
International Journal of Research and Scientific Innovation (IJRSI) |Volume III, Issue VIII, August 2016|ISSN 2321–2705 

www.rsisinternational.org Page 72 
 

Optimization of Cultural Condition and Partial 

Characterization of Alkaline Amylase from Bacillus 

sp. 

P. A Joshi, Anjali Yadav 

Department of Microbiology, L.D. Sonawane College, Kalyan 421304, Maharashtra, India 

Abstract: Alkaline amylase producing Bacillus sp. was isolated 

from Mangrove soil sample. Optimization of cultural conditions 

revealed that the maximum amylase production by the isolate 

cultivated in basal media containing soluble starch reached at 72 

hrs, at pH 9.0 and 500C the levels of the amylase production 

detected in culture supernatants varied greatly with the type of 

carbon and nitrogen sources. Starch, lactose and maltose 

stimulated amylase production, with highest at 2% starch 

concentration. 1% peptone was found to be best for amylase 

production. Partially purified amylase exhibited specific activity 

of 2776.35 U/mg which corresponds to 5.40 purification fold and 

60% yield. The optimum activity of partially characterized 

amylase was found at temperature 700Cand at pH 9.0. CaCl2 and 

MgSO4 had a stimulatory effect on the amylase activity and 

Tween 40 was found to stimulate the activity. Such alkaliphilic 

amylase can be exploited for industrial application. 

Keywords:  alkaliphilic amylase, Bacillus sp., partial purification, 

enzyme characterization. 

I. INTRODUCTION 

mylase is an extracellular enzyme, degradesα-1, 4-

glucosidic linkage of starch and related products and 

produce oligosaccharides. These enzymes have a great 

significance with potentially biotechnological applications in 

bread making, food, textile, detergents, paper, industrial starch 

liquefaction, waste water treatment [1, 2], which make 

amylases major product in the enzyme market [3, 4, 

5].Amylases are obtained from several sources such as plant, 

animals and microbes [6].The microbial amylases source is 

preferred to other sources because of its plasticity and vast 

availability [7].  Enzymes from microbes that thrive in 

extreme conditions have drawn attention for isolation of 

alkaliphilic bacterium to obtain alkaline enzyme production 

[8]. The alkaline amylases can be effectively used as additives 

in laundry and automatic dishwashing detergents operating 

under high alkalinity [9,10].Bacillus species is heterogeneous 

forms of organisms and they are very versatile in the 

adaptability to the extreme environments. The first alkaline 

amylase of an alkaliphilic Bacillus strain was reported by 

Horikoshi [11]. Alkaline amylase has been reported from a 

variety of species [2, 11-21]. 

The present study deals with the isolation 

identification and optimization of cultural condition for 

optimum alkaline amylase production from bacterium isolated 

from mangrove soil sample and characterization of partially 

purified α-amylase. 

II. MATERIALS AND METHOD 

Isolation and screening of microorganism 

Bacillus sp. was isolated from the mangrove soil 

sample collected from Diva-Thane creek, Mumbai. The 

primary screening was done on starch agar plate. Strains 

capable of producing α-amylase were screened by allowing 

them to grow for 24 hrs on nutrient agar plates containing 1% 

(w/v) starch with initial pH 8.0 at 25
0
C. The plateswere 

stained with Gram’s iodine solution and a largest halo-

forming zone was considered as the most promising strain 

[13] and was selected for further investigation. The culture 

was maintained at 4
0
C on nutrient agar slant for further 

studies. 

Media composition 

The basal medium used for amylase production was 

composed of (%):0.2yeast extract, 0.2peptone, 0.25 Na2HPO4, 

0.2 (NH4)2SO4and0.005 MgSO4. 7H2O, 0.1NaCl, and 0.005 

CaCl2, 1.0 soluble starch [16].The pH of the medium was 

adjusted to8.0 and was autoclaved. 

Enzyme Assay 

A spectrophotometric amylase assay was carried out 

based on the measuring residual maltose content after the 

enzymatic reaction. In the assay, the reaction mixture 

consisted of 0.5ml enzyme extract and 0.5 ml of 1% (v/v) 

starch in phosphate buffer at pH 9.0 and incubating for 3 

minutes at50
0
C, with 1 ml of DNS reagent reaction was 

stopped and kept in boiling water bath exactly for 5 

minute.After cooling in ice bath8ml of distilled water was 

added and mixed thoroughly. O.D was measured at 540 nm. 

One unit of amylase activity is defined as the amount of 

enzyme that released one micromole of reducing equivalent 

under the assay condition [22]. 

Optimization of Culture Condition for Production of Amylase 

A 
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 Fermentation studies were done in basal medium 

broth for 96 hours at 25
0
C on shaker at 200 rpm. An aliquot of 

the cultural broth was withdrawn after every 24 hours for 

analysis of enzyme activity.The effect of different carbon 

source [1% (w/v) glucose, lactose, maltose, sucrose, xylose, 

arabinose, fructose, starch] and nitrogen sources [1%(w/w) 

(NH4)2SO4, NH4Cl, NH4NO3, NaNO3, urea, yeast extract, beef 

extract, peptone] on the production of extracellular amylases 

was carriedout. The optimum starch concentration (0.15, 0.5, 

1.5, 2.0, 2.5 and 3.0 %) and peptone concentration (0.5, 1.5, 

2.0, 2.5 and 3.0 %) on the production of extracellular 

amylases by the isolate was studied by carrying out amylase 

assay. The study of effect of temperature ranging from 25
0 

C 

to 80
0 

C with 5
0
C difference and at pH 3.0 to 11.0 with 

difference of1 pH unit, was carried out on the production of 

extracellular amylases by incubating at various temperature 

and in buffered basal medium at different pH [100mM acetate 

buffer (pH 3.0-6.0), 100mM potassium phosphate buffer (pH 

7.0-8.0),100mM glycine-NaOH buffer (pH 9.0-11)]. 

Production and extraction of crude extracellular amylase 

 1m1 of 1 X10
5
 cell density adjusted at 660 nm of 18 

hours old culture was inoculated in 100ml sterile enzyme 

production broth (pH-9.0) in 250ml Erlenmeyer flasks and 

incubated at 50
0
C on rotatory shaker at 150 rpm for 72 hours. 

After incubation the crude amylase was extracted by cold 

centrifugation (4
0
C) at 3000 rpm for 30 minutes, the 

supernatant was used for further work. 

Partial Purification of Enzyme  

The entire purification step was carried out at 

4
0
C.The supernatant was subjected to fractionated ammonium 

sulfate precipitation for enzyme purification. Ammonium 

sulfate crystals were added to the supernatant at 20, 30, 

40,50,60,70 and 80% saturation in an ice bathovernight. The 

precipitate was collected by centrifugation at 3000 rpm at 4
0
C, 

for 30 min.The enzyme was recovered by re-suspending the 

precipitate in 100mM phosphate buffer at pH9.0. Then the 

suspension was dialyzed against the same buffer for 3days 

with several changes of buffer for desalting [8]. 

Effect of pH and temperature eon amylase activity 

Temperature and pH effects for amylase activity 

were assayed at different temperature ranging from 10
0
C-

100
0
C and at pH values from 3-11 for 1 hr. The following 

buffers were used in the reaction: 100mM acetate buffer (pH-

3-6), 100mM potassium phosphate buffer (pH 7.0-8.0), 

100mM glycine-NaOH buffer (pH 9.0-11).  

Effect of metal ions and additives on amylase activity 

The effect of metal ions and additives was studied on 

amylase activity by pre-incubating the enzymes in presence of 

the metal ions (NaCl, FeCl2, MnCl2, CaCl2, MgSO4, ZnSO4) 

and additives (H2O2, perchloric acid, SDS, Tween20, 

Tween40, Tween80, Triton-X-100) with the final 

concentration of 1mM for 1hour at 70
0
Cand pH 9.0. The 

activity in the absence of any metal and additive was taken to 

be 100%as control. 

III. RESULTS AND DISCUSSION 

The organism isolated from Mangrove soil, was 

identified as Bacillus sp. according to Bergey’s manual of 

determinative bacteriology on the basis of morphological and 

biochemical characteristics and thoroughly investigated for 

amylase production. Data presented in (fig.1) showed that the 

maximum amount of enzyme activity (1789 U/ml) was 

obtained after an incubation of 72 hours. Further increase in 

the fermentation period did not improve the rate of enzyme 

synthesis. Incubation temperature has very critical influence 

on the production ofamylase. The production of enzyme was 

maximum (1854 U/ml) at50
0
C [16, 25] (fig.2) beyond which 

gradual reduction in enzyme activity was observed. As the 

activity was found maximum at 50
0
C thus, this temperature 

was selected for amylase production. 

 

Fig. 1 Determination of optimum incubation period. 

Microbial growthand production are very sensitive to 

any change in pH, the pH of fermentation medium plays a 

very profound effect on the enzyme production [11]. The 

result presented in (fig 3)showed that the maximum activity 

(2100 U/ml) was obtained at pH 9.0. The other coworkers 

Krishnan and Chandra [19] and Hagihara et al, Horikoshi [10, 

11], have obtained optimal amylase synthesis at neutral pH 

and pH 8.0-9.5 respectively by Bacillus sp. However, in the 

present study pH 9.0 was found to be optimum. It might be 

due to the fact that the organism required alkaline pH for its 

growth. Therefore, alkaline pH of fermentation medium was 

selected for maximum production of amylase. 

 

Fig. 2 Determination of optimum incubation temperature. 
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Fig. 3 Determination of optimum incubation pH. 

The productivity of amylase by the bacterium can be 

further improved by the addition of different carbon and 

nitrogen sources to the fermentation medium as reported by 

Mc Tigue et al [14]. So, different carbon and nitrogen sources 

were investigated for the maximum production of amylase. Of 

all the sugars tested, starch gave maximum production of 

amylase (2030 U/ml) (fig.4) followed by lactose (1933 U/ml) 

and maltose (1893 U/ml). 

 

Fig. 4 Determination of effect of different carbon sources. 

Carbon sources greatly influences amylase production and the 

most commonly used substrate is starch [21]. As starch gave 

optimum results therefore, its various concentrations were 

also tested for the production of amylaseshowed that the 

production of amylase was increased with increase in the 

starch concentration and was found optimum at 2% (1990 

U/ml) (fig.5) concentration, above whichproduction was 

reduced. One of the reason may be due to end-product 

repression of amylase production [30], also it might be due to 

the high viscosity of the medium affecting availability of 

oxygen concentration as reported by G. Mamo et al and 

Bajpai P et al [20, 26]. Among inorganic nitrogenous source 

only (NH4)2SO4 showed 1560 u/ml activity. However, of all 

the nitrogen sources studied peptone (1980 u/ml) produced the 

best results, followed by yeast extract  

 

Fig. 5 Determination of optimum starch concentration. 

and beef extract, presented in (fig.6). 1% peptone (1974 u/ml) 

concentration was optimum for maximum amylase synthesis. 

Beyond 1% peptone concentration enzyme synthesis was 

found to bedecreasing this maybe due to viscosity of the 

medium.This finding is accordance with Bajpai et al. [21] 

 

Fig. 6 Determination of effect of different nitrogen sources. 

 

Fig. 7 Determination of optimum peptone concentration. 

The specific activity of enzyme was increased with 

the purification of amylase. It is due to the fact that the 

activity of the enzyme increases after the purification of 

enzyme [31]. So, after optimization of cultural conditions the 

crude amylase was partially purified by ammonium sulphate 

precipitation. The results of partial purification studies are 

summarized in   Table.  1 
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Purification Step Total Enzyme Activity (Units) Total Protein 

(mg) 

Yield 

(%) 

Specific 

Activity 

Fold Purification 

      

Supernatant 126000 245 100 514.28 1 

Ammonium Sulphate Precipitation  91350 68.92 72.5 1329.31 2.58 

Dialysis 75600 27.23 60 2776.35 5.4 

Table-1 Partial Purification of Amylase.

 

Fig. 8Effect of pH on partially purified amylase. 

The hydrolytic activity of partially purified amylase is 

sensitive to pH and temperature as reported by Ashabil et al, 

Hiroshi et al [8, 9]. The effect of pH on optimum relative 

activity at pH 9.0 (fig.8) was obtained. It may due to inactive 

nature of enzyme at acidic mediumpartially purified amylase 

activity wascarried out and due to change in the hydrogen ion 

concentration. Any change in hydrogen ion concentration 

inhibits the active site of the enzyme resulting in the decreased 

activity of amylase. The optimal relative temperature of the 

partially purified amylase was found at 70
0
C (fig.9) and the 

amylase activity decreased rapidly at temperatures higher 

than.  Thisis of concern, since starch liquefaction is generally 

carried out at high temperatures of between 70
0
C – 90

0
C, and 

the thermo stability of amylase is of great significance for the 

efficient liquefaction of gelatinized starch. The amylase from 

T. lanuginosus 34626 displayed 70
0
C and 55

0
C for optimum 

temperature and thermal stability characteristics by Ngyuen et 

al [24] and amylase from Bacillus sp. was reported by Soni et 

al, [29], to have an optimum temperature at 70
0
C and thermal 

stability at 60
0
C. 

 

Fig. 9 Effect of temperature on partially purified amylase. 

The results of study of different metal ions and additives 

that influence amylase activities are summarized 

Table.2.CaCl2 and MgSO4 showed a stimulatory effect on the 

amylase activity. Tween 40 was found to stimulate the activity 

and SDS marginally inhibited the activity. The role of 

Ca
+2

ions was investigated by Mishra and Maheshwari[23], and 

it was shown that Ca
+2

 had a positive effect on enzyme 

activity. It was also reported by Lin L-L, et al[12] in the 

presence of Ca
+2

 ions the thermostability of other amylolytic 

enzymes, including the amylases from B. licheniformis, P. 

furiosus and T. litoralisare improved. This phenomenon was 

confirmed by Pandey A. et al [1] for α-amylase from other 

organisms. The reasons for these effects are not clearly 

understood, although metal ions often act as salt or ion bridges 

between two adjacent amino acid residues, resulting in the 

stimulatory effect that Ca
+2 

ions have on enzyme activity [12]. 

Metal ions and Additives Relative Activity (%) 

Control 100 

NaCl 96±2.29 

FeCl2 46±2.30 

MnCl2 52±1.72 

CaCl2 137±1.92 

MgSO4 107±1.28 

ZnSO4 73±1.52 

H2O2 64±1.99 

PERCHLORIC Acid 59±2.01 

SDS 82±1.59 

Tween 20 73±1.83 

Tween 40 103±1.45 

Tween 80 35±1.99 

Triton-X 100 45±2.21 

Table-2 Effect of metal ions and Additives on amylase activity 

IV. CONCLUSION 

The results obtained in present study showed that 

there is appreciable high production and activity of the 

amylase at alkaline pH and high temperatures and enhanced 

activity was found in presence of Ca
+2

 and Mg
+2 

metal ions 

and Tween 40.Thus Bacillus sp.can be exploited for industrial 

alkaline amylase synthesis and various biotechnological 

applications. 
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