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ABSTRACT

The alkali-extractable water-soluble polysaccharide F1SS isolated from the cell wall
of Cubonia bulbifera has been studied by methylation analysis, NMR spectroscopy,
and partial hydrolysis, and its structure was established as:

1
1

[(o-L-Rhap-(1—2)-0-L-Rhap-(1—5)-B-D-Galf~(1—2)-0-D-Manp)],
6

1
1

[(a-L-Rhap-(1—5)-B-D-Galf~(1—2)-a-D-Manp) |
6

1
1

being n ~ 4 and m ~ 1.

Key Words: Fungi; Cubonia; Discomycetes; Polysaccharides; NMR spectroscopy.

"This paper is dedicated to Prof. Gérard Descotes, on the occasion of his 70th birthday.
*Correspondence: Manuel Bernabé, Departamento de Quimica Orgdnica Biolgica, Instituto
de Quimica Orgénica, CSIC, Juan de la Cierva 3, 28006 Madrid, Spain; Fax: + 34-91-564 48 53;
E-mail: mbernabe@iqog.csic.es.

603

DOI: 10.1081/CAR-120026462 0732-8303 (Print); 1532-2327 (Online)
Copyright © 2003 by Marcel Dekker, Inc. www.dekker.com

MarceL DEkkER, INc.

270 Madison Avenue, New York, New York 10016

@ Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.



07: 01 23 January 2011

Downl oaded At:

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

)

MARCEL DEKKER, INC.

604 Ahrazem et al.

INTRODUCTION

Cell wall polysaccharides have been used as taxonomic characters in yeasts,!"
lichens,'” and fungi.®*¥ Their relevance in plants and fungi evolution was originally
stressed by Bartnicki-Garcia."*! The alkali-extractable and water-soluble fungal poly-
saccharides F1SS, which are minor components of the cell-wall (2—8%), correspond to
the glycosidic moieties of peptido-polysaccharides. These polysaccharides are anti-
genically relevant®™® and are probably involved in cell-cell and/or cell-host recog-
nition mechanisms. They differ in composition and structure among genera and, in
certain cases, among species within a genus.””! Recently, they have been proposed as
chemotaxonomic characters, at the genus level, in different groups of fungi.””! Indeed,
their structures seem to have evolved from mannose homopolysaccharides to complex
heteropolysaccharides,'” and in doing so, have followed certain schemes of fungal
evolution."”! The structure of the polysaccharides F1SS from several taxa has been
determined."""! Nevertheless, the Discomycetes (cup fungi) have been neglected until
now. Their relationships among them as well as with other Ascomycetes are not well
established and, in addition, there is not historical agreement on their evolutionary
position.!'?!

Continuing the search for new cell wall polysaccharides which may be used as
immunogenic, taxonomic and evolutive characters, as well as a source of synthetic
materials, we now report on the structure of a polysaccharide FISS of Cubonia
bulbifera, as an initial step in the study of Discomycetes.

RESULTS AND DISCUSSION

The polysaccharide F1SS amounted to ca. 4.2 % of the dry cell wall material of C.
bulbifera. Analysis of the polysaccharide revealed the presence of rhamnose (44.4%),
mannose (29.3%), and galactose (26.3%). Analysis of the absolute configuration of
the residues indicated a D-configuration for both mannose and galactose, and a
L-configuration for rhamnose.

Methylation analysis indicated the presence of 2-O-substituted and terminal rham-
nopyranose, 2,6-di-O-substituted mannopyranose, and 4-O-substituted galactopyranose,
5-O-substituted galactofuranose or both, and also minute amounts of 2-O-substituted
and 6-O-substituted mannopyranose. A reductive cleavage analysis, in addition to the
rhamnose and mannose residues already deduced from the methylation analysis, re-
vealed the presence of 5-O-substituted galactofuranose and the absence of 4-O-sub-
stituted galactopyranose.

The 'H-NMR spectrum of the polysaccharide (Figure la) contained, infer alia,
two doublets ca. 1.30 ppm, supporting the presence of 6-deoxyhexopyranoses, and
four anomeric signals, one of them broader, with integrated areas around 1:1:1.3:1. The
3C-NMRspectrum (Figure 1b), showed five singlets in the anomeric region, therefore the
broad proton singlet could contain two overlapping signals. The five residues were
labelled A-E from low to high field, according to their anomeric proton signals. As only
four main residues were detected in the methylation and reductive cleavage analyses,
one residue may be located in two different chemical environments. 2D correlation
spectroscopy, i.e., DQF-COSY and TOCSY, allowed the assignment of most of the main
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Figure 1. a) 'H- (500 MHz) and b) '*C-NMR (125 MHz) spectra in D,O at 40°C for the cell-wall
F1SS polysaccharide from C. bulbifera. The small singlets at 99.9 and 77.0 ppm, marked with
asterisks, correspond to the anomeric carbon of unit C and carbon 5 of unit B, respectively, both

from the chain m (see Table 1).
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Figure 2. Partial 2D HSQC-TOCSY spectrum of the F1SS polysaccharide from C. bulbifera. For
the sake of clarity, only significant cross peaks corresponding to residue B have been labelled, as an
example. Horizontal rows: cross peaks of the protons belonging to the same residue. Vertical rows

contain carbons pertaining to the same residue.
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Table 1. 'H- and "*C-NMR chemical shifts () for the alkali-extractable water-soluble cell-wall
polysaccharide isolated from C. bulbifera.

Residue 1 2 3 4 5 6a 6b
A H 5.18 4.03 3.92 348 3.91 1.30
C 99.1 79.4%* 71.3 73.0 70.1 17.6
B* H 5.11 4.18 4.06 4.17 3.92? 3.84 3.76
3.91°
C 106.7 82.2 77.8 83.2 77.6" 61.9
mb
C H 5.04 4.02 3.82
C 99.9 71.2 71.3 70.0 17.6
D H 5.03 4.08 ca. 3.87 3.81 ca. 3.81 4.02 3.73
C 98.0 75.8 71.1 67.5 72.0 66.4
E H 498 4.07 3.80 3.46 3.74 1.29
C 103.0 71.1 71.3 72.9 70.0 17.5

*'H and "*C-NMR chemical shifts at position 5 of Galf B are slightly affected by the presence (*) or
absence (°) of substitution at position 2 of the vicinal Rhap moiety.
**Underlined bold numbers represent glycosylation sites.

signals of the proton spectrum. A HMQC experiment exhibited five crosspeaks in the
anomeric zone, confirming that the broad anomeric signal contains two overlapping
protons. The HMQC also permitted to assign most of the carbon signals.

A HSQC-TOCSY experiment (Figure 2) led to complete assignment of all the
protons and carbons of four polysaccharidic residues (A, B, D, E) (see Table 1).

Comparison of the values obtained with those of model compounds,"'*'* allowed us
to conclude that unit A was 2-O-substituted Rhap, B, 5-O-substituted Galf, D, 2,6-di-O-
substituted Manp, and E, terminal Rhap. The information obtained for residue C was poor,
due to its small proportion. However, from the data obtained for its carbon chemical shifts,
similar to those found for unit E, and the methylation analysis results, it was also assigned
to a terminal rhamnopyranose unit. Concerning the anomeric configuration, a carbon-
coupled HMQC experiment revealed that IJH,I,C_I of residues A, C, D, and E were
172 + 0.1 Hz, which, in accordance with the values reported by Bock et al.,[15 ! correspond
to equatorial arrangements of the anomeric protons, that is, a-configuration for all of them.
The value obtained for B,IJH,C = 175.9 Hz, together with the high value of the anomeric
carbon (ca. 107 ppm) indicated B-configuration for the galactofuranose moiety. With
regard to the arrangement of the different linkages, a 2D-NOESY experiment, in addition
to expected intra ring signals, contained crosspeaks H-1A/H-1E, H-1A/H-5B, H-1B/H-1D,
H-1B/H-2D, H-1E/H-2A, and H-1D/H-(6a + 6b)D’. Moreover, an HMBC experiment
showed crosspeaks H-1A/C-5B, H-1B/C-2D, H-1D/C-6D’, H-1E/C-2A, H-1C/C-5B, and
also C-1C/H-5B (Figure 3), which unequivocally demonstrated the sequences
E — 2A — 5B — 2D — 6D' and C — 5B — 2D — 6D’ where D’ represents a second
unit of D. From all the combined data, the structure depicted in Figure 4 is proposed for the
polysaccharide F1SS from C. bulbifera. Besides, it was found that the average molecular
mass of the polydisperse polysaccharide is in the range of 70—80 kDa, as calculated by gel
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Figure 3. Partial HMBC spectrum for the F1SS polysaccharide from C. bulbifera, showing
"H-'3C long range connectivities, both in the proton and carbon anomeric regions. The anomeric
protons and significant cross peaks have been labelled.

permeation chromatography on a Sepharose CL-6B column, previously calibrated with
different dextrans. In addition, the measurement of the integrated proton anomeric signals,
and the comparison of the carbon anomeric singlets allowed to establish values for n ~ 4
and m =~ 1.

To further confirm the proposed structure and know more about the position of the
minute mannose residues, partial hydrolysis of the polysaccharide was also performed.

E A B T
1
[(0t-L-Rhap-(1—2)-0-L-Rhap-(1—5)-B-D-Galf-(1—2)-0-D-Manp)], D
6
T
1

[(@-L-Rhap-(1—5)-B-D-Galf:(1—2)-0-D-Manp)], D
6

C B T

Figure 4. Proposed structure for the polysaccharide F1SS isolated from C. bulbifera.
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Figure 5. a) 'H- (500 MHz) and b) >*C-NMR (125 MHz) NMR spectra in D,O at 40°C for
the core mannan polysaccharide obtained by partial hydrolysis of the F1SS polysaccharide from
C. bulbifera.

Taking advantage of the lability of the furanose residues as compared with that of the
pyranose units, a polysaccharide composed of mannose exclusively was obtained.
Analysis of the corresponding proton and carbon spectra (Figure 5) was in favor
of a long chain of (1 — 6)-a-mannan, very similar to the mannan cores of two
polysaccharides isolated from Trichoderma reesei’"*'® and Hypocrea gelatinosa.'"
Small chains of «-(1 — 2)-mannopyranoses appear to be attached, in a proportion
ranging from 10—17%, to this linear mannan backbone as deduced from the methylation
analyses and the small signals observed in the anomeric region of the NMR spectra.
The structure of the polysaccharides F1SS from Cubonia bulbifera has in common
with other rhamnose containing polysaccharides the o-(1 — 6) mannose backbone.
Differentiation is related to the side chains which consist of single residues of rham-
nose in Sporothrix and Ceratocystis,""®\Ceratocystis ulmi (= Ophiostoma ulmi)*®" and
Cephalotheca or dimmers in Pseudallescheria.®" All these fungi are closely related
taxa included in the Pyrenomycetes. The linkage of rhamnopyranose to a galacto-
furanose residue attached to the mannan backbone in C. bulbifera originates a new
polysaccharide which may be characteristic of the Discomycetes. It also may indicate
that the rhamnose incorporation to the polysaccharide F1SS occurred at different stages
of the polysaccharide evolution. Therefore, the presence of rhamnose could be of
relevance on the systematics and evolutive studies of fungi. Again, the structural
differences support the hypothesis that these surface polysaccharides may have evolved

270 Madison Avenue, New York, New York 10016
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from a linear mannan to different specific heteropolysaccharides, in parallel to fungal
evolution.!

EXPERIMENTAL

Microorganisms and growth conditions. The isolate of C. bulbifera (CBS
259.65) was maintained in slants of Bacto potato dextrose agar supplemented with
Bacto yeasts extract (Difco) 1 gL~ '. The culture medium and growth conditions were
as previously described.””

Cell wall material preparation and fractionation. Wall materials were
obtained as reported elsewhere.!”*! Polysaccharide F1SS was obtained according to
Ahrazem et al.[*¥

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 acetates'®! then identified and quantified by
gas—liquid chromatography (GLC) using a SP-2380 fused silica column (30 m x 0.25
mm LD. x 0.2 um film thickness) with a temperature program (210°C to 240°C, initial
time 3 min, ramp rate 15°C min~!, final time 7 min) and a flame ionization detector.
The monosaccharides released after hydrolysis were derivatised according to Gerwig
et al.,”®® and their absolute configuration was determined by GC-MS of the tetra-O-
TMSi-( + )-2-butylglycosides obtained.

Methylation and reductive cleavage analyses. The polysaccharide (1-5 mg)
was methylated according to the method of Ciucanu and Kerek.”?”! The methylated
material was then treated and analysed according to Ahrazem et al.** Reductive
cleavage analyses were carried out in two steps, as described by Bennek et al.,'*®! using
trimethylsilyl triflate as the catalyst. However, the reactions were carried out under an
Ar atmosphere and the duration of the reductive cleavage was shortened to 5-6 h in
order to minimize the formation of unwanted by-products.

Partial hydrolysis of the polysaccharides F1SS. A sample of the polysaccharide
(80 mg) was hydrolysed with 5 mL of 0.05 M aq. H,SO, for 5 h at 100°C. The
degraded polysaccharide (mannan core) was recovered by dialysis (molecular weight
cutoff ca. 3 kDa) and lyophilization.

NMR analysis. 1D- and 2D- 'H- and '*C-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 6 4.61 ppm. Carbon chemical shifts refer to internal
acetone at 6 31.07 ppm. The polysaccharide F1SS (ca. 20 mg) was dissolved in D,O (1 mL),
centrifuged (10000 g, 20 min), and lyophilized. The process was repeated twice and the
final sample was dissolved in D,O (0.7 mL, 99.98 % D). 2D-NMR experiments (DQF-
COSY, TOCSY, NOESY (mixing time = 300 ms), HMQC, HSQC-TOCSY and HMBC)
were performed by using the standard Varian software, as described.!'*!
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