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The synthesis of proteins by Candida albicans was studied following adherence of blastoconidia to human
buccal epithelial cells (HBEC). Initially, labeling of HBEC, C. albicans, and HBEC-C. albicans with [**S]me-
thionine was performed. After a 3-h incubation and prior to labeling with [>*STmethionine, the cultures were
treated with cycloheximide to prevent HBEC protein synthesis. The HBEC-C. albicans mixture as well as C.
albicans and HBEC incubated separately were extracted with 3-mercaptoethanol (3-ME). These extracts as
well as the cell residue (solubilized by boiling with sodium dodecyl sulfate [SDS]) were examined by SDS-
polyacrylamide gel electrophoresis and autoradiography. In comparison to cultures of C. albicans incubated
without HBEC, proteins with molecular masses of approximately 52 to 56 kDa from 3-ME extracts and from
SDS-solubilized cells were observed only from adhering cultures. In addition, unlabeled 3-ME extracts were
electrotransferred to nitrocellulose and immunoblotted with antiphosphotyrosine antibodies to determine
whether cell signaling events were occurring during adherence. Proteins with molecular masses of 54 and 60
kDa were recognized only in mixed cultures of C. albicans and HBEC. These data indicate that following
adherence of C. albicans to HBEC, new Candida proteins are expressed. Further, these events are accompanied

by the expression of signal proteins, presumably of Candida origin.

The adherence of Candida albicans to a variety of host cells,
host cell ligands, and plastics has been described (1, 4-10,
12-20, 22-25, 27-45, 47-49). The interaction of the organism
with mucosal cells is believed to be one of the critical initial
events in the development of candidiasis. Supporting this con-
clusion are the observations that nonadhering strains of C.
albicans cause less disease in animal models (8, 15, 21) and that
pretreatment of animals with a ligand recognized by C. albi-
cans reduces the tissue load of the organism (32). Also, car-
riage of C. albicans in the oral cavity is lower in individuals who
secrete a fucosyl-containing ligand recognized by the organism
(7). Presumably, soluble ligand binds to a cell surface ad-
hesin(s) of the organism, thus preventing the adherence of C.
albicans to host cells. Conversely, C. albicans binds readily to
cells in those individuals who do not secrete this ligand (7).

The adhesins of C. albicans appear to be diverse, reflecting
the ability of the organism to colonize and invade a variety of
host cells and tissues (8, 10). The host cell ligands recognized
by C. albicans are also diverse but appear to be broadly clas-
sified into at least two types, glycosides (fucosyl or other) (6,
47) and, in part, the peptides (arginine-glycine-aspartic acid
[RGD]) of several extracellular matrix proteins (4, 5, 8-10, 12,
19, 20, 22, 23, 25, 29, 30, 34, 43, 48, 49). The infection process
continues following adherence of the organism to host cells
and plastics (as in the case of indwelling catheters). However,
the events subsequent to adherence are not entirely under-
stood. Presumably, the conversion of blastoconidia to hyphae
(pseudohyphae) and the secretion of essential enzymes (i.e.,
secreted aspartyl proteases) promote invasion to subepithelial
or subendothelial tissues and the vascular compartment (15).

Hawser and Douglas (24) have observed that the adherence

* Corresponding author. Mailing address: Department of Microbi-
ology and Immunology, Georgetown University School of Medicine,
3900 Reservoir Rd., NW, Washington, D.C. 20007. Phone: (202) 687-
1137. Fax: (202) 687-1800.

T Present address: Department of Immunology, St. Jude Children’s
Hospital, Memphis, TN 38105.

569

of C. albicans blastoconidia to plastic catheters is followed by
conversion to hyphae. These events indicate that a contact-
induced regulation of gene expression may be occurring. Other
investigators have demonstrated a thigmotropism-like effect in
C. albicans when hyphal forms were grown on Nuclepore mem-
branes (46). Following its horizontal growth pattern, the or-
ganism entered pores and grew to the underside of the filters,
directional changes which probably require upregulation of
genes or the transcription of a new gene(s). The directed
growth may be important during the transgression of mucosal
epithelial surfaces by C. albicans.

In order to examine some of the key events which occur
following adherence of the organism to human buccal cells, we
have compared adhering with nonadhering Candida cultures
and determined if (i) new Candida proteins are made and (ii)
signal events occur during adherence. Our measurement of
signaling utilizes Western blotting (immunoblotting) of ex-
tracted Candida proteins with antiphosphotyrosine antibodies,
similar to the approaches used for characterizing the mating
signal transduction pathways of Saccharomyces cerevisiae (2, 3).

MATERIALS AND METHODS

Cultures and buccal epithelial cells. C. albicans 4918 was used throughout
these studies. This isolate was originally obtained from a patient with an endo-
carditis infection and has been described previously (9). Blastoconidia were
grown and standardized as described below. Human buccal epithelial cells
(HBEC) were collected on cotton swabs from healthy male and female volun-
teers and transferred to phosphate-buffered saline (PBS) (pH 7.2). HBEC was
washed three times with PBS and counted by using a hemocytometer.

Adherence assays. C. albicans cells (2 X 107/ml) were incubated with HBEC (1
% 10° to 2 X 10°/ml) in PBS (pH 7.2) for the times indicated below. At each time
interval, cultures were washed with sterile, 0.02 M PBS (pH 7.2) through filters
with a pore size of 12.0 um (Nuclepore [PC]; Costar, Cambridge, Mass.) and the
contents of the filter were transferred to microscope slides and stained with
Gram stain to determine the percent adherence. Adherence was expressed as the
percentage of HBEC with adhering Candida cells.

Methionine labeling of cultures. C. albicans was grown for 48 h at room
temperature on yeast extract-peptone-glucose agar or, in some cases, on Luria-
Bertani agar (Thomas Scientific). Cells were collected in sterile 0.02 M PBS (pH
7.2) and washed three times in PBS containing gentamicin (5 pg/ml), 1 mM
EDTA, 0.2 mM phenylmethylsulfonyl fluoride, 0.02% sodium azide, 1 mM leu-
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peptin, and 1 mM pepstatin to prevent protein degradation. The cell suspension
was uniformily composed of blastoconidia. For all experiments, a concentration
of 2 X 107 blastoconidia per ml of PBS was used. The concentration of HBEC
was approximately 1 X 10° to 2 X 10 cells per ml of PBS. Cultures of C. albicans
and HBEC were mixed at a 1:1 ratio in a total volume of 2 ml and incubated at
37°C for a total of 1 or 3 h. At 1 or 3 h, the HBEC-C. albicans cultures were
pulsed with 10 p.Ci of [**S]methionine (1,144 Ci/mmol; ICN, Irvine, Calif.) for 30
min and were subsequently pulsed for an additional 30 min with 100 uM cold
methionine. Cycloheximide (10 pg/ml; Sigma Chemical Co., St. Louis, Mo.) was
added 30 min prior to labeling with methionine to inhibit HBEC protein syn-
thesis. Cultures of HBEC or C. albicans incubated alone were treated in the same
fashion. After labeling, all cultures (HBEC, C. albicans, and HBEC-C. albicans)
were centrifuged in a microcentrifuge and washed with sterile, cold water.

Extraction of proteins. The same procedure was used for both the radiola-
beled and the nonlabeled cell suspensions. B-Mercaptoethanol (8-ME) (1%) in
10 mM phosphate buffer, pH 7.5 (100 to 200 pl), was added to each of the cell
pellets (from 2-ml cultures), and the suspension was incubated at 37°C for 30 min
with shaking. After centrifugation, the supernatant was transferred to microcon-
centrators (Microcon; Amicon, Beverly, Mass.) and washed several times with
water to remove the B-ME. These steps were performed at 4°C. Finally, the
washed, concentrated extracts were frozen at —70°C and lyophilized. The sedi-
ment from the radiolabeled cells after B-ME extraction was also washed with
water and frozen at —20°C. For sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) analysis, the cell sediments were suspended in 20 pl of
SDS sample buffer, boiled for 10 min, and clarified by centrifugation. Fifteen
microliters of the cell lysate and 20 pl of the B-ME extracts from the labeled
cultures were applied to wells of a 1-mm-thick gel. SDS-PAGE was performed
under reducing conditions by using a Mini-gel system with 10% polyacrylamide
as described previously (21, 49). Following electrophoresis, the gel was dried for
autoradiography on Kodak X-Omat film (Kodak, Rochester, N.Y.) and exposed
for 2 h (cell lysate) or 2 days (B-ME extracts) at —70°C before the film was
developed. The molecular weights of the radiolabeled bands were calculated by
using radiolabeled standard markers (GIBCO-BRL, Grand Island, N.Y.).

Immunoblotting. The nonlabeled culture suspensions were processed in the
same way as the radiolabeled ones. Generally, only the B-ME extracts were
assayed for immunoreactivity. The lyophilized extracts were dissolved in water,
and total protein concentration was determined according to the Lowry proce-
dure, as described previously (49). Equal amounts of 1.5 to 2.0 ng of protein
(diluted 1:3 for Aurodye staining) were loaded on 10% polyacrylamide slab gels
(thickness, 0.75 mm). The SDS-PAGE-separated proteins were transferred to
nitrocellulose membranes (pore size, 0.45 um) and stained with Aurodye or
immunoblotted according to methods previously described (9, 49). An antiphos-
photyrosine monoclonal antibody, immunoglobulin G subclass 1 (IgG1), from
ascites fluid (PT-66; Sigma Chemical Co.), was employed in most of the exper-
iments. In addition, two other antiphosphotyrosine antibodies, a rabbit poly-
clonal IgG and a monoclonal IgG2b(k) (Upstate Biotechnology, Inc., Lake
Placid, N.Y.) were also tested. All antibodies were used at a concentration of 1
pg/ml and incubated at 4°C overnight. As a secondary reagent, rabbit IgG and
mouse IgG alkaline phosphatase-conjugated antibodies were used in accordance
with the manufacturer’s protocol (Promega). Protein standards (Bio-Rad) were
used for the estimation of the molecular weights of specific bands.

RESULTS

Adherence of C. albicans to HBEC. The adherence of C.
albicans 4918 to HBEC was measured at 1, 2, 5, and 24 h.
Adherence, measured as the percentage of HBEC with adher-
ing Candida cells, reached its maximum at 2 h (85%) and did
not increase significantly thereafter (data not shown). Germi-
nation of adhering blastoconidia in cell suspensions was not
observed at any time interval. On the basis of this observation,
we chose 1- and 3-h incubation times for C. albicans with
HBEC for metabolic labeling and signal studies.

Host-induced proteins of C. albicans. To determine if HBEC
induced the synthesis of new proteins in C. albicans 4918, we
compared protein profiles of blastoconidia incubated in PBS
alone with those of HBEC and blastoconidia (3 h). All cultures
were metabolically labeled with [**Smethionine. C. albicans-
specific proteins could be determined for adhering cultures
since cycloheximide inhibited the synthesis of new proteins in
HBEC (Fig. 1, lanes 1 and 4). The spectrum of the metaboli-
cally labeled Candida proteins incubated without HBEC (Fig.
1, lanes 2 and 5) was compared with that for the cultures of
HBEC-C. albicans. Proteins with molecular masses of 56 kDa
(from B-ME extracts of cells) and 52 and 54 kDa (from SDS-
solubilized cell residues) were observed (Fig. 1, lanes 3 and 6)
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FIG. 1. [**S]methionine-labeled proteins of Candida albicans. HBEC (lanes
1 and 4), C. albicans (lanes 2 and 5), and HBEC-C. albicans (lanes 3 and 6)
cultures were incubated for 3 h at 37°C and pulsed for 30 min with labeled
methionine subsequent to treatment with cycloheximide. All cultures were ex-
tracted with B-ME, and the B-ME extracts (a) or SDS-solubilized cell residues
(b) were subjected to SDS-PAGE and autoradiography. The numbers to the
right of each panel are molecular sizes in kilodaltons.

only from cultures of HBEC-C. albicans. The autoradiograms
otherwise appeared to be similar. The data indicate that the
56-kDa protein (Fig. 1, lane 3) is probably associated with the
cell wall (and/or plasma membrane), since it was solubilized by
B-ME; the 52- and 56-kDa proteins may also be associated with
similar cell locations or may be cytoplasmic. Results at 1 h were
similar to those at 3 h.

Signaling events during adherence. We next compared
HBEC, C. albicans, and HBEC-C. albicans cultures for signal-
ing events after an either 1- or 3-h incubation at 37°C. Proteins
from B-ME extracts of each of the three cultures were sepa-
rated by SDS-PAGE and transferred to nitrocellulose. Immu-
noblotting was performed with three antiphosphotyrosine an-
tibodies, as described in Materials and Methods. In most
instances, the monoclonal antibody PT-66 (Sigma) was em-
ployed. The data from a representative Western blot of 3-ME
extracts (3 h) are shown in Fig. 2. In panel A, an Aurodye-
stained nitrocellulose membrane of HBEC (lane 1), C. albicans
(lane 2), and HBEC-C. albicans (lane 3) reveals a spectrum of
proteins in regard to their molecular masses. We also com-
pared the effects of two media on signaling responses in C.
albicans. Thus, in Fig. 2A, lanes 2 and 3 show extracts from
blastoconidia grown on yeast extract-peptone-glucose agar for
adherence assays and lanes 4 and 5 show extracts from blas-
toconidia grown on Luria-Bertani agar. In Fig. 2B, Western
blots of HBEC, C. albicans, and HBEC-C. albicans B-ME
extracts with the monoclonal antibody PT-66 are shown. For
the control cultures, a reactive protein with a molecular mass
of about 50 kDa from HBEC is observed (Fig. 2B, lane 1),
while a few faint protein bands can be detected in C. albicans
blastoconidia incubated in PBS (Fig. 2B, lanes 2 and 4). In
comparison, from B-ME extracts of cultures of HBEC-C. albi-
cans, proteins with molecular masses of approximately 54 and
60 kDa reacted with the antiphosphotyrosine monoclonal an-
tibody PT-66 (Fig. 2B, lanes 3 and 5); however, it appeared
that signal responses were greater for cells prepared on yeast
extract-peptone-glucose agar than for cells prepared on Luria-
Bertani agar (Fig. 2B, compare lanes 3 and 5). The results
obtained from an additional five Western blot analyses were
similar. The 54- and 60-kDa proteins were also precipitated by
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FIG. 2. Aurodye staining (A) and Western blots (B and C) of proteins ex-
tracted from HBEC (lanes 1), C. albicans (lanes 2 and 4 [A and B]; lane 2 [C]),
and HBEC-C. albicans (lanes 3 and 5 [A and B]; lane 3 [C]). Lanes 2 and 3, C.
albicans grown on yeast extract-peptone-glucose agar; lanes 4 and 5, C. albicans
grown on Luria-Bertani agar for use as inoculum in the adherence studies. Two
dominant bands at 54 and 60 kDa are observed with antiphosphotyrosine anti-
body (PT-66) and the HBEC-C. albicans culture. (C) The antiphosphotyrosine
monoclonal antibody IgG2b(k) (Upstate Biotechnology, Inc.) immunoprecipi-
tated proteins of 45, 54, and 60 kDa only from HBEC-C. albicans cultures.

the purified monoclonal antibody IgG2b(k) (four experiments
[Fig. 2C, lane 3]) and the polyclonal antibody (two experi-
ments) described in Materials and Methods (Upstate Biotech-
nology, Inc.). The monoclonal antibody [IgG2b(k)] also pre-
cipitated a 45-kDa protein to a greater extent than did PT-66
(Fig. 2C, lane 3). While the 54-kDa protein was consistently
observed in all Western blots, the 60-kDa protein was not
always detected. Additionally, the polyclonal antibody (Up-
state Biotechnology, Inc.) also strongly precipitated a 68-kDa
protein (data not included). For HBEC cells, the presence of a
precipitated protein was observed only in some experiments
and may have been a function of the source of HBEC. There
was no difference in the Western blot profiles of the 1- and 3-h
cultures.

DISCUSSION

The adherence of C. albicans to host cells is thought to be an
essential event in the pathogenesis of candidiasis. Clearly, the
organism must possess virulence determinants even though
host abrogations, such as neutropenia, T-cell defects, pro-
longed use of antibacterial antibiotics, etc., contribute greatly
to the invasiveness of the organism.

In this study, we focused upon events occurring during ad-
herence and chose HBEC as the host cell with which to study
these events. Adherence to HBEC has been extensively stud-
ied; recognition by C. albicans occurs through a cell surface
mannoprotein and a fucosyl glycoside of HBEC (6, 47).

We used cycloheximide to inhibit HBEC protein synthesis
and, in this way, could directly determine if new proteins were
synthesized by C. albicans during adherence. By autoradiogra-
phy, proteins with molecular masses of 52 to 56 kDa were
present only in HBEC-C. albicans cultures. These proteins
have not been characterized; however, their presence in B-ME
extracts indicates their location in the cell wall or plasma mem-
brane, although proteins with similar molecular masses were
also found in SDS lysates of the B-ME-insoluble cell residue.
B-ME extracts of the HBEC-C. albicans culture also reacted
with antiphosphotyrosine antibodies. While we cannot totally
determine the source(s) of these proteins (HBEC, C. albicans,
or both), there are several indirect observations which indicate
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that the phosphotyrosine proteins are of fungal origin. First,
Ballard et al. have demonstrated that cycloheximide-treated S.
cerevisiae was significantly inhibited in generating a 40-kDa
protein which reacted with an antiphosphotyrosine antibody
when cells of mating type a were incubated with a-factor (2). A
similar observation has been made with the epidermal growth
factor receptor signal transduction of mammalian cells (11).
Thus, ongoing protein synthesis seems to be a requirement for
signal transduction events, and as such, HBEC signal transduc-
tion should be at least partially inhibited in the presence of
cycloheximide, since new protein synthesis was not observed.
Second, the molecular masses of the C. albicans-specific pro-
teins detected by autoradiography (Fig. 1, lanes 3) approxi-
mate those seen with Western blot analyses (Fig. 2). Aside
from these results, obtained by using antiphosphotyrosine an-
tibody, we are now in the process of purifying phosphotyrosine
proteins from metabolically labeled C. albicans cultured with
HBEC in the presence of cycloheximide.

The induction of new proteins following infection by fungi
has been observed with the plant pathogen Cladosporium ful-
vum (26). Joosten and De Wit have shown that infection of
susceptible plants with C. fulvum (compatible reaction) re-
sulted in the synthesis of a 14-kDa protein not observed in vitro
or in reactions with resistant plants (incompatible reaction).
This protein appears to be of fungal origin; Northern (RNA)
analyses have demonstrated its presence during compatible
reactions only. The function of the protein is unknown but
seems to be related to the establishment of a successful para-
sitic relationship.

Clearly, C. albicans can respond to its host in a number of
ways. First, the conversion of blastoconidia to hyphae occurs
during colonization of surfaces, phagocytosis, and adherence
to plastic (15, 24, 46). The conversion may be associated with
the virulence of the organism (15). Secondly, growth patterns
of the organism on mucosal surfaces resemble a contact-sens-
ing mechanism recently described in vitro by Sherwood et al. as
a thigmotropism (46). Hyphal growth of the organism occurred
along the surfaces of Nuclepore filters until the organism
reached the membrane pores. Upon contacting a pore, the
organism turned inside the pore in a manner much like that
observed during the penetration of mucosal surfaces by hy-
phae. The change in the direction of growth would seem likely
to require upregulation and/or new gene transcription, i.e.,
cytoskeletal and wall synthesis, etc., events often dictated by
signal transduction events. Mating, cell wall synthesis, and
growth of yeast cells in hypo-osmotic media have been shown
to be controlled by the mitogen activated protein kinase path-
way (3).

We have focused upon one of the early events during the
infection process, i.e., adherence. Our data indicate that fol-
lowing adherence, specific proteins are made by C. albicans;
further, phosphorylation of proteins occurs, indicating possible
signal events. These observations are new to studies involving
C. albicans-host cell interactions.

ACKNOWLEDGMENTS

These studies were supported by a Public Health Service grant
(NIH-AI25738) to R. A. Calderone.
We thank T. Sreevalsan for his discussions of the data.

REFERENCES

1. Alaei, S., C. Larcher, C. Ebenbichler, W. M. Prodinger, J. Janatova, and
M. P. Dierich. 1993. Isolation and biochemical characterization of the iC3b
receptor of Candida albicans. Infect. Immun. 61:1395-1399.

2. Ballard, M. J., W. A. Tyndall, J. M. Shingle, D. J. Hall, and E. Winter. 1991.
Tyrosine phosphorylation of a yeast 40 kD protein occurs in response to
mating pheromone. EMBO J. 10:3753-3758.



572

10.

12.

13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

BAILEY ET AL.

. Blumer, K. J., and G. L. Johnson. 1994. Diversity in function and regulation

of MAP kinase pathways. Trends Biochem. 19:236-240.

. Bouali, A., R. Robert, G. Tronchin, and J.-M. Senet. 1987. Characterization

of binding of human fibrinogen to the surface of germ tubes and mycelium
of Candida albicans. J. Gen. Microbiol. 133:545-551.

. Bouchara, J.-P., G. Tronchin, V. Annaix, R. Robert, and J.-M. Senet. 1990.

Laminin receptors on Candida albicans germ tubes. Infect. Immun. 58:48-54.

. Brassart, D., A. Woltz, M. Golliard, and J.-R. Neeser. 1991. In vitro inhibi-

tion of adhesion of Candida albicans clinical isolates to human buccal epi-
thelial cells by Fucal—2GalB-bearing complex carbohydrates. Infect. Im-
mun. 59:1605-1613.

. Burford-Mason, A. P., J. C. Weber, and J. M. T. Willoughby. 1988. Oral

carriage of Candida albicans, ABO blood group and secretor status in
healthy subjects. J. Med. Vet. Mycol. 26:49-56.

. Calderone, R. A., and P. C. Braun. 1991. Adherence and receptor relation-

ships of Candida albicans. Microbiol. Rev. 55:1-20.

. Calderone, R. A., L. Linehan, E. Wadsworth, and A. L. Sandberg. 1988.

Identification of C3d receptors on Candida albicans. Infect. Immun. 56:252—
258.

Calderone, R. A., and E. Wadsworth. 1993. Adherence molecules of Candida
albicans. J. Microbiol. Methods 18:197-211.

. Carpenter, G., and S. Cohen. 1979. Epidermal growth factor. Annu. Rev.

Biochem. 48:193-216.

Casanova, M., J. Lopez-Ribot, C. Monteagudo, A. Llombart-Bosch, R. Sen-
tandreu, and J. P. Martinez. 1992. Identification of a 58-kilodalton cell
surface fibrinogen-binding mannoprotein from Candida albicans. Infect. Im-
mun. 60:4221-4229.

Critchley, L., and L. J. Douglas. 1987. Isolation and partial characterization
of an adhesin from Candida albicans. J. Gen. Microbiol. 133:629-636.
Critchley, 1., and L. J. Douglas. 1987. Role of glycosides as epithelial cell
receptors for Candida albicans. J. Gen. Microbiol. 133:637-643.

Cutler, J. E. 1991. Putative virulence factors of Candida albicans. Annu. Rev.
Microbiol. 45:187-218.

Douglas, L. J. 1987. Adhesion of Candida species to epithelial surfaces. Crit.
Rev. Microbiol. 15:27-43.

Douglas, L. J. 1987. Adhesion to surfaces, p. 239-280. In A. H. Rose and J. S.
Harrison (ed.), The yeasts, vol. 2. Academic Press, Inc., London.

Douglas, L. J. 1989. Adhesion of Candida albicans to host surfaces. FEMS
symp. 50:43-48.

Edwards, J., T. Gaither, J. O’Shea, D. Rotrosen, T. Lawley, M. Frank, and
I. Green. 1986. Expression of specific binding sites on Candida with func-
tional and antigenic characteristics of human complement receptors. J. Im-
munol. 137:3577-3583.

Eigentler, A., T. F. Schulz, C. Larcher, E.-M. Breitwieser, B. L. Myones, A. L.
Petzer, and M. P. Dierich. 1989. C3bi-binding protein on Candida albicans:
temperature-dependent expression and relationship to human complement
receptor type 3. Infect. Immun. 57:616-622.

Franzke, S., R. A. Calderone, and K. Schaller. 1993. Isolation of avirulent
clones of Candida albicans with reduced ability to recognize the CR2 ligand
C3d. Infect. Immun. 61:2662-2669.

Gilmore, B., E. Retsinas, J. Lorenz, and M. Hostetter. 1988. An iC3b recep-
tor on Candida albicans: structure, function and correlates for pathogenicity.
J. Infect. Dis. 157:38-46.

Gustafson, K., G. Verceletti, C. Bendei, and M. Hostetter. 1991. Molecular
mimicry in Candida albicans: role of an integrin analogue in adhesion of the
yeast to human endothelium. J. Clin. Invest. 87:1896-1902.

Hawser, S. P., and L. J. Douglas. 1994. Biofilm formation by Candida species
on the surface of catheter materials in vitro. Infect. Immun. 62:915-921.
Heidenreich, F., and M. P. Dierich. 1985. Candida albicans and Candida
stellatoidea, in contrast to other Candida species, bind iC3b and C3d but not
C3b. Infect. Immun. 50:598-600.

Joosten, M. H. A. J., and P. J. G. M. De Wit. 1988. Isolation, purification and
preliminary characterization of a protein specific for compatible Cladospo-
rium fulvum (syn. Fulvia fulva)-tomato interactions. Physiol. Mol. Plant
Pathol. 33:241-253.

Kanbe, T., Y. Han, B. Redgrave, M. H. Riesselman, and J. E. Cutler. 1993.
Evidence that mannans of Candida albicans are responsible for adherence of

28.

29.

30.

31.

32

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

INFECT. IMMUN.

yeast forms to spleen and lymph node tissue. Infect. Immun. 61:2578-2584.
Kanbe, T., R.-K. Li, E. Wadsworth, R. A. Calderone, and J. E. Cutler. 1991.
Evidence for expression of the C3d receptor of Candida albicans in vitro and
in vivo obtained by immunofluorescence and immunoelectron microscopy.
Infect. Immun. 59:1832-1838.

Klotz, S. 1992. Fungal adherence to the vascular compartment: a critical step
in the pathogenesis of disseminated candidiasis. Clin. Infect. Dis. 14:340—
347.

Klotz, S. A, and R. L. Smith. 1991. A fibronectin receptor on Candida
albicans mediates adherence of the fungus to extracellular matrix. J. Infect.
Dis. 163:604-610.

Klotz, S. A,, and R. L. Smith. 1992. Glycosaminoglycans inhibit Candida
albicans adherence to extracellular matrix proteins. FEMS Microbiol. Lett.
99:205-208.

Klotz, S. A., R. L. Smith, and B. W. Stewart. 1992. Effect of an arginine-
glycine-aspartic acid-containing peptide on hematogenous candidal infec-
tions in rabbits. Antimicrob. Agents Chemother. 36:132-136.

Li, R.-K., and J. E. Cutler. 1993. Chemical definition of an epitope/adhesin
molecule on Candida albicans. J. Biol. Chem. 268:18293-18299.

Linehan, L., E. Wadsworth, and R. Calderone. 1988. Candida albicans C3d
receptor, isolated by using a monoclonal antibody. Infect. Immun. 56:1981—
1986.

Maisch, P. A., and R. A. Calderone. 1980. Adherence of Candida albicans to
a fibrin-platelet matrix formed in vitro. Infect. Immun. 27:650-656.
Maisch, P. A., and R. A. Calderone. 1981. Role of surface mannan in the
adherence of Candida albicans to fibrin-platelet clots formed in vitro. Infect.
Immun. 32:92-97.

McCourtie, J., and L. J. Douglas. 1981. Relationship between cell surface
composition of Candida albicans and adherence to acrylic after growth on
different carbon sources. Infect. Immun. 32:1234-1241.

McCourtie, J., and L. J. Douglas. 1984. Relationship between cell surface
composition, adherence, and virulence of Candida albicans. Infect. Immun.
45:6-12.

McCourtie, J., and L. J. Douglas. 1985. Extracellular polymer of Candida
albicans: isolation, analysis and role in adhesion. J. Gen. Microbiol. 131:495—
503.

Miyakawa, Y., T. Kuribayashi, K. Kagaya, M. Suzuki, T. Nakase, and Y.
Fukazawa. 1992. Role of specific determinants in mannan of Candida albi-
cans serotype A in adherence to human buccal epithelial cells. Infect. Im-
mun. 60:2493-2499.

Rotrosen, D., R. A. Calderone, and J. E. Edwards. 1986. Adherence of
Candida species to host tissues and plastic surfaces. Rev. Infect. Dis. 8:73-85.
Samaranayake, L. P., and T. W. MacFarlane. 1981. The adhesion of the
yeast Candida albicans to epithelial cells of human origin in vitro. Arch. Oral
Biol. 26:815-820.

Sawyer, R. T., R. E. Garner, and J. A. Hudson. 1992. Arg-Gly-Asp (RGD)
peptides alter hepatic killing of Candida albicans in the isolated perfused
mouse liver model. Infect. Immun. 60:213-218.

Saxena, A., and R. Calderone. 1990. Purification and characterization of the
extracellular C3d-binding protein of Candida albicans. Infect. Immun. 58:
309-314.

Segal, E., A. Soroka, and N. Lehrer. 1984. Attachment of Candida to mam-
malian tissues—clinical and experimental studies. Zentralbl. Bakteriol. Hyg.
A257-265.

Sherwood, J., N. A. R. Gow, G. W. Gooday, D. W. Gregory, and D. Marshall.
1992. Contact sensing in Candida albicans: a possible aid to epithelial pen-
etration. J. Med. Vet. Mycol. 30:461-469.

Tosh, F. D., and L. J. Douglas. 1992. Characterization of a fucoside-binding
adhesin of Candida albicans. Infect. Immun. 60:4734-4739.

Tronchin, G., J. Bouchara, and R. Robert. 1989. Dynamic changes of the cell
wall surface of Candida albicans associated with germination and adherence.
Eur. J. Cell Biol. 50:285-290.

Wadsworth, E., S. C. Prasad, and R. Calderone. 1993. Analysis of manno-
proteins from blastoconidia and hyphae of Candida albicans with a common
epitope recognized by anti-complement receptor type 2 antibodies. Infect.
Immun. 61:4675-4681.



