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Abstract: Th e eff ects of various carbon and nitrogen sources on production of α-amylase by Bacillus subtilis and its 

mutant derivates were investigated. Th e maximum production of α-amylase by all strains was obtained in the presence 

of mesoinositol as the carbon source. Th ere was no more signifi cant increase in enzyme yield in the case of the 

supplementation of nitrogen sources, whereas malt extract and tryptone were preferred nitrogen sources for amylase 

production by Bacillus subtilis and mutant U 2-6 strain, respectively. α-Amylases of B. subtilis and its mutant strain 

(EBUE 5-3) were purifi ed through a series of steps, and characterized. Th e optimum temperature and pH values of the 

purifi ed amylases were found to be 45 °C and 6.0, respectively. Th e enzyme of mutant strain had more stability than the 

enzyme of the parental strain in alkaline conditions (85% at pH 8.0 for 1 h). Th e K
m

 and V
max

 values of both amylases 

were also compared. Enzymes were strongly inhibited by Cu2+, Hg2+, and Ag2+, but activated by Ca2+, Ba2+, Mg2+, Li2+, 

and Mn2+. Metal ion concentration of 1 mM had a greater eff ect on enzyme activities than 5 mM did. Th e estimated 

molecular weight of the purifi ed enzymes was 56 kDa. Th e N-terminal amino acid sequence of amylases produced by 

the parental and the mutant strain showed homology.
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Bacillus subtilis ve mutant türevleri tarafından α-amilazın üretimi, safl aştırılması ve 

karakterizasyonu

Özet: Çalışmada, B. subtilis ve onun mutant türevleri tarafından α-amilazın üretimi üzerine çeşitli karbon ve azot 

kaynaklarının etkisi araştırıldı. Tüm suşlar tarafından maksimum α-amilaz üretimi karbon kaynağı olarak mesoinositol 

varlığında elde edildi. Azot kaynaklarının ilavesi durumunda enzim veriminde önemli bir atış olmadığı görüldü, ancak 

malt ekstrat B. subtilis, tripton mutant U 2-6 tarafından amilaz üretimi için tercih edilen azot kaynaklarıydı. B. subtilis ve 

mutant suşu (EBUE 5-3)’nun α-amilazları bir seri basamakta safl aştırıldı ve karakterize edildi. Safl aştırılan α-amilazların 

optimum sıcaklık ve pH değerleri sırasıyla 45 °C ve 6,0 olarak bulundu. Mutant suşun enzimi alkali koşullarda ana suş 

enziminden daha stabildi (pH 8,0’de 1 saat % 85). Her iki amilazın Th e K
m

 ve V
max

 değerleri karşılaştırıldı. Enzimler Cu2+, 

Hg2+ ve Ag2+ tarafından güçlü olarak inhibe edildi, fakat enzim Ca2+, Ba2+, Mg2+, Li2+ ve Mn2+ tarafından aktive edildi. 1 

mM metal iyon konsantrasyonu enzim aktivitesi üzerine 5 mM’den daha büyük etkiye sahipti. Safl aştırılan enzimlerin 

tahmini moleküler ağırlıkları 56 kDa’du. Ana ve onun mutant suşu tarafından üretilen amilazların N-terminal amino 

asit sekansları homoloji gösterdi.

Anahtar sözcükler: Bacillus subtilis, mutant, α-amilaz, üretim, safl aştırma, karakterizasyon
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Introduction

Microbial enzymes are widely used in industrial 

processes and α-amylase is one of the most 

important industrial enzymes, having applications 

in industrial processes such as brewing, baking, 

textiles, pharmaceuticals, starch processing, and 

detergents. α-Amylases are some of the most 

versatile enzymes in the industrial enzyme sector 

and account for approximately 25% of the enzyme 

market (1). α-Amylase (E.C.3.2.1.1) catalyzes 

the endo-hydrolysis of 1,4-alpha-D-gylcosidic 

linkages in polysaccharides containing 3 or more 

1,4- α-linked glucose units. Th e enzyme acts on 

starches, glycogen and oligosaccharides in a random 

manner, liberating reducing groups (2). Strains 

of Bacillus have been some of the workhorses of 

enzyme production for decades, mainly because of 

their ability to overproduce amylase (3). B. subtilis, 

B. stearothermophilus,  B. licheniformis, and B. 

amyloliquefaciens are known to be good producers 

of α-amylase, and they have been widely used for 

commercial production of the enzyme for various 

applications (4). Most of the strains used for enzyme 

production have been improved through classical 

selection (5). UV and chemicals such as ethyl methyl 

sulfonate (EMS), nitrous acid, and N-methyl—N´-

nitro-N-nitrosoguanidine (NTG) were found to be 

suitable mutagens for the improvement of α-amylase 

production by Bacillus and obtained mutants have a 

higher capacity for amylase production (1,6,7). To 

obtain maximum yield of an enzyme, development 

of a suitable medium and culture conditions is 

obligatory (8,9). Starch or other sugars as a carbon 

source and ammonium salts or complex organic 

compounds as a nitrogen source are needed for 

bacterial growth and enzyme production (10,11). 

Most amylases are known to be metal ion-dependent 

enzymes, particularly with regard to divalent ions 

like Ca2+, Mg2+, Mn2+, and Zn2+ (12,13).

A series of experiments were carried out to study 

the eff ect of various carbon and nitrogen sources on 

the growth and the production of α-amylases by B. 

subtilis and its mutant derivates. A mutant of high 

enzyme activity was purifi ed and characterized.

Materials and methods 

Materials                                                                                                                

A new strain of B. subtilis was i solated from 

Turkish soil and identifi ed by ORBA Biochemicals 

plant (İstanbul, Turkey). Mutants of Bacillus 

subtilis were obtained by ethidium bromide (EtBr), 

ultraviolet radiation (UV) and ethyl methyl sulfonate 

(EMS) treatments and their combinations and given 

the names U 2-6 and EBUE 5-3 (14).

Culture conditions

Bacteria were grown in growth medium for 18 

h. Th en overnight cultures with OD
600 

= 0.3 were 

inoculated at 1% in the defi ned enzyme production 

medium (15) and allowed to grow for 88 h. Cultivation 

was carried out on a rotary shaker at 150 rpm and at 

30 °C at 16, 24, 40, 48, 64, 72, and 88 h. Th e cells were 

removed by centrifugation (6000 rpm, 10 min) and 

the supernatants were used to determine the enzyme 

activity while the pellets were used to quantify the 

total protein mass. Th e total protein was determined 

using the method of Biuret (16). α-Amylase activity 

was assayed using the starch-iodine method (17). 

One enzyme unit was defi ned as the amount of 

enzyme that hydrolyzed 1 mg of starch (0.1% w/v) in 

10 min at 37 °C and pH 5.9 (unit/mL). 

Enzyme production

 To study the effi  cacy of various carbon sources on 

α-amylase production, maltose, lactose, inositol, and 

raffi  nose were selected as carbon sources. Starch (1% 

w/v) was replaced in the defi ned production medium 

with equal amounts of the various carbon sources to 

be tested. Beef extract, malt extract, tryptone, and 

ammonium phosphate (NH
4
)

2
HPO

4
 were examined 

as alternative nitrogen sources to the peptone and 

ammonium sulfate in the production medium (1.3% 

w/v). A volume of 150 mL of production media 

containing test carbon and nitrogen sources was 

inoculated at 1% and placed in 500-mL Erlenmeyer 

fl asks for culture.

Enzyme purifi cation and characterization 

α-Amylases produced from the parental and its 

mutant strain (EBUE 5-3) were purifi ed by a series 
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of precipitation with 80% ammonium sulfate, TSK 

Toyopeal column chromatography, ultrafi ltration, 

dialysis, and SP Sepharose column chromatography. 

Purifi cation was confi rmed by sodium dodecyl 

sulfate (SDS) gel electrophoresis (18). Th e eff ects 

of pH, temperature and presence of various metal 

ions on the activity of α-amylase were determined. 

Enzyme samples were incubated for 10 min between 

30 and 90 °C. Th ermal stabilities were determined to 

be 45 and 50 °C for 1 h. Th e optimum pH for the 

enzymes was determined in a Britton and Robinson 

buff er system between pH 4.0 and 9.0 pH. pH 5.0 and 

8.0 were used for pH stabilities at 2 h.

Kinetic constants as K
m

 and V
max

 were measured 

by estimating hydrolysis with a starch-iodide method 

and using several starch concentrations. K
m

 and V
max

 

values were determined using the Michaelis-Menten 

equation.

Enzymes samples were incubated with some 

metal ions at a concentration of 1 and 5 mM. Relative 

activities were expressed as a percentage of the 

activity of the untreated control taken as 100%.

SDS-Polyacrylamide gel electrophoresis (10%) 

of purifi ed parental and mutant Bacillus subtilis 

amylases were performed for the determination of 

molecular weight (18). α-Amylase activities were 

localized by running the enzyme in a native-PAGE. 

Th e gel was immersed in soluble starch (1% w/v) for 

1 h at room temperature. Th e gel was then kept in the 

same buff er, followed by staining with iodine solution 

(0.02% (w/v) iodine and 4% (w/v) KI) for 10 min.

N-terminal sequencing of purifi ed amylases was 

performed on a protein sequencer 492 A (Applied 

Biosystems). Th e fi rst 20 residues of the N-terminal 

sequence were determined.

Results and discussion

Eff ects of carbon and nitrogen sources on 

enzyme production

Mutant strains of Bacillus have better ability for 

the production of α-amylase (19,20). For α-amy lase 

production a carbohydrate source is required, where 

this may be starch or one of a variety of sugars. 

Nitrogen can be supplied in the form of ammonium 

salts or as a complex organic source.

A series of experiments were carried out to 

study the eff ect of carbon and nitrogen sources. To 

study the eff ect of carbon sources, the soluble starch 

was substituted with various carbon sources (1% 

w/v) including maltose, lactose, mesoinositol, and 

raffi  nose. In addition, diff erent nitrogen sources, 

including tryptone, malt extract, beef extract, and 

(NH
4
)

2
HPO

4
 were used instead of peptone and 

(NH
4
)

2
SO

4 
in the original medium (1.3% w/v).

Maximum enzyme production in all carbon and 

nitrogen sources by the parental strain and mutant 

EBUE 5-3 strain was achieved by 72 h. However, 

maximum production of the enzyme for the mutant 

U 2-16 strain was reached at 48 h. It was also 

determined that B. subtilis and its mutants, which 

produce mucous material during the incubation 

period, did not produce any mucous material in the 

presence of mesoinositol. 

Th e results showed that mesoinositol was the 

best carbon source for enzyme production for all 

strains and as shown in Figure 1 in comparison with 

the control (starch) there was a signifi cant increase 

in the enzyme yield in the presence of mesoinositol. 

Th e mutant U 2-16 strain produced more amylase 

in the presence of any of the carbon sources than 

the parental and mutant EBUE 5-3 strains did. For 

the parental, mutant U 2-16, and mutant EBUE 5-3 
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Figure 1. Th e eff ects of various carbon sources on amylase 

production by B. subtilis (parental) and its mutant 

strains. Values are shown as means of triplicates.
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strain, the α-amylase production was aff ected by 

the various carbohydrate sources in the following 

order: mesoinositol = raffi  nose > lactose > maltose; 

mesoinositol > maltose > raffi  nose > lactose; 

mesoinositol > lactose > maltose  > raffi  nose, 

respectively. Th e increase in enzyme production 

was parallel to the growth rate. In the present study, 

maltose did not increase amylase production in the 

parental and EBUE 5-3 strains; however, it was found 

to be an inducer for the mutant U 2-16 strain. Some 

researchers have previously reported that maltose is 

a good inducer of amylase production (8,21-23). On 

the other hand, some reports suggest that the highest 

production was observed with glucose (24), while 

others have observed that glucose represses the 

production of amylase (25). Th e monosaccharides 

repressed the enzyme production, whereas inositol 

and D-sorbitol favored amylase production (11). 

Carbon sources such as galactose, glycogen and 

inulin have been reported as suitable substrates 

for the production of amylases by B. licheniformis 

and Bacillus sp. I-3 (26). Starch and glycerol were 

known to increase enzyme production in B. subtilis 

IMG22, Bacillus sp.  PS-7, and Bacillus sp. I-3 (27-

29). Soluble starch has been found to be the best 

substrate for the production of α-amylase by B. 

stearothermophilus (10). Bacillus thermooleovorans 

is reported to prefer starch, glucose, lactose, maltose, 

and maltodextrins as carbon sources for α-amylase 

secretion (8,30). Of the various 1% soluble sugars, 

amylase production was highest in the sucrose 

medium. Nonmetabolizable sugars like arabinose, 

raffi  nose, mesoinositol, sucrose, and galactose did 

not support amylase production (22). Th e infl uence 

of carbon sources including glucose, sucrose, starch, 

carboxymethyl cellulose, fructose, sorbitol, xylose, 

galactose, and dextrin were tested. Starch, sucrose, 

dextrin, and galactose were good carbon sources for 

amylase production (31).

Th e eff ects of diff erent organic and inorganic 

nitrogen sources on the cell density and amylase 

activity were studied. Th e eff ects of nitrogen sources 

on the production of amylase by B. subtilis and its 

mutant derivates are shown in Figure 2. It was found 

that the optimal nitrogen sources were diff erent 

for each strain. Maximum enzyme production and 

biomass of the parental strain were malt extract 

> (NH
4
)

2
HPO

4
 = tryptone > beef extract; enzyme 

production for mutant U 2-16 was tryptone > malt 

extract = (NH
4
)

2
HPO

4  
> beef extract, and for mutant 

EBUE 5-3 strain was beef extract > malt extract = 

(NH
4
)

2
HPO

4
 > tryptone. Maximum enzyme activity 

and biomass for all strains were obtained at 72 h. 

However, as shown in Figure 2 in comparison with 

the control, there was no eff ective increase in enzyme 

production in the presence of inorganic and organic 

nitrogen sources, especially with mutant EBUE 5-3 

strain. Similar fi ndings have been reported by other 

researchers (32-34). In the present study, tryptone 

was found to be much better for amylase production 

by the parental and mutant strains amylase 

production. In fact, tryptone has been observed to 

be the ideal nitrogen source for amylase production 

(35). (NH
4
)

2
HPO

4
 was found to be the best nitrogen 

source for amylase production (22,36). Among 

the nitrogen sources peptone and yeast extract 

produced maximum amylase (23,31). It has been 

reported that peptone increased enzyme activity, 

while yeast extract exhibited no eff ect on α-amylase 

production (28). Strains of B. stearothermophilus and 

B. amylolyticus secreted maximum α-amylase in a 

medium supplemented with peptone, yeast extract, 

and maltose under vigorous shaking conditions (37). 

Peptone has been reported to be a better nitrogen 

source than ammonium hydrogen phosphate, 

normally the best among inorganic nitrogen sources 
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Figure 2. Th e eff ects of various nitrogen sources on amylase 

production by B. subtilis (parental) and its mutant 

strains. Values are shown as means of triplicates.
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for enzyme production by B. licheniformis SPT 278 

(22). Soya bean meal was found to be the best nitrogen 

source for α-amylase production by Bacillus sp. I-3 

(26,29). Addition of organic nitrogen sources such as 

casein, yeast extract, and urea, and inorganic nitrogen 

sources such as ammonium chloride to the medium 

resulted in considerable decrease in α-amylase 

production by B. cereus. In general, supplementation 

of additional nitrogen sources in general has been 

reported to be inhibitory for α-amylase production 

by microorganisms (24). B. brevis produced more 

amylase in the presence of beef extract as nitrogen 

source in comparison to other organic nitrogen 

sources (peptone, yeast extract, and casein), while 

asparagine, potassium nitrate, ammonium sulfate, 

ammonium nitrate, and urea reduced the enzyme 

activity (9). 

Inorganic nitrogen source was as eff ective as 

organic ones (Figure 2). Similar results were obtained 

in the case of other Bacillus spp., that is, B. licheniformis 

(22), B. subtilis (38,39), B. thermooleovorans (8), and 

B. coagulans (33). In contrast, it has been reported 

that maximum α-amylase production by B. subtilis 

DM-03 is obtained by using ammonium chloride as 

the nitrogen source (40). 

Enzyme characterization

Th e amylases obtained from B. subtilis and 

mutant EBUE 5-3 strains were purifi ed by a series 

of treatments. Aft er purifi cation, each enzyme 

showed a single band on SDS-polyacrylamide gel 

electrophoresis.

Th e optimum temperature and pH of both 

α-amylases were found to be 45 °C and 6.0, 

respectively (Figures 3 and 4). Th e mutant enzyme 

was more stable in the alkaline pH than acidic pH 

(85% at pH 8.0 and 33% at pH 5.0 for 1 h) than 

the parental strain. Th e mutant enzyme was more 

thermostable (36% at 45 °C for 1 h) than the parental 

type. It was observed that when the temperature 

was increased up to 43 °C, the amylase activity of B. 

amyloliquefaciens UNG-16 mutant strain markedly 

declined (41). It has previously been reported that 

amylases of B. amyloliquefaciens and its mutant strain 

were more active in alkaline pH than in acidic pH and 

also that the mutant enzyme was more thermostable 

(70% at 50 °C  for 4 h) than the parental strain (42).

Enzymes showed Michaelis-type kinetics when 

hydrolyzing soluble starch. Kinetic parameters were 

calculated as 1.08 and 1.43 (mg/mL) for K
m

 and 100 

and 151 (U/mL) for V
max

 for the parental and mutant 

strains, respectively.

Th e eff ect of metal ions on α-amylase activity 

was measured in the presence of various metal ions 

at a concentration of 1 mM and 5 mM (Table). Th e 

1 mM concentration was more eff ective than the 5 

mM. Activities of both enzymes were stimulated 
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Figure 3. Eff ect of temperature on the enzyme activities. Figure 4. Eff ect of pH on enzyme activities.
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in the presence of Ca2+, Ba2+, Mg2+, Li2+, and Mn2+
 

ions. On the other hand, a strong inhibitory eff ect 

was observed in the presence of Cu2+, Hg2+, and Ag2+ 

ions. Th e amylase did not require any specifi c ion for 

catalytic activity, but Ca2+ independent α-amylase 

from Bacillus spp. has been reported by some authors 

(34,39,43,44).

Molecular weights of purifi ed enzymes were 

found to be approximately 56 KDa (Figure 5). 

Activity staining of amylases showed white bands in 

Table. Eff ect of various metal ions on α-amylase activity. Residual activity (%) at 

indicated test reagent concentration (mM). Values are shown as means of 

triplicates.

         Parental amylase  EBUE 5.3 amylase

 1 mM 5 mM 1 mM 5 mM

 

None 100 100 100 100     

MgSO
4
 105 98   90 100

CaCl
2 

122 69 102 109

LiSO
4
 111 62   98   95

CuSO
4 

49 37   57   43

Ba(C
2
H

3
O

2
)

2 
117 111 100 104

HgCl
2
 0 0   0 7

MnSO
4 

110 98 87  98

AgNO
3  

                27 0   0 0

FeCl
2
  89 0 67 0

ZnSO
4 

78 67   64   36

Figure 5. Photographic representation of SDS-PAGE pattern 

of the purifi ed enzymes. B. subP: B. subtilis parental 

strain; B. subM: B. subtilis mutant EBUE 5-3. Figure 6.  Detection of α-amylase activity by native PAGE.
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the dark colored gel, which confi rmed the enzyme 

activity (Figure 6). 

A comparison of the N-terminal amino acid 

sequence of amylases produced by the parental and 

the mutant type showed homology. Th e 20 residues 

of the amino-terminal sequence were determined to 

be VNGTLMQYFEWYTPNDGQHW.

Corresponding author:

Elif DEMİRKAN

Biology Department, 

Faculty of Sciences and Arts,

Uludağ University, 

16059 Bursa - TURKEY

E-mail: edemirkan@uludag.edu.tr

References

1. Sidhu GS, Sharma P, Chakrabart T et al. Strain improvement 

for the production of a thermostable α-amylase. Enzyme and 

Microb Technol 21: 525-530, 1997.

2. Wolfgang A. Enzyme in Indus try: Production and Applications. 

Wiley-VCH, Weinheim; 2007.

3. Soenshein AL, Hoch JA, Losick R. Bacillus subtilis and other 

Gram-positive Bacteria: Biochemistry, Physiology and 

Molecular Genetics, ASM, New York; 1993.

4. Sivaramakrishnan S, Gangadharan D, Nampoothiri KM et al. 

α-Amylases from microbial sources. Food Techno Biotechnol 

44: 173-184, 2006.

5. Ashraf A, Haq I, Qadeer MA et al. Screening of Bacillus 

licheniformis mutants for improved production of alpha 

amylase. Pak J Bot 33: 517-525, 2001.

6. Konishi H, Sato T, Yamagata H et al. Effi  cient production of 

human α -amylase by a Bacillus brevis mutant. Appl Microbiol 

Biotechnol 34: 297-302, 1990.

7. Haq I, Ashraf H, Rani S et al. Biosynthesis of alpha-amylase by 

chemically treated mutant of Bacillus subtilis GCBU- 20. Pak J 

Biological Sci 2: 73-75, 2002.

8. Narang S, Satyanarayana T. Th ermostable α-amylase production 

by an extreme thermophilic Bacillus thermooleovorans. Lett 

Appl Microbiol 32: 1-35, 2001.

9. Ray RC, Kar S, Nayak S et al. Extracellular α-amylase 

production by Bacillus brevis MTCC 7521. Food Biotechnol 

22:  234-246, 2008.

10. Srivastava RAK, Baruah JN. Culture conditions for production 

of thermostable amylase by Bacillus stearothermophilus. Appl 

Environ Microbiol 52: 179-184, 1986.

11. Gangadharan D, Sivaramakrishnan S, Nampoothiri KM et al. 

Solid culturing of Bacillus amyloliquefaciens for alpha-amylase 

production. Food Technol Biotechnol 44: 269-274, 2006.

12. Pandey A, Nigam P, Soccol CR et al. Advances in microbial 

amylases (review article). Biotechnol Appl Biochem 31: 135-

152, 2000.

13. Polaina J, MacCabe AP. Industrial enzymes: Structure, 

Function and Applications. Springer, Dortrecht; 2007.

14. Sarikaya E. Mutajenik ajanların kullanımı ile bazı Bacillus 

suşlarından α-amilaz üretimi arttırılmış mutantların elde 

edilmesi. Biyoteknoloji 22: 27-34, 1999.

15. Sarıkaya E, Gürgün V. Increase of the α-amylase yield by some 

Bacillus strains. Turk J Biol 24: 299-308, 2000.

16. Gurgun V. Untersuchungen über den anaeroben Dunkel 

Stoff wechsel einiger arter de phototrophen purpur bacteria. 

PhD, Gottingen University, 1974.

17. Yoo YJ, Hong J, Hatch RT. Comparison of a-amylase activities 

from diff erent assay methods. Biotechnol Bioeng 30: 147-51, 

1987.

18. Laemmli UK. Cleavage of structural proteins during the 

assembly of the head of bacteriophage T4. Nature 227: 680-5, 

1970.

19. Zhao W, Qirong J. Selection and breeding of a high productivity 

strain of alpha-amylase from multiresistant mutant of Bacillus. 

Wuxi Qinggongyo Xueguan Xuebao 13: 21-26, 1994.

20. Allan S, Torbenvedel B, Henrick BF. Recombinant alpha-

amylase mutants and their use in textile desizing, starch 

liquifi cation and washing. PTC Int Appl 12: 205-210, 1997.

21. Goto CE, Barbosa EP, Kistner LCL et al. Production of amylase 

by Aspergillus fumigatus utilizing a-methyl-D glucoside, a 

synthetic analogue of maltose, as substrate. FEMS Microbiol 

Lett 167: 139-143, 1998.

22. Aiyer PVD. Eff ect of C:N ratio on alpha amylase production 

by Bacillus licheniformis SPT 27. Afr J Biotechnol 3: 519-522, 

2004.

23. Th ippeswamy S, Girigowda K, Mulimani VH. Isolation and 

identifi cation of α-amylase producing Bacillus sp. from dhal 

industry waste. Indian J Biochem Bio 43: 295-298, 2006.

24. Anto H, Trivedi U, Patel K. Alpha-Amylase Production by 

Bacillus cereus MTCC1305 Using Solid-State Fermentation. 

Food Technol Biotechnol 44: 241-245, 2006.

25. Haseltine C, Rolfsmeier M, Blum P. Th e glucose eff ect and 

regulation of α-amylase synthesis in the hyperthermophilic 

archaeon Sulfolobus solfataricus. J Bacteriol 178: 945-950, 1996.



Production, purifi cation, and characterization of α-amylase by Bacillus subtilis and its mutant derivates

712

26. Chandra AK, Medda S, Bhadra AK. Production of extracellular 

thermostable α-amylase by Bacillus licheniformis. J Ferment 

Technol 58: 1-10, 1980. 

27. Sodhi HK, Sharma K, Gupta JK et al. Production of a 

thermostable α-amylase from Bacillus sp. PS-7 by solid-state 

fermentation and its synergistic use in the hydrolysis of malt 

starch for alcohol production. Process Biochem 40: 525-534, 

2005.

28. Tanyildizi MS, Özer D, Elibol M. Optimization of α-amylase 

production by Bacillus sp. using response surface methodology. 

Process Biochem 40: 2291-2296, 2005.

29. Goyal N, Gupta JK, Soni SK. A novel raw starch digesting 

thermostable α-amylase from Bacillus sp. I-3 and its use in the 

direct hydrolysis of raw potato starch. Enzyme Microb Technol 

37: 723-734, 2005.

30. Arunava B, Pal SC, Sen SK. Alpha amylase production in 

lactose medium by Bacillus circulanse. J Microbiologia 9: 142-

148, 1993.

31. Gupta A, Gupta VK, Modi DR et al. Production and 

characterization of α-amylase from Aspergillus niger. 

Biotechnology 7: 551-556, 2008.

32. Davies PE, Cohen DL, Whitaker A. Th e production of α-amylase 

in batch and chemostat culture of Bacillus stearothermophilus. 

Antonie Van Leeuwenhoek 46: 391-398, 1980. 

33. Babu KR, Satyanarayana T. Parametric optimization of 

extracellular α-amylase production by thermophilic Bacillus 

coagulans. Folia Microbiol 38: 77-80, 1993.

34. Malhotra R, Noorwez SM, Satyanarayana T. Production 

and partial characterization of thermostable and calcium 

independent α-amylase of extreme thermophile Bacillus 

thermooleovorans NP54. Lett Appl Microbiol 31: 378- 384, 

2000.

35. Okolo BN, Ezeogu LI, Ebisike CO. Raw starch digesting 

amylase from Th ermoactinomyces thalophilus F.13.  J Microb 

Biotechnol 12: 637-638, 1996.

36. Felix CR, Astolfi  SF, Ulhoa CJ. Purifi cation and characterization 

of truncated Bacillus subtilis alpha-amylase produced by 

Escherichia coli. Appl Microbiol Biotechnol 44: 746-752, 1996.

37. Dettori BG, Priest FG, Stark JR. Hydrolysis of starch granules 

by the amylase from Bacillus stearothermophilus NCA 26.  

Process Biochem 27: 17-21, 1992.

38. Haq I, Riaz N, Ashraf H et al. Eff ect of inorganic salts on the 

production of  alpha-amylase by Bacillus subtilis. Indus J Plant 

Sciences 2: 115-119, 2002.

39. Swain MR, Kar S, Padmaja G et al. Partial characterization and 

optimization of production of extracellular α-amylase from 

Bacillus subtilis isolated from culturable cowdung microfl ora. 

Polish J Microbiol 55: 289-296, 2006.

40. Das K, Doley R, Mukherjee AK. Purifi cation and biochemical 

characterization of thermostable, alkalophilic, extracellular 

α-amylase from Bacillus subtilis DM-03, a strain isolated from 

the traditional food of India. Biotechnol Appl Biochem 40: 

291-298, 2004.

41. Haq S, Ali S, Javed MM et al. Productıon of alpha amylase from 

a randomly induced mutant strain of Bacillus amyloliquefaciens 

and its application as a desizer in textile industry. Pak J Bot 42: 

473-484, 2010.

42. Demirkan ES, Mikami B, Adachi M et al. α-Amylase from B. 

amyloliquefaciens: purifi cation, characterization, raw starch 

degradation and expression in E. coli.  Process Biochem 40: 

2629-2636, 2005.

43. Mamo G, Gashe BA, Gessesse A.  A highly thermostable 

amylase from a newly isolated thermophilic Bacillus sp. WN11.  

J Appl Microbiol 86: 557-560, 1999.

44. Carvalho RV, Côrrea TLR, Silva JCM et al. Properties of an 

amylase from thermophilic Bacillus sp. Braz J Microbiol 39: 

102-107, 2008.


