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Abstract 

Alkaline proteases have immense commercial value and wide applications in 

various industrial sectors. The present study intended to isolate a suitable 

bacterial strain for alkaline protease production. Protease producing bacteria 

were isolated from organic waste containing soil, screened for protease 

production on skim milk agar plates and based on protease assay the protease 

production was  confirmed. The bacterial isolate showing highest alkaline 

protease production were selected and phylogeneticallyidentified using 16 S 

rRNA analyses as Bacillus sonorensis SNP3. Maximum enzyme production 

by the isolate was obtained after 48 h of incubation at pH 8; 1% lactose as a 

carbon source and1% skim milk as a nitrogen source With all the optimized 

cultural conditions, maximum enzyme activity was found to be 65.5U/mL and 

the enzyme was a promising one for detergent industry as an additive enzyme. 

 

INTRODUCTION 

Proteases are significant group of enzymes with many physiological roles in all living 

organisms including cell growth and differentiation (Asha and Palaniswamy, 2018). 

They arerecognized as industrially important enzyme and occupy almost 60% of the 

total enzyme market (Verma et al., 2011). Protease is an enzyme which conducts 

proteolysis by hydrolysis of the peptide bonds that link amino acid composed in the 

polypeptide chain.  

Proteases are produced by a wide range of microorganisms including bacteria, molds 

and yeasts, actinomycetes etc (Akcana and Uyar, 2011). In bacteria, this enzyme is 

produced mainly by a member of strains belonging to genus Bacillus especially, B. 
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licheniformis; B. horikoshii, B. sphaericus, B. furmis, B. alcalophilus, B. subtilis 
(Ellaiah et al., 2011). The  industrial sectors frequently prefer Bacillus species for the 

enzymeproduction, are highly active different pH and temperature rangesand can be 

easily purified with low cost (Najafi et al., 2005;Dubal et al., 2008;Jellouli et al., 
2009).Proteases have been used in the surface treatment of wool and silk fibers known 

as dehairing process, where is carried out at pH values between 8 and 10(Patil 

andJadhav, 2017).Detergent industry prefer alkaline proteases as act against 

proteinaceous stainslike blood, food and grass stains are also eco friendly and 

economical strategies for protein degradation (Kalpana Devi et al., 2008; Lekshmi et 

al., 2014). 

The optimization of different parameters like incubation time, agitation, temperature, 

pH, nitrogen and carbon source enhance the yield of industrially useful enzymes 

(Aruna et al., 2014). The demand for industrial enzymes, particularly microbial 

origin, is ever increasing owing to their applications in a wide variety of processes 

(Padmapriya et al., 2012). The present study is aimed at the isolation of a proteolytic 

strain from soil biome and optimization of its cultural conditions for the enhanced 

enzyme production. 

 

MATERIALS AND METHOD 

Sample collection: The soil samples contaminated with poultry waste were collected 

in a sterile polythene bag from the various locations in Thiruvananthapuram and 

kollam Kerala, India. 

Isolation and screening of alkaline protease producing bacteria: The soil samples 

were serially diluted using sterile distilled water, spread plated on skim milk agar 

plates and incubated at 30°C for 24 to 48 h (Anbu et al., 2013). After incubation, the 

colonies showed clear zones of proteolysis were selected and inoculated to fresh skim 

milk agar plates by spotting method and laterincubated for 24 to 48 h to confirm 

protease production on the basis of clear zone development (Jani et al., 2016). 

Enzyme assay:  The selected isolate was inoculated in 20 ml of protease production 

media (Composition [g/L]: lactose 10 g; casein 10 g; KH2PO42 g; K2HPO42 g; 

MgSO4.7H2O 1 g) and incubated for 48 h on a rotary shaker (120 rpm) at room 

temperature (Sharmaet al., 2013; Saraswathy et al., 2013). After incubation, the 

culture media were centrifuged at 5000 rpm for 20 min at 4°C and the cell free 

supernatants were used as the crude enzyme for assay. Protease assay was conducted 

by a modified method of protease activity assay as described by Cupp-Enyard (2008). 

The amount of enzyme required to liberate 1 μg tyrosine per ml per minute under the 

standard conditions defined one unit of protease activity (Hameed et al., 1999). 

Identification of the isolate 

The bacterial isolate resulted maximum alkaline protease activity and maximum 

proteolytic zone size was selected for further research work. The isolate was 

identified and confirmed based on the 16S rRNA sequence analysis and BLAST 

identification. 
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Optimization of cultural conditions for protease production 

Different cultural parameters including incubation pH, incubation period, carbon and 

nitrogen sources and their concentrations were optimized for maximum protease 

production. Protease production was determined at various incubation time intervals 

such as 24, 48, 72, 96, 120 and 144. Optimum pH for protease production was 

checked in range of 4 to 11. Effect of different carbon sources on protease production 

was checked by adding 1% w/v of glucose, lactose, fructose, sucrose, maltose, starch 

(Ananthan, 2014). Different organic and inorganic nitrogen sources at a concentration 

of 1% were checked for maximum protease production including casein, soya bean 

meal, yeast extract, peptone, beef extract, skim milk powder, ammonium acetate, 

sodium nitrate (Aruna et al., 2014). 

 

Statistical Analysis 

Each experiment had three replicates. Means of variable and standard deviation were 

recorded were carried out to detect any significant differences between the results of 

control and the treated sample 

 

Molecular identification of keratinase species 

The isolate was identified with molecular procedure, which includes extraction of 

total DNA, and confirmed based on the 16S rRNA sequence analysis and BLAST 

identification. 

 

DNA extraction and Amplification of 16S rRNA genes 

The total genomic DNA was extracted using NucleoSpin® Tissue Kit (Macherey-
Nagel). 16S rDNA sequence were amplified from genomic DNA using universal 

primer (Integrated DNA Technology, India) 16S-RS-F-5-

CAGGCCTAACACATGCAAGTC-3 and 16S-RS-R 5-GGGCGGWGTGTACAA 

GGC-3in a PCR thermal cycler (Nubel, et al., 1997). PCR amplification reactions 

were carried out in a 20 µl reaction volume for 35 cycles using Thermal cycler 

(GeneAmp PCR System 9700, Applied Biosystems, india). Almost 5 μl of the PCR 

products were analyzed by 1.2% agarose gel in 0.5X TBE buffer at 75 V for 1-2 hours 

(Alegría, et al., 2009). 

 

Sequencing and Phylogenetic analysis 

The 5 µl of PCR product were incubated with 2 µl of ExoSAP-IT at 37oC for 15 

minutes followed by Sequencing reaction was done in a PCR thermal cycler 

(GeneAmp PCR System 9700, Applied Biosystems) using the BigDye Terminator 

v3.1 Cycle sequencing Kit.Later, thesequences of 16S rRNA gene were aligned using 

the Bioedit program after deleting the regions containing ambiguous nucleotides. The 
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phylogenetic trees were constructed by neighbor-joining statistical method using 

MEGA X(https://www.megasoftware.net/dload_win_gui). In order to determine the 

stability of phylogenetic tree, the sequence data were sampled 1000 times for 

bootstrap analysis using MEGA X with 50% cut-off (Kumar et al., 2018). 

 

RESULT AND DISCUSSION 

Screening and Isolation of protease producing bacteriaA total of 10 well-formed 

single colonies were selected based on their morphological difference in nutrient agar 

plates. Among the 10 bacterial isolates, 6 were found to be keratinase producers based 

on their zone formation on skim milk agar (Fig1.). The isolates were designated as 

SNP1 to SNP10.  

 

 

Fig 1. A: Growth of bacteria in Skim milk agar;  

B: Zone formation of the bacteria in Skim milk agar plate. 

 

Identification of the isolate 

Out of the ten isolates, six strain exhibited protease activity and further confirmed by 

inoculating on skim milk agar plate. The strains were SNP1, SNP3, SNP5, SNP7, 

SNP8 and SNP10. Among them SNP3 were selected for the further study. The isolate 

SNP3 formed creamy white colonies with, moderate round, lobated margin colonies 

on nutrient agar. The bacterium was gram positive and cocci shape in nature. The 

isolate SNP3 was identified based on the methods described in Bergey’s manual of 

systematic bacteriology as it belongs to Bacillus sp. depending upon its 

morphological, cultural and biochemical characteristics. Fig 2 shows the 6 isolates on 

skim milk agar plates. The strain SNP3 produced higher level of zone of 16.3mm by 

its protease production.  
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Effect of incubation period on protease production 

A number of factors play a very critical role in enzyme production such as incubation 

time, pH, carbon sources and nitrogen sources in composition of the fermentation 

medium (Ashraf, et al.,2018). The effect of incubation period for protease production 

from Bacillus sonorensis was studied for the incubation period from 24 to 144 h as 

shown in (Fig 3.) Protease activity at 48 h was (56.3 U/ml). Hoshino et al., (1995) and 

Shumi et al., (2004) reported maximum protease production by bacteria at 48 to 72 h.  

 

Fig. 2: Zone formation  of protease producing bacterial isolates on skim milk agar 

plates 

Aruna et al., (2014) reported maximum protease production by Bacillus tequilensis 
strain SCSGAB0139 at 48 h. Similar results on incubation period were reported by 

Olajuyigbe and Ehiosun, (2013) in Bacillus coagulans PSB-07, by Bajaj and Jamwal, 

(2013) in Bacillus pumilus D-6. Vadlamani and Parcha, (2012) also reported a 48 h of 

optimum incubation period for maximum protease production in Bacillus firmus 

 

Fig 3. Effect of incubation period on the production of protease 
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Effect of pH on protease production  

The enzymatic processes and nutrient transport across the cell membrane were 

strongly affected by the culture pH (Moon and Parulekar, 1991). Bacillus cereus FT 1 

was producing considerable amount of protease enzyme at a pH range of 7.5 to 10.5 

(Figure 4). The maximum enzyme production occurred at pH 9 resulted a protease 

activity of 58.9 U/mL, indicating the alkaliphilic nature of the isolate. Khusro, (2015) 

and Rahman et al., (2018)demonstrated the alkaline pH optimal of Bacillus sp. for 

protease production. Olajuyigbe and Ehiosun, (2013) and Tamilelakkiya and Radha 

(2018) reported maximum protease yield by Bacillus coagulans and Bacillus subtilis 
at pH 8 and 7, respectively. Alkaline protease of maximum yield at pH 9 was reported 

by some strains of Bacilli such as Bacillus cereus by Uyar et al., (2011) and Bacillus 
flexus by Verma et al., (2013). 

 

Fig 4. Effect of pH on the production of protease enzyme from SNP1strain 

 

Effect of nitrogen source on protease production 

Among different nitrogen sources (1%) soyabean followed by skim milk, Casein and 

was found to be the best nitrogen source to produce maximum protease enzyme 

compared to other organic and inorganic nitrogen sources. A protease activity of 62.3 

U/mL was obtained when the media was supplied with skim milk as the nitrogen 

source (Figure 5). Casein was reported as a major nitrogen source for many 

microorganisms for maximum protease production. Jayasree etal., (2009) reported 1% 

casein as the main source of nitrogen for alkaline protease production by 

Streptomyces pulveraceus. In many studies, yeast extract results in higher protease 

production than casein (Vanitha et al., 2014; Badhe et al., 2016; Khusru, 2016). 

 

Effect of carbon source on protease production 

Carbon source influenced the protease production considerably and different bacteria 

utilized different carbon source for their growth and metabolism. Among the various 

carbon sources (1%) tested, lactose was found to be highly influencing the enzyme 
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production with a protease activity of 65.5 U/mL (Fig 6) followed by fructose and 

maltose, while starch and sucrose were less effective. But Pant et al., (2014) reported 

galactose as the best substrate for maximum enzyme production.A strain of halophilic 

bacterium, Bacillus odysseyi reported by Tambekar and Tambekar, (2013) utilized 

lactose as a carbon source for maximum protease production. Ananthan, (2014) 

reported on Vibrio GA CAS2whichutilized lactose as the suitable carbon source for 

maximum protease production. 

 

Fig 5: Effect of different Nitrogen sources on the production of protease enzyme 

 

 

Fig 6: Effect of different carbon sources on the production of protease enzyme 
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Molecular identification of keratinase producing bacteria 

The protease producing bacteria were recovered fromskim milk agar. The bacterial 

stain was further subjected to molecular identification procedure which includes 

extraction of total DNA, amplification by 16S rDNA primer, finally the comparison 

of phylogenetic sequence. 

 

DNA extraction  

Total genomic DNA was extracted from proteaseproducing bacteria Fig 6A. For 

further identification the amplification of the genomic DNA was performed using 16S 

rDNA primer (Fig.6. B). Later, gene sequencingand construction of phylogenetic tree 

was done for the species identification.   

 

  

 

(A)   (B) 

Fig 6. A: Genomic DNA from bacterial strain using DNA isolation kit loaded in 0.8% 

agarose gel B: PCR amplification of 16s rDNA fragment from bacterial sample. 

 

Sequence Analysis 

In this work, we have provided the molecular identification of bacteria on the basis of 

16S rDNA analysis. The results of the forward and reverse primers were aligned 

together in Bioedit tool to retrieve the complete aligned sequences(Altschul, et 
al.1990). The 16S rRNA gene sequence of the isolate SNP1 showed high levels of 

sequence similarity with members of the genus Bacillus. The ‘BLASTn’ tool was 

used for sequence assignment against NCBI database and highest-scoring hit from 

each query is taken for the bacterial identification. The Blast result predicted based on 

percent match given bacterial sequence belongs to Bacillus genus and alignment of 



Optimization and Phylogenetic Analysis of Alkaline Protease Production… 9 

 
gene sequence with 10 closely related gene sequence was performed and phylogenetic 

tree was constructed using MEGA X (Fig 7.) The bacterial strain was identified as 

Bacillus  sonorensis. 

 

Fig 7. Phylogenetic Tree of Strain SNP1. The evolutionary history was inferred using 

the Neighbor-Joining method. The optimal tree with the sum of branch length = 

0.17128572 is shown. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (500 replicates) are shown next to the branches. 

The tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using the Maximum Composite Likelihood method and are in the 

units of the number of base substitutions per site. The analysis involved 28 nucleotide 

sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous 

positions were removed for each sequence pair. There were a total of 1501 positions 

in the final dataset. Evolutionary analyses were conducted in MEGA X 
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CONCLUSION 

Alkaline proteases have many industries applications and environmental 

bioremediations. Maximum enzyme production is aimed while selecting an organism 

for the enzyme production for commercial uses. The present study reported the 

increased alkaline protease production by the soil isolated Bacillus sonorensis under 

optimized cultural conditions. The results suggest the industrial usefulness of bacterial 

isolate and further studies are in progress in order to purify and characterize the 

enzyme for commercial applications. 
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