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ABSTRACT: A protein inhibitor of trypsin and chymotrypsin was purified to homogeneity from tepary bean 
prolamine fraction by ethanol extraction, acetone precipitation, followed by ion exchange chromatography 
with DEAE, hydrophobic chromatography with Phenyl Sepharase and gel filtration chromatography with 
Sephadex G-75. The inhibitor has a molecular weight of 17800 Daltons as estimated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and by molecular-sieve chromatography on Sephadex G-75. The 
amino acid composition of prolamine fraction inhibitor closely resemble those of low molecular weight 
inhibitors of other legume seeds (Bowmen-Birk type), they contain large amounts of aspartic acid, half-
cysteine, serine and glutamic acid. The prolamine fraction inhibitor exhibited high stability under conditions 
of extreme pH. Inhibition data showed that 1.0 mole of the inhibitor inhibited 2.0 mole of trypsin and 1.0 
mole of chymotrypsin, indicating that the inhibitor is double-headed. 
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INTRODUCTION 
Naturally occurring proteinase inhibitors are widespread throughout the animal and 

plant kingdom. They are found in particular, in the seeds of Graminaceae, Leguminaseae
and in the tubers of Solanaceae (Liener and Kakade, 1980). Although many of these 
inhibitors have been isolated and characterized, very little is known about their role in 
plants. As early as 1940, the existence of two types of trypsin inhibitor in soybean, now 
known as Kunitz and the Bowman-Birk were reported. Kunitz (1946) reported the isolation 
and crystallization of the trypsin inhibitor which was extracted with water and precipitated 
with alcohol. At the same time Bowman (1944) observed the presence of proteinase 
inhibitor which was extracted with 60% ethanol and precipitated with acetone. This factor 
was latter purified and characterized by Birk et al. (1963). Bowman-Birk inhibitor (BBI) 
can simultaneously interact with two proteinase molecules at one time for example, with 
two trypsin molecules (trypsin and chymotrypsin, trypsin and elastase) depending on the 
specificity of the inhibitor (Wilson, 1981; Birk, 1985).  

Several different forms of proteinase inhibitors have been isolated from soybeans 
that inhibit a large number or proteolytic enzymes. Orf and Hymowitz (1977) using 
electrophoretic techniques, demonstrated the presence of three genetically different 
varieties of Kunitz-type soybean trypsin inhibitor, Tla, Tlb and TIc which are inherited as 
codominant alleles in multiple allelic single, at a single locus. Odani and Ikenaka (1977a) 
purified and determined the amino acid sequence of four BBI from Japanese cultivator 
soybean and found high homology among the inhibitors.  

Chick pea contains six isoinhibitors of trypsin and chymotrypsin (Belew, 1977), 
while the lima bean has four different inhibitors (Haynes and Feeney, 1967). Wilson and 
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Laskowski (1975) reported the isolation of three isoinhibitors from garden pea which has a 
molecular weight of 8,000 Daltons. 

Drought-resistant species of tepary bean (Phaseolus acutifolius) are widespread in 
the southwestern dry region of North America, where it has been used in Native American 
diet for centuries. Preliminary studies on the nutritional value and digestibility of tepary 
flour prepared from the soaked and cooked seeds suggested that this product might be 
acceptable emergency source of foodstuff for humans during famine periods caused by 
drought (Gonzales de Mejia et al., 1988; Idouraine et al., 1992a). Studies on tepary bean 
proteinase inhibitor have noted the presence of trypsin and chymotrypsin with molecular 
weight of 7100 daltons (Campos et al., 1997). ldouraine et al. (1992b) reported the 
presence of trypsin inhibitor in ethanol fraction (prolamine fraction) of tepary bean flour. 
However, there was no work on the biochemical and molecular characterization of the 
proteinase inhibitors in ethanol fraction of tepary bean. The study of ethanol fraction 
proteinase inhibitor may help in understanding their role as antinutritional factors. 
Therefore, this paper describes the isolation and some properties of trypsin and 
chymotrypsin proteinase inhibitors, from ethanol fraction (prolamine) of tepary bean. 
 

MATERIALS AND METHODS 
Materials 

Tepary bean (Phaseolus acutifolius) seeds were donated by a commercial producer 
(W. D. Hood, Coolidge, AZ) and stored at 4°C until used. Beans were ground in a hammer 
mill to pass through 30 mesh screen. Bovine pancreatic trypsin (EC 3.4.21.4), bovine 
pancreatic chymotrypsin (EC 3. 4. 21.1), pepsin, synthetic substrate, N -glutaryl-L-
phenylalanine-p-nitroanilide (GPNA), α -N -benzoyl-D-arginine-p-nitroanilide BAPNA), 
gel permeation molecular weight and SDS molecular weights markers were purchased 
from Sigma Chemical Co. (St. Louis, M. O). DEAE- Sephadex (A 25), Phenyl Sepharose, 
and G- 75 superfme Sephadex were purchased from Pharmacia Fine Chemical (Uppsala, 
Sweden). 
Methods 
Preparation of Ethanol Fraction 

The entire purification procedure was conducted at room temperature. Finely 
ground tepary bean flour was first extracted overnight with 0.05 M Tris-HCl buffer (pH 
7.5) containing 0.5 M NaCl, 0.001 M NaN3 and 0.001 M EDTA using a 10:1 ratio of 
buffer to flour. After albumin and globulin extraction, the precipitate was extracted with 
80% ethanol (10:1 ratio) at 60°C for 2 h. The suspension was cooled to room temperature 
and clarified by filtration under suction. The pH of the filtrate was adjusted to pH 5.0 with 
0.1 M HCl and 2 volumes of acetone was added with stirring. The precipitate formed was 
collected by filtration, air dried and then dissolved in 0.05 M Tris-HCl buffer, pH 7.5. The 
solution was dialyzed against distilled water at 4oC. The insoluble materials were removed 
by centrifugation at 10,000 xg for 15 min and crude inhibitor preparation was stored at 
4oC. 
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Ion Exchange Chromatography 
The crude inhibitor was made into 0.05 M Tris-HCl (pH 7.5) and subjected to 

chromatography on DEAE-Sephadex A-25 (2.6 x 20 cm), previously equilibrated with 
0.05 M Tris-HCl pH 7.5 containing 0.001 M NaN3 and 0.001 M EDTA. Elution was 
carried out with a linear gradient 0.0 - 3.0 M NaCl, in the above buffer. Fractions of 10 ml 
were collected at flow rate 66 ml/h. The fractions were monitored for trypsin inhibitor 
activity. The data in Figure 1 shows that most of the trypsin inhibitor is concentrated in 
fraction #60-84. The active fractions were pooled and subjected to further purification by 
Phenyl Sepharose column. 
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Figure 1. Elution profile of crude prolamine inhibitor on DEAE-Sephadex ion 
exchange column.  

 

Hydrophobic Chromatography 
To the active fractions (206.8 mg protein) solid ammonium sulfate (NH4)2SO4) was 

added up to 16% saturation (1.2 M) and loaded on phenyl Sepharose column (2.6 x 18 cm) 
previously equilibrated with 0.05 M Tris-HCl (PH 7.5) containing 1.2 M (NH4)2SO4. The 
column was eluted with a linear gradient of (NH4)2SO4 from 1.2 M to 0.0, in the same 
buffer, and then washed with deionized distilled water (D.D. water) (Fig. 2). Aliquots of 10 
ml were collected at flow rate of 55 ml/h. A major peak containing inhibitory activity 
appeared, pooled and dialyzed against D.D. water at 4°C. 
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Figure 2. Fractionation of trypsin inhibitor on Phenyl Sepharose column. Fractions having 
proteolytic activity (Fig. 1) were pooled and applied to the column and eluted 
with 1.2 - 0 molar ammonium sulfate gradient.  

 

Gel Filtration Chromatography 
The dialyzed active fraction was concentrated (25 ml) and subjected to gel filtration 

on Sephadex G-75 column (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCl (pH 7.5) 
containing 0.1 M NaCl. Elution was carried out using the same buffer at flow rate 10 ml/h 
and aliquots of 3 ml of the effluent were collected. As shown in Figure 3, symmetrical 
protein peak was obtained and clearly associated with the trypsin inhibitory activity. 
Active fractions were pooled, dialyzed against D.D. water and freeze dried. 
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Figure 3. Elution profile of trypsin inhibitor on Sephadex G-75 gel filtration column. 
 Factions containing proteolytic activity (Fig. 2) were pooled, concentrated and  
 passed through the gel filtration column. 
 
Determination of Protein Concentration 

Protein concentrations were determined using the bicinchoninic acid (BCA) 
method (Smith et al., 1985) using bovine serum albumin as standard. 
Determination of Inhibitory Activity 

The activity of trypsin and chymotrypsin inhibitors was determined by the method 
of Erlanger et al. (1966), using α-N-benzoyl-DL-arginine-p-nitroanilide (BAPNA) and N-
glutaryl-L-phenylalanine-p-nitroanilide (GPNA) as substrate for trypsin and chymotrypsin 
respectively. To a known amount of proteinase, a portion of inhibitor in 0.05 M Tris-HCI 
pH 8.0 containing 0.02 M CaCl2 was added and the mixture incubated for 5 min at 37°C. 
The remaining enzyme activity was measured spectrophotometrically with synthetic 
substrate using a Beckrnan spectrophotometer. The inhibitor activity was expressed as 
percent of inhibitor (I %) for the control assay using the equation [I % = (T-T*- X 100)/T)], 
where T* and T are the activities of proteinase with and without the inhibitor, respectively. 
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One unit of inhibitor was defined as the amount of inhibitor inhibiting the enzyme activity 
of 1.0 mg, active in enzyme in the above assay. 
Electrophoretic Method 

Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate 
(SDS-PAGE) was performed according to Laemmli (1970) with a slight modification 
using 15% acrylamide gel at pH 8.6. Gels were stained with 0.25% Coomassie brilliant 
blue G 250 and destained by 20% methanol and 10% acetic acid. 
Molecular Weight Determination 

The molecular weights of the inhibitors were estimated using SDS-PAGE method. 
The reference proteins were phosphorylase b (MW 94000 daltons), bovine serum albumin 
(MW 66000 daltons), egg albumin (MW 45000 daltons), pepsin (MW 34000 daltons), 
trypsinogen (MW 24000 daltons), lactoglobulin (MW 18000 daltons) and lysozyme (MW 
12400 daltons).  

The molecular weight of the inhibitor was also estimated by using Sephadex G-75 
column (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCl buffer, pH 7.5 containing 0.1 M 
NaCl. Standard proteins used were bovine serum albumin (MW 66000 daltons), carbonic 
anhydrase (MW 29000 daltons), cytochrome (MW 12000 daltons) and aprotinin (MW 500 
daltons). 
Amino Acid Analysis 

Amino acid analysis was carried out using Beckman Model 121 M amino acid 
analyzer. Inhibitor samples were hydrolyzed at 110°C with 6 N HCl for 20 h in sealed 
evacuated tubes. Cystine and cysteine were determined as cysteic acid by formic acid 
oxidation. 
pH Stability 

The stability of the inhibitor was examined in the pH range of 2-12 at room 
temperature. The inhibitor was dissolved in 0.5 ml of 0.05 M buffer (HC1/KC1, pH 2.0; 
acetate, pH 4.0; citrate, pH 6.0; Tris-HC1, pH 8.0; glycine/NaOH, pH 10 and 12). After 24 
h pre-incubation at each pH at 4°C, aliquots of 50 µl were used for the inhibitory assay. 
Residual trypsin inhibitory activities were measured at pH 8.0 as described above. The 
experiments were carried out in triplicate. 

RESULTS AND DISCUSSION 
 

The purification of tepary prolamine fraction is summarized in Table 1. About 20.3 
mg of the inhibitor was obtained from 260.0 mg prolamine protein. The yield was 23.2% 
of the crude extract of the first step. Physical evidence of homogeneity of the purified 
inhibitor was determined by Polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulfate (Fig. 4). The final product produced only a single band on 15% SDS-
PAGE  
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Table 1. Summary of the purification of tepary prolamine trypsin and chymotrypsin 
inhibitor. 
Fraction Total protein 

(mg) 
Total inhibitor 

activity (units ×103)
Specific inhibitor 
activity (units/mg) 

Yield 
(%) 

Prolamine crude extract 260 82 315.4 100 
DEAE A 25 Sephadex 96.8 76 785.1 92 
Phenyl Sepharose 67.5 93 933.3 76.8 
Sephadex G-75 20 19 936.0 23.2 

Figure 4.  SDS-PAGE of purified tepary prolamine inhibitor. 
Lane 1: MW Standards; Molecular weight standards (from top to bottom) Phosphrylase b, 
BSA, egg albumin, trypsinogen, lactoglobulin and lysozyme. Lanes 2, 3, 4, and 5: tepary 
bean prolamine inhibitor. 
 
Molecular weight determination 

The relative molecular mass of prolamine fraction inhibitor was calculated to be 
17,700 daltons by comparing the mobility of the inhibitor with those of the standard 
protein (Fig. 4), well in agreement with the gel filtration data (17800 daltons). Red kidney 
trypsin inhibitor (Wu and Whitaker, 1990), pinto bean trypsin inhibitor (Wang, 1975) and 
Brazilian pink bean (Wu and Whitaker, 1991) also gave similar molecular weight as 
determined by SDS-PAGE and gel filtration. Many authors suggested that, the higher 
molecular weight may be due to the formation of dimmers and trimers. However our 
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results, is not exactly the same as those reported earlier by Campos et al., (1997) showing a 
molecular weight of 7100 daltons for tepary bean inhibitor. The molecular weight 
determined by amino acid composition found to be 9000 daltons, which is within the range 
of (6000-9000 daltons) for most of the Bowman-Birk inhibitor family (Kumar et al., 2004). 
Amino Acid Composition 

The amino acid profile of purified prolamine fractions of tepary bean inhibitor were 
listed in Table 2. The inhibitor contains high amount of glutamic acid, aspartic acid, serine 
and half cystine, which together account about 50% of the amino acid composition. The 
amino acid profile located 14.5 cystine residues indicating the presence of 7 S-S bridges 
which is characteristic to Bowman-Birk type of inhibitor. The amino acid composition of 
the purified inhibitor resembles those of proteinase inhibitor from lima bean (Haynes and 
Feeney, 1967); mung bean (Wilson and Chen, 1983); soybean (Birk et al., 1967); and 
garden pea (Wilson and Laskowski, 1973). 
 
Table 2. Amino acid composition of purified tepary bean prolamine fraction in 
comparison to soybean (BBI), lima bean (LBI-IV) and mung bean. 

Tepary prolamine BBI LBI-IV Mung Bean Amino acid 
Residues/molecule 

Aspartic acid 16 11 13 12 
Threonine 06 02 03 03 
Serine 15 09 14 13 
Glutamic acid 09 06 07 05 
Praline 06 07 06 05 
Glycine 05 00 01 02 
Alanine 05 04 02 02 
Half-cystine 14 14 14 14 
Valine 01 01 01 00 
Methionine 00 00 01 03 
Isoleucine 04 02 04 02 
Leucine 03 02 03 02 
Tyrosine 01 02 01 01 
Phenylalanine 03 02 02 01 
Lysine 05 05 04 05 
Histidine 07 01 06 05 
Arginine 04 02 02 04 

pH Stability 
The prolamine fraction inhibitor has been found to be quite stable under conditions 

of extreme pH (Fig. 5). The unusual stability of proteinase inhibitors is very similar to 
those of Bowman-Birk inhibitors. Similar findings were reported by Campos et al., (1997); 
DiPietro and Liener, (1989); and Tsukamoto et al., (1983). Stability of tepary bean 
inhibitor could be attributed to its high cystine content (Osman et al., 2002). 
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Figure 5.  Effect of pH on tepary bean prolamine inhibitor stability, analyzed by its  
 inhibitory activity. 
 
Inhibitory Activities 
 Figures 6 and 7 shows the effect of various concentrations of the inhibitor on the 
proteolytic activity of trypsin and chymotrypsin. The inhibition of either enzymes only 
beers a linear relation to the concentration of the inhibitor up to a certain limit. The 
theoretical quantity of the inhibitor required for 100% inhibition may be estimated by 
extrapolation of linear portion to zero activity. The extrapolated value was approximately 
0.42 and 0.79 for trypsin and chymotrypsin respectively, that is 1.0 mg of the prolamine 
fraction inactivate 2.4 mg trypsin and 1.3 mg chymotrypsin. This indicates that 1.0 mole of 
prolamine fraction inhibitor inactivate 2.0 moles of trypsin and 1.0 mole chymotrypsin. 
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Figure 6. Trypsin inhibition by tepary prolamine inhibitor. 
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Figure 7. Chymotrypsin inhibition by tepary prolamine inhibitor. 
 

Inhibition specificity of ethanol fraction inhibitor has shown that bovine trypsin and 
chymotrypsin are strongly inhibited by the inhibitor. The inhibitor has no effect on pepsin 
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indicating that the prolamine fraction inhibitor resembles double-headed serine proteinase 
inhibitors. A similar trend was observed in tepary bean (Campos et al., 1997), red kidney 
bean (Wu and Whitaker, 1990), Brazilian pink bean (Wu and Whitaker, 1991), chickpea 
(Belew, 1977), soybean (Yoshida and Yoshikawa, 1975), and pinto bean (Wang, 1975). 

In conclusion, trypsin and chymotrypsin inhibitors from ethanol fraction have 
purified to homogeneity by ion exchange, hydrophobic and gel filtration chromatography. 
Physical and chemical properties of the purified inhibitor indicate that the inhibitor could 
be classified as a serine proteinase inhibitor similar to the Bowman-Birk family.  
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