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Abstract-The anti-complementary neutral polysaccharide, BR-5-1, was purified from the roots of Eupleurum 
falcatum. It seemed to be a homogeneous polymer from the results of gel filtration, HPLC and electrophoresis. BR-5-I 
mainly consists of L-arabinose and D-glucose in a molar ratio of 9: 10. Its M, was estimated to be 18 500 by gel 
filtration. From the results of methylation analysis, Smith degradation and NMR studies, it appeared that BR-5-I 
contained a three-branched (1 +S)linked a-L-arabinan moiety and a (1-+4)linked cc-D-glucan moiety. When BR-5-I was 
treated with exo-n-L-arabinofuranosidase, a glucan-rich polymer was obtained, but when it was treated with /% and a- 
amylase, an arabinan-rich polymer was obtained. Both polymers showed reduced anti-complementary activities and 
had the same M, as BR-5-I. BR-5-I was, however, separated into Con-A unbound arabinan and Con-A bound glucan 
containing arabinose and glucan by affinity chromatography on Con-A Sepharose. These results indicated that BR-5-I 
was a mixture of highly 3-branched (1 + 5)linked a-L-arabinan, (1 -4)linked a-D-glucan containing arabinose, and 
(1+4)linked cc-D-glucan. Surprisingly, these polymers have almost the same M, and same electrophoretic mobility. All 
the polysaccharides showed potent anti-complementary activity but the z+arabinan showed the highest activity. 

INTRODUCTION 

The roots of Bupleurumfalcatum L. have been used in 
Chinese and Japanese herbal medicine (Kampo medicine) 
for the treatments of chronic hepatitis, nephrosis syn- 
drome and auto-immune diseases. The hot water extract 
from the roots of B.@catum has been reported to have 
several immunomodulating activities such as the en- 
hancement of antibody response and an inhibitory effect 
on mitogen-induced lymphocyte transformation [ 11. 

It is known that B.falcatum contains several saikosa- 
ponins [2], a-spinasterol [3], stigmasterol [4], fatty 
acids such as palmitic acid, oleic acid, linoleic acid and 
linoceric acid [S], adnitol and (-)-anomalin [6]. A large 
variety of pharmacological activities of saikosaponins 
have been reported [7-93, however studies on polysac- 
charides from B. falcatum have not been undertaken 
although some polysaccharide molecules in other herbs 
have immunomodulating activities [lo]. 

In a study of the polysaccharide components in Chin- 
ese herbs, those from B. falcatum were fractionated and 
water-soluble neutral polysaccharides which contain ara- 
binan, arabinoglucan and glucan, were obtained as the 
potent anti-complementary polysaccharides. The present 
paper deals with the purification and chemical properties 
of these polysaccharides. 

A part of this work was presented at the 34th Annual Meeting 

of the Japanese Society of Pharmacognosy. Saitama, October 

1986. 
*Author to whom correspondence should be addressed. 

RESULTS AND DISCUSSION 

The crude hot water soluble polysaccharide fraction 
(BR-I) from the roots of B. falcatum was fractionated into 
four polysaccharide-containing fractions (BR-2-BR- 
S).The neutral polysaccharide fraction (BR-5) showed 
marked anti-complementary activity and was further 
fractionated to give BR-5-1, IIa, IIb and 11~. The major 
neutral polysaccharide fraction (BR-5-I) showed marked 
anti-complementary activity, and gave mainly arabinose 
and glucose after acid hydrolysis. When subjected to gel 
filtration on Sepharose CL-6B (Fig. 1) or to HPLC on 
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Fig. I. Gel filtration of BR-5-I on Sepharose CL-6B. V,, void 

volume; Glc, glucose; -.-, carbohydrate, 490 mm; -o--, pentose, 
552-510 nm. Inset. HPLC of BR-5-I. BR-5-I was eluted with 0.2 

M NaCl in gel filtration and HPLC. 
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Asahipak GS-SlO+GS-320 (Fig. 1 inset), the carbohy- 
drate was eluted as a single peak. The pentose was also 
co-eluted with the carbohydrate peak on gel filtration 
(Fig. 1). BR-5-I had [~]n + 26.2” (water; c 1 .O), and gave a 
single spot on glass-fibre paper electrophoresis. These 
results suggested that BR-5-l was homogeneous and pure 
enough for structural studies. BR-5-T contained 95.2% of 
total carbohydrate, and was composed of L-arabinose 
and D-glucose, in a molar ratio of 9: 10, with traces of 
galactose and mannose. Nitrogen and sulphate were not 
detected by elementary analysis. The M, of BR-5-I was 
estimated to be 18 500 by gel filtration on Sepharose CL- 
6B. 

The ‘H NMR spectrum of BR-5-I in D,O contained 
signals of anomeric protons in the r-configuration at 
6 5.08, 5.11 and 5.15 (due to L-arabinofuranosyl residues) 
and 6 5.36 (due to D-glucopyranosyl residues). The 13C 
NMR spectra of BR-5-I gave signals in the anomeric 
carbon region at 6 102.6 due to C-l of the a-D-glucopy- 
ranosyl residue, and at 8 110.1 and 110.3 due to C-l of the 
a-L-arabinofuranosyl residue. 

BR-5-I was methylated by the method of ref. [l I] and 
the fully methylated product was hydrolysed with acid 
and converted into alditol acetates. The partially meth- 
ylated alditol acetates were analysed by GC and GC-MS, 
and 1,4-di-O-acctyl-2,3,5-tri-methylarabinitol, I ,4,5- 
tri-0-acetyl-2,3-di-0-methylarabinitol. 1,3,4,5-tetra-O- 
acetyl-2-mono-0-methylarabinitol, 1.5-di-o-acetyl- 
2,3,4,6-tetra-O-methyl-glucitol and 1,4,5-tri-o-acetyl- 
2,3,6-tri-0-methylglucitol were identified (Table I). The 
results of methylation analysis indicated that BR-5-I 
contained mainly (1 +S)linked arabinofuranosyl residues, 
(1+4)linked glucopyranosyl residues and 3,5-substituted 
arabinofuranosyl residues. 

BR-5-I consumed 0.83 mol of periodate per anhydro- 
sugar residue. Oxidised BR-5-I was treated with sodium 
borohydride, and the resulting polyalcohol on complete 
hydrolysis with acid gave glycerol, erythritol and L- 

ardbinose in the molar ratios of 10: 59: 18. The presence of 
unchanged L-arabinose and the formation of erythritol 
were indicative of branched arabinofuranosyl residues 
and (1 -4)linked glucosyl residues, respectively. These 
results accorded with those of methylation analysis. A 
comparison of the molar ratios between the methylated 
sugars and the Smith-degradation products indicated 
that half of the expected arabinose in the acid hydrolysate 
of the polyalcohol was lost, probably because of the 
instability of arabinosyl residue. 

The polyalcohol was hydrolysed with a weak acid (0.05 
M H,SO,) at room temp. for 12 hr (controlled Smith 
degradation). Fractionation of the neutralised reaction 
product on Bio-gel P-2 gave di-, tri-, tetra-, and penta- 
saccharides (Bl-4, respectively) and higher oligo-sacchar- 
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Fig. 2. Gel filtration of BR-5-1 controlled Smith degradation 
product on Bio-gel P-2. Arrow indicate the eluting position of 

arabino-oligosaccharides. Ara. arabinose; Ara,. arabinobiose: 

Ara,, arabinotriose: Ara,, ardbinotetraose; Ara,. arabinopen- 

taose; Ara,, arabinohexaose. The sample was eluted with water. 

ides (B5-7, respectively) (Fig. 2). On hydrolysis Bl, B2, B3 
and B4 gave mainly arabinose. B5 and B6 yielded arabi- 
nose and erythritol. While B7 yielded erythritol, arabin- 
ose and glucose (49: 10: 6 by mol). These results indicated 
that BR-5-I contained branches made up of two to five or 
more adjoining arabinosyl residues. 

BR-5-I was treated with exo-z-L-arabinofuranosidase. 
The reaction products were applied to a column of Bio- 
gel P-2, and the void volume and the inner volume 
collected as a series of fractions (Fig. 3a, inset). Arubinose 
was only detected (TLC and GC) in the fractions of the 
inner volume. The void volume fractions were applied to 
a column of Sepharose CL-6B but the elution volume of 
this arbinofuranosidase resistant fraction did not change 
in comparison with that of HR-5-I althobgh this fraction 
consisted of arabinose. glucose and galactose in molar 
ratios of 21 : 313: 10 (Fig. 3a). 

The arabinofuranosidase resistant fraction was sub- 
jected to methylation analysis and X3,4,6-tetra-o-meth- 
ylglucose. 2,3,6-tri-O-methylglucose. 2.3.4.tri-o-methyl- 
glucose, 2,3-di-O-methylarabinose and 2,3,5-tri-o-meth- 
ylarabinose were detected in molar ratios of 94: 863 : 8: 35: 
trace by GC (Table 2). To decompose the r-glucan moiety 
of BR-5-1, it was treated with fi-amylase and the reaction 
products were fractionated on a column of Sepharose 
CL-6B (Fig. 3b), and fraction I and the fraction of the 
inner volume (fraction II) were obtained. Glucose and 
maltose were detected in fraction II by TLC. This glucose 
might be due to the contaminant in the commercial /I- 
amylase [12]. Fraction I was cluted in the same elution 
volume as BR-5-I. Fraction I was further treated with X- 
amylase and the products were fractionated into the 

Table 1. Methylation analysis of BR-5-I 

Methylated alditol 

acetate derivatives 

2,3,5-tri-O-Me Ara 
2,3-di-O-Me Ara 

2-mono-O-Me Ara 

2.3,4,6-tetra-O-Me Glc 
2,3.6-tri-O-Me Glc 

Mol’/u 

11.7 

19.0 

32.4 

3.2 

33.7 

Major mass fragments 

(m;‘z) 
_____ 

43,45,101,117,129,161 

43,101.117129,189 

43,117,127,201.261 

43,45,101,117,129,233 
43,45.101.117,233 
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Table 2. Methylation analysis of enzymic digestion product of 

BRS-I 

Methylated alditol a-L-Arafase* /I- and a-Amylase 
acetate derivatives resistant fraction resistant fraction 

(Mel%) 

2,3,5-tri-O-Me Ara trace 14.8 

2,3-di-O-Me Ara 3.5 32.3 

2-mono-O-Me Ara 50.6 
2,3,4,6-tetra-O-Me Glc 9.4 2.1 

2,3,4-tri-O-Me Glc 0.8 0.1 

2,3,6-tri-O-Me Glc 86.3 

*exe-a-I_-Arabinofuranosidase. 

Fraction 

Fig. 3. Gel filtration of enzymatic digestion products of BR-5-I. 

a, elution of exo-a-L-arabinofuranosidase resistant fraction from 
BR-5-I on Sepharose CL-6B with 0.2 M NaCi; arrow indicates 
the eluting position of BR-5-I. Inset, elution of exo-a-l-arabino- 
furanosidase digested BR-5-I on Bio-gel P-2 with water. b, 

elution of fi-amylase digested BR-5-I on Sepharose CL-6B with 
0.2 M NaCI. c, elution of a-amylase digested fraction I (Fig. 3b) 

on Sepharose CL-6B with 0.2 M NaCl. All symbols are the same 

as in Fig. 1. 

pentose-rich fraction-a and hexose-rich fraction-b on a 
column of Sepharose CL-6B (Fig. 3~). Although the 
pentose-rich fraction consisted of arabinose, glucose and 
galactose in molar ratios of 215: 13: 10, it still had the 
same elution volume as BR-5-I. Fraction-a was subjected 
to methylation analysis and 2,3,5-tri-0-methylarabinose, 
2,3-di-0-methylarabinose, 2-mono-0-methylarabinose, 
2,3,4,6-tetra-O-methylglucose and 2,3,4-tri-O-methylglu- 
case were detected in molar ratios of 148 : 323 : 506: 21: 1 
by GC (Table 2). cc-L-Arabinofuranosidase resistant BR- 
5-I and b- and a-amylase resistant BR-5-I (Fraction-a) 
both had lower anti-complementary activities than BR-5- 
I, and the activity of p- and cc-amylase resistant 

I I I 
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Fig. 4. Effects of enzymatic treatment of BR-5-I on anti- comp- 

lementary activity. -.-, BR-5-I; -A-, exo-a-L-arabinofuranosi- 

dase digested BR-5-I (the enzymatic resistant fraction); -o--, /?- 

and r-amylase digested BR-5-I (fraction-a from Fig. 3~). 

BR-5-I was much lower than that of arabinofuranosidase 
resistant BR-5-I (Fig. 4). These results suggested that a 
majority of BR-5-I is a mixture of r-arabinan and tl- 
glucan. 

To confirm this possibility, BR-5-I was subjected to 
affinity chromatography on Con-A Sepharose, and the 
Con-A unbound fraction and the Con-A bound fraction 
eluted (Fig. 5a). The unbound fraction consisted of ara- 
binose and glucose in a molar ratio of 6: 5 whereas the 
bound fraction consisted of glucose and arabinose in a 
molar ratio of 189: 2. The Con-A bound fraction showed 
strong iodine binding suggesting the presence of z- 
(1+4)linked glucan. The Con-A unbound fraction was 
further applied to a Con-A Sepharose column, and a 
second Con-A unbound fraction (A-l), a retarded fraction 
(A-2) and a Con-A bound fraction(B) were obtained (Fig. 
5b). A-l consisted of only arabinose, A-2 arabinose and 
glucose in a molar ratio of l:lO, and B only glucose. These 
results indicated that BR-5-I was a mixture of a-arabinan, 
a-arabinoglucan and a-glucan. The analytical results 
suggested that the a-arabinan was a (1 -+ 5)-a-L-arabinan 
possessing numerous arabinofuranosyl side-chains at 
position 3 as shown in Fig. 6. The first Con-A bound 
glucan-rich fraction, the second Con-A bound glucan (B) 
and the second Con-A retarded arabinoglucan (A-2) 
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Fig. 5. Affinity chromatography of BR-5-I on Con-A Sepharose. 

a, first affinity chromatography of BR-5-I. -a-. carbohydrate, 

-o--. iodine binding, 465 nm: zMe-Man. 0. I M r-methyl manno- 
side. b, second affinity chromatography of Con-A unbound 

fraction from Fig. 5a. Con-A bound fraction was only detected by 
iodine bindmg method. 

showed lower anti-complementary activity than BR-5-1, 
but the second Con-A unbound arabinan (A-l) showed 
higher activity (Fig. 7). 

Pure arabinan has been obtained from Pinus pinustrr 
Wood [13], mustard seeds [14] and the inner bark of 
Rosa glauca [ 151. Other arabinans contain small propo- 
rtions of other sugar residues such as galactose [16, 171. 
BR-5-I contained pure arabinan in addition to r-glucan 
and glucose-rich arabinoglucan, but it is not known 
whether the arabinose in arabinoglucan is due to con- 
taminantion by some other r-arabinan. Arabinans are 
generally represented as an X-L-( 1 --f 5)linked arabinofur- 
anan backbone which is branched through C-3 and;or C- 
2 to side branches of a-t-arabinofuranosyl chains (Y-L- 

3,Sarabinan andior r-L-2,5arabinan), however the 
length of the arabinofuranosyl side chains is not been 
known. r-t.-3,5-Arabinan in BR-5-I showed a potent anti- 
complementary activity. x-L-2,5-Arabinan isolated from 

Lip__. _..._._.._.L______J 
100 500 IO00 

Concentrotron (j~g/mt I 

Fig. 7. AntI-complementary activities of fractions obtained by 
Con-A Sepharose alfintty chromatography of BR-5-I. 1.1, BR-5-I; 

l . first Con-A bound glucan-rich fraction (Fig. 5a); o. second 

<‘on-A unbound fractton (A-l)(t-ig. 5b): A.secondCon-A retard 
fractron (A-2): ~1. second Con-A bound fraction (B); W, com- 

mewal amylose. 

the dried fruits of Zizpphus jujuhu var. inermis also 
showed a potent activity [lg]. Pectic arabinogalactan 
(AGIIb-I), obtained from the roots of Angelica acutiloba 
Kitagawa, consists of four kinds of carbohydrate unit 
which are joined through an acid labile linkage [19, 203. 
One of the carbohydrate units is an a-L-3,5-arabinan unit 
(N-II) [20], and is known to have potent anti-comp- 
lementary activity [unpublished]. Beet arabinan also 
mainly consisted of terminal. 5-linked and 3,5_substituted 
arabinofuranosyl residues in addition to small amounts 
of2-, 3-linked and 2,3-. 2.5. and 2.3.5-substituted arabino- 
furanosyl residues [Zl], but no anti-complementary ac- 
tivity was observed [unpublished]. These observations 
suggest that a (1 -5)linked r-t_-arabinan which is bran- 
ched through C-3 or C-2, is essential for the expression of 
potent anti-complementary activity by pure arabinan, 
but other arabinosyl linkages may suppress the ex- 
pression of this activity. 

BR-5-I also contained a linear x-glucan which con- 
sisted mainly of r-(1 44)linked glucosyl residue with a 
very low proportion of r-(1 -6)linked glucosyl residues, 
and it showed a considerable anti-complementary activ- 
ity. Nevertheless amylose showsed negligible activity (Fig. 
7). The fine structure of the r-glucan in BR-5-1 needed for 
the expression of anti-complementary activity must await 
further studicb. 

-5) L -Araf((~l 
-tT 

‘) L-Araf (al 5) L--hraftoi- 

3 

L -Ara 

4-J ,i 
Fig. 6. A possible structural unit of r-arabinan from 13. falcartmr 
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EXPERIMENTAL 

Materials. The roots of Bupleurumfalcatum L. (Japanese name 

=Saiko) were purchased from Uchida Wakanyaku Co. Ltd, 
Tokyo, Japan. Sweet potato (?I-amylase and potato amylose (type 

III) were purchased from Sigma, and Bacillus subtilis a-amylase 

(Liquefying type) from Seikagaku Kogyo Co. Ltd, Tokyo, Japan. 

Rhodotorula Java exo-a-L-arabinofuranosidase was a gift from 

Dr Naoto Shibuya (National Food Research Institute, Ministry 

of Agliculture, Forestry and Fisheries, Japan). 

General methods. The total carbohydrate and uranic acid 

contents were determined by the phenol-H,SO, [22] and m- 
hydroxybiphenyl [23] methods, respectively, using arabinose 

and galacturonic acid as the respective standards. Protein was 

determined by the method of ref. [24], with bovine serum 

albumin as standard. Polysaccharides were hydrolysed with 2 M 

TFA at 121” for 1.0 hr. The hydrolysates were analysed by TLC 

on cellulose-coated plastic, sheets (Merck, 5577) with 

EtOAc-pyridine-HOAc-H,O (5: 5: 1: 3) as the solvent system, 

and by CC as their alditol acetates [19]. Reducing sugars were 

detected with alkaline AgNO, [25], and uranic acid with p- 
anisidine hydrochloride [26]. FID/GC (Shimadzu CC-6A) anal- 

ysis was performed on a glass column (0.3 x 200 cm) packed with 

1% silicon OV-225 on Uniport HP at 190”. N, was used as 

carrier gas at a flow rate of 60 ml/min. Mol ratios of sugars were 

calculated from peak areas and M,s of the corresponding alditol 

acetates. HPLC (Waters Model ALC/GPC 244) was performed 
on column (0.76 x 50 cm) of Asahipak GS-510+GS-320 (Asahi 

Chemical Industry Co., Ltd, Japan) developed with 0.2 M NaCI. 

Gel filtration was carried out on Sepharose CL-6B (2.6 x 87 cm) 

and Bio-Gel P-2 (2.0 x 52 cm) eluted with 0.2 M NaCl and H,O, 

respectively. Con-A Sepharose chromatography was carried out 

by the method of Kennedy and Rosevear 127). Con-A binding 

glucan was detected by the iodine-binding method of Yamada et 
al 1281. Electrophoresis on glass fibre paper (Toyo-Roshi GA- 

100) was carried out in 26 mM borate buffer (pH 9.2) at a 

constant current of40 V/cm for 1 hr. Carbohydrate was detected 

with the I-naphthol-H,SO, reagent [29]. 

Isolation of water-soluble polysaccharides. Roots of B. falcarum 
(1 kg) were boiled with 101 H,O to half vol. and the residual 

material extracted (x3) by the same procedure. The extracts were 

combined and centrifuged (7500 rpm, 20 min) to remove in- 

soluble material. The supernatant was lyophilized to give the 

water-soluble extract (BR-0, yield 136.3g). BR-0 was refluxed 

with 3 I MeOH for 1 hr ( x 5) and centrifuged to give a MeOH- 
insoluble ppt. The ppt. was dissolved in H,O and then 5 vols of 

EtOH were added. The resulting ppt. was redissolved in H,O 

and dialysed against running H,O for 3 days. The non-dialysable 

portion was centrifuged to remove H,O-insoluble material and 

the supernatant (crude polysaccharide) was lyophilized (BR-I, 

yield 35.3 g). 

Fructionation of crude polysaccharide. Crude polysaccharide 

(BR-1) was fractionated into four fractions as follows. BR-1 (15.8 

g) was dissolved in H,O (790 ml) and treated with an equal vol. of 

an 8% soln of cetyltrimethylammonium bromide (cetavlon) by 

the method of Yamada et al. [30,3 I]. After standing at 20” for 20 

hr, the resulting ppt, was collected by centrifugation and re- 

dissolved in 10% NaCI. KOAc and 5 vols of EtOH were added to 
the soln, and the resulting ppt. was dissolved in H,O, followed by 

dialysis against running H,O. The acidic polysaccharide fraction 
(BR-2) was then obtained as the lyophilisate of the non-dia- 

lysable fraction (yield, 22% from BR-2). 

The supernatant was added to an equal vol. (790 ml) of 1% 

H,BO,, and the pH was adjusted 8.8 by the addition of 2 M 

NaOH followed by stirring for 24 hr. The resulting ppt. was 

washed with 0.5% Na borate buffer (pH 8.8) and dissolved in 

2% AcOH (300 ml). Five vols of EtOH were added to the soln. 

together with KOAc, and the resulting ppt. was dissolved in H,O 

and then dialysed. The non-dialysable fraction (BR-3) was 

obtained as the lyophilisate (yield, 25% from BR-1). The pH of 

the supernatant was readjusted to 9.5 by the addition of 2 M 

NaOH. The resulting ppt. was collected as the non-dialysable 

lyophilisate (BR-4) by the same procedure as that used to obtain 

BR-3. The final supernatant of the cetavlon fractionation was 

acidified with HOAc and 5 vols of EtOH were added together 

with KOAc, and then the ppt. was obtained by centrifugation. 

This ppt. was washed with 2% AcOH-EtOH and EtOH, and 

was dissolved in H,O, followed by dialysis. The non-dialysable 

portion was lyophilysed to obtain BR-5 (yield 37% from BR-1). 

Ion-exchange chromatography of BR-5. BR-5 (500 mg) was 

applied to a column (3.2 x 40 cm) of DEAE-Sepharose CL-6B 

(Cl- from) equilibrated with H,O. The column was eluted first 

with H,O (500 ml) until sugar was no longer detected, and then 

the polysaccharide fractions were eluted by elution (stepwise) 

with 0.1 M-2M NaCl. The unabsorbed fraction (BR-5-I) and 

three absorbed fractions (BR-5-IIa, IIb and IIc) were obtained as 

lyophilysates after dialysis. 

NMR studies. ‘H NMR: 90 MHz, D,O at 80”; “C NMR: at 

25MHz and room temp. using a Fourier transform spectrometer 

with complete proton decoupling. Chemical shifts were ex- 

pressed as 6 values (ppm) relative to that of the internal standard 

Na 3-(trimethysilyl)propane-l-sulphonate (TSP). 

Methylation analysis. Methylation was performed using the 

method of ref. [Ill. The methylated polysaccharides were hy- 

drolysed with 2 M TFA at 121” for 1 hr, and the partially 

methylated sugars reduced with NaBH, to the corresponding 

alditols. These were then acetylated with Ac,O in the presence of 

AcONa at 121” for 3 hr [32]. The resulting alditol acetates were 

subjected to CC and GC-MS. Solns of partially methylated 

alditol acetates in Me,CO were injected into a DB-1 capillary 

column (0.25 nm film thickness, 30 m x 0.25 mm i.d., J and W 

Scientific Inc. U.S.A.) with splitless injection. The flow rate of the 

carrier gas, He was 0.9 ml/min. The oven temp. was programmed 
at 60” for 1 mitt, 18”/min to 150” and then Z”/min to 210”. GC- 

MS was performed on a JEOL DX-300 instrument equipped 
with SPB-1 fused silica capillary column (25 pm film thickness, 

25 m x 0.25 mm id., SPELCO) at 120 to 210” (4a/min) with 

splitless injection and operated at an ionisation voltage of 70 eV 

with an ionisation current of 300 PA. 

Enzymic hydrolysis. (i) Exo-a-L-arabinofuranosidase diges- 

tion. BR-5-l (10.4 mg) was dissolved in 3 ml 0.1 M citrate Pi 

buffer (pH 3.0) and incubated at 50” with 0.7 units of r-L- 
arabinofuranosidase. After 48 hr, the incubation mixture was 

adjusted to pH 6.0 with 0.5% NaOH to inactivate the enzyme 

and lyophilized. The lyophilisate was applied to a column (2.0 

x 52cm) of Bio-gel P-2 kept at 55” and eluted with H,O. 

Fractions (1 ml) were collected and assayed for total carbohy- 

drate and pentose with phenol-H,SO, 1221 and phloroglucinol- 

AcOH reagents [33], respectively. The material recovered in the 

void vol. was applied to a column of Sepharose CL-6B with 0.2M 

NaCI. 
(ii) p-Amylase and a-amylase digestions. BR-5-I (20 mg) was 

dissolved in IO ml of 0.1 M AC buffer (pH 4.0) and B-amylase 
(I 140 units) added, and then incubated at 25” for 68 hr in the 

presence of one drop of toluene. The incubation mixture was 

neutralized and heated at 100” for 5 min and centrifuged to 

remove the insoluble residue. The supernatant was lyophilized 

and applied to a column of Sepharose CL-6B. Fractions (6.2 ml) 

eluted with 0.2 M NaCl were collected and analysed. The 

fraction eluted in the same elution vol. with BR-5-I was further 

treated with sc-amylase (3060 unit) in 8.5 ml of 50 mM AC 
buffer (pH 6.0) at 40” for 3 days. The reaction mixture was 
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neutralized, heated and centrifuged as above. The a-amylase 

digest was also subjected to CC on Sepharose CL-6B (same 

conditions). 

Periodate oxidation and Smith degradation. BR-5-I (20 mg) was 

dissolved in 10 ml of 50 mM AC buffer (pH 5.2) and oxidized with 

0.369 mmol NaIO, at 4” in the dark. The IO, consumption was 

determined at various time-intervals by the method of ref. [34]. 

After 123 hr. ethylene glycol was added to decompose the excess 

of IO,_ and the reaction mixture was dialysed. The oxidised 

polymer was reduced with NaBH, (27.9 mg) for 24 hr at room 

temp., then the mtxture was dialysed against H,O for 2 days after 

decomposition of excess NaBH, by the addition of AcOH. The 

BR-5-I polyalcohol was isolated by lyophilization. The poly- 

alcohol was hydrolysed with 2M TFA at 121 ’ for 1 hr and the 

hydrolysate converted into alditol acetates and analysed by GC 

(130+210’ at lO’/min). 

ControUed Smith degradation. BR-5-I polyalcohol(6.6 mg) was 

hydrolysed with 0.05 M H,SO, (2 ml) for 12 hr at room temp., 

then neutralized with BaCO,, and desalted with AG50WX8 
(H+ form) resin. The controlled Smith-degradation product gave 

seven oligosaccharides and oligosaccharide alcohols on a col- 

umn of Bio-gel P-2 at 55 

Anti-complementary activity. The anti-complementary activity 

was measured according to the previously described procedure 
]31, 351, except H,O was used for dilutions. 

Acknowledyements~~The authors thank MS A. Nakagawa and 
MS C. Sakabe (Kitasato University) for the GC-MS measure- 

ments Part of this work was supported by Tsumura-Juntendo 

Co. Ltd (Tokyo). 

REFERENCES 

I. Mizoguchi, Y., Tsutsui, H., Yamamoto, S. and Morisawa, S. 
(1985) J. Med. Pharm. Sot. Wakun- Yaku 2, 330. 

Aimi, N., Fujimoto. H. and Shibata, S. (1968) Chem. Pharm. 

Bull. 16, 641. 

Takeda, K., Hamamoto, K. and Kubota, T. (1953) Yakugaku- 
Zasshi 73, 272. 

Takeda, K. and Kubota, T. (1958) Chem. Pharm. Bull. 6,536. 

Ji, Y.-F. and Ma, J.-M. (1935) J. Chin. Chem. Sot. 13, 78. 

Wessely, F. and Wang, S. (1938) Monatsh. Chem. 72, 168. 

Yamamoto, M., Kumagai, A. and Yamamura, Y. (1975) 
Arzneim. Forsch. 25, 1021. 

Yamamoto, M., Kumagai, A. and Yamamura, Y. (1975) 
Arzneim. Forsch. 25, 1240. 

Abe, H., Sakaguchi, M., Konishi, H., Tani, T. and Arichi, S. 
(1978) Pkmta Med 34, 160. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

Wagner, H. and Proksch, A. (1985) in Economic and Mrdiu- 

nal Plant Research (Wagner. H., Hikino, H. and Farnsworth, 

N. R., eds) Vol. 1, p. 113. Academic Press, New York. 

Hakomori, S. (1964) J. Biochem. (Tokyo) 55, 205. 

Lee, E. Y. C. and Whelan. W. J. (1965) Biochem. J. YS, 27. 

Roudier. A. J. and Eberhard. L. (1965) Bull. Sot. Chim 460. 

Aspinall, G. 0. and Cottrell. 1. W. (1971) Can. J. Chem. 49, 

1019. 

Joseleau, J. P.. Chambat, G.. Vignon, M. and Barnoud, F. 
(1977) Carbohydr. Res. 58, 165. 

Tomoda, M., Takahashi. M. and Nakatsuka. S. (1973) Chum. 

Pharm. Bul/. 21, 707. 

Darvill, A.. McNeill, M., Albersheim, P. and Delmer, D. P. 

(1980) in The Biochemistry ofPlants (Tolbert. N. E.. ed.) Vol. 

1. p. 92. Academic Press, New York. 

Yamada. H., Nagai, T., Cyong, J.-C., Otsuka, Y., Tomoda, 
M., Shimiru, N. and Shimada, K. (1985) Carbohydr. Rex 144. 

101. 

Yamada, H., Kiyohara, H.. Cyong, J.-C. and Otsuka, Y. 
(1987) Carbohydr. Res. 159, 275. 

Kiyohara, H., Yamada, H. and Otsuka, Y. (1987) Carhoh~dr. 

Res. 167, 221. 

Weistein, L. and Albersheim, P. (1979) Plant Physiol. 63,425. 

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. and 
Smith, F. (1956) .4nal. Chem. 28, 350. 

Blumenkrantz, N. and Asboe-Hansen, G. (1973) Anal. Bio- 

them. 54,484. 

Lowry, 0. H.. Rosebrough, N. J., Farr, A. L. and Randall. R. 
J. (1951) J. Biol. Chem. 193, 265. 

Trevelyan, W. E.. Procter, D. P. and Harrison, J. S. (1950) 
Nature 166, 444. 

Hough, L., Jones. J. K. N. and Wadman, W. H. (1950) J. 

Chem. Sot. 1702. 

Kennedy, J. F. and Rosevedr, A. (1973) J. Chem. Sot. 19, 

2041. 

Yamada, H., Yanahira, S., Kiyohara, H., Cyong, J.-C. and 

Otsuka, Y. (1986) Phytochemistry 25, 129. 

Dische, 2. (1962) Methods Carbohydr. Chem. 1, 4789. 

Yamada, H., Oshima. Y. and Miyazaki. T. (1982) Chem. 
Pharm. Bull. 30, 1784. 

Yamada. H.. Kiyohara, H., Cyong, J.-C., Kojima, Y., Kum- 
azawa, Y. and Otsuka. Y. (1984) PIanta Med. 117. 

Waeghe, T.. Darvill, A. G., McNeil, M. and Albersheim. P. 
(1983) Carhohydr. Res. 123, 281. 

33. Dische, Z. and Borenfreund, E. (1957) Biochim. Bioph.ps. 

Acta 23, 639. 

34. Avigad, G. (1969) Carbohydr. Rex 11, 163. 

35. Yamada. H.. Kiyohara, H., Cyong, J.-C, and Otsuka, Y. 

(1985) Moles. Immunol. 22, 295. 


