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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 inhibitors (AgNO3, HgCl2, EDTA, CuSO4, L-Glutamic acid 
and ZnCl2) on partially purified α-amylase activity from Brevibacillus borstelensis R1 was studied. All the inhibitors inhibited the 
activity when compared with the control. The percentage of α-amylase activity retained after treating with 0.5M of L-Glutamic acid, 
HgCl2, AgNO3, ZnCl2, CuSO4 and EDTA was 31.59%, 27.79%, 24.58%, 23.69%, 20.19% and 19.03% respectively. 
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1. INTRODUCTION  
Alpha-amylases belong to family 13 (GH-13) of the glycoside hydrolyses group of enzymes (Bordbar et al., 2005). 
Numerous marine microorganisms secrete enzymes which can provide new insights and understanding of enzymes. 
Marine microorganisms have been attracting more attention as source for novel enzymes, because the microbial 
enzymes are relatively more stable and active than the enzymes derived from other sources (Bull et al., 2000; Kin, 
2006). Higher metal ion concentrations often inhibit microbial growth and enzyme production. Adequate  
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concentrations of specific metal ions are very essential 
for microbial growth of Bacillus subtilis (Linden et al., 
2003). Previous literature indicated that most amylase 
activities were inhibited in the presence of Ni2+, Cd2+, 
Cu2+, Ag+, Pb2+, Fe2+ and Zn2+. The α-amylases from 
Bacillus spp. were strongly inhibited by Ni2+, Cd2+, Zn2+ 
and Hg2+ (Cordeiro et al., 2002). Zinc chloride has 
inhibitory effect on the activity of enzyme in 
Aspergillus flavus (Abou zeid, 1997). The α-amylase 
from Thermus sp. was strongly inhibited by Cu2+ and 
Fe2+ (Shen et al., 1998) and the α-amylase from 
Bacillus subtilis was strongly inhibited by Zn2+, Ag+, 
Cu2+ and Fe2+ (Elif & Velittin, 2000). However, the 
activity of Nocardiopsis sp.7326 amylase was not 
affected by Zn2+, Ni2+ and  Fe2+ but activated by Cd2+ 
and Cu2+. Alpha-amylase was strongly inhibited by 
Ag2+ in Bacillus spp. (Cordeiro et al., 2002; Gupta et al., 
2003; Sun et al., 2010; Elif Demirkan & Demirkan, 
2011) and α-amylase was inhibited by Hg2+ in Bacillus 
spp. (Pandey et al., 2000; Ramirez zavala et al., 2004; 
Sindhu 2005;  Sun et al., 2010). The activity is inhibited 
in the presence of zinc ions in Bacillus spp. (Elif & 
Velittin 2000; Roheena abdullah, 2005), Bacillus 
dipsosauri (Deutch, 2002), Bacillus stearothermophilus 
(Chakraborty et al., 2000) and Bacillus pumilus (Ming 
et al., 1992). Ethylenediamine tetraacetic acid 
exhibited no effect on amylase activity in Bacillus spp. 
(Burhan et al., 2003) and Bifidobacterium adolescentis 
(Lee et al., 1997), but stimulated the activity of 
amylase in Bacillus spp. (Pandey et al., 2000; Gupta et 
al., 2003; Sindhu, 2005; Sun et al., 2010). Stimulatory 
effect of Cu2+ was reported by Krishnan & Chandra 
(1983).  
 
2. MATERIALS AND METHODS 
Maltose produced by the hydrolytic activity of α-
amylase on α-1, 4 linkages present in starch, 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 370C 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 370C 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 (Miller, 1959).  

The inhibitors were procured from Merk, Germany, (AR) grade ( HgCl2), Qualigen reagents, India, (AR) grade ( 

AgNO3, EDTA, L-Glutamic acid, ZnCl2 and CuSO4). The influence of inhibitors (0.1-0.5M) silver nitrate, mercury (II) 
chloride, ethylenediamine tetraacetic acid, copper sulphate, L-glutamic acid and zinc chloride on α-amylase activity 
was studied. The effect of and inhibitors 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 respectively.  

All the experiments were conducted in triplicate. The results were given as mean value ± standard deviation. The 
conditions were analyzed to determine the significant difference between the variables by one way ANOVA, two way 
ANOVA and correlation analysis by using the scientific graph pad (Prism 6.1 version software). Analysis of variance 
(ANOVA) refers to the examination of differences among the sample means. It is used to examine the significance of  

Figure 1 

Effect of AgNO3 on partially purified α-amylase activity; * P<0.0421 Values differ 
significantly at p<0.05 with fairly high degree of negative correlation. Y bars indicate the 
standard deviation of mean value 

Figure 2 

Effect of HgCl2 on partially purified α-amylase activity; * P<0.0490 Values differ 
significantly at p<0.05 with fairly high degree of negative correlation. Y bars indicate 
the standard deviation of mean value 
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the difference amongst more than two sample means at 
the same time. Correlation analysis is concerned with 
measuring the strength or degree of relationship 
between variables. The measure of correlation is called 
the correlation co-efficient. The correlation measures the 
closeness of the relationship between variables. 
 
3. RESULTS  
Partial purification of α-amylase carried out by using 
ammonium sulfate precipitation and gel filtration. The 
effect of inhibitors on partially purified enzyme activity is 
shown in figures 1-6. The control was the activity of the 
partially purified enzyme without inhibitor under 
standard conditions. All the inhibitors decreased the 
enzyme activity when compared with the control (Figures 
1-6). The percent of α-amylase activity retained after 
treating with 0.5M of L-Glutamic acid, HgCl2, AgNO3, 
ZnCl2, CuSO4 and EDTA was 31.59%, 27.79%, 24.58%, 
23.69%, 20.19% and 19.03% respectively. 
 
4. DISCUSSION  
The effect of inhibitors (AgNO3, HgCl2, EDTA, CuSO4, L-
Glutamic acid and ZnCl2) on partially purified α-amylase 
activity from Brevibacillus borstelensis R1 was studied. All 
the inhibitors inhibited the activity when compared with 
the control. The % of amylase activity retained after 
treating with 0.5M of AgNO3, HgCl2, EDTA, CuSO4, L-
Glutamic acid and ZnCl2 was 24.58%, 27.79%, 19.03%, 
20.19%, 31.59% and 23.69% respectively. The α-amylase 
activity was strongly inhibited by EDTA in the present 
study. Similar observation was reported in Bacillus sps. 
by Pandey et al. (2000), Gupta et al. (2003), Sindhu 
(2005) and Sun et al. (2010).    

It was reported that the α-amylase activity of Bacillus 
spp. was inhibited in the presence of zinc ions (Brown et 
al., 1990; Chunzhi et al., 1992; Abou Zeid, 1997; Lin et al., 
1998; Elif & Velittin 2000; Cordeiro et al., 2002; Roheena 
abdullah, 2005). Amylase from Bacillus dipsosauri strain 
DD1 (Deutch, 2002), Bacillus stearothermophilus 
(Chakraborty et al., 2000), Bifidobacterium adolescentis 
(Lee et al., 1997), Bacillus pumilus (Ming et al., 1992), 
Bacillus coagulans (Hawary, 1991), Bacillus licheniformis 
A-4041 (Yuguo et al., 1994) and Bacillus firmus (Igarashi 
et al., 1998) was also reported to be inhibited by zinc 
ions. On the contrary, Zinc chloride reported to increase 
the activity of amylase in Bacillus spp. (Gupta et al., 2003; 
Sindhu, 2005; Sun et al., 2010). The stimulatory effect of 
Cu2+ was reported in Bacillus licheniformis CUMC-305 
(Krishnan & Chandra, 1983). 
 
5. CONCLUSION 
The effect of inhibitors (AgNO3, HgCl2, EDTA, CuSO4, L-
Glutamic acid and ZnCl2) on partially purified α-amylase 
activity from Brevibacillus borstelensis R1 was studied. All 
the inhibitors inhibited the activity when compared with 
the control.  The percentage of α-amylase activity  

Figure 3 

Effect of EDTA on partially purified α-amylase activity; * P<0.0466 Values differ 
significantly at p<0.05 with fairly high degree of negative correlation. Y bars indicate 
the standard deviation of mean value 

Figure 4 

Effect of CuSO4 on partially purified α-amylase activity; * *P<0.0097 Values differ 
significantly at p<0.05 with very high degree of negative correlation. Y bars indicate 
the standard deviation of mean value 

Figure 5 

Effect of L-Glutamic acid on partially purified α-amylase activity; * P<0.0373 Values 
differ significantly at p<0.05 with fairly high degree of negative correlation. Y bars 
indicate the standard deviation of mean value 
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retained after treating with 0.5M of L-Glutamic acid, 
HgCl2, AgNO3, ZnCl2, CuSO4 and EDTA was 31.59%, 
27.79%, 24.58%, 23.69%, 20.19% and 19.03% 
respectively.   
           
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SUMMARY OF RESEARCH 
1. The effect of inhibitors (AgNO3, HgCl2, EDTA, CuSO4, L-Glutamic acid and ZnCl2) on partially purified α-amylase activity from Brevibacillus 

borstelensis R1 was studied. 
2. All the inhibitors inhibited the activity when compared with the control (6000U/ml). 
3. The percentage of α-amylase activity retained after treating with 0.5M of L-Glutamic acid was 31.59%.  
4. The percentage of α-amylase activity retained after treating with 0.5M of EDTA was 19.03%. 
 
FUTURE ISSUES 
The Effect of Inhibitors on partially purified alpha-amylase produced by Brevibacillus borostelensis R1 was studied. There is a need to study 
about the reagents that neutralize the effect inhibitors. 
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