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Abstract— Background: Proteases produced by 

enzymatic method are more environments friendly than 

chemical process, and they have tremendous potential in the 

leather industry and in other several industries. In this 

study extracellular protease producing nonpathogenic 

Bacillus subtilis was isolated from soil sample and 

relationship between sporulation and extracellular protease 

synthesis in large scale cultivation was studied.The enzyme 

was further characterized, purified, and tested for potential 

application. 

Result: The molecular weight of the protease was found to 

be ~30 KDa. Enzyme activity was checked on the presence 

of different metal ions and effectors. The enzyme was 

slightly modulated by MG++ ion, and significantly by Hg++ 

ion, while Zn++ ion slightly decrease the proteolytic activity. 

Sulfahydryl reagents, DTT slightly and β-ME significantly 

inhibit the enzyme. EDTA showed no effect on the enzyme 

suggesting that the enzyme might not be metallo protease. 

PMSF, a known serine protease inhibitor was seen to 

totally inhibit the enzyme which indicates that the enzyme is 

a serine protease. The optimum enzyme activity was 

observed after 22 hours of incubation of B. subtilis at 37o C.  

Conclusions: Crude enzyme contains 285 units of enzyme 

which have direct dehairing activity. The enzyme was also 

seen to be able to remove blood and curry stain from 

clothes; making it a very promising candidate to be used in 

a leather and detergent industry. Apart from protease the 

bacterium was also seen to have lipase and collagenase 

activity. So, the bacteria are potentially good candidate for 

industrial application. 
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I. INTRODUCTION 
The global market for industrial enzymes in 2012 and 2013 

was nearly $4.5 and $4.8 billion[1]. A compound annual 

growth rate (CAGR) of 8.2% from 2013 to 2018 expect that 

it’ll reach around $7.1 billion by 2018[2]. Proteases have a 

large variety of applications mainly in the detergent at food 

industries and account for nearly 60% of the industrial 

market in the world[3]. They find application in a number 

of biotechnological processes, food processing, 

Pharmaceuticals, leather industry, silk, bakery, soy 

processing, meat tendering and brewery industries[4-7]. 

However, its application in the production of peptide 

synthesis in organic media is limited by the presence of 

organic solvents, but microbial proteases are more 

environments friendly when compared with the chemical 

process[5, 8]. Microbial proteases are extracellular in nature 

and directly secreted into the fermentation broth, thus 

simplifying downstream processing of the enzyme as 

compared to proteases obtained from plants and animals [9, 

19]. Though, optimization of protease could involve several 

variables such as temperature, pH and incubation period. In 

this regard, the Bacillus species specially (B. subtilis) were 

exploited for their ability to produce extracellular 

enzymesin submerged fermentation [10-12].  

The aim of the study were to culture dehairing protease 

producing Bacillus sp. in large scale for production and 

purification of extracellular protease from it, than 

evaluating practical application of the enzyme in leather and 

detergent industry.  
 

II. MATERIAL AND METHODS 
 

Sample preparation: Bacterial sample isolate by pure 

culture followed by stick culture from tannery waste rich 

soil.Gram staining & spore staining showed that the 

organism is gram positive and forms spore during adverse 

condition in the growth medium. After various tests it was 

suggested and the features agreed with the description of B. 

subtilis in Bergey’s Manual of Systematic Bacteriology 

[13]. It was also identified as B. subtilis with 99.9% identity 

by API 50 CHB[14, 22] and was also characterized and 

identified by using a bioinformatics tool PIB (Probabilistic 
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Identification of Bacteria)[15] that suggests the organism 

was B. subtilis (ID=0.9760). B. subtilis was cultured in 

nutrient broth and incubated in Psychrotherm Incubator-

Shaker at 37°C for 22-24 hours until the absorbance of 

growing culture reached 1.5-1.8. Spore staining was carried 

out to check the shape and the position of bacterial spores 

and culture was centrifuged at 5000 rpm for 25 minutes to 

use supernatant as crude enzyme.  
 

Protease activity analysis: The growth was measured at 

every two hours interval at 37°C by 660 nm light 

absorbance and proteolytic activity by Kreger and 

Lockwood [16]method to Determination of co-relation 

between bacterial growth and extracellular protease 

synthesis.  

Effect of different metal ions (ZnSO4, MgSO4, CuSO4, 

NaCl, KCl, HgCl2) and inhibitors (EDTA, PMSF, sodium 

thiosulfate , β-mercaptoethanol, dithiothreitol ) on Protease 

Activity was determined at 1mM to 10mM concentration 

range by co-incubation of enzyme solution and each ion and 

inhibitor for 30 minutes at room temperature and then the 

residual protease activity was determined. 

Azocasien assay [17]was carried out to determine 

extracellular and intracellular protease activity; for 

extracellular protease crude enzyme was taken but for 

intracellular, crude enzyme was washed in saline water and 

disrupted by ultrasonic treatment than centrifuged at 6,000g 

for 15 minutes before the assay.  

To evaluate the detergent activity of the enzyme, crude 

enzyme was used and compared it with several commercial 

detergents at room temperature. 
 

Enzymatic dehairing: 5 mL Crude enzyme was added on 

detergent washed cow hide (2×2 inches) to observe 

enzymatic dehairing capability of the organism. Sodium 

azide was used at 1% so other organism cannot grow on 

subject and incubated for overnight. 
 

Enzyme Purification: For enzyme purification crude 

enzyme was re-dissolved in buffer and ammonium sulfate 

was removed by dialysis. After that centricon (ultra-

filtration device) is used for collecting enzyme larger than 

30 KDa. These enzymes were further purified by DEAE 

cellulose column ion-exchange chromatography, where 1.0 

M Tris-HCl used as buffer and 0.1-3.0 M NaCl solution as 

gradient. Enzyme purification was confirmed by SDS-

PAGE. 
 

III. RESULTS 
Microscopic observation (figure 1) along with growth 

profile and enzyme activity shows that spore formation start 

at 10 hour incubation time; it also shows that synthesis of 

enzyme increases with the increase of sporulation (figure 

2).At 37oC temperature we also find higher protease activity 

for extracellular enzyme (0.28 absorbance at 440 nm) than 

intracellular enzyme (0.03 absorbance at 440 nm).  
 

Effect of metal ions and other effectors on the protease 

activity 

Caseinolytic result (Figure 3) show that phenyl methyl 

sulfonyl fluoride (PMSF) can completely inhibit protease 

activity which suggest that extracellular might be a serine 

protease and β- mercaptoethanol considerably inhibit the 

enzyme activity which suggesting that a HS-group may be 

present at or near the active site. Thiosulfate, potassium 

chloride, DTT and Zn++ ion also inhibit protease activity but 

not very significantly.  

The result also shows that Mg++ ion slightly where Hg++ ion 

significantly increased the proteolytic activity. EDTA and 

other ion have no effect on the protease activity which 

suggested that the enzyme might not be metallo protease. 
 

Evaluation of detergent activity of the protease enzyme 

To evaluate the ability of the enzyme to remove stain 

(blood, curry) from clothes crude enzyme supernatant was 

used along with/without commercial detergent powder 

(Figure 4).  
 

Direct dehairing and Collagenase activity 

The crude enzyme was shown to remove the hair 

completely. As it was shown in Table.1 that the crude 

enzyme solution contain 285.0 units of enzyme per mL, 

356.25 units of enzyme was required to completely remove 

hair from per square inch of cow hide.So, this enzyme can 

be used in leather processing and provides an alternative to 

decrease the environmental contamination load and for a 

better future.Collagenase activity Test show cow ligment 

can completely digests in bacterial culture while cell free 

supernatant could only digest part of it.The fraction 

collected from ion exchange chromatography showing 

protease activity (table in supplement file) was subject to 

SDS-PAGE. After SDS-PAGE a single band was found. 

Hence we can assume the enzyme has been purified. 
 

IV. DISCUSSION AND CONCLUSION 
 

During sporulation the organism produces both extracellular 

and intracellular proteases. From our study isolated 

extracellular protease enzyme functions at alkaline pH,high 

salt concentration and temperatures higher than 370C.It can 

effectively remove the blood strain from fabrics suggesting 

that it may used to fortify of the detergents. Intracellular 

protease might be associated with some generalized cellular 

development or normal cellular activity. It might not be 

involved in this sporulaion or extracellular activity. This 
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prediction comes from the result that during 30 hours of 

monitoring of intracellular enzyme activity no increase in 

the enzyme activity could be established. Intracellular 

enzyme activity is not an artifact of enzyme extraction from 

the cell. Since intracellular enzymes activity is not inhibited 

by PMSF, or B-Mercapto ethanol, it may be safely 

concluded that this enzyme is different from extracellular 

protease reported in this work. 
 

Green chemistry, also called sustainable chemistry, is a 

chemical philosophy encouraging the design of the products 

and processes that reduce or eliminate the use and 

generation of hazardous substance[18]. Leather industry 

contributes to one of the major industrial pollution problems 

facing the country[19-21].The application of enzymes its 

fits many of the principles of green chemistry. Because the 

optimum enzyme activity was observed after 22 hours of 

incubation of our isolated B. subtilis at 37o C where crude 

enzyme contain 285.0 units of enzyme which have direct 

dehairing activity. 
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(a) At 10x                                                        (b) At 100x                                                       (c) At 50x 

Figure 1: Microscopic observation of sporulation at different time intervel (a) at 10th hour (b) at 18th hour (c) at 22nd hour. 
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Figure 2: Sporulation start at 10th optimum growth at 18th and highest enzyme activity show at 22nd hour of incubation. 
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Figure 3: Graphical presentation of the effect of different metal ions and effectors on protease activity. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Evaluation of different commercial detergent and the enzyme to remove blood stain from clothe. (1.a) Control, (1.b) 

Wheel powder slightly removed the blood stain, (1.c) Wheel powder + enzyme nearly remove all blood stain, (1.d) Enzyme 

alone is sufficient to remove blood stain, (1.e) Surf Excel could not remove blood stain. And for curry (2.a) Control, (2.b) 

Wheel powder, (2.c) Wheel powder + enzyme (2.d) Enzyme alone, (2.e) Surf Excel; all of them were shown to be very 

negligibly removing curry stain. 
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Table.1: Different enzymatic properties of protease at several stage. 

Stage 
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Before purification 0.75 825.0 1.25 380 285  

75% saturation with ammonium sulfate 1.35 270.8 2.872 77.4 104.5 3.04 

After dialysis 0.49 98 2.872 213.33 104.5 2.8 

After ultra-filtration by centricon 0.415 2.075 1.980 130.1 54.0 3.25 

 
 

Supplementary Table. S.1: Growth profile and protease activity of the organism at 370C. 

Time (hours) Absorbance at 600 nm (For Growth) Absorbance at 600 nm (For Protease Activity) 

2 0.15 0.035 

4 0.319 0.031 

6 0.757 0.028 

8 1.119 0.032 

10 1.599 0.027 

12 1.619 0.025 

14 1.665 0.028 

16 1.679 0.073 

18 1.689 0.149 

20 1.559 0.198 

22 1.509 0.299 

24 1.501 0.269 
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Supplementary Table. S.2: Effect of metal ions and other effectors on the protease activity of the protease. 
 

Compound (concentration in mM) Caseinolytic activity (%) 

Control 100 

MgSo4 (5) 107 

ZnSo4 (5) 98 

EDTA (5) 102.3 

NaCl (100) 101 

NaCl (200) 99.5 

β-Mercaptoethanol (5) 38.8 

Sodium Thiosulfate (5) 85.9 

Sodium Thiosulfate (10) 74.82 

KCl (5) 89.3 

HgCl2  (5) 123.7 

PMSF (1) 2.04 

PMSF (5) 1.9 

PMSF (10) 1.5 

DTT (5) 87.2 

DTT (10) 80.47 

 

Supplementary Table.S.3: Ion exchange chromatography Result (Absorbance at 280 nm). 

Fraction 

no. 

Eluent Condition 

Tris Buffer 0.1 M NaCl 0.2 M NaCl 0.5 M NaCl 1.0 M NaCl 2.0 M NaCl 3.0 M NaCl 

1. 0.005 0.038 0.103 0.025 0.049 0.005 0.001 

2. 0.004 0.029 0.127 0.030 0.044 0.005 0.001 

3. 0.004 0.027 0.111 0.041 0.070 0.005 0.001 

4. 0.209 0.03.4 0.132 0.040 0.052 0.005 0.001 

5. 0.008 0.094 0.198 0.021 0.052 0.005 0.001 

6. 0.007 0.179 0.103 0.047 0.039 0.006 0.001 

7. 0.010 0.206 0.007 0.016 0.038 0.006 0.001 

8. 0.016 0.209 0.005 0.024 0.039 0.005 0.001 

9. 0.023 0.217 0.015 0.018 0.037 0.005 0.001 

10. 0.063 0.236 0.017 0.025 0.025 0.003 0.001 
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