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ABSTRACT

In germinating wheat (Triticum aestivum L) seeds at 42 hours the abundant
amylolytic activity was found to be due to -amylase (-1-4-glucan
maltohydrolase). The enzyme was purified to homogeneity by ammonium
sulphate precipitation followed by gel filtration on Sephadex G-75, and
DEAE-cellulose chromatography. The enzyme was found to be more active
against starch (pea) and amylopectin than soluble starch used as substrate.
The -amylase showed maximum activity at pH 6.0 and at 45C. The enzyme
was stable at a pH range of 4.0-8.0 and at 30-60C for 15 min. The molecular
weight of the enzyme was estimated to be 88kDa by Sephadex G-75 column
chromatography and 89kDa by sodiumdodecylsulfate gel electrophoresis
(SDS-PAGE). The K

m
 value for -amylase with soluble starch as substrate

was found to be 1.47mg/ml. The enzyme was completely inactivated by
Cu2+, Hg2+, Pb2+, Urea and Ag+ at 0.5mM concentration and its activity was
increased by the addition of Fe3+, Mn2+ and EDTA. The study indicates the
importance of - amylase as a starch-degrading enzyme.
 2010 Trade Science Inc. - INDIA

INTRODUCTION

Amylolytic enzymes are widely distributed in plant
tissues e.g. in storage tissues such as seeds and tubers,
and in vegetative organs such as leaves[1]. There exits
two types of amylases in some species of plants, -(-
1-4-glucan glucohydrolase) and -(-1-4-glucan
maltohydrolase) amylases[2,3]. It has long been known
that the mature ungerminated kernels of cereals (barley

and rye) contain activities of -amylase. When the seed
germinate, this activity increases considerably[4,5]. -
Amylase, considered as one of the enzymes, which de-
grade starch, may play a role in the mobilization of starch
during germination or the sprouting of tubers[6,7]. The
primary function of the enzyme amylase is to break down
starches in food so that the body can use them. It is
involved in anti-inflammatory reactions such as those
caused by the release of histamine and similar substances.
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They are extensively used in bread making to break
down complex sugars such as starch (found in flour)
into simple sugars. It is used in detergents to dissolve
starches from fabrics. It is also used in the textile indus-
try for designing textiles, in the laundry industry in a
mixture with protease and lipase to launder clothes, in
the paper industry for sizing and in the food industry for
preparation of sweet syrups, to increase diastase con-
tent of flour, for modification of food for infants and for
the removal of starch in jelly production. The sacchari-
fying activity of cereal seed -amylases is also exploited
in bread making and in the use of malt as an additive in
other foodstuffs and even as a �digestive�[8]. Cereal -
amylases also find applications in the production of
maltose and maltose-rich syrups, sweeteners and vac-
cines[9]. Several researchers have been studied on the
isolation of -amylase enzyme from seeds[10,11], tu-
bers[12,13], leaves[14,1], soybean[15,16] and microorganisms
such as bacillus[17,18] and fungal strains[19]. There are
few overviews dealing extensively with cereal -amy-
lases[20,21] and a few research works is concerned ex-
clusively with these enzymes[22]. Studies on the purifi-
cation of -amylases from cereals are relatively few.
Barley and millet -amylases have been isolated and
characterized by several workers[23,24]. The literature
on wheat beta-amylase is particularly scanty. The ac-
cumulation of beta-amylase in the seeds of cereals and
the activity increases during germination is interesting
from both physiological and biotechnological standpoint.
We present here the characterization of -amylase from
germinating wheat seeds.

MATERIALS AND METHODS

Materials

Three varieties of wheat seeds (Akbar, Agrani and
Kanchan) were collected from Bangladesh Agricultural
Research Institute (BARI), Irshardi, Pabna, Bangladesh.
The seeds were soaked in distilled water for 6 hours,
germinated in a lighted room at 25C for 24, 36, 48,
72, 96 and 120 hours including soaking time. The ger-
minated seeds at different hours were separated from
seedling, rinsed with distilled water and stored sepa-
rately in a deep freeze (-10C) for further analysis.
Sephadex G-75, BSA, and reagents for SDS-PAGE

were purchased from Sigma Chemicals Ltd., USA.
Standard proteins, DEAE-cellulose were purchased from
Pharmacia Fine Chemicals Ltd., Sweden. All other
chemicals used were of analytical grade.

Preparation of crude enzyme extract

About 30 grams of germinated wheat seeds were
taken in a small pot of homogenizer and homogenized
well with cold 0.1M phosphate buffer, pH 7. The ex-
tracts were filtered by few layer of cheesecloth and fur-
ther clarified by centrifugation at 6000 rpm, for 15 min-
utes at 4C. The supernatants was collected and pre-
cipitated by (NH

4
)

2
SO

4
 at different concentration and

finally collected the precipitate at 100% with high amy-
lase activity as previously described[25]. The precipitate
was redissolved in small amount of pre-cooled distilled
water and dialyzed (first in distilled H

2
O for 24 hours

and then in 50mM phosphate buffer, for overnight, pH
7.8, 4C). After centrifugation, the clear supernatant
obtained was used as crude enzyme extract.

Gel filtration column chromatography

The crude extract after dialysis with 50mM phos-
phate buffer, pH 7.8, 4C was loaded onto a Sephadex
G-75 gel column (2.5  120cm), which was equilibrated
with the same buffer. The column was eluted with 50
mM phosphate buffer, pH 7.8, at a flow rate of 1.0ml
min-1. Absorbance of each fraction at 280nm, amylase
activities and protein concentration were measured. The
active fractions were collected.

DEAE-cellulose column chromatography

The enzymatically active protein fractions after gel
filtration were collected and dialyzed against 50mM
phosphate buffer, pH 7.8 for overnight and then con-
centrated to its 1/4th volume by freeze dryer and ap-
plied to a DEAE-cellulose column (32  1.0cm, flow
rate 25ml h-1) previously equilibrated with 50mM phos-
phate buffer, pH 7.8 and eluted with the same buffer
containing a linear gradient of NaCl (100-500mM). Ab-
sorbance at 280nm, protein concentration and amylase
activities were determined. The active fractions were
collected.

Measurement of amylase activity

Amylase activity was assayed following the method
described by Jayaraman[26]. One percent of starch so-
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lution (soluble) was used as substrate (1gm in 100ml
of 0.1M phosphate buffer, pH 6.7). The amylase ac-
tivity was measured by estimating the release of mal-
tose. The amount of maltose released was calculated
from the standard curve prepared with maltose. One
unit of amylase activity was defined as the amount re-
quired for liberating 1mg of maltose in 15 minutes at
37C.

Molecular weight determination of -amylase

The molecular weight of the purified -amylase was
determined by gel filtration on Sephadex G-75 column
(150  3.0cm) equilibrated with 50mM phosphate
buffer, pH 7.8, following the established procedure[27].
Trypsin inhibitor (12kDa), carbonic anhydrase (29kDa),
ovalbumin (43kDa), bovine serum albumin (67kDa),
phosphorylase-b (97.4kDa) and -galactosidase
(116kDa) were used as marker proteins[28].

Electrophoresis

SDS-PAGE was performed according to the
method of Laemmili[29] on a Bio-rad mini electrophore-
sis system. The standard proteins used were -lacto-
globulin (18.4kDa), carbonic anhydrase (29.0kDa),
ovalbumin (43.0kDa), bovine serum albumin (67.0kDa)
and phosphorylase-b (97.4kDa). PAGE was performed
with 7% gels and the electrophoresis was run at 2000V
and 50 A.

Optimum pH of the enzyme

To study the effect of pH on enzyme activity, the
enzyme solutions (0.6%) were dialyzed against 50mM
buffer of different pH (pH 2.0-3.0, CH

3
COONa-HCl;

pH 4.0-5.0, CH
3
COONa-CH

3
COOH; pH 5.5 - 8.0,

NaH
2
PO

4
-Na

2
HPO

4
; pH 8.5 - 9.0, Na

2
B

4
O

7 
- HCl;

pH 9.5, Na
2
B

4
O

7 
- Na

2
CO

3
) for 24 hours with fre-

quent change of buffers. After necessary adjustment of
pH by adding 0.1N HCl or 0.1N NaOH, the enzyme
activities were assayed using starch as substrate.

Optimum temperature of the enzyme

In order to determine the optimum temperature, the
enzyme solutions (0.5%) in 50mM phosphate buffer,
pH 7.0, were incubated at various temperatures rang-
ing from 10C - 90C for 15 minutes in a temperature
controlled water bath and the enzyme activities were
assayed.

Substrate specificity

To determine the substrate specificity of the en-
zyme amylose, amylopectin, maltotetraose and mal-
tose were used as substrate instead of starch during
the assay. In the procedure, 2.5 ml of 100mM phos-
phate buffer pH 6.7, 2.5ml of substrate (1%) of dif-
ferent types and 0.5 ml of enzyme solution were taken
in different test tubes and incubated at 37C for 10
min and the enzyme reaction was stopped by adding
0.5ml of 2N NaOH. Then 0.5ml of dinitrosalicylic acid
(DNS) reagent was mixed to each test tube. The tubes
were heated in a boiling water bath for 5 minutes. Af-
ter cooling at room temperature the absorbance was
measured at 520nm.

Influence of metal ions and chemical reagents

The effects of metal ions and chemical reagents on
the enzyme activity were examined by incubating the
enzyme solution at room temperature in the presence
of different ion or compound for 5 minutes and aliquots
were withdrawn and assayed under standard reaction
conditions (pH 7.0, Tem. 37C).

Measurement of Km of enzyme

Michaelis constant (K
m
) was determined by the

assay of enzyme activity for various concentration of
the substrate (starch 0.1-2.0mM) at definite interval.
Initial velocities of respective substrate concentration
were calculated. K

m
 was calculated from Lineweaver-

Burk double reciprocal plot[30].

Protein assay

Protein concentration of each fraction was deter-
mined by UV-visible spectrophotometer at 280nm. The
amount of protein was estimated by the published
method of Lowry et al.[31] using BSA as standard sub-
strate.

RESULTS

The amylolytic activity of �amylase from the three

varieties of germinating wheat seeds (Agrani, Kanchan
& Akbar) showed their maximum activity at 42 hours
of germination. After that the activity declined rapidly
(Figure 1). The activity of Agrani variety of amylase
was found higher than that of the other two varieties.
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So, in further studies, we used the extracts of Agrani
variety of wheat seeds germinated at 42 hours.

The crude enzyme solution from Agrani variety of
germinating wheat seeds showed two main peaks F-1
and F-2 (Figure 2) on Sephadex G-75 column. Only
the F-1 fraction showed the amylolytic activity while
the F-2 fraction showed no activity. The F-1 fraction
was pooled, concentrated by freeze dryer and further
purified by DEAE-cellulose column chromatography.

The enzyme active fraction F-1 obtained after Gel
filtration when applied to a DEAE-cellulose column
separated into three peaks: F-1a, F-1b and F-1c (Fig-
ure 3). Fraction F-1a eluted with the buffer showed no

amylolytic activity. The other two fractions F-1b and
F-1c eluted with salt gradient showed amylolytic activ-
ity. The minor peak (F-1c) was not collected for fur-
ther study because of low amylolytic activity. Only ma-
jor peak (F-1b) having high amylolytic activity was col-
lected separately, dialyzed against same buffer for over
night at 4C and concentrated by freeze dryer and then
rechromatographed on DEAE-cellulose under identi-
cal conditions. The fraction was eluted only as a sharp
single peak (figure not shown) and its purity was judged

Figure 1 : Time course of the three varieties of wheat seeds
amylase activities during germination

Figure 2 : Gel-filtration pattern of crude extract from germi-
nating wheat seeds on shephadex G-75 column chromatogra-
phy (2.5 cm). The column was pre-equilibrated with
50mM sodium phosphate buffer, pH 7.8 and the column was
eluted with same buffer. The flow rate of the column was 1ml/
min. () absorbance at 280nm, () enzyme activity.

Figure 3 : DEAE-cellulose column chromatography of -amy-
lase from F-2 fraction obtained from gel filtration. The
column (32  1.0cm) was pre-equilibrated with 50mM
phosphate buffer, pH 7.8 and was eluted with the same buffer.
The column was then eluted with a linear gradient of NaCl
(0.1 to 0.5M) in the same buffer. The flow rate of the column
was 25ml/h. () absorbance at 280nm, () enzyme activity
and () NaCl gradient

Figure 4 : Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis of purified -amylase and marker proteins for the
determination of purity and molecular weight of the enzyme.
Lane-A: After gel filtration column, Lane-B: After DEAE-
cellulose column, Lane-M: Marker protein solution contain-
ing phosphorylase B (97.4kDa), Bovin serum albumin
(67.0kDa), Ovalbumin (43.0kDa), Carbonic anhydrase
(29.0kDa), -lactoglobulin (18.4kDa)
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by polyacrylamide slab gel electrophoresis. This frac-
tion contained pure amylase as it gave single band on
polyacrylamide gel electrophoresis (Figure 4).

The purification results of amylase from germinat-
ing wheat seeds are summarized in TABLE 1. The spe-
cific activities of extracted enzyme increases at each
step and the purification fold was achieved from crude
extract nearly 65.59. The specific activity of the final
preparation was 135.77-unit mg-1 with 37.07 % over-
all yield of enzyme where soluble starch used as a sub-
strate.

The purified amylase enzyme gave 100% hydro-
lytic activity when treated with the substrate in absence
of HgCl

2
, but no hydrolytic activity was found if the

substrate solution was pre-mixed with 2  10-3M HgCl
2
,

an inhibitor of -amylase. Further the hydrolytic activ-
ity of the purified enzyme was found to be unchanged in
the presence of 2  10-3M EDTA (-amylase inhibi-
tor)[32]. These findings clearly indicated that the purified
amylase was of -type.

The activity of �amylase at various pH values from
3.0 to 10.0 were shown in figure 5. The activity of the
enzyme was greatly influenced by pH changes. The pH
optimum of the purified enzyme was found in a range of

5.5-6.5, with a maximum at pH 6.0. The enzyme was
found to be stable between pH 4.0-8.0 and completely
inactive below and above the range.

The activity of the purified �amylase was mea-

sured at various temperatures (25-80C) at optimum
pH 6.0. The activity was found to increase with increas-
ing temperature to 40-50C, with an optimum tempera-
ture of 45C (Figure 6). The effect of temperature on
the stability of the enzyme was studied by keeping the
enzyme at various temperatures (25-80C) for 30 min
and the remaining activities were measured. The en-
zyme was stable below 65ºC and its activity signifi-

cantly decreased at and above 80C.
The molecular weight of the purified enzyme was

determined by comparing their elution volume on
shephadex G-75, with those of the marker proteins,
Tripsin inhibitor (12.028kDa), Carbonic anhydrase
(29kDa), -amylase (58 kDa), Serum albumin (66kDa)
and -galactosidase (116kDa) under identical experi-
mental conditions. A logarithmic plot of molecular weight
against relative elution volume gave a linear relation-
ship, and the molecular weight of the enzyme was found

Figure 5 : Effect of pH on the activity of â-amylase from
germinating wheat seeds

Figure 6 : Effect of temperature on the activity of -amylase
from germinating wheat seeds

TABLE 2 : Substrate specificity of the purified �amylase
from germinating wheat seeds

Substrate Relative activity (%) 

Soluble starch 100 

Amylopectin 108 

Amylose 60 

Maltose 0 

Maltotriose 0 

Starch (pea) 214 

Starch (potato) 56 

TABLE 1 : Purification summary of germinating wheat seeds
�amylase (Agrani variety)

Purification 
steps 

Total 
protein 

(mg) 

Total 
activity 
( units ) 

Specific 
activity 

(units/mg) 

Yield 
( % ) 

Purification 
( folds ) 

Crude extract 924 1915.00 2.07 100 1.00 

Salting out and 
dialysis 

690 1504.20 2.18 78.50 1.05 

Gel filtration 24.35 1230.89 50.55 64.27 24.42 

DEAE-cellulose 5.23 710.07 135.77 37.07 65.59 
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to be 88kDa. In order to elucidate the sub-unit struc-
ture of the enzyme, SDS-polyacrylamide gel electro-
phoresis was performed.

As shown in figure 4, the enzyme gave a single
band of the same mobility with or without SDS and
-mercaptoethanol treatment. The result indicated that
the enzyme has no subunit structure. A logarithmic plot
of the molecular weight against relative mobility indi-
cated that the molecular weight of the enzyme was
88-89kDa.

The affinity of the enzyme for substrate was inves-
tigated. Soluble starch was used as the substrate. The
K

m
 value of �amylase was estimated from

Lineweaver-Burk plots using various concentrations of
starch. The K

m
 value for the hydrolysis of starch was

found to be 1.45mg/ml.
Ultra-violet absorbance of the pure enzyme in aque-

ous solution was maximum at 262-266nm and mini-
mum at 240-244nm. No significant absorbance was
detected above 320nm, indicating the absence of chro-
mophore[33].

As given in TABLE 2, the �amylase gave about

100% activity when soluble starch and amylopectin were
used but gave more than 200% activity when starch
grains from pea were used. It was also shown that when

amylose and starch grains from potato were used, low
activity was found. On the other hand, no hydrolytic
activity was observed when the enzyme was incubated
with maltose and maltotriose.

The effects of various metallic salts and chemical
reagents on the activity of �amylase were examined.

Enzyme was added to the substrate solution pre-incu-
bated with a reagent at 45C for 5 min, and residual
activity (%) was determined. As shown in the TABLE
3, the presence of Fe3+, Mn2+, Mg2+ and EDTA in-
creased the activity of the enzyme while the presence
of Cu+2, Hg+2, Pb+2 and Urea reduced the activity of
the enzyme remarkably.

DISCUSSION

The enzyme amylase has high amylolytic activity. It
rapidly hydrolyzes poly- and oligoglucans from the
nonreducing ends of the chains releasing successive
maltose units. Although the enzyme was purified with
an increase of purification fold of about 65 but the yield
was found to be about 37% only. This decrease in yield
may be due to denaturation of enzyme during the lengthy
purification procedures or for some other unknown rea-
sons.

The molecular weight of �amylase from germi-

nating wheat seeds determined by shephadex G-75 gel
filtration column was 88 kDa. This is in good agree-
ment with the molecular weight (89 kDa) determined
by SDS-PAGE (Figure 4). Hence, wheat seeds �
amylase is a monomer. The molecular weight of wheat
seeds �amylase is similar to that of �amylases from

bulbs of Klattianus[34], Sorghum bicolor moench[35] and
Bacillus megaterium B (6)[36]. Larger multimeric �amy-

lases have been reported from vicia faba leaves
(107kDa)[37], leaves of potato (111kDa)[14], C. thermo-
sulphurogenes (210kDa)[38] and �amylase produced

by Xanthophyllomyces dendrorhous (240kDa)[39].
�amylase from germinating wheat seeds has a

pH optimum for starch hydrolysis 6.0 (Figure 5)
which is higher than that reported by Fan[40], for po-
tato tuber �amylase (pH 5.1-5.5), Chen-Tien et

al.[13], for sweet potatoes �amylase. However, the

optimum pH of amylase activity in extracts of sprouted
potato tubers reported by Ross and Davies[41] as 6.0.

TABLE 3 : Effects of metal ions and chemical reagents on �
amylase activity from germinating wheat seeds

Metal or chemical reagent % Relative activity 

Control (soluble starch) 100 

CuCl2 4.0 

HgCl2 2.6 

FeCl3 104 

NaCl 94 

CaCl2 93 

MgC2 91 

ZnCl2 80 

MnCl2 105 

BaCl2 79 

CoCl2 71 

NiCl2 63 

PbCl2 5.0 

SnCl2 20 

AgCl 7.5 

EDTA 110 

Urea 2.5 
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Hydrolysis of soluble starch by �amylase isolated

from pea epicotyl and leaves of Arabidopsis had op-
tima at pH 6.0 and at 6.0-6.5 respectively[42,43], Ce-
real �amylases have pH optima at 5.0-6.0 reported

by Yamamoto[44], with which our result is in good
agreement.

The optimum temperature for �amylase activity

from germinating wheat seeds was 45C (Figure 6).
Shen et al.[38] reported that the temperature optimum
was as 75C for Clostridium thermosulphurogenes �
amylase, Dicko et al.[34] reported as 55C for bulbs of
G. Klattianus �amylase and Rashap et al.[45] reported
as 50C for Bacillus polymyxa N3 �amylase, which

are higher than our result but our result is very close to
those reported by Lizotte et al.[43]; Serafimova et al.[46]

as 42C, and Rashad et al.[12] as 45C.
The K

m
 value of �amylase using starch as sub-

strate was calculated from Lineweaver-Burk plot and
found to be 1.45mg/ml. This result is close to those
reported by Diaz et al.[39]; Pauline et al.[47]; Shen et al.[38]

and is lower than that reported by Kotha and
Rameswar[48], Katsuhiro et al.[49], Rashad et al.[12].

Some disaccharides and polysaccharides were
tested as substrate for �amylase activity shown in

TABLE 2. From the results it is clear that the rate of
hydrolysis is highest in case of starch (pea) followed by
amylopectin and soluble starch (potato). This result is
very similar in substrate specificity for pea epicotyl -
amylase as reported earlier[47].

The effects of metal ions and chemical reagents on
the wheat seeds �amylase enzyme activity were stud-

ied (TABLE 3). The purified enzyme was inactivated in
presence of Cu2+, Hg2+, Pb2+, Ag+ and Urea, and was
strongly activated in presence of Fe3+, Mn2+ and EDTA.
These results are in agreement with those reported by
Okamato and Akazawa[3], from rice seed �amylase,

Rashad et al.[12] from radish root and Tsao et al.[50] from
small abalone.
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