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Abstract: Cowpea is an important protein crop widespread in Africa. The purpose of this research was to determine the
content of trypsin and chymotrypsin inhibitors in different genotypes of cowpea seeds. Trypsin percentage inhibition showed
about 13.5-fold variation (5.12% + 1.47 to 70.52% + 6.58) between the cowpea genotypes respectively for KVx 421-2J and
Kondésyoungo local. The chymotrypsin inhibitory activity varies among cowpea genotypes from 21.19 to 76.94%. The highest
percent inhibitory activity was exhibited by KVx 396-4-5-2D on chymotrypsin. This study also showed significant correlations
between type of cowpea genotype and trypsin inhibition potential and also between colour and chymotrypsin inhibition
potential of cowpea seeds. Kondésyoungo local, a landraceae genotype exhibited the high potential to inhibit the trypsin
enzyme. Coloured seeds of cowpea genotypes possess higher percentage inhibition of chymotrypsin than the colourless ones (p
< 0.05). The calculated mean of trypsin and chymotrypsin inhibition activities showed that Labagela local genotype possess the
highest inhibition activity of both protease enzymes. The PCA components analysis and the dendrogram performed basis on
the protease inhibitory activities divided the thirty-one genotypes of cowpea used in this study into three classes. The results
presented in this work can contribute greatly to the planning of a cowpea breeding program aimed at reducing the content of
proteases inhibitors in order to improve the nutritional value of seeds or to increase PI content for tolerance to stored grain
pests.
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. animal feeding especially in the lower income countries [2, 4,
1. Introduction 5]. Previous studies showed that Burkina Faso cowpea
cultivars are rich in mineral elements (Fe, Zn, Mg, Ca, Se, K,
Na), phenolic compounds and have significant antioxidant
and anti-lipid peroxidation activities [5, 6]. Legumes also
contain antinutritional factors like saponin, heamaglutinin,
cyanogenic glycoside, phytic acid, tannin, trypsin and
chymotrypsin inhibitors that may reduce the bioavailability
of nutrients and also cause harmful effects to human health

Pulses are crops cultivated for their dry seeds and they
have much protein than cereals [1]. Cowpea (Vigna
unguiculata (L.) Walp) is an important staple legume crop of
African origin that is grown worldwide [2-4]. This legume
provides an important source of protein, soluble sugar, amino
acids, vitamins and minerals for human consumption and
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[7, 8]. Storage organs of plant such as seeds, tubers and also
leaves, flowers, and fruits contain different types of protease
inhibitors (PIs) which is able to inhibit some enzymes like
trypsin, pepsin and chymotrypsin [9, 10, 7, 11]. PIs are small
proteins or peptides that inhibit the catalytic action of
proteases by forming stoichiometric and stable complexes
with their proteolytic enzymes blocking or altering the active
site [11-13]. Protease inhibitors in legume seed can inhibit
pancreatic serine proteases, thus slowing down protein
digestion at the small intestine [14, 15]. The bioavailability
of sulfur-containing amino acids (e.g. methionine and
cysteine) in legume is lower as a consequence [15]. Various
processes in living systems are regulated by protease
inhibitors [16]. Protease-inhibitor proteins play five principle
functions in plant: (a) endogenous insecticides, (b)
modulators of proteases, (c) storage proteins for reduced
sulfur-containing amino acids, (d) protection of the embryo
sac, (e) defense of plant against non-biological stressors [9].
The positive or negative effect of protease inhibitors in
human and animal depend on the level present in the
different legumes and on the dose and time of consumption.
The level of these inhibitors (trypsin and chymotrypsin) in
cowpea seeds from Burkina Faso is little known. The aim of
this study is to determine trypsin and chymotrypsin inhibitory
activities of some cowpea seeds and their variation among
the genotypes.

2. Material and Methods
2.1. Plant Material

Seeds of thirty-one (31) cowpea (Vigna unguiculata)
genotypes were obtained from the germplasm of Genetic and
Biotechnology Laboratory, Department of Crop Production,

2.2. Protease Inhibitor Extraction

The seeds were ground to powder using a coffee grinder
and 20 mg of each powder was added to 500 pl of extraction
buffer (92 mM Tris base pH 8.1, 23 mM CacCl,) and then
centrifuged at 14 000 rpm for 20 min in 4°C.

2.3. Trypsin and Chymotrypsin Inhibition Assay

Trypsin and chymotrypsin inhibition assay were
determined according to the method described by Klomklao
et al [17]. To measure trypsin inhibition activity (TIA), a
solution of trypsin (from bovine pancreas, Sigma) was
prepared in Tris-HCl buffer (0.2 M, pH 7.8) at a
concentration of 12.5 pg.ml” and 100 ul of this solution was
mixed with 100 pl of cowpea total protein extract. The
mixture was incubated for 5 min prior to the addition of N-a-
Benzoyl-DL-Arginine p-Nitroanilide (BAPNA) as substrate
(50 ul, 800 ug.ml'l) dissolved in Tris-HCI buffer (0.05 M pH
8.2, 0.05 M CaCly). The liberated p-nitroanilide was
monitored for 25 min at 410 nm using a spectrophotometer
96 wells.

For chymotrypsin inhibition activity (CIA), o-
Chymotrypsin (from bovine pancreas, Sigma) was prepared
in Tris-HCI buffer (0.2 M, pH 7.8) at a concentration of
18.75 pg.ml™ and 100 pl of this solution was added to
cowpea total protein extract (100 ul). The mixture was
incubated for 5 min prior to the addition of 50 ul of N-
Glutaryl-L-Phenylalanine p-Nitroanilide (GPNA) at 3200
pg.ml'1 dissolved in Tris-HCI buffer (0.05 M pH 8.2, 0.05 M
CaCl,). The liberated p-nitroanilide was monitored for 25
min at 410 nm using a spectrophotometer 96 wells. A control
without inhibitors and a blank without enzyme were also run
in the same conditions. Trypsin and chymotrypsin inhibitions
by cowpea samples were estimated as percentages inhibition

Institute of Environment and Agricultural Research (%) according to the formula:
(INERA), CREAF-Kamboinsé, Burkina Faso.
Percent inhibition (%) = JReXCOntT = Vmax sample o 4 €))

3. Results

3.1. Inhibition Activities of Cowpea Seeds on Trypsin and
Chymotrypsin

Table 1 showed genotypic variation for trypsin and
chymotrypsin inhibitory activities in some cowpea genotypes
from Burkina Faso. The percentages inhibition of cowpea
genotypes seeds extracts on trypsin varies from 5.12% + 1.47
to 70.52% =+ 6.58 respectively for KVx 421-2] and
Kondeésyoungo local genotypes, corresponding to about 13.5-
fold variation. Analysis of variance showed that both
Kondésyoungo local and Gourgou genotypes had the highest
and significant effects on trypsin inhibition (p < 0.05)
followed by CR06-07 and Labagela local genotypes. Fifteen
genotypes of cowpea exhibited more than 50% inhibition on

Vmax contr

trypsin at the tested concentration of 50 mg/mL (dry seeds
weight).

The chymotrypsin inhibitory activities vary among cowpea
genotypes from 21.20 + 4.75 to 76.94 + 2.15% (indicating
more than 3.5-fold variation cowpea seeds genotypes). The
lowest chymotrypsin inhibitory activity was detected in KVx
780-3 genotype. The highest one exhibited by KVx 396-4-5-
2D was not significantly different (p < 0.05) from those of IT
93 K-693-2 (75.43 + 5.58%), KVx 65-114 (75.04 £ 0.98%),
Gorom local (73.84 + 3.42%), Komcall¢ (68.98 £ 0.1%),
TVU 14676 (67.28 + 3.40%) and Labagela local (67.16 =
3.07%). Nineteen cowpea genotypes (50 mg/mL, dry seeds
weight) got more than 50% inhibition on chymotrypsin.
Analysis of variance showed that some cowpea genotypes
had significant effects on trypsin and chymotrypsin inhibitory
activities.
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Table 1. Protease inhibition potentials of cowpea genotypes.

17

Trypsin Inhibition Chymotrypsin Means of the 2 proteases
Cowpea genotype Genotype Type  Seeds Colour ) Inhibition (%) enzymes Inhibition (%)
Gorom local Landrace Brown 53.52+3.39 4of 73.84 +3.42 ¢ 63.68 **
58-57 Improved White 1535+0.70™ 36.20 +3.93 M 25.77°
CR06-07 Improved Red 65.43+0.98 *° 33.69+1.18 Pmn 49,56 Fehlik
IT 81 D-994 Improved White 4730 £1.64 '€ 47.32 + 274 Mk 47.31 hlik
IT 93 K-693-2 Improved Brown 4244 +£3928" 75.43 +5.58 58.94 abede
IT 97 K-489-35 Improved White 48.04 £1.45 %€ 64.92 + 2,59 bede 56.48 bedefe
IT 97K-573-2 (Yiisyandé) Improved White 43.04+1.148" 49.05 + 4.68 M 46.04 k!
IT 98K-205-8 (Niizwé) Improved White 40.85+0.77 & 56.13 + 4.76 defeh 48.49 ehiik
Kondésyoungo local Landrace White 70.52+6.58 ° 54.75+2.01 okehi 62.63 *0*
KVx 30-309-6G Improved White 45,63 £2.95 feh 25.99 £2.97 ™ 35.81 mne
KVx 396-4-5-2D Improved White 19.02 +0.81"™ 76.94+2.15* 47.98 hiik
KVx 402-5-2 Improved Brown 37.48 £1.26" 52.85+3.79 fehi 45,17 !
KVx 414-22-2 Improved White 53.45+£4.19 *of 57.07 £ 1.40 defeh 55.26 cdefeh
KVx 421-2] Improved Brown 512+£147" 51.63 £ 5.65 & 28.37 °P
KVx 442-3-25-SH (Komcallé) Improved White 58.39 £ 0.3 b4 68.98 £0.10 **° 63.68 *°
KVx 61-1 Improved White 42.37+2.128" 22.82+0.15™ 32.60 ™
KVx 65-114 Improved Brown 4733 £2.81 ke 75.04 +0.98 *° 61.19 *bed
KVx 745-11P Improved White 32.31 £2.44 1k 62.47 + 3.74 cdefe 47.39 hiik
KVx 771-10G (Nafi) Improved White 55.44 +1.06 %%° 63.37 + 3.98 odef 59.40 *bed
KVx 775-33-2G (Tiligré) Improved White 53.47 +3.14 4¢f 62.84 + 5.48 “dete 58.15 #bede
KVx 780-1 Improved White 55.36 + 4.80 “%° 46.62 +3.14 Mk 50.99 ofehii
KVx 780-3 Improved White 57.98 +3.06 ¢ 2120+4.75° 39.59 bma
KVx 780-4 Improved White 52.33 £2.72 4ef 38.02 £ 235+ 45,1731
KVx 780-6 Improved White 30.91 £0.32 54.77 £ 1.57 fehi 42.84 Kim
KVx 780-9 Improved White 40.54 + 3.64 &M 54.64 + 1.80 Fehi 47.59 hiik
Labagela local Landrace white 63.46 £2.72 *°* 67.16 £ 3.07 “>ed 65.31°
Mougne Improved white 60.70 £ 2.57 "o 46.56 + 4.32 Mk 53,63 defehi
Moussa local Landrace White 53.39 £3.76 *of 62.86 + 6.47 ofe 58,13 bede
Niango local Landrace White 54.78 £ 0.94 odef 38.89 £ 0.06 ! 46.84 1kl
TVU 14676 Improved Brown 27.15+£3.35"¢ 67.28 + 3.40 bl 4722 ikl
TZ-1 )(Gourgou) Improved White 69.99 +4.57° 43.48 + 4.70 k! 56.74 bedef

Means in a same column followed by different letter (s) are significantly different at P < 0.05

The means calculated of trypsin and chymotrypsin
inhibition activities showed that Labagela local genotype
possessed the highest inhibition activities of both protease
enzymes (65.31 £ 2.89%) followed by Gorom local (63.68 +
1.80%), Komcall¢ (63.68 = 0.22%), Kondésyoungo local
(62.63 £ 430%) and KVx 65-114 (61.19 = 1.90%)
genotypes.

3.2. Seeds Colour and Genotypes Type Contribution to the
Inhibition of Protease Enzymes

The colour of seeds and type of cowpea genotypes is
presented in Table 1. The colour of cowpea seeds used in this
study varied widely. There are significant correlations
between the colour and the chymotrypsin inhibition potential
of cowpea seeds. Coloured seeds of cowpea genotypes
possess higher percentage inhibition of chymotrypsin than
the colourless ones (p < 0.05). This clearly shows that seeds
coat pigments have also major compounds that contribute to
chymotrypsin inhibition activity in cowpea. No significant
correlation was observed between trypsin inhibition activity

and color of seeds. It is suggested that seeds pigments not
seem to influence the trypsin inhibition potential of the
cowpea. Twenty-six improved genotypes and five landrace
genotypes are used in this study. There was significant
correlation between type of cowpea genotypes and trypsin
inhibition potential (p < 0.05). The landraceae genotypes
showed the significant high inhibition potential of trypsin (p
< 0.05). Kondésyoungo local, a landraceaec genotype
exhibited the high potential to inhibit the trypsin enzyme at
the concentration of 50 mg/mL. The chymotrypsin inhibition
activity did not seem to depend of the genotype type.

3.3. Comparative Analysis of the Cowpea Genotypes on the
Inhibition Potential of Trypsin and Chymotrypsin
Enzymes

The principal component analysis was performed on the
basis of the different genotypes effect on trypsin and
chymotrypsin inhibition. The figure 1 presents the repartition
of the inhibition potentials of the different genotypes on
trypsin and chymotrypsin enzymes in the biplot axis.
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Figure 1. Principal component analysis of the different genotypes effect on trypsin and chymotrypsin inhibition activities.

The first two principal components explained 100% of the
total variance. The first principal component (F1) accounting
for 56.07% of the total variation separated the trypsin from
chymotrypsin inhibition potentials of the different genotypes
of cowpea. The second principal component (F2) accounting
to 43.93% of the total variation separated the protease
inhibition potential (trypsin and chymotrypsin) of the different
genotypes of cowpea into two parts: more than 50% and less
than 50% of the protease inhibition mean. The dendrogram
constructed based on the different genotypes effect of trypsin
and chymotrypsin inhibition activities divided the genotypes

into three main classes, I, II and III (Figure 2). Class I is
constituted by ten genotypes as follow: Komcall¢, Labagela
local, Gorom local, Nafi, KVx 65-114, IT 93K-693-2, Tiligre,
IT 97 K-489-35, Moussa local and KVx 414-22-2. Class II has
ten genotypes as follow: Kondesyoungo local, Gourgou,
Mougne, CR06-07, KVx 780-1, Niango local, KVx 780-3,
KVx 780-4, KVx 30-309-6G and KV x 61-1. Class III is
constituted by eleven genotypes of cowpea and comprised:
KVx 396-4-5-2D, TVU 14676, Niizwé, KVx 745-11P, IT 81D-
994, Yiisyandé, KVx 780-9, KVx 780-6, KVx 402-5-2, KVx
421-2J and 58-57 genotypes.
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Figure 2. Dendrogram of the different genotypes effect on trypsin and chymotrypsin inhibition activities.
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4. Discussion

The consumption of legume like cowpea is highly
recommended. This plant-enriched protein can be used in the
human diet, especially in developing countries. Unfortunately,
trypsin and chymotrypsin inhibitors can have many side effects
on the protein digestion. The results of this study show that the
quantity of trypsin and chymotrypsin inhibitors in cowpea seeds
from Burkina Faso varies with genotypes, color or type of
genotypes. The seeds of some cowpea genotypes studied are
rich sources of trypsin and chymotrypsin inhibitors. Different
studies have previously shown the positive or negative effect of
protease inhibitors (trypsin and chymotrypsin inhibitors).
Trypsin inhibitors in human foods inhibit protein digestion,
cause growth depression, pancreatic hyperplasia and metabolic
disturbance of sulfur and essential amino acid utilization [14, 18,
15]. Several studies showed that trypsin inhibitors (TI) could
adversely affect the metabolism of methionine, threonine and
valine by inhibiting proteolysis [19]. The role of chymotrypsin
inhibitors is similar to trypsin inhibitors in that they limit protein
digestibility. However, the site of activity is different in that
chymotrypsin targets hydrophobic residues such as tyrosine,
tryptophan and phenylalanine rather than lysine and arginine
[20]. Many protease inhibitors (trypsin and chymotrypsin
inhibitors) are already isolated from plants seeds. The Black-
eyed pea Trypsin and Chymotrypsin Inhibitor (BTCI), a
member of the BBI family was isolated from Vigna unguiculata
(cultivar Serido) seeds [21]. It was also reported that a Kunitz
type trypsin inhibitor from Enterolobium contortisiliquum seeds
strongly inhibited bovine trypsin, chymotrypsin and some serine
proteases involved in the blood clotting cascade and the
fibrinogen proteolysis [22]. Many trypsin chymotrypsin
inhibitors are isolated in plants as antifungal proteins. Trypsin
chymotrypsin inhibitor with potent antifungal protein was
isolated from broad bean [22]. Several Kunitz inhibitors purified
from legume seeds showed insecticidal activity [11] and serine
PIs constitute an important component of the plant defense
mechanism against pests and pathogens by inhibiting digestive
proteases in the insect midgut [23, 24]. It was observed that the
cowpea genotype TVX-7, V-152 which are resistant against

bruchids showed high levels of protease inhibitory activities [24].

Their study showed strong correlation with protease inhibitory
activities and the degree of field resistance to insects. Transgenic
tobacco plant was produced with CPTI gene from cowpea [25].
In contrast, trypsin and chymotrypsin inhibitors could be
linked to health-promoting properties. Protease inhibitors can
act as anticarcinogenic agents [ 14, 20], act at many steps of the
HIV lifecycle [26]. The TI of peas significantly inhibited
human colon adenocarcinoma cells proliferation with an IC50
value of less than 50 uM [14, 26]. The literature review also
revealed the possible role of protease inhibitors as
antimetastatic and antiinflammation [25]. The serine protease
inhibitor (LC-PI-I) isolated from Lavatera cashmeriana seeds
showed bactericidal potential against urinary tract infection,
pneumonia and septicemia in humans [25]. The PIs from the
leaves of Coccinia grandis also revealed the remarkable

microbicidal potentiality against Klebsiella pneumoniae and
Aspergillus flavus [25]. The presence of cystein amino acids in
trypsin inhibitors explained their high nutritive value [27].
Kondésyoungo local, Gourgou, CR06-07 and Labagela local
genotypes that showed the high significant effects on trypsin
inhibitory activity and KVx 396-4-5-2D, IT 93 K-693-2
(75.43%), KVx 65-114 (75.036%), Gorom local (73.84%),
Komcallé having the high chymotrypsin inhibitory potential
could be used for human health purpose.

Most protease trypsin is thermolabile. The content of
trypsin and chymotrypsin in cowpea seeds could be reduced
during the cooking. It was showed that trypsin inhibitor
activity in soybeans was reduced of 26.3% during heat-
treatments [18]. Trypsin inhibitors from Leguminosae seeds
are reported to be great thermo resistance to high
temperatures [28]. The reduction or elimination of enzyme
inhibitors of pulses could be made using different food
processes, like dehulling, soaking, boiling, roasting,
autoclaving, micronization, microwave cooking, extrusion
cooking, fermentation and germination [20]. It will be
interesting to study the effect of these different food
processes in trypsin and chymotrypsin inhibitors content of
cowpea seeds. The PCA components analysis and the
dendrogram constructed divided the thirty-one genotypes of
cowpea used in this study into three class according to their
protease inhibitory activities. The cowpea genotypes of class
I possess the highest inhibitory activity of chymotrypsin as
compared to trypsin inhibitory activity and at least 50%
inhibition of proteases. The class II genotypes showed the
high inhibitory activity of trypsin as compared to
chymotrypsin inhibitory activity. The genotypes belonging to
class III possess the highest inhibitory activity of
chymotrypsin as compared to trypsin inhibitory activity and
less than 50% inhibition of proteases. This study suggests
that it will be possible to breed the cowpea with low or high
inhibition potential of protease enzymes.

5. Conclusion

The results obtained in this study contribute to the
characterization of trypsin and chymotrypsin inhibitory
activities of cowpea genotypes from Burkina Faso
germplasm. The trypsin and chymotrypsin inhibitory
activities in cowpea seed varies with genotype. Considerable
differences in these enzyme inhibition activities were
detected among all investigated seeds. This study constitutes
an important contribution to a better understanding of the
protease inhibitory potential of cowpea and further isolation
of protease inhibitor could be used as an alternative strategy
to control the insect’s pests.
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