Available online at www.sciencedirect.com

sc.ENCE@D.nECT.

JOURNAL OF
MOLECULAR
CATALYSIS
B: ENZYMATIC

3
[~}
b4
m
[}
C
-
>
Ed

G

A,

faer T

5

ELSEVIER Journal of Molecular Catalysis B: Enzymatic 35 (2005) 142-146

www.elsevier.com/locate/molcatb

Transglucosylation of hydroquinone catalysedbglucosidase
from baker’s yeast

Radivoje Prodanot*, Nenad Milosawi?, Dusan Sladi?, Mario Zlatovic®,
Branislav Baic®, TanjaCirkovic Velickovic?, Zoran Vugic?
@ Faculty of Chemistry, University of Belgrade, Studentski trg 12, 11000 Belgrade, Serbia and Montenegro

b Department of Chemistry, IHTM, NjegoSeva 12, 11001 Belgrade, Serbia and Montenegro
¢ DugaNova, Viline Vode 6, 11000 Belgrade, Serbia and Montenegro

Received 7 March 2005; received in revised form 17 June 2005; accepted 29 June 2005
Available online 28 July 2005

Abstract

Hydroquinonex-isomaltoside and hydroquinoreglucoside were synthesized by transglucosylation in an agueous system with baker’s
yeasta-glucosidase from hydroquinone and maltose as a glucosyl donor. Only one phenolic group was glucosylatese \tivity, and
the nature of the reaction products was governed by the concentration of hydroquinone. The optimal conditions for synthesis of glycoside:
were 9 mM hydroquinone and 1.5 M maltose in a 100 mM sodium citrate/phosphate buffer at pH 5.0@ridr3D h. Under these conditions
both hydroquinonex-glycosides were obtained in nearly equimolar amounts with a total molar yield of 28% with respect to hydroquinone
and a total glycoside concentration of 1 mg/mL in the reaction mixture.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Chemical methods for glycoside synthesis often require
protection and deprotection steps for the substrates and prod-
Phenolic compounds are widely distributed in nature ucts, as well as the use of toxic catalysts and solvents. Using
and they may have many physiological functions, exempli- enzymes, glycosides could be obtained in one step under
fied by the antioxidative activity of catechirjg] and the mild conditions and without byproducf4—7]. For this rea-
antileukemic activity of avardl]. Glycosylation of pheno-  son biocatalysts that could enable glycosylation of phenolic
lic compounds increases their solubility in water and could compounds are desirable. Only a few enzymes are reported
improve pharmacological properties. Hydroquinone is toxic to catalyse this reaction, such as sucrose phosphorylase from
while its glucoside arbutin has antibacterial and skin whiten- Leuconostoc mesenteroides [8], glucosyl transferase from
ing effectg3]. The physiological activity and bioavailability = Xanthomonas campestris [1] and a-amylase fromBacillus
of glycosides may also depend on the type or positions of subtilis [9]. From the synthetic viewpoint the more readily
sugars attached. For example, the skin whitening activity of available glycosyl hydrolases offer the advantage of a simple

a-arbutin is eight times higher than that pfarbutin [3]. catalytic system and accept a broader structural range of alco-
Therefore, new glycosides of phenolic compounds could have hol acceptors than glycosyl transferafH3. a-Glucosidase
novel pharmacological properties. (maltase) is one of the most abundant glycosyl hydrolases

present in baker’s yeast. It has been previously used for the
synthesis of menthy[11] andr-alkyl-glucosideg12].
* Corresponding author. Fax: +381 11 638785. In this paper we described for the first time synthesis of
E-mail address: rprodano@chem.bg.ac.yu (R. Prodarg)yi hydroguinonex-isomaltoside by-glucosidase from baker’s
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yeast faccharomyces cerevisiae). The reaction conditions

were optimized and the products were characterized by TLC,

HPLC, NMR, MS and by hydrolysis with-glucosidase and
amyloglucosidase.

2. Experimental
2.1. Enzymes and chemicals

Amyloglucosidase (3.2.1.3) was purchased from Mapol
Warszawa. a-Glucosidase (3.2.1.20) was isolated from
baker’s yeast by a slightly modified previously published
procedurg]13]. It showed a single band on SDS-gel elec-
trophoresis with an approximate molecular weight of 63 kDa.
The specific activity of the purified enzyme was 80 U/mg pro-
tein and theX,, for 4-nitrophenyla-p-glucopyranoside was
0.2 mM. Proteins were determined by the method of Brad-
ford. 1 U of enzyme activity was defined as the amount of
enzyme that liberatesdmol of glucose at 25C for 1 min
from 4-nitrophenyk-p-glucopyranoside. Hydroquinong;
arbutin, silica gel 60 for column chromatography and all other
chemicals were obtained from Merck Co.

2.2. Transglucosylation reaction

143

washed with water and hydroquinone compounds were eluted
with 96% (v/v) ethanol. The effluent was concentrated and
the residue applied to silica gel dry flash chromatogra-
phy with ethyl acetate—methanol (9:1, v/v) as the eluent.
Two glycosides were obtained and their NMR spectra were
obtained using a Varian Gemini apparatus and 2,2-dimethyl-
2-silapentane-5-sulfonate as an internal standard. Mass spec-
tra were recorded on a LCQ Advantage Thermo Finningan
ion trap mass spectrometer. Optical rotation was measured
using a Autopol 1V, Rudolph Research Analytical automatic
polarimeter. Hydrolysis of glycosides was carried out in a
0.1 M sodium phosphate buffer at pH 7.0 witkglucosidase

and in a 0.1 M sodium acetate buffer at pH 5.0 with amy-
loglucosidase.

2.5. NMR spectra, mass data and optical rotations of
products

2.5.1. Hydroguinone a-D-glucopyranoside

13C NMR (50 MHz, DMSO-@): §152,7 (C-1)§ 150,4 (C-
4),6119,2 (C-3, C-5)§ 116,0 (C2—C6)$ 99,6 (C-1),5 73,8
(C-3),873,5(C-8),672,1(C-2),5 70,4 (C-4),561,1(C-6).
1H NMR (200 MHz, DMSO-@): § 6.91 (d, 2 HJ=9.0Hz,
H-2, H-6),8 6.67 (d, 2 HJ/=9.0Hz, H-3, H-5)§ 5.14 (d, 1
H, /=3.6 Hz, H-1), § 3.25-3.65 (m, 5 H, H-2 H-3, H-5,
H-6'A, H-6'B), § 3.16 (t, 1 H,/=9.0Hz, H-4). MS (ESI):

Unless otherwise indicated, glycosylation was carried out m/z =271.11 [M— H]~. C1oH1607: 272.25. f]p?°=+114

under the following conditions. The reaction mixture contain-
ing 0.1 M sodium citrate/phosphate buffer at pH 5.0, 9 mM
hydroquinone, 1.5M maltose and 10 U/mL of glucosidase
was incubated for 20h at 3€. The obtained glycosides
were examined by TLC and HPLC.

2.3. Identification and quantification of products
The reaction was stopped by adding 0.1 M HCl to pH 3.0

(products were stable at that pH during HPLC time analy-
sis, i.e. for at least one day) and acetonitrile to 10% (w/v).

(c=1.23, methanol).

2.5.2. Hydrogquinone a-D-isomaltoside

13C NMR (50 MHz, DMSO-@): § 153,1 (C-1),5 150,8
(C-4),5119,8 (C-3, C-5)§ 116,3 (C2—-C6)§ 100,2 (C-1),
98,8(C-1), 5 73,7 (C-3), § 73,6 (C-3), § 72,9 (C-3), § 72,
4 (C-2), 8 72,1 (C-2), 5§ 72,0 (C-5), § 70,8 (C-4), § 70,5
(C-4"), 5 66,7 (C-6), § 61,3 (C-6). 'H NMR (200 MHz,
DMSO-a): § 6.95 (d, 2 HJ=9.0Hz, H-2, H-6) 6.70 (d,
2 H, J=9.0Hz, H-3, H-5),6 5.05 (d, 1 H,J=3.6 Hz, H-
1), § 4.64 (d, 1 H,J=3.6Hz, H-1), § 3.05-3.80 (m, 12

After that the reaction mixture was centrifuged, and analyzed H, H-2/, H-2’, H-3, H-3", H-4, H-4", H-5, H-5", H-G A,

by HPLC (column, Bondesil C18; mobile phase 10% (v/v)
acetonitrile with 1 mM HCI; flow rate, 0.6 mL/min; spec-

trophotometric detection at 280 nm). TLC was carried out on
silica gel 60 plates (E. Merck, Darmstadt, Germany) using

H-6B, H-6"A, H-6"B). MS (ESI):m/z=433.26 [M—H]".
C18H26012: 434.40. {]p2°=+128 (c=1.35, methanol).

the ascending method with ethyl acetate—methanol-water3. Results and discussion

(10:1.7:1.4, viIvilv) as the solvent. Spots were made visible

by spraying with 50% (w/v) RSO, followed by heating at
160°C.

2.4. Purification and structural analysis of products
The reaction mixture containing 9mM hydroquinone,

1.5M maltose and 10 U/mL af-glucosidase in 100 mL of
0.1 M sodium citrate/phosphate buffer at pH 5.0 was incu-

3.1. Influence of acceptor hydroquinone concentration
on the type of reaction products

In order to select an enzyme with the ability to catalyse
glycosylation of hydroquinone we screened amyloglucosi-
dase fromA. niger and invertase and-glucosidase from
baker’s yeast and succeeded in the synthesis of hydroquinone
a-glucoside usingx-glucosidasg14]. We determined that

bated for 20 h at 30C and then applied to a column packed equilibrium was reached after 20 h from the beginning of
with Purolite MN102, a synthetic macroporous polystyrene the reaction with any hydroquinone concentration so that all
resin, purchased from Purolite Wales UK. The column was other experiments were based on single point determinations
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