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A monoclonal antibody (MAb) to Candida albicans (MAb B6.1) that protects against candidiasis and the
nonprotective MAb B6 were compared for ability to support neutrophil (polymorphonuclear leukocyte [PMN])
candidacidal activity. Both MAbs are immunoglobulin M, and each recognizes distinct C. albicans mannan cell
wall determinants. PMN candidacidal activity was assessed by transmission electron microscopy and by an in
vitro killing assay. The results indicated that MAb B6.1, but not MAb B6, enhances ingestion and killing of
yeast cells by PMN in the presence of serum complement.

In previous studies, we described two monoclonal antibodies
(MAbs), MAb B6.1 and MAb B6 (7, 8). Both of these anti-
bodies are immunoglobulin M and both agglutinate Candida
albicans cells, but MAb B6.1 enhances protection against dis-
seminated candidiasis and MAb B6 does not protect. The
MAbs are specific for epitopes within the Candida phospho-
mannan complex (PMC); MAb B6.1 is specific for an epitope
in the acid-labile part of the PMC, and MAb B6 is specific for
the acid-stable part (9). The acid-labile and acid-stable termi-
nology is in accordance with the PMC model as proposed by
Shibata et al. (19). We have begun to investigate the mecha-
nism(s) that might explain why MAb B6.1 is protective but
MAb B6 is not.

The well-established importance of neutrophils (polymor-
phonuclear leukocytes) (PMNs) in host defense against dissem-
inated candidiasis (1, 4) stimulated us to investigate whether
these MAbs affect the candidacidal activity of mouse PMNs.
Although we have shown that MAb B6.1 protects neutropenic
mice against disseminated candidiasis, it is important to point
out that the neutropenic animals were about 10 times more
susceptible to disease than normal mice (8). We hypothesized
that under neutropenic conditions, macrophages may play a
dominant role in host defense against C. albicans. We observed
by use of transmission electron microscopy and an in vitro
phagocyte candidacidal assay developed in our laboratory (3)
that MAb B6.1 enhances uptake and killing of ingested yeast
cells by mouse PMNs.

C. albicans A9 (serotype B), previously well described (7,
13), was used throughout the experiments. The fungus was
grown as yeast forms to stationary phase in glucose (2%)–yeast
extract (0.3%)–peptone (1%) broth for 24 h at 37°C as de-
scribed before (7, 13). Yeast forms were harvested by centrif-
ugation, washed three times in deionized water, and adjusted
to a concentration of 105 cells per ml of RPMI 1640 medium
(Sigma Chemical Co., St. Louis, Mo.) containing 25 mM
HEPES buffer (pH 7.4) without antibiotics. Peritoneal-exudate
cells were obtained from 5 week-old female BALB/cByJ mice
(Jackson Laboratories, Bar Harbor, Maine) 3 h after an intra-
peritoneal administration of 2.5 ml of 0.5% glycogen (Sigma)

in Dulbecco’s phosphate-buffered saline (DPBS) (Sigma Chem-
ical Co., St. Louis, Mo.) as described elsewhere (3). PMNs
accounted for at least 75% of the peritoneal-exudate cell pop-
ulation.

MAbs B6 and B6.1 were produced commercially (Montana
Immunotech Inc., Bozeman, Mont.) in serum-free medium
(HB101; Irvine Scientific, Santa Ana, Calif.), concentrated by
50% ammonium sulfate precipitation, and suspended and di-
luted in DPBS. The final concentration of the two MAbs, as
estimated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis, Western blot analysis, and protein determination
(7, 8), were 3.5 and 3.4 mg of MAb/ml for MAb B6.1 and MAb
B6, respectively. At these concentrations, the agglutinin titers
against Candida mannan-coated latex beads (7, 13) were 1,280
for MAb B6.1 and 640 for MAb B6. For these experiments, the
MAbs were diluted in DPBS and tested at 1,700, 13.6, 3.4, and
0.9 mg/ml.

For electron microscopic analysis, C. albicans cells were ex-
posed to a 1/500 dilution of either antibody in the presence of
10% fresh normal mouse serum (FMS) and the suspension was
added to PMNs on polyethylene rectangles and incubated for
either 30 or 60 min at 37°C. Each preparation was rapidly fixed
by freeze substitution methods, as described by others (10, 12),
but with minor modifications. Briefly, 30-ml volumes of mouse
PMNs (107 cells per ml of RPMI-HEPES medium with 10%
FMS) were placed on the surfaces of rectangles (5 by 7 mm)
cut from polyethylene gloves (Fisher brand Poly Gloves; Fisher
Scientific, Pittsburgh, Pa.) and incubated for 2 h at 37°C to
allow the PMNs to adhere to the polyethylene. Fluid was
carefully removed by wicking with Whatman no. 1 filter paper.
Thirty-microliter volumes of a yeast cell suspension (106 cells
per ml of RPMI-HEPES medium with 10% FMS) containing
either MAb B6 or MAb B6.1 were added to the PMNs on the
polyethylene and incubated for either 30 or 60 min at 37°C. For
serum controls, heated (56°C, 30 min) FMS was used instead
of untreated FMS. After the incubation, the cells on the poly-
ethylene rectangles were immediately plunged into liquid pro-
pane at approximately 2190°C. The rectangles were trans-
ferred to substitution fluid consisting of 2% osmium tetroxide
and 0.05% uranyl acetate in anhydrous acetone (high-perfor-
mance liquid chromatography grade; J. T. Baker Chemicals)
for 72 h at 280°C and then incrementally brought to 220°C for
2 h, 4°C for 1 h, and room temperature. The specimens (i.e.,
the cells on the polyethylene rectangles) were washed three
times in anhydrous acetone and embedded in Epon 812-
Araldite 6005 epoxy resin between 2 microscope slides previ-
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ously coated with two layers of Teflon (Fluoroglide; Electron
Microscopy Sciences, Fort Washington, Pa.). The thin layer of
epoxy resin-embedded cells was removed from the slides,
mounted with epoxy resin onto epoxy stubs, and sectioned

longitudinally into ultrathin sections 60 to 80 nm thick. The
sections were stained with 2% uranyl acetate for 15 min and
lead citrate for 2 min and examined with a JEOL 100CX
transmission microscope operated at 80 kV. Ultrastructural

FIG. 1. Transmission electron microscopic evidence that MAb B6.1 enhances the candidacidal activity of mouse PMNs. Freeze-substituted PMNs containing
phagocytosed C. albicans cells were pretreated with MAb B6 (A and B) or MAb B6.1 (C and D) in the presence of 10% FMS. Note that in the MAb B6-treated sample,
one of the two ingested yeast cells in contact with the PMN for 30 min (A) appeared to be dead. At 60 min, five MAb B6-treated yeast cells were ingested by a PMN
(B), but only one appeared to have been killed. For MAb B6.1-treated yeast cells phagocytosed by PMNs, at 30 min each PMN contained at least two yeast cells. Many
of the captured yeast cells appeared dead (C). By 60 min of incubation, all of the MAb B6.1-treated yeast cells captured by the PMN showed evidence of damage (D).
Bars, 2 mm.
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features of phagocytosed yeast cells were examined. A combi-
nation of the following criteria was used to define dead yeast
cells: (i) evidence of granular cytoplasm and electron-translu-
cent areas containing numerous membranous structures and
no cellular organelles, (ii) evidence of collapsed cell structures
resulting in highly irregular cell borders, and (iii) evidence of a
disrupted cell wall. In addition, the number of internalized
yeast cells per PMN for each time period was counted and the
means and standard deviations of the numbers of dead and live
cells were determined.

An in vitro PMN candidacidal assay was adapted from our
previous study (3). Two hundred microliters of the mouse
PMN suspension was added to each of 96 flat-bottomed wells
in microtiter plates (Corning, New York, N.Y.), and the plates
were incubated for 2 h at 37°C to allow PMN adherence. While
the plates were incubating for 2 h, C. albicans yeast forms were
suspended in RPMI-HEPES medium (pH 7.4) in the presence
of MAb B6.1 or MAb B6 and incubated for 30 min on ice. The
yeasts were washed three times in RPMI-HEPES medium and
suspended in RPMI-HEPES medium containing 10% un-
treated FMS or 10% heat-inactivated FMS. At the end of the
2-h incubation, fluid from the microtiter plate wells was dis-
carded, 0.2 ml of the appropriate yeast cell suspension was
added to each well to give a PMN/yeast cell ratio of 10:1, and
the plate was incubated for 60 min at 37°C. After 60 min of
incubation, the fluid was discarded, 0.2 ml of molten (43°C)
cornmeal agar (Difco) was added to each well, and the plates
were incubated for an additional 1 h at 37°C. Viability was
expressed as the average number of germinating forms that
developed in each well, as described previously (3). All tests
were performed in triplicate, and each experiment was run on
three separate occasions. The statistical significance of differ-
ences between the effects of MAb B6.1 and MAb B6 was
determined by the Fisher exact test.

The ultrastructures of MAb B6- and MAb B6.1-treated yeast
cells, which were phagocytosed after 30 and 60 min of contact
with PMNs in the presence of 10% FMS, were compared (Fig.
1). Ultrastructural characteristics were observed on sections
from 27 different PMNs that ingested yeast cells in the pres-
ence of MAb B6.1 and 26 different PMNs that ingested yeast
cells in the presence of MAb B6. Figure 1 shows typical results
from each. For yeast cells treated with MAb B6 (Fig. 1A and
B), there was a mixture of apparently healthy and dead cells
within PMNs. By comparison, cells treated with MAb B6.1
showed an increase in the number of ingested dead yeast cells
(Fig. 1C and D). At 30 min of contact, each ingested yeast cell
was found in an individual phagosome, whereas at 60 min of
contact, most of the ingested cells (up to seven) were found
within a single phagosome (Fig. 1B and D). The number of
pseudopodia developed by PMNs also appeared to decrease
after 60 min of contact with the yeast cells. When heat-inacti-
vated FMS was used, no differences were observed between
MAb B6.1-treated cells and MAb B6-treated cells with respect
to both ultrastructural changes and number of yeast cells in-
gested (data not shown). These data suggested that MAb B6.1
promotes enhanced PMN candidacidal activity, but the en-
hanced activity appeared to be complement dependent.

To confirm that MAb B6.1 enhances PMN candidacidal
activity, we tested the antibodies in an in vitro PMN candi-
dacidal assay. When yeast cells were preopsonized with 10%
FMS, the killing efficiency of PMNs was markedly enhanced at
all concentrations of MAb B6.1 tested (Fig. 2). Regardless of
the concentration used, MAb B6 did not significantly affect the
killing activity of the PMNs. These results were reproduced in
two additional independent experiments (data not shown). In
the absence of antibodies, untreated FMS supported greater

candidacidal activity by PMN than did heat-inactivated FMS
(Fig. 2). As in the ultrastructural studies, in the presence of
heated serum, neither MAb enhanced candidacidal activity
beyond the baseline killing effected by fresh serum alone (data
not shown). These data suggest that complement is essential
for the ability of MAb B6.1 to enhance PMN candidacidal
activity.

The apparent complement dependency of the MAb B6.1-
enhanced PMN candidacidal activity may explain, at least in
part, why MAb B6.1 is protective against disseminated candi-
diasis in normal mice. Whereas many investigators (6, 15–18)
have documented alternative complement cascade activation
by C. albicans, Kozel et al. (15) studied the kinetics of C3
deposition on the surface of the fungus. Several minutes are
required for significant C3 deposition by the alternative com-
plement cascade, but antibody-mediated classical complement
activation occurs within 1 to 2 min. We propose that during
initiation of fungemia, a protective antibody induces very rapid
complement opsonization, which results in an association of
yeasts with host phagocytes. Nonprotective antibodies may
lead to slower complement activation kinetics. The fungal cell
may then become associated with host sites that are more
favorable for the fungus, such as extracellular matrix proteins
or endothelial cells (2, 5, 11, 14). Related to this hypothesis,
MAb B6.1 has been found to cause an almost 10-fold faster
activation of complement on the Candida cell wall than MAb
B6 (20).
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FIG. 2. MAb B6.1 enhances the candidacidal activity of mouse PMNs, as
demonstrated by an in vitro assay. Mouse PMNs and yeast cells at a ratio of 10:1
were allowed to interact in the presence of MAb B6.1 or MAb B6 at various
concentrations. The index of viability is the percentage of cells that formed germ
tubes. Sets A to E, respectively, represent no addition of antibodies and 0.9, 3.4,
13.6, and 1,700 mg of antibodies/ml. White bar, heat-inactivated FMS was used;
hatched bar, no antibodies were added and untreated FMS was used; black bars,
MAb B6.1 was added; gray bars, MAb B6 was added. For all black and gray bars,
untreated FMS was used. The results from one of three individual experiments
are shown; variance bars show standard errors. Statistical probabilities of signif-
icance are as follows: P , 0.0001 for MAb B6.1 versus MAb B6 at 1,700 mg/ml;
P , 0.0291 for MAb B6.1 versus MAb B6 at 13.6 mg/ml.
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