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Abstract The expression of sialoglycoconjugates in Fon-
secaea pedrosoi conidia, mycelia, and sclerotic cells was
analyzed using influenza A and C virus strains, sialidase
treatment, and lectin binding. Conidium and mycelium
whole cells were recognized by Limax flavus (LFA),
Maackia amurensis (MAA), and Sambucus nigra (SNA)
lectins, denoting the presence of surface sialoglycoconju-
gates containing α2,3- and α2,6-sialylgalactosyl sequences.
Sialidase-treated conidia reacted more intensively with
peanut agglutinin (PNA), confirming the occurrence of
sialyl-galactosyl linkages. Conidial cells agglutinated in
the presence of influenza A and C virus strains, which
confirmed the results obtained from lectin-binding exper-
iments and revealed the presence of sialoglycoconjugates
bearing 9-O-acetyl-N-acetylneuraminic acid (Neu5,9Ac2)
surface structures. Western blotting analysis with peroxi-
dase-labeled LFA demonstrated the occurrence of sialyl-
glycoproteins in protein extracts from conidia and mycelia,
with molecular masses corresponding to 56 and 40 kDa.
An additional band of 77 kDa was detected in conidial ex-
tracts, suggesting an association between sialic acid ex-
pression and morphogenesis. Synthesis of sialic acids was
correlated with sialidase expression, since both conidial
and mycelial morphological stages presented secreted and
cell-associated enzyme activity. Sialoglycoconjugates were
not detected in F. pedrosoi sclerotic cells from in vitro and
in vivo sources, which also do not express sialidase activ-
ity. The surface sialyl residues in F. pedrosoi are appar-

ently involved in the fungal interaction with immune ef-
fector cells, since sialidase-treated conidia were less resis-
tant to phagocytosis by human neutrophils from healthy
individuals. These findings suggest that sialic acid expres-
sion in F. pedrosoi varies according to the morphological
transition and may protect infecting propagules against
immune destruction by host cells.
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Introduction

Fonsecaea pedrosoi is the principal causative agent of
chromoblastomycosis, a subcutaneous fungal disease oc-
curring most frequently in tropical and subtropical areas
(Silva et al. 1999; Hamza et al. 2003). Infection usually
results from traumatic implantation of the fungus on sub-
cutaneous tissues, producing initial lesions consisting of
papules or nodules that become noticeably verrucous; the
confluent verrucous lesions lead to plaque formation,
which is very difficult to manage (Rivitti and Aoki 1999;
Castro et al. 2003). F. pedrosoi dimorphism is particularly
characterized by the presence of spherical, brownish-yel-
low cells with thick, deeply pigmented walls in the para-
sitic phase, which are most commonly known as sclerotic
cells (McGinnis and Hilger 1987; Silva et al. 2002). The
lack of physiological studies with tissue forms of F. ped-
rosoi was related to the difficulty of inducing sclerotic
cells in vitro (Kwon-Chung and Bennett 1992; Mendoza
et al. 1993). Recently, Silva et al. (2002) demonstrated ul-
trastructural and antigenic similarities between sclerotic
cells obtained in vitro and those isolated from chromo-
blastomycosis lesions, validating studies in which these
forms were obtained through stimulation with artificial in-
ducers of differentiation (Alviano et al.1992, 2003).

F. pedrosoi, like other agents of subcutaneous and sys-
temic mycoses, induces the influx of phagocytic cells,
producing a mixed-granulomatous reaction in animal tis-
sues. The interaction of F. pedrosoi with neutrophils (Rozen-
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tal et al. 1996), epithelial cells (Farbiaz et al. 1992; Limon-
gi et al. 2001), and macrophages (Farbiaz et al. 1990) has
been described elsewhere, but the mechanisms by which
F. pedrosoi escapes host defenses are unknown. However,
since chromoblastomycosis is a chronic disease involving
the continuous production of fungal-containing lesions, it
can be concluded that cells of F. pedrosoi resist destruc-
tion by host defenses and persist in human tissues. The
production of melanin by these fungal cells is a putative
virulence factor contributing to resistance against host de-
struction (Alviano et al. 1991; Farbiarz et al. 1992).

Sialic acids, constituents of many glycoconjugates as
terminal monosaccharides, are a structurally complex fam-
ily of nine-carbon monosaccharides whose unique physic-
ochemical properties confer biologically diverse activities
to cell surfaces (Schauer and Kamerling 1997). Sialic
acids have been detected in a number of microorganisms,
including bacterial, fungal, and protozoan species (Angata
and Varki 2002). In several microbial species, sialic acids
are thought to function as anti-recognition molecules
eluding host immune system mechanisms (Alviano et al.
1999; Angata and Varki 2002). In pathogenic fungi, a
growing list of reports suggest the occurrence of sialic
acids in Cryptococcus neoformans (Rodrigues et al. 1997,
2003), Sporothrix schenckii (Alviano et al. 1982; Oda et
al. 1983), F. pedrosoi (Souza et al. 1986), Paracoccidioides
brasiliensis (Soares et al. 1998), Candida albicans (Soares
et al. 2000), and Aspergillus fumigatus (Wasylnka et al.
2001). In all these fungal species, N-acetylneuraminic
acid (Neu5Ac) was the major sialic acid derivative de-
tected. In addition, the presence of O-acetylated deriva-
tives was suggested only in C. neoformans by the binding
of influenza C virus, which specifically recognizes 9-O-
acetylated sialic acids, to intact cryptococcal yeasts (Rod-
rigues et al. 1997) and to a 67-kDa glycoprotein (Rod-
rigues et al. 2003).

In fungal cells, sialic acids seem to contribute to mi-
crobial pathogenesis; for instance, Neu5Ac expression on
the conidial cell wall of the pathogen A. fumigatus was
3–20 times greater than that on the cell wall of the non-
pathogenic species A. auricomus, A. wentii, and A. orna-
tus (Wasylnka et al. 2001), and this was correlated with
the increased ability of A. fumigatus to bind to proteins of
the basal lamina. In S. schenckii (Oda et al. 1983) and
C. neoformans (Rodrigues et al. 1997), sialic acid units pro-
tect yeast cells against phagocytosis, which may represent
an early mechanism of fungal defense against host de-
struction. Besides influencing interaction with the host,
sialic acids may have additional functions in fungal cells.
In F. pedrosoi (Alviano et al. 1982), they seem to play a
structural role in the preservation of cell morphology. It is
not clear whether fungal cells also synthesize sialidases,
which hydrolyze the O-glycosidic linkages between the
terminal sialic acids and the subterminal monosaccharides
of free and glycoconjugate-bound oligosaccharides (Schauer
and Kamerling 1997). Although these enzymes are appar-
ently not present in species of dermatophytes (Krug et al.
1997), an early report described the occurrence of this en-
zyme in S. schenckii (Uchida et al. 1974). The expression

of sialidase was also reported in the human pathogen C. al-
bicans (Royal et al. 1984), but further studies contested
this finding (Roggentin et al. 1999). The possible rele-
vance of sialidase production in fungal infections is not
known, but this enzymatic activity was shown to be of
fundamental significance in viral, bacterial, and protozoan
infections (Schauer and Kamerling 1997).

In previous studies, sialic acid components of F. ped-
rosoi conidia and mycelia were described (Souza et al.
1986). In the present work, we have used fluorescence mi-
croscopy, flow cytometry and Western blotting using
sialic-acid-specific lectins to study the distribution of sialo-
glycoconjugates on the F. pedrosoi cell surface. The pres-
ence of these acidic sugars on F. pedrosoi sclerotic cells
obtained in vivo and in vitro was also evaluated. In addi-
tion, the influence of surface sialic acids in interactions of
human neutrophils with this fungus, and the sialidase ac-
tivity of F. pedrosoi conidia, mycelia, and sclerotic cells
were determined.

Materials and methods

Microorganism

A human isolate of F. pedrosoi (strain 5VLP) was used in the pre-
sent work (Oliveira et al. 1973). Stock cultures were maintained in
our laboratory with 6-month transfers to Sabouraud-dextrose-agar
under mineral oil and storage at 4 °C. In vivo sclerotic cells were
obtained directly from the superficial skin scrapings of human pa-
tients. Epidermal scraps were washed several times in deionized
distilled water and incubated sequentially for 1 h at 37 °C in the
presence of collagenase type IA (1 mg ml–1) and then with de-
oxyribonuclease I (50 µg ml–1). After the enzymatic treatments, the
samples were washed twice in deionized distilled water, and the
sclerotic cells were separated by centrifugation (5,000×g, 5 min)
(Silva et al. 2002).

Growth conditions and fungal morphology

F. pedrosoi from stock cultures was inoculated in Butterfield and
Jong medium (BFJ), pH 6.5 (Butterfield and Jong 1987). After 
15 days at room temperature (28 °C), the mycelium was obtained
by filtration. To induce conidium formation, the stock culture was
inoculated in BJF medium, pH 5.5, at room temperature (28 °C) for
5 days under shaking. Conidia were isolated by filtration through
gauze. Cultures containing the sclerotic cells were obtained after
inoculating the 15-day mycelium in BFJ medium supplemented
with 800 µM DL-propranolol, pH 2.7. Propranolol-containing cul-
tures were grown for 45 days, at 37 °C under shaking, as described
by Alviano et al. (1992).

Determination of sialic acids

Sialic acids from F. pedrosoi sclerotic cells were extracted and
purified as described previously (Reuter and Schauer 1994; Rod-
rigues et al. 1997; Alviano et al. 1999). Briefly, sclerotic cells
(1010) were successively hydrolyzed in diluted formic and chlo-
ridric acids. The extracts were further purified by a combination of
ultrafiltration and chromatographic techniques (Alviano et al.
1999). The presence of sialic acid was monitored by high-perfor-
mance thin-layer chromatography (HPTLC), on silica plates with a
solvent mixture consisting of n-propanol:1 M ammonia:water
(6:2:1,v/v/v). Spots were visualized by reaction with resorcinol-
HCl. Samples containing sialic acids were quantified colorimetri-
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cally by the thiobarbituric acid method, as described by Warren
(1959). As a positive control of sialic acid expression, mycelial
and conidial forms of F. pedrosoi were used.

Enzyme treatment

F. pedrosoi mycelia (10 mg, wet weight), conidia (107 cells) and
sclerotic cells (107) were washed twice in 0.01 M PBS (150 mM
NaCl; 20 mM phosphate buffer, pH 7.2) and incubated for 2 h at 
37 °C in the presence of Vibrio cholerae sialidase (0.2 U ml–1), 
pH 5.0, in the presence of 2 mM CaCl2. After incubation, cells
were washed in PBS and used for experiments. To determine the
influence of sialidase treatment on fungal viability, control cells or
sialidase-treated fungi were suspended in 50 µl PBS and mixed
with the same volume of 0.04% trypan blue in PBS. No difference
in cell viability was observed when sialidase-treated and -untreated
fungal cells were compared.

Lectin binding

For fluorescence microscopy and fluorocytometric analysis, un-
treated (control) or sialidase-treated fungal cells were fixed in 4%
paraformaldehyde in 0.1 M cacodylate buffer, pH 7.2, for 1 h at
room temperature. Fixed cells (106 ml–1) were rinsed in PBS and
then incubated in the presence of fluorescein isothiocyanate
(FITC)-labeled Limax flavus (LFA), Sambucus nigra (SNA), and
Maackia amurensis (MAA) agglutinins, at 40 µg ml–1 for 1 h at
room temperature. SNA and MAA specifically recognize α2,6 sia-
lylgalactosyl and α2,3 sialylgalactosyl residues, respectively,
while LFA recognizes Neu5Ac in any linkage. Control or siali-
dase-treated cells were also incubated with Arachis hypogaea
(peanut) lectin (PNA), which has affinity for Galβ-1,3GalNAc.
Control cells, which had not been incubated with lectins, were also
prepared. Cells were washed in PBS and observed in a Zeiss epi-
fluorescence microscope (Axioplan 2). Sclerotic cells and conidia
were also screened by flow cytometry analysis (n=5,000) using a
FACScalibur flow cytometer (Becton Dickinson) equipped with a
15 mW argon laser emitting at 488 nm. The data were run using
listmode, which makes further analysis possible. Control cells
were analyzed first in order to determine their auto-fluorescence
and relative size.

Virus samples

Paired clonal M1/5 and M1/5 HS8 strains of influenza A/Mem-
phis/102/72 virus and a standard sample of influenza C (Taylor/
1233/47) virus with known affinity for α2,6-sialylgalactosyl,
α2,3-sialylgalactosyl, and 9-O-acetyl-Neu5Ac (Neu5,9Ac2), re-
spectively (Couceiro et al. 1993; Rogers et al. 1986), were used as
probes to detect these structures on the fungal cell surface. Purified
virus samples were titrated by hemagglutination; 25 µl of each
virus sample was diluted in 25 µl of 0.15 M PBS, pH 7.0, and 25 µl
of a suspension of chicken erythrocytes at 0.5% was added. The
agglutination titer was determined after incubation at 4 °C for 2 h,
and the reciprocal of the highest dilution of virus responsible for
complete agglutination was taken as the number of hemagglutina-
tion units in the sample. Each virus preparation was adjusted to
512 hemagglutination units/25 µl for use.

Virus binding

The agglutination of F. pedrosoi conidia and sclerotic cells by the
virus particles was carried out in glass tubes at 4 °C for 2 h. To de-
termine O-acetylesterase activity of the influenza C virus, the ag-
glutination assay was carried out at 37 °C for 1 h. Equal volumes of
cell suspension in PBS, pH 7.2, containing 106 cells ml–1 and the
virus suspension were rapidly mixed. Cell agglutination was
scored visually, after gently re-suspending settled cells, by obser-
vation in a phase-contrast microscope. The control was the super-

natant fluid from uninfected embryonated chicken eggs (Couceiro
et al. 1993).

Western blotting

F. pedrosoi conidia, mycelia, and sclerotic cells were mixed with
glass beads and broken in a cell disrupter (type 853023/8; B. Braun
Biotech International, Germany), in ten cycles of 2-min shaking
periods alternating with cooling intervals of 2 min. The glass beads
were removed, and the suspension centrifuged at 2,000×g for 
10 min at 4 °C. The protein-enriched supernatants were quantified
using Lowry’s colorimetric assay (Lowry et al. 1951). Protein ex-
tracts (20 µg) were loaded onto 12% SDS polyacrylamide gels
(Laemmli 1970), and electrophoresis was carried out at 4 °C, at
100 V, for 1 h. The molecular mass of sample polypeptides was
calculated from the mobility of molecular mass standards (GIBCO
BRL, Grand Island, N.Y., USA). Separated protein extracts were
silver stained or transferred to nitrocellulose membranes. The
membranes were blocked in a solution containing 150 mM NaCl,
10 mM Tris, pH 7.5; and 10% Tween 20 for 2 h at room tempera-
ture, followed by incubation with peroxidase-labeled LFA (EY
Laboratories) at 1 µg ml–1, for 1 h at room temperature. Control of
specificity was obtained by incubating the membrane strips in the
presence of 0.2 M sialyllactose. As previously reported, periodate
oxidation was also done to confirm the specificity of lectin binding
(Arduino et al. 1994). The membrane strips were treated with 10 mM
NaIO4, in 0.05 M sodium acetate buffer, pH 5.0, for 2 h at 4 °C. Af-
ter several washings with distilled water, the oxidation product
was reduced with 10 mg sodium borohydride in 0.2 M sodium bo-
rate buffer, pH 8.2, for 3 h at 4 °C and then washed with distilled
water for further incubation with peroxidase-LFA. Fetuin was used
to control the efficiency of the periodate oxidation reaction. For
the visualization of reactive molecules, membranes were washed
five times in the blocking solution followed by chemiluminescence
detection or reaction with 0.5 mg diaminobenzidine (DAB) ml–1 in
1.5 M Tris-HCl buffer, pH 7.4, supplemented with 0.01% H2O2.
The color development was stopped by immersing the membrane
sheets in distilled water.

Sialidase activity

Sialidase activity was measured by a fluorometric method (Potier
et al. 1979) using 2′-(4 -methylumbelliferyl)-α-D-N-acetylneura-
minic acid (4-MU-Neu5Ac) as a substrate for hydrolysis by culture
fluids or intact cells. For stimulation of sialidase activity, F. ped-
rosoi conidia and mycelia were grown in brain heart infusion me-
dium supplemented with 20% fetal bovine serum, pH 5.5 and 6.5,
respectively, for 5 days at 37 °C. The sclerotic cells were grown in the
same medium supplemented with 800 µM DL-propranolol, pH 2.7,
for 20 days at 37 °C. Conidia and sclerotic cells were maintained
under shaking. Fungal suspensions or culture supernatants (25 µl)
were mixed with 25 µl of a reaction mixture containing 0.1 mM 
4-MU-Neu5Ac, 2 mM CaCl2, and 0.1 M sodium phosphate buffer,
pH 5.5. After incubation at 37 °C for 60 min, the reaction was stopped
by adding 200 µl of 0.266 M glycine buffer, pH 10, containing 
120 mM NaCl and 80 mM Na2CO3. The fluorescence of released
4-methylumbelliferone was determined using a fluorometer (Fluo-
roskan II version 6.3) with excitation at 355 nm and emission at
460 nm. The instrument was calibrated with 4-methylumbellifer-
one standard solutions. Cell-associated enzymatic activities were
estimated as the level of hydrolysis of 4-MU-Neu5Ac by 1 mg of
cell pellet (dry weight). Secretory activities were determined using
a ten-fold concentrated supernatant from fungal cultures contain-
ing similar cell densities. One unit of enzymatic activity was ex-
pressed as 1 µmol Neu5Ac liberated per min of the assay. The siali-
dase standard curve was prepared with commercial Clostridium
perfringens sialidase in the range of 0–300 mU ml–1.



Phagocytosis assay

Phagocytosis assays were carried out by using 2′,7′-bis-(carboxy-
ethyl)-5(6’)-carboxyfluorescein acetoxymethyl ester (BCECF/
AM), as described previously (Schnitzler et al. 1999). BCECF/AM
is a nonfluorescent membrane-permeable ester that is converted by
non-specific prokaryotic and eukaryotic intracellular esterases to
the trapped fluorescent indicator BCECF. Briefly, conidia and scle-
rotic cells were incubated in saline solution containing BCECF/
AM (final concentration 1 µmol–1) for 30 min at 37 °C. Fungal
cells were then extensively washed in PBS, counted in a Neubauer
chamber, and 5×106 labeled conidia were incubated at 37 °C under
rotation in 1 ml heparinized blood (10 IU ml–1) obtained from
healthy donors.

After 15, 30, and 60 min, 100-µl aliquots were taken and mixed
with 0.9 ml of a lysis buffer (per liter: NH4Cl 9 g, KHCO3 1 g,
EDTA 37 mg,pH 7.3), which resulted in the elimination of ery-
throcytes. Washed sediments were resuspended in 500 µl PBS and
analyzed immediately by flow cytometry using Cellquest software
(Becton Dickinson, version 3.1.f), using settings as described pre-
viously (Schnitzler et al. 1999). Neutrophils were selected through
the examination of two distinct parameter plots, using measure-
ments of forward and side scatter. To ensure the intracellular loca-
tion of fungal cells associated with neutrophils, representative
samples used in the flow cytometry analyses were examined by
epifluorescence interference contrast microscopy (Zeiss micro-
scope-Axioplan 2).

Results

Sialoglycoconjugates in F. pedrosoi

Sialic acid analysis demonstrated that these acidic sugars
were not detected in sclerotic cells under our experimen-
tal conditions. TLC of purified fungal extracts showed
that, although Neu5Ac was detected in hydrolysates from
conidial and mycelial cells, typical resorcinol-reactive bands
from sclerotic forms were not observed (data not shown).
Quantitative analysis using the method of Warren (1959)
confirmed these data.

No fluorescent reactions were observed after micros-
copy of sclerotic cells, from in vivo or in vitro sources,
pre-incubated with FITC-sialic acid-specific lectins (not
shown). However, mycelial cells were recognized by
FITC-LFA, -SNA, and -MAA (Fig. 1). Lectin binding was
sensitive to pre-treatment of fungal cells with sialidase,
supporting the specificity of these reactions. At the con-
centration of 10 µg/ml, LFA was the most reactive lectin,
but, although less intensive, the recognition of mycelia by
SNA and MAA indicated the occurrence of α2,6- and
α2,3-sialylgalactosyl sequences, respectively. The expres-
sion of galactose-bound sialic acids was confirmed by the
strong interaction of sialidase-treated mycelium with
PNA (data not shown).

FITC-lectin binding to F. pedrosoi cells was analyzed
quantitatively by flow cytometry of conidial and sclerotic
forms (Fig. 2). As expected, FITC-LFA, -SNA, -MAA were
poorly reactive with sclerotic cells. The interaction of
sclerotic bodies with FITC-PNA was stronger, but unaf-
fected by sialidase treatment. By contrast, conidial forms
became fluorescent after reaction with these four lectins,
which was partially reverted by sialidase treatment. Coni-
dia were also strongly recognized by FITC-PNA, which

may reflect the presence of β-galactosyl as constituents of
cell wall polysaccharides and melanin (Alviano et al.
1991, 2003; Soares et al. 1995). PNA reacted even more
intensively with sialidase-treated conidia, in accordance
with the occurrence of galactose-bound sialic acids.

F. pedrosoi conidia agglutinated in the presence of in-
fluenza C virus, which is specific for 9-O-acetylneuraminic
acid, at 4 °C (Table 1). Cell agglutination mediated by in-
fluenza C virus was inhibited when the cells were incu-
bated at 37 °C, a temperature at which viral O-acetyl es-
terase is active and, therefore, sialic acids are de-O-acety-
lated. Agglutination was also observed when conidial cells
were incubated in the presence of M1/5 and M1/5 HS8
strains of influenza A virus, which are specific for α2,6-
and α2,3 sialylgalactosyl sequences, respectively. Agglu-
tinating activity was higher in the presence of M1/5 virus
(Table 1), confirming data obtained by cytofluorimetry of
the binding of FITC-MAA and FITC-SNA to conidia in
which the α2,6-linked structure predominated. No agglu-
tination of F. pedrosoi was observed when the fungal cells
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Fig. 1a–h Binding of FITC-lectins to F. pedrosoi mycelial forms.
Experimental systems were analyzed under differential interferen-
tial contrast microscopy (a, c, e, g) and direct fluorescence (b, d, f,
h). b, d, f Binding of FITC-LFA, -SNA and -MAA, respectively,
to fungal cells. h Incubation of sialidase-treated fungi with FITC-
LFA, which resulted in less intensive fluorescent reactions. This
result was similar to those obtained after incubation of sialidase-
treated mycelia with FITC-SNA and -MAA (data not shown).
Scale bar 10 µm
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were incubated with allantoic fluids purified from unin-
fected, embryonated chicken eggs.

The nature of the sialic-acid-carrying glycoproteins in
F. pedrosoi was analyzed by Western blotting. Crude pro-
tein extracts from F. pedrosoi conidia, mycelia, and scle-
rotic cells are shown in Fig. 3. After transfer to nitrocellu-
lose membranes and incubation with peroxidase-labeled
LFA, polypeptides with molecular masses corresponding
to 56 and 40 kDa from mycelial and conidial extracts were
shown to be sialylated. An additional band of 77 kDa was
specifically detected by incubation of LFA with conidial
extracts. Treatment of blots with periodate or incubation
in the presence of sialylactose resulted in the abolishment
of lectin binding. Proteins from sclerotic cells were not
recognized by LFA, in agreement with the chemical
analysis of sialic acids in these cells.

F. pedrosoi expresses surface 
and secretory sialidase activities

No detectable cleavage of 4-MU-Neu5Ac was observed when
sclerotic cells or their culture fluids were assayed (Table 2),

even when these cells were cultivated in the presence of
sialic external sources (data not shown). In contrast, coni-
dial and mycelial cells, as well as their culture fluids,
demonstrated sialidase activity. The highest indices of 
4-MU-Neu5Ac hydrolysis were observed in mycelial in-
tact cells and their culture supernatants.

Fig. 2 Surface expression of sialic acids in conidial (A) or scle-
rotic (B) forms of F. pedrosoi. Non-treated (black bars) or siali-
dase-treated (white bars) fungal cells were incubated with FITC-
LFA, -SNA, -MAA, or -PNA and analyzed by flow cytometry.
Sclerotic forms reacted very poorly with all the sialic acid-specific
lectins, while conidia were recognized by all of them. Sialidase-
treated conidia were less reactive with FITC-labeled lectins, ex-
cept for those incubated with PNA

Table 1 Agglutination of Fonsecaea pedrosoi conidia with differ-
ent strains of influenza virusa

Virus Agglutination titer

Influenza C 1:32 
Influenza A, strain M1/5 1:32 
Influenza A, strain M1/5 HS8 1:8 

Influenza virus: C, specific for Neu5,9Ac2; A, M1/5, specific for
α2,6 sialylgalactosyl linkages; and A, M1/5 HS8, specific for α2,6
and α2,3 sialylgalactosyl sequences, respectively. Equal volumes
of the conidia and virus suspensions were incubated at 4 °C for 2 h.
Cell agglutination was scored by observation under a phase-con-
trast microscope. The agglutination titers were determined by us-
ing serially diluted influenza virus suspensions and were identical
in two independent experiments

Fig. 3 Sialoglycoproteins from F. pedrosoi. Protein extracts were
separated on SDS-PAGE and silver-stained (a) or transferred to ni-
trocellulose membranes (b, c). Blotted proteins were then incu-
bated with peroxidase-labeled LFA in the presence of sialylactose
(b) or with the lectin alone (c). Pre-treatment of membranes with
sodium periodate also abolished lectin binding in a fashion similar
to that demonstrated in b (not shown). Molecular masses (kDa) of
sialylated glycoproteins are indicated on the right

Table 2 Surface and secretory sialidase activity in F. pedrosoi
conidia, mycelium, and sclerotic cells. Sialidase activity was de-
termined as the capability of 4-MU-Neu5Ac hydrolysis by cell
suspensions or supernatant fluids. One unit (U) of enzymatic ac-
tivity was expressed as 1 µmol Neu5Ac liberated per min of the as-
say. BDL Below detection limit

Sialidase activitya

Mycelium Conidia Sclerotic 
cells

Fungal  10.2±1.6 mU mg–1 1.66±0.2 mU mg-1 BDL 
suspensions
Supernatant  158.4±5.1 mU ml–1 91.6±2.7 mU ml–1 BDL 
fluids

aThe levels of 4-MU-Neu5Ac hydrolysis were expressed as mili-
units (mU) of enzymatic activity per mass of fungal cells (mg; dry
weight) in fungal suspensions or per volume (ml) of culture super-
natants



Phagocytosis assay

To exclude an effect of activation of neutrophils due to
isolation procedures, heparinized whole human blood was
used to measure the phagocytosis of F. pedrosoi conidia.
Control or sialidase-treated fungal cells were similarly
stained with BCECF, which allows direct correlation be-
tween the fluorescence of host neutrophils after interac-
tion with conidia and the association (attachment or inter-
nalization) between these cells. Binding of fungal cells to
the neutrophils in fact resulted in an increase in the green
fluorescence of human cells, as shown in Fig. 4. After 
60 min, the fluorescence levels of neutrophils interacting
with untreated conidia was around 50% lower than those
observed when human cells were incubated with siali-
dase-treated fungal cells. This result indicated that conidia
lacking surface sialic acids are associated to a greater ex-
tent with human neutrophils. The intracellular location of
conidia after incubation with heparinized blood was con-
firmed by a combination of epifluorescence microscopy
and simultaneous interference contrast microscopy in rep-
resentative samples (Fig. 4, inset).

Discussion

In an early report (Souza et al. 1986), sialic acids were
characterized as surface components of conidia and hy-
phae of F. pedrosoi, the major agent of chromoblastomy-
cosis. In that study, sialidase-treated conidia had a re-
duced negative electrophoretic mobility and, compared to
untreated cells, bound fewer particles of colloidal iron hy-
droxide and of cationized ferritin. N-acetylneuraminic acid

was the only derivative found in the mycelium whereas
conidia contained both N-glycolyl- and N-acetylneuraminic
acids. Neuraminic acid derivatives were apparently deter-
minants of morphogenesis and cellular integrity in F. ped-
rosoi. This structural function was suggested by the ob-
servation of marked alterations in the morphology of
F. pedrosoi hyphae after sialidase treatment (Souza et al.
1986). However, the nature of the sialic acid-containing
glycoconjugates in mycelia and conidia, as well as whether
parasitic forms of F. pedrosoi (sclerotic cells) also express
sialic acids, remained undefined.

Under our experimental conditions, sialic acids and sia-
lylated glycoproteins were not detected in sclerotic bod-
ies. Biochemical features of these cells, which are ex-
tremely resistant against destruction by phagocytes (Es-
terre et al. 1993; Rosen and Overholt 1996; Hamza et al.
2003), are very poorly known. Recent results from our
laboratory (Alviano et al. 2003) indicated that the cell sur-
face constitution of sclerotic cells markedly differs from
that of conidia and mycelia with respect to carbohydrate
expression and phosphatase activity. In addition, micros-
copy studies indicated that sclerotic forms of F. pedrosoi
also differ from mycelial and conidial cells in that the for-
mer present a multi-layered cell wall with a large deposi-
tion of dark pigments (McGinnis and Hilger 1987; Silva
et al. 2002; Hamza et al. 2003). In the present work, we
have demonstrated that sialic acid expression serves as a
differential marker for the morphological states of F. ped-
rosoi.

Knowledge regarding sialic acid-carrying compounds
in fungal cells is still very preliminary. In C. albicans, it
has been suggested that sialic acids are constituents of the
surface-located iC3b glycoprotein receptor (Alaei et al.
1993). In the same study, sialidase treatment of three iso-
lated glycoproteins resulted in an apparent decrease in the
molecular masses of two of them. Further studies demon-
strated that a hyphal 60-kDa mannoprotein from C. albi-
cans reacted with a sialic-acid-binding lectin, and that
sialidase treatment reduced the reactivity of this glycopro-
tein with a purified antibody to Candida CR2 (Wadsworth
et al. 1993). The 60-kDa mannoprotein was associated
with C3d, fibrinogen, and laminin binding (Bouali et al.
1987; Bouchara et al. 1990) and appeared to promote at-
tachment of germ tubes to plastic (Tronchin et al. 1988).
Sialylated glycolipids are absent in C. neoformans (Rod-
rigues et al. 2003), but sialylated glycoproteins with mo-
lecular masses corresponding to 38 (Hamilton et al. 1992;
Rodrigues et al. 2003) and 67 kDa (Rodrigues et al. 2003)
were detected in this pathogen. The latter molecule was
recognized by influenza C virus at 4 °C, confirming a pre-
vious study in which 9-O-acetylated N-acetylneuraminic
acid was detected (Rodrigues et al.1997). In C. neoformans,
sialylation of glycoproteins apparently occurs through the
action of a CMP-Neu5Ac-dependent sialyltransferase (Rod-
rigues et al. 2003).

This and a previous report (Souza et al. 1986) demon-
strate that sialic acids in F. pedrosoi are glycosidically
bound to galactose, forming α2,6- and, to a lesser extent,
α2,3-sialylgalactosyl sequences. The detection of sialyl-
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Fig. 4 Surface sialic acids protect F. pedrosoi conidia against
phagocytosis by human neutrophils. Control (white bars) or siali-
dase-treated (black bars) conidial forms were stained with
BCECF, incubated with human cells, and analyzed by flow cy-
tometry. Levels of fungal attachment or internalization are ex-
pressed as the relative fluorescence intensity of neutrophils after
incubation with conidia. Inset Representative sample of the inter-
action of BCECF-labeled conidia and human neutrophils under
differential interferential contrast (left) or fluorescence (right) mi-
croscopy



galactosyl sequences in fungal cells cultivated in a chem-
ically defined medium is suggestive of a sialyltransferase-
dependent sialylation but, as reviewed by Angata and
Varki (2002), it cannot be ruled out that fungal cells have
alternative pathways to synthesize and express sialic
acids. We have demonstrated that F. pedrosoi mycelia and
conidia express sialoproteins. One of these glycoproteins,
the 77-kDa component, was specifically detected in coni-
dial extracts, confirming that sialic acid expression is as-
sociated with fungal morphogenesis (Souza et al.1986). In
addition, agglutination of conidia in the presence of in-
fluenza C virus was suggestive of the occurrence of a 
9-O-acetylated sialic derivative. In some types of infec-
tions, O-acetylated sialic acids can affect the immuno-
genicity and pathogenicity of the infectious agent. Exam-
ples are the antigenicity of bacterial capsules, the modula-
tion of alternative pathway of complement activation, and
the partial or complete blocking of sialidase action (Hulb
et al. 2000; Orskov et al. 1979). In this context, the pres-
ence of 9-O-acetylated sialic acids in conidial cells may
explain their higher resistance to sialidase treatment, as
observed in Figs. 1 and 2. The possible role of Neu5,9Ac2
in the pathogenicity of fungi is still unknown.

Sialidases are essential tools in the metabolism of sialic
acids, acting by hydrolyzing the O-glycosidic linkages be-
tween terminal sialic acids and subterminal monosaccha-
rides of glycoconjugates (Schauer and Kamerling 1997).
Sialidases have a potential role in bacterial pathogenesis,
removing sialic acid from glycolipids, glycoproteins, and
poly- and oligosaccharides (Jost et al. 2001). In fungi, the ex-
pression of sialidase activity is controversial. Two reports
described the occurrence of this enzyme in S. schenckii
(Uchida et al. 1974) and C. albicans (Royal et al. 1984). The
latter study was subsequently contradicted by Roggentin
et al. (1999), who proposed that C. albicans and C. glabrata
do not produce sialidases. Similar results were observed
using dermatophytes, which apparently do not synthesize
either sialidases (Krug et al. 1997) or sialic acids (Esque-
nazi et al. 2003). We have demonstrated that mycelia and
conidia, but not sclerotic cells of F. pedrosoi, produce sur-
face and secretory sialidase activity. Since sclerotic cells
did not produce sialic acids, a correlation between their
biosynthesis and the expression of sialidase may occur.
The putative role of sialidases in F. pedrosoi infection is
unknown, but removal of sialic acids from cell-surface
glycoproteins and glycolipids by fungal infecting forms
possibly damages host cell glycans. In addition, removal
of sialic acid alters the profiles of glycosylation in host
cells, which could result in the exposition of additional
sites for interaction with infectious agents. This process
may reveal surface receptors for possible interactionwith
fungi, contributing to increased adhesion, as proposed for
pneumococci (Jedrzejas 2001). Once established inside
the host, F. pedrosoi differentiates into sclerotic cells, which
do not express sialidase activity.

Prior studies demonstrated that sialic acids protect the
fungal pathogens S. schenckii and C. neoformans against
phagocytosis (Alviano et al.1999). In the latter, a protec-
tive role for sialic acids during the initial steps of colo-

nization of the human host was proposed. Infection by
C. neoformans occurs via inhalation of poorly encapsu-
lated cells, which resist phagocytosis by alveolar macro-
phages by unknown mechanisms (Rodrigues et al. 1999).
Capsular polysaccharide, the main antiphagocytic struc-
ture in C. neoformans, is only expressed 5 h after initial
contact of the fungus with the human host. Since sialic
acids were identified as cell wall antiphagocytic compo-
nents in C. neoformans, it has been suggested that these
acidic sugars were responsible for the early fungal de-
fense against host phagocytic cells, before full expression
of the capsule is accomplished. In the present work, we
demonstrated that sialyl residues protect F. pedrosoi coni-
dia against phagocytosis by human neutrophils. The role
of surface sialoglycoconjugates in the infection by F. ped-
rosoi may be similar to that proposed for C. neoformans,
in that sialic acid, expressed by conidia and mycelia,
could protect infecting propagules against destruction by
host cells until fungal differentiation into sclerotic bodies.
These cells, which are the parasitic forms of F. pedrosoi,
are fully melanized and resistant against the action of
effector immune cells (Esterre et al. 1993; Rosen and
Overholt 1996; Hamza et al. 2003), probably by mecha-
nisms in which sialic acid expression is not necessary. 
In this context, melanin has been proposed as the main
structure in sclerotic cells contributing to the persistence
of F. pedrosoi inside the human host (Farbiaz et al.
1992).
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