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Abstract-Extraction of the seaweed with dilute alkali after exhaustive treatment with boiling water led to the isolation 
of a B-D-( 1+ 4hlinked xylan and a complex system of poiysaccharides containing sulphate. 

iNTRODUCTION 

o_Xyiose occurs in poiysaocharides of red algae in the 
form of either xyians or combined in heteropoiysac- 
charides [i J. Pure xylans may be water-soluble of the 
‘mixed linkage’ type containing both /I-( 1+ 3)- and /?-( 1 
+ 4blinkages, or aika~-~iubie c&l-wail components 
either completely /?-(1 --, 3blinked or completely &(l 
+ 4blinked. Xylans of the first type have been isolated 
from Rhodymenia pdmuta [2], Rhodoclrorton joridulum 
El], Porphyru umbilicf&.s [I], Loutencilr Peru [I], 
~~1~~ oennifutme [33, Chae~~ium &nacew~ [4] 
and C.@tigiutum [S]. Further extractions with alkali of 
P. umbilicalis [ 1,6] and R. pulmuta [l] gave a /7-( 1 + 3)- 
linked and a B-(1 -* 4).linked xylan, respectively. 

Little is known about the presence of xyi~n~ning 
heteropoiysaccharides or of other poiysac&rides in the 
ceil wails of red seaweeds. We wish to report the isolation 
of a complex system of poiysaccharides containing sul- 
phateandofafl-D-(1 -+ 4)Gnkedxylanfrom thecell walls 
of C. f~ti$~tum. 

RESULTS AND DISCUSSXON 

Hot-water extraction of the seaweed gave a xylan [S] 
with an essentially linear structure consisting of a chain of 
(1 + 4)_ and (1 + 3)-linked /I-~xyiopyranose residues. 
When the residue from this treatment was sequentially 
extracted four times with dilute alkali, fractions were 
obtained whose yields, carbohydrate composition, and 
contents of sulphate and protein are shown in Table 1. 

The carbohydrate composition of the fractions was 
qualitatively similar but the Erst fraction was different 
from the others because it contained a small proportion of 
fucose and its content of xylose was much higher and that 
of suiphate much lower than in the other fractions. 

Further subfractionation of fraction 1 with water at 
room temperature gave an insoluble residue (Iis) in a ca 
38% yield which contained mainly xylose and smaller 
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proportions of mannose and galactose (Table 1). When 
extraction with water was repeated the contents of 
mannose and galactose diminished but the insoluble 
residue (liz) still contained a small amount of suiphate 
and protein. The supematants were pooled yielding a 
water-soluble subfraction (1s) which contained the five 
susrs present in fraction 1. It is noteworthy that subfrac- 
tion 1s resisted extraction with boiling water suggesting 
that its insolubility was due to ‘interactions’ with other 
components of the ceil-wall. This is consistent with the 
fact that after two washings with water the xyian still 
contained small amounts of mannose and galactose. The 
structure of the xylan (subfraction li2) was worked out 
while the other products were reserved for further 
research. 

The optical rotation of the xylan, [a&,- 90.5” (1.0 M 
NaOH; c 0.34) was similar to that of the /?-~(1 + 4)- 
linked esparto grass xylan (-92”) [7-j. Its 13C NMR 
spectrum showed five main signals which were assigned to 
C-l (6102.9), C-2 (73.9), C-3 (75.4), C-4 (76.8) and C-5 
(64.2) of a 4-O-substituted #?-~xyiopyranosyi residue [8]. 

The xylan was insoluble in dimethyi suiphoxide and 
permethylation was achieved through a two-step pro- 
cedure according to Haworth and Hakomori [9]. 
Hydrolysis of the permethyiated derivative gave a mixture 
of partially methyhtted xyioses (molar %), namely: 2,3di- 
0-methylxyiose (91.3), 2,3,4-tri-O-methylxyiose (4.2X 2,4- 
di-O-methyixylose (2.4) and 2-0-methyixyiose (2.1). 
Traces of 2,3,~t~-0-methyi~nno~ and 2,4,6-tri-O- 
methylgalactose were also detected. This composition 
confirmed the linear structure with almost exclusively (1 
+4blinkages but suggested the presence of small 
amounts of (1 + 3)Gakages and branching, as judged by 
the yields of 2,~i-0-methyixylo~ and 2-O-methyixyiose, 
respectively. Small proportions of (1 + 3)Gnkages and 
branching were also found in the xylan from R. pulmata 
PI. 

The degree of polymerization calculated from the non- 
reducing end&ain xylose content was 50 after discount- 
ing the branching, and similar (60) to that obtained from 
the reducing end unit content [lo]. It is noteworthy that 
the structure of this poiysaocharide closely resembles the 
xylan previously extracted from esparto grass [7$ 

In summary, a @-D-(1 + 4)-linked xylan has been 
identified among the components of the cell-wails of C. 
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Table 1. Yields and composition of the fractions extracted with alkali from the red 
seaweed c. flstigiatum 

Carbohydrate composition (mol %) 

Yield l Sulphate* Protein 
Fraction (%) KY1 Man Gal Gk Fuc (%) (%) 

1 
2 
3 
4 
Is 
n,t 
h2% 

0.46 
0.34 
0.24 
0.13 

17.2 9.5 9.1 2.1 2.0 6.7 35.4 
20.5 12.0 19.3 48.1 - 29.3 68.2 
19.8 25.4 39.8 14.9 - 20.8 36.3 
22.2 19.0 45.3 13.6 - 30.6 13.1 
10.9 31.5 37.6 3.4 10.6 26.4 47.5 
94.9 2.7 2.4 - - n.d.8 n.d. 
98.2 0.2 1.6 - - 2.0 5.5 

*After subtraction of the protein. 
tObtained after one extraction of fraction 1 with water at room temp. 
$Obtaincd after two extractions of fraction 1 with water at room temp. 
§n.d., not determined. 

fostigiatum; the cell-walls also comprise a complex system 
of polysaccbarides containing sulphate. 

EXPERIMENTAL 

Materials. Ch4emngiumj~tigiotum was collected near Puerto 
Deseado in Southern Patagonia (Argentina) and was dried in the 
open under strong winds. 

Extractions. The alga (60 g) was exhaustively extracted with 
boiling water [S] and the residue extracted with 8 % NaOH (1 I.) 
containing NaBH, (0.1 g)and previously bubbled with N1. under 
mechanical stirring for 4 hr at room temp. The insoluble residue 
was removed by centrifugation and the supematant dialysed, 
coned to half-vol., and poured into 3 VOL (1.5 I.) of EtOH. The 
resultant ppt was removed by centrifugation and dried by solvent 
exchange (EtOH and EtxO) and finally in uocuo. The extraction 
procedure was repeated x 3. Yields: fraction I, 0.424 B; fraction 2, 
0.644 g; fraction 3, 0.225 g; fraction 4, 0.090 g. 

Fraction 1 (0.107 g) was suspended in Hz0 (25 ml) and stirred 
overnight at room temp.; the ppt was removed by centrifugation 
and dried as described before (l&, 41 mg). This procedure was 
repeated once more on the insoluble residue (El, 38 mg). The 
supernatants were pooled, coned and freexedried (Is, 54 mg) 

General methods. Sulphate (expressed as NaSG,) was analysed 
by the method of Wagner [l 11, after removing sodium cations. 
Nitrogen was determined by the method of Dumas-Pregl Cl23 
and the protein content was calculated by multiplying the 
nitrogen content by 6.25. 

The 13C NMR spectrum was measured at 25.2 MHz with the 
sample (16 mg) dissolved in 1.0 M NaOH-D,O (2: 1,0.4 ml) and 
with complete proton decoupling; chemical shifts were referred 
to external TMS. 

Hydrolyses of polysaccharidea were carried out in sealed tubes 
with 2 M TFA for 16 hr at 95” and the sugar mixtures were 
derivatixed for analysis by GC and GC/EIMS. 

GC was performed on glass columns (a) 3% ECNSS-M on 
Gas-Chrom Q (100-120 mesh) (1.8 m x 2 mm) and (b) 3% OV- 
17 (1.8 m x 2 mm). Chromatography on column (a) was carried 
out at 190” for the alditol acetates [I33 and at 170” for the 
partially methykted alditol acetates [14] and partially meth- 
ylated aldononitrile acetates [lS]; the N2 flow rate was 
25 ml/m& the injector temp. 210” and the FID temp. 210”. For 
the determination of the degree of polymerization [lo] column 
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(b) was used at 170” with a N, flow rate of 27 ml/mm, an injector 
temp. of 250’ and a FID temp. of 250”. Computer&d GC/EIMS 
of the partklly methylated afditol acetates [14] and pa&By 
methylated aldononitrile acetates [16] was performed at 70 eV; 
chromatography was carried out on a glass column (1.2m 
x 3 mm) of 3 % ECNSS-M on Gas-Carom Q (100-120 mesh) at 
120” for 1 mitt and then C/mitt to 190”. The He flow rate was 
25 ml/min. 

Methylotfcn M0lysi.r. The xylan was initially methylated by the 
method of Haworth and further fully methyl&d according to 
Hakomori [9] as described by Lindberg [14]. The Hakomori 
procedure was repeated until constant composition. 

The permethylated polysaccharide (2.0 mg) was hydrolysed 
with 2 M TFA (0.5 ml). Half of the resulting mixture was reduced 
with NaBD, and the product acetylated, the other ahquot was 
converted into the corresponding akiononitrik acetates. The 
mixtures of alditol acetatea and aldononitrik acetates were 
analysed by GC and GC/EIMS and identified by RR, (known 
standards) and mass spectra. 

Acknowledgements-The authors are indebted to Lit. Guilkrmo 
A. Koppand to UMYMFOR (FCEyN-CONICET) for technical 
assistance. This work was supported by grants from CONICET, 
UNESCO (Rostlac 036/84I. the Universitv of Buenos Aires and 



Polysaczharides from Chaetangium fmtigiatwn 1035 

10. Morrison, I. M. (1975) 1. Chromatagr. 108,361. 14. tindbcrg, B. (1972) Methods Enzymol. 28, 178. 
11. Wagner, H. (1957) Mikrachim. Acta 19. 15. Tanner, G. R. and Morrison, 1. M. (1984)5. Chromatogr. 299, 
12. DumavPql(l958) in Quantitatiue organische Mi&roana/yse 252. 

(PI-& F. and Roth, H, eds.) p. 91. Springer. Vienna. 16. El’kin, Yu. N., Rozynov, B. V. and Dzizenko, A. K. (1972) 
13. Sloncket. J. H. (1972) Methods Carbohydr. Chem. 6 20. aim. Prir. soedin. 4 642 


