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ABSTRACT 
 
Aim: To investigate the production characteristics and molecular properties of protease from 
Pediococcus acidilactici under cold storage temperature. 
Study Design: Identification and re-identification of Pediococcus acidilactis and determination of 
optimal conditions for protease production and molecular properties.  
Place and Duration of Study:  All the work was carried out in the Department of Microbiology, 
Faculty of Science, University of Ibadan, Nigeria between March 2014- January, 2015. 
Methodology: Identification of the organism was done using API kit. Determination of inoculums 
concentration was carried using the Neubaeur chamber. pH, incubation period, substrate 
concentration, influence of ions, were determined by varying this parameters using standard 
methods to optimise values. Purification of the enzyme was obtained by gel chromatography using 
sephadex beads G-100, G-50 and finally by the use of sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE).   
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Results: The highest protease activity of 49.46 units ml-1 was recorded at pH 5.5, temperature of 
20ºC, incubation period of 96 h, inoculum size of 0.1 ml (1.70 x 10

4
)
 
with 1% casein substrate 

concentration in the presence of 0.1 M manganese ion and 0.1M of Ammonium ions concentration. 
Separation of protease enzyme on SDS-PAGE showed that the molecular weights of the major 
peaks were found to be within the range of 45-55 kDa. 
Applications: This study revealed that bacteria (Pediococcus acidilactici) could be induced for 
protease production and their applications in industrial spheres were confirmed.  
 

 
Keywords: Pediococcus acidilactici; protease activity; cold-temperature-storage; production 

characteristics; molecular properties.  
 
1. INTRODUCTION 
 

Proteases are enzymes that speed up the 
degradation of protein compounds to peptide and 
also catalyze synthesis of peptide fragment in 
low aqueous organic solvent [1,2]. The 
production of protease is achieved optimally at 
commercial level by the use of microorganisms. 
The inability of the plant and animal proteases to 
meet current world demands has led to an 
increased interest in microbial proteases [3] 
Microorganisms are easily manipulated 
genetically to produce new categories of 
enzymes with different biotechnological 
properties [4]. It is important to add that enzymes 
from microbial sources are better than enzyme 
from other sources because they exhibit nearly 
all the characteristics necessary for 
biotechnological applications [5]. Microorganisms 
such as bacteria, yeast and fungi have been 
studied for the production of protease using solid 
state and submerged fermentation techniques [6, 
7]. [1] Reported the production of extracellular 
protease from high yielding strains of Bacillus 
spp, Alcaligenes faecalis, Pseudomonas 
fluorescens and Aeromonas using submerged 
fermentation technique [5]. The conditions 
required for optimum production of enzyme vary 
from one microorganism to the other [8, 9, and 
10].  
 

[3,11] Reported that pH of the production 
medium, incubation time, inoculums 
concentration, type of strain, media composition, 
the presence of metal ions,  temperature  and 
nutrient requirement, method used in the 
cultivation of the microorganism are important 
factors determining  the production of                   
protease from  bacteria. In addition,                      
microbial enzymes which are stable at                  
extreme pH conditions are preferable in 
commercial applications [12-14]. Protease 
enzymes constitute a single largest enzyme of 
industrial significance and it accounts for about 
60% of the total global sales of enzymes [15,16]. 

The industrial application of protease enzyme is 
wide and well documented.  It is employed in 
both physiological and commercial spheres 
[17,18]. In addition they are used in the 
production of bio insecticides, secondary 
metabolites and Pharmaceuticals [19,20]. 
Similarly the application of protease enzyme is 
seen in tendering of meat, infant formula 
preparation, baking, brewery and detergent 
industries [21]. There are several available 
documented studies on the production of 
protease from various sources.  [22-24] reported 
the production of protease from Pseudomonas 
spp, while [25-28] described the optimization of 
protease from Bacillus species. The productions 
of protease from Actinomyces and Alcaligenes 
were discussed by [29,30]. Aspergillus spp were 
able to produce significant quantity of protease 
when tested [31-34]. However studies on the 
production of protease from lactic acid bacteria 
especially cold protease from Pediococcus 
acidilactici is very scanty despite their 
biotechnological applications ranging from food 
processing to cold-water laundry detergents [35]. 
Therefore this present study is intended to 
investigate the production characteristics and 
molecular properties of protease from 
Pediococcus acidilactici under cold storage 
temperature because the potential of an enzyme 
for industrial application is determined by these 
parameters.         

 
2. MATERIALS AND METHODS 
 
2.1 Identification Procedure 
 
Pure cultures of Pediococcus acidilactici 
obtained from the culture collection of Professor  
A.A. Onilude of the Microbial                           
Physiology and Biochemistry unit, Dept                          
of Microbiology University of Ibadan, Nigeria and 
reidentified using the API 50 CH strips and 
API50CH medium (API system Montalieu 
Vercieu France). 
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2.2 Enzyme Production 
 
2.2.1 Determination/ standardization of 

inoculum 
 
One ml of cell suspension of Pediococcus 
acidilactici was transferred into 100 ml of     
sterilized MRS broth in 150 ml Erlenmeyer flask 
and incubated at 35

º
C for 24 h. The number of 

cells in 1 ml of the suspension was enumerated 
using the Neubauer chamber. 
 
2.3 Protein Assay 
 
This was carried out using the modified                  
method of [36] while protein estimation was 
investigated by employing the methods of [37] 
One unit of protease activity was defined as the 
amount of protease enzyme that produced one 
µmol of amino acid under standard assay 
condition. 
 

2.4 Determination of Optimum Inoculum 
Concentrations for Protease Activity 

 
Determination of Optimum inoculum 
concentrations was studied using the modified 
method of [38] Four 250 ml Erlenmeyer                   
flasks containing 200 mls sterile MRS broth                     
were inoculated with different concentrations                  
of Pediococcus acidilactici cells suspension, 
(0.05, 0.1, 0.15, 0.2 mls) and incubated               
(a J.P. selecta Sia 0338954 model incubator)                  
at 35ºC for 96 h.  The enzyme (Protease)                   
was harvested by ultracentrifugation                         
using Damon/TEC B-20A model centrifuge                    
set at 10,000 rpm for ten minutes at 4ºC.  The 
crude protease was harvested as the 
supernatant. 
 

2.5 Determination of Optimum pH for 
Protease Activity 

 
Sterile MRS broth was prepared and adjusted to 
pH levels of 5.0 and 5.5 using 0.1 M hydrochloric 
acid (HCl). Ten mls of the MRS broth was 
differently dispensed into separate 25 ml 
screwcapped flasks and sterilized at 121ºC for 
15mins.  The tubes were allowed to cool, 
inoculated with the optimum inoculum size for 
protease production (0.1 ml of cell suspension of 
P. acidilactici (1.70 x 10

4 
cfu/ml)

 
  and incubated 

at 20ºC for 24 h.  The broth cultures were 
centrifuged at 10,000 r.p.m at 5

º
C for 30 mins 

and the supernatant obtained was used for 
enzyme assay. 

2.6 Determination of Optimum 
Temperatures for Protease Activity 

 
In order to determine optimum temperature 
twenty five mls of MRS broth was dispensed 
variously into screw-capped Erlenmeyer flasks 
and sterilized.  After cooling, the flasks were 
inoculated with 24 h old culture of P. acidilactici 
using the optimum inoculum size and pH for 
protease production and incubated differently at 
10

º
C, 20, 30 and 35

º
C for 1 hr.  The broth 

cultures were centrifuged at 10,000 r.p.m at 5ºC 
for 30min and the supernatant obtained was 
used for assay. 
 
2.7 Determination of Optimum Incubation 

Period for Protease Activity 
 
This was investigated by dispensing 50 ml of 
MRS broth in each 100 ml Erlenmeyer flask and 
sterilized at 121ºC for 15 mins. The flasks were 
inoculated with equal quantity of inoculums and 
incubated at 20ºC for 96 h. The culture filtrates 
were collected and used for enzyme activity. The 
experiment was performed in triplicate. 
    

2.8 Effect of Substrate Concentration on 
Protease Activity  

 
Different concentrations of Casein (1% to 5%) 
was prepared and added separately to 
composed MRS broth without beef extract in 
several 100 ml Erlenmeyer flasks and sterilized 
at 121ºC for 15 mins.After cooling they were 
inoculated with 0.1 ml cell suspension of                        
P. acidilactici and incubated for 96h at 20

º
C, the 

filtrate obtained was used for enzyme assay The 
experiment was carried out in triplicate [39]. 
 

2.9 Influence of Various Ions on Enzyme 
Activity 

 
The method described by [39] was adopted.  
Five mM concentration of the various metal ions 
was added to the enzyme preparation and 
incubated for 30 minutes at 20ºC. Relative 
protease activity was measured by adding the 
substrate and carrying out the enzyme assay 
under the optimum conditions. The experiment 
was carried out in triplicate. 
 

2.10 Purification of Crude Protease    
 
Two hundred ml of the crude protease was 
subjected to Ammonium sulphate precipitation 
using graded levels of the salt within 0-100% 
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saturation [40]. The obtained filtrate was on each 
occasion further separated by ion exchange 
Chromatography using sephadex beads G-100, 
G-50 and finally by the use of sodium dodecyl 
sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) [41]. 
 
3. RESULTS AND DISCUSSION  
 
3.1 Isolation Procedure       
 
Studies were carried out on the production 
characteristics and molecular properties of 
protease of Pediococcus acidilactici isolated from 
beef under low temperature storage. The  identity 
of the lactic acid bacteria associated with beef 
under refrigerated storage was confirmed as 
Pediococcus acidilactici, with  the aid of  API 
50CH strips and API 50CH medium (API System 
Montalieu, Vercieu, France).  

 
The presence of LAB under psychrophilic 
temperature had earlier been reported [42,43]. 
The survival of LAB at low temperature could be 
due to low activation energy, presence of 
unsaturated fatty acids in the cell membranes 
coupled with conformational changes in the 
ribosomal proteins and regulatory enzymes. The 
alteration in substrate uptake and cell 
permeability of the microorganisms also 
contributes to its ability to survive at refrigerated 
temperature [44-47]. 

 
3.2 Determination of Optimum Inoculum 

Size  
 
This was investigated by inoculating the 
production medium (MRS) with different sizes of 
inoculums. The results obtained are shown in 
Table 1. The highest protease production of 
49.46 unit/ml was seen at inoculums size of              
0.1 ml and below this value protease activity 
decreased. This result indicates that inoculums 
sizes significantly affect   protease activity and 
that protease activity increases with increase in 
inoculums sizes.  

 
This observation was previously reported by [48] 
on a study carried out on the optimization of 
protease production by Actinomycetes sp. In this 
study, inoculums size of 1% stimulated the 
highest protease activity which is in conformity 
with the findings reported by [18]. However 
maximum protease activities were observed at 
inoculums sizes of 2%, 3% and 5% [31,49,50], 
while [51] explained that very  large inoculums 

sizes are inhibitory in nature and increase in 
inoculums size causes decrease in protease 
activity.                 
 
Increase in protease activity with low level of 
inoculums size may be attributed to the higher 
ratio between the surface area and volume. 
 
However, the low protease activity observed at 
higher concentration of inoculums might be 
linked to rapid utilization of the nutrient for growth 
and metabolism, thereby resulting in low 
protease activity and aggregation of cells arising 
from reduction of sugar and oxygen uptake rate 
might also be another contributing factor [49, 52]. 
 

3.3 Determination of Optimum pH for 
Protease Activity 

 
The result of the determination of optimum pH for 
protease activity is presented in  Table 1 and 
Table 2 In this investigation two pH ranges were 
selected by incubating the production media at 
5.0 and 5.5 because LAB is reported to grow 
best at these pH ranges. The optimum protease 
activity of 49.46 unit/ml was observed at pH 5.5 
closely followed by an activity of 30.91 unit/ml at 
pH 5.0. This result infers that protease from LAB 
is acidic in nature because its maximum activity 
was enhanced at acidic pH.   
  
This observation is contrary to previously 
available reports. The widely reported findings 
are showing optimum activity at pH ranges above 
6 indicating alkaline protease of mesophilic 
bacteria of Bacillus origin. Similarly, [53] 
observed that B. cereus SV1   and halo-
alkaliphilic Bacillus sp. 17N-1 showed maximum 
activity at pH 7 and 8.0 respectively. However, 
[54] discovered that the maximum activity of 
protease from Bacillus laterosporus-AK1 was 
optimum at pH 9.    
  
Protease production by microbial strains strongly 
depends on the extra-cellular pH because culture 
pH strongly influences many enzymatic 
processes and transport of various components 
across the cell membranes, which in turn 
promotes the cell growth and enzyme synthesis 
[55]. It has been reported that pH could 
significantly influence enzyme activity in many 
perspectives or dimensions. [56] Explained that 
factors such as ionization of groups in the 
enzyme's active site, ionization of groups of 
substrate, or by altering the conformation of 
either the enzyme or the substrate, which could 
result in changes in enzyme activity. This present 
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result is in contrary with the findings obtained for 
the optimum pH for enzymatic activity of some 
reported Bacillus species. Previous investigation 
revealed that B. cereus KCTC 3674 and B. 
licheniformis Lbbl-11 showed optimum activities 
at pH 8.0. [57,58] while [59] reported that Bacillus 
sp. isolated from fermented soybean showed 
optimum protease activity at pH6. 
 

3.4 Determination of Optimum 
Temperature for Protease Activity 

 
This was achieved by incubating the production 
media at different temperatures keeping other 
conditions constant. The maximum activity was 
seen at temperature of 20

º
C (Tables 1 and 2) 

after which further increase in temperature 
resulted in decrease in

 
activity. Enzyme activity is 

affected by variation in temperature because at 
high temperatures the rate of enzymatic reaction 
is accelerated while low temperature retards 
enzyme reaction [60]. The decrease in enzyme 
activity at high temperature could be attributed 
probably to the destruction of enzyme or 
changes in its tertiary structure.     
 
Several studies revealed that temperature was 
found to influence extracellular enzyme 
secretion, possibly by changing the physical 
properties of the cell membrane. [18,61,62] 
Reported that temperature could regulate the 
synthesis and secretion of extra cellular 
proteases by microorganisms.  The low optimal 
temperature for protease activities observed in 
this study makes the enzyme suitable for 
detergent formulations for washing at normal 
temperatures

 
[63]. High activity of enzymes at 

low temperatures is a characteristics that makes 
suitable for industrial applications, especially in 
certain food processing operations that require 
low temperatures. Higher temperature have been 
reported to produce some adverse effects on 
metabolic activities of microorganism [64] due to 
inhibition of the growth of the microorganism and 
denaturation of the enzyme resulting from loss of   
its catalytic properties due to stretching and 
breaking of weak hydrogen bonds within enzyme 
structure [65]. However the result obtained for 
optimum temperature for protease activity in this 
study is at variance with the submissions of 
earlier researchers. [66] Reported that optimum 
protease activity was at 30

º
C for Bacillus specie 

while B. licheriformis and B. licheniformis VSG1 
exhibited maximum activity at 45°C  and B. 
subtilis and B. subtilis SHS-04S showed optimum 
protease activity at temperature of 50ºC [61,67]. 

3.5 Determination of Incubation Time for 
Optimum Protease Activity 

  
It was determined by monitoring the enzyme 
activity at various time intervals. The results 
obtained are represented on Tables 1 and 2 
indicating the optimum incubation time for 
protease activity at 96h with an activity of   49.46   
unit ml

-1
   followed by an activity of 30.91 units 

ml-1 recorded at 72h incubation and beyond this 
period enzyme activity decreased .This 
observation is in conformity with the earlier report 
of [31] that noticed maximum protease 
production by Aspergillus tamarii at an incubation 
period of 96 h in both solid state and broth 
culture. However contrary reports to our findings 
in this study on incubation periods are available 
[68] reported that optimum protease activities for 
Pseudomonas species, Bacillus cereus 146 [25], 
Bacillus subtilis [69] Bacillus amovivorus [70] 
Pseudomonas aeruginosa [22] were recorded at  
48 h of incubation.  
    
Similarly, optimum incubation period of 72 h was 
reported for Bacillus species, SVN12, Bacillus 
species HPE10 and B.cereus [18,50]. The 
decrease in activity after optimum incubation 
period could have been caused by the 
denaturation or decomposition of the protease 
[71]. It is important to note that the growth rate of 
the microbial strain and its enzyme production 
pattern are important factors in determining the 
optimum incubation period [71]. [72,73]

 
Observed 

that incubation period for optimum production of 
enzyme is relatively shorter for bacteria because 
of their fast generation time. Prolonged 
incubation period has been observed to cause 
auto digestion of the proteases and proteolytic 
attack by other proteases resulting in decrease in 
enzyme activity [73,74]. 
 

3.6 Effect of Substrate Concentration 
 
The Effect of Substrate Concentration on 
Protease activity was investigated by the addition 
of different concentrations of Casein (1% to 5%) 
to composed MRS broth without beef extract and 
incubated for 96 h at 20

º
C. The result is 

displayed in Fig. 1, showing the highest activity 
of 32.0 unit ml

-1
 at 1% casein concentration while 

the lowest activity of 20.0 units ml-1 was noted 
with 5% casein concentration. This result is in 
accordance with the reported protease 
production in presence of different substrates 
concentrations [55] this observation might be 
attributed to increased level of substrates 
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concentration which could decrease the aeration 
and porosity of the medium, hence retarding the 
growth of the organism resulting in decreased 
enzyme activity. In addition [75] reported that 
substrate level inhibition of enzymes, might have 
emanated from high concentration of substrate. 
 

3.7 The Influence of Various Ions on 
Protease Activity 

 

In order to study the effect of various ions on 
protease activity, different concentration of the 
ions were added to the enzyme preparation and 
incubated for 30 minutes at 20°C under optimum 
conditions. The results obtained are displayed in 
Figs. 2 and 3. All the cations and anions used 
showed effect on enzyme activity.  The best 
cation that stimulated the highest protease 
activity of 49.04 units ml-1 was 0.1 M manganese 
(Mn

2+
) ions (Fig. 2) while the variations in anions 

concentration revealed that the highest protease 
activity of 37.36 units/mol

-1
 was recorded at 0.1 

M of Ammonium ions (NH4
+
) In this study, it was 

observed that the highest activity of protease 
was supported by 0.1 M concentration of the 

cation ion and after this concentration a decrease 
in activity was noted.    

 
However, the trend in the addition of                       
anions showed that enzyme activity                   
increased beyond 0.1M concentration especially 
with S042- and NO3

-. The observed increase in 
protease activity in the presence of Mn ion is in 
conformity with the earlier submissions of 
[25,76].

 
 There are previously documented 

reports on the positive effects of metal cations on 
protease production [71,77,78]. [79,80] Reported, 
that some metal ions played vital role as 
cofactors in the synthesis of protease by 
microorganisms. The ability of ions to increase 
protease activity might be caused by their 
stabilizing effect and compatibility [81]. In 
addition they possess the ability to protect 
enzymes against denaturation and in maintaining 
the active conformation of the enzyme at high 
temperatures [82]. The type and concentration of 
the metal ion used in the   growth medium 
determine stability of proteases [83].Variation in 
the concentration of the ion will reveal its ability 
as an inducer or activator [84]. 

 

 
Fig. 1. Effect of substrate concentration on protease activity of Pediococcus acidilactici 
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Table 1. Protease activity (units/ml) of Pediococcus acidilactici isolates from stored meat cultivated in MRS broth at pH 5.5 
 

Temperature (ºC)/Incubation time (h)/Protease activity (units/ml) 
Inoculums 
size (ml) 

10 20 30 35 
24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 

0.05 
0.1 
0.15 
0.2 

*30.91 
37.10 
30.91 
30.91 

37.10 
37.10 
40.19 
37.10 

40.19 
40.19 
37.10 
34.00 

30.91 
40.19 
40.19 
30.91 

27.80 
40.19 
37.10 
30.91 

37.10 
37.10 
30.91 
30.91 

43.28 
40.19 
40.19 
30.91 

37.10 
49.46 
46.37 
43.38 

27.80 
30.91 
37.10 
27.80 

30.91 
37.10 
37.10 
24.73 

40.19 
40.19 
40.19 
37.10 

40.19 
40.19 
43.38 
30.91 

27.80 
37.10 
37.10 
30.91 

40.19 
37.10 
37.10 
30.91 

40.19 
40.19 
40.19 
37.10 

34.00 
37.10 
40.19 
49.46 

*Each value is a mean of duplicate determinations 

 
Table 2. Protease activity (units/ml) of Pediococcus acidilactici isolates from stored meat cultivated in MRS broth at pH 5.0 

 
Temperature (ºC)/Incubation time (h)/Protease activity (units/ml) 

Inoculums 
size (ml) 

10 20 30 35 
24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 

0.05 
0.1 
0.15 
0.2 

*21.64 
21.64 
18.55 
15.46 

18.55 
21.64 
24.73 
21.64 

15.46 
21.64 
24.73 
21.64 

24.73 
24.73 
18.55 
15.46 

15.46 
15.46 
18.55 
12.37 

24.73 
21.64 
15.46 
15.46 

27.80 
21.64 
21.64 
15.46 

27.80 
24.73 
18.55 
15.46 

24.73 
24.73 
21.64 
18.55 

18.55 
21.64 
21.64 
15.46 

30.91 
21.64 
15.46 
12.37 

24.73 
27.80 
24.73 
21.64 

27.80 
21.64 
15.46 
15.46 

15.46 
24.73 
21.64 
18.55 

18.55 
18.55 
15.46 
12.37 

24.80 
24.73 
24.73 
21.64 

*Each value is a mean of duplicate determination 
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Some microorganisms require a single ion                     
or their combination for optimum protease              
activity [85]. According to [79,80] metal                   
ions contribute to increasing protease activity             
by forming salt or ion bridges between                       
two adjacent amino acid residues while      

[86,87] reported that the observed increase                
in  enzyme  activity  due to the supplementation  
of metal ions could be linked to membrane  
permeability through interaction with 
phospholipids or by binding to protein  nucleic 
acid.    

 

 
 

Fig. 2. Effect of cations on protease activity of Pediococcus acidilactici 
Alphabets on legend represents:  a = KNO3 b=CaCl2 c= MnSO4 d=MgSO4 e= NaCl 

 

 
 

Fig. 3. Effect of anions on protease activity of Pediococcus acidilactici 
Alphabets on legend represent: a= NH4Cl b=NH4NO3 c=FeSO4 d= FeCl2 e= NaNO3 
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3.8 Purification of Crude Protease 
 
Fig. 4 shows the result of molecular mass of the 
purified protease enzyme determined by           
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and the molecular 
weight of the major peaks was found to be         
within 45-55 kDa range. This result is in 
conformity with the findings of [88] that reported 
molecular weight of protease from  Penncilium 
jantinellum and Neurospora crassa to be 45 kDa 

respectively. This observation is at variance with 
the submission of [89] that reported protease 
isolated from Aspergillus orayzae to possess a 
molecular weight of 33 kDa. However, the earlier 
reports of [90,91] showed that the molecular 
mass of approximately 48 kDa was recorded for 
protease from  Aspegillus species. This value 
falls within the range of molecular mass of                  
45-55 kDa which was obtained in this study. In 
addition, the submissions of [92-94] confirmed 
the results obtained in this study.  

 

 
 

Fig. 4. Molecular mass of the purified protease enzyme determined by Sodium Dodecyl 
Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
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4. CONCLUSIONS 
 
This work revealed that Production 
characterization of protease from Pediococcus 
acidilacti could help to determine its 
biotechnological applications. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Gupta R, Beg QK, Lorenz P. Bacterial 
Alkaline Proteases. Molecular Approaches 
and Industrial Applications. Applied. 
Microbiology Biotechnology. 2003;59:15-
32. 

2. Mehta VJ, Thumar JT, Singh SP, 
Production of alkaline protease from 
alkaliphilic actinomycetes. Bioresource. 
Technolology. 2006;97:1650-1654. 

3. Kumar PP, Mathivanan V, Karunakaran  
M, Renganathan S, Sreenivasan RS. 
Studies on the effects of pH and incubation 
period on protease production by Bacillus 
spp. Using groundnut cake and wheat 
bran. Indian Journal of Science 
Technology. 2008;1:1-4. 

4. Rao MB, Tanksale AM, Ghatge MS, 
Deshpande VV. Molecular and 
biotechnological aspects of microbial 
protease. Microbiology Molecular Biology 
Review. 1998;2:597-635. 

5. Gouda MK, optimization and purification of 
alkaline proteases produced by marine 
Bacillus sp. MIG newly isolated from 
eastern harbor of Alexandria. Polish 
Journal of Microbiology. 2006;55:119-126. 

6. Beg QK, Gupta R. Purification and 
characterization of an oxidation stable, 
Thiol dependent Serine Alkaline protease 
from Bacillus mojavensis. Enzyme 
Microbial. Technology. 2003;32:294-304. 

7. Denizci AA, Kazan D, Abelne CA, Erarslan  
A. Newly Isolated Bacillus clausiigmbae 
42: An alkaline protease producer capable 
to grow under highly alkaline conditions. 
Journal Applied Microbiology. 2004;96: 
320-327. 

8. Kumar CG, Takagi H. Microbial alkaline 
proteases from a bio industrial view point. 
Biotechnology Advancement. 1999;17: 
561-594. 

9. Razak CR, Rahman A, Salleh W, Yunus K, 
Ampon C,  Basri  M. Production of a 

thermostable  protease from a new high ph 
isolate of Bacillus stearothermophilus. 
Journal Bioscience. 1995;6:94–100. 

10. Kaur MS, Dhillon K, Chaudhary R, Singh 
R. Production, purification and   
characterization of a Thermostable alkaline 
protease from Bacillus polymyxa. Indian 
Journal of Microbiology. 2001;38:63-67. 

11. Zhang SC, Sun M, Li T, Wang QH, Hao 
JH. Structure analysis of a new 
psychrophilic marine protease. PLoS One. 
2011;6(11):87-93 

12. Thangam EB,   Rajkumar GS. Purification 
and characterization of alkaline protease 
from Alcaligenes faecalis. Biotechnology. 
Applied Biochemistry. 2002;35:49–154. 

13. Adinarayana KP, Ellaiah DS, Prasad DS. 
Purification and partial characterization of 
Thermostable serine alkaline protease 
from a newly isolated Bacillus subtilis PE-
11. AAPS. Pharmacy Science Technology. 
2003;4:1-9. 

14. Ghorbel B, Sellami-Kamoun A, Nasri M. 
stability studies of protease from Bacillus 
cereus BG1. Enzyme Microbial 
Technology. 2003;32:513-518. 

15. Singh JN, Batra RC, Sobti RC. Serine 
alkaline protease from a newly isolated 
Bacillus sp. SSR 1.Process Biochemistry. 
2000;36:781-785. 

16. Mala BR, Aparn MT, Mohini SG, Vasanti 
VD. Molecular and biotechnological 
aspects of microbial proteases. 
Microbiology and Molecular Biology 
Reviews. 1998;62:597-635. 

17. Godfrey T, West S.  Industrial Enzymology, 
2nd Edition. Mac Millan Publishers 
Incorporation., New York. 1996;3. 

18. Naik LS, Kopuri DA, Sreevennela P, Devi 
CVR. Isolation and biochemical 
characterization of protease isolated from 
Bacillus sp SVN12. International Journal of 
Research in Pure and Applied 
Microbiology. 2013;3:94-101. 

19. Robinson T, Singh D, Nigam P. Solid state 
fermentation: A promising microbial 
technology for secondary metabolite 
production. Applied Microbiology and    
Biotechnology. 2001;55:284-289. 

20. Pandey A. Solid State Fermentation. 
Biochemical Engineering Journal. 2003; 
13:81-84. 

21. Prakhasam RS, Subba CH, Sarma PN. 
Green. Gram Husk-a innovative and 
inexpensive substrate for alkaline protease 
production by Bacillus sp. Under solid     



 
 
 
 

Festus et al.; MRJI, 24(4): 1-14, 2018; Article no.MRJI.32506 
 
 

 
11 

 

state fermentation. Bioresource 
Technolnology. 2006;97:1449-1454. 

22. Boopathy NR, Indhuja D, Srinivasan K, 
Uthirappan M, Gupta R, Rumuda KN, 
Chellan R. Statistical medium optimization 
of an alkaline protease from Pseudomonas 
aeruginosa MTTCC its characterization 
and application in leather processing. 
Indian Jounal of Experimental Biology. 
2013;51:336-342.  

23. Vardhini SRD, Irfath M. Isolation, 
Production, purification and applications of 
proteases from Pseudomonas aeruginosa 
VRI.  Biology Medical Chemistry. 2013;1: 
5-12. 

24. Vasantha ST, Subramanian AT. 
Optimization of cultural conditions for the 
production of an extra-cellular protease by 
Pseudomonas specie. International 
Current Pharmaceutical Journal. 2012;2:1-
6. 

25. Shafee N, Aris SN,   Abd Rahman RN,  
Basri M , Salleh B. optimization of 
environmental and nutritional conditions for 
the production of alkaline protease by a 
newly isolated bacterium Bacillus cereus 
Strain 146. Journal Applied Science 
Research. 2005;1:1-8. 

26. Pant G, Prakasha A, Pavania JVP, Beraa 
GVNS, Kumara DA., Panchpurib M, 
Prasunaa RG. Production, optimization 
and partial purification of protease from 
Bacillus subtilis. Journal of Taibah 
University for Science. 2015;1:950–955. 

27. Udandi BO, Palanivel RR, Sivakumaar KV, 
Joe MM. Optimization of protease enzyme 
production using Bacillus Sp. Isolated from 
different waste.  Botany Research 
International. 2009;2:83-87. 

28. Akcan N, Uyar F. Production of 
extracellular alkaline protease from 
Bacillus subtilis RSKK96 with solid state 
fermentation. Eurasia Journal Biosciences. 
2011;5:64-72. 

29. Balachandran C, Duraipandiyan V,   
Ignacimuthu S. Purification and 
Characterization of protease enzyme from 
actinomycetes and its cytotoxic effect on 
cancer cell line (A549). Asian Pacific 
Journal of Tropical Biomedicine. 2012;5: 
392-S400. 

30. Aishwarya M, Kumar S, Aravind S, 
Meenakshi S. Production , chracterisation, 
and purification of alkaline protease from 
alcaligens sp. Journal of Pharmaceutics 
and Clinical Research. 2013;6(4):151-      
155.  

31. Anandan D, Marmer WN, Dudley RL. 
Isolation, characterization and optimization 
of culture parameters for production of an 
alkaline protease isolated from Aspergillus 
tamari. Journal Indian Microbiology 
Biotechnology. 2007;34:339–347. 

32. Ravikumar S, Inbaneson SJ, Uthiraselvam 
M, Priya SR, Ramu A, Banerjee MB. 
Diversity of endophytic actinomycetes from 
Karangkadu mangrove ecosystem and its 
antibacterial potential against bacterial 
pathogens. Journal of Pharmaceutical  
Research. 2011;4(1):294-296. 

33. Sharma N, De K. Production, Purification 
and crystallization of an alkaline   protease 
from Aspergillus tamarii. Agriculture and 
Biology Journal of North America. 2011; 
2:1135-1142. 

34. Osman ME, Khattab OH, Yasmin, M,   
Elsaba M.  Aspergillus terreus proteases: 
Characterization and applications. Journal 
of Chemical, Biological and Physical 
Sciences. 2014;4:2333-2346. 

35. Coker J, Sheridan P, Loveland-Curtze J,  
Gutshall K,  Auman A,  Brenchley J. 
Biochemical characterization of a -
galacidase with a low temperature 
optimum obtained from an Antartic 
Arthrobacter isolate.  Journal Bacteriology. 
2003;18:5573–5582. 

36. Kunitz M. Crytalline Soyabean Trypsin 
Inhibitors (ii) General Properties. Journal 
General Physiology. 1946; 30: 291 – 310. 

37. Lowry OH, Rosebrough NJ, Farr AL, 
Randall RJ. Protein measurement with the 
folinphenol reagents. Journal of Biological 
Chemistry. 1951;48:17-25. 

38. Olutiola PO, Nwaogwugwu RI. Growth, 
Sporulation and Production of Maltase and 
Proteolytic Enzymes in Aspergillus 
aculeatus. Trans. Britian. Mycololgy 
Society. 1982;78:105–113. 

39. Keay L, Moser PW, Wildi BS.  Proteases of 
the Genus Bacillus II.  Alkaline proteases. 
Biotechnology and Bioenginering. 1970;2: 
213–249. 

40. Olutiola PO, Cole OO.  Extracellular 
Invertase of Aspergillus flavus. Physiology. 
Plant. 1980;59:26- 31.  

41. Xavier-Filho J, Moreira RA. Visualization 
of proteinase inhibitors in SDS 
polyacrylamide gel electrophoresis.  Anal. 
Biochemistry. 1978;244:296–303. 

42. Cousin MA, Jay JM, Varsavada PC.  
Psychrophilic microorganism: A review. 
Journal Food Protection. 1982;45:172– 
175. 



 
 
 
 

Festus et al.; MRJI, 24(4): 1-14, 2018; Article no.MRJI.32506 
 
 

 
12 

 

43. Hamasaki Y, Ayaki M, Fuchu H, Sugiyama 
M.  Behaviour of psychrotrophic lactic acid 
bacteria isolated from spoiling cooked 
meat products. Applied and Environmental 
Microbiology. 2003;69:3668–3671. 

44. Herbert RA. A comparative study of the 
physiology of psychrotrophic and 
psychrophilic bacteria: In psychrotrophic 
microorganism in spoilag and 
pathogenicity ed. Roberts TA., Hobbs G, 
Christian JHB, Skovgaard N. Academic 
Press. 1981;3. 

45. Reichardt W, Moritq RY. Temperature 
characteristics of psychrotrophic and 
psychrophilic bacteria.  Journal of General 
Microbiolology. 1982;128:565-572 

46. Gounot AM. Psychrophilic and 
Psychrotrophic Microorganism.  Experien-
tial. 1986;42:1192-1200. 

47. Phillips JD, Griffiths MW.  A relation 
between temperature and growth of 
bacteria in dairy products.  Food Microbiol.  
1987;4:173. 

48. Jani SA, Chudasama CJ, Patel DB,                
Bhatt PS, Patel HN. Optimization                        
of Extracellular Protease Production                   
from Alkali Thermo Tolerant 
Actinomycetes Saccharomonospora  
viridis SJ-21 Bulletin of Environment, 
Pharmacology and Life Sciences. 
2012;1:84 –92. 

49. Muthulakshmi C, Gomathi D,  Kumar DG, 
Ravikumar G, Kalaiselvi,  Uma C. 
Production, purification and 
characterization of protease by Aspergillus 
flavus under solid state fermentation. 
Jordan Journal of Biological Sciences. 
2011;4:137-148. 

50. Lakshmi BK, Ratnasri PV, Devi A, 
Hemalatha KP. Screening, optimization of 
production and partial characterization of 
alkaline protease from Haloalkaliphilic 
Bacillus sp. International Journal of 
Research in Engineering and Technology. 
2014;3:02-08. 

51. De Souza DF, de Souza CGM,  Peralta 
RM. Effect of Easily Metabolizable Sugars 
in the Production of Xylanase by 
Aspergillus tamarii in Solid State 
Fermentation. Process Biochemistry. 
2001; 36:835–838. 

52. Hesseltine CW. Solid State Fermentations. 
Biotechnology Bioengineering. 1972;14: 
517-532. 

53. Bajaj BK, Jamwal G. Thermostable 
alkaline protease production from Bacillus 
pumilus D-6 by using agro-residues as 

substrates. Advance Enzyme Research. 
2013;1:30–36. 

54. Arulmani  M, Aparanjini K, Vasanthi K, 
Arumugam P, Arivuchelvi M, Kalaichelvan 
PT. Purification and partial characterization 
of serine protease from thermostable 
alkalophilic Bacillus laterosporus-AK1. 
World Journal Microbiology Biotechnology. 
2007;23:475-481. 

55. Ellaiah P, Adinarayana K,  Bhavani Y,  
Padmaja P , Srinivasulu B. Optimization of 
process parameters for glucoamylase 
production under solid state fermentation 
by a newly isolated Aspergillus species. 
Process Biochem. 2002;38:615-620. 

56. Clive D. A guide to protein isolation. 
Kluwer Academic Publisher New York; 
2001.  

57. Kim SK,  Kim YT, Byun HG, Nam KS,  Joo 
DS, Shahidi F. Isolation and 
characterization of antioxidative peptides 
from gelatin hydrolysate of alaska pollack  
skin. Journal. Agriculture. Food Chemistry. 
2001;49:1984-1989. 

58. Olajuyigbe FM, Ajele JO. Some Properties 
of Extracellular Protease from Bacillus 
licheniformisLbbl-11 Isolated from “Iru”, a 
traditionally fermented African Locust   
Bean Condiment. Global Journal of 
Biotechnology and Biochemistry. 2011;3: 
42-46.  

59. Chantawannakul P, Oncharoen A, Klanbul 
K, Chukeatirote E, Lumyong S. 
Characterization of Proteases of Bacillus 
subtilis Strain 38 Isolated from Traditionally 
Fermented Soybean in Northern Thailand. 
Science. Asia. 2002;28:241-245.  

60. Sulthoniyah STM, Nursyam HH. 
Characterization of extracellular protease 
lactic acid bacteria from shrimp paste. 
Journal Life Science Biomedical. 2015;5: 
01-05. 

61. Shaheen M, Shah AA, Hameed A, Hasan 
F. Influence of culture condition on 
production and activity of protease from 
Bacillus subtilis BS1. Pakistan. Journal of. 
Botany. 2008;40:2161-2169. 

62. Ray W, Yasin M. Production of some 
properties of protease produced by 
Bacillus licheniformis, Applied  
Microbiology Biotechnolology. 1992;7: 
1631-1635. 

63. Venugopal M, Saramma AV. 
Characterization of alkaline protease from 
Vibrio fluvialis strain VM10 isolated from a 
mangrove sediment sample and its 
application as a laundry detergent additive. 



 
 
 
 

Festus et al.; MRJI, 24(4): 1-14, 2018; Article no.MRJI.32506 
 
 

 
13 

 

Process Biochemistry. 2006;41:1239–
1243. 

64. Tunga R, Shrivastava B, Banerjee R.  
Purification and Characterization of a 
Protease from Solid State Cultures of A. 
parasitic. Process Biochemistry. 2003;32: 
1553-1558. 

65. Conn EE, Stumpf PK, Bruening G, Doi RH. 
Outlines of Biochemistry. 5th Edition John 
Wiley and Sons, Incorporation Singapore. 
1987;115–164. 

66. Fujiwara N, Yamamoto K.  Production of 
Alkaline Protease in a Low Cost Medium 
by Alkalophutlic Bacillus Sp. and 
Properties of the Enzymes. Journal 
Fermentation Technology. 1995;65:345-
348. 

67. Sen S, Satyanarayana T. Optimization of 
alkaline protease production by 
Thermophilic Bacillus licheniformis S-40. 
1993;33:43-47. 

68. Soumya T, Abhilash T. Optimization of 
cultural conditions for the production of an 
extra-cellular protease by Pseudomonas 
species. International Current 
Pharmaceutical Journal.  2012;2(1):1-6. 

69. Tejaswini1 AVN, Ranjan S, Sridevi V. 
Extraction, partial purification and 
characterization of protease enzyme from 
isolated bacterium Bacillus subtilis and 
optimization of few culture conditions. 
International Journal of Advanced 
Research. 2014;2:456-462. 

70. Sharma J, Singh A, Rajesh K, Mittal A. 
Partial purification of an alkaline protease 
from a new strain of Aspergillus oryzae 
AWT20 and its enhanced stabilization in 
entrapped Ca-alginate beads.  The internet 
J. of Microbiology. 2006;2:2. 

71. Uyar F, Porsuk I, Kizil G, Yilmaz EI. 
Optimal conditions for production of 
extracellular protease from newly isolated 
Bacillus cereus strain CA15. EurAsian 
Journal of Bio Sciences.  2011;5:1-9. 

72. Park YK, Rivera BC. Alcohol production 
from various enzyme converted starches 
with or without cooking. Biotechnology 
Bioengineering. 1982;24:495-500. 

73. Sinha P, Singh RK, Srivastva R, Sharma 
R, Tiwari SP. Characterization and 
optimization of alkaline protease enzyme 
produced by soil borne bacteria.  Trend in 
Life. Science. 2013;2:38-46. 

74. Paliwal N, Singh SP, Garg SK. Cation 
induced thermal stability of an alkaline 
protease from a Bacillus species. 

Bioresource Technology. 1994;50:209-
211. 

75. Reddy LVA, Wee YJ, Yun JS, Ryu HW.  
Optimization of alkaline protease 
production by batch culture of Bacillus sp. 
RKY3 through Plackett-Burman and 
response surface methodological 
approaches. Bioresource Technoology. 
2008;99:2242-2249. 

76. Pravin D, Sunil B, Anjana G, Bhatt S.  
Isolation, characterization and investing 
the industrial applications of thermostable 
and solvent tolerant serine protease from 
hot spring isolated thermophililic Bacillus. 
International Journal Applied Science 
Biotechnolnology. 2014;2:75-82. 

77. Nehra K.S, Dhillon S,  Chaudhary K, Singh 
R. Production and characterization of 
alkaline protease from Aspergillus species 
and its compatibility with commercial 
detergents. Asian Journal Microbiology 
Biotechnology and Environmental Science. 
2004;6:67-72.  

78. Wang S, Chen Y, Wang C, Yen Y, Chern 
M. Purification and characterization of a 
serine protease extra cellularly produced 
by Aspergillus fumigatus in a shrimp and 
crab shell powder medium. Enzyme 
Microbiology and Technology. 2005;36: 
660-665. 

79. Haddar A, Agrebi R, Bougatef A, Hmidet 
N,  Kamoun AS,  Nasri M. Two detergent 
stable alkaline serine-proteases from 
Bacillus mojavensis A21: purification, 
characterization and potential application 
as a laundry detergent additive. 
Bioresource Technology. 2009;100:3366-
3373. 

80. Nascimento WCA, Martins MLL. 
Production and properties of an 
extracellular protease from thermophilic 
Bacillus sp. Brazilian Journal of 
Microbiology. 2004;3:591-595.  

81. Jaswal RK, Kocher GS. Partial 
characterization of a crude alkaline 
protease from Bacillus circulans and its 
detergent compatibility. The Internet 
Journal Microbiology. 2007;4:230-238. 

82. Banerjee UC, Sani RK, Azmi N, Soni R. 
Themostable Alkaline Proteases from 
Bacilli braves and Characterization as a 
Laundry Additive. Process Biochemistry. 
1999;35:213-219.  

83. Akel H, Al-Quadan F, Yousef TK. 
Characterization of a purified thermostable 
protease from Bacillus strain HUTBS71. 



 
 
 
 

Festus et al.; MRJI, 24(4): 1-14, 2018; Article no.MRJI.32506 
 
 

 
14 

 

European. Journal of Science Research. 
2009;31:280-288. 

84. Suri WL, Syukur S. Jamsari W. 
Optimization of Protease Activity from 
Lactic Acid Bacteria (LAB) Pediococcus 
pentosaceus Isolated from Soursop 
Fermentation (Annona muricata L.). Jur. 
Kim. Unand. 2013;21:18-25. 

85. Widowati S, Sukarno L, Raharto P. Studi 
Pengaruh Penambahan Mineral Terhadap 
Aktivitas Protease Dari Bacillus circulans 
9b3. Balai Penelitian Bioteknologi  
Tanaman Pagan. Bogor; 2001. 

86. Qasim KB, Rani G. Purification and 
Characterization of an Oxidation Stable, 
Thioldependant Serine Alkaline Protease 
from Bacillus mojavensis. Enzyme 
Microbial Technology. 2003;32:294-304. 

87. Hughes MN, Poole RK. Metals and 
Microorganisms. Chapman and Hall, 
London; 1989. 

88. Abirami V, Meenakshi SA,  Kanthymathy 
K, Bharathidasan R, Mahalingam R, 
Panneerselvam  A. Partial purification and 
characterization of an extracellular 
protease from Penicillium janthinellum and 
Neurospora crassa. European Journal of 
Experimental Biology. 2011;1(3):114-123. 

89. Sharma J, Singh A, Kumar R, Mittal A. 
Partial purification of an alkaline protease 

fom a new strain of Aspergillus oryzae 
AWT20 and its enhanced stabilization in 
entrapped Ca-alginate beads. The Internet 
Journal of Microbiology. 2006;2(2):           
56-64. 

90. Boer CG, Peralta RM. Proucton of 
extracelula protease by Aspergilus 
Tamarii. Journal of Basic Microbiology.  
2000;40(2):75 -81. 

91. Hossain MT, Das F, Marzan LW, Rahman 
MS, Anwar MW. Some properties of the 
protease of the fungal strain Aspergillus 
flavus. International Journal of Agric 
Biology.  2006;8(2):162-164. 

92. Femi-Ola TO, Akinsanmi OP, Bamidele 
OS. Production and Characterization of 
Protease from Serratia marcescens. AU 
J.T. 2014;18(1):1-10. 

93. Oludumila OR, Folagbade AT, Ndigwe EV, 
Morakinyo SD. Extraction, purification and 
characterization of protease from 
Aspergillus niger isolated from yam peels.  
International Journal of Nutrition and Food 
Sciences. 2015;4(2):125-131. 

94. Oke MA, Onilude AA. Partial purification 
and characterization of extracellular 
protease from Pedicoccus acidilactici. 
Nigerian Journal of Basic and Applied 
Science.   2014;22(1-2):19-25. 

_________________________________________________________________________________ 
© 2018 Festus et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/25818 


