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Abstract 
In this study, the effects of ultrasound radiation pretreatment on activity and conformation of cyclodextrin 
glucanotransferase (CGTase) from Bacillus sp. SK13.002 were investigated. Conformational change on the 
enzyme structure was studied by fluorescence spectroscopy. Findings showed that the optimum ultrasound 
radiation pretreatment condition was 25 KHz, 30 W for 20 min in which the activity of CGTase was 
significantly increased by  22% compared to the conventional (without ultrasound pretreatment) thermal 
treatment at 65oC. At optimum ultrasound radiation pretreatment, fluorescence spectra showed that the 
intensity of ultrasound pretreated CGTase was increased by 88% compared to the control, indicated that 
more buried Trp residues came to surface. This conformational change was reflected in enhancing the 
CGTase activity.  
Keywords: Ultrasound radiation, cyclodextrin glucanotransferase, enzyme activity, conformational change.   

Introduction 
Cyclodextrin glucanotransferase (CGTase, EC 2.4.1.19) 
is an extracellular enzyme produced by different Bacillus 
species. In addition to cyclodextrins, CGTases are used 
in a wide range in commercial application through 
altering physical properties of different compounds by 
transglycosylation for production of novel glycosylated 
compounds (Aga et al., 1991; Abelyan et al., 2004). 
CGTases belong to family GH13 (α-amylase family) and 
are able to act on the α-glycosidic bonds via α-retaining 
double displacement mechanism (Henrissat and Davies, 
1997). All known CGTases are monomeric proteins that 
contain five domains. The A, B and C domains are 
commonly found in both α-amylase and CGTase, 
whereas, D and E domains are two additional domains 
that are unique to CGTase (Goh et al., 2012).  
The A domain resembles a folded TIM barrel and is 
interrupted by B domain. The amino acid stretch 
beginning with the N-terminus is called A1 domain and 
A2 domain is the subsequent portion after B domain. 
The A1–B–A2 domains are folded into an architecture in 
which an active cleft or groove is formed where all four 
CGTase reactions take place. The C domain has an  
anti-parallel β-sandwich fold and is involved in the starch 
binding. The D domain is only present in CGTase and its 
function is indeterminate. The E domain is known as raw 
starch binding domain (Lawson et al., 1994).  
Ultrasound is a sound, pitched above human hearing, 
which is used for a growing variety of purposes in diverse 
areas. It is considered as a ‘green’ technology’ owing to 
its high efficiency, low instrumental requirements, 
significantly reduced process time compared with other 
conventional techniques and its economically viable 

performance (Rokhina et al., 2009). Ultrasound may be 
broadly classified according to frequency range as  
low-frequency ultrasound (20–100 kHz) and high 
frequency (diagnostic) ultrasound (1–10 MHz) (Rokhina 
et al., 2009). Recently, ultrasound attracts attention for 
inducing effect on enzyme activity. Ultrasound radiation 
was found to enhance the activity of many enzymes  
(Lee et al., 2008; Wang et al., 2011; Bashari et al., 
2013). On the other hand, some enzymes were 
inactivated by ultrasound radiation (Basto et al., 2007; 
Kadkhodaee and Povey, 2008). It has been reported that 
low intensity ultrasound can bring a variety of effects on 
biological materials, such as stimulating enzyme activity, 
cell growth and biosynthesis (Xie et al., 2008). Generally, 
the sonication of a liquid causes two primary effects, 
namely cavitation and heating (Basto et al., 2007).  
One of the most remarkable effects of ultrasound in 
biological systems is the enhancement of mass transfer 
of liquid–liquid heterogeneous systems (Talukder et al., 
2006). This effect may be useful for the delivery of 
reagents to the active site of an enzyme and thereby 
increase the enzyme activity (Wang et al., 2011). 
Different methods have been used to increase the 
activity and production of bioactive material or accelerate 
the reaction. As an example, site directed mutagenesis 
increased the activities of CGTase and increased the 
production of 2-O-α-D-glucopyranosyl-L-ascorbic acid 
(Liu et al., 2013), on the other hand, microwave 
accelerated transglycosylation of rutin by CGTase from 
Bacillus sp. SK13.002 (Sun et al., 2011a). Therefore, 
other methods such as an ultrasound radiation are 
needed to explore their effect on CGTase and then use it 
in production of valuable products.    
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To the best of our knowledge, there is no study on 
activity and conformation change by ultrasound radiation 
on CGTase. Therefore, the main objective of this study 
was to investigate the effects of ultrasound radiation on 
CGTase activity from Bacillus sp. SK13.002. Enzymatic 
activities after ultrasonic radiation pretreatment were 
compared with those obtained by the conventional 
thermal incubation. Conformational change was studied 
using fluorescence spectrum of CGTase to probe the 
effect of ultrasound radiation on CGTase structure. 
  
Materials and methods 
Materials: Epoxy-activated Sepharose 6B was purchased 
from GE Healthcare (Sweden). All other chemicals and 
solvents used were of analytical grade. 
 
Bacterial strain and enzyme production: Bacillus sp. 
SK13.002 was isolated from soil sample in the 
laboratory. The 16S rRNA gene sequences for this strain 
have been deposited to the NCBI GenBank database 
under accession number GU570959 (Sun et al., 2011b). 
The fermentation medium used for CGTase production 
contained (g/L): Soluble starch; 10, Soy peptone; 10, 
Yeast extract; 5, K2HPO4; 1, MgSO4·7H2O; 0.2 and 
Na2CO3; 8. A 3% (v/v) culture inoculum was transferred 
into a 250 mL conical flask containing 33 mL 
fermentation medium and incubated at 37oC for 96 h with 
continuous orbital shaking at 200 rpm. The cells and 
insoluble materials were removed by centrifugation at 
10,000 rpm for 15 min at 4°C and the supernatant was 
used as crude enzyme. The crude enzyme was purified 
by affinity chromatography as described by Chung et al. 
(1998) and was kept for future uses. 
 
CGTase activity assay: The starch hydrolyzing activity of 
CGTase was assayed using the method of Shiosaka and 
Bunya (1973) based on the decrease in blue color 
intensity of the amylose-iodine complex formed after 
reaction of CGTase with 0.3% (w/v) soluble starch in  
0.2 M sodium phosphate buffer (pH 6.5) at 65°C for  
10 min. One unit of enzyme activity was defined as the 
amount of enzyme that catalyzed a 10% decrease of the 
initial absorbance per min at 660 nm under the assay 
conditions. 
 
Ultrasound equipment: The experimental ultrasound 
apparatus used in this study has been described in our 
previous work (Bashari et al., 2013). The ultrasound 
generators probe, could deliver a maximum power of  
100 W at 25 kHz. 
 
Ultrasound treatments: Suitably diluted CGTase solution 
(5 mL) was placed in 20 cm3 cylindrical glass reactor at 
25oC and was treated with ultrasound radiation at 
frequency of 25 kHz and power output of 10–100 W for 
10 min and at different time intervals (5, 10, 15, 20, 30, 
35 and 40 min). The temperature inside the solutions 
was kept constant by using a circulating water bath.  

After ultrasound treatment, the enzyme solutions were 
kept in ice until the hydrolytic activity was measured as 
stated above. After ultrasound radiation treatment, the 
hydrolytic activity was then measured at different 
temperatures ranging from 30-80oC. 
 
Thermal treatments: Thermal treatments were carried out 
by measuring the hydrolytic activity; diluted enzyme 
solution and substrate were incubated in water bath at 
65oC for 10 min. Also hydrolytic activity was measured 
for 10 min at different temperatures ranging from  
30-80oC. 
 
Intrinsic fluorescence analysis: Intrinsic fluorescence 
spectra of CGTase in the presence and absence of 
ultrasound radiation treatment at optimum conditions 
were measured at room temperature (25 ± 1oC) with 
fluorescence spectrophotometer (F-7000, Hitachi, Japan) 
at 280 nm (excitation wavelength, slit = 5 nm),  
300–500 nm (emission wavelength, slit = 5 nm) and 
1200 nm/min of scanning speed. 
 
Statistical analysis: The obtained data were expressed 
as the means ± standard deviation (SD) of triplicate 
determinations. Data were analyzed by an analysis of 
variance (P<0.05) and the means separated by Duncan’s 
multiple range tests. Statistical analysis was performed 
using the software SPSS 17.0 (SPSS Inc., Chicago, 
USA). 
 
Results and discussion 
Effect of ultrasound radiation treatment on CGTase 
activity: The effect of ultrasound radiation treatment at 
25°C for 10 min on CGTase activity is shown in Fig. 1. 
Findings showed that CGTase activity increased with an 
increase in ultrasound power, the activity reached 
maximum at ultrasound power of 30 W, then gradually 
decreased with an increase of ultrasound power. 
  
 

Fig. 1. Effect of different power of ultrasound radiation 
pretreatment (25 KHz) at 25C for 10 min on CGTase activity. 
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The CGTase control (without ultrasound radiation) 
showed activity of 5.68 ± 0.03 U/mL, at ultrasound power 
of 30 W, the CGTase showed a significant (P<0.05) 
increase in activity of 6.42 ± 0.04 U/mL which represent 
13% increase in the activity compared with the control. 
Treatment with low ultrasound power of 15 W was found 
to increase the activity of cellulase (Wang et al., 2012), 
whereas, ultrasound intensity of power 40 W was found 
to stimulate the activity of dextranase (Bashari et al., 
2013). Ultrasound irradiation of ten to several hundred 
kHz would be able to perturb loop and domain regions of 
an enzyme and thus affect its activity (Rokhina et al., 
2009). When the ultrasound power exceeded 70 W, the 
CGTase started to lose its activity compared with the 
control, at ultrasound radiation power of 100 W, the 
enzyme lost about 72.29% of its activity, as suggested 
that the high ultrasound radiation might induce 
inactivation effects on the CGTase activity due to the 
reaction of hydroxyl or hydrogen radicals formed with the 
protein backbone (Basto et al., 2007). This in turn could 
lead to enzyme aggregation, thereby obstructing the 
active sites while at the same time also decreasing 
protein stability (Tian et al., 2004). Furthermore, shear 
forces that occur in the fluid during ultrasound irradiation 
also have a significant role in enzyme inactivation 
(Ozbek and Ulgen, 2000). Effect of ultrasound treatment 
time at 30 W is shown in Fig. 2, the results showed that 
as time was gradually increased, CGTase activity at 
65C reached maximum at 20 min. At the optimum time, 
the CGTase activity was significantly (P<0.05) increased 
by means of 22% (6.93 ± 0.16 U/mL) compared to the 
control. After 20 min, CGTase activity was gradually 
decreased till reached the lowest level at 40 min with 
significant loss of activity compared to the control. These 
results were consistent with other results (Wang et al., 
2012).  
 
Effect of ultrasound radiation treatment on optimal 
temperature of CGTase: Another key factor affecting the 
rate of a reaction catalyzed by an enzyme is the 
temperature. When this magnitude is raised, the activity 
increases according to the Arrhenius equation, but above 
a temperature the thermal denaturation of enzymes 
results in a fall of the reaction rate (Resa et al., 2009).  
As shown in Fig. 3, both thermal and ultrasound radiation 
pretreatments at 30 W for 20 min, the CGTase activities 
were  increased with an increase of temperature until it 
reached a maximum point at 65oC, then decreased until 
reached 80oC. This result was consistent with other 
findings treated with low ultrasound radiation (Sakakibara 
et al., 1996; Wang et al., 2011; Wang et al., 2012; 
Bashari et al., 2013) in which ultrasound treatment did 
not induced any changes in the optimum temperature. 
On the other hand, ultrasound radiation treatment was 
found to change the optimum temperature of lipase  
(Liu et al., 2008). After 65oC, there is gradual loss in 
CGTase activity for both treatments.  
 

 
Fig. 2. Effect of different times of ultrasound radiation 

pretreatment (25 KHz, 30 W) at 25C for  
10 min on CGTase activity. 
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Fig. 3. Optimum temperatures of control and ultrasound 
radiation pretreatment (25 KHz, 30 W) at 25C  

for 10 min on CGTase activity. 
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Effect of ultrasound treatment on the structure of 
CGTase: Fluorescence spectroscopy is a useful 
technique to follow tertiary structure transition in proteins 
because the intrinsic fluorescence of aromatic amino 
acid residues is sensitive to the polarity of 
microenvironments along the transition (Viseu et al., 
2004). The fluorescence spectrum is mainly attributed to 
the Trp, Tyr and Phe residues, particularly the Trp 
residue (Ma et al., 2011).  
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As shown in Fig. 4, the fluorescence intensity of the 
CGTase for ultrasound radiation treatment and the 
control had a maximum intensity at 330-335 nm. The 
fluorescence intensity of CGTase treated by ultrasound  
was increased by 88.1% compared with the control, this 
indicated that, the ultrasound treatment could induce 
molecular unfolding and destroy hydrophobic interactions 
of protein molecules, cause different movements of 
hydrophobic groups, such as more Trp residues 
exposing outside (Jambrak et al., 2008) and thus, 
increased the fluorescence intensity of CGTase.  
The ultrasound effect on CGTase activity was suggested 
due to the fact that, low frequency and mild intensity 
ultrasound radiation in liquids could cause effects of 
stable cavitation which by oscillation altered the 
configuration of the enzyme around and more rationally 
enhanced the configuration of the enzyme around, 
thereby improving directly the activity of CGTase (Wang  
et al., 2007).  
 
Conclusion  
In this study, we investigated the effect of ultrasound 
radiation pretreatment on the activity and conformation of 
CGTase using ultrasound power 10-100 W and time  
5-40 min. The optimum ultrasound radiation treatment 
was found at 25 KHz, 30 W and for 20 min at which 
conformational change that was induced in CGTase was 
confirmed by Fluorescence result. As a result of 
conformational changes, the activity of CGTase was 
increased by 22% compared to the control.  
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