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ABSTRACT 

A protein inhibitor of bovine trypsin and chymotrypsin has been purified from tepary 

bean (Phaseo/us acutifolius) using salt extraction and ammonium sulfate precipitation followed 

by ion exchange chromatography, hydrophobic chromatography and gel permeation 

chromatography. Tepary proteinase inhibitor has a molecular weight of 17,500 daltons as 

measured by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and gel 

permeation chromatography. Amino acid analysis showed a high content of half-cystine, aspartic 

acid, serine and glutamic acid residues. The amino-terminal amino acid sequence of the inhibitor 

revealed high homology to the Bowman-Birk inhibitor family. The tepary proteinase inhibitor 

has antiproteinase activities similar to those of legume inhibitors of serine proteinase with 

inhibition of trypsin and chymotrypsin, but not pepsin. Other properties shared with the 

Bowman-Birk inhibitors include acid and heat resistance, and the presence of two distinct reactive 

sites, one for trypsin and another for chymotrypsin as indicated by chemical modification of the 

inhibitor. A similar trypsin and chymotrypsin inhibition was found in a tepary prolamine fraction 

having a molecular weight of 17,700 daltons estimated by SDS-PAGE and gel permeation 

chromatography. The amino acid composition of this inhibitor closely resembles those of the low 

molecular weight Bowman-Birk inhibitors of other legumes. 

A thermal inactivation study showed that tepary proteinase inhibitor was extremely heat 

stable at neutral and acidic pH, but heat labile at alkaline pH, similar to the soybean Bowman

Birk and lima bean trypsin inhibitors. Inclusion of tepary bean proteinase inhibitor in diets 

containing whole egg as the source of dietary protein (8 %) significantly reduced growth rate, 

protein efficiency ratio and protein digestibility, and caused pancreatic hypertrophy in mice. 
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CHAPTER 1 

INTRODUCTION 

Cereal and legumes are mainstays of human nutrition, serving the nutritional needs of 

much larger populations worldwide, than animal food. The rapidly growing world protein 

requirement has directed major attention to the use of cereal and legume proteins, since these are 

more readily accessible than l'lllimal proteins. Although the production of cereal grains such as 

wheat, corn and rice could conceivably be expanded to meet total protein need, nutritionists are 

well aware that cereal proteins are in general of a poor quality, because of an inherent deficiency 

in certain amino acids, particularly lysine. On the other hand, the proteins derived from legumes 

such as peas and beans, although somewhat deficient in sulfur containing amino acids, can be 

combined with cereal protein to produce a mixture of high nutritive value. These vegetables 

protein diets have been successfully used in child feeding progranls and in the cure of 

kwashiorkor. 

Protein food production in the world is trailing the growth of populations despite 

national and international efforts to overcome the problem. Enormous areas of arid and semi-arid 

land produce crops intermittently or not at all. There is a critical need to increase the production 

of food, particularly protein and carbohydrate from new legume sources. If protein and 

carbohydrate production is to increase, the adaption or development of new drought-resistant 

legume is vital. 

Tepary bean (Phaseo/us acuti/olius) is an indigenous legume of the arid and semi-arid 

lands of the southwestern region of the United States, where it had been consumed by Native 

Americans for centuries (Nabhan and Feleger, 1978). Tepary beans contain 19 to 32% protein 
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and 65.3 to 69.1 % carbohydrates (Scheerens et ai., 1983). Tepary bean has been reported to 

have unique abilities to resist drought, and heat and to adapt to environments that are inhospitable 

to conventional legume crops (Marsh and Davis, 1985). Adaptation of this crop to arid and semi

arid lands in developing countries worldwide would provide an excellent source of low cost, high 

quality protein for human consumption. 

Tepary bean is known to contain antinutritional factors such as trypsin inhibitor, lectin 

and phytic acid which may limit its use. The level of antinutritional factors varies within both 

tepary species and protein fraction. Tepary bean has been reported to be very toxic in the raw 

state, causing negative protein utilization and the death of experimental animals within 10 days. 

Soaking and heat treatment were found to eliminate the toxicity. Some authors attributed the 

toxicity and the deleterious effects to lectin, while others suggested trypsin inhibitor as the major 

cause of toxicity. 

Although many investigations have reported the isolation and characterization of 

proteinase inhibitors from many legumes and their nutritional and physiological effects, there is 

no such information about tepary bean proteinase inhibitors. Therefore the objectives of this 

study were: 

1. To purify, characterize and classify proteinase inhibitors from tepary bean (albumin 

and globulin fractions). 

2. To isolate and study some properties of trypsin and chymotrypsin inhibitor from tepary 

bean prolamine fraction (ethanol soluble). 

3. To investigate the effect of heat treatment (boiling at lOOoe and autoclaving) at 

neutral, acidic and alkaline pH on trypsin inhibitory activity of purified tepary 

proteinase inhibitor in comparison with soybean and lima bean trypsin inhibitors. 
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4. To evaluate the nutritional and physiological significance of tepary bean proteinase 

inhibitors. 
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CHAPTER 2 

LITERATURE REVIEW 

History of Proteinase Inhibitors 

Weinland (1903) was the first to discover the presence of a natural inhibitor of 

proteolytic enzyme in nematodes. He observed that nematodes were resistant toward enzymes 

of the digestive tract. He used the term antienzyme for the inhibitory protein. Following this, 

Mendel and Blood (1910) found that ascaris extract inhibited the proteolytic activity of trypsin 

and pepsin, but not of plant proteinase such as papain. Shortly afterward, Kraut, Frey and Bauer 

(1928) described a protein inhibitor that inhibits trypsin, chymotrypsin, plasmin and kallikrein 

from bovine parotid gland. This factor was later purified by Kraut et al., (1960). The presence 

of proteinase inhibitor in egg white was first reported by Meyer et al. (1936). He found that the 

proteinase inhibitor inhibited both trypsin and chymotrypsin. 

Probably the most important finding in proteinase inhibitor research was the isolation 

and crystallization of proteinase inhibitor from bovine pancreas by Kunitz and Northrup (1936). 

In later studies Kunitz (1945; 1946) isolated crystalline trypsin inhibitor from soybean. In a 

following study Kunitz (1947a,b) demonstrated that soybean trypsin inhibitor had the important 

property of forming stoichiometric protein-protein complex with trypsin, resulting in a 

competitive inhibition of its catalytic function. At the same time Bowman (1946) partially 

purified a second trypsin inhibitor from soybean, which is characterized by Birk (1961). Because 

of their possible effect on the nutritive· value of plant protein, the presence of these proteinase 

inhibitors in important foodstuff such as soybean attracted the attention of nutritionists. 
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Distribution of Proteinase Inhibitors in the Plant Kingdom 

The first description of the existence of proteinase inhibitor in plants was presented by 

Read and Haas (1938), who observed that an aqueous extract of defatted soybean fiber inhibited 

the ability of trypsin to liquify gelatin. This factor was subsequently partially purified from 

soybean extract, and was fOllnd to be a trypsin inhibitor (Bowman, 1944). Soon afterward, 

Kunitz (1945; 1946) isolated and crystallized a heat labile trypsin inhibitor. The presence of a 

trypsin inhibitor in soybean that was inactivated by heat treatment seemed to offer a reasonable 

explanation for an observation made by Osborne and Mendel (1917), that heat treatment 

improved the nutritive value of soybean. Proteinase inhibitors have been extensively studied in 

the Leguminoseae, Gramineae and Solanaceae families, probably because the large number of 

species in these families comprise important sources of food. 

Proteinase inhibitors have been isolated and characterized from all legumes so far 

examined. These include lima bean (Fraenkel-Conrat et al., 1952), kidney bean (Pusztai, 1966), 

pinto bean (Wang, 1975), garden bean (Wilson and Laskowski, 1973), adzuki bean (Yoshida and 

Yoshikawa, 1975) and peanut (Borchers, Ackerson and Kimmett, 1947). In cereals, proteinase 

inhibitors represent a quantitatively important fraction of the protein. These inhibitors have been 

isolated and characterized from wheat (Maeda, 1986), barley (Svendsen, Hejgaard and Munday, 

1986), rice (Maki et al., 1980), corn (Hochstrasser, Muss and Werle, 1976) and sorghum 

(Kumar, Virupakasha and Vithayathil, 1978). In tuberous plants such as potato, proteinase 

inhibitors are believed to account for as much as 15 to 25 % of the soluble proteins (Ryan et al., 

1966). 
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Distribution Within the Plant 

Proteinase inhibitors have been found in the seed of the majority of plants investigated, 

but their presence is not confined to this part of the plant. In some legumes, sUc:h as soybean and 

alfalfa, trypsin inhibitory activity is found in the vegetative part. In tuberous plants, such as 

potato, the inhibitor was found in tuber as well as aerial tissues, such as leaves and stem (Ryan 

and Huisman, 1967). Ultrastructural localization of the proteinase inhibitors on thin sections of 

soybean, mung bean and kidney bean seeds revealed that the inhibitors are concentrated in the 

cotyledon and embryonic axis, with a greater concentration in the outer part of the cotyledon 

(Valdebouze, et at., 1980). Intracellular localization of the inhibitor in mung bean (Baumgartner 

and Chispeels, 1976), pea (Hobday, Thurman and Barber, 1973) and lablab purpureus (Miege 

et at., 1976), showed that the proteinase inhibitors were associated with the cytoplasm rather than 

with protein bodies. In cereals, Mikola and Suolinna (1969) and Kirsi and Mikola (1971) 

demonstrated that proteinase inhibitors were found in both the embryo and endosperm tissues of 

the grain of barley, wheat, oat and rye. Similar to legume seeds, cereal proteinase inhibitors 

were localized in the cytoplasm with some associated with the protein bodies (Kirsi, 1982). 

Ryan, Huisman and Van Denburgh (1968) studied the distribution of proteinase 

inhibitors in the potato plant. They found an uneven distribution of the inhibitors between young, 

mature and year-old mature tubers. In new potato tubers, the inhibitor was localized in the 

cortical tissue of the stem rather than the apical end. In contrast, in one-year old tubers the 

inhibitor was concentrated in the cortical tissues of the epical end. Proteinase inhibitors were also 

detected in the fruits of avocados, peaches and plums (Richardson, 1977). Proteinase inhibitors 

have also been isolated and characterized from the fruits of other members of the Solanaceae 

family such as tomato (Haas and Ryan, 1980) and eggplant (Kanamori et at., 1976). 
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Classification of Serine Proteinase Inhibitors in Plants 

Serine proteinase inhibitors have been isolated and intensively studied in plants from 

the families Legumminoseae (bean and peas), Solanaceae (potato and tomato) and Gramineae 

(wheat, corn and sorghum). In an attempt to put order to an otherwise confusing nomenclature 

problem, Laskowski and Kato (1980) classified the plant proteinase inhibitors into nine families 

based on their amino acid sequence homology and the mechanistic class of the enzyme that they 

inhibit (Table 2.1). Since this study is limited to isolation and characterization from tepary beans, 

the literature review will be limited to Kunitz and Bowman-Birk proteinase inhibitor families. 

Kunitz Family 

This family was named after the first inhibitor isolated and crystallized from soybean 

by Kunitz (1946). He reported that the inhibitor has a molecular weight (MW) of 24,000 daltons, 

and is stable over a wide range of pH at temperatures below 30oe. In a following study, Kunitz 

(1947a,b) demonstrated that the inhibitor formed a complex with trypsin in a typical 1: 1 enzyme 

inhibitor stoichiometry. The presence of multiple inhibitors in soybean was reported by Rackis 

and Anderson (1964). They reported isolation of four trypsin inhibitors STI AI, A2, BA and B2 

using ion exchange chromatography. The inhibitors have MW of 16,000 to 24,000 daltons. In 

a subsequent study Yamamoto and Ikenaka (1967) isolated two trypsin inhibitors from soybean 

using zone electrophoresis with MW of 16,400 and 24,000 daltons. Soon after, Frattali and 

Steiner (1968) reported the presence of three trypsin inhibitors Fl, F2 and F3 in a commercial 

crude Kunitz soybean inhibitor. The Kunitz-type inhibitor, A2 isolated by Rackis and Anderson 

(1964) was apparently identical to the F2 inhibitor found by Frattali and Steiner (1968) with 

respect to their amino acid composition and trypsin inhibitor. Amino acid composition of the 

Kunitz inhibitor revealed high content of glutamic acid, aspartic acid and serine (19,29 and 15%, 



Table 2.1: Families of protein inhibitors that inhibit serine 
proteinase and obey the standard mechanism. 

I. Bovine pancreatic trypsin inhibitor (Kunitz) family 

II. Pancreatic secretory trypsin inhibitor (Kazal) family 

III. Streptomyces subtilisin inhibitor family 

IV. Soybean trypsin inhibitor (Kunitz) family 

V. Soybean proteinase inhibitor (Bowman-Birk) family 

VI. Potato I inhibitor family 

VII. Potato II inhibitor family 

VIII. Ascaris trypsin inhibitor family 

IX. Other f,iIllilies 

Reproduced from Laskowski and Kato (1980) 

22 



23 

respectively) (Table 2.2). The complete amino acid sequence of the Kunitz inhibitor was reported 

by Koide and Ikenaka (1973). They found that the inhibitor consists of 181 amino acids and two 

sulfide bridges with MW of 21,000 daltons (Figure 2.1). 

Hymowitz and Hadley (1972) and Hymowitz (1973) demonstrated the presence of three 

genetically different variants of Kunitz trypsin inhibitors (TO, Tb and TC) using polyacrylamide gel 

electrophoresis. They found that these types are inherited as codominant alleles in a multiple 

allelic system at a single locus. Subsequently, Kim et ai. (1985) isolated and determined the 

amino acid sequences of the three variants (Ta, Tb and TC). They found that the three are Kunitz

type inhibitors composed of 181 amino acid residues with MW of 21,500 daltons. Amino acid 

sequencing revealed that TO and T" were identical except for substitution at position 55 (GIy -

Glu), suggesting that there is an extremely close genetic relationship between them. On the other 

hand, Tb differs from Ta or TC in the substitution of eight amino acids. The amino acid 

sequencing also revealed that the three inhibitors had their reactive site at the same position. 

Specificity. Kunitz inhibitor is specific for trypsin or chymotrypsin, with either weak 

or null activity for the second enzyme. Kunitz soybean inhibitor inhibits trypsin of various 

species such as cow, pig, salmon and turkey. Human plasmin, cocoonase and plasma kaIIikrein 

were also inhibited to various degrees. However, pepsin, thrombin, collagenase, 

meIIaloproteinase and carboxypeptidase were not inhibited (KasseII, 1970). Studies on human 

trypsin showed that it inactivates the cation species of human trypsin, while the ionic form (10-

20% total trypsin activity) is weakly inhibited (FigareIIa, Moore and Stein, 1975). 

Kunitz type inhibitors have been identified in a wide range of legumes. Kortt (1979; 

1981) reported the isolation of a chymotrypsin inhibitor from winged bean, that inhibits bovine 

chymotrypsin, but not bovine trypsin. It has a MW of 20,000 daltons and contains four half-
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Table 2.2: Amino acid composition of two soybean inhibitors 

Kunitz Bowman-Birk 
Amino acid Inhibitor Inhibitor 

residues/molecule 

Alanine 09 04 

Arginine 10 02 

Aspartic acid 29 11-12 

Half-cystine 04 14 

Glutamic acid 19 07 

Glycine 17 00 

Histidine 02 01 

Isoleucine 15 02 

Leucine 15 02 

Lysine 12 05 

Methionine 03 01 

Phenylalanine 10 02 

Proline 11 06 

Serine 12 8-9 

Threonine 08 02 

Tryptophan 02 00 

Tyrosine 04 02 

Valine 15 01 

Amide groups 13 06 

Total N, % 16.34 15.9 

Molecular weight (daltons) 22,000 7,975 
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Figure 2.1: Complete amino acid sequence of Kunitz soybean trypsin inhibitor. 
Reproduced from Koide and Ikenaka (1973). 
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cystine residues/molecule. The inhibition data showed that one mole of this inhibitor inhibits two 

moles of chymotrypsin to form a 1:2 complex. In a subsequent study, Shibata et al. (1986) found 

seven proteinase inhibitors in winged bean. These inhibitors have MW of 20,000 daltons and 

four half-cystine residues. These were designated as inhibitors WTl-l, 2, 3, 4 and 5. Two 

inhibitors (WTl-2 and 3) inhibited bovine trypsin strongly, and four (WTl-l, 2, 3 and 4) 

inhibited bovine trypsin and chymotrypsin. The remaining inhibitor (WTl-l) could bind with 

both bovine trypsin and chymotrypsin at a molar ratio of 1: 1, but not simultaneously. 

The presence of Kunitz-type proteinase inhibitor. in genus Peltophorm of 

Caesalponodeae subfamily was reported by Joubert (1981). He purified a proteinase inhibitor 

from the seeds of weeping wattle (Peltophprm africanum) having MW of 18,000 daltons. The 

amino acid analysis revealed that the inhibitor consists of 162 amino acid residues, including four 

half-cystine residues. The irJ1ibitor stoichiometrically inhibited trypsin and chymotrypsin in a 

molar ratio of 1: 1. Shortly afterward, Joubert (1988) reported the isolation and characterization 

of four proteinase inhibitors from Erythrina corallodendron seed of Fabaceae subfamily, 

designated DE-I, DE-2, DE-5 and DE-lO. Amino acid analysis showed that each inhibitor 

consists of 172-173 amino acid residues (MW 20,000 daltons) and four half-cystine residues. 

The inhibitory studies of the four inhibitors showed that DE-2 inhibited trypsin strongly and 

chymotrypsin slightly, while inhibitor DE-3 inhibited trypsin and chymotrypsin strongly. The 

studies showed DE-5 and DE-lO to be relatively specific for chymotrypsin. 

In contrast to the single polypeptide chain of Kunitz-type proteinase inhibitor found in 

Fabaceae (soybean, wing bean and Erythrina corallodendron) and Caesalpiniodeae (pea, lentil, 

weeping wattle and chick pea) subfamilies Leguminoseae, the Kunitz-type inhibitor of species of 
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the Minosoide subfamily (Acacia elata, Albizziajulibrissin and Brosopsisjutijlora) consist of two 

polypeptide chains linked with disulfide bridges. 

Odani, Ono and Ikenaka (1979) reported the isolation and characterization of four 

proteinase inhibitors A-ll, A-Ill, B-1 and B-ll from the silk tree (Albizzia julibrissin). They 

were of high MW type (21,600 daltons for A-ll and A-lll, 19,000 daltons for B-1 and B-ll) 

and were composed of two polypeptide chains linked together by a sulfide bond. Amino acid 

sequencing revealed that the two chains A and B of the inhibitors are respectively homologous 

to the amino- and carboxyl-terminal regions of soybean trypsin inhibitor (Kunitz). Amino acid 

sequencing also revealed that the double chain structures of A-ll and B-ll are a result of 

proteolysis at their carboxyl-terminal region, which corresponds to the region of the Kunitz 

inhibitor small disulfide loop that can be readily reduced with out affecting the inhibitory activity 

(Figure 2.1). Inhibition studies showed that the silk tree inhibitors A-2 and A-3 inhibited bovine 

trypsin and chymotrypsin at identical sites, while B-1 and B-2 inhibited bovine trypsin, 

chymotrypsin and porcine elastase. Similarly, Acacia elate seeds are found to contain two trypsin 

inhibitors, having MW of 20,000 daltons and composed of two polypeptide chains linked by a 

disulfide bond (Kortt and Jermyn, 1981). The inhibitors stoichiometrically inhibit trypsin in a 

molar ratio of 1: 1, and chymotrypsin was inhibited also at 1: 1 ratio. However, the binding was 

weaker than that of trypsin. The amino acid analysis revealed that the two inhibitors have 

identical amino acid composition and both contain four half-cystine residues, and were rich in 

aspartic acid, glutamic, glycine and leucine. Amino-terminal analysis revealed extensive 

homology with silk tree and ::ioybean Kunitz inhibitors. 

Most recently, Negeiros et at. (1991) reported purification, characterization and amino 

acid sequencing of trypsin inhibitor from the seed of Prosopsis julijlora legume of the 
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Mimosoideae subfamily. The inhibitor has a MW of 20,000 daltons and inhibits trypsin in 

stoichiometric ratio of 1: 1, but had a weak inhibitory action against chymotrypsin. Amino acid 

analysis revealed that the inhibitor consists of two polypeptide chains of 137 residues (chain A) 

and 38 residues (chain B) linked together by a single disulfide bond. The amino acid sequence 

of the inhibitor exhibited high homology with a number of Kunitz proteinase inhibitors. 

Kunitz type inhibitors have been identified to occur in a wide range of plant species 

other than legumes. Recently, Walsh and Twitchell (1991) reported the isolation of two Kunitz

type proteinase inhibitors from potato tuber (PK1 and PK2), that had MW of 19,500 and 20,500 

daltons. PK1 inhibited trypsin whereas PK2 inhibited subtilisin. Comparison of the N-terminal 

amino acid sequence of PK1 and PK2 showed a high degree of homology to Kunitz-type 

proteinase inhibitor. Similarly, Kunitz-type proteinase inhibitors were also reported in the 

Gramineae family, especially in barley (Svendsen et at., 1986) and wheat (Maeda, 1986). 

Mechanism of Action (Reactive Site) of Kunitz Family. The mechanism of 

interaction of Kunitz inhibitor with trypsin was extensively studied by Laskowski and his group. 

Ozawa and Laskowski (1966), identified the reactive site where Kunitz inhibitor interacted with 

trypsin, by carrying out a limited proteolysis of the inhibitor with catalytic level of trypsin under 

acidic conditions (pH 2.5 - 4.0), and then separated the cleaved or modified fragment after 

reduction (Figure 2.2). They found that the cleavage occurred at the Arg 63 - lie 64 bond 

without producing any loss in the inhibitory activity. However, the removal of the newly formed 

carboxyl-terminal residue (Arg) by the action of carboxypeptidase abolished the inhibitory activity 

of Kunitz inhibitor. The cleavage of Arg-lle without losing the inhibitory activity made it 

possible Smith et at. (1964) tu enzymatically and chemically replace Arg and lie 64. Sealock and 

Laskowski (1969) reported that replacement of Arg 63 with Lys did not affect the specificity 
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Figure 2.2: The sequence of reactions employed in the enzymic mutations of Kunitz 
soybean trypsin inhibitor. The relative lengths of the arrows qualitatively indicate the equilibriwn 
positions of the reactions. Reproduced from Sealock and Laskowski (1969). 
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toward trypsin, whereas replacement of Arg 63 with Trp led to the formation of a strong 

chymotrypsin inhibitor, indicating that the nature of the inhibitor is determined by the amino acid 

at position 63. In a subsequent study, Kowalski and Laskowski (1976) found that replacement 

of lie 64 with Ala, Leu or Gly did not affect the specificity toward trypsin. However, the 

insertion of an additional amino acid (such as lie, Ala or Glu) to the N-terminal side of lie 64 

abolishes the inhibitory activity and converts the trypsin inhibitor into trypsin substrate. These 

results indicate that the spatial distance separating this residue from Arg is critical, rather than 

the nature of the amino acid at position 64. 

Although the reactive center of the reaction between trypsin and their inhibitors have 

been identified in Kunitz inhibitor, little is known about the forces involved in the protein-protein 

interaction during inhibition. Laskowski and Sealock (1971) postulated that the stability of the 

complex might be due to a covalent acyl intermediate that forms between Arg 63 of modified 

inhibitor and the hydroxyl group of the serine at the active site of the enzyme. This was 

analogous to acyl enzyme intermediate that existed on the pathway leading to the hydrolysis of 

peptide bond by Ser proteinase (trypsin, chymotrypsin and elastase). However, Ako, Foster and 

Ryan (1974) have shown that the catalytically inactive form of trypsin, where in the active site 

Ser has been converted to dehydroalanine, retained the capacity to bind strongly and 

stoichiometrically to the Kunitz inhibitor. This result ruled out the acyl enzyme intermediate 

theory suggested by Laskowski and Sealock (1971). X-ray crystallographic study by Blow, Janin 

and Sweet (1974) revealed the Kunitz inhibitor-trypsin complex is an adduct with a tetrahedral 

intermediate state approaching a covalent bond between the active-site Ser residue of trypsin and 

the carboxyl group Arg 63. The X-ray crystallographic study also showed that only 12 amino 
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acids out of the 181 which comprise the inhibitor, actually make contact with the trypsin 

molecule. 

Bowman-Birk family serine proteinase inhibitor (BB!) 

Bowman (1946) was the first to describe the presence of acetone insoluble fraction 

which inhibits both trypsin and chymotrypsin in soybean. The inhibitor is quite different from 

the Kunitz inhibitor in its ability to inhibit chymotrypsin. This inhibitor was subsequently 

purified and characterized by Birk (1961) and Birk, Gertler and Khalef (1963). They reported 

that in contrast to Kunitz inhibitor, Bowman-Birk showed a pronounced stability to treatment with 

heat, alkali, acid and pepsin, suggesting that when ingested it may pass through the stomach 

undamaged. Frattali and Steiner (1969) reported isolation and characterization of two identical 

inhibitors from two different soybean varieties. They found that the inhibitors had a MW of 

7,975 daJtons, based on amino acid composition and sedimentation study; this MW was higher 

than that obtained from amino acid composition data reported by Birk et al. (1963). The high 

MW of 24,000 daltons was due to the inhibitors' tendency to reversibly self-associate into higher 

MW (Frattali and Steiner, 1969). 

Using limited proteolysis with trypsin and chymotrypsin and chemical modification of 

the inhibitor, Birk et al. (1967) showed the existence of two independent binding sites for trypsin 

and chymotrypsin. They also revealed that the trypsin reactive site consists of Lys-Ser bond 

where the chymotrypsin reactive site consists of Leu-Ser bond. The complete amino acid 

sequence of Bowman-Birk inhibitor revealed that the inhibitor is a single polypeptide chain with 

71 amino acid residues and a high content of cystine, making seven disulfide bridges (Odani and 

Ikenaka, 1972) (Figure 2.3). The amino acid sequence also confirmed the finding of Birk et al. 
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Figure 2.3: Covalent structure of soybean Bowman-Birk inhibitor (BBl). Arrows 
indicate reactive site peptide bonds. Reproduced from Odani and Ikenaka (1973a). 
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(1967) that the trypsin and chymotrypsin inhibitory site of Bowman-Birk inhibitor was comprised 

of Lys(16)-Ser(17) and Leu(43)-Ser(44), respectively. 

A large number of BBI have been described in a soybean cultivator since the first one 

was isolated and characterized independently by Bowman and Birk. Odani and Ikenaka (1976; 

1977a) isolated and determined the amino acid sequence of four BBI-type double-headed 

inhibitors (designated B, C-2, D-2 and E-l) from Japanese cultivator soybean. Inhibitor B was 

identical to BBI except for the deamination of one or more asparaginyl or glutaminyl residues. 

Inhibitor C-2 was shown to inhibit one mole each of trypsin and bovine chymotrypsin, probably 

at the same site and porcine elastase at another reactive site. Inhibitors D-2 and E-l inhibited 

only trypsin activity at a non-stoichiometer with an inhibitor enzyme ratio of 1: 1.4. The amino 

acid sequences of D-2 and E-1 revealed that E-1 is identical to D-2 except it lacks nine amino 

acid residues at the N-terminal region. 

The versatility of BBI in soybean had been shown by Hwang et al. (1977). They 

purified five BBI from Tracy soybean (1-5), in the molecular weight range 7,000-8,000 daltons 

with a high cystine content. The sequence of the 16-N-terminal amino acids of the inhibitors 

have revealed that Pl-1 is identical to BBI. An inhibition study showed that inhibitors 1 to 4 did 

belong to another set. However, none of these four inhibitors inhibited chymotrypsin, and their 

inhibition of trypsin was weaker than that of inhibitor-5. Subsequently, Stahlhut and Hymowitz 

(1983) separated five BBI type inhibitors from Amsoy 71 using anion exchange column 

chromatography. Based on electrophoretic mobility, they concluded that their fraction 3 was 

BBI. Tan-Wilson et al. (1987) studied the distribution of BBI in eight soybean strains, and found 

that each strain did have four to seven isoinhibitors. They reported the presence of 10 

isoinhibitors all together, designated as BBSTI-A, -AI, -A2, -B1, -B2, -C, -Cl, -D, -E and El. 
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These inhibitors were classified into four subgroups based on their amino acid composition, 

molecular weight, spectrum of enzyme inhibitor activity and immunochemical cross reactivity. 

Subgroup I included isoinhibitor El, E and D. These were identical to classical BBI with seven 

disulfide bridges and the 71 amino acid residues. They have been shown to have two separate 

inhibitory reactive sites, one for trypsin and another for chymotrypsin. Subgroup II included 

isoinhibitor Cl, C and A2; these three have similar amino acid composition. Subgroup II 

inhibitors are poor inhibitors of bovine trypsin and even poorer inhibitors of chymotrypsin. 

Subgroup III included Band Bl, characterized by containing 10 half-cystine instead of 14 half

cystine as in group I and II. These inhibitors were the poorest trypsin inhibitors. All the 

inhibitors of the three subgroups have 70-80 amino acid residues, with high cystine and low 

glycine content, similar to that of BBI found in other legume species. Subgroup IV were glycine

rich inhibitors, including A, and AI. They consist of more than 200 amino acids (MW 20.0 kd), 

with only one disulfide bridge and a very high glycine and serine content. They inhibit trypsin 

more strongly than any of the other three subgroups studied. However, they did not resemble 

Kunitz-type inhibitors, because of their high glycine content. In a most recent study, Kollipara 

and Hymowitz (1992) did a survey of wild perennial species from the genus Glycine. They 

reported the presence of the BBI in eleven wild perennial species. 

In contrast to Kunitz-type, serine proteinase inhibitors which are found in 

Caesalpondeae, Fabaceae and Mimosoideae subfamilies, BBI were found only in the seeds of 

members of the Fabaceae, the most advanced subfamily of Legumilloseae. Tauber, Kershaw and 

Wright (1949) reported the crystallization of trypsin inhibitor from lima bean. Soon afterwards, 

Fraenkel-Conrat et al. (1952) reported the purification and characterization of a lima bean trypsin 

inhibitor (LBI). They found that the inhibitor had a MW of 10,000 daltons, was rich in cystine 
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(16.5%) and relatively resistant to heat and alkali, which was similar to BBI. Subsequently, 

Jones, Moore and Stein (1963) and Haynes and Feeney (1967) independently succeeded in 

separating the commercial LEI into four chromatographically homogeneous fractions and 

determined their amino acid composition. Using the partial proteolysis technique pioneered by 

Sealock and Laskowski (1969), Krahn and Stevens (1971), showed that the lima bean inhibitor 

(LEI) contains two distinct sites for trypsin and chymotrypsin. The complete covalent structures 

of LBI and lima bean inhibitor IV (LBI-IV) have been fully established by Stevens, Wuery and 

Krahn (1974). The amino acid analysis revealed the existence of two homologous regions, one 

located in the first half of the molecule which contains the trypsin inhibitory site; the other 

located in the second half of the molecule, contains a chymotrypsin inhibitory site similar to that 

of BBI. Garden bean (Phaseolus vulgaris) are found to contain at least three isoinhibitors of 

trypsin (Wilson and Laskowski, 1973), all having molecular weights in the range of 8,000-9,000 

daltons, but differing in their enzyme specificity. Isoinhibitors I and II inhibit chymotrypsin 

weakly, while isoinhibitor III inhibits chymotrypsin strongly and has an independent site for each 

enzyme, trypsin and chymotrypsin. Amino acid composition showed the presence of 14 half

cystine residues and the absence of tryptophan in all three isoinhibitors. The complete amino acid 

sequence of garden bean inhibitor (GBI) revealed high homology to the BBI and lima bean 

inhibitor (LEI-IV) (Wilson and Laskowski, 1975). 

Trypsin and chymotrypsin inhibitors from kidney bean (Phaseolus vulgaris) were first 

reported by Pusztai (1966). These inhibitors have molecular weights of 10,000 daltons and were 

rich in cystine (14%). They were stable to heat, pepsin digesters and have low pH values. 

Recently Wu and Whitaker (1990; 1991) reported isolation and partial amino acid sequencing of 

four proteinase inhibitors from kidney bean. These inhibitors were shown to have similar 
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molecular weights, and were rich in half-cystine (12-14%). N-terminal sequence of the four 

inhibitors revealed a high degree of homology to several BBI types from soybean and lima bean. 

The presence of trypsin and chymotrypsin inhibitor in pinto bean (Phaseo/us vulgaris) was shown 

by Wang (1975). He found that the inhibitor had a MW of 19,000 daltons and was highly active 

against trypsin and chymotrypsin, indicating that it was double-headed. The pinto bean inhibitor 

appeared to have some characteristics of Kunitz-type inhibitor with respect to molecular weight, 

and resembled most legume BBI in terms of its dual specificity. 

Isolation and characterization of two inhibitors from adzuki bean (Phaseo/us ang/ari) 

was reported by Yoshida and Yoshikawa (1975). They found that inhibitor 1 was a powerful 

inhibitor to trypsin but not to chymotrypsin, where inhibitor 2 inhibited both trypsin and 

chymotrypsin stoichiometrically. The amino acid sequence of both inhibitors showed that 

inhibitor 1 was a single chain polypeptide consisted of 81 amino acid residues, while inhibitor 

2 consisted of 72 amino acid and appeared to be derived from inhibitor 1 by a loss of 9 amino

terminal residues (Yoshikawa et a/., 1979a). Both inhibitors were found to have a high 

homology to LBI-IV. 

Chick pea (Cicer arietillum) were found to contain six trypsin inhibitors having 

identical MW of 10,000 daltons, but differing among themselves in their specificity (Belew, 

Porath and Sundberg, 1975; Belew and Eaker, 1976; Belew, 1977). Inhibitory studies revealed 

that the inhibitors have two distinct sites for their activity toward trypsin and chymotrypsin. The 

amino acid composition of the inhibitors showed high half cystine content, which accounts for 

the unusual resistance to heat and extreme pH. Amino acid sequence surrounding the trypsin

reactive site revealed striking homology to that of the other double-headed legume inhibitors. 
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A study by Borchers et ai. (1947) indicated the presence of trypsin inhibitor in peanut 

(Arachis hypogaea). Subsequently the inhibitor was purified and partially characterized by Tixier 

(1968). He found that the inhibitor had a molecular weight of 18,000 daltons and inhibited 

trypsin, chymotrypsin and plasmin. Soon afterwards, Hochstrasser et ai. (1970) reported the 

isolation and characterization of two isoinhibitors from peanut, having MW 17,000 daltons which 

inhibited trypsin and chymotrypsin. Tur-Sinai et ai. (1972) also purified a trypsin and 

chymotrypsin inhibitor from peanut, with a molecular weight of 8,000 daltons. Amino acid 

composition showed a high cystine content, similar to that of BBI. They also found that the 

inhibitor formed a stable complex with trypsin and chymotrypsin at a molar ratio of 1: 1. 

Complete amino acid sequence of five peanut isoinhibitors were determined (Norioka and 

Ikenaka, 1983a,b). They found that four inhibitors have the same amino acid sequence except 

for those in their N-terminal region, suggesting that the four could have been derived from the 

original inhibitor but with longer N-terminal amino acid caused by proteolysis of its N-terminal. 

In contrast, the remaining inhibitor showed extremely different amino acid sequence from the 

other four, and they were thought to be synthesized by a different gene. Bowman-Birk type 

inhibitors have also been isolated, and sequenced from navy bean (Wagner and Riehm, 1967), 

cowpea (Borchers et ai., 1947) and mung bean; their amino acid sequence revealed high 

homology with the BBI type of soybean and lima bean (Chrispeels and Baumgartner, 1978; 

Wilson, 1980; Wilson and Chen, 1983). 

Mechanism of Action. Using a limited proteolysis with trypsin and chymotrypsin, 

in conjunction with chemical modification, Birk et ai. (1967) were the first to demonstrate the 

existence of two independent binding sites for trypsin and chymotrypsin in BBI. They also 

reported that trypsin reactive sites consist of Lys-Ser bond. Shortly afterwards, in a series of gel 
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filtration experiments on Sephadex G-75, Seidel and Liener (1972) isolated complexes of BBI 

with either trypsin and chymotrypsin and with both of these enzymes. Odani and Ikenaka (1972) 

in the process of amino acid sequencing confirmed the Birk et al. (1967) finding that the 

chymotrypsin inhibitory site of BBI was comprised of Leu-Ser, where trypsin inhibitory sites 

comprise of Lys-Ser bond, at residues 16-17 and 37-38 respectively. The sequence of amino 

acids surrounding these two reactive sites were similar. In a subsequent study by Odani and 

Ikenaka (1973b), taking advantage of the presence of one single methionine in BBI succeeded in 

separating the inhibitor into two active fragments using CNBr followed by pepsin digestion. 

Fragment 1 (Fl, 38 residues) was shown to inhibit trypsin but not chymotrypsin, and retained 

84 % of antitryptic activity of the intact protein, whereas fragment 2 (F2, 29 residues) inhibited 

chymotrypsin but had no effect on trypsin and retained only 16% of its antichymotryptic activity 

(Figure 2.4). In contrast to the unusual stability of the native inhibitor, the separated domains 

were less stable and were inat:tivated by excess proteinase and treatment with 0.1 M NaOH at 

room temperature (Odani and Ikenaka 1978). Similar to the BBI, chick pea inhibitor (Smirnoff 

et al., 1976), adzuki bean inhibitor 2 (Yoshikawa et al., 1980), mung bean inhibitor (Tan and 

Chi, 1982) and peanut inhibitor (Norioka and Ikenaka, 1984), have been cleaved into two 

fragments using CNBr cleavage and peptic or chymotryptic digestion. Decreases of inhibitory 

activities were observed in fragment 2 of chick pea inhibitor and fragment 2 of adzuki bean 

inhibitors. This indicated that the two regions of the double-headed inhibitors were not 

completely independent but interacted with each other to some extent to produce its strong 

inhibitory activity. In contrast, the inhibition of trypsin by the chick pea inhibitor fragment 1 was 

twice that of native inhibitor, suggesting that unmasking of another trypsin inhibitory site had 

probably occurred during the cleavage (Smirnoff et al., 1976). 
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Trypsin Inhibitor Chymotrypsin Inhibitor 

CP 

Figure 2.4: Fragmentation ofBowman-!Hrk inhibitor (BBI) into two fragments, trypsin 
inhibitor (F-l) and chymotrypsin inhibitor (F-2), by cyanogen bromide degradation and peptic 
digestion. Reproduced from Odani and Ikenaka (1978). 
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Trypsin Inhibitor Inactivation 

Heat Treatment 

Osborne and Mendel (1917) were first to report that heat treatment improved the 

nutritional value of soybean protein. Since then, heat treatment has been successfully used to 

reduce the level of proteinase inhibitor in many legume seeds. Heat inactivation of proteinase 

inhibitors in legumes seeds was found to be a function of several variables, such as particle size, 

temperature, moisture content and duration of heating (Rackis, 1965; 1966). Soybean has 

received most of the attention with respect to the effect of heat treatment on trypsin inhibitory 

activity, because of its importance as human and animal foodstuff. Smith et al. (1964) and 

Rackis (1965) studied the effect of atmospheric steaming (100°C) on trypsin inhibitor content of 

dehulled and defatted raw soybean flacks at two levels of moisture content, 5 and 19%. They 

found that 95 % of trypsin inhibitors were destroyed within 15 min, regardless of moisture 

contents. The effect of soaking and heat treatment on trypsin inhibitor content of dehusked split 

soybean, revealed that steaming for 60 min completely destroyed the inhibitor, while unsoaked 

dehusked spilt soy bean required 30 min autoclaving to obtain the same result (Krishnamurthy 

et al., 1958). Kapoor and Gupta (1978) have reported similar findings. They showed that 

autoclaving of soybean for 30 min or steaming for 60 min completely inactivated the inhibitor 

activity, whereas soaking for 8 h prior to steaming considerably reduced the time of inactivation 

to 15 min. Woodham and Dawson (1968) reported that dry heat at 125°C for 5 h or 140°C for 

2 h or 150°C for 1 h destroyed 90% of the inhibitory activity in peanut, whereas moist heat at 

100°C for 15 min was sufficient to destroy 100% of the inhibitory activity. Autoclaving (120°C 

for 30 min), extrusion cooking (152°C) or microwave radiation at 107°C for 30 min destroyed 

90% of the inhibitory activity in broad bean (Marquardt, Campbell and Ward, 1976). Kakade 
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and Evan (1965a) reported the destruction of 80% of trypsin inhibitor activity in navy bean by 

autoclaving for 5 min at 121°C. In contrast, only 10-50% of the inhibitory activity of cowpea 

was destroyed by autoclaving (120°C for 15 min) or toasting at 210°C for 30 min, suggesting 

that cowpea inhibitors were heat resistant. Studies by Collins and Beaty (1980) on the effect of 

boiling water treatment on inactivation of trypsin inhibitors in green soybean and their effect on 

rat weight gain, PER and pancreatic hypertrophy, revealed that boiling fresh green soybean for 

9 min completely destroyed the trypsin inhibitor, and resulted in an increase of weight gain and 

PER when compared with raw green soybean (unheated). Pancreatic hypertrophy occurred only 

in rats fed raw soybean. AI-Bakir, Sachde and Naum (1982) reported that heating soaked seeds 

of cultivators of broad bean, chick pea, black pea and black-eyed pea, lentil and mung bean at 

121°C for 30 min brought about complete inactivation of trypsin inhibitor activity. However, 

heating at 80°C for 30 min showed that chick pea retained 17% of its inhibitory activity while 

blacked-eye pea retained 94 %, suggesting that black-eyed pea trypsin inhibitor is more heat stable 

than chick pea. The effect of heating and germination on moth bean trypsin inhibitors revealed 

that application of dry heat did not inactivate the inhibitor, while autoclaving at 120°C for 30 min 

completely destroyed the inhibitor (Kadam et al., 1986). Ologhobo and Fetuga (1983) showed 

that pressure cooking of lima beans for 15 min completely eliminated trypsin inhibitor, while 

autoclaving at 105°C for 30 min resulted in 89% loss of trypsin inhibitor. The effect of 

microwave heating on trypsin inhibitor and lipoxygenase of winged bean showed that trypsin 

inhibitor and lipoxygenase in dry whole winged bean seed were completely inactivated after 

microwave heating for 5 and 3 min, respectively. Soaking the seeds, prior to microwave heating 

considerably reduced its time of inactivation (Esaka, Suzuki and Kubota, 1987). 
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In general, purified proteinase inhibitors show greater thermal stability than crude 

extracts. Ryan (1966) reported chymotrypsin inhibitor purified from potato was more heat-stable 

than in the intact potato. Ellenrieder, Geronazzo and De Bojarski (1980) demonstrated that the 

thermal stability fractions obtained by gel filtration were much greater than their aqueous 

suspension and extract. They suggested the presence of a proteinase substance that accelerates 

thermal inactivation of trypsin inhibitor in the extract. In a subsequent study, Ellenrieder, Blanco 

and Bondoni (1981) showed that inactivation of purified and the aqueous extract of soybean was 

accelerated by a substance separated from soybean by gel filtration. Similarly, in crude extracts 

of kintoki beans (Phaseolus vulgaris), 90% of TIA was lost after heating for lOOoe for 60 min, 

whereas the purified TI was heat stable (Tsukamoto, Miyoshi and Hamagushi, 1983a). Studies 

on the effect of heat treatment (100°C) on purified soybean Kunitz and BBI as compared to the 

extract have revealed that purified BBI was the most heat stable inhibitor and lost its inhibitory 

activity very slowly, while Kunitz inhibitor possessed intermediate stability. The soybean extract 

was the most heat unstable. However, they also demonstrated that in the soybean purified BBI 

was inactivated at a faster rate than purified Kunitz type when inhibitors were heated with a soy 

flour matrix (DiPietro and Liener, 1989). 

Different varieties of soybeans were found to differ in their trypsin inhibitor activity. 

Liener and Tomlison (1981) showed that trypsin inhibitor of a soybean line lacking Kunitz-type 

inhibitor was quickly destroyed by heat treatment, when compared to a standard variety of 

commercial soybean. Similar findings were reported in a more recent study by Friedman et al. 

(1991). They observed that steam heating (121°e for 20 min) of isoline soybean flour lacking 

Kunitz-type inhibitor completely destroyed the trypsin inhibitor activity, whereas the standard 

variety retained 20% of TIA. They also found that the raw soybean flour prepared from isoline 
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was nutritionally superior to raw flour prepared from the standard variety, as measured by protein 

efficiency ratio (PER) and pancreatic weight. This suggested that the increased PER was likely 

to be due to the lower levels of trypsin inhibitor activity (TIA) in isoline soybean. 

Effect of Acidic and Alkaline pH 

Obara and Watanabe (1971) investigated the thermal inactivation of five soybean 

inhibitor fractions (II, III, lVI, IV2 and V), isolated by ion exchange column, in acid and 

alkaline solution. They found that all five inhibitors were more quickly destroyed in an alkaline 

solution, but not in an acid solution. In acid solution, fraction V with moderate cystine identified 

Kunitz inhibitor lost its inhibitory activity most rapidly, while cystine-rich fractions IVI and IV2 

lost their inhibitory activity at an intermediate rate. Cystine-poor fractions II and III lost their 

inhibitory activity very slowly. Studies on the effects of acid and base additives during 

immersion cooking of dehulled soybean on inactivation of trypsin inhibitor, urease and 

lipoxygenase, showed that urease and lipoxygenase were completely inactivated by acid and base 

addition, while trypsin inhibitor inactivation was accelerated by base, and retained by acid 

addition (Baker and Mustakas, 1973). A recent study, by Kwok, Qin and Tsang (1993) reported 

similar findings. They observed a greater heat-lability of soy milk trypsin inhibitor at high pH 

(7.5) than at a lower pH (2.0), when soy milk was heated at 93°C, 121°C and 132°C. 

Few studies have dealt with the effect of variable heat treatment on trypsin inhibitor 

content of tepary bean. Kabbara et al. (1987) reported that about 90% of trypsin inhibitor of the 

tepary bean was destroyed by cooking either at 80°C for 180 min, or at 85 or 95°C for 150 min. 

They concluded that tepary bean inhibitors were heat labile under moderate conditions. Gonzales 

de Mejia et al. (1988) also found that boiling black and white tepary beans for 140 min destroyed 

99% of the inhibitor activity of teparies. The effect of autoclaving on the trypsin inhibitor 
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content of tepary bean flour and tepary bean concentrate (water soluble fraction), revealed that 

autoclaving 121°C for 20 min destroyed about 90% of TIA in tepary bean flour, whereas it was 

necessary to autoclave tepary concentrate for 40 min to obtain the same results (Idouraine et al., 

1992a). 

Gennination 

During germination the major storage protein in plant seeds are hydrolyzed to provide 

peptides and amino acids needed by the seedling unit until it become established as photosynthetic 

autotrophic. CoIlins and Sanders (1976) observed that during maturation, four soybean varieties 

had an increase in trypsin inhibitor activity. They also found that germination and soaking did 

not change the inhibitors' activity. In contrast to soybean, a 40-50% loss in trypsin inhibitor 

activity was observed with 18 cultivars of lima bean during germination for 6 days (Ologhobo 

and Fetuga, 1983). Sathe and Salunkhe (1981) reported similar findings in Great Northern beans. 

They found 63, 73.4 and 67.1 % loss in trypsin, chymotrypsin and amylase inhibitor activities, 

respectively, after five days of germination. The decrease in trypsin inhibitor activity during 

germination was also observed in garden bean (Wilson, 1980). The author attributed the decline 

to the proteolytic degradation of the inhibitor. 

Freed and Ryan (1978), using immunochemical techniques, showed that a new form 

of the Kunitz trypsin inhibitor which was distinct from that of other seeds appeared after five days 

during germination of soybean. In adzuki bean, inhibitor II undergoes limited proteolysis at N

terminal and was converted to inhibitor II- during germination (Yoshikawa et al. (1979b). Mung 

bean inhibitor was also found to undergone limited hydrolysis at N-terminal (Wilson and Chen, 

1983). These data suggested that this isoinhibitor was derived from an inhibitor having a longer 

N-terminal sequence by some proteinase in the seeds. In the most recent study, Papastoitsis and 
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Wilson (1991) reported the degradation of Kunitz and Bowman-Birk type inhibitors by protease 

A, a cystineendopeptidase that appear only during germination. 

Nutritional Significance of Proteinase Inhibitors 

Growth Depression 

Ever since Osborne and Mendel (1917) found that soybean would not support growth 

in rats, unless the beans were steamed for 3 h, this stimulated numerous studies using several 

animal species, have demonstrated that uncooked legumes depress growth rate. Everson and 

Heckert (1944) using rats, studied the nutritive value of several legumes both in raw state and 

after heating. They observed that rats which received raw kidney bean, navy bean or pinto beans 

lost weight and died within 3-4 weeks, while rats which received raw lima beans lost weight, but 

survived the experiment period (8 weeks). In addition, the nutritive value of all legumes was 

increased by heating. The discovery of heat labile trypsin inhibitor in soybean (Bowman, 1944; 

Ham and Sandstedt, 1944), had led to the suggestion that growth depression was a result of 

incomplete intestine proteolysis, which limited the availability of certain amino acids. 

The extent to which trypsin inhibitors from soybean were responsible for the growth 

depression was studied by Westfall, Bosshardt and Barnes (1948). They demonstrated that a 

concentrate of soy bean high in trypsin inhibitor activity, produced growth equivalent to that of 

soybean when fed a hydrolyzed casein. Moreover, they found that the nutritive value of soybean 

increased by treatment and destruction of trypsin inhibitor. They suggested that the poor growth 

promoting value of raw soybean was due to an inhibition of proteolytic enzyme in the intestine. 

Borchers and Ackerson (1950), in contrast, found no correlation between the effect of autoclaving 

on the nutritive value, and the presence or absence of trypsin inhibitor in raw legume seeds. 

Addition of methionine to raw unheated lima bean, pinto bean, English bean and southern pea 
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were shown to improve their growth rate compared to that of heated meal (Richarson, 1948). 

Similar findings were reported for raw soybean with high trypsin inhibitor content (Liener, Deuel 

and Fevold, 1949). 

In an attempt to establish a more direct relationship between the soybean trypsin 

inhibitor and growth depression, Gertler and his group (Birk and Gertler, 1961; Gertler, Birk and 

Bondi, 1967; Gertler and Nitsan, 1970) investigated the effect of adding BBI and Kunitz 

inhibitors to heated soybean meal. They demonstrated that the inhibitors depressed growth rate 

and reduced metabolized energy in rats and chicks. Subsequently, Rackis (1965) showed that the 

addition of 0.45% and 0.63% of purified Kunitz inhibitor to a casein diet reduced the weight gain 

and lowered protein efficiency, but not to the same extent as raw soybean with the same level of 

trypsin inhibitor activity. This indicated that not all of the growth inhibition of raw soybean 

could be attributed to trypsin inhibition. Conversely, a soybean fraction devoid of trypsin 

inhibitors depressed the growth of rats and chicks (Rackis et at., 1963; Saxena, Jensen and 

McGinnis, 1963). Schingoethe, Aust and Thomas (1970) and Schingoethe, Tidemann and Uckert 

(1974) successfully separated a compound that inhibited mouse growth, with a molecular weight 

less than 5,000 daltons. They found that the incorporation of these compounds in a mouse diet 

reduced the growth rate and feed efficiency without causing pancreas enlargement. They 

concluded that approximately 60% of the growth inhibiting effect of soybean was due to these 

low molecular weight compounds, while the remaining 40% was due to the high molecular 

weight compounds that contained trypsin inhibitor. In swine and guinea pigs, dietary soybean 

meal and trypsin inhibitor depressed growth but did not cause pancreatic hypertrophy (Yen, 

Jensen and Simon, 1977; Hasdai et at., 1989). 
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In recent studies Peace, Sarwar and Touchburn (1991) and Peace et al. (1992) found 

that supplementation of soybean trypsin inhibitor with DL-ethionine (methionine antagonist) 

decreased weight gain, feed efficiency and protein digestibility in rats, while addition of 

methionine to diets containing either trypsin inhibitor or ethionine improved the growth and feed 

efficiency. Anderson-Hafermann et al. (1992) recently showed the growth performance of chicks 

fed raw soybean line lacking Kunitz trypsin inhibitor which contain 40 % to 50 % less total TIA 

was superior to that of conventional soybean. 

Long-term feeding of soy flour, soy and potato trypsin inhibitor (TI) concentrates 

showed that in both rats and mice, soy TI significantly depressed the nutritive quality of the diet 

(PER) and body weight (Liener et al., 1985; Gumbmann et al., 1989). They also found that 

weight gain was inversely related to TI content in low protein content (10%) diets. Increasing 

protein content from 10% to 20% improved the nutritional quality of the diet in terms of body 

weight gain in mice and rats. 

Studies by Klose, Hill and Fevold (1946) and Klose et al. (1949) demonstrated that 

purified trypsin inhibitor from lima beans depressed the growth rate of rats when it was added 

to their diets. They also showed that addition of methionine reversed the growth depression. 

Partially purified TI from navy bean was found to inhibit growth when fed to chicks and rats 

(Kakade and Evan, 1965b). Jaffe and Lette (1968) reported that rats receiving black and kidney 

bean protein fraction devoid of lectin and with low TIA content, were also inhibited in their 

growth. Studies on peanut trypsin inhibitor revealed that the inhibitor depressed the growth and 

caused pancreatic hypertrophy of rats (Kwann, Kok and Astrup, 1968). Supplementation of 

casein diets with a crude potato trypsin inhibitor produced severe growth depression in chicks 

(Ryan and Haas, 1981). Yeh (1983) reported similar results with pigs. He found that feeding 
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sweet-potato roots to pigs reduced the growth rate and lowered protein efficiency rate without 

causing pancreatic hypertrophy. Chan and de Lumen (1982) have shown that incorporation of 

winged bean trypsin inhibitor into the diet of rats caused pancreas and spleen hypertrophy and 

a slight growth inhibition. On the other hand, purified trypsin inhibitor from the double bean and 

the field bean had no effect on growth of chicks (Wilson, McNab and Bentley, 1972). Abbey, 

Norton and Neale (1979) reported similar findings. They observed that feeding rats field bean 

TI did not inhibit growth, but caused pancreatic hypertrophy. Mitchell et al. (1976) reported that 

trypsin inhibitor from opaque-2 corn did not cause growth depression or pancreatic hypertrophy 

in rats when added to casein diets. 

The toxic property of tepary bean was first observed by de Muelenaere (1964). He 

found that ingestion or intraperitoneal injection of raw tepary bean was toxic and resulted in 

decreased food consumption in rats. Subsequently, Gonzales-Garza, Sousa and Sotelo (1982), 

Grant et al. (1983) and Scheerens et al. (1983) reported that feeding rats or mice diets with raw 

tepary bean or a tepary isolate resulted in great weight loss and negative protein efficiency 

rations, leading to their death within a week. Studies on intragastric administration of crude 

saline tepary extract into rats, revealed wide spread destruction of microvilli of the absorptive 

intestinal cell (Sotelo et al., 1983). They attributed the toxicity and deleterious effect of raw 

tepary bean to lectins. Soaking and cooking of tepary beans for 140 min was found to support 

growth of rats with PER similar to that of common legumes (Gonzales de Mejia et al., 1988). 

Idouraine et al. (1992a) reported similar findings. They found that raw and autoclaved tepary 

bean flour (20 min) caused the death of mice, while soaking and cooking for 20 min supported 

the growth and improved protein digestibility. They suggested that a trypsin inhibitor may play 

a more important role in the toxicity than the heat-labile lectin in heat-processed tepary bean. 
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Pancreatic Hypertrophy 

Enlargement of the pancreas in chicks fed raw soybean was first reported by Chernick, 

Lepkovsky and Chaikoff (1948). They reported that chicks had enlarged pancreas containing 

exceptionally high concentrations of trypsinogen. Supplementation with methionine corrected the 

growth defect but failed to prevent the hypertrophy of the pancreas. Subsequent studies by 

Lyman and Lepkovsky, (1957) showed that rats fed heated soybean diets supplemented with a 

trypsin inhibitor concentrates resulted in enlarged pancreas. Booth et al. (1960) reported similar 

findings. They observed that feeding rats raw soybean meal as the sole protein source resulted 

in pancreatic hypertrophy, poor growth and lower food efficiency. Addition of methionine, 

tryptophan, valine and threonine to the raw soybean corrected the poor growth and increased food 

efficiency, but did not prevent pancreatic hypertrophy. Since that time, this observation have 

bean repeatedly confirmed in chicks (Gertler and Nitsan, 1970; Nitsan and Madar, 1978) and in 

rats (Rackis, 1965; Crass and Morgan, 1982; Liener et al., 1985; Gumbmann et al., 1989). 

Addition of partially purified soy or potato trypsin inhibitors to a mouse diet also caused pancreas 

enlargement and growth inhibition (Schingoethe et at., 1970; Gumbmann et al., 1989). 

However, pancreatic hypertrophy has not been observed in other species of animals fed raw 

soybean including guinea pigs (Patten, Patten and Pope, 1973), dogs (Patten, Richards and 

Wheeler, 1971), growing swine (Yen et at., 1977) and calves (Kakade et al., 1976). These 

differences among species led Kakade et at. (1976) to postulate a relationship between the size 

of the pancreas and its hypertrophic response to raw soybean. They suggested that the pancreas 

of the species where the pancreatic weight exceeded 0.3 % of body weight would becomes 

hypertrophic, while those where the weight was below this value would not respond to the 

hypertrophic effect of trypsin inhibition. 
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The most direct proof of the role of trypsin inhibition in causing pancreatic 

hypertrophy came from a series of studies by Lyman and his group (Haines and Lyman, 1961; 

Lyman, 1957; Lyman and Lepovsky, 1957; Lyman, Wilcox and Monsen, 1962; Lyman, Olds 

and Green, 1974). They observed that rats fed heated soybean supplemented with soybean and 

egg white trypsin inhibitor exhibited enlarged pancreas. Raclds (1965) reported similarly that the 

addition of 0.45 % and 0.63 % soybean crystalline trypsin inhibitor to 10% and 14 % casein diets 

enlarged the pancreas of rats. Subsequently Gertler et at. (1967) showed that ingestion of heated 

soybean diets supplemented with soybean Bowman-Birk inhibitor (BBI) resulted in significant 

enlargement of the pancreas and a slight growth depression in chicks and rats. 

In an attempt to establish a more direct relationship between soybean trypsin inhibitors 

and pancreatic hypertrophy, Madar (1979) investigated the effect of feeding heated soybean 

supplemented with a modified Bowman-Birk inhibitor. Modification affected mainly and 

selectively the inhibitory activity against trypsin but not chymotrypsin. They found that the 

ingestion of a modified BBI did not cause pancreatic hypertrophy, indicating that the trypsin 

inhibitory site and not the chymotrypsin inhibitory site of the inhibitor was involved in the 

enlargement of the pancreas. They also observed that the absorption of the native inhibitor was 

negligible, while most of the inhibitor was degraded during its passage through the small 

intestine. The majority of degraded products were excreted in the feces. Oral administration of 

just 2.0 mg Kunitz soybean inhibitors per gram body weight greatly enhanced the synthesis of 

nucleus acids and proteins in the rats' pancreas (Melmed, El-Aaser and Holt, 1976). On the 

other hand, Kakade, Hoffa and Liener (1973) reported that feeding rats a crude soybean extract 

from which trypsin inhibitors have been removed selectively by trypsin affinity chromatography, 

did enlarged the pancreas and inhibited growth. They concluded that trypsin inhibitor accounted 
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for 40 % of pancreatic hypertrophy and growth inhibition from the original extract while the 

remaining 60% of the raw soybean accounted for the undigested protein. Many investigators 

reported that long term (2 years) feeding rats and mice diets containing soybean trypsin inhibitors 

produced pancreatic hypertrophy, with subsequent increasing development of hyperplastic and 

adenomatous pancreatic nodules and ultimate malignancy in the pancreas (McGuiness et ai., 

1980; Liener et ai., 1985; Gumbmann et ai., 1989). 

Pancreatic Enzyme Secretion 

Almquist and Merritt (1951; 1953) were the first to report the impairment of intestinal 

proteolysis caused by the trypsin inhibitor present in raw soybean meal in young chicks. Shortly 

afterward, Lyman (Lyman, 1957; Lyman and Lepovsky, 1957; Lyman et ai., 1962; 1974) 

showed that feeding rats a purified soy trypsin inhibitor and lima bean inhibitor stimulated the 

secretion of high levels of pancreatic protease, lipase and amylase into the small intestine. They 

suggested that the growth depression produced in the rats by the inhibitor resulted from a 

combination of restricted food intake and of trypsin inhibitor, which did not act by inhibiting 

proteins hydrolysis, but by stimulating the pancreas to secrete a large quantity of enzyme proteins 

which were lost in the feces. The loss of methionine and cystine in this fashion is partially acute 

because of soybean deficiency in sulfur containing amino acids. Gertler and Nitsan (1970) 

showed that chicks fed a heated soybean diet supplemented with trypsin inhibitor increased the 

production of trypsin and pancreatopeptidase, but not amylase. Methionine supplementation of 

both raw soybean and heated soybean was shown to increase the production of amylase 

(Lepkovsky et ai., 1966; Nitsan and Gertler, 1972). Schneeman et al. (1977) showed that 

intragastric infusion of protein or trypsin inhibitor strongly stimulated secretion of pancreatic 

enzymes. In contrast to rats and chicks, feeding raw soybean to growing swine caused a decrease 
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in pancreatic trypsin and chymotrypsin activity (Yen et al., 1977). A study by Abbey et al. 

(1979) indicated that rats fed basic diets supplemented with field bean trypsin inhibitor had 

decreased pancreatic trypsin and chymotrypsin levels; whereas the intestinal concentration of 

trypsin and chymotrypsin increased. This was similar to the effects of raw field bean. The short

term exposure of mice to raw soybean has been shown to stimulate pancreatic enzymes synthesis 

and secretion (Roy and Schneeman, 1981). Liener et al. (1985) demonstrated that feeding of 

trypsin inhibitor to rats increased the secretory activity of the pancreas as measured by trypsin 

levels found in the pancreas and intestine. A recent study by Holm, Jorgensen and Hanssen 

(1991) showed that tube feeding raw soybean and a purified inhibitor into rats induced the 

appearance of an inhibitor resistant trypsin and chymotrypsin in duodenal juice. 

Krogdahl and Holm (1979) studied the effects of crude and purified soybean inhibitors 

on the human pancreas. They found that the inhibitor completely inhibited both trypsin and 

chymotrypsin activities, however, 40% to 50% of total proteolytic activity still remained. 

Infusion of soybean meal with high and low proteinase inhibitors into the human duodenum 

caused a complete inhibition of chymotrypsin, and reduced total proteolytic activity, similar to 

in vitro studies, where the tryptic activity increased without increasing cholecystokinin (CCK) 

(Holm, Krogdahl and Hanssen, 1988a). Further investigations by the same group (Holm et al., 

1988b) using an ill vitro study showed that the increase of tryptic activity after intraduodenum 

infusion was due to inhibitor resistance trypsin and not due to the inactivation of the inhibitor 

found in raw soybean. Subsequent studies by Alder et al. (1988) demonstrated that the 

instillation of proteinase inhibitors "camonsate" in the human duodenum resulted in 90 - 99% 

inhibition of trypsin and chymotrypsin and stimulated pancreatic secretions without increase in 

CCK in plasma. Similar findings were reported by Liener et al. (1988). They showed that 
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duodenal instillation of BBI and raw soybean stimulated pancreatic excretion of proteinase and 

amylase. In a recent study, Holm et al. (1992) reported that instillation of raw soybean into 

human duodenum stimulated the secretion of trypsin and chymotrypsin but not amylase. 

Negative Feedback Inhibition Mechanism. The mechanism whereby trypsin inhibitor 

stimulates pancreatic enzyme secretion and causes pancreatic enlargement is not fully understood. 

Lyman and his group, in series of studies (Kbayambashi and Lyman, 1966; Green and Lyman, 

1972; Green et al., 1973; Schneeman and Lyman, 1975; Schneeman et al., 1977) investigated 

the factors involved in intestinal stimulation of pancreatic enzyme secretion in rats. Using 

interduodenal infusion into the rats, these investigators showed that the removal of bile-pancreatic 

juice as well as the intra-intestinal infusion of trypsin inhibitors or protein, stimulated pancreatic 

enzyme secretion, while protein hydrolysate was not an effective stimulant. Infusion of trypsin 

or chymotrypsin as well as bile-pancreatic juice suppressed pancreatic enzyme secretion. Infusion 

of trypsin inhibitors in the presence of trypsin in the intestine also increased pancreatic enzyme 

secretion. Similarly, injection of cholecystokinin-pancreozymin (CCK-PZ) evoked marked 

response from the pancreas. They concluded that the rat pancreatic enzymes were subject to 

feedback inhibition from trypsin and chymotrypsin in the course of protein digestion. The trypsin 

inhibitors did stimulate the pancreatic enzyme by binding to the proteolytic enzyme, which 

effectively removed the proteolytic enzyme from the intestine, thereby releasing CCK from its 

binding site in the intestinal mucosa. The release of CCK triggers a chain of events leading to 

increased enzyme secretion, protein synthesis and eventually to pancreatic hypertrophy, 

hyperplasia and neoplastic chain (Yanatori and Fujita, 1976). The release of CCK was inhibited 

by free trypsin (Wilson et al., 1978). In a most recent study, Holm et al. (1992) reported that 

the pancreatic feedback inhibition does exist in humans but was not regulated by CCK. 
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PURIFICATION AND CHARACTERIZATION OF PROTEINASE INlllBITOR 

FROM TEPARY BEAN (pHASEOLUS ACUTIFOLIUS) 

Abstract 
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A proteinase inhibitor which inhibits trypsin and chymotrypsin was isolated from 

tepary bean (Phaseo/us acutifolius) by using ion exchange chromatography, hydrophobic 

chromatography and gel filtration. The inhibitor has a molecular weight of 17,800 daltons as 

measured by gel filtration and SDS-polyacrylamide electrophoresis. The amino acid composition 

revealed high content of aspartic acid, glutamic acid and serine. The N-terminal 16 amino acid 

sequence of the inhibitor exhibited strong homology to double-headed proteinase inhibitor 

(Bowman-Birk inhibitor) of mung bean inhibitor (MBI-F) and lima bean (LBI-IV). Stoichiometry 

of the reactions between the inhibitor and the enzymes showed that the inhibitor reacted with 

trypsin and chymotrypsin in a 1: 1 molar ratio. Chemical modification of free amino group of 

the inhibitor with 2,4,6-trinitrobenzene sulfonate led to 50% loss of the antitryptic activity but 

had no effect on the antichymotryptic activity. The results of chemical modifications seem to 

support the presence of two distinct reactive sites, one reactive site for trypsin and another one 

for chymotrypsin. 

Introduction 

Proteinase inhibitors are common in animal tissues, microorganisms and plants. 

Leguminous seeds, in particular are rich sources of proteinase inhibitor, some of which has been 

isolated and their chemical, physiological and inhibitory properties have been studied (Liener and 

Kakade, 1980). Proteinase inhibitor from legumes can be generally grouped into two families: 
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Kunitz family and Bowman-Birk inhibitor (Laskowski and Kato, 1980). Kunitz inhibitors are 

relatively high in molecular weight (above 20,000 daltons), consist of 181 amino acid residues 

including two disulfide bonds and have only one reactive site specific for trypsin (Koide and 

Ikenaka, 1973), where Bowman-Birk inhibitors are characterized as double-headed that inhibit 

two serine proteinase simultaneously trypsin and chymotrypsin, with low molecular weight (8,000 

daltons), it consist of 71 amino residues including seven disulfide bonds (Odani and Ikenaka, 

1972). 

Tepary bean is a drought adapted legume of southwestern region of the United States 

and northern Mexico where it has been used in Native American diets for centuries (Nabhan and 

Feleger, 1978). The nutrient composition of tepary bean indicates that it is a good source of 

proteins, carbohydrates, minerals and vitamins (Scheerens et al., 1983). Tepary bean has been 

reported to be unique in its ability to resist drought, heat and its potentiality to adapt to the 

environments that are inhospitable to conventional legume crops (Freeman, 1913). Adoption of 

this crop to semi-arid lands ill cleveloping countries in Asia and Africa would provide an excellent 

source of low cost, high quality protein for human consumption. 

However, like other legumes, tepary bean contains proteinase inhibitors. The presence 

of proteinase inhibitor in tepary bean was first reported by DeMuelenaene (1964) and later by 

Thorn et al. (1983). Initial isolation of tepary bean trypsin inhibitor was carried out by Gonzales

Garza et al. (1982), who reported that the inhibitor was essentially a trypsin inhibitor with 

molecular weight of 17,500 daltons, but no further investigations were carried out to compare 

it with known proteinase inllibitor with respect of amino acid composition, inhibitory studies, or 

N-terminal amino acid residue. Therefore characterization of tepary bean proteinase inhibitor 
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should help in providing information for comparative studies. The present paper describes the 

isolation and characterization of proteinase inhibitor of tepary bean. 

Materials and Methods 

Materials 

Tepary bean (Phaseo/us acutifolius) was obtained from a commercial producer CN. D. 

Hood, Coolidge, AZ) and stored at 4°C until used. Beans were ground in hammer mill to pass 

through a 30 mesh screen size. Bovine pancreas trypsin (Ee 3.4 21.4), bovine pancreas 

chymotrypsin (E.C.3,4 21.1), pepsin, synthetic substrate, N-glutaryl-L-phenylalanine-p

nitroanilide (GPNA) and a-N-benzoyl-DL-arginine-p-nitroanilide (BAPNA), CM cellulose, gel 

permeation molecular weight marker and SDS-PAGE molecular weight marker were purchased 

from Sigma Chemical Co. (St. Louis, MO), DEAE A25 Sephadex phenyl sepharose, G-75 

superfine Sephadex, and CNBr-activated sepharose 4B were purchased from Pharmacia Fine 

Chemicals (Uppsalai, Sweden). 

Methods 

Detennination of Inhibitory Activity. The activity of trypsin and chymotrypsin 

inhibitors was determined by the method of Erlanger, Edel and Cooper (1961) and Erlanger, 

Kokowsky and Cohen (1966), using a-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 dilution inhibitor in 0.05 M Tris-HCl pH 8.0 

containing 0.02 M CaClz was added and the mixture incubated for 5 min at 37°C. The 

remaining enzyme activity was measured spectrophotometrically with the synthetic substrate. The 

inhibitor activity was expressed as percent of inhibitor (I) for the control assay using the equation 
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1(%) = (T-TO x 100)/T 

where TO and T are the activities of proteinase with and without the inhibitor respectively. 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. 

Detennination of Protein Concentration. Protein concentrations were determined 

using the bicinchoninic acid method (BCA) (Smith et al., 1985) using bovine serum albumin as 

the standard. 

Polyacrylamide Gel Electrophoresis. Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis was performed according to the method Laemmli (1970) with the following 

modifications: 15% acrylamide separating gel and 4% acrylamide staking gel was used for all 

the work. Protein samples for gel electrophoresis were prepared by boiling in 0.05 M Tris-HCI 

buffer (PH 6.8) containing 1 % SDS, 30% glycerol, 2% .B-mercaptoethanol and 0.01 % 

bromophenol blue as tracking dye. The samples were loaded on the gels and subjected to 

electrophoresis. Following electrophoresis the gels were stained for 1 h in 0.25% Coomassie 

brilliant blue R-250 in 10% acetic acid and 50% methanol and destained in 7.5% acetic acid and 

5 % methanol. 

Detennination of Isoelectric Point. The isoelectric point of the inhibitor was 

determined by electrofocussing on 10% polyacrylamide gels (10 X 8 cm; 1.5 mm thick) in the 

presence of 2% ampholyte (pH 3-10) as described by O'Farrell (1975). Approximately 15 f.Lg 

of the inhibitor was electro focussed at 500 V overnight. Following electrofocussing, parts of the 

gels were sliced into 5 mm section, and pH was determined after diffusion of ampholyte into 2 

ml of 0.1 KCI. 
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Amino Acid Analysis. Inhibitor samples were hydrolyzed at 110°C with 6 N HCI for 

20 h in sealed evacuated tubes. The hydrolysate was analyzed on a Beckman Model 121 M 

amino acid analyzer. Cystine and cysteine were determined as cysteic acid by performic acid 

oxidation (Hirs, 1967). 

Amino-Tenninal Sequencing. Amino-terminal sequencing was performed on affinity 

chromatography protein purified by using gas phase protein sequencer (Applied Bio-System 

470A). 

Estimation of Molecular Weight. The molecular weight of the inhibitor was 

estimated by the high performance gel filtration method using Pharmacia superose 12 column (60 

X 1.5 cm) equilibrated in a buffer consisting of 0.02 M Tris-HCI (PH 7.5), 0.001 M EDTA, 

0.001 M NaN3, and 0.1 M NaCl. The column was calibrated by reduced and S

carboxymethylated standard proteins: bovine serum albumin (MW 66,000 daltons) carbonic 

anhydrase (MW 29,000 daltons), cytochrome C (MW 12,000 daltons) and aprotinin (MW 500 

daltons). 

The molecular weight was also determined using 15 % polyacrylamide gels containing 

SDS. Bovine serum albumin (MW 66,000 daltons), egg albumin (MW 45,000 daltons), pepsin 

(MW 34,000 daltons), trypsinogen (MW 24,000 daltons), lactoglobulin (MW 18,400 daltons) and 

lysozyme (MW 14,300 daltons) were used as molecular weight markers. 

Effect of Varying Substrate Concentration. Increasing concentration of buffered 

substrate a-N-benzoyl-arginine p-nitroanilide and N-glutaryl-L-phenylalanine-p-nitroanilide were 

measured in cuvettes containing aliquots of inhibitor and enzymes (20 p.g). Lineweaver-Birk plot 

were drawn for both and conclusions drawn about the type of inhibition. 



59 

Detennination of Dissociation Constant <Kd). The approximate Kd value of the 

inhibitor enzyme complex was determined by the Dixon method (1960) using two different 

substrate concentrations SI and S2 and varied concentrations of the inhibitor. 

pH and Temperature Stability. The effect of pH on the stability at 25°C was 

evaluated by incubation of purified inhibitor for 24 h in 0.05 M buffer solutions ranging in pH 

from 2-12 (pH 2 HCIINaCI; 4.0 acetate; 6.0 citrate, 8.0 Tris-HCI, 10 and 12 glycine/NaOH). 

The effect of pH at 100°C was also evaluated after incubation of the inhibitor for 20 

min in 0.05 M acetate, pH 3; 0.05 M Tris-HCl, pH 7; and 0.05 M glycine/NaOH, pH 11.0. 

Chemical Modification of Arginine Residues. Arginine residues in the inhibitor were 

modified according to the method of Pathy and Smith (1975) and Chaplin (1976) using 

1,2-cyclohexanedione (CHD) and ninhydrin respectively. The inhibitor (2 mg) was dissolved in 

4.5 rnl of 0.2 M borate buffer (PH 9.0) and treated with 0.5 rnl of 5% (yI/V) CHD in distilled 

water or 0.7 rnl (1.8%) ninhydrin. After various periods of incubation at 37°C in the dark, 50 

JLI samples were withdrawn and assayed for residual inhibitory activities against trypsin and 

chymotrypsin. 

Chemical Modification of Free Amino Residues. Amino groups were modified 

according to the method of Plapp, Moore and Stein (1971) with 2,4,6-trinitrobenzene sulfonate 

(TNBS). A 0.3 ml sample of 0.8% TNBS in distilled water was added to 3.0 rnl of 0.05 M 

borate buffer (PH 9.5) containing 1.5 mg inhibitor. After various periods of incubation at 25°C 

in the dark 50 III aliquots of the reaction mixture were withdrawn and assayed for residual trypsin 

and chymotrypsin activities. 

Chemical Modification of Disulfide Groups. The disulfide groups of the inhibitors 

were modified according to Cleland's (1963) method with 0.1 M dithiothreitol (DTT). The 
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inhibitor (0.78 mg) in 3 ml of 0.05 M Tris-HCl pH 7.0 was allowed to react with 0.1 M DTT 

under N2• After various periods of incubation at 25°C in the dark, aliquots were withdrawn and 

assayed for residual inhibitory activities against trypsin and chymotrypsin. The disulfide groups 

of the inhibitor were also modified according to the Anfinsen and Haber (1961) method with 8 

M urea and 2-mercaptoethanol. 

Extraction and Purification 

All fractionation procedures were carried out at room temperature. A 200 g sample 

of finely ground tepary bean was homogenized with 2.0 L of 0.05 M Tris-HCl buffer containing 

0.001 M EDTA, 0.001 M NaN3 and 0.5 M NaCI (pH 7.0). The suspension was stirred gently 

over night, and then centrifuged at 11,000 g for 15 min. The supernatant was combined and 

filtered through glass wool in order to remove the fat and any suspended particulate matter in the 

extract. The crude extract fractions were heated in boiling water bath until its temperature 

reached 80°C for 10 min, they were then removed and immediately placed in an ice bath. After 

cooling in ice, the heated samples were centrifuged at 11,000 g for 20 min to remove the 

coagulated protein. To the supernatant, solid ammonium sulfate was added to give 70% 

saturation and the content were stirred for 2 h before recovering the precipitated proteins. The 

precipitate collected by centrifugation was redissolved in 100 ml of Tris-HCl (pH 7.0) and 

dialyzed for 2 days against deionized distilled water (dd HP) at 4°C. The dialysate was clarified 

by centrifugation at 11,000 g for 30 min. 
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Ion Exchange Chromatography 

After centrifugation the dialysate was made into 0.05 M Tris-HCI (pH 7.0) and 

subjected to purification on DEAE Sephadex A25 column (2.6 x 25 cm) equilibrated with 0.05 

M Tris-HCl. After loading the sample eluted with 500 ml of a 0-0.4 M NaCI gradient in the 

same buffer. This resin separated the proteinase inhibitor which eluted between 0.125 and 0.25 

M from the extract proteins (Figure 3.1). lethe crude proteinase inhibitor dialysate contained 

traces of ammonium sulfate or if the DEAE Sephadex column is over loaded, the proteinase 

inhibitor passed directly through the column with the solvent front and very little purification was 

achieved. The inhibitor fraction was dialyzed against water overnight at 4°C. 

Hydrophobic chromatography 

The dialyzed trypsin inhibitor fraction (504.6 mg) was made to 1.2 M (16% saturation) 

ammonium sulfate by adding solid ammonium sulfate and was loaded onto phenyl-sepharose 

column (2.6 x 20 cm), equilibrated with 0.05 M Tris-HCl (pH 7.0), 1 ml M EDTA (16% 

saturation), 1.2 M ammonium sulfate. The sample eluted with 500 ml of a 1.2 - 0.0 M 

ammonium sulfate gradient in 50 ml M Tris-HCl, pH 7.5, 1 ml M EDTA. Most of trypsin 

inhibitor eluted offphenyl-sepharose between 0.2 and 0.0 M ammonium sulfate, although a small 

amount of trypsin inhibitor eluted when the column was flushed with H20 (Figure 3.2). 

Ion Exchange Chromatography 

The active fractions of phenyl sepharose were pooled, dialyzed against dd H20 at 4°C 

and concentrated with Amicon stirred cell using a YM-lO membrane. The concentrated (25.0 

ml) was made 0.005 M in sodium acetate pH 4.0 and applied to a CM-cellulose (2.6 x 18 cm) 

equilibrated with the same buffer. Elution was conducted by linear gradient of NaCI 
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Figure 3.1: Elution profile of crude inhibitor fraction from DEAE-Sephadex A25 
column. 3.224 g protein were loaded in 310 ml of 50 mM Tris-HCl pH 7.5, 1 mM EDTA and 
1 mM NaN3 onto a 2.6 X 30 cm DEAE-Sephadex A25 column and eluted with 1000 ml of a 0 -
400 mM NaCI gradient in the same buffer. Flow rate was 66 ml/h. Fractions were collected 

every 10 min. (-- Absorbance at 280 nm; -- gradient; .... inhibitor activity) 
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Figure 3.2: Elution profile of DEAE-Sephadex A25 purified crude inhibitor from 
phenyl sepharose column. 504.6 mg protein were loaded in 190 ml of 50 mM Tris-HCl pH 7.5, 
1 mM EDT A, 1 mM NaN3 and 1.2 M ammonium sulfate onto a 2.6 X 20 cm phenyl sepharose 
column and eluted with 800 ml of a 1.2 - 0 M ammonium sulfate gradient in the S~lle buffer. 
Flow rate was 45 ml/h. Fractions were collected every 15 min. (-- Absorbance at 280 run; 
-- gradient; •••• inhibitor activity) 
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concentration from 0.0-0.3 M in acetate buffer (total volume 600 ml) at flow rate of 40 mI/h. 

Most of the proteinase inhibitor activity eluted in a major peak off the column (Figure 3.3). The 

inhibitor fractions were collected and dialyzed against dd H20 and concentrated. 

Gel Filtration Chromatography 

The concentrated samples were loaded onto a G-75 column (1.6 x 95 cm) previously 

equilibrated with 50 mI M Tris-HCI (PH 7) containing 0.5 M NaCI at flow rate of 10 mI/h. 

Elution was performed with the same buffer and fractions of 2 ml were collected. A single 

symmetrical peak with constant specific activity was obtained (Figure 3.4). The active fraction 

was, pooled, dialyzed and then lyophilized. The lyophilized sample is designated as purified 

tepary bean proteinase inhibitor. Summary of the purification steps is shown in Table 3.1. 

Molecular Properties 

Physical evidence for homogeneity of the inhibitor was done by polyacrylamide gel 

electrophoresis in the present and absence of sodium dodecyl sulfate (SDS). The purified 

inhibitor exhibited single protein band on SDS-polyacrylamide gel under both reducing and 

nonreducing conditions (Figure 3.5). Isoelectric focusing on polyacrylamide gels revealed the 

inhibitor with an observed pI of 4.68. 

Amino Acid Composition 

The amino acid composition of the inhibitor is shown in Table 3.2. Tepary bean 

inhibitor was rich in aspartic acid, glutamic acid and serine residues, which together account for 

more than 40% of amino acid content. The inhibitor contained ten half cystine; the half cystine 

residues are more likely to be present as disulfide because no free sulfhydryl group was present. 
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Figure 3.3: Elution profile of phenyl sepharose purified inhibitor from CM-cellulose 
column. 152 mg protein were loaded in 130 ml of 5 mM sodium acetate pH 4.0, 1 mM EDT A 
and 1 mM NaN3 onto a 2.6 X 25 cm CM-cellulose colunm and eluted with 700 ml of a 0 - 300 
mM NaCI gradient in the same buffer. Flow rate was 40 ml/h. Fractions were collected every 
15 min. (-- Absorbance at 280 nm; -- gradient; .... inhibitor activity) 
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Figure 3.4: Elution profile of purified trypsin inhibitor from Sephadex G-75 gel 
filtration column. 112.5 mg protein were loaded in 15 ml of 50 mM Tris-HCI pH 7.5, 1 mM 
EDTA and 1 mM NaN3 onto a 1.6 X 95 cm Sephadex G-75 gel filtration column and eluted with 
the same buffer. Flow rate was 10 ml/h. Fractions were collected every 20 min. (-
Absorbance at 280 nm; •••• inhibitor activity) 
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Table 3.1: Summary of the purification of the proteinase inhibitor from tepary bean. 

Specific 
Total activity activity 

Total protein (units x 103
) (units/mg Yield 

Fraction (mg x 103) protein) (%) 

Crude extract 19.7 656.0 33.3 100 

Heat treatment 16.9 598.0 35.4 91.2 

(NH4h S04 fraction 3.22 423.2 131.4 64.5 

DEAE Sephadex 0.504 145.2 288.1 22.1 

Phenyl sepbarose 0.152 54.8 360.5 8.4 

CM cellulose 0.112 45.0 401.8 6.9 

G-75 Sepbadex 0.047 28.0 565.7 4.3 
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Figure 3.5: Polyacrylamide gel electrophoresis (PAGE; Panel A) and SDS
polyacrylamide gel electrophoresis (SDS-PAGE; Panel B) of purified tepary bean proteinase 
inhibitor (TBPI). Lanes 1 and 5 are MW standards (from top to bottom): bovine serum albumin 
(BSA), ovalbumin, trypsinogen, lactoglobulin and lysozyme. Lanes 2, 3 and 4 are tepary bean 
inhibitor. 



Table 3.2: Amino acid composition of proteinase inhibitor 
from tepary bean (Phaseo/us acutifolius). 

Amino acid Residues/molecule 

Aspartic acid 17.0 

Threonine 06.0 

Serine 17.0 

Glutamic acid 10.0 

Proline 08.0 

Glycine 07.0 

Alanine 07.0 

Half-cystine 12.0 

Valine 02.0 

Methionine 00.0 

Isoleucine 04.0 

Leucine 03.0 

Tyrosine 01.0 

Phenylalanine 02.0 

Histidine 05.0 

Lysine 04.0 

Arginine 05.0 

69 
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No methionine residue was detected in the amino acid analysis. The molecular weight calculated 

from amino acid composition is 10,600 daltons. 

N-Terminal Amino Acid Residues and Sequence 

N-terminal determination was carried out on native trypsin bean inhibitor. The results 

showed that serine was at the N-terminal. The N-terminal sequencing was carried out on the 

inhibitor to 16 cycles. The sequence of 16 amino acid residues compared with that other 

inhibitors from Bowman-Birk and Kunitz inhibitor families is shown in Figure 3.6. The N

terminal sequence of tepary bean inhibitor shows high homology to several inhibitors from the 

Bowman-Birk inhibitor family, such as lima bean and mung bean, indicating that the inhibitor 

from tepary bean belong to the Bowman-Birk inhibitor family. 

Molecular Weight 

The molecular weight of the purified inhibitor was estimated by gel filtration on a 

calibrated column of superose 12 and it was found approximately to be 17,800 daltons (Figure 

3.7). This value is in good agreement with 17,250 daltons determined by SDS-PAGE (Figure 

3.5), and with 17,500 daltons reported by Gonzales-Garza et al. (1982), but its ~igher than the 

molecular weight calculated from the amino acid composition (10,000 daltons). 

Kinetic Studies 

Tepary proteinase inhibitor inhibited trypsin competitively whereas inhibition for 

chymotrypsin was noncompetitive (Figures 3.8 and 3.9). From Dixon plots, Kl values for 

trypsin and chymotrypsin for tepary bean inhibitors were calculated to 2.8 X 10.7 and 6.8 X 10-8, 

respectively. 



BBI Asp Asp Gl uSer Ser Lys Pro Cys Cys Asp Gl n Cys Ala Cys Thr Lys 
GB2 Asx Hi s Asx Gl x Hi s Ser Ser Asx Gl x Pro Ser Gl x Ser Ser Pro Pro 
MBI Ser Ser Hi s Hi s Hi s Asp Ser Ser Asp Gl u Pro Ser Gl uSer Ser Gl u 
TBI Ser Gly Hi s Hi s Hi s Hi s Asp Ser Ser Asp Gl u Pro Ser Gl u Cys Ser 
LBI Ser Gly His His Glu His Ser Thr Asp Glx Pro Ser Glu Ser Lys Cys 
AB Ser Gl u Hi s Hi s Gl u Asp Thr Thr Asp Gl u Pro Ser Gl uSer Ser Lys 

Figure 3.6: Comparison of N-terminal amino acid sequences of tepary bean inhibitor, soybean (BBI), lima bean (LBI), 
garden bean (GB2), mung bean (MBI) and adzuki bean (AB). 
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Figure 3.7: Molecular weight measurement of tepary bean protease inhibitor by gel 
permeation on a Superose 12 column. Standard proteins: 1, bovine serum albumin (M.W. 
66,000 daltons); 2, carbonic anhydrase (M.W. 29,000 daltons); 3, cytochrome c (M.W. 12,400 
daltons); 4, aprotnin (M.W. 6,500 daltons). Sample, 
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Figure 3.8: Type of inhibition of trypsin by tepary bean proteinase inhibitor (TBPI). 
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Figure 3.9: Type of inhibition of chymotrypsin by tepary bean proteinase inhibitor. 
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pH and Heat Stability 

Tepary bean inhibitor was quite stable upon exposure to wide pH range (2-12 at 25°C 

for 24 h). The effect of heat (lOO°C) on the stability of the inhibitor at pH 3, 7 and 11 revealed 

that the inhibitor was heat stable at neutral and acidic pH, while it was heat labile at basic pH. 

Proteinase Inhibitory Activity 

The result of the inhibitory activity of tepary bean inhibitor against bovine trypsin 

(Figure 3.1 O) showed that 1.0 mg of the inhibitor inactivated 1.4 mg of trypsin indicating that 

1.0 mole of the inhibitor inhibits 1 mole of trypsin on the basis of the molecular weight of 24,000 

daltons (bovine trypsin) and 17,800 daltons (tepary inhibitor). Similarly chymotrypsin inhibition 

showed (Figure 3.11) that 1.0 mole of the inhibitor inhibits 1.0 mole of chymotrypsin. 

Chemical Modification 

The data of chemical modification of tepary proteinase inhibitor, antitryptic and 

antichymotryptic activities are summarized in Table 3.3. CHD and ninhydrin did not have an 

effect on the inhibitor. Treatment with TNBA caused 58.8% loss in antitryptic activity, while 

chymotrypsin inhibitor remained without change. These data suggest that the lysine, but not 

arginine residues are essential for the inhibitory action of tepary against trypsin. TNB study also 

confirmed that the inhibitor is double-headed which binds trypsin and chymotrypsin at distinct 

and separate reaction sites. Treatment of the inhibitor with DTT and 8 M urea in presence of 

2-mercaptoethanol resulted in loss of antitryptic and antichymotryptic activities indicating the 

essential role of disulfide bridge in confirmation of the inhibitor. 
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Figure 3.10: Trypsin inhibition by tepary bean proteinase inhibitor. 
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Figure 3.11: Chymotrypsin inhibition by tepary bean proteinase inhibitor. 



Table 3.3: Modification of amino, guanido and disulfide groups of tepary bean 
proteinase inhibitor and changes in trypsin inhibitory and chymotrypsin 
inhibitory activities. 

Assay Component Reaction Residual Inhibitory Activity (%) 
Time 

(h) Antichymotryptic Antitryptic 

Inhibitor + TNBS Control 100 100 

98.0 89.2 

2 98.0 75.0 

3 96.0 66.3 

4 96.0 58.8 

Inhibitor + CHD 100 100 

2 100 100 

3 100 100 

4 100 100 

Inhibitor + DTT 92.1 44.0 
(+ 9 M Urea + 2-ME) (17.4)1 (15.0) 

2 57.8 30.0 
(15.3) ( 8.6) 

3 43.0 23.7 
(12.6) ( 3.3) 

4 24.8 13.9 
( 9.9) ( 2.2) 

IValues within in parentheses 0 obtained with 9 M urea + 2-mercaptoethanol 
included in the assay mixture. 

78 



79 

Discussion 

Trypsin and chymotrypsin inhibitors were isolated and characterized from tepary bean 

seeds. The isolation procedure for the inhibitor consisted of chromatography on DEAE 

Sephadex, phenyl sepharose and CM cellulose followed by gel filtration on Sephadex G-I00. The 

yield of the inhibitor was 47.6 mg per 200 g of tepary bean flour. Electrophoretic analysis of 

the inhibitor in the presence and absence of SDS and ,B-mercaptoethanol showed that the inhibitor 

was isolated largely as native protein which was composed of single polypeptide chain. 

The amino acid composition of purified inhibitor is similar to those of low molecular 

weight cystine-rich Bowman-Birk type inhibitors such as trypsin inhibitor, lima bean (Tan and 

Stevens, 1971), mung bean (Wilson and Chen, 1983), kintoki beans (Tsukamoto et al., 1983a), 

navy beans (Whitley and Bowman, 1975) and kidney bean (WU and Whitaker, 1990). Although, 

the percentage of cystine content of tepary bean was slightly lower than those of Bowman-Birk 

type inhibitors. 

The molecular weight of the inhibitor determined by amino acid composition was 

(approximately 10,500 daltons) are within the molecular weight range of 800-13,000 daltons for 

most trypsin inhibitors isolated from Phaseolus species. However, molecular weight determined 

by gel permeation chromatography and SDS-PAGE was much higher (17,800 daltons), and closer 

to that reported by Gonzales-Garza et al. (1982). It has been shown that some of Bowman-Birk 

type inhibitors, such as those from soy bean (Birk, 1985), kidney bean (Pusztai, 1968), black

eyed bean (Gennis and Cantor, 1976) and lima bean (Haynes and Feeney, 1967) had a tendency 

to self-associate and form dimers or tetramers. The apparent higher molecular weight observed 

for tepary bean under nondenaturing conditions was likely due to self-association (Figure 3.5). 
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Comparison of amino-terminal amino acid sequence of the tepary bean proteinase 

inhibitor with the sequence of the other known serine proteinase inhibitors from legumes, 

revealed that the inhibitor is a member of the Bowman-Birk family of trypsin inhibitor. Tepary 

bean proteinase showed strong homology to MBI inhibitors from mung bean (Wilson and Chen, 

1983) and LBI inhibitor from lima bean (Stevens et al., 1974). 

The results of the inhibition experiments showed that the inhibitor can inhibit both 

trypsin and chymotrypsin independently, indicating the presence of two separate reactive sites for 

each enzyme. This is in contrast to high molecular weight trypsin inhibitor (Kunitz-type 

inhibitors), which contain a single reactive site for trypsin. Many of the low molecular weight 

inhibitors isolated from legume seeds, are in fact double-headed, usually containing separate 

tryptic and chymotryptic reactive sites. The presence of two reactive sites per inhibitor raises 

several interesting questions: the location of the reactive sites in the molecule, the identity of 

residues in the reactive site and the sequence around these sites. 

Chemical modifications of free amino group of the inhibitor revealed that lysine 

residues are essential for the trypsin inhibitory reaction, whereas they are not involved in the 

inactivation of chymotrypsin inhibitor, again indicating the presence of two independent sites, one 

for trypsin and another for chymotrypsin. The results also showed that this inhibitor comes under 

the category of lysine inhibitors as in soy bean Bowman-Birk inhibitor (Birk et al., 1967) and 

lima bean. The modification of disulfide bridge showed that these groups are essential for 

antitryptic and antichymotryptic activities. In contrast modification of arginine residues with 

CHD has no effect on the inhibitor activity against trypsin and chymotrypsin. 
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In conclusion, on the bases of the amino composition, N-terminal amino acid residues, 

inhibitory studies and chemical modifications, tepary bean proteinase inhibitor can be classified 

as a Bowman-Birk type inhibitor. 



CHAPTER 4 

ISOLATION AND SOME PROPERTIES OF TRYPSIN AND CHYMOTRYPSIN 

INmBITOR FROM TEPARY BEAN PROLAMINE FRACTION 

Abstract 
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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-7S. The inhibitor has a molecular weight of 

17,800 daltons as estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and by 

molecular-sieve chromatography on Sephadex G-7S. The amino acid composition of prolamine 

fraction inhibitor closely resemble those of low molecular weight inhibitors of other legume 

seeds: they contain large amounts of aspartic acid, half-cysteine, serine and glutamic acid and 

little or no methionine, valine, tyrosine, leucine, isoleucine, and phenylalanine. 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. 

Introduction 

Naturally occurring proteinase inhibitors are widespread throughout the animal and 

plant kingdom. They are found in particular, in the seeds of Graminaceae, Leguminasea and in 

the tubers of Solanaceae (Leiner 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 



83 

inhibitor which was extracted with water and precipitated with alcohol (the alcohol insoluble 

factor). At the same time Bowman (1944) observed the presence of proteinase inhibitor which 

was extracted with 60% ethanol and precipitated with acetone (the acetone insoluble factor). This 

factor was latter purified and characterized by Birk et at. (1963). Kunitz type trypsin inhibitor 

has molecular weight of 21,000 daltons and include two disulfide bridges (Koide and Ikenaka, 

1973). Kunitz trypsin inhibitor strongly inhibited trypsin at single specific reactive site, while 

chymotrypsin inhibited more weakly at two reactive sites (Bosterling and Quast, 1981). The 

Bowman-Birk type of the inhibitors is considerably smaller, approximately 7,000 to 8,000 daltons 

in molecular weight, it is also characterized by high cystine content, and seven disulfide bridges. 

Bowman-Birk inhibitor 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). 

The presence of mUltiple isoinhibitor in legumes appear to be a rule rather than an 

exception. Several different forms of proteinase inhibitors have been isolated from soybean 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, TIo, TIb and TIC which are inherited as codominant alleles in multiple 

allelic single, at a single locus. A large number of Bowman-Birk inhibitors (BBI) has been 

described in soybean cultivator. Odani and Ikenaka (l977b) purified and determined the amino 

acid sequence of four BBI from Japanese cultivator soybean and found high homology among the 

inhibitors. The versatility of BBI in soybean strain was also shown by Hwang et at. (1977), who 

purified five BBI from Tracy soybean with similar but not identified amino acid composition. 

Tan-Wilson et at. (1985; 1987) studied the distribution of BBI in eight soybean strains and found 
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that each strain has four to seven isoinhibitors. Chick pea contains six isoinhibitors of trypsin 

and chymotrypsin (Belew, 1977), while the lima bean has four different inhibitors (Haynes and 

Feeney, 1967). The four inhibitors are all relatively small in their molecular weights (> 10,000 

daltons). Wilson and Laskowski (1975) reported the isolation of three isoinhibitors from garden 

pea which have a molecular weight of 8,000 daltons. 

Drought-resistant species of tepary bean (Phaseoius acutifolius) are widespread in the 

southwestern dry region of North America, where it has been used in Native American diet for 

centuries. The importance of tepary bean as a protein rich food source has stimulated much 

interest in this legume. 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 ai., 1988; Idouraine et ai., 1992a). Earlier studies on tepary bean have noted the 

presence of trypsin and chymotrypsin in the soluble protein fraction of the nature seeds (Thorn 

et ai., 1983). More recently Idouraine et ai. (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 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 properties of trypsin and 

chymotrypsin inhibitor from ethanol fraction (prolamine) of tepary bean. 

Materials and Methods 

Materials 

Tepary bean (Phaseoius acutifolius) was 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 
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through 30 mesh screen. Bovine pancreatic trypsin (EC 3.4.21.4), bovine pancreatic 

chymotrypsin (EC 3.4.21.1), pepsin, synthetic substrate N -glutary l-L-pheny lalanine-p-nitroanilide 

(GPNA), a-N-benzoyl-D-arginine-p-nitroanilide (BAPNA), gel permeation, molecular weight and 

SDS molecular weights were purchased from Sigma Chemical Co. (St. Louis, MO). DEAE A25 

Sephadex, phenyl sepharose, and G-75 superfine Sephadex were purchased from Pharmacia Fine 

Chemical (UppsaIal, Sweden). 

Methods 

Detennination of Inhibitory Activity. The activity of trypsin and chymotrypsin 

inhibitors was determined by the Erlanger et al. (1961; 1966) method, using a-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-HCl 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 Beckman spectrophotometer. The 

inhibitor activity was expressed as percent of inhibitor (I) for the control assay using the equation 

1(%) = (T-T· X 100)/T 

where T· and T are the activities of proteinase with and without the inhibitor, respectively. 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. 

Detennination of Protein Concentration. Protein concentrations were determined 

using the bicinchoninic acid method (BCA) (Smith et al., 1985) using bovine serum albumin as 

the standard. 
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Electrophoretic Method. Polyacrylamide gel electrophoresis in the presence of 

sodium dodecyl sulfate (SDS) was performed according to Laemmli (1970) with a slight 

modification using 15% acrylamide gel at pH 8.8. Gels were stained with 0.25% Coomassie 

brilliant blue G 250 and destained by washing with 20% methanol and 10% acetic acid. 

Measurement of Molecular Weight. The molecular weights of the inhibitors were 

estimated using polyacrylamide gels containing sodium dodecyl sulfate. The reference proteins 

were Bovine serum albumin (MW 66,000 daltons), egg albumin (MW 45,000 daltons), pepsin 

(MW 34,000 daltons), trypsinogen (MW 24,000 daltons), lactoglobulin (MW 18,000 daltons) and 

lysozyme (MW 14,300 daltons). The molecular weight of the inhibitor was also estimated by 

using a Sephadex G-100 column (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCI buffer, pH 

7.5 containing 0.1 M NaCl. Standard proteins used were bovine serum albumin (MW 66,000 

daltons), carbonic anhydrase (MW 29,000 daltons), cytochrome (MW 12,000 daltons) and 

aprotinin (MW 500 daltons). 

Detennination of Isoelectric Point. The isoelectric point of the inhibitor was 

determined by electrofocussing on 10% polyacrylamide gels (10 X 8 cm; 1.5 mm thick) in the 

presence of 2% ampholyte (pH 3-10) as described by O'Farrell (1975). Approximately 15 p.g 

of the inhibitor was electrofocussed at 500 V overnight. Following electrofocussing, part of the 

gels were sliced into 5 mm section, and pH was determined after diffusion of ampholyte into 2 

ml of 0.1 KCl. 

pH Stability of the Inhibitor. The stability of the inhibitor was examined in the pH 

range 2-12 at room temperature. The inhibitor was dissolved in 0.5 ml of 0.05 M buffer 

(HCIIKCI, pH 2.0; acetate, pH 4.0; citrate, pH 6.0; Tris-HCI, pH 8.0; glycine/NaOH, pH 10 
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and 12) and the final pH of solution measured. After 24 h aliquot (50 p.l) were removed and the 

pH was adjusted at 8.0 for the inhibitory assay. 

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-HCI buffer (pH 7.5) containing 

0.5 M NaCI, 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. After extraction, 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 HCI 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-HCI buffer, pH 7.5. The solution was dialyzed 

against distilled water at 4°C. The insoluble materials were removed by centrifugation at 10,000 

g for 15 min and crude inhibitor preparation was stored at 4°C. 

Ion Exchange Chromatography 

The crude inhibitor was made into 0.05 M Tris-HCI (PH 7.5) and subjected to 

chromatography on DEAE. Sephadex A25 (2.6 x 20 cm), previously equilibrated with 0.05 M 

Tris-HCI 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 (500 ml per bottle). Fractions of 10 rnl 

were collected at flow rate 66 mllh, the fractions were monitored for trypsin inhibitor activity. 

The data in Figure 4.1 shows that most of the trypsin inhibitor is concentrated in fraction #60-84. 
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Figure 4,1: Elution profile of crude prolamine inhibitor fraction from DEAE-Sephadex 
A25 column. 260.0 mg protein were loaded in 310 ml of 50 mM Tris-HCl pH 7.5, 1 mM 
EDTA and 1 mM NaN3 onto a 2.6 X 30 cm DEAE-Sephadex A25 column and eluted with 1000 
ml of a 0 - 300 mM NaCI gradient in the same buffer. Flow rate was 66 mllh. Fractions were 
collected every 10 min. (-- Absorbance at 280 nm; -- gradient; •••• inhibitor activity) 
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The active fractions were pooled and subjected to further purification by phenyl sepharose 

column. 

Hydrophobic Chromatography 

To the active fractions (206.8 mg) solid ammonium sulfate was added to 1.2 M 

(NH4)S04 (16% saturation) and loaded on phenyl sepharose (2.6 x 18 cm) previously 

equilibrated with 0.05 M Tris-HCI (PH 7.5) containing 1.2 M NH2S04. The column was eluted 

with a linear gradient of (NH4hS04 from 1.2 M to 0.0, in the same buffer, and then was washed 

with distilled deionized water (Figure 4.2). Aliquots of 10 ml were collected at flow rate of 55 

ml/h. A major peak containing inhibitory activity appeared, pooled and dialyzed against 

deionized distilled water at 4°C. 

Gel Filtration Chromatography 

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

on Sephadex G-100 (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCI (pH 7.5) containing 0.1 

M NaCl. Elution was carried out using the same buffer at flow rate 10 ml/h and aliquot of 3 ml 

of the effluent were collected. As shown in Figure 4.3 a symmetrical protein peak was obtained 

and clearly associated with the trypsin inhibitory activity. The active fraction was pooled and 

dialyzed against dd water and freezed dried. 

The purification of tepary prolanline fraction is summarized in Table 4.1. About 20.3 

mg of the inhibitor was obtained from 260.0 mg protamin protein. The yield was 23.2 % of the 

crude extract of the first step. 
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Figure 4.2: Elution profile ofDEAE-Sephadex A25 purified crude prolamine inhibitor 
from phenyl sepharose column. 96.8 mg protein were loaded in 190 ml of 50 mM Tris-Hel pH 
7.5, 1 mM EDTA, 1 mM NaN3 and 1.2 M ammonium sulfate onto a 2.6 X 20 cm phenyl 
sepharose colunm and eluted with 800 rnI of a 1.2 - 0 M ammonium sulfate gradient in the same 
buffer. Flow rate was 45 rnI/h. Fractions were collected every 15 min. (-- Absorbance at 
280 nm; -- gradient; •••• inhibitor activity) 
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Figure 4.3: Elution profile of purified trypsin inhibitor from Sephadex G-75 gel 
filtration column. 67.5 mg protein were loaded in 15 ml of 50 mM Tris-HCl pH 7.5, 1 mM 
EDTA and 1 mM NaN3 onto a 1.6 x 95 cm Sephadex G-75 gel filtration column and eluted with 
the same buffer. Flow rate was 10 rnI/h. Fractions were collected every 20 min. (-
Absorbance at 280 nm; .... inhibitor activity) 
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Table 4.1: Summary of the purification of tepary prolamine trypsin and 
chymotrypsin inhibitor. 

Specific 
Total Total Inhibitor Inhibitor 

Protein Activity Activity Yield 
Fraction (mg) (units x 103) (units/mg) (%) 

Prolamine Crude Extract 260.0 82 315.4 100 

DEAE A25 Sephadex 96.8 76 785.1 92.0 

Phenyl Sepharose 67.5 93 933.3 76.8 

Sephadex G-75 20 19 936.0 23.2 
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Homogeneity of the Purified Inhibitor 

Physical evidence of homogeneity of the inhibitor was determined by polyacrylamide 

gel electrophoresis in the presence of sodium dodecyl sulfate (Figure 4.4). The final product 

produced only a single band on 15% SDS gel at pH 8.6. 

Molecular size determination 

The relative molecular mass of purified prolamine inhibitor was determined by SDS 

gel electrophoresis (Figure 4.5), by comparing the mobility of the inhibitor with those of the 

standard protein. The relative molecular mass of prolamine fraction inhibitor was calculated to 

be 17,700 daltons, well in agreement with the gel filtration data (17,800 daltons). 

Isoelectric Point and Stability 

The isoelectric point was obtained by plotting the electrophoretic mobility of the 

inhibitor as function of pH and was found to lie at about pH 4.53. The prolamine inhibitor was 

stable at room temperature throughout the pH range of 2-12. 

Amino Acid Composition 

The amino acid composition of purified prolamine fractions of tepary bean inhibitor 

in comparison to soybean trypsin and chymotrypsin (Birk et al., 1967), mung bean trypsin 

inhibitor (Wilson and Chen, 1983), and lima bean trypsin inhibitor (Stevens et al. 1974) are listed 

in Table 4.2. The inhibitor contains a large amount of glutamic acid, aspartic acid, serine and 

half cystine, which together account about 50% of the amino acid composition. No methionine 

was detected. The molecular weight calculated from amino acid composition was 11,200 daltons. 

The half-cystine content of the prolamine fraction inhibitor is markedly different from high half

cystine content of the proteinase inhibitor isolated from tepary bean described earlier. 
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Figure 4.4: Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
of purified tepary prolamine inhibitor. Lane 1 is a MW standard (from top to bottom): bovine 
serum albumin (BSA), ovalbumin, trypsinogen, lactoglobulin and lysozyme. Lanes 3, 4, 5 and 
6 are tepary prolamine inhibitor. 
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Figure 4.5: Molecular weight measurement of tepary bean prolamine inhibitor by 
SDS-PAGE. Standard proteins: I, bovine serum albumin (M.W. 66,000 daltons); 2, egg 
albumin (M.W. 45,000 daltons); 3, trypsinogen (M.W. 24,000 daltons); 4, lactoglobulin (M.W. 
18,400 daltons); 5, lysozyme (M.W. 14,300 daltons). Sample 0 
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Table 4.2: Amino acid composition of purified tepary 
bean prolamine fraction in comparison to 
soybean (BBI), lima bean (LBI-IV) and mung 
bean. 

Tepary Mung 
Amino Acid Prolamine BBI LBI-IV Bean 

residues/molecule 

Aspartic acid 16 11 13 12 

Threonine 06 02 03 03 

Serine 15 09 14 13 

Glutamic acid 09 06 07 05 

Proline 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 

Pheny lalanine 03 02 02 01 

Lysine 05 05 04 05 

Histidine 07 01 06 05 

Arginine 04 02 02 04 
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Inhibitory Activities 

The proteinases tested were trypsin, chymotrypsin and pepsin. The two serine 

proteinases were inhibited strongly by prolamine fraction inhibitor, while no inhibitory activity 

was detected toward pepsin. Figures 4.6 and 4.7 show 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 2.0 moles of trypsin and 1.0 mole chymotrypsin. 

Discussion 

Idouraine et ai. (1992b) reported the presence of trypsin inhibitor in prolamine fraction 

(ethanol soluble) of tepary bean. They also gave the amino composition of this fraction and 

found that it contains high half cystine when compared with albumin and globulin fractions. In 

the present study, trypsin and chymotrypsin inhibitors from ethanol fraction have been purified 

by ion exchange, hydrophobic and gel filtration chromatography. In addition, some of the 

properties of chromatographically purified inhibitor have been studied. To avoid the formation 

of the so-called modified inhibitors the inhibitor was purified by usual procedure with out the use 

of affinity chromatography. 

The amino acid composition of the purified inhibitor resemble those of lima bean 

(Haynes and Feeney, 1967) mung bean (Wilson and Chen, 1983) soybean (Birk et ai., 1967) and 
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Figure 4.6: Trypsin inhibition by tepary prolamine inhibitor. 
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Figure 4.7: Chymotrypsin inhibition by tepary prolamine inhibitor. 
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garden pea (Wilson and Laskowski, 1973) which characterized by high content of aspartic acid, 

serine, half-cystine and glutamic acid residues and the absence of tryptophan and methionine. 

The molecular weight determined by amino acid composition was 11,000 daltons which is within 

the molecular weight range (8,000-13,000 daltons) for most of the Bowman-Birk inhibitor family. 

However, the molecular weight determined by gel filtration and SDS-polyacrylamide 

electrophoresis (17,000 daltons) was close to those of the Kunitz family. Similarly red kidney 

trypsin inhibitor (WU and Whitaker, 1990), pinto bean trypsin inhibitor (Wang, 1975) and 

Brazilian pink bean (WU and Whitaker, 1991) also gave higher molecular weight as determined 

by SDS-PAGE and gel filtration. These authors suggested that the high molecular weight may 

be due to the formation of dimers and trimers. 

The unusual stability of proteinase inhibitors in general is their most remarkable 

property. This property has considerable bearing of the nutritional quality of many beans meals. 

The prolamine fraction inhibitor has been found to be quite stable under conditions of extreme 

pH (2.0 to 12.0). The unusual stability of the inhibitor could be attributed to its high cystine 

content. 

The results of the investigation of inhibition specificity of ethanol fraction inhibitor 

have shown that bovine trypsin and bovine chymotrypsin are strongly inhibited by the inhibitor. 

The inhibitor has no effect on pepsin. In this regard the prolamine fraction inhibitor resemble 

headed serine proteinase inhibitors. 

The prolamine fraction inhibitor and the proteinase inhibitor isolated from tepary bean 

(Osman and Weber, 1994) have pronounced similarity in their size (MW), stability, specificity 

and amino acid composition. They are rich in serine, aspartic acid and glutamic acid and low 

in methionine and tryptophan. There appear to be some differences between these two inhibitors 
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in their half-cystine content and isoelectric point. However, there is no reports on the N-terminal 

amino acid residues and chemical modification of arginine or free amino acid residues of this 

inhibitor with distinctive characteristics of isoelectric point and high half-cystine content the 

ethanol fraction appear to be a protein different from the proteinase inhibitor isolated from tepary 

bean. 



CHAPTER 5 

THERMAL INACTIVATION OF TEPARY BEAN, SOYBEAN AND LIMA BEAN 

PROTEINASE INIllBITOR: EFFECT OF ACIDIC AND BASIC pH 

Abstract 
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The effects of heat treatment (boiling at 100°C and autoclaving) on trypsin inhibitor 

activity of tepary bean extract, tepary bean proteinase inhibitor (TBPI), soybean trypsin inhibitor 

(KSTI), soybean trypsin and chymotrypsin inhibitor (BBI) and lima bean trypsin inhibitor (LBTI) 

were investigated. The effects of acidic and alkaline pH at 100°C on the inactivation of trypsin 

inhibitor of purified TBPI, BBI, LBTI, and Kunitz were also examined. At 100°C in neutral and 

acidic pH, purified TBPI, BBI, and LBTI were extremely heat stable as compared to purified 

KSTI or tepary extract. However, at alkaline pH all purified proteinase inhibitors were heat 

labile and lost their inhibitory activity very rapidly when heated at 100°C. Autoclaving of tepary 

extract solution and purified tepary bean, soybean and lima bean proteinase inhibitors revealed 

that purified tepary proteinase inhibitor, soybean (BBI) and lima bean trypsin inhibitors were the 

most heat-stable inhibitors, while soybean Kunitz and tepary extract lost their inhibitory activity 

most rapidly. 

Introduction 

The nutritional quality of legume protein products is determined by the quality and 

availability of the amino acids which make up the protein of such products, but is also markedly 

affected by the processing conditions which are employed in their manufacture. The most 

important factor in this regard is the application of some form of heat treatment which serves to 

inactivate a number of naturally occurring antinutritional compounds which can elicit adverse 
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physiological responses in animals, and unless destroyed can detract from the full nutritional 

potential oflegume proteinase (Liener, 1958). Improvement of the nutritional quality oflegumes, 

such as soybean, was shown to be dependent on temperature, duration of heating, particle size, 

and the presence and/or the absence of moisture (Rackis, 1965; 1966). 

The best known, and certainly the most studied, of these factors are the inhibitors of 

the mammalian proteolytic enzymes trypsin and chymotrypsin which play a key role in the 

digestion of proteins. A close negative correlation was found between the nutritional quality of 

soybean and the trypsin inhibitors present (Rackis, 1965). Heat treatment of legumes protein 

increased the digestibility of proteins over and above the digestibility of a similar preparation 

from wl!ich the inhibitor was removed. 

There are two major types of trypsin inhibitor in legumes, the Kunitz trypsin inhibitor 

and the Bowman-Birk inhibitor. Kunitz is a protein with a molecular weight of 20,000-25,000 

daltons. It has few disulfide bonds, inhibits trypsin strongly and is relatively heat labile. 

Bowman-Birk inhibitor is a protein with molecular weight of 8,000-9,000 daltons. It has many 

disulfide bonds and inhibits both trypsin and chymotrypsin strongly at independent binding sites. 

Because of the high cystine content, Bowman-Birk inhibitors are usually described as heat stable. 

Drought-tolerant tepary bean (Phaseolus aClttifolius) is a native legume of the 

southwestern region of North America, where it has been used in Native American diets for 

centuries (Nabhan and Feleger, 1978). Studies on the nutritive value of the tepary bean showed 

that it contains 15-32% protein; 0.9-1.7% fat; 65.3-69.1 % carbohydrate (Thorn et al., 1983). 

The presence of antinutritional factors in tepary bean was first reported by de Muelenaere (1964). 

Analysis of uncooked tepary bean samples for antinutritional factors revealed high levels of lectin 

and trypsin inhibitors (Thorn et al., 1983). Kabbara et al. (1987) reported that trypsin inhibitor 



104 

activity (TIA) could be destroyed easily by soaking and cooking. They concluded that the trypsin 

inhibitor of tepary bean is heat labile. Similar results were reported by Gonzalez de Mejia et aZ. 

(1988) who found that soaking and boiling black and white tepary beans for 140 min completely 

destroyed TIA. In a recent study Idouraine et aZ. (1992a) observed that about 95% of TIA of 

tepary bean flour was destroyed by autoclaving (120°C) for 20 min, whereas tepary extract 

retained over 50 % of its activity. They suggested that tepary bean trypsin inhibitor is heat stable, 

and may play a major role in the toxicity of raw tepary bean, since hemaggulatinin was 

completely destroyed. This controversy as to whether tepary bean trypsin inhibitor is heat stable 

or heat labile, seems to have arisen because all of the investigations were carried out using raw 

tepary bean or crude extract, but not with pure inhibitor isolated from the bean. 

The objectives of this study were to: (1) investigate the ability of heat treatment to 

inactivate purified tepary beau proteinase inhibitor (TBPI) as compared to the inactivation of 

trypsin inhibitor in an extract solution of raw tepary bean flour subjected to the same heat 

treatment; (2) compare the effect of heat inactivation of purified tepary bean trypsin inhibitor with 

those of purified soybean proteinase inhibitors (Kunitz; KSTI), purified soybean trypsin and 

chymotrypsin inhibitors (Bowman-Birk; BBI), and purified lima bean trypsin inhibitor (LBTI); 

and (3) investigate the effect of acidic and basic pH on thermal inactivation of purified tepary 

bean, soybean and lima bean inhibitors. 

Materials and Methods 

Materirus 

Tepary beans (a brown seeded variety) were donated by a commercial producer (W.D. 

Hood, Coolidge, AZ). They were subsequently ground in a hammer mill to pass through a 40 

mesh screen and stored in a sealed container in a freezer until use. Bovine trypsin, Ci-N-benzoyl-
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DL-arginine-p-nitroanilide, conunercially purified soybean trypsin inhibitor (KSTI) , soybean 

trypsin and chymotrypsin inhibitor (BBI) and purified lima bean trypsin inhibitor were purchased 

from Sigma Chemical Co. (St. Louis, MO). 

Tepary bean proteinase inhibitor was purified by buffer extraction, heat treatment and 

ammonium sulfate precipitation. Final purification was achieved by sequential chromatography 

on DEAE, phenyl sepharose, CM cellulose and G-75 Sephadex. 

Methods 

Inhibitor Assay. Trypsin inhibitory activity was measured according to Kakade et at. 

(1974) using a-N-benzoyl-DL-arginine-p-nitroanilide as a substrate. The inhibitor activity was 

expressed as percent inhibition (I) of a control assay using the equation: 

I (%) = (T-T" x 100)/T 

where the T* and T are the activities of trypsin in the absence and presence of inhibitor, 

respectively. 

Tepary Bean Extract. A 1 g sample of tepary bean flour was extracted with 50 mI 

of 0.01 M NaOH and was inunediately centrifuged at 10,000 g for 30 min. The supernatant was 

collected and adjusted to pH 7.0 with 1.0 M HC!. 

Proteinase Inhibitor Solution. Tepary bean, soybean and lima bean proteinase 

inhibitors were dissolved in 0.02 M Tris-Hel, pH 7.0, containing 0.1 M NaC!. KSTI was 

prepared at a concentration of 200 ltg/mI. BBI, TBPI and LBTI solutions were prepared at 

concentrations of 150 Itg/m!. 

Heat Treatment. Pyrex screw-cap vials (10 nun x 45 nun) with teflon-lined caps 

were filled with 1.0 mI of appropriate inhibitor solution. All of the vials were simultaneously 
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placed in a boiling water bath. After each predesignated time period one vial of each solution 

was removed and rapidly cooled in an ice water bath. 

Results and Discussion 

Heat Treatment Study at pH 7.0 

The effect of heat treatment at neutral pH (7) on purified tepary bean proteinase 

inhibitor and tepary bean extract are shown in Figure 5.1. The purified TBPI was very heat 

stable at 1000 e compared to tepary bean extract. The purified inhibitor retained nearly 70% of 

its antitryptic activity after 360 min of heat treatment, whereas the extract lost most of its 

antitryptic activity after 60 min. 

Figure 5.2 shows thermal stability of trypsin inhibitors of purified tepary bean 

proteinase inhibitor (TBPI), soybean trypsin inhibitor (KSTI), soybean trypsin and chymotrypsin 

inhibitor (BBI) and lima bean trypsin inhibitor (LBTI). Purified TBPI and BBI showed 

extraordinary heat stability compared to purified LBTI or KSTI. After 360 min of heat treatment 

at neutral pH, TBPI and BBI retained 70% of their antitryptic activity, whereas purified LBTI 

and KSTI retained 60 and 25 % of their antitryptic activities, respectively. 

The loss of chymotryptic inhibitory activity during heat treatment of tepary extract, 

TBPI and BBI is presented in Figure 5.3. Similar to antitryptic activity, BBI was very heat stable 

compared to TBPI and tepary extract. BBI retained 78.0% of its antichymotryptic activity after 

360 min of heat treatment, while TBPI retained only 40% under the same conditions. The tepary 

extract lost its antichymotryptic inhibitory activity at a much faster rate than either BBI and TBPI. 

These results confirm the heat stability of BBI reported by Birk et al. (1963). These 

results also indicate that purified TBPI is a heat stable proteinase inhibitor similar to BBI and 

LBTI, suggesting that TBPI may belong to the Bowman-Birk type inhibitors. Similar results were 
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Figure 5.1: Effect of heat treatment (lOO°C) on trypsin inhibitory activity of tepary 
bean extract and pure tepary bean protease inhibitors at neutral pH (pH 7). 
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Figure 5.2: Effect of heat treatment (l00°C) on trypsin inhibitory activity of purified 
soybean, lima bean and tepary bean protease inhibitors at neutral pH (pH 7). 
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tepary bean extract, pure tepary bean and soybean (BBI) protease inhibitors at neutral pH (PH 
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observed in soybean (Ellenrieder et al., 1980; DiPietro and Liener, 1989) kintoki bean 

(Tsukamato et al., 1983b) and wing bean (de Lumen and Belo, 1981). 

Ellenrieder et al. (1980) reported that purified soybean trypsin inhibitor by gel 

permeation showed much greater thermal stability than soybean extract. They suggested the 

presence of a protein substance which accelerated thermal inactivation of the trypsin inhibitor. 

Tsukamato et al. (1983b) studied inactivation of trypsin inhibitor in kintoki bean (Phaseolus 

vulgaris). They found that kintoki bean extract lost 90% of TIA after heating at lOO°C for 60 

min; whereas, the purified inhibitor was heat stable and easily inactivated in the presence of high 

molecular weight protein such as bovine serum albumin (BSA). DiPietro and Liener (1989) 

observed that about 90% of TIA of soybean extract, and KSTI was inactivated by heating at 

lOO°C for 30 and 180 min, respectively; while BBI retained over 70% of its TIA after 360 min 

at lOO°C. 

Heat Treatment Study at pH 3.0 and 11.0 

The effect of heat treatment at lOO°C on trypsin inhibitory activity of purified TBPI, 

BBI, KSTI and LBTI at pH 3.0 are shown in Figure 5.4. The purified TBPI and BBI were very 

heat stable compared to LBTI and KSTI. Over 75 % of the inhibitory activity of TBPI and BBI 

was retained after heating in 0.05 M HCIINaCI pH 3.0 for 120 min, while LBTI and KSTI 

retained 49 and 15 %, respectively. These results confirm the heat stability of TBPI. 

The effect of heat treatment on purified inhibitors at pH 11 revealed that, with the 

exception of LBTI, all the inhibitors were easily inactivated and lost about 90 % of their TIA in 

40 min (Figure 5.5). These results indicate that purified proteinase inhibitors are more heat labile 

in alkaline pH than in acidic pH. 



111 

<> TEPARY INHIBITOR 

~ 100 
• SOYBEAN BBI 
.6. LIYA BEAN INHIBITOR 

'-" Il SOYBEAN KUNITZ 

>-
I-

> 80 
I-
0 
-< 
z 60 
CJ) 

a. 
>- 40 a:: 
l-

e> 
z 20 z 
-< 
::.:::i: 
I.LI 0 a:: 0 20 40 60 80 100 120 

TIME (min) 

Figure 5.4: Effect of heat treatment (lOO°C) on trypsin inhibitory activity of purified 
soybean, lima bean and tepary bean protease inhibitors at acidic pH (pH 3). 
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Figure 5.5: Effect of heat treatment (lOO°C) on trypsin inhibitory activity of purified 
soybean, lima bean and tepary bean protease inhibitors at alkaline pH (pH 11). 
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The effects of alkaline and acidic pH on the thermal inactivation of legume trypsin 

inhibitor at elevated temperature have been reported by many investigators. Obara and Watanbe 

(1971) observed that purified soybean trypsin inhibitors were heat stable when heated at low or 

acidic pH and less heat stable at alkaline pH. Wallace, Banatyne and Khaleque (1971) examined 

the effect of neutral and alkaline pH on the inactivation of trypsin inhibitor in soymilk at 98°C. 

They found that the rate of inactivation of soymilk trypsin inhibitor increased as the pH of the 

milk was increased from neutral to alkaline pH. Similarly, cooking soybean in 1 % NaOH 

accelerated the destruction of trypsin inhibitor while cooking in 1 % HCL has no effect on TIA 

inactivation (Baker and Mustakas, 1973). Recently Kwok et at. (1993) reported that soymilk 

trypsin inhibitors were very heat resistant at pH 2 at 93°C, whereas the rate of inactivation 

increased as the pH increased. A possible explanation for the heat liability of trypsin inhibitor 

in alkaline solution, is the rapid destruction of disulfide bonds which are important in heat 

stability of the inhibitor, facilitating further denaturation of the inhibitor (Friedman, Gumbmann 

and Grosjean, 1984). Another reason may be due to the destruction of lysine residues in the 

reactive site of the inhibitors, especially BBI, LBTI and TBPI. 

Autoclaving Study at pH 7.0 

The effect of autoclaving on the inactivation of trypsin inhibitor activity of tepary bean 

extract and purified TBPI was also investigated for soybean trypsin inhibitor (KSTI), soybean 

trypsin and chymotrypsin inhibitor (BBI) and lima bean trypsin inhibitor. The last inhibitors were 

included in order to compare the heat stability of purified tepary bean inhibitor to other legume 

inhibitors. Figure 5.6 shows the effect of autoclaving of tepary bean extract and purified TBPI. 

It is evident that the amount of heat necessary to reduce trypsin inhibitor to any level was less 

for tepary extract than purified TBPI. Autoclaving of tepary bean extract for 20 min completely 
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Figure 5.6: Effect of autoc1aving on trypsin inhibitory activity of tepary bean extract 
and pure tepary bean protease inhibitors at neutral pH (pH 7). 
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inactivated the TIA, while the purified TBPI retained 50 % of its inhibitory activity after 

autoclaving for 60 min. Similarly purified BBI and LBTI showed high heat stability compared 

to KSTI (Figure 5.7), while BBI and LBTI retained about 50 % of their antitryptic activities after 

60 min heat treatment. KSTI lost most of its activity (96%) under the same conditions. The 

results presented here also confirm the findings that Bowman-Birk inhibitors are more heat stable 

than Kunitz inhibitor types. 

These results, obtained from autoclaving tepary bean extract solutions were not exactly 

the same as those reported earlier by Idouraine et aZ. (1992a) who indicated that tepary bean 

extract in dry state was relatively heat stable. Many researchers have reported that proteinase 

inhibitors are less susceptible to thermal inactivation when they are in the dry form. DiPietro 

and Liener (1989) and Baintner (1981) independently reported that purified KSTI in soybean flour 

matrix was more heat stable than KSTI in solution. Kapoor and Gupta (1978) showed that 

autoclaving of soybean seeds for 30 min or steaming for 60 min completely inactivated the 

inhibitor activity, whereas, soaking for 8 h prior to steaming considerably reduced its time for 

inactivation to 15 min. Similarly, the trypsin inhibitor of whole soybean with initial moisture 

content of20% was completely destroyed by steaming for 15 min, and when the moisture content 

was raised to 60 % by overnight soaking then boiling for only 5 min was sufficient for the 

inactivation of the inhibitor (Albrecht, Mustakas and McGhee, 1966). These results indicate that 

the presence of moisture and other agents appear to catalyze heat inactivation of the inhibitory 

activity of the purified inhibitors, extract or the whole seed. Friedman et aZ. (1984) postulated 

that the disulfide bond interchange between trypsin inhibitor and several other proteins was 

responsible for increased thermal inactivation. In addition to the agents that induce change in 

disulfide bonds, moisture and interaction with other constituents such as carbohydrates appear to 
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Figure 5.7: Effect of autoclaving on trypsin inhibitory activity of purified soybean, 
lima bean and tepary bean protease inhibitors at neutral pH (pH 7). 
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contribute to the denaturation of the inhibitor (Oste et al., 1990). In any case, it is important to 

note that studies on the destruction of inhibitory activity performed in purified solution may not 

be indicative of the behavior of the inhibitor in a more complex systems. 

In the final analysis, our study has shown that the tepary bean proteinase inhibitor is 

a heat stable inhibitor, similar to soybean trypsin and chymotrypsin inhibitors and lima bean 

trypsin inhibitor. These data confirmed prior biochemical studies, which revealed that tepary 

proteinase inhibitor belongs to the Bowman-Birk family of inhibitors. The study also showed that 

heat treatment of purified proteinase inhibitor in an alkaline solution caused more rapid 

inactivation of their inhibitory activity than in a neutral or acidic solution. This suggested that 

an alkali presoak treatment prior to heat treatment of tepary bean seeds may provide a more 

simple system of heat processing without any deleterious effects on the other proteins. 



CHAPTER 6 

THE EFFECT OF FEEDING TEPARY BEAN PROTEINASE INlllBITORS 

ON THE GROWTH AND PANCREAS OF YOUNG MICE 

Abstract 
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The effect of tepary proteinase inhibitor (TI) isolated from unheated tepary bean on 

the growth, nitrogen digestion and pancreatic hypertrophy of mice was assessed. Growth 

performance of mice fed whole egg or 100 mg TI/lOO g diet was superior to that of mice fed 

200,400 and 600 TI mg/lOO g diet. The growth inhibition of mice fed trypsin inhibitor above 

200 mg TI/lOO g diet was accompanied by a lower apparent digestibility of protein and lower 

food conversion efficiency. The pancreas weight relative to body weight of animals fed TI were 

significantly higher than that of animals fed whole egg. The results of the present studies also 

indicate that TI is not responsible for the death of mice and rats fed raw tepary bean flour. 

Introduction 

It is well established that short-term feeding of raw soybean flour or other raw legumes 

to rats, chicks and mice causes growth depression, pancreatic enlargement and stimulation of 

secretory activity (Liener and Kakade, 1980). The poor nutritive value of raw soybean and 

legumes has been attributed to the presence of heat labile trypsin inhibitor (Kbyambashi and 

Lyman, 1966; Gertler and Nitsan, 1970). The most common inhibitor types are the Kunitz 

inhibitor, which restricts the action of trypsin, and the Bowman-Birk inhibitor which inhibits the 

function of both trypsin and chymotrypsin. Kakade et at. (1973) demonstrated that soybean 

trypsin inhibitor accounted for about 40% of the growth-inhibiting and pancreatic hypertrophic 

effect of the original extract, while the remaining 60% of the growth-inhibiting and pancreatic 
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effect of the unheated extract was apparently due to the resistance of the native protein to attack 

by digesting enzymes. The pancreatic changes associated with short-term dietary exposure to 

trypsin inhibitor are postulated to be adaptive responses to diet, involving a feedback mechanism 

that is sensitive to trypsin inhibitor activity in the intestine and that is under hormonal control 

(cholecystokinin, CCK) of the gastrointestinal endocrine system (Green and Lyman, 1972; 

Schneeman and Lyman, 1975). 

In 1974, after examining 400 neglected tropical plants, the National Academy of 

Science selected tepary bean (Phaseolus acutifolius) as one of 36 plants which warranted further 

research as a potential food source (National Academy of Science, 1974). Tepary bean is a 

drought resistant desert legume of southwestern North America, where it has been used in Native 

American diets for centuries. As in other legumes, the main nutritional advantage of the tepary 

bean lie in the mature seeds which contain 21-31.9% protein, 0.9-1.17% fat, and 65.3-69.1 % 

carbohydrates (Scheerens et al., 1983). Currently tepary bean seeds are rarely consumed and 

their high protein and carbohydrate content are under utilized. However, like other legumes, 

tepary bean contains trypsin inhibitor and hemagglutinin (lectin). 

Tepary bean was reported to be very toxic in the raw state causing great weight loss, 

negative protein efficiency ratio (PER), negative net protein utilization (NPU), poor protein 

digestibility, and the death of rats and mice within 10 days (Gonzales-Garza et al., 1982; Grant 

et al., 1983; Scheerens et al., 1983). Intraperitoneal injection of crude extract from tepary bean 

was also toxic, while autoclaving resulted in destruction of intraperitoneal toxicity of the extract 

(de Muelenaere, 1964). Sotelo et al. (1983) reported that intragastric administration of saline 

extract of tepary beans to rats caused widespread destruction of microvilli of absorptive intestinal 

cells and disruption of endoplasmic reticulum profile. These authors attributed the toxicity and 
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poor nutritive value of tepary bean to high concentrations of phytohemagglutinin. Soaking and 

cooking of tepary bean was found to increase PER and support animal growth (Gonzales de Mejia 

et at., 1988; Idouraine et at., 1992a). Based on heat treatment data, Idouraine et at. (1992a) 

suggested that trypsin inhibition rather than hemagglutinin might be the major cause of the 

toxicity. 

This controversy as to which factor in tepary bean is responsible for certain anti

nutritional or physiological effects in experimental animals seems to have arisen because most 

investigations were carried out using crude extract or raw tepary bean flour, but not pure 

inhibitor isolated from the tepary bean. Therefore the objectives of this study were: (1) to 

evaluate the growth, nutrient digestibility and PER responses of mice to diets containing 100, 

200, 400 and 600 mg/lOO g tepary bean proteinase inhibitor; (2) to determine whether 

incorporation of proteinase inhibitor from tepary bean into the diet would produce pancreatic 

hypertrophy in mice. 

Materials and Methods 

Tepary bean proteinase inhibitor was purified from tepary flour through a process of 

extraction with Tris-HCL, pH 7.0 containing 0.5 M NaC!, Heat treatment, ammonium sulfate 

precipitation, dialysis deionized distilled water (dd HP) and ultrafiltration to concentrate and 

remove low molecular weight components. The final purification was achieved by 

chromatography on DEAE ion exchange column. 

Diets 

A basal diet was prepared to provide about 8 % protein and contained the following: 

cerelose, 65%; whole egg, 17.4%; corn oil, 3%; cellulose, 3%; AIN mineral mix, 3.5%; AIN 
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vitamin mix, 1.0%; DL-methionine, 0.05 %; and chromium oxide, 0.02 %. Five experimental diets 

were prepared by adding 0, 100, 200, 400 or 600 mg of purified tepary bean proteinase inhibitor 

per 100 g of basal diet (Table 6.1). 

Animals 

The feeding study was conducted with three week-old weanling male mice of the 

Charles River CD-l strain and was approved by the University of Arizona Institutional Animal 

Care and Use committee. The mice were randomly separated into 5 groups of 10 mice each, 

which were housed individually in suspended stainless steel cages in the University of Arizona 

AAALAC accredited animal care facility. The room temperature was maintained at 22°C with 

a 12 h light:dark. Feed and water were provided ad libitum for three weeks. Body weight and 

feed consumption were recorded twice weekly. Protein efficiency ratio was calculated as 

described by the Association of Official Analytical Chemists (AOAC, 1990). Feces were also 

collected twice a week, separated from wasted feed, and stored at 70°C. At the end of the 

experiment the fecal samples were dried in vacuum oven at 70°C and ground to pass through a 

40-mesh screen and used to determine protein content and the apparent protein digestibility. At 

the end of 21 days the animals were anesthetized with CO2 and decapitated. The pancreas was 

excised, weighed and frozen at -70°C. 

Analyses 

Crude Protein Detennination of Diets and Feces. Protein content (N X 6.25) of the 

diet and feces were determined by the standard microKjeldahl procedure (AOAC, 1990). 

Samples were analyzed in triplicate. 
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Table 6.1: Composition of experimental diets (g/100 g)l 

Tepary bean proteinase inhibitor 
Ingredient Control (mg/100 g) 

100 200 400 600 

Whole egg 17.39 17.39 17.39 17.39 17.39 

Tepary inhibitor (mg) 0.0 100.0 200.0 400.0 600.0 

Cerelose 60.45 60.35 60.25 60.05 59.85 

Corn oil 3.00 3.00 3.00 3.00 3.00 

Cellulose 3.00 3.00 3.00 3.00 3.00 

AlN vitamin mix 1.00 1.00 1.00 1.00 1.00 

AIN mineral mix 3.50 3.50 3.50 3.50 3.50 

Chromium oxide mg 0.20 0.20 0.20 0.20 0.20 

Choline chloride 0.20 0.20 0.20 0.20 0.20 

BHT 0.002 0.002 0.002 0.002 0.002 

DL-methionine 0.05 0.05 0.05 0.05 0.05 

Bentonite 11.208 11.208 11.208 11.208 11.208 

Total 100.00 100.00 100.00 100.00 100.00 

IProtein = 8.1 %; egg (metabolizable energy) = 3.08 kcal/g 
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Chromium Oxide Determination of Diets and Feces. The apparent digestibility was 

estimated in triplicate dry samples according to the method of Schiirch, Lloyd and Crampton 

(1950). 

Protein Inhibitor Activity alA) Determination. Trypsin inhibitor activity of the 

diets was determined by the method ofKakade et al. (1974). One gram samples of the diets were 

extracted with 50 rnl 0.01 M NaOH. Bovine trypsin (2 X crystallized, salt free, Sigma Chemical 

Co., St. Louis, MO) was the enzyme used to hydrolyze the substrate, a-N-benzoyl-DL-arginine-p

nitroanilide (BAPNA). One trypsin unit is arbitrarily defined as an increase of 0.01 absorbance 

unit at 410 nm per 10 ml of reaction mixture. TIA is expressed in terms of trypsin units 

inhibited (TUI). 

Statistical Analysis 

The data were analyzed using one-way ANOV A with means separated by least 

significance difference (LSD) at P < 0.05 (Steel and Torrie, 1960). 

Results and Discussion 

The nutritional consequences of feeding tepary bean inhibitor (TI) in short-term were 

investigated using a growth assay in weanling mice. To determine the effect of TI on protein 

utilization, a whole egg-based diets containing TI were fed to mice for 21 days and PER was 

calculated. The test diets contained 8% protein and provided 100,200,400 and 600 mg TI per 

100 g of diet. Nitrogen digestibility and pancreatic weight relative to body weight at the end of 

the 21 days were also measured. Daily food consumption, daily weight gain, PER, nitrogen 

digestibility and pancreatic weight relative to body weight are presented in Table 6.2. 



Table 6.2: Food intake, growth rate, PER, N-digestibility and pancreatic weight in mice fed tepary inhibitor. 

Tepary Inhibitor Food Intake Growth Rate Pancreas wt 
Diet Protein Source mg/IOO g, mice/day g, mice/day PER N-digestibility g/lOO g body wt 

Whole egg 
tepary inhibitor 0.0 4.61±O.29' 0.87±0.18' 2.3S±O.42' 88.12 O.6S±0.13' 

2 Whole egg 
tepary inhibitor 100 4.8±0.S8' 0.76±0.17' 2.01±0.37' 84.01 O.714±O.1l' 

3 Whole egg 
tepary inhibitor 200 4.8±0.42' 0.6S±0.ISb 1.68±0.44b 83.16 1.11±0.l1b 

4 Whole egg 
tepary inhibitor 400 4.92±0.47' 0.S7±0.lSb 1.4S±0.64b 80.26 1.23±0.2Sb 

5 Whole egg 
tepary inhibitor 600 S.13±O.44' 0.S4±0.07b 1.32±0.23b 78.44 1.25±0.18b 

•. bMean values having the same superscript within column are not significantly different (P < O.OS). 

~ 
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Body Weight Gain of Mice 

Weight gain of mice was affected by the level of tepary inhibitors in the diet. Body 

weights of mice fed 200,400 and 600 mg TI/lOO g diet were significantly lower (P<0.05) than 

those of mice fed either the basal diet or a diet containing 100 mg TI/lOO g diet. These results 

agree with those reported by Roy and Schneeman (1981) who also observed no significant 

differences in body weight gain among three groups of animals fed high levels of soybean trypsin 

inhibitor. 

Protein efficiency ratio was also affected by the level of TI in the diets. There was no 

significant difference (P> 0.05) observed in the PER of mice fed the whole egg basal diet (2.35) 

and mice fed 100 mg TI/lOO g diet (2.01). As the level of tepary inhibitor increased (200, 400 

and 600 mg) the PER significantly decreased (1.68, 1.45 and 1.32, respectively), compared to 

the PER of whole egg. Gumbmann et al. (1989) also showed that feeding mice 200 mg soybean 

trypsin inhibitor/lOO g casein diet significantly depressed the nutritional quality of the diet (PER) 

and body weight. Similar PER values for whole egg diets have been reported by Cossack and 

Weber (1983) and Yens en and Weber (1987). 

Food Consumption 

There were no significant differences in the average food consumption among dietary 

groups (Table 6.2), indicating that TI did not interfere with the food intake of the mice. 

Similarly, Roy and Schneeman (1981) reported that the addition of 100 mg soybean TI/lOO g 

casein diet did not affect food consumption in mice. This is in contrast to the response of chicks 

and rats, in which food consumption was significantly reduced when the level of soybean trypsin 

inhibitor in the diet increased (Gertler et al., 1967). This may be due to the fact that pure trypsin 

inhibitors were added to heated soybean flour which may contain other antinutritional factors such 
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as tannin. Tannin is known to form complexes with protein and minerals leading to decreased 

bioavailability of these nutrients. 

Nitrogen Digestibility 

The apparent nitrogen digestibility of young male mice fed diets containing TI showed 

that nitrogen digestibility is remarkably decreased as the amounts of TI in the diets increase. At 

400 and 600 mg TI/IOO g diet the apparent digestibility was significantly reduced to 80.3 and 

78.4%, respectively, when compared to 88.1 % for basal diet. These results were in agreement 

with data from rats, chicks and guinea pigs, which demonstrated that the addition of soybean 

trypsin inhibitor to casein or heated soybean flour lowered the apparent nitrogen digestibility 

(Garlich and Nesheim, 1966; Peace et at., 1992). The gradual decrease in nitrogen digestibility 

as the TI level increased in the diet, is likely due to lowered trypsin and chymotrypsin activities 

in the intestine by TI. 

Pancreatic Hypertrophy 

In general, absolute pancreatic weight (not shown) and pancreatic weight relative to 

body weight increased when the level of tepary inhibitor increased in the diet (Table 6.2). 

Significant increase (P < 0.05) in pancreatic hypertrophy occurred in mice fed 200, 400 and 600 

mg TI mg/IOO g diet when compared to mice fed whole egg diet. There was no significant 

differences observed in mice fed whole egg and mice fed 100 mg TI/IOO g diet. These results 

clearly demonstrate that young male mice were very sensitive to TI. Addition of pure soybean 

trypsin inhibitor to a casein diet also caused pancreatic hypertrophy and increased pancreatic 

enzyme secretion in mice (Roy and Schneeman, 1981). The stimulation of pancreatic 

hypertrophy by feeding soybean trypsin inhibitor to mice and rats has been reported by many 



127 

authors. Gumbmann et al. (1989) investigated the effect of feeding soybean and potato trypsin 

inhibitor concentrates at levels from 0 to 800 mg TI/IOO g diet to mice and rats. They found that 

soybean trypsin inhibitor levels of 200 g/IOO g diet or above significantly depressed growth and 

increased pancreatic hypertrophy of mice and rats. Rackis (1965) also found that the addition 

of 0.4 or 0.6% purified soybean trypsin inhibitor to casein diets reduced weight gain and 

increased pancreatic hypertrophy. Similar findings were also reported in chicks (Gertler and 

Nitsan, 1970). The mechanism by which growth depression and pancreatic hypertrophy occur 

is best explained by the loss of inhibitor-bound pancreatic enzyme through excretion in the feces, 

and the compensatory synthesis and hypersecretion of such enzymes brought about by trypsin 

inhibitor ingestion (Rackis and Gumbmann, 1981; Lyman and Lepkousky, 1957). Hypersecretion 

results in pancreatic hypertrophy and nutritional stress due to the loss of essential amino acids, 

particularly methionine and cystine which are present in pancreatic proteinase in relatively high 

amounts. 

No mortality occurred in mice fed diets with added TI, during the three-week 

experiment, indicating that TI was not responsible for the death of mice and rats fed raw tepary 

bean flour. These results contrast those of Idouraine et al. (1992a) who suggested that TI was 

responsible for the death of experimental animals fed raw tepary bean flour. Sotelo et al. (1983) 

found that tepary bean protein fraction devoid from trypsin and hemagglutinin activities exhibited 

cytotoxicity activity on human intestinal epithelial cell similar to hemagglutinin and trypsin 

inhibitor fractions. Schingoethe et al. (1974) reported separation of low molecular weight (5,000 

daltons) from trypsin inhibitor fraction that decreased mice growth rate and feed efficiency. 

Hamaguchi et al. (1977) isolated a lethal protein with hemagglutinating activity, but not trypsin 

inhibitor activity from kintoki bean (Phaseolus vulgaris). They found that interperitoneal 
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injection of 250 p.g/g body weight induced acute toxicity which caused the death of all injected 

mice. Since tepary hemagglutinin is completely destroyed by heat treatment, the high mortality 

rate of mice and rats fed autoclaved tepary bean might be due to the presence of an unknown heat 

stable toxic factor. 

In conclusion, this study has demonstrated that feeding a diet containing TI to weanling 

mice for 21 days resulted in significantly reduced growth rate, PER and apparent protein 

digestibility, without food consumption when compared with mice fed a control diet containing 

whole egg. All the diets contained whole egg as the sole source of dietary protein at a level of 

8 %. Addition of TI to the whole egg diet also caused pancreatic hypertrophy. Results of this 

study also demonstrated that TI was not primarily responsible for the toxicity of raw tepary bean. 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 

A partial understanding of the nature of tepary bean (Phaseo/us acutifolius) proteinase 

inhibitors and their nutritional and physiological roles has emerged from this study. Two trypsin 

and chymotrypsin inhibitors were purified from tepary bean and tepary prolamine fraction by ion 

exchange (DEAE A25-Sephadex) chromatography, hydrophobic (phenyl sepharose) 

chromatography and gel permeation (Sephadex G·75). The inhibitors have molecular weights of 

17,200-17,700 daltons estimated by sodium dodecyl sulfate-polyacrylamide electrophoresis and 

gel permeation on Sephadex G-75. The amino compositions of both inhibitors closely resemble 

those of the low molecular weight Bowman-Birk inhibitors of soybean, lima bean, garden pea and 

mung bean. They contain large amounts of half-cystine, aspartic acid, serine and glutamic acid, 

and little or no methionine, hydrophobic or aromatic amino acids. The isoelectric points were 

at approximately pH 4.68 for tepary proteinase inhibitor and at pH 4.53 for tepary prolamine 

inhibitor, respectively. 

The tepary proteinase inhibitor inactivated trypsin and chymotrypsin by forming an 

enzyme-inhibitor complex in molar ratio of 1: 1; whereas the prolamine inhibitor inhibited trypsin 

at a molar ratio of 1:2 and chymotrypsin at a molar ratio of 1: 1. Pepsin was not inhibited by 

either inhibitor. The amino-terminal amino acids of tepary proteinase inhibitor revealed a 

significant degree of sequence homology to mung bean (MB) and lima bean (LBI-IV) trypsin 

inhibitors indicating that it belongs to the Bowman-Birk inhibitor family. 

Chemical modification of tepary proteinase inhibitor with l,2-cyclohexanedione and 

ninhydrin revealed that arginine residues are not essential for its antitryptic and antichymotryptic 
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activities. Treatment of the inhibitor with 2,4,6-trinitrobenzene sulfonate (TNBS) caused a 58.5 % 

loss in antitryptic activity, while antichymotryptic activity remained unchanged, thereby providing 

evidence for the presence of two distinct reactive sites, one for trypsin and another for 

chymotrypsin. These results also indicate that the inhibitor has a lysine residue in its reactive site 

similar to the soybean Bowman-Birk and lima bean inhibitors. Modification of the disulfide 

bridges showed that these groups are essential for antitryptic and antichymotryptic activities. 

Further investigations are needed on the amino acid sequence and chemical modification of the 

tepary prolamine inhibitor. 

The effects of heat treatment (boiling at 100°C and autoclaving) at neutral, acidic and 

alkaline pH on the trypsin and chymotrypsin inhibitory activity of purified tepary inhibitor and 

tepary extract were also studied. The heat stability of the purified inhibitor was compared to that 

of other legume inhibitors (soybean trypsin inhibitor, KSTI; soybean chymotrypsin and trypsin 

inhibitor, BBI; and lima bean trypsin inhibitor). At neutral and acidic pH the purified tepary 

inhibitor, soybean BBI and lima bean inhibitor were extremely heat (lOO°C) stable compared to 

either soybean KSTI or the tepary extract. However, at alkaline pH all the inhibitors lost their 

activity very rapidly when heated at 100°C. Autoc1aving of tepary extract and the purified 

inhibitors revealed the purified tepary, soybean BBI and lima bean inhibitors were the most heat 

stable, whereas soybean KSTr and the tepary extract were heat labile. These results confirmed 

prior biochemical studies which revealed that the tepary inhibitor belongs to the Bowman-Birk 

family of the inhibitors. 

The nutritional significance of the tepary proteinase inhibitor on the growth rate, 

protein utilization and protein digestibility of growing mice was evaluated. The effect of tepary 

inhibitor on the pancreas was also examined. Incorporation of purified tepary inhibitor in a 
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whole egg protein diet at levels of 200,400 and 600 mg/lOO g diet significantly decreased growth 

rate, protein utilization ratio and protein digestibility without affecting food consumption. In 

contrast, addition of tepary inhibitor at 100 mg/lOO g diet had no effect on those parameters. 

Addition of tepary bean inhibitor at 200 mg or above per 100 g diet also significantly increased 

pancreatic weights (hypertrophy). No mortality occurred in mice fed diets containing tepary 

inhibitors during the experimental period, suggesting that the inhibitors were not responsible of 

the death of mice and rats fed raw tepary bean flour as indicated by some authors. Further 

studies are required to isolate and identify the factors responsible for the toxicity of raw tepary 

beans. 
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