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ABSTRACT

Two thermophiliBacillus cereustrains B. cereusFA2 andB. cereusFA4) used in the present study were isolated
from the geothermal spring of Hunza valley, Gil§iakistan. They showed the ability to withstand graiv at high
temperature (85°C). Both these strains could resisttiple metals (copper, cadmium, mercury, manganeinc,
arsenic, chromium and selenium). Str&ncereustA4 reduced Cr (VI) at pH 5.0 to 9.0 but maximumiuction
(83%) was observed at pH 7.0 after 48 h when itytigupplied with 200 ug mtof K,CrO,. Lower initial
concentrations such as 100 pg Tréupported higher reduction (90 to 95%) than thiahigh concentration such as
500 pg mL* (20 to 30%). Both the strains reduced nearly 7088e (IV) after 48 h of growth at pH 7.0 when
initially supplied with 200 pg mtof NaSeQ. The optimum temperature for maximum Se (IV) récluavas 45°C
for both the strains.
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INTRODUCTION bioavailability and toxicity. Cr (lll) is an essesit
micronutrient for normal glucose utilization in the
Vast scientific and technological development imranimals (Krikorian et al. 2010). Hexavalent
the modern world has alos brought numeroushromium is highly soluble, more mobile and is
challenges in the field of environmental protectiorthe most toxic form of chromium known. It is
and its management (Bennett et al. 2003). Metalsecessary to convert this carcinogenic form of
such as copper, chromium, mercury, lead, zinGhromium (Cr VI) to less mobile and less toxic
nickel, arsenic and selenium are considered as th@valent chromium. Chemical reduction of
major environmental contaminants (Pekey et ahexavalent form into trivalent form is a known
2010). They can cause serious problems to thmethod employed for chromate decontamination
organisms when present above certain leve(Bewley and Clarke 2010; Cismasiu 2011). Now-
Chromium is considered as non-essential and toxa-days, microorganisms, especially bacteria are
metal for the microorganisms and plants while iconsidered as good option for the conversion of
regulates glucose utilization in the animalshexavalent form into trivalent form (Liao et al.
(Shelnutt et al. 2007). The wide-spread industria014).
use of Cr has caused a serious environmentahother metal, which has become the element of
concern. Chromium exists in nature as Cr (Ill) andnterest to many investigators because of its
Cr (VI); both differ in terms of mobility, toxicological and physiological importance is
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selenium. Selenium exists in the soil as traceitric acid 1, NaHPQO, 6.9 (Deleo and Ehrlich
element and is very important component ofl994). Hexavalent chromium reduction was
human diet, while its high concentration is toxicmonitored at 45, 55 and 65°C and pH 5.0, 7.0 and
(Rayman 2000). Three forms of selenium9.0, incubation times of 48 and 96 h and initial
(selenate, selenite and elemental selenium) achromate concentrations of 100, 250 and 500 ug
more prominent in nature. Selenate and selenitaL™. About 250 mL of chromium reduction media
are toxic while elemental selenium being thewas prepared and inoculated with 1.0 mL of fresh
insoluble in water is less mobile and usuallyculture of bacterial strains TA2 and TA4. On
remains in the soils posing a smaller risk to theegular time period, flasks along with samples
environment (Fesharaki et al. 2010). Biologicalwere withdrawn and Cr (VI) reduction was
methods for the remediation of toxic forms ofestimated by using 1,5-diphenylcarbazide
chromium and selenium are environment friendyfollowing Clesceri et al. (1998).

(Hunter 2007; Hunter and Manter 2008; Verma et _

al. 2009). Bioremediation is inexpensive andSE (IV) Reduction _ _
established technology, which is commonly used\l the selenite re.ductlon experiments were carr!ed
in the environment without posing any damagingPUt under .aeroblc conditions. Selenite reduction
effects to the ecosystem (Khan et al. 2009). was monitored at same temperatures, pH,

The purpose of this study was to isolate novelcubation — times and initial ~ NaeQ
microbes, especially from some extremeconcentrations as in the above experiment. Two

environment and to utilize them for thehundred and fifty milliliter of selenite reduction
bioremediation of chromium and seleniumMedium was prepared and inoculated with 1.0 mL
polluted soils and wastewater. of fresh culture of bacterial strains TA2 and TAA4.
Medium was also amended with sodium acetate
2.0 g L* as carbon source. At 48 and 96 h
MATERIALS AND METHODS incubation, cultures were withdrawn taking 1.0
mL of sample and centrifuged at 14,000 xg for
Bacterial strains used in this study were isolatef.ve min. Brown and Watkinson (1977) method
as used for the estimation of selenite reductmon i

from the northem .h'.”y (8.200 ) geothermal' he supernatant. The absorbance was measured at
springs of Hunza Gilgit, Pakistan. Water and soi 77 nm using UV-vis spectrophotometer (Cecil

samples were collected and transported to thfzo0 UK)
laboratory in controlled conditions. Some physico- ' '
chemical parameters such as water temperatuigs \RNA gene sequencing

(65°C), pH (6.5) and air temperature (2°C) wergor the exact identification of these strains (TA2
recorded on the spot. Water and soil samples wegg,g TA4), ribotyping was carried out. The

diluted and spread on nutrient agar plates angbquencing services were carried out using Big
incubated at different temperatures. After 24 hpye terminator cycle sequencing kit (Applied

different colonies of strains were picked andgjpsynthesis, USA). Sequencing products were
purified. The strains were basically characterizegasolved on an Applied Biosystems model 13730
morphologically and biochemically following x| automated DNA sequencing system. Then the
Gerhardt et al. (1994). The effect of temperaturgequences were analyzed by using BLAST from

and pH on bacterial growth was studied bWwcpl web site also by multiple sequence
growing the strains in nutrient broth at 45, 55, 653jignments through Clustal W.

75 and 85°C and pH 5.0, 7.0 and 9.0 for 24 h.

Metal resistance profile of the isolated strains waStatistical analysis

also determined against copper, cadmiumData obtained were statistical analysis by using
mercury, manganese, zinc, arsenic, chromium argtudent package statistical software v11.0.
selenium.

Bacterial isolation and characterization

CR (VI) Reduction RESULTS
Cr (VI) reduction by these bacterial strains Wa%trains isolation and identification

eva(;gated /Lbyt utsmg 1ghe crl[rorr:atet 5re|3ug|'%%ore than 50 bacterial strains were isolated from
medium (g/L) tryptone 10, yeast extract 5, Na the soil and water of geothermal springs of Chillas

Braz. Arch. Biol. Technol. v.57 n.4: pp. 554-560lyJAug 2014



556 Ghalib, A. K. et al.

Two strains, TA2 and TA4 could grow up to aand formed the spores under unfavorable
temperature of 90°C in nutrient broth and wereonditions (Table 1). These were facultative
selected for further study. On the basis of variouanaerobes and were able to reduce nitrate. They
morphological, biochemical, physiological andshowed resistances against copper, cadmium,
16S rRNA gene sequencing study, both the straimeercury, manganese, zinc, arsenic, chromium and
were identified afBacillus cereugTable 1). The selenium (Table 2) and tolerated 700 pg mdf
accession number of strair®.cereusTA2 and Cu, 400 pg mL of Cd, 1500 pug mt of Mn, 900
B.cereusTA4 are GU980764 and GU980765,pug mL" of As, 600 pg mL of Cr and 1000 pg

respectively. mL™ of Se.B. cereusTA2 tolerated 200 pg mt
of Hg while this was 150 pg mifor other strain
Strains characterization (Table 2). These strains showed optimum growth

Both the strains were Gram positive motile rodsat 55°C and pH7.0 (Figs. 1A, B).

Table 1 -Morphological and biochemical characteristics odisis.

Strains Strains
Characteristics Bacillus Bacillus Characteristics Bacillus Bacillus
cereus-TA2 cereus-TA4 cereus-TA2  cereus-TA4
Colony shape rounc rounc Lactost - -
Colony size (mm 3.t 4 Inositol - -
Cell shape rods rods D-sorbito - -
Cell size (um 1.2-24 1.2-2 L-rhamnos - -
Gram staining +ve +ve D-sucros - -
Capsules stainin - - D-melibiose - -
Spore staining + + Amygdalin - -
Motility + + L-Arabinost - -
ornithine decarboxyla: - - Glucost + +
Uree - - Oxidast + +
Arginine dihydrolas - - Catalas + +
Indole productio - - Nitrate reductio + +
lysine decarboxyla: - - Growth on - -
MacConkey ag:
Citrate utilzatior + + O.F tes F.A F.A
acetoin productic + + H2S productio - -
gelatin hydrolysi + + Starch hydrolys - -

OF, Oxidation fermentation; -, Negative; +, Postiv

Table 2 -Heavy metals resistance profile of chromiumafter 48 h of incubation when initially supplied

resistant bacterial strains. . with 200 pg mt* K,CrO,. Almost same trend was
Metalst i e Strains e observed after 96 h incubation period. As both the
concentration acillus acillus i i i
1 strains grew at higher temperature, the reduction
8? L") Ceregg'c-r A2 Ceregg'c-r Ad potential was also observed at various
cd 400 400 temperatures (45-65°C). Increasing temperature
Hg 200 150 led to more reduction of hexavalent chromium.
Mn 1500 1500 The most favorite temperature for optimum
Zn 200 100 chromate reduction was 55°C for both the strains
és 288 288 (Fig. 1D). But above 55°C, a slight decrease in the
r . . - -
Se 1000 1000 reduction potential in both the strains was

recorded. The rate of chromate removal was faster
in the early 48 h after which there was no
significant impact on the Cr (VI) reduction
CR (V1) Reduction potential of these strains. Figure 2 shows the
Both the strains were able to reduced carcinogenifects of various initial Cr (VI) concentrations o

Cr (VI) into less toxic Cr (lll) aerobically at the reduction ability of both the strains. Lower
various pH and incubation times (Fig. 1®. jnitial concentration such as 100 pg ™L
cereusTA4 reduced Cr (V1) at pH 5.0 and 9.0 butsypported higher reduction (90 to 95%) than high
maximum reduction (83%) was observed at pH7.@oncentration such as 500 g ™20 to 30%).
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Figure 1 - Growth of strains TA2 and TA4 (A) at 45, 55, 65, attd 85°C, (B) at pH 5.0, 7.0 and 9.0;
Reduction of KCrO, (C) at pH 5.0, 7.0 and 9.0 and (D) at 45, 55 &BfC6 Reduction was
monitored after 48 and 96 h of growth incubatianitial K,CrO, concentration used for
reduction experiment was 200 pg L
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Figure 2 - Reduction of KCrO, at three initial KCrO,

SE (IV) REDUCTION

Results showed that both the strains had reduced
selenite into elemental selenium under aerobic
conditions (Fig. 3). Reduction of selenite was
more at pH7.0 as compared to the other pH values.
Both the strain reduced nearly 70% of total Se (IV)
after 48 h of growth at pH7.0 (Fig. 3).
Interestingly, Se (IV) reduction potential of the
strain TA4 was more at pH5.0 and 9.0 than at
pH7.0 after 48 and 96 h as compared to the strain
TA2. The optimum temperature for maximum Se
(IV) reduction was 45°C for both the strains. As
seen from Figure 4, Se (IV) reduction occurred at
various initial selenite concentrations (100 to 500

concentrations (100, 250 and 500 pg L ”_g mL'l). The perc_e_ntage S(_alenite reducti_on was
Reduction was monitored after 48 h of highest at lowest initial selenite concentrations b

growth at pH 7.0 and 55°C.

the amount of Se (IV) reduced was maximum at
highest initial selenite concentration (500 pg mL

1) )
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Figure 3 - Reduction of NgSeQ at pH 5.0, 7.0 and 9.0 and 45, 55, and 65°C. Ramuaevas
monitored after 48 and 96 h of growth. Initial SSaQ concentration used for reduction
experiment was 200 pg il

(2008) also reported bacterial strains from high

120 oBacillus cerens-TA2 - . .

& Bacillus cereusTA4 altitude having extreme environment (above 4400
100 4 m), which showed arsenic resistance. Both these

= 50 = strains were Gram positive facultative anaerobic
< EaE == motile rods and had the ability to reduce the
T§ 60 - nitrate. They showed multiple metals resistances,
= which could be an important property to use these
Py 40 4 strains to perform better in polluted wastewater fo
20 | its treatment. In another study, a metal resistant

Halomonaswas isolated, which tolerated multiple

0 . . . metals (chromate, cobalt, zinc, copper and

100 250 500 cadmium) (Osman et al. 2010). Hong et al. (2010)

Initial Se (IV) concentration (ug mL) also reported three strains &usarium solani,

. . . o which not only showed resistance to copper but
Figure 4 - Reduction of selenitat three initial N&5eQ 5150 resistant to zinc and this ability showed
%%Ttiﬁgg%v“grlsh(alr(\)/%stzesdoa?tg? fg% gfg J?:)':Nthpromising results for the treatment of zinc, copper
at pH 7.0 and temperature 55°C, g and_ pyrene from polluted wastes. Both these
strains B. cereusTA2 and B. cereusTA4)
showed growth over a wide range of pH and
DISCUSSION temperature but maximum growth was observed at
55°C at pH7.0.
Present study deals with two metal resistanfhe enzyme, which is responsible for Cr (VI)
bacterial strainsB. cereusTA2 and B. cereus reduction in both these strains might be active at
TA4, which were isolated from the hot spring ofvery high temperature. Eberly and Ely (2008)
Hunza valley, Gilgit (Himalayan range), Pakistanisolated a set of hydrogenases from thermophilic
Both these strains had the ability to tolerate anghicroorganisms, which showed their activity from
reduce chromium and selenium simultaneoushp0 to 125°C and could be exploited for
Interestingly, the strains were isolated from gioremediation, biosensors and for ,SH
place, which was not previously or presentlyproduction. In this study, for both the strains,
contaminated with heavy metals (chromium andnaximum Cr (V1) reduction occurred at 55°C and
selenium) due to anthropogenic activity. Dib et alpH7.0. Opperman and Heerdan (2007) studied
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