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Abstract—An intestinal immune system modulating arabino-3,6-galactan (ALR-5IIa-1-1) has been found in rhizomes of Atrac-

tylodes lancea DC. [Planta Medica 1998, 64, 714–719; Carbohydr. Polyms. 2001, 46, 147–156], however other arabino-3,6-galactans

from Larix and Acacia failed to express the modulating activity. Degradation of the galactosyl side chains in Araf-side chain-

trimmed ALR-5IIa-1-1 (AF-ALR-5IIa-1-1) with an endo-b-DD-(1fi 6)-galactanase remarkably decreased the activity of AF-ALR-

5IIa-1-1. Structural analysis indicated that the major endo-b-DD-(1fi 6)-galactanase-digestable side chains in ALR-5IIa-1-1 are

composed of b-DD-(1fi 6)-galactopyranosyl oligosaccharides having d.p. 1–8. Because degradation of the b-DD-(1fi 3)-galactan

backbone in AF-ALR-5IIa-1-1 also significantly reduced its activity, some of these galactosyl side chains attached to b-DD-(1fi 3)-

galactan backbone are suggested to be responsible for expression of the activity of ALR-5IIa-1-1.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Peyer�s patches are unique islands of lymphoid tissue in
gut-associated lymphoid tissue (GALT), and play

important roles as an inductive site for IgA production.1

Lymphocytes are rapidly eliminated from the patches,

and migrate through the mesenteric lymph nodes into
the thoracic duct to the systemic circulation, where they

regulate the local mucosal and systemic immune sys-

tems.2 The intestinal immune system, not only contrib-

utes to the defence system of the mucosa including IgA

production, but also regulates the systemic immune

system, resulting in suppression of allergic reactions and

autoimmune diseases.3 The regulative molecules of the
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intestinal immune system have potential as new immu-

no-modulators of both the mucosal and systemic

immune systems.

Three kinds of polysaccharides (ALR-5IIa-1-1, 5IIb-

2-2-Bb and 5IIc-3-1) have been isolated4;5 from a hot

water extract of rhizomes of Atractylodes lancea DC.

(Compositae) as the modulating polysaccharides of
Peyer�s patch cells in intestinal immune system. ALR-
5IIa-1-1 was shown to comprise mainly arabino-3,6-

galactan (Type II arabinogalactan) whereas ALR-5IIb-

2-2Bb and ALR-5IIc-3-1 also have rhamnogalacturonan

II (RG-II) moieties that might express the activity.4–6

The analysis of the structure–activity relationship of

ALR-5IIa-1-1 by glycosidase digestions has suggested

that the arabino-3,6-galactan moiety in the nonreducing
terminal side of ALR-5IIa-1-1 mainly (�70% from total
activity) contributes to expression of the activity.6

The present study describes the analysis of the fine

carbohydrate structures, which are responsible for
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expression of the intestinal immune system modulating

activity of ALR-5IIa-1-1.
2. Experimental

2.1. Materials

Rhizomes of A. lancea DC., which were cultivated at

Huabei Province in China, were purchased from

Tochimoto-Tenkaido Co. Ltd. (Osaka, Japan). ALR-

5IIa-1-1 was purified4 from the rhizomes, and Araf-side

chain-trimmed ALR-5IIa-1-1 (AF-ALR-5IIa-1-1) was
prepared by digestion with exo-a-LL-arabinofuranosidase
as described previously.4;6 Larch wood arabinogalactan

and Acacia arabinogalactan (gum arabic) were pur-

chased from Sigma, and partially purified by EtOH

precipitation and dialysis. Beta-DD-glucosyl-Yariv anti-

gen was obtained from Biosupplies (Australia). Exo-a-
LL-arabinofuranosidase and exo-b-DD-galactosidase
(Megazyme, Australia) from Aspergillus niger were
purified by FPLC in according to the modified proce-

dure of Lerouge et al.7 Driselase (Irpex lacteus) was

a kind gift from Kyowa-Hakko Co. Ltd. (Japan),

and exo-b-DD-(1fi 3)-galactanase8 was purified from

Driselase. Endo-b-DD-(1fi 6)-galactanase (Trichoderma

viride)9 was a kind gift from Prof. Tsumuraya.
2.2. General methods

The carbohydrate content of column eluates were

determined by phenol–H2SO4 method.
10 Component

sugars of poly- and oligosaccharides were analysed as

TMS methyl glycoside derivatives by GLC11 or 1-phe-

nyl-3-methyl-5-pyrazolone derivatives12 by HPLC.

HPLC was performed on a Shimadzu LC-6A equipped

with Capcell pak ODS (4.6 · 150mm, Shiseido Co. Ltd.)
in according to the procedure of Honda et al.12 Single

radial gel diffusion by using the b-glucosyl-Yariv antigen
was performed according to the procedure of Holst and

Clarke.13 The degree of enzymic hydrolysis of carbo-

hydrate chains was analysed for reducing terminal by

Park–Johnson method14 using Gal as a standard. High

performance anion-exchange chromatography equipped

with pulsed amperometric detector (HPAEC-PAD) was
performed on a Dionex Bio-LC system (Dionex Inc.)

using a Carbopak PA-1 column (9 · 250mm, Dionex
Inc.), and 0.1M NaOH (solvent A) and 1M NaOAc

(solvent B) at flow rate of 2.5mLmin�1. The elution

program for analytical experiments was: 0% of solvent B

(1min), 0fi 60% of solvent B (1fi 50 min), 100% of

solvent B (50.1fi 60 min), and that for preparative

experiments was: 0% of solvent B (1min), 0fi 10% of
solvent B (1fi 40min), 10fi 40% of solvent B

(40fi 50min) and 100% of solvent B (50.1fi 60min).
2.3. Purification of oligosaccharide side chains released

from AF-ALR-5IIa-1-1

To a solution of AF-ALR-5IIa-1-1 (34.9mg) in 50mM

acetate buffer (pH4.2) containing 0.05% NaN3 (10mL)

was added exo-a-LL-arabinofuranosidase and exo-b-DD-
(1fi 3)-galactanase, and incubated at 37 �C for 3 days.
The digestion products were fractionated on a column

(2.2 · 100 cm) of Bio-gel P-6 with 50mM acetate buffer

(pH 5.2). The enzymic digestion-resistant fraction (AF-
GN-1, yields; 19.0%) and oligosaccharide fractions (AF-

GN-2 and 3, yields; 14.0% each) were obtained as

the fractions eluted in the void volume, and in the

intermediate and the lowest molecular weight fractions,

respectively. Oligosaccharides in AF-GN-2 and 3 were

further purified by HPAEC-PAD, and the collected

oligosaccharides were desalted by passing through

AG50WX8 (Hþ) resin.
2.4. Enzymic digestions

After AF-GN-2 and 3 (10 lg each) and the purified
oligosaccharides were digested with endo-b-DD-(1fi 6)-

galactanase at 37 �C for 24 h in 500mM acetate buffer

(pH 4.2), the resulting products were further digested

with exo-b-DD-galactosidase under the same conditions,
and analysed by HPAEC-PAD.

AF-ALR-5IIa-1-1 (2mg) was digested with endo-b-
DD-(1fi 6)-galactanase [50mM acetate buffer (pH 4.2,

2mL), 37 �C, 24 h], and the products were fraction-
ated on a column (1.5 · 47 cm) of Bio-gel P-30 with
50mM acetate buffer (pH5.2) to obtain the resistant

fraction (GN-AF-ALR-5IIa-1-1) in the void volume

and the oligosaccharide fraction in the inner volume.
AF-ALR-5IIa-1-1 and GN-AF-ALR-5IIa-1-1 (100 lg
each) were digested with exo-b-DD-(1fi 3)-galactanase

at 37 �C for 2 days in the same buffer, and the

resulting digestion products were analysed by HPAEC-

PAD.
2.5. MALDI-TOF-MS analysis of ABOE- or 2-AB-

labelled oligosaccharides

Oligosaccharides were labelled with p-aminobenzoate

octylester (ABOE) or 2-aminobenzamide (2-AB) by

reductive amination in according to the manual of Sei-

kagaku Kogyo and the procedure of Ishii et al.15 Solu-

tions (0.5 lL each) of ABOE- or 2-AB-labelled

oligosaccharides in 0.1% TFA was loaded on MALDI

plates and added 0.5 lL of 2,5-dihydrobenzoic acid
solution (10mgmL�1) in CH3CN containing 0.1% TFA.

The plate was gently dried in the normal atmosphere

and analysed by KRATOS AXIMA-CFR MALDI-

TOF mass spectrometer (Shimadzu Co. Ltd., S/W Ver-

sion 2). Ions were accelerated by energy of 20 kV before



Figure 1. Comparison of the effect of various arabinogalactans on

bone marrow cells proliferative cytokine production from Peyer�s
patch cells. Peyer�s patch cells from C3H/HeJ mice were cultured with
arabinogalactans at a concentration of 100lg/mL. (*, p < 0:05).
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entering the TOF mass spectrophotometer. The spectra

were measured in the linear mode, and PSD analyses
were performed by reflector mode.

2.6. NMR spectroscopy

Oligo-1 was deuterium-exchanged by freeze-drying three

times from D2O, and then examined as a solution in

100% D2O at 23 �C. Internal dioxane (dC 69.200 ppm)
was used as a reference for 13C NMR, and chemical shift
of D2O (dH 4.760 ppm) was used as a reference for 1H
NMR. Spectra were recorded on a Varian UNITY-400

spectrometer. 2D-NMR spectra were obtained using

standard Varian software.

2.7. Measurement of intestinal immune system modul-

ating activity

The intestinal immune system modulating activity was

measured as an enhancement of production of bone

marrow cells-proliferative cytokines from Peyer�s patch
cells in according to the procedure of Hong et al.16

Suspensions (2 · 106 cellsmL�1, 200 lL) of Peyer�s patch
cells from a small intestine of C3H/HeJ mice were cul-

tured with distilled water (control) or test samples

(20 lL) in 96-well flat bottom microtitre plate for 5 days
at 37 �C in a humidified atmosphere of 5% CO2–95% air.
The resulting culture supernatant (50 lL) was incubated
with a bone marrow cell suspension (2.5 · 105
cells mL�1) from C3H/HeJ mice for 6 days in a humid-

ified atmosphere of 5% CO2–95% air. The number of

proliferated bone marrow cells were measured by Ala-

mar Bluee as described previously.16 All results are

expressed as the mean±SE. The difference between the
control and the treatment in these experiments was

tested for statistical significance by Student�s t-test. A
value of p < 0:05 was considered to indicate statistical
significance.
3. Results and discussion

3.1. Effect of various arabinogalactans on cytokine

production of Peyer’s patch cells

Arabinogalactans (AGs) and arabinogalactan-proteins
(AGPs) are classified into Type I (arabino-4-galactan),

Type II (arabino-3,6-galactan) and the other type

(macromolecules containing arabinogalactan side chains

such as pectins, pectic polysaccharides and plant gly-

coproteins having arabinogalactan side chains).17 When

the different arabinogalactans were compared for their

effects on cytokine production from Peyer�s patch cells
(Fig. 1), ALR-5IIa-1-1 significantly enhanced the pro-
ductions of the cytokines, however the other AGs even

type II AGs (Acacia and Larch wood) did not show any
stimulating effects. The results suggested that a certain

fine carbohydrate structure of ALR-5IIa-1-1 is respon-

sible for expression of its stimulating effects on cytokine

production from Peyer�s patch cells.

3.2. Effect of degradation of b-DD-(1! 6)-Gal-containing
side chains of ALR-5IIa-1-1 on intestinal immune system

modulating activity against Peyer’s patch cells

Yu et al. have reported6 that the degradation of b-DD-
(1fi 3)-galactan backbone using exo-b-DD-(1fi 3)-galac-

tanase significantly reduces the intestinal immune

system modulating activity of Araf side chain-trimmed

ALR-5IIa-1-1 (AF-ALR-5IIa-1-1), and it has been
postulated that the side chains, which are attached to a

b-DD-(1fi 3)-galactan backbone, may play an important

role for expression of the activity of ALR-5IIa-1-1. It

has also been reported6 that the oligosaccharides,

released from AF-ALR-5IIa-1-1 by exo-b-DD-(1fi 3)-

galactanase digestion, consist mainly of 6-linked

Gal. Endo-b-DD-(1fi 6)-galactanase digestion of

AF-ALR-5IIa-1-1 significantly reduced its intestinal
immune system modulating activity (Fig. 2). The

digestion products gave the enzymic digestion resistant

(GN-AF-ALR-5IIa-1-1) and oligosaccharide fractions

by gel filtration on Bio-gel P-30 (Scheme 1) (data

not shown). Methylation analysis indicated that 4 or

5-linked Ara and 6-linked Gal were decreased signifi-

cantly in GN-AF-ALR-5IIa-1-1 by comparison with

AF-ALR-5IIa-1-1 (data not shown). Single radial gel
diffusion analysis with b-DD-glucosyl-Yariv antigen13



Figure 2. The effect of endo-b-DD-(1fi 6)-galactanase digestion of Araf

side chains-trimmed ALR-5IIa-1-1 on enhancing activity of cytokine

production from Peyer�s patch cells. (j) 100lg/mL; (�) 10 lg/mL; (�)
p < 0:01.
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indicated that GN-AF-ALR-5IIa-1-1 had the same

reactivity with Yariv antigen as AF-ALR-5IIa-1-1 (data
not shown), suggesting that GN-AF-ALR-5IIa-1-1 still

contain a b-DD-(1fi 3,6)-galactan structure. When AF-

ALR-5IIa-1-1 was digested with exo-b-DD-(1fi 3)-galac-

tanase to release oligosaccharides due to the side chains
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Scheme 1. Sequential degradation of Araf-trimmed ALR-5IIa-1-1 X; Yu et

consists partly of unknown glycosyl moiety, which is cleaved by exo-a-LL-ara
reported elsewhere.
attached to b-DD-(1fi 3)-galactan backbone, several sizes

of oligosaccharides (Oligo-1–12) in addition to the
monosaccharides Ara and Gal were detected by

HPAEC-PAD analysis (Scheme 1, Fig. 3A). However,

GN-AF-ALR-5IIa-1-1 did not give oligosaccharides

except Oligo-1 in addition to Ara and Gal (Scheme 1,

Fig. 3B), strongly suggesting that the side chain oligo-

saccharides, Oligo-2–12, released by exo-b-DD-(1fi 3)-

galactanase digestion, are important for expression of

the activity of AF-ALR-5IIa-1-1.

3.3. Purification and structural characterisation of

galactosyl side chains

The combined enzymic digestions of AF-ALR-5IIa-1-1

with exo-a-LL–arabinofuranosidase and exo-b-DD-(1fi 3)-

galactanase gave longer (AF-GN-2) and shorter oligo-

saccharide fractions (AF-GN-3) in addition to the
enzymic digestion-resistant fraction (AF-GN-1) by gel

filtration on Bio-gel P-6 (Scheme 1) (data not shown).

AF-GN-3 mainly contained eight oligosaccharides

(Oligo-1–8) in addition to the monosaccharides Ara and

Gal by HPAEC-PAD (Fig. 4A). AF-GN-2 gave oligo-

saccharides (Oligo-9–15) in addition to small propor-

tions of Oligo-3–8 (Fig. 4D). AF-GN-2 also gave

significant amounts of the fraction of longer oligosac-
charides (longer oligosaccharide fraction, Fig. 4D).

When AF-GN-2 and 3 each were digested with endo-b-
DD-(1fi 6)-galactanase, most of the oligosaccharide

peaks related to Oligo-2–15 disappeared after the

digestion, and it was seemed that these oligosaccharides
6
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al. have reported that b-DD-(1fi 3)-galactan backbone in ALR-5IIa-1-1

binofuranosidase digestion.5 Detail of this unknown glycosyl moiety is



Figure 3. HPAEC patterns of oligosaccharides released from

AF-ALR-5IIa-1-1 (A) and endo-b-DD-(1fi 6)-galactanase-treated

AF-ALR-5IIa-1-1 (GN-AF-ALR-5IIa-1-1) (see text) (B) with exo-b-DD-
(1fi 3)-galactanase digestion. Ara and Gal indicate the elution posi-

tion of monosaccharide, Ara and Gal.
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were changed to Oligo-1 and Gal (Fig. 4B and E). The

products in Fig. 4B and E were further digested with

exo-b-DD-galactosidase giving the monosaccharide Gal,
suggesting that Oligo-1 was b-DD-galactopyranosyl oli-
Figure 4. (A, D) HPAEC patterns of oligosaccharides in AF-GN-3 (A) an

AF-GN-3 (B) and 2 (E) with endo-b-DD-(1fi 6)-galactanase. (C, F) HPA

exo-b-DD-galactosidase.
gosaccharide (Fig. 4C and F). In addition, the longer

oligosaccharide fraction seemed to be digested by the
galactanase and the galactosidase (Fig. 4E and F). In

order to analyse the structure of the side chain oligo-

saccharides responsible for the activity of AF-ALR-

5IIa-1-1, relatively major oligosaccharides, Oligo-1–

Oligo-8 were analysed (Table 1). Analyses of component

sugars and digestibility with exo-b-DD-galactosidase
indicated that Oligo-1 consisted only of b-DD-Gal, and
MALDI-TOF-MS of ABOE-derivative of Oligo-1 gave
(M+Na)þ of hexobiose at m=z 598 (Table 1). 1H NMR

analysis assigned all the protons of Oligo-1 by COSY,

1D-TOCSY and decoupling techniques as shown in

Table 2. The H-6 of reducing terminal DD-Gal (d 3.802,
4.013, 3.833 and 4.028 ppm) were down field shifted by

0.1–0.3 ppm compared with H-6 of nonreducing termi-

nal DD-Gal, and the similar down field shifts were also

observed between C-6 of the reducing terminal DD-Gal (d
72.004 and 71.761 ppm) and that of the nonreducing

terminal DD-Gal (d 63.643 ppm). These results correlated
well with the methylation analysis (Table 3). 1D-NO-

ESY spectra indicated that H-1 of the nonreducing

terminal b-DD-Gal had a correlation with H-6 of reducing
terminal b-DD-Gal (data not shown). HMBC also showed
that H-1 (d 4.414 and 4.405 ppm) of nonreducing ter-
minal DD-Gal had cross peak with C-6 (d 72.004 and
71.761 ppm) of reducing terminal DD-Gal, and that H-6 (d
3.802–4.028 ppm) of the reducing terminal DD-Gal

showed the cross peak with C-1 (d 105.82 ppm) of the
nonreducing terminal DD-Gal (data not shown). There-

fore, Oligo-1 was identified as b-DD-Gal-(1fi 6)-DD-Gal.

Oligo-2 and Oligo-5 were mainly comprised of terminal
d AF-GN-2 (D). (B, E) HPAEC patterns of digestion products from

EC patterns of digestion products from 4B (C) and 4E (F) with



Table 1. Properties of Oligo 1–8 purified from AF-GN-3

Component sugara

(Gal: Ara)

Peak in HPAEC-

PADb

Digestability against

exo-b-DD-galactosidase
D.p.c (M+Na)þ D.p.d (M+Na)þ Deduced structuree

Oligo-1 Gal only Single peak Completely hydrolysed Hex2 (m=z 598) n.d.f b-DD-Galp-(1fi 6)-DD-Galp

Oligo-2 Gal only Single peak Completely hydrolysed n.d. Hex3 (m=z 649) b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-DD-Galp

Oligo-3 Gal only Peak a (30) Completely hydrolysed Hex4 (m=z 922) n.d. b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp
Peak b (1) Not hydrolysed n.d. n.d. n.d.

Oligo-4 Gal only Peak a (26) Completely hydrolysed Hex5 (m=z 1084) Hex5 (m=z 973) b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-DD-Galp

Peak b (1) Not hydrolysed n.d. n.d. n.d.

Oligo-5 Gal only Single peak Completely hydrolysed Hex6 (m=z 1246) n.d. b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-DD-Galp

Oligo-6 1:1 Single peak Partially hydrolysed n.d. n.d. n.d.

Oligo-7 2:1 Peak a (2) Completely hydrolysed n.d. Hex8 (m=z 1459) b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-DD-Galp

Peak b (1) Not hydrolysed n.d. n.d. n.d.

Oligo-8 Gal only Single peak Completely hydrolysed n.d. Hex9 (m=z 1621) b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-

b-DD-Galp-(1fi 6)-b-DD-Galp-(1fi 6)-DD-Galp

aComponent sugars of oligosaccharides were analysed by PMP method as described in Experimental.
bNumbers in parenthesis indicate the ratio of oligosaccharides in each oligosaccharide fraction.
cD.p. of oligosaccharides were analysed as ABOE-derivatives from the data of (M+Na)þ and of PSD analysis by MALDI-TOF-MS.
dD.p. of oligosaccharides were analysed as 2-AB-derivatives from the data of (M+Na)þ and of PSD analysis by MALDI-TOF-MS.
eStructures of oligosaccharides were deduced from the results in this table and the results of endo-b-DD-(1fi 6)-galactanase digestion (see Fig. 4).
fNot determined.
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Table 2. Assignment of Oligo-1 on 1H NMR

Chemical shifts (ppm)

H-1 H-2 H-3 H-4 H-5 H-6c

fi 6)-a-DD-Galp 5.226 3.759 3.825 3.982 4.240 3.802

4.013

fi 6)-b-DD-Galp 4.554 3.452 3.613 3.922 3.867 3.833

4.028

b-DD-Galp-(1fia 4.414 3.495 3.613 3.880 3.660 3.708

3.749

b-DD-Galp-(1fib 4.405

aSignal of nonreducing terminal b-DD-Gal linked with b-DD-Gal of reducing terminal.
bSignal of nonreducing terminal b-DD-Gal linked with a-DD-Gal of reducing terminal.
cC-6 of reducing terminal DD-Gal was observed at 72.004 and 71.761 ppm in 13C NMR, and C-6 of nonreducing terminal DD-Gal was observed at

63.643 ppm.

Table 3. Methylation analysis of purified oligosaccharides from AF-GN-3

Glycosyl

residue

Deduced glycosidic

linkage

mol%

Oligo-1 Oligo-2 Oligo-3 Oligo-4 Oligo-5 Oligo-6

Gal Terminal (p) 43.4 34.9 27.2 22.7 19.5 13.6

Terminal (f) 0.3 2.2

2 0.7

3 0.7 1.4

4 0.7

6 (p) 48.5 40.1 52.0 55.7 52.2 23.8

6 (f) 8.1a 11.4a 10.5a 11.7a 5.9a 21.3a

2,6 1.0 1.8

3,6 1.8 2.1 2.3 2.8 4.0

4,6 2.2 3.0 3.8 3.3

3.4,6 1.0 1.3 2.2

Ara Terminal (f) 2.3 1.8 2.4 4.6 18.3

4 or 5 1.8 15.7

Xyl 4 0.6

Glc 4 0.5 2.0 6.1

a1,4,6-Tri-OAc-2,3,5-tri-OMe-galactitol was suggested to be derived from 6-linked Gal of reducing terminal.
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Galp, and 6-linked Galp, MALDI-TOF-MS analysis

and enzymic digestion with exo-b-DD-galactosidase indi-
cated that Oligo-2 and Oligo-5 were (1fi 6)-linked b-DD-
galactopyranosyltriose and hexaose, respectively (Table

1). Because Oligo-8 could be digested to b-DD-(1fi 6)-
galactobiose and Gal with endo-b-DD-(1fi 6)-galactanase

completely, and its 2-AB-derivative gave (M+Na)þ at

m=z 1621, it was b-DD-(1fi 6)-galactopyranosylnonaose

(Table 1). Oligo-3, 4 and 7 still contained two oligo-

saccharide peaks. However, major oligosaccharide

peaks in these preparations were digested to only Gal by

exo-b-DD-galactosidase. Their ABOE- or 2-AB-deriva-
tives gave (M+Na)þ at m=z 922 (Oligo-3, ABOE), 1084
(Oligo-4, ABOE) and 1459 (Oligo-7, 2-AB) in MALDI-

TOF-MS analysis (Table 1). By PSD analysis of

MALDI-TOF-MS, major peaks in Oligo-3, 4 and 7 were

suggested to be hexosyl tetra-, penta- and octa-sacchar-

ides, respectively (Table 1, detailed data was not shown).

Because Oligo-3 and Oligo-4 were mainly comprised of

terminal and 6-linked Galp, they were identified as b-DD-
(1fi 6)-galactopyranosyl-tetra- and pentaose, respec-
tively (Tables 1 and 3). The major peak in Oligo-7 was
digested to b-DD-(1fi 6)-galactobiose by endo-b-DD-
(1fi 6)-galactanase (Table 1 and Fig. 4), suggesting that

it was b-DD-(1fi 6)-galactopyranosyloctaose. Oligo-6

also gave a single peak on HPAEC-PAD analysis con-

taining Gal and Ara (Table 1). Methylation analysis
indicated that Oligo-6 was composed mainly of terminal

and 6-linked Galp and terminal Araf in addition to 4- or

5-linked Ara (Table 3). The oligosaccharide was par-

tially hydrolysed by exo-b-DD-galactosidase, resulting in
shorter oligosaccharide (data not shown), suggesting

that Oligo-6 might be galactosyl oligosaccharide bearing

arabinosyl side chains. The structure of Oligo-6 could

not be deduced in the present study because of too small
amount available.
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