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Abstract 

   
Thermophilic bacteria that secrete alkaline proteases have been attracting attention in industrial applications 

such as tanneries and laundry industry due to their ability to act as a source of cheap but efficient enzymes that 

reduce dependence on environmentally harmful chemicals. The aim of this study was to isolate the therrmophilic 

bacteria that produce alkaline protease enzymes from soil of Rajasthan (Jodhpur, Nagaur, Barmer), India by 

using specific isolation media defined by Horikoshi. The isolates were identified as gram positive bacteria on the 

basis of gram staining and by various biochemical methods. 16S rDNA gene sequencing suggested these strain 

Bacillus sp.  Which have been submitted to NCBI (National Center for Biotechnology Information). These 

isolates were tested for their ability to produce extracellular proteases and their proteolytic activity was checked 

on the basis of casein hydrolysis on skim milk agar plate by halo formation surrounding the isolate. 

Thermostability study revealed that all the isolates are found to survive up to 90oC. Optimization of culture 

conditions was also done to enhance productivity and activity of the protease enzymes.  
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Introduction  

Proteases (protein hydrolysing enzyme) are produced 

by plants, animals and microorganisms. Out of all the 

proteases produced, the microbial forms constitute 

approximately 40% of the total world-wide 

production of enzymes gaining highest commercial 

value over enzymes obtained from animals and plants 

(Godfrey et al., 1996; Beg et al., 2003). Among 

various microbes Bacillus is highest protease 

producer. As per literature protease is isolated from 

various bacillus species such as Bacillus pumilus, 

Bacillus subtilis, Bacillus mycoides and Bacillus 

megaterium (Baweja et al., 2016; Mukhtar and Haq 

2008; Abdel-Naby et al., 1998; Askar et al., 2013).  

Proteases have diverse biological roles for example in 

signal transduction, post-translational modification, 

proliferation, apoptosis and pathogenicity through 

specific processing or non-specific degradation 

(Kumar, 2007; Huston, 2010; Soh et al., 2010). On 

the basis of their optimum activity in a particular pH 

range, these are classified into acid, neutral and 

alkaline proteases (Sandhya et al., 2005).  

 

Alkaline proteases are a kind of endopeptidases that 

show enhanced activity in neutral to alkaline pH 

range. These either have a serine center (serine 

proteases) or are of metallo-type (metalloprotease) 

(Ward, 1985). They are also active in the presence of 

surfactants and oxidizing agents (Gupta et al., 1999; 

Kalisz, 1988) and are primarily used as detergent 

additives (Sandhya et al., 2005; Krik et al., 2002).  

 

This study was aimed to isolate and identify alkaline 

protease producing bacteria from semi-arid soil of 

Rajasthan.  

 

This area has extreme climatic conditions, so the 

extremophiles present here are expected to produce 

an alkaline protease enzyme that can work at high 

alkaline pH of 10 while also being stable at high 

temperature (approx. 60oC). Due to this reason soil of 

this area was screened for isolation of such species.  

 

Materials and methods 

Isolation of alkaline protease producing bacteria   

The isolation of alkaline protease producing bacteria 

from the soil of semi-arid regions of Rajasthan (i.e. 

Jodhpur, Bikaner and Nagaur) India (Fig. 1) has been 

done by the method given by Horikoshi (Horikoshi et 

al., 1999).  

 

Fig. 1. Semi-arid region of Rajasthan. 
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For Serial dilution 1.0 g soil was suspended in 10ml of 

sterilized distilled water and 1 ml of resulting 

suspension was transferred to 9 ml of sterilized 

distilled water. This process of serial dilution was 

repeated till 10 fold dilutions. 1ml of the resulting 

suspension from each dilution was transferred to 

screening agar medium plate which contained: 1% 

glucose, 0.5% yeast extract, 0.5% peptone, 0.1% 

potassium dihydrogen phosphate, 0.02% magnesium 

sulphate, 1.5% Agar. Sterile 1% sodium carbonate was 

aseptically added after autoclaving. pH of the medium 

was adjusted at 10.5. The culture was incubated at 

37oC for 72 hours. The best results obtained from 103 

and 105 dilution tubes. Three replicate plates were 

prepared for each sample.  

 

The pure isolates were obtained purified by repeated 

streaking. A positive (inoculated with MCC 2211 

strain, Bacillus licheniformis strain was purchased 

from National Centre for Microbial Resource and 

gene bank (NCMR), National Centre for Cell Science 

(NCCS, Pune, India) and negative flask (no bacterial 

inoculation) were also incubated on same standard 

conditions.  

 

The isolates obtained were named as N, B from 

Nagaur and Bikaner respectively whereas J1, J2 from 

Jodhpur. All the isolates were stored in 30% glycerol 

stocks and Cultures were regenerated in every 3-4 

weeks on a fresh plate from frozen stock culture.  

 

Protease assay 

The protease producers among pure strains were 

detected by plating on skim milk agar plate. The 

strain showing maximum halo formation (clear zone 

diameter) was selected as potent producer of the 

alkaline protease enzyme (Fig. 2) and was maintained 

in glycerol stock at -20oC for further studies and 

protein purification. 

 

Total protein content  

Total protein was measured by the method of Lowry 

et al. (1951) using bovine serum albumin (BSA) as the 

standard. The concentration of protein was estimated 

 spectrophotometrically at 660 nm.    

Assay for proteolytic activity 

Alkaline protease activity was determined by the 

method given by Takami (Takami et al., 1989) with 

slight modification. According to the protocol, 0.25 

ml of glycine:NaCl:NaOH (50 mM, pH 10.5) buffer 

was incubated with 2.5 ml of 0.65% casein (Merck) 

dissolved in the same buffer at 300C to 400C until 

equilibrium was achieved. An aliquot of 0.25 ml of 

enzyme solution was added to this mixture and 

incubated for 20 min.  

 

The reaction was stopped by adding 2.5 ml TCA 

solution (0.6 N). After 10 min the entire mixture was 

centrifuged at 8000 rpm for 10 min. The supernatant 

(0.5 ml) was mixed with 2.5 ml of 0.5 M Na2CO3 and 

0.5 ml of Folin-Ciocalteu’s phenol solution and kept 

for 30 min at room temperature.  

 

The optical density of the solutions was determined 

with respect to the sample blank at 660 nm using 

spectrophotometer. For these studies, one alkaline 

protease unit was defined as the enzyme amount that 

could produce 1µg of tyrosine/ min under the defined 

assay conditions. 

 

Identification of isolates 

The bacterial isolates showing maximum protease 

activity and maximum clear zone were further 

subjected to biochemical and molecular 

characterization.  

 

Biochemical characterization 

Gram staining was done by standard protocol. 

Various biochemical test (Bergey’s manual, 1974) 

including indole test, methyl red test, Voges-

Proskauer test, citrate test, lactose fermentation test, 

starch hydrolysis test, gelatin test, urease test nitrate 

reduction test, mannitol test, citrate utilization test, 

hydrogen sulphide production test, catalase 

production test, casein hydrolysis test, oxidase test 

and H2S production tests were performed.  

 

All the isolates were screened on Hi-chrome media in 

triplicates. All the isolates were checked for their 

thermostabilty also at various temperatures ranging  
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from 60oC to 90oC, i.e. 60oC, 70oC, 80oC, 90oC. 

 

Molecular characterization 

Molecular Characterization was done by using 16s 

rRNA sequencing. The 16S rDNA sequence was used 

to carry out BLAST alignment search tool of NCBI 

genbank database. Based on maximum identity score 

first fifteen sequences were selected and aligned using 

multiple alignment software program Clustal W. 

Distance matrix was generated using RDP database 

and the phylogenetic tree was constructed using 

MEGA5. 

  

Optimization of culture conditions for protease 

producing isolates  

The selected protease producing isolates were further 

subjected to culture condition optimization 

experiments so as to increase their enzyme producing 

capacity. Six parameters were studied for 

optimization. The broth culture medium with isolated 

strain inoculation were subjected to various 

incubation periods (12, 24, 36, 48, 60, 72, 84, 96 

hours), agitation speed (90 rpm, 120 rpm, 150 rpm, 

180 rpm, 210 rpm, 240 rpm), carbon source (glucose, 

lactose, fructose, sucrose, maltose, xylose), 

temperature (25oC, 30oC, 40oC, 50oC, 60oC, 70oC, 

80oC), pH range (7, 8, 9, 10, 11, 12, 13), nitrogen 

source (yeast extract, peptone, casein, tryptone, beef 

extract and gelatin), inoculum percent (0.05, 0.10, 

0.15, 0.20, 0.25, 0.30, 0.35, 0.40), nitrogen source in 

combination at a time (yeast extract-casein,  yeast 

extract-peptone, casein-tryptone, beef extract-yeast 

extract, tryptone-peptone, gelatin-beef extract and 

yeast extract-tryptone) and divalent ion (Mg+2, Mn+2, 

Ca+2, Fe+2, Zn+2 and Ba+2). All the optimization 

experiments were done in triplicates. 

 

Results 

Morphological and physiological characterization of 

isolates 

The isolates from semi-arid soil of Rajasthan were 

found to be Gram positive, long, rod-shaped bacilli 

(Fig. 3) after Gram staining and negative staining.  

 

They showed green colonies on Hi-chrome media 

(Fig. 4) and were also found to be spore formers. All 

the four isolates were observed to grow in the 

temperature range of 30oC to 90oC. All were 

thermostable upto 90oC. Growth of the isolates was 

found to occur in the pH range of 8.0 to 13.0 and in 

the presence of 1% glucose. 

 

Biochemical characterization 

The isolates were tested and found to be positive for 

casein hydrolysis, starch hydrolysis, gelatin 

hydrolysis, and catalase test. Negative results were 

obtained for growth on MacConkey agar, indole test, 

methyl red test, Voges-Proskauer tests, oxidase test, 

and nitrate reduction test (Table 1). 

 

 

Table 1. Biochemical tests for bacterial identification. 

S. No. Name of Test Control Sample N Sample J1 Sample J2 Sample B MCC 

1 Indole Test (−) (−) (−) (−) (−) (−) 

2 Methyl Red Test (−) (−) (−) (−) (−) (+) 

3 VogesProskauer Test (−) (−) (−) (−) (−) (+) 

4 Citrate Utilization Test (−) (+) (+) (+) (+) (+) 

5 Fermentation Test (−) (−) (−) (−) (−) (−) 

6 Starch Hydrolysis Test (−) (+) (+) (+) (+) (+) 

7 Gelatin Test (−) (+) (+) (+) (+) (+) 

8 Urease Test (−) (−) (−) (−) (−) (−) 

9 Citrate Utilization Test (−) (+) (+) (+) (+) (+) 

10 Casein Hydrolysis Test (−) (+) (+) (+) (+) (+) 

11 Catalase Test (−) (+) (+) (+) (+) (+) 

12 Oxidase Test (−) (−) (−) (−) (−) (+) 

13 Nitrate Reduction Test (−) (−) (−) (−) (−) (−) 

14 H2S production Test (−) (+) (+) (+) (+) (+) 

Foot note: - Sample N-Bacterial strain from soil of Nagaur (Rajasthan), Sample J1 and Sample J2- Bacterial strain 

from soil of Jodhpur (Rajasthan), Sample B- Bacterial strain from soil of Bikaner (Rajasthan). 



 

134 Shekhawat et al. 

 

Int. J. Biosci. 2019 

Molecular characterization 

The partial nucleotide base sequencing of 16S rDNA 

gene of all isolates were done to identify the bacteria. 

Sequence retrieval subjected to pairwise local 

alignment using National Center for Biotechnology 

Information – Basic Local Alignment Search Tool 

(NCBI-BLAST) against 16s rRNA gene sequence. The 

top 10 similar sequences with 94-95% query coverage 

and around 99% identity were selected for further 

studies. 

 

Fig. 2. Skim-milk agar plate showing protease activity of various Bacillus strains isolated from semi-arid soils of: 

A (Bikaner), B (Nagaur), C and D (Jodhpur). 

The selected sequences were the input to Multiple 

Sequence Alignment (MSA) using Clustal Omega 

(web) and .aln file was retrieved. The .aln file was 

used as an input for phylogenetic analysis using 

MEGA 5 software.  

 

The phylogenetic tree of NJ-method was retrieved. 

The phylogenetic trees for all isolates are shown in Fig 

5. On the basis of above described biochemical and 

molecular characterization, the isolates were 

identified as a new strain of Bacillus licheniformis.  

 

The 16S rDNA gene sequence of the isolates from B, 

N, J1 and J2 was deposited at Genebank with the 

accession numbers MG461611 (Bacillus BJ2), 

MF276798 (Bacillus BKS), MF276898 (Bacillus BSJ) 

and MG461608 (Bacillus BB1) respectively. 

Fig. 3. Gram staining of the isolates (here Jodhpur 

isolate) identified them as Bacillus species   (Gram 

positive). 
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Optimization of protease enzyme  

After optimization of various culture conditions, the 

protease activity was calculated to identify the best 

alkaline protease producer, as mentioned in material 

and methods. Temperature optimization was done 

using a range of 25oC to 80oC. The maximum activity 

was shown by all the strains at 40oC on an average 

except one specific strain (MG461608) from Jodhpur 

was 50oC (Fig. 6A). Optimum agitation for protease 

production was 180 rpm for MG461608 Jodhpur 

strain giving 230U/ml protease activity. 

 

Fig. 4. Hi-Chrome agar plates showing various Bacillus strains isolated from semi-arid soils of: A (Bikaner), B 

(Nagaur), C and D (Jodhpur). 

The other bacterial strains MF276798 produced 170 

U/ml whereas MG461611 and MF276898 produced 

210U/ml of alkaline protease at 150 rpm (Fig. 6B). 

Protease production at various pH range from 7 to 13 

when studied, exhibited highest activity at pH 10, 

which was between 200U/ml to 250U/ml (for all 4 

strains) (Fig. 6C). All the strains MF276798, 

MG461608 and MG461611 showed similar activity for 

any given incubation time while, the Jodhpur strain 

MF276898 gave an enhanced activity at an incubation 

period of 72 hours. The activity measured was 

270U/ml which was much higher than any other 

strain studied by us (Fig. 6D). The bacterial strain 

obtained from Bikaner soil (MG461611) showed 

maximum production at 60 hours which was 

210U/ml, while for the rest three isolates 72 hours 

was the optimised incubation time. Protease 

production using varied inoculum concentration was 

assessed for all strains under study.  

 

With the increasing inoculum concentration, the 

growth rate along with the protease activity was also 

found to be enhanced. 0.3% v/v was identified as the 

optimal inoculum concentration for all our bacterial 

strains.  An inoculum concentration greater than 

0.3% decreased the protease activity despite an 

increased growth rate (Fig. 6E). Glucose proved to be 

the best carbon source for the maximum protease 

production, among all the other carbon sources used 

for all the four strains (Fig. 7A).  
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Fig. 5. Phylogenetic analysis of isolated strains from semi-arid soil of Rajasthan A(MF276798), B(MF276898), 

C(MG461608) and D(MG461611). 

 

Fig. 6. Alkaline protease activity by isolated Bacillus strains with various culture conditions A- Temperature, B-

Agitation Speed, C-pH range, D- Incubation time, E-Inoculum percent. 
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The protease activity measured was in between 

230U/ml to 270U/ml. Protease production using 

nitrogen sources such as yeast extract, casein, beef 

extract, peptone, tryptone, gelatin was studied. Casein 

was found to be most suited for maximum protease 

production in all four strains (Fig.7B). Various 

nitrogen source combinations were examined for 

maximum protease production. Yeast extract with 

casein and peptone with yeast extract showed 

maximum protease activity (Fig. 7C). Mn+2 were the 

optimized divalent ion on which all the studied 

bacterial strains exhibited maximum protease activity 

(Fig. 7D).  

 

Discussion 

In the present study we were able to identify four 

Bacilli strains viz. MF276898, MG461608, MG461611 

and MF276798 from the semi-arid soil of Rajasthan 

with an inherent ability to produce alkaline protease 

enzyme.

 

Fig . 7. Alkaline protease activity by isolated Bacillus strains with various culture conditions A- Carbon source, B-

Nitrogen source, C-Nitrogen source combination, D- Divalent ion. 

Various extrinsic parameters optimized for protease 

production showed the optimum temperature 

conditions were between 40oC and 50oC. Frankena et 

al., 1986 reported that the enzyme synthesis and its 

mechanism in bacterial culture are controlled by 

temperature as seen in our study as well. Ahamed et 

al., 2016, Dorcas and Pindi, 2016 and Kalpana et al., 

2016 also optimized the temperature for the 

production of alkaline protease by different Bacillus 

strains from environmental samples. Our findings 

also showed similar results. Moon and Parulekar, 

1991 reported that enzymatic processes of alkaline 

protease enzyme were strongly affected by the culture 

pH.  

 

This was also seen for the present investigation with 

pH 10 giving much enhanced activity in all the four 

strains. Palsaniya et al., 2012 also optimized pH 10 

for the production of enzyme from bacteria (Bacillus 

subtillis and Serratia marscens) isolated from soil of 
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Rajasthan. The optimum incubation period was 72 

hours which is similar to that stated by Dorcas and 

Pindi, 2016 for Bacillus cereus isolated from poultry 

farm. The best carbon source for our study was 

glucose in comparison to lactose, sucrose, maltose, 

fructose and xylose. Badhe et al., 2016 and Dorcas 

and Pindi, 2016 also reported that among various 

carbon sources, glucose showed maximum enzyme 

production by bacillus strains. Sonnleitner, 1983 and 

Gajju et al., 1996 reported that lack of glucose in 

media resulted in dramatic decrease in enzyme 

production. The optimized metal ion was Mn+2 at 

0.02% concentration when highest protease 

production was observed. Similar findings were 

reported by Asha and Palaniswamy, 2018 by bacterial 

strain isolated from organic waste containing soil. 

 

Optimized nitrogen source was casein for the present 

study. Ward, 1995 and Mehta et al., 2006 reported 

that enzyme production was influenced by nitrogen 

source and Gupta and Khare, 2007 explained the 

different nitrogen source requirements by various 

bacterial strains. Our results are in concomitance with 

those of El Zawahry et al. 2007; Jayasree et al., 2010 

and Asha and Palaniswamy, 2018 who also reported 

casein to be the best nitrogen source. In several other 

studies, as a sole nitrogen source, yeast extract 

resulted in higher protease production than casein 

(Vanitha et al., 2014; Badhe et al., 2016). In our 

study, a combination of two nitrogen sources gave 

better results than any single nitrogen source. The 

optimized combination was yeast extract and casein 

for one Bacillus strain MG461608 while it was a 

combination of peptone and yeast extract for other 

three. As reported in literature as well as in the 

present study, Bacillus strains obtained from soils 

have been the most potent alkaline protease 

producers.  

 

Conclusion 

The present study reports four new strains of Bacillus 

licheniformis from the semi-arid soil of Rajasthan. 

These isolates can survive on high pH and 

temperature and produce significant amount of 

alkaline protease enzyme. Optimized culture 

conditions of these bacteria prove that they are 

suitable for various industrial processes. These 

isolates are being further subjected to isolation and 

purification of alkaline protease enzyme. 
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