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FIG. 3. Phase-contrast (D and E) and fluorescence (A through C) microscopy of cells incubated with PAb 4160 (1:50 dilution). C. albicans
ATCC 26555 was incubated under conditions that induce germ tube formation (A and D) or budding growth (B, C, and E). In panel E, arrows
point to yeast cells with a larger average size that were the only cells that exhibited fluorescent patches irregularly distributed on their surfaces.
The bar marker in panel A represents 3 wm, and the magnification is the same for all panels.
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PAb 4056 was used as the probe in the IIF assays (data not
shown).

The candidal cell surface laminin receptor-like molecules
identified in this work seem to be different from those de-
scribed by Bouchara et al. (1). First, they identified laminin-
binding sites on germ tubes but not in nongerminated blasto-
conidia, whereas the laminin receptor-like molecules reported
in this article appear to be specific protein components of the
walls of C. albicans yeast cells. In this context, our results add
to other recent observations indicating that C. albicans blasto-
conidia are able to bind laminin (15). Second, while Bouchara
et al. (1) identified germ tube-specific cell surface components
(68, 62, and 60 kDa) with laminin-binding activity, similar in
molecular mass to the 67LR molecule, these laminin receptors
appear to belong to a family of C. albicans cell wall proteins
and glycoproteins with multiple biological affinities for laminin,
fibrinogen, and C3d (1, 3, 28, 32). However, the 37- and
67-kDa laminin-binding proteins described here did not bind
other mammalian proteins, such as fibrinogen, fibronectin, and
type IV collagen, under our experimental conditions. Also, the
37-kDa laminin-binding protein in the BME extract obtained
from nongerminated blastoconidia (Fig. 1B, lane 1) as well as
a 67-kDa species in the protoplast homogenates also from
yeast cells (Fig. 2B, lane 3, upper star) cross-reacted with
antibodies raised to different topologic and functional domains
of the high-affinity human laminin receptor. This observation is
not surprising, since cross-reactivity of antibodies to bacterial
laminin-binding proteins with the putative laminin receptor
from animal cells has already been reported (22). Also, a DNA
sequence encoding a protein identical to the high-affinity
human laminin receptor in Saccharomyces cerevisiae has re-
cently been characterized (34).

The possibility that the results presented here reflect a
particular characteristic and/or physiological response of the C.
albicans ATCC 26555 strain to the experimental conditions
used in this work cannot be dismissed. In addition, heteroge-
neity in expression of surface immunodeterminants not only
among different C. albicans strains but also among cells in a
population (12, 24), and phenotypic colony-type switching, a
phenomenon that is thought to modify the antigenic charac-
teristics of the cell surface (20, 29), may also account for the
appearance of the high-affinity laminin receptor-like molecules
in the blastoconidia of ATCC 26555. We have reported that
strain ATCC 26555 exhibited spontaneous high-frequency
colony phenotypic switching (20), similar to the switching
system initially described by David Soll for C. albicans 3153A
(29). In this context, cells expressing the 37-kDa laminin
receptor-like species, as revealed by IIF and phase-contrast
microscopy (Fig. 3, arrows), exhibited a bean-shaped appear-
ance and a size similar to those of the opaque phenotype cells
in the white-opaque transition, which is one of the three
distinct switching systems described for C. albicans (29); such
cells could represent a particular switching phenotype within
the population having specific cell surface components. Inter-
estingly, significant differences have been reported in the
adhesion characteristics as well as the cell surface properties
(i.e., ultrastructure and antigenicity) of the so-called white and
opaque cell phenotypes of C. albicans (29). Any or all of the
possibilities discussed above could explain the differences
between the results reported by Bouchara et al. (1) and our
findings.

Along with observations from other authors (1, 15, 32), our
data point to the possibility that different cell surface receptors
for laminin may be constitutively or selectively expressed in C.
albicans cells. Thus, a highly conserved homolog of the human
37LRP species, which in animal cells appears to be a multi-
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functional protein that may play different roles in the cyto-
plasm as well as on the cell surface as a laminin-binding
component (9), is apparently present in C. albicans blasto-
conidia.

There are differences in the epitopes present in the 37-kDa
laminin receptor-like protein expressed in the two growth
forms of the fungus. Thus, although this molecule appears to
be present in both morphological phases, as determined by the
reactivity observed with PAb 4056, which is directed towards
an internal domain of human 37LRP (Fig. 2B, lanes 1 to 4), the
laminin-binding activity was detected exclusively in the 37-kDa
species extracted by BME from C. albicans yeast cells, which
cross-reacted only with PAb 4160 (Fig. 2A, lane 1). The
absence of laminin-binding activity in protein extracts from
germinated blastoconidia under our experimental conditions
may thus be explained by sequence or posttranslational mod-
ifications affecting the carboxyl-terminal domain of the 37-kDa
species present in germinated yeast cells.

Although germ tubes are believed to be the invasive form
(23) of C. albicans, the existence of laminin receptors on yeast
cells may allow such cells to disseminate in vivo, resulting in
metastatic sites of infection throughout the host. In any case, as
the germ tubes of C. albicans also contain cell surface laminin-
binding components (1) apparently different from the ones
described in this article, the existence of distinct families of
laminin receptors selectively expressed in yeast cells and germ
tubes may account for the different biological behavior of the
two growth forms of C. albicans in human tissues.

Finally, it has been reported that PepTite-2000, a synthetic
peptide including the RGD (arginine-glycine-aspartic acid)
sequence which is recognized by the candidal fibronectin
receptor, inhibits adherence of C. albicans yeast cells to the
extracellular matrix and binding of protein components from
the latter by more than 90% (15). In this context, another
synthetic peptide (peptide G) of the deduced amino acid
sequence from the carboxyl-terminal domain of 37LRP, which
binds laminin with high affinity and represents a putative
laminin-binding site of the 67LR species (9), has been shown
to be of value in inhibiting tumor cell attachment to endothe-
lial cells, a critical step in bloodborne metastasis (10). As the
ability to bind to basement membrane seems to be an impor-
tant mechanism by which pathogenic microorganisms adhere
to and invade the host (2, 15, 33), and taking into account that
laminin is a major component of the basement membrane that
plays a fundamental role in cell adhesion and extravasation
(31), it is tempting to suggest that peptidle G may be of
therapeutic value as an inhibitor of the dissemination of fungal
cells needed for the establishment of systemic candidiasis.
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