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Systemic sporotrichosis is an emerging infection potentially fatal for immunocompromised patients. Adhe-
sion to extracellular matrix proteins is thought to play a crucial role in invasive fungal diseases. Here we report
studies of the adhesion of Sporothrix schenckii to the extracellular protein fibronectin (Fn). Both yeast cells and
conidia of S. schenckii were able to adhere to Fn as detected by enzyme-linked immunosorbent binding assays.
Adhesion of yeast cells to Fn is dose dependent and saturable. S. schenckii adheres equally well to 40-kDa and
120-kDa Fn proteolytic fragments. While adhesion to Fn was increased by Ca2�, inhibition assays demon-
strated that it was not RGD dependent. A carbohydrate-containing cell wall neutral fraction blocked up to 30%
of the observed adherence for the yeast cells. The biochemical nature of this fraction suggests the participation
of cell surface glycoconjugates in binding by their carbohydrate or peptide moieties. These results provide new
data concerning S. schenckii adhesion mechanisms, which could be important in host-fungus interactions and
the establishment of sporotrichosis.

Infections caused by the dimorphic mycopathogen Sporo-
thrix schenckii have increased in recent years mainly in immu-
nocompromised patients (7, 17). S. schenckii is found as my-
celium in its saprophytic form and as yeast cells in human
lesions. S. schenckii can cause either limited cutaneous lesions
or invasive, disseminated infections (17). Systemic sporotricho-
sis may be due to conidia inhalation (8) or bloodstream dis-
semination from a cutaneous lesion (4). Risk factors such as
alcoholism, diabetes, and extensive use of immunosuppressive
drugs may predispose to severe infections, including pulmo-
nary and osteoarticular sporotrichosis (17).

Adherence of pathogenic microorganisms to host tissues is
regarded as a prerequisite for dissemination. Microbial adher-
ence has been studied extensively in pathogenic bacteria (15)
and fungi such as Candida albicans (37), Aspergillus fumigatus
(3), and Blastomyces dermatitidis (19), but little is known about
the adherence mechanisms in S. schenckii.

Extracellular matrices (ECM) are covered by epithelial and
endothelial cells. However, cell injury and exposure of suben-
dothelial ECM may occur during infections (20). Fibronectin
(Fn), a large (440 kDa) dimeric glycoprotein, is a multifunc-
tional ECM protein with a central role in cell adhesion and
spreading (29). Fn has been implicated in adherence of several
pathogens such as Aspergillus fumigatus (31, 39), Candida albi-
cans (21), Candida tropicalis (1, 5), and Pneumocystis carinii
(33). Adherence to Fn is a virulence factor for Staphylococcus
aureus, since an Fn binding protein is important for internal-
ization of this bacterium by nonprofessional phagocytes (36).
Different mechanisms seem to be involved in these adhesion

processes. Either a protein-protein or a lectin-like interaction
was described for several fungal pathogens (14, 35, 39). It was
also reported that adherence of A. fumigatus to Fn varied in
accordance with its morphology (12).

Our previous studies have shown that both conidia and yeast
cells of S. schenckii are able to bind to the immobilized ECM
proteins laminin, collagen type II, and Fn in vitro (24), sug-
gesting the presence of cell surface adhesins recognizing these
ECM proteins. In the present paper, we describe the adhesion
mechanism of S. schenckii to human Fn and its proteolytic
fragments. Inhibition experiments with purified cell wall frac-
tions demonstrated for the first time the involvement of S.
schenckii cell surface components in Fn binding. The effect of
RGD peptides, divalent ions, and monosaccharides was also
investigated. The results presented may help in understanding
how this pathogen interacts with host cells.

MATERIALS AND METHODS

Reagents. An antiserum against yeast cells of S. schenckii was raised in rabbits
as described (23), according to the NIH Guide for Care and Use of Laboratory
Animals. A purified immunoglobulin fraction of a rabbit anti-human Fn serum
was from Dako S/A (Copenhagen, Denmark). A horseradish peroxidase (HRP)-
conjugated goat anti-rabbit immunoglobulin G (IgG) (whole molecule) was from
Sigma (Saint Louis, Mo.). The �-chymotryptic 40-kDa and 120-kDa fragments of
Fn and RGD peptides (RGDS and GRGESP) were from Gibco-BRL (Gaith-
ersburg, Md.). Bacteriological peptone, yeast extract, and bacteriological agar
were from Oxoid Ltd. (Hampshire, England).

Microorganism and growth conditions. S. schenckii strain 1099-18 was used
throughout this study. This strain was originally obtained from the Mycology
Section, Department of Dermatology, Columbia University, New York, N.Y.
The organism was routinely maintained on modified Sabouraud’s dextrose agar
(glucose 2%, peptone 1%, yeast extract 0.5%, agar 2%) slants at 4°C. The yeast
form of S. schenckii was grown in brain heart infusion broth (BHI; Difco) at 37°C
in a rotary shaker at 150 rpm. After 7 days in culture the cells were harvested and
washed with sterile phosphate-buffered saline (PBS; 50 mM, pH 7.2). The my-
celial phase of S. schenckii was grown in Sabouraud broth at 25°C for 7 days.
Conidia were separated by gauze filtration and washed with sterile PBS. The
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yeast cells and conidia were quantified by Neubauer chamber counts. The cell
suspension was adjusted to 108 cells/ml.

Cell wall fractions. S. schenckii cell wall peptido-rhamnomannan (CWPR) was
isolated from the yeast cell mass as previously described (25). Briefly, cell mass
suspended in 0.02 M citrate buffer (pH 7.0) was autoclaved for 90 min at 120°C.
After centrifugation at 15,000 � g for 10 min, the extract was isolated and
dialyzed with two changes of distilled water, followed by ethanol precipitation.
The precipitate was taken up in distilled water and then lyophilized. This fraction
is described as the crude extract. The same procedure was used to isolate a crude
extract (crude mannoprotein fraction [MP]) of Saccharomyces cerevisiae.

For the isolation of CWPR, the crude extract was further fractionated with
Cetavlon (N,N-cetylhexadecyltrimethylammonium bromide). S. schenckii crude
extract was also subjected to further fractionation by anion exchange chroma-
tography on a MonoQ HR 5/5 (Pharmacia) column. The unbound fraction,
eluted with the equilibration buffer (Tris-HCl, 50 mM, pH 7.2) was called the
neutral fraction, and the bound one, eluted with an NaCl gradient, was called the
acidic fraction.

The monosaccharide composition of each fraction was determined after acid
hydrolysis (4 M trifluoroacetic acid, 6 h at 100°C) by gas-liquid chromatography
as we described previously (23). Glucuronic acid was ascertained by high-pH
anion exchange chromatography using a Dionex DX 500 system equipped with a
CarboPac PA10 column eluted with 0.15 M sodium acetate in 0.1 M NaOH (16).

Isolation of plasma Fn. Fn was freshly prepared in our laboratory according to
Vuento and Vaheri (38). Briefly, human plasma (collected with informed con-
sent from healthy donors of our department) was subjected to gelatin-Sepharose
chromatography, and bound proteins were eluted by 0.05 M Tris buffer (pH 7.4)
with increasing arginine concentrations. The fraction eluted with 1 M arginine
was dialyzed against PBS and concentrated, and purity was evaluated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using the
method of Laemmli (22).

Binding assays. The adherence of S. schenckii cells to Fn was evaluated by
enzyme-linked immunosorbent assay (ELISA). Wells of polystyrene microtiter
plates (Maxisorp; Nunc) were coated with human plasma Fn (1 to 75 �g/ml in 0.2
M bicarbonate buffer [pH 9.4]) by passive adsorption overnight at 4°C. Alterna-
tively, microplates were also sensitized with proteolytic fragments of 40 kDa (frag
40) and 120 kDa (frag 120) in different concentrations. The plates were then
washed with PBS containing 0.05% Tween 20 (PBS-Tween). Nonspecific binding
was blocked by incubating each well for 2 h at 37°C with 0.5% bovine serum
albumin (BSA) in PBS (pH 7.4). After a further washing with PBS-Tween, yeast
cells or conidia (107 cells/well) were added, followed by incubation for 1 h at
37°C. The plates were then washed to remove unbound cells, and a rabbit anti-
S. schenckii serum, diluted 1:500 in PBS-Tween/BSA 0.1%, was added. The
plates were incubated for 1 h at 37°C, washed, and incubated with an HRP-
conjugated goat anti-rabbit IgG. The plates were washed with PBS-Tween, and
the reaction was developed with the substrate 0-phenylenediamine (OPD) (0.5
mg ml�1 and 0.005% H2O2 in 0.01 M sodium citrate buffer, pH 5.6). The
reaction was stopped after 10 min with 0.2 M H2SO4 and measured at 490 nm
using an automated reader (Bio-Rad ELISA reader). In addition, for each
experiment, wells saturated with BSA were also overlaid with yeast cells or
conidia. Adhesion to these wells was considered background and subtracted from
Fn adhesion values. Each experiment was done in triplicate, and the results
correspond to a typical experiment from at least three independent repeats.

To assess the effect of divalent cations on binding, this assay was performed
with a PBS-Tween buffer containing different concentrations of Mg2� or Ca2� at
the fungal incubation step.

Preparation of biotinylated fungal cells. Biotinylated S. schenckii cells were
prepared by using a commercial kit (Amersham). Briefly, S. schenckii cells were
washed twice with cold PBS and incubated under gentle agitation with 40 mM
sodium bicarbonate buffer containing 150 mM NaCl and 2 �l of biotin reagent
for 30 min at 4°C, according to the supplier’s instructions. After washing with
PBS (50 mM, pH 7.2), the integrity of the cells was confirmed by optic micros-
copy. After centrifugation (6,000 � g for 5 min at 4°C), the cells were collected
and used in binding assays.

Inhibition assays. S. schenckii cells were pretreated with different concentra-
tions (10 to 100 �g/ml) of the arginine-glycine-aspartic acid (RGD) peptides
RGDS and GRGESP for 1 h at 37°C. After this incubation step, cells were
allowed to adhere to Fn-coated wells, and the adhesion assays were performed
as described above.

For carbohydrate inhibition experiments, Fn-coated wells were pretreated
with 200 mM galactose (Gal), mannose (Man), glucuronic acid (GlcA), or rham-
nose (Rha) for 1 h at 37°C or with different S. schenckii cell wall fractions diluted
in PBS (pH 7.4) at a final concentration of 100 �g of carbohydrate per well.
Afterward, 107 yeast cells were added to each well in the presence of sugars or

cell wall fractions. After incubation, the unbound cells were removed by washing
with PBS-Tween, and the assay was completed as already described.

Alternatively, biotinylated fungal cells were added to 96-well plates sensitized
with Fn and previously treated with rabbit anti-human Fn antibodies (5 to 100
�g/ml) for 1 h at 37°C. After washing, plates were incubated with streptavidin-
peroxidase conjugate (diluted 1:1,500 in PBS-Tween/BSA 0.1%). The plates
were washed with PBS-Tween, and the reaction was developed with OPD as
described.

Statistical analysis. Values are reported as mean � standard deviation (SD).
The analysis of variance and Tukey-Kramer tests were used to compare differ-
ences between the binding capacity to ECM proteins and the binding to BSA, as
well as to determine differences associated with the effect of potential inhibitors
or between different fungus morphological phases. P � 0.05 was considered
significant.

RESULTS

S. schenckii cells adhere to human Fn in vitro. Adhesion to
host tissue is an important step for dissemination. We evalu-
ated the adherence of S. schenckii cells to Fn fixed in microtiter
plates. Yeast cells of S. schenckii adhere to immobilized Fn in
a dose-dependent manner (Fig. 1). Thus, the coating of wells
with increasing concentrations of Fn resulted in saturation at
10 �g/ml of Fn.

To further investigate the binding site of S. schenckii to Fn,
we tested the ability of yeast cells and conidia to bind to its 120-
and 40-kDa proteolytic fragments. The 120-kDa fragment con-
tains the RGD cell-binding domain (32), and the 40-kDa one
contains the heparin-binding domain (10). Yeast cells of S.
schenckii adhere to the 40-kDa proteolytic fragment of Fn in a
dose-dependent manner (Fig. 2A). As shown in Fig 2B, both
morphological phases of S. schenckii adhere significantly to
both fragments compared to BSA. There was no difference in
fungus adhesion rates between fragments and the intact Fn.
These results suggest that S. schenckii has more than one
binding site in human Fn.

FIG. 1. Adhesion of S. schenckii to immobilized Fn. Different yeast
cell concentrations were tested. The number of cells adhering was
determined by measuring the optical density at 490 nm (A490), as
described in the text. Results are representative of three independent
experiments and the values are the means � SD of triplicate wells.
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S. schenckii conidia and yeast cells bind specifically to Fn.
The specificity of S. schenckii adhesion was tested with an
anti-Fn immunoglobulin fraction. This polyclonal antibody
against human plasma Fn inhibited the adhesion of S. schenckii
yeast cells and conidia (Fig. 3). Inhibition of yeast cell adher-
ence was dose dependent, increasing from 4.8 to 81% as anti-
body concentration rose from 5 to 100 �g/ml. Similarly, assays

with conidia demonstrated inhibition of 18% with the lowest
antibody concentration and 78% with 100 �g/ml of anti-Fn
antibody. Together these results indicate that Fn binding sites
were recognized by the cell surface molecules of both morpho-
logical phases of S. schenckii.

Effect of divalent ions in S. schenckii adhesion. Interactions
of Fn with mammalian adhesion receptors such as integrins
and lectin-like receptors (selectins) are divalent-cation depen-
dent. Since microorganisms may exhibit adhesins similar to
eukaryotic cell adhesion molecules (18), we tested the effect of
calcium and magnesium in S. schenckii adherence to Fn. Bind-
ing of S. schenckii yeast cells to Fn was enhanced in the pres-
ence of higher concentration of Ca2� (1 mM), whereas 0.1 mM
Ca2� had no significant effect (Fig. 4). On the other hand, 0.1
mM Mg2� only slightly increased adhesion, whereas 1 mM
Mg2� showed no effect. The addition of EDTA or EGTA (5
mM) significantly reversed the Ca2� effect (P � 0.01).

Effect of RGD-containing peptides and monosaccharides in
S. schenckii adhesion to Fn. Studies on eukaryotic cells have
shown that integrins recognize the tripeptide arginine-glycine-
aspartic acid (RGD) as a binding site in the central region of
the Fn molecule (32, 34). Recent data suggested that yeast
species and filamentous fungi not only employ RGD-mediated
interactions to adhere to host tissues but may also express a
subset of adhesins that themselves contain an RGD sequence
(13, 14). As S. schenckii cells bind to the 120-kDa fragment,
which contains the RGD sequence, we performed inhibition
assays with RGDS and GRGESP peptides (Fig. 5). Pretreat-
ment of both conidia and yeast cells with RGDS or GRGESP
peptide at 10 to 100 �g/ml failed to reduce the adherence to
immobilized Fn compared to control wells. In binding assays,
coincubation with RGDS was not able to significantly inhibit
the adhesion of yeast cells to the 120-kDa Fn fragment (data
not shown). This observation clearly indicates that the inter-

FIG. 2. Adhesion of S. schenckii to Fn fragments. (A) Adhesion to
the 40-kDa Fn fragment. Yeast cells were assayed at 107 and 106

cells/well. (B) Microtiter plates were coated with either Fn or Fn
fragments: frag120 (containing the cell-binding domain) or frag40
(containing the GAG-binding domain). Control wells contained im-
mobilized BSA only. Both conidia (open bars) and yeast cells (black
bars) of S. schenckii were tested at a concentration of 107 cells per well.
As described in the text, the number of bound cells was determined by
measuring the optical density at 490 nm. The values are the means �
SD of triplicate wells, and this figure is representative of three inde-
pendent experiments. �, P � 0.05.

FIG. 3. S. schenckii yeast cells and conidia specifically bind to Fn.
The adhesion of yeast cells and conidia to Fn at 75 �g/ml was tested in
the presence of different concentrations of a purified immunoglobulin
fraction of an anti-Fn rabbit serum. Binding in the absence of antibody
was considered 100% adhesion. Negative controls were done with
antibodies from normal rabbit serum. The values are the means � SD
of triplicate wells. The figure is representative of three independent
experiments.
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actions between S. schenckii and Fn do not involve the RGD
motif of the Fn molecule.

S. schenckii expresses on its cell wall a glycopeptide compo-
nent known as peptido-rhamnomannan, composed mainly of
Rha, Man, and also some GlcA, as well as a galactose-contain-
ing polysaccharide (25, 26, 28). Table 1 shows a qualitative
analysis of monosaccharides present in the cell wall fractions
that we have isolated in the present work. Considering that
S. schenckii cell wall fractions were almost 80% carbohydrates
(data not shown), we tested the role of the monosaccharides in
cell adherence. Monosaccharides had no significant effect on
yeast cell binding (Fig. 6). Furthermore, the negatively charged
glycosaminoglycans (GAGs) heparin and heparan sulfate and
sialic acid (200 mM) also failed to inhibit the attachment of
S. schenckii to Fn (data not shown).

Cell wall extracts of S. schenckii inhibit adhesion to Fn. To
investigate whether adhesins are present on the S. schenckii
cell surface, several cell wall fractions were preincubated with
immobilized Fn, followed by incubation with yeast cells, as
described in Materials and Methods. The cell wall crude extract
and the peptido-rhamnomannan purified fraction (CWPR) in-
hibited adhesion by 22 and 48%, respectively (Fig. 7). This
inhibition did not seem to be related to negatively charged cell
wall glycoconjugates, because only the neutral fraction derived
from the crude cell wall extract was able to inhibit binding. The
acidic fraction did not inhibit adhesion. A crude mannoprotein
fraction (MP) from S. cerevisiae showed an inhibitory effect,
suggesting the presence of similar adhesion molecules among
these two fungi.

DISCUSSION

Adhesion of microorganisms to host cells and tissues repre-
sents a critical step in the process of infection (15). Likewise,
binding events described in this paper could play an important
role in S. schenckii invasion of host tissue. We demonstrated
that S. schenckii adheres to human Fn in a dose-dependent and
saturable manner. This binding was blocked by polyclonal an-
ti-Fn antibodies, demonstrating the specificity of adherence of
S. schenckii to Fn. Furthermore, this fungus binds at different
sites on the Fn molecule. Support for this conclusion comes
from the finding that conidia and yeast cells bind both to the
40-kDa fragment, which bears the GAG-binding domain, and

FIG. 4. Effect of calcium and magnesium in S. schenckii binding to
Fn. S. schenckii yeast cells were added to Fn-coated microtiter wells
(50 �g/ml) in the presence of Ca2� or Mg2� (0.1 or 1 mM) coincubated
or not with EDTA or EGTA (5 mM). Unbound cells were removed by
washing the plates with PBS-Tween, and the number of bound cells
was determined by ELISA at 490 nm. The values are the means � SD
of triplicate wells, and the figure is representative of three independent
experiments. �, P � 0.05 versus control (adhesion without ions); ��,
P � 0.01 versus adhesion values in presence of Ca2� at 1 mM.

FIG. 5. Effect of RGD peptides on the adhesion of S. schenckii to
Fn. Conidia (A) or yeast cells (B) were allowed to adhere to Fn (50
�g/ml) in the absence of peptides (control) or after treatment with
different concentrations of RGDS (black bars) or GRGESP peptides
(open bars) for 1 h at 37°C. The number of bound cells was determined
by ELISA at 490 nm. The values are the means � SD of triplicate
wells, and the figure is representative of three independent experi-
ments.
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to the 120-kDa fragment, bearing the cell binding domain and
the RGD sequence.

Despite the increasing number of disseminated cases of spo-
rotrichosis, mainly in immunocompromised patients (17), very
little is known about virulence factors in this species. Our
results reinforce previous data from our group suggesting that
both morphological phases of S. schenckii adhere to ECM
proteins (24). Other investigators have described Fn as binding
to different fungal pathogens such as C. albicans (11, 21), C.
tropicalis (1), and A. fumigatus (31). Binding to Fn could po-
tentially confer advantages on invading cells, since Fn is found
at high concentrations in body fluids and is abundantly ex-
pressed on vascular endothelium. In fact, previous work by our
group has demonstrated that S. schenckii yeast cells adhere in
vitro to human endothelial cells (unpublished data). Studies
with Aspergillus species have already correlated adhesion ca-
pacity and virulence (39). In these experiments, pathogenic A.

fumigatus conidia bound significantly better to Fn than do the
nonpathogenic Aspergillus strains A. ornatus and A. wentii,
whereas strain A. wentii ATCC 1023, a rare pathogen, showed
intermediate levels of binding (39).

In recent years, several molecules with receptor-like charac-
teristics have been described in pathogenic fungi such as C.
albicans (9) and A. fumigatus (12). Most of these microbial
molecules are glycoproteins present in the cell wall and are
known as adhesins, displaying properties similar to integrins or
lectins. They generally recognize RGD-containing peptides or
fucosyl glycosides in different tissues (30). Many adhesion re-
ceptors bind divalent ions such as Ca2� and Mg2�. Binding of
S. schenckii yeast cells to Fn was increased in the presence of
calcium, and this effect was reversed when the chelating agents
EDTA and EGTA were added to the assay. These results
suggest the presence of an integrin or a lectin-like adhesin on
S. schenckii, as described for other fungi (2, 13).

The tripeptide RGD, first identified in Fn, is recognized by
several integrins (�5�1, �IIb�3, and all or most �v-containing
integrins) but not by many others (6). Inhibition assays with the
RGDS and GRGESP peptides showed that binding was unaf-
fected by these peptides, suggesting that other sequences in the
120-kDa fragment are recognized by S. schenckii cells. Similar
to our results, López-Ribot et al. (27) demonstrated that in-
teractions between C. albicans and tenascin C did not occur
through RGD-bearing peptides. However, our experimental
approach neither discharged the presence of RDG sequences
on cell wall-adhesive molecules of this fungus nor tested the
possibility that such a class of adhesins could mediate interac-
tions of this fungus with the surface of host cells. The extensive
repertoire of microbial adhesins already described may reflect
the range of sites that pathogens can invade during infection.
Our work demonstrated that S. schenckii has adhesins that

TABLE 1. Carbohydrate composition of different fractions isolated
from the cell wall of yeast cells of S. schenckii and

Saccharomyces cerevisiaea

Sugar
S. schenckii S. cerevisiae

mannoproteinCWPR MonoQ neutral MonoQ acidic

Rhamnose �� �� �� �
Mannose �� �� �� ��
Glucose � � � �
Galactose � �� � �
Glucuronic acidb ND � �� ND

a Composition indicated: �, not detected; � trace amounts; �, detected; ��,
significant amount; ND, not done.

b Glucuronic acid was identified by HPLC (Dionex) with a Carbopac PA10
column.

FIG. 6. Effect of monosaccharides on the adhesion of S. schenckii
to Fn. S. schenckii yeast cells were added to Fn-coated wells (50 �g/ml)
together with 200 mM galactose (Galp), rhamnose (Rhap), mannose
(Manp), or glucuronic acid (GlcAp). Unbound cells were removed by
washing the plates with PBS-Tween, and the number of bound cells
was determined by measuring the optical density at 490 nm. The figure
is representative of three independent experiments, and the values are
the means � SD of triplicate wells.

FIG. 7. Inhibition of the adhesion of S. schenckii to Fn by cell wall
fractions. S. schenckii yeast cells were added to Fn-coated microtiter
wells (50 �g/ml) incubated with different cell wall fractions at 100 �g
of carbohydrate per well. Unbound cells were removed by washing the
plates with PBS-Tween, and the number of bound cells was deter-
mined by measuring the optical density at 490 nm. Binding in the
absence of inhibitor was set as the control. Values shown are means �
SD of percent inhibition of binding in the presence of inhibitor in
triplicate samples, and this figure is representative of three indepen-
dent experiments. �, P � 0.01.
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recognize human Fn and that different sites in the same mol-
ecule can be identified by this fungus as binding sites.

To understand the characteristics of interaction between S.
schenckii and Fn, we performed inhibition assays with
monosaccharides and tested the effect of different cell wall
fractions in our assays. The S. schenckii cell wall is composed of
�-glucans and a glycopeptide component, peptido-rhamno-
mannan. The chemical analysis of this glycopeptide has shown
it to be 14.2% protein and 84.6% carbohydrate, and rhamnose
and mannose were identified as the main sugars present in this
molecule (25). We demonstrated that the glycopeptide pep-
tido-rhamnomannan and its neutral MonoQ subfraction were
both able to inhibit the binding to immobilized Fn. Mannose,
rhamnose, and glucuronic acid residues tested individually had
no effect. These data might be explained by the requirement
for a correct three-dimensional structure for efficient S.
schenckii-Fn interaction. Some adhesins on bacteria or fungi
appear to act as lectins and recognize carbohydrate structures
in the host tissue. A. fumigatus is known to adhere to laminin
through sialic acids present in the laminin oligosaccharide moi-
eties (2). Recent studies suggested that attachment of conidia
to Fn and basal lamina proteins is mediated by negatively
charged carbohydrates on the conidial surface (39). S.
schenckii cells adhere to the 40-kDa proteolytic fragment of
Fn, which contains the GAG-binding domain. However, nei-
ther heparan sulfate nor heparin was able to inhibit the inter-
actions of this pathogen with this ECM protein (data not
shown).

In summary, we postulate that interaction of S. schenckii
with human Fn is mediated by adhesins present at the surface
of fungal cells (Fig. 8) and report for the first time the involve-
ment of cell wall components of this fungus in Fn recognition.
Further studies are necessary to clarify the participation of

carbohydrates in the observed binding events as well as to
achieve the purification and chemical characterization of mol-
ecules responsible for S. schenckii adherence to the ECM ma-
trix. These data may lead to a better comprehension of S.
schenckii interactions with host tissues and sporotrichosis
pathogenesis.
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Martinez. 1996. Binding of extracellular matrix proteins to Aspergillus fu-
migatus conidia. Infect. Immun. 64:5239–5247.

13. Hostetter, M. K. 1999. Integrin-like proteins in Candida spp. and other
microorganisms. Fungal Genet. Biol. 28:135–145.

14. Hostetter, M. K. 2000. RGD-mediated adhesion in fungal pathogens of
humans, plants and insects. Curr. Opin. Cell Microbiol. 3:344–348.

15. Joh, D., E. R. Wann, B. Kreikemeyer, P. Speziale, and M. Höök. 1999. Role
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