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ABSTRACT

Protease enzyme performs proteolysis, which is the catabolism of proteins by the  hydrolysis of the peptide bonds. Alkaline proteases 
have various applications in industrial products and processes such as detergents, food, pharmaceuticals, leather etc. For the present study soil 
samples were collected from specific niches such as dumping areas of fish, meat, egg, pulses etc and screened for alkaline protease production by 
skimmed milk agar and gelatin agar plate assays. Out of the 10 bacterial strains screened, the one with maximum protease production has been 
selected and was coded as PB-3. This strain was identified as Bacillus, on the basis of morphological and biochemical characters using Bergey s 
Manual of Determinative Bacteriology. The potent strain was cultured for alkaline protease production by submerged fermentation. Alkaline 
protease activity was screened by protease assay and total protein assay by standard protocols. The partially purified  enzyme yielded, 360mg/ml 
of protein and 155 U/ml of alkaline proteases respectively which was then encapsulated on sodium alginate gel. The encapsulated bacterial 
proteases (155U/ml) showed encouraging results on degradation of natural pigments and stains. 
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INTRODUCTION

Proteolytic enzymes are ubiquitous in occurrence, being 
found in all living organisms, and are essential for cell growth and 
differentiation. Protease refers to a group of enzymes whose 
catalytic function is to hydrolyze proteins. They are also called 
Proteolytic enzymes or proteinases. Proteases, one among the three 
largest groups of industrial enzymes, account for about 60% of the 
total worldwide sale of enzymes and is widely used in several 
industries that include leather processing, meat processing, diary, 
preparation of organic fertilizer, silk industry and also for the 
recovery of silver from used X-ray films [1-3]. 

Alkaline proteases occur widely in plants, animals and 
microorganisms. The inability of the plant and animal proteases to 
meet current world demands has led to an increased interest in 
microbial proteases (Kumar et al., 2008) [4] In addition, proteases 
from microbial sources are preferred to the enzymes from plant and 
animal sources, since they possess almost all characteristics desired 
for their biotechnological applications (Gouda et al., 2006) [5]. 
Alkaline proteases are produced by a wide range of microorganisms 
including bacteria, moulds and yeasts. In bacteria, this enzyme is 
produced mainly by many member belonging to genus Bacillus 
especially, B. licheniformis; B. horikoshii, B. sphaericus, Bacillus 
furmis, Bacillus alcalophilus, Bacillus subtilis (Ellaiah et al.,2002) [6]. 
Currently, a large proportion of commercially available proteases 
are derived from Bacillus strains (Mehrato et al.1999) [7]. Bacillus 
proteases are predominantly extracellular and can be concentrated 
in the fermentation medium. Alkaline proteases are generally 
produced using submerged fermentation due to its apparent 
advantages in consistent enzyme production characteristics with 
defined medium and process conditions and advantages in 
downstream in spite of the cost-intensiveness for medium 
components (Prakasham et al.,2006) [8].

Since the industrial use of proteases, particularly the 
alkaline proteases are expected to grow tremendously in the coming 
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decade; microbial proteases producing industries are always in 
search of new and cheaper methods to enhance the protease 
production as well as to decrease the market price of this enzyme 
(Mukherjee et al., 2008) [9]. Each microbial strain is unique in their 
molecular, biochemical, metabolic and enzyme production 
properties. This warrants through characterization of isolated 
individual microbial species to evaluate its potential at commercial 
level.

MATERIALS AND METHODS

Isolation and screening for potent isolates for alkaline protease 
production:

Soil samples were collected from specific niches such as 
dumping areas of fish, meat, egg, pulses etc. which were not 
contaminated by detergents and serially diluted as described by 
Sjodahl et al., (2002) [10].  An aliquot (100µl) of appropriate dilutions 
were spread plated onto sterilized skimmed milk agar plates at pH 
9.0, incubated at 370C for three days and checked for any zone of 
clearance due to hydrolysis of skimmed milk.

Screening of the best isolate with reference to their 
protease activity were carried out with plate assay using gelatin 
clear zone method in protease specific medium and zones 
hydrolysis was measured in millimeters as mentioned  by Abdel 
Galil in 1992 [11].

Identification of potent isolate by standard methods:
The isolate was characterized and identified in its finer 

details by means of morphological, microscopical, biochemical 
characterization according to Bergy’s Manual of Determinative 
Bacteriology and Mac Conkey agar tests [12].

Screening for alkaline protease activity:
 Protease activity and total proteins were estimated as per 
standard protocols. Protease activity was determined by modified 
Lowry method and total proteins by Lowry method  using bovine 
serum albumin as standard [13, 14].

Submerged fermentation for alkaline protease production:
The best isolate which showed a marked clear zone was 

selected for further studies. It was inoculated into 100ml of the 
basal medium (nutrient agar containing 0.1% casein) at pH 9.0 and 
incubated at 370C. Samples were drawn periodically from 24- 144  
hours  at every 24 hours interval, centrifuged at 10,000 rpm  at 4°C  
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and the  crude enzyme supernatant was   analysed for  pH , total 
proteins and protease activity [15].

Immobilisation:
The enzyme was partially purified before encapsulation. 

The sample (10 ml of protease production media) was centrifuged 
and the supernatant was precipitated out by adding ammonium 
sulphate at 40% saturation (according to the chart of Gomori (1955) 
as mentioned by Dixon and Webb (1964) and refrigerated overnight 
[16, 17]. The enzyme pellet was mixed with 20ml sodium alginate gel 
and dropped onto cold calcium chloride solution for encapsulation.

Industrial application:
Stain removal:

A clean piece of cloth (2.5cm x 2.5cm) was soaked in 
blood (obtained from slaughter house) and in other natural stains 
such as juices of beet root, turmeric etc. The cloth was then dried 
and soaked in 2% formaldehyde and washed with water to remove 
the excess formaldehyde. The test sample cloth was incubated with 

the supernatant obtained by centrifuging the immobilized beads, at 
37°C. After 24 hours of incubation, each piece of cloth was washed 
and dried. Controls were put up without enzyme [18].

RESULT AND DISCUSSION

Isolation of alkaline protease producing microorganism from 
soil sample:

Protease producing bacteria were obtained through 102 
serial dilution on 1% skimmed milk agar plate. When screened on 
SMA with 10% concentration at pH 9, a clear zone of skimmed milk 
hydrolysis was obtained around the colony within 24 hours 
indicating alkaline protease production by the microorganism Plate-
1. Insitu protease production was demonstrated by the clearing of 
opaque milk protein in the area surrounding the growing colonies 
[19]. Gupta et al.,in 2005 performed isolation of bacterial strains from 
environmental samples and screened their capability of protease 
production using skimmed milk agar [20].

Fig. 1: Plate-1 Zone of hydrolysis of PB-3 on SMA

Screening of potent isolate for alkaline protease production:
The isolate was screened for the alkaline protease activity 

on protease specific medium containing gelatin. The growth and 
zone of hydrolysis were monitored over 24 to 48 hours. The isolate 

coded as PB-3 exhibited a clear zone of diameter 55mm at 48 hours 
and was selected for further studies. Plate- 2.

Fig. 2: Plate-2 Zone of hydrolysis of PB-3 on Gelatin Agar

Identification of potent isolate by standard methods:
The potent bacteria were identified by morphology, 

microscopy, Gram’s staining, and biochemical characterization. 
Biochemical characterization was carried out as per Bergy’s Manual 
of Determinative Bacteriology through biochemical analysis. The 

isolate was Mac Conkey agar negative.  From the above standard 
methods the isolate was found to be a Gram positive, motile, rod 
shaped, bacterium which formed circular, smooth, slightly convex 
colonies. Plate-3, 4, 5 & Table 1.

Fig. 3: Plate-3 PB-3 on solid media Fig. 4: Plate-4 Gram staining of PB-3
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Fig. 5: Plate-5 PB-3 negative on Mac Conkey Agar test MacConkey Agar  negative

Table No. 1: Biochemical Test Analysis

SL NO. BIOCHEMICAL TEST RESULTS 
1 Indole test Negative
2 MR Negative
3 VP Positive
4 Simmons citrate Positive
5 Catalase Negative
6 MacConkey agar test Negative

Submerged fermentation for alkaline protease production:
The isolate grew well on the growth medium. pH of 

growth medium showed a marked influence. During growth there 
was an increase in pH to a maximum of 10.0 at 72 hours and then it 
decreased to 4.0 till 144 hours. Alkaline protease production for 
Bacillus polymyxa was maximum at pH 9.0 [21]. At alkaline conditions, 
pH 9.0 has been reported as optimum for production of alkaline 
protease by Bacillus stearothermophilus [22]. The protease produced 
from Bacillus cereus was found to be most active at pH10.5 and 
further increase in pH showed decrease in protease activity [23].

Immobilization:
Submerged fermentation was repeated in basal growth 

medium with the isolate at pH 9.0 and incubated at 370C for 72 
hours. The medium was centrifuged at 10,000 rpm at 40C and the 
culture supernatant was collected. The crude culture supernatant 
was concentrated by ammonium sulphate precipitation at 40% 
saturation (according to the chart of Gomori (1955) as mentioned 
by Dixon and Webb (1964). Fraction obtained at 20% saturation 
yielded 190mg/ml of protein but showed no enzyme activity 
whereas fraction obtained at 40% saturation yielded 360mg/ml of 
protein and 155 U/ml of enzyme respectively. The enzyme pellet 
was mixed with 20ml sodium alginate gel and dropped on to cold 

calcium chloride solution to form immobilized enzyme beads. The 
beads showed good productivity upto a maximum of five cycles with 
washing and resuspension in sterile saline followed by medium 
after 72hours. There was a gradual loss of enzyme production as the 
repeated use of the beads resulted in the disintegration during the 
10th batch. The beads were successfully run for 9 batches [24]. Plate-6.

Fig. 6: Plate-6 Alkaline protease encapsulation 

Application in industry- Stain removal:
The partially purified bacterial proteases showed 

encouraging results on degradation of natural pigments and stains. 
From 8 hours onwards there was haemolysis of blood and lysed 
upto 75% by 72 hours Plate-7. While natural pigments such as 
turmeric and beet root showed 25% decolouration at 24 hours and 
60% after 48 hours Plate-8 & 9. Thus partially purified enzyme 
(155U/ml) was found to be effective in removing natural pigments 
and stains.

  

         Fig. 7: Plate-7 Blood stain            Fig. 8: Plate-8 Turmeric stain          Fig. 9: Plate-9 Beetroot stain

CONCLUSION

The immobilized enzyme beads were used for 
degradation of natural pigments and stains. Turmeric, beetroot and 
blood stains were used and destaining was obtained from all the 
above stains. From 4 hours onwards there was haemolysis of blood 
and was lyzed up to 75 % by 72 hours. While natural pigments such 
as turmeric, beet root etc showed 25% decolourisation at 24 hours 
and after 48 hours showed more than 60% decolourisation. Thus 
the partially purified enzyme (155 U/l) was found to be effective in 
removing natural pigments and stains. 
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