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INTRODUCTION

Microorgani smshave becomeincreasingly important aspro-
ducer of industrial enzymes. Dueto their biochemical diver-
sity and the ease with which enzyme concentrations may be
increased by environmental and genetic manipulation, at-
temptsare now being madeto replace enzymes, which tradi-
tionally have beenisolated from complex eukaryotes. Starch
degrading amyl ol ytic enzymes are most important in the bio-
technol ogy industrieswith huge applicationin food, fermen-
tation, textile and paper (Pandey et al. 2000). They are cat-
egorized into exo-acting, endo-acting and debranching en-
zymes. Among the amylases, a-amylase is exo-acting
whereas b-amylase isendo-acting enzyme. Thea-amylase
randomly hydrolyzesa phal,4-glucosidic linkagesin starch,
glycogen and related polysaccharide yielding dextrins,
oligosacchari des, maltose and D-glucose (Takeshita& Hehre
1975). Amylases can be obtained from several sourcessuch
as plant, animal and microbes (Kathiresan & Manivannan
2006). Amylasesare widely distributed in bacteriaand fungi.
Themicrobial source of amylaseispreferred to other sources
because of its plasticity and vast availability. Microbial amy-
lase has almost surpassed the synthetic sourcesin different
industries(Pandey et al. 2000). Bacterial a-amylasesare ex-
tensively important in industrial processes such as produc-
tion of ethanol and high fructose corn syrup, baking, in laun-
dry washing powders and dish washing detergents, textile
desizing, and paper recycling (Nigam & Singh 1995). Unu-
sual bacterial amylasesarefoundin acidophilic, alkal ophilic
and thermoacidophilic bacteria(Boyer & Ingle 1972). Nowa
days amylase from these sourcesis vastly used in amylase

In the present investigation a bacterial strain was isolated from agricultural soil sample polluted with insecticide
chlorpyrifos, and the growth pattern was determined. Characteristic feature of the strain indicates that it
belongs to the genus Bacillus and species stearothermophillus. The amylase activity was studied in the
presence and absence of the pollutant and it was found that the bacterium grown in the presence of the
pollutant showed a significant increase in the enzymatic activity by 140 pg/g/min.

production under extreme conditions of pH and tempera-
ture. There are variousreportson starch degrading microor-
ganisms from different sources and respective amylase ac-
tivity (Aibaet al. 1983, Tonkova et al. 1993, Kathiresan &
Manivannan 2006). But, reports on chlorpyrifos degrading
bacteria with respect to the amylase activity are not avail-
able. Bacteria belonging to the genusBacillushave been
widely used for the commercial production of thermostable
a-amylase. These includeB. coagulans, B.
stearothermophilus, B. caldolyticus, B. brevis, B.
acidocaldarius-and-B. thermoanyl oliquefaciens (Campbell
1954, 1955). The present investigation deal swith isolation
of abacterial strain, Bacillus stearothermophillusfrom soil
samples collected from agricultural soil polluted with
chlorpyrifosinsecticide and physiological and biochemical
features were determined. B. stearothermophilus (or
Geobacillus stearothermophilus) is a rod-shaped, Gram-
positive bacterium and amember of the division Firmicutes.
The bacterium isathermophileand is widely distributed in
soil, hot springs, ocean sediment, and is a cause of spoilage
infood products. It iscommonly used asa challenge organ-
ismfor sterilization validation studies and periodic check of
sterilization cycles(Internet source: http://en.wikipedia.org/
wiki/Bacillus_stearothermophilus). Itsamylolytic activity
under different physiological conditionswas correlated with
the growth kinetics.

MATERIALS AND METHODS

Microbial culture: During the present investigation, Bacil-
lus strain was isolated from soil samples collected from a


http://en.wikipedia.org/
http://www.neptjournal.com

38 K. Savithaand D. N. Saraswathi Raman

private agricultural farm onHosur road, Bangal ore. Onegram
of soil sample was added to 99 mL of 2% starch broth. After
24 h of shake flask culture, fresh inoculum was taken for
batch culture at 37°C, which was followed by plating on
starch agar medium after 7 days.

CultureMedia: Starch broth and starch agar were supple-
mented with the following components - peptone 0.05%,
KCI 0.01 % (w/v), MgSO, .7H,0 0.05%(w/v), (NH,),SO,
0.01% (w/v), NaH,PO, 0.01% (Srivastava & Baruah 1986)
and 2% starch. The starch agar medium was composed of all
these componentsalong with 0.8% agar. Coloniesof theiso-
lated strain were transferred by replica plating on to starch
agar platesand incubated at 37°C for 48 h. Plateswith bac-
terial colonies were then flooded with Gram’s iodine rea-
gent (0.01 M |-KI solution). If astrain was amylolytic then
it started hydrolysing the starch present in the surrounding
and in the zone of degradation there was no blue colour for-
mation. Selection was done as per colonies with and with-
out clear and trangparent zone asamylase producing (Amy+)
and amylase non-producing (Amy-) strain, respectively.
Identification of the isolated strain: Colony characteris-
ticsof the isolated organism were studied followed by bio-
chemical tests. The results obtained from various morpho-
logical and physiological analyseswere used to identify the
isolates using the standard methods (Harold Benson 1990).
Culture condition growth kinetics: The starch nutrient
medium was inoculated with a single isolated colony and
cultured for 48h at 37°C with continuous shaking on aro-
tary shaker at 200 rpm. From this, 1 mL of inoculum was
transferred to 100 mL Erlenmeyer flask with sterilenutrient
medium incubated at 37°C at 200 rpm for different timein-
tervals (2-14 h). Growth kinetics was obtained by measur-
ing the cell density at 540 nm in different time intervals.
Growth pattern under these conditions was observed by
measuring absorbance of cellsat 540 nm.

Crudeenzyme prepar ation and enzyme assay: To obtain
crude enzyme, 48h old cultures were transferred to
microcentrifuge tubes and centrifuged at 4000 rpm for 15
min. Cellswere discarded and resultant supernatant was used
as the crude enzyme for various enzyme assays. Amylase
assay was done by standard method (Miller 1959). Optical
density of each sample with reaction mixture was taken at
620 nm in aspectrophotometer.

RESULTS

The Amy+ coloniesexhibited clear and wide transparent zone
due to the production of amylase (Fig. 1). Also, it was ob-
served that col oniesweretrand ucent and creamy-whitishin
colour. All colonies were with entire regular margin. The
strain closely resembled to Bacillus species. For the present
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Table 1: Colony characteristics and biochemical tests of the isolate.

Test Results

No. of colonies 9

Sizein mm 10 (0.5)
Margin Entire
Elevation Raised
Optical feature Translucent
Texture Smooth
Colour Off white
Form Bacillus
Gram’sreaction Gram positive

Endospore Present,central position
Motility Motile
Indole Production Test +
Methyl Red Test +

V oges-Proskeaur test -
Citrate utilization test -
Catalase test +
Oxidase test -
Nitrate test +
Glucose fermentation test +
Amylase test +

Table 2: Identification of the bacterial species.

Growth at 50°C +
Growth at 60°C +
Growth at 7% NaCl -
Growth at pH 6 +
Identification Bacillus stearothermophillus

Table 3: Growth kinetics of theisolated Bacillus strain from contaminated soil.

S. No. Time (h) Mean O.D
1 2 0.29 (0.01)
2 4 0.60 (0.01)
3 6 0.67 (0.01)
4 8 0.54 (0.01)
5 10 0.47 (0.01)
6 12 0.41 (0.01)
7 14 0.31(0.01)

Figuresin parenthesis refer to standard deviation

investigation, one of these colony was selected and taken
for all physiological and biochemical analysis (Table 1).
Further, the bacterium was identified as Bacillus
stearothermophillus by a set of experiments (Table 2).
Growth kinetics of the presently isolated Bacillus strain
started log phase right after inoculation. Stationary phase
started from late 4 h which continued till 6 h and after that
growth declined at 14 h (Fig. 2 and Table 3).

Amylolytic activity from the sample taken from crude
enzyme varied in the presence and absence of the pollutant.
The activity increased by 140 pg/g/min in the presence of
chlorpyrifos. The resultsfor the enzyme activity are given
inTable4.
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Fig. 1: A starch agar plate showing amylase activity with clear white
zone at the center surrounding the single colony of

Bacillus isolated from the soil sample.

DISCUSSION

In the present investigation a pure strain of Bacillus
stearothermophilluswasisolated from the polluted agricul-
tural soil. The soil was found to be polluted with a large
number of pesticides and wasrich in one particul ar insecti-
cide, chlorpyrifos. Literature indicatesthat agricultural soil
pollutantsinclude large number of pesticide compoundsand
their derivatives. Interestingly, chlorpyrifosinsecticide was
found in abundance in the soilsthat show occurrence of Ba-
cillusspecies (Vidyalakshmi et al. 2009).

Optimization of growth conditionsisaprime step in us-
ing microorgani smsin fermentation technol ogy (Kathiresan
& Manivannan 2006). In the present sudy, weobserved 37°C
asthe optimum growth temperature for the presently reported
Bacillus strain and higher temperature (50°C-60°C) also sup-
ported the growth of colonies. This could be dueto the ther-
mophilic nature of the species. Among the physiological
parameters, optimum temperature, substrate concentration
and pH range arethe most important for enzyme production
by microbes (Bose & Das1996, Guptaet al. 2003). Most of
the starch degrading bacterial strains revealed a pH range
between 6.0 and 7.0 for normal growth and enzyme activity
(Gupta et al. 2003). The presently isolated Bacillus strain
also showed optimum growth in this range. The composi-
tion and concentration of media greatly affect the growth
and production of extracellular amylase production in bac-
teria(Chandraet al. 1980, Srivastava& Baruah 1986). Starch
is ubiquitous and is an easily accessible source of energy
(Ryan et al. 2006). In past studies, a number of carbon and
nitrogen sources have been examined for amylase produc-
tionin severa Bacillusspecies (Bose & Das 1996, Srivastava
& Baruah 1986, Ryan et al. 2006). The present study also
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Fig. 2: Growth kinetics of the isolated Bacillus strain from contaminated
soil. Readings taken at every 2 hintervalstill 14 h.

showed that the presence of starch in the media increased

the amylase production.

The growth curve of Bacillus stearothermophilus is
shownin Fig. 2. Growthisnot completely inhibited and the
organismisableto completeitslife cycle. Bacillusspecies
found in the mercury contaminated |ake along with other
bacteria have been reported to show high resistance to mer-
cury (Kafilzadeh & Mirzaei 2008). Since, mercury isone of
the most commonly found componentsin many pesticides,
the above report can be considered infavour of our findings.
Further, thisisthe first report of bacterial growth curvein
Bacillus stearothermophilusinthe presence of chlorpyrifos
(Savitha2009). Results of our study show that the organism
isableto grow well in the media with insecticide and also
co-existswith chlorpyrifos.

The results of the a-amylase activity in Bacillus
stearothermophilus in the presence and absence of
chlorpyrifosarepresented in Table4. A significant increase
isevident intheenzymatic activity of the bacteriain presence
of the pollutant. The a-amylase activity isfound to be higher
by 140pg/g/minin the presence of chlorpyrifos. Directly or
indirectly pollutantsinfluence the cell metabolism including
that of the changesin the activity of enzymes. The enzymatic
activities of Bacillus stearothermophilusin the presence of
chlorpyrifosin our study also showed significant changes.
An increase in the a-amylase activity may be due to the
uptake and degradation of the insecticide. Bacillus
stearothermophilus showed a 14% increase in the amylase
activity in presence of chlorpyrifos as compared to that of
control. The findings of this study reveals that Bacillus
stearothermophillusis involved in taking up chlorpyrifos,
further chlorpyrifos is found to enhance the a-amylase
activity. Thesefindingsareof great significance asit isfirst
of itskind. Theincrease in the enzymatic activity showsthat
the bacteria must have involved in the uptake and
bi odegradation of the pollutant.
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Table 4: The a-amylase activity in bacteria.

Sample Phosphate 1% Incubated Enzyme  Incubated DNS Incubated D.W. Mean a-amylase
buffer Starch at RT for (mL) at RT for (mL) in boiling (mL) Oo.D activity of
(mL) (mL) 5min 20 min water bath (620nm) bacteria
for 10 min (ug/g/min)
Blank 1.0 05 0.0 05 25 0 0
Sample A 1.0 05 05 05 25 0.17(0.01) 660
Sample B 1.0 05 05 05 25 0.20(0.01) 800

Figuresin the parenthesis refer to standard deviation; P value equals 0.0213; This difference is considered to be statistically significant.
Sample A: Bacillus stearothermophilus; Sample B: Bacillus stear othermophilus in the presence of chlorpyrifos.
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