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Abstract

The structure of acidic fungal polysaccharides, isolated from the cell wall of Cylindrocla-
dium and Calonectria species, has been 1nvest1gated by chemical analysis, methylation and
reductive cleavage analyses, and 1D and 2D 'H and ’C NMR spectroscopy. The polysaccha-
rides have an idealized repeating unit:

{—[6)-8-D-Galf{(1>1,—6)-B-D-Galf~(1— }n—> Core
2 2

t t
a-D-Glcp a-D-GlepA

linked to a small mannan core ( < 5%), with n = 3 for Cylindrocladium penicilloides and C.
quinqueseptatum and n =5 for Calonectria theae, C. crotalariae, and C. colhounii. © 1997
Elsevier Science Ltd.
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1. Introduction found that the alkali-extractable and water-soluble
polysaccharides obtained from the cell-wall of fungi

Polysaccharides have been used in the classifica- from various genera differ in composition and struc-
tion of fungi [1], yeasts [2], and lichens [3]. We have ture [4-8]. These polysaccharides are minor compo-

nents of the cell wall (2-8%), where they are proba-
bly forming part of glycoproteins or peptido-poly-
* Corresponding authors. saccharides. They are antigenically relevant and may
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also be involved in cell—cell and /or cell-host recog-
nition mecanisms. Due to their diversity, they have
been proposed as chemotaxonomic markers at the
genus or subgenus level [7], as well as a means to
establish the relationship of teleomorphic genera
(perfect state) with their anamorphs (imperfect state).

Continuing the search for cell wall polysaccharides
which may be useful either as possible immunorele-
vant compounds and as chemotaxonomic markers, we
are studying the complex group of the nectroid fungi.
In this paper, we report on the structure of the acidic
glucogalactan obtained from the cell walls of species
ot the genera Calonectria and its anamorph Cylindro-
cladium.

2. Results and discussion

Analysis for peutral sugars gave Gal, Glc, and
Man as shown by GLC of the alditol acetates. Uronic
acid was also detected (see Table 1).

Fractions F1S-S from the different species were
dissolved in D,O and their NMR spectra were com-
pared. Cylindrocladium penicilloides was selected for
further studies and purified by column chromatogra-
phy. Methylation analysis gave the acetates of
2,3,4,6-tetra-O-methyl glucitol, 3,5-di-O-methyl
galactitol, and small amounts (< 5%) of 2,3,4-tri-O-
methyl mannitol, and 3,4-di-O-methyl-mannitol. The
high resolution "H NMR spectrum of the polysaccha-
ride from C. penicilloides (pD = 6.0, Fig. 1a) con-
tained two signals at 5.17 and 5.07 ppm which were
labelled A and B, respectively. Assignment of the
non-anomeric protons of the residues was achieved
from DQCOSY and 2D-TOCSY (HOHAHA) experi-
ments, which demonstrated that three different
residues were actually present, one of them in less

Table 1

Percentage of the neutral and acidic sugars detected by
GLC and the carbazole procedure, respectively, on the
fraction F1S-S. Due to the presence of glucuronic acid, the

galactofuranose gave lower proportion than that deduced
from 'H NMR analysis

Glc Gal Man GlcA Recovery %
28.7 27.1 25 140 723

Cylindrocladium
penicilloides
C. quinqueseptatum 254 25.1 20 12.6 65.1

Calonectria 309 30.0 3.1 7.8 71.8
colhounii

C. crotalariae 32.5 329 43 8.1 77.8
C. theae 30.3 356 4.1 73 773
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Fig. 1. 'H and >C NMR spectra at 500 MHz of C.
pemczllozdes (D,0, 40 °C). (a) '"H NMR spectrum at
pD=6. (b) '"H NMR spectrum at pD = 3, showing the
three dlstmct anomeric protons, which have been labelled
A-C. (c) C NMR spectrum at 125 MHz (D,0; pD = 3;
40 °C). The C = O peak at 172.0 ppm is not shown.

than half the proportion (labelled C) of the other two.
The anomeric signal of C overlapped with that of
residue B. The chemical shifts values of H-2, H-3,
and H-4 corresponding to residue A were very simi-
lar (< 0.2 ppm), and appeared at relatively low field
(> 4 ppm), indicating the presence of galactofura-
nose. It was possible to measure most of the coupling
constants. The large values observed for the J-cou-
plings of proton H-4 associated with residue B (J,,
=J,5=94 Hz) suggested a glucopyranose residue
with a-configuration, as deduced from the anomeric
coupling (J,, 3.8 Hz). In addition, the minor residue
C also showed two fairly large coupling constants for
H-4 (J;, 96, J,5 9.4 Hz), and was assigned as
glucopyranuronic acid, as inferred from its five-pro-
ton system.

The “C NMR spectrum at pD =6 also showed
two peaks in the anomeric region, one of them at
107.2 ppm, suggesting the presence of a [-galacto-
furanose residue, and a carbonyl signal at 176.2 ppm,
which supported the presence of uronic acid. The
polysaccharide was then carbonyl-reduced according
to Taylor and Conrad’s method [17] and subjected to
methylation and reductive cleavage analysis. Meth-
ylation analysis gave the same alditol acetate deriva-
tives than before reduction, but the proportion of the
acetates of 2,3,4,6-tetra-O-methyl glucitol and 3,5-di-
O-methyl galactitol increased substantially. The re-
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ductive-cleavage method led to the same results.

In order to determine the proportion and the glyco-
sidic sequence of the three residues, the solution
(pD = 6.0) was stirred with Amberlite TR-120 to
convert the sodium salt of uronic acids into the free
carboxylic acids. The resulting acidic solution (pD =
3.0) was freeze-dried and dissolved in D,0 (99.98%).
The "H NMR spectrum (Fig. 1b) now contained three
distinct signals in the anomeric region, which were
labelled A, B, and C, as above, in the proportions 25:
19: 8, respectively. C appeared as a doublet, J,, 3.7
Hz, which demonstrated that the GlcA moiety had the
a-configuration. The assignment of the non anomeric
protons was accomplished from a 2D-TOCSY experi-
ment (Fig. 2a), although at this pD, some non
anomeric proton resonances overlapped.

The ’C NMR spectrum (pD = 3, Fig. lc) showed
the signal centred at 99 ppm split into two, one peak
being some 1 /3 the height of the other, and only two
methylene signals, one of them at 70.2 ppm, this last
indicative of a 6-linked hexosyl residue. Assignment
of most of the signals for the three residues was
elucidated from HMQC experiments, which map the
connectivities between carbon atoms and their di-
rectly bonded protons (Fig. 2b). The signals corre-
sponding to C-2 and C-3 of residue A were also split
into two, in each case one being 1 /3 the height of its
pair (Table 2).

Comparison of the chemical shifts values with
those reported by Bock et al. [9] allowed the glyco-
sylation positions to be deduced. Thus, terminal «-
Glcp and «-GlcpA acid, and 2,6-di-O-substituted-B-
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Fig. 2. Selected regions of the 2D-TOCSY (a), HMQC (b), and 2D-NOESY (c) spectra for fraction F1S-S of C.
penicilloides, showing the connectivities with the rest of the protons and carbons. Anomeric protons and relevant

cross-peaks have been labelled.
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Table 2

'H and ">C NMR chemical shifts (8) and proton coupling constants (J, Hz) at pD = 6.0 and pD =3.0 for the
alkali-extractable water-soluble cell-wall polysaccharide isolated from Cylindrocladium penicilloides

Residue 1 2 3 4 5 6a 6b

pD=6.0

A H 5.17 4.18 4.23 4.03 3.99 391 3.65
J 1.5 3.7 6.6 4.5
C 107.2 87.4 76.3 83.4 70.5 70.2

B H 5.06 3.57 3.71 3.44 3.77 3.87 3.76
J 38 9.8 9.4 94
C 99.0 72.0 73.7 70.5 73.3 61.4

C H 5.06 3.61 ca. 3.74 3.54 4.04 - -
J 37 9.9 9.6 94
C 99.0 71.9 734 72.8 73.5 176.2

pD=307?

A, H 5.18 4.19 4.24 4.03 4.00 3.92 3.65
C 107.2 87.7 76.4 83.5 70.5 70.2

A, H 5.18 4.19 424 4.03 4.00 3.92 3.65
C 107.2 87.9 76.3 83.5 70.5 70.2

B H 5.07 3.57 3.72 3.44 3.78 3.88 3.78
C 99.1 72.1 73.8 70.6 73.3 61.6

C H 5.13 3.64 ca. 3.74 ca.3.74 4.25 - -
C 99.2 71.7 72.3 172.0

* The coupling constants at this pD were within the experimental error (0.1 Hz) of that observed at pD = 6.0.

Galf moieties were considered to be present in the
polysaccharide, in accordance with methylation anal-
yses. However, as no clear signals of mannopyranose
residues were detected in the 'H NMR spectrum, we
deduced that the mannans were part of the poly-
saccharide core.

To discriminate between the two possible glyco-
sylation sequences (namely, a backbone of B-(1 —
6)-Galf, substituted at position 2 of each residue by
either a-Glcp or a-GlcpA, or else a skeleton of
B-(1 - 2)-Galf substituted at position 6 by terminal
moieties) we obtained a 2D-NOESY spectrum (Fig.
2¢) which, in addition to expected intraresidue con-
nections, exhibited cross-peaks for H-1A /H-6aA’,
H-1A /H-6bA’, H-1B/H-2A, and H-1C/H-2A,
which strongly supported the first possibility. The
splitting of C-2 and C-3 of residue A indicated that
the neighborhood of position 2 was affected by the
different nature of residues B and C. Hence, we have
labelled A | the residue to which moiety B is attached
and A, the one linked to C. We denote a second
molecule of 2,6-di-O-substituted Galf, comprising ei-
ther A, or A,, as A

These galactofuranosidic chains are probably con-
nected at position 2 of one of every four or five
mannopyranose residues of a (1 — 6) mannan core,
which represents about 5% of the total polysaccha-
ride.

We also studied the cell wall polysaccharides iso-
lated from species of closely related genera. Thus, the
polysaccharides from Cylindrocladium quinquesepta-
tum, Calonectria theae, C. colhounii, and C. crota-
lariae were dissolved in D,O and treated with Am-
berlite IR-120, as above, and the 'H NMR spectra of
the samples were compared. All of them were very
similar (Fig. 3), hence indicating structural similarity
to that of the polysaccharide isolated from C. penicil-
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Fig. 3. '"H NMR spectra at 300 MHz (D, 0O; pD = 3; 50 °C)
of fractions F1S-S of the cell wall polysaccharides isolated
from: C. penicilloides (a), C. quinqueseptatum (b), C.
theae (c), C. colhounii (d), and C. crotalariae (e).
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loides. However, whilst the proportion of glucuronic
acid in both species of Cylindrocladium was about
the same (some 12-13%), in Calonectria theae, C.
colhounii and C. crotalariae it was lower (about
8%).

The results from methylation analyses, together
with the NMR spectral data, suggest the following
idealized structures for the cell-wall polysaccharides
from those genera:

Ay A
{—[6)-B-D-Galf{1>],—6)-B-D-Galf~(1-> }n—> Core
' '
o-D-Glcp a-D-GlepA
B C

being n = 3 for both species of Cylindrocladium, and
n =5 for the three species of Calonectria.

This similarity in the structures of their cell-wall
polysaccharides strongly support the new interpreta-
tion of the genus Calonectria, which is now circum-
scribed to include only nectroid species having a
particular suite of ascomatal characteristics and a
Cylindrocladium anamorph [10].

It is worthwhile pointing out that polysaccharides
containing a main chain of Galf, with different types
of linkages, have been reported in the genera Eupeni-
cillium, Penicillium, Talaromyces, Neosartorya, and
Paecylomyces [4—8] which are classified in the fam-
ily Trichocomaceae order Eurotiales, well differenti-
ated morphologically from the order Hypocreales in
which are included the nectroid fungi.

These results strongly support the proposition that
the water soluble polysaccharides obtained from al-
kali extracts of fungal cell walls, besides their im-
munological relevance, are useful as chemotaxo-
nomic markers for delineation of fungal genera. In
addition, they can be used to establish the relatedness
of anamorphic with their teleomorphic genera. More-
over, the variety of structures found up to the mo-
ment demonstrates the possibilities of using fungal
cell walls as a source of new polysaccharidic struc-
tures.

3. Experimental

Microorganisms and culture media.—The species
used were Cylindrocladium penicilloides (CBS

174.55), C. quinqueseptatum (CBS 582.50), Calonec-
tria theae (CBS 279.90), C. colhounii (CBS 455.92),
and C. crotalariae (CBS 463.76). The microorgan-
isms were maintained on slants of Bacto potato dex-
trose agar supplemented with 1 g L™" of Bacto yeast
extract (Difco). The basal medium and growth condi-
tions have been previously described [11].

Cell-wall material preparation and fractionation.
—The preparation of wall material [12] and the frac-
tionation procedure [13] were performed as previ-
ously described. The crude polysaccharidic prepara-
tion extracted from the dry cell wall material with 1
M NaOH at 20 °C contained water soluble poly-
saccharides (Fraction F1S) and water insoluble poly-
saccharides (F11). Fractions F1S were re-fractionated
by treatment with a small amount of water (about 50
mg mL™'), followed by centrifugation (10000 X g,
30 min), giving a solution (F1S-S), and a precipitate
(F1S-D. F1I and F1S-I were not further investigated.

For preparative chromatography, 100 mg of frac-
tion F1S-S from C. penicilloides were processed
according to Leal et al. [13].

Chemical analysis.—Neutral sugars were released
by treating the samples overnight with methanolic 0.6
M HCI at 80 °C followed by hydrolysis with 3 M
trifluoroacetic acid for 1 h at 121 °C. The hydrolysis
products were reduced with sodium borohydride and
the corresponding alditols acetylated with pyridine-
acetic anhydride (1:1) for 1 h at 100 °C. Identification
and quantification were carried out by gas-liquid
chromatography (GLC) using 3% SP-2340 on 100-
120 Supelcoport [14]. The absolute configuration of
the sugars was determined as devised by Gerwig et
al. [15]. The uronic acid was determined by using the
carbazol reaction with D-glucuronic acid as standard
[16].

Reduction of the polysaccharide.— As uronic acids
were shown to be present, a sample of fraction F1S-S
of the polysaccharide was dissolved in water (5 mL),
and eluted through a column of Dowex 50W X 4
(H") ion-exchange resin to remove Na™, the eluate
was concentrated to a small volume by evaporation
and lyophilized. Each sample was reduced according
to the method of Taylor and Conrad [17], using
NaBD,.

Methylation analyses.—The reduced polysaccha-
ride was methylated following the method of Ciucanu
and Kerek [18] and hydrolysed sequentially with 90%
formic acid in water at 80 °C for 2 h and 5 M TFA at
100 °C for 5 h. The products were reduced with
NaBD, and then acetylated as above. The corre-
sponding partially methylated alditol acetates were
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examined by GC-MS using a SPB-1 column (30
m X 0.25 mm, 0.2 um film thickness), a temperature
program (160 to 210 °C, 1 min initial hold, 2 °C /min
ramp rate) and a mass detector Q-mass from Perkin—
Elmer. Quantification was according to peak area.

Analyses by the reductive-cleavage method were
performed in two steps, as described [19], with
trimethylsilyl triflate as catalyst, but the reactions
were carried out under N, and the time during the
reductive cleavage step was shortened to 5-6 hours,
to minimize unwanted byproducts.

NMR analysis.—Polysaccharides F1S-S ( ~ 20 mg)
were dissolved in D,0 (0.8 mL) followed by cen-
trifugation (10000 X g, 20 min). The supernatants
(ca. 0.7 mL) were used for recording 'H NMR
spectra. The sample from C. penicilloides for 2D
experiments was lyophilised, redissolved in D,0O (1
mL) and the process repeated twice for further deu-
terinm-exchange. The final sample was dissolved in
0.7 mL of D,0 (99.98% D).

"H NMR spectra for fractions F1S-S were recorded
at 50 °C using a Varian XL-300. 1D and 2D 'H and
C NMR experiments for C. penicilloides were car-
ried out at 40 °C using a Varian Unity 500 spectrom-
eter. Proton chemical shifts refer to residual HDO at
8 4.51 and 4.61, at 40 °C and 50 °C respectively, and
carbon chemical shifts to internal acetone at 6 31.07.

The 2D-NMR experiments (DQF-COSY [20], 2D-
TOCSY [21], NOESY and HMQC [22]) were per-
formed as described previously [23].
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