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Abstract 

A number of alkaline proteases having potential industrial applications have been reported. 
However, the search is still on for better alkaline proteases having better suitability in industrial 
processes. New microbial strains producing useful enzymes can be isolated from natural habitats. In this 
regard the present study entitled “Production Optimization and Characterization of an alkaline 
thermostable protease and its application as laundry additive” was done and the major findings of this 
study are, alkalophilic organisms producing alkaline thermostable protease(s) were isolated from landfill 
site and milk industry soil. Isolate AP11 was found Gram positive alkalophile. Optimization studies on 
protease production from isolate AP11 revealed that the conditions for maximum protease production 
were 24 hours of incubation, 1% soyabean meal as nitrogen source, pH 10.2 (1% sodium carbonate),1% 
glucose, inoculum size of 1%,inoculum age of 16 h, Incubation temperature of 25°C and agitation rate of 
250 rpm. 

Key words: thermostable, protease, optimization, Isolate AP11 
1. Introduction 

 
Enzymes are well known biocatalysts that perform a multitude of chemical reactions and are 
commercially exploited in a number of processes. Proteases are the most important industrial enzymes 
accounting for approximately 60% of the total industrial enzyme market. They have diverse applications 
in a wide variety of industries, such as in detergent, food, pharmaceutical, leather, silk and recovery of 
silver from used X-ray films (Gupta et al., 2002; Rao et al., 2009). 

There is a great industrial demand of proteolytic enzymes, with appropriate specificity and stability of pH, 
temperature and surfactants. Proteases with high activity and stability in high alkaline range and high 
temperatures are interesting for bioengineering and biotechnological applications. Their major application 
is in detergent industry because the pH of laundry detergents is generally in the range of 9.0-12.0. Owing 
to the better cleansing properties of enzyme-based detergents and pollution-alleviating capacity over 
conventional synthetic detergents (Krik et al., 2002; Mukherjee et al., 2008, Bhardwaj 

 et al.,2014 ), alkaline proteases have made their way as key ingredients in detergent formulations 
(Maurer, 2004). Proteases in detergent industries account for approximately 30% of the total world 
enzyme production (Kumar et al 2014). 

Though plants and animals also produce extracellular proteases, microorganisms are preferred source of 
proteases because of their rapid growth, limited space required for their cultivation, longer shelf life and 
the ease with which they can be genetically manipulated to generate improved enzymes (Rao et al., 
1998). Although alkaline proteases are produced by a wide range of microorganisms including bacteria, 
actinomycetes, molds and yeasts, yet bacteria are the most dominant group of alkaline protease producers 
with the genus Bacillus being the most predominant source followed by Pseudomonas such as Bacillus 
thermoruber (Manachini et al., 1988), Bacillus clausii (Kazan et al., 2005), Bacillus cereus (Shafee et al., 
2005; Joshi et al., 2007), Bacillus licheniformis (Olajuyigbe and Ajele, 2008), Bacillus subtilis (Pillai and 
Archana, 2008; Ghafoor and Hasnain, 2009), Bacillus circulans (Rao et al., 2009) and Pseudomonas 
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aeruginosa (Karadzic et al., 2004; Khan et al., 2006). A considerable number of fungal species are also 
known to produce extracellular alkaline proteases such as Conidiobolus coronatus (Phadatare, 1993), 
Trichoderma harzianum (Dunaevsky et al., 2000) and Aspergillus fumigatus (Wang et al., 2005). Among 
yeast proteases, Candida sp. has been studied in detail (Poza et al., 2001). 

Most of the available industrial proteases have some limitations and their use highly depends on their 
stability during isolation, purification and storage in addition to their robustness against solvents, 
surfactants and oxidants. Although a number of alkaline proteases for their potential application have 
been characterized and patented, the industry is still in search of efficient alkaline proteases. Isolation of 
alkaline protease(s) producing bacteria. 

 

 
2.  Materials 
2.1 Growth Medium 
Composition of Nutrient medium (Horikoshi medium) (Horikoshi and Akiba, 1982).Glucose1.0%, 
Peptone 0.5%, Yeast extract      0.5%, KHR2RPOR4 R0.1%, MgSOR4R.7HR2RO  0.02%,    Agar 2.0%,   NaR2RCOR3 R1.0 
% (pH 10.2).NaR2RCOR3 R(10% stock solution) is sterilized separately and added to the medium after 
sterilization. 
 
2.2 Glassware/Plastic ware and chemicals 
Borosil and Schott Duran glassware was used throughout the study, which was washed twice with the 
detergent with final rinsing in distilled water. Tarsons and Laxbro plasticware was used during the study. 
These were washed twice with detergent, rinsed with distilled water and dried in hot air oven at 70°C 
prior to use.All the chemicals and reagents used in the study were of high purity obtained from Hi-Media, 
SD Fine Chemicals, E-Merck, Qualigens and SRL.Casein was purchased from Sigma. 
 
2.3 Soil sample 
Soil samples were collected from landfill site and milk industry. The pH of the soil was measured at the 
site of collection of samples with the help of a pH strip. The samples were brought to the laboratory and 
processed immediately. 
 
3     Methods 
3.1  Isolation of the organisms 
1 gram of the soil sample was suspended in 100 ml of sterile distilled water and suitable dilutions were 
plated on the Horikoshi Medium for the isolation of alkalophiles (Horikoshi and Akibia, 1982). 
 
3.2 Screening of alkaline protease producing bacteria 
The isolates were grown on Horikoshi medium plates containing 1% casein and incubated at 37°C for 24 
hrs. The protease production was observed by visualization of clear halo zones around the colonies after 
the plates were flooded with 1 N HCl. 
 
3.3  Protease production in liquid medium 
3.3.1 Inoculum preparation 
20 ml of HK broth (pH 10.2) was taken in a 100 ml flask. The inoculum was prepared by inoculating it 
with a loopful of pure culture from the plate and incubated for 20 h at 37°C, 150 rpm. 

3.3.2 Submerged fermentation 
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20 ml of HK broth (pH 10.2) was taken in a 100 ml flask and was inoculated with 1% inoculum of 20 h 
old culture and incubated in a shaker for 24 h at 37°C, 150 rpm. The culture was centrifuged at 10,000 
rpm for 10-15 min. Protease activity was assayed in the cell free supernatant. 
 
3.3.3 Assay for protease enzyme 
Protease activity was measured by Lowry method (Lowry et al., 1951). 
Enzyme units 
One unit of protease activity is defined as micromoles of tyrosine liberated per minute per ml of the 
enzyme.George et al 2014 
3.4 Optimization of parameters for alkaline protease production 
The effect of various physico-chemical cultural parameters e.g. carbon source, nitrogen source, 
temperature, pH and agitation rate was studied for optimum protease production in isolate AP11. 
 
3.4.1   Incubation time 
Viable cell count and protease activity in the cell free supernatant was measured for isolate AP11 for a 
period of 0-48 h. For this, 500 ml of HK medium broth was inoculated with 1% inoculum of 20 h old 
culture of isolate AP11. The inoculated medium was distributed equally (20 ml each) in 24 autoclaved 
100 ml flasks. These were incubated at 37°C, 150 rpm. Flasks were taken out at regular intervals (0 h, 0.5 
h, 1 h, 2 h, 3 h, 4 h, 8 h, 10 h, 24 h, 28 h, 32 h and 48 h) in duplicates and with these growth curve was 
plotted by measuring cell count which was done by plating suitable dilutions on HK medium plates for 
each time interval. Enzyme activity was also measured in the cell free supernatant for each time interval. 
 
3.4.2 Nitrogen sources 
Various organic nitrogen sources i.e. casein, soyabean meal, tryptone, gelatin, peptone and yeast extract 
were added to the HK medium at a concentration of 1% (instead of 0.5% peptone and 0.5% yeast extract 
in HK medium) for the production of alkaline protease. Medium was inoculated with 1% inoculum of 20 
h old culture of isolate AP11. Enzyme was harvested after 24 h of incubation and activity was 
determined. 
 
3.4.3 Concentration of nitrogen source 
Different concentrations of nitrogen source (soyabean meal) viz. 0.5%, 1%, 1.5%, 2%, 2.5% and 3% were 
used in the medium to determine the effect of concentration of nitrogen source on the production of 
alkaline protease. Enzyme was harvested after 24 h of incubation. 
 
3.4.4 pH 
The effect of pH was studied by adding different concentrations of NaR2RCOR3 Rin the medium i.e. 0% (pH 
6.8), 0.25% (pH 7.0), 0.5% (pH 9.3), 1.0% (pH 10.2), 1.5% (pH 10.8), 2.0% (pH 11.2), 2.5% (pH 11.6), 
3.0% (pH 11.8) and inoculating with 1% inoculum of 20 h old culture of isolate AP11. The inoculated 
flasks were incubated at 37°C under shaking conditions (150 rpm) and the enzyme from respective flask 
was harvested after 24 h of incubation for protease assay. 
 
3.4.5 Carbon source 
Various carbon sources i.e. glucose, maltose, sucrose and starch were added to the medium at a 
concentration of 1% and their effect on alkaline protease production was studied. Enzyme was harvested 
after 24 h of incubation. 
 
3.4.6 Inoculum size 
The medium was inoculated with different inoculum sizes (0.1%, 1.0%, 5.0% and 10.0%) of 20 h old 
culture and their effect on the protease production was studied after 24 h of incubation. 
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3.4.7 Inoculum age 
The medium was inoculated with 1% inoculum of different ages viz. 7 h, 16 h, 20 h and 24 h and enzyme 
activity was estimated after 24 h of incubation. 
3.4.8 Incubation temperature 
The effect of incubation temperature was studied by incubating the inoculated medium flasks at different 
incubation temperatures i.e. 25°C, 30°C, 37°C and 42°C. Enzyme activity was estimated in the cell free 
supernatant after 24 h of incubation. 
 
3.4.9 Agitation rate 
Alkaline protease production from isolate AP11 was studied at different agitation rates of 0 rpm (no 
agitation), 100 rpm, 150 rpm, 200 rpm and 250 rpm. The medium flasks were inoculated and incubated 
rotary shakers set at different agitation rates. The protease assay was done after 24 hours. 
 
3.4.10 Optimization of protease production using response surface methodology 
Based on the results of the one-variable-at-a-time experiments, three variables were chosen viz. soyabean 
meal concentration, NaR2RCOR3R concentration (pH) and incubation temperature to optimize the production of 
alkaline protease from isolate AP11 using response surface methodology (RSM). In this regard, Design-
Expert 8.0.2 Trial version was used to design the experiment. The optimum value for each parameter was 
used as the central value. A total of 20 experiments with different combinations of the selected parameters 
were performed so as to get the conditions optimized for maximum production of the enzyme. 
* All the experiments were done in duplicates and average values were taken for the final calculation of 
results. 
 
3.5 Characterization of alkaline protease produced by isolate AP11 
The alkaline protease of the isolate AP11 was produced under optimum conditions. This enzyme was 
used to study the effect of various parameters on enzyme activity. 
 
3.5.1 Effect of temperature 
The optimal temperature for enzyme activity was determined by carrying out enzyme reactions at 
different temperatures in the range of 30°C-70°C. The thermal stability of the protease was determined in 
the temperature range of 40°C-60°C by measuring the residual protease activity at each temperature. The 
enzyme was incubated at respective temperatures for four hours and aliquots were withdrawn sequentially 
at different time intervals (0 min, 5 min, 10 min, 15 min, 30 min, 60 min, 120 min, 180 min and 240 min) 
and residual protease activity was measured under standard assay conditions.  
 
3.5.2 Effect of pH 
The optimum pH of the enzyme was determined by preparing the substrate (0.6% casein) as well as 
suitable enzyme dilutions in the buffers of different pH values i.e. pH 7, pH 8, pH 9.2, pH 10, and pH 11 
and performing the assay under standard conditions. The assay was done at 60°C. The pH stability of 
protease was determined by suitably diluting the enzyme in the buffers of different pH values i.e. pH 8, 
pH 9.2, pH 10, and pH 11 and then incubating the enzymes at room temperature for four hours. Aliquots 
were withdrawn at different time intervals (0 min, 10 min, 20 min, 30 min, 60 min, 120 min, 180 min and 
240 min) and residual activity was measured. Buffers used were phosphate buffer (pH 7 and pH 8), 
carbonate-bicarbonate buffer (pH 9.2 and pH 10), and sodium bicarbonate-sodium hydroxide buffer (pH 
11). 
 
3.5.3 Effect of substrate concentration 
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The effect of different concentrations of casein on alkaline protease activity was determined by varying 
the concentration of casein i.e. 1 mg/ml to 10 mg/ml. To obtain a typical hyperbolic curve, substrate 
concentration of 0.2 to 2 mg/ml was used and the effect on enzyme activity was studied. After that, a 
double reciprocal curve was plotted (Lineweaver-Burk plot) to calculate the Km and Vmax of enzyme. 
 
3.5.4 Effect of inhibitors 
The effect of inhibitors on the activity of protease from isolate AP11 was studied by incubating the 
enzyme at 30°C for 30 min in the presence of inhibitors viz. phenylmethylsulfonyl fluoride (PMSF) and 
β-mercaptoethanol at a final concentration of 1 mM, 5 mM and 10 mM. For control, equal amount of 
enzyme was diluted in carbonate-bicarbonate buffer (pH 9.2, 50 mM) and incubating at 30°C for 30 min. 
The residual protease activity (with respect to control) was measured by performing the assay under 
standard conditions. 
3.5.5 Effect of metal ions 
The effect of metal ions on alkaline protease activity was studied by incubating the enzyme at 30°C for 30 
min in the presence of metal ions viz. Fe P

2+
P, CaP

2+
P, Cu P

2+
P, Mg P

2+
P, Mn P

2+
P, NaP

+
P, KP

+
P, Co P

2+
P, Zn P

2+
P at a final 

concentration of 1 mM, 5 mM and 10 mM. Simultaneous control was also run which lacked the ion. The 
residual protease activity (with respect to control) was measured by performing the assay under standard 
conditions. 
 
3.5.6 Studies on compatibility of alkaline protease with detergents 
The compatibility of alkaline protease from AP11 with some commercial laundry detergents viz. Wheel, 
Rin, Ariel and Tide was assessed. Detergents solutions were prepared at a concentration of 0.25% and 
then heated to destroy the indigenous protease activity. After cooling, the enzyme was added to the 
detergent solutions to prepare a suitable dilution of the enzyme and the mixture was pre-incubated at 
30°C for 30 min. Thereafter, alkaline protease activity was measured. 
 
3.6 Stain removal activity of alkaline protease (De-staining properties) 
The blood stain removal activity of alkaline protease was determined by dipping 5 cm × 5 cm piece each 
of artificially blood stained cotton and muslin cloths in 50 ml of detergent solution supplemented with 
enzyme for 30 minutes at room temperature. A simultaneous control was run in which the stained cloths 
were dipped in detergent solution without the addition of enzyme. Before the addition of enzyme, the 
detergent solutions were boiled and then cooled to destroy the indigenous protease activity. 

*All the experiments were done in triplicates and average values were taken for the final calculation of 
results. 

4. Results and discussion 
4.1 Isolation of alkalophiles 
In the present study soil samples were collected from the landfill site and milk industry and 51 
alkalophilic organisms were isolated from these samples on Horikoshi medium as described in section 
3.2. The isolates were able to grow at pH 10, although some of the soil samples had a neutral pH. This is 
well known that the occurrence of alkalophilic microorganisms is independent of the pH of sample origin. 
Horikoshi (1991) reported that frequency of alkalophilic microorganisms in neutral soil samples can be 
upto 1/10P

th
P of the population of the neutrophilic microorganisms (Horikoshi, 1999; Zhao et al., 2006). 

 
4.2  Screening of alkaline protease producing bacteria 
All the isolates were screened for the production of proteases on Horikoshi medium plates containing 
casein as described in section 3.2. Out of 51, 14 isolates were found to be alkaline protease producers 
(Table 4.1). 
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Table 4.1: Screening of alkalophilic isolates for protease production 

 
 

 
Isolate number 

 
Alkaline protease 

production 

 
Isolate number 

 
Alkaline protease 

production 

1 _ 26 _ 

2 + 27 + 

3 _ 28 _ 

4 _ 29 _ 

5 + 30 _ 

6 _ 32 ++ 

7 _ 33 _ 

8 _ 34 _ 

9 _ 35 + 

10 + 36 +++ 

11 +++ 37 _ 

12 _ 38 _ 

13 _ 39 _ 

14 _ 40 + 

15 _ 41 _ 

16 _ 42 _ 

17 _ 43 _ 

18 + 44 + 

19 _ 45 _ 

20 _                 46 + + 

21 _ 47 + 
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22 _ 48 _ 

23 _ 49 _ 

24 _ 50 _ 

25 + 51 _ 

 
 
4.2.1   Selection of isolate for alkaline protease production 
Out of the 14 protease producers, two isolates viz. isolate numbers 11 and 36 were giving the maximum 
hydrolysis of casein as visualized by zone diameter to colony diameter ratio (Fig. 4.1). 

Both the isolates were analyzed for the enzyme activity by submerged fermentation in Horikoshi medium. 
Isolate no. 11 was found to produce more activity than isolate no. 36 when assayed at 60°C and pH 9.2 
(Table 4.2). This isolate was selected for further studies and it was designated as isolate AP11. 
 

Table 4.2: Submerged fermentation of isolate no. 11 and 36 
 

Isolate number 
 

Enzyme activity (Units/ml) 

11 21.6 

36 17.9 
 
4.3    Morphological characterstics of isolate ap11: 
Broth culture was used for detecting the Gram behavior of isolate AP11 which revealed that it is Gram 
positive, rod-shaped, present singly or in pairs. It produced white, smooth, translucent, low convex 
colonies. The physiological characteristics of isolate AP11 showed it to be an alkalophile growing at pH 
10 and the organism was a mesophile as it was not able to grow at temperatures above 40°C. The 
organism was spore forming as determined by spore staining technique. These preliminary results indicate 
that isolate AP11 is an alkalophile and most probably a Bacillus sp. 
4.4    Optimization of alkaline protease production 
The production of alkaline protease from isolate AP11 was optimized with respect to different parameters 
in the submerged culture: 
 
4.4.1 Effect of incubation time on enzyme production and growth 
Kinetics of bacterial growth and protease production were investigated by inoculating isolate AP11 in 
Horikoshi medium at pH 10.2 (1% NaR2RCOR3R). The organism showed a typical bacterial growth curve. No 
extracellular proteolytic activity was observed during the early- and mid-exponential growth phase. The 
enzyme production started with the onset of stationary phase and it reached its maximum after 24 hours. 
On further incubation, the enzyme production decreased (Fig. 4.2). 
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Fig. 4.2 Production of protease from alkalophilic isolate AP11 at different time intervals. 

 
Similar results have been shown with Bacillus subtilis (Dutt et al., 2008), Bacillus cereus (Joshi et al., 
2007), Chryseobacterium taeanense TKU001 (Wang et al., 2008) and Halobacillus karajensis (Heidari et 
al., 2009) where the maximum extracellular protease production was seen in the stationary phase. 
 
4.4.2 Effect of different nitrogen sources 
Nitrogen is metabolized to produce primarily amino acids, nucleic acids, proteins and cell wall 
components. The nitrogen sources have regulatory effect on enzyme synthesis. Therefore the production 
of proteases is highly dependent on nitrogen source available in the medium (Chu et al., 1992; Patel et al., 
2005). 
Effect of different nitrogen sources on the production of protease with isolate AP11 was analyzed. 
Different nitrogen sources viz. casein, soyabean meal, tryptone, gelatin, peptone and yeast extract were 
added to the HK medium (instead of 0.5% peptone and 0.5% yeast extract in HK medium). Protease 
production could be seen with most of the nitrogen sources except yeast extract. Maximum protease 
activity was observed with soyabean meal. However, comparable enzyme production occurred with 
casein and peptone also (Fig 4.3). 

 
Fig. 4.3 Production of protease from alkalophilic isolate AP11 with different nitrogen sources. 

In literature, different nitrogen sources like soyabean meal, casein, gelatin, peptone, yeast extract and 
tryptone have been reported best for the optimal production of bacterial alkaline proteases (Laxman et al., 
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2005; Thomas et al., 2007; Chu, 2007; Joshi et al., 2007; Enshasy et al., 2008; Ghafoor and Hasnain, 
2009). Soyabean meal was usually recognized as a potentially useful and cost-effective medium 
ingredient, because it is largely produced as a by-product in oil extraction industry. Moreover, chemical 
analysis showed that it is composed of approximately 40% protein and is rich in other organic and 
inorganic components. Therefore, soyabean meal has been used for the cost-effective production of 
extracellular proteases by many authors (Joo et al., 2002; Joo and Chang, 2005; Tari et al., 2006). 

Soyabean meal is an inexpensive and readily available substrate. Therefore, for further experiments 
soyabean meal was used as nitrogen source in this study. 
 
4.4.3 Effect of soyabean meal concentration 
Since soyabean meal was the most favourable nitrogen source for the enzyme production, it was 
necessary to study the effect of its concentration on the enzyme production. The concentration of 
soyabean meal was varied (0.5%-3%) and its effect was studied on enzyme production. The protease 
production was highly dependent on the availability of nitrogen source which was clear from the fact that 
at low soyabean meal concentration, very low enzyme production was observed. Maximum enzyme 
production was observed with 1%-1.5% soyabean meal concentration. No increase in enzyme production 
was seen with further increase in the concentration of soyabean meal (Fig 4.4). 

These results are in agreement with Saurabh et al. (2007) and Ibrahim et al. (2009) where 1.5% and 2% of 
soyabean meal was shown to be the best for the production of proteases from Bacillus sp. SBP-29 and 
Bacillus halodurans respectively. Maximum protease production from Streptomyces avermectinus NRRL 
B-8165 has been reported with 0.5% of soyabean meal (Ahmed et al., 2008) whereas with isolate AP11 
very less amount of protease could be produced with 0.5% of soyabean meal. 

For further experiments 1% soyabean meal was used as nitrogen source in this study. 
 

 
Fig. 4.4 Production of protease from alkalophilic isolate AP11 with different concentrations of 

soyabean meal. 
 
4.4.4 Effect of pH 
Isolate AP11 is an alkalophilic organism. Therefore the pH of the growth medium is expected to effect the 
production of the enzyme. The enzyme production was done at different pH levels by adding different 
amounts of sodium carbonate in the medium i.e. 0.25% (pH 7.0), 0.5% (pH 9.3), 1.0% (pH 10.2), 1.5% 
(pH 10.8), 2.0% (pH 11.2), 2.5% (pH 11.6) and 3.0% (pH 11.8). Since the organism is alkalophilic, 
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negligible growth and enzyme production was observed in the neutral pH range. Maximum enzyme 
production was observed with 0.5%-1% sodium carbonate (pH~9.3-10.2). However, enzyme production 
decreased with further increase in pH (Fig 4.5). 

Different Bacillus spp. have been reported to produce alkaline protease in alkaline range, e.g. Bacillus sp. 
isolate K30 (Naidu and Devi, 2005) at pH 9.0, Bacillus brevis at pH 10.5 (Banerjee et al., 1999), Bacillus 
cereus MTCC 6840 (Joshi et al., 2007) and Bacillus sp. APP1 (Chu, 2007) at pH 9.0 and Bacillus 
licheniformis at pH 10.0 (Enshasy et al., 2008). 

For further experiments 1% sodium carbonate was used in this study. 
 

 
Fig. 4.5  Production of protease from alkalophilic isolate AP11 at different concentrations of 

sodium carbonate (pH range 6.8-11.8). 
 
4.4.5  Effect of different carbon sources 
The protease production was done with different carbon sources viz. glucose, maltose, sucrose and starch 
at a concentration of 1%. Maximum enzyme production was observed with glucose. However, enzyme 
production was comparable in other carbon sources as well (Fig 4.6). 

 
Fig. 4.6  Production of protease from alkalophilic isolate AP11 with different carbon sources. 
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Different carbon sources like glucose, starch, maltose and sucrose have been reported to be the best for 
the production of proteases (Johnvesly et al., 2001; Frikha et al., 2005; Salleh et al., 2005; Joshi et al., 
2007; Dutt et al., 2008; Gupta et al., 2008; Ahmed et al., 2008; Ghafoor and Hasnain, 2009). Alike isolate 
AP11, 1% glucose has been reported to be the best for the production of alkaline proteases from Bacillus 
subtilis AG-1 (Ghafoor and Hasnain, 2009) and Bacillus licheniformis (Enshasy et al., 2008). 

For further experiments glucose was used as carbon source in this study. 
 
4.4.6  Effect of inoculum size 
To ensure a high production of enzyme in the limited volume of medium, the bacterial inoculum size 
should be controlled. Small inoculum size leads to higher surface area to volume ratio as well as 
improved distribution of dissolved oxygen resulting in increased enzyme production. However, if the 
inoculum size is too small, insufficient number of bacteria would lead to reduced amount of secreted 
protease. Conversely, higher inoculum size results in reduced dissolved oxygen and increased competition 
towards nutrients. Hence, isolate AP11 was grown for 20 h and it was used as starting culture for 
inoculation in different sizes (0.1%, 1.0%, 5.0% and 10.0%). Inoculum size of less than 1% was 
inadequate for protease production whereas inoculum size of 1% and above could produce comparable 
amount of enzyme (Fig 4.7). 

Inoculum size of 1% has been reported to be best for the production of alkaline protease by Bacillus 
subtilis EAG-2 and Bacillus subtilis AG-1 (Ghafoor and Hasnain, 2009). However, inoculum sizes of 4% 
and 5% have been reported to be optimum for the production of proteases from Bacillus cereus strain 146 
(Shafee et al., 2005) and Bacillus subtilis strain Rand (Abusham et al., 2009) respectively. 

For further experiments 1% inoculum was used in this study. 

 
Fig. 4.7 Production of protease from alkalophilic isolate AP11 with different inoculum sizes. 
4.4.7  Effect of inoculum age 
Like inoculum size, the inoculum age (physiological state of cells) can also be an important parameter for 
the enzyme production. The enzyme production was done by inoculating the medium with 1% inoculum 
of different ages viz. 7 h, 16 h, 20 h and 24 h (The inoculum was prepared by inoculating HK medium 
with a loopful of culture from the plate). Maximum enzyme production was observed with 16 h inoculum. 
Comparable enzyme production was observed with 20 h and 24 h inoculum (Fig 4.8). 

For further experiments 16 h inoculum was used in this study. 
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Fig. 4.8  Production of protease from alkalophilic isolate AP11 with different inoculum sizes. 
 
4.4.8 Effect of temperature 
Temperature is a critical parameter for all the cell functions. It has been shown that there is a link between 
enzyme synthesis and energy metabolism in bacteria and this is controlled by temperature and oxygen 
uptake (Frankena et al., 1986). Moreover, for extracellular enzymes, temperature has been found to 
influence their secretion, possibly by changing the physical properties of the cell membrane (Rahman et 
al., 2005). 

The optimum temperature for the production of protease from isolate AP11 was investigated from 25°C-
42°C. The medium was inoculated with isolate AP11 and incubated at different temperatures viz. 25°C, 
30°C, 37°C and 42°C. Since the organism is a mesophile, very low growth as well as low amount of 
protease production was observed at higher temperature (42°C). Maximum protease production was 
observed at 25°C. The enzyme production decreased with the increase in temperature. At 37°C, it 
decreased by 60% (Fig. 4.9). 

 
Fig. 4.9  Production of protease from alkalophilic isolate AP11 at different temperatures. 

The alkaline protease production from bacteria showed wide range of variations with respect to 
incubation temperature. Bacillus sp. isolated from glaciers showed maximum protease production at 7°C 
(Gordon, 1982) while Bacillus subtilis strain Rand (Abusham et al., 2009) and Bacillus halodurans 
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(Ibrahim et al., 2009) showed maximum protease production at 37°C. Bacillus clausii (Kumar et al., 
2004) was reported to produce alkaline protease at 42°C, Bacillus sp. APP1 (Chu, 2007) at 50°C, Bacillus 
sp. K-30 (Naidu and Devi, 2005) and Thermomicrobium sp. KN-22 at 70°C (1TMurao 1T et al., 1991). 

Although isolate AP11 was able to grow well in the range of 25°C-37°C, it preferred lower mesophilic 
temperature for enzyme synthesis with maximum production being recorded at 25°C. Similar results have 
been reported with Bacillus cereus (Joshi et al., 2007) and Bacillus circulans (Jaswal et al., 2008) where 
maximum protease production has been shown to be at 25°C. This is slightly higher than optimum 
temperature of alkaline protease producing psychrophilic Bacillus cereus sp. (Shi et al., 2005) and 
Pedobacter cryoconitis (Margesin et al., 2005). 

For further experiments 25°C was used as incubation temperature in this study. 
 
4.4.9 Effect of aeration and agitation 
Microorganisms vary in their oxygen requirements. In particular, oxygen acts as a terminal electron 
acceptor for oxidative reactions to provide energy for cellular activities. Moreover, the variation in the 
agitation speed has been found to influence the extent of mixing in the shake flasks thereby affecting the 
nutrient availability (Nascimento and Martins, 2004). 

The protease production was done at different agitation rates viz. 0 rpm (without agitation), 100 rpm, 150 
rpm, 200 rpm and 250 rpm. Results revealed that agitation is must for the enzyme production. The 
enzyme production increased when agitation was increased. Maximum enzyme production was seen at 
the agitation rate of 250 rpm (Fig. 4.10). 

At lower agitation rates, insufficient aeration and nutrient uptake perhaps causes inability of bacteria to 
grow efficiently and at optimum agitation, aeration of medium is increased which leads to sufficient 
supply of dissolved oxygen in the medium (Kumar and Takagi, 1999). Nutrient uptake by bacteria will 
also be increased at higher agitation rates (Beg et al., 2003) resulting in increased enzyme production. In 
most of the cases, an agitation rate of 200 rpm has been reported to be the best for the production of 
proteases (Jaswal et al., 2008; Maal et al., 2009; Ibrahim et al., 2009). In some cases, higher agitation 
rates have been shown to decrease the enzyme production which can be due to the denaturation of the 
enzyme caused by higher agitation rates (Lee et al., 2002). Moreover, excessive agitation and aeration 
may lead to cell lysis (Darah et al., 1996). However, agitation rates as high as 400 rpm have been reported 
to be good for the production of alkaline proteases as in Bacillus circulans (Jaswal et al., 2008). 

For further experiments agitation rate of 250 rpm was used in this study. 
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Fig. 4.10  Production of protease from alkalophilic isolate AP11 at different agitation rates. 
 
4.4.10  Optimization of protease production using response surface methodology 
 
As has been discussed in the previous sections, some factors greatly influenced the production of protease 
from alkalophilic isolate AP11. However, the used optimization procedures involved altering of one 
parameter at a time keeping all other parameters constant. This enables one to assess the impact of one 
particular parameter on the process performance and cannot provide information about the mutual 
interactions of the parameters (Beg et al., 2003). The use of statistical approach involving response 
surface methodology (RSM) has gained a lot of impetus for the optimization and understanding the 
interactions among the various physico-chemical parameters. RSM is a collection of statistical techniques 
for designing experiments, building models, evaluating the effects of factors and searching optimum 
conditions of studied factors for desirable responses (de Coninck et al., 2000). Hence, RSM is an efficient 
strategic experimental tool by which the optimal conditions of a multivariable system may be determined. 
RSM has been successfully applied in many areas of biotechnology, such as the protease production 
(Dutta et al., 2004; Khan et al., 2006; Hajji et al., 2008; Jaswal et al., 2008; Reddy et al., 2008), α-
amylase production (Kunamneni et al., 2005) and neomycin production (Adinarayana et al., 2003). 
Therefore in the present study Design-Expert 8.0.2 Trial version was used to design the experiment for 
the optimization of alkaline protease production by isolate AP11 using response surface methodology. 

Based on the results of the one-variable-at-a-time experiments the effect of three variables, soyabean meal 
concentration, NaR2RCOR3R concentration (pH) and incubation temperature, which significantly influenced the 
alkaline protease production, was studied using the RSM. The optimum value for each parameter was 
used as the central value. A total of 20 experiments with different combinations of the selected parameters 
were performed (Table 4.3) so as to get the conditions optimized for the maximum production of the 
enzyme. 
 
Table 4.3 Experimental design used in RSM studies by using three independent variables 
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Standard 

 
 

Run 

 
 

Block 

 
Factor 1 

A: 
Temperature 

(°C) 

Factor 2 
B: Sodium 
carbonate 

concentration 
(%) 

 

Factor 1 
C: Soyabean 

meal 
concentration 

(%) 
 

 
Response 

1 
Activity 
Units/ml 

1 5 Block 1 20.00 0.70 0.70 58.33 
2 12 Block 1 30.00 0.70 0.70 85.55 
3 6 Block 1 20.00 1.30 0.70 98.19 
4 9 Block 1 30.00 1.30 0.70 88.89 
5 3 Block 1 20.00 0.70 1.30 158.47 
6 1 Block 1 30.00 0.70 1.30 97.22 
7 10 Block 1 20.00 1.30 1.30 139.03 
8 7 Block 1 30.00 1.30 1.30 77.78 
9 4 Block 1 25.00 1.00 1.00 166.25 

10 11 Block 1 25.00 1.00 1.00 191.53 
11 8 Block 1 25.00 1.00 1.00 159.44 
12 2 Block 1 25.00 1.00 1.00 155.55 
13 16 Block 2 16.59 1.00 1.00 45.83 
14 14 Block 2 33.41 1.00 1.00 137.5 
15 13 Block 2 25.00 0.50 1.00 188.61 
16 19 Block 2 25.00 1.50 1.00 112.5 
17 17 Block 2 25.00 1.00 0.50 46.53 
18 15 Block 2 25.00 1.00 1.50 165.28 
19 18 Block 2 25.00 1.00 1.00 172.08 
20 20 Block 2 25.00 1.00 1.00 160.42 

 
*All the experiments were done in duplicates and average values were taken for the calculation of 

enzyme activity at each point. 
. 

The predicted value of the enzyme production with the optimized values for the parameters by RSM was 
similar to the activity achieved after optimization with one variable at a time. Probably the range of the 
variables selected did not allow any significant interaction and some more parameters have to be tried by 
RSM. Therefore, further studied are required in this regard. 
 
4.5  Characterization of alkaline protease 
The alkaline thermostable protease from alkalophilic isolate AP11 was produced under the conditions 
optimized in section 4.4. This crude enzyme was characterized for different parameters: 
 
4.5.1  Temperature optima 
The effect of temperature on the activity of alkaline protease from alkalophilic isolate AP11 was studied 
at temperatures ranging from 30°C-70°C by varying the reaction temperature. The results revealed that 
optimum activity of the enzyme was at 60°C. However, further increase in incubation temperature 
drastically reduced the enzyme activity whereas at 50°C it was able to retain 85% of its activity (Fig. 
4.11). A number of alkaline proteases in literature have been shown to be active in the temperature range 
of 50°C-70°C (Kazan et al., 2005; Hajji et al., 2007; Almas et al., 2009; Akel et al., 2009; Rao et al., 
2009; Rai et al., 2010). 
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Fig. 4.11 Activity of protease from alkalophilic isolate AP11 at different temperatures. 
 
4.5.2  Temperature stability 
The thermostability of protease was examined in the temperature range of 40°C-60°C. The enzyme was 
incubated at respective temperatures and aliquots were withdrawn sequentially at different time intervals 
and residual activity was measured under standard assay conditions. The enzyme was stable for 15 min at 
all the temperatures. It could retain 75%, 72% and 68% of activity at 40°C, 50°C and 60°C respectively. 
However, further incubation at all the temperatures led to a decrease in enzyme activity (Fig. 4.12). 
Similar temperature stability patterns have been reported by alkaline proteases from Bacillus sp. L21 
(Genckal and Tari, 2006), Bacillus strain HUTBS71 (Akel et al., 2009), Bacillus clausii GMBAE 42 
(Kazan et al., 2005), Bacillus strain SAL1 (Almas et al., 2009), Paenibacillus tezpurensis sp. nov. AS-
S24-II (Rai et al., 2010) and Bacillus licheniformis Lbbl-11 (Olajuyigbe and Ajele, 2008). 
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Fig. 4.12  Temperature stability of protease from alkalophilic isolate AP11 at different 
temperatures 

 
4.5.3  pH optima 
The optimal pH for enzyme activity was determined by preparing the substrate as well as suitable enzyme 
dilutions in buffers of different pH (pH 7, pH 8, pH 9.2, pH 10, and pH 11) (as explained in section 3.3.2) 
and performing the enzyme assay under standard conditions. The enzyme was active over a wide pH 
range. The optimum pH of the enzyme was observed to be at pH 9.2. The enzyme could retain 75% of its 
activity at pH 10 and 67% of its activity even at pH 11. At lower pH values, lesser enzyme activity was 
observed but 55%-60% of the activity could be observed even in the neutral pH range (pH 7- pH 8) (Fig. 
4.13). Alkaline proteases from various organisms have been reported e.g. optimum pH of 8 has been 
reported for Bacillus licheniformis Lbbl-11 (Olajuyigbe and Ajele, 2008), pH 9 for Bacillus strain APP1 
(Chu, 2007) and Halobacillus karajensis (Heidari et al., 2009), pH 10 for Pseudomonas aeruginosa strain 
K (Rahman et al., 2006) and 11 for Bacillus sp. L21 (Genckal and Tari, 2006). 
 

 
Fig. 4.13  Activity of protease from alkalophilic isolate AP11 at different pH. 
 
4.5.4  pH stability 
The pH stability of protease was examined by suitably diluting the enzyme in buffers of different pH 
values (pH 8, pH 9.2, pH 10, and pH 11) and then incubating the enzymes at room temperature. Aliquots 
were withdrawn at different time intervals and residual activity was measured under standard assay 
conditions. The enzyme was highly stable at all pH levels. It could retain 95% of its activity at pH 9.2 
after 4 hours. 88% and 82% of the activity was retained after 4 hours even at pH 10 and 11 respectively 
(Fig. 4.14). The stability of the enzyme in the alkaline range indicates their potential use in detergent 
formulation. Most of the alkaline proteases have been reported to show pH stability patterns similar to the 
protease from isolate AP11. Protease from Bacillus circulans was stable at pH 10.5-11.5 for 1 hour (Rao 
et al., 2009). Similar pH stability patterns have been reported by alkaline proteases from Pseudomonas 
aeruginosa san-ai strain (Karadzic et al., 2004), Bacillus sp. K-30 (Naidu and Devi, 2005), Virgibacillus 
pantothenticus (Thomas et al., 2007), Bacillus subtilis (Pillai and Archana, 2008), Bacillus strain SAL1 
(Almas et al., 2009), Paenibacillus tezpurensis sp. nov. AS-S24-II (Rai et al., 2010). 
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Fig. 4.14  pH stability of protease from alkalophilic isolate AP11 at different pH values 
 
4.5.5  Effect of substrate concentration 
The effect of substrate concentration was studied by using varying concentrations of casein (1 mg/ml to 
10 mg/ml). A typical hyperbolic curve was obtained in the concentration range of 0.2 mg/ml to 2 mg/ml. 
A double reciprocal curve was plotted that revealed Km of the enzyme as 2.5 mg/ml of casein (Fig. 4.15). 
Elsewhere, Thangam and Rajkumar (2002) reported Km value of 1.66 mg/ml for alkaline protease from 
Alcaligenes faecalis, Rao et al. (2009) reported Km value of 0.597 mg/ml in Bacillus circulans, Madan et 
al. (2002) reported Km value of 3.7 mg/ml in Bacillus polymyxa, Kazan et al. (2005) reported Km value 
of 1.8 mg/ml in Bacillus clausii GMBAE 42 and Rai et al. (2010) reported Km value of protease as 0.227 
mg/ml in Paenibacillus tezpurensis sp. nov. AS-S24-II all using casein as substrate. This suggests that 
even with same substrate, alkaline protease of different Bacillus sp. show variation in their enzymic rates. 
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Fig. 4.15  Activity of protease from alkalophilic isolate AP11 at different substrate concentrations 
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Fig. 4.16  Lineweaver’s Burk plot for protease using casein as substrate 
 
4.5.6  Effect of inhibitors 
Effect of various inhibitors on protease activity is an important criterion. It has also been used for 
classifying the proteases (North, 1982). The effect of inhibitors on the activity of protease from isolate 
AP11 was analyzed. The enzyme was incubated in the presence of phenylmethylsulfonyl fluoride (PMSF) 
and β-mercaptoethanol at a final concentration of 1 mM, 5 mM and 10 mM. β-mercaptoethanol had no 
effect on the enzyme activity at all the concentrations. However, the enzyme activity was completely 
inhibited with PMSF (10 mM). This indicates the existence of a serine residue at the active site. 
Consequently, the enzyme can be considered as a serine alkaline protease (Table 4.4). 

Similar inhibition of protease with PMSF has been reported by Rahman et al. (1994), Karadzic et al. 
(2004), Kazan et al. (2005), Vidyasagar et al. (2006), Hajji et al. (2007), Pillai and Archana (2008), Akel 
et al. (2009) and Rai et al. (2010). 
 
Table 4.4  Effect of inhibitors on the activity of protease from alkalophilic isolate AP11 
 

 
Inhibitors 

 
Concentration (mM) 

Enzyme activity 
(Units/ml) 

Residual 
Activity 

(%) 
Control  174.7 100 

 
PMSF 

1 166.37 95.23 
5 162.82 93.2 

10 2.88 1.65 
β-

mercaptoethanol 
1 173.77 99.47 
5 180.55 103.35 

10 184.87 105.82 
 
4.5.7  Effect of metal ions 
The effect of metal ions on the enzyme activity was analyzed by incubating the enzyme in the presence of 
different metal ions at a final concentration of 1 mM, 5 mM and 10 mM. CuP

2+
P completely inhibited the 
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enzyme activity even at a concentration of 1 mM whereas CoP

2+
P and ZnP

2+
P inhibited the enzyme at higher 

concentration (10 mM). Mg P

2+,
P KP

+
P and NaP

+
P marginally enhanced the activity (Table 4.5). 

Table 4.5  Effect of various metal ions on the activity of protease from alkalophilic    isolate AP11 
 

 
Metal ion 

 
Concentration (mM) 

Enzyme activity 
(Units/ml) 

Residual 
Activity 

(%) 
Control  173.5 100 

 
FeP

2+ 
1 150.65 86.83 
5 146.74 84.58 

10 137.82 79.44 

 
CaP

2+ 
1 171.89 99.07 
5 162.15 93.46 

10 158.09 91.12 

 
Cu P

2+ 
1 0 0 
5 0 0 

10 0 0 

 
Mg P

2+ 
1 154.05 88.79 
5 188.09 108.41 

10 200.25 115.42 

 
Mn P

2+ 
1 188.09 108.41 
5 182.69 105.3 

10 174.31 100.47 

 
NaP

+ 
1 159.1 91.7 
5 189.48 109.21 

10 198.28 114.28 

 
KP

+ 
1 180.7 104.15 
5 191.89 110.6 

10 188.68 108. 75 

 
Co P

2+ 
1 177.49 102.3 
5 145.14 83.87 

10 99.93 57.6 

 
Zn P

2+ 
1 176.69 101.84 
5 166.3 95.85 

10 55.97 32.26 
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Varying effects of metal ions have been reported on the activity of alkaline proteases. Like protease of 
isolate AP11, Cu P

2+ 
Phas been shown to completely inhibit the protease activity in Halogeometricum 

borinquense strain TSS101 (Vidyasagar et al., 2006) and Paenibacillus tezpurensis sp. nov. AS-S24-II 
(Rai et al., 2010). However, Cu P

2+
P has been shown to stimulate the activity in Bacillus clausii GMBAE 42 

(Kazan et al., 2005). Various other ions like MnP

2+
P, NaP

+
P and CaP

2+
P have been shown to enhance the protease 

activity in Bacillus strain HUTBS71 (Akel et al., 2009). 
 
4.6  Application prospects of alkaline protease of isolate ap11 
 
The alkaline protease of isolate AP11 was tested for its applicability in the detergent industry. 
 
 
 
4.6.1  Compatibility with detergents 
The high activity and stability of protease from isolate AP11 in the alkaline pH range makes it useful for 
its application as a detergent additive. To check the compatibility and stability of the alkaline protease 
towards detergents, the enzyme was diluted in the presence of various commercial laundry detergent 
solutions (The detergent solution was boiled to inactivate the indigenous enzymes.) and preincubated for 
30 min at 30°C and the residual enzyme activity was estimated. The results showed that the enzyme is 
compatible with most of the detergents and it showed maximum compatibility with Aerial and Rin (Fig. 
4.16). This makes alkaline protease from isolate AP11 a potential candidate for use in detergent industry. 

The alkaline proteases from other organisms have been reported to show compatibility with different 
commercial detergents to different levels. Alkaline protease from Aspergillus niger has been reported to 
show 80%-90% compatibility with various detergents. However, contradictory to alkaline protease from 
isolate AP11, it could retain only 23% of its activity with Aerial (Devi et al., 2008). Madan et al. (2002) 
reported compatibility of alkaline protease from Bacillus polymyxa in the range of 20%-84.5% with 
various detergents. Proteases from Bacillus sp. APR-4 (Kumar and Bhalla, 2004) and Paenibacillus 
tezpurensis sp. nov. AS-S24-II (Rai et al., 2010) have also been reported to be compatible with various 
detergents. 
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Fig. 4.17 Compatibility of alkaline protease from AP11 with commercial detergents 
 
 
4.6.2  Destaining properties 
To check the use of alkaline protease from isolate AP11 as a laundry additive, its stain removal efficiency 
was tested. Two pieces each of cotton and muslin cloth artificially stained with blood were dipped in 
detergent solution without enzyme and detergent solution supplemented with enzyme (The detergent 
solution was boiled to inactivate the indigenous enzymes.) and incubated for 30 minutes at room 
temperature. The results (Fig. 4.18) showed complete removal of stain from the cloth pieces dipped in 
detergent solution supplemented with enzyme whereas bloodstain was not completely removed from the 
cloth pieces dipped in detergent solution without enzyme. 

Similar results were observed with proteases from Pseudomonas aeruginosa, Bacillus subtilis PE-11 and 
Bacillus circulans were able to remove blood stain from cotton cloth pieces (Adinarayana et al., 2003; 
Najafi et al., 2005; Rao et al., 2009). 

Reference  

A. Name, and B. Name, "Journal Paper Title", Journal Name, Vol. X, No. X, Year, pp. xxx-xxx 

R.A. Abusham,  R.N. Rahman,  A.B. Salleh, and Basri, M. Optimization of physical factors affecting the 
production of thermo-stable organic solvent-tolerant protease from a newly isolated halo tolerant 
Bacillus subtilis strain Rand. 1TMicrob. Cell Fact. 1T8: 20-29, 2009. 

B.F. Adamitsch, F. Karner, and W. Hampel,  Proteolytic activity of a yeast cell wall lytic Arthrobacter 
species. 1TLett. Appl. Microbiol. 36: 227-229,1T 2003. 

M.W.W. Adam. Enzymes and proteins from organisms that grow near and above 100°C. Annu. Rev. 
Microbiol. 47: 627-638,1993. 

K. Adinarayana,  P. Ellaiah, and D.S. Prasad. Purification and partial characterization of thermostable 
serine alkaline protease from a newly isolated Bacillus subtilis PE-11. AAPS Pharma Sci. Tech. 
4(4): 57-65, 2003. 

0

20

40

60

80

100

120

140

160

180

En
zy

me
 ac

tiv
ity

 (U
nit

s/m
l)

Wheel Rin Ariel Tide Control
Detergent



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

31 
 

K. Adinarayana,  P. Ellaiah,  B. Srinivasulu,  B.R. Devi and G. Adinarayana. Response surface 
methodological approach to optimize the nutritional parameters for neomycin production by 
Streptomyces marinensis under solid-state fermentation. Process Biochem. 38: 1565–1572, 2003. 

1TA.E. Afify,  M.A. Aboul-Soud, M.S. Foda,  M.W. Sadik,  T. Kahil,  A.R. Asar and A.A. Khedhairy. 
Production of alkaline protease and larvicidal biopesticides by an Egyptian0T1T 0T1TBacillus 
sphaericus0T1T 0T1Tisolate. 1T17T 1T17TAfr. J. Biotechnol.1T 1T8(16): 3864-3873, 2009. 

S.A. Ahmed,  A. Ramadan,  M.A. Nefisa,  H.R. Hesham,  and A.S. Shireen  Optimization, immobilization 
of extracellular alkaline protease and characterization of its enzymatic properties. Res. J. Agri. 
Biol. Sci. 4(5): 434-446, 2008. 

H. Akel,  F. Al-Quadan, and T.K. Yousef,  Characterization of a purified thermostable protease from 
hyperthermophilic Bacillus strain HUTBS71. Eur. J. Sci. Res. 31(2): 280-288, 2009. 

S. Alexandru,  P. Elena-Corina,  B. Elena, and H. Ana-Maria  Influence of l-cysteine and a fungal 
protease combination on the physical properties of bread made from short gluten flours. Food 
Tech. 40: 569-573, 2009. 

S. Almas,  A. Hameed,  D. Shelly and P. Mohan. Purification and characterization of a novel protease 
from Bacillus strain SAL1. Afr. J. Biotechnol. 8(15): 3603-3609, 2009. 

D. Anandan, W.N.  Marmer  and R.L. Dudley. Isolation, characterization and optimization of culture 
parameters for production of an alkaline protease isolated from Aspergillus tamari. Off. J. Society 
Ind. Microb. 2: 57-59, 2007. 

L.P. Andersen  Method for dehairing of hides or skins by means of enzymes. US Patent 5,834,299, 1998. 

K. Aunstrup. Proteinases. In: Microbial enzymes and bioconversion. Rose AH (ed) Academic Press, 
London, 1980, pp 50-115. 

K. Aunstrup,  H. Outtrup,  O. Andersen and C. Bambmann. Proteases from alkalophilic Bacillus species. 
In: Terui GF (ed) proceedings of the 4 P

th
P international symposium, Fermentation technology today, 

Society Fermentation Technology, Osaka, Japan, 1972,pp 299-305. 

L.A. Azeredo, D.M.  Freire,  R.M. Soares,  S.G. Leite,  and R.R. Coelho. Production and partial 
characterization of thermophilic proteases from Streptomyces sp. isolated from Brazilian cerrado 
soil. Enzyme Microbiol. Technol. 34: 354-358, 2004. 

R. Banerjee and B.C. Bhattacharya. Extracellular alkaline protease of newly isolated Bacillus brevis. 
Biotechnol. Lett. 14: 301-304, 1999. 

A.J. Barett. Proteolytic enzymes: serine and cysteine peptidases. Methods Enzymol. 244: 1–15, 1994. 

A.J. Barett. Proteolytic enzymes: aspartic and metallopeptidases. Methods Enzymol. 248:183, 1995. 

R.A. Battaglino,  M. Huergo,  A.M.R. Piloor, and G.B. Bartholomai. Culture requirement for the 
production of protease by Aspergillus oryzae in solid state fermentation. Appl. Microbiol. 
Biotechnol. 35: 292-296, 1991. 

Q.K. Beg,  V. Sahai and R. Gupta. Statistical media optimization and alkaline protease production from 
Bacillus mojavensis in a bioreactor. Process Biochem. 39: 203–209, 2003. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

32 
 

S.H. Bhosale,  M.B. Rao,  V. V. Deshpande and  M.C. Srinivasan.  1TThermostability of high-activity 
alkaline protease from Conidiobolus coronatus0T1T 0T1T(NCL 86.8.20). Enzyme Microb. Technol. 17(2): 
136-139, 1995. 

G.F. Bickerstaff and H. Zhou,. (1993). Protease activity and autodigestion (autolysis) assays using 
coomassie blue dye binding. Anal. Biochem. 210: 155-158, 1993. 

G. Boguslawski,  J.L. Shultz and C.O. Yehle. Purification and characterization of an extracellular 
protease from Flavobacterium arborescens. Anal. Biochem. 132: 41–49, 1983. 

P.D. Boyer .The enzymes, 3rd ed. Academic Press, Inc., New York, N.Y 1997. 

B. E. Cathers and J. V. Schloss. Enzyme coupled assays for proteases. Anal. Biochem. 241: 1-4, 1996. 

44TS.W. Cheng,  H.M. Hu,  S.W. Shen,  H. Takagi,  M. Asano and Y.C. Tsai 1T44T. Production and 
characterization of keratinase of a feather-degrading0T1T 0T1TBacillus licheniformis0T1T 0T1TPWD-1. Biosci. 
Biotechnol. Biochem. 0T1T 0T1T59: 2239-2243, 1995. 

I.G. Choi, W.G.  Bang,  S. Kim and Y.G. Yu. Extremely thermostable serine-type protease from Aquifex 
pyrophilus. J. Biol. Chem. 274(2): 861-868, 1999. 

I.M. Chu, C. Lee and T.S. Li. Production and degradation of alkaline protease in batch cultures of 
Bacillus subtilis ATCC 14416. 1TEnzyme Microb. Technol.1T 14: 755-761, 1992. 

W.H. Chu .Optimization of extracellular alkaline protease production from species of Bacillus. J. Ind. 
Microbiol. Biotechnol. 34: 241–245, 2007. 

T. Coolbear, R.M. Daniel and H.W. Morgan. The enzymes from extreme thermophiles: Bacterial sources, 
thermostabilities and industrial relevance. Adv. Biochem. Engg. / Biotechnol. 45: 58-90, 1992. 

T. Coolbear, C.W. Eames,  Y. Casey, R.M. Danial and H.W. Morgan. Screening of strains identified as 
extremely thermophilic bacilli for extracellular proteolytic activity and general properties of the 
proteinase from two of the strains. J. Appl. Bacteriol. 71: 252 – 264, 1991. 

D. Cowan, R. Daniel and H. Morgan,  Thermophilic proteases: properties and potential applications. 
Tibtech. 3(3): 69-72, 1985. 

C. Croux,  V. Paquet,  G. Goma,  and P. soucaille.Purification and Characterization of Acidolysin, an 
Acidic Metalloprotease Produced by Clostridium acetobutylicum ATCC 824 1990, Appl. 
Environ. Microbiol. 3634-3642. 

I. Darah and C.O. Ibrahim .Asia Pacific J. Mol. Biol. Biotechnol. 4(3): 174-182, 1996. 

J. de Coninck,  S. Bouquelet,  V. Dumortier,  F. Duyme, and I. Verdier-Denantes,  Industrial media and 
fermentation processes for improved growth and protease production by Tetrahymena 
thermophila. J. Ind. Microbiol. Biotech. 24: 285–290, 2000. 

A.C. De Marco and A.J. Dick. Aminopeptidase I activities in several microorganisms. Can. J. Biochem. 
56: 66–71, 1978. 

J. Debette and R. Blondeau. Presence of Xanthomonas maltophilia in the rhizosphere of several cultivated 
plants. Can. J. Microbiol. 26: 460–463, (1991. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

33 
 

K.M. Devi,  A. R. Banu, G.R. Gnanaprabhal,  B.V. Pradeep and M. Palaniswamy. Purification, 
characterization of alkaline protease enzyme from native isolate Aspergillus niger and its 
compatibility with commercial detergents. Indian J. Sci. Technol. 1(7): 1-5, 2008. 

R. Dhandapani and R. Vijayaragvan. Production of a thermophilic, extracellular alkaline protease by 
Bacillus stearothermophilus AP-4. World J. Microbiol. Biotechnol. 10: 33-35, 1994. 

0TC., 0T46TDumusois0T46T and 0T1TF.G. Priest Extracellular serine protease synthesis by mosquito-pathogenic strains 
of0T1T 0T34TBacillus sphaericus. 34T J. Appl. Microbiol. 75(5): 416-419,1T 19871T. 

T.E. Dunaevsky, T.N. Gruban, G.A. Beliokova and M.A. Belozersky, Enzymes secreted by filamentous 
fungi, regulation and purification of an extracellular protease of Trichoderma harzianum. 
Biochemistry (Mose). 65: 723-727, 2000. 

D.R. Durham, D.B. Stewart and E.J. Stellwayy. Novel alkaline and heat-stable serine proteases from 
alkalophilic Bacillus sp. strain GX 6638. J. Bacteriol. 169(6): 2762-2768, 1987. 

K. Dutt,  G.K. Meghwanshi,  P. Gupta  and R.K. Saxena. Role of casein on induction and enhancement of 
production of a bacterial milk clotting protease from an indigenously isolated Bacillus subtilis. 
1TLett. Appl. Microbiol. 46: 513-518,1T 20081T. 

J.R. Dutta, P.K.  Dutta and R. Banerjee. Optimization of culture parameters of extracellular protease 
production from a newly isolated Pseudomonas sp. using response surface and artificial neural 
network models. Process Biochem. 39: 2193–2198 2004. 

H. Enshasy,  A.A. Enein,  S. Helmy andY. El Azaly. Optimization of the industrial production of alkaline 
protease by Bacillus licheniformis in different production scales. 1TAust. J. Basic Appl. Sci. 1T2(3): 
583-593 2008. 

J.M. Escobar and S.M. Barnett. Effect of the consumption and agitation rates in the production of Mucor 
miehei acid protease. Enzyme Microb. Technol. 15: 1009-1013. 1995. 

F. Felix  and N. Brouillet. Purification and properties of two peptidases from brewer’s yeast. Biochim. 
Biophys. Acta 122: 127–144, 1966. 

H.M. Fernandez-Lahore,  R.M. Auday,  E.R. Fraile,  O. Cascone, M.B. de Jimenez Bonino,  L. Pirpignani 
and C. Machalinski. Purification and characterisation of an acid proteinase from mesophilic 
Mucor sp. solid-state cultures. J. Peptide Res. 53: 599–605, 1999. 

M.A. Ferrero,  G.R. Castro,  C.M. Abate,  M.D. Baigori and F. Sineriz. Thermostable alkaline proteases 
of Bacillus licheniformis MIR 29: Isolation, production and characterization. Appl. Microbiol. 
Biotechnol. 45: 327-332, 1996. 

P.M.D. Fitzgerald,  B.M. McKeever,  J.F. Van Middlesworth, J. P. Springer, J.C. Heimbach,  W.K. Chih-
Tai Leu Herber,  R.A.F. Dixon and P.L. Darke. Crystallographic analysis of a complex between 
human immunodeficiency virus type 1 protease and acetyl-pepstatin at 2.0A resolution. J. Biol. 
Chem. 265: 14209–14219, 1990. 

J. Frankena,  G.M. Koningstein,  H.W. Verseveld  and A.H. Stouthamer, Effect of different limitations in 
chemostat cultures on growth and production of exocellular protease by Bacillus licheniformis. 
Appl. Microbiol. Biotechnol. 24: 106-112, 1986. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

34 
 

G.B. Frikha,  A.S. Kamoun,  N. Fakhfakh,  A. Haddar,  L. Manni and M. Nasri. Production and 
purification of a calcium dependent protease from Bacillus cereus BG1. J. Ind. Microbiol. 
Biotechnol. 32: 186-194, 2005. 

Y. Fujio and S. Kume. Characteristics of a highly thermostable neutral protease produced from Bacillus 
stearothermophilus. World J. Microbiol. Biotechnol. 7: 12-16, 1991. 

N. Fujiwara,  A. Masui,  and T. Imanaka. Purification and properties of the highly thermostable alkaline 
protease from an alkaliphilic and thermophilic Bacillus sp. J. Biotechnol. 30: 245-256, 1993.  

Y. Fuke and H. Matsuoka. Preparation of fermented soybean curd using stem bromelain. J. Food Sci. 49: 
312-315,1984. 

M. Funatsu, H.R. Oh, Y. Aizono and T. Shimoda. Biochemical studies on rice bran lipase. Part VI. 
Studies on active groups of bran lipase. Agric. Biol. Chem. 42:  1975-1977, 1978. 

H. Genckal and C. Tari. Alkaline protease production from alkalophilic Bacillus sp. isolated from natural 
habitats. Enzyme Microb. Technol. 39: 703–710, 2006. 

S. George,  V. Raj,  M.R.V. Krishnan,  T.V. Subramanian and K. Jayaraman. Production of protease by 
Bacillus amyloliquefaciens in solid-state fermentation and its application in the unhairing of hides 
and skins. Process Biochem. 30: 457–462, 1995. 

A. Ghafoor and S. Hasnain. Production dynamics of Bacillus subtilis strain AG-1 and EAG-2, producing 
moderately alkaline proteases. 1TAfr. J. Microbiol. Res. 3(5): 258-2631T,20091T. 

 A. Ghosh,  K. Chakrabarti, and  D. Chattopadhyay. Degradation of raw feather by a novel high 
molecular weight extracellular protease from newly isolated Bacillus cereus DCUW. J Ind 
Microbiol Biotechnol. 35(8): 825-834, 2008. 

W.A. Gordon. Characterization of psychrotrophic sporeforming bacteria and their extracellular enzyme 
systems. Int. B. 43(5): 1417-1418, 1982.  

N.S. Govind,  B. Mehta, M. Sharma and V.V. Modi. Protease and carotenogenesis in Blakeslea trispora. 
Phytochem. 20: 2483–2485,1981. 

T.P. Graycar. Proteolytic cleavage, reaction mechanism. In: Flickinger MC, Drew SW (eds) Bioprocess 
technology: fermentation, biocatalysis and bioseparation. Wiley, New York, 1999, pp 2214–2222. 

Gunze (1987). Japanese Patent Publication No. 62158483. 

A. Gupta,  B. Joseph, A.  Mani and G. Thomas. Biosynthesis and properties of an extracellular 
thermostable serine alkaline protease from Virgibacillus pantothenticus. World J. Microbiol. 
Biotechnol. 24: 237-243, 2008. 

R. Gupta,  Q.K. Beg and P. Lorenz. Bacterial alkaline proteases: molecular approaches and industrial 
applications. Appl. Microbiol. Biotechnol. 59: 15–32, 2002. 

M. Hajji,  S. Kanoun,  M. Nasri and N. Gharsallah . Purification and characterization of an alkaline 
serine-protease produced by a new isolated Aspergillus clavatus ES1. Process Biochem. 42: 791-
797, 2007.  



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

35 
 

M. Hajji, A.  Rebai and N. Gharsallah. Optimization of alkaline protease production by Aspergillus 
clavatus ES1 in Mirabilis jalapa tuber powder using statistical experimental design. Appl. 
Microbiol. Biotechnol. 79: 915–923, 2008. 

44TX.Q. Han andS. Damodaran 1T44T. Purification and characterization of protease Q: A detergent- and urea-stable 
serine endopeptidase from0T1T 0T1TBacillus pumilus. J. Agric. Food Chem.0T1T 0T1T46: 3596-3603,1T 1T1998. 

B.S. Hartley. Proteolytic enzymes. Annu. Rev. Biochem. 29: 45–72, 1960. 

C.C. Hase and R.A. Finkelstein. Bacterial extracellular zinc-containing metalloproteases. Microbiol. Rev. 
57(4): 823-837, 1993. 

H.R. Heidari,  M.A. Amoozegar,  M. Hajighasemi,  A.A. Ziaee and A. Ventosa. Production, optimization 
and purification of a novel extracellular protease from the moderately halophilic bacterium 
Halobacillus karajensis. J. Ind. Microbiol. Biotechnol. 36: 21-27, 2009. 

R.S. Herbert. A perspective on the biotechnological potential of extremophiles. Tibtech. 10: 395-402, 
1992. 

M.S. Hibbs,  K.A. Hasty,  J.M. Seyer,  A. H. Kang and C.L. Mainardi. Biochemical and immunological 
characterization of the secreted forms of human neutrophil gelatinase. J. Biol. Chem. 260: 2493–
2500, 1985. 

H. himogaki,  K. Takeuchi,  T. Nishino,  M. Ohdera, T. Kudo,  K. Ohba,  M. Iwama and M. Irie. 
Purification and properties of a novel surface-active agent and alkaline-resistant protease from 
Bacillus sp. Y. Agric Biol Chem. 55: 2251-2258, 1991. 

 T. Hoffman. Food related enzymes. Adv. Chem. Ser. 136: 146–185, 1974. 

K. Horikoshi. Production of alkaline enzymes by alkalophilic microoraganisms. Part I. Alkaline protease 
produced by Bacillus sp. no. 221. Agric. Boil. Chem. 35: 1407-1414, 1971. 

44TK. Horikoshi. Microorganisms in alkaline environments. Weinheim: VCH, Tokyo, Japan 1991. 

44TK. Horikoshi.44T Alkaliphiles: Some applications of their products for biotechnology. Microbiol. Mol. Biol. 
Rev. 63(4): 735-75044T,199944T. 

44TK. Horikoshi and T. Akiba1T44T. Alkalophilic microorganisms: a new microbial world. Springer-Verlag KG, 
Heidelberg, Germany.0T1T  0T1T1982. 

A.S. Ibrahim and A.A. Salamah. Optimization of media and cultivation conditions for alkaline protease 
production by alkaliphilic Bacillus halodurans. 1TRes. J. Microbiol. 4(7): 251-259, 1T 20091T. 

A. Impoolsup,  A. Bhumiratana and T.W Flegel. Isolation of alkaline and neutral proteases from 
Aspergillus flavus var columnaris, A soy sauce Koji mold. Appl. Environ. Microbiol. 42: 619-
624, 1981. 

K. Inouye, M. Minoda,  T. Takita,  H. Sakurama,  Y. Hashida,  M. Kusano and K. Yasukawa. 
1TExtracellular production of recombinant thermolysin expressed in0T1T 0T1TEscherichia coli, and its 
purification and enzymatic characterization. 1TProtein Expression Purif. 46(2): 248-255, 2006. 

International Union of Biochemistry. Enzyme nomenclature. Academic Press, Inc., Orlando, Fla, 1992. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

36 
 

R.K. Jaswal,  G.S. Kocher and M.S. Virk. Production of alkaline protease by Bacillus circulans using 
agricultural residues: A statistical approach. Ind. J. Biotechnol. 7: 356-360, 2008. 

B. Johnvesly and G.R. Naik. Studies on production of thermostable alkaline protease from thermophilic 
and alkalophilic Bacillus sp. JB-99 in a chemically defined medium. Process Biochem. 37: 139-
144, 2001. 

H.S. Joo and C.S. Chang. Production of protease from a new alkalophilic Bacillus sp. I-312 grown on 
soybean meal: optimization and some properties. Process Biochem. 40: 1263-1270, 2005. 

H.S. Joo,  C.G. Kumar,  G.C. Park,  K.T. Kim, S.R. Paik and C.S. Chang. Optimization of the production 
of an extracellular alkaline protease from Bacillus horikoshii. Process Biochem. 38: 155-159, 
2002. 

G.K. Joshi,  S. Kumar  and V. Sharma. Production of moderately halotolerant, SDS stable alkaline 
protease from Bacillus cereus MTCC 6840 isolated from Lake Nainital, Uttaranchal state, India. 
Braz. J. 0T Microbiol. 0T38: 773-779, 2007. 

H.M. Kalisz. Microbial Proteinases. Adv. Biochem. Engg/Biotechnol. 36: 3-65, 1988. 

I. Karadzic,  A. Masui and N. Fujiwara. Purification and characterization of a protease from Pseudomonas 
aeruginosa grown in cutting oil. 1TJ. Biosci. Bioeng. 98(3): 145-152,1T 20041T. 

T. Kato,  Y. Yamagata,  T. Arai and  E. Ichishima. Purification of a new extracellular 90-kDa serine 
proteinase with isoelectric point of 3.9 from Bacillus subtilis (natto) and elucidation of its distinct 
mode of action. Biosci. Biotech. Biochem. 56: 1166–1168,  1992. 

D. Kazan, A.A. Denizci,  K. Oner and A. Erarslan. Purification and characterization of a serine alkaline 
protease from Bacillus clausii GMBAE 42. J. Ind. Microbiol. Biotechnol. 32: 335-344, 2005. 

S. Khan,  A.K. Misra,  C.K. Tripathi,  B.N. Mishra and V. Bihari. Response surface optimization of 
effective medium constituents for the production of alkaline protease from a newly isolated strain 
of Pseudomonas aeruginosa. 1TIndian J. Exp. Biol. 44: 151-156,1T 20061T. 

T. Kobayashi,  Y. Hakamada, J. Hitomi,  K. Koike and S. Ito. Purification of alkaline proteases from a 
Bacillus strain and their possible interrelationship. Appl. Microbiol. Biotechnol.  45: 63 – 71, 
1996. 

O. Krik,  T.V. Borchert and C.C. Fuglsang. Industrial enzyme applications. Curr. Opin. Biotechnol. 13: 
345-435, 2002. 

J.K. Kristjansson. Ecology and habitats of extremophiles. World J. Microbiol. Biotechnol. 11: 17-25, 
1995. 

C.G. Kumar  and H. Takagi. Microbial alkaline proteases from a bioindustrial view point. Biotechnol. 
Adv. 17: 561-594, 1999. 

C.G. Kumar, H.S. Joo, Y.M. Koo, S.R. Paik,  and C.S. Chang. Thermostable alkaline protease from a 
novel marine haloalkalophilic Bacillus clausii isolate. 1TWorld J. Microbiol. Biotechnol.1T 20: 351-
357, 2004. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

37 
 

 D. Kumar and T.C. Bhalla. Bacillus sp. APR-4 protease as a laundry additive. Indian J. Biotechnol. 3: 
563-567, 2004. 

D. Kumar, C.S. P.Singh. Chauhan ,  N.Puri  and N.Gupta. Production of alkaline thermostable protease 
by immobilized cells of alkalophilic Bacillus sp. NB 34. Int.J.Curr.Microbiol.App.Sci  3(10) 
1063-1080,2014. 

S. Kumar,  N.S. Sharma, M.R. Saharan and R. Singh. Extracellular acid protease from Rhizopus oryzae: 
Purification and characterization. Process Biochem. 40: 1701–1705, 2005. 

A. Kunamneni,  K.S. Kumar and S. Singh. Response surface methodology approach to optimize the 
nutritional parameters for enhance α-amylase. Afr. J. Biotechnol. 4: 708–716, 2005. 

A.K. Kundu  and S. Manna . Purification and characterization of extracellular proteinases of Aspergillus 
oryzae. Appl. Microbiol. 30: 507-510, 1975. 

Y.T. Kwon,  J.O. Kim, S.Y. Moon,  H.H. Lee and H.M. Rho. Extracellular alkaline protease from 
alkalophilic Vibrio metschnikovii strain RH 530. Biotechnol. Lett. 16: 413-418, 1994. 

J.P. Labbe,  P. Rebegrotte and M. Turpine. Demonstrating extra cellular leucine aminopeptidase (EC 
3.4.1.1) of Aspergillus oryzae (IP 410): leucine aminopeptidase 2 fraction. C. R. Acad. Sci. (Paris) 
278D: 2699, 1974. 

R.S. Laxman, A.P. Sonawane,  S.V. More,  B.S. Rao,  M.V. Rele,  V.V. Jogdand, V.V. Deshpande and 
M.B. Rao. Optimization and scale up of production of alkaline protease from Conidiobolus 
coronatus . Process Biochem.  40: 3152-3158, 2005. 

1TH. Lazim, H. Mankai, N. Slama, I. Barkallah and F. Limam. Production and optimization of thermophilic 
alkaline protease in solid state fermentation by Streptomyces sp. CN902. 1TJ. Ind. Microbiol. 
Biotechnol. 36: 531-537,1T 20091T. 

J.K. Lee, Y.O. Kim, Y.S. Park and T.K. Oh. Purification and characterization of a thermostable alkaline 
protease from Thermoactinomyces sp. E79 and the DNA sequence of the encoding gene. Biosci. 
Biotech. Biochem. 60(5): 840-846, 1996. 

P.G. Lee,  C.A.N. Razak,   R.N. Rahman, M. Basri and A.B. Salleh. Isolation and screening of an 
extracellular organic solvent tolerant protease producer. Biochem. Eng. J.  13: 73-77, 2002. 

C. Leuschner  and G. Antranikian. Heat stable enzymes from extremely themophilic and 
hyperthermophilic microorganisms. World J. Microbiol. Biotechnol. 11: 95-114, 1995. 

D.I. Liao and S.J. Remington. Structure of wheat serine carboxypeptidase II at 3.5-Å resolution: a new 
class of serine proteinase. J. Biol. Chem. 265: 6528–6531, 1990. 

R.A. Lindberg,  L.D. Eirich,  J.S. Price, L.Jr. Wolfinbarger and H. Drucker. Alkaline protease from 
Neurospora crassa. J. Biol. Chem. 256: 811–814, 1981. 

1TO.H., Lowry,  N.J. Rosebrough,  A.L. Farr and 0T1T 0T1T R.J. Randall. Protein measurement with the Folin-Phenol 
reagents. J. Biol. Chem. 193: 265-275, 1951. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

38 
 

A.Y.H. Lu,  K.W. Junk  and M.J. Coon. Resolution of the cytochrome P-450 containing W-
Hydroxylation system of liver microsomes into three components. J. Biol. Chem. 244: 3714–
3721, 1969. 

K.B. Maal,  G. Emtiazi  and I. Nahvi. Production of alkaline protease by Bacillus cereus and Bacillus 
polymixa in new industrial culture mediums and its immobilization. 1TAfr. J. Microbiol. Res.1T 3(9): 
491-497, 2009. 

M. Madan,  S. Dhillon  and R. Singh. Production of alkaline protease by a UV mutant of Bacillus 
polymyxa. Ind. J. Microbiol. 42: 155-159, 2002. 

P.L. Manachini,  M.G. Fortina  and C. Parini. Thermostable alkaline protease produced by Bacillus 
thermoruber-a new species of Bacillus. Appl. Microbiol. Biotechnol. 28: 409-413, 1988. 

P. Mantsala  and H. Zalkin. Extracellular and membrane-bound proteases from Bacillus subtilis. J. 
Bacteriol. 141(2): 493-501, 1980. 

W. Mao, R. Pan and D. Freedman. High production of alkaline protease by Bacillus licheniformis in a 
fedbatch fermentation using a synthetic medium. J. Indust. Microbiol. 11: 1-6, 1992. 

R. Margesin,  H. Dieplinger,  J. Hofmann,  B. Sarg and H. Lindner. A cold-active extracellular 
metalloprotease from Pedobacter cryconitis- production and properties. Res. Microbiol. 156: 
499-505, 2005. 

M. Matsuzawa,  K. Tokugawa,  M. Hamaoki,  M Mizoguchi,  H. Taguchi,  I. Terada,  T. Kwon and T. 
Ohta. Purification and characterization of aqualysin I (thermophilic alkaline serine protease) 
produced by Thermus aquaticus YT-1. J. Biochem. 171: 441-447, 1988. 

K.H. Maurer. Detergent proteases. Curr. Opin. Biotechnol. 15: 330–334, 2004. 

P. Mitra and P.K. Chakrabartty. An extracellular protease with depilation activity from Streptomyces 
nogalator. J. Sci. Ind. Res. 64: 978-983, 2005. 

K. Mizuno and H. Matsuo. A novel protease from yeast with specificity towards paired basic residues. 
Nature. 309: 558–560, 1984. 

1TK. Mizusawa,  E. Ichishima and 0T1TF. 0T1T Yoshida. 1T 44TProduction of thermostable alkaline proteases by 
thermophilic0T44T 0T44TStreptomyces0T44T. 0T 1TAppl. Environ. Microbiol. 7: 366-371,0T1T19690T1T. 

M. Mohri and S. Matsushita. Improvement of water absorption of soybean protein by treatment with 
Bromelain. J. Agric. Food Chem. 32: 486-490, 1984. 

K. Morihara. Comparative specificity of microbial proteinases. Adv. Enzymol. 41: 179–243 1974. 

M. Morikawa,  Y. Izawa,  N. Rashid,  T. Haki and T. Imanaka. Purification and characterization of a 
hyperthermophilic thiol protease from a newly isolated hyperthermophilic Pyrococcus sp. Appl. 
Environ. Microbiol. 60: 4559-4566, 1994. 

A.K. Mukherjee,  H. Adhikari and S.K. Rai. Production of alkaline protease by a thermophilic Bacillus 
subtilis under solid-state fermentation (SSF) condition using Imperata cylindrical grass and 
potato peel as low-cost medium: characterization and application of enzyme in detergent 
formulation. Biochem. Eng. J. 39: 353-361, 2008. 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

39 
 

1TS. Murao,  Y. Nomura,  K. Nagamatsu,  K. Hirayama,  M. Iwahara and T. Shin. Purification and some 
properties of a thermostable metal proteinase produced by0T1T 0T1TThermomicrobium0T1T 0T1Tsp. KN-22 strain. 
Agr. Biol. Chem. 55(7): 1739-1744, 1991. 

K.S.B. Naidu and K.L. Devi. Optimization of thermostable alkaline protease production from species of 
Bacillus using rice bran. Afr. J.Biotechnol. 4: 724-726, 2005. 

M.F. Najafi,  D. Deobagkar and D. Deobagkar. Potential application of protease isolated from 
Pseudomonas aeruginosa PD100. Elect. J. Biotechnol. 8: 197-203, 2005. 

W.C.A. Nascimento and M.L.L. Martins. Production and properties of an extracellular protease from 
thermophilic Bacillus sp. Braz. J. Microbiol. 35: 91-96, 2004. 

D.S. Ningthoujam, P. Kshetri, S. Sanasam and S. Nimaichand. Screening, identification of best producers 
and optimization of extracellular proteases from moderately halophilic alkalithermotolerant 
indigenous actinomycetes. World Appl. Sci. J. 7(7): 907-916, 2009. 

 A.Bhardwaj,  N.Puri , P.Singh.Chauhan , Balneek. Singh Cheema , N, Gupta. Studies on 
Alkaline-thermostable protease from an alkalophilic bacterium: Production, 
characterization and applications. Int J of Enviro Sci  5 :2, 2014. 

E. Nogueira,  U. Beshay and A. Moreira. Characterization of alkaline protease enzyme produced by 
Teredinobacter turnirae and its potential applications as a detergent additive. Deutsche 
Lebensmittel-Rundschau. 102: 205-210, 2006. 

M.J. North. Comparative biochemistry of proteinases of eukayotic microorganisms. Microbiol. Rev. 
46(3): 308-340, 1982. 

H.R. Oh, Y. Aizono and M. Funatsu. Enzymological properties of the alkaline AL-protease from 
Arthrobacter luteus and detection of its active amino acid residue. Han’guk Yongyang Siklyong 
Hakhoechi. 13: 193-204, 1984. 

Y. Okada,  H. Nagase and E.D. Harris. A metalloproteinase from human rheumatoid synovial fibroblasts 
that digests connective tissue matrix components. Purification and characterization. J. Biol. 
Chem. 261: 14245–14255, 1986. 

F.M. Olajuyigbe  and H.O. Ajele. Some properties of extracellular protease from Bacillus licheniformis 
Lbbl-11 isolated from “iru”, a traditionally fermented African locust bean condiment. 1TGlobal J. 
Biotechnol. Biochem. 0T1T 3(1): 42-46, 0T20080T. 

H. Outtrup and C.O.L. Boyce. Microbial proteinases and biotechnology. In: Fogarty CT, Kelly K (eds) 
Microbial enzymes and biotechnology. Elsevier, London 1990, pp 227–254. 

R. Patel,  M. Dodia and S.P. Singh. Extracellular alkaline protease from a newly isolated haloalkaliphilic 
Bacillus sp.: Production and optimization. Process Biochem. 40: 3569-3575, 2005. 

K. Peek, R.M. Daniel, C. Monk, L. Parker and T. Coolbear. Purification and characterization of a 
thermostable proteinase isolated from Thermus sp. Rt 41A. Eur.J. Biochem. 207: 1035-1044, 
1992. 

K. Peek,  D.P. Veitch,  M. Prescott,  R.M. Daniael,  Iver, B. Mac and P.L. Bergquist. Some characteristics 
of a proteinase form thermophilic Bacillus sp. Expressed in Escherichia coli: comparison with the 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

40 
 

native enzyme and its processing comparison with the native enzyme and its processing in E. coli 
and in vitro. Appl Environ. Microbiol. 59(4): 1168-1175, 1993. 

 S.U. Phadatare, M.C Srinivasan and V.V. Deshpande. High activity alkaline protease from Conidiobolus 
coronatus (NCL 86.8.20): enzyme production and compatibility with commercial detergents. 
Enzyme Microb. Technol. 15: 72–76, 1993. 

P. Pillai and G. Archana. Hide depilation and feather disintegration studies with keratinolytic serine 
protease from a novel Bacillus subtilis isolate. Appl. Microbiol. Biotechnol. 78:  643-650, 2008. 

M. Poza, T. de Miguel,  C. Sieiro and T.O. Villa. Characterization of broad pH range proteases of 
Candida caseinolytica. J. Appl. MicrobioI. 91: 916-21, 2001. 

R.N. Rahman,  L.P. Geok, M.  Basri,  and A.B. Salleh. Physical factors affecting the production of 
organic solvent-tolerant protease by Pseudomonas aeruginosa strain K. Bioresource Technol. 96: 
429-436, 2005. 

R.N. Rahman, L.P. Geok, M. Basri,  A.B. Salleh. 17T 1T17TAn organic solvent-stable alkaline protease from 
Pseudomonas aeruginosa0T1T 0T1Tstrain K: Enzyme purification and characterization. 1TEnzyme Microb. 
Technol. 39(7): 1484-1491, 2006. 

R.N. Rahman,  C.N. Razak, A.  Kamaruzaman,  M. Basri,  W.M. Yunus  and A.B. Salleh. Purification 
and characterization of a heat-stable alkaline protease from Bacillus stearothermophilus F1. Appl. 
Microbiol. Biotechnol. 40: 822-827, 1994. 

S.K. Rai,  J.K. Roy and A.K. Mukherjee. Characterisation of a detergent-stable alkaline protease from a 
novel thermophilic strain Paenibacillus tezpurensis sp. nov. AS-S24-II. Appl. Microbiol. 
Biotechnol. 85:1437–1450, 2010. 

C.S. Rao, T. Sathish,  P. Ravichandra and R.S. Prakasham. Characterization of thermo- and detergent 
stable serine protease from isolated Bacillus circulans and evaluation of eco-friendly applications. 
17TProcess Biochem. 17T 44: 262–268, 2009. 

M.B. Rao,  A.M. Tanksale, M.S. Ghatge,  and V. Deshpande. Molecular and Biotechnological Aspects of 
Microbial Proteases. 33TUMicrobiol. Mol. Biol. RevU1T33T. 1T62(3): 597–635, 1998. 

N.D. Rawlings, L. Polgar and A.J. Barrett. A new family of serine-type peptidases related to prolyl 
oligopeptide. Biochem. J. 279: 907–908, 1991. 

N.A. Razak,  M.Y.A. Samad,  M. Basri,  W.M. Yunus,  K. Ampon and A.B. Salleh. Thermostable 
extracellular protease of Bacillus stearothermophilus: factors affecting its sporulation. World J. 
Microbiol. Biotech. 10: 260-263, 1994. 

L.V.A. Reddy,  Y.J. Wee,  J.S. Yun and H.W. Ryu. Optimization of alkaline protease production by batch 
culture of Bacillus sp. RKY3 through Plackett–Burman and response surface methodological 
approaches. 1TBioresour. Technol. 99: 1T2242–2249, 2008. 

A.B. Salleh,  M. Basri,  A. Rahman,  N. Aris and N. Shafee. Optimization of environmental and 
nutritional conditions for the production of alkaline protease by a newly isolated bacterium 
Bacillus cereus strain 146. J. Appl. Sci. Res. 1(1): 1-8, (2005). 

http://mmbr.asm.org/


International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

41 
 

W. Samarntarn, S. Cheevadhanarak and M. Tanticharoen. Production of alkaline protease by a genetically 
engineered Aspergillus oryzae U1521. J. Gen. Appl. Microbiol. 45(3): 99-103, 1999. 

S. Saurabh,  I. Jasmine,  G. Pritesh and S. Rajendra. Enhanced productivity of serine alkaline protease by 
Bacillus sp. using soybean as substrate. 1TMalays. J. Microbiol. 1T3(1): 1-6, 2007. 

I. Schechler and A. Berger. On the size of the active site in proteases I papain. Biochem. Biophys. Res. 
Commun. 27: 157–162, 1967. 

N. Shafee,  S.N. Aris,  R.N. Rahman,  M. Basri and A.B. Salleh. Optimization of environmental and 
nutritional conditions for the production of alkaline protease by a newly isolated bacterium 
Bacillus cereus strain 146. 33TUJ. Appl.  Sci U1T33T. 1(1): 1-8,1T 2005 1T. 

J.D. Shannon,  E.N. Baramova,  J.B. Bjarnason and J.W. Fox. Amino acid sequence of a Crotalus atrox 
venom metalloprotease which cleaves type IV collagen and gelatin. J. Biol. Chem. 264: 11575–
11583, 1989. 

J.S. Shi, Q.F. Wu,  Z.H. Xu and W.Y. Tao. Identification of psychrotrophs SYP-A2-3 producing cold-
adapted protease from the No. 1 Glacier of China and study on its fermentation conditions. Wei. 
Sheng. Wu. Xue. Bao. 45: 258-263, 2005. 

Shikha, A. Sharan and N.S. Darmwal. Improved production of alkaline protease from a mutant of 
alkalophilic Bacillus pantotheneticus using molasses as a substrate. Bioresour. Technol. 98: 881–
885, 2007. 

44TT. Shirai,  A. Suzuki,  T. Yamane,  T. Ashida,  T. Kobayashi,  J. Hitomi and S. Ito 1T44T. High-resolution 
crystal structure of M-protease: phylogeny aided analysis of the high-alkaline adaptation 
mechanism. Protein Eng.0T1T 0T1T10: 627-634,1T 1T1997. 

Stefantisi, D., Sakellaris, G. and Garel, J.R. (1995). The presence of two proteinases associated with the 
cell wall of Lactobacillus bulgaricus. FEMS Microbiol. Lett. 128: 53-58. 

E. Stoll,  H.G. Weder  and H. Zuber. Aminopeptidase II from Bacillus sterothermophilus. Biochim. 
Biophys. Acta 438: 212–220, 1976. 

A. Sumantha, C.  Sandhya,  G. Szakacs,  C.R. Soccol and A. Pandey. Production and partial purification 
of a neutral metalloprotease by fungal mixed substrate fermentation. Food Technol. Biotechnol. 
43 (4): 313–319, 2005. 

44TH. Taguchi,  M. Hamaoki, H. Matsuzawa and T. Ohta. 1T44TJ. Biochem. 93(1): 7-13,1T44T 19831T44T.  

H. Takami,  T. Akiba and K. Horikoshi. Production of the extremly thermostable alkaline protease from 
Bacillus sp. no. AH-l 01. Appl Microbiol Biotechnol 30: 120- 24, 1989. 

H. Takami,  T. Akiba and K. Horikoshi. Substrate specificity of thermostable alkaline protease form 
Bacillus sp. no. AH-101. Biosci. Biotech. Biochem. 56: 1667-1669, 1992. 

44TH. Takami,  T. Akiba  and K. Horikoshi1T44T. Characterization of an alkaline protease from0T1T 0T1TBacillus0T1T 0T1Tsp. no. 
AH-101. Appl. Microbiol. Biotechnol.0T1T 0T1T33: 519-523,0T1T  0T1T1990. 

http://www.ansinet.net/journals.asp


International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

42 
 

Y. Takii, H. Taguchi,  H. Shimoto and Y. Suzuki. Bacillus stearothermophilus KP1236 neutral protease 
with strong thermostability comparable to thermolysin. Appl. Microbiol. Biotechnol. 27: 186-191, 
1987. 

Y. Takii,  N. Kuriyama and  Y. Suzuki. Alkaline serine protease produced from citric acid by Bacillus 
alcalophilus subsp. halodurans KP 1239. Appl. Microbiol. Biotechnol. 34(1): 57-62, 1990. 

C. Tari,  H. Genckal and F. Tokath. Optimization of a growth medium using a statistical approach for the 
production of an alkaline protease from a newly isolated Bacillus sp. L21. Process Biochem. 41: 
659-665, 2006. 

E.B. Thangam and G.S. Rajkumar. Purification and characterization of an alkaline protease from 
Alcaligenes faecalis. Biotechnol. Appl. Biochem. 35: 149-154, 2002. 

 G. Nancy,  S. Sonica ,  K. S. Sanjeev and  G, Naveen. Lime and Sulphide-Free Dehairing of Animal Skin 
Using Collagenase-Free Alkaline Protease from Vibrio metschnikovii NG155. Indian J Microbiol. 
54(2): 139–142, 2014. 

G. Thomas,  A. Mani,  B. Joseph and A. Gupta. Biosynthesis and properties of an extracellular 
thermostable serine alkaline protease from Virgibacillus pantothenticus. World J. Microbiol. 
Biotechnol. 10: 1007-1011, 2007. 

J.T. Thumar  and S.P. Singh. Organic solvent tolerance of an alkaline protease from salt-tolerant 
alkaliphilic Streptomyces clavuligerus strain Mit-1. J. Ind. Microbiol. Biotechnol. 36: 211-218, 
2009. 

C.R. Tremacoldi,  N.K. Watanabe and E.C. Carmona. Production of extracellular acid proteases by 
Aspergillus clavatus. World J. Microbiol. Biotechnol. 20: 639–642, 2004. 

44TY. Tsai, S. Lin, Y. Li,  M. Yamasaki and G.0T44T 0T44TTamura1T44T. Characterization of an alkaline elastase from 
alkalophilic0T1T 0T1TBacillus0T1T 0T1TYA-B. Biochim. Biophys. Acta.0T1T 0T1T883: 439-447, 1T 1T1986. 

44TY. Tsai,  M. Yamasaki and G. Tamura 1T44T. Substrate specificity of a new alkaline elastase from an 
alkalophilic0T1T 0T1TBacillus. Biochem. Int. 0T1T 0T1T8: 283-288, 1984. 

44TY. Tsai,  M. Yamasaki,  Y. Yamamoto-Suzuki  and G. Tamura 1T44T. 1T17T 1T17TA new alkaline elastase of an 
alkalophilic0T1T 0T1TBacillus. Biochem. Int. 0T1T 0T1T7: 577-583,0T1T  0T1T1983. 

44TO. Tsuchida,  Y. Yamagata,  T. Ishizuka,  T. Arai, J.  Yamada,  M. Takeuchi and E. Ichishima1T44T. An 
alkaline proteinase of an alkalophilic0T1T 0T1TBacillus0T1T 0T1Tsp. Curr. Microbiol. 0T1T 0T1T14: 7-12,0T1T  0T1T1986. 

H, Varela, MD. Ferrari, L. Belobradjic, A. Vazquez, and ML. Loperena. Skin unhairing proteases of 
Bacillus subtilis: production and partial characterization. Biotechnol Lett 19:755–758, 1997. 

M. Vidyasagar,  S. Prakash and C. Litchfield. Purification and characterization of a thermostable, 
haloalkaliphilic extracellular serine protease from the extreme halophilic archaeon 
Halogeometricum borinquense strain TSS101. Archaea. 2: 51-57, 2006. 

S.L. Wang,  Y.H. Chen,  C.L. Wang,  Y.H. Yen and M.K. Chern. Purification and characterization of a 
serine protease extracellularly produced by Aspergillus fumigatus in a shrimp and crab shell 
powder medium. 1TEnzyme Microb. Technol. 36: 660-665,1T 20051T. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takii%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suzuki%20Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Appl%20Microbiol%20Biotechnol.');
http://www.ncbi.nlm.nih.gov/pubmed/?term=George%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sondhi%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soni%20SK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20N%5Bauth%5D


International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-2, Issue-6,June  2016 
                              ISSN: 2395-3470 

www.ijseas.com 
 

 

43 
 

S.L. Wang, C.H. Yang,   T.W. Liang and Y.H. Yen. Optimization of conditions for protease production 
by Chryseobacterium taeanense TKU001. 1TBioresour. Technol. 99: 3700-3707,1T 20081T. 

O.P. Ward. Proteolytic enzymes. In: Moo-Young M (ed) Comprehensive biotechnology, the practice of 
biotechnology: current commodity products, vol 3. Pergamon Press, Oxford, 1985, pp 789–818. 

R.R. Watson. Substrate specificities of aminopeptidases: a specific method for microbial differentiation. 
Methods Microbiol. 9: 1–14, 1976. 

S.M. Wilhelm,  I.E. Collier,  A. Kronberger, A.Z.  Eisen,  B.L. Marmer,  G.A. Grant,  E.A. Bauer and G.I. 
Goldberg. Human skin fibroblast stromelysin: structure, glycosylation, substrate specificity and 
differential expression in normal and tumorigenic cells. Proc. Natl. Acad. Sci. USA. 84: 6725–
6729, 1987. 

G.A. Wolf and S.J. Wirth. Soluble, dye-labelled substrates for a micro-plate assay of proteinase activity. 
J. Microbiol. Methods. 25: 337–342, 1996. 

1TY. Yamagata,  T. Sato,  S. Hanzawa0T1T 0T1Tand E. Ichishima. 1TThe structure of subtilisin ALP I from 
alkalophilic0T 0TBacillus0T 0Tsp. NKS-21. 1TCurr. Microbiol. 30(4): 1T 1T201-209, 1995. 

 F.M. Yong and B.J.B. Wood. Microbiology and biochemistry of soy sauce fermentation. Adv. Appl. 
Microbiol. 17: 194-196, 1974. 

44TT.I. Zaghloul,  M. AlBahra and H. AlAzmeh 1T44T. Isolation, identification, and keratinolytic activity of several 
feather-degrading bacterial isolates. Appl. Biochem. Biotechnol.0T1T 0T1T70: 207-213,0T1T  0T1T1998. 

W. Zhao,  C. Weber,  C. Zhang,  C. Romanek,  G. King,  G. Mills, T. Sokolove and J. Wiegel. 
Thermalkalibacillus uzonensis gen. sp. nov., a novel aerobic alkali-tolerant thermophilic 
bacterium isolated from a hot spring in Uzon Caldera, Kamchatka. Extremophiles. 10: 337-345, 
2006. 

 


	Production optimization and characterization of an alkaline thermostable protease and its application as laundry additive
	Abstract
	4.1 Isolation of alkalophiles
	Table 4.1: Screening of alkalophilic isolates for protease production
	Table 4.2: Submerged fermentation of isolate no. 11 and 36
	4.4.1 Effect of incubation time on enzyme production and growth
	Fig. 4.2 Production of protease from alkalophilic isolate AP11 at different time intervals.
	4.4.2 Effect of different nitrogen sources
	Fig. 4.3 Production of protease from alkalophilic isolate AP11 with different nitrogen sources.
	4.4.3 Effect of soyabean meal concentration
	Fig. 4.4 Production of protease from alkalophilic isolate AP11 with different concentrations of soyabean meal.
	4.4.4 Effect of pH
	Fig. 4.5  Production of protease from alkalophilic isolate AP11 at different concentrations of sodium carbonate (pH range 6.8-11.8).
	4.4.5  Effect of different carbon sources
	Fig. 4.6  Production of protease from alkalophilic isolate AP11 with different carbon sources.
	4.4.6  Effect of inoculum size
	Fig. 4.7 Production of protease from alkalophilic isolate AP11 with different inoculum sizes.
	4.4.7  Effect of inoculum age
	Fig. 4.8  Production of protease from alkalophilic isolate AP11 with different inoculum sizes.
	4.4.8 Effect of temperature
	Fig. 4.9  Production of protease from alkalophilic isolate AP11 at different temperatures.
	4.4.9 Effect of aeration and agitation
	Fig. 4.10  Production of protease from alkalophilic isolate AP11 at different agitation rates.
	A. Ghosh,  K. Chakrabarti, and  D. Chattopadhyay. Degradation of raw feather by a novel high molecular weight extracellular protease from newly isolated Bacillus cereus DCUW. J Ind Microbiol Biotechnol. 35(8): 825-834, 2008.
	Y. Takii,  N. Kuriyama and  Y. Suzuki. Alkaline serine protease produced from citric acid by Bacillus alcalophilus subsp. halodurans KP 1239. Appl. Microbiol. Biotechnol. 34(1): 57-62, 1990.
	J.T. Thumar  and S.P. Singh. Organic solvent tolerance of an alkaline protease from salt-tolerant alkaliphilic Streptomyces clavuligerus strain Mit-1. J. Ind. Microbiol. Biotechnol. 36: 211-218, 2009.


