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ABSTRACT 

An alkali-soluble polysaccharide, [ali t43 o (M sodium hydroxide), containing 
D-glucose and D-glucuronic acid has been isolated from the oak lichen Cetraria 

islandica (L.) Ach. On the basis of methylation, periodate oxidation, and partial 
hydrolysis studies, the polysaccharide has been shown to contain (l-+3)-linked 
glucopyranose and glucuronic acid residues and (1+4)- and/or (146)~linked gluco- 
pyranose residues as the main structural features of the basic chain. A preponderance 
of /3 linkages, indicated by the low optical rotation and the i-r. spectrum, was corro- 
borated by the formation of laminaribiose, cellobiose, and gentiobiose on partial 
hydrolysis. 

INTRODUCTION 

Water-soluble polysaccharides from the oak lichen Cetrariu islandica (L.) Ach. 
have been extensively investigated’, but data on the alkali-soluble polysaccharides 
are scarce and indicate only the general structural features’. We now report on a 
new alkali-soluble polysaccharide isolated from Cetraria islandica (L.) Ach. 

RESULTS AND DISCUSSION 

All non-carbohydrate and carbohydrate components soluble in organic solvents 
and water, respectively, were removed from the lichen material prior to alkali extrac- 
tion. Alkali-soluble polysaccharide material was fractionated with barium hydroxide3 
and Fehling’s solution4. Fractional precipitation of the copper complex from aqueous 
solution, by the addition of ethanol, gave a polysaccharide, [algo f43 + 1 o (M sodium 

hydroxide), which afforded only D-glucose and D-ghCUrOIIk acid on acid hydrolysis. 
The former was characterised as the crystalline N-p-nitrophenyl-D-glucopyranosyl- 
amines, and the latter by conversion into D-glucose via reduction and hydrolysis of 

the methyl ester methyl glycoside. The polysaccharide had i.r. absorptions at 1620 
cm-’ for carboxyl, and at 920, 890, and 785 cm-’ characteristic6 of axial H-l, i.e., 
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TABLE I 

HYDROLYSIS PRODUCTS= FROhl THE h4ETHYLATED ACIDIC POLYSACCHARIDE FROM THE OAK LICHEN 

Cetraria islandica (L.) Ach. 

MethyIated Linkage Approximate GLC. 

D-glUC0.W indicated molar proportions 0-Y 

Ab BC 

2,3,4,6-Tetra- 
2,4,6-T& 
2,3-Di- 
2,4-Di-O-methyl-D-glucuronic acid 

Glcp-(I + 2 2 1.00 
-+3)-GIcp-(l+ 7 8 1.96 
+4+6)-Glcp-(l+ 2 2 5.37 
+3)-GlcpA-(l+ 1 - 

aA, native polysaccharide; B, carboxyl-reduced polysaccharide. *Quantitative p.c. cG.1.c. of partially 
methylated alditol acetates. dRelative to that of 1,5-di-O-acetyl-2,3,4,6-te+za-O-methyl-o-gluci~ol. 

the /3 configuration_ The [E]D value of the polysaccharide also indicated the presence 
of /3 linkages. 

Hypoiodite oxidation of the polysaccharide indicated the degree of polymerisa- 

tion to be 100. 
On hydrolysis, the fully methylated polysaccharide, [MI;” +3 &OS” (chloro- 

form), yielded the four O-methyl sugars listed in Table I. 

The isolation of 2,3,4,6-tetra- and 2,3-di-O-methyl-D-glucose in equimolecular 

proportions indicated that the polysaccharide was essentially fully methylated and 

highly branched, with an average repeating-unit of 10 sugar residues. Characterisation 
of non-terminal residues as 2,4,6-tri-O-methyl-o-glucose, 2,4-di-0-methyl-D-glucuronic 

acid, and 2,3-di-O-methyl-D-glucose revealed that the main chain comprised 80% 
of (l-3)- and 20 o/o of (l-*4)- and/or (146)-glucosidic bonds. The isolation of 
2,3-di-O-methyl-D-glucose proved that branching occurs through positions O-4 
and/or O-6. 

The polysaccharide consumed 0.48 mol. of periodate with simultaneous 
liberation of 0.13 mol. of formic acid per “anhydrohexose” unit. This finding agrees 
with the structural requirements deduced from the methylation data, namely, that the 

repeating unit consists of two terminal non-reducing residues, eight (l-+3)-linked 

units, and two branching residues joined through O-l, O-4, and O-6. Additional 
evidence for the presence of (1+3)- and (1+4)-linkages was provided by reduction 
of the oxopolysaccharide with borohydride and subsequent hydrolysis, which gave 
glucose, glucuronic acid, erythritol, and glycerol in the molar ratios 7 : 1: 2 : 2. 

Partial, acid hydrolysis (0.2M sulphuric acid, 1 h) of the polysaccharide gave 

five products, four of which were identified by paper chromatography as glucose, 
laminaribiose, cellobiose, and gentiobiose. The formation of gentiobiose is of interest 
and probably of structural significance. 

Thus, it is concluded that the alkali-soluble polysaccharide has a branched 
structure composed of a main chain of (1+3)-linked D-ghCOpyranOSe and D-glucuro- 
nit acid residues, with (l-+4)- and/or (l-+6)-linked D-glucopyranose residues at the 
branch points. 
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EXPERIMENTAL 

Gerleral m&&s. - Solvents were evaporated under reduced pressure at 30”. 

P.c. was performed on Whatman No. 1 and 3MM paper with A, ethyl acetate-pyridine- 

water (2.5 : 1: 2.5); B, 1-butanol-ethanol-water (4: 1: 5); C, butanone saturated with 

water; D, 1-butanol-ethanol-water (3 : 1: 1); and E, l-butanol-pyridine-water 

(6 ;4 ; 3). T.1.c. was performed on Silica Gel H with F, benzene-acetone (1: l), and 

G, 1-butanol-acetic acid-ethyl ether-water (9 : 6 : 3 : 1). Detection was effected, as 

appropriate,- with silver nitrate-sodium hydroxide’, aniline hydrogenphthalate8, 

or triphenyltetrazolium chlorideg, or by charring with sulphuric acid. Glucose was 

determined by the phenol-sulphuric acid method”, and glycerol and erythritol by 

the chromotropic acid method I1 Melting Points are uncorrected_ Optical rotations - 
were recorded with a Perkin-Elmer 141 MC polarimeter, and i-r. spectra with a 
Perkin-Elmer Model 421 spectrophotometer. G.1.c. was performed at 170” on a 

Varian Model 1200 gas chromatograph fitted with a glass column (200 x 0.15 cm) 
containing 3 ‘? of ECNSS-M on Gas Chrom Q (100-120 mesh). 

Isolation andpurification of tire alkali-sohrblepolysacclraride. - Finely powdered 

oak lichen (250 g) was extracted with ether (2 litres) and then methanol (4 litres), 

air-dried, and exhaustively extracted with distilled water (to a negative anthrone 

test) at 50”_ The residual material was treated with 3 % aqueous sodium carbonate 

(2 litres), and then with 4% aqueous sodium hydroxide (3 litres) under nitrogen. The 

mixture of alkali-soluble polysaccharides precipitated by the addition of ethanol 

(4 litres) and glacial acetic acid (3 litres) was a light-brown powder (yield, 4%). 

A solution of the crude polysaccharide (10 g) in 4 o/0 aqueous sodium hydroxide 
(500 ml) was diluted with the same volume of water, and saturated, aqueous barium 
hydroxide was gradually added with vigorous stirring. The precipitate was collected 
by centrifugation, and the supernatant solution was acidified with acetic acid (to 
pH 5) and then dialysed against running tap-water (2 days) and distilled water 
(1 day). The dialysate was concentrated to 500 ml and mixed with an equal volume of 
Fehling’s solution. The trace of precipitate was removed and the soluble copper 
complexes were fractionaliy precipitated by the gradual addition of ethanol. The 
polysaccharide in the largest fraction (7x), which precipitated at 25% ethanol, was 
recovered from the copper complex by treatment with 5% methanolic hydrochloric 
acid and was dried by solvent exchange_ The polysaccharide was purified by several 
precipitations, to give material with [a]:’ +43 f 1 o (c 0.32, M sodium hydroxide) 
(Found: Ash, 0.15; N, 0 %). On acid hydrolysis, the polysaccharide gave only glucose 
and glucuronic acid (P.c., solvents A and D). The hydrolysate was fractionated by 
p-c. (solvent E). One fraction (88.7 %)‘” was identified as D-glucose by its conversion 
into N-p-nitrophenyl-D-glucopyranosylamine’, m-p. 183”. The second fraction 
(11%) was treated with methanolic hydrogen chloride, and the resulting methyl 
ester methyl glucoside was reduced with lithium aluminium hydride in tetrahydro- 
furan and then hydrolysed to give D-glucose, which was identified as described above. 
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(b) A solution of the methylated polysaccharide (50 mg) in tetrahydrofuran 
(5 ml) was added to a solution of lithium aluminium hydride (0.15 g) in ether (25 ml). 
The mixture was heated under reflux for 18 h and the reduced material (which had 
no i-r. absorption for carboxyl) was recovered by chloroform extraction. Remethyla- 

tion (Hakomori’4) of the carboxyl-reduced product, and then hydrolysis, reduction 

with sodium borohydride, and acetylation gave a mixture of partially methylated 
alditol acetates which was subjected to g.l.c.*‘. The results are presented in Table I 

(under B’). 
Partial, acid hydrolysis. - The polysaccharide (0.05 g) was stirred for 1 h 

with 0.2~ sulphuric acid (2 ml) at 100”. The mixture was ueutralised and concentrated, 
and p-c_ (solvent F) of the residue revealed five components (Ro,, 1.00, 0.83, 0.67, 

0.63, and 0.52); four components were tentatively identified as glucose, laminaribiose, 

cellobiose, and gentiobiose. 

ACKNOWLEDGhtENTS 

The authors thank the Serbian Research Fund and Serbian Academy of 

Sciences and Arts for financial support, and the staff of the Laboratory for Instru- 
mental Analysis of the Department of Chemistry, Faculty of Science, University of 

Belgrade, for the analytical measurements and i-r. spectra. 

REFERENCES 

1 S. PEAT, W. J. WHELAN, AND J. G. ROBERTS, J. Chem. Sot., (1957) 3916-3924, and references 
cited therein; S. PEAT, W. J. WHELAN, J. R. TURVEY, AND K. MORGAN, J. Chem. Sot., (1961) 
623-629; W. L. CUNNIN GHAM AND D. J. MANNERS, Biochem. J., 90 (1964) 596402; A. S. PERLIN 
AND S. SUZUKI, Can. J. Chem., 40 (1962) 50-56. 

2 H. GRANICHSTXDTEN AND E. G. V. PERCIVAL, J. Chem. Sot., (1943) 54-58; A. A. ZUDAKA AND 
H. F. BASS-SHADHAN, Prikl. Biokhim. Mikrobiol., 13 (1977) 359-364, and references cited therein. 

3 H. MEIER, Acra Chem. Stand., 12 (1958) 144-146. 
4 E. SALKOWSKI, Ber., 27 (1894) 497-502. 
5 E. WEYGAND, W. PERKOW, AND P. K~HNER, C’hem. Ber., 84 (1951) 594-602. 
6 S. A. BARKER, E. J, BOIJRNE, R. STEPHENS, AND D. H. WHIFFEN, J. Chem. Sot., (1954) 3468-3473. 
7 W. E. TREVJZLYAN, D. P. PROCTER, AND J. G. HARRISON, Narrrre (London), 166 (1950) 444-445. 
8 S. M. PARTRIDGE, Nature (London), 164 (1949) 443. 
9 K. WALLENFELS, Narurloissenschafien, 37 (1950) 491-492. 

10 M. Du~ors, K. A. GILLES, J. K. HA~IILTON, P. A. REBERS, AND F. SMITH, Anal. Chem., 28 (1956) 
350-356. 

11 G. W. HAY, B. A. LEWIS, AND F. Shlmt, Methods Carbohydr. Chem., 5 (1965) 377-380. 
12 F. Shm~ AND R. MONTGOMERY, Methods Biochem. Anal_, 3 (1956) 184-185. 
13 G. W. HAY, B. A. LEXV~S, AND F. Sm, Metho& Carbohydr. Chem., 5 (1965) 357-361. 
14 S. HAKOMORI, J. Biochem. (Tokyo), 55 (1964) 205408. 
15 R. KUHN, H. TRISCHr.lANN, AND I. LOW, Angew. Chem., 67 (1955) 32. 
16 H. 0. BOWENG, H. KIE~SLING, B. LINDBERG, AND J. E. MCKAY, Acra Chem. Stand., 16 (1962) 

61 S-622. 

17 J. C. IRVINE AND J. W. H. OLDRAM, J. Chem. Sac., 119 (1921) 17444759. 
18 W. N. HAWORTH AND W. G. SEDGWICK, J. Chem. Sot., (1926) 2573-2580. 
19 J. C. IRVINE AND J. P. SCOTT, J. Chem. Sot., 103 (1913) 575-586. 
20 J. W. VAN CLEvE AND W. C. SCHAEFER, J. Am. Chem. Sot., 77 (1955) 5341-5343. 
21 H. BJORNDAL, B. LINDBERG, AND S. SVENSSON, Acta Chem. Stand., 21 (1967) 1801-1804. 


