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Abstract— In the present study we chose four cultures Bacillus licheniformis (MTCC 2617, MTCC 2618) and WILD A, 

WILD B (isolated from tannery effluent waste), were screened for protease. In the production Bacillus licheniformis (MTCC 

2617) and strain Wild A identified as Bacillus aryabhatai Showed higher enzyme productivity (352U/ml and 321U/ml 

respectively). The enzymes were purified to its homogeneity by ammonium sulfate precipitation, dialysis and ion exchange 

chromatography. The characterization showed similarity in optimum pH (9) and optimum temperature (55oC). It showed 

that there is 49% similarity between serine proteases produced from Bacillus licheniformis and Bacillus aryabhatai  (Wild A). 

From these data we concluded that production of serine protease can be done with Bacillus aryabhatai (Wild A) an efficient 

and alternative to Bacillus licheniformis (MTCC 2617). 
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INTRODUCTION 
 

 Serine proteases or serine endopeptidases (newer name) are proteases (enzymes that cut peptide bonds in proteins) in 

which one of the amino acids at the active site is serine[1]. They are found in both single-cell and complex organisms, in 

both cells with nuclei (eukaryotes) and without nuclei (prokaryotes). In animals Proteolytic enzymes are synthesized as 

zymogens, larger inactive precursors. Many bacterial proteolytic enzymes are synthesized as inactive precursors, or 

zymogens, to prevent unvanted protein degradation and to enable spatial and temporal regulation of proteolytic activity.  

They constitute 60% of the total worldwide sale of enzymes used in various industries and it account for at least a quarter 

of the total global enzyme production Currently a large proportion of the commercially available proteases are derived 

from Bacillus Strains[2]. The reason for this is their high pH & temperature stability. Proteases which have a serine centre, 

exhibiting a wide range of PH 6 – 13 & having wide industrial applications. The applications of proteases include in the 

detergent, food, leather, meat tenderization industries [21]. Proteases are also important tools in studying the structure of 

proteins and peptides. Besides that, they are also used in pharmaceuticals, medical diagnosis, and decomposition of gelatin 

on X-ray films as well as in textiles[3]. Commercial proteases are mostly produced from various bacteria and it was 

reported that about 35% of the total microbial enzymes used in detergent industry are the proteases from bacterial sources 

[4]. In the current research we are looking an efficient serine protease producing organism for the industrial production. 

 

MATERIALS AND METHODS 
 

Isolation of Microorganism: Crude effluent from tannery processing unit was collected in a sterile container and stored 

at 4oC for further work. The casein-based agar medium was using the following composition: K2HPO4, 0.7g; Na2HPO4, 

0.9g; MgSO4.7H2O, 0.4g; and NaNO3, 2g; agar; pH 7.0. 10g of Casein was added as the sole carbon source in the media. 

The samples were diluted 10 times with distilled and sterilized water prior to being spread on an agar plate and incubated 

at 37°C for 24 hours. Morphologically different colonies were selected and further sub culturing was carried out in the 

above-mentioned casein agar medium to obtain single colonies. Morphological characteristics were determined by 

microscopy, and Gram staining was performed. The isolated strains were stored at –80°C in 20% sterile glycerol for 

further studies [8]. 
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Genomic DNA Isolation: Genomic DNA was extracted from the IS07 grown on LB broth at 37°C using standard 

CTAB method. 12-18 hr incubated bacterial culture was taken in microfuge tube and centrifuged at 10000 rpm for 2 min 

at 4°C. The pellet obtained was re-suspended in sterile water and washed and again centrifuged at 10000 rpm for 2 min at 

4°C. To the pellet, 675 μl of extraction buffer was added and incubated at 37oC for 30 min. To the micro-centrifuge tubes, 

75μl of SDS (20%) was added and incubated at 65oC for 2 hours. Sample was centrifuged at 11000 rpm for 10 min at 4oC 

and clear solution was collected in a sterile microfuge tube. Equal volume of phenol: Chloroform: isoamylalcahol (25:24:1) 

was added and centrifuged at 10000rpm for 10 min at 4oC. Top aqueous layer was transferred to fresh microfuge and equal 

volume of Chloroform: Isoamyl alcohol (24:1) was added. Sample was centrifuged at 10000 rpm for 10 min. at 4oC and 

aqueous phase was taken in a sterile microfuge tube. 0.6 volumes of ice cold Isopropanol was added incubated at room 

temperature for 1 hr. Samples were centrifuged at 10000 rpm for 10 min and then pellet is washed in 500μl of 70% ice 

cold ethanol and centrifuged at 10000 rpm for 10 min at room temperature. Dried pellet was dissolved in sterile distilled 

water and stored in -20oC. Quality of   DNA was checked after running on a  1% agarose gel in 1X TAE buffer and 

ethidium bromide staining . The DNA was quantified by measuring absorbance at 260nm using a Shimadzu 1800 

spectrophotometer.  

 

16S r DNA PCR Amplification: The extracted DNA was then used as template for 16S rDNA PCR amplification with 

universal 16S primers- forward 5’ AGA GTT TGA TCC TGG CTC AG 3’ and reverse 5’ AAG GAG GTG ATC CAG 

CCG CA 3’. PCR sample volume was 25µl per sample with the reaction mixture comprising of 0.5 µl genomic DNA, 1 x 

PCR buffer (10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, pH 8.6), 0.3 µl Taq DNA polymerase(USB corporation, 

Cleveland, Ohio, USA), 2.5 µl dNTP mix, 2.5 µl reverse and forward primer each. PCR was performed on Master cycler 

(Eppendorf, Germany) with initial denaturation for 2 min at 92oC. First cycle had denaturation for 1 min at 92oC, primer 

annealing for 30 sec at 48oC and primer extension at 72oC for 2 min 10 sec. The cycle was repeated for 34 times and the 

process ends by final polymerization step of 6 min 10 sec at the temperature of 72oC. PCR product were resolved using 

electrophoresis in 1.2% agarose gel stained with ethidium bromide (EtBr),  documented under UV light on UVIpro 

platinum gel documentation system. 

 

16S rDNA Sequencing : 16S PCR products were purified using AxyPrepTM DNA Gel Extraction Kit obtained from 

AXYGEN Biosciences. DNA sequencing was performed on ABI PRISM big dye terminator cycle sequence reading 

reaction kit at Chromous Biotech (Bangalore, India) and the sequences obtained were compared with databases at 

National Centre for Biotechnology Information (NCBI) using the BLAST Program.  

 

Screening for the production of protease: 

The microorganism were screened on the skim milk agar for their protease producing ability [5] 

 

Production of serine protease: 

All these four strains were inoculated in modified medium from saurabh, et.al 2007 and the enzyme assay (Azocasein 

hydrolysis assay)[1] was performed at regular intervals of time like (24, 48, 72, 96 hrs.). Where one unit will hydrolyze 

azocasein to produce color equivalent to 1.0 μmole (181 mg) of tyrosine per minute at pH 7.5 at 37 °C. 

 

Purification: 

The enzyme was extracted from the production media by centrifuging at 4°C. These crude enzymes were precipitated with 

ammonium sulfate (70% saturation). The precipitate was dissolved in 50ml of 0.01M Tris-Hydrochloride (pH 7.5). the 

enzyme fraction was dialysed fro 16hr against 4liters of buffer. The dialysate was applied to the DEAE column and the 

enzyme as eluted with 25-150mM buffer[24].The enzyme activity of the crude, dialysed and purified enzyme samples was 

assayed by a standard assay method using azocasein as the substrate. The protein content was also estimated in each case 

by Folin- Lowry method and BSA as standard. [6].  
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Characterization 

The optimum activity of the enzyme was determined by assaying these at different temperatures (4°C, 25°C, 37°C, 65°C 

and 100°C) and pH (2, 4, 6, 8, 10). The type of protease enzyme was determined by assaying them in presence of 0.98-

4.9µM/ml of MnCl2 and 0.1-1mM of PMSF[7]. 

 

SDS-PAGE: 

SDS PAGE was carried out by the methods of Laemmli and Favre [22]. Slab gels (0.75mm) containing 10% acrylamide 

with a 1.5cm stacking gel consisting of 5% acrylamide were typically electrophoresed at 50V. 

 

Application of serine protease 

The keratinase activity was studied for both the serine protease from MTCC 2617 and wild A by treating the raw keratin 

source in 0.1Mphosphate buffer (chicken feather) at 37oC for 24-72hr[8] 

 

RESULTS AND DISCUSSION 
 

Eight different isolates from crude effluent were selected on the casien media and will be referred as Wild A to Wild G. 

The isolates were morphologically characterized.  All the isolates were Gram negative except Wild A and Wild B. All the 

isolates were grown in 54mM casein broth for 48hrs. Six isolates, Wild C to Wild G did not multiply beyond 0.2 OD after 

48 hours hence were omitted for further optimization studies.  The isolate, Wild A a  Gram positive rod shaped bacterium 

was   Bacillus aryabhattai [13] as identified by 16S rRNA gene sequence.   

 

The assay results of all the two strains showed that higher activity at 72hrs(Fig 1). The MTCC 2617 and wild A which was 

identified as Bacillus Aryabhattai (Wild A) were selected for the production. In the production the activity of the both the 

strains specific activity were 352U/ml and 348U/ml   when soya meal was used as nitrogen source.  The studies Bacillus 

cereus has yielded 98U/ml of activity in the when yeast extract and peptone was added as a nitrogen source [9]. The 

specific activity of Bacillus pseudofirmus SVB1 was found to be 195[10].  

 

 
Fig.1: Production of enzymes at different time intervals 

 

Effect of temperature on enzyme activity  

The purified samples were characterized the wild A and MTCC2617 strain showed optimum activity at 55oC (fig 2). The 

activity of the purified enzyme was determined at different temperatures ranging from 4°C to 90°C . The optimum 

temperature recorded was at 55°C for protease activity. The enzyme activity gradually declined at temperatures beyond 

60°C . but in the wild A at 85oC showed 85% activity.  
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A similar type of result was observed by other investigators where a maximum temperature of 55°C was re-corded for an 

alkaline protease from B stearothermo-philus AP-4[11]
 
and 60°C for a protease[12]

 
derived from Bacillus sp B21-2. 

 

 
Fig 2: Effect of temperature on enzyme activity 

 

Effect of pH on protease activity: 

 

Studies of the influence of pH on the enzyme activity have also been carried out and the results are shown in Fig 3. We 

can see that the activity of the protease was very low at pH values between 4.0 and 5.5, and then increased sharply beyond 

pH 7.0. The protease showed high activity between pH 8 and 10 but had its maximum activity at pH 9.0. Protease of 

Bacillus sp. Generally can be categorized into two groups with respect to their optimal pH  neutral and alkaline protease. 

The former exhibit optimal pH at 7.0, where as the latter have pH optima between 9-11[25]. Therefore, the present 

protease belong to the alkaline group.  Sookkheo reported to three proteases, S, N and B from thermophilic Bacillus 

stearothermophilus TLS33, optimum pH values of 8.5, 7.5, and 7.0, respectively [13] 

 

 
Fig 3: Effect of pH on enzyme activity 
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Effect of PMSF on protease activity:  

 

 Enzyme activity was inhibited strongly to 16.5% by phenylmethyl sulphonyl fluoride (PMSF) at a concentration of 

1mM(Fig 3). PMSF is known to sulphonate the essential serine residue in the active site of the protease resulting in a 

total loss of enzyme activity[9][23].  The results correlates to  Kunamneni Adinarayana et al[14]  and HUANG 

Guangrong et al.[15] 

 
Fig 4: Effect of PMSF on enzyme activity 

 

Effect of Mn2+ 

At 4.9µM there was 33.6% increase in the activity. Thus the enzyme has an enhanced activity in presence of Mn2+ ions. 

Inhibition studies primarily give an insight into the nature of an enzyme, its cofactor requirement and the nature of the 

active center [16]. Some of the metal ions such as Ca2+,Mg2+ and Mn2+  reported to increase the thermal stability  of 

Bacillus alkaline proteases by maintaining the active confirmation of the enzyme at high temperatures[14]. 

 

 
Fig 5: Effect of Mn2+ on enzyme activity 
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SDS-PAGE: 

The molecular weight of the protease was determined by the SDS PAGE technique by comparing with the migration 

distances of standard marker protein. Depending on the relative mobility, the molecular weight of the protein was 

calculated to be around 30kDa and 25kDa. Generally the molecular weight of the protease comes in a range 15- 30 

kDa[17]. 

 

Application of serine protease: 

The serine protease enzyme produced by Bacillus megaterium showed a well characterized keratinase activity (Photo 1). The 

activity was shown at 37°C and a pH of 7.5 using the sodium phosphate buffer). The feather keratin has been used as the 

substrate for the keratinase assay in the recent study, as the feather protein has been showed to be an excellent source of 

the metabolizable protein[18] and the microbial keratinases enhance the digestibility of the feather keratin[19] [20]. 

 

 
Photo 1: Degradation of feather by serine protease 

 

CONCLUSION 
 

Serine protease from Bacillus lichiniformis (MTCC2617) have found a wide range of applications in various industries such 

as food, detergent, pharmaceutical,cosmetic, etc. and have been widely commercialized by various companies throughout 

the world. Though the production of these enzymes has been improved significantly by the utilization of hyper producing 

strains of fungi and bacteria and genetically modified microbes as well. 

 

This study provides the indication that even distinctly related Bacillus megaterium and Bacillus lichiniformis showed the 

similar characteristic properties. The serine protease of Bacillus megaterium and Bacillus lichiniformis were aligned using 

water program. The local alignment showed that only 380 amino acid from both the sequences gets involved in local 

alignment with 33.4% identity which shows that the sequences are less conserved. Again, the local alignment showed that 

there is 49% similarity between the amino sequences which indicates these might be isozymes evoluted from the same 

phylogenetic tree with the same or similar taxa. From these datas we conclude that in place of the Bacillus 

lichiniformis(MTCC 2617 and 2618) Bacillus megaterium can be used for the production of serine protease. 
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