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ABSTRACT 

The present study was carried out to isolate, purify, and characterize protease from the seeds of Cyamopsis 
tetragonoloba. The protease was precipitated by a 60% ammonium sulfate cut and further purified by 
elution from ion-exchange chromatography at 0.3 M NaCl. The sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis result showed that protease was monomeric having 69.9 kDa molecular weight. Gelatin 
zymography was carried out to confirm the proteolytic activity of the protease. The protease has a wide range 
of substrate specificity and could cleave natural substrates like casein, gelatin, bovine serum albumin (BSA), 
hemoglobin (Hb), and synthetic substrate like N-αBenzoyl-DL-arginine ϸ-nitroanilide (BAPNA). The Vmax 
value of the protease was 102.04 µM/minute with casein as the substrate and Km value was 56.56 µM/minute. 
The purified protease was completely inhibited by serine proteases inhibitors like Phenyl Methyl Sulfonyl 
Fluoride, soybean trypsin inhibitor, and aprotinin, and not inhibited by other protease inhibitors. This concluded 
that the purified protease was serine protease. The protease was highly stable at a wide range of temperatures 
from 20°C to 70°C. Gelatin showed the highest proteolytic activity when compared to the casein, Hb, and BSA. 
BAPNA showed 1.5101 U/mg specific activity. The sugar content of protease was estimated by the method of 
DuBois. The protease was highly glycosylated and contained 35 µg of sugar in 0.2 mg of protease.

1. INTRODUCTION
Cyamopsis tetragonoloba is an edible crop of annual legume plants 
belonging to the family of Fabaceae. It is cultivated in different 
regions of India like Rajasthan, MP, Haryana, and Punjab. It is an 
excellent source of guar gum and has high protein content [1,2]. It 
is used in cosmetics, textiles, paper industry, drilling, exploration 
mining, petroleum industry, and beverages [3]. It is known for 
its drought and high-temperature tolerance ability due to its deep 
roots [4].

Proteases of the tropical plants show high stability toward high 
temperature compared with proteases from many other plants 
since they tend to adapt and cope with differences in environmental 
temperature that is pivotal for survival of plants [5,6]. Higher 

temperature tends to denature enzymes by breaking hydrogen 
bonds [7].

Plants represent an excellent source of enzymes due to various 
characteristics. The leguminous plant seeds contain a high amount 
of protein. Legumes accumulate a high level of protease and 
protease inhibitors that regulate the overburden of protein [8]. 
Proteases are involved in the physiological process of plants 
including germination, plant growth, development, chloroplast 
synthesis, ubiqutination of misfolded protein, and programmed 
cell death [9–12].

Protease contributes 65% of the world enzyme market to the 
annual sale of enzymes [13]. Plant proteases are also currently 
used as therapeutic enzymes in wound healing, treatment of 
cancer, digestion disorder, infection, and food industry [14,15]. 
Plant proteases are also used in feather processing, bioremediation, 
and biotransformation.*Corresponding Author
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This study was carried out to purify proteases from seeds of 
C. tetragonoloba. Because of its thermostable nature, purified 
proteases from C. tetragonoloba may have potential industrial 
applications.

2. METHODOLOGY

2.1. Materials and Methods
Cyamopsis tetragonoloba seeds were procured from the local 
market in Indore (India), Gulmohar Company. Ammonium 
sulfate, sodium dodecyl sulphate (SDS), was purchased from 
SRL. Ethylenediaminetetraacetic acid (EDTA) and ethylene 
glycol bis(2-aminoethyl ether)-N,N,N,N-tetraacetic acid (EGTA) 
were purchased from HiMedia. Phenyl Methyl Sulfonyl Fluoride 
(PMSF), l-trans-epoxysuccinyl olamide(4-guanidino)butane (E-
64), pepstatin A, soybean trypsin inhibitor (SBTI), Iodoacetamide 
(IAA), aprotinin, N-αBenzoyl-DL-arginine ϸ-nitroanilide 
(BAPNA), N-succinyl-Phe-p-nitroanilide, bovine serum albumin 
(BSA), benzamidine HCl, casein, gelatin, Diethylaminoethyl 
(DEAE)-cellulose 52, and prestained markers were purchased 
from Sigma-Aldrich. N,N,N,N-Tetramethylethylenediamine 
(TEMED), coomassie brilliant blue (CBB), Trichloroacetic acid 
(TCA) sulfuric acid, β-mercaptoethanol (β-ME), bromophenol 
blue, acrylamide, N, N-methylenebisacrylamide, phenol, Dimethyl 
sulfoxide (DMSO), isopropanol, ethanol, methanol, butanol, 
Triton X-100, and glacial acetic acid used were of analytical grade.

2.2. Preparation of Seed Extract
Cyamopsis tetragonoloba seeds were washed with distilled water 
to remove coated copper sulfate and inhibitors. Seeds were soaked 
in a 10 mM phosphate buffer of pH 7.5 for 48 hours. Homogenates 
were prepared in the same buffer using a homogenizer (Remi auto 
mix blender) at low speed for 5 minutes. The homogenates were 
stirred for proper mixing for 1 hour followed by centrifugation at 
10,000 rpm for 30 minutes for the removal of insoluble particles. 
The supernatants were heated at 80°C for 20 minutes and then 
centrifuged at 10,000 rpm for 30 minutes. The supernatant was 
collected and stored at −20°C for further use for the purification 
of protease.

2.3. Purification of the Protease
A protease was purified from the seed of C. tetragonoloba to 
homogeneity, using ammonium sulfate precipitate followed by 
DEAE-cellulose column chromatography. The heated supernatant 
was first subjected to 20% ammonium sulfate precipitation; then 
gradually 40%, 60%, and 80% ammonium sulfate was added and 
allowed to mix thoroughly for 1 hour, followed by centrifugation 
at 10,000 rpm for 30 minutes for the removal of insoluble 
material. The 60% ammonium sulfate precipitate was resuspended 
in a minimum amount of 10 mM sodium phosphate of pH 7.5 
and dialyzed in the same buffer. The dialyzed suspension was 
loaded on DEAE-cellulose columns preincubated with the same 
buffer. The unbound protein was washed with a sodium phosphate 
buffer until no unbound protein was eluted. The bound proteins 
were eluted with 60 ml each of 0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 M 
NaCl in the sodium phosphate buffer. About 3 ml fractions of each 
molar (M) concentration were collected at the flow rate of 2 ml per 

minute. The total protein content and proteolytic activity of all the 
fractions were assayed.

2.4. Protein Concentration
Protein concentration was monitored at every stage of purification 
according to the method of Lowry using BSA as a standard, as 
well as by absorbance at 280 nm [16].

2.5. Protease Activity Assay
The proteolytic activity of protease was assayed using natural 
substrate gelatin, hemoglobin (Hb), and casein. The protease 
activity was monitored using 1% casein as a substrate with slight 
modifications of the method described by Kembhavi et al. [17]. 
The proteolytic reaction mixture contained protease 10 µg in total 
volume, 500 µl of 10 mM phosphate buffer of pH 7.5 and 500 µl 
of 1% casein solution were added and incubated at 37°C for 30 
minutes. To stop the reaction, 1 ml of 10% (w/v) TCA was added to 
the reaction mixture and kept for 10 minutes at room temperature. 
The reaction mixture was centrifuged at 10,000 rpm for 10 minutes. 
To 1 ml of supernatant, 3 ml sodium carbonate solution and 1 ml 
of Folin–Ciocalteu were added and mixed thoroughly. The color 
development after 30 minutes of incubation at 37°C was measured 
at 660 nm in the Shimadzu UV-visible spectrometer. Protease 
activity with the Hb, gelatin, and BSA was measured in the same 
way as 1% casein. The unit of protease activity was defined as the 
amount of enzyme that yielded a 1 µmol tyrosine per minute at 
37°C [18]. The amount of tyrosine released was calculated from 
the tyrosine standard curve. The specific activity of protease was 
expressed in Unit/mg.

2.5.1. Calculation
Unit/ml = (µmole tyrosine equivalent released × total vol.) / 
(protease vol. × Time × colorimetric Assay vol.)

2.6. Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE)
Protein profiles of the eluted sample were analyzed by SDS-
PAGE according the method of Laemmli [19], and the sample 
isolated from ion exchange was run at 14% polyacrylamide gel 
under reducing and non-reducing conditions. SDS-PAGE of 
purified protease was carried out using 5% stacking gel and 14% 
polyacrylamide resolving gel. The gel was run using Mini prot 
(Bio-Rad, CA). Prestained molecular weight markers were used 
to estimate the molecular weight of purified protease. Sample 
protease was dissolved in solution of 60 mM Tris-HCl pH.6.8, 
14.4 mM β-ME, 2% SDS, 2% glycerol (v/v), and 0.01% (w/v) 
bromophenol blue and quickly heated at 100°C for 10 minutes. 
SDS-PAGE was carried out at constant 100 V for 2 hours.

Then the gel was stained with CBB R-250 [20]. The gel was 
destained with methanol: acetic acid: distilled water in the ratio 
of 3:1:6.

2.7. Zymography
Zymography was carried out to detect protease activity on a gelatin 
polyacrylamide gel. 1% gelatin was added in 14% polyacrylamide 
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gel [21]. Zymogram gel was used in the electrophoretic unit (Bio-
Rad). The electrophoretic tank was filled with a running buffer. 
Sample buffer contained 62.5 mM Tris-HCl of pH 6.8, 2% SDS, 
25% glycerol (v/v), and 0.01% (w/v) bromophenol blue. The 
sample was loaded and the gel ran at 100 V for 2 hours.

The gel was removed from the apparatus and incubated at 37°C for 
30 minutes in 100 ml of renaturation buffer (2.5% Triton X-100, 
50 mM Tris-HCl of pH 7.5, 1 µM ZnCl2, and 5 mM CaCl2) on an 
orbital shaker. The renaturation buffer was removed and soaked in 
a development buffer (1% Triton X-100, 50 mM Tris-HCl2, and 
5 mM CaCl2) overnight. The development buffer was washed off 
with water. The gel was stained with 0.5% CBB R-250. The gel 
was destained with methanol: acetic acid: distilled water (3:1:6) 
until the clear band appeared against the dark blue background.

2.8. Effects of Substrate Concentration on the Rate of 
Reaction
The effect of the increasing concentration of substrate on the rate 
of reaction was monitored by employing casein as substrate in 
0.05 mM sodium phosphate buffer of pH 7.5 at 37°C. The effect 
of substrate concentration was studied with casein in the range of 
1–500 µM and 10 µg of protease.

2.9. Effects of pH on the Protease Activity
The effect of the pH of the buffer on the purified protease activity 
was examined to determine the optimum pH of the protease. The 
proteolytic activity of protease was examined in the pH range from 
2.5 to 12.5 to determine the optimum pH. The buffers used were 
0.05 M glycine-HCl (pH 2.5), 0.05 M sodium citrate (pH 4.5), 0.05 
M sodium phosphate (pH 6.5), 0.05 M sodium phosphate (pH 7.5), 
0.05 M Tris-HCl (pH 9.5), 0.05 M Tris-Base (pH 10.5), and 0.05 
M glycine-NaOH (pH 12.5). Protease activity was monitored with 
BAPNA at 410 nm and each assay was carried out in triplicate.

2.10. Effects of pH on the Protease Stability
The effect of the pH of the buffer on the purified protease stability 
was examined. The proteolytic activity of protease was examined 
in the pH range from 2.5 to 12.5 to determine stability. The buffers 
used were 0.05 M glycine-HCl (pH 2.5), 0.05 M sodium-citrate 
(pH 4.5), 0.05 M sodium phosphate (pH 6.5), 0.05 M sodium 
phosphate (pH 7.5), 0.05 M Tris–HCl (pH 9.5), 0.05 M Tris-Base 
(pH 10.5), and 0.05M glycine-NaOH (pH 12.5). Protease activity 
was monitored with BAPNA at 410 nm, and each assay was 
carried out in triplicate. For analyzing the pH stability, the protease 
sample was incubated before the assay with the respective buffer 
for up to 1 hour. The reaction was initiated by adding a substrate at 
37°C in the same buffer.

2.11. Effects of Temperature on Proteases Activity
The effect of temperature on the purified protease activity was 
examined to determine the optimum temperature of the protease. 
The protease activity was examined at different temperatures 
ranging from 20°C to 100°C with the 10 mM buffer. Protease 

activity was monitored with BAPNA at 410 nm, and each assay 
was carried out in triplicate. The highest activity of the protease 
was considered 100%.

2.12. Effects of Temperature on Proteases Stability
The effect of temperature on the purified protease stability was 
examined. For studying the heat stability, the protease sample 
was incubated before the assay at different temperatures ranging 
from 20°C to 100°C for up to 1 hour. The reaction was initiated by 
adding a substrate at 37°C. Protease activity was monitored with 
BAPNA at 410 nm, and each assay was carried out in triplicate.

2.13. Effects of Various Protease Inhibitors on Protease 
Activity
The effects of protease inhibitors on protease activity were 
examined. The protease inhibitors used were PMSF, SBTI, 
EGTA, EDTA, pepstatin A, IAA, aprotinin, and E-64 at different 
concentrations from 10 to 100 µm. The proteases were incubated 
for 20 minutes before the assay with the different protease 
inhibitors. The reaction was initiated by adding a substrate at 
37°C. The control activity is considered as 100% that is devoid 
of protease inhibitors. The protease activity was measured using 
BAPNA at 410 nm. The assay was carried out in a similar way to 
the above mentioned method.

2.14. Effects of Various Solvents and Surfactants on Protease 
Stability
The stability of purified protease was monitored in the presence 
of a solvent and surfactants. The purified protease was mixed with 
different concentrations of the solvent. The mixture was incubated 
for 24 hours with constant mixing on an orbital shaker. The reaction 
was initiated by adding a substrate at 37°C. The control activity is 
considered as 100% that is devoid of solvents or surfactants. The 
results were expressed as percent residual activity.

2.15. Assays for Amidolytic Activity toward the Synthetic 
Substrate
The amidolytic activity of the synthetic substrate by the purified 
protease was determined by the method of a microtiter plate 
[22]. BAPNA and N-succinyl-Phe-p-nitroanilide were used as 
substrates. Substrate concentrations in the range of 0.01–1.2 mM 
were prepared in DMSO. The final reaction mixture consists of 20 
µg of protease in 170 µl of 100 mM phosphate buffer of pH 7.5 
and 30 µl substrate of 1 mM. The reaction mixture was incubated 
at 25°C for 20 minutes. The amount of p-nitroanilide released was 
measured by absorbance change at 410 nm (extinction coefficient 
= 8.8 ml µmol-1 cm−1). The unit of protease activity was defined 
as the amount of protease that yielded a 1 µmol p-Nitroanilide per 
minute at 37°C.

Unit/ml = [∆Abs × Reaction Volume (ml)]/ [EC × Time ×Protease 
volume (ml)]

where ∆Abs = increase in absorbance and EC = extinction 
coefficient.
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2.16. Sugar Determination
The sugar content of protease was determined according to the 
method of DuBois [23]. First, 1 ml of 5% phenol solution was 
added to 1 ml of protease solution, followed by the addition of 4 ml 
concentrated sulfuric acid. The solution was allowed to cool at room 
temperature then the color intensity was measured at 490 nm against 
a blank of BSA. A standard curve was obtained with dextrose. The 
sugar content of protease was calculated from the standard curve.

3. RESULTS AND DISCUSSION

3.1. Purification of Protease
Ammonium sulfate precipitation was carried out as the initial 
step for purification according to the method of Englard [24]. The 
heated supernatant was subjected to 20%, 40%, 60%, and 80% 
ammonium sulfate precipitation. The 60% precipitate showed 
protease purification of 6.31-fold. The bound protease was eluted 
at 0.3M NaCl with 27.61-fold purification (Table 1).

3.2. SDS-PAGE and Zymography
Protease was purified from the seeds of C. tetragonoloba to 
homogeneity. The single band on SDS-PAGE showed that protease 
was monomer (Fig. 1). The molecular weight of the protease was 
estimated at 69.9 kDa by plotting the standard curve of standard 
molecular weight versus relative mobility (Fig. 2). The molecular 
weight of the serine protease isolated from the plant’s source falls 
between 19 and 120 kDa. Most of the plant serine protease falls 
between 60 and 80 kDa [25]. The molecular weight of the purified 
protease was similar to that of best characterize plant serine 
protease crinumin [26]. The molecular weight is similar to plant 

serine protease from Cucumis trigonus and Taraxcum officinale is 
67 kDa [27,28]. The molecular weight is also similar to coconut 
endosperm serine protease 68 kDa [29].

The proteolytic activity of protease was also confirmed by gelatin 
zymography in which gelatin was degraded by protease and a 
clear band appeared against the dark blue background.

3.3. Rate of Reaction
The effect of increasing substrate concentration on the velocity of the 
enzyme-catalyzed reaction was studied using casein as the substrate 
at pH 7.5 at 37°C. The effect of increasing substrate concentration on 
the velocity of the enzyme obeys the Michaelis–Menten equation. 
The Lineweaver–Burk plot was plotted with 10 µg of protease and 
the substrate was in the range of 1–500 µM (Fig. 3). The value of 
Km was 56.56 µM/minute (Fig. 4). Wrighten protease isolated from 
Wrighten tinctoria showed that Km was 50 µM/minute.

3.4. Effects of pH on the Protease Activity
The purified protease from C. tetragonoloba was active under a 
wide range of pH. There was an increase in protease activity from 
pH 6.5 up to 7.5, and then it gradually decreased when the pH was 
increased above the optimum pH. Therefore, the results showed 
that the optimum pH for the protease was 7.5 (Fig. 5). Wrighten 
protease purified from W. tinctoria showed maximum activity at 
pH 7.5 [29].

3.5. Effects of pH on the Protease Stability
The purified protease from C. tetragonoloba was stable under a 
wide range of pH. There was an increase in protease activity from 

Figure 1: (A) Zymography of purified protease. Clear band of CBB of 1% gelatin zymography of 
10 µg of protease showing proteolytic activity under non-denaturing condition. (B) SDS-PAGE 
of purified protease. Lane 1 crude extract and Lane 2 prestained marker of different molecular 

weight from 11 to 250 kDa. (C) SDS-PAGE. Lane 1 crude extract, Lane 2 purified protease, and 
Lane 3 molecular marker.
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Figure 2: Estimation of molecular weight of purified protease by SDS-PAGE. 
A standard curve of the log of molecular weight versus relative mobility was 

plotted. The relative mobility value calculated from the graph is 0.18644.

Figure 3: The effect of the increasing concentration of the substrate on the rate 
of reaction was monitored by employing casein as the substrate in the range of 

1–500 µM and 10 µg of protease.

pH 6.5 up to 7.5, and then it gradually decreased when the pH 
was increased to above the optimum pH. Therefore, the results 
show that there was an increase in protease stability from pH 4.5 
up to 10.5. The protease showed 40% and 65% activity at pH 4.5 
and 12.5, respectively. The protease showed 80%–100% activity 
between pH 6.5 and 10 (Fig. 6), and this profile is similar to plant 
serine protease from W. tinctoria [29].

3.6. Effects of Temperature on Protease Activity
The purified protease from C. tetragonoloba was active under a 
wide range of temperatures. There was an increase in protease 
activity from 20°C to 60°C and then a gradual decrease when 
the temperature was increased above the optimum temperature. 
Therefore, the results show that the optimum temperature for 

the purified protease is 60°C (Fig. 7). Most of the plant serine 
proteases show optimum temperature from 20°C to 80°C.

3.7. Effects of Temperature on Proteases Stability
The purified protease from C. tetragonoloba was stable under a wide 
range of temperatures. There was an increase in protease activity 
on storage from 20°C to 70°C and then a gradual decrease when 
the temperature was increased above the optimum temperature. 
The protease showed 60% stability at 80°C. Therefore, the results 
showed that the protease shows 80%–100% stability between 20°C 
and 70°C (Fig. 8). This profile is similar to plant serine protease 
from subtilisin. Canavalia ensiformis has reported the optimum 
temperature between 30°C and 60°C and was stable from 30°C to 
70°C, as reported by Tomar et al. [30].

Figure 4: Effect of the substrate concentration on enzyme kinetics. 
Lineweaver–Burk plots were plotted to determine protease affinity toward the 

substrate.

Figure 5: Effects of pH on the protease activity of C. tetragonoloba. 15 ug 
of protease was used to determine protease activity. The effect of pH was 

determined at 37°C in different buffers of different pH values (2.5–12.5). The 
activity of the protease at pH 7.5 was determined to be 100%.
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Figure 6: Effects of pH on the protease stability of C. tetragonoloba. The 
stability of the protease was determined by incubating protease in different 

buffers of different pH for 1 hour at 37°C and the protease activity was 
measured at pH 7.5.

Figure 7: Effects of temperature on the protease activity of C. tetragonoloba. 
15 ug of protease was used to determine the activity. The activity of the 

protease at 60°C was determined to be 100%.

3.8. Effects of Various Protease Inhibitors on Protease 
Activity
The effects of various protease inhibitors on protease activity 
are shown in Table 2. The purified protease retains 106% and 
104% residual activity in the presence of EGTA and EDTA, 
respectively. It is reported that metalloprotease from Bacillus 
licheniformis RP1 in the presence of EGTA and EDTA shows 
90% inhibition of activity [31]. The aspartic protease inhibitor 
(pepstatin A) shows no effect on protease activity. It is reported 
that aspartic protease from C. ensiformis was also not inhibited 
by pepstatin A [32]. 

This protease was also not inhibited by cysteine protease inhibitors 
(IAA, E-64). Recently, it is reported that cystein protease and porcein 
B from Calotropis procera showed maximum inhibition of activity in 
the presence of IAA and E-64, respectively [32,26]. However, in the 
presence of serine protease inhibitors, purified protease showed 2%, 
12%, 2.8%, and 53% activity with benzamidine HCl, aprotonine, 
PMSF, and SBTI, respectively (Table 2). This inhibition by specific 
serine protease inhibitors as PMSF, SBTI, benzamidine HCl, and 
aprotinin revealed that protease belongs to the serine protease class. 
It is reported that protease streblin from Streblus asper was inhibited 
by PMSF by 95.5% [33]. 

3.9. Effects of Various Solvent and Surfactant on Protease 
Activity 
The purified protease retained 90%–95% residual activity in the 
presence of 50% v/v of methanol, isopropanol, and DMSO, while 
in the presence of ethanol and butanol, up to 34% and 60% residual 
activity was retained, respectively. 81% activity was retained in 
presence of SDS, also indicating extreme stability of this protease 
(Table 3).

3.10. Substrate Specificity of the Protease
The substrate specificity of protease was assayed using high-grade 
(1% w/v) gelatin, Hb, BSA, and casein. The purified protease 

was showing cleavage of gelatin, Hb, BSA, and casein (Table 4) 
with equal efficiency which is similar to other serine proteases 
like cuminisn and Q-SP [34,35]. The specific activity of purified 
protease for chromogenic substrate BAPNA was calculated as 
1.5101 U/mg. Purified protease does not show any significant 
result for the N-succinyl-Phe-p-nitroanilide. 

3.11. Sugar Determination

Glycosylation is ubiquitous and sugar residues are attached 
to the side chain. Glycosylation plays an important role in the 
influencing of protease activity [36]. Cyamopsis tetragonoloba 
protease contains about 35 µg/ml sugar determined by the method 
of DuBois (Fig. 9). Benghalensin showed 10%–12% sugar content 
from what was isolated from Ficus benghalensis [37].

Figure 8: Effects of temperature on the protease stability of C. tetragonoloba. 
The stability of the proteins was determined by incubating protease at different 

temperatures for 1 hour at pH 7.5 
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4. CONCLUSION
In the present study, purification and biochemical 
characterization of protease from the seeds of C. tetragonoloba 
were carried out. The Vmax value of the protease was 102.04 
µM/minute with casein as the substrate and Km value was 56.56 
µM/minute. The purified protease was completely inhibited 

by serine proteases inhibitors PMSF, SBTI, benzamidine HCl, 
and aprotinin. This protease was not inhibited by IAA, E-64, 
pepstatin A, EGTA, and EDTA. Thus, the protease inhibitor 
assay results concluded that the purified protease was serine 
protease, inhibited by serine proteases inhibitors. The results 
shown in Table 4 determine that gelatin shows the highest 
proteolytic activity when compared to the casein, Hb, and 
BSA. BAPNA shows 1.5101 U/mg specific activities. The 
present study found that purified protease was a highly thermal 
stable serine protease that can function in harsh conditions 
in the presence of detergents and solvents and has a wide 
range of substrate specificity, so it could be used more in a 

Table 1: Summary of protease purification from the seeds of C. tetragonoloba.

Step Protein 
(mg) Total Activity Specific Activity (U/mg) Yield 

(%) Purification fold

Homogenate 8,046 144,828 18 100 1

Heated supernatant 3,082 184,920 60 37 3.33

60% ammonium sulfate 
precipitation

745 84,229.7 113.06 9.03 6.31

DEAE-cellulose chromatography 69.3 34,372.8 496 0.84 27.67

Table 2: Effects of various protease inhibitors on protease activity.
Protease Protease inhibitor M concentration Residual activity (%)

Serine Benzamidine HCl 100 µM 2

Aprotinin 10 µM 12

PMSF 100 µM 2.8

SBTI 100 µM 53

Cysteine E-64 10µM 90

IAA 10 µM 83

Aspartic Pepstatin  A 1 µM 100

Metalloprotease
EGTA 100 µM 106

EDTA 100 µM 104

Table 3: Effects of various solvents and surfactants on protease 
activity.
Condition Range Residual activity (%)

Methanol 50% 95 ± 1.5

Ethanol 50% 60 ± 2.1

Isopropanol 50% 90 ± 1.76

Butanol 50% 34 ± 1.38

DMSO 50% 95 ± 1.92

SDS 1% 81 ± 1.4

Triton X-100 1% 92 ± 1.6

Labolene 1% 70 ± 1.56

HgCl2 50 µM 85 ± 1.3

Table 4: Relative activities of protease with different substrates at 
different pH. The activity of protease with casein was considered 
100% activity and the relative activities with the other substrate were 
represented in percentage relative activity to that of casein. 
pH 4.5 6.5 7.5 9.5

Casein 37.8% 37.8% 100% 67.2%

Gelatin 47.3% 50% 108.4% 94.5%

Hb 37.3% 46.2% 100% 65%

BSA 34% 43% 97% 70%

Figure 9: Determination of sugar. Estimation of the sugar content of 
purified protease was carried out by DuBois method. A standard curve of the 

absorbance versus dextrose concentration as standard was plotted. 
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biotechnological and industrial application. However, research 
is under progress with regard to the characterization of protease 
and application.

5. ABBREVIATIONS
BAPNA, Nα-Benzoyl-DL-arginine ϸ-nitroanilide; BSA, Bovine 
serum albumin; β-ME, β-mercaptoethanol; CBB, Coomassie 
Brilliant Blue; DEAE, Diethylaminoethyl; DMSO, Dimethyl 
sulfoxide; E-64, l-trans-epoxysuccinyl olamide(4-guanidino)
butane; EDTA, Ethylenediaminetetraacetic acid; EGTA, ethylene 
glycol bis(2-aminoethyl ether)-N,N,N,N-tetraacetic acid; Hb, 
Hemoglobin; PMSF, Phenyl Methyl Sulfonyl Fluoride; PAGE, 
Polyacrylamide gel electrophoresis; Hb, haemoglobin; IAA, 
Iodoacetamide; M, Molar.
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