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Abstract

The structure of a sulfated polysaccharide isolated from the calcareous red alga Corallina
pilulifera was studied by methylation analysis before and after desulfation or Smith degrada-
tion, as well as by 1D and 2D 'H and >C NMR spectroscopy. The polysaccharide was shown
to consist of D-galactose, L-galactose, 2-O-methyl-L-galactose, 3-O-methyl-L-galactose, 6-O-
methyl-D-galactose, D-xylose, and sulfate in a molar ratio of 29:20:5:2:1:20:23. Its agaran-like
backbone built up of alternating 3-linked B-D-galactopyranose and 4-linked a-L-galacto-
pyranose residues bears single B-D-xylopyranosyl substituents at position 6 of B-D-galactose
residues, whereas sulfate and O-methyl groups occupy positions 2 and 3 of a-L-galactose and
position 6 of B-D-galactose residues. © 1997 Elsevier Science Ltd.
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1. Introduction

Red algae belonging to different orders may con-
tain structurally different polysaccharides [2—4]. In
particular, calcareous red algae of the family Coralli-
naceae (order Corallinales) are the only group of
Rhodophyta where alginic acids were detected [1,5,6].
It may be suggested that sulfated polysaccharides of
these peculiar plants also have unusual structures, but
at the beginning of our work only components of the
Atlantic species Corallina officinalis had been stud-

" Corresponding author. E-mail: usov@ioc.ac.ru.
: Polysaccharides of Algae. Part 50. For Part 49, see ref.
[1].

ied in detail [7-9]. It was demonstrated that the alga
contains a series of sulfated xylogalactans having a
backbone built up of alternating 3-linked B-D-
galactopyranose and 4-linked a-L-galactopyranose
residues (such a structure, according to the recently
proposed nomenclature of red algal galactans [10], is
termed ‘agaran’). This backbone bears numerous sub-
stituents masking its regular character, e.g. O-methyl
and O-sulfate groups at positions 2 and 3 of L-galac-
tose residues, as well as [B-D-xylopyranosyl sub-
stituents and O-sulfate groups at position 6 of D-
galactose residues. Our work is devoted to the struc-
tural analysis of a sulfated heteropolysaccharide iso-
lated from one of the Pacific species of corallinean
algae, C. pilulifera [6].
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2. Results and discussion

The presence of a sulfated xylogalactan in the
calcareous red alga C. pilulifera was detected in our
previous work [6]. To isolate the polysaccharide, the
algal biomass was treated with hydrochloric acid at
room temperature, inorganic salts were removed by
dialysis, acid polysaccharides were precipitated by
the action of hexadecyltrimethylammonium bromide
(Cetavlon) and transformed into water-soluble sodium
salts as described earlier [6]. The resulting prepara-
tion (I) was purified on DEAE-Sephacel using aque-
ous sodium chloride of increasing concentration as
eluant. The main part of the material was eluted with
0.4 M NaCl. Dialysis and lyophilization of this frac-
tion gave the purified sulfated xylogalactan (Ia). It
contained galactose, xylose, and sulfate in a molar
ratio of about 2:1:1 together with minor amounts of
2-0-, 3-0-, and 6-O-methylgalactose (Table 1). Ac-
cording to enzymatic analysis data, galactose was a
mixture of D- and L-enantiomers in nearly equimolar
proportion. The D-configuration of xylose was estab-
lished by GLC of the corresponding acetylated S(+)-
2-octyl glycosides [11]. The L-configuration of 2-O-
and 3-O-methylgalactose and the D-configuration of
6-0-methylgalactose were determined using NMR
spectroscopy (see below).

In the course of the structural analysis of the
polysaccharide several chemical modifications were
employed to simplify its structure. Desulfation was
performed by acid methanolysis [12]. Four treatments
of preparation I with 1% methanolic HC1 at 0 °C
were found to diminish considerably the degree of
sulfation without marked change in the proportion of
galactose and xylose. Desulfated polysaccharide (1)
was obtained in 48% yield.

Periodate oxidation of polysaccharide I resulted in
the destruction of practically all p-xylose, whereas
the ratio of D- and L-galactose in the oxidized mate-
rial differed only slightly from that in the starting
polysaccharide. The consumption of periodate was
nearly 2 mol for every D-xylose residue present. This

result was in accord with the suggestion that all the
xylose residues occupy a terminal non-reducing posi-
tion in the polysaccharide. The oxidized polymer was
reduced with sodium borohydride and subjected to
mild acid hydrolysis according to the usual Smith
degradation conditions [13]. After separation of low-
molecular fragments, a Smith-degraded polysaccha-
ride (III) was obtained in 35% yield. This prepara-
tion, containing 16.7% sulfate, was desulfated by
treatment with methanolic HCl, as described above.
A Smith-degraded and desulfated polysaccharide (IV)
containing only 0.55% sulfate was obtained in 32%
yield.

Polysaccharide preparations Ia, II, III, and IV were
subjected to methylation analysis. Polysaccharides
were methylated with methyl iodide in the presence
of sodium hydroxide in methyl sulfoxide [14], the
native sulfated xylogalactan Ia being first trans-
formed into the triethylammonium salt to enhance its
solubility [15]. Other polysaccharides were readily
soluble in methyl sulfoxide as sodium salts. Complete
methylation was usually achieved after a single treat-
ment with methylating reagents, since repeated meth-
ylation did not change significantly the proportion of
methylated monosaccharides in hydrolyzates. Meth-
ylated polysaccharides were isolated by dialysis and
lyophilization, hydrolysed, and the resulting mixtures
of partially methylated monosaccharides were re-
duced with sodium borohydride, acetylated, and ana-
lyzed as alditol acetates by GLC-MS [16]. Compari-
son of the results obtained for preparations la-IV
(Table 2) made it possible to suggest the backbone
structure and the substitution pattern for these poly-
saccharides.

It is evident from Table 2 that polysaccharide IV
contained equal amounts of 3- and 4-linked galactose,
whereas the high content of terminal non-reducing
galactose may be explained by a considerable degra-
dation of the backbone during the preparation of IV
from I. It was reasonable to suggest that 3-linked
galactose residues belong to D-series and alternate
with 4-linked L-galactose residues, as in many other

Table 1

Composition of polysaccharide preparations Ia—IV (in molar %)

Sample D-Gal L-Gal D-Xyl 2-0-Me-Gal 3-0O-Me-Gal 6-0-Me-Gal SO;Na
Ia 29 20 20 5 2 1 23

11 35 27 25 6 2 1 4

I 34 26 2 6 2 1 29

v 46 37 - 11 3 2 |
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Table 2

Methylation analysis of sulfated xylogalactan Ia and its derivatives II-IV (molar % of partially methylated alditol acetates)
Position of O-methyl groups v 11 I Ia
Xylose

2,34 1 2 21 26
Galactose

2,346 14 6 4 1
2,3,6 34 29 34 26
2,46 34 32 14 4
234 3 1 2 -
2,6 3 5 2 4
3,6 - 12 - 8
23 5 1 3 1
24 6 12 20 30

red seaweed galactans of the agar group [2-4]; this
suggestion was proved by periodate oxidation of
polysaccharide II (see below). At the same time, the
origin and structural significance of minor derivatives
of 2,3,4-tri-O-methylgalactose and di-O-methyl-
galactoses were rather obscure.

Comparing the results of methylation of poly-
saccharides III and IV, it may be concluded that Il
was less degraded than IV. Sulfate groups in III are
approximately equally distributed between position 6
in 3-linked galactose and position 2 in 4-linked galac-
tose. In addition, a small part of sulfate may also
occupy position 3 in 4-linked galactose. Evidently,
sulfation of 4-linked galactose residues should protect
them from degradation during periodate oxidation.

The partially methylated alditol acetates derived
from polysaccharide II were in consistence with the
conclusion about the terminal position of D-

xylopyranosyl groups based upon the results of perio-
date oxidation and gave the evidence that these
residues substitute the primary hydroxyl groups of
3-linked galactose. Comparison of methylation prod-
ucts of II and Ia confirmed qualitatively the position
of sulfate groups determined by methylation analysis
of polysaccharide III. At the same time the high
2,3,6-tri-O-methylgalactose content in methylated Ia
did not correlate with the retention of galactose in
periodate-oxidized polysaccharide I, and this fact may
be probably explained by insufficient stability of
sulfate groups at O-2 of 4-linked galactose residues
under methylation conditions.

Additional structural information was obtained af-
ter periodate oxidation of polysaccharide II, which
resulted in a practically complete destruction of xy-
lose and a considerable increase in the D- to L-galac-
tose ratio in the oxidized material, thus confirming
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Fig. 1. BC NMR spectrum of Smith-degraded and desulfated polysaccharide IV. Notation of monosaccharide residues

according to ref. [10].
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Table 3

Assignments of NMR spectra of polysaccharides Ia-IV

Residue Chemical shifts (plpm) and coupling Chemical shifts (ppm)
constants (Hz) in ' H NMR spectra in °C NMR spectra
— 4)-a-L-Galp-(1 - H-1 5.28 Ji, 35 C-1 101.9
H-2 3.84 J,3 95 C-2 70.2
H-3 3.92 Jy, 4 C3 70.7
H-4 422 Jys <2 C4 80.1
H-5 4.15 C-5 73.1
H-6a 3.95 C-6 62.0
H-6b 3.82
— 4)-a-L-Galp-2-SO; (1 —» H-1 553 Ji, 35 C-1 100.1
H-2 4.49 Jy3 9.5 C-2 77.1
H-3 4.08 Ji4 4 C-3 68.1
H-4 4.30 Jys <2 C-4 79.9
H-5 4.18 C-5 73.1
H-6a 3.95 C-6 62.0
H-6b 3.82
- 4)-a-L-Galp-2-OMe-(1 - H-1 5.49 Ji2 35 C-1 99.4
H-2 3.60 Jy3 9.5 C-2 79.5
H-3 3.95 Ji, 4 C-3 70.0
H-4 422 Jus <2 C-4 79.9
H-5 4.18 C-5 73.1
H-6a 3.95 C-6 62.0
H-6b 3.82 OMe 58.9
OMe 349
- 4)-a-L-Galp-3-OMe-(1 - OMe 3.44, C-1 99.4
345°
C-2 70.0
C-3 78.9
C-4 76.7
C-5 73.1
C-6 62.0
OMe 58.0
- 3)-B-p-Galp-(1 — H-1 4.42 Ji, 15 C-1 104.6
H-2,3 3.75 C-2 72.0
H-4 4.10 Jy, 4 C-3 81.3-829°"
H-5 3.70 Jus <2 C4 69.8
H-6a,b 3.85 C-5 76.5
C-6 62.3
- 3)-B-p-Galp-6-OMe-(1 — OMe 3.38 C-1 104.6
C-2 72.0
C3 81.3-82.9°
C4 69.2
C-5 74.1
C-6 72.8
OMe 59.9
- 3)-B-p-Galp-6-SO; (1 — H-1 442 Ji, 75 C-1 104.6
H-2,3 3.75 C-2 72.0
H-4 4.09 Jyq 4 C-3 81.3-82.9 "
H-5 3.93 Jis <2 C-4 68.1
H-6a,b 4.18 C-5 74.1
C-6 68.5
- 3,6)-8-D-Galp-(1 — C-1 104.6
C-2 71.9
C3 81.9
C-4 ~ 70
C-5 75.2
C-6 69.8
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Table 3 (continued)

Residue Chemical shifts (prpm) and coupling Chemical shifts (ppm)
constants (Hz) in 'H NMR spectra in °C NMR spectra
B-D-Xyl p-(1 — C-1 104.8
C-2 74.5
C-3 77.1
C4 70.8
C-5 66.5

* Two values of MeO-3 chemical shift for 3-mono- and 2,3-disubstituted residues.

® Depending on substitution of the residue and its neighbours.

the L-configuration of 4-linked galactopyranose.
Smith degradation of II gave rise to a product, tenta-
tively identified as B-D-galactopyranosyl{1 — 2)-L-
threitol, and this observation was consistent with the
alternating sequence of 3- and 4-linked galactose
residues in the polysaccharide backbone.

NMR spectroscopy was used to confirm these
chemical data as well as to determine the anomeric
configurations and to localize methyl groups in the
polysaccharide. The anomeric region of the ’*C NMR
spectrum of the periodate-oxidized and desulfated
sample IV (Fig. 1) contained three signals of different
integrated intensities. The intensity of the main signal
at 104.6 ppm was approximately equal to the sum of
those of the other two signals at 101.9 (more intense)
and 99.4 ppm. The subspectrum in the region 58—-83
ppm was typical of a polysaccharide with masked
repeating structure, since it contained 10 intense peaks
and several minor peaks, including signals of O-
methyl groups at 58.9 (more intense) and 59.9 ppm.
The attached proton test (APT) spectrum [17] was
used to attribute the signals at 62.0 and 62.3 ppm to
CH,OH groups.

The 'H NMR spectrum of IV also contained three
signals as doublets in the anomeric proton region at
4.42 ppm (J 7.5 Hz, B-galacto configuration) and at
5.28 and 5.49 ppm (J 3.5 Hz, a-galacto configura-
tion). The integrated intensity of the doublet of the
B-sugar was equal to the sum of those of the a-sugars.
The high-field region of the spectrum (3.38-3.49
ppm) contained three singlets belonging to OMe
groups. The most intense signal of this group (about
60% of the total intensity of OMe resonances) was
observed at 3.49 ppm.

The main peaks in the '"H NMR spectrum of IV
were assigned using 2D COSY and relay coherence
transfer (COSYRCT) spectroscopy. Analysis of the
chemical shifts [18] and spin—spin coupling constants
[19] showed that the polysaccharide contained pyra-
nose rings with a- and B-galacto configuration only.

The 2D NOE spectrum in rotating frames (ROESY

[20,21]) of polysaccharide IV revealed spatial prox-
imity of H-1 of B-galactose to H-4 of a-galactose,
on the one hand, and of H-1 of a-galactose to H-3 of
B-galactose, on the other hand. The absence of the
correlation peak H-1(a)/H-4( 8) in the coordinates
of chemical shifts was a sign of different absolute
configurations of a- and B-galactopyranose residues
[22]. Bearing in mind the destruction of L-galactose
residues by periodate, it may be concluded that poly-
saccharide IV contains alternating 3-linked fB-D-
galactose and 4-linked a-L-galactose residues, and
hence, it has the structure of a partially methylated
agaran. The predominant position of O-methylation
was clear from the analysis of the ROESY spectrum,
where a rather intense correlation peak OMe (3.49
ppm) /H-2 of a-galactose (3.60 ppm) was observed.
The appearance of the signal at 99.4 ppm in the °C
NMR spectrum of IV (upfield shift of C-1 of a-
galactose from 101.9 to 99.4 ppm as the result of the
B-effect of substitution) confirmed the presence of
OMe groups at C-2 in part of the a-L-galactose
residues.

The complete interpretation of the >C NMR spec-
trum of IV (Table 3) was performed using 2D 'H/"C
correlation spectroscopy (HMQC [23]). The assign-
ment of most of the signals coincided with the values
reported for agaran in the literature [24], but the
attribution of resonances to C-2 of B-D-galactose and
C-3 of a-L-galactose given in [24] should be re-
versed, according to our data. Systematic differences
in chemical shift values of about 0.7 ppm were
probably the result of different recording conditions.
The spectrum confirmed the structure of the main
chain and the location of the O-methyl groups pre-
dominantly at position 2 of a-galactose (Table 3).
The minor peaks of OMe groups were observed at
3.38/59.9 and 3.44,3.45/58.0 ppm for 'H and *C
chemical shift coordinates, respectively. The chemi-
cal shift of 59—60 ppm is characteristic of an OMe
group at position 6 of a galactopyranose, and that of
58.0 ppm should belong to an OMe group at position
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Fig. 2. Cc NMR spectrum of Smith-degraded polysaccharide III.

3 [25,26]. A small peak at 74.1 ppm in the °C NMR
spectrum of IV may be assigned to C-5 of 6-sub-
stituted B-galactopyranose. It is evident that some of
the latter residues bear OMe group at position 6.

Taking into account all the NMR data, it may be
concluded that polysaccharide IV is a partially meth-
ylated agaran having O-methyl groups at positions 2
(about 25%) and 3 (about 7%) of a-L-galacto-
pyranose and at position 6 (about 7%) of pB-D-
galactopyranose residues.

The anomeric region of the *C NMR spectrum of
sulfated polysaccharide III contained only one addi-
tional signal at 100.1 ppm, as compared with that of
IV (Fig. 2). The total integrated intensity of the three
a-galactose signals at 99.4, 100.1, and 101.9 ppm
was nearly equal to that of B-galactose at 104.6 ppm.
The APT spectrum revealed a signal of a substituted
CH,O group at 68.5 ppm. The signal at 74.1 ppm
(C-5 of 6-O-substituted B-galactose) in the spectrum
of IIl was much more intense than in the spectrum of
IV. These observations made it possible to propose
the location of sulfate groups in III at position 2 of
a-L- and position 6 of B-D-galactose.

The low-field region of the 'H NMR spectrum of
II also contained an additional doublet at 5.53 ppm
(J 3.5 Hz). In the 2D COSY spectrum this signal
correlated with a doublet of doublets at 4.49 ppm.
Such a low-field position of H-2 was also in agree-
ment with the conclusion about the presence of sul-
fate at position 2 of a-galactopyranose.

Both 'H and "C NMR spectra of polysaccharide
III were completely assigned using the same proce-

dures as for polysaccharide IV. Analysis of the whole
spectra confirmed the location of sulfate groups at
position 2 of a-galactose (about 35%) and at position
6 of B-galactose (about 20%). There were no signs
on sulfate substitution at any other position.

It was very difficult to analyze the '"H NMR
spectrum of the native polysaccharide Ia due to the
broadening of signals. Its "C NMR spectrum (Fig. 3)
also contained rather broadened peaks of carbons
belonging to galactose residues together with five
very sharp and intense lines identified as subspectrum
of B-xylopyranosyl groups [27]. The position of these
signals and the absence of their splitting showed that
all the B-xylopyranose residues are similarly attached
to the backbone as single branchings devoid of addi-
tional substituents.

The C NMR spectrum of desulfated polysaccha-
ride II (Fig. 4) was much better resolved than the
corresponding spectrum of the native polymer la. In
the anomeric region there were three main signals at
104.8, 104.6, and 101.9 ppm belonging to B-D-xylo-
pyranose, f-D-galactopyranose, and a-L-galacto-
pyranose, respectively. Four additional sharp and in-
tense signals were attributed to other carbon atoms of
B-D-xylopyranose. In the APT spectrum of II, along
with signals of unsubstituted hydroxymethyl groups
of both galactose residues (peaks in the region 61.7—
62.5 ppm, the signal of the B-pD-isomer at 62.3 ppm
being much less intense than that of the a-L-isomer
at 62.0 ppm) and the CH, group of pB-D-xylo-
pyranose (66.5 ppm), an intense signal of a substi-
tuted hydroxymethyl group at 69.7 ppm was ob-
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Fig. 3. ®C NMR spectrum of native sulfated xylogalactan Ia.

served. This signal indicated, in accordance with the
result of the methylation analysis, that pB-D-
xylopyranosyl groups were attached to S-D-galacto-
pyranose residues of the backbone at position 6.
Taking into account all the results, it may be
concluded that sulfated xylogalactan, isolated from
the calcareous red alga C. pilulifera, should be re-
garded as a representative of the agar group poly-
saccharides, since its backbone is built up of alternat-
ing 3-linked B-pD-galactopyranose and 4-linked a-L-
galactopyranose residues. At the same time, the xylo-

galactan differs from typical agar-like polysaccha-
rides, such as agarose or porphyran [2-4], in several
important structural parameters. First, it does not
contain 3,6-anhydro-a-L-galactopyranose and, more-
over, also a-L-galactopyranose 6-sulfate, which might
be used as biogenetic or chemical precursor of 3,6-
anhydro-a-L-galactose. Second, the polysaccharide is
characterized by a specific distribution of non-carbo-
hydrate substituents: most of the O-methyl and O-
sulfate groups occupy position 2 in a-L-galactose,
some of these groups are located at position 3 of

0
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Fig. 4. ®C NMR spectrum of desulfated polysaccharide II.
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a-L-galactose, whereas methylation and sulfation at
position 6 of B-D-galactose occur to much lesser
extent. Finally, the polysaccharide contains many
B-D-xylopyranosyl groups as single substituents
linked at position 6 of B-D-galactose residues of the
backbone. In this connection it may be pointed out
that xylose was sometimes found earlier as a compo-
nent of red algal galactans, but, as a rule, only in
minor quantities. In addition to O-6 of B-p-galacto-
pyranose residues of the galactan backbone [28], it
was found to be also linked to O-2 of 3,6-anhydro-a-
L-galactose [28], O-4 of B-D-galactose [29], and O-3
of a-L-galactose residues [30,31].

When our work was finished, a communication
appeared [32] concerning the isolation and investiga-
tion of a sulfated polysaccharide from the calcareous
red alga Joculator maximus Manza, a new represen-
tative of the Corallinaceae collected on the coast of
Japan. It is interesting to compare the structure of
xylogalactan from C. pilulifera with those of poly-
saccharides from J. maximus [32] and C. officinalis
[8,9]. Taking into account that all three species are
closely related from the taxonomic point of view, it is
not surprising that sulfated polysaccharides isolated
from these algae have similar structures. Their back-
bones are of the agaran type, contain no 3,6-
anhydrogalactose, single S3-D-xylopyranose sub-
stituents are located at position 6 of B-D-galactose,
sulfate groups are placed at O-6 of B-D-galactose and
O-2 or O-3 of a-L-galactose, and O-methyl groups
are located mainly at position 2 of a-L-galactose
residues. At the same time, there are some differ-
ences in the structures of these biopolymers: for
example, four isomeric mono-O-methyl galactoses
were detected in the polysaccharide from C. offici-
nalis, only three of them in the polysaccharide from
C. pilulifera (4-O-methylgalactose was absent),
whereas only one isomer (2-O-methylgalactose) was
found in the polysaccharide from J. maximus. Sul-
fated xylogalactan from C. pilulifera was shown to
be less heterogeneous under fractionation conditions,
as compared with its analogue from C. officinalis.
Further investigations should indicate whether the
presence of sulfated xylogalactans of the structure
discussed here is a characteristic feature of all the
algae belonging to the family Corallinaceae.

3. Experimental

General methods.—Quantitative determination of
neutral monosaccharides in hydrolysates of poly-
saccharide samples, using GLC of acetylated al-

dononitriles and myo-inositol acetate as an internal
standard, as well as of uronic acids by colour reaction
with conc. H,SO,-3,5-dimethylphenol, was carried
out as described earlier [6]. The concentration of
D-galactose in hydrolysates was determined with D-
galactose dehydrogenase using the Lactose-Galactose
Determination Kit (Boehringer). Sulfate was esti-
mated turbidimetrically after hydrolysis of poly-
saccharides in 1 M HCI [33]. 'H and >C NMR
spectra were recorded using Bruker AM-300 and
WM-250 spectrometers and 2—-5% solutions in D,O
at 50 °C with acetone (8 2.225) or MeOH (8.
50.15) as internal references. 2D spectra were ob-
tained using standard Bruker software for Aspect
2000 and 3000 (COSY, COSYRCT, ROESY,
HMQC). Optical rotations were measured using a
Jasco DIP-360 polarimeter.

Isolation and purification of sulfated xylogalactan
I and Ia.—The alga C. pilulifera was collected from
Possjet Bay of the Sea of Japan in September 1977.
A crude preparation of the sulfated polysaccharide as
sodium salt (I) was obtained as described earlier [6];
yield 0.87% of dry biomass; composition: galactose,
34.3%; xylose, 12.1%; SO;Na, 9.6%; glucose, 1.6%;
uronic acids, 7.4%. An aqueous solution of I (300 mg
in 10 mL) was placed on a column (26 X4 cm)
containing DEAE Sephacel (Pharmacia) in the Cl1~
form and eluted with water followed by NaCl solu-
tions of increasing concentration (0.2, 0.4, 0.6, 0.8,
and 1.0 M), each time up to the absence of a positive
reaction of eluate for carbohydrates with phenol —
conc. H,SO, [34]. All the solutions obtained were
dialysed and lyophilized, yields of fractions being 10,
10, 220, 20, 20, and 20 mg, respectively. The compo-
sition of the main fraction (Ia), [a]5 —77.2° (¢ 0.4,
H,0), eluted with 0.4 M NaCl, is given in Table 1.

Determination of the absolute configuration of xy-
lose.—A solution of sample Ia (20 mg) in 2 M
CF,CO,H (2 mL) was heated for 8 h at 100 °C and
evaporated to dryness with EtOH. The residue was
converted into acetylated S( + )-2-octyl glycosides ac-
cording to ref. [11]. The mixture obtained was ana-
lyzed by GLC (Hewlett—Packard 5890A chromato-
graph, HP Ultra-2 capillary column, temperature pro-
grammed from 200 °C to 290 °C at a rate of 10
°C /min). Peaks of acetylated S(+)-2-octyl D-xylo-
sides (retention times 8.1 and 8.5 min) coincided with
authentic D-xylose derivatives, whereas peaks of the
corresponding L-xylose derivatives (retention times
8.2 and 8.4 min) were completely absent.

Desulfation of xylogalactan 1.—Sample 1 (250
mg) was suspended in absolute MeOH (40 mlL),
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cooled to 0 °C, then AcCl (1 mL) was added and the
mixture was stirred for 6 h at 0 °C. The polysaccha-
ride was separated by centrifugation, washed twice
with MeOH, suspended in MeOH (40 mL) and left
overnight. This treatment was repeated three more
times. The washed precipitate was dried in vacuo to
afford a desulfated xylogalactan (II) (160 mg), [ ]%
—81.3° (¢ 04, H,0).

Smith degradation of polysaccharides.—A solu-
tion of NalO, (0.02 M, 40 mL) was added to a
solution of sulfated xylogalactan I (100 mg) in water
(40 mL), and the mixture was left in the dark for 24 h
at room temperature, when the consumption of the
oxidant ceased (monitored by the decrease in the
optical density of the solution at 305 nm). Ethylene
glycol (0.5 mL) was added to the reaction mixture,
which was then dialysed, concentrated to about 20
mL, NaBH, (100 mg) was added, and the mixture
was left overnight. The solution was acidified with
HOAC, dialysed and lyophilized to give the oxidized
and reduced polysaccharide (83 mg), containing Gal
(37.9%, p:L 1.2) and Xyl (1.3%). This preparation
(61.9 mg) was dissolved in 1% HOAc (10 mL), the
solution was heated for 2 h at 100 °C and concen-
trated to dryness. A solution of the residue in water
(5 mL) was placed on a column (75 X 3 cm) contain-
ing Sephadex G-15 and eluted with water. A poly-
meric fraction was lyophilized to afford a Smith-de-
graded polysaccharide IIT (35 mg).

Similar oxidation of desulfated xylogalactan II (40
mg) gave rise to an oxidized and reduced polysaccha-
ride (17 mg), D-Gal:L-Gal ratio 6:1. A solution of this
material in 1% HOAc (3 mL) was heated for 2 h at
100 °C, concentrated to dryness, the residue was
acetylated with 1:1 pyridine—Ac,O (1 mL) for 1 h at
100 °C and analyzed by GLC. The main component
of the mixture was tentatively identified as B-p-
galactopyranosyl-(1 — 2)-L-threitol acetate by com-
parison of its retention time and EI mass spectrum
with those of authentic acetylated B-D-galactopyrano-
syl-(1 = 2)-p- and -L-threitol obtained by Smith
degradation of desulfated galactan from Grateloupia
divaricata [35].

Periodate oxidation and desulfation of polysaccha-
ride I.—Oxidation of polysaccharide I (460 mg) was
carried out as described above to afford an oxidized
and reduced polysaccharide (380 mg). This prepara-
tion was desulfated with methanolic HC], as above.
Desulfated degraded polysaccharide IV was obtained
after three treatments (52 mg), [a]5 —72.8° (¢ 0.8,
H,0).

Methylation of polysaccharides.—An aqueous so-

lution of Ia (150 mg) was dialysed against aq 1%
NEt, - HCI for 2 days, then against distilled water,
and lyophilized to give the triethylammonium salt of
Ia (140 mg), [al® —73.1° (¢ 0.4, H,0). Other
polysaccharides were methylated as sodium salts.

CH;I (0.2 mL) and powdered NaOH (20-30 mg)
were added to a solution of polysaccharide (5 mg) in
Me, SO (0.5 mL). The mixture was stirred for 1 h at
room temperature, water (4 mL) was added, and the
solution was dialysed and concentrated. CF,CO,H (2
M, 1 mL) was added to the residue, the solution was
heated for 8 h at 100 °C, then co-concentrated with
EtOH, and the resulting partially methylated
monosaccharides were converted into alditol acetates
and analyzed by GLC and GLC-MS according to
conventional procedures [16].
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