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ABSTRACT 

The objective of this study was to investigate the production, purification, and characterization of 

alkaline protease obtained from Aspergillus oryzae ML-1 via static liquid surface culture 

fermentation. The proteolytic activity of different types of fungi was evaluated by measuring the 

clear zone on a skim milk agar plate. Based on the results, Aspergillus oryzae ML-1 was selected 

for further study. During optimization of process parameters, the highest protease yield (1091 

U/ml) was obtained  after 216 h of incubation  at 30°C; with initial pH 6.0 and inoculum level, 

4%. The enzyme was purified in a procedure involving ammonium sulphate precipitation and 

Sephadex G-100 size exclusion chromatography. The enzyme was found to have a molecular 

weight of 33 kDa by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE)/zymography and was purified by around 2.03 times with a yield of 63.10%. The Km and 

Vmax values of purified protease were 0.66 mg/ml and 15.60 µM/ml/min, respectively. The results 

of inhibitors study showed that the enzyme was inhibited 100 % with PMSF indicating its serine 

nature. While among metal ions, Ca+2 and Mg+2 ions accelerated the relative enzyme activity up 

to 136% and 124%, respectively. In addition, the purified enzymes exhibited maximum stability 

over a broad range of pH 7-11 and temperature 30- 45°C indicating its potential application in 

detergent formulation for laundry purpose.  

Keywords: Process optimization, Purification, Characterization, Protease, Aspergillus 
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INTRODUCTION 

Proteases constitute one of the most 

important groups of industrial enzymes that 

have extensive applications in 

pharmaceutical, food, leather, and detergent 

industries [1,2]. Among the various types of 

proteases, alkaline proteases are known to 

account for 60%–65% of the global industrial 

market [3]. Plants, animals, and microbial 

sources are employed for protease 

production. Microbes serve as the preferred 

source of proteases because of their rapid 

growth, the limited space required for their 

cultivation, and the ease with which they can 

be genetically manipulated to generate new 

enzymes with altered properties [4]. 

Currently, a large proportion of 

commercially available enzymes are derived 

from Bacillus species [5, 6]. Filamentous 

fungi are also used in many industrial 

processes for the production of enzymes, 

considering that the produced enzymes are 

normally extracellular and easy to separate 

from fermented broth [7] Moreover, enzyme 

production from fungi is safer than that from 

bacteria because such enzymes are generally 

recognized as safe (GRAS) [8, 9]. 

Aspergillus species are known to produce 

large quantities of enzymes in their growth 

environment [10]. The cost and properties of 

an enzyme are the major considerations in its 

commercial exploitation at industrial level. 

Recently, solid-state fermentation (SSF) has 

attracted considerable attention in the 

production of specific enzymes because it 

reduces costs by utilizing unprocessed or 

moderately processed raw materials [11, 12]. 

Despites its advantages, SSF is often 

problematic in terms of monitoring process 

parameters such as pH, temperature, oxygen, 

and biomass concentrations because of the 

solid nature of the fermented material. These 

parameters play a vital role in making 

fermentation cost-effective at the commercial 

scale, and any change in these parameters 

can have a drastic effect on enzyme yield. 

Thus, the limitations of SSF provide 

researchers with an impetus to investigate 

alternative fermentation processes for 

enzyme production. Static liquid surface 

culture (SLSC) fermentation is a process 

whereby a culture is grown on the surface of 

the growth medium in stagnant conditions 

(without vigorous shaking or physical 

agitation). This type of fermentation can 

easily be exploited for the production of 

commercially significant enzymes, such as 

proteases, from various fungus cultures. 

Recently, SLSC fermentation has been used 

for enzyme production from Aspergillus 

niger [13]. 



Quratulain Shafique et al                                                                                                              Research Article 
 

 
229 

IJBPAS, January, 2016, 5(1) 

In the present study, alkaline protease 

produced from Aspergillus oryzae ML-1via 

(SLCS) fermentation is purified and 

characterized in order to explore its 

appropriate use in detergent formulation. In 

addition, various process parameters are 

optimized to improve its yield.  

Materials and Methods 

Proteolytic fungal strain  

A fungal strain of Aspergillus oryzae ML-1 

was obtained from the Microbiology Lab, 

PCSIR Laboratories Complex, Lahore. The 

strain was screened on skim milk agar 

medium to visualize its proteolytic 

efficiency. The skim milk agar medium was 

composed of 1.0% skim milk, 0.1% peptone, 

0.5% sodium chloride, and 1.5% agar. The 

pH of the medium was adjusted at 8.0 with 

1N HCl/NaOH before sterilization at 121°C 

for 15 min. Finally, the proteolytic fungal 

strain was grown on potato dextrose agar 

(Oxoid) slants at 35°C for 5 days, after which 

it was maintained at 4°C for subsequent 

study.  

Fermentation process 

Next, 50 ml of the growth medium, 

composed of glucose (10 g/l), yeast extract (5 

g/l), meat extract (1 g/l), KH2PO4 (2 g/l), 

NaCl (0.5 g/l), and CaCl2 (0.5 g/l) was 

inoculated with 2% (v/v) spore suspension 

(106–7 spores/ml) in a 250-ml Erlenmeyer 

flask and incubated at 35°C for 10 days in 

static condition. Thereafter, the sample was 

filtered using filter paper (Whatman No. 1) 

and the protease activity was determined in 

cell-free filtrate. The initial pH of the growth 

medium was adjusted at 8.0 with 1N 

HCl/NaOH before sterilization at 121°C for 

15 min. The glucose was sterilized separately 

and mixed into other medium constituents at 

the time of inoculation under aseptic 

conditions. 

Optimization of process parameters  

Various process parameters, such as 

fermentation time (72–240 h), initial pH (4–

9), incubation temperature (20–45°C), and 

inoculum level (2%–10%, v/v), were 

investigated to determine the most suitable 

culture conditions for the maximum yield of 

protease from Aspergillus oryzae ML-1. All 

these parameters were evaluated individually 

while keeping the other parameters constant, 

and each parameter was incorporated at the 

optimum level in the experiment before 

optimizing the next parameter. The 

optimization experiments were conducted in 

triplicate and the mean values were reported.  

Determination of biomass 

A known volume of inoculated broth was 

filtered through pre-weighed filter paper 

(Whatman No. 1). The cell biomass on the 

filter paper was washed with distilled water 
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twice and then dried at 80°C in an oven until 

constant weight was attained. Then, the 

filtrate was maintained at 4°C for subsequent 

study. 

Determination of total protein content 

The total protein content in the cell-free 

sample was estimated by the method of 

Lowry [14] using bovine serum albumin 

(BSA) as the reference standard. 

Determination of protease activity  

Protease activity was determined according 

to the method described by Yang and Huang 

[15] after slight modification. The reaction 

mixture, containing 2 ml of 1% casein 

solution in 0.05M Tris-HCL buffer (pH 8.0) 

and 1 ml of enzyme solution, was incubated 

at 40°C for 20 min, and the reaction was then 

stopped with the addition of 3 ml of 10% 

trichloroacetic acid. After 10 min, the entire 

mixture was centrifuged at 10000 rpm for 10 

min at 4°C and the absorbance of the 

liberated tyrosine was measured with respect 

to the blank sample at 280 nm. One enzyme 

unit (U) was defined as the amount of 

enzyme that releases 1 µg of tyrosine per 

minute under assay conditions. 

Purification of protease enzyme 

Salt precipitation 

The crude enzyme was fractionated via 

salting out with ammonium sulphate at 

different concentrations (40%–80%) and then 

centrifuged at 10000 rpm for 20 min at 4°C 

in order to obtain the precipitate in pellet 

form. The protein pellets were then dissolved 

in minimal volume of 0.1M Tris-HCl buffer 

(pH 8.0), after which they were dialyzed 

against the same buffer to remove the salt 

concentrations.  

Gel filtration chromatography  

The desalted fraction of protease at 60% 

saturation with ammonium sulphate was 

purified via Sephadex G-100 (Pharmacia) 

column chromatography (1×30 cm) using an 

FPLC system (Biologic LP, Bio-Rad, USA). 

The column was equilibrated with 0.05M 

Tris-HCl buffer (pH 8) and then eluted with 

the same buffer at a flow rate of 30 ml/h. The 

fractions showing absorbance at 280 nm 

were pooled, analysed for protease activity, 

and lyophilized using a Freeze dryer (Eyela, 

Japan). The lyophilized preparation was 

stored at -20°C for further study. 

SDS-polyacrylamide gel electrophoresis 

SDS-PAGE (12.5%) was performed 

according to the method described by 

Laemmli [16] using mini slab gel apparatus 

(8×8 cm glass plate). The gels were stained 

with Coomassie Brilliant Blue R-250. 

Further, medium-range molecular weight 

proteins (Fermentas) were used as the 

standard to determine the molecular mass of 

pure protein. 
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Characterization of enzyme 

Effect of pH on protease activity and 

stability 

The effect of pH on protease activity was 

determined by incubating the reaction 

mixture at pH values ranging from 4–12 

using the following buffers (0.05M): citrate 

phosphate (pH 4.0–5.0), phosphate (pH 6.0–

7.0), Tris-HCl (pH 8.0–9.0), and Glycine-

NaOH (pH 10–12). Then, pH stability was 

studied by pre-incubating the enzyme at 

30°C in buffers of various pH values (4–12) 

for 30 min. After incubation, the residual 

activity (%) was measured as per the 

described procedure. 

Effect of temperature on protease activity 

and stability 

The effect of temperature on enzyme activity 

was determined by incubating the reaction 

mixture at different temperatures (30–60°C). 

The thermostability of the enzyme was 

investigated by pre-incubating it in the same 

buffer at various temperatures (40–80°C) for 

30 min, and the residual activity was 

measured according to the standard assay 

procedure.  

Effect of inhibitors and metal ions on 

protease activity 

To investigate the effect of inhibitors and 

metal ions (each at 5 mM), the purified 

protease was pre-incubated with various 

inhibitors, such as phenyl methyl sulphonyl 

fluoride (PMSF), di-isopropyl 

fluorophosphate (DFP), TPCK, TLCK, p-

chloromercuric benzoate (pCMB), and 

ethylene diamine tetra acetic acid (EDTA), 

and metal ions, such as Ca+2, Mg+2, Na+2, 

Hg+2, Cu+2, Al+3, Ni+2, Ba+2, and Co+2, for 30 

min at 30°C. Then, the remaining activity 

was measured routinely while taking 100% 

activity in the absence of inhibitors and metal 

ions. 

Enzyme kinetics  

The Km and Vmax values for alkaline protease 

were calculated from the Lineweaver-Burk 

plot (double reciprocal plot) constructed by 

plotting reciprocals of various concentrations 

of the substrate on the x-axis and reciprocals 

of the enzyme velocity on the y-axis.  

Statistical Analysis 

The data represented herein are expressed as 

mean ± SD. Significance is presented as the 

results of Duncan’s multiple range test in the 

form of probability (P ≤ 0.05) values, which 

were obtained using CoStat software. 

RESULTS AND DISCUSSION 

Initial screening study 

A clear zone on a skim milk agar plate is a 

basic tool for visualizing the proteolytic 

efficiency of any strain prior to its use in the 

fermentation process for protease production. 

Therefore, a fungal strain, Aspergillus oryzae 
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ML-1 was grown on skim milk agar (pH 10), 

and complete hydrolysis of skim milk was 

observed after incubation at 35°C for 96 h, as 

shown in Figure 1.  

Optimum process parameters studies 

3.2.1 Effect of incubation period 

The results of the present study showed that 

protease production and cell biomass 

increased with the incubation period. 

Maximum production of protease (623.3 

U/ml) and cell biomass (1.58 g/l) was 

observed at 216 h of incubation (Figure 2). 

Thereafter, enzyme yield and cell biomass 

were found to gradually decrease with further 

increase in the incubation period, clearly 

suggesting that the enzyme produced by 

Aspergillus oryzae ML-1 was growth-

associated and secreted into the growth 

medium as a primary metabolite. These 

results are in accordance with the observation 

made by Paranthaman et al. [17]. However, 

different incubation periods for the optimum 

yield of protease have been reported 

previously [18,19]. Such types of 

dissimilarities in incubation time could 

possibly be due to the different 

microorganisms and fermentation processes 

employed for protease production.  

Effect of initial pH 

Extracellular pH strongly influences many 

enzymatic processes as well as the transport 

of various components across the cell 

membrane, which in turn supports growth 

and product development [20]. Therefore, the 

effects of the initial pH (4–9) on the growth 

of Aspergillus oryzae and alkaline protease 

production were investigated. The results 

showed that the highest alkaline protease 

yield (861 U/ml) and growth (2.05 g/l) were 

recorded at an initial pH of 6 (Figure 3). 

However, a further increase in the initial pH 

decreased protease yield and growth. 

Maximum protease production has been 

reported in different pH ranges (5–10) from 

various Aspergillus species in previous 

studies [21,22]. All these findings indicate 

that the pH requirements for proper growth 

and product formation vary from species to 

species and even in different strains of the 

same species isolated from different habitats. 

Effect of incubation temperature  

Temperature is considered as one of the key 

parameters to be controlled in any bioprocess 

[23]. In the present study, the effects of the 

incubation temperature indicate that the 

organism grew well over a wide range of 

temperatures, whereas maximum protease 

yield (1090 IU/ml) and growth (2.9 g/l) were 

noted at 30°C (Figure 4). The variation in 

temperature above or below the optimum 

value (30°C) led to a decline in enzyme 

production and growth. Similar observations 
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have been reported by some other 

researchers, who observed maximum 

protease yield and growth at 30°C from 

various Aspergillus species [22,24]. All these 

findings clearly indicate that most of the 

protease-producing Aspergillus species are 

mesophilic in nature. 

Effect of inoculum level 

A lower inoculum level may not be sufficient 

for the proper growth of microbes, whereas a 

higher level may cause competitive inhibition 

[25]. Therefore, optimization of inoculum 

level is crucial for boosting enzyme yield in 

fermentation processes. In the present study, 

maximum protease production (1091U/ml) 

and growth (3.67 g/l) were obtained with an 

inoculum level of 4%, as shown in Figure 5. 

However, a further increase in inoculum 

level decreased the enzyme yield. This can 

be attributed to the rapid depletion of 

nutrients in the growth medium, resulting in 

decreased enzyme yield as well as metabolic 

activity. A wide range of inoculum levels 

have been optimized for the maximum yield 

of proteases in previous studies [18, 19]. 

Purification of alkaline protease 

The purification of crude alkaline protease 

produced from Aspergillus oryzae ML-1 is 

summarized in Table 1. Initially, crude 

enzyme solution was precipitated with 

ammonium sulphate, and 60% saturation 

level increased the protease activity by 

around 1.41 times with 80.36% recovery. 

The enzyme suspension at 60% saturation 

level was then subjected to gel filtration 

chromatography on a Sephadex G-100 

column for further purification. The elution 

profile yielded a well-resolved single peak, 

indicating enzyme purification (Figure 6). 

The active fractions of this peak were pooled. 

The protease activity increased by around 

2.04 times, with a recovery of 63.10% and 

specific activity of 449.01 U/mg of protein. 

The purity of the enzymes was further 

confirmed by SDS-PAGE. A unique single 

protein was observed in the gel, indicating 

homogeneity of the purified protease (Figure 

7). The molecular weight of the purified 

Aspergillus oryzae protease was estimated to 

be 33 kDa using molecular weight markers. 

In general, a wide range (25–50 kDa) of 

molecular masses produced by various 

Aspergillus species has been reported in 

other studies [26–28].  

Characterization of purified protease 

Effect of pH on enzyme activity and 

stability 

The present enzyme was found to be active 

over a broad range of pH (7–11) with 100% 

activity at pH 11, indicating the alkaline 

nature of the enzyme (Figure 8). However, 

with further increase in pH (pH 12), the 
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activity reduced to 78%. An investigation of 

the pH stability showed that the enzyme was 

variably stable over a wide range of pH. 

However, maximum stability (>91%) was 

exhibited in the pH range of 8–11. At pH 7 

and 12, the enzyme showed >78% stability. 

The remarkable stability over a wide range of 

pH and alkaline nature of this enzyme makes 

it a promising candidate for detergent 

application. Several studies have reported 

alkaline proteases with broad pH activities 

and stabilities, obtained from bacterial 

sources; however, alkaline protease 

production from fungus culture has not been 

investigated extensively thus far. An alkaline 

protease produced from Aspergillus oryzae 

AWT20 was found to be active over a pH 

range of 7–9, with maximum activity at pH 9 

[26]. In another investigation, a purified 

alkaline protease produced from Aspergillus 

niger showed maximum activity at pH 10 

[29]. 

Effect of temperature on enzyme activity 

and stability 

The activity of any enzyme over a broad 

range of temperatures reflects its desired 

characteristics for commercial application. In 

the present study, the alkaline protease 

produced from Aspergillus oryzae ML-1 has 

been found to be active and stable over a 

wide range of temperatures. However, 

maximum protease activity and stability were 

observed at 40°C when tested at pH 11 using 

casein as a substrate (Figure 9). A similar 

observation has been reported previously for 

alkaline protease produced from Aspergillus 

niger [29]. As far as thermostability 

concerned, the enzyme retained 100% 

stability up to 45°C, and above this 

temperature, its stability decreased gradually. 

Minimum stability (35%) was observed at 

60°C, and below this temperature, the 

enzyme retained >50% stability, indicating 

its novelty as an appropriate candidate for 

detergent formulation. Sharma et al. [26] 

reported 10% stability of Aspergillus oryzae 

alkaline protease at 55°C.  

3.4.3 Effect of inhibitors and metal ions on 

protease activity 
The effect of various inhibitors and metals 

ions on alkaline protease produced from 

Aspergillus oryzae is summarized in table 2. 

The results show that the enzyme activity 

was inhibited by 100% with the serine 

protease inhibitor phenylmethyl sulphonyl 

fluoride, indicating the serine nature of the 

protease. Similar findings on inhibition by 

PMSF have been observed for alkaline 

protease produced from Aspergillus oryzae 

[26]. Another serine inhibitor, di-isopropyl 

fluorophosphate (DFP), reduced the protease 

activity by up to 97%, while metalloprotease 
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inhibitors, such as EDTA and 1,10-

phenanthroline, did not show any significant 

effect on protease activity. Yin et al. [30] 

reported a protease of cysteine nature 

produced from Aspergillus oryzae. All these 

findings indicate a diverse nature of 

proteases produced from various species or 

even from the same species isolated from 

different habitats.  

In general, the presence of suitable metal 

ions plays an important role in maintaining 

active conformation of an enzyme against 

thermal denaturation [31]. Therefore, the 

recognition of suitable metal ions has a 

significant impact on enzyme applications. In 

the present study, it was found that Ca+2 and 

Mg+2 ions accelerated the relative enzyme 

activity by up to 136% and 124% 

respectively, while other metal ions slightly 

reduced the enzyme activity. Nehra et al. 

[32] found Mg2+ to be an activator of the 

alkaline protease enzyme produced from 

Aspergillus species. Similarly, the presence 

of Ca2+ is also known to activate protease 

activity by increasing thermostability 

[33,34].  

Kinetic studies 

The kinetic parameters Km and Vmax of 

alkaline protease produced from Aspergillus 

oryzae ML-1 were determined using the 

Lineweaver-Burk plot under different 

concentrations (5–25 mg/ml) of casein as a 

substrate (Figure 10). The results show that 

the Km and Vmax values of the alkaline 

protease were 0.66 mg/ml and 15.60 

µM/ml/min, respectively. Siala et al. [35] 

estimated Km of 1.02 mM and Vmax of 2.2 

µmol/min for the caseinolytic activity of 

protease produced from Aspergillus niger I1. 

Muthulakshmi et al. [36] 2011 reported Km 

and Vmax of 0.6 mg/ml and 60 U/mg, 

respectively, for alkaline protease produced 

from A. flavus. Yin et al. [30] estimated Km 

and Vmax of value 0.12 mM and 14.29 

μmol/min, respectively, for acidic protease 

produced from Aspergillus oryzae BCRC 

30118 using haemoglobin as a substrate. Low 

values of Km indicate that the enzyme has 

high affinity to the substrate and dissociates 

rarely before the substrate is converted into 

the product. Consequently, the Km value of 

the alkaline protease produced from 

Aspergillus oryzae ML-1 further proves that 

the enzyme may preferably be used in 

industrial applications, such as industrial 

protein hydrolysis, owing to its catalytic 

efficiency. 
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Figure 1: Visualization of proteolytic efficiency of Aspergillus oryzae ML-1 grown on skim milk agar plate after 

incubation at 35°C for 96 h 
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Figure 2: Effect of incubation period on alkaline protease production from Aspergillus oryzae ML-1 via static liquid 

surface culture fermentation (initial pH, 8.0; temperature, 35°C). 
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Figure 3: Effect of pH on alkaline protease production from Aspergillus oryzae ML-1 via static liquid surface culture 

fermentation (temperature, 35°C, Incubation period, 216 h) 
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Figure 4: Effect of incubation temperature on alkaline protease production from Aspergillus oryzae ML-1 via static liquid 

surface culture fermentation (initial pH, 6.0; Incubation period, 216 h) 
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Figure 5: Effect of inoculum level on alkaline protease production from Aspergillus oryzae ML-1 via static liquid surface 

culture fermentation (initial pH, 6.0; incubation period, 216 h) 
 
 

Table 1: Summary of purification process of alkaline protease 

Purification steps Total activity 
(U) 

Total 
protein 

(mg) 

Specific activity 
(U/mg) 

Purification 
Fold 

Yield 
(%) 

Crude enzyme 353600 1606.6 220.12 1 100 
Ammonium sulphate 
precipitation (60%) 16500 53.10 310.73 1.41 80.36 

Sephdex-G-100 7004.50 15.60 449.01 2.04 63.10 
 

 
Figure 6: Elution profile of alkaline protease from Sephadex G-100 column (1×31 cm) by FPLC. 
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Figure 7: SDS-PAGE pattern of purified proteases after (A) staining with Coomassie R-250 and (B) silver staining. 

Electrophoresis was performed using 15% SDS-PAGE. Lane M: molecular mass standards; Lane A, crude enzyme; Lane 
B, dialyzed sample; Lane C, gel filtration chromatography fraction. A 33-kDa band of protease was observed in all the 

three samples 
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Figure 8: Effect of different pH levels on activity and stability of protease produced from Aspergillus oryzae ML-1. The 

bars represent ± SD. 
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Figure 9: Effect of temperature on activity and stability of protease produced from Aspergillus oryzae ML-1. The bars 

represent ± SD 
 

Table 2: Effect of inhibitors and activators on the relative activity of alkaline protease produced from Aspergillus oryzae ML-1 
Inhibitor/activator Relative activity (%) 

Control 100 
PMSF 0 
DFP 11 

I, 10 phenanthroline 94 
PCMB 96 
EDTA 91 

Ca2+ (CaCl2) 136 
Mg+2 (MgCl2) 124 
Na2+ (NaCl2) 94 
Hg2+ (HgCl2) 42 
Cu2+ (CuCl2) 97 
Al3+ (AlCl3) 95 
Ba2+ (NiCl2) 89 
Co2+ (CoCl2) 92 

PMSF= Phenyl methyl sulphonyl fluoride; DFP= di-isopropyl fluorophosphate; I, 10 phenanthroline; ρCMB= para chloromercuric 
benzoate; EDTA= Ethylene diamine tetra acetic acid. The concentration of all the inhibitors and metal ions was adjusted at 5 mM. 

 
Figure 10: Lineweaver-Burk plot showing Km and Vmax values for alkaline protease under varying substrate (casein) 

concentrations (5–25 mg/ml). 
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CONCLUSION 

From the results, it has been concluded that a 

suitable fermentation process for enzyme 

production and characterization of enzyme in 

purified form played a pivotal role in 

exploring its commercial significances. In 

present study, Maximum protease production 

(1091U/ml) was obtained by employing 

Aspergillus oryzae ML-1 in surface culture 

fermentation after process parameters 

optimization.  Protease enzyme produced by 

A. oryzae was purified up to homogeneity 

level with ammonium sulphate precipitation 

(60 %) and gel filtration through Sephadex 

G-100 chromatography. The enzyme was 

purified up to 2.04 fold with a specific 

activity of 449.01U/mg and 63.10 % 

recovery after complete purification. The 

molecular weight of the enzyme was 

estimated to be 33 kDa by SDS-PAGE.   The 

inhibition study showed that PMSF 

completely inhibited the enzyme activity, 

suggesting its metallic nature. The purified 

enzyme showed desirable properties such as 

high activity and stability at broad ranges of 

pH (7-11) and temperature 40oC. All these 

properties indicate the potential of 

commercial exploitation of the Aspergillus 

oryzae ML-1 alkaline protease in detergent 

formulations. 

 

REFERENCES  
[1] Pastor MD, Lorda GS, Balatti A. 

Proteases production using Bacillus 

subtilis 3411 and amaranth seed meal 

medium at different aeration rate. 

Brazilian J Microbiol 2001; 32: 6-9. 

[2] Joo HS, Chang CS, Production of 

protease from a new alkalophilic 

Bacillus sp. I-312 grown on soybean 

meal optimization and some 

properties. Process Biochem 2005;40: 

1263-1270. 

[3] Banerjee UC, Sani RK, Azmi W, 

Soni R. Thermostable alkaline 

protease from Bacillus brevis and its 

characterization as a detergent 

additive. Process Biochem 1999; 

35:213-219.  

[4] Rao MB, Tanksale AM, Ghatge MS, 

Deshpande VV. Molecular and 

biotechnological aspects of microbial 

proteases. Microbiol Mol Biol Rev 

1998;62: 597-635.  

[5] Mehrotra S, Pandey PR, Gaur R, 

Darmwal NS. The production of 

alkaline protease by Bacillus species 

isolate. Bioresource Technol 1999;67: 

201-203. 

[6] Nadeem M, Qazi JI, Baig S, Syed Q. 

Studies on commercially important 

alkaline protease from Bacillus 



Quratulain Shafique et al                                                                                                              Research Article 
 

 
242 

IJBPAS, January, 2016, 5(1) 

licheniformis N-2 isolated from 

decaying organic soil. Turk J 

Biochem 2007;32: 171-177.  

[7] Adrio JL, Demain AL. Fungal 

biotechnology. Int Microbiol 2003;6: 

191-199. 

[8] Pandey A. Recent process 

development in solid state 

fermentation. Process Biochem 

1992;27: 109-117.  

[9] Mitra P, Chakraverty R, Chandra A. 

Production of proteolytic enzymes by 

solid state fermentation. J Sci Ind Res 

1996;55: 439-442.  

[10] Biesebeke R, Record E, van Biezen 

N, Heerikhuizen M, Franken A, van 

den Hondel CAMJ, Punt PJ. 

Branching mutants of Aspergillus 

oryzae with improved amylase and 

protease production on solid 

substrates. Appl Microbiol 

Biotechnol 2005;69: 44-50. 

[11] Tunga R, Shrivastava B, Banerjee 

R. Purification and characterization 

of a protease from solids state 

cultures of Aspergillus parasiticus. 

Process Biochem 2003;38: 1553-

1558.  

[12] Holker U, Hofer M, Lenz J. 

Biotechnological advantages of 

laboratory scale solid-state 

fermentation with fungi. Appl 

Microbiol Biotechnol 2004;64: 175-

186. 

[13] Abidah MN, Siti HM, Jamaliah MJ, 

Abdul M, Farah DAB, Nor M, 

Mahadi, Rosli MI. Preliminary 

study of cellobiohydrolase 

production from Aspergillus niger 

using static liquid culture 

fermentation. Aust J Basic & Appl 

Sci 2011;6: 43-49.  

[14] Lowry OH, Roserbrough NJ, Farr 

AL, Randall R. Protein 

measurement with Folin phenol 

reagent. J Biol Chem 1951;193: 

265-275. 

[15] Yang SS, Huang CI. Proteases 

production by amylolytic fungi in 

solid state fermentation. J Chinese 

Agri Chem Soc 1994;32: 589-601. 

[16] Laemmli UK. Cleavage of structural 

proteins during the assembly of the 

head of bacteria phage T4. Nature 

1971;227: 680-685.  

[17] Paranthaman R, Alagusundaram K, 

Indhumathi J. Production of 

protease from rice mill wastes by 

Aspergillus niger in solid state 

fermentation. World J Agri Sci 

2009;5: 308-312. 



Quratulain Shafique et al                                                                                                              Research Article 
 

 
243 

IJBPAS, January, 2016, 5(1) 

[18] Rauf A, Irfan M, Nadeem M, 

Ahmed I, Iqbal HMN. Optimization 

of growth conditions for acidic 

protease production from Rhizopus 

oligosporus through solid state 

fermentation of sunflower meal. Int 

J Agri Biol Sci 2010;1: 40-43. 

[19] Radha S, Sridevi A, Babu RH, 

Nithya VJ, N.B.L. Prasad, G. 

Narasimha, Medium optimization 

for acid protease production from 

Aspergillus sp. under solid state 

fermentation and mathematical 

modelling of protease activity. J 

Microbiol Biotech Res 2012;2: 6-16. 

[20] Ellaiah P, Adinarayana K, Bhavan 

Y, Padmaja P, Srinivasulu B. 

Optimization of process parameters 

for glucoamylase production under 

solid-state fermentation by newly 

isolated Aspergillus species. Process 

Biochem 2002;38: 615-620.  

[21] Siala R, Frikha F, Mhamdi S, Nasri 

M, Kamoun AS. Optimization of 

acid protease production by 

Aspergillus niger I1 on shrimp 

peptone using statistical 

experimental design. The Sci World 

J Volume 2012, 2012: 1-11.  

[22] Srinubabu G, Lokeswari N, Jayaraju 

K. Screening of nutritional 

parameters for the production of 

protease from Aspergillus Oryzae. 

E-Journal Chem 2007;4: 208-215. 

[23] Chi Z., Zhao S. Optimization of 

medium and cultivation conditions 

for pullulan production by new 

pullulan-producing yeast. Enz 

Microb Technol 2003;33: 206-221. 

[24] Shivakumar S. Production and 

characterization of an acid Protease 

from a local Aspergillus Sp. by 

Solid substrate fermentation. Arch 

Appl Sci Res 2012;4: 188-199. 

[25] Sabu A, Pandey A, Daud MJ, 

Szakacs G. Tamarind seed powder 

and palm kernel cake two novel 

agro residues for the production of 

tannase under solid state 

fermentation by Aspergillus niger 

ATCC 16620. Bioresour Technol 

2005;96: 1223-1228. 

[26] Sharma J, Singh A, Kumar R, Mittal 

A. Partial purification of an alkaline 

protease from a new strain of 

Aspergillus Oryzae AWT 20 and its 

enhanced stabilization in entrapped 

Ca-alginate beads. The Int J 

Microbiol 2006;2: DOI 10.5580/b6f 

[27] Wang D,  Zheng ZY,  Feng J,  Zhan 

XB,  Zhang LM, Wu JR,  Lin CC. A 

high salt tolerant neutral protease 



Quratulain Shafique et al                                                                                                              Research Article 
 

 
244 

IJBPAS, January, 2016, 5(1) 

from Aspergillus Oryzae 

purification, characterization and 

kinetic properties. Appl Biochem 

Microbiol 2013;49: 378-385. 

[28] 28. Lee S,  Hwang J,  Choi SH,  

Kim SM. Purification and 

characterization of Aspergillus 

oryzae LK-101 salt-tolerant acid 

protease isolated from soybean 

paste. Food Sci Biotechnol 2010;19: 

327-334. 

[30] Devi MK, Banu AR, Gnanaprabhal 

GR, Pradeep BV, Palaniswamy M. 

Purification, characterization of 

alkaline protease enzyme from 

native isolate Aspergillus niger and 

its compatibility with commercial 

detergents. Indian J Sci Technol 

2008;1: 1-6. 

[31] Yin L, Chou Y, Jiang S. Purification 

and characterization of acidic 

protease from Aspergillus oryzae 

BCRC 30118. J Marine Sci Technol 

2013;21: 105-110. 

[32] Donaghy JA, Mckay AM. 

Production and properties of 

alkaline proteases by Aureobasidium 

pullulans. J Appl Microbiol 

1993;74: 662-666. 

[33] Nehra KS, Singh A, Sharma J, 

Kumar R, Dhillon I. Production and 

characterization of alkaline protease 

from Aspergillus species and its 

compatibility with commercial 

detergents. Asian J Microbiol 

Biotechnol Environ Sci 2004;6: 67-

72. 

[34] Kotlova EK, Ivanova NM, 

Yusupova MP, Voyushina TL, 

Ivanushkina NE, Chestukhina GG. 

Thiol-dependent serine proteinase 

from Paecilomyces lilacinus 

purification and catalytic properties. 

Bio-chemistry Moscow 2007; 72: 

117-123.  

[35] Li X, Hummer A, Han J, Xie M, 

Melnik-Martinez K, Moreno RL, 

Buck M, Mark MD, Herlitze S. G 

proteinβ2 subunit-derived peptides 

for inhibition and induction of G 

protein pathways. Examination of 

voltage-gated Ca2+ and G protein 

inwardly rectifying K+ channels. J 

Biol Chem 2005; 280: 23945-23959.  

[36] Siala R, Sellami-Kamoun A, Hajji 

M, Abid I, Gharsallah N, Nasri M. 

Extracellular acid protease from 

Aspergillus niger I1 purification and 

characterization. African J 

Biotechnol 2009; 8: 4582-4589. 

[37] Muthulakshmi C, Gomathi D, 

Kumar DG, Ravikumar G, 



Quratulain Shafique et al                                                                                                              Research Article 
 

 
245 

IJBPAS, January, 2016, 5(1) 

Kalaiselvi M, Uma C. Production, 

purification and characterization of 

protease by Aspergillus flavus under 

solid state Fermentation. Jordan J 

Biol Sci 2011;4: 137-148. 


