
 

 

INTRODUCTION 

 

Plants encounter various environmental stresses frequently 

throughout their life span influencing their growth and 

development. Life and development of plants has been greatly 

influenced by these stresses at the morphological and 

physiological level to cellular and molecular level. (Kidrič et 

al., 2014). Plants have evolved a multi-layered immune 

system to cope with environmental stresses and counteract 

them by preformed chemical and physical barriers 

constituting their first line of defense. (Slavokhotova et al., 

2014). Under stress conditions, plants retaliate by two 

different ways, i.e., by degrading damaged or non-functional 

endogenous proteins resulting from overproduction of 
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reactive oxygen species, or by expression of certain proteins 

that helps plants to withstand the effect of stress (Vierstra, 

1996). Plants inhibit protein hydrolyzing enzymes of 

herbivores and pathogenic microorganisms by producing 

various protein and non-protein molecule, in addition to 

regulating endogenous proteases (Polya, 2003). 

Protease inhibitor (PI) proteins are found mainly in seeds and 

tubers although aerial parts also contain these proteins (De 

Leo et al., 2002). Storage organs of plants attract pests and 

pathogens due to their high nutritional value (Christeller, 

2005), but on the other hand are protected by PIs which may 

contribute up to 10% of the total storage proteins (Ryan, 

1990). It is well recognized that PIs can delay the proteolytic 

degradation of many food products by constraining the action 
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Protease inhibitors (PIs) are a ubiquitous, diverse group of molecules present in multiple forms in all organisms. These 

inhibitors inactivate proteases from predators/pathogens in addition to regulating intracellular proteolysis. In addition to 

intracellular localization, storage organs of plants are also a potential site of protease inhibitors. Proteins with trypsin inhibitory 

activity were isolated from Nigella sativa seed extracts by ammonium sulphate precipitation. Extraction conditions were 

optimized by choosing an optimum solvent, temperature and incubation period. The highest inhibitory activity of protein 

extracts was achieved by using 50 mM Tris buffer as solvent and overnight incubation of the suspension at 4°C. The crude 

seed extract fractionated at 60% ammonium sulphate concentration exhibited highest trypsin inhibitory activity, i.e., 60.15 ± 

2.95 %, which was comparable to soybean trypsin inhibitor used as positive control. Ammonium sulphate precipitation of 

crude extract yielded 39.83-fold purification. Partially purified trypsin inhibitor exhibited 2.39±0.23 TIU mg-1. Additionally, 

Nigella sativa protein extracts were also investigated for their health-promoting effects against two important proteases, α-

Dipeptidyl peptidase-IV (DPP-IV) and angiotensin-converting enzyme (ACE). Highest inhibitory activity against ACE was 

shown by the crude extract of N. sativa. Among AS fractions, 30% ammonium sulphate concentration exhibited highest 

inhibition activity against ACE and DPP-IV. Our results suggest that the widely believed role of N. sativa in control of 

hypertension may at least be partially shared by inhibition of ACE. This is the first study conducted to evaluate the biological 

activity of N. sativa protein extracts suggesting a potential use of N. sativa proteins in management of hypertension as well as 

an important source of trypsin inhibitor. Further identification, purification and characterization of different bioactive 

compounds from N. sativa are being carried out.  

Keywords: Nigella sativa, Trypsin inhibitor, Dipeptidyl peptidase IV, angiotensin-converting enzyme, antihypertensive. 
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of extrinsic and intrinsic proteases in the process of food 

preservation and adept to increase their half-life (Reppond 

and Babbitt, 1993). Induction of PIs has also been observed 

in response to biotic and abiotic stresses (Fan and Guo-Jiang, 

2005; Laskowski Jr and Kato, 1980). PIs are also well known 

to have potential applications in the treatment of many human 

diseases such as cancer, high blood pressure, and AIDS 

(Johnson and Pellecchia, 2006). Therefore, PIs continue to 

gain the attention of scientists due to their usage in medicine 

and biotechnology. 

Structurally, protease inhibitors are divided into various 

classes based on the type of protease they inhibit, including 

cysteine-, serine-, Aspartate- and metallo-proteases 

(Abbenante and Fairlie, 2005). However, serine protease 

inhibitors are the largest and extensively studied PIs in plants 

which include trypsin inhibitors (Di Cera, 2009). A lot of 

protease inhibitors have been extracted, identified and 

characterized from several plants (Meulenbroek et al., 2012). 

However, there is no report about detection of proteinaceous 

protease inhibitors from Nigella sativa, an annual herb 

belonging to Ranunculaceae family. It is native to countries 

bordering the Mediterranean Sea, Iran, Pakistan and India. N. 

sativa seeds have been used traditionally for treating various 

diseases for centuries. These are rich source of bioactive 

compounds and proteins. Several bioactive compounds with 

bactericidal, fungicidal, immunosuppressive and anti-

inflammatory activities have been isolated from N. sativa 

seeds (Ahmad et al., 2013). Keeping in mind the therapeutic 

potential of N. sativa seeds, present study was designed to 

evaluate bioactive potential of protein extracts obtained from 

N. sativa seeds.  

 

MATERIALS AND METHODS 

 

PLANT MATERIAL 

N. sativa seeds were purchased from local market of Wagga 

Wagga, NSW, Australia. 

Choice of Solvent for Extraction of Inhibitor: Finely ground 

N. sativa seeds were defatted twice by using n-hexane (1:3 

w/v). After extracting with n-hexane for 5 hours, flour was 

separated by Buchner funnel under vacuum and air dried 

under fume hood overnight. Three aqueous solvents [50 mM 

Acetic acid, 50 mM Tris HCl pH 8 and 100 mM NaOH] were 

employed for extraction of inhibitor(s) from N. sativa defatted 

seed flour. The flour was resuspended in solvents (1:10 w/v) 

and incubated at room temperature (RT) for 3 hours with 

continuous stirring. Suspensions were centrifuged at 25,000 g 

for 30 minutes and clear supernatant was used for performing 

inhibition assay. 

Optimization of Extraction Conditions: To evaluate effect of 

temperature and extraction time, seed flour was resuspended 

in selected solvent and incubated at either RT or 4°C for 5 

hours or overnight with continuous stirring. Resultant 

suspensions were centrifuged at 25,000 g for 30 minutes and 

clear supernatant was used for performing inhibition assay. 

Preparation of Crude Extract: Crude extract (CE) of N. 

sativa was obtained by treating defatted flour in 50 mM Tris 

HCl buffer, pH 8 overnight at 4°C with continuous stirring. 

Supernatant obtained after centrifugation at 25,000 g for 30 

min at 4°C was filtered using Whatmann filter paper No.1. 

Clear solution obtained by centrifugation and filtration was 

designated as crude extract.  

Ammonium Sulphate Precipitation: N. sativa seed proteins 

were fractionated by ammonium sulphate (AS) precipitation. 

Precipitation was carried out to split crude extract into three 

fractions i.e., 30%, 60% and saturated AS fraction. For 30% 

saturation appropriate amounts of solid ammonium sulphate 

was slowly adding by constant stirring, and incubated for 2 

hours at RT. Pellet obtained after centrifugation at 20,000 g 

for 15 min at 25°C, was dissolved in minimal amount of 

extraction buffer and dialyzed against extraction buffer for 24 

hours by changing the buffer three to four times. This 

preparation was designated as 30% AS fraction (AS-30). The 

supernatant obtained from AS-30 was used to obtain 60% AS 

fraction (AS-60) by further addition of calculated amount of 

solid ammonium sulphate. Precipitate and supernatant were 

again collected and processed in a similar way as already 

described. Saturated AS fraction (AS-Sat.) was obtained by 

adding ammonium sulphate to supernatant recovered after 

AS-60. Pellets obtained by AS-60 and saturated AS-Sat. were 

dissolved in minimal volume of extraction buffer and 

dialyzed against extraction buffer for 24 hours by changing 

the buffer three to four times. 

Protein Estimation: Protein content was estimated by using 

Pierce TM BCA (Bicinchoninic acid) Protein Assay kit by 

following instructions mentioned in the manufacturer’s 

protocol (Thermo Fisher Scientific catalogue number 23227). 

Bovine Serum Albumin (BSA) standard and samples were 

diluted using 50 mM Tris HCl pH 8. Standard curve was 

obtained by plotting concentration of protein standards versus 

absorbance values. Concentration of protein samples was 

determined by using standard curve.  

Protease Inhibition Assays: Crude extract and protein 

fractions obtained by 30%, 60% and saturated ammonium 

sulphate precipitation were evaluated for protease inhibition. 

Inhibition assays were performed with Trypsin, 

Chymotrypsin, Dipeptidyl peptidase-IV (DPP-IV) and 

Angiotensin converting enzyme (ACE). Trypsin and 

Chymotrypsin inhibition assays were performed by following 

the protocol developed by Kollipara and Hymowitz (1992) 

with few modifications. 

Trypsin inhibition assay: Trypsin inhibition assay utilizes 

esterolytic activity of trypsin towards its synthetic substrate 

TAME (Nα-Tosyl L-arginine methyl ester). Trypsin 

inhibition activity was determined using 10 mM TAME 

(prepared freshly in 50 mM Tris HCl pH 8.1). 1 mM HCl was 

used to prepare bovine trypsin solution (20µg/ml).100 µL of 
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crude extract, 30%, 60% and saturated ammonium sulphate 

(AS) fractions (1mg/mL) were added to 710 µL of assay 

buffer, mixed with 90 µL of trypsin solution and left for 12 

min at RT. 200 µL of substrate was added to pre-incubated 

contents, mixed quickly and absorbance was immediately 

monitored at 247 nm for 6 minutes. Soybean trypsin inhibitor 

was used as positive control. Trypsin inhibitory activity was 

calculated as trypsin inhibition unit (TIU) per milligram 

protein content of extract as follows 

TIU/mg =
[(

T∆A247
min

−
I∆A247

min
) x 1000]

540 x protein content (mg)
 

Where trypsin activity is represented by T∆A247/min in the 

absence of inhibitor. I∆A247/min shows inhibition activity in 

the presence of inhibitory molecule(s) in protein samples. 540 

is the molar extinction co-efficient of TAME at 247 nm. 

Chymotrypsin inhibition assay: Chymotrypsin inhibition 

activity was determined using 1 mM synthetic substrate N-

Benzoyl L-tyrosine ethyl ester (BTEE). 100 µL of crude 

extract, 30%, 60% and saturated ammonium sulphate (AS) 

fractions (1mg/mL) were added to 650 µL of assay buffer was 

mixed with 100 µL of chymotrypsin (20µg/ml) solution and 

left for 12 min at RT. 250 µL of substrate was added to pre-

incubated contents, mixed quickly and absorbance was 

immediately monitored at 256 nm for 4 minutes. Soybean 

trypsin inhibitor was used as positive control. Chymotrypsin 

inhibitor activity was calculated as chymotrypsin inhibition 

units (CIU) per milligram of extract as follows 

CIU/mg =
[(

T∆A256
min

−
I∆A256

min
) x 1000]

964 x protein content (mg)
 

964 is the molar extinction co-efficient of BTEE at 256 nm.  

Dipeptidyl pedptidase-IV inhibition assay: DPP-IV 

inhibitiory activity of protein extracts was screened by using 

method of Al masri et al., (2009) with little modifications. 

Serine protease, DPP-IV cleaves chromogenic substrate to 

release yellow colored product i.e., paranitroaniline (pNA) 

which is measured at 405 nm. Diprotin A, a tripeptide was 

used as positive control. Sample solution containing 100 µg 

protein content were mixed with reaction buffer (50 mM Tris, 

pH 7.5) to make volume upto 151 µL then 24 µL of DPP-IV 

suspension (0.05mU/µL) were added, mixed briefly and pre-

incubated for 30 minutes at 37 °C. 25 µL of chromogenic 

substrate (Gly-Pro-nitroanilide, 1.59 mM) were added and 

incubated for 30 minutes at 37 °C followed by measurement 

of absorbance at 510 nm after termination of reaction with 25 

µL of 25 % glacial acetic acid. Control was prepared by 

replacing extracts with buffer and no enzyme was added to 

blank reaction, instead volume was made up with buffer. 

Inhibitory activity was expressed as percent inhibition  

% Inhibition =
ODcontrol −  ODinhibitor

ODcontrol

× 100 

Angiotensin converting enzyme (ACE) inhibition assay: 

ACE inhibition assay was carried out by following method of 

Adjonu et al., (2013) with few modifications. 30 µL of protein 

extracts (2mg/ml) or buffer (in control and blank reactions) 

were incubated with 10 µL ACE (0.25U/ml) for 5 min at 37 

°C in 96 well microplate. No enzyme was added to wells 

containing blank reactions. 150 µL of 0.88 mM substrate 

FAPGG, (N-(3-(2-Furyl)acryloyl)-L-phenylalanyl-glycyl-

glycyl-glycine) was added and reaction was monitored for 50 

min at 340 nm.to observe decrease in absorbance of reaction 

due to degradation of FAPGG. Captopril was used as positive 

control. Percent inhibition was calculated using formula  

% Inhibition =
ODcontrol −  ODinhibitor

ODcontrol

× 100 

 

RESULTS  

 

Effect of Extraction Medium on Solubility of Inhibitor: 

Three different aqueous solvents were used to extract proteins 

with inhibitory activity against serine proteases from Nigella 

sativa defatted seed flour (1:10 w/v) (Figure 1). Inhibitory 

activity of soluble extract prepared in 50 mM Tris buffer pH 

8 was highest against trypsin, whereas chymotrypsin 

inhibitory activity was not measurable. Soluble protein 

content (4.19 ±0.45 mg/mL) of Tris buffer extract was lower 

than that of NaOH soluble extract (6.6 ± 0.6 mg/mL). 

Although protein content of 100 mM NaOH soluble extract 

was highest it did not show any measurable inhibition. On the 

contrary, little inhibitory activity was observed in 50 mM 

Acetic acid soluble extract containing lowest protein content 

1.89 ± 0.23 mg/mL (Figure 2, 3). Apparently, no relation was 

observed between protein content and inhibitory activity of 

extracts. 

 

 
Figure 1. Nigella sativa crude extracts prepared from 

defatted seed powder by using different aqueous 

solvents. 

 

Effect of Temperature and Extraction Time on Solubility of 

Inhibitor: Extraction of highest inhibitory content was 

achieved by using 50 mM Tris HCl pH 8. This extraction 

buffer was then used to evaluate effect of temperature and 

50 mM       50 mM    100 mM 

Tris HCl  Acetic acid  NaOH 
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duration of extraction on inhibitory protein content of 

extracts. It was found that there was no significant difference 

between inhibitory content of extracts incubated at room 

temperature and 4°C for 5 hours. On the contrary, extraction 

of seed flour overnight at 4°C was found to have more active 

inhibitory content than extraction carried out overnight at 

room temperature. (Figure 4). 

 
Figure 2. Effect of different aqueous solvents on inhibitory 

activity of N. sativa crude extracts against 

trypsin. 

 
Figure 3. Effect of different aqueous solvents on soluble 

protein content of N. sativa defatted seed powder 

crude extracts. 

 
Figure 4. Effect of temperature and extraction time on 

inhibitory contents of crude extracts of defatted 

Nigella sativa powdered seeds. 

In vitro Trypsin Inhibition: Trypsin and chymotrypsin 

inhibition assays carried out to assess protease inhibitory 

activity revealed that only crude extract and AS-60 fraction 

were active against trypsin (Figure 5), however, none of these 

fractions showed detectable chymotrypsin inhibition activity. 

Trypsin inhibitory activity of AS-60 was comparable to SBTI. 

It showed 60.15 ± 2.95 % inhibition of trypsin. However, 

crude extract exhibited 10.54 ± 1.76 % inhibition of trypsin. 

Low content of trypsin inhibitor in crude extract suggests that 

N. sativa seeds are safe for human and animal consumption as 

high concentrations of trypsin inhibitors interfere with 

digestive enzymes (Belitz and Weder, 1990).  

 
Figure 5. Inhibitory effects of Nigella sativa protein 

extracts on trypsin activity. Samples: (STI) Soybean 

trypsin inhibitor, (CE) crude extract 30% ammonium 

sulphate precipitated fraction (AS-30), 60% ammonium 

sulphate precipitated fraction (AS-60), saturated 

ammonium sulphate precipitated fraction (AS-Sat). 

 

Partial purification of trypsin inhibitor(s) was achieved by 

ammonium sulphate precipitation of crude extract at 60% 

saturation and dialysis. Purification process of trypsin 

inhibitor along with percent recovery and fold purification has 

been summarized in Table 1. The crude water extract showed 

very low specific activity of 0.06 TIU mg-1. However, 

Ammonium sulphate precipitated fractions AS-30 and AS-

Sat. did not exhibit any noticeable trypsin inhibitory activity. 

AS-60 had a noticeably increased specific activity of 

2.39±0.23 TIU mg-1 with 39.83 fold purification and protein 

recovery of only 25.71%. 

ACE and DPPI-IV inhibition studies: Crude extract and all 

the three fractions of Nigella sativa seed proteins (AS-30, AS-

60 and AS-Sat.) showed in vitro DPPI-IV and ACE inhibitory 

activity, though DPPI-IV inhibition was not comparable to 

ACE inhibition. Crude extract of N. sativa exhibited about 

89% inhibition of angiotensin converting enzyme. When 

crude extract was separated into three fractions AS-30, AS-60 

and AS-Sat., only two fractions (AS-30 and aS-60) were 

found active against ACE with 61% and 29% inhibitory 
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activity, however inhibition displayed by these two fractions 

was less than that of crude extract (Figure 6).  

 
Figure 6. Inhibitory effects of Nigella sativa protein 

extracts on activity of ACE (angiotensin 

converting enzyme). Samples: crude extract (CE), 

30% ammonium sulphate precipitated fraction (AS-30), 

60% ammonium sulphate precipitated fraction (AS-60), 

saturated ammonium sulphate precipitated fraction (AS-

Sat). 

 
Figure 7. Inhibitory effects of Nigella sativa protein 

extracts on activity of DPPI-IV. Samples: crude 

extract (CE), 30% ammonium sulphate precipitate 

fraction (AS-30), 60% ammonium sulphate precipitate 

fraction (AS-60), saturated ammonium sulphate 

precipitate fraction (AS-Sat). 

Figure 7 shows percent inhibition of different fractions of N. 

sativa subjected to DPPI-IV inhibition assay. None of the 

fractions exhibited DPPI-IV inhibitory activity comparable to 

positive control Diprotin A though AS-60 inhibited another 

member of serine protease i.e., trypsin comparable to positive 

control soybean trypsin inhibitor. AS-30 fraction appeared to 

be highly active against DPPI-IV showing 23% inhibition. 

AS-60, crude extract and AS-Sat. expressed 11%, 8.5% and 

3.8% inhibition of DPPI-IV. 

 

DISCUSSION 

 

PIs have been widely studied from many plant families 

focusing on their agricultural applications based on pest 

control (Green and Ryan, 1972; Joshi et al., 2014; Pannetier 

et al., 1997; Vain et al., 1998). More and more plant sources 

are being explored by biological researchers in search of 

diverse protein molecules. In this scenario, underexplored 

plant families represent a good opportunity to investigate 

novel proteins with greater potential for controlling 

phytopathogens and pests improving agricultural yield. 

Therapeutic potential of several trypsin inhibitors also has 

been reported in various studies (Islamov and Fursov, 2007; 

Troncoso et al., 2007). Trypsin inhibitors isolated from 

various plants have exhibited anticarcinogenic and 

antiproliferative activities (Armstrong et al., 2000). 

Therefore, role of trypsin inhibitors is suggested to be 

important for agricultural as well as clinical applications.  

In this study, we have screened trypsin inhibitor(s) from N. 

sativa seeds. This is first report to the best of our knowledge 

revealing partial purification of trypsin inhibitor proteins from 

N. sativa seeds. The conditions were optimized to extract 

trypsin inhibitor from N. sativa seeds. Based on our results, 

extraction of proteins with maximum trypsin inhibitory 

activity was achieved by suspending defatted seed flour in 50 

mM Tris buffer pH 8 for longer time period (overnight) at 

lower temperature (4°C). Tris buffer has been commonly used 

in plant proteomics studies as a suitable buffer for extraction 

of proteins (Fan et al., 2016; Shamsi et al., 2016). Presence of 

endogenous proteases affect stability of proteins which could 

be avoided by carrying out extraction at lower temperatures 

(Janson, 2012). Heat treatment of protein preparation might 

result in reduction or loss of inhibitory activity (Liener, 2005).  

Trypsin inhibitory protein was partially purified from N. 

sativa seeds by ammonium sulphate precipitation. Sixty 
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Table 1. Yield of protein and protease inhibitor activity of crude extract and Ammonium sulphate fractions. 

Purification step  Total protein 

(mg) 

Total activity (U) Specific activity 

(U/mg) 

Yield of Protein 

% 

Fold purification 

Crude Extract 2100.84±5.25 115.52 0.06±0.01 100.00  1.00 

0-30% AS 654.00±4.50 Not detectable - - - 

30-60% AS 540.76±1.53 13003.41 2.39±0.23  25.71 39.83 

60-100% AS 320.00±2.10 Not detectable - - - 
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percent AS saturation (AS-60) was found to be efficient for 

precipitating trypsin inhibitory proteins and the enrichment 

was 39.83 folds, which is relatively higher than what is 

reported for other plant species (Abd El-latif, 2015; Bacha et 

al., 2017). 

Natural products have been used as therapeutic agents by 

humans from ancient times. Plants are the major source of 

these natural products being used for curing and preventing 

various diseases by common people. Bio-active compounds 

isolated from medicinal plants have less or no side effects, 

therefore, are strong candidates for potential drug therapies 

(Croteau et al., 2000). Enzyme inhibition has largely become 

an important therapeutic approach against a number of 

diseases. Enzymes are potential targets to cure metabolic 

disorders as they play essential role in metabolism (Viollet et 

al., 2009). 

Inhibition of proteases such as ACE and DPPI-IV is a 

beneficial therapeutic approach for the treatment of high 

blood pressure and diabetes (Kamath et al., 2007; Mendeinta 

et al., 2011). Studies conducted on evaluation of N. sativa 

seed powder, essential oil, aqueous and non-aqueous extracts 

and its main component thymoquinone have showed 

pronounced therapeutic effects in different disorders 

(Gholamnezhad et al., 2016). Therefore, its protein repertoire 

was evaluated for bioactive potential against two important 

proteases playing key physiological roles in the control of 

blood pressure and diabetes. Hypertension and diabetes are 

closely related diseases (Leet et al., 2017). There is higher 

prevalence of high blood pressure in diabetic patients (Type I 

& II) than in individuals without diabetes (Cheung, 2010). 

Coincidence of hypertension and diabetes is more common in 

people with type II diabetes (Reavan et al., 1990). Similarly, 

development of diabetes has also been associated with 

prehypertension and hypertension (Kim et al., 2015). 

Therefore, controlling one factor either diabetes or blood 

pressure in individuals could lessen the chances of 

predisposition to the other one.  

In the light of results obtained from current study it is 

suggested that N. sativa seeds are potential source of bioactive 

proteins. Crude extract of N. sativa seeds was more efficient 

in terms of antihypertensive activity compared to AS protein 

fractions. This could be due to presence of other water-soluble 

compounds in crude extract contributing towards its high 

inhibitory activity against angiotensin converting enzyme. 

Synergy among the number of bioactive compounds present 

in whole grains makes them greater than the sum of fractions 

in terms of their health benefits (Slavin, 2003).  

Conclusively, our results demonstrate potent in vitro anti-

trypsin and antihypertensive activity of seed proteins from N. 

sativa, widely used as traditional medicine to cure various 

ailments in several countries including Southeast Asia. 

However, in vivo studies are required to validate results of in 

vitro assays. Research is continued on purification and 

characterization of trypsin inhibitor as well as its health 

benefits. 
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