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Abstract— The α-amylase produced by Brevibacillus 

borstelensis R1 has a number of applications in many fields 

such as bakery industry, food preparations, automation 

dishwashing, ethyl alcohol dual fermentation, sago and rice 

industrial effluent treatment, sewage water treatment, fodder 

production, laundry and textile industries. The effect of 

activators such as CaCl2, MgCl2, MgSO4, NaCl, CaCO3 and 

CaSO4 on partially purified enzyme activity was studied. All 

the activators studied enhanced the activity of the enzyme 

when compared with the control. The percentage of increase 

in α-amylase activity when treated with (0.5M CaSO4), 

(0.5M CaCO3), (0.5M NaCl), (0.5M CaCl2), (0.2M MgS04) 

and (0.1M MgCl2) was 23.72%, 22.03%, 21.08%, 20.53%, 

18.8% and 5.93% respectively. 
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I. INTRODUCTION 

Alpha-amylases are metalloenzymes. They require calcium 

ions for their stability, activity and structural integrity. They 

belong to family 13 (GH-13) of the glycoside hydrolase 

group of enzymes [1].  Bacteria have been regarded as 

treasure of many useful enzymes viz., amylases, proteases, 

lipases, hydrolases and reductases. Among them amylolytic 

enzymes have great biotechnological applications and 

economic exploitations. The stimulatory effect of CaCl2 on 

amylase activity was reported by several investigators in 

Bacillus spp. [2-16]. It was also reported that the calcium 

ions stabilize the α-amylase activity in Bacillus spp. 

[17&18]. 

Magnesium sulphate reported to stimulate α-

amylase in Bacillus spp. [19].  In contrary to this, MgSO4 

reported to inhibit the enzyme activity. Probably this metal 

blocks binding sites of enzyme or enzyme contains number 

of metals and displacement of these ions by another metal 

ions, either with some change result in inhibition of enzyme 

activity  [20]. Stimulation of NaCl on activity of α-amylase 

was reported in Bacillus spp. [21- 26, 15], Heliodiaptomus 

viduus [15] and Pyrococcus woesei [28]. Inhibitory effect of 

NaCl on the enzyme activity was also reported in Bacillus 

spp. [18 & 20]. 

II. MATERIALS AND METHODS 

A. Estimation of amylase by DNS method :  

Maltose produced by the hydrolytic activity of α-amylase on 

α-1, 4 linkages present in polysaccharides, reduce 3, 5 

dinitro salicylate to an orange red colored 5-nitro 3-amino 

salicylate which can be measured at 520nm. The starch 

substrate [0.5ml of 0.5% in 0.1M phosphate buffer (pH 6.8)] 

was mixed with 1% (0.2ml) NaCl in a test tube and pre 

incubated at 37
0
C for 10 minutes. The supernatant collected 

from the centrifugation of the production media was used as 

enzyme source, 0.5ml of this was added to the reaction 

mixture. The reaction was terminated by the addition of 1.0 

ml of 3, 5-dinitrosalicylic acid reagent [1.0 gm DNS in 0.8% 

NaOH, 60% Na K tartrate] after incubation at 37
0
C for 15 

minutes. The contents were mixed well and kept in boiling 

water bath for 10 minutes. Then they were cooled and 

diluted with 10 ml of distilled H2O. The color developed 

was read at 520nm. One unit of enzyme activity is defined 

as the amount of enzyme that releases 1.0 mmol of reducing 

sugar (maltose) per minute under the assay conditions [29].  

B. Effect of activators and inhibitors on α-amylase activity: 

The activators were procured from Merk, Germany, (AR) 

grade (NaCl, MgCl2, CaCl2), Qualigen reagents, India, (AR) 

grade (MgS04, CaSO4) and Finar reagents, India, (AR) grade 

(CaCO3).  

The effect of activators (0.1-0.5M) calcium 

chloride, calcium carbonate, calcium sulphate, magnesium 

chloride, magnesium sulphate and sodium chloride on α-

amylase activity was studied.The effect of activators on α-

amylase activity was determined by DNS method (0.5% 

phosphate buffered starch as substrate) using standard 

conditions with partially purified enzyme. The control in all 

tests was assayed without any influencing agents.  

C. Statistical analysis: 

            All the experiments were conducted in triplicate. The 

results were given as mean value ± standard deviation. The 

conditions were analysed to determine the singnificant 

difference between the variables by one way ANOVA, two 

way ANOVA and correlation analysis by using the scientific 

graph pad (Prism 6.1version software). 

          Analysis of variance (ANOVA) refers to the 

examination of differences among the sample means. It is 

used to examine the significance of the difference amongst 

more than two sample means at the same time. 

            Correlation analysis is concerned with measuring the 

strength or degree of relationsnip between variables. The 

measure of correlation is called the correlation co-efficient. 

The correlation measures the closeness of the relationship 

between variables. 

III. RESULTS 

        Alpha amylase was partial purified by using 

ammonium sulfate precipitation and gel filtration. The effect 

of activators on partially purified enzyme activity is shown 

in figures 1-6. The control was the activity of the purified 

enzyme without activator under standard conditions. All the 

activators increased the activity when compared with the 

control. The highest activity of the purified enzyme was 

found with 0.5M CaSO4; the activity was 7630±52U/ml 
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(123.72%), with 0.5M CaCO3 the activity was 7527±46U/ml 

(122.03%), with 0.5M NaCl the activity was 7467±58U/ml 

(121.08%), with 0.5M CaCl2 the activity was 7433±58 U/ml 

(120.53%), with 0.2M MgSO4 the activity was 

7330±522U/ml (118.8%) and with 0.1M MgCl2 the activity 

was 6533±58U/ml (105.93%) observed. 
The lowest activity of the partially purified enzyme 

was found with 0.4M MgSO4 the activity was 3167±58U/ml 

(51.36%), with 0.5M MgCl2 the activity was 4527±31U/ml 

(73.40%), with 0.1M CaCl2 the activity was 6267±58U/ml 

(101.62%), with 0.1M CaCO3 the activity was 6467±58U/ml 

(104.86%), with 0.1M CaSO4 the activity was 6530±52U/ml 

(105.89%) and with 0.1M NaCl; the activity was 

6767±58U/ml (109.73%) observed.     
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*** P<0.0006 Values differ significantly at p<0.05 with 

very high degree of positive correlation. Y bars indicate the 

standard deviation of mean value 

Fig.1: Effect of CaCl2 on partially purified α-amylase 

activity 

 
** P<0.0060 Values differ significantly at p<0.05 with fairly 

degree of positive correlation. Y bars indicate the standard 

deviation of mean value 

Fig. 2:  Effect of MgCl2 on partially purified α-amylase 

activity                           

 
* P<0.0413 Values differ significantly at p<0.05 with fairly 

degree of positive correlation. Y bars indicate the standard 

deviation of mean value 

Fig. 3: Effect of MgSO4 on partially purified α-amylase 

activity 

     

 
* P<0.0307 Values differ significantly at p<0.05 with fairly 

high degree of positive correlation. Y bars indicate the 

standard deviation of mean value. 

Fig. 4:  Effect of NaCl on partially purified α-amylase 

activity    

 

*** P<0.0002 Values differ significantly at p<0.05 with 

very high degree of positive correlation. Y bars indicate the 

standard deviation of mean value 

Fig. 5: Effect of CaCO3 on partially purified α-amylase 

activity 

 

**** P<0.0001 Values differ significantly at p<0.05 with 

very high degree of  positive correlation. Y bars indicate the 

standard deviation of mean value. 

Fig. 6: Effect of CaSO4 on partially purified α-amylase 

activity. 

IV. DISCUSSION 

The percentage of increase in α-amylase activity when 

treated with (0.5M CaSO4), (0.5M CaCO3), (0.5M NaCl), 

(0.5M CaCl2), (0.2M MgS04) and (0.1M MgCl2) was 

23.72%, 22.03%, 21.08%, 20.53%, 18.8% and 5.93% 

respectively.    

           Stimulatory effect of MgCl2 on α-amylase was 

studied in Bacillus spp. [11, 15, 16, 21, 23, 26]. Inhibition of 

amylase activity by MgCl2  was also reported in  Bacillus 

spp. [30, 31 & 32]. Stimulatory effect of magnesium 

sulphate on α-amylase was reported in Bacillus spp. [19 

&20].        
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           The highest stability of the enzyme in the presence of 

calcium ions was reported in Bacillus spp. [33-35], Thermus 

sp. [35] and Pyrococcus spp. [36]. 

V. CONCLUSIONS 

The effect of activators such as CaCl2, MgCl2, MgSO4, NaCl, 

CaCO3 and CaSO4 on partially purified enzyme activity was 

studied. All the activators studied enhanced the activity of 

the enzyme when compared with the control. The 

percentage of increase in α-amylase activity when treated 

with (0.5M CaSO4), (0.5M CaCO3), (0.5M NaCl), (0.5M 

CaCl2), (0.2M MgS04) and (0.1M MgCl2) was 23.72%, 

22.03%, 21.08%, 20.53%, 18.8% and 5.93% respectively.    
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