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Abstract: A local Saudi Arabian wheat (Triticum aestivum) variety (Balady) showed high levels of

amylolytic activities at different stages of germination. The activity of á-amylase increased from day

0 to day 6 of germination, where it exhibited its highest level (2300 units/g seeds), followed by

decrease of activity till day 16. Chromatography of 6 days old wheat seedlings of germination on

DEAE–Sepharose column showed five forms of á-amylase activities (á-amylases AI, AII, AIII, AIV

mand AV). The apparent K  values of isoenzymes for hydrolyzing starch were 1.42 mg, 2.0 mg, 1.1

mg, 2.5 mg and 1.7 mg, respectively. á-Amylases AI, AII, AIII, AIV and AV were found to have

sharp and broad pH optima of 5.5, 5.5-6.5, 5.0-6.0, 5.0-6.0 and 7.0, respectively. The temperature

optima of wheat amylases are the same at 50ºC. Thermal stability study showed that á-amylases AI,

AIV and AV were stable up to 50°C after incubation for 15 min, while á-amylases AII and AIII were

stable up to 40°C. The affinity between substrate and enzyme was detected only for glycogen and

starch compared with other carbohydrates tested, where glycogen had more affinity than starch.

Various metal ions such as Ca , Zn , Ni , Hg  and Cd  at 2 mM were tested for amylase2+ 2+ 2+ 2+ 2+

activation/inhibition effect. Ca  is found to has activating effect as indicated by increased activity for2+

all isoenzymes except of AII which is inhibited. In conclusion, these á-amylases from wheat have

interesting characteristics such as low km value, broad pH optimum, high optimum temperature, high

affinity toward starch and glycogen and activation by some metal as calcium. Therefore, these

characterization meet the prerequisites need for food industry.
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INTRODUCTION

á-Amylases (1,4-D-glucan glucanohydrolase, E.C.3.2.1.1) catalyze the random hydrolysis of amylose,

amylopectin and related polysaccharides to smaller oligosaccharides and glucose . á-Amylases–ubiquitous in

nature–have been isolated, purified and characterized from a number of animal, plant, fungal as well as

bacterial sources (Kumar et al., 2009). Cereal á-amylases have gained importance due to their suitability for

biotechnological applications in supplementary foods, breweries and starch saccharification (Muralikrishna and

Nirmala, 2005; Adewale et al., 2006).

Cereal á-amylases play a very important role in the starch metabolism in developing as well as germinating

cereals. These highly expressed enzymes are getting synthesized under the influence of plant growth hormones

such as gibberellic acid (GA3) and they exist in multiple forms (MacGregor, 1977; Mitchell, 1972). Generally,

the number of isoenzymes identified depends on the cultivars studied and the sensitivity of the resolving

method used (Hill and MacGregor, 1988; Fahmy et al., 2000; Georg-Kraemer et al., 2001). Essentially, cereal

amylases are separable into two groups based on their chemical, physical and immunochemical properties

(Kruger and Marchylo, 1985). The presence of á-amylase activity during barley, wheat and oat seed maturation

(Meredith and Jenkins, 1973), as well as during seed germination (Hill and MacGregor, 1988; Subbarao et al.,

1998; Georg-Kraemer et al., 2001) has been extensively examined. It is approximately 30% of the total protein

synthesized during germination. The site of amylase synthesis is reported to be either in aleurone layer (Bewly

and Black, 1985; Subbarao et al., 1998) or scutellum (Okamoto et al., 1980; Subbarao et al., 1998). In this

regard, the idea of whole pattern of endosperm modification, including starch degradation, being under the

control of hydrolytic enzymes from the aleurone may has to be readdressed to unequivocally determine the

site of amylase synthesis.
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Although the levels of starch-hydrolysing amylases which develop in barley during malting appeared to

rise (Agu and Palmer, 1997), different cultivars can have different moments with the highest amylase activity.

It is important to determine when this moment occurs during the germination for different reasons. First,

because it is crucial for maltsters  to obtain maximum enzyme activity to ensure degradation of starch to

maltose during mashing in brewing routines. Second, because maltsters can save time and money if this

moment occurs in the early process stages.

This study was conducted to determine á–amylase activity during germination of wheat Triticum aestivum,

a local variety (Balady) in Saudi Arabia, and report studies on the physical and chemical characterization of

partial purified á–amylase isoenzymes. This information will have a bearing on their potential use in the food

industries.

MATERIALS AND METHODS

Plant Material:

Wheat Triticum aestivum, a local variety (Balady) in Saudi Arabia, was purchased from local market. They

were surface sterilized with 1% (v/v) sodium hypochlorite solution for 5 min and washed with seven changes

of sterile water. The seeds were germinated on a piece of watered cotton in petri dishes at 25ºC in the dark

for 16 days. After germination, the sprout and rootlets were excised and the remaining seed material stored

at 20ºC until use.

Preparation of Dinitrosalicylic Acid Reagent (DNS):

Modified DNS reagent containing Rochelle salt (potassium sodium tartrate) was prepared according to

Fischer and Kohtes (1951) by dissolving a mixture of 40 g dinitrosalicylic acid, 8 g phenol, 2 g sodium sulfite 

and 800 g Rochelle salt in 2 liters of 2 % sodium hydroxide and then diluted to 4 liters with distilled water.

Amylase Assay:

á-Amylase activity was determined by measurement of maltose released from starch according to the

method of Bernfeld (1951). The samples were incubated at 37°C for 30 min in tubes containing 5 mg soluble

potato starch, 20 mM sodium acetate buffer, pH 5.5, appropriate amount of enzyme solution and distilled water

to give a final volume of 0.5 ml. The reaction was stopped by the addition of 0.5 ml dinitrosalicylic acid

reagent, followed by incubation in a boiling water bath for 10 min followed by cooling. The absorbance was

recorded at 560 nm. The enzymatically liberated reducing sugar was calculated from a standard curve using

maltose. One unit of enzyme activity was defined as the amount of enzyme producing 1 ìmol reducing sugar

as maltose per hour under the standard assay conditions.

Protein Determination:

Protein was quantified by the method of Bradford (1976) with bovine serum albumin as standard.

Partial Purification of á-amylase Isoenzymes from Germinated Wheat:

Unless otherwise stated all steps were performed at 4–7°C using 20 mM Tris–HCl buffer, pH 7.0.

Preparation of Crude Extract:

The á-amylase crude extract was prepared by homogenization 2 g of wheat germinated seeds in 10 ml of

20 mM Tris–HCl buffer, pH 7.0 using a mortar. The homogenate was centrifuged at 10,000g and the

supernatant was saved. The precipitate was reextracted with the same buffer and recentrifuged. The two

supernatants were pooled and designated as crude extract.

DEAE–Sepharose Chromatography:

The crude extract was applied directly to a DEAE–Sepharose column (4x1.6 cm i.d.) equilibrated with 20

mM Tris–HCl buffer, pH 7.0. The adsorbed material was eluted with a stepwise gradient ranging from 0 to

0.4 M NaCl prepared in the same buffer at a flow rate of 60 ml/h and 3 ml fractions were collected. Protein

fractions exhibiting á-amylase activity were eluted with 0.0, 0.05, 0.1, 0.2 and 0.3 M NaCl, respectively and

designated á-amylases AI, AII, AIII, AIV and AV according to elution order.

Optimum pH and Temperature:

The optimum pH for the amylase activity was determined by assaying the activity at different pH values,

using the following buffers: 50 mM sodium acetate buffer (pH 3.6 - 6.5) and 50 mM Tris-HCl buffer (pH 7.0

- 8.5). The optimum temperature for amylase activity was determined by assaying the enzyme at temperatures

from 25 to 70ºC.
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Thermal Stability:

Heat stability was measured by incubating the enzyme at 20 –60ºC for 15 min in 0.05 mM sodium acetate

buffer, pH 5.5. After heat treatment, the enzyme solution was cooled and the residual activity assayed under

standard assay conditions.

Kinetic Constant:

Kinetic parameters of the amylase for starch as substrate were determined at pH 5.5 and 37ºC. The values

of Michaelis constants (Km) and the maximum velocity (Vmax) were determined from Lineweaver Burk plot.

Substrate Specificity:

To determine the substrate specificity of the enzyme, potato starch, glycogen, dextrin, dextrose and pectin

were used as substrates during the assay. Activity assayed under standard assay conditions.

Metal Ion Effect: 

The effects of various metal ions on enzyme activity were determined by pre-incubating the enzyme with

2 mM metal ions for 15 min and then assaying the enzyme activity. The activity assayed in the absence of

metal ions was taken as 100%.

RESULTS AND DISCUSSION

Wheat á-amylase During Seed Germination:

Crude extracts of wheat at different stages of germination showed amylolytic activity when starch was used

as a substrate. The activity of á-amylase increased from day 0 to day 6 of germination, where it exhibited its

highest level (2331 units/g), followed by a gradual decrease in activity till day 16 (95 units/g) (Fig. 1). Several

articles has been studied the á-amylase activity during germination. á-Amylase synthesized de novo and its

level increased several hundred fold over a 4- or 5- day period (Okamoto and Akazawa, 1979; Mitsui et al.,

1996); in barley aleurone, it is approximately 30% of the protein synthesized during germination (Jones and

Jacobsen, 1991). á-Amylase from germinated safflower seeds showed maximum activity after 5 days of growth

(Elabri et al., 2009).

Partial Purification of á-amylase Isoenzymes:

The partial purification of á-amylase from 6-day old-wheat seedlings of germination is summarized in

Table 1. From the elution profile of the chromatography on DEAE–Sepharose (Fig. 2), five peaks with á-

amylase activity were separated: the negative adsorbed fractions (0.0 M sodium chloride) and the fractions

eluted with 0.05 M, 0.1 M, 0.2 M and 0.3 M sodium chloride and designated as á-amylases AI, AII, AIII,

AIV and AV with specific activity ranged from 3260 to 6183 units/mg protein, fold purification ranged from

1.41 to 2.6 fold and recovery % ranged from 2.3-72%, respectively. Several amylases have been purified from

different cereals using conventional as well as classical methods. The main hurdle in purifying cereal amylases

is their occurrence in multiple forms as isoenzymes (Muralikrishna and Nirmala, 2005). Ion exchange

chromatography is a tool for the separation of proteins on the basis of charge. DEAE–cellulose matrix has been

used to purify most of the cereal amylases (Marchylo et al., 1976; Warchalewski and Tkachuk, 1978), whereas

in few cases CM-cellulose has also been employed (MacGregor, 1977). DEAE-sephacel was found to be very

efficient ion exchanger for purifying the ragi malt isoenzymes á-1, á-2 and á-3 with a recovery 11.6, 4.7 and

11%, respectively (Nirmala and Muralikrishna, 2003a). Noman et al. (2006) used only two ion exchange

columns (DEAE- and CM-cellulose) to purified Pachyrhizus erosus L. tuber á-amylase with specific activity

209 units/mg protein and 22.8 recovery %.

Characterization of á-amylase Isoenzymes:

mThe kinetic parameters of á-amylases for hydrolysis of starch were obtained (Table 2). The apparent K

values and Vmax values of isoenzymes for hydrolyzing starch were 1.42 mg/0.5 ml (0.28 %) and 0.83 ìmol

reducing sugar for AI, 2.0 mg/0.5 ml (0.4%) and 0.625 ìmol reducing sugar for AII, 1.1 mg/0.5 (0.22%) ml

and 0.3 ìmol reducing sugar for AIII, 2.5 mg/0.5 ml (0.5%) and 0.66 ìmol reducing sugar for AIV, and 1.7

mg/0.5 ml (0.34%) and 0.33 ìmol reducing sugar for AV. These values were similar to Km values reported

for á-amylases from ragi  Eleusine coracana (0.59% - 1.43% starch) (Nirmala and Muralikrishna, 2003a) and

tuber Pachyhizus erosus (0.29% starch) (Noman et al., 2006). The lower km value was reported for á-amylases

from wheat Sakha 69 (0.57 mg and 1.33 mg starch/ml) (Fahmy et al., 2000) and mung beans (1.6 mg/ml)

(Tripathi et al., 2007). However, maize and millet á-amylases had the higher Km values (12.5 mg and 5.8

mg/ml, respectively) (Adewale et al., 2006).
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Table1: Purification Scheme of á-amylase from 6 days-old wheat seedlings.

Sample Total units* Total protein(mg) Specific activity (units/mg protein) Fold purification Recovery %

Crude extract 6900 3.0 2300 1 100

Chromatography on

DEAE- Sepharose:

0.0 M NaCl (AI) 4922 1.02 4922 2.14 72

0.05 M NaCl (AII) 588 0.161 3665 1.59 8.5

0.1 M NaCl (AIII) 849 0.224 3790 1.64 12

0.2 M NaCl (AIV) 742 0.12 6183 2.6 10.7

0.3 M NaCl (AV) 163 0.05 3260 1.41 2.3

*One unit of á-amylase activity was defined as the amount of enzyme producing 1 ìmol reducing sugar per h under standard assay

conditions.

Table 2: Kinetic parameters of á-amylases AI, AII, AIII, AIV and AV.

á-Amylases Km Vmax

AI 1.42 0.830

AII 2.00 0.625

AIII 1.1 0.300

AIV 2.5 0.660

AV 1.7 0.33

Fig. 1: á-Amylase activity during germination of wheat seeds.

Fig. 2: A typical elution profile for the chromatography of  6-day old-wheat seedlings of germination á-

amylase crude extract on DEAE-Spharose column  (4 x 1.6 cm i.d.) equilibrated with 20 mM Tris-HCl

buffer, pH 7.0 at a flow rate of 60 ml/h and 3 ml fractions. Absorbance at 280 nm (·—·), a-amylase

activity (x---x).
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á-Amylases AI, AII, AIII, AIV and AV were found to have pH optima of 5.5, broad pH's 5.0- 6.5, broad

pH's 5.0-6.0, broad pH's 5.0-6.0 and 7.0, respectively (Fig. 3). The activity of these amylases in acidic pH is

more than the ones observed in alkaline pH except of AV. Acidic pH optima ranged from 4.5 to 6.5 were

reported for á-amylases from wheat Sakha 69 (Fahmy et al., 2000), finger millet (Nirmala and Muralikrishna,

2003b), shoots and cotyledons of pea (Pisum sativam  L.) seedlings (Beers and Duke, 1990) and mung beans

(Tripathi et al., 2007). Slightly alkaline pH optimum was detected for á-amylase from P. erosus tuber (pH 7.3)

(Noman et al., 2006). However neutral optimum pH (7.0) was observed for á-amylase from vine shoot inter-

nodes (Berbezy et al., 1996).

The temperature optima of wheat amylases are shown in Fig. (4). The enzymes maintained above 50%

activity over a temperature range of 40–50ºC with the same optimum temperature at 50ºC for all isoenzymes.

The activity increased sharply with gradual increase in temperature up to 50ºC while it gradually declined with

further rise in temperature, indicating loss in the active conformation of the enzyme. The enzyme was only

(b)30% active at 70ºC. These values resembled closely that of finger millet á-amylases á -1  and á -3 (45 °C)

and á -2 (50°C) (Nirmala and Muralikrishna, 2003b). A broad temperature optima (40-50°C) were detected

in wheat (Tkachuk and Kruger, 1974).The lower temperature optima (37°C) reported for á-amylases from rice

(Abe et al., 2002) and P. erosus tuber (Noman et al., 2006).

Fig. 3: pH optimum of germinated wheat á-amylases AI, AII, AIII, AIV and AV. The reaction mixture

contained in 0.5 ml: 1 % starch, suitable amount of enzyme and 50 mM sodium acetate buffer (pH

3.6 - 6.5), 50 mM Tris-HCl buffer (pH 7.0 - 8.5). Each point represents the average of two

experiments.
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Fig. 4: Temperature optimum of germinated wheat á-amylases AI, AII, AIII, AIV and AV. The enzyme

activity was measured at various temperatures using the standard assay method as previously described.

Each point represents the average of two experiments.

Thermal stability of wheat á-amylases is shown in Fig. 5. á-Amylases AI, AIV and AV were stable up

to 50°C after incubation for 15 min at temperature ranged from 20  to 60ºC, where á-amylases AII and AIII

were stable up to 40°C. On the contrary,  wheat Sakha 69 á-amylases AI and AII were thermally stable with

half-maximal activity after incubation for 15 min at 60 and 50°C, respectively (Fahmy et al., 2000). Noman

et al. (2006) reported that P. erosus tuber á-amylase was stable at temperature up to 40°C for 30 min

incubation followed by rapid inactivation above 40°C. Sorghum, millet and maize á-amylases were stable to

heat denaturation at lower temperature (30°C) (Adewale et al., 2006). Generally, á-amylases are more stable

compared to â-amylases (Muralikrishna and Nirmala, 2005).

A number of carbohydrates (starch, glycogen, dextrin, dextrose and pectin) were tested as substrate for

wheat á-amylases AI, AII, AIII, AIV and AV (Table 3). The affinity between substrate and enzyme was

detected only for glycogen and starch, where glycogen had more affinity than starch. Starch and glycogen are

polysaccharides which are used by plant and animals for storing glucose for future use. Starch consists of

amylose (á-1,4-linkage ) and may be amylopectin (á-1,6-linkage), but glycogen must be contain the two

linkages. These results indicated that wheat á-amylase isoenzymes had highest activity toward á-1,6-linkage.

For tuber á-amylase, high-molecular-mass substrates containing the á-1,4-linkage were better substrates for the
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enzyme. The relative rate of hydrolysis of the polymeric substrate decreased with decreasing percentage of á-

1,4-linkages and increasing percentage of á -1,6-linkages in the substrate, suggesting that the enzyme prefers

high molecular-mass, amylose type material as the substrate. It hydrolyzed amylose at rates similar to those

obtained with soluble starch, but it was considerably less active on amylopectin and showed no effect on

maltose and maltotetraose (Noman et al., 2006). It was observed that all the three amylases from finger millet

were found to have a high affinity towards its natural substrate i.e., ragi starch. The á-3 was found to be most

(b)efficient followed by á-1  and á-2.The affinity for cereal starches were found to be in the order of ragi > rice

(b)> wheat > maize for á-1  and á-3 whereas for á-2 it was in the order of ragi> wheat > rice > maize (Nirmala

and Muralikrishna, 2003a).

Fig. 5: Thermal stability of germinated wheat á-amylases AI, AII, AIII, AIV and AV. The reaction mixture

contained in 0.5 ml: 50 mM sodium acetate buffer, pH 5.5, suitable amount of enzyme and 1 %

starch. The reaction mixture was preincubated at various temperatures for 15 min prior to substrate

addition, followed by cooling in an ice bath. The enzyme activity was measured using the standard

assay method as previously described. Activity at zero time was taken as 100% activity. Each point

represents the average of two experiments.

Various metal ions such as Ca , Zn , Ni , Hg  and Cd  at 2 mM concentration were tested for amylase2+ 2+ 2 + 2 + 2+

activation/inhibition effect and the results are given in Table 4. Ca  is found to has activating effect as2+

indicated by increased activity for all isoenzymes except of AII which is inhibited (78% inhibition). Zn  and2+
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Hg  had partial inhibition effect on activity for all isoenzymes except of AIV which is not effected . Ni  had2+ 2+

activating effect toward AI, where it had inhibitory effect toward the other isoenzymes. Cd  had activating2+

effect toward AIII, AIV and AIV, while it had very strong inhibitory effect toward AI and AII. The

inactivation by these metals may be due to their binding to either catalytic residues or by replacing the Ca2 +

from the substrate  binding site of the enzyme (Nirmala and Muralikrishna, 2003b; Elarbi et al., 2009). Cereal

á-amylases are known to be metallo enzymes containing at least one Ca   per molecule (Janeck and Belaz,2+

1992) and its number may go up to 10 (Vihinen and Mantsala, 1989).  Role of Ca  and Mg  in maintaining2+ 2 +

the stability and structure of the á-amylase is well documented (Parkin, 1993). Enhancement of amylase

activity of Ca  ions is based on its ability to interact with negatively charged amino acid residues such as2+

aspartic and glutamic acids, which resulted in stabilization as well as maintenance of enzyme conformation.

In addition, calcium is known to have a role in substrate binding (Sprinz, 1999). It has also been documented

that binding of Ca  to amylase is preferred over other cations such as Mg  (Bush et al., 1989). Replacement2+ 2+

of Ca  by Sr , Na  and Ba  resulted in partial activation of barley á-amylases; however it is not comparable2+ 2+ + 2+

to the effect of Ca  on amylase activity.2+

Table 3: Relative activities of germinated wheat amylases toward different substrates.

Substrate Relative activity (%)

-----------------------------------------------------------------------------------------------------------------------------------------------

AI AII AIII )AIV AV

Starch 100 100 100 100 100

Glycogen 182 158 160 128 242

Dextran 5 4 6 3 4

Dextrose 3 4 5 4 4

pectin 0 0 0 0 0

The activity with potato starch was taken as 100% activity. Each value represents the average of two experiments.

Table 4: Effect of metal cations on germinated wheat á-amylases.

Metal cations % Relative activity

-----------------------------------------------------------------------------------------------------------------------------------------------

AI AII AIII AIV AV

Ca 200 22 240 200 1602+

Zn 18 4 85 100 482+

Ni 156 15 30 50 502+

Hg 4.7 3 67 100 922+

Cd 5.6 5 129 160 1292+

Enzyme was pre-incubated for 15 min at room temperature with 2 mM of listed metal ions as final concentration prior to substrate

addition. Activity in absence of metal cations was taken as 100% activity. Each value represents the average of two experiments.
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