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Abstract

Cyclodextrin glycosyltransferase (E.C. 2.4.1.19) of alkalophilic Bacillus sp. was purified by precipitation with 50% acetone, gel filtration on sephadex G- 100 followed by DEAE- cellulose DE52 column chromatography leading to 274 purification fold. The estimated apparent molecular weight of the purified enzyme was estimated to be 74.1 kDa by SDS-PAGE. The purified CGTase enzyme showed its maximal activity at 60ºC and pH 7.0 . The enzyme showed a thermal stability up to 50°C at pH 7.0 for 60 min, however, it began to lose 17% of its activity at around 70°C and also lose 55% of its activity at 90°C. The purified CGTase enzyme activity was enhanced by Cu2+ and Fe2+  but strongly inhibited by Mg2+, Zn2+, Al3+ and K+ ions. Km and V max values of the purified enzyme in the reaction mixture were 2.2 mg/ml and 7.8 mg β cyclodextrin /ml/min under the optimum conditions of the enzyme.
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Introduction
Cyclodextrins (CDs) are cyclic homogeneous non-reducing oligosaccharides consisting of 6 to 12 glucose residues joined by α-1, 4- glycosidic linkages (Salva et al., 1997). Cyclodextrins are usually produced from α- glucans such as starch, amylose and amylopectin by cyclodextrin glucanotransferase (CGTase) enzyme through a cyclization reaction. In this specific reaction, the starch is cleaved and the ends are joined to form closed circular structures (Volkova et al., 2001). The most common available cyclodextrins to be synthesized are composed of 6, 7 and 8 glucose units named α-, β- and γ-cyclodextrins, respectively. Cyclodextrins have important role as molecular encapsulator for industrial application particulary in foods, cosmetics, agricultures, chemicals, pharmaceuticals and plastic industries as stabilizing agents, emulsifiers and antioxidants (Gawande et al., 1998). Cyclodextrin glucanotransferase (EC 2.4.1.19) is an extracellular enzyme that can be derived from several different bacterial source specially Bacillus genus including B.macerans (Sreenivasan et al., 1991); B. cereus (Jamuna et al., 1993); B.circulans (Ferrarotti et al., 1996); B.Alkalophilus (Kitcha et al., 2008); B.megaterium (Pishtiyski et al., 2008); and also produced by various types of bacteria such as Micrococcus luteus (Abelian et al ., 1995) and Klebsiella pneumoniae AS-22 (Gawande and Patkar, 2001). The enzyme is a member of the α-amylase family and is a multifunctional enzyme (Bovetto et al., 1992), the enzyme exhibited four different reactions: cyclization, coupling, disproportionation reaction as well as a weak hydrolyzing activity.

The main objectives of this study were attempts to purify CGTase from alkalophilic Bacillus sp. that was isolated from soil and to characterization of the enzyme properties.

Materials and methods 
1. Materials

Soluble starch was obtained from Sigma LTD. Comp. USA. Rice starch was obtained from Local Market. Peptone, yeast extract, tryptone, and agar-agar were obtained from Oxoid LTD., England. Sephadex G-100 was obtained from Pharmacia Biotec. AB, Sweden. Diethylaminoethylcellulose (DEAE-cellulose DE-52) was obtained from Whatman LTD., Maidstone, Kent, England. β-cyclodextrin was obtained from Medical Union Pharmaceuticals, Egypt. Molecular weight markers were purchased from Jena Bioscience GmbH, Germany.

2. Bacterial strain and preparation of the crude CGTase

CGTase enzyme was obtained from alkalophilic Bacillus sp., which was isolated from an Egyptian soil of potato cultivated field. A loopful of fresh bacterial culture was inoculated into a ﬂask containing 10  ml of Horikoshi II broth medium (1% soluble starch , 0.5% peptone, 0.5% yeast extract, 0.1% K2HPO4, 0.02% MgSO4·7H2O and 1% Na2CO3), pH was adjusted at 10.5 then was incubated for 18 h at 37°C and 200 rpm. Subsequently, 10% of the resulted growth was inoculated into a 250 ml Erlenmeyer flask containing 50 ml of cultivation medium which composed of 2.5% (w/v) rice starch, 0.5% (w/v) peptone, 0.5% (w/v) yeast extract, 0.1% (w/v) K2HPO4, 0.02% (w/v) MgSO4·7H2O and 1% (w/v) Na2CO3 (autoclave separately) at pH 10.5 and  incubated for 24 h at 37ºC, 200 rpm in an incubator shaker. The cells were separated by centrifugation at 5000 rpm for 10 min. The supernatant was used as crude enzyme solution for subsequent purification steps.

3. Determination of the CGTase activity

β-CGTase activity was measured with the modified phenolphthalein method described by Goel and Nene, (1995). Reaction mixture, containing one ml of 2% soluble starch substrate in 50 mM Tris HCl buffer (pH 7) and 50 µl of crude enzyme was incubated at 55°C for 10 min. After that, 4 ml of Phenolphthalein (4mM in ethanol) is dissolved in 125 mM Na2CO3 (pH 11), and added to the mixture. The color intensity was measured spectrophotometrially (BECKMAN DU 640 USA) at 550 nm. One unit of β-CGTase activity was defined as the amount of enzyme that catalyzes the production of 1 µmol of β-CD per minute under the predefined reaction conditions. Protein concentrations were determined by the method of Lowry et al. (1951) with bovine serum albumin as standard.

4. Purification of CGTase enzyme

The harvested culture broth after 24 h growth was centrifuged at 5000 rpm for 10 min to sediment the bacteria, and 50% acetone concentration was added to the supernatant at 5°C in ice bath, and the obtained precipitate was collected by centrifugation.
4.1 Gel filtration through sephadex G-100 column

The precipitates were dissolved in 10 mM Tris-HCl buffer (pH 8) and the crude enzyme solution was applied to a column (1.5×40 cm), equilibrated with this buffer. After column washing with the same buffer, the enzyme was eluted with buffer containing 0.1M NaCl at flow rate of 55 ml/h. The active fractions were collected and concentrated by using a membrane (40-kDa MW cut-off). Absorbance was monitored at 280 nm and CGTase activity in protein containing fractions was estimated (Nomoto et al., 1986). 

4.2 DEAE- cellulose column chromatography

The concentrated enzyme was loaded onto a DEAE- cellulose column (1.5×40 cm) equilibrated with 10 mM Tris–HCl buﬀer (pH 8). After column washing with the same buﬀer, the enzyme was eluted with a linear gradient of sodium chloride from (0 to 0.5 M) in the buﬀer at a ﬂow rate of 120 ml/h. Elutes (10 ml fractions) were collected for measurement of absorbance at 280 nm and the enzyme activity was measured for each fraction. The active fractions were pooled and concentrated by using a membrane with a 40-kDa molecular weight cut-oﬀ (Cao et al., 2005).
5. Estimation of molecular weight

The molecular weight of the purified enzyme was estimated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), according to Laemmli (1970) on a vertical slab gel using 12% polyacrylamide gel at a constant current of 25-30 mA. Lysozyme (14.0 kDa), Myoglobin (18.4 kDa), carbonic anhydrase (28.5 kDa), Alcohol dehydrogenase (37.6 kDa), bovine serum albumin (66.2 kDa), phosphorylase b (97.4 kDa) and β-galactosidase (116.0 kDa) were used as standard protein molecular weight markers. 

6. CGTase characterization 

6.1 Effect of pH and temperature on CGTase activity

The effect of pH on the activity of the purified enzyme was measured with pH values from 4.0 to 10.0 intervals at 55°C for 10 min using 0.1 M sodium acetate buffer pH 4.0-6.0, Tris-HCl buffer 50 mM, pH 7.0-8.0 and 0.1 M glycine-NaOH buffer pH 9.0-10.0 (Jemli et al., 2007). The effect of temperature on CGTase activity was measured at 40-90ºC for 10 min in Tris-HCl buffer 50 mM, pH 7 (Sian et al., 2005).
6.2 Effect of pH and temperature on CGTase stability

The stability of the purified enzyme was measured by incubating 0.1 ml of purified CGTase enzyme with 0.2 ml of sodium acetate buffer (0.1 M, pH 4.0-6.0), Tris-HCl buffer (50 mM, pH 7.0-8.0) and 0.1 M glycine-NaOH buffer (9.0-10.0), respectively at 55°C, without substrate for 1 h. Then, the residual activity of the enzyme was assayed by the standard assay method (Rahman, 2005). The stability of the purified enzyme was measured by incubating the pure enzyme at temperatures from 40 - 90°C for 1 h, then, the residual activity of the enzyme was assayed by the standard assay method (Jemli et al., 2007).

6.3 Effects of metal ions on enzyme activity

The effects of metal ions on the CGTase activity was investigated by incubating it with 1 mM Ca2+,  Ba2+, Zn2+, Al3+, Cu2+ and Fe2+ in Tris-HCl buffer (50 mM, pH 7), at 30°C for 30 min. The relative activity % was measured at the optimum conditions and compared with that of the control without any metal ions, taking the control as 100% positive (Cao et al., 2005).

6.4 Kinetic parameters

The Km and Vmax values for the pure enzyme were determined by incubating 50 µl of purified CGTase in 1 ml of Tris-HCl buffer (50 mM, pH 7) at various concentrations of soluble starch solution, ranging from 1-10 mg/ml at 55°C for 10 min and the CGTase activity was measured. The values of Km and Vmax were then determined from a Hanes plot.
Results and discussion
1. Purification of the CGTase

The crude CGTase enzyme was purified to homogeneity by following three steps; firstly, it was precipitated by 50% acetone, then sephadex G-100 column chromatography was applied and DEAE-cellulose column chromatography was used as final step. The purification resulted an increment in specific activity from an average of 0.21 U/mg protein in crude broth to 57.7 U/mg protein after the DEAE-cellulose column chromatography step. The results of the purification scheme are also summarized in Table (1). Jemli et al. (2007) purified the CGTase using hydrophobic interaction chromatography and starch adsorption. They reported that the specific activity was 4000 U/mg with 23-fold purification. Also, Cao et al. (2005) have reported increase in specific activity from an average of 603 U/mg of protein in crude broth to 5753 U/mg of protein after DEAE-cellulose and sepharose CL-6B gel filtration step

Table 1. Summary of the purification steps of the CGTase enzyme.

	Purification steps
	Total activity (U)
	Total protein (mg)
	Specific activity (U/mg)
	Purification fold
	Recovered activity (%)

	Crude enzyme
	675
	3150
	0.21
	1
	100

	50% acetone ppt
	315
	278
	1.1
	5.2
	46.6

	sephadex G-100
	162
	20.3
	8
	38
	24

	DEAE-cellulose
	52
	0.9
	57.7
	274
	7.7


2. Estimation of molecular weight

The molecular weight of the purified CGTase was estimated to be 74.1 kDa by SDS-PAGE and showed a single protein band (Figure 1). Most of the previously purified CGTases from various Bacillus sp. had a molecular weight ranged between 60–110 kDa. for instance, CGTase from B. firmus has a molecular weight of 80 kDa (Sohn et al., 1997), and Bacillus agaradhaerens, was 110 kDa (Martins and Hatti-Kaul, 2002). However, Wang et al. (1995) reported that CGTase from Bacillus sp. had a molecular weight of 38 kDa.
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Fig.1. Molecular weight of the purified CGTase enzyme

3. CGTase characterization

3.1 Effect of pH and temperature on CGTase activity

The effect of pH and temperature on the purified CGTase activity is shown in Figure (2, 3). The optimum pH of the purified CGTase was determined as pH 7.0, and the optimum temperature was 60ºC. Other studies, which were on CGTase from Bacillus megaterium (Pishtiyski et al., 2008), Alkalophilic Bacillus sp. G1 (Ong et al., 2008) also found 60ºC as the optimum temperature. Jung et al. (2007) concluded that the optimum pH of the purified CGTase from new alkalophilic Bacillus sp. BL-12 was determined to be 9.0, while Ai-Noi et al., (2008) found that the optimum pH of the crude CGTase enzyme from Bacillus sp. MK6 was pH 6.0.
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Fig. 2. Effect of pH values on the purified CGTase activity 
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Fig. 3. Effect of temperature on the purified CGTase activity

3.2 Effect of pH and temperature on CGTase stability

The effects of pH and temperature on pH stability and thermal stability of CGTase are shown in Figure (4, 5). The CGTase enzyme was stable in the pH range 7–8, with maximum stability at pH 7.0 and the purified CGTase retained almost more than 80% of its initial activity between pH 7.0 - 8.0, while the pH above or below had low stability. CGTase from Alkalophilic Bacillus sp. had a narrower pH span for stability if compared to CGTase from Bacillus megaterium (pH 6.0–10.5) (Pishtiyski et al., 2008); K. pneumoniae AS-22 (pH 6.0–9.0) (Gawande and Patkar, 2001).
The enzyme showed thermal stability up to 50°C at pH 7.0 for 1 h. However, it began to lose about 17% of its activity at around 70°C and also lost about 55% of its activity at 90°C. The studied enzyme had a higher temperature stability compared to CGTase from Bacillus megaterium (Pishtiyski et al., 2008) and Bacillus agaradhaerens (Martins and Hatti-Kaul, 2002), where both showed maximum stability at 30°C and 40°C, respectively. Another studies showed that the thermal stability of CGTase produced from alkalophilic Bacillus sp.277 ranged from 40 to 70ºC for 30 min, though the enzyme rapidly lost its activity above 70ºC (Cao et al., 2005). 
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Fig. 4. Effect of pH value on the purified CGTase stability
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Fig. 5. Thermal stability of the                   purified CGTase 
3.3 Effects of some metal ions on enzyme activity

The effects of metal ions on the enzyme activity are summarized in Table (2). It has been observed that the Cu2+ and Fe2+  brought about 105 and 109 % relative activity, respectively. On the other hand, the enzyme was slightly inhibited by Ca2+, Ba2+ and strongly inhibited by Zn2+ and Al3+. The enzyme activity produced from Bacillus megaterium was inhibited by  Zn2+and Ag+, but enhanced by  Sr2+, Mg2+, Co2+, Mn2+, and Cu2+ ions (Pishtiyski et al., 2008).  Another study showed that the CGTase activity produced from alkalophilic Bacillus sp. BL-12 was inhibited by Zn2+ ions, yet stimulated by Ca2+ and Mg2+ ions, especially by Ca2+, which resulted in increases up to 123% at 1 mM (Jung et al.,2007).
Table 2. Effect of some metal ions on the purified CGTase activity
	Metal ions (1 mM)
	Relative activity (%)

	None
	100

	CaCl2
	90

	BaCl2
	88

	ZnSO4
	29

	Al2(SO4)3
	32

	CuSO4
	105

	FeSO4
	109


3.4 Effect of substrate (soluble starch) concentration
Substrate concentration is one of the most important factors which affects on the efficiency and velocity of the enzyme reaction. Figure (6) shows that the increase of substrate concentration lead to gradual increase in the β-cyclodextrin production and reached its maximum (0.63 β-cyclodextrin mg/ml/min) at starch concentration of 8 mg, above which, the reaction rate remained constant. 
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Fig. 6. Effect of substrate concentration on the activity of the purified CGTase 

3.5 Kinetic parameters

The Km and Vmax values were obtained and equaled to 2.2 mg/ml and 7.8 mg β- cyclodextrin /ml /min, respectively. These values indicated that alkalophilic Bacillus sp. has a relatively high affinity for the soluble starch substrate. Different Km values ranging from 1.77 – 5.7 mg/ml and Vmax from 43 – 1027 U/mg have been reported by other investigators for a few Bacillus sp. CGTase (Akimaru et al., 1991; Boveto et al., 1992;  Gawande et al., 1999;  Stavn and Granum, 1991).  
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الملخص العربى

تنقية ودراسة بعض خواص إنزيم سيكلودكسترين جلوكانوترانسفيريز من بكتيريا  باسيلس المحبة للقلوية

أشرف فرج الباز1 - أحمد على عبدالرحمن ٢  - أحمد صبحى حسن3 

أستاذ مساعد ورئيس قسم البيوتكنولوجيا الصناعية – معهد بحوث الهندسة الوراثية والتكنولوجيا

الحيوية – مدينة السادات –جامعة المنوفية1
أستاذ الكيمياء الحيوية – كلية الزراعة –قسم الكيمياء الحيوية– مشتهر – جامعة بنها٢
كلية الصيدلة – جامعة مصر للعلوم والتكنولوجيا – 6 أكتوبر3
تم فى هذه الدراسة تنقية إنزيم سيكلودكسترين جلوكانوترانسفيريزالمنتج من بكتيريا باسيلس المحبة للقلوية وتم تنقيتة بواسطة الترسيب باستخدام 50 % اسيتون ثم الفصل الكروماتوجرافى على عمود من السيفادكس ج-100 ويليها تنقية خلال عمود التبادل الايونى باستخدام DEAE- cellulose DE52 . وتم الحصول على الإنزيم بدرجة نقاء 274 مرة قدر العينة الأصلية. وتم تعيين الوزن الجزيئى للبروتين المنقى من خلال جل البولى أكريلاميد حيث أعطى 74.1 كيلو دالتون. وبدراسة الخصائص العامة للإنزيم المنقى أوضحت النتائج أن الإنزيم يصل إلى أعلى نشاط أنزيمى عند أس هيدروجينى 7 ودرجة حرارة 60 ºم. ووجد أن الثبات الحرارى للإنزيم المنقى عند درجة حرارة 50 ºم لمدة ساعة وبارتفاع درجة الحرارة إلى 70 ºم يقل النشاط المتبقى بمقدار17 % بينما بزيادة الحرارة الى 90 ºم يفقد الإنزيم 55 % من نشاطه وأن الانزيم أكثر ثباتا عند أس هيدروجينى 7-8 . وبدراسة تأثير المثبطات والمنشطات على نشاط الإنزيم المنقى اتضح أن أيونات النحاس والحديد تزيد من نشاط الإنزيم بنسبة 105 و 109 % على التوالى ، أما أيونات الماغنسيوم والزنك والألومنيوم والبوتاسيوم لها تأثير مثبط قوى على نشاط الإنزيم. وقد تم حساب قيمة Km  حيث كانت 2.2 مجم/مل وأن Vmax   كانت 7.8 مجم بيتا سيكلودكسترين/مل/دقيقه للإنزيم المنقى تحت الظروف المثلى للإنزيم.            
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