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1. INTRODUCTION

Microorganisms play an important role in producing several industrially 
important enzymes which play a key role in hydrolyzing the complex 
molecules [1,2]. Although microbes produce several enzymes, amylase 
is the first enzyme that was produced industrially [1]. Among the 
extracellular hydrolytic enzymes, amylases occupy a special status 
because of their high industrial value, and they cover approximately 
30% of the enzyme market [3,4]. Amylases which function as glycosidic 
hydrolases hydrolyze starch into respective mono, di, tri, and oligomers. 
Hence, they are also referred as digestive enzymes and are the first 
enzyme produced on the industrial scale from a fungal source which 
has application in the treatment of digestive disorders [1]. Amylases also 
possess numerous applications especially in biotechnological industries 
such as pharmaceutical’s, textiles, detergents, paper, and food [1,5-7]. 
Amylases could be isolated from different sources such as from animals, 
plants, and microbes. Microbial amylases derived from bacteria, fungi, 
yeasts, and actinomycetes have replaced the other sources because of its 
availability and ease of isolation. Amylases from microbial origin have 
some specific properties which ensemble them for various industrial 
applications. These properties include differences in thermotolerance, 
pH maxima, and optimum temperature [8,9]. α-amylases produced from 
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the Bacillus genus have a special status in terms of industrial applications, 
and much importance has been given to the optimization parameters for 
production processes [9,10]. In the past, amylases have been isolated 
from bacteria screened from natural locations such as kitchen waste, 
domestic waste, and soil samples which were not that much stable 
in industrial applications. At present, researchers are concentrating 
on isolating unusual microbial amylases found in alkalophilic and 
acidophilic bacteria which can withstand the harsh conditions during 
the industrial bioprocesses. In the present study, the amylase producing 
bacterium was isolated from industrially contaminated soils, optimized 
for production and characterized the crude amylase.

2. MATERIALS AND METHODS

2.1. Media and Growth Conditions
The following media were used to propagate the bacteria. All media 
were sterilized by autoclaving for 15 min at 15 lb/Sq.

2.1.1. Luria bertani (lb) medium
The LB broth was prepared by dissolving peptone (10 g), yeast 
extract (5 g), and sodium chloride (10 g) in an appropriate volume 
(500 ml) of distilled water. The contents were stirred, and finally, the 
volume was brought to 1 L with distilled water. The LB broth pH was 
brought to pH 7.0 with 1N NaOH and then sterilized it by autoclaving. 
The LB agar plates were prepared by adding 2% agar to LB broth.

2.1.2. Preparation of starch agar plates
The starch agar plates were prepared in LB agar medium supplemented 
with 1 g starch for 100 ml LB agar medium. Initially, the LB agar was 
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The present study reveals the isolation of amylolytic bacteria from the industrially contaminated soils collected around 
Kurnool district, Andhra Pradesh, India. A bacterium belonging to genus Bacillus was isolated by serial dilution method. 
The bacterium was designated as Bacillus sp. strain RU1. Compared to others, strain RU1 has shown maximum amylase 
activity with starch as substrate. Various parameters have been optimized for enhancing the production of amylase which 
includes carbon sources, nitrogen sources, substrate concentration, and inoculum size. The results have shown fructose 
and ammonium carbonate are the best carbon and nitrogen sources for amylase production. Crude amylase enzyme studies 
revealed the optimum temperature and pH as 45°C and 10.0. Therefore, the amylase enzyme isolated in the present study 
will find applications in the industry as the enzyme is active at moderately thermophilic and at alkaline pH.
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prepared by dissolving peptone (1 g), yeast extract (0.5 g) and sodium 
chloride (1 g) in 90 ml distilled water, pH was adjusted to pH 7.0 with 
1N NaOH, agar was added at 2% concentration. Then, this solution 
was sterilized by autoclaving for 15 min at 15 lb/Sq pressure. Starch 
was prepared separately at 10 g/100 ml and sterilized by autoclaving 
as described above. After cooling to 45°C, 10 ml of starch solution 
was added to the sterile LB agar medium under aseptic conditions. The 
contents were mixed properly. These plates after solidification were 
stored at 4°C by keeping them in a special container. The starch agar 
plates were used as and when required.

2.2. Isolation of Amylase Producing Bacteria from Industrial 
Contaminated Soil Samples
The soil sample (10 g) collected was diluted in 100  ml of normal 
saline (0.85% of sodium chloride). The conical flask containing the 
soil sample was kept aside for a couple of hours. After the settling of 
the soil particles, the clear supernatant was collected separately and 
serially diluted. The dilution was done up to 10−8 to reduce the number 
of colonies on the plate. The serially diluted sample specifically 
10−8 sample was spread on to LB agar plates supplemented with starch. 
Then, the plates were incubated at 37°C for 2  days. The strains 
growing on starch agar plate were collected separately, and each 
colony was cultured separately and tested for their amylolytic activity. 
Each isolated single colonies were streaked onto starch agar plates and 
incubated for 2 days at 37°C for measuring their amylolytic activity. 
The positive colonies showing clear zone on starch agar plate after 
flooding with iodine solution were selected for further studies. These 
colonies were preserved in glycerol cultures at −20°C [11].

2.3. Morphological and Biochemical Characterization of Strain 
RU1
The morphology of strain RU1 cultured on a LB agar plate at 37°C was 
observed under a microscope. Gram staining was done to differentiate 
between Gram-positive and Gram-negative. Physiological and 
biochemical analyses were performed by referring to Bergey’s 
manual [12].

2.4. Amylase Enzyme Assay
The amylase enzyme assay was performed by estimating the reducing 
sugars released by the action of α-amylase enzyme on starch. The 
reducing sugars were estimated by dinitrosalicylic acid (DNS) 
method. The method involves incubation of substrate solution with 
enzyme, followed by incubation at 37°C for 10  min and then DNS 
reagent was added before incubating in boiling water bath for 5 min. 
The supernatant was collected after cooling and then the absorbance 
was measured at 540 nm. The absorbance values of both enzyme blank 
and substrate blank were subtracted from the absorbance of test sample 
to calculate the activity [13]. Under standard conditions, the enzyme 
activity was calculated as the amount of the enzyme responsible for 
liberating 1 µg of maltose per minute per milliliter as one unit. From 
the results of enzyme assay, the highest amylase yielding isolate was 
selected for further studies.

2.5. Influence of Carbon Sources on Amylase Enzyme 
Production
The influence of carbon sources on the amylase enzyme production 
was studied by incorporating simple and complex sugars (sucrose, 
maltose, lactose, glucose, and fructose) as carbon sources. Each source 
was used at a concentration of 1% (w/v) to replace carbon. Amylase 

yield was determined after 24 h of incubation at 37°C with shaking at 
150–200 rpm. After production, the yield was estimated quantitatively.

2.6. Influence of Nitrogen Sources on Amylase Enzyme 
Production
The influence of nitrogen sources for amylase production was 
determined with simple nitrogen sources such as sodium nitrate, 
potassium nitrate, ammonium carbonate, urea, and ammonium chloride 
as the nitrogen source instead of yeast extract. Each source was used 
at a concentration of 1% (w/v) to replace nitrogen sources. Amylase 
yield was determined after 24 h of incubation at 37°C with shaking at 
150–200 rpm. After production, the yield was estimated quantitatively.

2.7. Influence of Substrate Concentration on Amylase Enzyme 
Production
The influence of substrate concentration on amylase enzyme 
production was studied with different concentrations (1%, 3%, 5%, 
and 10%) of starch solution. The media components are kept constant 
except starch solution concentration. The cultures were grown up to 
24 h at 37°C with shaking at 150–200 rpm. After production, the yield 
was estimated quantitatively.

2.8. Influence of Inoculum on Amylase Enzyme Production
The influence of inoculum size on amylase enzyme production was 
studied with different percentages of 1%, 3%, and 5% of inoculum. 
The media components and starch solution concentrations were kept 
constant except inoculum percentage. The cultures were grown up to 
24 h at 37°C with shaking at 150–200 rpm. After production, the yield 
was estimated quantitatively.

2.9. Role of pH on Crude Amylase Enzyme Activity
To study the pH effect on crude amylase enzyme activity, different 
buffers were selected in the pH range of pH  5.0–pH  10.0 at 37°C. 
The casein 1% (w/v) was used as a substrate. The buffers selected for 
pH 5.0 are the acetic acid buffer, the phosphate buffer for pH 8.0, and 
the glycine-NaOH buffer for pH 10.0.

Table 1: Morphological characteristics of strain RU1

Form Irregular

Size Large

Color Milky white

Surface Moist

Gram staining Gram‑positive

Table 2: Biochemical characteristics of strain RU1

Starch hydrolysis Positive

Oxidase test Positive

Catalase test Positive

Urease test Positive

Nitrate reduction Positive

Voges–Proskauer test Positive

Methyl red test Positive

H2S production Positive

Indole test Positive
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2.10. Role of Temperature on Crude Amylase Enzyme Activity
To study the role of temperature on crude amylase enzyme activity, 
different temperatures were selected starting from 25°C to 70°C. The 
amylase enzyme activity was studied at these selected temperatures 
using starch as substrate. In four different tubes, the crude amylase along 
with substrate was incubated at different temperatures (25°C, 37°C, 
45°C, and 70°C). The amylase activities were measured after incubation.

2.11. Comparison of Amylase Activity of Bacillus sp. Strain 
RU1 with Bacillus subtilis
To compare the amylase activity of both strains they were grown 
under same environmental conditions. Both strains were inoculated in 
LB broth supplemented with starch (1%). They were grown at 37°C 
with shaking at 150–200 rpm. After incubation, the supernatant was 
collected from both strains. The amylase enzyme assay was performed 
using the supernatant as a source of enzyme.

3. RESULTS AND DISCUSSION

Amylases which hydrolyze complex carbohydrate substrate such as 
starch to simple sugars have a remarkable value in many industries. 
This application excited many researchers to isolate novel amylases 
with special characteristics which outfit them to industrial applications. 
Microorganisms which prevail in almost all environments have been 
selected over plant and animal sources for isolating novel amylases. 
Studies on amylase enzymes from different geographical regions 
revealed important properties with respect to substrate specificity 
and optimal activity pertaining to temperature and pH [8,9]. The 
selection of an enzyme such as α-amylase for an industry majorly 
requires remarkable properties which can be applied for industrial 
processes [14]. Most of the amylases used in industrial applications 
are majorly from Bacillus genus [9,10].

3.1. Isolation of the Bacterium from Soil and Maintenance
A total of 10 bacteria have been isolated from soil samples during the 
screening of amylase enzyme. Out of 10 bacteria, three bacteria have 
shown a positive reaction for amylase enzyme by the formation of a 
zone of starch hydrolysis around the colonies on starch agar plates. In 
the amylase enzyme assay, strain RU1 showed the maximum activity 
when compared with other two strains, and hence, strain RU1 was 
selected for further optimization studies [Figure 1]. To preserve strain 

RU1, it was grown to log phase, harvested and preserved at −20°C in 
glycerol broth media.

3.2. Morphological and Biochemical Characterization of Strain 
RU1
The colonies of strain RU1 grown on nutrient agar plates at 37°C for 24 
h appeared as large milky white Table 1. Biochemical characteristics 
of strain RU1 showed that it is aerobic and Gram-positive. The strain 
RU1 exhibited positive reactions for oxidase test, catalase test, urease 
test, nitrate reduction, and Voges–Proskauer test. The strain RU1 
showed a negative reaction with methyl red, H2S production, and 
indole tests Table 2. These characteristics correspond to the phenotypic 
characteristics of a Bacillus sp. Hence, the strain isolated in the present 
study designated as Bacillus sp. strain RU1.

3.3. Influence of Carbon Sources on Amylase Enzyme 
Production
In general, the growth of bacterium and the enzyme production were 
influenced by different carbon sources  [15]. In the current study also 
the amylase enzyme production was influenced by the carbon sources. 
The carbon sources (monosaccharides or polysaccharides) are replaced 
with starch in the medium. The highest α-amylase production was 
observed in the medium supplemented with fructose (1680 U/mg) and 
maltose (1680 U/mg) [Figure 2]. Other carbon sources also produced 
the enzyme but the when compared with the above carbon sources, 
the production is low. Even though starch is the preferred substrate 
for producing amylase in most of the Bacillus sp. simple sugars such 
as glucose  [16], fructose  [17], maltose  [5], and lactose  [18] have 
been reported to produce more enzyme production compared to starch. 
Recent reports have shown the involvement of catabolite repression with 
easily metabolizable substrates such as glucose and fructose in amylase 
enzyme production  [19]. The current study results also show the same 
effect with respect to glucose (840 U/mg) but not with fructose which 
has shown highest production, in fact, more than starch [Figure 2].

3.4. Influence of Nitrogen Sources on Amylase Enzyme 
Production
In many microorganisms, the influence of nitrogen sources on 
amylase enzyme production was studied [20]. Earlier reports have 
shown the organic nitrogen sources for instance yeast extract [21], 

Figure 1: Amylase activity (zone of clearance) of strain RU1.
Figure 2: Influence of carbon sources on amylase enzyme production in strain 

RU1. Bars signify standard deviations for three replicates.
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tryptone and peptone influenced the amylase enzyme production [22]. 
Inorganic nitrogen sources such as ammonium ions and nitrate ions 
also influence the production of the α-amylase [17]. In our study, high 
amount of amylase was produced in the media supplemented with 
inorganic nitrogen sources such as ammonium carbonate (1680 U/
mg) and sodium nitrate (1560 U/mg) followed by ammonium chloride 
(1440 U/mg) [Figure 3]. Comparatively amylase production was 
less in the media supplemented with potassium nitrate (960 U/mg) 
[Figure 3]. Although it showed differences in the production of the 
enzyme it utilized most of the inorganic nitrogen sources without any 
inhibition which is observed in some microorganisms [18,22].

3.5. Influence of Substrate Concentration on Amylase Enzyme 
Production
A set of different substrate concentrations of starch starting from 1% 
to 10% were selected to study their influence on amylase enzyme 
production. High yield of amylase was observed [Figure 4] in 10% 
substrate concentration (960 U/mg). As the substrate concentration 
increased the amylase production was increased. The graph clearly 
showed the increments in amylase production with the increase of 
substrate concentration.

3.6. Influence of Inoculum Size on Amylase Enzyme Production
The size of the inoculum also influenced the amylase enzyme 
production. Previous reports have shown that the optimal inoculum 
size as 2% to produce maximum α-amylase production [23]. Increase 
in the inoculum size reduced the growth of the bacterium and enhanced 
the accumulation of bye products thereby reducing the enzyme 
production [24]. Therefore, the knowledge about the inoculum size 
is prerequisite to employ the enzyme in fermentation studies [19]. 
In contrast to above studies, our strain showed results where it has 
shown a linear relationship with respect to inoculum size. Different 
percentages of inoculums were investigated for amylase production. 
High yield of amylase production was observed [Figure 5] in 10% 
inoculum. Amylase production has shown a gradual increase with an 
increase in the inoculation from 1% to 10% inoculums.

3.7. Role of pH on Crude Amylase Enzyme Activity
In general, any changes in pH will affect the enzyme activity. 
Enzymes which are sensitive to pH may undergo drastic changes 
in terms of function by the modification of charges in active site 
leading to disruption of the enzyme–substrate complex. Changes 
in pH can also lead to disruption of bonds which are essential for 

Figure 3: Influence of nitrogen sources on amylase enzyme production in 
strain RU1. Bars signify standard deviations for three replicates.

Figure 4: Influence of substrate concentration on amylase enzyme production 
in strain RU1. Bars signify standard deviations for three replicates.

Figure 5: Influence of inoculum sizes on amylase enzyme production in strain 
RU1. Bars signify standard deviations for three replicates.

Figure 6: Role of pH on crude amylase enzyme activity in strain RU1. Bars 
signify standard deviations for three replicates.
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maintaining the tertiary structure of enzymes [25]. Even changes 
in pH affect morphological characteristics such as cell shape, size, 
and the water content in the cell and also cell complexity leading 
to changes in secretion of enzymes. In this study, the amylase 
enzyme activity of strain RU1 was measured in different buffers 
exhibiting different pHs in the range of pH 5–10. The strain RU1 
optimal pH for amylase enzyme activity was determined as pH 10 
[Figure 6]. Most of the amylase producing Bacillus strains exhibits 
optimum pH for their amylase enzyme activity in the range of 
pH 6–9 [26-28].

3.8. Role of Temperature on Crude Amylase Enzyme Activity
Several strains in Bacillus genus have shown that the temperature 
for α-amylase activity ranges from 37°C to 80°C [29]. Although 
they exhibit activity at a wide range of temperature, many Bacillus 
sp. have shown their optimal temperature for amylase activity 
as 40°C [5,30]. In this study, the α-amylase enzyme activity was 
studied by incubating the reaction mixtures at varied temperatures 
in the range of 37°C–70°C. Our strain RU1 has shown activity at 
all temperatures but the maximal activity was observed at 45°C 
[Figure 7]. Above this optimal temperature, the activity was 
decreased.

3.9. Comparison of Amylase Activity of Bacillus sp. Strain RU1 
with B. subtilis
To know the potential of Bacillus sp. strain RU1 in terms of amylase 
activity, an experiment was done by growing the B. subtilis under same 
experimental conditions as that of Bacillus sp. strain RU1. We found 
that the amylase activity of Bacillus sp. strain RU1 was relatively more 
when compared with B. subtilis [Figure 8].

4. CONCLUSION

Bacillus sp. strain RU1 isolated in the present study has produced an 
amylase which is moderately thermophilic and alkaline in nature. The 
specific characteristics of this amylase can be exploited in various 
industrial processes. It can withstand the heat generated during 
industrial processes and also can be stable at alkaline pH. Furthermore, 
the amylase activity of Bacillus sp. strain RU1 was high when compared 
with amylase activity of B. subtilis. Hence, the amylase isolated in the 
present study can become a good candidate for industrial applications.
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