World Journal of Microbiology & Biotechnology (2005) 21: 1237-1243
DOI 10.1007/s11274-005-1804-0

© Springer 2005

Effect of salinity on the tolerance to toxic metals and oxyanions in native moderately
halophilic spore-forming bacilli

M.A. Amoozegar'*, J. Hamedi', M. Dadashipour” and S. Shariatpanahi'

' Department of Biology, Faculty of Science, University of Tehran, Tehran, Iran

2Department of Biochemistry, Pasteur Institute of Iran, Tehran, 13164, Iran

* Author for correspondence: Tel.: +98-21-6112622, Fax: + 98-21-6492992, E-mail: alamoze@yahoo.com

Received 4 October 2004; accepted 4 February 2005

Keywords: Chromate, halophilic bacteria, oxyanions, selenite, tellurite, tolerance, toxic metal

Summary

Ten moderately halophilic spore-forming bacilli were isolated from saline soils in Iran and their intrinsic high-level
resistance to chromate, arsenate, tellurite, selenite, selenate and biselenite was identified by an agar dilution method.
Minimum inhibitory concentration (MIC) for each oxyanion was determined. All isolates were resistant to higher
concentrations of arsenate. The resistance level of the isolates to selenooxyanions was between 10 and 40 mM.
Maximum and minimum tolerance against oxyanions was seen in selenite and biselenite, respectively. Although
toxic metal resistance in the isolates was not different from non-halophilic bacteria that has been reported, unusual
resistance to arsenate (250 mM), sodium chromate (75 mM) and potassium chromate (70 mM) was observed. The
results obtained in this study revealed that all isolates were obviously susceptible to silver, nickel, zinc and cobalt,
while seven isolates were resistant to lead. Susceptibility to copper and cadmium varied among the isolates. Silver
had the maximum toxicity, whereas lead and copper showed minimum toxicity. The impact of salinity on the
toxicity of oxyanions was also studied. Our results showed that in general an increase in salinity from 5% (w/v) to

15% (w/v) enhanced tolerance to toxic oxyanions.

Introduction

High concentrations of toxic metals have caused envi-
ronmental pollution in agricultural soils, surface and
underground water (Nriagu & Pacyna 1988; Kinkle
et al. 1994). Microorganisms play a major role in bio-
remediation or biotransformation processes of these
toxic elements, converting them to less toxic or
non-toxic elements (Kinkle et al. 1994). Acinetobacter,
Rhodospirillum, Pseudomonas, Thiobacillus, Bacillus and
Corynebacterium have been reported as active bio-
transformers (Kessi et al. 1999; McLean & Beveridge
2001). Determining the potential of microorganisms and
their tolerance against high concentrations of toxic
metals will assist the selection of suitable species for
bioremediation and biotransformation of toxic metals
(Trevors et al. 1985; Burton et al. 1987). Halophilic and
halotolerant microorganisms are suitable candidates for
these processes as they have exceptional properties, that
is high concentrations of anions and cations are neces-
sary for the growth of halophilic microorganisms
(Ventosa et al. 1998), hence they are not only naturally
tolerant to some elements that are toxic to other
microorganisms, but also they have a requirement for

these elements. Furthermore, such information might be
desirable, as some of these toxic metal-resistant halo-
philic bacteria could be used as bioassay indicator
organisms in saline polluted environments (Nieto et al.
1989). Resistance to toxic metals is a widespread char-
acteristic among bacteria isolated from several envi-
ronments (Summers 1978, 1985; Trevors et al. 1985).
Recently, toxic heavy metal and oxyanion resis-
tance was reported in halophilic microorganisms, e.g.
Halomonas (Nieto et al. 1989; Ventosa et al. 1998;
Souza et al. 2001) and Pseudoalteromonas (Rathgeber
et al. 2002), but there is little work on the resistance
of Gram-positive moderately halophilic bacilli to toxic
heavy metals and oxyanions. In this study, we have
isolated 10 moderately halophilic spore-forming bacilli
from various saline soils in Iran, which were not
contaminated with toxic oxyanions or heavy metals,
and identified their intrinsic high-level resistance
against these contaminants. Our aim was to determine
resistance levels to toxic metals/oxyanions and the
effect of various concentrations of NaCl on the min-
imum inhibitory concentration (MIC). This is the first
report describing resistance to toXic oxyanions in
moderately halophilic spore-forming bacilli.
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Materials and methods
Bacterial isolation and identification

Ten Gram-positive spore-forming aerobic moderately
halophiles were isolated from various concentrations of
saline soils in Gheshm, Karaj, Tehran, Qom and
Garmsar of Iran (Figure 1). About 1 g of soil samples
was added to a 100 ml Erlenmeyer flask containing
20 ml nutrient broth plus maximum 10% (w/v) NaCl
(Amoozegar et al. 2003). Inoculated flasks were incu-
bated in an orbital shaker at 34 °C in 150 rev/min.
Isolates colonies were taken by culturing the nutrient
agar plus 10% (w/v) NaCl. The resistance of isolates to
heavy metals was assayed on the nutrient agar plus 5, 10
and 15% (w/v) NaCl. If needed, the pH of the media
adjusted at 7.2+0.1 with 1 M KOH.

The morphological and physiological tests were con-
ducted on the isolates. Purified isolates were identified
by the Persian Type Culture Collection (PTCC),
Tehran-Iran.

Chemicals

Pb(NO3)2, AgNO;, Cd(NO3)2, COClz, N1C12, CUSO4,
ZnS0O,, Na,CrO4, K,CrO4, Na,SeO; and NaHSeOs;
were obtained from Merck. K,TeOs;, Na,SeO, and
Na,HAsO, were purchased from Sigma. Stock solu-
tions of chemicals were dissolved in distilled water and
sterilized with 0.22-um bacteriological filters. Working
solutions were stored in the refrigerator for up to
5 days.
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Determining the toxic metal tolerance

The agar dilution method was used to determine the
bacterial tolerance to toxic metals (Washington & Sutter
1980). Various concentrations of heavy metals (0.005,
0.01, 0.05, 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5,
5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 12.0, 14.0, 16.0, 18.0 and
20.0 mM) and various concentrations of toxic oxya-
nions (0.05, 0.1, 0.3, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 10.0, 15.0,
20.0, 25.0, 30.0, 35.0, 40.0, 45.0, 50.0, 55.0, 60.0, 65.0,
70.0, 75.0 and 80.0 mM) were examined. Sodium arse-
nate was an exception that was examined up to 300 mM,
because the isolates were highly tolerant to it. Appro-
priate concentrations of heavy metals/toxic oxyanions
were added to 100-ml Erlenmeyer containing 20 ml
molten nutrient agar plus 10% (w/v) NaCl. Complete
medium was poured in 8-mm glass Petri dishes. Then
10 pl of the bacterial suspension (1.5 x 10% ¢.f.u./ml) was
inoculated and spread on the surface of each plate. The
plates were incubated at 34 °C for 72 h. The MIC for
each oxyanion was determined. The plates were
prepared in triplicate.

Similar experiments were performed by nutrient agar
containing 5 (w/v) and 15% (w/v) NaCl. Also, a control
medium (without any metal/oxyanion) was used. The
inoculated plates were incubated at 34 °C for 72 h. The
minimum concentration of the metals/oxyanions that
completely inhibited growth of the strain was reported
as MIC. The MIC assay was performed in triplicate. It is
well known that, unlike antibiotic resistance, which is
evaluated with therapeutic doses, there are no standard
acceptable metal concentrations used to specify metal or
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Figure 1. Sampling sites for the isolation of moderately halophilic bacteria.
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oxyanion resistance (Nieto er al. 1989; McLean &
Beveridge 2001; Rathgeber et al. 2002). As mentioned
above, this is the first report describing resistance to
toxic oxyanions in moderately halophilic spore-forming
bacilli, therefore, the interpretation of the bacterial
resistance to oxyanions was based on the criteria used in
previous studies carried out with other bacteria (Nieto
et al. 1989; McLean & Beveridge 2001; Rathgeber et al.
2002). The strain was considered as resistant, when its
growth was not inhibited by the resistance limit con-
centration of any metals/oxyanions. The resistance limit
concentrations for arsenate, tellurite, selenate, selenite,
biselenite, chromate, cadmium, cobalt, nickel, lead, zinc,
silver and copper were 10, 0.5, 20, 20, 10, 5, 1, 1, 1, 1, 1,
1, 1, respectively.

Results
Isolation and identification

All isolates were Gram-positive rod-shaped spore-form-
ing bacteria. The isolates were separated into groups A, B
and C, according to the concentration of NaCl needed
for growth. The optimum concentration of NaCl for the
A, B and C groups was 15, 10 and 5%, respectively. The
isolates could not grow in NaCl-deficient medium and
thus were halophiles. The characteristics of the isolates
are shown in Table 1. The morphological and physio-
logical results obtained and other complementary tests
that were done by the Persian Type Culture Collection
(PTCC) revealed that all isolates were Bacillus sp.
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Minimum inhibitory concentration of toxic metals

The MIC of the metals in the media containing 10%
NaCl for each isolate is shown in Figure 2. 40% of the
isolates were resistant to Cu?" and Pb** and all strains
were sensitive to Ag™, Ni>", Zn>", Co and Cd**. The
maximum tolerance to Pb>" was seen with the strains
named as C1 and C2, although most of the strains were
sensitive to Ag’, A3, C3 and C4 tolerated up to
0.05mM Ag".

Minimum inhibitory concentration of toxic oxyanions

The MIC of the oxyanions in the media containing 10%
NaCl for each isolate is shown in Figure 3. All of the
strains tolerated selenite, selenate, tellurite and arsenate.
Maximum tolerance was seen to arsenate (250 mM),
although 90% of the strains were resistant to biselenite,
sodium chromate and potassium chromate. C5 was
sensitive to these oxyanions and tolerated only 4.5 mM
of them. In addition, this strain showed minimum tol-
erance to biselenite and chromate (2.5 mM).

All strains were sensitive to Ni*", Ag", Zn>* and
Co>", but the strains named as A;, B,, C; and C, were
not only resistant to Pb(NO;3), and CuSOy, but also
showed the highest tolerance to toxic metals and oxya-
nions.

It must be emphasized that the isolates not only tol-
erated selenite, biselenite and tellurite, but also reduced
these oxyanions. Reduction of tellurite and seleno-
oxyanions by these bacteria resulted in black and
dark-red colonies on agar plates, due to the accumula-
tion of intracellular crystals of black elemental Te and

Table 1. Major characteristics of 10 Gram-positive rod-shaped spore-forming halophilic bacteria.

Characteristics Strain
Al A2 A3 Bl B2 Cl C2 C3 C4 C5
Pigment production White Cream - Cream - - - - - Cream
Spore location in the cell Central Central Central Sub-terminal Central Central Central Central Central Central
Motility - NA + - - + - - - -
Oxidase reaction + + + + + + + + + -
Growth on 0% NaCl - - - - - - - - - -
Growth on 1% NaCl - - - + - + - + - -
Growth on 25% NaCl + + + - + + + + + +
Optimum concentration of NaCl for growth 15% 15% 15% 10% 10% 5% 5% 5% 5% 5%
Acid production from
Glucose + + + + - + + + + -
Galactose - + - - - + - + - -
Fructose + + + + + + - + + -
Sucrose + + - - + + + + + +
Maltose + + + + + + + + + +
Xylose + + + - + + + + + +
Mannitol + + + + + + + + - +
Hydrolysis of
Gelatin + - + + + + - + + -
Casein + + + + + + + + + +
Starch - + - + - + - - - -
Tween 80 - - - - - - - - - -
DNA + + + + + + +

Nitrate reduction - _ _
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Figure 2. Toxic metal resistance of 10 halophilic spore-forming bacilli (expressed as MIC) in culture medium containing B 5%, [0 10% and

£4 15% NaCl.

red, amorphous, elemental Se, respectively (Rathgeber
et al. 2002).

Effect of NaCl concentrations on resistance of the strains
to toxic metals and oxyanions

We examined the effect of the NaCl concentrations on
the resistance of the strains to toxic metals and oxya-
nions and the results are shown in Figures 2 and 3,
respectively. Although increasing the concentration of
NaCl led to greater tolerance to chromate, selenate,
selenite, biselenite and tellurite, the isolates had different
tolerances to arsenate. The maximum effect of salt
concentration was seen with the chromate anion. NaCl
concentration increasing from 5 to 15% enhanced

tolerance to sodium chromate and potassium chromate
from 5 to 75 mM. The strains named A2 and B1 showed
maximum tolerance to sodium chromate in the medium
containing 15% NaCl.

With the exception of cobalt, for which the maximum
tolerance was seen in 5% (w/v) NaCl-containing med-
ium, generally, when the concentration of NaCl was
increased from 5 to 15% (w/v), toxic metal tolerance
was enhanced. The maximum effect of the NaCl con-
centration on the toxic metal resistance was seen in the
Pb-containing medium.

As mentioned above, all isolates failed to grow in NaCl-
deficient medium, while when some strains, such as Bl
and C1, were cultured in the medium plus 30 and 20 mM
sodium selenite, respectively, good growth was seen.



Toxic metal tolerance in haplophilic bacteria

Na;SeCs

MIC (mM}

Becilus Bacillus Becillus Bacillus Bacillus Baeillus Bacillus Bacillus Bacilus Bacillus
Al AZ A3 B1 B2 Gl c2 C3 C4 (%3]

Na;SeO.

MIC (mWl)

Becilus Bacillus Bacillus Bacillus Bacillus Bacillus Baeillus Beeillus Bacillus Beeillus
Al Az A3 B1 B2 a1 cz C3 G4 c5

KeTeO;

MIC {mBl)

Bacilus Bacillus Bacillus Bacillus Bacllus Bacillus Bacillus Bacillus Bacillus Bacillus
A1 A2 A2 Bl B2 c1 c2 ca c4 [#4-1

NS!:CI‘O.]

MIE (m)

Bagillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacilus Bacillus  Bacillus
Al A2 A3 B1 B2 C1 <2 C3 C4 [+

1241

NaHSeO,

MIC (mi)

[~

Bacilus Bacillus Bacillus Bacillus Bacillus Bacilus Bacillus Bacillus Bacillus Bacillus
Ad A2 A3 B1 B2 c1 <2 ca Cd [H:]

Na;HAsO4

< IE IR AR

Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacilus Bacillus  Bacilluz
Al A2 A2 4] B2 c1 c2 c2 4 ck

K;CrO,

Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus  Bacillus
Ad AZ AL Bl B2 i c2 o] 4 cs

Figure 3. Toxic oxyanion resistance of 10 halophilic spore-forming bacilli (expressed as MIC) in culture medium containing B 5%, O 10% and

£ 15% NaCl.

Discussion

Moderately halophilic or halotolerant spore-forming
Gram-positive rod-shaped bacilli are a diverse phylo-
genetic group of bacteria which have adapted to life at
the lower range of salinities and with the possibilities
of rapid adjustment to changes in the extreme salt
concentration (Ventosa et al. 1998). Useful informa-
tion has been published on the ecology and physiol-
ogy of these bacteria (Oren 2002; Venosa 2004). These
bacteria may be used for bioremediation of toxic
metals from polluted environments; therefore, we
studied the toxic metal and oxyanion tolerance in
these bacteria.

The results obtained in this study showed that there
were two patterns for tolerance in moderately halophilic
bacilli. Although the spore-forming halophilic bacilli
isolated had relatively low toxic metal tolerance
(Figure 2), their resistance to toxic oxyanions was high
(Figure 3). It seems that the presence of Na/K in
chemical structure of the oxyanions studied was one of
the reasons for the high tolerance to oxyanions. Sodium
and potassium are necessary elements for the activity of
enzymes and pumps in halophiles (Ventosa 1998);
therefore, it seems that these elements enhanced the
toxic metal tolerance.

We are the first to show high tolerance to the chro-
mate anion in halophilic bacteria (75 mM). Tolerance to
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chromate was reported in Pseudomonas CRB5 (10 mM)
(Mclean & Beveradge 2001), Salvibrio (20 mM) (Rios
et al. 2001), Arthrobacter (100 mg/l) (Mgharaj et al.
2000) and Corynebacterium hoagii (22 mM) (Viti et al.
2003). Isolation of chromate-resistant, moderately hal-
ophilic bacilli provides additional bacterial models for
studying the mechanisms of chromate resistance. In
addition, these strains may have potential for bioreme-
diation of chromate-contaminated saline soil, sediments
and waste streams. The potential for biological treat-
ment of chromate-contaminated waste is limited, as
most microorganisms lose viability in the presence of
high concentrations of chromate (Pattanapipitpaisal
et al. 2001). Genes encoding chromate resistance in these
strains may be useful for introduction into related
halophilic bacteria used to degrade other pollutants in
order to produce strains capable of bioremediation of
mixed wastes. On the other hand, chromate-sensitive
strains may be interest for future genetic works.

All isolates were resistant to arsenate and the highest
resistance to this oxyanion was seen in the B2 and C2
strains (250 mM). Suresh et al. (2004) reported the
maximum tolerance to 20 mM arsenate anion in a new
bacterium, Bacillus indicus.

Our isolates had a relatively high tolerance to selenite,
biselenite and tellurite oxyanions. This tolerance was
comparable to that previously published (Kinkle et al.
1994; Souza et al. 2001; Rathgeber et al. 2002). The
tolerance to these oxyanions was followed by reduction
of toxic selenite or tellurite to their less toxic elemental
forms. The reduction of soluble selenooxyanions and
tellurite to elements could be an important mechanism
for the removal of these elements from polluted hy-
persaline environments. Therefore, these strains may be
good candidates for bioremediation of highly polluted
effluents from industrial and mining operations. Con-
ventional chemical methods for removing toxic oxya-
nions are expensive and require high energy or large
quantities of chemical reagents, while microbial reduc-
tion of these toxic oxyanions is low in price and provides
green technology. In addition, bacteria capable of
reducing tellurite and selenite could be useful in the
applied biometallurgy of tellurite and selenite, rare and
expensive metals used extensively for their properties as
semiconductors (Rathgeber et al. 2002).

Increasing industrial activities cause pollution of soil,
water and atmosphere by chemicals such as toxic metals
and oxyanions. Bioremediation is a good choice for
removing the industrial pollution from the environment.
There are two different strategies for bioremediation: (1)
screening/development of potent and powerful micro-
organisms and (2) invention/optimization of bioreme-
diation methods. In both approaches, high yield
processes will be obtained by employing tolerant
microorganisms. It seems that moderately halophilic
spore-forming rod bacteria are useful candidates, be-
cause they are widely distributed in soil and resistant to
such harsh environmental conditions. In this study,
these bacteria were introduced for further studies as
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highly tolerant reducers of toxic metals and oxyanions
such as chromate, arsenate and tellurite.
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