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ABSTRACT 
 
The purpose of this study is to improve the thermo-stabilty of alkaline protease produced by Bacillus sp. using rice 
bran during solid state fermentation. After partial purification of alkaline protease, various parameters namely effect 
of temperature and metal ions on enzyme activity was investigated. The suitable temperature for alkaline protease 
activity was observed at 50°C. Among various metal ions examined, calcium ion improved the thermal stability of the 
protease considerably. At 50 °C, addition of 1 mM calcium chloride in enzyme solution resulted in 26% increase in 
enzyme activity. Influence of calcium ions on half life of alkaline protease were compared at temperatures above 
optimum. 
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INTRODUCTION 

 
Owing to the versatile applications in food, silk, leather and detergent industries, 60% of world enzyme market sale is 
contributed by protease.  Though protease is extensively applied in the determination of peculiar structural 
characteristics in oligopeptides, proteins, and polypeptides [1-2], its potential applications in an industrial field is yet 
to be satisfied due to the lack of stability. Industrially important enzymes posses enough storage stability and reaction 
stability under prevailing condition. Several researchers had paid more attention for improving thermal stability of 
protease [2-5].  
 
In this present study, alkaline protease production was investigated in solid state fermentation from rice bran. The 
partial purification of produced alkaline protease was subjected to various characterization studies. Effects of 
temperature, initial pH and metal ions on enzyme activity were investigated. Finally, Thermo stability of alkaline 
protease was improved by the selected of metal ion.  
 

MATERIALS AND METHODS 
 
2.1. Fermentation  
In this study, Bacillus sp. MTCC 511 was procured from Microbial Type Culture Collection, Chandigarh, India. The 
stock was preserved in nutrient broth of composition yeast extract: 2g/dm3, peptone: 5g/ dm3, beef extract: 1g/ dm3 and 
NaCl: 5g/ dm3 at pH 7.8 and it was stored at 4⁰C. 
 
Twenty grams of rice bran was taken in 250 ml conical flask, in which basal medium21 containing NaCl: 0.5 g/ dm3, 
NH4Cl: 0.5 g/ dm3, MgCl2: 0.1 g/ dm3 and Yeast Extract: 0.1 g/ dm3 with 70% moisture content. The initial pH of the 
heterogeneous production medium was adjusted to 10 using suitable buffer solution. Seed culture (10% v/v) was 
inoculated to sterilized heterogeneous medium. The solid state fermentation was investigated at 30°C without 
agitation. The sample was extracted from the production medium as described by Nagamine et al., 2003 after 
fermentation [6]. Specific activity of protease is defined as one micromoles of tyrosine released per unit time per g dry 
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solid substrate. 
 
2.2. Effect of temperature and metal ions  
This study was performed by measuring the enzyme activity at different temperature between 30-100 ⁰C. Then effect 
of metal ions like Mg2+, Na+, Cu2+, Hg2+ and Ca2+on the protease activity were investigated at optimum temperature 
(50 ⁰C) and pH 10. After finding the suitable metal ion according to activity of enzyme, half life of the enzyme was 
studied in the presence of metal ion and results were compared above the optimum temperature. 

 
RESULTS AND DISCUSSION 

 
3.1. Characterization of alkaline protease 
Thermo-stable enzyme can be employed at higher temperatures, resulting in faster enzymatic reaction rates [7-9]. In 
general, alkaline proteases used in a detergent formulation should have a high catalytic activity over a range of alkaline 
pH and high temperatures. It has been shown in literature that thermostability of alkaline protease from Bacillus cereus 
BG1 was improved by Ca2+ ions [10]. 
 
3.5.1 Effect of temperature on enzymatic reaction rate 
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Fig.1. Effect of Temperature on enzyme activity 
 
From the Fig. 1, it was found that the activity of alkaline protease increased from 60 to 100 U/ml as temperature was 
increased from 30 °C to 50 °C in the absence of metal ions. However, beyond 50 °C enzyme activity decreased. Earlier 
report showed that optimum temperature for alkaline protease from Bacillus thuringenesis was about 50°C [5]. 
Similarly, the appropriate temperature for alkaline stable protease produced by Bacillus sp. was found to be 60°C [10, 
11].  
 
3.2. Screening of metal ions on enzymatic reaction rate 
The enzyme activity is either enhanced or inhibited by the addition of metal ions like Mn2+, Ca2+, Na+, Fe2+, Co2+ etc., 
[12, 13]. In this study, effect of various metal ions viz. Mg2+, Na+, Hg2+, Ca2+ , Cu 2+and Fe2+on enzyme activity was 
studied at optimum temperature. Among these metal ions, Fe2+, Mg2+ and Ca2+ enhances enzyme activity and alkaline 
activity was maximum in the presence of Ca2+ ions in the solution at optimum temperature (Table 1). Other metal ions 
such as Cu 2+, Hg2+ and Na+ inhibited alkaline protease activity. Our report is consistent with previous literature on 
protease activity from Bacillus laterosporus-AK1, in which alkaline protease activity was improved by Ca2+, Mg2+ 

ions , where as reduced by  Hg2+, Na+ ions48. Ca2+ in enzyme solution improved thermostability of the enzyme [10]. 
Suresh Babu Naidu and Lakshmi Devi, 2010 reported that alkaline protease activity was improved by Mg2+, Mn2+ and  
Ca2+ ions where as inhibited by Zn2+ , Hg2+, Cu2+ ions [14]. 
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Table 1: Screening of metal ions on enzyme activity 
 

S.NO METAL IONS  %CHANGE IN ACTIVITY 
1 Control - 
2 Na+ -5 
3 Mg2+ 9 
4 Hg2+ -7.2 
5 Ca2+ 26 
6 Fe2+ 16 
7. Cu 2+ -15 

 
3.3. Effect of Ca2+ ion concentration on enzyme activity 
To study the effect of Ca2+ ion concentration on enzyme activity Ca2+ ion concentration was varied from 0 to 5 mM in 
the enzyme solution.   During the enzymatic reaction, it was observed that Ca2+ ion at a concentration of 1 mM was 
effective for enhancing the activity of protease (Fig. 2). Alkaline protease activity from Bacillus licheniformis ATCC 
21415 was increased by 26.6% in the presence of Ca2+ ions [15]. Influence of Ca2+ ion concentration on alkaline 
protease was investigated and maximum alkaline protease activity was obtained at 2 g/L CaCl2 concentration [10]. 
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Fig. 2. Effect of Ca2+ ion Concentration on Enzyme Activity (Error bar±5%) 
 
3.4. Thermo-stability study   
 

Table 2: Half life period of alkaline protease above optimum temperatures with and without Ca2+ ions 
 

S No Temperature (oC) Half Life With Ca2+ ions (min) Half Life Without Ca2+ ions (min) 
1 60 210.5 176 
2 70 161.4 131.8 
3 80 112.4 82.4 
4 90 86.2 55 

 
The main function of the calcium is to increase the thermo tolerance of the enzyme and prevent thermal unfolding and 
proteolytic attack [16]. Cationic metal ions were used to improve the thermal stability of alkaline proteases from 
Bacillus sp. [17]. The half life period of alkaline protease was determined at different temperatures both in the 
presence of 1 mM calcium ion and absence of calcium ion. The results are shown in Fig 3. It was observed that half life 
of enzyme in the presence of Ca2+ was higher than that of enzyme without Ca2+ at any temperature. At 90°C, 33% 
enzyme activity was lost after 1 hour of heating the enzyme solution with Ca2+ whereas the loss of activity in the 
absence of Ca2+ was 44.7% during the same period. Comparison of half life period of alkaline protease at different 
temperatures is shown in Table 2.  In this study, alkaline protease half life period at 60°C was 210.5 min (1mM Ca2+) 
and 176 min (without Ca2+). This is comparable or better than previous reports. Earlier, Ghorbel-Frikha et. al., 2005 
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found that at 60°C, half life period of alkaline protease was 23 min and 53 min with 1 mM Ca2+ and 2 mM Ca2+ 
concentrations respectively [10].  
 

 
Fig. 3. Effect of heat on the half life of the enzyme with and without Ca2+ ions 

 
CONCLUSION 

 
Industrially important enzyme, alkaline protease was produced by solid state fermentation and then partially purified. 
The effect of different parameters, temperature and metal ions on alkaline protease activity was investigated. Calcium 
ions increased the thermal stability of the enzyme. Even small concentration Ca2+ ion (1mM) was sufficient to increase 
the stability of the enzyme at high temperatures. Half life period of alkaline protease was found to increase by 20% at 
60 °C and by 56.7 % at 90 °C. Thus, alkaline protease enzyme has been produced successfully using the low cost 
substrate rice bran successfully.  
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