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Protease is a well-known plant enzyme, used widely in the field of medicine and industry in
various potential and economical applications. Available literatures show a lack of study related
to the isolation of protease enzyme from Vicia faba L (Faba bean), hence, this study focuses on
the isolation of protease from faba bean. Initially, the extraction process was carried out using
overnight ammonium sulphate precipitation method, followed by protease assay to determine
the enzyme activity in seed, leaf and pod samples of faba bean. Apparently, dialysis was carried
out for partial purification, later High-Performance Liquid Chromatography (HPLC) for further
purification. Finally, the molecular weight of the protease enzyme was determined from each
sample extracted by using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) respectively. The outcome of the study demonstrates that all the samples of faba bean
contain protease enzyme with 60-70% saturation. The enzyme extracted from different parts of
the sample show an optimum activity at pH 6 along with a molecular weight ranging between
60 to 100 kDa. In conclusion, the study suggests faba bean can serve as best source of protease
enzyme.
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Introduction
Recently, the extraction of protease enzyme from
plants has increased significantly by considering
its consequentiality (González-Rábade et al., 2011;
Sun et al., 2016). Globally, the industrial production
of proteases accounts for 60% of the enzyme sales
economy (Kim et al., 2016). Protease enzyme has
been utilized widely in industries to engender a wide
range of products such as, detergent, leather, waste
management, brewing, meat softening, milk-clotting,
food, pharmaceutical, cancer treatment, diagnostics,
digestion, viral disorders and silver recovery (Gupta
et al., 2002; Naidu and Devi, 2005; Roy and Kumar,
2014; Kuddus, 2015). Proteases belong to a class of
enzymes that can be classified based on their physical
and biological property (Rooprai and McCormick,
1996; Arpigny and Jaeger, 1999; Ellaiah et al.,
2002; Gupta et al., 2012). Apart from this, the plant
proteases have many biological roles, such as anticancer activity, avert edema, avails in the digestive
process, procoagulant activity and many more. (Van
der Hoorn, 2008; González-Rábade et al., 2011).
However, the molecular mechanism defining the
biological activity of the enzyme remains obscure
(Shivaprasad et al., 2012). Considering the wide
range of application of proteases, finding incipient
sources for the production of protease draws a greater
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Email: sdevirajeswari@gmail.com, vdevirajeswari@vit.ac.in

attention for various scientific communities.
Vicia faba L. commonly named as broad bean,
faba bean, horse bean and fava bean belongs to the
family Fabaceae (Boukhanouf et al., 2016). The fruit
of faba bean is highly nutritious, that serves as a rich
source of carbohydrates, proteins, and lipids (Fabbri
and Crosby, 2016; Topal and Bozoğlu, 2016). It also
has many biological properties like anti-diabetic
(El-Maksoud et al., 2013), anti-cancer activity
(Jordinson et al., 1999) and plays an adjuvant role
in curing Parkinson’s disease (Apaydin et al., 2000;
Randhir and Shetty, 2004). Faba bean has served as
a best choice for cultivation among farmers, as it is
a beneficial crop that gives more production with
less investment (Duc, 1997; Crépon et al., 2010). A
contemporary literature review shows isolation of
protease enzyme among different plant sources and
also in the legume plants. However, no literature
reports on the isolation of protease enzyme from
Faba bean.
The present study was designed to extract
protease from faba bean utilizing the well known
existing method with slight modification (Morikawa
et al., 1994; Henry, 2013). The extraction and
purification of protease enzyme was carried out by
utilizing different assays such as ammonium sulphate
precipitation, protease assay, dialysis, HPLC and
SDS page. The ammonium sulphate precipitation
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was performed in different concentrations ranging
from 30% to 80%, to find the ideal concentration
for the extraction of protease in high concentration.
The presence of the protease is confirmed using
casein as a substrate (Wingfield, 2001; Gerze et
al., 2005; Orhan et al., 2005). Once the presence is
substantiated, partial purification was done using
overnight dialysis using phosphate buffer. After
dialysis, the enzyme was characterized using HPLC.
Finally, the molecular weight of the enzyme from the
samples was determined using SDS-PAGE. Further,
the effect of pH of the enzyme was studied in order to
find the optimum activity of the enzyme.
Material and Methods
Materials
The chemicals of analytical grade required for this
study were purchased from Hi-Media Laboratories,
Mumbai, India and S.D Fine Chemicals Pvt. Ltd.,
Mumbai, India.
Sample preparation
The fresh faba bean samples of pod, seeds,
and leaf were bought from the vegetable market in
Vellore, Tamil Nadu, India. Taxonomist identified the
samples at Department of Biological Sciences, VIT
University. A voucher specimen was deposited at
VIT plant repository for further reference. The seed
and pod samples were separated and washed with
distilled water extensively, wiped with sterile cotton.
The seeds were kept overnight for germination. Fresh
seed samples (60 g) were taken and ground using
100ml acetone to remove fat content, using mortar
and pestle. Pod samples (60 g) were mixed using a
mixer along with acetone. Both samples were mixed
with chilled 10 mM Tris-Hydrochloride (Tris-HCl)
buffer at pH 8.0 and 2M NaCl for three hours on
an orbital shaker. The samples were centrifuged at
10,000 rpm for 10 minutes at 4°C and filtered through
Whatmann filter paper; the filtrate was collected. The
leaves of faba bean (60 g) were washed properly in
sterile water and ground with the help of a mechanical
mixer. Phosphate buffer was added and left in the
orbital shaker for three hours. The seed, pod and
the leaf samples were centrifuged at 10,000 rpm for
10 minutes at 4°C. The samples were filtered using
Whatmann filter paper (Sindhuja and Mohanraj).
Ammonium sulphate precipitation
Ammonium
sulphate
precipitation
was
performed for the seed, pod and leaf samples, in a
stirrer maintained at 4°C. Overnight ammonium
sulphate precipitation was performed at 6 saturation

percentages consecutively 30%, 40%, 50%, 60%,
70% and 80% to determine the saturation percentage.
After precipitation, centrifugation at 10,000 rpm for
30 minutes at 4°C was done. Both, the supernatant and
pellet are collected after each saturation percentage,
and the pellet was resuspended in phosphate buffer
(pH 7.0) (Purwanto, 2016).
Protease assay
In protease assay, a standard curve was plotted,
and protease activity using casein as a substrate was
performed. A 5 ml of casein is added to four test tubes
labeled – Test 1, Test 2, Test 3 and Blank. It was
incubated in a water bath at 37°C for 5 minutes. 1ml
of enzyme solution (supernatant and pellet samples
obtained after ammonium sulphate precipitation is
diluted with sodium acetate buffer) was added to the
three test samples and then mixed and incubated at
37°C for 10 minutes. A 5ml of trichloroacetic acid is
added to all test tubes, and 1ml of enzyme solution
was added to the test tube labeled blank. After mixing
and incubating at 37°C for 30 minutes, the samples
were centrifuged at 10,000 rpm for 10 minutes
at 4°C. To 2 ml of the supernatant, 5ml of sodium
carbonate and 1 ml of Folin-Ciocalteu reagent was
added. Spectrophotometric readings were determined
at 660 nm. Enzyme activity was calculated for each
saturation percentage, to measure the amount of active
enzyme present. It was determined at what saturation
percentage highest protease activity is detected for
seed supernatant, seed pellet, pod supernatant, pod
pellet, leaf supernatant and leaf pellet. After protease
assay was performed for samples, enzyme activity
values for each sample was calculated using the
standard formula (Cupp-Enyard, 2008).

Dialysis
Partial purification by dialysis was carried out
for the six samples obtained after the extraction step.
A 2 ml of each of the six samples was pipetted into
pretreated dialysis membranes and kept in beakers
with 200 ml phosphate buffer in a magnetic stirrer.
The buffer was changed once every 1.5 hours for 3
hours and then kept overnight. The initial and final
volumes were then compared (El-Khonezy et al.,
2015).
Determination of molecular weight
The molecular weight of purified protease
was determined using sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE)
using Tris-glycine buffer (pH 8.2). The six samples
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were loaded in 1:1 dilution along with loading
sample buffer in each well. The samples were run
for electrophoresis in 12% polyacrylamide gel and
stained with Coomassie Brilliant Blue stain and
molecular weight was estimated by comparing it with
the mid range protein marker (Heussen and Dowdle,
1980; Purwanto, 2016). Further, reverse phase HPLC
was performed for each of the 6 samples after dialysis
to check purity. Isocratic elution was followed
with two solvents – Solvent A (0.052% Formic
Acid in Water) and Solvent B (0.05% Formic acid
in 80% Acetonitrile). Both the mobile phases were
degassed by ultrasonication followed by filtration
with Whatman filter paper. The flow rate was 0.500
µl/min, and pressure was maintained at 200 kg. The
samples were filter sterilized, and about 20 µl of each
sample was injected with 1mg/ml Bovine Serum
Albumin (BSA) as standard (Krishnan and Murugan,
2015; Banerjee et al., 2016).
Effect of pH on protease activity
Effect of pH on protease activity was measured
using a Tris-HCl buffer. The pH was adjusted to 5,
6, 7 and 8 respectively. Each of the six samples was
mixed with Tris-HCl buffer in 1:1 ratio. After an
incubation period of 24 hours at room temperature,
protease assay was performed with each of the six
samples at the pH mentioned above, and enzyme
activity values were calculated (Das and Prasad,
2010).
Results and Discussion
Recently, exploration of plant proteases has been
widely considered due to their importance in food
and pharmaceutical industries (Gupta et al., 2002;
Hasan et al., 2006; Kim et al., 2016). Considering
the importance of the enzyme, protease enzyme
have been widely studied by researchers from
various plants and food crops (Ryan, 1990; Kim and
Hwang, 2015; Chen et al., 2015; Cheng et al., 2016;
Mandujano-González et al., 2016; Niemer et al.,
2016; Sequeiros et al., 2016). Despite its importance
in various fields, the extraction of proteases from
legumes still remains minimal in current scenario
(Kinsella et al., 1993; Foss and Eriksen, 1995; Rao,
et al., 1998). In this study, a well-known legume
plant Vicia faba. L was considered for identification
and extraction of protease. The enzyme was initially
extracted, partially purified and characterized using
the existing methods with slight modification.
Extraction of protease
The samples were fractionated and purified
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Figure 1. Effects of enzyme activity were carried out
for faba bean samples at various saturation values. Two
way ANOVA analysis shows the values are statistically
significant (P value <0.0001). The bars represent means
± standard deviation for triplicates. The bars represent
means ± standard deviation for triplicates.

initially by ammonium sulfate precipitation method,
a widely used method for purification of protease
(Drivdahl and Thimann, 1977; Antão and Malcata,
2005; Esposito et al., 2016; Nam et al., 2016). The
optimum ammonium sulphate saturation percentages
for highest protease activity were found to be 70% for
seed pellet and supernatant, 80% for pod pellet and
supernatant, 80% for leaf supernatant and 60% for leaf
pellet, as shown in Figure 1. It was observed that seed
pellet had a high protease activity of 0.049 μ/ml at
70% saturation. Protease assay was performed for the
samples from 30% to 80% saturation and the enzyme
activity values for each sample were calculated. The
saturation percentage of the six samples ranged from
30% to 80% respectively. Similar results were earlier
reported in protease isolated from Bacillus subtilis
(Salem et al., 2016), Vipera venom (40-50%) (Moroz
et al., 2016), traditional Chinese fish sauce (70%)
(Xie et al., 2016), and Cucurbita maxima peel (60 %)
(Vadivukkarasi et al., 2015) comparatively. Among
the samples, seed pellet sample had the highest
enzyme activity followed by leaf supernatant, leaf
pellet, pod supernatant, seed supernatant and lastly
pod pellet. Particularly, the seeds of Vicia faba L.
contain high quantity of protease than other parts of
the plant.
Purification of protease
In enzyme purification process, dialysis was
carried out for the partial purification of six different
samples of Vicia faba. L and the purity were further
checked using reverse phase HPLC at 280 nm and
350nm, as shown in Figure 2 and 3, corresponding
with the standard BSA (Krishnan et al., 2015).
Finally, SDS-PAGE was carried out to determine the
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Figure 2. HPLC analysis chromatogram of faba bean
samples analyzed at optical density 280 nm. a) Standard
Peak b) Leaf pellet c) Leaf supernatant d) Pod pellet e)
Pod supernatant f) Seed pellet and g) Seed supernatant.

Figure 3. HPLC analysis chromatogram of faba bean
samples analyzed at optical density 350 nm. a) Standard
Peak b) Leaf pellet c) Leaf supernatant d) Pod pellet e) Pod
supernatant f) Seed pellet and g) Seed supernatant.

molecular weight of the protease extracted from the
samples. It was found that the proteases were found
in the range from 60 to 100 kDa with an average of
80 kDa, as shown in Figure 4, with the tabulations
representing the approximate molecular weight
of protease extracted from each sample. Previous
literature studies have reported, the presence of
proteases in various plant sources like rice, tomato
plant, cucumber, squash, potato plant, maize, papaya,
etc. The protease enzyme can be classified into four
types, serine, aspartate, metallo and cysteine protease
respectively. Among these groups, cysteine proteases
are predominantly found in plant sources (Domsalla
and Melzig, 2008; Rawlings et al., 2010; GonzálezRábade et al., 2011). Accordingly, glutamate
decarboxylase (58kDa) involved in Gammaaminobutyric acid synthesis was purified from faba
bean (Yang et al., 2013); Trypsin inhibitor (15kDa)
was isolated from faba bean (Fei Fang et al., 2011);
Phytate-degrading enzyme (65 kDa) is purified from
Vicia faba Var. Alameda (Greiner et al., 2001); Serine
protease was isolated from the Cucumis trigonas
(Asif-Ullah et al., 2006), Helicoverpa armigera
(Johnston et al., 1991); Cysteine protease from
Horse gram (Jinka et al., 2009); alkaline protease
from Bacillus subtilis (Sathishkumar et al., 2015) and
many more.

enzyme will be maximum at a particular pH know
as optimum pH. The optimum pH is important for
any enzyme in terms of its production and activities
(Rao et al., 1998), variation in pH leads to enzyme
inactivation (van der Hoorn and Jones, 2004; Bah
et al., 2016). However, few plant proteases are
exceptional, they are active in wide range of pH
and temperature (Uhlig, 1998). In this study, the
pH activity of proteases isolated from Vicia faba. L
samples were calculated at different pH (5, 6, 7 and
8) respectively. The pH studies reported an increased
enzyme activity at a pH range of 5-7, which shows
similar range (pH 6-7) of activity in experiments
carried out earlier for protease comparatively
(Clemente, 2000). Proteases which are highly active
at acidic pH are widely used as a milk coagulating
factor in industrial firm (Silva and Malcata, 2005). At
pH 6, a maximum protease activity was observed in all
the samples, hence pH 6 is considered as an optimum
pH for enzyme production, which is illustrated in
Figure 5. The remarkable ranges of pH activity of
enzymes favor the acidic and neutral environments.
Similar studies were reported in different studies,
where protease enzyme is purified from different
sources. Such as, the phytate-degrading enzyme
(65kDa) purified from Vicia faba Var. Alameda
exhibit the optimum pH at 5.0. (Greiner et al., 2001),
Cysteine protease (20kDa) was purified from Ficus
microcarpa showed maximum activity at pH 8.0
(Mnif et al., 2015), protease was extracted from
Jatropha seed cake showed maximum pH activity at

Effect of pH on protease activity
Proteases are pH dependent, pH is a consequential
factor for the enzyme activity. The production of the
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Figure 4. Electrophoretic analysis of different parts of
faba bean of partially purified protease a) leaf supernatant,
b) leaf pellet, c) Seed supernatant, d) Seed pellet, e) Pod
supernatant, and f) Pod pellet along with mid range marker
(15-300 bp) as standard.
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content in faba bean. The protease enzyme was
successfully extracted and partially purified from the
leaves, pods, and seeds of faba bean. The percentage
of protease was high at 70% saturation for all the
samples. The saturation percentage denotes that faba
bean contains protease enzyme in all the parts of the
plant. Whereas, the optimum pH was found to be
slightly acidic (pH 6), suggesting the maintenance
of pH at this point to gain a maximum enzyme
production. The determination of pH plays a vital
role in enzyme production for large scale of industrial
interest. The successful identification of protease
from faba bean will be beneficial to mankind. As
humans consume faba bean as stable food, the effect
of protease in human metabolism may play a key
role. Studying metabolic role of this enzyme will
help in better understanding of proteases in human
health and diseases. Apart from this, the protease
from faba bean should be studied in detail for various
other industrial applications.
Acknowledgment
The author thanks the VIT University for
providing all the research facilities and support to
carry out research process.
References

Figure 5. Effects of pH on faba bean samples were shown
in graphical representation. Two way ANOVA analysis
shows the values are statistically significant (P value
<0.0001). The bars represent means ± standard deviation
for triplicates.

7.0 (Veerabhadrappa et al., 2014).
Statistical analysis
A two-way ANOVA statistical analysis was
performed using GraphPad prism (version 7.00 for
windows, GraphPad software, San Diego California
USA, www.graphpad.com) for saturation percentage
and effect of pH on faba bean samples. The obtained
data showed a statistical significant P-value less than
0.0001.
Conclusion
It is well-known that proteases are used for
various purposes in industrial, biological and medical
applications. Protease is a well known commercial
enzyme with wide range of applications; hence, this
study was intended to check the presence of protease

Antão, C.M. and Malcata F.X. 2005. Plant serine proteases:
biochemical, physiological and molecular features.
Plant Physiology and Biochemistry 43(7): 637-650.
Apaydin, H., Ertan, S. and Özekmekçi, S. 2000. Broad
bean (Vicia faba)—A natural source of L-dopa
-Prolongs “on” periods in patients with Parkinson’s
disease who have “on–off” fluctuations. Movement
Disorders 15(1): 164-166.
Arpigny, J.L. and Jaeger, K.E. 1999. Bacterial lipolytic
enzymes: classification and properties. Biochemical
Journal 343(1): 177-183.
Asif-Ullah, M., Kim, K.S. and Yu, Y.G. 2006. Purification
and characterization of a serine protease from Cucumis
trigonus Roxburghi. Phytochemistry 67(9): 870-875.
Bah, C.S., Bekhit, A.E.D.A., McConnell, M.A. and Carne,
A. 2016. Generation of bioactive peptide hydrolysates
from cattle plasma using plant and fungal proteases.
Food Chemistry 213(1): 98-107.
Banerjee, G., Mukherjee, S., Bhattacharya, S. and Ray,
A.K. 2016. Purification and Characterization of
Extracellular Protease and Amylase Produced by the
Bacterial Strain, Corynebacterium alkanolyticum
ATH3 Isolated from Fish Gut. Arabian Journal for
Science and Engineering 41(1): 9-16.
Boukhanouf, S., Louaileche, H. and Perrin, D. 2016.
Phytochemical content and in vitro antioxidant
activity of faba bean (Vicia faba L.) as affected by
maturity stage and cooking practice. International

1909

Sathya Prabhu et al./IFRJ 25(5): 1904-1911

Food Research Journal 23(3): 954-961.
Chen, L., Mo, H., Zhao, L., Gao, W., Wang, S.,
Cromie, M.M., Lu, C., Wang, J.S. and Shen, C.L.
2016. Therapeutic properties of green tea against
environmental insults. The Journal of Nutritional
Biochemistry 40(2016): 1-13.
Cheng, Z., Li, J.F., Niu, Y., Zhang, X.C., Woody, O.Z.,
Xiong, Y., Djonović, S., Millet, Y., Bush, J. and
McConkey, B.J. 2015. Pathogen-secreted proteases
activate a novel plant immune pathway. Nature
521(7551): 213-216.
Clemente, A. 2000. Enzymatic protein hydrolysates
in human nutrition. Trends in Food Science &
Technology 11(7): 254-262.
Crépon, K., Marget, P., Peyronnet, C., Carrouée, B., Arese,
P. and Duc, G. 2010. Nutritional value of faba bean
(Vicia faba L.) seeds for feed and food. Field Crops
Research 115(3): 329-339.
Cupp-Enyard, C. 2008. Sigma’s non-specific protease
activity assay-casein as a substrate. Journal of
Visualized Experiments 19 (1): 899-899.
Das, G. and Prasad, M. 2010. Isolation, purification & mass
production of protease enzyme from Bacillus subtilis.
International Research Journal of Microbiology 1(2):
26-31.
Domsalla, A. and Melzig, M.F. 2008. Occurrence and
properties of proteases in plant latices. Planta medica
74(07): 699-711.
Drivdahl, R.H. and Thimann, K.V. 1977. Proteases of
senescing oat leaves I. Purification and general
properties. Journal of Plant physiology 59(6): 10591063.
Duc, G. 1997. Faba bean (Vicia faba L.). Field Crops
Research 53(1): 99-109.
El-Khonezy, M.I., El-Gammal, E.W., Atwa, N.A.
and El-Abd, M.A. 2015. Partial Purification and
Characterization of an Alkaline Serine Protease
Produced by Streptomyces griseus NCRRT and its
Antifungal Effect on Fusarium solani. World Applied
Sciences Journal 33(5): 831-842.
El-Maksoud, H.A., Hussein, M.A. and Kassem, A. 2013.
Biochemical effect of vicine and divicine extracted
from fava beans (vicia faba) in rats 24(1): 98-110.
Ellaiah, P., Srinivasulu, B. and Adinarayana, K. 2002. A
review on microbial alkaline proteases. Journal of
Scientific and Industrial Research 61(9): 690-704.
Esposito, M., Di-Pierro, P., Dejonghe, W., Mariniello, L.
and Porta, R. 2016. Enzymatic milk clotting activity
in artichoke (Cynara scolymus) leaves and alpine
thistle (Carduus defloratus) flowers. Immobilization
of alpine thistle aspartic protease. Food chemistry
204(2): 115-121.
Fabbri, A.D. and Crosby, G.A. 2016. A Review of the
Impact of Preparation and Cooking on the Nutritional
Quality of Vegetables and Legumes. International
Journal of Gastronomy and Food Science 3(2): 2-11.
Fei, F.E., Abd, E.H.A., Ho, W.J., Shui, F.B.C., Saad,
S.S. and Bun, N.T. 2011. Isolation of a new trypsin
inhibitor from the Faba bean (Vicia faba cv. Giza 843)
with potential medicinal applications. Protein and

peptide letters 18(1): 64-72.
Foss, N.J. and Eriksen, B. 1995. Competitive advantage
and industry capabilities. Resource-Based and
Evolutionary Theories of the Firm. Towards a
synthesis, p. 43-69. United states: Springer Academic
Publishers.
Gerze, A., Omay, D. and Guvenilir, Y. 2005. Partial
purification and characterization of protease enzyme
from Bacillus subtilis megatherium. Proceedings of the
Twenty-Sixth Symposium on Biotechnology for Fuels
and Chemicals, p. 121-124. United States: Department
of Energy’s Office of the Biomass Program.
González, R.N., Badillo, J.A., Aranda, A.J.S. and Carmen
O.S.M. 2011. Production of plant proteases in vivo
and in vitro—a review. Biotechnology advances
29(6): 983-996.
Greiner, R., Muzquiz, M., Burbano, C., Cuadrado, C.,
Pedrosa, M.M. and Goyoaga, C. 2001. Purification
and characterization of a phytate-degrading enzyme
from germinated faba beans (Vicia faba var. Alameda).
Journal of agricultural and food chemistry 49(5):
2234-2240.
Gupta, R., Beg, Q. and Lorenz, P. 2002. Bacterial alkaline
proteases: molecular approaches and industrial
applications. Applied microbiology and biotechnology
59(1): 15-32.
Gupta, R., Mathur, M., Bajaj, V.K., Katariya, P., Yadav,
S., Kamal, R. and Gupta, R.S. 2012. Evaluation of
antidiabetic and antioxidant activity of Moringa
oleifera in experimental diabetes. Journal of Diabetes
4(2): 164-171.
Hasan, F., Shah A.A. and Hameed, A. 2006. Industrial
applications of microbial lipases. Enzyme and
Microbial technology 39(2): 235-251.
Henry, K.K. 2013. Characterization of DAP2 (Defense-associated aspartic protease--2) in Arabidopsis thaliana
and determining its role in plant defense responses.
New York, United States: Syracuse University, BSc
Thesis.
Heussen, C. and Dowdle, E.B. 1980. Electrophoretic
analysis of plasminogen activators in polyacrylamide
gels containing sodium dodecyl sulfate and
copolymerized substrates. Analytical biochemistry
102(1): 196-202.
Jinka, R., Ramakrishna, V., Rao, S.K. and Rao, R.P. 2009.
Purification and characterization of cysteine protease
from germinating cotyledons of horse gram. BMC
biochemistry 10(1): 1-11.
Johnston, K., Lee, M., Gatehouse, J. and Anstee, J. 1991.
The partial purification and characterisation of serine
protease activity in midgut of larval Helicoverpa
armigera. Insect Biochemistry 21(4): 389-397.
Jordinson, M., El-Hariry, I., Calnan, D.a., Calam, J. and
Pignatelli, M. 1999. Vicia faba agglutinin, the lectin
present in broad beans, stimulates differentiation of
undifferentiated colon cancer cells. Gut 44(5): 709714.
Kim, M., Si, J.B., Reddy, L.V. and Wee, Y.J. 2016.
Enhanced production of extracellular proteolytic
enzyme excreted by a newly isolated Bacillus subtilis

Sathya Prabhu et al./IFRJ 25(5): 1904-1911

FBL-1 through combined utilization of statistical
designs and response surface methodology. RSC
Advances 6(56): 51270-51278.
Kim, N.H. and Hwang, B.K. 2015. Pepper pathogenesisrelated protein 4c is a plasma membrane-localized
cysteine protease inhibitor that is required for plant
cell death and defense signaling. The Plant Journal
81(1): 81-94.
Kinsella, J.E. 1993. U.S Patent No. 5,192,677. Washington,
DC: U.S. Patent and Trademark Office
Krishnan, V.M. and Murugan, K. 2015. Purification,
characterization and kinetics of protease inhibitor
from fruits of Solanum aculeatissimum Jacq. Food
Science and Human Wellness 4(3): 97-107.
Kuddus, M. 2015. Cold-active Microbial Enzymes.
Biochemical Physiology 4(1):1-2.
Mandujano, G,V., Téllez, J,A., Anducho, R.M.A., Arana,
C.A. and Mercado, F.Y. 2016. Purification and
characterization of the extracellular aspartyl protease
APSm1 from the phytopathogen fungus Stenocarpella
maydis. Protein expression and purification
117(2016):1-5.
Mnif, I.H., Siala, R., Nasri, R., Mhamdi, S., Nasri, M.
and Kamoun, A.S. 2015. A Cysteine Protease Isolated
from the Latex of Ficus microcarpa: Purification and
Biochemical Characterization. Applied biochemistry
and biotechnology 175(3): 1732-1744.
Morikawa, M., Izawa, Y., Rashid, N., Hoaki, T. and
Imanaka, T. 1994. Purification and characterization
of a thermostable thiol protease from a newly isolated
hyperthermophilic Pyrococcus sp. Applied and
Environmental Microbiology 60(12): 4559-4566.
Moroz, C., Vries, D.A. and Sela, M. 2016. Neurotoxic
protein of Vipera palestinae venom. Proceedings of
the Animal Toxins: A Collection of Papers Presented
at the First International Symposium on Animal
Toxins. Atlantic City, New Jersey, USA.
Naidu, K.S.B. and Devi, K.L. 2005. Optimization of
thermostable alkaline protease production from
species of Bacillus using rice bran. African Journal of
Biotechnology 4(7): 724-726.
Nam, S.H., Walsh, M.K. and Yang, K.Y. 2016. Comparison
of four purification methods to purify cysteine protease
from Asian pear fruit (Pyrus pyrifolia). Biocatalysis
and Agricultural Biotechnology 5 (2016): 86-93.
Niemer, M., Mehofer, U., Verdianz, M., Porodko, A.,
Schähs, P., Kracher, D., Lenarcic, B., Novinec, M.
and Mach, L. 2016. Nicotiana benthamiana cathepsin
B displays distinct enzymatic features which differ
from its human relative and aleurain-like protease.
Biochimie 12(2): 119-125.
Orhan, E., Omay, D. and Gvüenilir, Y. 2005. Partial
purification and characterization of protease enzyme
from Bacillus subtilis and Bacillus cereus. Applied
biochemistry and biotechnology 121(1-3): 183-194.
Purwanto, M.G.M. 2016. The Role and Efficiency of
Ammonium Sulphate Precipitation in Purification
Process of Papain Crude Extract. Procedia Chemistry
18(1): 127-131.
Randhir, R. and Shetty, K. 2004. Microwave-induced

1910

stimulation of L-DOPA, phenolics and antioxidant
activity in fava bean (Vicia faba) for Parkinson’s diet.
Process Biochemistry 39(11): 1775-1784.
Rao, M.B., Tanksale A.M., Ghatge M.S., Deshpande
V.V. 1998. Molecular and biotechnological aspects
of microbial proteases. Microbiology and molecular
biology reviews 62(3): 597-635.
Rawlings, N.D., Barrett A.J., Bateman A. 2010. MEROPS:
the peptidase database. Nucleic acids research 38(1):
227-233.
Rooprai, H., McCormick D. 1996. Proteases and their
inhibitors in human brain tumours: a review.
Anticancer research 17(6B): 4151-4162.
Roy, S., Kumar V. 2014. A Practical Approach on SDS
PAGE for Separation of Protein. International Journal
of Science and Research 3(8): 955-960.
Ryan, C.A. 1990. Protease inhibitors in plants: genes for
improving defenses against insects and pathogens.
Annual review of phytopathology 28(1): 425-449.
Salem, M.M.E., Ayesh, A.M., Gomaa, M.N.E.D.
and Abouwarda, A.M. 2016. Purification and
Characterization of Protease Enzyme Produced by
Bacillus subtilis Isolated from Hot Springs at Al-Laith
Area, Saudi Arabia.
Sathishkumar, R., Ananthan, G. and Arun, J. 2015.
Production, purification and characterization of
alkaline protease by ascidian associated Bacillus
subtilis GA CAS8 using agricultural wastes.
Biocatalysis and Agricultural Biotechnology 4(2):
214-220.
Sequeiros, C., Torres, M.J., Nievas, M.L., Caffini, N.O.,
Natalucci, C.L., López, L.M. and Trejo, S.A. 2016.
The Proteolytic Activity of Philibertia gilliesii Latex.
Purification of Philibertain g II. Applied biochemistry
and biotechnology 179(2): 322-346.
Shivaprasad, H., Yariswamy, M., Rajesh, R. and
Vishwanath, B. 2012. Plant Latex Proteases: An
Insight into their Procoagulant Activity. Toxicon
60(2): 131-132.
Silva, S. and Malcata, F. 2005. Partial identification of
water-soluble peptides released at early stages of
proteolysis in sterilized ovine cheese-like systems:
influence of type of coagulant and starter. Journal of
dairy science 88(6): 1947-1954.
Sindhuja, M. and Mohanraj, K. 2016. Charecterization of
Gelatin isolated from Marine sources. International
Journal of Pharmacy and Technology 8(2): 1327813285.
Sun, Q., Zhang, B., Yan, Q.J. and Jiang, Z.Q. 2016.
Comparative analysis on the distribution of protease
activities among fruits and vegetable resources. Food
Chemistry 2(13): 708-713.
Topal, N. and Bozoğlu, H. 2016. Determination of L-Dopa
(L-3, 4-dihydroxyphenylalanine) Content of Some
Faba Bean (Vicia faba L.) Genotypes. Tarım Bilimleri
Dergisi 22(2): 145-151.
Uhlig, H. 1998. Industrial enzymes and their applications.
New York, USA: John Wiley & Sons.
Vadivukkarasi, S., Manikandan, M., Pavithra, K. and
Vasudevan, M. 2015. Novel Application of Cucurbita

1911

Sathya Prabhu et al./IFRJ 25(5): 1904-1911

Maxima Peel Protease in Detergents. Journal of
Proteomics Enzymolology 4 (22): 1-3.
Van der Hoorn, R.A. 2008. Plant proteases: from
phenotypes to molecular mechanisms. Annu Rev
Plant Biol 5(9): 191-223.
Van der Hoorn, R.A. and Jones, J.D. 2004. The plant
proteolytic machinery and its role in defence. Current
opinion in plant biology 7(4): 400-407.
Veerabhadrappa, M.B., Shivakumar, S.B. and Devappa, S.
2014. Solid-state fermentation of Jatropha seed cake
for optimization of lipase, protease and detoxification
of anti-nutrients in Jatropha seed cake using
Aspergillus versicolor CJS-98. Journal of bioscience
and bioengineering 117(2): 208-214.
Wingfield, P. 2001. Protein precipitation using ammonium
sulfate. Current protocols in Protein Science A. 3(1):
3-8.
Xie, L., Xiao, Y. and Gao, X. 2016. Purification and
Characterization of a Halotolerant Alkaline Serine
Protease from Penicillium citrinum YL-1 Isolated from
Traditional Chinese Fish Sauce. Food Biotechnology
30(2): 137-153.
Yang, R., Yin, Y., Guo, Q. and Gu, Z. 2013. Purification,
properties and cDNA cloning of glutamate
decarboxylase in germinated faba bean (Vicia faba
L.). Food chemistry 138(2): 1945-1951.

