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ABSTRACT 

An alkah-soluble &can, [a]o + 11” (M potassmm hydroxzde) havmg a degree of 
poiymenzatron of 220, has been Isolated from the fruit bodies of the tree fungus 
C’ttarza harzotz Fischer Penodate oxtdatton and methylatzon analysis show that It 
conszsts of a hzghly branched p-~-(1 -+3)-hnked backbone Hydrolysis of the methyl- 

ated polysacchande yielded 2,3,4,6-tetra-O-methyl- (24 5 mol%), 2,4,6-tn-O-methyl- 

(39 4 mol%), 2,3,4-tn- O-methyl- (8 6 mol%), and 2,4-dl- U-methyl-D-glucose 

(27 5 mol%) Penodate-oxldatzon results substantrate the methylanon studies The 
general structural features of the glucan are drscussed 

INTRODUCTION 

In prevzous paperslm3, we have described structural features of a water-soluble 
heteropolysacchande isolated from the fungus Cyttarza harzotz Fzscher These are the 
first reports on polysacchandes of the Cyrtariales (Dtscomycetes)4, the latter 
orgamsms are parasites of the tree Nothofagus, on whrch they produce charactenstrc 
tumors that infect the tree and finally cause its death The polysacchande, [oc]~ + 95 8” 
(M potassium hydroxzde), contamed D-glucose, D-arabzzzo-hexulosomc acrd, and 
D-fructose m the molar ratzo of 98 6 1. We now report on a gel-formmg (1+3)-j& 
D-ghzcan obtamed m good yzeld by alkalme extractzon 

RESULTS AND DISCUSSION 

The residue from the cold-water extractron’~2 of powdered, drred, fi-urt-bodies 
of Cytfaria harzotz Fischer, was extracted with M sodium hydroxrde After centn- 
fugatxon, the viscous supemataut solution was neutrahzed by exhaustive dmlys~s, 

after which the glucan separated m the cellulose bags as a umform geI It was 
dehydrated by freeze-drymg (yield, 36 5% on the basis of dry fungus) and purzfied by 
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relssolutron m a&ah and repreclpltation by neutrahzatlon with acetic acid unti the 
specific rotation remamed constant, [c& + 110” (M potassmm hydroxide) 

Approximately 98% of the polysacchande was preclpltated from a dilute 
alkahne solution at an ethanol concentration of 4548% Thus narrow range of 
concentration in&cates homogeneity of the polysacchande’. The low specliic 
rotation, together with mfrared absorption6 at 890 cm- ’ but not at about 840 cm- ’ 
are charactensac of the fl-configuration On acidic hydrolyas, the polysacchande 
gave D-glucose as the sole product, characterized as N-p-mtrophenyl-D-glucopyranosyl 
amine’ The degree of polymenzation, determmed by the method of Unrau and 
South*, was 220 tithe termmal group was consldered to be a glucose residue linked 
through O-3. 

On penodate oxidation, the polysacchamde consumed 0 61 moles of perIodate 

per glucose restdue urlth production of 0 31 moles/restdue of formtc actd, mdxatmg 

the presence of 31% of (l-+6)-lmked D-glucose readues, together with termmal 
D-glucose Borohybde reduction of the polyaldehyde, followed by total acid 
hydrolyas afforded glucose (65 5 mol%) and glycerol (34 5 mol%), as determmed by 
gl c. 

&m&type degradation9 of the polyaldehyde produced only glycerol Non- 
hydrolyzed matenal was recovered in -60% yield and remamed unaltered when 
subjected to renewed periodate oxidation, thus indlcatmg the presence of a (1+3)- 

hnked, &D-glucose backbone The fact that no glucosylglycerol was formed by mild, 
acid hydrolysis mdlcates the absence of alternate (143)- and (1 -&)-lmkages 

The polysaechmde was methylated once by the Hakomorl method” and the 
product thus obtamed still showed the charactenstlc Infrared absorption of free 
hydroxyl groups As remethylatxon by the same procedure caused degradation of the 

polysaccharide, fully metbylated polysacchmde was obtamed by succesive apphcafion 
of the Hakomon (once) and Purdle l1 (t.hr~ce) methods of methylatlon Hydrolysis 
was effected by the method recommended by Lmdberg and coworkers l2 as causmg 
mirumal degradation. The sugars thus obtamed were characterized by g 1 c of the 
al&to1 acetates and compmson mth authentic samples as 2,3,4,6-tetra-U-methyl-, 
2,4,6-try-O-me&yl-, 2,3,4-trr-O-methyl-, and 2,4-&-O-methyl-D-glucose The molar 
propotions observed (Table I) m&cate a fughly branched structure and are in total 
agreement with the penodate-oxrdation data. 

TABLE I 

HYDROLYSIS OF THE METHYLATED D-GLUCAN 

CZeaLage product 
(0-mefhyz-D-gzzKose) 

Stmcrural feature zndxcnted Molar proporiroll 

2,3,4,6-Tetra- Glcp-(l+ 245% 
2,4,6 Tn- +3)-Glcp(l4 39 4% 
2,3,4-Trl +6)-Glcp-(l--t 86% 
2,4D1- ~j-Glcp-(l+ 27 5% 
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From these results, the glucan consists of a (1+3)-lmked /I-D-glucose backbone, 
every second or third residue of which IS substttuted m the 6-posthon The (1+6)- 
hnked /?-D-glucose residues, present m low proportton, are m the stde chams. The 
branches are short (one or two glucose restdues) m accord with the methylatton data 
and the physical properhes of the glucan 

Glucans contarmng /I-(1 +3) and p-(1 -6) hnkages are commonplace m fungal 
cell-walls and have been isolated mter aha from Pulldana pulhdans, Sderotnun 

giucanicum, Claurceps spectes and Plectona occldentah.? ’ A sun&r structure has 
also been descrtbed for an extracellular glucan produced by the rot fungus Stereum 
sanghmolentrrm 1 4 H@ly branched fungal and yeast glucans contammg (l-+6)- 
#I-D-glucopyranosyl groups on a (l-+3)-j?-D-glucan backbone are known to be 
anhtumor active’ 5 Interestingly the glucan described here IS the maJor component 
of Cyftarla harzofz 

TABLE II 

GAS-LIQUID cHfwhf.4ToGRAPkry or 0-METHYL-D-GLUCITOLS 

Substttutlon mode of D-gkiCltO1 

O-Methyl 0-Acetyl 

Retention tun&b 

2,3,4,6- 1s 100 
2,4,6- 1,335 1 71 
2,3,4- 1,5,6 200 

2,4- 1,3,5,6 3 73 

uRelatwe to 1,5-dr-O-acetyl-2,3,4,6-tetra-O-methyl-~-glucttol ‘10% NPGS, T,d 280, Tc 300”, 
Tc 200”. N2 30 ml/mm 

EXPERIMENTAL 

Materral - Fnnt bodres of Cjttarra hartotl Frscher were collected m San 
Martin de 10s Andes (Neuquen, Argentma) m January, 1969 

General - All evaporattons were performed under dmnmshed pressure at 
40-50”. Paper chromatography was conducted by the descendmg method on Whatman 
No 1 paper wtth the following solvent systems (A) 5 2-2 butyl alcohol-ethanol-water, 
(B) 6.4-3 butyl alcohol-pyrrdme-water, (C) 18 3 1 4 ethyl acetate-acetrc actd-forrmc 
acid-water, (D) 5 5 1 3 pyndme-etbyl acetate-acetrc acid-water, (E) butanone-water 
azeotrope Detectron was effected wtth (a) sliver rutrate-soduum hydroxtde16; 
(b) amhne hydrogen phthalate’ 7 ; and (c) p-anrsldme hydrochlonde”. Meltmg points 
are uncorrected Optrcal rotations were recorded wtth a Perkm-Elmer 141 polanmeter 
and 1 r. spectra wrth a Perkm-Elmer Model 421 spectrophotometer G 1 c was 
effected wtth a Hewlett-Packard 5750 gas chromatograph eqmpped wrth stamless- 
steel cohunns (183 x 0 3 cm) packed wrth (a) 3% OV-17 on Chromosorb W (HP, 
SO-100 mesh) or (b) 10% NPGS on Chromosorb G, with nitrogen at a flow-rate of 
30 ml/mm The trrmethylsrlyl ethers were prepared wrth hexamethyldrsrktzane and 
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chlorotnmethylsrlane in pymime, as descrrbed by Sweeley and coworkers19 Room 
temperature unphes 20-25” 

Isolatzon and purificatzon of the glucan - Powdered, dned, fiurt-bodres of 
Cyttarza harzotz Frscher (100 g) were defatted with petroleum ether and soluble sugars 
were extracted wrth methanol Cold-water extraction of the resrdue, followed by 
ethanol preclprtatron afforded the heteropolysaccharide prevrously descnbedfb3 The 
water-insoluble mater-ml was strrred 1~1th XI sodmm hydrorude (2 hters) for 5 h at 
room temperature and centiuged The extraction was repeated twrce, and the 
combined supematants were neutrahzed by dralysts agamst runnmg water and then 
dialyzed against drshlled water The glucan precrpltated as a gel, wluch was dehydrated 
by freeze-drymg, yreld 36 5 g, [c& +9 2O (c 0 8, M potassnun hydroxide) 

For punficatron, the crude polysacchande was redrssolved m sodmm hydroxrde 
and reprecrprtated by addrtlon of acetrc acid untrl the specmc rotatton remamed 
constant (four trmes) 

Propertzes of the polysaccharzde - The punfied polysacchande (Found 
N, O%), after having been dned at 60’11 torr for 12 h over phosphorus pentaoxrde, 
had [I& + 11 0” (c 1 0, M potassmm hydroxide), vr: 3400 (s, broad), 2900 (m), and 
890 cm-l (w) 

Porhonmse addition of ethanol to a solution of the punfied @can (0 2% m 

0 1~ potassnun hydroxide) resulted in no preclpltation up to a concentration of 45% 
ethanol When the alcohol concentratron was increased to 48%, the polysacchande 
precrpltated m 98% yreld 

The glucan swelled m water to form a ngrd gel and its alkahne solutrons were 
hrghly v1sc0us. 

Aczd hydroZysrs of the poiysaccharzde - The glucan (200 mg) was hydrolyzed 
wrth 0 5M sulfiux acrd (20 ml) m a sealed tube for 16 h at 110” The hydrolyzate was 
neutrahzed tvltb bstlum carbonate, fkltered, and the filtrate decatiomzed by stimng 

with Dower-50 (Hf form) resin. Paper chromatography (solvents A, B, C, D, 

detechon reagents a, b, c) and g 1-c [tnmethylsrlyl ethers, OV-17, Tin, (mjectron port) 
250”, Td (detector) 300”, T,(co!umn) 150”] showed glucose as the only component 
D-Glucose was further Identified by preparation of N-(p-mtrophenyl)-D-gluco- 

pyranosylamme, m p and nuxed m p 185”, m accord with reported values’. 

Determrnatron of the degree of polymerrzatton’ - A suspensron of the glucan 
(55 mg) m water (10 ml) was reduced by strrrmg with sodmm borohydnde (50 mg) 
for 48 h Excess borohydnde was decomposed by dropwrse addltron of au&c acrd, 
and the pH was adJusted to 7.0 by careful addition of sodmm hydrogencarbonate 
Sodmm metapenodate (25 mg) was added and the rmxture was stored m the dark at 
room temperature for 10 days, wrth occasronal shakmg The excess oxrdant was 
decomposed, after acuhficahon with 0 5~ sulfunc acid, by addrtron of 0 5~ sodmm 
arsemte The nuxture was dralyzed against an equal volume of drstrlled water for 48 h 
The formaldehyde produced was determmed m the draiyzate by the chromotroprc 
acid methodzO. The amount of formaldehyde corresponded to a degree of poly- 
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merization of 220, assuming that the termmal reducmg group was hnked through O-3 
and would yield two molecules of formaldehyde 

Perzodate oxzdatzon of thepolysaccharzde - The glucan (130 mg) was suspended 
m 0 IM sodium metaperiodate (50 ml) and water (50 ml) was added Oxidation was 
allowed to proceed at room temperature In the dark, urlth penodlc shakmg At 
Intervals, the penodate uptake was determmed by the arsemte method2’ and release 
of forrmc acid by Qtrauon wth 1Om~ sodium hydroxide Extrapolating the data to 
zero time, the penodate consumption was U 61 mole of periodate per glucose residue, 
with production of 0 31 mol/readue of forrmc acid After oxldztion was complete, 
ethylene glycol was added and the mixture dialyzed The polyaldehyde was then 
reduced with sodmm borohydnde (150 mg) After 12 h, an addmonal amount (50 mg) 
of the reductant was added After a further 24 h, the excess of borohydnde was 
decomposed by careful addition of acetic acid, the suspension was Qalyzed, and the 
reduced product recovered by freeze-drymg 

Total aczd hydrolym of the poIyaicohol - The polyalcohol (10 mg) was 
hydrolyzed with 0 5~ sulfuric acid (2 ml) m a sealed tube at 110” Paper chromato- 
graphy (solvents A, B, reagents a, b) of the neutrahzed and decatiomzed hydrolyzate 
showed only glucose and glycerol No erythntol could be detected G 1 c of the 
hydrolyzate (tnmethylsllyl ethers) on OV-17 [T,,, 250”, Ta 300”, T, 3 mm at 80” and 
then programmed from 80 to 150” (4’/mm)] showed glucose (retention time 25 mm 
18 set) and glycerol (retention time 6 mm 24 set), Identied by comparison with 
authentic samples The molar proportxon was calculated by comparison of the relative 
peak-area values with that of a standard rmxture of the authentic components 
(glucose glycerol 1 9 1) 

Smztlz degradatzon of the poIyalcoholg - The polyalcohol (30 mg) was 
hydrolyzed with 50mM stiurlc acid for 24 h at room temperature The msoluble, 
degraded polysacchande was recovered by centnfugatlon m -60% yeld The 
supematant was neutrahzed with banum carbonate, filtered, and decatiomzed Paper 
chromatography (solvents A, B, reagents a, b) and g 1 c (tnmethyls~lyl ethers, 
conltions already described)) showed glycerol as the only component No glucosyl- 
glycerol could be detected 

The msoluble, degraded polysacchande was subJected to total acid hydrolysis 
as described before Paper chromatography (solvents A, B, reagents a, b) and g 1 c 
(trmethylsllyl ethers) showed glucose It was then subJected to penodate oxidation 
durmg 12 days m the dark The excess of oxidant was decomposed and the rmxture 
dialyzed The resultant polyaldehyde was reduced with sodmm borohydnde as 
already described,, and the polyalcohol was recovered after dlalysls by freeze-drymg 
Total acid hydrolysis urlth 0 5~ sulfkc acid gave only glucose, as detected by paper 
chromatography and g 1 c 

Metizylatzon of tile polysaccharzde - The polysacchande was methylated by 
the Hakomon method” The methylsuliinyl sodium reagent was prepared accordmg 
to the method of Sandford and Conrad” Dned glucan (100 mg) was added to 10 ml 
of dry dunethyl sulfoxlde Nitrogen was passed contmuously. The suspensxon was 
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stnred at 60” until all the polysacchande had dissolved and, after coolmg to room 
temperature, metbylsulfinyl sodmm solunon (N 10 ml) was added The sample was 
stirred under nitrogen for 6 h An excess of methyl rocltde was then added, and the 
mixture was stirred overmght The mtxture was dialyzed against water and freeze- 
dned The product was remethylated thrtcc by Pun&e’s method’ I, with methyl iolde 
and freshly prepared sliver oxide, added m small portions The sohds were removed by 
filtratton and the filtrate evaporated to a syrup. The methylated polysaccharide was 
dissolved in benzene, filtered, and freeze-dried, yield, 40 mg It showed no hydroxyl 
group m the 1 r spectrum and had OMe 41 1% 

Acid hydrolyses of the methylated polysaccfzarzde - The methylated poly- 
sacchande (30 mg) was soaked m 72% sulfunc acid (1 ml) with external cooling The 
soluhon was kept for 2 h at room temperature, the acid was dduted to 12%, and the 
contamer was sealed and heated for 4 h at 110” The solutton was neutralized with 
banum carbonate and decationized with Dowex-50 (H+ form) resin Paper chromato- 
graphy (solvent E, reagent c) showed four mam spots havmg colors and RF values 
identical to those gven by 2,3,4&i-tetra-O-methyl- (RF 0 78, pink), 2,3,4-tn-O-methyl- 
(a, 0 59, yellow), 2,4,6-t&O-methyl- (RF 0 48, pmk), and 2,4-dl-O-methyl-glucose 
(RF 0 20, reddish brown) 

The sugars m the hydrolyzate were reduced with sodium borohydride overnight 
The soluhon was acidfled to decompose the excess of borohydnde, decatiomzed 
wtth Dowex-50 (H* form) resm, and evaporated Methanol was evaporated several 
ttmes from the residue to remove bone acid To the dry restdue were added pyndme 
(1 ml) and acetic anhydnde (1 ml), and the sealed contamer was heated for 1 h at 70” 
After 24 h at room temperature, the solvents were removed and the final residue, 
contammg the aldttol acetate derivatives, was dissolved m a few drops of drchloro- 
methane and anaIyzed by g I c Authentic samples of 2,3,4,6-tetra-O-methyl-, 2,4,6- 
tn-O-methyl-, 2,3,4-tn-O-methyl-, and 2,~dt-O-methyl-D-glucopyranose were re- 
duced and acetylated as already described 

G 1 c was performed on 10% NPGS (Ttn, 280”, T, 3OO”, T, 200”) The 
retention times, relative to 1,5-d~-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucltol, and the 
molar ratios obtained, are shown m Table II 
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