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 Abstract.- The present study is aimed at assessing the ability of Bacillus subtilis to convert starch into reducing 
sugars. Maximum enzyme activity showed by B. subtilis was 228 U/ml. B. subtilis showed optimum growth at pH 7 
and optimum temperature for the growth of the bacterial isolate was found to be 37ºC. The optimal pH and 
temperature of the purified amylase were 7.0 and 37ºC. The purified enzyme was found to be stable in the pH range of 
5.0 to 9.0. The enzyme was stable for 1 h at temperatures ranging from 25-80ºC, while at 80ºC, 38% of its maximum 
activity was lost. Maximum α-amylase activity was determined in 1% starch concentration. The purified amylase 
could be detected as a single band of 59 kDa by SDS polyacrylamide gel electrophoresis. Alpha-amylase activity was 
improved by treating it with an alkylating agent, N-methyl-N nitro-N-nitroso guanidine. Out of 39 mutants of B. 
subtilis, m-39 showed 3.16 fold higher activities (721.5 U/ml) than the parent strain. B. subtilis can be exploited for 
starch conversion biotechnologies.  
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INTRODUCTION 
 

 For years microorganisms have been the 
principal source of many different enzymes, which 
were identified after extensive research and 
currently find their main uses in industrial 
applications (Bon, 1995). The majority of industrial 
enzymes used belong to the hydrolase group, which 
are active on many natural substrates. Amylase (EC 
3.2.1.1, α-1,4-D-glucanohydrolyase) is capable of 
catalyzing the production of high yields of specific 
maltooligosaccharides on degrading starch and is of 
considerable commercial interest (Collins et al., 
1993a). Thermostable α-amylases have extensive 
commercial applications in starch processing, 
brewing and sugar production, desizing and textile 
industries and in detergent manufacturing process 
(Leveque et al., 2000; De Souza and Magalhães, 
2010). 
 Amylases can be obtained from several 
sources (Van der Maarel et al., 2002; Aquino et al., 
2003). Thermophilic microorganisms have gained a 
great deal of attention (Beg et al., 2000; Shafaat et 
al., 2011; Raul et al., 2014).  Enzymes from these 
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microorganisms are of special interest since they are 
not usually denatured by high temperatures and are 
even active at elevated temperatures (Adams and 
Kelly, 1998; Fitter and Heberle, 2000; De Souza and 
Magalhães, 2010). They are usually produced by 
bacteria belonging to the genus Bacillus for 
industrial applications such as B. subtilis, B. 
licheniformis, B. amyloliquefaciens and B. 
stearothermophilus (Sajedi et al., 2005; De Souza 
and Magalhães, 2010; Shafaat et al., 2011). The 
properties of each α-amylase such as 
thermostability, pH profile, and Ca-independence 
must be matched to its application. For example, α-
amylases used in starch industry must be active and 
stable at low pH but in detergent industry at high pH 
values (Nielsen and Borchert, 2000). 
 The present study is concerned with the 
isolation and characterization of the α-amylase from 
B. subtilis. Some properties of the purified amylase 
are also determined. 
 

MATERIALS AND METHODS 
 
Isolation of α-amylase producing bacteria 
 Bacteria for the production of α-amylase were 
isolated from 50 soil samples collected from 
different industries, gardens and cultivated areas 
(Pakistan). One gram of soil sample was added to a 
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glass tube containing 10 ml sterilized distilled water, 
shaked and placed in a water bath at 80ºC for 15 
min. After cooling, 50 µl of the sample was spread 
on nutrient agar plates (prepared by dissolving 0.6 g 
peptone, 0.4 g casein hydrolysate, 0.15 g beef 
extract, 0.3 g yeast extract and 0.2 g starch in 100 
ml distilled water, pH adjusted at 7 and then 1.5 g 
agar was added in the 250 ml Erlenmeyer flasks, 
autoclaved at 121ºC and 15 lb pressure for 15 min) 
and incubated at 37ºC for 48 h. The colonies 
forming clear zones around them were picked up 
and streaked on nutrient agar plates to get pure 
culture and to confirm zone formation.   
 Production of α-amylase was carried out in a 
medium containing (g/l of distilled water): NaCl-
0.4, peptone-2.0, yeast extract-1.0 and starch-10.0 
(Uehara et al., 1979). The pH was adjusted to 7 with 
NaOH and medium was sterilized by autoclaving at 
121ºC and 15 lb pressure for 15 min. 
 
Amylase activity assay 
 Amylase activity was determined by 
measuring the release of reducing sugar from 
soluble starch. The reaction mixture contained 
0.5 ml of crude enzyme and 1 ml of sodium 
phosphate buffer (pH 7.0) containing 1% soluble 
starch and incubated at 25ºC for 10 min, the 
amount of reducing sugar released in the mixture 
was determined by the addition of 2 ml of 3, 5 
dinitrosalicylic acid method (Yang et al., 2003) 
followed by boiling for 10 min and to develop 
colour. The absorbance of the mixture was 
measured at 540 nm, and D-glucose was used to 
create a standard curve. One unit of enzyme 
activity was defined as the amount of enzyme 
releasing reducing sugar equivalent to 1µmol 
glucose per minute from starch under the assay 
condition. All analytical measurements were 
performed at least in triplicates. 
 
Physical, biochemical and molecular 
characterization 
 The isolate was Gram positive. For 
biochemical characterization the isolate was tested 
for catalase activity, motility, oxidase acivity, nitrate 
reduction and Voges-Proskauer test. Some specific 
tests were performed for further characterization of 
isolates such as sporulation test, acid formation test, 

utilization of different sugars, hydrolysis of casein, 
hydrolysis of starch, growth at 20ºC, 30ºC, 37ºC, 
45ºC, 50ºC, growth in medium containing 2%, 5%, 
7% and 10% NaCl and growth at different pH. The 
procedures adopted for all the above physical and 
biochemical tests were taken from Benson (1994). 
For molecular characterization genomic DNA was 
extracted as described by Carozzi et al. (1991) and 
the 16S rRNA gene was amplified by PCR using 
16S rRNA primers covering variable region V6 to 
variable region V9  
(RS-1; 5′-AAACTC-AAATGAATTGACGG-3′, 
and RS-3; 5′-ACGGGCGGTGTGTAC-3′)  
(Rehman et al., 2007). PCR was performed by 
initial denaturation at 94°C for 5 min followed by 
35 cycles of denaturation at 94°C for 1 min, 
annealing at 55°C for 1 min, extension at 72°C for 2 
min and a final extension at 72°C for 5 min. The 
PCR product of 0.5kb was removed from the gel 
and cloned in pTZ57R/T vector. The amplified 16S 
rRNA gene was purified with a Fermentas 
purification kit (#K0513) and the amplified products 
were electrophoresed on 1% agarose gel. 
Sequencing was carried out by Genetic analysis 
system model CEQ-800 (Beckman) Coulter Inc. 
Fullerton, CA, USA. Nucleotide sequence 
similarities were determined using BLAST (NCBI 
database; http://www.ncbi.nlm.nih.gov/BLAST). 
The sequence was aligned with close matches using 
ExPasy-Tools (Clustal W) multiple sequence 
alignment program (http://www.ebi.ac.uk/Tools/ 
clustalw2/index.html) and a dendrogram based on 
the homologous sequences was created using the 
same package. 
 
Effect of pH, temperature and starch 
concentration on amylase activity 
 The effect of pH on the activity of α-amylase 
was measured by incubating 0.5 ml of the diluted 
enzyme and 0.5 ml of phosphate buffer ranging pH 
from 6 to 12, containing 1% soluble starch for 10 
min at 90ºC. The stability of the enzyme at different 
pH values was also studied by incubating the 
enzyme at various pH values ranging  from 3 to 10  
for 2 h and then  estimating the residual activity. 
 The effect of temperature on the enzyme 
activity was determined by performing the standard 
assay procedure for 10 min at pH 8.0 with in a 
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temperature range of 25-90ºC. Thermostability was 
determined by incubation of the enzyme at 
temperatures ranging from 25-90ºC for 1 h in a 
constant temperature water bath. After treatment the 
residual enzyme activity was assayed. 
 The effect of starch concentration on the 
activity of α-amylase was measured by incubating 
0.5 ml of the diluted enzyme and 0.5 ml of 
phosphate buffer, containing 0.5, 1, 1.5, 2, 2.5 and 
3% soluble starch for 10 min at 90ºC.  
 

Protein purification, gel electrophoresis and enzyme 
assay 
 The crude enzyme was precipitated with 
ammonium sulphate (80%) and allowed to stand 
over night at 4oC with constant stirring. The mixture 
was centrifuged at 10,000g for 20 min at 4oC. The 
precipitate was collected, re-dissolved in 10 mM 
phosphate buffer (pH 6.9) and dialyzed against same 
buffer for 24 h at 4oC. The dialyzed mixture after 
centrifugation (10,000g) for 20 min at 4oC was 
further purified through membrane filtration by 
using centricons (Amicon Company). The partially 
purified enzyme solution was passed through 
centricon of 100 kDa membranes and then followed 
by 50 kDa membranes and used for subsequent 
studies. 
 The molecular mass of the purified enzyme 
was estimated by 12% sodium dodecyl sulfate 
(SDS) polyacrylamide gel electrophoresis 
(Laemmli, 1970). Non denaturing polyacrylamide 
gel electrophoresis (Native PAGE) was also 
performed in a large (HoeferModel Se 600) gel 
apparatus to confirm the molecular weight of 
purified α-amylase. Thirty microlitre samples were 
loaded in duplicate. After electrophoresis, the gel 
was divided longitudinally into two halves. One half 
of the gel along with marker was silver stained 
(Bloom et al., 1987) and other half was used for 
electrophoretic α-amylase assay. The gel size was 
13cm in length and 26 slice of each lane were made 
and the number of lanes was seven. Each slice was 
immediately placed into 1 ml of 1% soluble starch 
and incubated at 25ºC for 12 h. The reaction was 
stopped by the addition of 2 ml of DNS. Optical 
density was taken at 540 nm and a 0.5cm slice of the 
gel without sample was used as blank.  

Chemical mutagenesis 
 The actively growing cells (1 x 108 c.f.u/ml) 
of B. subtilis were treated with 377.35 µg/ml of 
MNNG (N-methyl-N nitro-N-Nitroso guanidine, 
Sigma Chemicals) at 37ºC for 1, 2 and 3 h. After 
centrifugation at 8000 rpm for 190 min, supernatant 
was discarded and pellet was washed three times for 
the complete removal of MNNG. Cells were 
resuspended in nutrient agar broth. After 24 h of 
incubation at 37ºC the cell suspension was diluted 
(up to 10-5, 10-6) and were spread on nutrient agar 
containing starch medium Petri plates and incubated 
at 37ºC for 24 h. Colonies appeared were counted 
for cell survival and mutants forming clear zones 
were picked up and transferred to the nutrient agar 
medium slants. 
 

RESULTS AND DISCUSSION 
 
Isolation and identification of the bacterial isolate 
 A total of 50 soil samples collected from 
different ecological environment were analyzed for 
bacteria producing amylase. About 72 cultures of 
Bacillus species were isolated, purified and screened 
for the production of α-amylase in the shake flask 
containing 50 ml of M-9 medium. Of all the cultures 
tested, bacterial isolate 10-R gave the maximum 
enzyme production i.e., 228 U/ml and was selected 
for further studies. Table I shows physical and 
biochemical characteristics of the bacterial isolate. 
The partially amplified (500bp) and sequenced 16S 
rRNA gene from local isolate (10-R) was uploaded 
to the NCBI (National Center for Biotechnology 
Information) website to search for similarity to 
known DNA sequences and to confirm the species 
of this local isolate. The nucleotide sequences 
coding for the 16S rRNA gene after BLAST query 
revealed that this gene is 100% homologous to 
Bacillus subtilis. The nucleotide sequences coding 
for the 16S rRNA gene of B. subtilis have been 
submitted to the GenBank database under accession 
number JN546607. Other close matches included B. 
subtilis strain BPR7 (JN208240.1; 100% similarity), 
B. amyloliquefaciens strain NSP6 (JF802178.1; 
100% similarity), and   B. tequilensis strain YC5-2 
(HM770882.1; 100% similarity). Dendrogram 
indicates the identity of the isolate as a species of 
Bacillus. 
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Table I.- Morphological and physiological 
characteristics of the isolated strain. 

 
Characteristics B. subtilis 

  
Gram stain Positive 
Motility Positive 
Sporulation Positive 
Behavior of oxygen Aerobic 
Casein hydrolysis Positive 
Starch hydrolysis Positive 
Reduction of nitrate to nitrite Negative 
Catalase test + 
Voges proskauer test + 
Production of acid from  
 Glucose 
 Mannitol 
 Xylose 
 Arabinose 

 
+ 
+ 
+ 
- 

Growh in NaCl 
 2% 
 5% 
 7% 
 10% 

 
+ 
+ 
+ 
- 

Temperature range for growth 20-50 
pH range for growth 7-11 
  

(+) positive; (-) negative  
 
Effect of pH, temperature and starch 
concentration on amylase activity 
 The effect of pH on α-amylase activity as a 
function of pH is shown in Figure 1A. Optimum pH 
was found to be 7 where the enzyme activity was 
245 U/ml. The enzyme activity at pH 4.0 and 10.0 
were 28% and 18.5% of that at pH 7, respectively. 
After incubation of the enzyme solution for 2 h at 
pH 3.0-10.0, the original activity at pH 8.0 
decreased by 12% and at pH 9.0 the decreased in 
enzyme activity was 51%. The partial purified 
enzyme was found to be stable in the pH range of 
5.0 to 9.0. These results suggest that the activity of 
the enzyme is fairly higher in alkaline pH, making 
this enzyme attractive for the detergent industry. 
Αlpha-amylases produced by other Bacillus sp. have 
shown optimum activities at pH values as low as 3.5 
or as high as 12 (Burhan et al., 2003; Konsula and 
Liakopoulou-Kyriakides, 2004; De Souza and 
Magalhães, 2010). 
 Figure 1B shows the activity of the enzyme 
assayed at temperatures ranging from 25-90ºC at pH 
7 and a substrate   concentration   of   1%.  Enzyme  
activity   increased   with   temperature   with  in  the  
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 Fig. 1. Effect of pH (A), temperature (B) 
and starch (C) on the α-amylase activity. Error 
bars show standard deviation among three 
observations. Some values are too small to be 
visible.  

 
range of 25 to 80ºC. A sharp decrease in enzyme 
activity was observed at values above 80ºC. The 
optimum temperature of this α-amylase was 37ºC, 
which was higher or similar to that described for 
other Bacillus α-amylases (Sidhu et al., 1997; 
Burhan et al., 2003; Konsula and Liakopoulou-
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Kyriakides, 2004; Raul et al., 2014). The residual 
activities of crude amylase incubated at different 
temperature for a period of 1 h were estimated at 
optimum temperature. The enzyme was stable for 1 
h at temperatures ranging from 25-80ºC while at 
80ºC, 38% of its maximum activity was lost. At 
90ºC maximum enzyme activity lost was 62%. 
 Figure 1C shows the effect of starch 
concentration on the activity of α-amylase. Different 
starch concentrations were used and it was found 
that maximum α-amylase activity was observed in 
1% starch. It was also found that starch 
concentration greater than 1% did not show any 
increase in amylase activity. 
 
                                M    1        2        3         4       5       6        7 

116kDa

200kDa

66kDa

45kDa

35kDa

 
 

 Fig. 2. Native PAGE of extracellular total 
protein from B. subtilis Lane M,  molecular 
weight; Lane 1, wild type; Lane 2, mutant-9; 
Lane 3, mutant-11; Lane 4, mutant-17; Lane 5, 
mutant-25; Lane 6, mutant-30; Lane 7, mutant-
39. The gel is 12% silver stained.  

 
SDS-PAGE and enzyme assay 
 A protein band (approx.59 kDa) was found in 
native PAGE (Fig. 2) and α-amylase band was 
confirmed by dinitrosalicylic acid method. The 
molecular weight of the purified enzyme which 
appeared as a single band on SDS-PAGE was found 
to be 59 kDa (Fig. 3). The banding pattern is not 
same in two protein gels because the native PAGE 
was performed from the extracellular total proteins 
(contains many protein bands) while SDS-PAGE 

was performed from the purified sample (contains 
one major protein band). The specific activity of the 
partially purified enzyme was 280 U/mg (1.2 fold 
increased as compared to crude enzyme). Shaw et 
al. (1995) reported the similar weight of protein in 
Thermus sp. Yang and Liu (2007) reported amylase 
as a single band of about 65 kDa by SDS-
polyacrylamide gel electrophoresis. Murakami et al. 
(2007) reported two alkaline thermotolerant α-
amylases having molecular masses of 105 and 75 
kDa, respectively. A protein with molecular weight 
of 53 kDa was found in Bacillus subtilis WB600 
(Liu et al., 2008). Another protein with molecular 
weight of 51.4 kDa was reported by Wang et al. 
(2008). 
 
 
              M      1       2        3          4          5        6        7 

  
 

 Fig. 3. SDS-PAGE of the purified 
amylase from B. subtilis Lane M, molecular 
weight; Lane 1, wild type; Lane 2, mutant-9; 
Lane 3, mutant-11; Lane 4, mutant-17; Lane 5, 
mutant-25; Lane 6, mutant-30; Lane 7, mutant-
39. The gel is 12% silver stained.  

 
Mutagenic effect on the amylase activity 
 From 3 h treatment of MNNG, 39 mutants 
were selected on the basis of morphology and the 
production of α-amylase (zone diameter). On the 
basis of enzyme activity 8 mutants were found 
positive and remaining were found negative. After 
repeated cultivation of the positive mutants only 
three mutants (m-25, m-30, m-39) appeared stable. 
The proteolytic activity of m-25, m-30 and m-39 
was 375.00, 503.50 and 721.50 U/ml, respectively. 
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The m-39 gave the greater yield of α-amylase in all 
mutants and therefore was selected for further 
studies. Bokhari et al. (2009) reported that mutant 
Thermomyces lanuginosus showed 5.3 fold 
improvement as compared to the parental strain to 
produce xylanases.  
 In the current investigation, B. subtilis 
amylase showed promising properties and might 
find applications in starch conversion 
biotechnologies.  
 

CONCLUSION 
 
 In the present study we have isolated α-
amylase, from locally isolated Bacillus subtilis, with 
maximum enzyme activity of 228 U/ml. The 
optimal pH and temperature of the purified amylase 
were 7.0 and 37ºC. The highest α-amylase activity 
was determined in 1% starch. A molecular mass of 
59 kDa was determined by SDS-PAGE and the 
enzyme was stable at 25-80ºC and at pH 5.0 to 9.0. 
Alpha-amylase activity was improved by treating it 
with an alkylating agent, N-methyl-N nitro-N-
Nitroso guanidine. Out of 39 mutants of B. subtilis, 
m-39 showed 3.16 fold higher activities (721.5 
U/ml) than the parent strain. B. subtilis can be 
exploited for industrial biotechnologies.  
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