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ABSTRACT

     Alpha-amylase inhibitor extracted from different sources i.e. wheat grains (sohag 2 and Giza 164), legume seeds such as Cow pea (Carim 7 and Giza 3), and Kidney bean (Giza 6 and Giza 133) was purified and tested for activity using human salivary and pancreatic alpha-amylase. 

Results showed that the alpha-amylase inhibitor activity from samples studied were 120 to 285 unit / mg protein.   

     The inhibitor was found to be stable at pH range from 2 to 4. It was also stable to digestion by proteolytic enzymes (pepsin and trypsin). The inhibition was faster at 37 oC than at 25 oC, The results showed that the degree of thermal stability of alpha-amylase inhibitor extracted from Kidney bean (Giza 133) was at 35-37 oC, activity was decreased on 50 oC for 5 hr. Increased of pre-incubation time between inhibitor and both alpha-amylase enzymes at 37 oC increased the rate of inhibition of these enzymes and the complex formation between them from 60 – 80 % in 30 min. while addition of these enzymes to the mixture containing inhibitor and substrate (without pre-incubation) decrease the percent inhibition.
     Therefore, an evidence of specific interference of the alpha-amylase inhibitor with starch availability was established. Such possibilities will have valuable interest in the field of special dietary food preparations for diabetes and over weight reduction purposes.
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INTRODUCTION

   The naturally occurring substances present in some crops and food products are capable of inhibiting the action of some enzymes, and are the most widespread. Although the inhibition of trypsin and chymotrypsin by some proteins have been studied in detail. The physico-chemical properties, nutritional and physiological roles of alpha-amylase inhibitors have yet received far less attention. It was found that legume alpha-amylase inhibitors showed no inhibition towards plant or bacterial amylases but had similar inhibitory activity towards human pancreatic and salivary amylases. 

     Purified alpha-amylase inhibitors are glycoproteins and active against porcine pancreatic, human salivary and insect alpha-amylase. They are inactive against bacterial, mold and plant alpha-amylase (Frels and Rupnow, 1984, Santimone et al. 2004). Proteinaceous inhibitors of amylases have been detected in different organs of several vegetable species cereals and tubers (Shivara et al. 1979) and fruits (Mattoo and Modi 1970). The amount of inhibitor extracted from whole wheat bread or barley was from 60 to 69 % lower than the corresponding meal. Cooking of legume seeds at 100 oC for 20 min. markedly decreased the inhibitor activity (Mahmoud 1987). Almost 15 % of the total inhibitor activity present in crude extract was lost after (NH4)2SO4 fractionation and dialysis, (Daiber, 1975). Many inhibitors are destroyed by cooking, but some retain inhibitory activity even after baking (Richardson 1991). 

     The stoichiometry interaction between the alpha-amylase and wheat inhibitor showed a binding complex of 1:1 enzyme : inhibitor. The purified alpha-amylase inhibitor from wheat or legumes presents great potential for use in phaseulus genetic improvement programs (Octavio et al. 2005).

Therefore the present work was aimed to study the extraction and purification of alpha-amylase inhibitor from some different sources. Moreover the inhibitors characteristics and enzyme inhibitor mechanism were also studied.

MATERIAL AND METHODS

Materials:

Wheat grains (sohag 2 and Giza 164), Cow pea seeds (Carim 7 and Giza 3), and Kidney bean seeds (Giza 6 and Giza 133) (obtained from the Ministry of Agric. Cairo, Egypt). Human pancreatic and salivary alpha-amylase (obtained from Sigma Company, England) were used.

Methods:

Extraction and purification of alpha-amylase inhibitor:

     Alpha-amylase inhibitor from some sources i.e. wheat grains; lupin and kidney seeds was extracted and purified according to Täufel et al. (1991). Grains and seeds were ground by laboratory mill (Brabender) and suspended in sodium phosphate buffer at pH 6.9 for 17 hrs at 4 oC then centrifuged at 3000 xg for 60 min and the precipitate was purified sequentially as follow: 

· Dialysis was made at 4 oC overnight, precipitation and dialysis against water and then freeze-dried.

· The partially purified inhibitor was dissolved in acetate buffer (50 mM, pH 5.0) containing calcium chloride (5 Mm), and then fractionated on sephadex G-100 column (2.5 x 30 cm at 4 oC). 
· The inhibitor solution was dialyzed against acetate buffer (10 mM, pH 4.0) and applied to CM-cellulose column equilibrated with the same buffer at room temperature (32oC ±2). Bound protein was recovered from the column by elution with sodium chloride (0 to 0.5 M) in acetate buffer (10 mM, pH 4.0), and dialyzed, then used for studying the characterization of the inhibitor’s properties.    
Amylase activity Determination:

     Alpha-amylase activity was determined according to the method described by Bernfeld (1955). The reaction mixture contained soluble starch, human serum albumin, calcium chloride and 2.6 μg of enzyme in sodium phosphate buffer (0.02 M) and sodium chloride (0.05M) at pH 6.9. This mixture was incubated at 37 oC for 5 min. Blanks were run simultaneously. Reducing groups liberated from starch were measured by the reduction of 3,5-dinitrosalicylic acid color reagent. Mix well and read at A540 versus blank by Uv/Visible spectrophotometer (Pharmacia LKB-CB44F9, UK). One unit of amylase activity is defined as the amount of enzyme that will liberate 1μ mol of maltose under the above assay conditions.

Alpha-amylase inhibitor assay:

     Assay of alpha-amylase inhibitor activity was based on the determination of the extent of inhibition of 100 μl of alpha-amylase, caused by an aliquot of inhibitor preparation. A known amount of the inhibitor solution was pre-incubated at 37 oC for 20 min with α-amylase (1 unit), human serum albumin (2.0 mg) and calcium chloride (2.0 mg). After pre-incubation, soluble starch was added and the residual amylase activity was determined by the assay technique described above. Blank digest was run simultaneously.

     One unit of inhibitor activity is defined as the amount which causes approximately 50 % inhibition of α-amylase activity under the assay conditions.
Protein determinations:

     Protein was determined in crude extract or purified inhibitor according to Lowry et al. (1951), and modification of the Hartree (1972) procedure.

Alpha-amylase inhibitor characteristics:

Pre-incubation time and temperature:

     The inhibitor was pre-incubated at different periods and temperatures i.e. 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 min at either 25 oC or 37 oC according to Hoover and Sosulsk (1984). The inhibitor activity was then determined separately.

Inhibitor activity at pH values:

     The optimal pH for inhibitory activity was determined in digests (2.0 ml) containing inhibitor (1.7 units), human serum albumin (2.0 mg), calcium chloride (2.0 mg) and sodium phosphate buffer 0.02-M containing sodium chloride 0.05-M of varying pH i.e. 5.0, 6.0, 7.0 and 8.0, sodium acetate buffer 0.02 M containing sodium chloride 0.05 M (PH 4.0 - 5.8), then added these mixtures to alpha amylase (1 unit), The above digests were preincubated at 37 oC for 20 min. and the residual alpha amylase activity was determined at PH 6.9 using the standard assay conditions. (Johan and Carmen, 1975).
pH stability of inhibitor:

     The pH stability of the inhibitor was determined by incubating at various pH values i.e. 2, 4, 6,7,8,9 and 10 for 4 hr at 37 oC. After 4 hr incubation the contents of amylase, inhibitor and starch were assayed for inhibitory activity at pH 6.9 and 37 oC against α-amylase as described under the standard assay condition, described above.

Thermal stability of inhibitor:

     Digests (2.0 ml) containing inhibitor (1.8 μg protein), sodium acetate buffer (0.02 M), sodium chloride (0.05 M) at pH 5.7 were heat-treated for 20 min at temperatures ranging from 30,40,50,60,70,80 and 90 oC. The solutions were then rapidly cooled and pre-incubated at (37 oC & pH 5.7) with α-amylase (1 unit), human serum albumin (2.0 mg), calcium chloride (2.0 mg) for 20 min. The residual α-amylase activity was determined at pH 6.9 using the standard assay conditions.

The interaction of alpha-amylase inhibitor and alpha-amylase at different salt ionic strength: 

     Alpha-amylase inhibitor was incubated with alpha-amylase at various salt ionic strengths for 30 min at 30 oC. The salt was varied i.e. 0.1,0.2,0.3, 0.4,0.5,0.6,0.7,0.8 and 0.9 mg [with the addition of various concentrations of NaCL and KCL to the sodium phosphate buffer 0.02 M, pH 6.9]. Controls were run without α-amylase inhibitor to determine the effect of each salt on none inhibited enzyme activity and the residual enzyme activity was also determined.

Proteolytic digestion of alpha-amylase inhibitor:

     Alpha-amylase inhibitor was incubated with 1.6 units of trypsin in sodium phosphate buffer (0.01 M, pH 7.5 at 37 oC). Trypsin activity was halted with the addition of 100 molar excess Phenyl Methyl Sulfonyl Fluoride (PMSF) in 10 % propanol at time intervals up to 6 hr. The pH was adjusted to 6.9 and α-amylase inhibitor was also digested with pepsin. The residual activity was also assayed at time intervals up to 6 hr.

Inhibition mechanism:

     The type of inhibition between the inhibitor and human pancreatic alpha amylase (HPA) was determined according to the procedures described by Lineweaver and Burk (1934). The rate of alpha-amylase action was determined at three steps using sodium phosphate buffer (0.02 M, pH 6.9) containing NaCL (0.05 M) at 30 oC with control sample for each steps after which the residual alpha-amylase was determined:

- Incubation of HPA with inhibitor at 35 oC for 30 min. and   addition of different starch concentrations from 1 to 8 mg/ml.

- Incubation of inhibitor with starch at 35 oC for 30 min. and then addition of different concentration of HPA (0.5 to 2.0 mg of enzyme).

- Incubation of human alpha-amylase with starch at 35 oC for 30 min. and then addition of different concentration of inhibitor (2.0 to 4.0 ml of a solution containing 1.76 mg of protein).

RESULTS AND DISCUSSION
     Alpha-amylase inhibitor was extracted from wheat grains, lupin and kidney. The recovery of the inhibitor from these sources is given in table [1]. The inhibitor was purified from the crude extract with an overall recovery of approximately 68, 85, 78, 81, 67, and 71 % in Kidney bean (Giza 6), Kidney bean (Giza 133), Lupin (Giza 3), Lupin (Carim 7), Wheat (Sohag 2) and Wheat (Giza 164) respectively. 
     The purified inhibitor was fractionated by using Sephadex G-100 column as shown in (Fig. 1a) and CM-cellulose (Fig. 1b).

     Three peaks were obtained (from B which had higher inhibitory activity) and labeled BI, BII and BIII. These peaks were assayed against Human Salivary Amylase (HSA) and only the BIII found to have inhibitory activity. The pool named BIII (fractions 200-225) was then concentrated and dialyzed against suitable different solutions for each of the subsequent assays. Peaks A, C, D, BI and BII did not show any activity towards alpha-amylase.
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Fig. 1. Chromatography profiles obtained (a) during the Sephadex G-100 and (b) for the CM-cellulose chromatography.
   Table 1. Total inhibitor unit’s from crude samples and steps of purification

	Sources 
	Steps 
	Total protein

[mg/ml]
	Total units inhibitor

[UI/ml]
	Specific activity

[Units/mg]
	Recovery

[%]
	Purification

fold

	Kidney bean Giza 6
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	383.718

20.918

11.463

9.918
	1802.527

1661.605

1390.507

1231.705
	3.726

79.430

121.304

124.197
	100

92.182

77.142

68.336
	21.317

32.556

33.332

	Kidney bean Giza 133
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	206.966

11.051

3.353

3.034
	1018.419

1009.674

870.271

867.006
	4.920

91.358

259.521

285.756
	99.141

85.453

85.133
	18.568

52.748

58.080

	Cow bean

 Giza 3
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	77.330

6.516

3.172

2.948
	593.370

582.280

475.387

461.164
	7.673

89.350

149.870

156.433
	98.130

80.116

77.719
	11.644

19.532

20.387

	Cow bean 

Carim 7
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	131.354

4.576

2.761

2.642
	390.688

379.562

324.870

319.050
	2.974

82.946

117.664

120.761
	97.152

83.153

81.663
	27.890

39.564

40.605

	Wheat 
sohag 2
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	283.007

11.712

6.230

5.769
	1052.927

901.138

732.224

700.506
	3.720

76.937

117.532

121.426
	85.584

69.541

66.529
	20.681

31.594

32.641

	Wheat
Giza 164
	Crude extract

Ammonium sulfate

Sephadex G-100  CM-cellulose
	356.037

12.129

7.063

6.316
	1183.257

1174.472

929.808

841.550
	3.323

96.824

131.645

133.241
	99.257

78.562

71.121
	29.137

39.616

40.096


Characteristics of alpha-amylase inhibitor:

Heat stability of alpha-amylase inhibitor

     Heat stability of alpha-amylase inhibitor was assayed separately at 35, 37, 40, 45 and 50 oC for 0, 1, 2, 3, 4, 5, 6 and 7 hr. the residual inhibitor activity was determined by using salivary and pancreatic alpha-amylase (Fig. 2).

     Results showed that at 35 & 37 oC the inhibitory activity was slightly reduced, while such reduction increased at 40 & 45 oC to 10 – 30 % completely lost at 50 oC after 2 – 4 hrs of incubation which is in agreement with Iulek et al. (2000).
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Fig. 2. Heat stability of alpha-amylase inhibitor 

Pre-incubation requirements:

     The rate of inhibition of either salivary or pancreatic alpha-amylase by inhibitor increased with increasing pre-incubation time up to 30 min and the complex formation between kidney beans alpha-amylase inhibitor and salivary alpha-amylase occurred more rapidly at 37 oC as shown in Figure (3). Results also showed that the inhibition increased from 60 to 80 % as the time of pre-incubation increased from 0 to 30 min. While addition of enzyme to the mixture containing inhibitor and substrate (without pre-incubation) decreased the percent inhibition. In order to study the effect of pre-incubation on the amylase inhibitor, different pre-incubation periods were tested. A 30 min pre-incubation period was found the maximum.
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Fig. 3. Pre-incubation period on inhibitor activity:

Inhibitor activity at pH values:

     The inhibitor was incubated at different pH values i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 at 37 oC for 20 min, and the inhibitor activity was determined (figure 4).  
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Figure (4):  Inhibitor activity at pH values
     Results show that the inhibition decreased salivary alpha-amylase activity with inhibitor, less than that without inhibitor. The pH optimum for salivary alpha-amylase, pancreatic alpha-amylase, and the inhibitor (from kidney bean) was 5, 6 and 6.9, respectively. These results are in agreement with that reported by O’Donnell and McGeeney (1976) and Täufel et al. (1991).
pH stability of the inhibitor:

The pH stability for alpha-amylase inhibitor was from 2 to 4 and the activity was decreased as the pH increased up to 10 as shown in Figure (5).

Results showed that the inhibitor was affected at all pH values. Such effect was reflected on alpha-amylase activity. The activity was decreased at all pH values. The inhibition was at maximum values i.e. 55 and 45 % for HSAI and HPAI and decreased beyond these values.

This indicates that the inhibitor activity was at the maximum (HSAI & HPAI) between 2 – 4 pH and decreased beyond these values.
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Fig. 5. Stability of alpha-amylase inhibitor at different pH values
Alpha-amylase inhibitor as affected by proteolytic enzymes:

     The action of either trypsin or pepsin on alpha-amylase inhibitor was shown in Figure (6). Results showed that the inhibitor lost about 33 % of its activity when incubated at 37 oC for 60 min with 1.6 units of trypsin, while alpha-amylase without trypsin retained more than 98 % after 60 min incubation. The % loss in alpha-amylase inhibitor activity was 37 % after 4 hr digestion. This loss was slightly observed after 6 hr incubation at pH 2.0 and 37 oC more than a control sample. While alpha-amylase inhibitor with 1.22 units of pepsin retained only 96% of its original activity and decreased slowly when incubated at pH 2 for 60 min, and the % loss in alpha amylase inhibitor activity was 18 % after 4 hr digestion, which is in agreement with Jane and John (1985).
These results indicated that the inhibitor was slowly hydrolyzed by trypsin, but was resistant to pepsin
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Fig. 6. Proteolytic digestion of alpha-amylase inhibitor
Effect of salts on the inhibitor activity:

     The ionic strength of the pre-incubation salt had a profound effect on the inhibitory activities of alpha-amylase inhibitor (Figure 7).
     The activity of inhibitor at ionic strength 0.9 was 25 % more than that at 0.1. These results are in agreement with the activities reported by Jane and John (1985).
     These results suggested that an increase in ionic strength might facilitate inhibition by shielding charge groups on the enzyme or inhibitor, which could cause a conformational change or an alkaline shift at the optimum pH. Although O`Donnell and McGreeney (1976) reported that increasing phosphate buffer concentrations from (0.1 to 50 mM) did not have any effect on the degree of inhibition of salivary alpha-amylase by inhibitor isolated from wheat, while the addition of NaCL (1 mM) to phosphate buffer (0.1 mM), increased the inhibitor activity from 68 to 85 %.

     The results showed that addition of KCL up to (1.0 M) have no significant effect on the inhibition of human salivary and pancreatic alpha-amylase by the inhibitor.
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Fig. 7. Inhibitor activity at different salts ionic strength  

Mechanism of inhibition:

    The mechanism of inhibition of alpha-amylase inhibitor on HPA is presented in Figure (8).

     Results indicated that the inhibitor interact with human pancreatic alpha-amylase via a non competitive mechanism. These results are in agreement with Marshall and Lauda (1975)  

     The experimental data showed also that inhibition was observed when alpha-amylase was incubated with the inhibitor in the presence of starch.
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Fig. 8. Mechanism of inhibition of alpha-amylase

             Where: V is Velocity, S is substrate concentrate, I is Inhibitor and E is Enzyme  
Conclusion:

     It could be concluded that the yield of extracted and purified kidney bean alpha amylase inhibitor was 285 unit/mg protein higher than all other examined samples.

     It could be concluded that the purified alpha-amylase inhibitor from kidney bean Giza 133 was the most economical effective one for both human alpha-amylase. 
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