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Abstract
The cyclodextrin glycosyltransferase (CGTase) producing from Paenibacillus sp. RB01 was
used to catalyze the transglycosylation reaction from glycosyl donors (starch, β-cyclodextrin
or maltoheptaose) to resveratrol. CGTase was partial purified by starch adsorption. The
purification fold and % yield were found to be 95 and 32.7, respectively with dextrinizing
activity of 11,783.5 U/mg protein. Furthermore, the purity and activity of CGTase was
checked by Native-PAGE and its molecular weight was estimated to be 70 kDa by SDSPAGE. To investigate its synthesis ability, 1% (w/v) of soluble starch and 1% (w/v) of
resveratrol in various DMSO concentration were incubated with 80 U/mL of CGTase at pH
6.0, 40◦C for 24 hours. The reaction products which were analyzed by TLC were maximum
when 20% (v/v) of DMSO was used. The transglycosylation reaction conditions were further
optimized. The best condition yielding maximum amount of resveratrol glycosides was to
incubate 2% (w/v) of soluble starch and 1% (w/v) of resveratrol in 20% (v/v) DMSO with
200 U/mL of CGTase at pH 6.0, 40◦C for 24 hours. The reaction mixture was treated with
glucoamylase and α-glucosidase to confirm that they were glycoside products. The structure
of the products will be further elucidated by NMR and MS techniques and the properties of
resveratrol glycosides will also be further explored.
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Introduction
Resveratrol (trans-3,4’,5-trihydroxy-stilbene) is a stilbene polyphenol and a phytoalexin
synthesized by plants as a defence mechanism in certain cases such as fungal attacks and UV
exposure. Resveratrol is naturally occurring in fruits and leaves of edible plants, peanuts,
mulberries, grapes and red wine. It plays many roles in biological and pharmacological
activities. It has been shown to reduce the risk of heart disease, anti-inflammatory as well as
to function as antitumor agents and antioxidants (Kerem et al., 2006). However, their
applications are frequently limited because of its low solubility in water. Cyclodextrin
glycosyltransferase (CGTase, E.C. 2.4.1.19) is known to be produced by various genera of
bacteria such as Bacillus, Pseudomonas and Thermoanaerobacterium. CGTase catalyzes the
production of cyclodextrin from starch and related α-(1,4)-linked glucose polymers or
oligomers via a transglycosylation reaction. Basically, CGTase catalyzes four related
reactions: cyclization, coupling, disproportination and hydrolysis (Van der Veen et al., 2000).
Numerous reports on the transglycosylation to interesting compounds other than saccharides
for the production of many useful glucosides using CGTase are available. For example, the
synthesis of hesperidin glycosides (Kometani et al., 1994), naringin glycosides (Kometani et
al., 1996) and epicatechin glucosides (Aramsangtienchai et al., 2011). In addition, it was
found that the glucoside derivatives of hesperidin, naringin and epicatechin were 300, 1,000
and 44 folds more soluble than their parent molecules, respectively.
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In the present work, we report the enzymatic synthesis of resveratrol glycosides by
cyclodextrin glycosyltransferase from Paenibacillus sp. RB01 which was isolated from hot
spring area in Ratchaburi province, Thailand (Kaulpiboon et al., 2004).
Methodology
Preparation of bacterial enzyme and activity assay
Paenibacillus sp. RB01 was used for the production of CGTase. The bacteria were cultured
and the crude enzymes were harvested by centrifugation and subjected to partial purification
by starch adsorption technique (Charoensakdi et al., 2007). Non-denaturing polyacrylamide
gel electrophoresis (Native-PAGE) was used to check enzyme purity and activity. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to determine the
protein size and the dextrinizing activity assay was used to analyze CGTase activity (Fuwa,
1954). One unit of enzyme was defined as the amount of enzyme which produced 10%
reduction in the intensity of the blue color of the starch-iodine complex per minute under the
described condition.
Effect of DMSO concentration on CGTase stability
CGTase was incubated with varying DMSO concentration and the reaction was performed at
pH 6.0, 40◦C for 24 hours with continuous shaking. The CGTase activity was analyzed by
dextrinizing activity assay.
Enzymatic synthesis of resveratrol glycosides
CGTase was used as a biocatalyst in the transglycosylation reaction for the synthesis of
resveratrol glycosides. The initial composition of the reaction mixture was 1% (w/v) of
glycosyl donor, 1% (w/v) of resveratrol (Sigma-Aldrich Chemical, Co.) in 20% (v/v) DMSO
and 80 U/mL of CGTase in 0.2 M phosphate buffer pH 6.0. The reaction was performed at
40◦C for 24 hours with continuous shaking. The reaction was then stopped by boiling for 5
minutes. The reaction products were analyzed by TLC and the CGTase activity was
monitored using dextrinizing activity assay.
Donor specificity
Various glycosyl donors including soluble starch, β-cyclodextrin and maltoheptaose were
used to find an appropriate donor. The composition of the reaction mixture and the
transglycosylation reaction condition were the same as previously described. Resveratrol
glycoside products were then analyzed by TLC.
Optimization of resveratrol glycosides synthesis
To obtain high production yield, the transglycosylation reaction condition was optimized.
The reaction was performed by varying resveratrol, DMSO, starch and enzyme concentration
and the amount of products were analyzed by TLC.
TLC analysis
The products were analyzed by applying 10 L of each sample on siliga gel 60 F245
aluminium sheets (Merck, Co.) in a solvent mixture consisting of n-butanol : 2-propanol :
water (10:5:1). The compounds were visualized by spraying with 6.5 mM N-(1napthyl)ethylenediamine dihydrochloride and 5% H2SO4 in absolute ethanol and heating at
120◦C for 10 minutes. The amount of product was determined from spot intensities using
Quantity One® software from Bio-Rad. The intensity of the product spots were measured and

376

compared to the intensity of glucose spot (20 g) on the same TLC plate. The intensity of
glucose spot was set to 100%
Results and Discussion
Enzyme analysis
The purification table is shown in Table 1. The % yield of CGTase and purification fold were
32.7% and 95, respectively. Specific activity of the partial purified enzyme was 11,783.5
U/mg protein which was calculated and expressed in terms of dextrinizing activity.
Table 1 Purification table of CGTase from Paenibacillus sp. RB01
Enzyme

Volume
(mL)

Total activity*
(Ux103)

Total protein
(mg)

Specific activity*
(U/mg protein)

Fold

Yield

2,200

236.5

1,918

123.3

1

100

400

77.3

6.56

11,783.5

95

32.7

Crude enzyme
Partial purification enzyme
* Dextrinizing activity

(A)

(B)
kDa

M

1

2

97
66

45

30
1

2

1

2

Figure 1 Native PAGE analysis of CGTase
from Paenibacillus sp. RB01.
(A) Coomassie blue staining
(B) Dextrinizing activity staining
Lane 1: Crude enzyme
Lane 2: Partial purified enzyme

Figure 2 SDS PAGE analysis of CGTase
from Paenibacillus sp. RB01.
M: Low molecular weight protein marker
Phosphorylase b (97 kDa)
Albumin (66 kDa)
Ovalbumin (45 kDa)
Carbonic anhydrase (30 kDa)
Lane 1: Crude enzyme
Lane 2: Partial purified enzyme

The purity and the activity of CGTase after partial purification with starch adsorption
technique was checked by Native-PAGE. The protein staining revealed that the CGTase was
successfully purified through starch adsorption technique since less protein bands were
observed (Figure 1A, Lane 2). The mobility of the active bands was determined by
dextrinizing activity staining with starch-degrading property. The degradation of starch
substrate by GCTase showed clear zones. Three active bands coincided with those 3 bands
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which were stained with Coomassie brillian blue (Figure 1B, Lane 2). This implies that the
partial purified enzyme had 3 isoforms with different net charge and size. Furthermore, to
check the size of obtained protein, SDS-PAGE was performed. It was found that the
molecular weight of CGTase was estimated to be 70 kDa (Figure 2, Lane 2).
Effect of DMSO concentration on CGTase stability

Relative activity (%)

Due to the low solubility of resveratrol in water, dimethyl sulfoxide (DMSO) was used as a
cosolvent because it showed the best properties in terms of substrate solubility and reaction
yield. The effect of DMSO concentration on dextrinizing activity of CGTase was investigated
at the optimum pH and temperature of the enzyme for 24 hours.
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Figure 3 Relative dextrinizing activity of CGTase in the presence of various DMSO
concentrations.
From Figure 3, the activity of CGTase in DMSO was determined in relative to that in phosphate
buffer pH 6.0 which was set as 100% activity. It can be seen that when the concentration of
DMSO increased, the activity of CGTase was dramatically decreased. These results showed
that the DMSO concentration had significant effect on CGTase activity.
Synthesis of resveratrol glycosides
The use of organic solvents in the enzymatic reaction is limited by the fact that many organic
solvents are well known to cause enzyme inactivation. The effect of DMSO concentration on
resveratrol glycosides synthesis by CGTase was first determined. DMSO concentration was
varied from 10-50% (v/v). It was found that the degree of intensity of resveratrol glycosides,
which reflected the production yield, synthesized from reaction mixture with 20% DMSO
gave the highest product (Figure 4A, Lane 11). At low concentration of DMSO, resveratrol
cannot be dissolved in reaction mixture but an excess concentration of DMSO had an effect
on CGTase activity. Thus, DMSO concentration had to be compromised between appropriate
concentration to dissolve a substrate and to maintain CGTase activity for the transglycosylation
reaction. Klibanov (1997) described that there were many reasons why enzymes lose activity
in organic solvents such as conformational change and active center blockage. Blackwood
and Bucke (2000) reported that CGTase showed good performance in the presence of small
amount of polar organic solvents. However, the highly polar organic solvents sometimes
inactivated CGTases.

378

(A)

(B)

Expected products

1 2

3 4 5

6 7

8

1 2 3 4 5 6 7 8 9 10 11 12

9 10 11 12 13 14

Figure 4 TLC analysis of the tranglycosylation products from soluble starch to resveratrol by
CGTase.
(A) Transglycosylation reaction in various DMSO
concentration.

(B) Transglycosylation reaction under optimized
condition and preliminary characterization of
the glycoside products.
Lane 1-7: Standard glucose, maltose, maltotriose,
Lane 1-5: Standard glucose, maltose, maltotriose,
β-CD, maltoheptaose, starch, resveratrol
starch, resveratrol
Lane 8: reaction mixture without resveratrol
Lane 6: reaction mixture without CGTase
Lane 9: reaction mixture at 0 minute incubation
Lane 7: reaction mixture without resveratrol
Lane 10: reaction mixture with 10% (v/v) DMSO
Lane 8: reaction mixture at 0 minute incubation
Lane 11: reaction mixture with 20% (v/v) DMSO
Lane 9: reaction mixture after 24 hours incubation
Lane 12: reaction mixture with 30% (v/v) DMSO
Lane 10: reaction mixture treated with glucoamylase
Lane 13: reaction mixture with 40% (v/v) DMSO
Lane 11: reaction mixture treated with α-glucosidase
Lane 14: reaction mixture with 50% (v/v) DMSO
Lane 12: reaction mixture treated with glucoamylase
and α-glucosidase

Donor specificity

Relative intensity (%)

The most appropriate glycosyl donor for the production of the resveratrol glycosides was
investigated. The concentration of all glycosyl donors was controlled at final concentration of
1% (w/v). Soluble starch was found to be the best glycosyl donor as can be seen from Figure 5.
Hence, soluble starch was chosen as an appropriate glycosyl donor for the transglycosylation to
resveratrol by CGTase.
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Figure 5 Relative intensity of transglycosylation products using various glycosyl donors.
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Optimization of resveratrol glycosides synthesis
To achieve high production yield, various parameters affecting the yield including starch
concentration, resveratrol concentration and the amount of units of CGTase were optimized.
To determine an appropriate concentration of resveratrol, resveratrol concentration of 0.23.0% (w/v) was used. The condition of standard transglycoside reaction was employed as
described in Methodology. The increase of resveratrol concentration increased the production
of resveratrol glycosides. However, when resveratrol concentration was higher than 1%
(w/v), the amount of product decreased (Figure 6A). Thus, 1% (w/v) of resveratrol was
chosen to be the optimum concentration.
In order to investigate the optimum glycosyl donor concentration, soluble starch
concentration was varied from 1.0-7.0% (w/v). The production yield increased when soluble
starch increased from 1.0-2.0 % (w/v). However, further increase in soluble starch
concentrations (3.0-7.0 % (w/v)) did not result in an increase of the product (Figure 6B).
Thus, the suitable concentration of soluble starch was at 2.0 % (w/v) and was further used in
the next experiment.
For optimization of the synthesis of resveratrol glycosides by CGTase, various enzyme
concentrations were investigated. The reaction mixture consisted of 2% (w/v) of soluble
starch, 1% (w/v) of resveratrol in 20% (v/v) DMSO was incubated with 80-240 U/mL of
CGTase. The optimum amount of enzyme for the production of resveratrol glycosides was
found to be 240 U/mL (Figure 6C).
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Figure 6 Effect of resveratrol concentration (A), starch concentration (B) and enzyme
concentration (C) on the production of resveratrol glycosides.
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Preliminary characterization of glycosides products
The TLC chromatogram of CGTase catalyzed the transfer of glucose from soluble starch to
resveratrol is shown in Figure 4B. In order to be sure that the products observed as spots on
TLC were glycosides products by the action of CGTase, the reaction mixture with 0 minute
incubation with CGTase, the reaction mixture at 24 hours without either CGTase or
resveratrol were used as control experiments. No products were observed (Figure 4B, Lane 68). The reaction mixture were further treated with glucoamylase to remove all glucose
residues sequentially from non-reducing end of glucoside moiety conjugated to resveratrol
glucoside and α-glucosidase to confirm the linkage between an acceptor and glucose (Figure
4B, Lane 10-12). The result showed that after treatment with glucoamylase the amount of
hydrolysis product disappeared, only the spot of glucose and expected resveratrol
monoglucoside increased due to the glycosidic linkage was hydrolyzed except those between
resveratrol and glucose (Figure 4B, Lane 10). In addition, after further treatment with αglucosidase to elucidate the linkage between resveratrol and glucose. It was found that the
spot of the expected resveratrol monoglucoside decreased (Figure 4B, Lane 11) which could
be due to the α-linkage was hydrolyzed. Thus, it can be concluded that CGTase from
Paenibacillus sp. RB01 was able to catalyze the transglycosylation reaction from starch to
resveratrol.
Conclusion
From this work, we found that CGTase from Paenibacillus sp. RB01 is a multi-purpose
enzyme with has an ability to catalyze the transglycosylation reaction from glycosyl donors
to synthesize resveratrol glycosides. The products will be confirmed by NMR and MS
techniques. The properties of resveratrol glycosides will also be further explored.
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