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Abstract

Intestinal immune system modulating arabino-3,6-galactan (ALR-51IIa-1-1) has been purified from rhizomes of Atractylodes lancea DC. In
order to characterize the structure of ALR-5IIa-1-1 sequential enzymic digestion using exo-a-L-arabinofuranosidase and exo-(3-D-(1 — 3)-
galactanase was employed. After ALR-5Ila-1-1 was digested with the arabinofuranosidase to give AF-ALR-5Ila-1-1, the galactanase
digestion cleaved only 10% and 23% of 3-linked and 3,6-branched Gal in AF-ALR-5lia-1-1, respectively, and gave small amounts of
intermediate size (AF-GN-2) and shorter oligosaccharide (AF-GN-3) fractions in addition to a large amount of the galactanase-resistant
fraction (AF-GN-1). When AF-GN-1 was re-digested gradually with the arabinofuranosidase and galactanase, it released trace amounts of
oligosaccharides in addition to a large amount of the enzyme-resistant fraction. When the final enzyme-resistant fraction from AF-GN-1 was
digested simultaneously with both arabinofuranosidase and galactanase, the resistant fraction was significantly degraded into two long
fragments (AF;-GN;-1 and 2). Mixture of digestion products from the first galactanase digestion of AF-ALR-51la-1-1 showed decreased
intestinal immune system modulating activity which was correspond to about 30% of the activity of ALR-5I1a-1-1, but the galactanase
resistant fraction (AF-GN-1) still had significant activity. Although the second gradual enzymic digestion of AF-GN-1 caused little decrease
in activity, the resulting fragments (AF;-GN;-1 and 2) from the final enzymic digestion lost most of the activity.

Component sugar, methylation and MALDI-TOF-MS analyses indicated that the oligosaccharides released from AF-ALR-51Ia-1-1 by the
first galactanase digestion consisted of galactosyl di- to hexadecasaccharides mainly comprising 6-linked Galp and Galf some of which were
partially mono- or diarabinosylated. These oligosaccharides were attached to the non-reducing terminal side of 3-bp-(1 — 3)-galactan
backbone as side chains. The final fragments (AF;-GNj3-1 and 2) were located in the inner core of ALR-5Ila-1-1, and AF;-GN;-2 was
composed mainly of terminal, 3-linked and 6-linked Gal whereas AF;-GN;-1 was suggested to have a complex structure © 2001 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Arabinogalactans are polysaccharides rich in galactosyl
and arabinosyl residues, and in some situations they occur in
covalent association with protein as proteoglycans (arabino-
galactan-proteins). They are found in higher plants and in
liverworts, and occur on cell membranes, in extracellular
matrices and in gum exudates (Clarke, Anderson & Stone,
1979).

Aspinall (1973) and Clarke et al. (1979) classified plant
arabinogalactans and arabinogalactan-proteins into type I,
type II and another type according to the structure of arabi-
nogalactan portion. Type I arabinogalactans are arabino-4-
galactan which have a (1 — 4)-3-p-galactan backbone with

* Corresponding author. Tel.: +81-3-5791-6121; fax: +81-3-3445-1351.
E-mail address: yamada-h@kitasato.or.jp (H. Yamada).

arabinosyl oligosaccharide side chains. Type II arabinoga-
lactans are arabino-3,6-galactans which comprise a highly
branched (1 — 3)-B-D-galactan backbone possessing
(1 — 6)-B-p-galactosyl and/or arabinosyl side chains
attached at position 6 to some of the galactosyl residues in
the backbone. Other arabinogalactan types are polysacchar-
ides with arabinogalactan side chains such as a pectic arabi-
nogalactan from Angelica acutiloba Kitagawa (Kiyohara &
Yamada, 1989).

In aspects of plant physiological functions, arabinogalac-
tan-proteins have a role in cell identity and/or cell-to-cell
signaling, and contribute to cell proliferation, somatic
embryogenesis, and pollen tube growth (Bacic, Du, Stone
& Clarke, 1996; Gao & Showalter, 1999; Kreuger & Holst,
1996; Nothnagel, 1997; Roy, Jauh, Hepler & Lord, 1998).
Although the most popular arabinogalactan, gum arabic
from Acacia sp. has been used for food additives, other
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Scheme 1. Sequential enzymic degradation procedure of ALR-5ITa-1-1 —
(a) Arafase: exo-a-L-arabinofuranosidase digestion; (b) GNase: exo-f3-D-
(1 — 3)-galactanase digestion; (c) Arafase + GNase: simultaneous diges-
tion with exo-a-L-arabinofuranosidase and exo-f3-D-(1 — 3)-galactanase.

arabinogalactans have been evaluated for their pharmacolo-
gical activity and medicinal uses. Yamada, Kiyohara,
Cyong and Otsuka (1985) have reported that an arabino-
3,6-galactan, which is isolated from a medicinal herb,
roots of A. acutiloba, shows complement activating activity
through classical and alternative pathways. Several arabino-
galactans and arabinogalactan-containing polysaccharides
have been found as complement activators, and their galac-
tan portions were suggested to contribute to the expression
of their activity (Yamada & Kiyohara, 1999). It also has
been reported that some arabinogalactans such as larch
wood arabinogalactan stimulate natural killer (NK) cell
cytotoxicity, TNF production of macrophages and tumor
cytotoxicity of macrophages, and are applicable as drug
carrier for hepatic drug delivery (Groman, Enriquez, Jung
& Josephson, 1994; Hauer & Anderer, 1993; Kelly, 1999).

In the previous studies, we have purified an arabinoga-
lactan (ALR-5IIa-1-1) having potent intestinal immune
system modulating activity from rhizomes of Atractylodes
lancea DC., and its 3-b-(1 — 3,6)-galactan moiety has been
suggested to play an important role for expression of the
activity.

In the present paper, we describe the structural character-
ization of galactan portion of ALR-5IIa-1-1 using specific
carbohydrases such as exo-a-L-arabinofuranosidase and
exo-B-D-(1 — 3)-galactanase, and its structural requirement
for expression of the activity.

2. Materials and methods
2.1. Materials

Rhizomes of A. lancea DC., which were cultivated at
Huabei Province in China, were purchased commercially
from Tochimoto-Tenkaido Co. Ltd. (Osaka). Bio-gel P-6
and P-30 were obtained from Bio-Rad (USA), 3-p-gluco-
syl-Yariv antigen from Biosupplies (Australia), and Sep-pak
Cyg cartridges from Waters Assoc. (USA). Exo-a-L-arabi-
nofuranosidase (Megazyme, Australia) from Aspergillus
niger was purified by FPLC (Lerouge, O’Neill, Darvill &
Albersheim, 1993). Driselase (Irpex lacteus) was purchased
from Kyowa-Hakko Co. Ltd. (Japan), and exo-B-D-(1 — 3)-
galactanase was purified from Driselase according to the
procedure of Tsumuraya, Mochizuki, Hashimoto and
Kovac (1990).

2.2. General method

Total carbohydrate, pentose, uronic acid and protein
contents in column eluates were measured by the phenol-
sulfuric acid (Dubois, Gilles, Hamilton, Rebers & Smith,
1956), phloroglucinol-AcOH (Dische & Borenfreund,
1957), m-hydroxybiphenyl (Blumenkrantz & Asboe-
Hansen, 1973) and Bradford’s method (Bradford, 1976)
with Bio-Rad dye (Bio-Rad) using Gal, Ara, GalA and
bovine IgG as the respective standards. Sugars were
converted into TMS methyl glycoside derivatives and
analyzed by GLC using a DB-1 capillary column
(0.20 pm film, 0.25 mm i. d.X30m, Supelco) (York,
Darvill, McNeil, Stevenson & Albersheim, 1986). GLC
was performed on an HP-5890 Series II gas chromatograph
(Hewlett—Packard, USA), and the program was: 60°C for
1 min, 60 — 170 (30°C/min), 170 — 190 (1°C/min), and
190 — 300 (30°C/min). Single radial gel diffusion by
using B-D-glucosyl-Yariv antigen was performed according
to the procedure of Holst and Clarke (1985).

2.3. Purification of ALR-5I1a-1-1

A crude polysaccharide fraction (ALR-5) was prepared
from rhizomes of A. lancea DC. by hot water extraction,
EtOH precipitation, and dialysis (Yu, Kiyohara, Matsu-
moto, Yang & Yamada, 1998). ALR-5I1a-1-1 as an intest-
inal immune system modulating arabinogalactan was
purified from ALR-5 on DEAE-Sepharose CL-6B
(HCO;3), Sephacryl S-200 and S-300 as described
previously (yield from ALR-5, 0.14%) (Yu et al., 1998).
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2.4. Sequential enzymic digestion of ALR-51la-1-1 (Scheme
1)

(a) Procedure 1: ALR-5Ila-1-1 (17 mg) was digested
with exo-a-L-arabinofuranosidase (0.01 U) in 4ml of
50 mM acetate buffer (pH 4.5) at 40°C for 7 h. The digestion
products were fractionated on a column (2 X 50 cm) of Bio-
gel P-30 in 50 mM acetate buffer (pH 5.2), and the fractions
eluted in the void volume (AF-ALR-5IIa-1-1) and in the
inner volume were obtained. AF-ALR-5IIa-1-1 was
desalted by electrophoretic dialyzer (Microacylizer, Asahi
Chemical Industry, Japan). AF-ALR-51Ia-1-1 (10 mg) was
further digested with exo-3-D-(1 — 3)-galactanase (0.1U) in
50 mM acetate buffer (pH 4.5, 5 pl) at 37°C for 48 h. The
digestion products were fractionated on a column
(1.5%90 cm) of Bio-gel P-6 with 50 mM acetate buffer
(pH 5.2), and the fraction (AF-GN-1, 8 mg) eluted in the
void volume, intermediate fraction (AF-GN-2) and the
lowest-molecular-weight  fraction  (AF-GN-3)  were
obtained.

(b) Procedure 2: AF-GN-1 (8 mg) was re-digested with
exo-a-L-arabinofuranosidase as above, and the resulting
enzyme-resistant fraction, AF,-GN-1 (7 mg) was further
digested with exo--p-(1 — 3)-galactanase. The digestion
products were fractionated on Bio-gel P-6 to obtain the
fraction eluted in the void volume (AF,-GN,-1, 5 mg), inter-
mediate fraction (AF,-GN,-2) and the lowest-molecular-
weight fraction (AF,-GN,-3).

(c) Procedure 3: AF,-GN,-1 was simultaneously digested
with both exo-a-L-arabinofuranosidase and exo-f3-D-
(1 — 3)-galactanase at 37°C for 48 h in 50 mM acetate
buffer (pH 4.5). The digestion products were fractionated
on Bio-gel P-6, and the fraction eluted in the void volume
(AF;-GN;-1) (yield from ALR-511a-1-1, 12.9%) and lower-
molecular-weight fraction (AF;-GN;-2) (yield from ALR-
5IIa-1-1, 7.6%) were obtained.

2.5. Methylation analysis

Each sample was methylated according to the Hakomori
method (Hakomori, 1964), and the methylated products
were recovered using a Sep-pak C;g cartridge following
the procedure of Waeghe, Darvill, McNeil and Albersheim
(1983) except that samples were eluted only with EtOH.
Carboxymethyl groups in methylated products were
reduced with Li(Et);BD; in THF (Super-Deuteride®,
Aldrich) at room temperature for 1 h (York et al., 1986),
and the reduced products were recovered on a Sep-pak Cg
cartridge. The methylated products were hydrolyzed with
2M TFA at 121°C for 1.5h and converted into partially
methylated alditol acetates. The resulting partially methy-
lated alditol acetates were analyzed by GLC and GLC-
EIMS. GLC was performed on a Hewlett—Packard model
5890 gas chromatograph equipped with an SP-2380 capil-
lary column, and EIMS was done on a Hewlett—Packard
model 5970B mass spectrometer. Conditions of GLC were

as described previously (Zhao, Kiyohara, Yamada, Take-
moto & Kawamura, 1991). Methylated alditol acetates
were identified by their fragment ions in EIMS and their
relative retention times in GLC. Their molar ratios were
estimated from the peak areas and the response factors
(Sweet, Shapiro & Albersheim, 1975).

2.6. MALDI-TOF-MS analysis of methylated
oligosaccharides

Methylated oligosaccharides derived from AF-GN-2 and
AF-GN-3 were analyzed by MALDI-TOF-MS. For analysis
1 pl of sample solution in MeOH was added with 10 pl of
2,5-dihydrobenzoic acid solution (10 mg/ml H,0), and 1 pl
of the aliquot on the MALDI plate was dried in a gentle
stream of air at room temperature. Samples were analyzed
with a Voyger model RE-DP (PerSeptive Biosystems) with
nitrogen laser of 337-nm wavelength and 3 ns-pulse width.
The mass spectrometer was operating in the positive ion
mode with a delayed extraction time of 100 ns. Ions were
accelerated to an energy of 20 kV before entering the TOF
mass spectrometer. The minimum laser power required to
obtain a good spectrum was used and about 30 spectra were
accumulated.

2.7. Intestinal immune system modulating activity

The activity was measured according to the procedure of
Hong, Matsumoto, Kiyohara and Yamada (1998). Suspen-
sion of Peyer’s patch cells in RPMI 1640 medium supple-
mented with 5% fetal bovine serum (FBS) (RPMI 1640-
FBS) was prepared from a small intestine of C3H/HeJ
mice (6-8 weeks old, SLC, Shizuoka, Japan). About
200 wl of the cell suspension (2X 10° cells/ml in RPMI
1640-FBS) was cultured with test sample in a 96-well flat
bottom microtiter plate for 5-6 days at 37°C in a humidified
atmosphere of 5% CO,-95% air. The resulting culture super-
natant (50 pl) was incubated with 100 pl of bone marrow
cell suspension (2.5 X 10° cells/ml) from C3H/HeJ mice for
6 days in a humidified atmosphere of 5% CO,-95% air in
order to evaluate the ability for the growth of bone marrow
cells. After 20 pl of Alamar Blue™ solution (Alamar Bio-
Sciences Inc., Sacramento, CA) was added to each well, the
cells were then continuously cultured for over 5 h to esti-
mate the cell numbers (Pagé, Pagé & No€l, 1993). To count
cell numbers the fluorescence intensity was measured
during cultivation using a Fluoroskan II (Labsystems) at
an excitation wavelength of 544 nm and emission wave-
length of 590 nm. The differences between the control (a
cell number of bone marrow cells cultured with supernant of
Peyer’s patch cells which were incubated with water) and
the treatment in the experiments were tested for statistical
significance by the student’s #-test. A value of p < 0.05 was
considered to show that the test sample had statistically
significant intestinal immune system modulating activity.
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Fig. 1. Gel filtration patterns on Bio-gel P-30 (A, C) and P-6 (B, D, E) of digestion products from ALR-5IIa-1-1 by exo-a-L-arabinofuranosidase and exo-3-D-
(1 — 3)-galactanase. (A) exo-a-L-arabinofuranosidase digestion products of ALR-5IIa-1-1. (B) exo-B-D-(1 — 3)-galactanase digestion products of AF-ALR-
51Ia-1-1 from A. (C) exo-a-L-arabinofuranosidase digestion products of AF-GN-1 from B. (D) exo-B-D-(1 — 3)-galactanase digestion products of AF,-GN-1
from C. (E) products by simultaneous exo-a-L-arabinofuranosidase and exo-B-p-(1 — 3)-galactanase digestion of AF,-GN,-1 from D. @, Hexose (490 nm);

A, UV absorbance (280 nm); <, pentose (552 nm).
3. Results
3.1. Sequential enzymic digestion of ALR-511a-1-1

The previous study have indicated that about 45% of
galactosyl linkages in ALR-5Ila-1-1 were -effectively
cleaved by the simultaneously enzymic digestion with
both exo-a-L-arabinofuranosidase and exo-B-p-(1 — 3)-
galactanase, and the intestinal immune system modulating
activity was significantly decreased (Yu et al., 1998).

Therefore, these enzymic digestions are useful for a struc-
tural analysis of ALR-5I1a-1-1, and we attempted to degrade
ALR-5ITa-1-1 by these enzymes as shown in Scheme 1.
After ALR-5IIa-1-1 was digested with exo-a-L-arabino-
furanosidase, the digestion products were fractionated on
Bio-gel P-30 to obtain the resistant fraction, AF-ALR-5IIa-
1-1 and the fraction eluted in the inner volume (Fig. 1A). The
fraction eluted in the inner volume consisted mainly of Ara,
and about 60% of Ara in ALR-5Ila-1-1 was decreased
(Table 1). Methylation analysis of AF-ALR-5I1a-1-1 indicated
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Table 1
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Component sugars of digestion products from ALR-5Ila-1-1 by exo-a-L-arabinofuranosidase and exo-B-D-(1 — 3)-galactanase (n. d. — not determined)

ALR-5IIa-1-1 AF-ALR-5IIa-1-1 AF-GN-1 AF-GN-2 AF-GN-3 AF;-GN3-1 AF;-GN3-2

Ara 32.7 12.9 52 27.8 32 6.4 19.6
Xyl 1.0 14 2.0 - - 1.6 -

Rha 04 0.6 14 - - 2.2 1.7
Fuc Trace Trace 0.8 - - 1.9 -

Man 2.5 3.7 7.5 - - 8.7 74
Gal 60.5 76.8 74.0 71.2 93.3 56.6 51.9
Glc 2.9 4.6 9.0 0.6 1.6 22.6 19.4
GIcA Trace Trace Trace - 1.5 n. d. n. d.
GalA Trace Trace Trace 0.4 0.4 n. d. n. d.

that terminal Araf, 3,4- or 3,5-branched Ara and 3,6-
branched Gal were decreased with increasing of 4- or 5-
linked Ara and 6-linked Gal (Table 2). AF-ALR-5IIa-1-1
was further digested with exo-3-p-(1 — 3)-galactanase, and
the digestion products were fractionated on Bio-gel P-6.
However, the products still gave a large amount of the frac-
tion eluted in the void volume (AF-GN-1) in addition to
small amounts of an intermediate fraction (AF-GN-2) and
a fraction eluted in the inner volume (AF-GN-3) (Fig. 1B).
Methylation analysis of AF-GN-1 suggested that the only

Table 2

10% and 23% of 3-linked Gal and 3,6-branched Gal, respec-
tively, in AF-ALR-5IIa-1-1 were released by the present
galactanase digestion (Table 2). AF-GN-1 was tested for a
reactivity with B-D-glucosyl-Yariv antigen by a single radial
gel diffusion but AF-GN-1 showed no reactivity (data not
shown). AF-GN-1 was re-digested with exo-a-L-arabinofur-
anosidase followed by exo-B-D-(1 — 3)-galactanase as the
above same procedure, and fractionated on Bio-gel p-6.
However, the digest gave very small amounts of an inter-
mediate fraction (AF,-GN,-2) and the inner volume fraction

Methylation analysis of digestion products from ALR-5IIa-1-1 by exo-a-L-arabinofuranosidase and exo-B-D-(1 — 3)-galactanase (values in parenthesis

represent molar percentage of linkages calculated from only Gal residues)

Glycosyl residue Deduced linkage Mol. %
ALR-5IIa-1-1 AF-ALR-5IIa-1-1 AF-GN-1 AF;-GNj3-1 AF;-GNj3-2
Ara Terminal (f) 30.0 8.6 5.1 5.5 18.1
Terminal (p) 1.0 1.3 - - -
4or5 9.4 12.4 2.4 2.1 52
340r3,5 6.7 - - - -
Xyl Terminal (p) 1.0 0.7 0.4 04 -
2 0.3 0.3 0.6 0.7 -
4or5 0.6 0.9 1.2 14 -
Rha Terminal 1.4 0.6 1.0 1.1 0.6
2 0.5 0.6 0.9 1.0 -
3 0.2 0.3 0.6 0.6 -
Fuc 3 0.6 0.7 0.9 1.3 -
Man Terminal 0.3 0.6 1.1 1.7 54
2 0.9 1.3 2.6 35 -
4 - 3.0 - - -
Gal Terminal 1.3 7.5 (13.6) 7.9 (13.3) 7.8 245
3 7.2 5.8 (10.5) 56094 4.1 17.5
4 7.6 11.3 13.0 16.3 -
6 (f) 1.5 2.1 33 32 -
6 (p) 2.6 17.4 (31.6) 18.3 (30.7) 12.1 9.6
2,6 0.3 0.5 1.1 1.0 -
3,6 15.2 6.9 (12.5) 5.7 (9.6) 3.1 4.0
4,6 22 3.6 4.6 44 -
Glc Terminal (f) 3.8 5.7 8.4 8.8 -
Terminal 0.9 1.4 2.1 2.3 6.5
3 1.7 22 34 4.8 33
4 2.5 29 4.8 53 43
6 - 33 4.6 6.9 -
3,4,6 1.0 1.3 0.8 0.9 1.1
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Table 3

Intestinal immune system modulating activity of products from ALR-5IIa-1-1 by exo-a-L-arabinofuranosidase and exo-f-D-(1 — 3)-galactanase digestions

Product Concentration (jg/ml) Fluorescence Remaining activity (%)"
intensity®
(Mean = S.E.)
Exp. 1 Control - 1740 = 55
ALR-5ITa-1-1 100 2510 = 80° 100
Mixture! 100 2000 = 55° 33.8
25 1990 =+ 89
AF-GN-1 100 2330 =55 76.6
25 2180 + 89
Exp. 2 Control - 1260 = 21
ALR-51la-1-1 100 2240 =+ 38° 100
25 1660 * 45
AF-GN-1 100 2120 + 53 87.8
25 1750 £ 36
AF,-GN,-1 100 1850 = 52¢ 60.2
25 1850 = 18°
Exp. 3 Control - 1641 =45
ALR-51I1a-1-1 100 3112 £ 92°¢ 100
25 2113 £ 55
AF;-GN;-1 100 1932 + 44¢ 19.8
25 1652 = 42°
AF;-GN;3-2 100 1902 + 53¢ 17.7
25 1328 £55

* Experiments 1-3 could not be compared mutually because the reaction time with Alamar blue in each experiment was changed depending on the growth of

cells.

® The values were calculated from [(mean of sample — mean of control)/(mean of ALR-5Ila-1-1 — mean of control)] X 100.

¢ p <0.005; between control and sample.

¢ Mixture of digestion products from ALR-5I1a-1-1 with exo-a-L-arabinofuranosidase followed by exo-B-D-(1 — 3)-galactanase.

¢ p <0.05; between ALR-51Ta-1-1 and samples.

Table 4

Methylation analysis of oligosaccharide fractions derived from ALR-5I1a-
1-1 by exo-a-L-arabinofuranosidase and exo-B-D-(1 — 3)-galactanase
digestions

Glycosyl residue Deduced linkage Mol. %
AF-GN-2 AF-GN-3
Ara Terminal (f) 5.3 2.0
Terminal (p) 1.2 -
2 (f) - 0.3
3(p) 0.6 -
4or5 6.8 -
Gal Terminal 18.9 48.3
3 _ _
4 - 0.6
6 (f) 34 20.3
6(p) 45.8 26.6
3,6 7.0 0.5
4,6 1.7 0.5
3,4,6 2.3 -
Glc Terminal 0.4 0.7
3 34 0.2
GlcA 4 29 -

(AF,-G,-3) in addition to a large amount of a resistant frac-
tion (AF,-GN,-1) (Fig. 1C and D). AF,-GN,-1 was further
digested simultaneously with both exo-a-L-arabinofurano-
sidase and exo-f-D-(1 — 3)-galactanase as the previous
study (Yu et al., 1998). The resulting digest gave significant
amounts of an intermediate size fraction (AF;-GN;-2) and a
fraction, (AF;-GN3-1) eluted in the void volume (Fig. 1E).
Component sugar analysis indicated that AF;-GN3-1 and 2
mainly comprised Gal and Glc, and Ara, Gal and Glc,
respectively (Table 1), suggesting that AF,-GN,-1 was
degraded significantly by the simultaneous enzymic diges-
tion with exo-o-L-arabinofuranosidase and exo-f-D-
(1 — 3)-galactanase.

3.2. Intestinal immune system modulating activities of
fragments

Intestinal immune system modulating activities of the
fractions obtained by the enzymatic digestions were tested.
Mixture of digestion products from AF-ALR-5IIa-1-1 with
exo-B-D-(1 — 3)-galactanase significantly decreased the
activity, but AF-GN-1 still had the significant activity
at a concentration of 100 wg/ml (remaining activity was
about 80% compared with ALR-5Ila-1-1) (Table 3).
AF,-GN,-1 showed about 20%-decreased activity compared
with AF-GN-1, and AF;-GN3-1 and AF;-GN;-2 showed the
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Fig. 2. MALDI-TOF-MS spectrum of methylated oligosaccharides derived from AF-GN-2.

significantly reduced activity from AF,-GN,-1 (Table 3).
These results strongly suggest that oligosaccharide chains
in AF-GN-2 and 3 mainly contributed (about 70% of total
activity) to expression of the intestinal immune system
modulating activity of ALR-5IIa-1-1. Although participa-
tion of oligosaccharides obtained as AF,-GN,-2 and 3
seemed to be little, carbohydrate chains in AF;-GN3-1 and 2
were suggested to contribute most of the remaining activity.

3.3. Analysis of fragments

Component sugar and methylation analyses indicated that
AF-GN-2 consisted mainly of Ara and Gal (Table 1), and
that it mainly comprised terminal and 6-linked and 3,6-
branched Galp, although it was seemed that terminal Araf
and 4- or 5-linked Ara were lost during the of methylation
analysis procedure (Table 4). It was also postulated that AF-
GN-3 consisted mainly of galactosyl-oligosaccahrides
comprising terminal and 6-linked Galp, and 6-linked Galf
(Tables 1 and 4). When the methylated products derived
from AF-GN-2 were analyzed by MALDI-TOF-MS, it
mainly gave peaks having pseudomolecular ions,
[M + Na]® due to hexosyl tri- to hexadecasaccharides
(Fig. 2). It was also suggested that AF-GN-2 contained
hexosyl oligosaccharides having one or two pentosyl resi-

dues. Because AF-GN-2 consisted mainly of terminal and 6-
linked Galp and 6-linked Galf as the hexosyl residue, and
terminal Araf and 4- or 5-linked Ara as the pentosyl resi-
dues, most of these oligosaccharides were considered to
comprise partially mono- or di-arabinosylated 6-linked
galactosyl oligosaccharides. MALDI-TOF-MS analysis
also indicated that AF-GN-3 contained hexosyl di- to hepta-
saccharides (data not shown). Structural analyses by the
same procedures indicated that AF,-GN,-2 and 3 also
contained the similar partially arabinosylated 6-linked
galactosyl oligosaccharides as AF-GN-2 and 3, but their
amounts were suggested to be little (data not shown).
Component sugar analysis showed that AF;-GNj3-1 and 2
mainly comprised Gal and Glc, in addition AF;-GNj3-2
also consisted mainly of Ara (Table 1). Methylation analysis
suggested that AF;-GN3-2 was composed mainly of term-
inal Araf, terminal, 3-linked and 6-linked Gal and terminal
Glc, whereas AF;-GN;-1 contained more complex glycosi-
dic linkages such as 4-linked and 6-linked Gal, and terminal
Glcf (Table 2).

4. Discussion

Gut-associated lymphoreticular tissues (GALT) exist on
the intestinal lumen and play important roles in host defense
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Fig. 3. Partial structural feature of galactan portion in ALR-5IIa-1-1 a, b: Degrees of polymerization of 3-D-(1 — 3)-galactosyl backbone are unknown. X: exo-

a-L-arabinofuranosidase-sensitive glycosyl residue.

such as IgA production in the intestine (Stephen & Martin,
1994). Because lymphocytes in Peyer’s patches of GALT
migrate through mesenteric lymph nodes, and reach
systemic circulation to deliver into peripharal lymph
nodes, spleen, and other mucosal sites, intestinal immune
system regulates systemic immune system as well as muco-
sal immune system. Since most traditional herbal medicines
have been used for treatments of diseases by oral adminis-
tration, there is a possibility that these medicines express
their clinical effects through the intestinal immune system.

In a previous study, the hot water extract of rhizomes of
A. lancea DC. has been found to modulate the intestinal
immune system through Peyer’s patches, and that macro-
molecules rather than relatively low molecular-weight
substances in A. lancea contribute to the activity (Yu et
al., 1998). Three potently active polysaccharides (ALR-
SHa-1-1, 5IIb-2-2 and SIIc-3-1) have been purified from
rhizomes of A. lancea DC. ALR-5I1a-1-1 is an arabinoga-
lactan (type II arabinogalactan). It has been suggested that
B-pD-(1 — 3,6)-galactan moiety contribute to the activity
because a trimming of arabinosyl side chains did not affect
the activity whereas hydrolysis of B-D-(1 — 3)-galactosyl
linkages did (Yu et al., 1998). Previous study also indicated
that the simultaneous digestion with exo-a-L-arabinofura-
nosidase and exo-f-D-(1 — 3)-galactanase cleaved about
45% of galactosyl linkages in ALR-5ITa-1-1, and resulted
a significant reduction of its intestinal immune system
modulating activity (Yu et al., 1998), therefore in the
present study these enzymes were considered to be useful
for structural characterization of the galactan moiety in
ALR-5ITa-1-1. Tsumuraya et al. (1990) have shown that
exo-3-D-(1 — 3)-galactanase from I. lacteus can cleave -
D-(1 — 3)-galactosyl linkages of the galactan backbone in
type II arabinogalactan from the non-reducing terminal of
the backbone with or without side chains. The present
results suggested that the first galactanase digestion of
Araf-trimmed ALR-5ITa-1-1 (AF-ALR-5IIa-1-1) cleaved
parts of B-D-(1 — 3)-galactosyl linkages to release the small
amounts of partially arabinosylated di- to hexadecasacchar-
ides from the side chains which consisted mainly of 6-linked
Galp and Galf, and that these side chains were located on the
non-reducing terminal side of ALR-5IIa-1-1. However, this

galactanase digestion could not degrade all of the B-D-
(1 — 3)-galactosyl linkages sensitive to the galactanase.
After the second arabinofuranosidase digestion of the resis-
tant fraction (AF-GN-1 from AF-ALR-5IIa-1-1), the second
galactanase digestion released only small amounts of side
chains suggesting that the side chains were located on the
inner portion of ALR-5Ila-1-1 whereas the side chains
released by the first galactanase digestion were on the
outer portion. These results suggest that the glycosyl resi-
dues such as Araf residue might be inserted into the B-D-
(1 — 3)-galactan backbone of ALR-5Ila-1-1 preventing a
complete degradation of the galactan backbone. Ponder
and Richards (1997) have reported that larch arabinogalac-
tan comprises arabinosyl residues at the non-reducing term-
inal of the galactan main chain. Simultaneous digestion with
both arabinofuranosidase and galactanase digestions could
degrade the galactanase-resistant fraction (AF,-GN,-1)
although it was not cleaved when only the galactanase
digestion was performed. These result suggest that: (1)
pieces of 3-D-(1 — 3)-galactosyl backbones were connected
to each other through unknown glycosyl residue in the back-
bone, which was sensitive against exo-a-L-arabinofuranosi-
dase digestion; (2) these galactosyl backbones mainly
possess partially arabinofuranosylated mono- to pentadeca-
galactosyl side chains in a non-reducing terminal side; (3)
these partially arabinosylated galactosyl oligosaccharide
side chains might be attached to position 6 of the backbone,
because half of 3,6-branched Gal in AF-ALR-5IIa-1-1 was
reduced by the repeated galactanase digestions (Table 2);
(4) ALR-5I1a-1-1 consisted of galactan chain having the
galactanase-resistant complex structure which mainly
comprised 4-linked and 6-linked Gal and terminal Glcf
and Gal in addition to small proportions of 3-linked and
3,6-branched Gal (Fig. 3).

Comparison of intestinal immune system modulating
activities of digestion products from the enzyme-resistant
fragments strongly suggests that outer galactosyl chains
in ALR-5ITa-1-1 at the non-reducing terminal side play
an important role for expression of the activity, and that
the 3-bD-(1 — 3)-galactosyl outer backbone attached with
partially arabinosylated galacto-mono- to pentadecasac-
charide side chains may contribute to expression of the
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activity. The present result also indicates that the resis-
tant fraction (AF-GN-1) against the first galactanase
digestion still keeps the structure for the activity, and
that the complex galactosyl chains (AF;-GN3-1 and 2)
located on the side of the reducing terminal of AF-
ALR-5Ila-1-1 are more responsible rather than the
branched B-p-(1 — 3)-galactosyl chains which were liber-
ated by the second galactanase digestion. When the
intestinal immune system modulating activity was
compared between ALR-5IIa-1-1 and an arabinogalactan
from larch wood (Larix occidentalis), the arabinogalactan
from larch wood did not show activity (Yu et al., unpub-
lished data). It has been reported that the larch wood
arabinogalactan comprises 3-D-(1 — 3)-galactan backbone
possessing  arabinofuranosylated  (3-D-(1 — 6)-galacto-
oligosaccharide side chains less than trisaccharide in
addition to mono- to diarabinosylated side chains
(Bouveng & Lindberg, 1961; Ponder & Richards, 1997;
White, 1942). Present results suggested that the galacto-
syl side chains of ALR-5IIa-1-1 consisted of not only 6-
linked Galp but also 6-linked Galf, which was not found
in larch wood arabinogalactan. Therefore, it is proposed
that the galactosyl side chains consisting of 6-linked Galf
and Galp over tetrasaccharide in ALR-5IIa-1-1 may be
important for expression of the potent intestinal immune
system modulating activity.
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