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Abstract—An antitryptic activity has been identified in the flour of dry non-germinated seed of an African leguminous
plant, the bambara pea (Voandzeia subterranea). This inhibitor has been purified by trichloracetic acid and ammonium
sulphate precipitations followed by gel filtration on Sephadex G235, ion exchange chromatography and gel filtration on
Sephadex G75. Antitryptic activity increased 50-fold. Its purity has been verified by electrophoresis on polyacrylamide
gel and gel chromatography. Its MW is 13 200 in the denatured and reduced forms and 26 300 in the native form. It is
resistant to thermal denaturation and appears to be in monomeric form when entirely denatured.

INTRODUCTION

The presence of proteinase inhibitors in animal or plant
tissues has been abundantly verified [1—4]. In spite of the
considerable number of publications which has been
dedicated to them, their physiological function is still
unclear. Some authors suggest a function in the control of
endogenic proteinases, or a protective role against exo-
genic proteinases on microbial or insect attack [4, 5].

These inhibitors have a low MW, are strongly resistant
to thermal denaturation and retain inhibitory activity
over a large pH range [6-11]. In addition, they show a
characteristic absorption spectrum in the near UV be-
cause of their low tyrosine and phenylalanine content and
the almost complete absence of tryptophan in their
structure [ 12, 13]. Generally, these properties are used for
the extraction and purification of these inhibitors.

This paper describes the purification and characteriz-
ation of a bovine antitrypsin in the ungerminated seeds of
bambara pea (Voandzeia subterranea) [14].

RESULTS AND DISCUSSION

Measurements of the lytic activity of bovine trypsin
with time have permitted us to plot a straight line whose
slope is equal to 18 mmol/min. ml of hydrolysed BAPNA.
The addition of aqueous extract (100 ul or 2 mg protein)
to the reaction medium reduced the reaction rate ca five-
fold (3.3 mmol/min. ml).

Extraction and purification

We used the method described by Ventura and Filho
[12] based on the fact that proteinase inhibitors are highly
stable in acid medium. [13-15]. After treatment of the
aqueous extract with TCA, the precipitate does not show
any antitryptic activity. The supernatant (TCA fraction) is
treated with ammonium sulphate and the majority of
inhibitory substances are precipitated (sulphate fraction).
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Desalting of the sulphate fraction by dialysis was aban-
doned due to the loss of 909, of activity, probably due to
permeability of the dialysis membrane to the inhibitor.
Gel filtration allows the retention of maximum activity.
After gel filtration of the sulphate fraction on Sephadex
G25, the fraction which contains antitryptic activity was
collected (G25 fraction) and lyophilized. This fraction was
chromatographed on an ion exchange column (DEAE-
cellulose). Part of the G25-fraction is excluded (A).
Sodium chloride concentration gradient (0-1 M) permits
the observation of a large peak eluted at 0.2 M (B). A
smaller peak (C) is eluted at 1 M sodium chloride. Only
peak B, corresponding to the largest fraction, shows
antitryptic activity. This fraction constitutes the DEAE
fraction. This was treated with ammonium sulphate at
380¢/1. for 12 hr at 4°. The precipitate was purified on a
dextran gel (Sephadex G75). The eluate showing anti-
tryptic activity was recovered and constitutes the G75-
fraction which was lyophilized. Table 1 summarizes the
different steps of purification. After Sephadex G75 chro-
matography, considerable increase in antitryptic activity
was obtained (ca 50-fold).

Characterization of the inhibitor

The purity was analysed by polyacrylamide gel elec-
trophoresis (PAGE). Fractions corresponding to the three
peaks obtained after G25 fraction purification by ion
exchange chromatography as well as the G75 fraction
were analysed by electrophoresis on dodecylsulphate
polyacrylamide gels. Many bands were found after purifi-
cation on DEAE-cellulose (A—C). On the other hand, the
G75 fraction migrates homogeneously and shows only
one protein band after staining with amido black.

Thermal denaturation of the inhibitor in an aqueous
solution (0.3 mg/m!) was studied kinetically at 90°. This
inhibitor is very resistant to thermal denaturation since
after an exposure at 90° for 10 min, it retains half its initial
activity. Within 20 min, 809, of the initial inhibitory
activity disappears. After 40 min, 979, of the trypsin
activity present in the experiment is recovered.
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Table 1. Antitrypsin

M. DI MARTINO-FERRER and A. FERRER

activity of Voandzeia subterranea ungerminated seed

extract
Extract Amount of Antitrypsin Purification
protein (g) activity factor
Aqueous extract 6.760 0.034 1
TCA fraction 0.700 0.068 2
Sulphate-fraction 0.288 0.211 6
G25 fraction 0.062 0476 14
DEAE-cellulose fraction 0.028 0.920 27
G735 fraction 0.014 1.713 51

The MW of the inhibitor was determined by PAGE and
by gel chromatography. For SDS-PAGE, standard pro-
teins were denatured at 90° for 5min in 259
dodecylsulphate and 5¢; B-mercaptoethanol. After de-
naturation at 90° in the same medium for 45 min, followed
by 12 hr at room temperature, the bambara pea trypsin
inhibitor migrates as one band at a MW of 13200. For
Sephadex G100 chromatography, a buffer of sodium
acetate was studied; the MW of the native inhibitor and
inhibitor denatured by heating (90°, 45 min) computed
from the elution volume were, respectively, 26 300 and
13500 (Figs. 1a, b).

Generally, trypsin inhibitors of low MW have few
aromatic amino acids and a large number of amino acids
containing sulphur atoms [16]. The absence of 4 maxi-
mum at 280 nm of an aqueous solution of the inhibitor,
which is typical of proteins [9-17], is due to its weak
tyrosine and tryptophan content [7]. The method of
Bensze and Schmid described by Justisz [ 18] allowed us to
determine the tyrosine (four residues) and tryptophan (no
residue) composition per molecule of inhibitor, on the
basis of a MW of 26 300.

Characterization of the trypsin—trypsin inhibitor complex

The inhibitor, reduced and denatured by heating, hasa
MW (evaluated by PAGE and gel chromatography) of
13200-13 500. In order to define conditions of the EI
complex formation, inhibitor denatured by heat and

native inhibitor was analysed by gel chromatography on a
dextran gel (Sephadex G100 fine). The ionic strength of
the elution solution is 0.5. V ./ ¥V, ratios were computed
and MWs determined from a calibration curve (Fig. lc).

The native inhibitor shows a V_/ ¥, ratio of 2.60. After
heat treatment (90°, 20 min), 4 at 280nm (Fig. 1b)
indicates that two kinds of molecule are present: one (I)
active towards trypsin shows a V,/ ¥, of 2.60, the other
(II), at a considerably higher concentration has no anti-
tryptic activity (V,/V, = 3.65). Comparison of these
ratios with the calibration curve (Fig. 1 ¢) allowed us to
compute the MW of native and denatured inhibitor of
types 1 and II. Native inhibitor is excluded at a MW of
26 300. Denatured inhibitor of types I and IT shows MWs
of 26300 and 13500, respectively. Native and type I
inhibitor with the same MW have identical specific
activities. Type I probably corresponds to part of the
inhibitor which has not been denatured, since after 20 min
of treatment at 90°, a residual activity of 209, is still
present. An analogous experiment was carried out with an
elution solution at an ionic strength of zero and gave the
same results.

The existence of monomeric and dimeric forms in the
presence of denaturing agents [guanidine hydrochloride
or urea (6 M)] [19,20], or in terms of the pH of the
incubation medium [21,22], have been described.
Denatured inhibitor shows a MW of 13 500. The MW of
native inhibitor is 26 300. This is consistent with a
separation of the native molecule into two pieces of the
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Fig. 1. Molecular study of the thermal denaturation of the inhibitor. Trypsin inhibitor (0.5 mg test) was analysed

by exclusion diffusion chromatography (Sephadex G100, 1 x 20 cm). a, Native inhibitor; b, heat denatured inhibitor;

c.calibration curve. The logarithms of the MWs of native or denatured proteins were plotted against the ratio 1,/ V.
A, pepsin (35000); B, trypsin (23 000); C, lysosyme (14 300): 1, denatured inhibitor; 2, native inhibitor.
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same size, or, more probably into a monomer (MW
13 500) and a dimer (MW 26 300).

Inhibition stoichiometry was determined by the ad-
dition, at a constant concentration of substrate (1 nmol
BAPNA), of increasing quantities of inhibitor and
measurement of the ratio, a = V/V, [19], where ¥V is the
initial rate of the enzymatic reaction without inhibitor and
V', the initial rate with inhibitor. On the basis of a MW of
26 300, corresponding to native inhibitor, complete in-
hibition is obtained (Fig.2) for a concentration ratio
(I°)/(E®) of 0.53 (equivalence point). The EI complex is
formed from two molecules of enzyme and one of
inhibitor. The stoichiometry of association is clearly
different from 1:1; if the binding sites are independent,
the intrinsic dissociation constant may be computed from
the following equation:

IO
1-a

(E)
n

[19).

where (E°) and (I°) are total concentrations of enzyme
and inhibitor and n, the number of binding sites. If n = 2,
from the slope it is possible to determine the K; which is
equal to 1.28 x 107 M.

The protein showing antitryptic activity identified in
ungerminated seed of bambara pea corresponds to the
typical proteinase inhibitors of plant origin [7-10, 23-25].
Some properties of this inhibitcer are reported in Table 2.
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Fig. 2. Determination of the stoichiometry of trypsin-trypsin

inhibitor association. Final concentrations in the test were:

1 mmol BAPNA in DMF, 7.25 x 10”3 nmol trypsin, 35 mM
Tris—HCI, pHS, 35 mM CaCl,.

EXPERIMENTAL

Trypsin (bovine pancreas type III), a-chymotrypsin, (bovine
pancreas type II), pepsin (porcin stomach mucosa), a-n-benzoyl-
L-tyrosine ethyl ester (BTEE) and hemoglobin bovine were
provided by Sigma; filtration gels (Sephadex G25,G75 and G100)
by Pharmacia; DEAE-cellulose was from Whatman.

Extraction. The extraction method represents a procedure
described in ref. [12] modified in ref. [26].

Step 1: 100g bambara pea was ground and the flour was
stirred in 400 m]l H,O for 12 hr at room temp. The homogenate
was passed through many sheets of gauze and the filtrate
maintained for 18 hr at 4°. Insoluble residues were removed by
centrifugation (aq. extract).

Step 2: A 50% aq. soln of TCA was added to the supernatant
until the concn reached 2.59/ (w/v). The mixture was stirred for

Table 2. Properties of trypsin inhibitor of bambara pea

Property Value
MW

by electrophoresis 13200

by chromatography: (a) denatured form 13000-13 500

(b) nature form 25300-27 200

Isoelectric point (by isoelectric focussing) 6.8
Absorbance (A}Z{;n) at 280 nm 2.5
K; (0.05M Tris-HCl, pH 8, 0.05 M CaCl,) 128 x107"®M
Anti-a-chymotryptic activity* Ve/Vi=4
Antipeptic activity (hemoglobin digestion)t Ve/Vi=4

*Carried out by the method of Bieth and Aubry [22].

tCarried out by the method of Ryle [23].

V. =initial rate of enzymatic reaction without inhibitor;
V;=initial rate of enzymatic reaction with inhibitor.
Experimental conditions are specified in the text.

12 hr at 4° and the ppt removed by centrifugation and discarded.
The supernatant was neutralized with 1 M NaOH. The new ppt
at pH 6 + 0.1 was filtered and the final soluble fraction, adjusted
to pH 6.5, constitutes the TCA fraction.

Step 3: (NH,),SO, was added to TCA-fraction to a final concn
of 380 g/l. The ppt obtained after 12 hr at 4° was recovered by
centrifugation and dissolved in the minimum possible quantity of
H,O (sulphate fraction).

Step 4: The sulphate fraction was desalted on a Sephadex G25
column (1 x 50 cm). The antitryptic activity of the eluate was
assayed and fractions of 3ml having a high activity were
lyophilized and constituted the G235 fraction.

Step S: The G25 fraction was analysed by DEAE-cellulose
chromatography. The DEAE-cellulose column (1 x 50 cm) was
equilibrated with 0.05 M Tris—HCl buffer, pH 7.6, containing
1 M NaCl, then washed with the same buffer soln without NaCl.
Elution of the G25 fraction was carried out with a linear gradient
of increasing NaCl concn (0-1 M) in the buffer. Fractions of
20 ml, showing high antitryptic activity, were recovered and
named the DEAE fraction.

Step 6: The DEAE fraction was ppted with (NH,),SO, by
stirring for 18 hr at 4° (see step 3). After centrifugation at 8000 g
for 30 min, the pellets were dissolved in the minimum quantity of
0.05 M Tris—HCI buffer, pH 7.6. The soln obtained was analysed
by gel filtration (Sephadex G75). The Sephadex G75 column
(1 x 50 cm) was equilibrated with 0.05 M Tris—HCI buffer, pH
7.6. The column was eluted with the same buffer. Fractions
showing 4 at 260 nm and a maximum antitryptic activity were
lyophilized (G7S$ fraction).

The protein concn was either determined by the method of ref.
[27], using bovine serum albumin (fraction V) as a standard, or
estimated, according to circumstances, by A at 280 nm in aq.
medium.

Activity measurements. The BAPNA in DMF was synthetic
substrate. Its hydrolysis was followed at 410 nm according to ref.
[28]. The concn (umol of nitroaniline released/ml-min) was
computed using the coefficient of molar extinction ABAPNA
(logE): 410 (8.80) [29]. The enzymatic assay contained 6

x 10~ * nmol trypsin, 1 nmol BAPNA in DMF, 0.05 M Tris-HCl
buffer, pH 8, 0.05 M CaCl,. The final vol. was 1 ml and the temp
23°.

The lytic activity of trypsin was determined from the linear
portion of the hydrolysis reaction curve of BAPNA. One unit is
equal to hydrolysis of 1 umol BAPNA/min; this value was
modified by a corrective factor (0.68 for bovine trypsin) de-
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termined by active titration, in order to eliminate the inactive
fraction of commercial trypsin. This correction allowed us to
determine a K of 1 nM at 25°, pH 8, a value close to those found
in the lit. [30]. The specific antitryptic activity is described as the
No. of mg of inhibited bovine trypsin per mg of protein.

The measurement of anti- a-chymotryptic activity was carried
out according to ref. [31]. BTEE in MeOH was used as a
synthetic substrate and its hydrolysis was followed by A at
256 nm. The lytic activity of pepsin was determined by the
method of ref. [32] using hemoglobin as substrate. The en-
zymatic assays contained: (a) for a-chymotrypsin: a-
chymotrypsin 0.05 nmol, BTEE 0.025 umol, T.I. 1 ug; (b) for
pepsin: pepsin 0.13 nmol, hemoglobin 29, (w/v), T.1. 1 ug. Final
vol. | ml, temp. 23",

Electrophoresis. On 109, polyacrylamide gel and carried out
by the method of ref. [25]. Gels were stained with 0.3 %, amido
black in 79, HOAc and destained electrophoretically.

The MW of the inhibitor. Determined by exclusion diffusion
chromatography (Sephadex G100j as described in the legend of
Fig. 1. The perfusion soln was either 0.1 M NaOAc, NaCl (ionic
strength 0.5), pH 5.8, or deionized H,0.
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