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 Abstract  

A bacterial strain RS2 with high proteolytic activity was 

isolated from desert soil samples of Riyadh, Saudi Arabia. The strain 

was identified as Bacillus subtilis by morphological and biochemical 

characteristics as well as by 16S rRNA gene sequence analysis. 

Process parameters influencing the maximum production of 

extracellular alkaline protease by Bacillus subtilis strain RS2 were 

optimized using one factor constant at a time method along with its 

characterization. The maximum level of alkaline protease enzyme 

production was obtained when the incubation temperature was 400 C in 

growth medium of pH 9 with 2% inoculum and continuous agitation at 

140 rpm for 48 hours. The Bacillus subtilis strain RS2 utilized several 

carbon sources for the production of alkaline proteases, lactose was the 

best carbon source followed by glucose and sucrose. Among the 

various organic and inorganic nitrogen sources, casein was found to be 

the best nitrogen source for the maximum production of alkaline 

protease. The crude alkaline protease enzyme showed maximum 

activity at pH 9 and temperature 500 C. These findings suggested that 

the protease enzyme produced by Bacillus subtilis strain RS2 has a 

potential for industrial applications by its activity at high temperature 

and high alkaline pH. 
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Introduction 

Protease constitutes one of the most important groups of 

industrial enzymes, accounting for more than 65% of total 

worldwide sales of industrial enzymes (Banik and Prakash 2004). 

Plants, animals and microbes are the main sources for protease 

production. Among these, the microorganisms represent an 

excellent source of enzymes due to their broad biochemical 

diversity and susceptibility to genetic manipulation. Indeed, 

microbial proteases account for approximately 40% of the total 

industrial enzyme market (Rao et al., 1998). Interestingly, bacteria 

of the genus Bacillus, produced the most commercial proteases 

used today (Rao et al., 1998, Mehrotra et al., 1999). The most 

dominant species used in industry for alkaline protease production 

are Bacillus subtilis, Bacillus licheniformis and Bacillus pumilus 

(Gupta et al., 2002). The performance of alkaline protease in 

detergent is influenced by several factors such as pH and 

temperature of washing solution as well as detergent composition. 

Ideally, proteases used in detergent formulations should have high 

level of activity over a broad range of pH values and temperatures 

(Kumar et al., 1999). 

Alkaline proteases have diverse applications in a variety 

of industrial sectors, such as food, detergent, leather, 

pharmaceutical, textile and silk gumming, silver recovery and 

production of protein hydrolysates (Banik and Prakash 2004). The 

new applications will be continued to grow in the present and     

future as the increased demands for stable biocatalysts capable of 

withstanding the harsh conditions of the operations (Bruins et al., 

2001, Rao et al., 1998, Bryan 2000, Siezen and Leunissen 1997). 

Hot and cold deserts were shown to host peculiar 

microbial arrays ready to adapt with threatening environment 

and/or to quickly adapt to changing conditions. This adaptation is 

inferred to particular community structure behavior and specific 

metabolic capacities allowing cells to overcome water stress, 

fluctuating temperature, and high salinity (Cherif et al., 2015). 

Hence, exploring these habitats will provide access to novel 

bacteria and their robust enzymes that can act under multiple 

extreme conditions (Singh et al., 2010 and 2012). Isolation and 

screening of alkaline proteases producing Bacillus spp. from 

different ecological environments can result in isolation of novel 

alkaline proteases with unique physiochemical characteristics 

(Shumi et al., 2004, Singh et al., 1999).  

The culture conditions that promote production of 

enzymes like proteases are significantly different from the culture 

conditions promoting cell growth (Moon and Parulekar 1991). 

Optimization of culture medium components which have been 

predicted to play a significant role in enhancing the production 

yield of extracellular protease enzymes. It is greatly influenced by 

media components, especially carbon and nitrogen sources (Kaur 

et al., 2001, Oberoi et al., 2001). Protease synthesis is also greatly 

affected by physical factors such as temperature, pH, incubation 

time and dissolved oxygen (Hameed et al., 1999, Puri et al., 2002). 

Therefore optimization of media components and physical 

conditions is imperative for high yield of extracellular protease 

production. 
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In the present investigation, an alkaline protease 

producing Bacillus subtilis strain RS2 was isolated from desert soil 

of Saudi Arabia and optimized the production conditions for 

maximum enzyme yield and partial characterization of crude 

enzyme was also studied. 

 

2. Materials and methods 

2.1. Isolation and screening of protease producing bacteria 

Soil Samples were collected from five different desert 

places of Riyadh, Saudi Arabia. Collected sample was serially 

diluted in sterile normal saline water and the dilutions (10-3, 10-4) 

were plated in nutrient agar plates and kept for incubation at 370 C. 

Colonies were picked based on divergence in morphology, size 

and colou r. Proteolytic activity of bacterial strain was screened by 

inoculating on to skim milk agar plates. Plates were incubated at 

370 C for 24 h. A clear zone formation on the media indicates the 

production of protease by organisms. The isolates showing 

maximum clear zone was selected for further optimization studies 

to enhance the protease production. 

2.2. Identification of selected bacterial strain 

The selected protease producing strain was identified 

using morphological and biochemical properties, according to 

Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994) 

and 16S rRNA sequencing analysis. Genomic DNA was extracted 

as per the standard protocol (Babu et al., 2009) and it was 

amplified by using two universal primers (27F: 5’-AGA GTT 

TGA TCM TGG CTC AG-3’, 1492R: 5’-TAC GGY TAC CTT 

GTT ACG ACT T-3’). The purified PCR products of 

approximately 1400 bp were sequenced using Applied Biosystems 

model 3730 XL automated DNA sequencing system (Applied 

BioSystems, USA). The sequence alignments and the phylogenetic 

tree construction were conducted using software package MEGA 5 

(Tamura et al., 2011). 

2.3. Protease Production 

One ml of overnight grown bacterial culture  was 

inoculated in 49 ml GYP basal production medium  (Kumar and 

Bhatla 2004) (Components: Glucose 1%, Yeast extract 0.5%, 

Peptone 0.5%, MgSO4 7.H2O 0.02%, K2HPO4 0.1%) contained in 

250 ml Erlenmeyer flasks and incubated at 400 C on incubator 

shaker for 48 hours at agitation rate 120 rpm. After incubation 

culture broth was centrifuged at 10,000 rpm at 4o C. The 

supernatant was used as the crude enzyme for the assay of alkaline 

protease activity. 

2.4. Assay of proteolytic activity 

Protease activity was measured by the sigma’s non-

specific protease assay method described by Cupp-Enyard (2008). 

Total protein content was measured by method of Bradford (1976) 

with bovine serum albumin as the standard. The specific activity of 

protease enzyme was expressed in U/mg. 

2.5. Optimization of Temperature, pH, agitation, inoculum size 

and incubation period for protease production 

The effect of various physical parameters on protease 

production was assessed by growing bacterial culture in the GYP 

medium. The effect of temperature on the production of 

extracellular proteases was studied by assaying the enzyme after 

24 hours of incubation period in the culture medium at varying 

temperatures (i.e., 30, 35, 40, 45, 50, 55 and 60o C). 

For optimizing pH, the medium was prepared by varying 

the pH from 5.0 to 11.0 at 1.0 unit interval. Agitation was 

determined by incubating the bacterial culture at a range of 60–160 

rpm with 20.0 unit variation. Effect of varying inoculum 

percentage from 1% to 7% with 1% variation on protease 

production was determined. Similarly, for optimal incubation time 

for protease production, the bacterial culture was inoculated in the 

GYP medium and incubated for 24, 48, 72, 96 and 120 hours. 

Specific activity of crude protease enzyme was determined. 

2.6. Optimization of carbon and nitrogen sources on protease 

production 

The effect of different chemical parameters on protease 

production was studied by various carbon sources such as lactose, 

sucrose, maltose, mannose, xylose, fructose, galactose, mannitol 

(1% w/v) and nitrogen sources such as urea, tryptone, casein, 

ammonium nitrate, potassium nitrate, sodium nitrate (1% w/v). 

After 48 hours incubation, the cell free supernatants were used to 

detect specific activity of protease enzyme. All the experiments 

were conducted in triplicate and then the mean values were 

considered. 

2.7. Effect of temperature and pH on protease activity 

To determine the optimum temperature for crude 

enzyme, the activity values of protease were measured by 

incubating the reaction mixture at various temperatures (30, 40, 

50, 60, 70 and 80° C) for 10 min during standard enzyme assay. 

The effect of pH on protease activity was studied by 

incubating the reaction mixture at pH values ranging from 5.0 to 

12.0, in the following buffer systems 0.1M sodium phosphate (pH 

5.0– 7.0), 0.1M Tris–HCl (pH 8.0–10.0), 0.1M glycine–NaOH (pH 

10.0–12.0). 

3. Results and Discussion 

3.1. Isolation and screening of protease producing bacteria 

In the present study, a total number of 81 bacterial 

isolates were isolated from five different desert soils of Riyadh 

region and screened for protease enzyme production on skim milk 

agar plates. Among the 81 isolates, 4 strains were identified as 

protease producers by zone of clearance around the colonies and 

quantified their alkaline protease activity. In protease assay, strain 

RS2 showed highest production when compared to other strains 

(Fig. 1). Hence, the isolate RS2 was used for optimization studies. 

 
Fig. 1. The zone of hydrolysis of Bacillus subtilis RS2 on skim milk 

agar. 

3.2. Identification of the selected bacterial isolate 

Various biochemical tests were performed to identify the 

isolate RS2 according to the methods described in Bergey's 

Manual of Systematic Bacteriology (Holt et al., 1994). Isolate RS2 

is an aerobic, spore forming, Gram-positive rod shaped motile 

bacteria, which is catalase and oxidase positive. The 

morphological, physiological and biochemical properties of the 

10 
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strain RS2 are summarized in Table 1. The results indicated that 

the isolate RS2 belongs to the genus Bacillus. 

  

Table 1. Morphological and Biochemical Characterization of  Bacillus 

subtilis RS2 

Characterization Isolate RS2 

Gram staining + 

Morphology Rod shape 
Spore staining + 

Motility + 

Nitrate reduction + 
H2S Production - 

Oxidase + 

Catalase + 
Methyl red test + 

Vogues Proskaeur + 

Indole production - 

Citrate Utilization + 

Hydrolysis of starch + 

Hydrolysis of gelatin + 
Hydrolysis of casein + 

+  Positive reaction,   -  Negative reaction 

 

To confirm the identity of the isolate, 16S rRNA gene 

sequence analysis was carried out. The 16S ribosomal RNA gene 

was sequenced and submitted to NCBI GenBank and the accession 

number is KT962235. The blast result of the isolate was found 

100% sequence similarity with Bacillus subtilis. The phylogenetic 

tree constructed by the neighbour-joining method indicated that the 

isolate RS2 was formed separate cluster along with B. sublilis (Fig. 

2). Overall, physiological, biochemical and molecular 

characterization, the isolate was identified as Bacillus subtilis 

strain RS2. 

 
Fig. 2. Phylogenic tree showing the relationship of protease enzyme 

producing Bacillus subtilis RS2 

3.3. The effect of Temperature, pH, agitation, inoculum level and 

incubation period for protease production 

The effect of different incubation temperatures on 

protease production was evaluated. It is known that temperature is 

one of the most critical parameters that have to be controlled in 

bioprocess and it varies from organism to organism (Chi and Zhao, 

2003).  Temperature influences secretion of extracellular enzymes 

by changing the physical properties of the cell membrane. The 

results (Fig. 3) revealed that the B. subtilis strain RS2 produce 

extracellular enzyme over a wide range of temperatures (300 to 600 

C), the maximum protease enzyme specific activity 91 U/mg was 

found to be at 450 C, hence the optimum incubation temperature 

for protease production by B. subtilis strain RS2 is 450 C. 

Temperatures at 450 C have been reported to be optimum for the 

production of protease by B. subtilis (Pant et al., 2015). 

 
Fig. 1. Effect of temperature on protease production by Bacillus 

subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

It has been noted that one of the important characteristic 

of most microorganisms is their strong dependence on the 

extracellular pH for cell growth and enzyme production (Kumar 

and Tagaki, 1999). The production medium was adjusted at 

different initial pH values (5-11) were used to study their effect on 

the protease production. The isolate RS2 has produced reasonable 

amount of protease under neutral and alkaline conditions and the 

highest specific activity 93.7 U/mg was observed at pH9 (Fig. 4). 

Hence, in the following experiments, the pH of the growth 

medium was kept at pH 9. Most of the Bacillus spp. have been 

reported the optimum protease production at pH 7.0 - 11.0 (Joo 

and Chang 2005, Shivanand and Jayaraman 2009). 

 
Fig. 2. Effect of pH on protease production by Bacillus subtilis RS2. 

The bars indicate the standard deviation of three replicates analyzed 

 

The effect of different agitation rates on alkaline 

protease production is shown in Fig. 5. The isolate RS2 showed an 

increase in protease production with the increase in the agitation 

rate up to 140 rpm with a maximum specific activity of 105.2 

U/mg. Further increase in agitation rates, decreased the alkaline 

protease production. The various agitation speeds have been found 

to influence the extent of mixing in the shake flasks or bioreactors 

and will also affect the nutrient availability during the enzyme 

production (Nascimento and Martins, 2004). 

11 
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Fig. 3. Effect of agitation rate on protease production by Bacillus 

subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

The level of inoculum is also an important factor for the 

production of alkaline protease. Various inoculum levels (1-7 %) 

were used to study their effect on protease production. A higher 

level of inoculum (7 %) was reducing the protease production than 

if the lower size of inoculum 1% (v/v) was used. The results (Fig. 

6) showed that the highest production of alkaline protease by the 

isolate RS2 was 110 U/mg at the level of 3 %. Therefore, high 

level of inoculum size might not necessarily give higher protease 

production. The increase in protease yield using lower size 

inoculum was recommended due to the higher surface area to 

volume ratio ensuing in increased protease production (Rahman, 

2005). There was a reduction in protease production when 

inoculum size was reduced and these may be due to insufficient 

number of bacteria which would have led to a reduced amount of 

enzyme secretion (Shafee et al., 2005). Higher level of inoculum in 

fermentation medium may cause reduced dissolved oxygen and 

increased competition towards nutrients (Smita et al., 2012). 

 
Fig. 4. Effect of inoculum size on protease production by Bacillus 

subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

 

The appropriate incubation time for achieving maximum 

enzyme yield is governed by characteristics of the culture and 

enzyme production. The results of different incubation time on 

protease production by B. subtilis strain RS2 was shown in Fig. 7. 

The maximum production of protease (117.32 U/mg) was recorded 

after 48 h of incubation. The effect of incubation periods on 

biosynthesis of alkaline protease was found to vary with different 

microorganisms (Morimura et al., 1994, Battaglino et al., 1991, 

Nehra et al., 2002). 

 
Fig. 5. Effect of incubation period on protease production by Bacillus 

subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

3.4. The effect of carbon and nitrogen sources on protease 

production 

The result showed that the suitable carbon source for 

production of protease enzyme by B. subtilis strain RS2 was 

lactose (Fig. 8). Less yield of protease enzyme was observed in the 

medium containing mannitol. Similar result was also reported by 

El-Safey and Abdul-Raouf (2004) who found that lactose as a best 

carbon source that induced the biosynthesis of protease by B. 

subtilis. However, increased yields of alkaline proteases were also 

reported by several researchers in the presence of different sugars 

such as glucose (Gessesse. 1997), maltose (Tsuchiya et al., 1991), 

sucrose (Phadatare et al., 1993) and fructose (Sen and 

Satyanarayana 1993). The different carbon sources have different 

effects on biosynthesis of extracellular enzyme by different strains 

(Chi and Zhao 2003).  

 
Fig. 6. Effect of different carbon sources on protease production by 

Bacillus subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

 

The alkaline protease comprises 15.6% nitrogen and its 

biosynthesis is dependent on the presence of both nitrogen and 

carbon sources in the production medium (Kole et al., 1988). 

Various organic and inorganic nitrogen sources were used in 

relation to biosynthesis of protease enzyme by B. subtilis strain 

RS2 (Fig. 9). The optimum nitrogen source for maximum protease 

production was found as casein. The requirement for a specific 

nitrogen source for protease production differs from organism to 
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organism. 

 
Fig. 7. Effect of different nitrogen sources on protease production by 

Bacillus subtilis RS2. The bars indicate the standard deviation of three 

replicates analyzed 

3.5 Effect of temperature and pH on protease activity 

The crude protease obtained from B. subtilis strain RS2, 

was further subjected to preliminary characterization study. To 

determine the effect of temperature and pH on the catalytic activity 

was studied by using casein as a substrate under the standard assay 

conditions. The maximum enzyme activities were taken as 100 % 

of relative activity. The relative protease activities, measured at 

various temperatures, were shown in Fig. 10. The optimum 

temperature for activity of protease from B. subtilis strain RS2 was 

50o C and showed quite good activity over a temperature range of 

40–60o C. Some earlier studies reported that optimum temperature 

for Bacillus pumilus (Aoyama et al., 2000) and B. subtilis (Uchida 

et al., 2004) was 50o C, which coincides with the present 

investigation. However, a higher optimum temperature of 60o C 

was observed in Bacillus sp. SMIA-2 (Nascimento and Martins, 

2004) and in another Bacillus strain (Horikoshi, 1990, Banerjee et 

al., 1999).  

 
Fig. 8. Effect of temperature on protease activity 

 

The relative protease activity at different pH values 

ranging from 5.0 to 12.0 were recorded (Fig. 11). The crude 

protease of B. subtilis strain RS2 was active over wide ranges of 

pH between 5 and 12 and optimum at pH 9.0. Generally, 

commercial proteases from microorganisms have maximum 

activity in the alkaline pH range of 8-12 (Durham et al., 1987, Rao 

et al., 1998, Kumar et al., 1999, Gupta et al., 2002). The proteases 

with an optimal pH of 9–12 are desirable for applications in 

detergents and tanning industries (Haddar et al., 2009). 

 
Fig. 9. Effect of pH on protease activity 

 

4. Conclusion  

In the present study, alkaline protease producing 

bacterial strain was isolated from desert soil samples and identified 

as B. subtilis by morphological, biochemical and molecular 

characterization including 16S rRNA gene sequencing. The 

optimal media components and conditions for the highest protease 

production were recorded. The maximum production of alkaline 

protease was observed at pH 9 and a temperature of 45o C with 

lactose and casein as the carbon and nitrogen sources respectively. 

The crude protease obtained from B. subtilis strain RS2, was 

further subjected to preliminary characterization study and 

determined the optimum pH 9 and optimum temperature 50o C for 

catalytic activity of the enzyme. B. subtilis strain RS2 can be used 

for large-scale production of alkaline protease to meet present-day 

needs in the industrial sector.  
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