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Abstract

Two polysaccharides were isolated from the basidiomycete Flammulina velutipes, via successive hot extraction with water, 2% and 25%
aq. KOH, and then submitted to freeze-drying. The precipitate formed by repeated freeze-thawing from the 2% aq. KOH extraction PK2
was analyzed by determination of its monosaccharide composition, as well as by methylation analyses using GC–MS, mono- (13C, 1H
NMR) and bidimensional (1H (obs.), 13C HMQC) spectroscopy, and controlled Smith degradations. It was established to be a branched
b-glucan, with a main chain of (1! 3)-linked-Glcp residues, substituted at O-6 by single-unit b-Glcp side chains. The precipitate formed
by repeated freeze-thawing from the 25% KOH extraction PK25 contained Xyl, Man, and Glc and was heterogeneous by HSPEC and
extraction with DMSO gave a soluble xylomannan (XM). It was homogeneous with a molar mass 30.8 · 104 g/mol (dn/dc = 0.186).
Using the above chemical analyses, it was a xylomannan with Man and Xyl in a 3:2 molar ratio. Its main chain consisted of (1! 3)-
linked a-Manp units, mainly substituted at O-4 by b-Xylp units or with some b-Xylp-(1! 3)-b-Xylp groups.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Edible mushrooms have, since ancient times, been con-
sumed with the goals of maintaining health and promotion
of longevity (Manzi and Pizzoferrato, 2000). As well as for
their medicinal or nutritional properties, they were espe-
cially appreciated for their texture and flavor. Nowadays,
following nutritional investigations, they are well known
as a very rich food supplement, due to their favorable pro-
tein, carbohydrate, and dietary fiber contents (Manzi and
Pizzoferrato, 2000; Leung et al., 1997; Mallavadhani
et al., 2006; Manzi et al., 2004).

The biological importance of these basidiomycetes arises
from their chemical components, especially various biologi-
cally active polysaccharides. Among these, the b-glucans
from different organisms have been the most studied. Edible

fungi from the genera Ganoderma, Agaricus and Lentinus

have been widely investigated (Wasser, 2002; Kües and
Liu, 2000), and have also demonstrated some interesting bio-
logical properties, such as immunomodulatory and antitu-
mor activity (Guterrez et al., 2004; Zheng et al., 2005; Peng
et al., 2005).

Also studied has been another genus of edible mush-
rooms, that of Flammulina, the main one being Flammulina

velutipes (Curt. ex Fr.) Sing. This is popularly known by its
Japanese name ‘‘enokitake’’ which, however, was first cul-
tivated in China during the 8th century. Its consumption is
now worldwide and ranks in fourth place in the production
and consumption of edible mushrooms (Leifa et al., 2001).

Studies on F. velutipes polysaccharides have demon-
strated strong immunomodulatory and antitumoral activi-
ties for its glucans and heteropolysaccharides (Yoshioka
et al., 1973; Ikekawa et al., 1982; Otagiri et al., 1983). Ikek-
awa et al. (1982) reported a b-(1! 3)-glucan and two het-
eropolysaccharides to have antitumoral activity. This was
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followed by a report by Otagiri et al. (1983), who found an
intensification of antitumor-immunity by a protein-bound
polysaccharide containing glucose, galactose, mannose,
xylose, and arabinose.

Apart from these studies, which focused on biological
properties, little is known about the detailed structure of
these polysaccharides. A study carried out by Mukumoto
and Yamaguchi (1997) revealed the structure of a mann-
ofucogalactan from the fruiting bodies of F. velutipes. This
polysaccharide was obtained by cold water extraction that
was precipitated at a concentration 50% of acetone in water
and it consisted of a main chain of (1! 6)-linked-a-Galp
units, every third of which are substituted by 3-O-a-D-
Manp-L-Fucp or L-Fucp residues.

Since there is a lack of information on the detailed struc-
ture of the polysaccharides that are present in F. velutipes,
we now have fractionated extracts of its fruiting bodies
and characterized a previously known branched (1! 3),
(1! 6)-linked b-glucan (Ikekawa et al., 1982) and a poorly
characterized xylomannan.

2. Results and discussion

A dry sample of F. velutipes was submitted to successive
aq. and 2% aq. KOH, and 25% aq. KOH extraction at
100 �C. The fractions obtained from 2% and 25% aq.
KOH, named K2 and K25, respectively, were submitted
to several freeze-thawing procedures until no more precip-
itates were formed (Fig. 1).

After centrifugation of the fractions, soluble SK2 (1%
yield) and SK25 (0.9% yield) and insoluble PK2 (3.7%
yield) and PK25 (2.6% yield) subfractions were isolated
(Fig. 1).

PK2 contained mainly glucose (Table 1) consistent with
a predominant glucan. 13C NMR and 1H (obs.), 13C
HMQC spectra (Fig. 2a and b, respectively) (Table 3)
had signals corresponding to all carbons from the polysac-
charide: C-1/H-1 at d 103.1/4.53 corresponding to 3-O-
substituted units (A) (Fig. 2c, while those at d 103.1/4.23
are from 3,6-di-O-substituted units (B). The b-configura-
tion was shown by H-1 signals at high field and C-1 signals
at low field. The resonances at d 86.7 and 86.3 arise from
substitutions at O-3 in units A, while those at d 86.0 and
76.7 are from similar substitutions in units B and free O-
3 from non-reducing end units of b-Glcp (C), respectively.
Signals at d 76.4; 76.2 and 74.9 arise from C-5 of units A, A
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Fig. 1. Extraction and purification of glucan (PK2) and xylomannan (XM).

Table 1
Monosaccharide composition of the fractions obtained from F. velutipes

Fractions Monosaccharides (%)a

Xyl Man Glc

PK2 – – 100
PK25 18 32 50
XM 40 60 –
SM1 9 91 –
SM2 3 97 –

a Alditol acetates obtained on successive hydrolysis, NaBH4 reduction,
and acetylation, analyzed by GC–MS.
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