly sensitive to Zn(ll) (MIC 2.8 mM) and Cd (MIC 2.1
mM). Mercury, on the other hand was most toxic for the
isolate showing a MIC value as low as 0.001 mM (Ta-
ble 1). The high degree of tolerance to hexavalent chro-
mium by Arthrobacter SUK 1205, could be attributed to
its long exposure as well as adaptation in highly Cr pol-
luted environment. In addition, the isolate also showed
considerable tolerance to metals like Ni(ll), Fe(l11), Cu(ll)
and Co(ll), the most common constituents of chromite
mine overburden.

3.3. Antibiotic Sensitivity

Since metal resistance of bacteria is often linked with
resistance to antibiotics, the antibiotic sengitivity profile of
the isolate SUK 1205 was determined by disc-diffusion

Sreptomyces libani DQ442518.1

| Arthrobacter sp. 16.6 DQ157985.1 DQ157985.1
Arthrobacter oryzae AB279889.1

63

14 ———Actinobacterium EC5 AY833101.1

Arthrobacter sp. GW10-3 EF471900.1
Actinobacterium EC5 AY833100.1

81

Arthrobacter sp. S21011 D84563.2

96

Arthrobacter sp. S21135 AB496411.1

Arthrobacter sp. R33S AY572475.1
Arthrobacter sp. SUK 1205 JQ312666

77
0.01

Arthrobacter sp. 3-4A EU571140.1

Figure 1. Phyllogenetic tree derived from 16S rRNA gene sequence of SUK 1205. 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.
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Table 1. Heavy metal tolerance profiles of bacterial isolate SUK 1205.

Minimum inhibitory concentration, mM?#

Cr(v1) Ni(l1) Fe(lll)

118 7.8 6.0 4.8

Cu(ll)

Co(ll)

Mn(l1) zn(l1) cd(In Hg(Il)

31 2.8 21 0.001

All metals, with the exception of Cr were used as chloride salts. Chromium was used as potassium chromate. MIC of metals was determined by broth dilution

assay (Caomiriset al., 1982).

method. This clearly indicated that out of 17 different
antibiotics tested, the isolate was resistant to at least 11
antibiotics including penicillin G, methicilin, ampicilin,
doxycycline, polymyxin B, erythromycin, neomycin,

norfloxacin, rifampicin, netilin and novobiocin (Table 2).

However, it was sensitive to chroramphenicol, gentam-
ycin and streptomycin. Response of the isolate to tetracy-
cline, kanamycin and nalidixic acid was of intermediate
nature.

3.4. Reduction by Whole Cells

Time course of chromate reduction by whole cells of
Arthrobacter sp. SUK 1205 was determined under batch
culture in V. B. broth containing 100 pM Cr(VI) and an
initial cell density of 10° cells/ml. Complete reduction of
100 puM Cr(VI) was achieved in 48 h of incubation at
35°C under continuous shaking (120 rpm). Reduction
was accomplished by gradual discolouration of the me-
dium, however, no significant increase in cell number/
ml of medium was recorded during the course of reduc-
tion process (Figure 2). The inability of the cellsto grow
during chromate reduction could be attributed to the poor
nutritional status of the V. B. broth as well as the inhibi-
tory effect of toxic hexavalent chromium.

3.5. Effect of Cell Density

The initial cell density of the reduction medium greatly
influenced the Cr(V1) reduction by the isolate SUK 1205.
Cr(VI) reduction increased proportionally with increase
in cell density ranging from 10° to 10™ cells/ml. At the
highest cell density (10 cells/ml), reduction of 100 uM
Cr(V1) was completed in 30 h, but at low cell concentra-
tion (10° cells/ml) only some 20% of the chromate was
reduced in 48 h (Figure 3).

Freshly grown viable whole cells of the isolate SUK
1205 was capable of completely reducing 100 uM Cr(VI)
in V. B. broth within 48 h of incubation. Such stimula-
tion of Cr(VI) reduction process by increase in cell den-
Sity has also been established with Microbacterium [18]
and Bacillus sphaericus AND 303 [19].

3.6. Effect of Cr(VI) Concentration

Chromate reduction by suspended cells of bacteria has
been demonstrated to be influenced by the initial Cr(VI)
concentration [12,18,20,21] of the reduction medium.

Copyright © 2012 SciRes.
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Figure 2. Time course of hexavalent chromium reduction by
whole cells of isolate Arthrobacter sp. SUK 1205 in Vogel

Bonner broth under batch culture (-¢- cell count, -m- Re-
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Figure 3. Hexavalent chromium reduction by cells of Ar-
throbacter sp. SUK 1205 as influenced by initial cell density
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Chromium reducing ability of the whole cells of SUK 1205
was monitored at Cr(V1) concentrations ranging from 50 to
800 UM and presented in Figure 4. Concentration of
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Table 2. Antibiotic sensitivity profile of the bacterial isolate SUK 1205.

Response Antibiotics
Sensitive Chloramphenicol, gentamycin and streptomycin
Intermediate Tetracycline, kanamycin and nalidixic acid
Resistance Neomycin, erythromycin, polymyxin B, penicilin G, ampicilin, methicilin, doxycycline, novobiocin,

netilin, rifampicin, and norfloxacin

[Antibiotic sensitivity of the isolates was determined following the standard disc-diffusion method (Difco Laboratories (1984)]
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Figure 4. Hexavalent chromium reduction by whole cells of
Arthrobacter sp. SUK 1205 as influenced by concentration
of Cr(VI) (-#- 50, -u- 100, - A - 200, -o- 300, -0- 400, -A- 600,
--- 800 pM).

Cr(VI) exceeding 100 puM could not be completely re-
duced in 48 h under the experimental conditions, about
50% of total Cr(VI) was reduced at a concentration of
800 uM (Figure 4). The extension of incubation period
for complete reduction of Cr(VI) with increase in initial
Cr(VI1) concentration during present study is in well
conformity with that of Meghrg et al., [4] with Arthro-
bacter sp.

3.7. Effect of Electron Donor

Chromate reducing organisms in genera utilize a variety
of organic compounds as €electron donors for Cr(VI) re-
duction [22,23]. To facilitate the chromate reduction by
whole cells of Arthrobacter sp. SUK 1205, organic sub-
stances such as acetate, benzoate, propionate, glucose,
sucrose, glycerol, glycine, peptone, tryptone and yeast
extract were added to the reduction medium at 0.1% le-
vel. Reduction of initial 100 uM Cr(VI) was completed
within 48 h of incubation when glycerol, glucose and
glycine was used individually as electron donor, whereas
propionate, benzoate and sucrose were the least efficient
as electron donors for Cr(VI) reduction (Figure 5).

Copyright © 2012 SciRes.

Marbrouk [24] also reported that peptone and yeast ex-
tract favoured chromate reduction by Sreptomyces sp.
MS-2. Ochrobactrum sp. strain CSCr-3 [20] and Bacil-
lus cereus [25] were also found to utilize glucose as
electron donor.

3.8. Effect of pH and Temperature

Both pH as well as temperature of the reduction medium
were found to affect the chromate reducing potential of
the isolate SUK 1205 (Figures 6(a) and (b)) as these two
factors essentidly interfere with metabolic activities of
the cells. The optimum pH and temperature for Cr(VI)
reduction were 7.0 (Figure 6(a)) and 35°C (Figure 6(b))
respectively. On either side of the pH and temperature
scale, the reduction process was negatively affected. Op-
timum temperature for chromate reduction was found to
be 37°C with Ochrobactrum intermedium Rb-2 [26] and
Ochrobactrum intermedium SDCr-5 [27]. Deviation of
these factors from their optimum conditions also altered
chromate reductase activity possibly by atering the con-
formation of the enzyme. Farrell and Ranallo [28], pos-
tulated that the pH of the reaction medium affects the
degree of ionization of the enzyme and changes in the
protein conformation.

3.9. Effect of Metal Ions

Chromate reduction by whole cells of SUK 1205 was
severely affected in presence of different heavy metals
such as Ni(Il), Zn(l1), Mn(Il) and Co(Il). This could be
explained by the possible metal toxicity and slowing
down or inhibition of the Cr(VI) reduction process [29].
Cr(V1) reducing capability of the isolate was enhanced
when Cu(ll) and Fe(l11) was supplemented in the reduc-
tion medium. Complete reduction of 100 uM Cr(V1) oc-
curred within 24 h of incubation (Figure 7). Such stimu-
latory effect of Cu(ll) on chromate reductase activity of
SUK 1205 cells was probably due to the fact that it isa
prosthetic group for many enzymes and acts as an elec-
tron redox centre and help in the shuttle of electron be-
tween different subunits [3]. Similar enhancement of
Cr(V1) reduction ability was also observed with Ochro-
bactrum sp. CSCr-3 [20], Amphibacillus sp. KSUCr3 [30]
and Bacillus sp. KSUCr9a[31].
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Figure 6. Effect of pH (a) and temperature (b) on chromate reduction by whole cells of Arthrobacter sp. SUK 1205.
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Figure 8. Effect of inhibitor on chromate reduction by whole cells of isolate Arthrobacter sp. SUK 1205. [DNP = 2,4-Dinitro-
phenol, DCC = N,N,-Dicyclohexyl carboiimide; NaN; = Sodium azide; NaF = Sodium fluoride; CCCP = Carbonyl cyanide-

m-chloro phenyl hydrazone].
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Figure 9. Hexavalent chromium reduction by permeabilized
whole cells of isolate Arthrobacter sp. SUK 1205 (-¢- control,
-m- triton, - A - toluene, -A- tween 80).

3.10. Effect of Inhibitor

Effect of 5 different inhibitors such as sodium azide
(NaNs3), sodium fluoride (NaF), 2, 4-Dinitrophenol (DNP),
carbonyl cyanide-m-cholophenyl hydrazone (CCCP) and
N,N,-Di-cyclohexyl carboiimide (DCC) was used at eg-
uimolecular concentration to evaluate their influence on
chromate reduction. Reduction of Cr(VI) in presence of
DNP was almost parallel with the control, whereas so-
dium azide was most inhibitory showing only 49% Cr(VI)
reduction (Figure 8). Cr(VI) reduction by isolate Ar-
throbacter sp. SUK 1205 was not inhibited by DNP as it
is an uncoupler and might have accelerated the respi-
ratory chain linked electron transport mechanism [32].
Enhancement of Cr(V1) reduction by DNP has aso been
reported in Burkholderia cepacia [32] and Staphylococ-
cus gallinarum [21]. But, sodium azide, sodiu fluoride,

Copyright © 2012 SciRes.

CCCP and DCC inhibited the process of reduction as
they are known to inhibit the activity of cytochrome oxi-
dase, enolase [33], disrupts chemiosmotic gradient and
inhibits the ATPase activity.

3.11. Effect of Permeabilized Cells on Reduction

Freshly grown cells of Arthrobacter sp. SUK 1205 were
permeabilized in presence of triton, toluene and tween 80
and used for chromate reduction studies. Efficient reduc-
tion of hexavalent was achieved with toluene (in 30 h),
followed by triton (in 36 h) and tween 80 (in 42 h) trea
ted cells (Figure 9), which might indicate that the Cr(V1)
reduction is mediated by soluble protein of the cell [34].
Similar enhancement in Cr(VI) reduction rate was ob-
served with Providencia sp. [35].

4. Conclusion

Optimization of conditions for Cr(V1) reduction by whole
cells of Arthrobacter SUK 1205 established its biotech-
nological potential for transformation of highly toxic and
mutagenic Cr(VI) to less toxic Cr(I11) and thus could be
an effective tool in detoxification of chromium pollutants.
The isolate aso showed wide range of tolerance to dif-
ferent heavy metals and antibiotics supporting its appli-
cation for Cr(VI) bioremediation in metal contaminated
areas.
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