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Abstract— The present study was undertaken to explore the rich and diverse coastal habitats of Konkan . Various samples 
like sand, clay, mud, sea-water, sea-weeds, alga, sea-shells, were collected from different sites on sea-coast of Maharashtra. 
(300Km). The microbial isolates were screened for the production of alkaline protease on sea-water based casein agar 
medium. The isolate RAT/SA/B24, producing alkaline protease was studied further. It was identified as Vibrio CJ11052 
based on 16SrRNA sequencing. The alkaline protease produced was purified and partially characterized. The enzyme 
showed optimum activity at pH 9 , temperature 550C and was stable in saturating concentration of NaCl in the presence of 
calcium ions. 
 
Index Terms– Alkaline Protease, Halotolerant, Marine Habitats, Vibrio sp. 
 
1.  INTRODUCTION 
 
The marine environment due to its varying 
physicochemical conditions compels the organism 
residing in, to develop survival strategies.  While 
adapting to the harsh marine environment, the 
organisms secrete many unique metabolites.  These 
metabolites are being widely screened for various 
pharmacological properties like antitumor activity, 
immunosuppressing activity, cardiotonic agent, anti-
inflammatory activity. The vast biodiversity of 
marine microbes results in production of an array of 
enzymes with properties best suited for the survival in 
respective habitats.  Thus there are salt tolerant 
enzymes, thermostable enzymes, and alkalitolerant 
enzymes isolated from marine microbes. [1] 
Proteolytic enzymes constitute more than 65% of the 
total industrial enzymes market. Among them, 
alkaline proteases are the most important ones 
exhibiting wide range of applicability in detergent, 
leather, tanning, pharmaceutical and food industries. 
[2]. 
 
The molecular diversity of the enzymes can be tapped 
by exploring yet unexplored or less explored natural 
habitats which could be used either directly or  
modified so as to suit the application. [2].  
The present study was undertaken to explore the 
potential of microbes in the marine habitats of less 
explored Konkan region Maharashtra, to produce 
industrially important  metabolic products.  
The samples such as sand, clay, mud, sea-water, sea-
weeds, alga, sea-shells, were collected from different 
sites on sea-coast of Maharashtra. (300Km). The 
microbial isolates were screened for the production of 
alkaline protease on sea-water based casein agar 

medium. The bacterial isolate RAT/SA/B24 isolated 
from the sand sample of Ratnagiri sea coast, showing 
maximum proteolytic activity was studied further. 
The fermentation parameters were optimized and the 
enzyme obtained was purified by ion exchange 
chromatography, hydrophobic interaction 
chromatography and size exclusion chromatography. 
The purified enzyme was partially characterized.  
 
The isolate obtained was identified as Vibrio 
CJ11052, based on the 16SrRNA sequencing. 
 
II. MATERIALS AND METHODS 
 
2.1 Screening and isolation of alkaline protease 
producing micro-organisms: 
The culture media and the media ingredients were 
purchased from Hi-media laboratories Ltd. Mumbai. 
The chemicals used for the protease assay were 
purchased from SRL Ltd. Casein (alkali soluble) 
obtained from Merck Ltd. was used for the enzyme 
production. 
Sampling was done along 300km stretch of western 
coast of Maharashtra spanning Thane, Raigad and 
Ratnagiri districts. The collection of samples was 
done about 25feet away from the shore and to a depth 
of about 10feet. At some places water samples were 
collected by boat upto 2Km from the shore. Seawater 
was collected from each site for preparation of media. 
The isolates obtained from marine habitats were 
screened for the alkaline protease production on 
casein agar plates prepared in sea-water (pH8). [4]  .  
 
2.2 Identification of  RAT/SA/B24:  
The organism was identified based on  16SrRNA 
homology studies, conducted at NCCS, Pune. 
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2.3 Purification of enzyme: 
The cell free broth was dialysed against 10mM borate 
buffer pH 7.6 with 4.4mM CaCl2  and ultrafiltered 
through 10kDa membrane using Amicon 
ultrafiltration unit. It was purified using DEAE 
sepharose, phenyl sepharose (Phenyl sepharose6, Fast 
flow Pharmacia, Sweden ) and Sephadex G-75 
(Pharmacia, Sweden) . 
 
2.4 Characterisation of  enzyme: 
Effect of pH on activity of enzyme was determined 
by performing the assay at pH ranging from 5 to 10.6 
at 500C. Buffer strength used was 0.1M and the 
buffers used were – phosphate buffer pH 5, pH6, pH 
7, Glycine-NaOH buffer pH 9 and pH 10.6 containing 
4.4mM CaCl2. The assay was performed at 500C 
using 2% azocasein as a substrate. [5] (Thakore 
D.,1992) 
Effect of temperature on activity of alkaline protease: 
Effect of temperature on activity of enzyme was 
determined by performing the assay at temperatures 
ranging from 10 to 600C in buffer  pH 9. 
Effect of NaCl on stability of alkaline protease: Effect 
of NaCl on stability of enzyme was determined by 
incubating the enzyme with saturating concentration 
of NaCl (5M) at 250C at pH 9 and  measuring the 
residual enzyme activity. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Screening and isolation of alkaline protease 
producing micro-organisms: 
170 bacteria and 30 actinomycete isolates  obtained 
by using various sea-water based media were 
screened for alkaline protease. The organism showing 
highest activity of 55 IU/ml   -RAT/SA/B24 as 
compared to the rest of the isolates was chosen for 
further studies. The fermentation parameters were 
optimized. [4]   The enzyme obtained was purified to 
homogeneity.  
 
3.2 Identification of  RAT/SA/B24: 
 The isolate was identified based on biochemical tests 
and (Fig.1) and 16S rRNA homology study (Fig. 2 
and Fig. 3) 
 

 
Fig. 1 : The biochemical tests for RA/B-24 

 
Fig. 2 : 16S rRNA homology study. 

 

 
Fig. 3 : The phylogenetic tree for RA/B-24 

 
3.3 Purification of enzyme: 
An alkaline protease has been purified from Vibrio 
CJ11052 with 65 fold purity and 32.7% yield which 
is comparable to most of the reported values. 
[6],[7],[8]. 
 
3.4 Characterization of enzyme: 
Effect of pH on activity of enzyme : The enzyme was 
found to have optimum pH at 9. (Fig. 4 ). Alkaline 
proteases generally have pH optimum in the range of 
9 to 11. [9].  pH optima between 8.5 to 9 has been 
reported for the  alkaline metalloproteinase of marine 
Alteromonas sp.[10].Alkaline protease from marine 
luminous bacterium  Vibrio harveyi exhibited pH 
optimum between 8 to 9. [11]. Partially purified 
alkaline protease of halotolerant Bacillus 
licheniformis isolated from marine sediment had pH 
optima of 9. [12]. An alkaline protease from an 
alkaliphilic, thermophilic Bacillus sp. ps719 was 
found to have optimum activity at pH 9.[13] whereas, 
optimum pH for  activity of alkaline protease from 
Bacillus pumilus, was pH 11.5[14] and that for 
Bacillus pumilus jb99 was 11. [15]  
Effect of temperature on activity of alkaline protease: 
The enzyme showed  optimum activity between 
temperature 50-700C. The optimum temperature of 
enzyme activity was 550C.(Fig 5 ). The alkaline 
protease of alkalophilic  Bacillus sp. GX 6644 had 
temperature optima of 50-550C.[16] . 
Effect of NaCl on stability of alkaline protease:      
The enzyme was stable in the presence of saturating 
concentration of NaCl (5 M) for 30 minutes. It 
retained more than 80% activity.  A salt tolerant 
protease (P-II) active in pH range of 7 to9, isolated 
from Aspergillus oryzae, was found to retain 48% 
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activity after 30mins incubation in 18% NaCl (3M).  
[17]. The enzyme was speculated to find use in the 
preparation of soy sauce, wherein such high salt 
concentrations are used. Most of the koji proteases in 
use, were found to be unstable at such high salt 
concentrations. The salt tolerant alkaline proteases 
produced by an extreme halophile Halobacterium 
halobium [18], Bacillus licheniformis [12], by  
Bacillus pumilus JB05  [19] and  a marine bacterium 
Teredinobacter turnirae [2] have been previously 
reported.  Such proteases are important in surfactant 
and detergent formulations as well as in leather 
processing industry.[12] [19]. Enzymes from extreme 
halophiles were found to require 4M NaCl or KCl for 
optimal catalytic activity and stability. These 
enzymes are believed to have got adapted to a high 
salt concentration by two obvious structural features. 
First is the presence of highly acidic amino acid 
residues- aspartic acid and glutamic acid- as observed 
in case of  Halobacterium halobium and second, the 
poorly hydrophobic core of the enzyme. The salting 
out nature of NaCl would additionally pack the core 
of the protein, thereby increasing the hydrophobicity 
of the interior of protein. This would result in 
additional packing of protein which might become 
too tight to allow for efficient protein dynamics. [18]. 
According to K. Ryu 1994, [18], high salt solutions 
are indirectly related to nonaqueous environment as 
the salt reduces the water activity of the solution and 
competes with the enzyme for available water.  
Hence, stability in NaCl solutions may reflect the 
ability of the enzyme to remain stable in nonaqeous 
solvents like dimethyl formamide and 
Dimethylsulphoxide (DMSO).   

 

 
Fig. 4 Effect of pH on activity of alkaline protease 

 

 
Fig.5 Effect of temperature on   activity of alkaline protease 

CONCLUSIONS 
 
The alkaline protease was purified from the 
bacterium of marine habitat. The organism was 
identified as Vibrio CJ11052. The enzyme was 
purified to homogeneity and was found to be active at 
pH 9 and temperature550C. It retained the activity in 
the presence of NaCl. Such an enzyme could have 
applications in organic synthesis and this possibility 
could be further explored and exploited. 
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