ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Carbohydrate
RESEARCH

Carbohydrate Research 342 (2007) 2599-2603

Structure of a galactomannan isolated from the cell wall
of the fungus Lineolata rhizophorae

M. Inmaculada Giménez-Abidn,* Manuel Bernabé,® J. Antonio Leal,?
Jesus Jiménez-Barbero® and Alicia Prieto™*

&Centro de Investigaciones Bioldgicas, CSIC, Ramiro de Maeztu 9, 28040 Madrid, Spain
Departamento de Quimica Orgdnica Bioldgica, Instituto de Quimica Orgdnica, CSIC, Juan de la Cierva 3, 28006 Madrid, Spain

Received 23 May 2007; received in revised form 24 July 2007; accepted 19 August 2007
Available online 23 August 2007

Abstract—The structure of an alkali-extracted water-soluble polysaccharide isolated from the cell wall of the marine fungus Lineo-
lata rhizophorae has been elucidated by chemical and spectroscopic means. The idealized repeating unit of this novel structure is
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being m~ 41, n~ 2, and p =~ 5.
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1. Introduction

The Loculoascomycetes comprise a group of ascomyce-
tes mainly characterized by the ascolocular origin of
their fruit bodies and by their bitunicate asci. Their
species are currently placed in two classes: Chaetothyrio-
mycetes and Dothideomycetes. The subdivisions of the
latter and its relationships to other classes are uncertain.
Traditional taxonomic classifications and several phylo-
genetic analysis of this group have been based on mor-
phological characters, giving unsatisfactory results.
Molecular data support Lineolata as a single-species
genus whose taxonomy is unclear, being included among
the group of Dothideomycetes of incertae sedis.
Polysaccharides have been used in the classification of
fungi,' yeasts,*> and lichens.® We have found that the
alkali-extractable and water-soluble polysaccharides
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F1SS, which are minor components of the fungal cell
wall (2-8%), differ in composition and structure among
genera and, in certain cases, among groups of species of
a genus.” They consist of a mannan skeleton or core,
which is branched by single residues or chains of differ-
ent residues. These chains may be formed by a unique
residue or by different ones. Since the number of poly-
saccharides, which may be formed by a few different
sugars, is almost unlimited'® a large number of polysac-
charides F1SS may be obtained from different groups of
fungi. Therefore, fungal cell wall is a source of new poly-
saccharides. Due to their diversity, they have been pro-
posed as chemotaxonomic characters at the genus or
subgenus level.>”® Comparison of the polysaccharide
structures from different fungal groups revealed an
evolutionary pattern,!' which allowed the proposal of
evolutionary theories.> These polysaccharides are anti-
genically relevant'>!® and are probably involved in
cell-cell and/or parasite-host recognition mecha-
nisms.'*?° We report here on the structure of a new
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polysaccharide obtained from the cell wall of the fungus
Lineolata rhizophorae.

2. Results and discussion

The proportion of FISS polysaccharide amounted 4.5%
of the cell wall. Gel permeation chromatography gave a
single polydisperse peak, with an average molecular
mass around 30 kDa. The analysis for neutral sugars
gave galactose and mannose in 49.7% and 50.3%,
respectively, as shown by GLC of their alditol acetates.
The analysis for absolute configuration gave p-configu-
ration for both of them. Methylation analysis gave
methyl alditol acetates corresponding to 6-O-substituted
and 3,6-di-O-substituted mannopyranose, terminal, and
4- or 5-O-substituted galactose (see Table 1). The
identity of the last residue was revealed by reductive
cleavage of the permethylated polysaccharide, which
gave 5-O-acetyl-2,3,6-tetra-O-methyl-1,4-anhydrogal-
actitol, revealing the presence of 5-O-substituted galac-
tofuranose and the absence of 4-O-substituted
galactopyranose. The high-resolution '"H NMR spec-
trum contained two major and two minor signals in

the anomeric region, in the proportion 1:8:1:9, labeled
A-D in the order of increasing field (Fig. 1a). The *C
NMR spectrum (Fig. 1b) showed one minor and two
major anomeric singlets (108.1, 105.6, and 100.4 ppm,
respectively). In order to find the position of the differ-
ent protons and carbons of the residues we carried out
a series of '"H-'H correlation experiments (DQCOSY,
TOCSY) and proton-detected 'H-'>C heteronuclear
correlation experiments (HMQC, HMBC, and HSQC-
TOCSY), which led to unambiguous determination of
the chemical shifts of the 'H and '*C of the main resi-
dues and some of the vicinal coupling constant values
of the rings. The values obtained have been gathered
in Table 2. The magnitude of the carbon shifts in unit
B, as compared to those reported for a- and B-galacto-
furanosides®' and the relatively low field chemical shift
values for C-3 and C-6 in unit D, as compared with a-
and B-mannopyranosides,”’** indicated that units B
and D are, respectively, terminal galactofuranoside
and 3,6-di-O-substituted mannopyranoside. This is in
accordance with the data found in the methylation
analysis.

The information obtained from NMR experiments
for units A and C was poor due to overlapping of

Table 1. Percentages of the linkage types deduced from methylation analysis of the polysaccharides F1SS isolated from four strains of Lineolata

rhizophorae

fr* (min) Linkage type Characteristic fragments (m/z) Relative abundance (%)
8.59 Galf~(1— 89, 102, 118, 162, 205 47
10.87 HS)-Gﬁl_f-(l*)b 87,102, 113, 118, 131, 162, 173, 233 2
11.71 —6)-Manp-(1— 87, 88,99, 102, 118, 129, 162, 189 3
14.96 —3,6)-Manp-(1— 118, 129, 189, 174, 234 46

4 Retention time.

° The identity of —5)-Galf-(1— was established by reductive cleavage of the partially methylated polysaccharide.
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Figure 1. NMR spectra (500 MHz for 'H, D-0, 35 °C) of polysaccharide F1SS of L. rhizophorae CBS 641.66. (a) "H NMR spectrum showing the
four distinct anomeric protons, which have been labeled A-D; (b) 1>*C NMR spectrum at 125 MHz.
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Table 2. 'H and '*C NMR chemical shifts (6) and proton coupling constants (J; Hz) for the alkali-extractable and water-soluble cell wall

polysaccharide isolated from Lineolata rhizophorae

Residue 1 2 3 4 5 6a 6b
A H 5.22 4.16 4.07 n.d. ca. 3.87 3.73 3.68
J 1.9
C 108.1 82.4 77.9 83.7 71.6 63.8
B H 5.16 4.17 4.09 4.07 3.85 3.72 3.66
J 1.7 33 6.4 3.9 4.5;72 11.7
C 105.6 82.4 78.0 84.0 71.8 63.8
C H 5.15 4.16 ca. 4.12 n.d. ca. 3.98 3.82 3.82
J ca. 1.7
C 105.6 82.2 77.6 83.1 76.7 62.2
D H 495 4.19 3.93 3.87 ca. 3.85 4.00 3.76
J 1.5
C 100.4 67.8 76.8 65.8 71.7 66.5
n.d.: not determined.
Bold italic numbers represent glycosylation sites.
signals, both for proton and carbon spectra. However, B
from the methylation and reductive cleavage results ] o

and after comparison of the obtained '*C chemical
shifts with those of model compounds, we were able to
establish most of the values of these minor residues
and to deduce that A was also terminal Galf while C
was identified as 5-O-substituted Galf. Concerning the
configuration of the anomeric centers, the homonuclear
coupling constant J; , values deduced for fragments A
and B (<2 Hz) together with their C-1 *C NMR chem-
ical shifts (>105 ppm) indicated that all Galf residues
have B-configuration (compare with J,, around 4 Hz
and chemical shifts <104 for a-Galf).>"** For the
mannopyranose fragments, a proton-coupled HMQC
experiment allowed the measurement of the value for
e 1.g-1 in unit D (173.9 Hz), which, in accordance with
the low-field chemical shift values, are in favor of the
anomeric configuration being a-.>!** The measurement
of lJc_l,H_l of residues A and B gave 174.2 and 174.1,
respectively.

To discriminate between the two possibilities of
arrangement of fragment D, namely a backbone of a-
(1—6)-Manp with Galf moieties at C-3, or either a back-
bone of a-(1—3)-Manp with Galf moieties at C-6, we
carried out a 2D NOESY experiment, which gave,
among others, cross-peaks H-1A/ H-5C, H-1B/ H-3D
(strong), H-1B/H-4D (weak), H-1D/ H-6aD’, H-1D/H-
6bD’, and H-1D/H-4D’, being D’ a second unit of D,
in support of unit B being (1—3) linked to unit D, which
is, in turn, (1—6) linked to a second unit of D (D). Fur-
thermore, a long-range proton—carbon correlation
HMBC experiment (Fig. 2), in addition to intra-residue
signals, showed cross-peaks for H-1A/C-4A, H-1B/C-
4B, H-1C/C-4C, and H-1D/C-5D, which corroborated
the furanoid character of residues A, B, and C, and
the pyranoid character of D, and crosspeaks H-1B/C-
3D, and H-1D/C-6 D’, unequivocally demonstrating
the above statements. In addition, two small crosspeaks
H-1A/C-5C and H-1C/C-3D could also be observed in
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Figure 2. Selected region of the 2D-HMBC spectrum of polysaccha-
ride FISS of L. rhizophorae CBS 641.66. Crosspeaks have been
labeled.

the HMBC. Having in mind the integration of the 'H
NMR spectrum and the proportion found in the meth-
ylation and reductive cleavage results, this fact supports
A as being connected to C-5 of unit C, which is, in turn,
linked to C-3 of Manp D. Thus, around 12% of the Galf
side moieties are substituted at C-5 by terminal Galf res-
idues. Finally, the small percentage of 6-O-substituted
Manp is most probably due to some backbone Manp
units lacking substituents at C-3. From all the combined
data, we propose that the idealized structure for the al-
kali-extracted water-soluble polysaccharide of L. rhizo-
phorae corresponds to
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being m ~ 41, n~ 2, and p ~ 5.

The possibility of establishing the real distribution
that the side residues hold along the mannan backbone
is still unfortunately beyond our reach.

This structure differs from that found in the polysac-
charide FISS from other fungi. The polysaccharide
F1SS described for several species from the order Sor-
dariales, as Neurospora crassa, has monosaccharidic -
Galf side chains attached to the C-2 of the mannan
backbone instead of to the C-3.°%° The structure of
the polysaccharide F1SS from Apodus deciduus is also
different, since its (1—6)-mannose chain is branched at
C-3 by an o-D-Galf-0-(1—2)-Galf disaccharide.”’ In
the structure described herein, the galactofuranose resi-
dues of the side chains display the B-configuration. In
fungal polysaccharides F1SS, concretely among the
Ascomycetes, the B-galactofuranose side chains are the
most frequently found linked to the mannan core.

Our results add a new polysaccharide to those already
described for different fungal groups. This kind of mol-
ecules has shown to reflect taxonomic and phylogenetic
relationships in other Ascomycetes and then should be
used to establish the relationships of L. rhizophorae with
other fungi.

3. Experimental
3.1. Microorganisms and culture media

The strain of L. rhizophorae used was CBS 641.66. The
microorganism was maintained on slants of Bacto pota-
to dextrose agar supplemented with 1 g L™' of Bacto
yeast extract (Difco). The basal medium and growth
conditions for mycelium production have been previ-
ously described.?®

3.2. Wall material preparation and fractionation

The preparation of wall material®® and the fractionation
procedure® were performed as previously described.
The crude polysaccharidic preparation extracted from
the dry cell wall material with 1 M NaOH at 20 °C con-
tained water soluble polysaccharides (Fraction F1S) and
water insoluble polysaccharides (F11). Fraction F1S was
re-fractionated by treatment with a small portion of
water (about 50 mg mL '), followed by centrifugation
(10,000g, 30 min), giving a solution, which was freeze-

dried (fraction FISS), and a precipitate (fraction
FISI). FII and FI1SI were not further investigated.
F1SS was treated with 50% ethanol in water. The precip-
itate was discarded, and the supernatant was dried to
eliminate the ethanol, resuspended in water and freeze-
dried. The resulting material constituted polysaccharide
FISS. Purity of the polysaccharide was confirmed by
GPC on Sepharose CL6B under conditions previously
described.*

3.3. Chemical analyses

Neutral sugars were released by hydrolysis with 3 M tri-
fluoroacetic acid for 1 h at 121 °C. The hydrolysis prod-
ucts were reduced with sodium borohydride and the
corresponding alditols were acetylated with pyridine—
Ac,O (1:1) for 1 h at 100 °C. Identification and quanti-
fication were carried out by gas-liquid chromatography
(GLC) using an SP-2380 (30 m x 0.25 mm, 0.2 um film
thickness) and a temperature program (210-240 °C,
3 min initial hold, 15 °C/min ramp rate and 7 min final
time). The absolute configuration of the sugars was
determined as devised by Gerwig et al.’!

3.4. Methylation analyses

The polysaccharide was methylated following Ciucanu
and Kerek’s method®> and hydrolyzed with 1.5M
TFA at 121 °C for 1 h. The products were reduced with
NaBD, and then acetylated as above. The correspond-
ing partially methylated alditol acetates were examined
by GC-MS using an SPB-1 column (30 m x 0.25 mm,
0.2 um film thickness), a temperature program (160—
210 °C, 1 min initial hold, 2 °C/min ramp rate) and a
mass detector Q-mass from Perkin—Elmer. Quantifica-
tions were made according to peak area.

3.5. Reductive cleavage analyses

Analyses by the reductive-cleavage method were per-
formed in two steps with trimethylsilyl triflate as cata-
lyst,>® but the reactions were carried out under Ar and
the time during the reductive cleavage was successively
shortened to 2 h, to minimize unwanted byproducts or
artifacts. The partially methylated anhydroalditol ace-
tates obtained were analyzed by GLC-MS using a fused
silica SPB-1 column (30 m x 0.25 mm, 0.2 pm film thick-
ness) and a temperature range of 150-200 °C (3 min ini-
tial hold and ramp rate 3 °C min™").

3.6. NMR analysis

Polysaccharide FISS (~20 mg) was dissolved in D,O
(0.8 mL) followed by centrifugation (10,000g, 20 min).
The supernatant (ca. 0.7 mL) was used for recording
"H NMR spectra. The column-purified sample for 2D



M. I Giménez-Abidn et al. | Carbohydrate Research 342 (2007) 2599-2603 2603

experiments was lyophilized, redissolved in D,O (1 mL)
and the process repeated twice for further deuterium-ex-
change. The final sample was dissolved in 0.7 mL of
D,0 (99.98% D). 1D- and 2D-'H and '*C NMR exper-
iments were carried out at 35 °C on a Varian Unity 500
spectrometer with a reverse probe and a gradient unit.
Proton chemical shifts refer to residual HDO at 6 4.66
and carbon chemical shifts to internal acetone at o
31.07. The 2D NMR experiments (DQF-COSY, 2D-
TOCSY, HMQC) were performed as described previ-
ously,** using the standard Varian Software.
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