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Abstract

Polyaromatic compounds that carry several side residusgghfcose p-galactose, and-mannose were synthesized from hydroquinone
B-glucoside (arbutin) through two successive enzymatic reactions: glycosylation of the glucose residue in arbutin, followed by oxidative
polymerization of the hydroquinone moieties. In the first SBewillus maceransyclodextrin glucanotransferad circulans3-galactosidase,
and jack beam-mannosidase were used to obtain glycosylation products in yields of 56.0, 29.5, and 25.2%, respectively, where the main
products were a series af1,4-linked glucosyl/maltooligosyl arbutif-1,4-linked galactosyl arbutin, ang1,6-linked mannosy! arbutin,
respectively. In the second step, horseradish peroxidase was used and the enzyme efficiently polymerized glycosyl arbutin(s) together with the
remaining arbutin using hydrogen peroxide as an oxidant. The water-soluble products, glycosyl poly(arbutin)s, showed approximate molecular
weight distribution of 0.5-25 kDa which was estimated by gel permeation chromatography calibrated with maltooligosaccharides and pullulan
markers. There were no differences in the phenolic main chain structures of glycosyl poly(arbutin)s and poly(arbutin), where the binding of
neighboring hydroquinone moieties occurredrho-positions. Glycosyl poly(arbutin)s containinglinked mannose an@-linked galactose
residues exhibited increased absorbability to immobilized concanavalin A and castor bean lectipo)RE€gpectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction glucoside, arbutin, Arb) by horseradish peroxidase (HRP),
where the binding of adjacent hydroquinone moieties oc-
Peroxidase (EC 1.11.1.7) catalyzes the oxidative polymer- curred atortho-positions[6]. However, the authors subse-
ization of various aromatic compounds using hydrogen per- quently removed the glucose (Glc) residues of the product,
oxide (HOy) as an electron acceptor (oxidafi)-7]. The poly(Arb), by acid hydrolysis to obtain poly(hydroquinone),
enzyme has been applied to remove unfavorable aromatica redox-active polymer with possible applications for batter-
compounds from wastewater by converting them into insol- ies, sensors, and antioxidants. As far as we know, however, no
uble precipitateg5]. The enzyme has also been attracting attention has been paid to poly(Arb), a water-soluble polymer
interest as a catalyst for the synthesis of polyaromatic com- retaining Glc residues, which may cause biological responses
pounds[1-4,6,7] because of the novel structures of prod- when the glycosyl structures are appropriately modified.
ucts, mild reaction conditions, and avoidance of poisonous  This report deals with the synthesis of the glycosylated
organic solvents, compared to conventional polymerization derivatives of poly(Arb)s, which have several additional
processes. Recently, Wang et al. reported the polymeriza-Glc, p-galactose (Gal), and-mannose (Man) residues on
tion of 4-hydroxyphenylB-p-glucoside (hydroquinong- poly(Arb). Introducing these glycosyl residues influences
their binding affinity to lectins. The synthetic methodology
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Fig. 1. Scheme for the enzymatic synthesis of glycosyl poly(Ars)4—7,m=3-6.

zymes, and the co-polymerization of Arb and several result- trin glucanotransferase (CGTase, EC 2.4.1.19) fBaillus
ing glycosyl Arb with HRP. These syntheses were carried maceransand 3-galactosidasep-Gase, EC 3.2.1.23) from
out in a one-pot system, and therefore, troublesome isola-B. circulanswere supplied by Amano Enzyme Inc. (Nagoya)
tion of the glycosylated products was avoidable and Arb was and Daiwa Kasei Co. (Shiga), respectively.

sufficiently utilized for the polymer synthesis.

2.3. HPLC
2. Materials and methods High-performance liquid chromatography (HPLC) was
performed under two conditions using a Shimadzu LC-10AD
2.1. Materials (Shimadzu, Kyoto) equipped with a Shimadzu RID-10A re-
fractive index detector (RI) and a SPD-10AV UV-vis detector
Arb, lactose (Lac),p-mannose (Man), and methyl- (UV): (1) condition (A) for sugar analysis; column, Polyspher

mannoside (Me-Man) were purchased from Nakalai Tesque CH-Ph (Showa Denko, Tokyo); temperature 80 solvent,
Co. (Tokyo).a-Cyclodextrin -CD) and maltooligosaccha-  H,O; flow rate, 0.4 ml/min. (2) Condition (B) for gel perme-
rides were supplied by the Bio Research Corporation of Yoko- ation chromatography (GPC); column, Shodex OHpak SB-
hama (Yokohama). Concanavalin A (ConA)-sepharose and802.5HQ (fractionation range for proteins, less than 50 kDa;
castor bean lectin (RCAg)—agarose were commercial prod-  exclusion limit of pullulan, 10 kDa; Showa Denko Co.); tem-
ucts of Seikagaku Kogyo Co. (Tokyo). Pullulan for molecu- perature, 40C; solvent, 25 mM phosphate buffer (pH 7.0)
lar weight markers were purchased from Showa Denko Co. containing 0.1 M NaCl; flow rate, 0.7 ml/min. The composi-
(Tokyo). The other chemicals used were of the highest gradetion of glycosylation mixtures was measured under condition
commercially available. (B) using distilled water as a solvent.

2.2. Enzymes 2.4. Spectrometry
HRP and jack beati-mannosidase{-Mase, EC 3.2.1.25)  2.4.1. Nuclear magnetic resonance

were purchased from Toyobo Co. (Kyoto) and Sigma Chem-  Nuclear magnetic resonance (NMR) spectra were
icals Co. (St. Louis, MO, USA), respectively. Cyclodex- recorded at 75 MHZzX€C) or at 300 MHz tH) with a JEOL
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AL-300 FT NMR spectrometer (Tokyo). Glycosyl Arb(s)
were dissolved in PO, and acetones(31.4 ppm) was added
as a shift reference. Deglycosylated polymers-fdand3C
NMR analyses were prepared as described in Se2tiend
dissolved in dimethyl sulfoxide (DMSO)-d6.

2.4.2. Mass spectrometry

Matrix-assisted laser desorption ionization (MALDI)—
time-of-flight mass spectrometry (TOF-MS) was performed
using Voyaget™ (PerSeptive Biosystems, Framingham,
MA, USA). a-Cyano-4-hydroxy-cinnamic acid was used as
a matrix.

2.4.3. Infrared spectroscopy

Fourier transform infrared spectroscopy (FT-IR) was mea-
sured with a Shimadzu FTIR-8300 spectrometer. Deglycosy-
lated polymers in KBr pellets were used for the measurement.

2.5. Enzymatic glycosylation of Arb

2.5.1. a-Glycosylation with CGTase
A reaction mixture (2.0ml) containing 250mg Arb,
250 mga-CD, 25 mM acetate buffer (pH 6.0), aBd macer- , ~
ansCGTas€8,9] (25 U/ml) was incubated at 4 for 24 h. 0 5 10 15 20 25 30 35 40
After incubation, the mixture was boiled for 10 min to stop retention time (min)
the reaction, filled up to 5.0 ml with water, filtered, and the
resulting solution was used for HRP-catalyzed polymeriza- Fig. 2. HPLC chromatogram of glycosyl Arb(s) and their polymerization.

. . . . . : Glycosylation and polymerization were carried out as described in Sections
tion as described in Sectidh7 or for product isolation as 2.5 and 2.7 respectively. The reaction mixtures were analyzed by HPLC

described in SectioB.6. under condition (B) described in Secti@B. A-(1), Arb; A-(2), polymer-
ization of A-(1); B-(1),a-glycosylation of Arb by the CGTase; B-(2), poly-
252 /B-Galactosylation WitrB—Gase merization of B-(1); C-(1)B-galactosylation of Arb by th@-Gase; C-(2),
. : - polymerization of C-(1); D-(1)q-mannosylation of Arb by the-Mase; D-
A reaction mixture (0'5 ml) containing 250mg Arb, (2), polymerization of D-(1). Peaks B1-B3, C1-C4, and D1-D3 were of the

250 mg Lac, 25 mM acetate buffer (pH 6.0), aBdcircu- glycosylation products.
lans B-Gase[10] (10 U/ml) was incubated at 4@ for 4 h.

After the incubation, the mixture was treated similarly to that Were separated into three parts that contained each of prod-
described in Sectio.5.1 ucts B1-B3 inFig. 2B. Products B2 and B3 were sub-

jected to re-chromatography on Bio-Gel P-2. The prepara-
2.5.3. a-Mannosylation withx-Mase tions, thus, obtained were evaporated and lyophilized. Prod-

A reaction mixture (about 0.3 ml) containing 250 mg Arb, UCt B1 (isolated yield, 76 mg) and product B2 (32mg) ap-

1500 mg Man, 0.4 mi of 25 mM acetate buffer (pH 6.0), and peared as single' peaks in HPLC analysis undgr condition
jack beana-Mase[11] (0.1ml, 1.75U) was incubated at (B). The preparation of product B3 (17 mg) contained small

55°C for 48 h. After the reaction, the mixture was treated 2Munts of other saccharides (purity judged by peak area,
! 0
similarly to that described in Sectiéh5.1 86%).

2.6.2. B-Galactosylation product

2.6. Isolation of glycosyl Arb(s) Abundant products C1 and C3 Fig. 2C were purified
. almost similarly to that described in Secti@w®.1 except
2.6.1. a-Glycosylation product that Bio-Gel P-2 chromatography was repeated twice for

The glycosylation mixture appropriately diluted with wa- - each. Product C1 was accompanying with a shoulder in
ter (about 5.0ml) was loaded onto a column of Bio-Gel Hp|C analysis under condition (B) (isolated yield, 37 mg;

P-2 (2.5cmx 93 cm, Bio-Rad Laboratories, Hercules, CA,  purity, 90%). Product C3 (15 mg) eluted as a single peak of
USA) equi|ibl’ated W|th 5.0% (V/V) ethanol. The elution unsymmetrica| Shape_

was performed at 20ml/h, and 5-ml fractions were col-

lected. Saccharides in the fractions were monitored us-2.6.3. @-Mannosylation product

ing the phenol-sulfuric acid method, ultraviolet adsorption Abundant product D2 ifrig. 2D was purified almost sim-
at 260nm, and thin-layer chromatography. The fractions ilarly to that described in Sectidh6.1 Product D2 (isolated
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yield, 21 mg) eluted as a single peak in HPLC under condition 3. Results and discussion
(B).
3.1. Enzymatic glycosylation of Arb
2.7. Polymerization with HRP
3.1.1. a-Glycosylation by B. macerans CGTase

The glycosylation mixtures obtained as described in Sec- ~ The Glc residue in Arb was effectively transglycosylated
tion 2.5were diluted appropriately with water (3.0ml, 50mg Py B. maceranCGTase{8] as reported by Sugimoto et al.
as Arb/ml, 0.551 mmol). To the solutions were added HRP [9]- As shown inFig. 2B-(1), CGTase gave several transfer
(250p., 1.67g per mg of Arb) and then 6% (2.36 M), products (peaks B1-B3, etc.). The total yield of transfer prod-
solution drop by drop (2@l each at 5-min intervals) to be-  Ucts was 56.0% from the reduction in Arb. Products B1-B3,
come 1.5 mol equivalent to the glycosides (about 0.83 mmol). Which were separated by gel filtration, gave molecular ion
The mixtures were incubated at 20 for 4 h with gentle stir- ~ Peaks ((M+Nal) atnVz457, 619, and 782 in MALDI-TOF-
ring. MS, indicating that they were glucosyl, glucobiosyl, and glu-
cotriosyl Arb(s) (Glc-Arb—Glg-Arb), respectively. The fol-
lowing ratios were quantified according to the UV adsorp-
tion intensities on the HPLC analysis: Arb (44.0%), Glc-
Arb (24.4%), Gle-Arb (13.8%), Glg-Arb (7.9%), and larger
transfer products (9.9%). Glc-Arb, the simplest and the most
abundant product, was confirmed to b&4x-glucosyl Arb
[9] with 13C NMR (Table ), and the more elongated products
were reasonably estimated to &€l 4-linked maltooligosyl
Arb(s) according to the well-known action of CGTa§e®].

2.8. Separation of glycosyl poly(Arb)s

After polymerization, the mixtures were put onto a col-
umn (1.0cmx 14 cm) of ODS-AQ (Organo Co., Tokyo)
equilibrated with water. After washing with water, the
polymers were eluted with 25% ethanol, collected, evap-
orated, and dialyzed exhaustively against distilled wa-
ter in dialysis tubes (with a molecular weight cut-off of
12 kDa, Japan Medical Science Co., Osaka). After exhaus-

tive dialysis, the samples were lyophilized and stocked at 3.1.2. B-Galactosylation by B. circulang-Gase
—20°C. Four products (C1-C4) were detected in the transgalac-

tosylation of Arb as shown ifrig. 2C-(1). A total transfer
yield of 29.5% was estimated based on the reduction in Arb.
Abundant products C1 and C3 were suggested to be galacto-
syl Arb (Gal-Arb) and further glycosylated Arb with two Gal

The reaction mixtures (0.4 ml) containing the polymers residues (galactobiosyl Arb or di-galactosyl Arb collectively
(absorbance at 260 nmAyeo, 460-490) and 2.0M tri- abbreviated as GglArb) from the molecular ion peaks @iz
fluoroacetic acid (TFA) were boiled for 2h. The black 457 and 619 detected by TOF-MS, respectivél NMR
precipitates were washed with water several times us-

ing centrifugation. The supernatant solutions were com- ngblel '
bined, evaporated, and lyophilized. The samples were dis-_"C NMR data for Arb and major glycosyl Arb(s)

2.9. Acid hydrolysis of poly(Arb) and glycosyl
poly(Arb)s

solved in water (0.4ml), filtered, and subjected to the Glycoside
HPLC analysis performed under condition (A) to deter- Arb BL(Glc-Arb)  Cl(Gal-Arb) D2 (Man-Arb)
mine the sugar components. The precipitates, deglycosy-~_ .-
lated polymers, were dried well under reduced pressure and 1524 1595 1528 1525
used for IR and NMR analyses as described in Section 2,6 1196 1196 1197 1196
2.4 3,5 1174 1174 1175 1174
4 1516 1516 1515 1515
2.10. Adsorption of glycosyl poly(Arb)s to immobilized C-Gle residue at reducing end
lectin v 1026 1024 1024 1024
2 74.2 740 739 741
3 76.8 772 761 770
Columns (1.0cnx 1.5cm) of ConA-sepharose and 4 706 779 794 707
RCA120-agarose were equilibrated with 25 mM phosphate 5 772 759 766 753
buffer (pH 7.0) containing 0.1M NaCl. Poly(Arb) and ¢ 618 617 612 678
glycosyl poly(Arb)s (about 7hg) dissolved in the buffer  C-glycosyl residue at non-reducing end
(10-20ul) were loaded onto the columns at I5. After v 1009 1041 1007
washing the gels with the buffer (5.0ml), sequential elu- 2/ 29 722 7l
: X . : 3 740 738 718
tion was carried out with either 2mM and then 20mM . 705 698 668
Me-Man in the buffer (for ConA) or 2mM and then 5 739 754 739
10 mM Lac (for RCA 20). The polymers were measured with 6" 617 622 620

Aogo. Chemical shifts were given in ppm.



H. Nakano et al. / Journal of Molecular Catalysis B: Enzymatic 33 (2005) 1-8 5

analysis indicated that product C1 contained two glycosides,

4-0O-B-galactosyl Arb and 3-B-galactosyl Arb. The major
glycoside was identified as@-B-galactosyl Arb principally
because of the carbon signal assignable 't§79.4 ppm),
which shifted to the downfield region (8.8 ppm) compared
with the corresponding signal of Arb at 70.6 ppiable J).
Smaller peaks were assigned to the minor glycoside; 3-
B-galactosyl Arb. This gave a peak at 85.5 ppm, which was
assignable to the shifted signal dfcarbon (data not shown).
Byproduct C2 with unidentified linkage(s) seemed to be an-
other galactosyl Arb from its elution position in HPLC. In
summary, the composition of the products was: Arb (70.5%),
Gal-Arb (product C1, 15.0%; C2, 0.9%), Gakrb (product
C3, 12.3%), and product C4, (1.3%).

3.1.3. e-Mannosylation by jack beaw-Mase
Jack beam-Mase[11] mannosylated 25.2% of Arb in the

condensation (reverse hydrolysis) reaction of Man and Arb.

Main product D2 Fig. 2D-(1)) was identified to be &-a-
mannosyl Arb (Man-Arb) from TOF-MS ([M + N&]at m/z
457) and3C NMR analysesTable 1), where the carbon sig-
nal assignable to'§67.8 ppm) had a downfield shift value of
6.0 ppm from the corresponding$ignal of Arb (61.8 ppm).

hydrolysis products, etc., the phenolic glycosides were se-
lectively polymerized and the usual saccharides such as Glc,
Gal, Lac, and Man remained unchanged.

In this report, poly(Arb) derivatives with additional side
residues of Glc, Gal, and Man are abbreviated as,Glc
poly(Arb), Gah-poly(Arb), and ManR-poly(Arb), respec-
tively, and these polymers are collectively referred as gly-
cosyl poly(Arb)s.

3.3. Properties of glycosyl poly(Arb)s

3.3.1. Purification

Poly(Arb) and glycosyl poly(Arb)s were retained in dial-
ysis tubes (12 kDa cut-off), and smaller saccharides were
diffused out. The polymers were also adsorbed to the ODS
resin. After washing with water, the polymers were eluted
with ethanol solutions. Alternatively, they are separable as
precipitates in the presence of ethanol (50-66%, v/v). In this
study, the polymers were purified by ODS chromatography
followed by dialysis as described in SectidsB.

3.3.2. Glcosyl side chain residues
The sugar compositions of glycosyl poly(Arb)s and

Byproducts D1 and D3 were considered to be another manno-poly(Arb) were determined after hydrolysis with TFA

syl Arb and further glycosylated Arb with two Man residues
(mannobiosyl Arb or di-mannosyl Arb collectively abbrevi-
ated as MastArb), respectively, from the elution positions on
HPLC. The reaction mixture consisted of Arb (74.8%), Man-
Arb (product D1, 5.0%; D2, 17.0%), and Mg#rb (product
D3, 3.2%).

3.2. Polymerization of Arb and glycosyl Arb(s) with HRP

The HRP-catalyzed polymerization was performed in a
one-pot system after enzymatic glycosylation of Arb. After
the addition of HRP to the glycosylation mixtures, the oxidant
(H20») solution was added drop-wise to prevent the inactiva-
tion of HRP. A red—brown color developed with the progress
of the reactionsig. 2shows the GPC chromatogram for the
reaction mixtures. The reaction occurred efficiently: Arb and
glycosyl Arb(s) disappeared completely to form polymerized
products (retention time, 9—-14 min). The polymerization was

(Table 2. The results prove that glycosylated Arb(s)
(monomers) are incorporated into the polymers; j&lc
poly(Arb) showed a 2.5-times higher Giekg ratio, which
represented the frequency of Glc residue to the phenolic
backbone, than the other polymers, indicating the former
contained additional Glc residues. It was also confirmed
that Gal and Man residues exist in the respective glyco-
syl poly(Arb)s. The percentages of Gal/Glc (38.9%) and
Man/Glc (31.3%) were somewhat larger than the respective
glycosylation yields (29.5% and 25.2%) because of the ex-
istence of the glycosyl Arb(s) with multiple residues such as
Gab-Arb and Man-Arb.

The average structures of the polymers are shown in
Fig. 3 Since HRP-catalyzed polymerization occurred effi-
ciently, the frequency of the side residues could be estimated
from the ratios of glycosyl Arb(s) to free Arb. The glyco-
sylation yields in the reactions of CGTase (56.0%)Gase
(29.5%), andx-Mase (25.2%) implied that the polymerized

also specific for phenolic glycosides: although the mixtures products possessed approximately 5-6, 3, and 2—3 of the in-
contained Arb and glycosyl Arb(s) as well as substrates andtroduced glycosyl residues in every 10 Arb backbone units,

Table 2

Sugar composition of acid hydrolyzates of poly(Arb) and glycosy! poly(Arb)s

Compound Aceo’ Composition (mg/ml) Gldkoso (%) Gal, Man/Glc
Glc Gal Man

Poly(Arb) 484 1056 0 0 217 0

Glcy-poly(Arb) 476 283 0 0 595 0

Gah-poly(Arb) 492 102 397 0 207 0389

Man,-poly(Arb) 462 965 0 302 209 0313

The concentrations of the polymers were adjusted to be almost the same (460—490) in #sgastdydrolysis was carried out as described in Secfdh
The sugar composition of the hydrolyzate was determined by HPLC performed under the condition (A).
* Apgo values before hydrolysis.



6 H. Nakano et al. / Journal of Molecular Catalysis B: Enzymatic 33 (2005) 1-8

®
®) \
N
©
©)
1l0 .9 8l ; l6 ;

chemical shift (ppm)

Fig. 4. 1H NMR spectra of deglycosylated polymers. (A) Poly(Arb); (B)
Glcp-poly(Arb); (C) Gah-poly(Arb); (D) Mam,-poly(Arb).

signals ascribable to aromatic proton and phenolic hydroxyl
proton were observed at arou$fl.7 ppm and 8.7-9.3 ppm,
respectively, which were coincidental with the previous data
of poly(hydroquinone]6,7] obtained from HRP-catalyzed

Fig. 3. lllustration of the average structures of glycosyl poly(Arb)s. (A)

Poly(Arb); (B) Glg,-poly(Arb); (C) Gah-poly(Arb); (D) Mar-poly(Arb). synthesis. Splitting of the latter peak may be due to two phe-
White circle, hydroquinone moiety; closed hexagon, Glc residue; shaded nol groups in hydroquinone moiety. The signal area of the
hexagon, Gal residue; white hexagon, Man residue. aromatic proton was almost twice larger than that of the phe-

nolic hydroxyl proton, which may be attributable to inaccu-
respectively. Similarly, it was roughly estimated that slc  rate integration of the spreading signals. There were also no
poly(Arb) contained Glc-Arb—GlgArb at a ratio of 3:2:1,  significant differences in the IR spectra of the deglycosylated
and that Gal-poly(Arb) contained Gal-Arb and GalArb at polymers. Following typical adsorptions suggested the poly-
aratio of 2:1. In Mag-poly(Arb), Man-Arb was the predom-  mers were constructed of similar phenolic main chains; at
inant constituent. We assume that the glycosyl residues are3350 cnt! due to the O—H linkage, at 1601 and 1507 ¢m
randomly distributed in the polymerized products since HRP due to the &C linkage in aromatic ring, and at 1198 cfn
does not appear to strictly recognize Arb or glycosyl Arb(s) due to the C (aromatic)-OH linkage.
as substrates, which is evidenced by the fact that Glc-Arb,  From these results, we concluded that glycosyl poly(Arb)s
Glcz-Arb, Glcs-Arb, Gal-Arb, and Man-Arb showed almost  had the same hydroquinone backbone structure as poly(Arb)
the same decreasing rates as Arb during polymerization (datg6,7], which was reported to have linkages at theho-
not shown). positions among adjacent hydroquinone moietiég.(2).

3.3.3. Phenolic backbone structure 3.3.4. Molecular weight

Poly(Arb) and glycosyl poly(Arb)s were hydrolyzed with Fig. 5 shows the GPC chromatogram of the polymers
TFA to remove glycosyl residues for the elucidation of the in HPLC analysis. Poly(Arb) and three glycosyl poly(Arb)s
polymer backbone structure. The deglycosylated polymerseluted in an almost same retention time range of 9-14 min,
derived from glycosyl poly(Arb) gave almost the safi€ which corresponded to an approximate molecular weight
NMR spectra as that from poly(Arj]: broad and splitting  distribution of 0.5-25 kDa, when maltooligosaccharides and
carbon peaks were observed 46124 ppm assignableto C- pullulan were used as marker substances. The peak top
2, -3, -5, and -6, and @t143-154 ppm assignable to C-1 and positions of the glycosylated polymers were also similar
-4 of hydroquinone moiety. IHH NMR spectraFig. 4), broad and their molecular weight value was estimated to be ap-
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Fig. 5. HPLC analysis of the polymers. The polymers were separated by gjg 6. Adsorption of the polymers to immobilized Con A and immobilized
ODS chromatography followed by dialysis and analyzed by HPLC equipped rca, ,q gels. The adsorptions of the polymers to the immobilized lectins

with a GPC column and Rl detector under condition (B) as described in Sec- \yere evaluated as described in Secgato (Aand B) Poly(Arb); (C and D)

tion 2.3, (A) Poly(Arb); (B) Glc,-poly(Arb); (C) Gah-poly(Arb); (D) Man,- Glea-poly(Arb); (E and F) Gal-poly(Arb): (G and H) Mag-poly(Arb). (A,
poly(Arb). The elution positions of maltotoriose (0.50 kDa), maltopentaose ¢ g and G) Con A—sepharose; (B, D, F, and H) RgAagarose. White bar
(0.83 kDa), maltoheptaose (1.15 kDa), and the pullulan markers (5.80, 12.2, |,ate with buffer (unabsorbed polymers); shaded bar, eluate with 2 mM Me-

23.7, and 48.0kDa) are indicated by arrows. Man for Con A and 2mM Lac for RCo; closed bar, eluate with 20 mM

. . . Me-Man for Con A and 10 mM Lac for RCo.
proximately 3.2 kDa, which corresponded to a polymeriza-

tion degree of about 12. Shoulder and small peak were
observed in a higher molecular weight region of around the jack bean Ganavalia ensiformis binds molecules
12—24 kDa. that containk-p-mannopyranosyk-p-glucopyranosyl, and
The molecular size of poly(hydroquinone), which was de- Sterically related residuefl2]. RCAgzo from the cas-
rived from poly(Arb), was reported to be 1.6-3.2 kDa, which tor bean Recinus commun)is specifically recognizes
was estimated by GPC calibrated with polyethylene gly- B-D-galactopyranosyl residug13]. This study evalu-
col markerg[6]. The apparent molecular weight elucidated ates the interactions of the polymers with these two
for the most abundant glycosyl polymer species (3.2 kDa), lectins in terms of absorbability to immobilized lectins
therefore, was considered to be reasonable, when the pres(Fig. 6).
ence of sugar residues in the polymers and the difference Most Man-poly(Arb) was adsorbed to the immobilized
in the marker substances used were taken into account. Thécon A gel under the experimental conditions and eluted with
polymers, however, did not diffuse through a dialysis mem- Me-Man, whereas about 50-70% of poly(Arb) and other gly-
brane with a cut-off size of 12kDa as described in Sec- osyl poly(Arb)s showed no absorbability. Mapoly(Arb)
tion 3.3.1 This may be attributable to the particular molec- Separated into two fractions, one eluted with 2.0mM and
ular Shape or aggregate formation of the po|ymers_ De- the other with 20 mM Me-Man. The denSity and/or Iength of
tailed molecular sizes and structural properties especially the glycosyl residues seemed to cause these different behav-
in aqueous solutions, therefore, remains a topic to be stud-i0rs. Gah-poly(Arb) was adsorbed almost entirely to immo-

ied. bilized RCAi20 and eluted with the Lac solution, whereas
the other polymers showed no interactions. These behav-
3.3.5. UV adsorption spectra iors coincided with the binding specificity of RG#yp lectin

Glycosyl Arb(s) showed the same UV-spectrum as Arb, [13].
and an adsorption maximum was observed at around 280 nm.
The spectra of poly(Arb) and glycosyl poly(Arb)s were
also the same and showed a broad, gentle adsorptior4. Conclusions
peak at around 300nm (data not shown). The solution

of the polymers was reddish brown, although no obvi-  The methodology presented here provides a one-pot syn-
ous adsorption maximums were observed in the visible re- thesis of polymers constructed from the hydroquinone back-
gion. bone and Glc side residue, some of which carry additional
glycosyl residues. This synthetic strategy involves two en-
3.4. Adsorption to immobilized lectins zymatic reactions. First, the Glc residue of Arb is glyco-

sylated by appropriate enzymes. The introduced linkages
Lectins are proteins that react reversibly with spe- depend on the regio- and stereo-selectivity of the glycosy-
cific sugar residues. Concanavalin A (Con A) from lating enzymes used. In addition to the CGTaRe&zase,
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