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Abstract

The structure of a cell wall alkali-extractable and water-soluble polysaccharide isolated from two species of
Arachniotus has been established by reductive cleavage and NMR spectroscopy. The linear polysaccharide consists
of a regular disaccharide-repeating unit with the structure:

[�6)-�-D-Galf-(1�5)-�-D-Galf-(1� ]n�mannan core.

© 2001 Elsevier Science Ltd. All rights reserved.
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Polysaccharides are the main component of
the cell wall, and an essential ingredient in life
and evolution of fungi and plants.1 The alkali-
extractable water-soluble cell wall polysaccha-
rides (F1SS), which form part of peptido-
polysaccharides, are minor components of the
fungal cell wall (generally 2–8%). They are
antigenically relevant, and seem to be involved
in cell–cell and/or cell–host recognition
mechanisms. They have been proposed as
chemotaxonomic markers at the genus or sub-
genus level,2 and also to establish relationships
between teleomorphic genera and their
anamorphs. Comparison of F1SS polysaccha-

rides from different taxa reveals the evolution
of their structures3 in parallel to morphologi-
cal features. Therefore, they might be invalu-
able characters to test fungal evolutive
schemes.

Continuing with the studies on F1SS
polysaccharides in order to find new structures
as chemotaxonomic characters and to improve
the knowledge of fungal cell walls from differ-
ent groups, we herein report on a novel struc-
ture from species of Arachniotus.

Polysaccharide F1SS amounted to about
6% of dry cell-wall material in both species. It
was composed of galactose (ca. 95%) and
mannose (ca. 3%). The absolute configuration
was shown to be D for both residues. Methy-
lation analyses gave 1,4,6-tri-O-acetyl-2,3,5-
tri-O-methyl galactitol and 1,4,5-tri-O-acetyl-
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0008-6215/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S 0 0 0 8 -6215 (01 )00273 -7

mailto:mbernabe@iqog.csic.es


O. Ahrazem et al. / Carbohydrate Research 336 (2001) 325–328326

2,3,6-tri-O-methyl galactitol, which together
with the results of reductive cleavage, indi-
cated the occurrence of 6-O-substituted-Galf
and 5-O-substituted-Galf. During the hy-
drolyses, the former residue suffered partial
decomposition, therefore the reaction times
were shortened. The best results were obtained
under the conditions described in the Experi-
mental Section, which yielded both residues in
a proportion 1:1. This is in accordance with
the relationship of the signals of the anomeric
protons in the 1H NMR spectrum (Fig. 1(a)).
With these two residues, a polymer of alter-
nating units seemed to be most likely, al-
though repetition of residues with identical
substitution (�6)-Galf-(1�6)-Galf-(1�5)-
Galf-(1�5)-, for instance) could not be ruled
out at this stage.

The 1H NMR spectra of the F1SS polysac-
charide of both species were almost identical
(see Fig. 1), therefore the polysaccharide of A.
�erruculosus was selected for further studies.
The spectrum contained two anomeric signals
at 5.24 and 5.04 ppm (in the proportion 1:1),
with coupling constants J1,2 1.7 and 1.2 Hz,
respectively, compatible with �-Galf residues

(compare with �-Galf values, J1,2�4 Hz4).
These signals were labelled A and B (Fig.
1(a)). The 13C NMR spectrum (Fig. 1(c))
showed two anomeric carbons with chemical
shifts around 108 ppm, indicating that A and
B were �-Galf units. Straightforward assign-
ment of the signals was achieved by using 2-D
COSY, TOCSY, and HMQC experiments.
The chemical shifts values deduced are shown
in Table 1. The low values found for C-6 of A
and C-5 of B, as compared with model com-
pounds,5,6 demonstrated that A was 6-O-sub-
stituted-Galf and B 5-O-substituted-Galf.

Concerning the sequence of the units, the
cross peaks H-1A/H-5B and H-1B/H-6aA+
6bA observed in the NOESY spectrum, in
addition to the cross peaks C-1A/H-5B, C-1B/
H-6aA+H-6bA, H-1A/C-5B, and H-1B/C-
6A, detected in a HMBC spectrum,
unequivocally confirmed the alternating se-
quence of the residues.

The low proportion of mannose found after
hydrolysis of the polysaccharide may belong
to a small mannan core, as has been found in
many other fungal polysaccharides.3

Fig. 1. 1H NMR spectra (40 °C, 500 MHz) of the cell wall F1SS polysaccharide isolated from (a) A. �erruculosus ; and (b) A. ruber ;
and (c) 13C NMR spectrum (40 °C, 125 MHz) from A. �erruculosus.
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Table 1
1H and 13C NMR chemical shifts (�) for the alkali-extractable water-soluble polysaccharide F1SS isolated from A. �erruculosus

Proton or carbon a

1Units 2 3 4 5 6a 6b

5.24 4.16 4.09A 4.08H 3.98 3.88 3.65
C 107.9 82.2 77.7 84.2 70.6 70.3

5.04 4.14 4.13 4.12H 3.97B 3.82 3.81
108.9 82.0 77.7 83.0C 76.7 62.0

a Underlined bold numbers represent glycosylation sites.

From the combined evidence, the polysac-
charide F1SS isolated from A. �erruculosus
and A. ruber is proposed to consist of a linear
structure with the following repeating
disaccharide:

[�6)-�-D-Galf-(1�5)-�-D-Galf-(1�]n�mannan core

A very similar extracellular polysaccharide
produced by Cryphonectria parasitica has been
described.7 Other polysaccharides, with identi-
cal residues but in different proportions and
sequences, have been found in the cell walls of
Penicillium expansum6 and Neosartorya stra-
menia,8 and in an extracellular polysaccharide
isolated from the cultures of Phomopsis foeni-
culi,9 which may suggest relatedness among
these genera.

Fungal galactofuranose-rich polymers have
been found in the culture liquids or as compo-
nents of the cell wall. Thus, varianose was
reported as an exopolysaccharide from Peni-
cillium �arians,10 and a very similar compound
has been found in the cell wall of several
Penicillium and Talaromyces species.4,11 A �-
(1�5)-galactofuranan has been described as
the glucidic component of the extracellular
peptidophosphopolysaccharide from Penicil-
lium charlesii12 and also as a cell wall compo-
nent of this species13 and of several
Penicillia.11 Since, in many cases, the extracel-
lular polysaccharides are found in the culture
media after a long period of incubation, when
the carbon source is depleted, they probably
are wall components released in the autolysis
of the mycelium.

Polysaccharides composed almost exclu-
sively of galactofuranose and small propor-
tions of mannose are characteristic of fungi
belonging to the order Eurotiales,6,11–15

whereas those from Onygenales contain only
mannose.16–19 Therefore, our results support
the transfer of the genus Arachniotus from
Onygenales to Eurotiales.20 It is interesting to
note that the mannans of the Onygenales may
have evolved to the galactomannans of the
Eurotiales3 which would corroborate certain
fungal evolutive theories.21,22

1. Experimental

Microorganisms and growth conditions.—
The isolates of Arachniotus ruber CBS 351.66
and A. �erruculosus CBS 655.71 were main-
tained in slants of Bacto potato dextrose agar
supplemented with Bacto yeast extract (Difco)
1 g L−1. The culture medium and growth
conditions were as previously described.23

Wall material preparation and fractiona-
tion.—Wall materials were obtained as re-
ported elsewhere.24 F1SS polysaccharides were
obtained according to Ahrazem et al.25

Chemical analyses.—For analysis of neutral
sugars the polysaccharides were hydrolyzed
with 3 M TFA (1 h at 121 °C). The resulting
monosaccharides were converted into their
corresponding alditol acetates26 and identified
and quantified by gas–liquid chromatography
(GLC) using a SP-2380 fused silica column
(30 m×0.25 mm id×0.2 �m film thickness)
with a temperature program (210–240 °C, ini-
tial time 3 min, ramp rate 15 °C min−1, final
time 7 min) and a flame ionization detector.

The monosaccharides released after hydrol-
ysis were derivatised according to Gerwig et
al.27 and their absolute configuration was
determined by GC-MS of the tetra-O-TMSi-
(+ )-2-butylglycosides obtained.
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Linkage analyses.—The polysaccharides
(1–5 mg) were methylated according to the
method of Ciucanu and Kerek.28 The methy-
lated material was treated and processed ac-
cording to Ahrazem et al.,25 with the
exception that the partially methylated
polysaccharide was hydrolyzed with TFA (1.5
M, 100 °C, 30 min). Analyses by the reduc-
tive-cleavage method were performed in two
steps,29 and processed as previously
described.25

NMR analysis.—1D and 2D 1H and 13C
NMR experiments were carried out at 40 °C
on a Varian Unity 500 spectrometer with a
reverse probe and a gradient unit. Proton
chemical shifts refer to residual HDO at �
4.61 ppm. Carbon chemical shifts refer to
internal acetone at � 31.07 ppm. The polysac-
charide (ca. 20 mg) from fraction F1SS was
dissolved in D2O (1 mL) followed by centrifu-
gation (10,000g, 20 min) and lyophilization.
The process was repeated twice and the final
sample was dissolved in D2O (0.7 mL, 99.98%
D).

The 2D NMR experiments (DGF-COSY,
TOCSY, NOESY, HMQC, and HMBC) were
performed by using the standard Varian soft-
ware, as described.30
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19. Jiménez-Barbero, J.; Prieto, A.; Gómez-Miranda, B.;
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