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ABSTRACT 

A homogeneous glucan has been isolattd from the fruiting bodies of Cyttariu 

lzurioti Fischer. Partial acid hydrolysis produced major amounts of isomaltose, 

whereas acetolysis gave maltose and maltotriose. Enzymic hydrolysis with amylo- 
glucosidase and pullulanase indicated a structure based on maltotriose residues 
connected by (146)-r-~ linkages. This conclusion was supported by periodate- 
oxidation data which also shcwed that 3-7% of the glucose resisted oxidation. 
Methylation analysis confirmed the presence of (1+6) and (l-+4) linkages in the ratio 
12.4. 

INTRODUCTION 

Cytturiu hurioti Fischer is a fungus which grows as a parasite of Nothofagus, 
producing a characteristic tumour that causes death of the tree. It is found in forests 
on the slopes of the Andes from a latitude of 30” to Cape Horn in the southern 
part of Argentina and Chile, and is known under the name “dihuefie de1 cohiue”. 

Lederkremer and Ranalli 1 studied the simple sugars and polyols extracted from 
the fruiting bodies of the fungus, and Cirelli and Lederkremer described the structure 
of two polysaccharides, a water-soluble heteropolysaccharide composed mainly of 
D-glUCOSe*~3, and a gel-forming, (I-+3)-linked p-o-glucan, highly branched through 
position 6 and isolated by alkaline extractionS. 

We now report the isolation from the aqueous extract of the fruiting bodies of 
this fungus of a new &can which was characterized as a pullulan. 

RESULTS AND DISCUSSION 

Dried, ground, fruiting bodies of CJvtturiu hurioti Fischer were extracted with 
water at room temperature. Addition of ethanol (to 40%) to the aqueous extract 
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precipitated the heteropolysaccharide which was previously studied2V3. On increasing 
the ethanol concentration to 152%~ a new polysaccharide material (1.5%) precipitated 
having [z];’ + 157” (water). 

When this material was fractionally ;IrApitated with ethanol from solution in 

water, the first precipitate (47%, 41-46”h ethanol) had [r]F + 171” (water). Two 
further reprecipitations did not change the [xl,, value of the polysaccharide which 

appeared to be homogeneous, as it gave a single, symmetrical sedimentation peak on 

ultracentrifugation and it was precipitated (95%) from aqueous solution over a 

narrow range (4%) of ethanol concentration. 

The pure polysaccharide, containing ~0.8% of nitrogen. gave no ash on 
combustion and had an i.r. band at 850 cm- ’ characteristic of the U-D configuration’. 
When the polysaccharide was incubated for 24 h with amyloglucosidase. a quanti- 
tative yield (102%) of glucose was obtained, suggesting the presence of (l-4)- and 
(.1+6)-r-~ linkages. Partial acid hydrolysis of the glucan produced major amounts of 
isomaltose together with maltose, maltotriose, and higher oligosaccharides, whereas 
acetolysis gave maltose and maltotriose. 

The results confirm the presence of (l-+6)- and (1 +4)-z-~ linkages in the glucan, 
and indicate that two (I-4) linkages are consecutive. The fact that only 8% of 
hydrolysis was obtained with bacterial alpha-amylase suggests that no more than 
three of those linkages are consecutive6. 

Hydrolysis of the glucan with pullulanase produced a maximum reducing- 
power corresponding to 32--33O/, of hydrolysis, and p.c. of samples after 24-h 
hydrolysis showed maltotriose to be the sole product. When the glucan was hydrolysed 
with pullulanase under dialysing conditions’, the material which dialysed was 
maltotriose, isolable as a pure syrup (p.c., gel c.. optical rotation) having an n.m.r. 
spectrum in D,O that contained a signal at 6 5.35 for the anomeric proton of the 
non-reducing glucosyl units and which was characterised as the hendeca-acetate. 

The non-dialysing material, which contained major amounts of maltotriose 
together with small amounts of higher oligosaccharides and traces of maltose, gave 
three fractions when subjected to preparative p.c. Fraction i contained maltotriose 
and maltose. Fraction 2 was chromatographically homo_geneous and contained an 

oligosaccharide having RXyL 0.03. On the basis of a (l--+4) linkage involving the 

reducing group. the d.p. was 6, and the [r]:” value of + 170” (water) agrees with that 
expected for 6’-2-maltotriosyl.maltotriose9. If the linkage of the reducing group was 
(l-+6), then the reducing power indicates a d-p. of 3, but the more probable tri- 
saccharide, isopanose, has [r]n + 128” (water)‘“. Fraction 3 consisted of a mixture of 
oligosaccharides of very low mobility which were converted by pullulanase into 
maltotriose. 

The d-p. of the glucan determined chemically was 248, on the assumption that 
the terminal reducing group was (l-4)-linked”. 

The glucan consumed 1.2X mol. of periodic acid, and produced 0.33 mol. of 
formic acid. per glucosyl residue: 0.03 mol. of glucosyl residue resisted oxidation. 

These results indicate that 33% of the linkages in the glucan are (l-6) and 62% 
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are (l-+4), and the remaining sugar residues are periodate-resistant. This resistance 
could be due to the presence of (1 -3) linkages or branch points, and also to HO-3 
groups blocked because of hemi-acetal formation with aldehydo groups formed by 
periodate oxidation “_ However, the polyalcohol obrained by reduction of the 
oxopolysaccharide was resistant to periodate, indicating the absence of masked 
hydroxyl groups in the latter. Total hydrolysis of the polyalcohol yielded glucose, 
erythritol, and glycerol in molar ratios 7:29:64. Small proportions of periodate- 
resistant glucosyl residues have been found in other ptillulans’ 3-’ ’ and have been 
attributed to the presence of (l-+3) linkages. 

Methylation (Hakomori’ 6, of the glucan yielded a product (OMe, 36.5%) 
which could not be methylated further by this procedure. Further methylation by :he 
Purdie method’ 7 gave a product (OMe, 41.6%) extraction of which with benzene- 
light petroleum (b-p. 60-70”) gave a main fraction (OMe, 43.8%) which did not show 
i.r. absorption for hydroxyl groups. 

Hydrolysis of the methylated glucan under conditions that cause minimum 
degradation” yielded 2,3,4,6-tetra-O-methyl-D-glucose , 2,3,6-tri-O-methyl-o-glucose. 
2,3,4-tri-0-methyl-D-glucose, 2,3-di-O-methyl-D-glucose. and (possibly) 2,6-di-O- 
methyl-D-glucose in molar ratios of 2:63:26:5:4 (g.1.c. of trimethylsilylated alditols). 
The O-methyl derivatives were separated by column chromatography on cellulose, 
and the tetra- and tri-methylated glucoses were identified by pc., g.l.c., and ms. The 
2,3-di-0-methylglucose was identified by p.c. and g.l.c., and the 2,6-di-O-methyl- 
glucose was tentatively identified by its chromatographic and electrophoretic 

behaviour. 
From the methylation results and the d.p. value. it i~ollow~ that some of the 

di-0-methylglucoses must be associated \vith branch points. The excess (79,)) is 
probably due to undermethylation. 

This conclusion is suggested by the results shown in Table I, which gives the 
molar percentages of the methylated sugars obtained from the glucan with different 
degrees of methylation. 

The gtucan described herein is similar to the extracellular pullulans isolated 
from various strains of Prrllrrluria p~rllulut~s and from Trcvneiln nwsenterica (Table II). 
It contains a backbone of maltotriose units attached by (1--+6)-r. linkages. together 

with a small proportion of (1+3) linkages, as in other pulluians’3-’ 5, which might 
explain the presence of glucose after periodate oxidation. This fact can be explained 
by the occurrence of branched points. 

Traces of 2,3-di-0-methylglucose isolated after rnethylation of the @ucan were 
found also by Wallenfels et al. I9 for a pullulan from Prdldarin prrlldatl~. As far as we 
know, there are no previous reports of the identification of 2,6-di-0-methylglucose 
in the products of hydrolysis of methylated pullulans. 

The cr-D-giucan described herein appears to be the first intracellular pullulan- 
type glucan isolated from a fungus. However, the possibility cannot be excluded that 
the polysaccharide is elaborated by an internal yeast, as whole stroma were used for 
the study. The presence of free glucose and sucrose in C~,ttaricr hcrrioti has been 
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TABLE 1 

MOLAR PERCEPSTAGES OF PARTIALLY METHYLATED GLUCOSES FROhI 

“PULLULAN” WITH DIFFERENT DEGREES OF METHYLATION 

MethyIated gl~oses Degree of rnethylation of “pdlulan” f % OMe) 

39.7” 41.Q 43.8’ 

2,3,4,6-Tetra 1 2 

2,3,6-Tri 3s 56 63 

2,3,4-Tri 24 27 26 

2,3-Di 17 7 5 
2,6-Di 8 8 4 
Monomethyl? 3 I - 

“Obtained by successive methylation by the Hakomori and Purdie methods. *Fractions of the 
methylated derivative obtained by the Hakomori method remethylated by the Purdie method. 
Telected fraction of the methylated derivative obtained by the Hakomori method remethylated by 
the Purdie method. 

TABLE II 

PROPERTIES OF “PULLULAN” FROhl DIFFERENT SOURCES 

Soarer D.p. Obsertatiom 

PuUularia pdfuIuns ’ ’ i 192 300 1.5 
Pdluhriu pdhians ’ ’ c 190 2.50 2.0 Glucose detected after 

periodate oxidation 
Prrhlaria pdlulrrr~s 
(De Bary) Berkhout t 189 2.2 6% of (I -3) linkages 

Tiemelia meseniericd ’ T 185 200 2.0 

C.rtturia tlarioti f171 248 7.4 4% of residual glucose after 
periodate oxidation 

reported’, and these sugars have been used as substrates for the synthesis of pullulans. 
Gamundi” observed that yeasts of the Sacclzaromyces type inhabit the stroma, but 
these yeasts have not been reported as producing pullulans. 

EXPERIMENTAL 

.Ilarerial. - Fruiting bodies of Cyttaria frarioti Fischer were collected in San 
Martin de Los Andes (Provincia de Neuqutn, Argentina) in January 1969. 

General. - All concentrations were performed under diminished pressure at 
XI--50; (bath). Descending p.c. was conducted on Whatman No. 1 paper with A, 
I-butanol-ethanol-water (5:2:2): B. !-butanoI-pyridine-water (6:4:3); C, ethyl 
acetate-acetic acid-formic acid-water ( 18:3: 1:4) ; D, pyridine-ethyl acetate-acetic 
acid-water (55: 1:3); E, butanone-water azeotrope; F, ethyl acetate-benzene (1: 1): 
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and G, I-butanol-ethanol-water (4:1:5, upper layer). Detection was effected with ‘1. 
silver nitrate-sodium hydroxide; B, aniline hydrogen phthalate; and C, p-anisidine 

hydrochloride. 

Melting points are uncorrected. Optical rotations were recorded with a Perkin- 
Elmer 141 polarimeter, n.m.r. spectra with a Varian A-60 spectrometer, and mass 

spectra with a Varian Mat Ch-7 mass spectrometer at an ionizing potential of 70 eV. 
ionizing current of 100 !(A, and various inlet temperatures. G.1.c. was effected with a 
Hewlett-Packard 5750 gas chromatograph equipped with stainless-steel columns 
(183 x0.3 cm) packed with A. 3% of OV-17 on Chromosorb W (HP, SO-100 mesh): 
B, 10% of NPGS on Chromosorb G (HP. IOO-120mesh); C, 3% of OV-101 on 

Chromosorb W (AW/DMCS, 60-80 mesh); and D, 3% of SE-30 on Chromosorb W 
(AW/DMCS, 60-80 mesh); with a nitrogen flow-rate of 30 ml/min. The trimethylsiiyl 

ethers were prepared as described by Sweeley and coworkers”. The acetates of the 
partially methylated alditols were prepared according to the procedure of EjGrndal 
et al.“. Quantitative determinations of glucose were performed by the o-glucose 
oxidase-peroxidase procedureZ3, reducing power was de’.ermined by the method of 
Somogyi-NelsonZ4, and total sugars with the phenol-sulphuric acid reagentZ4. Room 
temperature implies 20-25”. Paper electrophoresis was carried out in borate buffer 

(PH 10). 

Isolation and purification sf the po~~xaccharide. - Powdered, dried, fruiting 
bodies of Cyttaria harioti Fischer (260 g) were processed as described in previous 
work&. Ethanol (to 40%) was added to the cold-water extract to precipitate the 
heteropoiysaccharide’.3_ On increasing the ethanol concentration to 52%. new 

material began to precipitate. Precipitation was complete between 53-55% ethanol 
concentration, and the insoluble product (3.9 g. 1.5%). collected by centrifugation 
and dried by solvent exchange, had [ZIP + 157” (c 0.4, water). 

A solution of the crude product in water (800 ml) was treated with charcoal and 

filtered through Celite. Portionwise addition of ethanol resulted in a first precipitation 
at 4146% ethanol (1.76 g, 47%). Further addition of ethanol, up to 63% concentra- 

tion, gave another product (0.7 g. 18%). Each polysaccharide was dried by solvent 

exchange. 

The [cT]~ value (+ 171”, water) of the first precipitate did not change when the 
material (1 g) was twice reprecipitated from solution in water (930 ml) with ethanol. 
At 52,460 r.p.m. in a Spinco Model E ultracentrifuge at 20”, a 0.5% solution of the 
purified polysaccharide in 0. In1 NaCl showed a single peak with a sedimentation 
coefficient (S,,,,) of 3.1 x IO- ’ 3_ 

Investigation 0J the polwaccharide. - (a) Determination vf homogetwit~* b_~. 

fractional precipitation. To a solution of the pure polysaccharide (0.4 g) in water 
(200 ml), ethanol was added dropwise, with stirring, to turbidity (ethanol concentra- 
tion, 35%). The ethanol concentration was then increased in steps of 4%. and the 
fractions were collected by centrifugation and dried by solvent exchange: 95% of the 
polysaccharide was recovered at an ethanol concentration of 4&44%. and had 
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[Y];o + ‘75’ (c 0.7, water) and gave a slight violet-brown colour with iodine (Found: 
N, -c!J.~%; ash, -0%). 

(b) Acid/z_vciroipi.s. A solution of the pure glucan (60 mg) in 0.5~ sulphuric acid 
(10 ml) was kept in a sealed tube for 18 h at 1 lo”, and then neutralized (BaCO,), 
filtered through Celite, stirred with Dowex 50 (H’) resin, and concentrated to dryness. 
P.c. (solvents A-C) of the syrupy residue (50 mg) and g-1-c. of a reduced and silylated 
sample showed glucose as the only component. Reaction with p-nitrophenylamine 
gave N-(p-nitrophenyl)-D-glucopyranosylamine26, m.p. and mixture m.p. 183-184”. 

(c) Partial acid II~drol~xis. The glucan (63 mg) was treated with 0.5hr sulphuric 
acid (15 ml) for 3 h in a boiling water-bath. The solution was neutralized (BaCO,), 
filtered, and concentrated to dryness. P.c. (solvents A and B) of the residue revealed 
mainly glucose and isomaltose together with smaller amounts of maltose. Three other 
spots of R,,, 0.33, 0.22. and 0.1 (solvent A) were also detected. 

The mixture. when subjected to preparative p-c_ (solvent A), gave (a) glucose 
( 15 rng). (h) a syrup (15 mg) containing mainly isomaltose together with maltose and 
higher oligosaccharides, and (c) material (10 mg) containing isomaltose and higher 
oligosaccharides. 

Fractions (b) and (C&J were separately chromatographed on columns (30 x I cm) 

of Sephadex G- 10 ( 10 g) which had been calibrated previously with glucose, maltose, 
and the plucan. Aliquots (0.3 ml) of the eluate were analyzed by the phenol-sulphuric 
acid reaction, and those with higher absorptions were analyzed by p.c. (solvents A 
and B). Maltose, isomaltose, and maltotriose were identified in fraction (b), whereas 
fraction (c) was composed of isomaltose and higher oligosaccharides with RGLC 0.11, 
0.22, 0.31, and 0.43 (p.c., solvent ii). 

Further identification of maltose and isomaltose as the silylated alditols was 
effected by g.1.c. [column B: temperature programme, 150-250” (15”/min)]. 

(c/J Aceto[l*si.s. The polysaccharide (400 mb, -1 was added to a mixture of acetic 
anhydride (5.5 ml), acetic acid (4 ml), and sulphuric acid (0.7 ml) at 0”. The mixture 
was kept for 7 days at room temperature and then for 1 h at 60”, poured into ice- 
water (250 ml). neutralized (NaHCO,), and extracted with dichloromethane 
(5 x 50 ml). Concentration of the extract gave a syrup (350 mg), [aID +73” (c 1, 
dichloromethane). 

A solution of the mixture of acetates in methanol was deacetylated overnight at 
room temperature with 0.1~ sodium methoxide (10 ml). The resulting precipitate was 
dissolved by the addition of water, and the solution was passed through Dowex 50 
( H ‘) resin and concentrated to a syrup (300 mg). P.c. (solvents A and B) showed the 
main components to be glucose and maltose together with a small proportion of 
maltotriose. Glucose was separated by preparative p.c. (solvent A), and the fraction 
containing the oligosaccharides was fractionated on a column (30 x 1 cm) of Sephadex 
G-10 (10 g) previously calibrated with maltose, glucose, and the glucan. Aliquots 
(0.3 ml) of the eluate were analysed by the phenol-sulphsric acid reaction. Fractions 
were appropriately combined and submitted to p.c_ Maltose and maltotriose were 

detected in the eluates (solvent A). 
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Et;zj*tTIic h~dro~wis of the ghlrcatt. - (a) Wifh ant_l~logitcc~osi~a.~e. The poly- 

saccharide was incubated with 0.2 mg of amyloglucosidase (50 U/mg) in 5 ml of 

sodium acetate-acetic acid buffer (pH 4.8) at 37”. Determinations of glucose after 2 

and 24 h gave 29% and 102%. respectively. 

(6) With bacterial alpha-amdase. The polysaccharide (6.6 m_g) was incubated 

with bacterial alpha-amylase (10 mg, 170 Ujmg) in 2 ml of 15mxr sodium glycero- 
phosphate buffer (pti 5.7) at 37’. Aliquots (0.2 ml) were taken at different times and 
the reducing power was determined. A maximum value of 89% of hydrolysis was 
obtained. 

(c) With pdlrrlanase. The polysaccharide (5.2 mg) was incubated at 37 with 
pullulanase (0.6 mg, 0.8 U/mg) in 2.5 ml of 0.01 M sodium citrate-citric acid buffer 
(pH 5.0) containing 1 mg of human serum albumin. Aliquots were taken at different 
times and the reducing power was determined. A maximum of 32-33% hydrolysis 
was obtained. P.c. of aliquots taken at 4. S. and 24 h showed only one spot [RCLC 0.45 
(solvent A), 0.32 (solvent B)] which was identified as maltotriose. Aliquots taken at 
30 h and 48 h showed also traces of glucose and maltose (p.c., same solvents). 

Isolation of’maltotriose. - Enzymic hydrolysis (c) was repeated by using 400 mg 

of glucan and 2 mg of pullulanase in 200 ml of buffer contained in a dialysis bag. 
After 8 h, the solutions outside (A) and inside the bag (B) were processed separately. 
Each was heated for 5 min in a boiling water-bath to inactivate the enzyme, and then 

filtered, deionized by stirring with Dowex 50 (H ‘) and Amberlite IR-45 (HO-) resins. 
and concentrated. A gave mahotriose (154 mg. homogeneous in p.c. and column 
chromatography on Sephadex G-lo), [;(I? + 159’ (C 1.5, water); lit.” [Y] F + 157 
(C 1, water). The n.m.r. spectrum in D,O sho\bed a signal for anomeric protons at 
6 5.35’. The sugar was acetylated by treatment with anhydrous sodium acetate 
(50 mg) and acetic anhydride (2 ml) at 120’ for 10 min. followed by I h at 100.. to 
give a syrup which, after crystallization and recrystallization from ethanol. wa\ 
chromatographically pure (t.1.c. on silica gel). RF 0.42 (solvent F), and had m.p. 134. 
l37”, [@ t92” (c 1, dichloromethane); lit.” for maltotriose hendeca-acetate. 
m.p. 134-136”, [LY]~ f86” (c 1, chloroform). 

B gave a syrup (100 mg) consisting mainly of maltotriose with traces of maltose 
and higher oligosaccharides (p.c., solvents il and I?). It was fractionated by preparative 
p.c_ (solvent B) into three fractions. 

Fraction I contained maltotriose and traces of maltose. 

Fraction 2 (6.5 mg) was chromatopaphically pure [R,,, 0.13 (solvent B)] and 
had [a]? + 168” (c 1, water). A solution of 3.1 mg in water (5 ml) was reduced with 
sodium borohydride (10 mg) for 20 h. The excess of borohydride was decomposed b> 
dropwise addition of acetic acid and the pH was adjusted to 7.5 with sodium hydrogen 
carbonate. Sodium periodate (25 mg) was added and the solution was kept for 4 days 
in the dark at room temperature. The excess of oxidant was decomposed, after 
acidification with 0.5~ sulphuric acid (7.5 ml), by the addition of M sodium arsenite 

(2.5 ml), and the formaldehyde produced was determined by the chromotropic acid 
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method”‘. The amount of formaldehyde corresponded to d-p. 3 if the terminal 
reducing-group was (l-+6)-linked, but 6 if it was (l-4)-linked. 

The oligosaccharide (1 mg) was hydrolyzed with pullulanase (I .8 mg/.5 ml) for 
24 h at 37” in 1 ml of acetate buffer. After hydrolysis, p.c. (solvent B) showed malto- 
triose to be the only product. When the oligosaccharide (1 m_g) was treated with 
alpha-amylase for 48 h at 37” in glycerophosphate buffer, no significant hydrolysis 
occurred (p-c., solvent B). 

Fraction 3 was a syrup (20 mg) composed of oligosaccharides of low mobility 

[Ii GLC 0.08 (solvent B)]. On hydrolysis with pullulanase, they gave only maltotriose 

(pc., solvent B). 
Periodate oxidation of the po(~*.raccJlaride. - A solution of the glucan (123 mg) 

in 0.1 XI sodium periodate (50 ml) was diluted to 100 ml and kept at room temperature 
in the dark. The consumption of periodate was monitored by the arsenite merhod29, 
and the production of Formic acid by titration with 1Omhr sodium hydroxide. After 
extrapolating the data to zero time, the periodate consumption was 1.28 mol per mol 
of glucosyl residue, with the production of 0.33 mol of formic acid per mol of 
piucosyl residue. At intervals during the oxidation, aliquots (1 ml) were reduced with 
sodium borohydride, the polyalcohol was hydrolyzed (0.5hf sulphuric acid, 15 h, IOO”), 
and glucose was determined; 0.03 mol of glucose per mol of glucosyl residue re- 
mained after oxidation of the polyssccharide. 

After the oxidation was complete, the excess of periodate was reduced with 
ethylene glycol (2 ml), and the solution was dialysed. The polyaldehyde was reduced 
with sodium borohydride (100 mg, twice with 24-h interval), and after a further 24 h 
the borohydride was decomposed by the careful addition of acetic acid to pH 5. The 
polyalcohol was desalted by dialysis, and recovered by freeze-drying. The polyalcohol 

(IO m_g), when treated with sodium periodate 2s described above, consumed no 
oxidant during 24 h. 

The polyalcohol (10 mg) was hydrolyzed with 0.5hI sulphuric acid (15 h, lOO@). 
P.c. (solvents A-D, reagents -4 and C) of the neutralized (BaCO,) solution, after 
removal of cations with Dowex 50 (H T, resin, revealed erythritol and glycerol together 
with a small proportion of glucose. G.1.c. of trimethylsilylated products on column D 

(temperature programme from 70-200” at 6”/min) showed the presence of glucose, 
erythritoi, and glycerol in the molar proportions 29:64:7_ 

Deternritlation of the d.p_ of’tlre giucan. - The &can (27 mg) was suspended in 
water (IO ml) and stirred with sodium borohydride (25 mg) for 20 h. The excess of 
borohydride was decomposed by the dropwise addition of acetic acid and the pH was 
adjusted to 7.5 by addition of saturated, aqueous sodium hydrogen carbonate. 
Sodium periodate (25 mg) was added and the solution was kept in the dark, at room 
temperature, for 4 days. The excess oxidant was decomposed with 0.5M sulphuric acid 
(7.5 ml) and M sodium arsenite (2.5 ml). The solution was dialysed against an equal 
volume of distilled water for 48 h, and the formaldehyde was determined in the 
dialysate by the chromotropic acid method2’. It corresponded to a d.p. of 248, 
assuming that the terminal reducing-Sroup was (l&+4)-linked. 
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Mcthylation una(txis of the ghrmt. - The polysaceharide was methylated by the 

Hakomori method ’ 6. Dried glucan (300 mg) was dissolved in dry methyl sulphoxide 
(10 ml), and the sodium methylsulphinylmethanide reagent3’ (10 ml) was added. The 
mixture was stirred at room temperature for 6 h under nitrogen and then cooled in an 
ice-water bath, and methyl iodide was added dropwise keeping the temperature below 
25”. The solution was left overnight at room temperature, and then dialyzed and freeze- 
dried. The methylated product showed a sma!l i-r. hydroxyl band (Found: OMe, 
36.5%). 

This product (300 mg) was subjected to four Purdie methylations with methyl 
iodide (10 ml) and freshly prepared silver oxide (1 g) at 60” for 10 1~. The solids were 
removed by filtration, and washed with hot dichloromethane, and the combined 
filtrates and washings were evaporated to a syrup (290 mg) (Found: OMe, 39.7%). 

Fractional extraction of the methylated glucan with mixtures of benzene-light 
petroleum (b.p. 60-70”) furnished a main fraction, [r]F + 145” (c 1, dichloro- 
methane), which did not show i.r. absorption for hydroxyl (Found: OMe, 43.8%). 
A solution of the methylated glucan (140 mg) in 66% sulphuric acid (5 ml) was kept 
at room temperature for 3 h, and then diluted to 12% and heated at 100” for 8 h. The 
solution was neutralized (BaCO,), decationized with Dowex 50 (H’) resin, and 

concentrated to dryness. 
P.c. (solvent E, reagent C) of the syrup showed spots of R, 0.84 (pink, 2,3,4,6- 

tetra-O-methylglucose), 0.67 (yellow , 2,3,4-tri-O-methylglucose), 0.62 and 0.57 (pink. 
probably anomers of 2,3,6-tri-O-methylglucose), 0.23 (yellow. 2,3-di-O-methyl- 
glucose), and 0.20 (brown, possibly 2,6-di-O-methylglucose). 

The mixture of partially methylated glucoses (10 mg) was reduced with sodium 
borohydride (20 mg) for 12 h, and the alditols were analyzed as their trimethylsilyl 
derivatives and as the acetates. G.1.c. of the silyl derivatives and acetates on column C 
(temperature programmed from 130-220” at 4”,‘min) and of the acetates on column B 
(at 190”) revealed 3,3,4,6-tetra-0-methylglucose, 2,3,6- and 2,3,4-tri-O-methyl- 
glucoses, and 2,3-di-0-methylglucose (identified by comparison with standards), and 
a peak attributed to 2,6-di-0-methylglucose, in molar ratios 2:63:26:5:4, measured 
directly from the peak areas (column C, trimethylsilyl derivatives). 

The mixture of partially methylated glucoses (60 mg) was fractionated by using 
a column (15 x 1.5 cm) of cellulose and elution with solvent E. Fractions (3 ml) were 
monitored by p-c. (solvent E), and the appropriate fractions were combined. 

Fraction I (2 mg) contained @_c_ and g.1.c.) 2,3,4,6-tetra-0-methylglucose 
which was identified by m-s. of its acetylated alditol. 

Fraction 2 (5 mg). R, 0.67 (solvent E, yellow spot with reagent C), contained 
(g.1.c. on column C) 2,3,4-tri-0-methylglucose with traces of 2,3,6-tri-O-methyl- 
glucose. 

Fraction 3 (30 mg) was a syrupy mixture of 2,3,4- and 2,3,6-tri-o-methyl- 
glucose (p-c. and g.1.c.). 

Fraction 4 (6 mg) contained @.c., solvent E, reagent C; and g.1.c.) 2,3,6-tri-O- 
methylglucose. Its identity was confirmed by m-s. of the acetylated alditol. 
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Fraction 5 (6 mg) contained a mixture of 2,3,6-tri-O-methylglucose and a 
substance of R, 0.23 (solvent E’, reagent C) which was identical (p-c. and g.l.c., 
column B) with 2,3-di-U-methylglucose. 

Fraction 6 (5 mg), when subjected to p.c3’ and paper electrophoresis3*, 
showed two spots of RF 0.23 and Mo 0.12 (yellow, 2,3-di-O-methylglucose) and 
RF 0.21 and Mo 0.18 (brown, tentatively identified as 2,6-di-O-methylglucose ’ *3 *). 

Fraction 3 (26 mg) was refractionated on the same column of cellulose. Only one 

substance appeared in the first fraction and was identical (p.c., solvent E, reagent C; 
and g.l.c., column C) to 2,3,4-tri-O-methylglucose. The identification was confirmed 
by m.s. of the acetylated alditol. 

ACKNOWLEDGMENTS 

The authors thank Professor K. Wallenfels for a sample of pullulanase, Dr. 
I. J. Gamundi for help in the classification of Cyttaria species, Dr. Blanca Deferrari 
for the microanalysis, and the Consejo National de Investigaciones Cientificas y 
Tecnicas for financial support. 

REFERENCES 

I R. M. DE LEDERKREhlER AND M. E. RANALI.I,A~. Asuc. Quim. Argent., 55 (1967) 199-203. 
2 A. F. CIRELLI AND R. M. DE LEDERKREMER, An. Asoc. Qtrim. Argent., 60 (1972) 299-308. 
3 A. F. CIRELLI AND R. hl. DE LEDERRRE~~ER, An. Asoc. Qnim. Argent., 62 (1974) 141-145. 
4 A. F. CIRELLI AND R. h.1. DE Lmmz~iwhfmt, Carbohydr. Res., 48 (1976) 217-223. 
5 S. A. BAKKER, E. J. BOURNE, M. STACEY, AND D. H. WHIFFEN, J. Chern. Sot.. (1953) 171-176. 

6 J. J. MARSHALL, Adr. Carboh_vdr. Chertt. Biochertt., 30 (1974) 285-287. 
7 W. J. WHELAN, Methods Carboh_vdr. Chem., 4 (1964) 261-265. 
S 1. USUI, M. YOKOYO~IA, N. YAMAOKA, K. MATSUDA, AND K. TUZIMURA. Carbohydr. Res., 33 

(1974) 105-l 15. 
9 J. STANER, M. CERNY, AND J. PACAK, Tfxe Oiigosaccharides. Academic Press, New York and 

London.1962.pp.216--215. 

10 H. 0. BOUVENG, H. KIE~~LIWG, B. LIXDEERG. AND J. MCKAY, Acta C/ZEITI. Stand.. 17 (1963) 
797-SOO. 

11 A. M. UVRAU AND F. Shmx, C/zeuz. Znd. tlondon), (1957) 330-331. 

12 F. ISHAK AND T. PAINTER, C’arbohydr_ ReA.. 32 (1974) 227-237. 
13 H. 0. B~UVENG. H. KIESSLING. B. LINDBERG, AND J. MCKAY, Acra C/zem. Stand., 16 (1962) 

61x5-622. 
14 K. WALLENFELS, G. KEILICH, G. BECHTLER. AVD D. FREUDENBERGER, Biocitem. Z., 341 (1965) 

433-450. 
15 W. SOWA, A. C. BLAC~~~OOD, AND G. A. ADA&IS, Can. J. Chem.. 41 (1963) 2314-2319. 
16 S. HAKOMORI, _T_ Biochem. (T&w), 55 (1964) 20>208. 
17 T. PURDIE AND J. C. IRVINE, J. Chem. SM., 83 (1903) 1021-1037. 
18 I.CROON,G.HERRSTRB.~,G.KULL.ANDB.LINDBERG, AcfaChem.Scand.,14(1960)1338-1342. 
19 K. WALLENFELS, H. BENDER, G. KEILICH, AND G. BECHTLER, Anger. Chem., 73 (1961) 245-246. 
20 1. J. GAMUNDI, Dartrinicna, 16 (1971) 461-510. 
21 CC. SWEELEY,R.BENTLEY, M. MARITA, AVID W. W. WFLLS, J.Am. Chem. Soc.,85(1963)2497- 

2507. 
22 H. BJ~RNDAL, B. LINDBERG, AND S. SVENSSON, Acru Chem. Scund., 21 (1967) 1801-1804. 
23 I. D. FLEhllNG AND H. F. PEGLER, Analyst (London), 88 (1963) 967-968. 
24 M. SOMOGYI, J. Biol. Gem., 160 (1945) 61-72. 
25 M. DUBOIS, K. A. GILLES, J. K. HAMILTON,~. A. REBERS,AND F. SMITH, And. C/tent.,28 (1956) 

350-356. 



Cytfaria harioti a-D-GLUCAN 

26 F. WEYGAND, W. PERKOXI, AND P. KUHNER, Chem. Ber., 84 (1951) 594-602. 
27 W. J. WHELAN, J. M. BAILEY, AND P. J. P. ROBERTS, J. Chem. Ser., (1953) 1293-1298. 
28 E. EEGRIWE, Z. Anal. Chem., 110 (1937) 22-25. 
29 P. FLEURY AND J. LANGE, J. Pharm. Chim., 17 (1933) 107-113. 
30 E. J. COREY AND M. CHAYKOVSKY, J. Am. Chem. Sot., 84 (1962) 866-867. 
31 G. M. CHRISTENSEN AND F. SMITH, J. Am. Chem. SOC., 79 (1957) 4492. 
32 A. B. FOSTER, Ado. Carbohy&. Chem., 12 (1957) 81-115. 
33 C. G. FRASER AND I-I. J. JENNINGS, Can. J. Chem., 49 (1971) 1804-1807. 

515 


