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Purification and Partial Characterization of Four Trypsin/
Chymotrypsin Inhibitors from Red Kidney Beans

(Phaseolus vulgaris, var. Linden)

C. Wu and John R. Whitaker*
Department of Food Science and Technology, University of California, Davis, Davis, California 95616

Four protease inhibitors were purified to homogeneity from red kidney bean (Phaseolus vulgaris var.
Linden) by extraction, followed by affinity chromatography with trypsin-Sepharose, ion-exchange
chromatography with DEAE-Sephacel and CM-cellulose, and hydrophobic chromatography with phenyl-
Sepharose. Amino acid analysis indicated all four inhibitors are high in 1/; Cys (12-14 mol/mol of protein),
Ser (11~12 mol/mol of protein), Asp (12 mol/mol of protein), and Pro (7-10 mol/mol of protein) and
low in Gly, Ala, and aromatic amino acids. The four inhibitors have similar molecular weights. Molecular
weights determined under native condition indicate the inhibitors exist primarily as dimers. Isoelec-
tric points of the four inhibitors range from 4.46 to 5.09. Inhibitors R(A), R(B2), and R(C) bind to
one trypsin and one chymotrypsin; R(B1) binds to only one trypsin. Inhibition constants of the inhibitors

to trypsin and chymotrypsin were measured.

INTRODUCTION

Protease inhibitors are found in most plants and several
of them have been purified and extensively investigated.
Extensive studies have been carried out on protease
inhibitors purified from soybean (Glycine max; Kunitz,
1946; Birk, 1961; Yamamoto and Ikenaka, 1967), lima bean
(Phaseolus lunatus; Jones et al., 1963; Haynes and Feeney,
1967), navy bean (Phaseolus vulgaris; Wagner and Riehm,
1967; Whitley and Bowman, 1975), broad bean (Vicia faba;
Warsy et al., 1974), runner bean (Phaseolus coccineus;
Weder et al., 1975), garden bean (P. vulgaris; Wilson and
Laskowski, 1975), mung bean (Phaseolus aureus Roxb.;
Baumgartner and Chrispeels, 1976), bush bean (P. vul-
garis var. nanus; Gerstenberg et al., 1980), Brazilian pink
bean (P. vulgaris Rosinha G2; Whitaker and Sgarbieri,
1981; Sgarbieri and Whitaker, 1981), and lentils (Lens cu-
linaris Medik.; Weder et al., 1983).

Pusztai (1966) reported the isolation of a trypsin
inhibitor from kidney bean (P. vulgaris, var. haricot). Ja-
cob and Pattabiraman (1986) reported the isolation and
some properties of an apparently different trypsin/
chymotrypsin inhibitor from kidney bean (var. red bean).
Neither of them reported multiple isoinhibitors in their
studies. Purification and characterization of the physical
and chemical properties of the inhibitors from red kidney
beans have not been done before. Our preliminary study
indicated that there were at least four major trypsin isoin-
hibitors in red kidney beans. They were purified to
homogeneity to study their physical, chemical, and
biological properties. This paper describes the purification
of all four major trypsin isoinhibitors and presents some
of their molecular properties.

MATERIALS AND METHODS

Materials and Reagents. Red kidney beans (P. vulgaris
var. Linden) were obtained from Dr. Carl Tucker, Department
of Agronomy and Range Science, University of California, Davis.
Bovine pancreas trypsin (type III, 2% crystallized), soybean
trypsin inhibitor (Kunitz), soybean Bowman-Birk inhibitor, Na-
benzoyl-pL-arginine p-nitroanilide, N-glutaryl-L-phenylalanine
p-nitroanilide, phenyl-Sepharose, and CM-cellulose were pur-
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chased from Sigma Chemical Co. Bovine pancreas a-chymo-
trypsin (code: CDI, 3X crystallized) was purchased from
Worthington Biochemical Corp. DEAE-Sephacel and
Sepharose-4B were purchased from Pharmacia. Lima bean
trypsin inhibitors were obtained from Professor R. E. Feeney,
Department of Food Science and Technology, University of Cal-
ifornia, Davis. All chemicals were of analytical grade. Deion-
ized water was used in all studies.

Purification of Isoinhibitors. Extraction. Extraction of
inhibitors was carried out by stirring a suspension of bean flour
containing 1% added poly(vinylpyrrolidone) in 0.5 M NaCl so-
lution (1:6 w/v) adjusted to pH 2.5 with HCI for 2 h at room
temperature (25 °C). Insoluble materials were removed by cen-
trifugation at 10000g for 40 min, and the supernatant (acid ex-
tract), after the pH was adjusted to 7.0, was centrifuged at
10000g for 40 min. The supernatant (neutral bean extract) was
used for further purification by chromatographic methods.

Affinity Chromatography. Bovine pancreas trypsin was cou-
pled to Sepharose 4B beads by mixing trypsin solution in 0.1 M
sodium bicarbonate buffer, pH 8.6, with activated Sepharose 4B
and stirring for 16 h at 4 °C. Sepharose 4B was activated with
cyanogen bromide by the cyano-transfer method of Kohn and
Wilchek (1982). The affinity beads (50 mL packed) were mixed
with 200 mL of neutral bean extract adjusted to 0.02 M phos-
phate (pH 7.6) and allowed to stand for 30 min at 4 °C with oc-
casional stirring. Unbound proteins were removed by filtering
the mixture on a sintered glass funnel and washing the
Sepharose with 4 X 400 mL of 0.02 M phosphate buffer (pH 7.6)
containing 0.4 M NaCl followed by 2 X 200 mL of deionized wa-
ter. The Sepharose beads were packed into a column, and the
inhibitors were eluted with 0.02 N HCl at 4 °C. Fractions con-
taining the inhibitors were pooled, neutralized, dialyzed against
deionized water, and lyophilized.

Ion-Exchange Chromatography. lon-exchange chromatog-
raphy and hydrophobic chromatography were carried out at
room temperature (25 °C). Lyophilized inhibitors (200 mg)
were dissolved in 40 mL of 0.02 M ammonium acetate buffer,
pH 5.90, and loaded onto a DEAE-Sephacel column (1.5 X 30
cm) equilibrated with the same buffer. After the column was
washed with 150 mL of buffer, elution of the inhibitors was car-
ried out with a linear gradient of 0-0.3 M NaCl in 0.02 M am-
monium acetate buffer (pH 5.90). Flow rate was 0.25 mL/
min, and 500 mL total volume was collected. Three major
peaks, all with inhibitory activity, were obtained and were
named peaks A-C according to their elution order.
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cystine-rich Bowman-Birk-type inhibitors such as trypsin
isoinhibitors from garden beans (Wilson and Laskowski,
1973), Kintoki beans (T'sukamoto et al., 1983), lima beans
(Jones et al., 1963), navy beans (Whitley and Bowman,
1975), and pinto beans (Wang, 1975), although the
percentage of cystine content of the RKB inhibitors is
generally a little lower than these Bowman-Birk-type
inhibitors. The amino acid compositions are completely
different from that of the high molecular weight Kunitz-
type inhibitors (Wu and Scheraga, 1962). The trypsin
inhibitor purified from kidney beans by Pusztai (1966) had
somewhat similar amino acid composition as the RKB
inhibitors, but there are obvious and significant differences.
The compositions of the RKB inhibitors are very similar
to the Brazilian pink bean inhibitors (Whitaker and Sgar-
bieri, 1981), indicating that they may be closely related.

The methods for the molecular weight determination
deserve some discussion. The molecular weights of the
inhibitors determined by amino acid composition (around
9000) and by gel filtration in 6 M urea (around 11 000) are
within the molecular weight range of 8000-13 (00 for most
of the trypsin inhibitors isolated from Phaseolus species
(Jones et al., 1963; Pusztai, 1968; Belitz et al., 1972; Wilson
and Laskowski, 1973; Wang, 1975; Whitley and Bowman,
1975; Tsukamoto et al., 1983). However, M,s determined
by SDS-PAGE, gel filtration chromatography, and gel elec-
trophoresis under native conditions were much higher. It
has been shown that some of the Bowman-Birk-type
inhibitors, such as those from soybean (Birk, 1985), kidney
bean (Pusztai, 1968), black-eyed pea (Gennis and Cantor,
1976a), and lima bean (Haynes and Feeney, 1967), have
a tendency to self-associate, forming dimers or tetram-
ers. The apparent higher molecular weights observed for
the red kidney bean inhibitors under nondenaturing
conditions are likely due to such self-association. The
tendency of self-association for the red kidney bean
inhibitors must be quite strong since, apparently, the
inhibitors existed primarily in dimer form even at a
concentration as low as 2 uM. Inhibitors R(B2) and R(C)
appeared to exist as dimers even in the complexes with
chymotrypsin.

The dimer formation may sterically block the chymo-
trypsin binding site on one monomer, which may be the
reason why the numbers of chymotrypsin bound to R(B2)
and R(C) determined by activity titration are less than
unity (Table IV). Gennis and Cantor (1976b) reported that
black-eyed pea proteinase inhibitors exist in dimer form
in complexes with trypsin and chymotrypsin when the
inhibitors were in excess. Our observation suggests that
the existence of inhibitor dimer in an enzyme-inhibitor
complex in excess of inhibitor may be general to self-
associating proteinase inhibitors.

The reason SDS-PAGE gives higher molecular weights
for the proteinase inhibitors is not clear. Dimerization of
inhibitors after disulfide bond cleavage and SDS treatment
is extremely unlikely. Ozxidation of cysteine during the
course of electrophoresis is probably the reason for broad
bands in gel but not the reason for slower migrating bands
(with apparent higher molecular weights) because inhibitors
with all the disulfide bonds cleaved and thiol groups
blocked by treatment with NT'SB reagent gave sharper
protein bands but with similar higher molecular weights
(results not included). Whether these inhibitors inherently
bind less SDS and hence migrate slower needs to be
investigated. Meanwhile, one should be cautious in
applying this technique for the molecular weight
determination of cystine-rich, low molecular weight pro-
teinase inhibitors.
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Three of the inhibitors inhibit both trypsin and chy-
motrypsin. Inhibition of the two enzymes is independent,
indicating separate reactive sites for the two enzymes.
Bowman-Birk-type inhibitors, besides being small in M,
and high in cystine content as contrasted to Kunitz-type
inhibitors, are also characterized as having two independent
reactive sites in two domains. Kunitz inhibitors have been
shown to have only one reactive site; they bind to trypsin
but not chymotrypsin, although recently Boesterling and
Quast (1981) showed that there is a chymotrypsin binding
site on soybean Kunitz inhibitor which binds much less
tightly (Kq = 10 M) than the trypsin binding site (K4
= 10"11 M). The four inhibitors from red kidney bean have
similar amino acid compositions and molecular properties
as Bowman-Birk-type inhibitors, and at least three of the
inhibitors are double-headed; therefore, they appear to
belong to the family of Bowman~Birk inhibitors.

The K4 values of the inhibitor-enzyme complexes
indicated that binding of the inhibitor to both trypsin and
chymotrypsin was very tight. The binding is less tight than
that of the Kunitz inhibitors from soybean (10-!! M), but
tighter than the soybean Bowman-Birk inhibitor (10-7-
108 M). Except R(B2), all the inhibitors bind to trypsin
tighter than to chymotrypsin. However, since K4 values
of the inhibitors to trypsin and to chymotrypsin were
determined at different pHs and ionic strengths, which
was shown to affect the binding in our study (results not
included), the K4 values to the two enzymes are not
comparable.
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