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Abstract  

Screening and isolation of proteolytic bacteria were carried out from water samples of Lojing hot spring (Kelantan, 

Malaysia). Based on the qualitative screening on Skim Milk Agar (SMA), two isolates showed positive results by forming 

clearing zones around the colonies on SMA. The isolates were identified as Bacillus subtilis 50a and B. licheniformis 50b on 

the basis of the 16s rRNA gene sequencing. The effect of temperature, pH and inhibitors on enzymes activity and stability 
were investigated. The crude proteases for both isolates displayed maximal activity at 70˚C and showed characteristic pH 

optima at pH 9.0. Enzymes activities were totally inhibited by phenylmethyl sulphonyl fluoride (PMSF), suggested  that the 

proteases from B. subtilis 50a and B. licheniformis 50b belong to the family of serine protease. The thermostability profile 

exhibited the protease from B. subtilis 50a was very stable at 50˚C (maintain 100% relative activity) and the protease 

activity retained 89% of its original activity after heat treatment at 60˚C for 30 min. Meanwhile, protease activity for B. 

licheniformis 50b  retained 96 and 72% of the original activity after heat treatment at 50 and 60˚C, respectively. Considering 
their promising properties, B. subtilis 50a and B. licheniformis 50b could be a potential sources of enzymes for industrial 

applications. 
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Introduction 

Proteases are one of the most important industrial enzymes, 
accounting for nearly 60% of total worldwide enzyme sales1. 
Among the various proteases, bacterial proteases are the most 
significant, compared with animal and fungal proteases. And 
among bacteria, Bacillus strains are one of the most important 
producers of commercially applicable proteases among various 
microorganisms2. These proteases have wide applications in 
pharmaceutical, leather, laundry, food and waste processing 
industries. It was reported that about 35% of the total microbial 
enzymes used in detergent industry are the proteases from 
bacteria sources3. Thermophiles such as Bacillus 

stearothermophilus4 have been studied for their capability in 
producing thermostable protease. Thermostable proteases are 
advantageous in some applications because higher processing 
temperatures can be employed, with the consequences of faster 
reaction rates, increase in the solubility of nongaseous reactants 
and products, and reduced incidence of microbial contamination 
from mesophilic organisms4. Thus it is desirable to search for 
new proteases with novel properties from as many different 
sources as possible. 
 

Material and Methods 

Bacterial strain: The microorganisms used in this study were 
isolated from water samples collected from hot spring in Lojing 
Highlands (Kelantan, Malaysia) after extensive screening at 
various temperatures (50, 55 and 60˚C) on Skim Milk Agar 
(SMA) containing (g/l): nutrient agar, 13.8 and skim milk 
powder, 12.0. Isolates that showed positive results on the SMA 

plate were then tested for their enzyme production in liquid 
medium. The organisms were maintained on nutrient agar plates 
and stored at 4˚C, while the stock was maintained in 15% 
glycerol at -80˚C. 
 

Bacterial identification: Two out of seven different types of 
bacteria isolates showed positive results by forming clearing 
zones around the colonies on SMA. The isolates were  then 
identified by 16S rRNA gene identification. The 16S rRNA 
genes were amplify by polymerase chain reaction (PCR) with 
two universal primers, forward: 5’-GAG TTT GAT CCT GGC 
TCA-3’ and reverse: 5’-CGG CTA CCT TGT TAC GAC TT-
3’. Genomic DNA of isolates were then subjected to PCR 
reactions containing the above forward and reverse primers. The 
reaction mixture were initially heated for 4 min at 94oC, 
followed by 30 cycles of PCR including 1 min at 94oC 
(denaturation), 1 min at 58oC (annealing) and 1 min at 72oC 
(extension). This was followed by one cycle of 7 min at 72oC 
and held at 4oC. The PCR products was examined by 
electrophoresis and detected using ethidium bromide 
fluorescence. QIAquick PCR Purification Kit (Qiagen, 
Germany) methods were used for the purification of PCR 
product and the purified PCR product was sent for sequencing. 
The sequence for DNA homology was matched with the 
Genebank database that was available at 
http://www.ncbi.nlm.nih.gov/BLAST/. 
 

Protease production: The inoculums were prepared  by 
inoculating a single colony from the culture of nutrient agar into 
10 ml nutrient broth (g/l: bacteriological peptone,5; meat 
extract,1; yeast extract,2; 5 g of NaCl,5) in universal bottles and 
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incubated  at 150 rpm  in a shaker for 24 hours at 50˚C. The 
cells were harvested  by centrifugation  at 10000 rpm, 4˚C for 
10  min. The bacteria pellet was dissolved in saline (0.85% 
NaCl) to give an absorbance reading of 0.5 at 540 nm5. 
Inoculum (4%)  was then inoculated into 100 ml growth  
medium and  incubated  at 50˚C for 24 h. 10 ml of 24h culture 
was harvested by centrifuged at 10000 rpm for 10 min at 4˚C. 
The cell free supernatant was used for the assay of protease 
activity. 
 
Assay of protease activity: Protease activity was determined  
by a modification of  the  method described by Rahman et  al.6.  
Azocasein (0.5%, 1 ml) was dissolved  in 0.1 M Tris-HCl, pH 9 
and preincubated at 50˚C. The reaction was initiated by addition 
of 100 µl of enzyme solution, and assayed  at 50˚C for 30 min. 
An equal volume of 10% trichloroacetic acid (TCA) was added  
to terminate the reaction and  the mixture allowed  to stand at 
room temperature for 30 min and then centrifuged  at 13000 
rpm for 10 min. The absorbance of the supernatant was 
determined  at  450 nm. All enzyme assays were carried out in 
triplicates. 
 
One unit (U) of azocaseinase activity was defined as the amount 
of enzyme activity that produces a change of absorbance (0.001 
per min) at 450 nm at 50˚C under the standard assay conditions. 
 

Characterization of crude protease: Effect of pH on protease 
activity: The effects of  pH on the hydrolysis of azocasein by 
crude proteases were studied by varying the pH from 5 to 12. 
Phosphate buffer (pH 5–6), Tris–HCl buffer (pH 7–9) and 
glycine-NaOH buffer (pH 10-12) were employed to regulate the 

pH. Reaction was initiated by the addition of 100 µl enzyme to 
1 ml of pre-incubated substrate dissolved in the above buffer at 

50°C for 30 min, and the activity was assayed. 
 
Effect of temperature on protease activity: Effect of 
temperature on crude proteases activity was determined by 
using 0.5% (w/v) of azocasein dissolved in 0.1M Tris-HCl 

buffer (pH 9.0) at various temperatures ranging from 40°C to 

80°C. The incubation was carried out for 30 min.  
 
Effect of inhibitors on protease activity: Patterns of inhibition 
were determined using inhibitors such as, 10 mM 
phenylmethylsulphonyl fluoride (PMSF), 10mM 
ethylenediaminetetracetic acid (EDTA), 10mM iodoacetic acid 
(IAA), 2mM pepstatin, 2mM elastatin, 1.5 mM bestatin and 1 
mM antipain. The protease preparation was incubated with the 
inhibitors in the ratio 1:1 for 30 min at room temperature. The 
activity was determined as above. 
 
Thermostability: For thermostability studies, the crude 
proteases were pre-incubated at different temperatures such as 
50˚C, 60˚C, 70˚C and 80˚C. After 30 min, the sample were 
cooled rapidly in ice and assayed. 
 

Results and Discussion 

Identification of bacterial strain: The partial 16S rRNA 
nucleotide sequence (1192 bp and 1180 bp) from isolates 50a 
and  50b has been analyzed using Blast from National Center of 
Biotechnology (http:// www.ncbi.nih.gov). From the analysis, 
isolate 50a was closely related  to Bacillus subtilis and isolate 
50b was closely related to B. licheniformis. The homology 
among these bacteria showed a significant value of 99% 
homology.  
 
Effect of pH on protease activity: The effects of pH on 
enzyme activity was examined in the pH range 5-12 (figure-1). 
The highest activity of B. subtilis 50a and B. licheniformis 50b 
crude proteases were found to be at pH 9 using Tris-HCl buffer, 
indicating that the enzymes belonged to alkaline protease group. 
These findings are in accordance with several earlier reports 
showing pH optima of 9 for protease from Bacillus 

licheniformis LHSB-057 and B. laterosporus AK-18. 
Meanwhile, several reports are showing the pH optima of  8-10 
for protease obtained from B. subtilis P-29, Bacillus subtilis 

DM-0410 and B. licheniformis Lbb1-1111. Considering  
maximum enzyme activity was observed at alkaline pH, the 50a 
and 50b proteases may find potential application in detergent 
industry because the pH of  laundry detergent is generally in the 
range of 9.0 – 12.012. Alkaline proteases are used as cleaning 
additives in detergents to facilitate the release of proteins. 
 
Effect of temperature on protease activity: The studies of 
effect of temperature on the protease activity were carried out at 
temperature ranging from 40 to 80oC. As shown in figure-2, the 
enzymes produced by B. subtilis 50 and B. licheniformis 50b 
manifested their maximal activity at 70 oC. The protease activity 
gradually declined at temperature beyond 70oC. The 
performance of alkaline protease in detergent is influenced by 
several factors such as pH and temperature of washing solution 
as well as detergent composition. According to Beg and 
Gupta13, all currently used detergent compatible enzymes are 
alkaline and thermostable in nature with a high pH optimum and 
varying thermostabilities at laundry temperatures (50-70oC). 
Thus, the thermostable alkaline proteases of B. subtilis 50a and 
B. licheniformis 50b can be considered as a suitable candidates 
as an additive for commercial detergents. Similar results were 
obtained for some proteases from Bacillus species showing 
temperature optima of 70 oC14,15,16. 
 
Effect of inhibitors on protease activity: Inhibition studies 
primarily give an insight into the nature of an enzyme, its 
cofactor requirements, and the nature of the active center. The 
effect of different inhibitors on the enzyme activity of both 
crude proteases were studied. Inhibitors of EDTA, IAA, 
antipain, pepstatin, bestatin and elastatin did not inhibit the 
protease activity (figure-3). However, the protease activity of 
both proteases were inhibited by the serine protease inhibitor, 
PMSF, which resulted 100% inhibition at concentration of 10 
mM. In this regard, PMSF sulphonates the essential  serine 



International Research Journal of Biological Sciences ________________________________________________ ISSN 2278-3202   

Vol. 2(2), 29-33, February (2013)                    Int. Res. J. Biological Sci.

           

International Science Congress Association  31 

residue in the active site of the protease and has been reported to 
result in the complete loss of enzyme activity17. The results 
suggested that these enzymes belong to the serine protease.  
 
Effect of temperature on protease stability: The thermal 
stability of proteases in the range of 50 to 80oC was studied and 
results are shown in figure-4. The results indicated that within 
30 min, protease from B. subtilis 50a was stable at 50˚C 

(maintain 100% relative activity) while at 60oC, the enzyme 
retained 89% of the original activity. Protease activity for B. 

licheniformis 50b protease retained 96 and 72% of the original 
activity after heat treatment at 50 and 60oC, respectively. In 
contrast, protease from B. subtilis DM-0410 retained 67% of 
original activity after 30 min heat treatment at 60oC. Whereas, 
protease activity of B. cereus BG118 lost 100% of its initial 
activity after 15 min incubation at 55oC. 

 

 
Figure-1 

Effect of pH on activity of proteases from B. subtilis 50a (▲) and B. licheniformis 50b(■). Protease activity was determined 
by assayed at various pHs from pH 5-12 at 50˚C 

 
 

Figure-2 
Effect of temperature on activity of proteases from B. subtilis 50a (▲) and B. licheniformis 50b (■). Protease activity was 

determined by assayed at pH 9 
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Figure-3 
Effect of inhibitors on activity of proteases from B. subtilis 50a (□) and B. licheniformis 50b (■) 

 

 
Figure-4 

Thermostability of B. subtilis 50a (□) and B. licheniformis 50b(■) proteases after heat treatment at various temperature for 
30 min. 
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Conclusion 

Thermophilic proteolytic microorganisms identified as B. 

subtilis 50a and B. licheniformis 50b producing thermostable 
alkaline serine protease were screened and isolated. The 
characteristics of both proteases showed B. subtilis 50a and B. 

licheniformis 50b are good producers of extracellular protease at 
high temperature. Thus promising thermostable alkaline serine 
protease producers for industrial use especially in detergent 
industry. 
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