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Abstract: Problem statement: Sulfurospirillim barnesii strain SeS-3 is one of the recently known
bacterial isolates that can obtain energy to support growth by respiring the toxic oxyanions of arsenic
and selenium under anaerobic conditions. Approach: The ultimate goal of this investigation is to
localize the active sites for the reduction of arsenate arsenite as well as selenate selenite in S. barnesii
strain SeS-3. Results: The ability of the type strain Sulfurospirillium barnesii strain SES-3 (ATCC
700032) to reduce selenate and arsenate were tested using cell grown anaerobically with 20 mM
lactate as the carbon source and either 10 mM selenate or 5 mM arsenate as the terminal electron
acceptors were harvested after the turbidity reached 0.3, 0.4 absorption units at 600 nm, cell density
4gm wet cells. The results of this study showed that the mobilization of the toxic oxyanions of arsenic
and selenium by Sulfurospirillum barnesii strain SES-3 is linked to the membrane. The enzyme is
specific for the reduction of arsenate, selenate, selenite, nitrite, thiosulfate and phosphate. Whereas, no
specificity was detected for arsenite nitrate, fumarate, when they served as the final electron acceptor.
Conclusion/Recommendations: This study concluded that the mechanism of arsenate reduction by
S.barnesii strain SeS-3 is connected into the membrane. The environmental significance of this
bacterium and its impact to the bioremediation potential in the underground water and sedimentary
environment is also discussed.
Key word: World Health Organization (WHO), arsenate reduction, environmental conditions, toxic
oxyanions, terminal electron, dissimilatory arsenate, Sulfurospirillum Barnesii
INTRODUCTION

Frankenberger, 2002; Srini et al., 2004), (iii)
Cyanobacteria that use light for photosynthesis, until
certain limit, excess light energy become toxic, so, they
generates high electronegative power inside the cell to
balance the high electropositive charge for O2; this
happens in case of O+ toxicity for example (Li et al.,
2003; Yoshitaka et al., 2004). Bacteria usually try to
regulate and create equilibration inside the cell and the
surrounding environmental conditions through dumping
off or even creates excess charges in/or outside the cell
to survive. Arsenic is found in four oxidation states:
Arsenate (As+5), Arsenite (As+3), Arsenic (As°) and
Arsine (As−3). The two highest oxidation states are the
most common and the two lowest are rare (Kulp et al.,
2004; Lazaridis et al., 2002 Oremland and Stolz, 2005).
Many microbes reduce As (V) to As (III) as means of
resistance. These Arsenate-Resistant Microbes (ARMs)
do not gain energy from the process, but use it as a
means of coping with the high arsenic in their
environment (Anderson and Cook, 2004; Ford et al.,
2005; Mukhopadhyay et al., 2002; Oremland and Stolz,
2003; Messens et al., 2002; Saltikov et al., 2003;
(Silver and Phung, 1996). Arsenate that has entered the

Why bacteria respires Arsenic: Bacteria respires the
toxic oxyanions of arsenic for several reasons; (i)
Arsenic come in to the cell via phosphate-transport
system (phosphorylation mechanism); since it is very
toxic cells needs to dump it out again trough
detoxification mechanism (Arsenic detoxification),
(Afkar et al.,1999; 2003; Herbel et al., 2002; Hoeft et
al., 2004; Krafft and Macy 1998; Macur et al., 2004;
Mukhopadhyay and Rosen, 2002; Oremland and Stolz,
2005; Frankenberger, 2002; Stolz et al., 2002); (ii)
some bacteria has ArsC system like E. coli, S. aureus,
S.xylosus and other Enteric bacteria once arsenic comes
into the cell it reduces it by forwarding some of its
reducing equivalents (arsenic reduction), (Macur et al.,
2004; Messens et al., 2002; Oremland et al., 2003;
Rosen, 2002a; Srini et al., 2004; Sun, 2004). ArsC
gene, a part of the ars operon that encodes the enzyme
Arsenate reductase that carries out the first step in
arsenate metabolism in living organisms before its
efflux from the cell, reduce arsenate As (V) to arsenite
(III) (Rosen, 2002b; Saltikov et al., 2003;
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flagellum, growth optimum 33°C, pH 7.5 and 0.05%
NaCl. Selenate, arsenate, thiosulfate, elemental
sulfur,trimethylamine oxide, trimethylamine oxide. Fe
(III), nitrate, fumarate, aspartate and manganese dioxide
can all be used as the terminal electron acceptor.
Capableof microaerobic growth and gain energy to
support growth from the dissimilatory reduction of
arsenate to arsenite. This study reporting that the arsenate
reductase from Sulfurosprillum barnesii strain SeS-3 is
linked to the membrane and some of its physiological
and biochemical features have been characterized.

microbe’s cytoplasm is converted into As (III) through a
process mediated by small polypeptide (ArsC) and
expelled out of the cell by detoxification mechanism via
As (III)-specific transporter (ArsB) (Meng et al., 2004;
Rosen, 2002a; Saltikov et al., 2003; Wange et al., 2004).
It is hypothesized that bacteria capable of either
oxidizing As (III) or reducing As (V) coexist and are
ubiquitous in soil environment, suggesting that the
relative abundance and metabolic activity of specific
microbial populations plays an important role in the
speciation of inorganic as in soil pore water. Recent
investigation by (Macur et al., 2004) at Montana State
University on bacterial populations associated with the
oxidation and reduction of arsenic in an unsaturated soil
(aerobic) have proved that microbial communities
responsible to the oxidation and reduction of As coexist
under
the
same
environmental
conditions;
environmental samples manipulated with 75 µM
arsenite [As (III)] or 250 µM arsenate [As (V)], when
the rate of oxidation and/or reduction of Arsenate
Arsenite was monitored; Arsenite (III) was rapidly
oxidized to As (V) via microbial activity, whereas no
apparent reduction of As(V) was observed in the
column experiments. However, eight aerobic
heterotrophic bacteria with varying redox phenotypes
were isolated from the same column. Three isolates
were as oxidizers and five isolates were as reducers
based on 16s rRNA analysis (Anderson and Cook,
2004; Macur et al., 2004). The poisonous properties of
arsenic compounds have been known since antiquity
(Frankenberger, 2002) arsenic trioxide (As2O3) gained
much favor as a homicidal agent it was once referred as
to inheritance powder in the mid-19th century James
Marsh devised the first chemical test for the presence of
arsenic in tissue thereby advancing forensic science
while putting such nefarious heirs on notice. The health
of tens of millions of people worldwide is at risk from
drinking arsenic-contaminated well water (Hadi and
Parveen 2004; Lu et al., 2004; Macur et al., 2004;
Mandal and Biswas, 2004; Rahman et al., 2005; Sun et
al., 2004). In most cases this arsenic occurs naturally
within the subsurface aquifers, rather than being
derived from identifiable sources of pollution. The
mobilization of arsenic into the aqueous phase is the
first crucial step in a process that eventually leads to the
human arsenicosis, increasing evidence suggests that
this is a microbiological phenomenon. Sulfurosprillum
barnesii sp. nov. Strain SeS-3 and Sulfurosprillum
arsenophilum strain MIT-13 sp. nov. Were assinged to
be new members of the Sulforosprillum clad of theroteobacteria based on the 16S rRNA analysis (Stolz et
al., 1999). They are two trains of the dissimilatory
arsenate-reducing vibrioid to sprillium-shaped cells,
0.3µm wide and 1-2µm in length, motile by polar

MATERIALS AND METHODS
Organism, growth conditions and preparation of the
cell free-extract: The ability of the type strain
Sulfurospirillium barnesii strain SES-3 (ATCC 700032)
to reduce selenate and arsenate were tested using the
medium described by (Stolz et al., 1997), grown
anaerobic ally with 20 mM lactate as the carbon source
and either 10 mM selenate or 5 mM arsenate as the
terminal electron acceptors previously described; cells
were harvested after the turbidity reached 0.3~0.4
absorption units at 600 nm, cell density 4 gm wet cells
L. The harvested cells were concentrated by
centrifugation at 10000 rpm for 30 min, by using
SORVALL RC 5B plus SN 9500466,USA USA, then
washed and suspended, in 80 ml 10 mM Tris-HCl
buffer pH 8.0, 1 mM EDTA pH 8.0, 10 µM PMSF,
after DNase treatment for overnight at 4°C, the cells
were disrupted by the sonication (Braun-Sonic L,
purchased from B. Braun Biotech, Inc., USA Ser. Nr.
G-0194364; Type 853963 4, Hz 50 60, V 120, on ice
under aerobic conditions with output power of 200+10
Watts over three min total time at 30 sec time intervals.
Unbroken cells were separated by low speed
centrifugation at 7500 xg for 20 min at 4°C. Membrane
pellet is separated from the soluble fraction with highspeed centrifugation 200,000 xg for 1hr at 4°C. The
pelleted membrane suspended in 10 mM Tris-HCl
buffer pH 8.0, I mM EDTA, 10 µM PMSF and stored at
-80°C until use. The protein concentration is
determined spectrophotometrically with the assay
reagents (Lowry et al., 1951) with bovin serum albumin
used as the standard. The membrane pellets (4.5mg
mL−1 protein) were solubilized by the zwitterinonic
detergent Chaps (1%) overnight at 4°C, followed by
centrifugation at 7500 xg for 10 min to remove the
unsolubilized pellets. The solubilized membrane as well
as unsolubilized pellets were examined for the selenate,
selenite, arsenate and arsenite reductase activities by MV
as previously described by (Stolz et al., 1997) using a
Perkin-Elmer Lambada 2 dual-beam spectrophotometer
(made in Germany). Enzyme activity was calculated as
umol MV oxidized min−1 mg−1 protein using an
98
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extension coefficient of 13 mM−1 cm−1. In this assay,
the reduced MV (20 mM) served as the electron donor
and the As (V) (5-10) mM as the electron acceptor,
suspended in 50 mM Tris-HCl buffer pH 8.0, the
decrease in the absorbtion at 604 nm is measured as
the function of the AsR activity using the extinction
coefficient of the reduced MV is 13 mM−1 cm−1. The
subunit composition of the solubilized membrane was
examined by the SDS-PAGE in 12% resolving gel and
4% stacking gel, running at 100 constant volts for 1.5
hrs, at room temperature.

after the cells reached the appropriate growth phase.
The cells harvested by centrifugation at 12000 rpm for
20 min at 4°C, then digested by SDS-PAGE sample
buffer for 10 min and loaded on to the SDS-PAGE.
After electrophoresis the gel-page is soaked in the
reduced Methyl Viologen (100 mM) as the artificial
electron donor for about10 min and followed by
reduction the stained gel with the addition of the
appropriate electron acceptor.
Determination of the sites of arsenate reduction in S.
barnesii strain SeS-3: In order to localize the
dissimilatory arsenate reductase in the S. barnesii strain
SeS-3, about 40 mL of 10 mM Tris-HCl buffer pH 8.0,
1mM EDTA pH 8.0 and 10 u M PMSF containing 1gm
of the freshly harvested cells (264 mg total protein),
were stirred at 4°C for 2 h after the addition of 1mg
mL−1 protease inhibitor deoxyribonuclease (DNase).
The cell homogenate is subjected to a series of
fractionations by passing it through the French pressure
machine or by sonic treatment to separate the
cytoplasmic fractions from the membranes. All the
steps are carried out at 4°C unless otherwise noted.
Aliquots of each of the intact cells (6.6 mg protein
mL−1), cell homogenate plus DNase (6.0 mg protein
m−1L), French pressure resulting cell free extract (5.2
mg protein mL−1), sonic treatment fraction (4.6 mg
protein mL−1),The cytoplasmic fraction (2.4 mg protein
mL−1), the unsolubiliozed membrane pellets (3.6 mg
mL−1), in addition to the 1% CHAPS solubilized
membrane (4.4 mg mL−1), all are examined for their
ability to reduce arsenate to arsenite by MV assay, the
reaction mixture contained 1.3 ml of 50 mM Tris-HCl
buffer pH 8.0, 30 ul reduced methyl viologen (provided
from anaerobic stock 10 mM to produce a final
concentration 200 uM in a total volume 1.5 mL which
is the volume of the anaerobic cuvettes set used in the
assay, arsenate 5 mM was used as the electron acceptor,
150 ul is added from previously prepared anaerobic
stock solution (50 mM sod. arsenate suspended in 50
mM Tris-HCl buffer pH 8.0) to provide final
concentration 5 mM, in addition to 20 uL each of the
tested samples. The reaction mixture initiated by
bubbling the reactants with the gas phase, a mixture of
Nitrogen (N2) and carbon dioxide (CO2) in ratio of 80:
20 for 5 min, then sealing the top of the anaerobic
cuvette with a screw rubber cap and changing the head
space for one min with the same gas phase before
introducing the cuvettes to the spectrophotometric
measurements. Two sets are prepared every assay; one
for the sample and the other one used as a control that is
containing the same reactants under the same conditions
except that the examined sample is replaced by the assay
buffer. The assay started by introducing the cuvettes to
the main body of the dual-beam spectrophotometer, the
control cuvette is placed in the reference beam side and

Gel electrophoresis and western blot analysis: For
gel electrophoresis and western blot analysis the
fraction showed the senelat, selenite, arsenat and
arsenite reductase activities (10-20 ug each) were
digested in the suspended in sample buffer (Laemmili,
1970) in ratio 1:2 sample to sample buffer (provided
from Bio-RAD laboratories. USA), heated for 5 min at
100°C and charged on to 4% stacking gel and 12%
resolving to test the subunit composition. The relative
molecular mass of the proteins was determined using the
relative mobility of the following standards; myosin (206
kDa), B-mgalactosidase (119 kDa), bovine serum
albumin (91 kDa), ovalbumin (51.4 kDa), carbonic
anhydrase (34.7 kDa), soybeantrypsin inhibitor
(28.1kDa), lysozyme (20.4 kDa) and aprotinin (7.2 kDa).
The large format SDS-PAGE was performed using the
Maxi-Protean II apparatus (BIO-RAD) according to,
using a 4% stacking and a 12.5% resolving gel, each lane
contained 100 ug of total protein. For N-terminal amino
acid sequence analysis, proteins were transferred directly
to the PVDF membrane and sequenced via Edmond
degradation (ProSeq, Boston MA). Antibody were
develop to detect the and b subunit of the enzyme via a
western blot protocol.
PAGE and activity staining: For detection of arsenate
and selenate reductase activity in the Gel-PAGE, the
SDE- PAGE or Non-denaturationg gel electrophoresis
were performed under heating and non-heating
conditions, the gels were soaked in 50 mM Tris-HCl
buffer pH 8.0, containing 10 mM Methyl Viologen
(MV) reduced with sodium hydrosulfite (dithionite) Lot
No.38H3652 (0.1%). The violet-stained gels were then
rinsed and exposed to 5 mM As (V) and monitored.
Aresenate-reductase activity appeared as a clear band of
the oxidized methyl viologen.
Reduction of Nitrate in S. barnesii strain SeS-3
compared with other different electron acceptors:
Sulfurosprillum barnesii strain SES-3 is routinely
cultivated under growth conditions as described above
except that the final electron acceptor is replaced by, 20
mM selenate, or 5 mM fumarate, or 20 mM nitrate,
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the sample cuvette is placed in the sample side and the
decrease in the absorbance at 604 nm over 10 min is
monitored as a function of the arsenate reductase activity.
The extension coefficient of the oxidized methyl
viologen at 604 mm is 13 mM−1 cm−1 (Stolz et al., 1997).

the oxidation of organic matter to the reduction of the
toxic oxyanions of arsenic and selenium under anoxic
conditions. The genus name Geosprillium was
previously proposed and its physiology and
biochemistry was published using that genus name
(Logerman et al., 1996; Winkelmann, 1997; (Stolz et
al., 1997). S. barnesii strain SeS-3 isolated from a
selenite contaminated freshwater marsh in western
Nevada (Oremland et al., 1989; 1994). The intact cell
suspension was assayed for the arsenate reductase
activity (AsR) by monitoring the rate of the oxidation
of the membrane-impermeable reduced Methyl
Viologen as the artificial electron donor with the
reduction of sodium arsenate as the terminal electron
acceptor. The highest percentage of arsenate reduction
rate was found to be 7mM−1 min−1 (representing 100%
of AsR activity). Whereas (80%) of arsenate reduction
rate was found in the membrane pellets (5.6
mM−1min−1) (Table1). The solubilized membrane using
1% Chaps showed lesser arsenate reductase activity (4
mM−1 min-1) compared to the unsoulbilized membrane
(5.6 mM−1min−1). No arsenate reductase activity was
detected in the periplasmic fractions of S. barnesii
indicating that the arsenate reductase of S. barnesii is
linked to the membrane. Arsenic reduction mechanism
inside the cell is considered to be the first phase in the
arsenic resistance; operons which encode arsenic
resistance have been found in multicopy plasmids from
both gram-negative and gram-positive bacteria.
The resistance mechanism is encoded from a single
operon, which typically consists of an arsenite ioninducible repressor that regulates expression of an
arsenate reductase and inner membrane-associated
arsenite export system. In Escherichia coli
chromosomal ars operon homolog is functional in
arsenic detoxification and is conserved in gramnegative (Dioro et al., 1995). One of the most
frequently employed strategies to gain resistance to
cytotoxic compounds in both eukaryotes and
prokaryotes is the active extrusion of these compounds
from the cell to reduce the intracellular concentration to
subtoxic levels (Georgopapadakou, 1995).

Measurement of the arsenate reductase activity in
the s. barnesii strain ses-3 spheroplasts prepared
using ionic and non-ionic detergents:
Preparation of the Spheroplast: The spheroplasts
were obtained according to (Hepel et al., 1969), 2 gm
of freshly harvested and washed cells were suspended
in 15 mL 30 mM Tris-HCl buffer pH 7.6, containing
0.1 mM EDTA, 0.5 M sucrose and incubated on a
magnetic stirrer for 15 min. After centrifugation (8000
xg for 15 min, 4°C), the sediments were resuspended in
ice-cold solution of 15 mL of 0.5 mM MgCl2 and
vigorously stirred for 15 min. After centrifugation at
(8000 xg for 15 min, 4°C); the supernatant (periplasm)
is separated and the pellets (spheroplasts) were assayed
for the arsenate reductase activity. The spheroplasts is
divided into two halves one of them is solubilized with
1% Chaps and the other half is solubilized with 1%
Triton X-100, for 1 h each, followed by centrifugation
at 7500 xg, 4°C for 20 min to separated the
unsolubilized membrane pellets. The resulting
solubilized membrane as well as the unsolubilized
membrane pellets are assayed for their arsenate
reductase activity by MV protocol as described above,
using the untreated spheroplasts as a negative control.
Effect of sonic treatment on the AsR activity of the
S. bernesii strain SeS-3 spheroplasts: To investigate
the effect of sonication on the arsenate reductase
activity of the spheroplasts treated with 1% Chaps and
1% Triton X-100; 1mL of the spheroplast suspension
from each preparation is placed in 1.5 mL eppendorf
tubes at 4°C, sonicated for 5 min at 120 Watts,
followed by centrifugation at 10000 rpm for 15 min, the
cytoplasmic fractions from the total membrane pellets,
MV assay applied to access the arsenate and selenate
reductase activities as mentioned above.
Chemicals and reagents: The chemicals and reagents
used in this investigation are the highly available
commercial grades, purchased from SIGMA, Fisher
Scientific, Fisher Biotech and J.T. Baker Inc., USA.
The SDS-PAGE electrophoresis reagents and apparatus
purchased from the BIO-RAD, USA. The
chromatography resins and buffers used are the finest
known trusted qualities.

Table 1: Localization of the dissimilatory Arsenate Reductase
Activity (AsR) S. bernesii strain SeS-3. IC (intact cells), CF
(cytoplasmic fraction), CDFP (cells disrupted with French
pressure machine), CDS (cells disrupted with sonication),
Memb. pellets (membrane pellets) and sol. memb.
(solubilized membrane)
a
Sample
Corresponding
recovery
identity
activity mM−1min−1
(%)
IC
7.0
100
CDFP
5.3
76
CDS
6.1
87
CF
0.0
0
memb. pellets
5.6
80
chaps sol.memb 1%
4.0
57

RESULTS AND DISCUSSION
Sulfurosprillium barnesii strain SeS-3 is among the
first to be described with its unique physiology; couple
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Table 2: Comparison of the AsR activity in S. bernesii spheroplasts
treated with and ionic and non-ionic detergents. The arsenate
reductase activity was assayed in the presence of 10 mM
reduced MethyleViologen as the electron donor and 5 mM
Arsenate as the electron acceptor and the assay mixture were
suspended in 50 mM Tris-HCl buffer pH, 8.0. The AsR
activity was calculated as µmol MV oxidized min−1 mg−1
protein using an extension coefficient of 13 mM−1 cm−1. In
this assay, the reduced MV (20 mM) served as the electron
donor and the As (V) (5-10) mM as the electron acceptor,
suspended in 50 mM Tris-HCl buffer pH 8.0, the decrease in
the absorption at 604 nm is measured as the function of the
AsR activity using the extinction coefficient of the reduced
MV is 13 mM−1 cm
Sample identity
Spheroplasts
1% Chaps pellets
1% Chaps supernatant
1% Triton X-100 pellets
1% Triton X-100 supernatant

AsR activity
mM−1 min−1
4
0
3.4
0

order to investigate the effect of the different ionic and
non-ionic detergents on the arsenat reductsae activity;
the spheroplasts prepared by osmotic shock subjected to
two different detergents Chaps as an ionic detergent and
Triton X-100 as a non-ionic detergent to solubilized the
intact membrane. The membrane pellets were
solubilized for 1h at 4°C, unsolubilized membrane
separates by ultracentrifugation at 100000 xg for 1h,
both the solubilized and unsolbilized membrane
assayed for the arsenate reducing activity using the 10
mM reduced Methyl Viologen (MV) as the electron
donor and 5 mM arsenate as the electron acceptor as
described above. Aliquot of the freshly prepared
spheroplasts, which is not subjected to any of the
detergents, was used as the negative control (-ve). No
activity was found in the supernatants obtained either
form 1% Chaps or 1% Triton X-100 solubilization,
most of the arsenate reduction activities were observed
in the unsolubilized membrane (4 mM−1min−1 and 3.4
mM−1min−1) form 1% Chaps and Triton X-100
treatments respectively and the AsR values were very
close to the total AsR activity of the negative control (4
mM−1min−1) (Table 2). This is considered strong
evidence that the arsenate reductase of S. barneii strain
SeS-3 is a membrane bound enzyme. Furthermore;
exposure of the spheroplasts prepared from the osmotic
shock for sonic treatment at 120 Wattes for 5 min
resulted in partial disruption of the arsenate reductase
from the membrane. After sonic treatment the Arsenate
Resuctase activity (AsR) for both 1 Chaps and 1%
Triton X-100 were measured. The reported AsR activity
for the membrane fraction solubilized with 1% Chaps
was 3 mM−1min−1 compared to 4 mM mM−1min−1 for
the unsolubilized membrane, about 2 mM−1min−1 AsR
activity is detected in the solubilized membrane fraction
with 1% Triton X-100 compared with 3.3 mM
mM−1min−1 for the unsoubilized membrane (Table 3).
Hence, it is clear that the exposure of S. barnesii strain
SeS-3 spheroplasts for sonic makes the arsenate
reductase more accessible to the action of these
soulbilizing agents, i.e., provides more surface area to
be reacted with the functional groups in Chaps and
Triton X-100. The higher value for the AsR obtained by
Chaps solubilization (50% more) compared to TritonX100 could be attributed to the nature of this detergent
since Chaps is zwitterinonic detergent carrying both
positive and negative charges that binds different
charged groups on the protein surface. This result
evaluates Chaps as a perfect choice for the
soulbilozation and purification of the AsR from the
membrane of S. barneii strain SeS-3. The arsenate
reductase from S. barnesii strain SeS-3 has been
purified with two successive steps of iron exchange
chromatography followed by one single step of gel

Recovery
(%)
100
0
85
0

Table 3: Effect of sonic treatment on the S. bernesii strain SeS-3 AsR
activity of spheroplasts treated with 1% Chaps and 1%
Triton X-100. The percentage of the recovery is refereed to
the total activity of the samples both of 1% Chaps and 1%
Triton x-100 solubilized membrane pellets. The recorded
values are the average mean of triplicate measures ± S.D
Sample identity
ASR mM−1 min−1
1% chap supernatant
4.0
1% chaps pellets
4.0
1% Triton X-100 supernatant
0.0
1% Triton X-100 pellet
3.4

Protein pumps that span the membrane catalyze this
extraction process; many of them belong to the ATP
Binding Cassette (ABC)−1 superfamily (Ambudkar et
al., 1999). Generally, These ABC transporters are
composed of two homologs halves, each containing two
parts as follows: a trans-membrane domain putatively
arranged in to 6-helices and a Nucleotide Binding
Domain (NBD). When the intact cells of S. barnesii
strain SeS 3 disrupted with either French pressure or
sonic treatments, there were a remarkable decrease in
the arsenate reduction (5.6 and 6.1 mM−1min−1
respectively compared to the arsenate reduction rate of
the intact cells; 7 mM−1min−1), this albiet decrease in
the activity of arsenate reduction could be attributed to
oxygen toxicity during the fractionation processes.
Similarly, lysozyme treatment of the intact cells
resulted in a remarkable inhibition of the arsenate
reductase activity; only 43% of the total activity of the
arsenate reductase is retained in the spheroplast. In the
contrary, osmotic shock does not affect the rate of
arsenate reduction in S. barnesii strain SeS-3.
Spheroplasts prepared by osmotic shock according to
the method of (Heppel, 1969) showed an arsenate
reduction value very similar to the one reported for the
intact cells, that means that spheroplast prepared by this
protocol does not disrupt the integrity of the enzyme. In
101
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filtration on sephacryl S-300. SDS-PAG gel revealed
that the putative respiratory arsenate reductase from the
S. barnesii is a multimeric complex containing a major
subunit of 47 kDa that readily degrades into two
fragments of 26 and 19 kDa. This latter fact that
resulted in continued loss of the activity both during the
purification and the subsequent storage (Afkar et al.,
2005). Although the arsenate reduction activity of S.
barnesii strain SeS-3 is detected by MV assay
spectrophotometrically, it was difficult to measure the
activity on the Gel-PAGE, this may be due to the
denaturing of the active sites for the arsenate reductase
during the electrophoresis. Aliquots from the intact
cells of S. barnesii st SeS-3, soluble fraction,
solubilized
membrane,
1st
ion
exchange
chromatography, 2nd ion exchange chromatography
and gel filtration were digested in SDS-PAGE sample
buffer and resolved in 12% polyacrylamide gel. The
Zymogram developed with 10 mM reduced methyl
viologen as the electron donor and 5 mM Na-arsenate
as the electron acceptor to express the arsenate reduing
activity on the gel page (Fig. 1). Alternatively, the
nitrate reductase activity in S. barnesii strain SeS3 was
detected clearly on the SDS-PAGE (data not shown),
however, no nitrate reducing activity could be detected.
spectrophotometrically, this results show that the
putative nitrate reductase of S. barnesii strain SeS-3 is
distinct from the arsenate reduactase. Moreover, S.
barneii strain SeS-3 was able to grow with either
sodium arsenate (5-10 mM), sodium selenate (5-10
mM) or sodium selenite (5-10 mM) and reach the
optical density within 24 h, reduce the arsenate to
arsenite and selenate/selenite to elemental selenium
(Fig. 2). However, it was difficult to purify the
selenate/selenite reductase due to technical problem to
handle the sticky selenium that from clumps with the
cells in the growth medium. However, in Bacillus
selenatireducens strain MLS10, a gram-positive
bacterium that respires arsenic and selenium
microrerophilically (Afkar et al., 2003), it was easy to
detect the arsenate respiring activity on the Gel-PAGE
gel regardless the denaturing effect of SDS.
No wondering, since it is well known that gram
positive bacterial spp. can persist in the environment
over decades and withstand the sever environmental
conditions compared to the gram-negative spp. due to
spore formation that may help the bacteria to be resistant
to the sever fluctuations in environmental conditions and
exposure to several toxic and denaturing effect.

Fig. 1: Detection of the AsR activity on the Gel-PAGE
of Gram negative bacterium S. barnesii strain
SeS-3. Aliquots from the intact cells (lane 1),
soluble fraction (lane 2), solubilized membrane
(lane 3), 1st ion exchange chromatography (lane
4), 2nd ion exchange chromatography (lane 5)
and gel filtration (lane6), were digested in SDSPAGE sample buffer and resolved in 12%
polyacrylamide gel. The Zymogram developed
with 10 mM reduced methyl viologen as the
electron donor and 5 m M Na-arsenate as the
electron acceptor

Fig. 2: Mobilization of the toxic oxyanions of Arsenic
and Selenium by S. barnesii strain SeS-3. 10%
of freshly growing cells were transferred in 100
ml basal medium under anaerobic conditions.
Either 5-10 mM sodium arsenate or sodium
selenate were introduced to the medium from
anaerobic stock solution serving as the terminal
electron acceptor. After 18 hrs of incubation at
30°C, yellow precipitate of elemental Arsenic (1)
or orange precipitate (2) from elemental
Selenium are visualized

Environmental significance of Sulfurosprillium spp:
Considering the toxicity of arsenic for both prokaryotes
and eukaryotes, the discovery that As (V) serves as a
nutrient to certain anaerobes by functioning as their
respiratory oxidant came as a surprise.

The reaction is energetically favorable when coupled
with the oxidation of organic matter because the As
(V)/As (III) oxidation/reduction potential is ±134 mV.
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Two closely related representatives of the εproteobacteria,
Sulfurrospirillum
barnesii
and
Sulfurrospirillum arsenophilum were the first microbes
reported that could achieve this feat. Both conserve
energy by linking the oxidation of lactate to the
reduction of As (V) to As (III) [Gibbs free energy (∆G0)
= -295 Kj/mol lactate]. Arsenic toxicity in both natural
and humanly impacted environments is an important
issue of current public health. Recently problem sites
include (a) drinking water in Taiwan where arsenic
poisoning is known as Black foot because of the necrotic
destruction of tissue, (b) well water in West Bengal India
and Bangladesh (Hadi and Parveen 2004; Lu et al., 2004;
Mandal and Biswas, 2004) where world health
organization (WHO) efforts to provide pathogen-free
drinking water by placing shallow tube wells has
replaced a problem of Cholera with one of arsenic
toxicity, (c) release of arsenic from burning coal into
foods in Southwest China (Sun et al., 2004) and (d)
within the USA where arsenic in drinking water from
residential wells in Michigan and Wisconsin (Brasier,
1997; Ryker, 2000), as well as industrially impacted
mining waters in western USA and recreational waters in
north of Boston (Ahmann et al., 1994) are far above the
WHO recommended levels. Therefore, it is of interest to
design biochemical and molecular probes to target
microorganisms that have unique metabolism similar to
Sulfurosprillium spp. and likely organisms that can serve
as Arsenic scavengers from the sites of pollution and can
be employed to serve in the environmental restoration.
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