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Four clones of the yeast Candida albicans, isolated on the basis of their tolerance to clotrimazole, were
compared with their parental strain in terms of growth, morphology, virulence, and cell surface complement
receptor activity. In a newly described synthetic medium, these clones, designated Cl, C2, N, and P, produced
germ tubes or pseudohyphae, but no true hyphae, in a pattern which was specific for each strain. The growth
of each clone at 37°C, under conditions which favor the filamentous growth form of the organism, was equal
to that of the parental strain (H12). The pathogenicity of each clone was tested in an intravenous mouse model.
None of the mice infected with the tolerant clones but all of the mice infected with H12 developed severe renal
candidiasis after infection with 1.4 x 106 to 2.0 x 106 CFU/ml. The number of CFU of each clone from the
mouse kidney was reduced about 3 or 4 orders of magnitude in comparison with the wild type. As a correlate,
we measured the complement receptor activity (CR2 and CR3) of each clone. The C3 ligands, iC3b and C3d,
were conjugated to sheep erythrocytes (E) sensitized with antibody (A) to the erythrocytes (EA). We found that
all tolerant clones showed reduced recognition of C3d-bearing sheep erythrocytes (EAC3d) in rosetting assays.
Clone P showed more than an 80% reduction in rosetting of EAC3d in comparison with H12 cells. In contrast,
recognition ofiC3b (EAiC3b) by each ofthe clones was similar to that by H12 cells. When dithiothreitol extracts
of clone P and H12 were compared by immunoblot, both quantitative and qualitative differences in reactivities
were observed with antibodies specific for the Candida C3d receptor and with antiserum from a patient with
chronic mucocutaneous candidiasis.

Several virulence factors have been proposed for the
pathogenic yeast Candida albicans. Conversion of blasto-
conidia to the hyphal morphology may be essential for
deep-tissue penetration (7, 30). In association with this
morphological transition, secretory protease (1, 22, 26, 29)
may also play an important role in tissue invasion. Adhesion
of the organism to host cells, an essential early part of the
infectious process, is mediated by cell surface mannopro-
teins (3, 8, 20). The Candida-host cell recognition system
appears to be complex; mannoproteins of the organism
recognize either fucosyl or glucosamine glycosides of epi-
thelial cells (8, 37) or arginine-glycine-aspartic acid-contain-
ing peptides (RGD) of endothelial cells or their extracellular
matrix proteins (21).

Strain specificity in C. albicans has been observed in
regard to adherence to epithelial cells; some strains recog-
nize N-acetylglucosamine instead of fucose residues (3, 8).
The Candida mannoprotein which is involved in the adher-
ence of the organism to epithelial cells thus possesses
lectin-like properties.
The adhesin(s) which recognizes RGD sequences is simi-

lar to the complement receptors (CR) of mammalian cells
(18, 28). In this regard, C. albicans expresses CR2- and
CR3-like proteins which recognize the C3 conversion prod-
ucts iC3b and C3d (3, 5, 9, 14, 15, 17, 25). Adherence to
endothelial cells may be mediated by the CR3-like protein of
this organism in that antibody to the mammalian CR3 as well
as RGD-containing ligands blocked adherence of the organ-
ism to cultured endothelial cells (15).
The purification and characterization of the CR-like pro-

teins have been pursued. A mannoprotein which recognizes
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C3d has been purified, by using both monoclonal antibody
and C3d-ligand affinity chromatography, from hyphae (5, 25)
and from culture media of hyphal cultures (34). Recent data
indicate that blastoconidia, although not expressing the
protein on their cell surface, possess an epitope at the level
of the plasma membrane which reacts with a monospecific
antibody to the Candida C3d-binding protein (or CR2) (19).
Immunoelectron microscopy (19) has been used to show that
the Candida CR2 is expressed during experimental disease;
also, lymphocytes from infected animals undergo blastogen-
esis when incubated in vitro with the purified CR2 (12),
indicating that the CR2 is expressed in vivo. The Candida
CR2 has a molecular mass of 60 kDa and reacts weakly in
Western immunoblot assay with antibody to the mammalian
CR2.
A protein of approximately 130 kDa has been shown to

react with antibody to the mammalian CR3 (10). Despite the
apparent differences in molecular mass, it is uncertain
whether a single protein or different proteins recognize iC3b
and C3d. Proteins of 60 and 68 kDa from the organism
recognize a variety of ligands including laminin, C3d, and
fibrinogen (38), similar to the mammalian CR3, which rec-
ognizes RGD-containing ligands as well as C3d.
An understanding of the role of these adhesins in virulence

can be achieved in part through the use of cell surface
mutants which are defective in their ability to express the
adhesins. In this regard, a cell surface mutant of C. albicans
which has reduced CR3-like activity (32) and is relatively
avirulent in animal models of endocarditis and vaginitis has
been reported (4, 24). However, studies with additional
strains are needed before correlates can be made in regard to
the role of the CR2 and CR3 of C. albicans in adherence and
virulence. In this report we describe the isolation and some
of the phenotypic properties of clotrimazole-tolerant clones
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of C. albicans with emphasis on their CR-like activity and
virulence.

MATERIALS AND METHODS

Strain. C. albicans H12 was isolated from the urine and
stool of a patient with systemic candidiasis.
Media and culture methods. For the isolation of clones,

yeast nitrogen base (YNB; Difco Laboratories, Detroit,
Mich.) plus 1.6% glucose (YNBG) was used. To produce
solid medium, 1% agar (agar no. 1; Unipath, Basingstoke,
England) was added. The medium (MTM) used for convert-
ing blastoconidia to hyphae combines previously described
transformation-inducing factors (2, 23, 27) including 1 g of
N-acetylglucosamine (Sigma Chemie GmbH, Deisenhofen,
Germany), 1 g of glucose (E. Merck, Darmstadt, Germany),
5 ml of nonessential amino acids, 5 ml of BME amino acids
without glutamine, 10 ml of glutamine (200 mM), and 1,000
ml of Dulbecco's phosphate-buffered saline (the last four
were obtained from Biochrom KG, Berlin, Germany). For
germination of blastoconidia, clones were preincubated on
YNBG agar slants at 27°C overnight in shake culture.
Kidney isolates were plated on Candida B plates (Biolo-
gische Arbeitsgemeinschaft, Lich, Germany).

Selection of mutants. We incubated 106 blastoconidia of C.
albicans H12 per ml in YNBG plus 32 or 128 ,ug of clotrim-
azole per ml at 37°C overnight. Subsequently, cells were
diluted (100, 10-1, 10-2, and 10-3), plated on YNBG, and
then incubated at 37°C for 4 days. Individual colonies were
isolated and subcultured several times on YNBG plates.
Germination of clotrimazole-tolerant clones and H12 was
evaluated by using MTM. Clones (Cl, C2, P, and N) which
underwent morphogenic conversion from blastoconidia but
did not form true hyphae were chosen for further study.
Animal model. The virulence of wild-type strain (H12) and

the clotrimazole-tolerant clones Cl, C2, N, and P was tested
in a systemic mouse model. Male B6D2F1 mice (Winkelman
GmbH & Co. KG, Borchen, Germany), weighing 20 g each,
were infected intravenously (via the tail vein) with a 0.2-ml
suspension of C. albicans containing 3 x 106, 1 x 107, or 3
x 107 blastoconidia per ml in YNB plus 2% glucose at 37°C.
The state of health of the mice (10 mice per treatment group)
was evaluated every day over a period of 21 days.

Kidneys from infected mice (five mice per treatment
group) were isolated under sterile conditions, pooled, and,
after the addition of deionized H20 to a final volume of 10
ml, homogenized with a Potter S homogenizer (B. Braun,
Melsungen, Germany). Dilutions of each homogenate were
plated on Candida B plates. The number of CFU of each
clone was determined after a 2-day incubation at 37°C.
Assay for iC3b and C3d receptors. Each clone was incu-

bated for 24 h in MTM at 37°C to induce its filamentous
phase (see above), washed three times in Veronal-sucrose
buffer containing 0.1% gelatin, and resuspended in the same
buffer for rosetting assays, all by previously published
methods (5, 25). Sheep erythrocytes (EA), coated with iC3b
(EAiC3b) or C3d (EAC3d), were incubated at 37°C with H12
or one of the clones (final volume, 100 ,ul). The percent
rosetting caused by each clone and H12 was determined by
counting 100 particles (hyphae or pseudohyphae) incubated
with either EAiC3b or EAC3d. A particle was counted as
receptor positive when more than eight EA bound per
organism (25). All experiments were repeated at least twice.

Preparation of DTT extracts. After conversion at 37°C in
MTM as described above, hyphae and pseudohyphae were
collected by filtration (Whatman no. 1 paper; Whatman Inc.,

Clifton, N.J.), washed extensively, and extracted with
dithiothreitol (DTT; Sigma Chemical Co., St. Louis, Mo.) as
described previously (36). The extracts were dialyzed exten-
sively for 48 h against distilled water and concentrated to
about 0.5 ml with Centriprep-10 concentrators (Amicon,
Beverly, Mass.). To inhibit protease activity, a cocktail of 1
mM EDTA, 1 ,uM leupeptin, and 0.2 mM AEBSF was
added. Protein concentration was determined with the
Coomassie protein assay reagent (Pierce, Rockford, Ill.).
SDS-PAGE and immunoblotting. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE; reducing
conditions) and immunoblotting were performed by estab-
lished procedures (6, 25, 32, 34) with a Minigel system
(Bio-Rad Laboratories, Richmond, Calif.) and 10% poly-
acrylamide. Each lane was loaded with a total of 1 ,ug of
protein. Either rabbit immunoglobulin G or a monoclonal
antibody (CA-A) to the C. albicans CR2 (25, 34) was used as
the primary antibody at a 1:1,500 dilution. Also, a serum
sample from a patient with chronic mucocutaneous candidi-
asis was used in immunoblotting at a 1:200 dilution (32).
Either anti-rabbit peroxidase or protein G-peroxidase (Bio-
Rad) in a 1:1,500 dilution was used a secondary antibody.
SDS-PAGE-separated proteins transferred to nitrocellulose
were stained with Aurodye (Amersham Corp., Arlington
Heights, Ill.).

RESULTS

Selection of clones. Wild-type C. albicans (H12) was incu-
bated in YNBG plus 32 or 128 ,ug of clotrimazole per ml at
37°C overnight. The cell suspension was diluted and trans-
ferred to YNBG agar plates. Approximately 90% of the cells
died after treatment at each concentration of clotrimazole.
Colonies, which first appeared at about 4 to 5 days, were
selected for further study if they resembled the colony
morphology of the parent strain. Following subculture onto
YNBG plates, a total of 116 colonies from cultures treated
with the lower concentration of clotrimazole (two separate
experiments) and 150 colonies from cultures treated with the
high concentration of clotrimazole (one experiment) were
isolated.
Approximately 60 clotrimazole-tolerant clones were

tested in MTM for their ability to form hyphae like the
wild-type H12. A total of six clones which did not form true
hyphae like parental cells but instead formed pseudohyphae
and germ tubes from blastoconidia were chosen for further
study. Of these six clones, two reverted to the H12 type of
true hyphae upon isolation from infected animals and re-
mained virulent following passage in vitro. The other four
clones (Cl, C2, N, and P) were investigated further. Cl, C2,
and N were selected from low-dose clotrimazole treatment,
whereas clone P was derived from incubation at the higher
concentration of clotrimazole.
Morphology of the wild type and clones in MTM. Blasto-

conidia of H12 and clones Cl, C2, N, and P were cultured on
YNBG slants for 2 days at 27°C. When transferred to MTM
at 37°C, H12 began to form germ tubes within 2 h. Short
hyphae and large mycelial aggregates were formed after 7
and 24 h, respectively. Clones Cl, C2, N, and P differed
from H12 in their pattern of conversion. Cl formed predom-
inantly germ tubes but did not form hyphae even after 48 h at
37°C. Clones C2, N, and P converted to different percent-
ages of pseudohyphae and germ tubes. All clones and H12
grew in MTM at 24°C as blastoconidia. The morphology of
H12 and the clotrimazole-tolerant clones is shown in Fig. 1.
The growth of each clone was determined in either serum
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FIG. 1. Microscopic view of C. albicans H12 and clotrimazole-tolerant clones after overnight incubation in MTM at 37°C. (a) H12; (b) Cl;
(c) C2; (d) N; (e) P. Magnification, x1,062.5.

or MTM at 37°C for 24 to 72 h, conditions which induced
morphogenic conversion. Growth was measured as either
total-cell protein per culture or viable units (CFU per milli-
liter of medium). In both media and with either parameter,
the growth of each clone was similar if not identical to that of
H12 cells (data not shown).

Virulence of the wild type and clones. The virulence of C.
albicans Cl, C2, N, and P in comparison with H12 was
tested in a mouse model by intravenous infection of male
B6D2F1 mice with several doses of the organism. Of 10
animals infected with H12 at the lowest infection dose (0.4 x
106 CFU per mouse), 7 died within 21 days postinfection.
After infection with 1.4 x 106 CFU per mouse, all mice died
overnight. Clones Cl and C2 showed no virulence in this
model even at the highest dose (4.4 x 106 CFU per mouse).
Similarly, clone P did not cause mortality at any of the
doses. Mice infected with clone N all died within 6 days

when infected with 6.6 x 106 CFU per mouse, but at lower
doses clone N did not cause death in any treatment group.
The data obtained for each clone from one of three experi-
ments are shown in Table 1. Similar data were obtained for
the other two experiments.

Colonization of mouse kidneys. Since the kidney is one of
the main target organs in mice infected intravenously with
Candida species (4, 35), we determined the number of
organisms (CFU per kidney) from the kidneys of animals
infected with H12, Cl, C2, N, and P. The number of
organisms was determined at 10 min, 4 and 7 h, and 1, 2, 4,
7, 11, 14, and 21 days after infection. The number of Candida
organisms isolated from the kidneys of animals infected with
H12 and each clone at 10 min postinfection was nearly the
same (around 104 CFU per kidney), data which probably
represent trapping of the organism by the kidneys. Subse-
quently (within the first 7 h), a decrease in the CFU per
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TABLE 1. Pathogenicity of C. albicans H12, Cl, C2, N, and P in
an intravenous systemic murine model

No. dead/no. infected with infection dose
Clone (CFU/mouse) of:

0.6 x 106 2 x 106 6 x 106

H12 7/10 10/10" 10/10C
C1 0/10 0/10 0/10
C2 0/10 0/10 0/10
N 0/10 0/10 10ll0d
P 0/10 0/10 0/10

a The numerator represents the number of mice dead at 21 days postinfec-
tion, except as indicated below.

b All mice dead 5 days postinfection.
All mice dead 1 day postinfection.

d All mice dead 6 days postinfection.

kidney was observed for all strains; however, with H12 cells
only, an increase in this value was observed within the first
2 days following infection, reaching a maximum of 107 CFU
per kidney 12 days postinfection (Fig. 2). Clones Cl, C2, and
P showed a rapid decrease in CFU from the kidneys, so that
the total number of organisms isolated from the kidneys was
reduced by more than 3 orders of magnitude in 10 days
compared with the number of H12 organisms (Fig. 2). Clone
N also showed a decrease in CFU within the first 2 days.
Then the number of CFU of clone N increased over time but
never reached the levels of the H12 isolate. At 21 days and
6 weeks postinfection, 2 x 102 (Fig. 2) and less than 1 x 102
(data not shown) CFU per kidney, respectively, were recov-
ered from animals infected with clone N. These data indicate
that on the basis of mortality and tissue load of the organism,
differences in virulence were observed among these clones.

Ability of C. albicans to cause rosetting of EAiC3b and
EAC3d. The ability of filamentous forms of both H12 and the
clotrimazole-tolerant clones (N, P, Cl, and C2) to cause
rosetting of EAiC3b and EAC3d was studied. The results of
the rosetting experiments are shown in Fig. 3. All data are
compared with results for H12 cells, which are expressed as
100% rosetting. Rosetting with H12 (expressed as the per-
centage of hyphae with adhering EA) was 94.3% + 4.5% for
EAiC3b and 77.0% + 4.3% for EAC3d. Clones Cl, C2, and

log CFU/kidney
7'1

< 2 1\*/ ....*1"""---;-;.

6 8 10 12 14 16 18 20
days post-nfectlon

FIG. 2. Quantitation (CFU per kidney) of C. albicans H12 (x),
Cl (El), C2 (0), N (+), and P (*) from the kidneys of infected mice.
The infection dose was 2 x 105 CFU per mouse.

C1 C2 N P

FIG. 3. Ability of C. albicans clones Cl, C2, N, and P to cause
rosetting of EAiC3b and EAC3d. The wild type (H12) is indicated as
causing 100% rosetting. Rosetting (percentage of hyphae with
EAiC3b or EAC3d) caused by H12 is 94% ±+ 2.3% and 77% ± 3.2%
for EAiC3b and EAC3d, respectively. The cells were grown in
MTM at 37'C overnight.

N did not show a significant reduction in their ability to
recognize EAiC3b, whereas strain P showed a 33% reduc-
tion of binding in comparison with the H12 cells. The ability
of all clones to cause rosetting of EAC3d was lower than that
of H12 cells. The percentage of rosetting with clones Cl and
C2 was 49.3% + 1.7% and 49.3% ± 4.1%, respectively,
whereas that for mutant N was 36.7% + 5.3%. A drastic
reduction in the rosetting of EAC3d with clone P was
observed: in comparison with H12, rosetting of EAC3d with
clone P was reduced by more than 80% (13.3% ± 4.6%).
Although clone P appeared to lack a functional C3d-

binding protein by the rosetting assay, we also sought to
determine whether a functional protein could be found in
extracts of the organism. For these experiments, either
EAiC3b or EAC3d was preincubated with DTT extracts of
H12 or P (50 ,ul; 30 ,g of protein per ml). Subsequently, H12
hyphae were added to the mixture, and the rosetting was
determined. With both extracts, we found a reduction in
EAC3d rosetting with H12 hyphae. The reduction with the
extract from H12 cells (51% ± 4%) was significantly higher
than with the extract from P cells (40% ± 4%; data not
shown). Rosetting of EAiC3b by H12 cells was inhibited
equally by extracts of either H12 or P cells.

Immunoblotting. D1T extracts were separated by SDS-
PAGE, transferred to nitrocellulose paper, and blotted with
a monospecific rabbit immunoglobulin G to the C. albicans
C3d-binding protein. This antibody was chosen for study
since we found that it blocked the rosetting of EAC3d when
preincubated with hyphae of H12 (51% inhibition of roset-
ting; data not shown). In addition, in Western blot analyses
of both extracts we used both a monoclonal antibody to the
Candida CR2 (CA-A) and a serum sample from a patient
with chronic mucocutaneous candidiasis. Both the CA-A
and patient serum blocked rosetting by wild-type C. albicans
(25, 32). Western blots of extracts from H12 and P are shown
in Fig. 4. Mutant P was selected for study because of its low
level of rosetting of EAC3d. Proteins of 94, 68, 60, 50, and 31
kDa showed strong reactivity to the monospecific antibody
(Fig. 4A). Differences between the extracts were observed.
With the extract from clone P, the 94-, 60-, and 50-kDa bands
showed less intensity while the 31-kDa protein reacted to a
greater extent with the antibody (Fig. 4A, compare lanes 1
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FIG. 4. Immunoblots of D1T extracts from wild-type H12 and
mutant P. (A) Monospecific anti-Candida CR2 antibody. Lanes 1
and 3 contain P, and lanes 2 and 4 contain H12; lanes 1 and 2
represent a 1:5 dilution of antigen used in lanes 3 and 4. (B) Human
antiserum from a patient with chronic mucocutanous Candida
mycoses; lane 1 contains P, and lane 2 contains H12. (C) Monoclo-
nal anti-Candida CR2 antibody (CA-A); lane 1 contains P, and lane
2 contains H12.

and 3 with lanes 2 and 4). A doublet of 69 and 68 kDa was
visible only in the H12 extract (Fig. 4A, compare lanes 2 and
4 with lanes 1 and 3). Western blots with the human
antiserum also showed significant differences between H12
and P (Fig. 4B). Proteins of 68, 37 and 35 kDa were observed
only from H12 extracts, whereas proteins of 60 and 50 kDa
were quantitatively more reactive from H12 extracts. The
31-kDa protein appeared to be more reactive from P ex-

tracts, similar to that observed with the monospecific serum

(Fig. 4A, lanes 1 and 3). In Fig. 4C, reactions of the DTT
extracts with CA-A are shown. A 68-kDa protein was
observed only from H12 cells. The 60-kDa protein from H12
cells may be more reactive.

DISCUSSION

Several approaches have been used to isolate cell surface
mutants of C. albicans (4, 39). Calderone et al. (4) isolated
cerulenin-resistant, spontaneous mutants of C. albicans, one
of which (m-10) was impaired in its ability to adhere to a
variety of host cells in vitro, was avirulent in endocarditis
and vaginitis models (4, 24), and had significantly reduced
levels of iC3b binding (31). On the basis of this rather limited
analysis of strains with impaired iC3b binding, one might
suggest that this protein is essential for virulence. More
recently, Whelan et al. (39) isolated several cell surface
mutants of C. albicans by nonagglutination with a hyperim-
mune rabbit antiserum against wild-type cells. Each of four
mutants tested caused reduced levels of rosetting of either
EAiC3b or EAC3d (39). Correlations with CR activity and
virulence were not possible because virulence studies were

not completed, although one of the mutants was as virulent
as the parent in a rabbit model of systemic disease (39).
More recently, Ghannoum has reported that polyene- and

azole-resistant strains of C. albicans did not adhere as
readily to human buccal epithelial cells as wild-type cells did
(13). The virulence of the nonadhering strains was not
determined.
Odds et al. found that azole antibiotics could inhibit the

conversion from blastoconidia to hyphae in C. albicans and
used this property of azoles to study the role of hyphal forms
of the organism in virulence (31). In the present study, we

were able to isolate clones which could grow in the presence
of high concentrations of azole and were still able to convert
from blastoconidia to pseudohyphae or form germ tubes
following incubation with clotrimazole overnight. Interest-
ingly, these clones are not more resistant to clotrimazole
than are H12 cells, since MIC studies showed that the
growth of H12 and clones was inhibited in different media at
concentrations of approximately 1 ,ug of clotrimazole per ml
(11).
The growth of each clone under conditions which favor

morphogenic conversion was similar to that of H12 cells.
Although each clone grew to the same extent as H12, the
pattern of growth was different from that of H12 and was
clone specific. Clone P, for example, produced abundant
pseudohyphae and germ tubes but did not produce true
hyphae like H12. The association of hyphal formation with
virulence in C. albicans is unclear (7, 33, 35). Shepherd
isolated nitrosoguanidine-derived mutants which formed
only blastoconidia or hyphae (35). He compared their viru-
lence in an intravenously infected mouse model and con-
cluded that each mutant could invade the host. In other
experiments, Ryley and Ryley compared the virulence of the
same strains with that of strain MM2002, which produced
blastoconidia but only a few hyphae in vitro (33). They found
that strain MM2002 was just as virulent for mice as its
wild-type, germinative strain was, and they concluded that
hyphae are not required for the initiation of lesion formation
in the kidneys.

In C. albicans, surface mannoproteins (6), adhesins (3),
and hydrophobicity proteins (16) are differentially expressed
depending on the morphological form. Since our clones
differed in their growth form at 37°C in MTM, we measured
the CR activity of each clone by using EAiC3b and EAC3d.
Since an association of CR3 activity with adherence of the
organism to endothelial cells (15) and virulence in animal
models (4, 24) has been observed, we reasoned that our
clones may have reduced CR activity.
Each of the clones caused reduced levels of rosetting of

EAC3d but wild-type levels of rosetting of EAiC3b. The
extent of the reduction in rosetting of EAC3d was strain
specific. Of the four clotrimazole-tolerant clones tested,
clone P caused the least rosetting of EAC3d, and for this
reason it was selected for immunoblot studies. DTT extracts
of both H12 and P were prepared, electrophoresed, and
transferred to nitrocellulose. Using a monospecific antibody
and a monoclonal antibody to C. albicans CR2, we observed
a quantitative loss in reactivity of both the 50- and 60-kDa
proteins from strain P compared with H12. In comparison,
the 31-kDa protein, visualized only with the monospecific
antibody, was observed in the DTT extract of strain P.
Immunoblotting with a patient serum sample revealed sev-
eral differences in protein profiles. Proteins of 68, 48, 45, and
40 kDa were observed only in H12 cells. Quantitative
changes in the 60- and 50-kDa proteins were also seen, as
described above for other antibodies. The reduced activity
with the 60-kDa protein is similar to that reported with other
cell surface mutants (39).

Since each of the clotrimazole-tolerant strains is avirulent
in a murine model of systemic candidiasis, there is a sugges-
tion that C3d recognition is associated with the ability of the
organism to cause infection by intravenous inoculation.
Interestingly, C. albicans m-10, which has reduced levels of
iC3b binding but normal levels of C3d binding and is aviru-
lent in endocarditis and murine vaginitis models (4, 24), is
virulent when injected intravenously in mice (unpublished
data). Therefore, in this model the presence or absence of an
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iC3b-binding protein is irrelevant to virulence. However,
decreased expression of the C3d-binding protein is associ-
ated with reduced infectivity in the intravenous murine
model of systemic Candida mycosis. That C. albicans could
have multiple virulence factors is not surprising when one
considers the variety of infections caused by this organism
and the selective pressures encountered during its coloniza-
tion and growth in different tissues.
Although only the morphologic and CR phenotypes have

been described, other properties of the four clones have
been examined (lla). Clones Cl and C2 have reduced lipase
activity and therefore would appear to be different from
clones P and N. All clones discussed in this communication
produce protease at the same level as do H12 cells. Like-
wise, each of the clones is killed by human neutrophils to a
significantly greater extent than is H12 (25a).
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