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Abstract Six bean (Phaseolus vulgaris L.) cultivars of
Himalayan region were analysed for o- amylase inhibitor
activity. The x-amylase inhibitor from seeds of screened
bean cultivar KR-9, showing maximum inhibitory activity
was purified using ammonium sulfate precipitation, gel
filtration chromatography (Sephadex G-100) and ion ex-
change chromatography (DEAE-Sephadex). The inhibitor
was purified to homogeneity as judged by native-PAGE
with 14.22 fold purification and 71.66% recovery. Purified
inhibitor consisted of three subunits of molecular weight
15,488, 18,620 and 26,302 daltons, respectively as deter-
mined by SDS-PAGE. It was found to be heat stable up to
30 °C—40 °C and had two pH optima of 5.0 and 6.9. Nature
of inhibition was found to be of non-competitive type. The
purified inhibitor was found to be effective against o-
amylases extracted from larvae of Callosobruchus chinen-
sis, Tribolium castaneum and gut enzyme of Spodoptera
littoralis. Larvae of Tribolium castaneum fed on flour mixed
with purified inhibitor for 5 days showed 100% larval
mortality. Purified x-amylase inhibitor was also found to
inhibit human salivary x-amylase, suggesting its potential in
prevention and therapy of obesity and use as drug design
targets for treatment of diabetes. The gene encoding the
inhibitor may be used to develop transgenic plants resistant
against insect pests.
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Introduction

Plants have acquired certain degree of defense mechanisms
during evolution, which include secondary chemical com-
pounds toxic to or antimetabolic to insect pests (Franco et al.
2002). Out of these defense compounds, the enzyme inhib-
itors present in seeds and vegetative organs are found to be
important in eliciting resistance to insect attack by inhibiting
the gut enzymes of insects (Konarev 1996). «-Amylase inhib-
itors (x-Al’s) have the ability to impede the activity of o-
amylases found mainly in insects and mammals. These inhib-
itors provide resistance to crop plants against pests by inter-
fering in their digestion/reproduction which causes moderate
mortality, prolonged larval developmental time and reduced
fecundity. A number of «-amylase inhibitors have been iden-
tified and extensively studied in legumes like common bean
(Phaseolus vulgaris), mung bean (V. sublobata) (Kokiladevi
etal. 2005), rye (Iulek et al. 2000), wheat (Heidari et al. 2005),
barley (Waselake et al. 1983), sorghum (Kutty and Pattabira-
man 1986) and ragi (Kumar et al. 1998). Insecticidal activity
of a-amylase inhibitors are focussed particularly against wee-
vils like cowpea weevil (Callosobruchus maculatus) and
adzuki bean weevil (Callosobruchus chinensis) as these are
highly dependent on starch for their energy supply.

Utilization of o-amylase inhibitor gene(s) of plant origin
as bio-insecticide for developing insect resistant transgenic
crop plant has been a major project in crop biotechnological
programmes. Transgenic peas, chick peas and rice have
been developed using common bean amylase inhibitor
through genetic transformation. The identification and
screening of plant sources having potent «-amylase inhib-
itors is needed to develop resistant plant cultivars and this
can be made only when the nature of enzyme inhibitor and
structure of enzyme-inhibitor complex have been taken into
account (Lee et al. 2002).
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Keeping in view the above facts and paucity of informa-
tion available on «-amylase inhibitors in bean cultivars of
Himalayan region, the present investigations were undertak-
en to purify and characterize the x-amylase inhibitor from
bean cultivar.

Materials and methods

Seeds of six bean (Phaseolus vulgaris) cutivars (KR-9, KR-
24, KR-84, KR-101, KR-133, KRC-5) were procured form
Chaudhary Sharvan Kumar Himachal Pradesh Krishi Vish-
vavidyalaya, Mountain Agriculture Research and Extension
Centre Sangla, Kinnaur (HP). The chemicals were procured
from Sigma Aldrich (USA), SRL, Pvt Ltd. (India) and
Merck (Germany). The chemical and reagents used were
of analytical grade.

Preparation of crude extract

Seeds of bean cultivars were ground to make a fine
powder. The flour was then extracted using different
extraction buffers. Seed flour (100 mg inl0 ml) was
extracted in 10 mM Tris HCI buffer (pH 7.5) containing
500 mM NaCl, 1% 2- mercaptoethanol, 0.1% Triton-X-
100, 2 mM phenyl methyl sulphonyl fluoride (PMSF) at
4 °C for 1 h. The suspensions obtained were then centrifuged
at 15,000 rpm for 15 min at 4 °C.

Purification of o -amylase inhibitor from screened bean
cultivar

The supernatant was brought to 20-80% saturation with
ammonium sulfate at 4 °C and centrifuged at
10,000 rpm for 20 min., the pellet was resuspended in
minimum volume of 10 mM Tris HCI buffer (pH 7.5)
and dialyzed over night. a-Amylase inhibitor was further
purified by gel filtration chromatography of ammonium
sulfate precipitated fraction (20-80%) on Sephadex G-
100 chromatography column (31x2.5 cm) and eluted
with 50 mM sodium phosphate buffer (pH 6.9)
(Fig. 1). The collected fractions were analyzed for pro-
tein content at 280 nm and «-amylase inhibitor activity.
Most active fractions were pooled and stored at 4 °C.
The active pooled fractions obtained from G-100 gel
filtration chromatography were loaded in small lots on
ion exchange column, DEAE-Sephadex (Asq) (Fig. 1).
A flow rate of 12 ml per hour was maintained. The
column was first eluted with 50 mM sodium phosphate
buffer (pH 6.9) to wash out the unbound protein. The
bound proteins were eluted with linear salt gradient (2
bed volumes) of 0.1 M, 0.2 M, 0.3 M and 0.4 M KClI
in distilled water. Fractions of 2 ml each were collected

and monitored for «-amylase inhibitor activity and the
protein content was measured at 280 nm. The active
fractions were pooled and concentrated against solid
sucrose at 4 °C and used for further studies. The puri-
fication experiment was carried out in three replications.

«-Amylase inhibitor activity

The «-amylase inhibitor activity was measured by quan-
tifying the reducing sugar (Maltose equivalent) as de-
scribed by Bernfeld (1955) .x-Amylase enzyme and «-
amylase inhibitor were pre-incubated for 5 min at 30 °C
in a metabolic shaking water bath. This was followed by
the addition of starch. The reaction was stopped by adding
Dinitrosalicylic acid (DNSA) reagent after 5 min. The
contents were heated for 10 min in boiling water bath.
The same procedure was followed for the control, ex-
cept for the fact that «x-amylase inhibitor was not added
and the volume of the reaction mixture was adjusted
with sodium phosphate buffer (pH 6.9). Blank did not
contain the o-amylase enzyme and the volume was
replaced with equal quantities of sodium phosphate buffer
(pH 6.9). The absorbance of the colour developed was mea-
sured at 530 nm against blank. One unit of a-amylase was
defined as the amount of the enzyme that liberated one pmole
of maltose under the assay conditions. One unit of «-amylase
inhibitor activity was defined as the reduction in amylase
activity by one unit.

Estimation of soluble protein

The soluble protein was estimated after each step of purifi-
cation as described by Lowry et al. (1951).

Characterization of o -amylase inhibitor from screened bean
cultivar

Polyacrylamide gel electrophoresis

The purity of x-amylase inhibitor protein obtained was
checked by native polyacrylamide gel electrophoresis (na-
tive-PAGE) and the method adopted was anionic system of
Davis (1964). Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was carried out to determine
the subunit composition of the purified inhibitor.

Molecular weight determination

The molecular weight was determined by SDS-PAGE using
standard molecular weight markers.
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Effect of inhibitor concentration

The effect of varying inhibitor concentration on x-amylase
activity was studied. The inhibitor concentration was varied
from 6.6 to 73.2 pg in the assay mixture and «- amylase
inhibitor activity was monitored at 530 nm.

Effect of temperature on stability of trypsin inhibitor

The inhibitor was incubated for 10 min at 20,30,40,50,60,70,80
and 90 °C. After incubation, the test tubes were immediately
cooled in ice bath and inhibitor activity was measured at
530 nm.

Effect of pH

Different buffers viz., acetate buffer (pH 4.0 to 6.0), phos-
phate buffer (pH 6.0 to 8.0) and Tris buffer (pH 8.0 to 9.0)
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Fraction No.

were used in the reaction mixture and «-amylase inhibitor
activity was then monitored.

Effect of pre-incubation temperature on the activity
of a-amylase inhibitor

The purified inhibitor was incubated with o-amylase at
various temperatures between 25 °C and 50 °C. At each
temperature, controls without added inhibitor were taken
and «- amylase inhibitor activity was then monitored at
530 nm against the blank.

Effect of reaction time

The effect of reaction time on x-amylase inhibitor activity was
studied by stopping the reaction after 5, 15, 30 and 60 min of
incubation and inhibitor activity was monitored at 530 nm.
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Determination of nature of inhibition

To determine the nature of inhibition, two different fixed
inhibitor concentrations were used. Lineweaver and Burk
(1934) plot was plotted using different concentrations of
substrate in the presence and absence of inhibitor and Km
value was determined. Dixons plot was plotted using differ-
ent concentrations of inhibitor at two fixed concentrations of
substrate. The Ki value was determined from the plot as
described by Dixon (1953).

Effect of purified x-amylase inhibitor on -amylase enzyme
extracted from larvae of Callosobruchus chinensis

Infested black gram seeds were dissected and the active
larvae (100 in number) were homogenized in 2 ml of ex-
traction buffer (50 mM sodium phosphate buffer, pH 6.9)
followed by centrifugation at 10,000 rpm for 15 min at 4 °C.
The supernatant obtained was stored at 4 °C and used as the
source of x-amylase enzyme without any dilution.

Effect of purified x-amylase inhibitor on x-amylase enzyme
extracted from larvae of Tribolium castaneum

Larvae of Tribolium castaneum were taken from wheat flour
(100 in number) and homogenized in 2 ml of 50 mM sodi-
um phosphate buffer (pH 6.9) followed by centrifugation at
10,000 rpm for 15 min at 4 °C and supernatant was used as
the source of enzyme.

Effect of purified «-amylase inhibitor on gut x-amylase
enzyme extracted from larvae of Spodoptera littoralis

Midguts from actively growing larvae were dissected out
and the extract was prepared by homogenizing them with
50 mM sodium phosphate buffer (pH 6.9) in chilled test tube
using a glass rod. The homogenate thus obtained was fil-
tered through filter paper and the filtrate was then used as
the enzyme extract.

Effect of «-amylase inhibitor on larvae of Tribolium
castaneum

Purified o-amylase inhibitor activity was tested against 7ri-
bolium castaneum. The wheat flour (2 g) was mixed with
1 ml (333 pg) of purified x-amylase inhibitor (Treatment).
Feeding assay was conducted by feeding five larvae of
Tribolium castaneum on treated flour. Same number of
larvae was placed on flour mixed with 1 ml of distilled
water (control). The per cent mortality and weight of flour
eaten was recorded.

Effect of purified «-amylase inhibitor on human salivary
amylase

Fresh human saliva was taken as a source of x-amylase
enzyme and inhibition assay was preformed as described
earlier.

Statistical analysis

All the biochemical estimations were done in three replica-
tions with duplicates for each replicate. For plotting graphs
only mean values were used. The purification experiment
and electrophoresis were repeated three times. In feeding
bioassay the experiment was conducted in three sets and C.
D. was calculated for treatment, time interval and the inter-
action between the two.

Results and discussion

The o-amylase inhibitor was purified to 14.22 fold with
71.66% recovery from screened KR-9 bean cultivar by am-
monium sulphate precipitation and subsequent chromato-
graphic separation on Sephadex G-100 and DEAE-
Sephadex (Table 1). Ho and Whitaker (1993) purified inhib-
itor to 18.5 fold by ethanol fractionation and DEAE-cellulose
chromatography from white kidney bean. Kokiladevi et al.
(2005) reported 63.7% recovery with 7.48 fold purification of
«-amylase inhibitor from Vigna sublobata following ammo-
nium sulphate precipitation, Sephadex G-50 and reversed
phase-high profile liquid chromatography. Hivrale et al.
(2011) purified an alpha amylase inhibitor from Achyranthes
aspera seeds to 9.99 folds.

Native PAGE confirmed the homogeneity of the pu-
rified ac-amylase inhibitor with relative mobility of 0.66.
Similarly, it was also purified to homogeneity from
Phaseolus vulgaris (Mirkov et al. 1995), Lablab purpureus
(Janarthanan et al. 1999), as judged by native PAGE.
Subunit composition of the purified x-amylase inhibitor
was detected using SDS-PAGE, which revealed the in-
hibitor to be composed of three subunits with molecular
weight of 15,488, 18,620 and 26,302 daltons. Heat
labile alpha amylase inhibitor from white kidney beans
was reported to be composed of three subunits «, f3,
and vy with molecular weights of 7800, 14000 and
22000, respectively by SDS-PAGE (Yamaguchi 1993).
A similar heat labile heterotrimer was reported from
white kidney bean by Wato et al. (2000). Sawada et
al. (2001) reported the inhibitor from Pvulgaris to be a
glycoprotein with molecular weight of 45,000 having
subunit molecular weights of 14,000 and 30,000 dal-
tons. However, Suzuki and Ishimoto (1999) reported
four subunits in purified o«-amylase inhibitor from P.
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Table 1 Purification of «-
amylase inhibitor from Phaseo-
lus vulgaris L. (KR-9) cultivar

a-AUI x-amylase units inhibited

Each observation is a mean of
three replicate experiments

Steps Total Total soluble  Specific activity Fold Per cent
a-AUI  protein (mg) (a-AUl/mg purification  yield
protein)
Crude extract 1680 258 6.51 1 100
Ammonium sulphate ppt. 1601 48 33.35 5.12 95.2
Gel filtration chromatography 1320 21 62.85 9.6 78.57
Ion exchange chromatography 1204 13 92.60 14.22 71.66

(n=3)

vulgaris with molecular weight ranging from 14,000—
20,000 daltons. Hivrale et al. (2011) also detected two
alpha amylase inhibitor activity bands with different
molecular weights, on starch polyacrylamide gel. On
contrary, SDS-PAGE revealed single band in case of
Phaseolus vulgaris (Yang et al. 2008) and rye (Iulek
et al. 2000).

No trypsin inhibitor activity was found in the purified
inhibitor during present studies. When tested for the pres-
ence of carbohydrates by Molisch and Anthrone’s tests,
negative results were obtained. However the inhibitor from
Phaseolus bean cultivars was reported to be a glycoprotein
by Sawada et al. (2001) and Yang et al. (2008). In present
studies, the inhibition was found to increase upto 85%
with the increase in concentration of purified «-amylase
inhibitor in the assay, however, at higher concentrations
the degree of inhibition was constant. Strumeyer and
Fisher (1983) reported inhibition to increase linearly up
to 70-75% with the increase in concentration of purified
wheat o-amylase inhibitor. Kutty and Pattabiraman
(1986) found inhibition to be linear up to 80% with
increasing levels of sorghum inhibitor concentration and
this inhibitory pattern deviated from linearity at higher
concentrations.

The purified inhibitor from KR-9 cultivar was found to
be stable upto 30 °C—40 °C for 10 min and lost its activity at
higher temperatures (Fig. 2). Similarly heat labile c-amylase
inhibitors were reported from P. vulgaris seeds by Grant et
al. (1995) and Kotaru et al. (1989). However, Sasikiran et al.
(2004) found heat stable «-amylase inhibitor from lesser
yam bean (D. esculenta). Hivrale et al. (2011) reported
purified x-amylase inhibitor (6 KDa) to be heat stable.
The purified «-amylase inhibitor was found to have two
pH optima of 5.0 and 6.9 from KR-9 cultivar of bean
(Fig. 2). The optimum pH for common bean inhibitor was
found to be 5 (Grossi-de-Sa et al. 1997) and for maize it was
6.8 (Labra et al. 1995). Frels and Rupnow (1985) found the
extent of inhibition to be less below pH 4.5 and above 6.0
and no inhibition was detected at pH 7.5.

In the present studies the maximum activity for the puri-
fied x-amylase inhibitor from KR-9 cultivar of bean was
observed at 30 °C-35 °C. Similar results were observed in
case of bean seeds by Frels and Rupnow (1985) and Power
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and Whitaker (1977) and for rye o-amylase inhibitor by
Granum (1978). The time period required for incubation
with amylase enzyme to achieve maximum inhibition was
5 min in the screened been cultivar (KR-9). Strumeyer and
Fisher (1983) reported 10 min for wheat inhibitor, Granum
(1978) observed 15-30 min for rye a-amylase inhibitor and
it was 25 min for «-amylase inhibitor from yam bean
(Sharma and Pattabiraman 1982). The Lineweaver Burk plot
(Fig. 3) and Dixon’s plot (Fig. 3) revealed the inhibition
pattern of purified inhibitor from KR-9 cultivar to be of non-
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Fig. 3 Lineweaver burk plot (a) of alpha amylase activity in the
absence and presence of two fixed concentrations of inhibitors and
Dixons plot (b) of alpha amylase activity in presence of different
concentrations of inhibitor at two fixed concentrations of substrate

competitive type. These results are in agreement with those
of Marshall and Lauda (1975) and Frels and Rupnow (1985)
who reported non-competitive mechanism of inhibition for
P, vulgaris inhibitor. However, the nature of inhibition by -
amylase inhibitor from yam bean was found to be of un-
competitive type (Sharma and Pattabiraman 1982). The
purified inhibitor was reported to be effective against larval
extracts of Callosobruchus chinensis, Tribolium castaneum
and gut x-amylase of Spodoptera littoralis. When 26.6 ug
of the purified «-amylase inhibitor was included in the assay
mixture, amylase units inhibited (-AUI/ml) were found to
be 25.74+0.02, 16.22+0.103 and 13.51+0.072, respective-
ly. Insecticidal activity of o-amylase inhibitor from common
bean seeds (Ishimoto et al. 1999) was found against C.
maculatus and C. chinensis. Heidari et al. (2005) observed
broad inhibition specificity of a-amylase inhibitor purified
from wheat against x-amylase of rice weevil (Sytophilus
oryzae), red flour beetle (7. castaneum) and other bruchid
insects. Sasikiran et al. (2004) found the «-amylase inhibitor
purified from lesser yam to show inhibitory activity against
rice weevil, sweet potato and coffee bean weevil. Khan
(2011) also reported the inhibitory activity of proteinaceous
inhibitors from seeds of chickpea, kidney bean, maize,
wheat and millet against alpha-amylase from red flour

bettle, Tribolium castaneum. During present studies, the
Tribolium castaneum larvae showed significant decline in
feeding after 3 days and 100% larval mortaility was ob-
served after 5 days, when the larvae were fed on flour mixed
with purified o-amylase inhibitor. In control, the weights (g)
of flour eaten by the larvae on third and fifth days were
1.843+0.08 and 1.565+0.01, respectively. The larvae fed on
flour mixed with 333 pg of inhibitor showed significant
decline in feeding and the weight of flour eaten were
1.9114£0.05 and 1.746+0.008, respectively after 3 and
5 days of feeding. The C.D. values for treatment (T), inter-
val (I) and interaction (T x I) were 0.02, 0.025 and 0.034.
This may be due to direct inhibition of digestive enzymes of
the larvae. In the control after 45 days four larvae out of five
emerged as adult. Similarly, 60% mortality of Callosobru-
chus chinensis larvae and 50% larval mortality of C. mac-
ulatus was observed when bioassay were done from
Dipteryx alata (Bonavides et al. 2007) and Carica papaya
seeds (Farias et al. 2006), respectively. Hivrale et al. (2011)
also reported the survival of the larvae of Callosobruchus
maculatus fed on diet containing seed powder of 4. aspera
to be severely affected and the highest mortality rate oc-
curred on the fifth day of feeding. The transgenic pea seeds
(Morton et al. 2000) containing «-amylase inhibitor from P,
vulgaris seeds was found to be effective against pea weevil
(Bruchus pisorum). De Sousa-Majer et al. (2007) reported
98% of larval morality of Bruchus pisorum at an early instar
from transgenic pea seeds which contained o-amylase in-
hibitor gene from the common bean

The o-amylase inhibitor purified from P. vulgaris (KR-9)
was found to be effective on human salivary x-amylase. The
«-AUI/ml of the purified inhibitor was found to be 16.70+
0.037. Similarly, purified inhibitor from Pvulgaris (Yoshikawa
et al. 1999), wheat (Heidari et al. 2005), A. aspera (Hivrale et
al. 2011) and rye (Tulek et al. 2000) was found to be effective
against human salivary amylase. However, protienaceous al-
pha amylase inhibitors from chick pea, kidney bean, maize,
wheat and millet seeds did not inhibit human saliva «-amylase
activity (Khan 2011). Similarly, no inhibitor activity of purified
a-amylase inhibitor from Job’s tears (Ary et al. 1989) was
found against human salivary enzyme. Ethanol and Hexane
extracts of Phyllanthus amarus were reported by Tamil et al.
(2010) to exhibit considerable alpha-amylase inhibitory
activities.

Conclusion

Present studies were undertaken to uncover new x-amylase
inhibitor, which may be used in genetic modification of
crops i.e. gene encoding the inhibitor of KR-9 bean cultivar
may be used to develop transgenic plants to confer resis-
tance against insect pests. Inhibitory activities of o-amylase
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inhibitor against human salivary amylase suggested its po-
tential in prevention and therapy of obesity and it can be
used as drug design targets for treatment of diabetes. So,
there is a need for the identification of effective x-amylase
inhibitors with desirable characteristics from new sources.
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