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Introduction 

'l'he winged bean ( Psophocarpus tetra­
gonolobus) is a tl'opical legume with a high 
protein and oil content.''' Like other legumes, 
its ripe seeds contain several toxic substances, 
antinutl'itional facto l'S, etc. such as lectins, 
hydrocyanic glycosides, protease inhibitors, 
and tannins. 1, The study shou Id be done sys­
tematically to know the kinds of antinutri­
tional factors occmTing in each part of this 
crop, since almost all pal'tS of the crop can 
be eaten 1·aw or cooked. 

Content of trypsin inhibitors in winged 
bean seeds has been reported to be the hi gh­
est among several legume seeds.'1•

4 > Content 
of tt-ypsin inhibitors together with that of 
chymotl'ypsin inhibitors in edible parts of the 
winged bean were determined. This study 
constitutes a part of the TARC research pro­
gram "Introduction of winged bean" and was 
carl'ied out jointly with biochemists of the 
Osaka University. 
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Materials and methods 

Three winged bean varieties, "UPS-31" in­
troduced from Papua New Guinea, "Tpt-2" 
from Nigeria and "Colombia" from Colombia, 
and a variety, "Tpt-7", of a related species, 
Psovhoc<ir1ms val·ustris, were sown in the field 
of T ARC at Ishigaki Island, 24 °N, early in 
June, 1982. 

To study the relationship between fruit 
development and biosynthesis of trypsin and 
chymotrypsin inhibitors, newly fo l'med flow­
ers of UPS-31 and Tpt-2 were tagged. Pods 
of val'ious ages, and other edible parts such 
as buds, flowers, leaves, stems and tubers 
wel'e sampled in mid-Novembel', 1982. The 
pods were immediately separated into peri­
carps and seeds. Tubel's and ripe seeds of 
Colombia and Tpt-7 were also sampled and 
used for study. 

Two to five grams of each sample were 
chipped and homogenized with 0.lM Tris-HCI 
buffer (pH 7.7, 10 ml per g of sample) , as 
soon as possible aftel' sampling. The homo­
genized samples we1·e filtered th1·ough a filter 
paper and the filt1·ates were used for the assay 
after appropriate dilution. 

Activity of trypsin and chymotrypsin in­
hibitors was dete1·mined spect1·ophotometri­
cally according to the method of Schwe1·t and 
Takenaka.n An aliquot of inhi bitor solution 
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was incubated for 4 min at 30°C with 26.3 µg 
of bovine trypsin ( twice crystallized, Type 
III) in a total of 2.5 ml of 0.05M Tris-HCl 
buffer (pH 8.0) containing 0.02M CaCl2• Two 
milliliters of the inhibitor-enzyme mixture 
and 0.1 ml of 0.0lM benzoyl-L-arginine ethyl 
ester (BAEE) solution in the same buffer 
were pipetted into a cuvette, and the change 
of absorbance at 253 nm was recorded against 
a reference cuvette containing 2 ml of the 
buffet' and 0.1 ml of the substrate solution with 
a Hitachi recording spectrophotometer (model 
320 01· 220) . The anti-chymotrypsin activity 
was determined in a similar way using bovine 
cr-chymotrypsin (three times crystalli zed, Type 
II ) and 0.02M acetyl-L-tyrosine ethyl ester 
(ATEE ) solution in acetonitrile, as an enzyme 
and a substl'ate solution, respectively. The 
change of the absorbance was measured at 
237 nm. 

One unit of the inhibitory activity is de­
fined as the amount of inhibito1· which in­
activates 1 mg of active enzyme. The specific 
activity is defined as the number of the unit 
pe1· g of protein. 

Protein contents of samples were measured 
by the method of Lowry et al.") using bovine 
serum albu min as a standard protein. 

Results 

Activity of t 1·ypsin and chymotrypsin in­
hibitors in buds, flowers, pel'icarps, leaves 
and stems was less than 0.4 unit per g of 
fresh weight of each part, suggesting that 
these pa1-ts except seeds and tubers had little 
problem of the protease inhibitors from the 
practical view point (Table 1). 

The activity in tubers increased with time, 
showing a difference in activity of trypsin 
inhibitors between UPS-31 and other varieties 
of P. tetrcigonolobus. UPS-31 showed the 
highest value (Table 2) . On the other hand, 
no appreciable varietal difference was found 
with chymotrypsin inhibitors, which ranged 
only from 10.2 to 11.4 units per g of the 
tubers, although the content of chymotrypsin 
inhibitors was two times as much as that of 
trypsin inhibitors. 
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' Table 1. Trypsin and chymotrypsin inhibi-
tors in each J>art of plant except 
t.ubers and seeds 

TllJ2> CJU3> TSA") CSA5> 

Buel 
UPS-31 0.35 0.39 2.2 2.5 
Tpt-2 0.08 0.32 0.6 2.2 

Flower 
UPS-31 0.03 0.11 0.2 0.9 
Tpt-2 0.08 0.29 0.6 2.2 

Pericai·p" 
UPS-31 min 0.02 0.05 0.1 0.5 

max 0.09 0.12 0.9 1.7 
Tpt-2 min 0.0 0.04 0.0 0.6 

max 0.31 0.24 5.5 4.2 
Stem 

UPS-31 young· 0.12 0.04 0.7 0.2 
old 0.09 0,07 0.6 0.5 

Tpt-2 young 0.01 0.13 0.1 0.8 
old 0.0 0.02 0.0 0.1 

Leaf 
U PS-31 young 0.0 0.13 0.0 0.4 

old 0.0 0.05 0.0 0.1 
Tpt-2 young· 0.04 0.11 0.2 0.5 

old 0.0 0.27 0.0 0.7 

1) Sampled between 23 and 48 days a! ter 
flowe1'ing for UPS-31, and between 13 
and 39 days for Tpt-2. 

2) Trypsin inhibitor unit in 1 g (fresh 
weight) of sample. 

3) Chymotrypsin inhibitor unit in 1 g (fresh 
weight) of sample. 

4) Specific activity of trypsin inhibitor 
(TIU/ g of protein) . 

5) Specific activity of chymotrypsin inhibi­
tor ( CIU / g of protein). 

Fig. 1 shows changes in activities of tryp­
sin and chymotrypsin inhjbitors in the course 
of seed development o'f UPS-31 and Tpt-2. 
The activities were very low in immature 
seeds sampled up to the 30th day after flower­
ing, and then they began to increase rapid ly. 
The activities (on dry weight basis) and 
specific activities l'eached the maximum about 
35 and 40 days after flowering for Tpt-2 and 
UPS-31, respectively. 

The result indicates that green pods, the 
most popular edible part generally harvested 15 
to 20 clays after flowering, are free from these 
p1·otease inhibitors. As in the case of tubers, 
the activities of ti·ypsin and chymotrypsin 



Table 2. Try psin and chymotrypsin inl1ibi­
tors in tubers and ripe seeds 

TIUn cru2> TSA3> CSA•> 

Tuber 
UPS-31 young 0.36 

old 7.11 
Tpt-2 young 0.26 

old 4.21 
Colombia young 0.32 

old 4.41 
Tpt-7 young 0.52 

(P. palustris) 
Ripe seed 

UPS-31 15.5 
Tpt-2 8.2 
Colombia 3.0 
Tpt-7 42.0 

3.13 
11.4 

0.43 
10.5 

1.39 
10.2 

0.07 

37.5 
26.7 
28.1 
34.6 

2.6 
105 

3.1 
60.7 

3.2 
55.8 
6.8 

32.4 
18.1 

5.8 
7H.O 

22.7 
168 

5.2 
151 
14.0 

129 
0.9 

78.5 
58.8 
54.8 
65.1 

1) Trypsin inhibitor unit in 1 g (fresh 
weight) of sample. 

2) Chymotrypsin inhibitor unit in 1 g 
(fresh weight) of sample. 

3) Specific activity of trypsin inhibitor 
(TIU/ g of protein). 

,1) Specific activity of ehymotrypsin inhibi-
tor (CIU/g of protein) . 

inhibi tor in the ripe seeds were the highest 
in UPS-31 among 3 varieties used. The ac­
tivity of trypsin inhibitors per g of fresh 
weight ranged from 3.0 (Colombia) to 15.5 
units (UPS-31 ) , while that of chymotrypsin 
inhibitors ranged from 26.7 to 37.5 units. 

The activity of chymotrypsin inhibitors 
(34.6 units) of P. valustris (Tpt-7 ) was very 
similar to that of P. tetragonolobus, but that 
of trypsin inhibitors (42.0 units) was three 
times as high as that of UPS-31. 

Discussion 

The trypsin inhibitor is known as one of 
the antinutritional factors in legumes.i,:1,,, 
However, the chymotrypsin inhibitor has re­
ceived little attention from a nutritional point 
of view. 

The present study indicated that three 
varieties of P. tetragonolobus showed the ac­
tivity of chymotrypsin inhibitors 2 to !) times 
as high as that of trypsin inhibitors in ripe 
seeds. The former activity was Jess variable 
among varieties than the latter. On the 
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contrary, P. valustris seeds showed the high­
est activity of the trypsin inhibitors among 
the legume seeds used. That activity was 
more than twice that of UPS-31. Further­
more, P. val:ustris showed much higher ac­
tivity of trypsin inhibitors than that of 
chymotrypsin inhibitors in the ratio of 5 : 4 
while P. tetragonolobus had less trypsin in­
hibitors than chymotrypsin inhibitors. Such 
a change of the ratio of the two protease 
inhibitors between the two species might be 
related with the evolutionary process of each 
species. It would be worth surveying a wider 
range of leguminous species. 

The most interesting is that both the pro­
tease inhibitors begin to increase in seeds 
s imultaneously about a month after flowering. 
This time is regarded as a critical stage of 
seed development because the seeds attain 
to the maximum size0 > and become germinative 
(unpublished data) at that time. The fact 
that the protease inhibitors are observed only 
in tubers and seeds of the winged bean seems 
to suggest the ecological significance of these 
protease inhibitors. Namely, the inhibitors 
may se1·ve to protect the important organs 
fo r survival ( tubers) and reproduction (seeds) 
against predators. 

Summary 

Attempt was made to determine the ac­
tivity of trypsin and chymotrypsin inhibitors 
in edible parts of the winged bean, in which 
the inhibitory activities have been reported 
to be the highest among several legume beans. 

Chymotrypsin inhibitors, which have re­
ceived little attention so far as compared with 
trypsin inhibitors, were found to exist in 
seeds two to nine times as much as tryp­
sin inhibitors, and their contents differed a 
little among varieties. 

The result also indicated that flowers, green 
pods, leaves and stems were free from the 
protease inhibitors. Trypsin and chymotryp­
sin inhibitor contents simultaneously began 
to increase in the seeds about a month after 
flowering, when the seeds attained to the 
maximum size and became germinative. The 
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Fig. 1. Development of activity of trypsin inhibitors ( • ) and that of chymotrypsin inhibi­
tors ( ... ) in the course of seed development of two winged bean varieties, UPS'-31 
(left) and Tpt-2 (right). 

tubel's of the winged bean, which functions 
as a storage and propagative organ similar 
to the seeds, also contained the protease in­
hi bi tors. This suggests that these inhibitors 
might play a role in protecting these organs 
from predato1·s. 
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