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ABSTRACT

One of the anti-complementary pectic polysaccharides (AR-21Ia) isolated
from the root of Angelica acutiloba Kitagawa gives the “ramified” region (PG-1a,
rhamnogalacturonan with neutral side-chains) in addition to oligogalacturonides
on digestion with endo-a-D-(1—4)-polygalacturonase. When the neutral side-
chains in PG-1a were digested with both exo-a-L-arabinofuranosidase and exo-B-D-
galactosidase, ~70% of the arabinosyl chains and ~30% of the galactosyl chains
were released. The resistant product E-PG-1a had the same anti-complementary
activity as PG-1a. E-PG-1a gave long (d.p. =5) and short (d.p. <4) neutral galacto-
syl chains after degradation of the GalA moiety by base-catalysed S-elimination in
the presence of sodium borodeuteride followed with lithium-mediated degradation.
Methylation analysis showed that the long galactosyl chains consisted mainly of
terminal, 6-linked and 3,6-disubstituted Gal, and that the short chains were rich in
6-linked Gal. Degradation of the GalA moieties in PG-1a markedly decreased the
anti-complementary activity, but the long and short galactosyl chains still expressed
~50 and ~20%, respectively, of the anti-complementary activity of E-PG-1a.

INTRODUCTION

Four anti-complementary pectic polysaccharides (AR-2ITa-IId)? isolated
from the root of Angelica acutiloba Kitagawa consist of large proportions of poiy-
galacturonan regions and small proportions of “ramified” regions. The anti-com-
plementary activities of AR-2Ila-IId are expressed? mainly by their “ramified”
regions, the activities of which are regulated by the polygalacturonan regions. The
“ramified” regions consist® of rhamnogalacturonan cores with galactosyl and
arabinosyl side-chains, some of which possess common structures and play a role in
the expression of the anti-complementary activity.

*Studies on Polysaccharides from A. acutiloba, Part XI1. For Part XI, see ref. 1.
tAuthor for correspondence.
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We now report on the relationship between structure and activity of the
“ramified” regions.

EXPERIMENTAL

Materials and methods. — The root of A. acutiloba was purchased from
Tochimoto Tenkaidoh (Japan), and AR-2Ila-1Id were prepared? by hot-water
extraction, precipitations with ethano! and Cetavlon (cetyltrimethylammonium
bromide), and anion-exchange chromatography. Sephadex G-10 and DEAE-
Sephadex A-25 were purchased from Pharmacia and Bio-gel P-6 (—400 mesh) from
Bio-Rad. Pectinase from Aspergillus niger was purchased from Sigma, endo-a-D-
(1—-4)-polygalacturonase was purified* by Q.-P. Gao in our laboratory, exo-B-D-
galactosidase from jack bean was purchased from Seikagaku Kogyo, and exo-a-L-
arabinofuranosidase from Rhodotolura flava was a gift from Dr. N. Shibuya
(National Food Research Institute).

Total carbohydrate in column eluates was assayed by the phenol-sulfuric acid
method®. Samples were hydrolysed with 2™ trifluoroacetic acid at 121° for 1.5 h,
and t.l.c. of the products in the hydrolysates was performed on cellulose, using
ethyl acetate—pyridine-acetic acid-water (5:5:1:3). Reducing sugars were detected
with alkaline silver nitrateS. Neutral sugars and uronic acids, which were converted’
into the corresponding reduced products, were analysed® by g.l.c. as the alditol
acetates.

Preparation and modification of the “ramified” region (PG-1a) from AR-211a.
— AR-2[Ia was de-esterified in 0.2M sodium hydroxide for 2 h at room tempera-
ture, then digested with endo-a-D-(1—4)-polygalacturonase in S0mM acetate buffer
(pH 4.2) at 37° for 4 days, and the products were fractionated on Sephadex G-50.
PG-1a, cluted in the void volume, was digested either with exo-a-L-arabino-
furanosidase or exo-B-D-galactosidase in 50mM acetate buffer (pH 4.0) at 50° or 37°
for 4 days, to give AF-PG-1a or Gal-PG-1a, respectively, each of which was eluted
from Sephadex G-10 in the void volume. PG-1a was also digested with both the
arabinofuranosidase and galactosidase at 37° for 4 days, to give E-PG-1a.

Digestion of AR-211a-I1d with enzyme. — Each polysaccharide was incubated
with exo-a-L-arabinofuranosidase in 50mM acetate buffer (pH 4.0) at 50° for 4 days.
The products were fractionated on Sephadex G-10, and AF-AR-2ITa~11d were each
eluted in the void volume.

Degradation of the GalA moieties in PG-la. — PG-la was treated® with
lithium in ethylencdiamine and the reaction was stopped by adding water. The
products were desalted with AG50W-X8 (H*) resin, to obtain lithium-treated
PG-1a.

Preparation of the neutral side-chains from PG-la and E-PG-la. — PG-la
and E-PG-1a were esterified with diazomethane and subjected'® to base-catalysed
B-elimination (0.1M NaOH, 100°, 3 h) in the presence of sodium borodeuteride.
The procedure was repeated five times. The products were tractionated on DEAE-
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Sephadex A-25 (HCOO~ form) and neutral (Na and E-Na) and acidic fractions
were obtained'?. Each acidic fraction was treated with lithium in ethylenediamine
as above, then with sodium borohydride, and the products were desalted with
AGS0W-X8 (H*) resin, to give the neutral fractions Aa and E-Aa.

Methylation analysis. — Each sample was methylated!!, and the products
were purified!? using a Sep-pak C,; cartridge (Waters Assoc. ), then hydrolysed with
2Mm trifluoroacetic acid at 121° for 1 h. The products were converted into the alditol
acetates, and analysed? by g.l.c. and g.l.c.—e.i.-m.s. (70 €V) on an SPB-1 capillary
column (SUPELCO) with splitless injection. G.l.c.—m.s. was performed on a
Hewlett-Packard model 5890 gas chromatograph equipped with a Hewlett-
Packard model 5970B mass spectrometer.

G.l.c.—m.s. of methylated oligosaccharide-alditols. — The methylated oligo-
saccharide-alditols were analysed by g.l.c.-m.s. on an SPB-1 capillary column.
G.l.c.—c.i.(isobutane}-m.s. was performed on a JEOL DX-300 mass spectrometer
with splitless injection, and g.l.c.—e.i.-m.s. (70 eV) on a Hewlett—Packard model
5970B mass spectrometer with on-column injection. C.i.-* and e.i.-m.s. fragment
ions [A, J and alditol (ald)]* were used to determine the structures of the
methylated oligosaccharide-alditols.

Anti-complementary activity. — Various dilutions of the sample in water (50
pL) were mixed with 50 uL each of normal human serum (NHS) and gelatin—
veronal-buffered saline (pH 7.4) containing 500xM magnesium chloride and 150um
calcium chloride (GVB?*). The mixtures were pre-incubated at 37° for 30 min and
the residual hemolytic complement (TCHj,) was determined using IgM-hemolysin-
sensitised sheep erythrocytes. NHS was incubated with water to provide a control.
The anti-complementary activity of the sample was expressed as inhibition of
TCHy, (%) given by

TCHy;, of control — TCHy, treated with polysaccharides
TCHj, of control

x 100.

RESULTS

Effects on anti-complementary activity of treatment of PG-1a with enzymes. —
When PG-la was digested with either exo-a-L-arabinofuranosidase or exo-f-D-
galactosidase in order to remove some neutral side-chains, 68.2% of Ara or 30.6%
of Gal was released, but the products (AF-PG-1a and Gal-PG-1a) had the same
anti-complementary activity as PG-1a (Table I). Likewise, digestion of PG-1a with
the arabinofuranosidase and galactosidase gave a product (E-PG-1a) with the same
activity as PG-1a (Table I).

Fragmentation of the neutral side-chains of E-PG-1a. — Base-catalysed -
elimination! of E-PG-1a gave a small proportion of a neutral fraction (E-Na) and
a large proportion of an acidic fraction. Treatment® of the acidic fraction with
lithium in ethylenediamine decomposed all the GalA and gave a neutral side-chain
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TABLEI

EFFECTS OF CHEMICAL AND ENZYMIC TREATMENTS ON THE ANTI-COMPLEMENTARY ACTIVITY OF PG-1a

Treatment Concentration (ug/ml.)

1000 500 100

Inhibition of TCHy (%)

1 Original 88.9 87.5 76.8
Araf-ase® 89.7 86.4 78.3
Gal-asc? 91.0 90.4 80.3
2 Original 79.9 77.9 71.9
Araf-ase-Gal-ase’ 82.1 80.4 70.9
3 Original 84.3 77.7 76.0
Lithium-treated 375 31.5 10.8

“Exo-a-L-arabinofuranosidase. ’Exo-B-D-galactosidase. ‘Exo-a-L-arabinofuranosidase and exo-g-D-
galactosidase.

fraction (E-Aa). The ratio of E-Na and E-Aa was 1.1:1.0. E-Na and E-Aa con-
tained Ara and Gal in the molar ratios 0.1:1.0 and trace:1.0, respectively, and,
when fractionated on Bio-gel P-6, gave (Fig. 1) fractions (E-Na-1 and E-Aa-1)
eluted in the void volume, intermediate fractions (E-Na-2 and E-Aa-2), and frac-
tions (E-Na-3 and E-Aa-3) of low molecular weight. E-Na-2 and E-Aa-2 were
eluted in the region of tri- and tetra-saccharides, and E-Na-3 and E-Aa-3 in the
region of mono- and di-saccharides.
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Fig. 1. Gel filtration on Bio-gel P-6 of A, fraction E-Na; B, fraction E-Aa; C, fraction Na; D, fraction
Aa: @, carbohydrate (490 nm); Vo, void volume; G,, glucotetraose.
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Structure of the neutral side-chains. — Methylation analysis (Table IT) showed
that E-Na-1 and E-Aa-1 mainly contained terminal, 3- and 6-linked, and 3,6-di-
substituted Gal, and E-Na-2, E-Aa-2, E-Na-3, and E-Aa-3 contained mainly
terminal and 6-linked Gal. E-Na-3 also contained terminal Araf. Traces of 4-linked
rhamnitol-/-d were present in E-Na-2, E-Aa-2, E-Na-3, and E-Aa-3; 2-linked
rhamnitol-1-d in E-Na-2, E-Aa-2, and E-Aa-3; and 2-linked rhamnitol in E-Aa-2
and -3. E-Na-3 also contained a trace of 6-linked galactitoi-I-d. Small proportions
of terminal and 4-linked GalA were detected as Gal-6,6-d, in E-Na-1 and -2, and
E-Aa-1-3, respectively, probably formed! during the B-elimination reaction.

The oligosaccharide-alditols in E-Na-2, E-Na-3, E-Aa-2, and E-Aa-3 were
analysed by g.l.c.—m.s. (Tables III-V). E-Na-3 gave glycosyl-alditols (IN-5N)
eluted in the region for disaccharide-alditols. In c.i.-m.s. (Table III), 1N gave ions
at m/z 442 [(M + H)*], 219 (bA,), and 206 (al,); 2N-4N gave ions at m/z 472 [(M
+ H)*], 219 (bA,), and 236 (al,); and 5N gave ions at m/z 474 [(M + H)*], 221
(bA,), and 236 (alJ,), suggesting hexosyl—-6-deoxyhexitol-7-d, hexosyl—hexitol-1d,
and hexuronosyl—hexitol-7-d structures, respectively. From the e.i.-m.s. data and
retention times in g.l.c., IN-SN were identified as Gal-(1—4)-Rha-ol-I-d, Gal-
(1-3)-Gal-ol-1-d, Gal-(1—4)-Gal-ol-1-d, Gal-(1—>6)-Gal-ol-1-d, and GalA-
(1-6)-Gal-ol-1-d, respectively. E-Na-2 gave fragments eluted in the regions for
tri- (6N-9N) and tetra-saccharide-alditols (10N-~12N) in g.l.c.—e.i.-m.s. (Table 1V).
However, the fragments 6N-12N could not be detected by g.l.c.—c.i.-m.s. E-Na-2
was subjected to g.1.c. on an SPB-1 capillary column by splitless injection in which
the tri- and tetra-saccharide-alditols are usually lost, and the sensitivity of c.i.-m s.
was also lower than that of e.i.-m.s. The e.i.-m.s. data (Table IV) suggested that
the fragments 6N-12N possessed the partial structures shown in Table IV. From
the methylation analysis data, most of the Gal and rthamnitol-1-d in 6N-12N were
indicated to be 6- and 4-linked, respectively. Therefore, 6N was Gal-(1—6)-Gal-
(1—4)-Rha-ol-1-d, TN was GalA-(1—6)-Gal-(1-->4)-Rha-ol-1-d, 8N or 9N was Gal-
(1—6)-Gal-(1—6)-0l-I-d, 10N was Gal-(1—>6)-Gal—>Rha-(1—4)-Rha-ol-1-d, 1IN
was Gal-(1—6)-Gal-(1—6)-Gal-(1—4)-Rha-ol-I-d, and 12N was Gal-(1—6)-Gal-
(1—6)-Gal-(1—6)-Gal-ol-1-d. Although E-Na-3 contained Ara (Table II), no
oligosaccharide-alditols containing Ara were detected in g.l.c.-m.s. E-Aa-3 gave
the fragments 1A-1-3A-2, and E-Aa-2 gave 4A-1-6A-2 in glc.—e.i.-ms.,
respectively, and the fragments 1A-1-3A-2 were eluted in the region for di-
saccharide-alditols and the fragments 4A-1-6A-2 in the region for trisaccharide-
alditols in g.l.c. In g.l.c.—c.i.-m.s., these fragments could not be detected for the
reason noted above. The e.i.-m.s. data (Table V) indicated E-Aa-3 to contain Gal-
(1-2)-Rha-ol-1-d (1A-1), Gal-(1—2)-Rha-ol (1A-2), Gal-(1->4)-Rha-ol-I-d (1A-
3), Gal-(1—»4)-Rha-ol (1A-4), Gal-(1-53)-Gal-ol-I-d (2A-1), Gal-(1-3)-Gal-ol
(2A-2), Gal-(1—>6)-Gal-0l-1-d (3A-1), and Gal-(1—6)-Gal-ol (3A-2). Methylation
analysis and e.i.-m.s. also suggested that E-Aa-2 contained Gal-(1-6)-Gal-(1—6)-
Gal-ol-1-d (6A-1), and Gal-(1-6)-Gal-(1—6)-Gal-ol (6A-2). E.i.-m.s. also showed
that E-Aa-2 contained GalA—~Rha—Rha-ol-1-d (4A-1) and GalA—Rha—Rha-ol
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(4A-2 and 5A), but the retention time of 5A was different from those of 4A-1 and
~2. Although the glycosidic linkages in 4A-1 and -2 and 5A could not be deduced,
the glycosidic linkages of fragment SA and fragments 4A-1 and -2 differed. The
fragments 1A-1, 1A-2, 4A-1, 4A-2, and 5A also were suggested to be formed from
the rhamnogalacturonan core of E-PG-1a.

Contributions of neutrai side-chains and GalA moieties to the anti-complemen-
tary activity of PG-la. — Treatment® of PG-1a with lithium in ethylenediamine, in
order to degrade the GalA, markedly decreased the anti-complementary activity
(Table I). The neutral side-chains, E-Na-1 and E-Aa-1, had anti-complementary
activities which were ~50% of that of E-PG-la, whereas E-Na-2 and E-Aa-2
showed ~20% of the activity of E-PG-la (Fig. 2). The anti-complementary
activities of E-Na-3 and E-Aa-3 could not be measured because of the small
amounts available.

Comparison of the structure of the neutral side-chains in PG-1a before and
after the digestion with enzymes. — The neutral side-chain fractions (Nae and Aa)
from PG-1a (see above) consisted of Ara and Gal in the molar ratios 0.3:1.0 and
trace: 1.0, respectively. When fractionated on Bio-gel P-6, Na gave Na-1-3, and Aa
gave Aa-1-3 (Fig. 1). Methylation analysis (Table II) indicated that Na-1 contained
less terminal Gal and more 6-linked and 3,6-disubstituted Gal than E-Na-1. Na-2
and E-Na-2 contained terminal Gal and 6-linked Gal in the molar ratios 1.0:2.5
and 1.0:1.4, respectively. Na-3 contained more terminal Araf and 4- or 5-linked
Ara than E-Na-3. These results suggested that galactosyl chains consisting of 6-
linked Gal and the arabinosyl chains in PG-1a were partially removed by the
digestion with the galactosidase and arabinofuranosidase, respectively.

Because Aa-1-3 were obtained as minor fractions, further analysis could not
be performed.

Effect on anti-complementary activity of treatment of the polysaccharides with
enzyme. — AR-2I1a-11d were each digested with exo-a-L-arabinofuranosidase, to
give AF-AR-ZIla-IId together with Ara (42.9, 43.8, 68.0, and 69.6%, respec-
tively). Compared to the starting materials, the anti-complementary activity of
AF-AR-211a was unchanged, that of AF-AR-21Ic was decreased by 13.5% at 1000
pg/mL, whereas those of AF-AR-2IIb and IId were increased by 9.0% at
100 pg/mL (data not shown).

DISCUSSION

The present study suggests that the product (E-PG-1a) of the enzyme-treated
“ramified” region {PG-1a) possessed the structure essential for the expression of
anti-complementary activity as proposed in Table VI. PG-1a contains? a thamno-
galacturonan core. Since the B-elimination and lithium-mediated degradation of
E-PG-la gave Gal--Rha—Rha (4A-1, 4A-2, and 5A), its rhamnogalacturonan
core is suggested to contain dirhamnosyl units. E-PG-1a contained mainly Gal-



H. KIYOHARA, J.-C. CYONG, H. YAMADA

208

0o1) (9°96) (S¥8)

P-[-loxay<«—[Asouoinxay ¥$T 97 681
(t"Ly) (¥'6£) (po1)

p-I-1031Xay —[Asoxay vz 9T (81
ro n (oo1)

P-T-1031X3Y «—J4soxay ST 9T L81

{1 0%) (L 68) (192)

P-[-101XaY «-{As0XY ST 9¢7 81
(T8) T0s) (T61) (0o1)

P-T-10MX3AX03p-9 «—[£s0XaY ¥7Z 907 997 (81
‘HO v v v ‘vq

[0 [D-2pLDYIVSI(]

(ro1) (c5) (L9
12¢ (44 Yiv NS

(6°09) (8'¢) (0°£7)
61T orv wur NP

@¥s) Ty (Lo
61T ort wy NE

(001) (Tt
61 Uy NZ

(0o1) (oo1) (9°9¢)
61T ol W NI

HOSW—

'vq H(H+ W) +(H+ W)

:uuzsﬁ.thwa w;.:u\mb N\EH Suor NEMS%B.Q §W-"1 .U N:NEMQ\‘K

€-BEN-d WOUA STOLIATV-JAIY VHIDVSIA ALLVTAHLIIW 40 "S'IN-T'D NI SNOI DLLSONOVIA

maHIgavL



209

loba

ica acuti

PECTIC POLYSACCHARIDES FROM Angel

(9L8) @2 (z¢©) (oo1) 0) (#'s1) aL)

p-I-10-[eD D« [BD IO orv 16€ £Tr 9cT 967 L8] 612 NZI
19 (8'8) (€0 (C4rA] (oo1) (6'L1) (5'08) (5°95)

p-[-10-e Y - [eD RO —[eD [119% oLy 16€ €Tr 90z 99t L81 61C NIT
an o €0 (oom) o (8'9v) (€51

p-I-10-ed ey <[220 08€ 16€ €Th 9202 997 L8T 6127 No1
‘rogqv  ‘rqp ‘rqo Tyqop fyop fyop ‘o ro yp yp
(1°o1) (10 (15¢) Le o (61€) (9'£8)

p-I-l0-[eD <« [BD—RD oy 16€ £Th o€z 967 L81 617 N6
(8'L7) (1°¢¢) (6'¢c6) (€0 0+1) (6'01)

p-I-l0-[eD <« [BD—eD ot €Ty 9€T 962 L81 617 NS

G0 (o0oD) Lo (zz9)

P-I-10-PI RO« VED )83 90T 997 681 NL
(€€ (6'v) (8°¢) (s°18) (9'12) (3°08) (s'Lg)

p-I-10-eq < [BD<«[BD 8LE (1187 €Ty 90T 99z L81 61z N9
HO?W — [qp ‘rqo rqo fygo Tyqo il o tyo Iyo
(TeD) o o o (a4 (8°2¢) o1 (8°67) (C:87]

p-1-10-1eD-(9<1)-VIeD 91 182 €97 S6T 6¢€ 9€T 967 681 12t NS
(6'L1) (0 (e0) () (4] (9°¢9) (<0 (99 (¢

p-I-10-TeH-(9<1)-1eH 91 19 £62 sog LEE 9T 967 L81 617 N¥
(v'6) a2 82 aw (z1n ((Xs7] (¢81)

p-1-10-[RD-(p 1) TeD PEL So€ 6b€ 9€T 962 L8T 612 NE
*9) an o 6D () (008 ) (1°¥p) (681)

p-I10-1*0-(€—1)-1eDH €€l 90¢ 8ce 0s€ T8¢ 9¢¢ 96T L81 61T NT
(891) o) (1-85) (8'91) (Lze) Ze)

P-I-1o-eqd-(y<1)-1eD ¥el LOE 90¢ 997 L81 61C NI
714 ¢ i ‘vq 'vq

jonpv-aprwyovs03y0 [(3ouvpunqp aayvja.) zul suor juatudvif s -1 3oLy

£-BN-H ANV Z-BN-H WO STOLIATY-3AIAVHIOVSODI'TIO ALV IAHLIW 40 'STI-'1T'd NO SNOI DILSONDOVIA

AL HTIdVL




H. KIYOHARA, J.-C. CYONG, H. YAMADA

210

(9°81) (T (6'89) (5'2s) (re)

[o-[ED «—feD<«eD 6EY €W S€T 181 612 V9
(TL) (9°57) (sz9) e

P-I-0-PD RO« RD 547 9€7 /81 617 1-v9
(e (1'9) (6°L9) (91¢) (0o1) (€62

[0-B By — VD 8¢ 6LE 907 597 681 122 Vs
() (€vL) (1-18) (Lo

10-BUY —RUY <V [2D S6€ $0Z 681 122 -V
1) () (o01) (118) (L0

p-I-10-BY —BU —V[eD 8pE S6€ 907 681 122 vy
HOW ~ [qV ‘rqo Trqo Yo Tyqo ‘o o yo yo
(s'92) 99) (L¢) (9°99) (£¢cg) (1%

[0-18D-(9<-1)-[eD SP1 LLY LEE cez L81 612 V¢
) 60 (L¢) @8 0) (£°s¢) (1e)

p-1-10-12D-(9<1)-[2D b1 8.1 LES o€z 962 181 61T T-v¢
{con (T) (5 1) (TsD (8¢) 1o

[0-[8D-(g<T)-1eD €€1 0s€ S€T $67 8T 612 Ve
(con) T (T?) (0€1) (C¥3)] (8°¢9) L120)

P-I10-RO-(g 1) 1BD €€l 0S¢ 78¢ 9¢7 962 L8] 617 I-v?
(19) L 0) (€0 Lvo) 6v) (0°¥e) (1'6)

[0-eqyg-(p<1)-[eD €€t 61€ S6€ S0z 474 181 617 Vi
(601 (Lo (Z0) (€0 (6°19) (zoD (0'vg) (16

p-1-10-2g-(pT)- 10 PET 61¢ 8¢ S6€ 907 997 181 612 VI
(81 (€0 (Lvo) (X3) 0°v¢) (16

[0-BUY-(Z1)-[eD S0¢ S6€ 8114 $9T 181 617 VI
(L0) (o) (c0) 6°19) (Ton) (0°v¢) (16)

P-I-10-euyg-(Z<1)-[eD 90¢ 8¢ S6¢ 907 997 L8] 612 V1
pv ‘o ‘ro tyq "vq

JONPID-2P14DYIIVSO31() [(2ouppunqo aanvyas) zyw| suot wawdo s w-1° Juaw3nLyg

£-8VY-q ANV Z-BY-H4 WO¥A STOLIATVY-HARIVHIOVSOOI'I0 G4LVITAHLAW 40 'S'IW-T'3 NO SNOI DILSONOVId

AFIEVL



PECTIC POLYSACCHARIDES FROM Angelica acutiloba 211

100

°)]
o

P
-

1oo-f — '

|~

r

100 500 1000
Concentration of neutral sugar (ug/mL)

3]
o

Anti-complementary activity (%)

Fig. 2. Anti-complementary activity of neutral carbohydrate side-chains in enzyme-treated “ramified”
region of AR-2Ila: @, E-PG-1a; B, E-Na-1; O, E-Aa-1; A, E-Na-2; A, E-Aa-2.

(1—{->6)-Gal-(1-}6?2> 6)-Gal and galactosyl chains of d.p. =5 (Table VI). Since PG-1a

reacted® strongly with the B-D-glucosyl-Yariv antigen, which has been used!s for
detection of (1—3,6)-B-D-galactans, and its long galactosyl chains comprised mainly
terminal, 3- and 6-linked, and 3,6-disubstituted Gal, it might contain a (1--3,6)-8-
D-galactan moiety as shown in Table VI. E-PG-1a contained galactosyl side-chains
(E-Aa), which were obtained by both the B-elimination reaction and lithium-
mediated degradation. Some of the galactosyl side-chains (2A-1, 3A-1, and 6A-1)
contained alditol-I-d units, indicating that they were attached originally to 4-linked
GalA as in —4)-GalA-(1-(Gal),-(1-—4)-GalA-(1— as reported® (Table VI). The
neutral side-chains in PG-1a are attached? to position 4 of 2,4-disubstituted Rha in
the rhamnogalacturonan core either directly (R, and R, in Table VI) or through
4-linked GalA (R, in Table VI). The present results strongly suggest the Gal and
di- to tetra-galacto-oligosaccharides to be attached to the rhamnogalacturonan core
either directly (R, and R;) or through 4-linked GalA (R,) as shown in Table VI.
However, it was not possible to determine whether the long galactosyl side-chains
were attached to position 4 of 2 4-disubstituted Rha in the rhamnogalacturonan
core directly (R, and R;) or through 4-linked GalA (R,). The high-molecular-
weight galactan side-chains of other pectic arabinogalactans (AGIib-1 and AR-
41lc) from A. acutiloba'®'® are attached mainly to rhamnogalacturonan core
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through 4-linked GalA (R;). Therefore, it is assumed that the long galactosyl side-
chains in E-PG-1a might be linked to the rhamnogalacturonan core in the same
manner. Comparison of the neutral side-chains indicated that PG-la possessed
longer galactosyl chains than E-PG-1a.

The present study suggests that the rhamnogalacturonan core in PG-la
contributed strongly to the expression of the anti-complementary activity, however,
the (1-3,6)-B-D-galactan moiety of E-PG-1a still expressed anti-complementary
activity. A pectin, isolated!” from the fruit of Zizyphus jujuba and which showed!8
no anti-complementary activity, consisted!” mainly of 4-linked Gal as the neutral
sugar. Therefore, the neutral side-chains in PG-1a may be associated with the
expression of the activity. The comparison of the neutral side-chains of PG-1a and
E-PG-1a assumed the presence of arabinosyl chains in PG-1a. Since the arabinosyl
chains were eluted from Bio-gel P-6 in the region for tri- and tetra-saccharides, and
most of the chains could be hydrolysed by exo-a-L-arabinofuranosidase, PG-1a is
suggested to contain arabinofuranosyl chains such as Araf-(l—bS)—Araf-(l]Kz* . Al-

though E-PG-1a did not contain such chains, its anti-complementary activity was
similar to that of PG-1a. Therefore, the anti-complementary activity of PG-1a may
be due to a combination of the rhamnogalacturonan core and the long galactosyl
chains.

The “ramified” regions of AR-2IIb-1Id contain® a lower proportion of the
{1-3,6)-B-D-galactan moiety than PG-1a in addition to shorter galactosyl chains as
indicated by their reactivity!® with the B-D-glucosyl-Yariv antigen; however, their
anti-complementary activities were as potent as that of PG-l1a. The “ramified”
regions of AR-2I1b-1Id contain® larger proportions of arabinosyl chains than PG-
1a, but the present results also indicate that the arabinosyl chains in AR-2ITb-IId
were less involved in the expression of the anti-complementary activities. The anti-
complementary activities of “ramified” regions of AR-2IIb-IId may be expressed
also by a combination of rhamnogalacturonan core and the short galactosyl chains.

The neutral arabinogalactan unit (N-I), isolated?® from the anti-complemen-
tary pectic arabinogalactan (AGIIb-1), was! as potently active as PG-1a, and N-I
possessed!® the galactan framework in which (1->6)-B-D-galactosyl side-chains were
attached to position 6 of the (1—3)-B-D-galactan backbone. The combination of
(1—6)-B-p-galactosy! chains with either the rhamnogalacturonan core or the
(1-3)-B-p-galactan might be responsible for the expression of potent anti-com-
plementary activity.
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