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Bacillus subtilis A10 isolated from orchard soil, Kahramanmaras, Turkey. The enzyme synthesis was 
observed between pH 7.0-11.0, with an optimum 37°C. The amylase was purified by fractional 
ammonium sulfate precipitation and sephadex G-100 column. Analysis of the enzyme with sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) revealed a single band which was 
estimated as 46.9 kDa. The enzyme presented an optimum activity at pH 8.5 and 45°C. Its thermal 
stability between 20-50°C was about 89.5% for 30 min. The pH stability was observed between pH 7.0 
and 10.0 with an average of 84.9% of retaining activity for 15min. The activity of the enzyme was 

inhibited by SDS and EDTA by 48.4 and 75.9%, respectively. On the other hand, Na2SO3 and -

Mercaptoethanol did not effect the enzyme activity. This alkaliphilic amylase is suitable for waste-paper, 
starch and bioethanol industries. 
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INTRODUCTION 

 
Amylase (EC 3.2.1.1) is one of the hydrolytic enzyme that 

catalyzes the hydrolysis of -glucosidal bonds in starch, 
glycogen and related polysaccharides (Reddy et al., 
2003). They are widely used in various industries such as 
food, textile, paper, detergent, and bewerage etc. Amy-
lases constitute approximately 25% of the todays enzyme 
market (Elayaraja et al., 2011; Haq et al., 2012). Alpha 
amylases degrade α-1,4-glucosidic linkages by endo 
acting and produce oligosaccharides such as maltose, 
glucose and alpha limit dextrin. Common sources of the 
enzyme for industrial need is microorganisms because of 
their short fermentation period and bulk production of 
enzyme (Gupta et al., 2003). Microbial amylases are also  

 
 
 
 

 
applicative in pharmaceutical and biotechnological indus-
tries (De Souza et al., 2010; Naidu and Saranraj, 2013). 
Among the microorganisms, the genus Bacillus is one of 
the highly potential industrial agents since they are 
extracellular enzyme producers and generally regarded 
as safe etc. (Schallmey et al., 2004).  

Amylases working at pH values 8.0 or higher have 
potentials for harsh conditions as in textile and detergent 
industries (Saxena et al., 2007). Most of the amylases 
from bacterial and fungal (Comlekcioglu et al., 2010) 
strains have an optimum pH between 5.0-7.5, therefore 
they are not appropriate to use in many industrial applica-
tions (Das et al., 2004). So, alkaline amylases to meet  
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industrial demand have temptated the search for micro-
bial strains propagating the enzymes with desired proper-
ties. In this study, we report purification and some proper-
ties of an alkaliphilic alpha amylase produced by a newly 
isolated Bacillus sp. 
 
 
MATERIALS AND METHODS 
 
Organisms and cultivation conditions 
 
Bacillus sp. A10 isolated from the soil samples collected from 
orchard located at hillside of the Ahir mountain, Kahramanmaraş, 
Turkey. The soil samples were pasteurised in water bath at 80ºC for 
10 min for selection of Gram-positive spore forming bacteria, 
Bacillus sp. (Lennete et al., 1985; Hamilton et al., 1999). The iso-
lated strains were monitored for amylase production on agar plate 

composed of Na2HPO4 6 g, KH2PO4 3 g, NaCl 0.5 g, MgSO4 0.24 

g, CaCl2 0.01 g, peptone 3 g, 1% (w/v) soluble starch (Merck), and 
Agar 15 g (Shibuya et al., 1986). The starting pH of the medium 

was 9.5 arranged with 10% Na2CO3 after sterilization. Amylase pro-
ducing strains were selected after allowing the plates to iodine 
solution’s vapour (Hols et al., 1994). Amylase positive strains were 
stored at 4°C on agar slope until enzyme production processes. 
 
 
Identification of the microorganisms 
 
Microorganisms were identified on the basis of 16S rDNA sequence 
analysis as well as its morphological and biochemical properties 
such as colony morphology, gram staining, spore bearing, motility, 
catalase production and acid production from glucose, xylose and 
manitol (Ratanakhanokchai et al., 1999). The polymerase chain 
reaction (PCR) product was sequenced by a commercial company 
(Refgen, Ankara, Turkey) using automatic sequencer. The analyses 
of the nucleotide sequence were performed by Clone Manager 5 
and homology search was carried out by BLAST 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequence of the B. 
subtilis A10 was registered on GenBank, NCBI (Accession Number: 
KJ433550). 

 

Enzyme production 
 
The selected strain, Bacillus sp. A10, was cultivated in minimal 
medium (M9) containing 1% soluble starch. The initial pH of the 

medium was adjusted to 9.0 with 10% Na2CO3 after sterilization. 
The medium was inoculated with a 10% of fresh overnight cell 
culture. The medium was then left incubation for 3 days at 37°C 
with shaking at 250 rpm. After removal of bacterial cells by centri-
fugation (Hettich Mikro 22R) (4020 g) for 30 min at 4°C. The 
supernatant was used for further investigations. 

 

Purification of enzyme 
 
The cell free supernatant was applied to fractionated ammonium 
sulfate precipitation for enzyme purification. The ammonium sulfate 
crystals were added to the supernatant to make the desired 
saturation (40-90%) at 4°C. Four hours later, the precipitate was 
removed by centrifugation at 4020 g and 4°C, for 30 min. The 
precipitates produced in different ammonium sulfate saturation were 
resuspended with 100 mM phosphate buffer at pH 7.6 (McTigue et 
al., 1995). They were then dialysed against the same buffer for 48 
hours with several changing. The fractions were checked for 

amylase activity on agar-starch (1%) petri dish by dropping 10 L. 
Then the fractions showing amylase activity were 

 
 

  
 
 

 
pooled and concentrated in Amicon Ultra-15 Filter Units tubes by 
centrifugation at 4020 g. The concentrated suspension was applied 
to Sephadex G-100 gel Filtration Column (1cm Diameter × 40 cm 
Height). First of all, the column was equilibrated with 100 mM phos-
phate buffer at pH 7.6. The enzyme suspension (1.5 mL) was 
eluted at a flow rate 14 mL/h using the same buffer at room tempe-
rature. The fractions (0.5 mL each) were checked again on a agar-
starch petri dish to determine the fractions including enzyme. The 
fractions giving the largest hydrolytic zones were then gathered 
together. 

 
Homogeneity, molecular weight determination and 
zymography 
 
The homogeneity and molecular weight of the enzyme was tested 
by SDS-PAGE (10%) (Laemmli, 1970). As a molecular weight mar-
ker, protein mixture SDS6H2 (SIGMA) containing porcine myosin 

(200 kDa), E. coli -Galactosidase (116 kDa), rabbit muscle Phos-
phorylase b (97 kDa), bovine albumin (66 kDa), ovalbumin (45 
kDa), bovine erythrocytes carbonic anhydrase (29 kDa) was used 
and the bands were detected by staining with Coomassie brilliant 
blue R-250.  

Zymography analysis of the enzyme was carried out by SDS-
PAGE containing soluble starch (1%). After electrophoresis 
process, the gel was subjected to the renaturation solutions (Saul et 
al., 1990) prior to incubation. The incubation of gel was carried out 
in a plastic storage box after lining the gel on a glass plate at 45°C 
for 2 h. Activity bands were obtained by soaking the gel in iodine 

solution (KI: 5 g/L, I2:0.5 g/L) (Hashim et al., 2004). 

 

Enzyme assay 
 
-Amylase activity of the supernatant and the purified enzyme were 
assayed by the detection of reducing sugars (Miller, 1951). The 
reaction mixture contained 400 µL of 1% soluble starch and 100 µL 
of enzyme solution. The enzymatic reaction was stopped with 500 
µL of 3,5-dinitrosalicylic acid after 30 min incubation at 45°C, and 
absorbance was measured at 550 nm in a Perkin Elmer Lambda EZ 
150 Spectrophotometer. One unit of amylase activity was defined 
as the amount of enzyme liberating 1µmol reduced sugars per min 
under assay conditions. 

 
Effect of pH and temperature on activity and stability 
 
The optimum pH and optimum temperature for amylase activity 
were assayed at different pH values ranging from 3 to 11.5 and 
temperatures from 4-90°C for 30 min. The buffers used were as 
follows: Citrate-phosphate (pH :3.0-5.5), Na-phosphate buffer (pH 
6.0-7.5), Tris-HCl buffer (pH: 8.0-9.0) and Borax-NaOH (pH: 9.5-
11.5). Temperature stability was performed by pre-incubating the 
enzyme at temperatures between 4 and 90°C for 30 min. in opti-
mum pH. For the pH stability, the enzyme was also pre-incubated at 
different pH ranged 4.0 to 11.0 at optimum temperature for 15 and 
30 min. Then the remaining acitivity was determined under the 
standart assay conditions. The effect of NaCl on the activity was 
tested by adding the enzyme into the substrate containing different 
NaCl, while the stability of enzyme was tested by pre-incubating the 
enzyme in different NaCl concentration (0.1-4.0 M) at optimum pH 
and temperature for 30 min, All the experiments were conducted 
three times and mean values were taken. 

 

Effect of some chemicals and inhibitors on enzyme activity 
 
The effect of chemicals suchs as metal ions, chelaters, detergents 
and inhibitors on enzyme activity were tested by pre-incubating the 
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Figure 1. SDS-Page and Zymogram Analysis of -amlyase A10.  
M: Protein mixture SDS6H2 (SIGMA) Porcine myosin (200 kDa), 

E. coli -Galactosidase (116 kDa), rabbit muscle phosphorylase b 
(97 kDa), Bovine albumin (66 kDa), Ovalbumin (45 kDa), Bovine 
erythrocytes Carbonic Anhydrase (29 kDa).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Effect of pH on the activity of Bacillus subtilis A10 -
amylase. 

 
 

 
amylase in different concentration of the material at optimum pH 
and temperature for 30 min. The remaining activity was determined 
according to the control tubes which were not containing any 
additives. 

 
 
 
 

 
Analysis of the end products 
 
For the determination of amylase action on soluble starch thin layer 
chromatography analysis was performed on ‘Aluminium oxide 60 

F254 neutral’ TLC plates (Merck). Firstly, soluble starch was diges-
ted with amylase at 45°C for 60 min of incubation. Cold ethanol was 
added to the mixture to stop the reaction after incubation. Develop-
ment was carried out with a solvent system of butanol-acetic acid-
water (3:1:1,by volume). Then the spots were visualized by spray-
ing 20% sulphuric acid in ethanol and keeping the plates in an oven 
at 120°C for 30 min. 

 

RESULTS 
 

Total of 247 isolates were tested for -amylase produc-
tion on agar plates containing soluble starch (Shibuya et 
al., 1986). Among them, total 231 amylase positive iso-
lates were selected after application of iodine vapour. The 
highest amylolitic potential showing strain A10 was 
chosen for enzyme production (Bernhardsdotter et al., 
2005). The strain was aerobic, Gram positive, rod 
shaped, motility and catalase positive and spore forming. 
Although the enzyme synthesis by Bacillus subtilis A10 
was obser-ved between pH 7.0-11.0, with an optimum 
37°C, the maximum amylolitic potential was at pH 9.0 on 
agar plate.  

The nucleotide sequence of 16S rDNA gene of the 
selected strain A10 was determined and the sequence 
analysis showed that the strain A10 shared more than 
98% of its identidy with diferent Bacillus subtilis. Then the 
organism was named as Bacillus subtilis A10. 

 

Determination of molecular weight and zymography 
 
SDS-PAGE analysis revealed a single band for the puri-
fied α-amylase, indicating this enzyme has been purified 
to near homogeneity by the fractional ammonium sulfate 
precipitation and Sephadex G-100 chromatography 
(Figure 1). Its molecular weight was estimated as 46.9 
kDa. Zymogram analysis was accomplished by SDS-
PAGE including soluble starch. The gel was subjected to 
the renaturation solution as described by Saul et al. 
(1990). Activity band was observed after soaking the gel 
in iodine solution (Hashim et al., 2004). 

 

Properties of the -Amylase 
 
The optimum pH was determined with four different buffer 
systems. Although the organism showed maximum en-

zyme production at pH 9.0, the -amylase showed the 

maximal relative activity at pH 8.5 (Figure 2). The -
amylase also presented a mean activity around 73.4% in 

between pH 6.5 and 11.5. Optimum temperature of the -
amylase was observed at 45°C with an average 71% 
activity between 25 and 55°C (Figure 3).  

The pH stability of the -amylase was determined by 
pre-incubating the enzyme at 45°C for 15 and 30 min. 
The remaining activity was surveyed by standart assay 
method. The highest stability was in between pH 7.0 and 
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Figure 3. Effect of temperature on the activity of Bacillus subtilis 

A10 -amylase.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Preincubation temperature (°C) 

 
Figure 5. Effect of temperature on the stability of B. subtilis A10 sdds  
-amylase. The enzyme was pre-incubated at temperatures from 
4 to 90ºC for 30 min at optimum pH. Remaining activity (%) was 
determined under standard assay condition. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Effect of pH on the stability of B. subtilis A10 -
amylase. The enzyme was preincubated in different buffers for 15 

() and 30 () min. The buffers used were 100 mM Citrate-
phosphate (pH :4.0-5.0), Na-phosphate buffer (pH 6.0-7.0), Tris-
HCl buffer (pH: 8.0-9.0) and Borax-NaOH (pH: 10.0-11.0). 

 

 

10.0 with an activity average 84.9% for 15 min. The 
enzyme was also stable over 50% remaining activity for  
30 min (Figure 4). In both preincubation period, the maxi-
mal remaining activity was at pH 8.0 and 9.0. For thermal 
stability estimation, the enzyme was preincubated at 
diferent temperatures (4-90°C) for 30 min at pH 8.5. The 
enzyme was highly stable in between 4 and 50°C with an 
average 91.5% remaining activity (Figure 5).  

To detect the effect of NaCl on -amylase activity and 
stability, different NaCl concentration ranging from 0.1 to 
4.0M were used. The maximal activity and stability were 
obtained in the presence of 1M (5.85%) NaCl (Figure 6) . 

 

Effect of some chemicals on enzyme activity 
 

The -amylase was preincubated at 45°C for 30 min in 

 
 

 

the presence of chemicals prior to standart assay reac-
tions. The enzyme activity was inhibited in the presence 

of ZnCl2, urea, KCl, EDTA, CaCl2, and SDS to 35.2, 24.3, 
35, 51.6, 46.35 and 24.1%, respectively. Among the sub-

stances tested, Na2SO3 and -Mercaptoethanol did not 
effect the enzyme activity indeed (Figure 7). 
 

 

Analysis of the end product of enzyme action 

 

Enzymatic hydrolysis product from soluble starch were 
analysed by TLC using aluminium oxide plate. After 60 
min incubation of reaction mixture at 45°C, glucose, 
maltose and other longer oligosaccharides were the main 
products produced (Figure 8). 
 

 

DISCUSSION 

 

Among the microorganisms, the genus Bacillus are one 
of the extracellular enzyme producing bacteria and they 
have taken an important place in various industrial appli-
cation. Amylases are one their significant hydrolytic en-
zymes for industries. This study reports that isolation of 
microorganism producing amylase, production, purifica-

tion, and characterization of -amylase.  
The isolated strain Bacillus subtilis A10 for -amylase 

production showed a growth mainly in the alkaline range 
between pH 6.5 to 11.0 giving the largest colony at pH 
10.0 as in the findings of Johnvesly and Naik (2001). 
Alkaliphilics grow best above pH 8.0 and cannot grow or 
grows poorly around neutral pH (Horikoshi, 1999), there-
fore, we called the organism A10 is an alkaliphilic.  

Bacillus subtilis A10 -amylase enzyme was calculated 
as 46.9 kDa with SDS-PAGE analysis. Similar results for 

alkaliphilic -amylase between 42 to 70 kDa have been 
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Figure 6. Effect of salt concentration on enzyme activity ()and 

stability () of Bacillus subtilis A10  amylase.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Effect  of  Some  Chemicals  on  the  activity  of  of  B.  
subtilis A10 -amylase. 

 

 

reported by Horikoshi (1971); Igarashi et al. (1998); Ben 
et al. (2001); Das et al. (2004) and Annamalai et al. 

(2011). Many alkaline -amylases from different Bacillus 
sp. were reported that optimal temperatures were around 
40 to 70°C. The amylase from Bacillus subtilis A10 pre-
sented also an optimum temperature at 45°C as in the 
previously reported alkaline amylases (Igarashi et al., 
1998; Lin et al., 1998; Cordeiro et al., 2002; 
Bernhardsdotter et al., 2005).  

Amylase A10 is alkaline, but not thermostable as most 
of amylases reported earlier. Its thermostability at pH 8.5 
up to 50°C for 30 min is also sufficient with a remaining 
activity over 80% for most of the industrial applications 
using amylases. Das et al. (2004) and Saxena et al. 
(2007), reported that urea highly denatured the amylase 
and their findings support our results. Although the dena-
turation action of urea (8M), uneffected amylase from 
Thermus sp. was also reported by Shaw et al. (1995). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. TLC of enzyme products 
from Bacillus subtilis A10. N: Untreated 
soluble starch; G: Glucose M: Maltose, 

A10: Enzyme substrate mixture (G1: 

Glucose, G2: Maltose, Gn: oligosac-
charides). 

 

 

The enzyme A10 was also presented a similar results to 
Thermus sp. amylase (Shaw et al., 1995) in presence of 

Ca
2+

 and EDTA. There was no Ca
2+

 activation was 
observed, on the other hand, sensitivity to EDTA was 
about 50%. Although the inhibiton with EDTA indicates 
that the enzyme requires metal ions, but enzyme may not 

need Ca
2+

 for activity or stability due to the adaptation to 

environment deficient in Ca
2+

 ions since carbonates pro-

duction. The effect of Zn
2+

 on amylase activity is variable. 
It could be an effective inhibitor or ineffective at al (Kim et 
al., 1995; Mamo and Gessesse, 1999; Demirkan et al., 

2005). The inhibition with Zn
2+

 was explicated as the 
competition in between exogenous and protein asso-
ciated cations (Lin et al., 1998). Sodium sulfite is a che-
mical agent used for deinking processes in wastepaper 
industries. Uninhibitory effect of sodyum sulfite makes the 
enzyme rewarding for paper industries. This findings 
were in agreement with Krishnan and Chandra’s (1983) 
findings too. Additionally, -mekaptoethanol did not affect 
the enzyme substantially (Ozcan et al., 2010). According 
to the TLC plate, that the glucose band observed pale in 
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comparison with maltose and longer oligosaccharides. 
This is probably due to liberation of longer fragments at 
the beginning of hydrolysis of starch (Das et al., 2004). 

 

Conclusion 
 
Amylases are one of the most important enzymes for 
industrial applications. Microorganisms are the most effi-

cient sources for enzyme production. The enzyme A10 -
amylase was produced alkaliphilic Bacillus subtilis A10 
those are accepted as GRAS status. The enzyme is alka-
line with an optimum pH 8.5. Its stability up to 50°C and 
activity in the presence of sodyum sulfite makes the 
enzyme merit in waste-paper industries for brightening 
processes. Its amylolytic action makes it worthy in starch 
industries as well as bioethanol production. 

 

Conflict of Interests 
 
The author(s) have not declared any conflict of interests. 

 

ACKNOWLEDGEMENTS 
 
Authors thank KSU BAP for financial support of this study 
(2009/2-12M). 

 
REFERENCES 
 
Annamalai N, Thavasi R, Vijayalakshmi S, Balasubramanian T (2011). 

Extraction, purification and characterization of thermostable, alkaline 

tolerant -Amylase from Bacillus cereus. Indian J. Microbiol. 
51(4):424–429.  

Ben MA, Mhiri S, Mezghani M, Bejar S (2001). Purification and 

sequence analysis of the atypical maltohexaose-forming -amylase 
of the B. stearothermophilus US100. Enzyme Microb. Technol. 
28:537-542. 

 
Bernhardsdotter ECMJ, Ng JD, Garriott OK, Pusey ML (2005). Enzymic 

properties of an alkaline chelator-resistant  amylase from alkaliphilic 
Bacillus sp. isolate L1711. Process Biochem. 40:2401-2408.  

Comlekcioglu U, Ozkose E, Yazdic FC, Akyol I, Ekinci MS (2010). 
Polysaccharidase and glycosidase production of avicel grown rumen 
fungus Orpinomyces sp. GMLF5. Acta Biol. Hung. 61(3):333-43.  

Cordeiro CAM, Martins MLL, Luciano AB (2002). Production and 

properties of -amylase from thermophilic Bacillus sp. Braz. J. 
Microbiol. 33:57-61. 

 
Das K, Doley R, Mukherjee AK (2004). Purification and biochemical 

characterization of a thermostable, alkaliphilic, extracellular a-
amylase from Bacillus subtilis DM-03, a strain isolated from the 
tradition fermented food of India. Biotechnol. Appl. Biochem. 40:291-
298. 

 
Demirkan ES, Bunzo M, Adachi M, Higasa T Utsumi S (2005). -

Amylase from B. amyloliqefaciens: purification, characterization, raw 
starch degradation and expression in E. coli. Process Biochem. 
40:2529-2636.  

De Souza PM, Magalhaes PO (2010). Application of Microbial -
Amylase In Industry – A Review. Braz. J. Microbiol. 41:850-861. 

 
Elayaraja S, Velvizhi T, Maharani V, Mayavu P, Vijayalakshmi S 

Balasubramanian T (2011). Thermostable -amylase production by 
Bacillus firmus CAS 7 using potato peel as a substrate. Afr. J. 
Biotechnol. 10(54):11235-11238.  

Gupta R, Gigras P, Mohapatra H, Goswami VK, Chauhan B (2003). 

Microbial -amylases: a biotechnological perspective. Process 
Biochem. 38:1599-1616.  

Hamilton LM, Kelly CT,  Fogarty WM (1999). Production and properties 
of  the raw  starch-digesting  α-amylase  of  Bacillus sp.  IMD  435. 
Process Biochem. 35:27-31.  

Haq I, Hameed U, Mahmood Z, Javed MM (2012). Solid state fermenta-

tion for the production of -amylase by Paenibacillus amylolyticus. 
Pak. J. Bot. 44:341-346.  

Hashim SO, Delgado O, Hatti-Kaul R, Mulaa FJ, Mattiasson B (2004). 
Starch hydrolysing Bacillus halodurans isolates from a Kenyan soda 
lake. Biotechnol. Lett. 26:823-828.  

Hols P, Ferain T, Garmyn D, Bernard N, Delcour J (1994). Use of 
expression secretion signals and vector free stable chromosomal 
integration in engineering of Lactobacillus plantarum for α-amylase 
and levanase expression. Appl. Environ. Microbiol. 60:1401-1403.  

Horikoshi K (1971). Production of alkaline amylase by alkalophilic 
microorganisms II alkaline amylase produced by Bacillus no A-40- 2. 
Agric. Biol. Chem. 35:1783-1791.  

Horikoshi K (1999). Alkaliphile: Some application of their products for 
biotechnology. Microbiol. Mol. Biol. Rev. 6:735-750.  

Igarashi K, Hatada Y, Hagihara H, Saeki K, Takaiwa M, Eumura T, Ara 
K, Ozaki K, Kawai S, Kobayashi T, Ito S (1998). Enzymatic properties 

of a novel liquefying -amylase from an alkaliphilic Bacillus isolate 
and entire nucleotide and amino acid. J. Microbiol. 33:57-61.  

Johnvesly B, Naik GR (2001). Studies on production of thermostable 
alkaline protease from thermophilic and alkaliphilic Bacillus sp. JB-99 
in a chemically defined medium. Process Biochem. 37:139–44.  

Kim TU, Gu BG, Jeong JY, Byun SM, Shin YC (1995). Production and 

characterization of a maltotetraose-forming alkaline -amylase from 
an alkalophilic Bacillus strain, GM8901. Appl. Environ. Microbiol. 
61:3105-3112.  

Krishnan T, Chandra AK (1983). Purification and characterization of α-
amylase from Bacillus licheniformis CUMC305. Appl. Environ. 
Microbiol. 46:430-437.  

Laemmli UK (1970). Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature. 277:680–685.  

Lennete EH, Ballows A, Hausler JWJr, Shadomy JH (1985). Manuel of 
Clinical Microbiology. Vol 4 USA 1149.  

Lin LL, Chyau CC, Hsu WH (1998). Production and properties of a raw 
starch degrading amylase from the thermophilic and alkaliphilic 
Bacillus sp. TS-23. Biotechnol. Appl. Biochem. 28:61-68.  

Mamo G, Gessesse A (1999). Purification and characterization of two 
raw-starch-digesting thermostable α-amylase from a thermophilic 
Bacillus. Enzyme Microb. Technol. 25:433–438.  

McTigue MA, Kelly CT, Doyle EM, Fogarty WM (1995). The alkaline 
amylase of the alkalophilic Bacillus sp. IMD 370. Enzyme Microb. 
Technol. 17:570-573.  

Miller GL (1951). Use of dinitrosalicylic acid reagent for determination of 
reducing sugar. Anal. Chem. 426-428.  

Naidu MA, Saranraj P (2013). Bacterial Amylase: A Review. Int J 
Pharmaceutical & Biological Arch. 4(2):274 – 287.  

Ozcan BD, Baylan M, Ozcan N, Tekdal D (2010). Characterization of 

thermostable -amylase from thermophilic and alkaliphilic Bacillus sp. 
isolate DM-15. Res. J. Biol. Sci. 5:118-124.  

Ratanakhanokchai K, Kyu KL, Tanticharoen M (1999). Purification and 
properties of a xylan-binding endoxylanase from alkaliphilic Bacillus 
sp. strain K-1. Appl Environ Microbiol. 65:694-697.  

Reddy NS, Nimmagadda A, Sambasiva Rao KRS (2003). An overview 

of the microbial -amylase family. Afr. J. Biotechnol. 2(12):645-648.  
Saul DJ, Williams LC, Grayling RA, Chamley LW, Love DR, Bergquist 

PL (1990). celB, A gene coding for a bifunctional cellulase from the 
extreme thermophile "Caldocellum saccharolyticum". Appl. Environ. 
Microbiol. 56:3117–24.  

Saxena RK, Dutt K. Agarwal L Nayyar P (2007). A highly thermostable 
and alkaline amylase from a Bacillus sp. PN5. Bioresour. Technol. 
98:260-265.  

Schallmey M, Singh A, Ward OP (2004). Developments in the use of 
Bacillus species for industrial production. Can. J. Microbiol. 50:1-17.  

Shaw JF, Lin FP, Chen SC, Chen HC (1995). Purification and 

properties of an extracellular -amylase from Thermus sp. Bot. Bull. 
Acad. Sin. 36:195-200.  



7 

 

Shibuya I, Iimura Y, Ishikawa T, Oucki K, Matsuyama A, Yamamoto T 
(1986). Isolation and characterization of starch utilizing mutants of 
Escherichia coli. Agric. Biol. Chem. 50:875-882. 


