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ABSTRACT 

The chermcal structure of a heterogalactan isolated from the tnchloroacetic 

acid extract of the fruit bodies of Lentznus edodes IS reported It consists of a mam 
chain of <l-+6)-linked cc-D-galactopyranose residues, part of which are substituted m 
the 2-posItton either with smgle L-fucopyranose or D-mannopyranose residues 
However, there 1s a possible alternatlve structure of a branched D-galactan III whnzh 
most of the side-chams are termmated with L-fucose or D-mannose residues 

IN-IRODUCTION 

The frmt bodres of Lentznzzs edodes are the most popular edible mushroom m 
Japan and Chma Abot& 65% of the dned fruit bodies consists of carbohydrates, most 
of which are present as po!ysacchandes, together with a lesser propomon of low 
molecular-weight carbohydrates such as manmtol or trehalose. In the previous 
pubhcauonl, we reported the structures of two water-soluble polysaccharldes Isolated 
from the frmt bodies of L edodes One IS an a-D-gincan of the glycogen type, havmg 
an average cham-length of about 5-6, and the other IS a /3-D-glucan contaming 
(1+6)-, (l-3)-, and (l-4)-linked j?-D-giucopyranose residues The present paper 
reports the lsolatlon of a heterogalactan from the fruit bo&es of L edodes and the 
results of structural studies on it 

RESULTS AND DISCUSSION 

ExtractIon of the dr;ed fruit-bodies of Lentznus edodes wth 3% tnchloroacefic 
acid, followed by fractional preclpltabon with methanol, ylelded two different types of 

polysacchmde Fraction A, precipitated at a 50% concentration of methanol, was 
characterized as an a-D-glucan of the glycogen type Fraction B, precipitated at a 75% 
concentration of methanol, gave D-galactose, D-glucose, L-fucose, and D-mannose on 
acid hydrolysis Fractional precipitation of tbs fraction with Cetavlon m borate buffer 
at hfferent pH values yielded four subfractions. The first subfraction (B-l), recovered 
from the Cetavlon complex precipitated at pH 8 0, was shown to be a glucose-free 
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heterogalactan having [aID + 102” On hydrolysis, it gave nse to a-galactose, L-fucose, 
and D-mannose m the molar ratio of 6 0.1 5 1 0 The homogeneity of the punfied 
polysacchande was exammed by sedimentation analyws, zone electrophoresls, and gel 
filtration The polysaccharlde gave only one peak on ultracentrifugation (S = 1.55), 
on zone electrophoresls (Fig l), and on gel fiitratlon (Fig 2) Hydrolysis of the 
methylated polysacchande ([aID + 8 1 O, OCH, , 42 5%) ylelded a nuxture of metbylated 
sugars that were separated by preparative paper chromatography to gwe the methyl 
ethers listed m Table II As can be seen from Table II, all of the main sugars in the 
polysacchande are present in the pyranoxd form L-Fucose and D-mannose are present 
exclusively as ternnnal, non-reducmg residues D-Galactose IS found as non-reducmg 
end-units and as 6-G and 2,6-dl-O-substituted units Occurrence of a small amount 
of mono-O-methyl-D-galactose m&cates either mcomplete methylation or demethyl- 
ation durmg hydrolysis, and 1s probably not structurally sqquficant However, the 
posslb&y of double branchmg cannot be completely neglected A stepurlse, partial, 
acid hydroIysls was performed, with Isolation of the fragments of low molecular 
Nelght between each step The hydrolysis products were fractionated on a charcoal- 

TABLE I 
COMPONENT SUGARS OF THE SUBFRACTIONS OBTAINED FROM 

THE CETAVLON PRECIPITATE OF FRACTIOU B 

Fracrron Wezght (g) Component sugars” 

Gal Fuc Man Glc 

Ongmal sample (B) 4 3 ++ + + + 
B-l 15 ++ + + 
B-2 08 ++ + + + 
B-3 02 - - - ++ 
B-4 10 - - - ++ 

“+ +, Trcsent m large proportion, +, present, -, absent 

TABLE II 
HYDROLYSIS PRODUCTS FROM THE MEIHYLATED HETEROGALACTAN 

Methylated sugars Weight (mg) Molar 
percent 

Relatme retentron 
ttme of the methyl 
glycosrdes 

&+~c,* 

2,3,4,6-Me4-Man” 11 6 143 967 
2,3-d-Me,-Fuc 1 171 8 19 3 0 75 88 6 
2,3,4,6-Mea-Gal 08 1 79 88 6 
2,3&Me,-Gal 2237 403 8 11 72 3 
3,4-Met-Gal 139 5 27 1 46 5 
mono-Me-Gal 51 10 33 0 

“2,3,4,6Me.+-Man = 2,3,4,6-tetra-O-methyl-D-mannose and so on *Relatwe to 2,3,4,6-tetra-O- 
methyl-D-glucose, solvent C 
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TABLE III 

OLIWSACCHARIDES FROM THE PARTIAL HYDROLYZATE 

Ohgosaccharrde Yield (mg) [dD Partral hydrolyses 

(l++c+galactoblose 44 
(1+6)-o+galactotnose 50 
(l--+6)-a-galactotetraose 58 

139 Gal, G&= 0 75 
147 Gal, Gr&, Gal3 0 56 
165 Gal, Gal=. Gall, Gal.+ 0 40 

“Gal* = a-(l-+6)-galactoblose and so on bRelatlve to galactose, solvent B, wulth double development 
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Fig 1 Zone electrophoresls of the heterogalactan Electrophoresls was performed on Toyo GA-100 
glass filter-paper at 1,350 V, 70 mm, wtth 0 lM sodmm tetraborate @H 9 3) 

Ag 2 Elution pattern of the heterogalactan The Sephadex G-100 column (1 5 x 84 cm) was &ted 
~th water 

Cehte column by stepwse elutlon with water and 2 5-15% ethanol The fragments 
found are hsted in Table III, together with some of their propertxs. As shown m 
Table III, only galactose-contammg ohgosacchandes belongmg to a homologous 
senes were isolated from the partxal acid-hydrolyzate Of these ohgosaccharides, the 
first member of the homologous senes was characterized as 6-O-a-D-galactopyranosyl- 
D-galactose 
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Treatment of the polysacchande wtth sodmm metapenodate led to consumptron 
of 1 58 moles of penodate and to release of 0 69 moles of forrmc acid per hexose 
residue Redumon of the oxldued product wth sodmm borohydnde followed by acid 
hydrolysis gave no reducmg sugars, suggestmg the absence of 3-O-D-mannopyranosyl- 
L-fucopyranose residues, the latter have been commonly observed as side-chams of 
other Basldlomycetes heterogalactans’-’ 

On the basis of these results, it is possrble to suggest that the heterogalactan of 
L edodes consists of a backbone of (1-6)~hnked a-D-galactopyranose restdues, part 
of which are substttuted at C-2 by smgle L-fucose or D-mannose residues However, 
there IS a posstble alternatrve structure in which the main chain IS partly branched, 
with srde-chams of the same structure as the backbone and most, rf not all, of the srde 
chains termmated with L-fucose or D-mannose residues No Information 1s avadable 

as yet on the configuration of the L-fucose and D-mannose residues 
There have been several reports dealing with the lsolatlon and charactenzation 

of heterogalactans of Basrdromycetes, such as Polyporus gtganteus2, Armrlhr~a 
mellea3*4, Polyporus fomentarms ‘, Polyporus zgnrar&, Polyporus pmwola6, and 
Polyporus squamosus’ Most of these heterogalactans have a common structure 
consrstmg of a backbone of (1+6)-lurked cr-D-galactopyranose residues, part of which 
are substrtuted at C-2 either by L-fucopyranose or 3-O-c+D-mannopyranosyl-r- 
fucopyranose restdues Some addmonal srde-chams, such as 6-0-(3-O-methyl-U-D- 
galactopyranosyl)-o-galactopyranose4, smgIe D-galactopyranose5*‘, or short chams 
composed of (1+2)- and (1+3)-hnked a-D-galactopyranose residues’ are present m 
some of the heterogalactans The only exceptton IS a heterogalactan from the fruit 
bodies of Polyporus gzganteus2, wluch consists of a backbone of (I-&)-hnked B-D- 

galactopyranose restdues 
The L edodes heterogalactan has a backbone essenttally sinular to those of 

other Bas~dromycetes heterogalactans However, this polysacchande differs chstmctly 
from the others m Its slde-cham structure Whereas part of the L-fucose IS present as 
non-termmal residues m the side chains of the other heterogalactans, both L-fucose 
and D-mannose are present exclusively as termma! residues m the heterogalactan of 
L edodes 

Other stu&es concernmg the L edodes polysacchandes have been reported by 
Chrhara et al8 ‘, who isolated and characterized a /3-D-glucan that they named 
lentman Further studies on the other polysacchandes of L edodes are now m progress 
and the results wrll be published m near future 

EXPERIMENTAL 

General methods - All evaporatrons were performed under dummshed 
pressure at 40-45” Meltmg points are not corrected Paper chromatography was 
performed on Toyo No 50 filter paper by descendmg or aseendmg methods wrtb the 
followmg solvent systems (v/v) (A) 8 2:l ethyl acetate-pyndme-water, (B) 65% 
I-propanol, and (C) 4 l-5 I-butanol-ethanol-2% aqueous ammoma Preparative 
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paper-chromatography was camed out on Toyo No 527 tick filter-paper Neutral 
sugars and methylated sugars were detected on the chromatogram by spraymg the 
paper with amlme hydrogen phthalate Gas-hqmd chromatography (g 1 c ) was 
effected with a Yanagmoto Model G-SO gas chromatograph fitted with d flame- 
Ionization detector and a glass column (150 x 0 4 cm diameter) that had been packed 
\wth 10% of poly(dlethyleneglyco1 succmate) on Dxasohd-L Analysis was made at 170”, 
at a nitrogen flow-rate of 30 ml mm - l The retention times of the methylated methyl 
glycosldes are relative to that of methyl 2,3,4,6-tetra-O-methyl-B-D-glucoslde Optlcal 
rotations were determmed at 15-20” mth a Nappon Bunko Model DIP-SL polarl- 
meter. Ultracentnfugation analysis was performed with a Hltachl UCA-1A analytlcal 
ultracentllfuge Zone electrophoresls of the polysacchandes lo was conducted on 
Toyo GA-100 glass filter-paper (5 x 60 cm) m 0 1~ sodmm tetraborate (pH 9 3), at 
1,350 V for 70 mm The filter paper was cut mto strips (5 x 1 cm) that were eluted with 
delomzed water The carbohydrates m rhe eluted solutions were determmed by the 
anthrone method Complete acid hydrolysis of the polysacchande was effected by 
heating the sample (10 mg) with M hydrochlonc acid (1 ml) for 3 h m a bollmg 
water-bath The hydrolyzate was neutrahzed 7~th sliver carbonate, delomzed with 
Amberhte IR-120 resin (H+ form), and evaporated to a syrup Analysis of the molar 
ratio of the component sugars was performed by paper chromatography The acid 
hydrolyzate was spotted on Toyo No 50 titer paper which was developed by the 
descending method urlth solvent A Zones corresponding to the sugars were cut off 

from the chromatogram accordmg to the gmde stnps, and then eluted with water The 
eluted sugars were determined by the anthrone method 

Isoiatlon of the heterogalactan - The dried fruit-bodies of Z edodes’ (1 kg) 
were dipped m 3% trichloroacetlc acid (15 1) and dlsmtegrated m a Warmg blender 
Mixtures were kept at 5” overmght and then filtered. The filtrate was concentrated to 
about one half of the ongmal volume and the polysacchande preclpltated w&h an 
equal volume of methanol The preclpltate was centnfuged off, washed successively 
with methanol and ether, and air dned, yield 13 5 g (fraction A) The supematant 
solution was treated with an equal volume of methanol (final concentration of 
methanol, 75%) to ave 5 2 g of preclpltate (fraction B) On hydrolysis, framon B 
gave rise to D-galactose, D-glucose, D-mannose, and L-fucose whereas fraction A gave 
only D-glucose 

A glucose-free heterogalactan was obtamed by gradual prcclpitatlon of 
fraction B with cetyltr~methylammomum bronude (Cetavlon) m borate buffer at 
dflerent pH values 1 1 Frac&on B (4 3 g) was dissolved m water (200 ml) and treated 
with equal volumes of 0 15~ Cetavlon and borate buffer (pH 8 0) The precipitate 
formed was washed with water, dissolved m 2~ acetic acxd, and the solution was 
poured mto 3 volumes of methanol The preclpltate was successively washed with 
methanol and ether, and air dned, yield 1 5 g (B-l) The supematant at pH 8 0 was 
adJusted to pH 9 0 and the precipitate formed was treated by the foregoing procedure 

*A commercial product purchasable m Japanese supermarkets 
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to gve 0 8 g of an addItiona product (B-2) The supematant at pH 9 0 was further 
adJusted to pH 10 0, and 0 2 g of polysacchande (B-3) was recovered from the pre- 
clpltate. The final supematant, at pH 10-0, was poured mto three volumes of methanol 
to give 1 0 g of precipitate (B-4) On hydrolysis, B-l gave rise to galactose, mannose, 
and fucose m a molar ratlo of 6 0 1 5 10, and no glucose was detected m the hydro- 
lyzate The putied heterogalactan had [c& + 102” (c 0 9, water) and contained a trace 
of mtrogen (0 19O/,) The results of the fractionation are grven m Table I 

Geljiltratzon - A solution of the polysaccharide (B-l) (5 mg) m 0 5 ml of water 
was applied to a column (84 x 1 5 cm m dlam ) of Sephadex G-100 The column was 
eluted mt.h water and the effluent was collected m 3-ml fractions The carbohydrate 
content of each fraction was determmed by the phenol-sulfunc acid method (Fig 2) 

Penodate oxzdatzon - Perlodate oxldatlon was conducted with 0 02M sodmm 
metapenodate at 5" m the dark The penodate consumption was momtored spectro- 
ghotometncally l 2, and the fornuc acid released was titrated with 0 01~ sodium 
hydroxide after redution of the excess of periodate v&h ethylene glycol The poly- 
sacchande consumed 1 58 moles of penodate and released 0 69 mole of formic acid 
per hexose residue After completion of the oxidation, the oxldztion product was 
suhmltted to reduction with so&urn borohydrlde No reducing sugar could be 
detected m an acid hydrolyzate of the delomzed reduction-product 

Methylatzon analysis. - The polysaccharlde (1 3 g) was dissolved m dlmethyl 
sulfoxlde (60 ml) and treated with methylsuEny1 carbamon solution that had been 
prepared by dwsolvmg sodium hydride (0 8 g) m dunethyl sulfoxlde (15 ml)l 3 The 
xmxture was stirred under mtrogen for 4 h at room temperature, and methyl lodlde 
(4 ml) was then added The mtiure was then stlrred ovemlght, chluted with water, 
chalyzed, and the &aIyzed material was evaporated to dryness Six methylabons were 
required, to gve a product (1.1 g) havmg [c&, +81” (c 0 9, chloroform), and OCHJ 
42 5% (talc ,44 1%). The methylated polysacchande was hydrolyzed by the method 
of Garegg and Lmdberg’ 4, It (600 mg) was suspended in 72% sulfuric acid (7 ml) 
and stn-red for 2 5 h at O-5” until It was &ssolved The rmxture was dduted with water 
(56 ml) and heated for 4 h at 100” The hydrolyzate was then neutrahzed mth banum 
carbonate, delomzed with Amberhte IR-120 resin (H+ form), and evaporated to a 
syrup, yield 560 mg The hydrolyzate was resolved by preparative paper-chromato- 
graphy urlth solvent system C For g I c , the methylated polysacchande (5 mg) was 
heated m an sealed tube urlth 5% methanohc hydrogen chlonde (0 5 ml) for 6 h at 
100” The methanolyzate was neutrahzed with silver carbonate, and the filtrate was 
evaporated to dryness The residue was dissolved in a small amount of methanol and 
submitted to g 1 c 

The methyl ethers from the degradation product of the methylated poly- 
sacchade were charactemed by paper-chromatographc comparison with authentic 
samples, by g 1 c of their methyl glycosides, and by demcthylation with boron trl- 
chloride”__ Yrelds and some propertles of the hydrolysis products from the methylated 
polysaccharide are hsted in Table II Furthermore, the major components were 
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characterized by preparation of crystallme denvatives The methylated sugars were 
characterized as follows 

2,3,4,6-Tetra-O-methyl-D-mannose had [a]o - I” (c 1 2, water) and gave an 
amhne denvative’ 6 havmg m p and nuxed m p 142”. 

2,3,4-Tn-O-methyl-L-fucose had [r&- 100” (c 1 4, water) and gave an arnhne 
derlvatlve’ ’ havmg m p and nuxed m p 132” 

* 2,3,4-Trl-U-me:?Iyl-D-galactose had [aID -I- 104” (c 0 5, water) and gave an 
amhne derivative’* havmg m p and rmxed m p 163” 

3,4-LX-O-methyl-D-galactose had [aID +93” (c 0 8, water) and gave galactose 
on demethylatlon It was conclusively characterized by g I c -mass spectroscopy of Its 
aldltol acetate by the courtesy of Prof B Lmdberg 

Partral acid hydrolyss of the heterogalactan - The polysacchande (14 g) was 
submltted to successive hydroIytlc treatments for 1 h at 100” (twice with 0 1~ hydro- 

chlonc acid and twxce with 0 2~ hydrochIorlc acid) After each treatment, ethanol 
was added and the preclprtate formed wds subnutted to further hydrolysis Hydro- 
lyzates from each step were combined, neutrahzed with sliver carbonate, and 
evaporated to give 1 2 g of syrup 

The partial hydrolyzate (1 2 g) was dissolved m water and poured on a column 
of charcoal-Cehte (20 g of each) The column was successively eluted with water and 
2 5-1.5% ethanol The effluent was collected m loo-ml fractions which were exammed 
by paper chromatography A hst of the fragments obtained and some of their pro- 
per&les are Bven in Table III Each ohgosacchande gave nse only to galactose on 
hydroIysls and, on partlal hydrolysis, the higher members of the series pelded the 
lower homologues These results suggest that these ohgosacchandes belong to a 
homologous serxes The first member of the senes had [aJD + 139’ (c 0 9, water) 
Methylation of this sugar, followed by methanolysls, gave equlmolecular proportions 
of the methyl glycosldes of tetra-O-methyl- and tri-0-methyl-D-galactose, whch were 
characterzed by g 1 c as 2,3,4,6-tetra- and 2,3,4-tn-O-methylgalactose, respectively” 
Thus, the ohgosacchandes obtamed by partial acid-hydrolysis were shown to form a 
homologous series of (l-+@lmked a-D-galactose ohgomers 

ACKNOWLEDGMENT 

We thank Prof B Lmdberg of Stockholms Umversltet for the determmation of 
3,4-dl-O-methyl-D-galactose by g 1 c -mass spectroscopy 

REFERENCES 

1 M SHWA, T MASE, Y SASAKAWA, AND K MKTSUDA, .T Agr Chem Sot. Japan, 45 (1971) 
454-460 

2 V P BHAYANANDAN, H 0 BOUVENG, AND B LINDBEFG, Acfa Chem &and, 18 (1964) 504-512 
3 R N FRASER AND B LINDBERG, Carbohyd Res, 4 (1967) 12-19 
4 H 0 BOUVENG,R N FRASER,AND B LINDBERG, Carbohyd Res, 4<1967) 20-31 

*An authentic specimen was prepared accordmg to the procedure reported by 0nulc1~~ 



218 M SHIDA, K HARYU, K MATSUDA 

5 H. B6-a AND B L-BERG, Carbohyd Res , 10 (1969) 79-85 
6 R. N FRASER, S IGUUCSONYI, AND B LJNDBERG, Acfa Chem Stand ,21 (1967) 1783-1789 
7 H BJORNDAL AND B WAGSAROM, Acra Chem &and, 23 (1969) 3313-3320 
8 G Cmmu, Y MAEDA, J HAMuRo, T SASAKI, AND F FUKUOICA, Nature, 222 (1969) 687-688 
9 G Chm%uu, J H-0, Y Y. MAFDA, Y kkur, AND F FUKUOKA, Cancer Res, 30 (i970) 

2776-2781 
10 K W FUUER AND D H IJORTHCOTE, Brochem J, 64 (1956) 657-663 
11 S A-BARKER, M STACEY, AND G Zur~m~, Chem Ind. (L.ondon), (1957) 330 
12 G 0 Aspmu AND R J FE-R, Chem Ind (London), (1957) 1216 
13 S HAKOMORI, _T Bzochem (Tokyo), 55 (1964) 205-208 
14 P J GAREGG AND B LINDBERG. Acta Chem Scand, 14 (1960) 871-876 
15 T. G Bow, E J BOURNE AND S McNwy, J Chem Sot, (1960) 2929-2934 
16 J. C. RVINE AND D MCNICOU, J Chem Sot, 97 (1910) 1449-1456 
17 S P JAMES AND F ShfLTH, J. Chem Sot, (1945) 746-748 
18 M ABDEL-AKHER, F Sm, AND D SPR~~RBACH, J Chem Sot, (1952) 3637-3640 
19 M ONUIU, J Agr Chem Sot Japan, 9 (1933) 1320-1325 
20 G 0 A~PINALL, J Chem Sot, (1963) 1676-1680 


