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ABSTRACT 
 

Plant seed proteins have pivotal health benefits. However, diminutive 

information is available on the presence of total soluble protein (TSP) levels 

in major crops. The present study was aimed to extract total soluble 

proteins from seven species/varieties of Mucuna and evaluate their activity 

for endogenous regulation of proteases. The total soluble proteins and 

protease inhibitory activity of various varieties/species of Mucuna were 

studied by both qualitative and quantitative methods. The total soluble 

proteins isolated were variable (18 to 29%) with maximum proteins in 

Mucuna utilis (29%) and minimum in M. pruriens V1 (18.7%). The total 

protease inhibitory activities were in the range of 9-18.25 TIU mg-1 with 

maximum in M. pruriens (18.25 TIU mg-1) and minimum in M. pruriens V1 

(9.78 TIU mg-1). The TSP content and protease inhibitory activities in other 

species/varieties were: M. pruriens 27.4% and 18.25 TIU mg-1, M. utilis 

29% and 16.67 TIU mg-1, M. monosperma 26.9% and 15.27 TIU mg-1, M. 

pruriens V2 21.7% and 13 TIU mg-1, M. hirsute 23.8% and 15.93 TIU mg-1 

and M. gigantea 24.3% and 11.98 TIU mg-1, respectively. Electrophoretic 

analysis revealed the presence of various trypsin isoinhibitors and multiple 

protein bands. The present analysis revealed that Mucuna seeds can be 

used as an alternative to protein source and their biological activity 

indicated their usefulness in medical field.   
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INTRODUCTION 
 

 

The proteins or peptides capable of inhibiting the catalytic activity of protease are classified as 

protease inhibitors. They are widely distributed in plants, animals and microorganisms (Mosolov and 
Valueva, 2005; Joanitti et al., 2006). Plants possess a variety of proteinase inhibitors (PI) for 

regulating the endogenous activity of proteinases as well as for their defence against herbivores. They 

are primarily stored in seeds and tubers, hence called  as ‘storage proteins’, whose content varies from 
6 to 10% (Ryan, 1990). Serine protease inhibitors (trypsin and chymotrypsin inhibitors) due to their 

abundance in plants, particularly in seeds of legumes, are the most studied one (Rustgi et al., 2008; 

Volpicella et al., 2011). Serine proteases play a vital role in physiological functions like blood 
coagulation, immune related activities, digestion and related domains as well as in biological 

processes; however, in case of over-expression or abundance of these enzymes they may cause severe 

complications (Sharony et al., 2010; Ohler et al., 2012; Esumi et al., 2015). Regulation of these 

enzymes either by systemic or external factors is much desired to understand control mechanisms (Di 
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Cera, 2009). Various beneficial protease inhibitions have biomedical applications like receptor 
signalling, carcinogenesis, growth factor-related activities, etc. (Habib and Fazili, 2007). 

Plants including cereals and legumes are the rich source of bioactive compounds which 

contribute a wide range of significant physiological properties. The cereals and legumes in kingdom 
Plantae are classified under Angiosperms-Eudicots-Rosids, family Fabaceae (Group, 2009). The 

family Fabaceae has economically valued plants like legume, pea or bean with variable sized flowers. 

Among legumes, genus Mucuna has many species of annual and perennial climbing plants (vines and 

shrubs). Mucuna species are distributed world-wide, especially in Central America, South Africa, 
Nigeria and Asia (Duke, 2012). The Asian diets fulfil the protein requirements on daily basis by 

consuming Mucuna species. Mucuna plants are widely spread across the tropical forests of India 

especially in the Western Ghats. Many varieties of Mucuna are found in Karnataka, Kerala and Tamil 
Nadu which specialize as core tropical area suitable for the growth of this legume. Mucuna has about 

100 species/varieties of which the prominent ones are Mucuna pruriens var. hirsute, M. pruriens var. 

pruriens, M. pruriens var. sericophylla, M. pruriens var. utilis and M. pruriens var. thekkadiensis, M. 

gigantea, and M. monosperma. These species/varieties differentiate themselves through characteristic 
pod pubescence, seed colour and pod harvest time. Mucuna is extensively used to control weeds and 

pests in agriculture and is considered a richest source of dietary proteins so is in great demand in food 

and pharmaceutical industries (Adebowale and Lawal, 2003). Some enzymes like carboxylesterase 
have been reported from the M. pruriens (Chandrashekharaiah et al., 2011). In addition, Mucuna is 

effective in the treatment of various neurological disorders, constipation, ulcers, elephantiasis, etc. 

(Lampariello et al., 2012). The seed extract of M. pruriens has potential antidepressant activity (Rana 
et al., 2014). Mucuna species are known to contain some active compounds like L-DOPA which is 

successfully used in the treatment of Parkinson's disease (Pulikkalpura et al., 2015). Recently, α-

amylase inhibitor has been isolated and characterized from the seeds of M. pruriens (Bharadwaj et 

al., 2018). However, the plant is considered to be an under-utilized wild legume because of its non-
availability i.e. it is only grown in the tropical and sub-tropical wild regions of the world.  

The legumes express bioactive proteins which get accumulated in seed in the form of total 

soluble protein (TSP). The variations in total protein contents have been studied in many cereal crops 
(Drzewiecki et al., 2003). However, there is meagre information available on the variation of TSP 

levels of major legumes especially Mucuna. Therefore, it is imperative to understand the variation in 

TSP contents in Mucuna species/varieties. In present study we attempted to quantify TSP in Mucuna 
by using qualitative and quantitative methods such as native PAGE, Lowry assay, reverse 

zymography PAGE and protease inhibitory activity. The study was aimed to generate basic 

information about the diversity and quantity of total seed storage proteins and their protease inhibitory 

activity in different Mucuna species/varieties.  
 

 

 

MATERIALS AND METHODS 
 

 

Collection of seeds and chemicals 

Seeds of seven varieties/species of Mucuna were collected from various parts of Karnataka and 
Kerala (Mucuna pruriens V1 from Somvarpete taluk, Karnataka; M. hirsute from Madikeri taluk, 

Karnataka; M. pruriens, M. utilis, and M. pruriens V2, from IIHR-Bangalore; M. gigantae and M. 

monosperma from TBGRI, Kerala). The procured seeds were stored at 4°C till use. All the chemicals 

used were of analytical grade. Acrylamide, N, N methylene bis-acrylamide, Tris, trypsin and BAPNA 
(N-benzoyl-DL-arginine p-nitroanilide hydrochloride) were purchased from Sigma, Missouri, USA.  
  

Preparation of crude extract 
The 10% protease inhibitor extracts of soaked dehulled seeds of Mucuna varieties/species were 

blended  with 0.05 M sodium phosphate buffer, pH 7.0, followed by centrifugation at 10,000 rpm for 

30 min (Chandrashekharaiah et al., 2011). The supernatants were collected and used in the study. 
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 Determination of total soluble protein 

The total soluble proteins in all the extracts were determined by using bovine serum albumin (BSA) 

as standard (Lowry et al., 1951).  
 

Determination of trypsin activity  

The trypsin activity was determined by using casein as the substrate (Kakade et al., 1969). Trypsin 

(120 μg mL-1) was dissolved in 0.001M HCl containing 20 mM CaCl2. The enzyme assay solution 
consisting of trypsin (60 µg mL-1) and 1% casein (1 mL) was incubated for 20 min at 37°C. The assay 

reaction was stopped after 20 min by adding 6% trichloroacetic acid (5 mL). The precipitate formed 

was filtered through Whatman No. 1 filter paper. The filtrate was analyzed for trypsin activity at 

optical density (OD) of 280 nm (UV-Visible spectrophotometer: SP 3000-Plus, Optima Tokyo 
Japan). One trypsin unit is defined as an increase in absorbance by 0.01 at 280 nm under normal assay 

conditions. 
 

Determination of trypsin inhibitor activity 

The trypsin inhibitory activity was determined by using casein as the substrate (Kakade et al., 1969). 

The inhibitory assay solution consisted of trypsin (60 μg) [pre-incubated with known aliquots of 
inhibitor extract] and incubated for 15 min, followed by the addition of 6% trichloroacetic acid (5 

mL). Then, 1% casein (1 mL) was added to the mixture and incubated for 10 min. The precipitate 

formed was filtered through Whatman No. 1 filter paper. The filtrate was analyzed for trypsin activity 
at OD of 280 nm. Trypsin inhibitory unit (TIU) is defined as the number of trypsin units inhibited 

under the normal assay conditions. 
 

Electrophoretic analysis 

A discontinuous cationic slab gel electrophoresis was carried out with 10% separating gel and 0.5% 

stacking gel for 3 h (Reisfeld et al., 1962). After electrophoretic run, the gel was removed and used 
for protein staining with 0.1% Coomassie brilliant blue R-250 and destained in 25% methanol and 

10% acetic acid solution. 
 

Reverse zymogram of protease inhibitors 

Trypsin inhibitors were visualized on reverse zymogram PAGE co-polymerized with 1% gelatin 

(Felicioli et al., 1997). After 3 h of electrophoretic run, the gel was removed carefully and incubated 

with trypsin solution (100 µg mL-1). The gel was washed with distilled water and stained with 
Commassie brilliant blue R-250. The presence of blue coloured bands against a transparent 

background after destaining with 10% acetic acid and 25% methanol indicated trypsin inhibitors.  
 

Statistical analysis 

All the experiments were conducted in triplicates. The data was analysed on graph pad prism 5.  
 
 
 

RESULTS AND DISCUSSION 
 
 

Total storage soluble proteins in Mucuna species/varieties   

The cereals and legumes are important stable foods in different parts of the world and are mostly used 
because of their high content of proteins. The legumes are the best source of natural proteins (Bressani 

1975; Eggum, and Beames, 1983). The natural proteins were isolated from the seeds of seven 

different species/varieties of Mucuna. The total storage soluble proteins (TSP) in Mucuna seeds 
ranged from 18 to 29% (Table 1). The TSP values varied significantly in different species/varieties. 

Among the different species/varieties analyzed, the protein content of M. pruriens (27.43 ± 2.14 mg 

mL-1) and M. utilis (29.02 ± 3.76 mg mL-1) were higher than other species/ varieties like M. pruriens 

V1 (18.75 ± 0.65 mg mL-1), M. hirsute (23.88 ± 2.66 mg mL-1), M. pruriens V2 (21.70 ± 1.98 mg mL-1), 
M. gigantae (24.34 ± 0.46 mg mL-1), and M. monosperma (26.98 ± 1.32 mg mL-1). The TSP content 
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in Mucuna species were higher than those of pigeon pea, common bean, lentil, green pea and chick 
pea, which was around 21.9% (Kumar et al., 1991; de Almeida Costa et al., 2006). The variation in 

TSP content in different Mucuna species may be attributed to their genetic makeup and environment. 

Since Mucuna species/varieties have a high content of proteins as compared to the other cereals and 
legumes; therefore, these legumes can replace Mucuna species/varieties. Due to the high protein 

content in Mucuna, there is the possibility of the presence of more sulfur-containing amino acid 

residues which help in the stabilization of proteins in different physicochemical conditions and also 

help the protein in slow digestion, which helps in treating various metabolic diseases. The quantity 
of proteins in Mucuna makes it favourable for use as protein supplement for bodybuilding.     
 

Evaluation of trypsin inhibition form Mucuna species/varieties 

Most of the biochemical and nutritional studies carried out with legumes have explored that some 

factors are involved in determining the quality of proteins (Bressani, and Elias, 1977). One such factor 

is the presence of anti-physiological substances of which trypsin inhibitor, amylase inhibitor and 
haemagglutinins are the most studied ones. In present study, the trypsin inhibitors were isolated from 

seven different species/varieties of Mucuna legume. The trypsin inhibitory potential of crude extracts 

of Mucuna species/varieties against standard trypsin were estimated (Table 1). The seeds of Mucuna 
species/varieties showed a considerable variation in trypsin inhibitor activity, ranging from 9.78 to 

18.25 TIU mg-1 protein. The maximum inhibitory activity was in M. pruriens (18.25 TIU mg-1) and 

minimum in M. pruriens V1 (9.78 TIU mg-1). There was less change in the proportion of TIA (TIU 

mg protein) in different Mucuna species/varieties in relation to TIU mg-1 sample (Table 1). The 
content of trypsin inhibitory activity was much higher than that of Faba bean (Makkar et al., 1997) 

and Caesalpinia mimosoides (Lekha et al., 2019). Trypsin inhibitory proteins help in the endogenous 

proteolytic regulation of protease enzymes in seed as well as regulates the enzymatic action in insect 
gut, thereby hinders the metabolism of essential amino acids and makes the proteins nutritionally 

unavailable, ultimately resulting in inhibition in insect growth (Hilder et al., 1993). The presence of 

trypsin inhibitor in legumes protects them against pathogenic attack during germination and hence 

acts as defense system by blocking the protease action in pathogens.   
Trypsin inhibitors, in addition to their role as plant defense, have a greater role in clinical 

applications (QI et al., 2005). Leguminous trypsin inhibitors have potent anti-carcinogenic and radio-

protective properties that help in reducing the cancer of breast, colon, prostate and skin in those 
populations which consume them (Kennedy, 1998). This inhibition appears due to the regulation of 

proteolytic action caused by metastasis of cells, angiogenesis, tumour growth and proliferation (Hsieh 

et al., 2010; Clemente et al., 2010). Trypsin inhibitors also help in regulating the activity of some 
serine proteases such as neutrophil elastase. These proteases are generally involved in inflammations 

and their uncontrolled release cause severe tissue damage (Hiemstra et al., 1998; Lendeckel et al., 

2003). Hence, on this basis, they can be a regulatory target for controlling gastric ulcers and 

pulmonary diseases (Ribeiro et al., 2010; Oliveira et al., 2017). It has been reported that the trypsin 
inhibitor isolated from peanut showed a potent anti-glycemic effect in rats (Serquiz et al., 2016). 
 

Table 1: Total protein content and total trypsin 

inhibitor in different Mucuna species/varieties 
 

Plant species Total protein 
(mg mL-1) 

TIA 
(TIU mL-1) 

Mucuna pruriens 27.43 ± 2.14 18.25 

Mucuna utilis 29.02 ± 3.76 16.67 

Mucuna pruriens V2 21.70 ± 1.98 13.02 
Mucuna pruriens V1 18.75 ± 0.65 9.78 

Mucuna monosperma 26.98 ± 1.32 15.27 

Mucuna gigantea 24.34 ± 0.46 11.98 
Mucuna hirsute 23.88 ± 2.66 15.93 

Further, they reported that trypsin 

inhibitor supplemented to the healthy 
rats did not affect the glucose plasma, 

total cholesterol, triglycerides and liver 

transaminases in comparison to control 
(Komarnytsky et al., 2011; Nakajima et 

al., 2011; Chen et al., 2012). Another 

trypsin inhibitor reported in bitter gourd 

(Momordica charantia) showed anti-
diabetic property. Some experiments on 

animals have shown that trypsin 

inhibitor help in controlling type I  
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diabetes and reduces glucose level (Lo et al., 2014). Hence, it may be presumed that the trypsin 
inhibitor isolated in present study may help in regulating the satiety hormones and unwanted 

proteolytic action in other physiological process and thus may become an ideal candidate for the 

development of a natural therapeutic drug. 
 

Native and reverse zymogram PAGE 

Electrophoretic analysis of crude extracts of the seeds of Mucuna species/varieties on native PAGE 
revealed the presence of multiple protein bands (Fig. 1a). M. pruriens (6 major and 8 minor bands) 

and M. utilis (8 major and 8 minor bands) showed higher major bands than other species/varieties  

 

 

like M. pruriens V1 (4 major and 3 minor 

bands), M. hirsute (7 major and 9 minor 
bands), M. pruriens V2 (1 major and 1 

minor bands), M. gigantae (1 major and 2 

minor bands) and M. monosperma (9 
major and 6 minor bands). Protein 

electrophoretic profiles of Mucuna 

species revealed almost identical patterns 
in both major and minor protein bands, 

which infers the stability of seed storage 

proteins within these species/ varieties. 

However, a considerable variation in 
protein patterns was observed in the seeds 

of M. pruriens, M. pruriens V1 and M. 

pruriens V2. This could be correlated to 
the different geographical regions of south 

India. 

The electrophoretic analysis of 

trypsin inhibitors revealed the presence of 
3-9 isoinhibitors in the seeds of Mucuna 

species (Fig. 1b). M. hirsute, M. pruriens, 

M. gigantean, M. monosperma and M. 
utilis had a maximum of 9 isoinhibitors of 

trypsin while M. pruriens V2 and M. 

pruriens V1 had 5 and 3 trypsin 
isoinhibitors, respectively.  
 

Conclusion: The study revealed that all 

the evaluated Mucuna species/varieties 
were rich in soluble proteins and their 

protein profile depicted that these seeds 

can be used as a good food source. These 
plant seeds are widely used by the tribals 

of Kerala, Karnataka and Tamil Nadu in 

India. The presence of various trypsin 

isoinhibitors in Mucuna species/varieties 
were confirmed by reverse zymography 

PAGE. The Mucuna species/varieties with 

 

 
 

Fig. 1:  Electrophoretic analysis of seeds extracts of 

Mucuna species a) native PAGE for proteins 

staining and b) reverse zymography PAGE for 

trypsin inhibitor staining   

high TSP levels might be considered as potential source of therapeutic but inexpensive proteins in 

proteomics and biomedicine.   
 

Acknowledgement: The authors are thankful to the Department of Biochemistry, Jnana Kaveri 

Campus, Mangalore University for research support.  



Jafar K. Lone et al.  18 

REFERENCES 
 
 

Adebowale, K.O. and Lawal, O.S. 2003. Functional properties and retrogradation behaviour of native 
and chemically modified starch of Mucuna bean (Mucuna pruriens). Journal of the Science of 

Food and Agriculture, 83(15): 1541-1546. 

Bharadwaj, R.P., Raju, N.G. and Chandrashekharaiah, K.S. 2018. Purification and characterization 
of alpha-amylase inhibitor from the seeds of underutilized legume, Mucuna pruriens. Journal 

of Food Biochemistry. 42: e12686. 

Bressani, R. 1975. Legumes in human diets and how they might be improved. pp. 15-42. In: 

Nutritional Improvement of Food Legumes by Breeding (ed. M. Milner), Wiley, New York, 
USA. 

Bressani, R. and Elias, L.G. 1977. The problem of legume protein digestibility. pp. 61-73. In: 

Nutritional Standards and Methods of Evaluation for Food Legume Breeders (eds. J.H. Hulse, 
K.O. Rachie and L.W. Billingsly). IDRC, Ottawa, Canada. 

Chandrashekharaiah, K.S., Swamy, N.R. and Murthy, K.S. 2011. Carboxylesterases from the seeds 

of an underutilized legume, Mucuna pruriens: Isolation, purification and characterization. 
Phytochemistry, 72(18): 2267-2274. 

Chen, W., Hira, T., Nakajima, S., Tomozawa, H., Tsubata, M., Yamaguchi, K. and Hara, H. 2012. 

Suppressive effect on food intake of a potato extract (Potein®) involving cholecystokinin 

release in rats. Bioscience, Biotechnology and Biochemistry, 76(6): 1104-1109. 
Clemente, A., Moreno, F.J., Marín‐Manzano, M.D.C., Jiménez, E. and Domoney, C. 2010. The 

cytotoxic effect of Bowman–Birk isoinhibitors, IBB1 and IBBD2, from soybean (Glycine max) 

on HT29 human colorectal cancer cells is related to their intrinsic ability to inhibit serine 
proteases. Molecular Nutrition and Food Research, 54(3): 396-405. 

de Almeida Costa, G.E., da Silva Queiroz-Monici, K., Reis, S.M.P.M. and de Oliveira, A.C. 2006. 

Chemical composition, dietary fibre and resistant starch contents of raw and cooked pea, 
common bean, chickpea and lentil legumes. Food Chemistry, 94(3): 327-330. 

Drzewiecki, J., Delgado-Licon, E., Haruenkit, R., Pawelzik, E., Martin-Belloso, O., Park, Y.S., Jung, 

S.T., Trakhtenberg, S. and Gorinstein, S. 2003. Identification and differences of total proteins 

and their soluble fractions in some pseudocereals based on electrophoretic patterns. Journal of 
Agricultural and Food Chemistry, 51(26): 7798-7804. 

Duke, J. 2012. Handbook of Legumes of World Economic Importance. Springer Science & Business 

Media, New York, USA. 
Enrico, Di, Cera. 2009. Serine proteases. IUBMB Life, 61(5): 510-515. 

Eggum, B.O. and Beames, R.M. 1983. The nutritive value of seed proteins. pp. 499-531. In: Seed 

Proteins.  (eds. W. Gottschalk and P.H. Muller). Springer, the Hague, the Netherland. 

Esumi, M., Ishibashi, M., Yamaguchi, H., Nakajima, S., Tai, Y., Kikuta, S., Sugitani, M., Takayama, 
T., Tahara, M., Takeda, M., and Wakita, T. 2015. Transmembrane serine protease TMPRSS2 

activates hepatitis C virus infection. Hepatology, 61: 437-446. 

Felicioli, R., Garzelli, B., Vaccari, L., Melfi, D. and Balestreri, E. 1997. Activity staining of protein 
inhibitors of proteases on gelatin-containing polyacrylamide gel electrophoresis. Analytical 

Biochemistry, 244(1): 176-179.  

Group, A.P. 2009. An update of the angiosperm phylogeny group classification for the orders and 
families of flowering plants: APG III. Botanical Journal of the Linnean Society, 161(2): 105-

121. 

Habib, H. and Fazili, K.M. 2007. Plant protease inhibitors: a defense strategy in plants. Biotechnol 

Molecular Biology Reviews, 2(3): 68-85. 
Hiemstra, P.S., Van Wetering, S. and Stolk, J. 1998. Neutrophil serine proteinases and defensins in 

chronic obstructive pulmonary disease: effects on pulmonary epithelium. European Respiratory 

Journal, 12(5): 1200-1208. 



Total soluble proteins in various Mucuna species 19 

Hilder, V.A., Gatehouse, A.M. and Boulter, D. 1993. Transgenic plants conferring insect tolerance: 
protease inhibitor approach. pp. 317-338. In: Transgenic Plants. Engineering and Utilization. 

San Diego, California, USA.  

Hsieh, C.C., Hernández-Ledesma, B., Jeong, H.J., Park, J.H. and Ben, O. 2010. Complementary roles 
in cancer prevention: protease inhibitor makes the cancer preventive peptide lunasin 

bioavailable. PloS one, 5(1): e8890. 

Joanitti, G.A., Freitas, S.M. and Silva, L.P. 2006. Proteinaceous protease inhibitors: Structural 

features and multiple functional faces. Current Enzyme Inhibition, 2(3): 199-217. 
Kakade, M.L., Simons, N. and Liener, I.E. 1969. Evaluation of natural vs. synthetic substrates for 

measuring the antitryptic activity of soybean samples. Cereal Chemistry, 46: 518-526. 

Kennedy, A.R. 1998. Chemopreventive agents: Protease inhibitors. Pharmacology and Therapeutics, 
78(3): 167-209. 

Komarnytsky, S., Cook, A. and Raskin, I. 2011. Potato protease inhibitors inhibit food intake and 

increase circulating cholecystokinin levels by a trypsin-dependent mechanism. International 

Journal of Obesity, 35(2): 236-243. 
Kumar, S., Kumar, S., Singh, G.K., Kumar, R., Bhatia, N.K. and Awasthi, C.P. 1991. Variation in 

quality traits of pigeon pea (Cajanus cajan L. Mill Sp.) varieties. Journal of Food Science and 

Technology, 28(3): 173-174. 
Lampariello, L.R., Cortelazzo, A., Guerranti, R., Sticozzi, C. and Valacchi, G. 2012. The magic 

velvet bean of Mucuna pruriens. Journal of Traditional and Complementary Medicine, 2(4): 

331-339. 
Lekha, M.A., Lone, J.K., Bharadwaj, R.P. and Chandrashekharaiah, K.S. 2019. Studies on 

antibacterial activity of protease inhibitors from the seeds of Caesalpinia mimosoides. 

Biomedicine: Indian Association of Biomedical Scientists, 39(4): 566-570. 

Lendeckel, U. and Hooper, N.M. 2003. Proteases in Tissue Remodeling of Lung and Heart. Kluwer 
Academic/Plenum Publishers, Boston, Massachusetts, USA. 

Lo, H.Y., Ho, T.Y., Li, C.C., Chen, J.C., Liu, J.J. and Hsiang, C.Y. 2014. A novel insulin receptor-

binding protein from Momordica charantia enhances glucose uptake and glucose clearance in 
vitro and in vivo through triggering insulin receptor signaling pathway. Journal of Agricultural 

and Food Chemistry, 62(36): 8952-8961. 

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. 1951. Protein measurement with the 
Folin phenol reagent. Journal of Biological Chemistry, 193: 265-275. 

Makkar, H.P., Becker, K., Abel, H.J. and Pawelzik, E. 1997. Nutrient contents, rumen protein 

degradability and antinutritional factors in some colour-and white-flowering cultivars of Vicia 

faba beans. Journal of the Science of Food and Agriculture, 75(4): 511-520. 
Mosolov, V.V. and Valueva, T.A. 2005. Proteinase inhibitors and their function in plants: A review. 

Applied Biochemistry and Microbiology, 41(3): 227-246. 

Nakajima, S., Hira, T., Tsubata, M., Takagaki, K. and Hara, H. 2011. Potato extract (protein) 
suppresses food intake in rats through inhibition of luminal trypsin activity and direct 

stimulation of cholecystokinin secretion from enteroendocrine cells. Journal of Agricultural and 

Food Chemistry, 59(17): 9491-9496. 

Ohler, A. and Becker-Pauly, C. 2012. TMPRSS4 is a type II transmembrane serine protease involved 
in cancer and viral infections. Biological Chemistry, 393: 907-914. 

Oliveira de Lima, V.C., de Araújo Machado, R.J., Vieira Monteiro, N.K., de Lyra, I.L., da Silva 

Camillo, C., Coelho Serquiz, A., Silva de Oliveira, A., da Silva Rufino, F.P., Leal Lima Maciel, 
B., Ferreira Uchôa, A. and Antunes dos Santos, E. 2017. Gastroprotective and antielastase 

effects of protein inhibitors from Erythrina velutina seeds in an experimental ulcer model. 

Biochemistry and Cell Biology, 95(2): 243-250. 
Pulikkalpura, H., Kurup, R., Mathew, P.J. and Baby, S. 2015. Levodopa in Mucuna pruriens and its 

degradation. Scientific Reports, 5: 11078. 



Jafar K. Lone et al.  20 

Qi, R.F., Song, Z.W. and Chi, C.W. 2005. Structural features and molecular evolution of Bowman‐
Birk protease inhibitors and their potential application. Acta Biochimica et Biophysica Sinica, 

37(5): 283-292. 

Rana, D.G. and Galani, V.J. 2014. Dopamine mediated antidepressant effect of Mucuna pruriens 
seeds in various experimental models of depression. Ayu, 35(1): 90-97.  

Reisfeld, R.A., Lewis, U. and Williams, D.E. 1962. Disk electrophoresis of basic proteins and 

peptides on polyacrylamide gels. Nature, 195(4838): 281-283. 

Ribeiro, J.K., Cunha, D.D., Fook, J.M. and Sales, M.P. 2010. New properties of the soybean trypsin 
inhibitor: Inhibition of human neutrophil elastase and its effect on acute pulmonary injury. 

European Journal of Pharmacology, 644(1-3): 238-244. 

Rustgi, S., Boex-Fontvieille, E., Reinbothe, C., Von Wettstein, D. and Reinbothe, S. 2018. The 
complex world of plant protease inhibitors: Insights into a Kunitz-type cysteine protease 

inhibitor of Arabidopsis thaliana. Communicative and Integrative Biology, 11: e1368599.  

Ryan, C.A. 1990. Protease inhibitors in plants: Genes for improving defenses against insects and 

pathogens. Annual Review of Phytopathology, 28(1): 425-449. 
Serquiz, A.C., Machado, R.J., Serquiz, R.P., Lima, V.C., de Carvalho, F.M.C., Carneiro, M.A., 

Maciel, B.L., Uchôa, A.F., Santos, E.A. and Morais, A.H. 2016. Supplementation with a new 

trypsin inhibitor from peanut is associated with reduced fasting glucose, weight control, and 
increased plasma CCK secretion in an animal model. Journal of Enzyme Inhibition and 

Medicinal Chemistry, 31(6): 1261-1269. 

Sharony, R., Yu, P.J., Park, J., Galloway, A.C., Mignatti, P. and Pintucci, G. 2010. Protein targets of 
inflammatory serine proteases and cardiovascular disease. Journal of Inflammation, 7: 45. 

Volpicella, M., Leoni, C., Costanza, A., De Leo, F., Gallerani, R. and Ceci, L.R. 2011. Cystatins, 

serpins and other families of protease inhibitors in plants. Current Protein Peptide Science, 12: 

386-398. 
 

 




