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ABSTRACT

Trypsin inhibitor inhibits the enzymes involved in digestive processes of humans and animals
thus have been referred to as an ‘Antinutritional factor’. It reduces the nutritive value of legumes.
Indian pea. Lathyrus sativus, is a legume (family: Fabaceae) commonly grown for human
consumption and livestock feed in Asia and East Africa.The trypsin inhibitors have been isolated
and characterized from many legume seeds, e.g. soyabean, tepary bean, navy bean, faba bean,
cowpea, bambara groundnut, pigeon pea and grass pea. In most cases, trypsin inhibitors that have
been purified from legumes consist of two types, the Kunitz trypsin inhibitor (20-24 kDa) and
Bowman-Birk inhibitor. The inhibitor was purified to homogeneity and was found to be stable
over a wide range of pH. It is likely that protease inhibitors expressed and produced in higher
amounts in the agronomically important crops would lead to development of resistance against a
variety of phytophagous insects. The trypsin inhibitor activity of Indian pea decreased with
increasing germination period. A high correlation was found between reduction in trypsin
inhibitor activity and the period of germination period. In addition, the trypsin inhibitor isolated
from Indian pea often contain high level of starch, small amount of reducing sugar, phenolic
content and tannic acid.
Keywords: Legume, Trypsin inhibitor, Lathyrus sativas, Tanic acid, phenolic compound,

antinutritional factor
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INTRODUCTION

Proteolytic enzymes are the enzymes that
catalyze the hydrolytic cleavage of specific
peptide bonds in their target proteins. These
enzymes are widely distributed in nearly all
plants, animals and micro organisms (Joanitti
et al., 2006; Valueva and Mosolov, 2004;
Christeller, 2005; Haq et al., 2004; Mosolov
and Valueva, 2005). In higher organisms,
nearly 2% of the genes code for these
enzymes (Barrett et al., 2001). Being
essentially indispensable to the maintenance
and survival of their host organism, proteases
play key roles in many biological processes.
The proteolytic events catalyzed by these
enzymes serve as mediators of signal
initiation, transmission and termination in
many of the cellular events such as
inflammation, apoptosis, blood clotting and
hormone processing pathways (Ivanov et al.,
2006). Despite the fact that these enzymes
are indispensable to the cells and organisms
that host them, they may be potentially
damaging when over expressed or present in
higher concentrations. For this reason the
activities of these enzymes need to be strictly
regulated and controlled (Rawlings et al.
2004). The synthesis of these enzymes as
inactive pre-proteins and their substrate
specificity keeps a control on their activities,

but it does not fulfill the desired level of

regulation, and the fact remains, that cells
and organisms require additional means of
control. One important control mechanism
involves interaction of the active enzymes
with proteins that inhibit their activities.
These inhibitors form less active or fully
inactive complexes with their cognate
enzymes, and are called protease inhibitors
(PIs).

PIs are essential for regulating the activity of
their corresponding proteases and play key
regulatory roles in many biological
processes. For a few Pls, functions other than
blocking protease action have also been
found, such as growth factor activities,
receptor clearance signalling or involvement
in carcinogenesis (Qi et al., 2005). A number
of inherited diseases such as emphysema and
epilepsy result from abnormalities in Pls
(Ritchie, 2003; Lehesjoki, 2003).

Protease inhibitors are small protein
molecules that have the ability to inhibit the
action of target proteolytic enzymes. Protease
inhibitors active against trypsin have been
studied as phytochemical resistance factors
insects

against herbivorous

1996).

(Broadway,

Protease inhibitors are natural

products which are concentrated in seeds and
tubers of plants belonging to gramineae,
families

leguminosae  and  solanaceae
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(Connors et al., 2002). Plants contain two
major families of protease inhibitors, the
Kunitz and Bowman-Birk inhibitors.
Protease inhibitors play an important role in
plant defense mechanism by preventing
proteolysis in the mid gut of insect larvae,
leading to their starvation and subsequent
death (Gatehouse et al., 1999). This fact can
be interpreted as a potential strategy for
increasing the level of plant defense against
insects (Koiwa et al., 1997). Therefore it is
important to biochemically characterize the
protease inhibitors in legumes and evaluate
their insectisidal potential.

Families of Protease Inhibitors from various
indigenous cultivated PIs have been grouped
into families and subfamilies and into
different classes on the basis of sequence
relationship and the relationship of protein
folds of the inhibitory domains or units. Like
other grain legumes, L. sativus produces a
high-protein seed. The protease inhibitor
isolated from Indian pea having insecticidal
property. Most of the crops suffered severe
losses due to insect predation. For this
reason, it became important to assess the
levels of protease inhibitors from Indian pea.
In view of the above facts, the present

investigation is focused on purification and

characterization of trypsin inhibitor from

Indian pea. The study aimed to extract, purify
and characterize trypsin inhibitor protein.
MATERIALS AND METHODS
Extraction of trypsin inhibitor

Seeds of Indian pea were ground and
obtained flour was defatted with acetone
(1:10w/v) 3-4 times, air dried and used for
protein extraction. Defatted flour (10gm) was
shaken with 100 ml (1:10w/v) of 50 mM
sodium phosphate buffer (pH 7.6) in a
shaking water bath for four hour at room
temperature and suspension was centrifuged
at 10000g for 30 min. Thus obtained
supernatant was used for determining the
activity of trypsin inhibitor (Maggo et al.,
1999).

Trypsin inhibitor assay

The method of Kakade et al, (1969) was
followed for tripsin inhibitor assay. 0.2 to 1.0
ml aliquots of the seed extract were pipette
into a duplicate set of test tubes, and volume
brought to 1.0 ml with phosphate buffer
(0.1M, pH 7.6). To this 1.0 ml of the trypsin
solution was added and the tubes were placed
in water bath at 37°C for 5 mints. To second
set of the tubes, added 2 ml of casein solution
and the tubes were allowed to stand at 37°C
for exactly 20 mints then reaction stopped by
adding 6ml of 5% trichloroacetic acid. After
1 hr incubation at room temperature,

suspension was filtered, and the absorbance
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of the filtrate was measured at 280nm against
the blank. One unit of trypsin is arbitrarily
defined as an increase of absorbance 0.01 at
280 nm. Trypsin inhibitor activity was
defined as the number of trypsin units
inhibited (TUI).

Protein estimation

To estimate the protein content in different
varieties of Indian pea, perform protein
estimation by using the Lowry's method
(Lowry et al., 1951). Sample was diluted 10
times. Diluted samples (0.5ml) were pipetted
into a duplicate set of test tubes and the
volume brought to 1.0 ml with d/w. to this 5
ml of alkaline solution (prepared this solution
by mixing 1000 ml of 2% Na,COs in 0.1M
NaOH and 20ml of 0.5% CuSos in 1%
sodium potassium tartarate) was added to
each tubes, and tubes were incubated 10 min.
After that 0.5 ml of Folin reagent were added
to each tubes and tubes were kept in dark for
30 mints. Absorbance was measured at 750
nm against the blank.

Partial purification of trypsin inhibitor
Ammonium sulphate precipitation: The crude
extract of Indian pea was saturated to 20% to
80% NH4(SO4), and the proteins were
allowed to precipitate for overnight at 4°C.
After centrifugation at 8000g for 15 min. at
4°C, the precipitates were dissolved in 50mM
phosphate buffer (pH 7.6).

Dialysis: After the activation of dialysis
sulphate

membrane, the ammonium
precipitate sample were added to the
membrane and dialyzed against the 50 mM
phosphate buffer (pH 7.6). Dialysis of the
crude extract were done till disappearance of
orange red colour by adding the 2 drops of
Nessler's reagent into the 1 ml of phosphate
buffer.

Ion exchange chromatography

Slurry of DEAE Cellulose was prepared in
50 mM sodium phosphate buffer (pH 7.6).
Then loaded in chromatographic column and
put two to three bed volume of phosphate
buffer for packaging the column. After
packaging the column 5 ml sample was
loaded in the column at flow rate of 35m1/hr.
The column was first washed with one bed
volume of phosphate buffer to remove the
unbound protein and collected the fraction in
test tube. Prepare the gradient solution of 0.5
to 1.0 N NaCl in 50mM phosphate buffer
(pH 7.6) for elution. The bound proteins were
eluted with a linear salt gradient solution.
Fractions (5 ml each) were collected and
analyzed for protein content and trypsin
inhibitor activity. Fraction containing the
active inhibitor were pooled and put in
activated dialysis membrane and
concentrated by soaked in sucrose. Fractions

of 2 ml each were collected and monitored

IJBPAS, February 2018, 7(2)

154



@arihar DK

Research Article

for protein and trypsin inhibitor activity as
done before. The active fraction were pooled
and used for further analysis. The purity of
the fractions obtained during the course of
purification was checked by SDS-PAGE.
Electrophoretic analysis

To determine the types of trypsin inhibitor
protein present in partially purified extracts
SDS-PAGE. SDS-PAGE was carried out by
the method of Laemmli et al., (1970) using
12% separating and 5% stacking gels. 20ul
micro litre samples were mixed with 10ul
loading dye having B-mercaptoethanol for
reducing conditions. The mixture was boiled
for 3 min to solubilise the protein. 20ul litre
of protein were loaded and the proteins
separated at 30 mA/gel using Mini Protean H
unit. After separation, the protein was stained
with 0.02% (w/v) Coomassie Brilliant Blue
R-250 in 50% (v/v) methanol and 7.5% (v/v)
acetic acid and destained with 20% (v/v)
methanol and 7.5% (v/v) acetic acid, then
kept in D/W overnight for appearance of
band.
Characterization of trypsin inhibitor
protein

Effect of pH on the stability of the
inhibitor

The pH stability of the Indian pea trypsin

inhibitor was tested as the method described

by Kansal et al. (2009) by incubating an

aliquot of the purified inhibitor for 24 h at
room temperature using buffers of varying
pH. The buffers used in the indicated pH
range included glycine-HCI (pH 2.0-3.0),
citrate-phosphate (pH 4.0-7.0), Tris—Cl (8.0),
glycine-NaOH (pH 9.0-10.0) and phosphate-
NaOH (pH 11.0-12.0), each at a
concentration of 50 mM. The residual trypsin
inhibitor activity was measured using
assayed.

Effect of temperature on the stability of
the inhibitor

In order to check the stability of trypsin
inhibitor at different temperature, we
performed that experiment as described by
Kansal et al, (2009). Thermo stability of the
chickpea trypsin inhibitor was determined by
heating the purified inhibitor at 40, 60, 80
and 100°C for 20 min in a water bath. These
extracts were then immediately placed on ice
and the residual trypsin inhibitor activity was
determined.

Effect of sprouting on trypsin inhibitor
activity

Two-three days old geminated and dry raw
Indian pea seeds were used for sample
extraction. One gram of sample was kept
with 50 ml of 0.01 M NaOH for 1 hour and
then filtered. Thus extracts thus obtained

were diluted 1:50 with distilled water
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(Malomo et al., 2011) and trypsin inhibitor
assay was performed as stated above.
Biochemical test

Reducing suggar estimation

The reducing sugar was estimated by DNS
method. (Miller., 1959). For this weigh 100
mg of sample and suspended with hot 80%
alcohol twice (5ml each time), centrifuged
and collected supernatant was evaporated on
water bath. The extracted suger was
solubilised with 10 ml of water. A 0.5 ml of
this sample was taken in test tubes. One ml
of sodium acetate buffer (100mM, pH 5.0)
was added to these tubes and were incubated
for two hr. at 60°C in water bath. Then 1 ml
of DNS reagent were added to each tubes and
tubes were incubated in boiling water bath
for another 5 mints. The absorbance was
measured at 540 nm against the blank.

Starch estimation: Homogenized 100 mg of
sample with 80% hot alcohol twice (5 ml
each time) to remove the sugars. Dry the
residue well over a water bath, then in
residue added 5.0 ml of D/W and 6.5 ml of
52% perchioric acid, extracted at 0°C for 20
mints, centrifuge and save the supernatant as
a sample. Sample was diluted five times. 0.1
ml of sample was pipetted out into a
duplicate set of test tubes and the final
volume of each tube adjusted to 1 ml with

D/W. After that 4 ml of Anthrone reagent

was added to each tube and tubes were set in
boiling water bath for 10 mints then
immediately cool in ice. Absorbance was
measured at 630 nm against the blank.

Total phenol estimation: Total phenols
estimation can be carried out with Folin-
Ciocalteu reagent. Prepare standard curve of
phenol using Catechol as a standard.
(Concentration of Catechol was
1001.1g/m1). The method described by
Malick and Singh (1980) was adopted for
estimation of total phenol content. Weigh
exactly 0.5 gm of the sample and ground it
with a pestle and mortar in 10 time volume of
80% ethanol, centrifuge the homogenate at
10000 g for 20 mints, save the supernatant
and re-extract the residue with five times the
volume of 80% ethanol, centrifuge and pool
the supernatant. Evaporate the supernatant to
dryness and dissolved the residue in 5 ml of
D/W. Pipetted out different aliquots (0.5, 1.0,
1.5, 2.0) into test tubes and the final volume
of each tube adjusted to 3 ml with D/W.
After that 0.5 ml of Folin reagent was added
to each tube. After 3 mint incubation at room
temperature, 2 ml of 20% Na2CO3 solution
was added to each tube, mixed thoroughly
and placed the tubes in boiling water bath for
and measured the

one mint, cooled

absorbance at 650 nm against the blank.
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Tannic acid estimation

The Tannins were estimated by Folin-Denis
method. Weigh 0.5 gm of the powdered
material and add 7.5 ml of D/W, boiled for
30 mint, centrifuge at 2000 g for 20 mint and
collect the supernatant and the final volume
adjusted to 10 ml with D/W. 0.5 ml sample
was pipetted out into a duplicate set of test
tubes and the final volume adjusted to 1 ml
with D/W. After that add 10 ml of D/W, 0.5
ml of Folin reagent and 1 ml of 35% Na,COs
solution, shake well and measured the
absorbance at 700 nm after 30 mints against
a blank.

RESULTS AND DISCUSSION

The defatted flour of Indian pea was
extracted using different medium like water,
0.2% NaCl, 50 /TIM sodium phosphate
buffer (pH 7.6) and 100 mM sodium
phosphate buffer (pH 7.6) containing 100
mM NaCl in 1:10 (w/v) ratio. The Trypsin
inhibitor activity (TIA) varied from 37.43 to
42.0 TUI indicating that all the five media
could extract equally well. However, the
maximum activity was observed when the
seed flour was extracted with 50mM
phosphate buffer (pH 7.6). Therefore, in all
the subsequent experiments, 50 mM
phosphate buffer (pH 7.6) was used for
Different media have been

extraction.

reported to be suitable for extraction of

trypsin inhibitor by various workers (Sessa
and Nelsen, 1991; Domoney et al., 1993;
Marconi et al., 1993; Hajela et al., 1999;
Maggo et al., 1999).

Seed flour extracts of ten selected cultivars of
chickpea were screened for the presence of
trypsin inhibitor. TIA was present in all the
cultivars but it showed inter-varietal
variations. The highest TIA was observed in
the variety P-256 whereas it was lowest in
Pusa Pragati. Seed flour extracts of three
selected cultivars of Indian pea were
screened for the presence of trypsin inhibitor
and the results are shown in Figure 1.

Trypsin inhibitor from chickpea was purified
to apparent homogeneity with 60.46 fold

purification and 29.2% recovery using heat

denaturation, NH4(SO,), fractionation, ion-

exchange chromatography on DEAE-
Sephadex A-25 and gel filtration through
Sephadex G—75. In ion-exchange

chromatography, the activity of trypsin
inhibitor was recovered in bound fractions
and eluted as two peaks on applying linear
0.1-1 M NaCI salt gradient. The active
fractions of major peak were pooled,
concentrated and loaded on Sephadex G-75
column which resulted in a single peak of
enzyme activity. Electrophoretic analysis of
the purified trypsin inhibitor on SDS-PAGE

revealed a single band which indicated that it
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was apparently homogeneous. The presence
of an activity band at the position
corresponding to the protein band in SDS-
PAGE confirmed that it was a trypsin
inhibitor. (Table 1-3)

More than 90% activity from chickpea was
observed between pH 6 and 10 while at pH
ranging from 3 to 5, it showed 71 to 85%
activity. (Figure 2) Singhal (2004) also
reported that the trypsin inhibitor from
mungbean seeds was active between pH 4.0
and 10.0. Annapurna et al. (1991) reported
that the trypsin inhibitor from jack fruit seeds
was stable over a wide range of pH (3.0 to
12.0). In contrast, the trypsin inhibitor from
pigeon pea seeds retained its full activity
between pH 7.0 and 10.0, but when exposed
to acidic pH from 3.0 to 5.0, 20% of the
activity was lost (Godbole et al., 1994).
Johnston et al. (1991) observed that the
midgut of lepidopteran larvae is highly
alkaline and the digestive proteases have
optimal activity between pH 10.0 and 11.0,
while the larvae of phytophagous coleopteran
have acidic conditions in their midgut region,
with pH optima for digestive enzymes
typically in the range 4.0-5.0. The stability of
chickpea trypsin inhibitor over a wide range
of pH might suggest its efficacy in
controlling a variety of phytophagous insects.

More than 90% activity from Indian pea

trypsin inhibitor was observed between pH 6
and 10 and after pH 10 there were gradually
decrease in trypsin inhibitor activity.

Varying the temperature from ambient to
121°C, it was observed that trypsin inhibitor
was stable

up to 80°C but thereafter the activity
decreased gradually retaining about 40% of
activity at 100°C when heated for 20 min. At
121°C, the inhibitor lost its activity
completely (Figure 3). In contrast, Marquez
and Alonso (1999) observed complete
inactivation of chickpea protease inhibitor on
boiling for 300s. In general, protease
inhibitors from legumes are quite stable up to
80°C but lose activity above this temperature
(Hajela et al., 1999; Maggo et al., 1999;
Gupta et al., 2000). The stability of the
inhibitor at high temperatures may be
attributed to its rigid and compact protein
structure stabilized by a number of disulfide
linkages as suggested for PI from pea seeds
(Sierra et al., 1999). It was observed that
trypsin inhibitor from Indian pea was stable
up to 80°C but thereafter the activity
decreased gradually retaining about 40% of
activity at 100°C when heated for 20 min. At
120°C, the inhibitor lost its activity
completely.

The trypsin inhibitor activity of cowpea

decreased with increasing germination
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period. A high correlation was found
between reduction in trypsin inhibitor
activity and the period of germination
(Figure 4). By the second day of sprouting,
58% of the original trypsin inhibitor activity
present in raw unsprouted cowpea was
removed; fell to about 1/5th of the original
trypsin inhibitor activity by the end of the
fifth day.

The reducing sugar content of the sample 1
was observed to be highest (275ug/ml)
followed by the sample 2 (200 pg/ml) and
sample 3 (230 pg/ml) (Figure 5). The same
pattern was followed by the when the total
phenol content was estimated (Figure 6). The

amount of starch in sample 1 remained

highest but the sample 3 lower followed by
sample 2 (Figure 7). This pattern was same in
case of tannic acid content in all varieties
tested (Figure 8). However, the protein
content in the variety was found to be highest
over 875ug/ml in sample 3 followed by
sample 1 (825 pg/ml) and sample 2 (700
pg/ml). (Figure 9)

The trypsin inhibitor activity of Indian pea
decreased with increasing germination
period. By the second day of sprouting, 17%
of the original trypsin inhibitor activity
present in raw unsprouted cowpea was
removed; fell to about half of the original
trypsin inhibitor activity by the end of the
fourth day.
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Table 1: Purification chart of protease inhibitor from Variety 1st

Purification Steps Sample Trypsin Total Specific activity Yield Fold
Volume inhibitor Protein (mg) (U/mg) (%) purification
activity (U)

Crude Extract 200 7410 188.59 39.29 100 1.0
Ultra filtration 100 6005 129.17 46.51 81 1.18
NH,(SO,), 50 3870 70.82 54.65 52 1.39

precipitation
Dialysis 10 3052 28.86 105.74 41 2.69
Ion exchange 5 2476 6.03 410.28 33 10.44
chromatography
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Table 2: Purification chart of protease inhibitor from Variety 2nd
Purification Steps Sample Trypsin Total Protein | Specific activity Yield Fold
Volume inhibitor (mg) (U/mg) (%) purification
activity (U)
Crude Extract 200 7362 155.62 47.31 100 1.0
Ultra filtration 100 5850 113.28 51.64 79 1.09
NH4(SOy), 50 3525 61.06 57.73 48 1.22
precipitation
Dialysis 10 2932 26.64 110.07 39 2.33
Ion exchange 5 2206 5.13 430.08 30 9.09
chromatography
Table 3: Purification chart of protease inhibitor from Variety 3"
Purification Steps Sample Trypsin Total Protein | Specific activity Yield Fold
Volume inhibitor (mg) (U/mg) (%) purification
activity (U)
Crude Extract 200 7067 204.68 34.53 100 1.0
Ultra filtration 100 5524 145.16 38.05 78 1.10
NH4(SOy), 50 3520 74.74 47.09 49 1.37
precipitation
Dialysis 10 2886 36.16 95.70 40 2.77
Ion exchange 5 2110 5.70 370.20 29 10.72
chromatography
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