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A B S T R A C T 
 
 
Aims: To study protease production from four Bacillus species. 
To optimize the production of extracellular protease by testing 
various environmental and nutritional factors and its application as 
a contact lens cleanser. 
Methodology: The assay was carried out in duplicates. Cultures of 
Bacillus subtilis, Batcillus licheniformis, Bacillus thermophilus, 
and Bacillus cereus were used for Protease production and assay. 
Sterile Bushnell – Hass medium containing 1% casein was used. 
The clear zone of casein hydrolysis indicated protease secretion. 
Protease assay was done using modified sigma protocol for 
enzymatic assay of protease. Effect of incubation time, pH, 
temperature and aeration on protease production was studied. 
Diameter of colony and zone of clearance was measured and Cx 
ratio was calculated. The best protease producer was selected. 
Extracted and crude protease enzymes were added to artificial tear 
solution prepared with 0.2% lysozyme. Enzyme treatment was 
done for 10, 30, 60 and 90 min at optimum temperatures of 
respective enzymes. Light transmission readings were recorded 
using visible range spectrophotometer at 285 nm. 
Results: All four species of Bacillus produced protease enzyme. 
Bacillus subtilis (Cx ratio=6) was the best protease producer. 37oC 
temperature, 48 hrs of incubation and pH 7.5 was optimum for 
maximum production of protease from Bacillus subtilis. Optimum 
temperature and pH for the crude enzyme activity was 40ºC and 8. 
The optimum ammonium sulfate fractionation (40% (w/v) 
saturation) showed 4.76 fold increase in the specific activity of the 
crude extract. Protein solution was degraded by purified enzyme in 
30 min whereas crude enzyme required 60 min. 
Conclusion: Protease enzyme extracted from Bacillus subtilis 
showed good activity against artificial tear solution. 
                                                                 © 2014 British Biomedical Bulletin. All rights reserved
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Introduction
 
Microorganisms are the most 

preferred source of Protease enzymes in 
fermentation bioprocesses because of their 
fast growth rate, their ability to engineer 
genetically to generate new enzymes with 
desirable abilities and enzyme 
overproduction.1 Microbial proteases are 
among the most important hydrolytic 
enzymes and have been studied extensively 
since the advent of enzymology.2 The major 
uses of free proteases occur in dry cleaning, 
detergents, meat processing, cheese making, 
silver recovery from photographic films and 
certain medical treatments of inflammation 
and wounds.3 Proteases are important 
components in biopharmaceutical products 
such as contact-lens enzyme cleaners and 
enzymatic debriders.2,4 

It is well known that the deposits on 
contact lenses consist of proteins, lipids and 
mucin as tear components.5 Protein deposits 
are natural deposits on contact lenses which 
are unavoidable as they are formed by the 
interaction of the protein in our natural tears 
and the contact lenses. Contact lens 
cleansing solutions have been prepared 
using plant (papain) and animal (pancreatin, 
trypsin and chemotrypsin) proteases. 
However, in most instances they impart an 
unpleasant odor to the cleansing bath or 
develop an odor after a few hours of use. 
Several microbial proteases from Bacillus 
species, Streptomyces sp., and Aspergillus 
sp. were reported to clean tear films and 
debris of contact lenses.6 In order to 
overcome these drawbacks and to make 
cleaning composition odorless and safe, i.e., 
not producing an allergic response or 
causing irritation to the eyes, bacterial 
proteases are gaining importance. Several 
reports are available on production of 
proteases from bacterial cultures with 
Bacillus sp. as the dominating organism.7-9 

In the present study we report the 
isolation of protease from Bacillus species, 

optimizing the production of extracellular 
protease by testing various environmental 
and nutritional factors and its application as 
contact lens cleanser. 
 
Materials and Methods 
 
Micro-organism 

Cultures of Bacillus subtilis, Bacillus 
licheniformis, Bacillus thermophilus and 
Bacillus cereus were obtained from the 
Department of Microbiology, Changu Kana 
Thakur College, Panvel, Mumbai, India.  

 
Protease production and assay  

Sterile Bushnell- Hass medium 
containing 1% casein was used for screening 
of isolates for protease production. The 
isolates used for screening were Bacillus 
subtilis, Bacillus licheniformis, Bacillus 
thermophilus, and Bacillus cereus. 24 hrs 
old cultures of these isolates were streaked 
on above plates and incubated at 37oC for 24 
hrs. The method was performed in 
duplicates. The clear zone of casein 
hydrolysis was an indication of protease 
secretion. Protease assay was done using 
modified sigma protocol for enzymatic 
assay of protease.10,11 

 
Selection of best protease producer 

The cell count of each organism was 
calculated using standard plate count. For 
this, 0.1 O.D adjusted saline suspensions of 
the above cultures were used according to 
Miles and Misra’s method.12 Results were 
seen after 8 hrs. The experiment was 
performed in duplicates.  Based on results of 
this experiment, agar spot experiment was 
performed.13 In this experiment, Sterile 
Bushnell - Hass medium containing 1% 
casein agar plates were used. Saline 
suspensions adjusted to 0.1 O.D of the 
cultures were prepared. 10µL of each 
suspension was spotted on above agar plates 
and the plates were incubated at 37oC for 
24hrs. After incubation, diameter of colony 
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and zone of clearance was measured and Cx 
ratio was calculated. 

Cx ratio = diameter of zone of 
clearance / Diameter of colony. 

 
Effect of Incubation Time 

2 ml of culture suspensions grown 
overnight on sterile Nutrient agar slants 
were used to inoculate into 100 ml of 
production medium. The flasks were 
incubated at 37oC on a shaker. Aliquots 
were withdrawn every 24 hrs from the flasks 
until 96 hrs and were assayed for protease 
activity.3,14 

 
Effect of pH of the medium 

Four different pH values were 
employed. The pH values used were 6.0, 
7.5, 8.0, and 9.0. 2 ml of culture suspensions 
grown overnight on N.A slants were used to 
inoculate into 100 ml of production medium. 
The flasks were incubated at 37oC on a 
shaker. Aliquots were withdrawn after 48 
hrs and were assayed for protease 
activity.3,14 

 
Effect of Temperature of fermentation 

The pH of the production medium 
was adjusted to 7.5. It was incubated at R.T 
and 37oC to find optimum temperature of 
incubation. 2 ml of culture suspensions 
grown overnight on N.A slants were used to 
inoculate into 100 ml of production medium. 
The flasks were incubated on a shaker. 
Aliquots were withdrawn after 48 hrs and 
were assayed for protease activity.3,14 

 
Effect of Aeration conditions 

To determine the effect of aeration, 
one production flask was incubated on a 
shaker and another one was incubated at 
stationary conditions at room temperature. 
The production medium was adjusted to pH 
7.5. 2 ml of culture suspensions grown 
overnight on N.A slants were used to 
inoculate into 100 ml of production medium. 

Aliquots were withdrawn after 48 hrs and 
were assayed for protease activity.3,14 

 
Extraction and purification of enzyme 

St. Bushnell - Hass broth containing 
1% casein (pH 7.4) was used for the 
production of protease. Bacillus subtilis was 
used for the production. Three 500 ml 
conical flasks containing 100 ml aliquots of 
the medium were incubated at 37oC for 48 
hrs on shaker conditions.  After 48 hrs, broth 
was centrifuged at 5000 rpm for 20 min. The 
supernatant collected was used as crude 
extract and was filter sterilized to remove 
the spores. Protease activity of crude extract 
was determined.3 Partial purification was 
carried out using Ammonium sulphate 
fractionation and dialysis method. 
Continuous Ammonium sulphate saturation 
was done.15 

 
Effect of pH and temperature on activity of 
enzyme 

Effect of pH and temperature on 
activity of both crude enzyme and partially 
purified protease was studied. Effect of pH 
and temperature on activity of crude enzyme 
was studied before purification. Both the 
values were compared with that of partially 
purified enzyme. In order to study the effect 
of pH on the activity of the enzyme, 0.65% 
casein (substrate) was prepared in phosphate 
buffer having pH values 7, 8, 9 and 10.  In 
order to study the effect of temperature on 
the activity of the enzyme, 0.65% casein 
(substrate) was prepared in phosphate buffer 
with pH 8.0.3 

 

Application of protease in contact lens 
cleansing 

Partially purified proteases and crude 
extract were used for the application. A filter 
sterilized artificial tear solution was 
prepared with 0.2% lysozyme in electrolyte 
solution (0.22g Na2CO3 and 0.7 g NaCl, pH 
8). This solution was heated at 50oC for 20 
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min to denature lysozyme protein. 2ml of 
filter sterilized tear solution was taken in 
sterile test tube and 1 ml of enzyme was 
added to the tube. Similarly, a control set 
containing artificial tear solution but treated 
with phosphate buffer instead of enzyme 
was used. Enzyme treatment was done for 
10, 30, 60 and 90 min at optimum 
temperatures of respective enzymes. Light 
transmission readings were recorded using 
visible range spectrophotometer at 285 nm.6 

 
Results and Discussion 
 

In the present study, all 4 species of 
Bacillus (Bacillus subtilis, Bacillus 
licheniformis, Bacillus thermophilus and 
Bacillus cereus) produced protease which was 
observed as a zone of clearance around the 
colony as shown in figures 1, 2, 3 and 4. By 
Miles and Misra method, cell count was 
calculated which was around 1010 cells of 
each organism at 0.1 O.D.12 Results of agar 
spot method showed that B. subtilis (Cx 
ratio=6) was the best protease producer 
amongst the above 4 organisms. 

  
Effect of incubation time on protease 
production 

Since micro-organisms show 
considerable variation at different incubation 
period, it was very essential to detect the 
optimum incubation time at which the 
organism showed highest enzyme 
activity.16 Figure 5 shows that 48 hrs of 
incubation for B. subtilis was suitable time for 
maximum production of protease. Maximum 
production of proteases with 48 to 72 hrs of 
incubation by bacteria as reported by Hoshino 
et al.17 The results of Safey et al indicted that 
B. subtilis exhibited their maximum ability to 
biosynthesize protease within 30 hrs of 
incubation period.3 Ammar et al, (2003) 
reported that the optimum incubation period 
for thermostable purified protease enzyme 
was ranging from 60 to 72 hrs.18 

Effect of pH on protease production 
Microorganisms are sensitive to the 

changes in the hydrogen ion concentration of 
their environment.16 El- Hawry concluded 
that the optimum pH must meet the 
requirements of the protease producing gene. 
Bacteria were more sensitive to pH when 
used for the production of enzymes.19 Figure 
6 shows that pH 7.5 was optimum for the 
production of protease from B. subtilis. 
Sharmin et al found that B. licheniformis 
showed high protease production at pH 8.5.20 
Safey et al found pH 7.0 was the optimum pH 
for the protease production from B. subtilis.3 
Shehri et al reported maximum protease 
production was obtained at alkaline pH 8 
reaching 255 U/ml.14 

 
Effect of temperature on protease production 

The growth and enzyme activity of 
micro-organisms is greatly influenced by 
different incubation temperatures. The growth 
of micro-organisms can be inhibited at one 
temperature but it can be activated at another 
temperature.16 Figure 7 shows that protease 
production at 37oC was more than at RT. So, 
37oC was the suitable temperature for 
protease production. It was previously 
reported that 40oC was the optimum 
temperature for the protease production from 
B. subtilis.3 

 
Effect of aeration conditions 

Oxygen shows diverse effects on 
product formation in aerobic fermentation 
process by influencing metabolic pathway 
and changing metabolic fluxes. Figure 8 
shows that protease production was more 
when the medium was in shaker condition 
than in static condition. 

 
Effect of pH and temperature on activity of 
crude enzyme 

Effect of pH and temperature on 
activity of crude enzyme was checked to 
determine the optimum pH and temperature. 
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As shown in Figure 9 and 10, the optimum 
pH was found to be 8 and the optimum 
temperature was found to be 40oC.   

 
Extraction and purification of enzyme 

The optimum ammonium sulfate 
fractionation (40% (w/v) saturation) showed 
4.76 fold increase in the specific activity of 
the purified extract as compared to the crude 
extract (Table 1). The specific activity was 
106.9(units/mg prot/ml-1). Safey et al 
reported that the purification of protease 
resulted in an enzyme with specific activity of 
6381.75 (units/mg prot/ml-1) with purification 
folds 7.87 times.3 

 
Effect of temperature and pH on partially 
purified enzyme 

The effect of temperature on the 
activity of the purified protease is shown in 
Figure 12. The optimum temperature for 
activity of partially purified protease enzyme 
was 40ºC, while the temperature below or 
above 40ºC exhibited lower activities of 
protease. 45°C was the optimum temperature 
of the extracellular proteinase (PSCP) 
produced by Pseudomonas cepacia as 
reported earlier.21 In addition to that, Lee et al 
reported that the optimum temperature of 
purified protease was  within the range of 
40ºC to 50ºC.22 

    
Application of protease in contact lens 
cleansing 

In order to study the effectiveness of 
B. subtilis protease in removing proteinaceous 
deposits and debris from contact lenses, 
artificial tear solution was prepared. It was 
treated with crude enzyme and purified 
enzyme separately. The spectrophotometric 
analysis indicated that before treatment % 
transmittance was 75% and after addition of 
crude and purified enzyme it was 92 and 98% 
respectively (Table 2). 

The increased transmittance indicated 
that the enzyme had potential in the removal 

of protein deposits from contact lens. 
Similarly, a post treatment transmittance of 
control (untreated solution) using phosphate 
buffer was 75%, indicating no protein 
degradation. The optimal time for the 
degradation was 30 and 60 min. It was 
previously reported that the optimal time for 
protease from Bacillus sp. 158, for contact 
lens cleansing was 60 min.6 Greene et al 
reported that the enzyme from marine 
bacterium degraded lysozyme, the major 
protein contaminant of contact lens.23 
 
Conclusion 
 
 It was found that Bacillus subtilis 

produced maximum protease when 
incubated at 37oC under shaker 
conditions. 

 The optimum pH of the medium for 
maximum production of protease was 
found to be 7.5.  

 The optimum ammonium sulfate 
fractionation (40% (w/v) saturation) 
showed 4.76 fold increase in specific 
activity of the purified enzyme. The 
specific activity of the purified enzyme 
was 106.9 (units/mg protease/ml-1).  

 The optimum pH and temperature for 
both enzymes was found to be 8 and 40oC 
respectively.   

 The crude and partially purified enzymes 
were tested for the application in 
treatment of protein deposits on contact 
lenses. Protein solution was degraded by 
purified enzyme in 30 min where as crude 
enzyme required 60 min.  

 In this work, the activity of protease on 
artificial tear solution was checked. 
Further studies can be directly carried out 
on used contact lenses.  

 The bacterial protease enzyme can be 
used along with chemical disinfectants to 
clean the contact lenses. 
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 The present study achieves reducing the 
production cost, increasing the products 
quantity and overall profit.  

 Although, Bacillus subtilis shows a very 
high potential for commercial production 
of protease, a lot of research and 
development studies have to be carried 
out on used contact lenses. 

 
Authors Contributions 

 
All the authors take full responsibility 

of the content of the paper and contributed 
equally to the work. All the authors read and 
approved the final manuscript. 
 
Acknowledgement 

 
The authors wish to thank the Head of 

Department of Microbiology, Changu Kana 
Thakur College, Panvel, Mumbai, India, for 
providing the culture strains for this study. 
 
References 
 
1. Almas S, Hameed A, Shelly D, Mohan P 

(2009) Purification and characterization of a 
novel protease from Bacillus strain SAL1. 
African Journal of Biotechnology, 8 (15), 
3603-3609. 

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

3. Safey EME, Abdul-Raouf UM (2004) 
Production, purification and characterization 
of protease enzyme from bacillus subtilis. 
International Conferences for Development 
and the Environment in the Arab World, 
Assiut Univ. 14, 23-25. 

4. Anwar A, Saleemuddin M (1997) Alkaline-
pH acting digestive enzymes of the 
polyphagous insect pest Spilosoma obliqua: 
stability and potential as detergent additives. 
Biotech. App. Biochem., 25:43-46. 

5. Berry M, Harris A, Corfield AP, (2003) 
Patterns of Mucin Adherence to Contact 

Lenses. Investigative Ophthalmology & 
Visual Science, 44(2), 567-572. 

6. Pawar R, Zambare V, Barve S, Paratkar G 
(2009) Application of Protease Isolated from 
Bacillus sp. 158 in Enzymatic Cleansing of 
Contact Lenses. Biotechnology 8 (2): 276-80. 

7. Joo HS, Chang CS (2005) Production of 
protease from a new alkalophilic Bacillus sp. 
I-312 grown on soybean meal: Optimization 
and some properties. Proc. Biochem., 40: 
1263-1270. 

8. Tari C, Genckal H, Tokatli F (2006) 
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. 

9. Nilegaonkar SS, Zambare VP, Kanekar PP, 
Dhakephalkar PK, Sarnaik SS (2007) 
Production and partial characterization of 
dehairing protease from Bacillus cereus 
MCM B-326. Biores. Technol., 98: 1238-
1245. 

10. Anson M.L. (1938) the estimation of pepsin, 
trypsin, papain and Cathepsin with 
hemoglobin. J. Gen. Physiol. 22, 79-89. 

11. Folin O, Ciocalteau V (1929) "On tyrosine. 
And tryptophane determinations in proteins." 
J. Biol. Chem. 73,627. 

12. Hedges, AJ (2002) Estimating the precision 
of serial dilutions and viable bacterial counts. 
International Journal of Food Microbiology 
76 (3): 207–14. PMID 12051477. 

13. Torkar KG, Matijaši BB (2003) Partial 
Characterisation of Bacteriocins Produced by 
Bacillus cereus isolates from Milk and Milk 
Products. Food Technol. Biotechnol. 41(2) 
121–129. 

14. Shehri Al, Abdulrahman M, Yasser MS, 
(2004) Production and Some Properties of 
Protease Producing by Bacillus licehniformis 
Isolated from Tilhamet, Aseer, Saudi Arabia. 
Pakistan Journal of Biological Sciences 7 
(9): 1631- 1635. 

15. Green AA and Hughes WL (1955) Protein 
fractionation on the basis of solubility in 
aqueous solutions of salts and organic 
solvents Methods Enzymol. 1, 67-90. 

16. Yossan, Q., Y. Peng, X. Li, H. Wang and Y. 
Zhang (2006) Purification and 
characterization of an extracellular alkaline 



 Ismail et al_____________________________________________________ ISSN-2347-5447 

BBB[2][2][2014]293-302  

serine protease with dehairing for application 
in biodetergent technology. J. function from 
Bacillus pumilus. Curr. Microbiol.,46: 169-
173. 

17. Hoshino T, Ishizaki K, Sakamoto T, 
Kumeta1 H, Yumoto I, Matsuyama1 H, 
Ohgiya S (1997) Isolation of a Pseudomonas 
species from fish intestine that produces a 
protease active at low temperature. Letters in 
Applied Microbiology.  25, 70–72. 

18. Ammar MS, Bayoumi RA, El-Kasaby AMH 
and Soliman AM (2003) purification and 
properties of thermostable protease by 
Bacillus brevis geltinoamylolyticus using 
fish wastes and poultry wastes under solid 
state fermentation condition. 5th Int. sic. 
Conf. Al-Azhar Univ. Fac. Sci. Pp.54. 

19. Hawary El, F.I, Ibrahim I.I (1990) 
Comparative study on protease of 
thermophilic bacilli. Zagazig J. Agric. Res., 
19: 777-787. 

20. Sharmin S, Hossain MT, Anwar MN (2005) 
Isolation and Characterization of a Protease 
Producing Bacteria Bacillus Amovivorus and 
Optimization of Some Factors of Culture 
Conditions for Protease Production. Journal 
of Biological sciences 5 (3): 358-362. 

21. Mckevitt AI, Bajaksouzian S, Klinger JD 
and Woods DE (1989) Purification and 
characterization of an extracellular protease 
from Pseudomonas cepacia. Infection and 
Immunity, 57 (3): 771-778. 

22. Lee CY, Cheng MF, Yu MS, Pan MJ (2002) 
Purification and characterization of a 
putative virulence factor, serine protease, 
from Vibrio parahaemolyticus. FEMS 
Microbiol Lett. 19; 209 (1):31-37. 

23. Greene RV, Griffin HL and Cotta MA 
(1996) Utility of Alkaline Protease from 
Marine Shipworm bacterium in Industrial 
cleansing applicat. Biotechnol. Lett, 18:759 –
764.

 

Table 1. Extraction and purification of protease enzyme 

 
Table 2. Data of transmission (%) and protein degradation 

 

Protein solution 
Transmittance (%) 

0 min 10 min 30 min 60 min 90min 
Phosphate buffer as blank 100 100 100 100 100 

Untreated solution 75 75 75 76 75 
Treated solution with crude enzyme 75 80 88 92 92 

Treated solution with purified enzyme 76 89 95 96 98 
 
 

 

 

 

Stage of 
purification 

Total protease 
units 

Total protein 
(mg) 

Specific activity 
(mg-1) 

Fold of 
purification 

% yield 

Crude (0%) 2798.10 125.664 22.26 1 100% 

20% 
Ppt 190.74 7.075 26.8 1.2 6.8% 
Sup. 2096.6 100.632 20.8 0.93 74.9% 

40% ppt 1657 15.527 106.9 4.76 59.22% 
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Figure 1. Bacillus licheniformis after 24 hrs on 
BH agar containing 1% casein 

      

Figure 2. Bacillus cerus after 24 hrs on BH agar 
containing 1% casein  

     

Figure 3. Bacillus subtilis after 24 hrs on BH agar 
containing 1% casein 

    

Figure 4. Bacillus thermophilus after 24 hrs on 
BH agar containing 1% casein 
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Figure 5. Effect of incubation time on protease 
production 

      

Figure 6. Effect of pH on protease production 

     

Figure 7. Effect of temperature in protease 
production 

      

Figure 8. Effect of aeration conditions on 
protease production 
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Figure 9. Effect of temperature on Crude 
enzyme activity 

      

Figure 11. Effect of pH on partially purified 
enzyme 

      

Figure 10. Effect of pH on crude enzyme activity 

     

Figure 12. Effect of temperature on partially 
purified enzyme 


