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Optimization of cultural conditions for production of amylase from
thermophilic Bacillus sp.
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Abstract: To exploit the potential of thermotolerant bacteria for the production of starch degrading enzymes, soil samples were obtained
from various locations. Samples were screened for extracellular amylase activity on starch containing media. Bacterial cultures showing
starch degradation were purified and studied for biochemical and morphological characters. Upon the selection of highest enzyme
producing strain, physical and biochemical parameters affecting enzyme production were optimized. It was found that bacterium is an
aerophile belonging to class Bacilli. It grows best at neutral pH, tolerates temperature up to 62°C with the optimum at 55°C and produces
maximum amylase when media is supplemented with 1% starch. The enzyme was found to be active over a wide pH range though optimum

activity was found at pH 7.0.
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INTRODUCTION

Starch is among the most abundant polymer on
earth and consists of glucose monomer units linked
up by a-glucosidic bonds'. This biodegradable
polymer is hydrolysed by enzymes known as
amylases. Amylases are starch-degrading enzymes
that catalyze the hydrolysis of glycosidic bonds in
low molecular weight products, such as glucose,
maltose and maltotriose units®>. Amylases are among
the most important enzymes and are of great
significance for biotechnology. They constitute a
class of industrial enzymes that share a significant
place in international enzyme market®*.

Amylases have potential application in a wide
range of industrial processes such as bread making,
brewing, fermentation, paper, detergent, and
pharmaceutical industries®. However, with the
advances in biotechnology, the amylase application
has expanded in many fields such as clinical,
medicinal and analytical chemistry, as well as their
widespread application in starch saccharification and
in the textile, distilling and other industries®®”. It also
plays an important role in biofuel production®.

Although amylases can be obtained from several
sources, such as plants, animals and
microorganisms®*°, enzymes of microbial origin have
a broad spectrum of industrial applications as they are
more stable than when prepared with other
sources’*?  The major advantage of using
microorganisms for the production of amylases is the
economical bulk production capacity and the fact that
microbes are easy to manipulate to obtain enzymes of
desired characteristics™.

Although Bacillus, Aspergillus and Rhizopus
species are considered to be the most important
sources of industrial amylases®, it remains a
challenging task to obtain a stress tolerant strain in
order to be used in industrial processes.

Current study describes the investigation of
various soil samples, in order to isolate microbial
strains producing amylolytic enzymes, and to
characterize the strain productivity, particularly the
physical and chemical parameters affecting enzyme
production.

MATERIALS AND METHODS

Collection of samples and isolation of amylase
producing strains

Soil samples were collected from various
locations in sterilized containers. 1% soil suspension
was prepared in sterilized saline solution (0.85%
NaCl). The suspension was vortexed and 100ul
sample was inoculated on sterile Luria agar plates
supplemented with 1% starch. Plates were incubated
at 37°C for 18 to 24 hours. The plates were then
flooded with iodine solution (lodine 1.0 gm, KI 2.0
gm, distilled Water 300.0 ml) to detect clear halos of
starch degradation.
Biochemical and morphological studies

Bacterial colonies showing starch hydrolysis on
starch agar plates were subjected to purification by
repeated streaking on same media. Once after
purification, cultures were grown on nutrient broth
and agar plates for biochemical and morphological
analysis according to Bergey’s manual.
Adaptation of bacterial culture for thermophilic
amylase production

A broad range of temperature was used to adapt
highest extracellular amylase producing strain for
higher temperatures. Culture was inoculated in Luria
Broth supplemented with starch and incubated at
various temperatures i.e. 40°C, 50°C, 60°C, 70°C,
80°C and 90°C for 24 hours, after 24 hours for
estimation of enzyme activity. Strain was repeatedly
grown on the selected temperature for stable
adaptation.
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Optimization of media for optimum bacterial growth
and enzyme production

To optimize nutrient media for maximum
enzyme production, several reported media were used
(Table 1)***". Bacterial culture was inoculated in each
reported media and subjected to incubation for 24
hours at 55°C. Enzyme activity was performed by
assaying cell free broth at standard assay conditions.
Carbon source

Media were supplemented with 1% carbon
sources such as commercially available starch,
cornstarch, ground wheat powder, ground rice
powder, sago starch; one at a time prior sterilization
of media. After selection of carbon source, its suitable
concentration to yield maximum enzyme activity was
sought by varying concentration from 0-5% in
nutrient medium.
Nitrogen Source

Various nitrogen sources (organic and inorganic
both) were added in 1% concentration in the selected
nutrient medium. Yeast extract, tryptone, peptone,
urea, KNOs, (NH4),HPO,, (NH4),SO, were added
prior media sterilization. Organism was incubated in
this media for 24 hours and cell free broth was
assayed for enzyme production. Upon selection of a
source, its concentration was varied from 0-5% in
medium in order to select suitable concentration to
support enzyme production.
Optimization of bacterial growth time for maximum
enzyme production

Bacterial culture was subjected to varying period
of incubation in order to estimate the time required
for maximum enzyme production. Inoculated nutrient
medium was kept at 55 °C for 24-96 hours. Enzyme
activity was measured after every 24 hours.
Optimization of pH of nutrient media supporting
bacterial growth

Bacterial strain was incubated in nutrient media
flasks having a wide pH range. The pH of media was
adjusted using 1IN NaOH and 1N HCI prior
sterilization of media. The flasks were incubated at
55°C for 24 hours.
Estimation of total protein

Total protein of the sample was estimated by the
method of Lowry™® using Bovine serum albumin as
standard.
Estimation of enzyme activity

Units of enzyme activity were measured by
Bernfeld method *. An amylase unit was defined as
the amount of enzyme that produced 1mg of maltose
per minute from soluble starch under the assay
conditions.

RESULTS AND DISCUSSION

Screening of amylogenic bacterial specie

For the screening of amylase producing
microorganisms, soil samples from different locations
were tested. Total 92 strains were isolated from soil,
and 56 were found to be extracellular amylase
producers as they produced clear halos around
colonies grown on starch supplemented plates when
flooded with iodine solution. Amylogenic cultures
were purified and stored in nutrient broth containing
15% glycerol at -20°C. Highest enzyme producing
culture was identified as gram positive, spore forming
bacilli according to biochemical and morphological
characteristics.
Adaptation of bacterial culture for thermophilic
amylase production

Culture incubation at various temperatures from
40°C-90°C for 24 hours revealed that organism can
survive up to 62°C, however enzyme production was
optimal within a range of 50-55°C. Figure 1 shows
the relation of temperature and enzyme production
capacity of the producer strain.
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Figure 1: Estimation of enzyme activity after bacterial growth at
different temperatures.

Optimization of media for optimum bacterial growth
and enzyme production

As elaborated in table 1, various reported media
were used to optimize nutrient media for maximum
enzyme production. From figure 2 it has been
deduced that amylase produced by the bacterium is
inductive in nature as very low enzyme activity was
obtained in media 1 which lacked starch as carbon
source, however, media supplemented with starch
(media 2, 3) showed comparatively higher enzyme
yield. Cell free broth obtained from media 3 showed
highest enzyme yield whereas media 2 showed lower
yields of enzyme which could be attributed to
solution of complex ions which might have induced
inhibitory effect on enzyme production.
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Figure 2: Estimation of enzyme activity in different reported
media.

Table 1: Composition of different nutrient media.

. Media 1 Media 2 Media 3
Media Components @) @) (/)
Starch - 10 15
Sucrose 20 - -
Peptone - 10
Tryptone 10 -
Yeast extract 5.0 - 5
NaCl 5 - -
KCI - 0.5 -
FeSO, - 0.01 -
MgSO, - 0.5 5
NaN03 - 3 -
KH,PO, - 1
K,HPO, - - 5
Caclz - 0.1 -
pH 7.0 7.0 6.0

Carbon source

From various sources of starch used for enzyme
production, commercially available soluble starch
showed maximum enzyme activity in cell free broth
(Figure 3).

After the selection of starch as carbon source, its
concentration was varied from 0-5% in nutrient media
to determine the concentration suitable for higher
enzyme vyields (figure 4). The media supplemented
with 1% starch supported maximum enzyme yield.

Nitrogen source

Producer strain was grown in media provided
with various nitrogen sources (organic and inorganic
both) keeping rest of all media components constant.
It was found that among all sources, yeast extract and
tryptone gave almost same enzyme yield (Figure 5).

Inorganic nitrogen sources were found not much
supportive  for amylase production. Therefore
tryptone with a concentration of 1% was selected as
nitrogen source in media for higher enzyme
production (Figure 6).
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Figure 3: Estimation of enzyme activity in medial supplemented
with different starch source.
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Figure 4: Estimation of enzyme activity at varying starch
concentrations.
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Figure 5: Estimation of enzyme activity in medial supplemented
with different nitrogen sources.

Upon optimization of all media components,
media 3 was modified by supplementation of starch
109/l and tryptone 10g/l; rest of all components were
remained same.

Optimization of bacterial growth time for maximum
enzyme production

Incubation time was varied from 24-96 hours to
optimize time interval required for maximum enzyme
production. Upon estimation of enzyme activity it
was found that 72 hours incubation showed higher
enzyme yield than any other time interval (Figure 7).
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Optimization of pH of nutrient media supporting
bacterial growth
Media pH was varied to a wide range in order to
determine optimum pH at which enzyme production
would be maximum. Figure 8 shows that the strain
yields higher amount of enzyme at neutral pH and
increasing or decreasing the pH above or below this
adversely affected on enzyme production.
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Figure 6: Estimation of enzyme activity at varying tryptone
concentrations.
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Figure 7: Estimation of enzyme activity at varying incubation time
intervals.
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Figure 8: Estimation of enzyme activity at varying pH range.

CONCLUSION

In view of the importance of amylases in
industrial ~ biotechnology and  the  distinct
characteristics of enzymes isolated from various
strains of Bacillus specie, current study focused at
isolation of amylase producing thermotolerant
Bacillus specie and to optimize culture conditions for
optimal production of the enzyme. Producer strain
was subjected to different nutrient media, varying
substrate concentrations, pH values and incubation
time periods. It was found that enzyme production
was maximum when provided with starch and
tryptone as major carbon and nitrogen source
respectively. Yeast extract, MgSO,4 and K,HPO, were
also added to supplement bacterial growth and
enzyme production. Bacterium was able to produce
maximum enzyme yield at 55°C with media pH at
7.0.
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