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Our previous studies showed that Blastomyces dermatitidis yeast activates the human complement system,
leading to deposition of opsonic complement fragments onto the yeast surface. This report examines the
influence of altered surface expression of glucan or BAD1 protein (formerly WI-1) on the yeast’s ability to
activate and bind C3. Compared to the wild type, a glucan-deficient mutant yeast delayed initiation of C3
deposition and reduced C3-binding capacity by 50%. Linkage of baker’s-yeast �-glucan to the glucan-deficient
yeast restored initial C3 deposition kinetics to the wild-type level and partially restored C3-binding capacity,
suggesting that �-glucan is an initiator of complement activation and a C3 acceptor. The role of BAD1 in B.
dermatitidis yeast-complement interaction was also assessed. BAD1 knockout yeast initiated faster C3 deposi-
tion and increased C3-binding capacity compared to the wild-type yeast or a BAD1-reconstituted yeast,
suggesting either a lack of an intrinsic ability in BAD1 or an inhibitory role of BAD1 in complement activation
and binding. However, both complement activation and the capacity for C3 binding by the wild-type yeast were
enhanced in normal human serum supplemented with an anti-BAD1 monoclonal antibody (MAb) or in
immune sera from blastomycosis patients. Microscopic analysis revealed that more initial C3-binding sites
were formed on yeast in the presence of both naturally occurring complement initiators and exogenous
anti-BAD1 MAb, suggesting that anti-BAD1 antibody enhanced the ability of B. dermatitidis yeast to interact
with the host complement system. Thus, glucan and BAD1 have distinctly different regulatory effects on
complement activation by B. dermatitidis.

Blastomyces dermatitidis is the etiological agent of blastomy-
cosis, which is one of the principal endemic systemic mycoses
of humans and other mammals (22). Host defense mechanisms
against B. dermatitidis infection include the complement sys-
tem. Complement promotes attachment of human phagocytes
to B. dermatitidis and is required for neutrophil-mediated kill-
ing of B. dermatitidis yeast (5). Our previous studies showed
that B. dermatitidis yeast cells activate the human complement
system via both the classical and alternative pathways, leading
to deposition of C3b and iC3b complement fragments on the
yeast surface (26). Furthermore, we found that naturally oc-
curring anti-�-glucan antibodies promote activation of the
classical complement pathway by the yeast (26). How yeast cell
surface structures modulate the yeast’s ability to interact with
the human complement system remains unknown.

The cell surface of B. dermatitidis yeast is associated with a
dynamic array of proteins and carbohydrates. Prominent
among them are glucan and surface protein BAD1, formerly
termed WI-1 (21), both of which have been implicated as
virulence factors (2, 10). About 95% of the glucan components
are �-glucan, and the remainder are �-glucan (8). BAD1 is a
120-kDa immunodominant antigen; it is also an adhesin that
binds the yeast to CD14 and complement receptors (13, 19).
Both human patients with blastomycosis and mice vaccinated

with purified BAD1 develop strong humoral and cell-mediated
immune responses to BAD1 (13, 15, 25). Vaccinated mice are
more resistant than unvaccinated controls to experimental pul-
monary blastomycosis (25).

In this study, we investigated the roles of glucan and BAD1
in activation of the human complement system by B. dermati-
tidis yeast. The goals of our study were (i) to assess the effect
of surface �-glucan on the kinetics of C3 deposition, (ii) to
determine the role of surface BAD1 in activation of the com-
plement system, and (iii) to determine the effect of anti-BAD1
antibody on the kinetics of C3 deposition. Our findings dem-
onstrate that surface glucan and BAD1 have distinctly different
regulatory roles. �-Glucan supports complement activation,
whereas BAD1 is not required for activation of either the
classical or the alternative complement pathway and appears
to retard complement activation. However, anti-BAD1 anti-
body markedly enhances the ability of the yeast to activate the
human complement system.

MATERIALS AND METHODS

B. dermatitidis strains. American Type Culture Collection (Manassas, Va.)
strains 26199 and 60916 were used in this study. Strain 26199 was originally
isolated from a human patient, and strain 60916 was derived from strain 26199
through serial passages (3). Yeast cells of strain 26199 express both glucan and
BAD1, whereas yeast cells of strain 60916 express undetectable amounts of
�-glucan (7), much less �-glucan (M. X. Zhang and B. S. Klein, unpublished
data), and 5 to 10 times more BAD1 than do those of the parental strain (11). B.
dermatitidis 55 was derived from strain 26199 by targeted disruption of the BAD1
gene, and B. dermatitidis strain 4-55 was derived from strain 55 by reconstitution
of BAD1 through gene transfer (2). All isolates were grown in the yeast form on
Middlebrook 7H10 agar medium containing oleic acid-albumin complex (Sigma

* Corresponding author. Present address: Department of Biological
Sciences, California State University—Long Beach, 1250 Bellflower
Blvd., Long Beach, CA 90840. Phone: (562) 985-4819. Fax: (562)
985-8878. E-mail: mzhang2@csulb.edu.

7559



Chemical Co., St. Louis, Mo.) at 37°C for 72 h. Yeast cells were then collected,
washed in phosphate-buffered saline (PBS; 1.9 mM NaH2PO4, 8.1 mM
Na2HPO4, 154 mM NaCl, pH 7.2), heat killed at 60°C, and stored in PBS–0.05%
azide at 4°C (26).

Linkage of glucan to the yeast surface. Glucan purified from baker’s yeast
(Saccharomyces cerevisiae) (catalog no. G5011) was purchased from Sigma, St.
Louis, Mo. Glucan was linked to B. dermatitidis 60916 by using the 1.82-nm
cross-linker Sulfo-SANPAH (SPH; Pierce, Rockford, Ill.) in accordance with the
manufacturer’s instructions, with minor modifications. Briefly, 5 mg of glucan
was solubilized in 450 �l of 1 N NaOH at 60°C for 30 min, cooled to room
temperature, treated with 450 �l of 1 N HCl and 450 �l of 0.2 M sodium
phosphate buffer (pH 7.3) at 4°C for 18 to 36 h, and centrifuged to remove
insoluble material. Cross-linker SPH was conjugated to the yeast surface in a
siliconized microcentrifuge tube containing 500 �l of 0.5 mM SPH and 5 � 105

heat-killed B. dermatitidis 60916 yeast cells that were rocked in the dark for 30
min at room temperature. Cross-linker-treated yeast cells were washed three
times with PBS and resuspended in 600 �l of soluble glucan. Glucan molecules
were conjugated to yeast-attached cross-linkers by use of UV irradiation at 365
nm for 20 min. In a flow cytometry analysis, rabbit anti-�-glucan serum (20) (a
generous gift of D. M. Schmatz, Merck Laboratories, Rahway, N.J.) and fluo-
rescein isothiocyanate (FITC)-conjugated goat anti-rabbit antibody detected an
approximately 30% gain in mean channel fluorescence in glucan-treated 60916
yeast cells compared to that of untreated 60916 yeast cells or yeast cells treated
with the cross-linker alone.

Serum and serum proteins. C3 was isolated from frozen human plasma (Reno
Blood Services, Reno, Nev.) (17, 23) and labeled with 125I by use of Iodogen
reagent (Pierce) (6). Pooled normal human serum (NHS) was prepared from
peripheral blood collected from at least 10 normal donors with no history of
blastomycosis and was stored at �80°C. Yeast-absorbed serum was prepared by
incubation of NHS twice, each time with 108 26199 yeast cells for 1 h on ice with
frequent mixing, followed by centrifugation to separate the serum from the yeast.
Yeast-absorbed serum was filtered through a 0.45-�m-pore-size filter and used
immediately. The concentration of absorbed serum was corrected for the dilution
that occurred during the absorption procedure. Sera from patients with blasto-
mycosis were collected and stored, and the presence of serum anti-BAD1 anti-
bodies was confirmed as previously described (13).

Quantitative analysis of C3 binding using 125I-labeled C3. Binding of C3 to B.
dermatitidis yeast cells was analyzed by the procedure of Kozel et al. (18). Briefly,
each complement-binding medium contained (i) 40% nonabsorbed NHS, yeast-
absorbed NHS, or sera of blastomycosis patients and (ii) 125I-labeled C3 suffi-
cient to provide a specific activity of 50,000 cpm/�g of C3 for the mixture of
labeled and unlabeled C3 in the serum (assuming that NHS contains 1,200 �g of
C3/ml). To study classical pathway activation, the binding medium contained
GVB2� buffer (sodium Veronal [5 mM]-buffered saline [142 mM], pH 7.3,
containing 0.1% gelatin, 1.5 mM CaCl2, and 1 mM MgCl2). To study alternative
pathway activation, the medium contained GVB-Mg-EGTA (sodium Veronal [5
mM]-buffered saline [142 mM], pH 7.3, containing 0.1% gelatin, 5 mM EGTA,
and 5 mM MgCl2); EGTA chelates calcium, which is needed for classical path-
way activity. In some experiments, MAb DD5-CB4, specific for a 25-amino-acid
tandem repeat contained in BAD1 (12), was added to the binding medium prior
to addition of the yeast cells. The reaction medium was warmed to and kept at
37°C, and 106 yeast cells per ml of reaction medium were added to initiate C3
binding. To study C3 deposition kinetics, 50-�l samples were withdrawn in
duplicate at various time intervals and added to 200 �l of a stop solution (PBS,
0.1% sodium dodecyl sulfate, 20 mM EDTA) in Millipore MABX-N12 filter
plates fitted with BV 1.2-�m-pore-size filter membranes (Millipore, Bedford,
Mass.). The particles were washed five times with PBS containing 0.1% sodium
dodecyl sulfate. The membranes were removed, and the amount of radioactivity
bound to the yeast cells collected on the membranes was determined with a
Packard AUTO-GAMMA counter. Specific binding was determined by subtract-
ing the amount of nonspecific binding observed in reaction medium that con-
tained GVB-EDTA (sodium Veronal [5 mM]-buffered saline [142 mM], pH 7.3,
0.1% gelatin, 10 mM EDTA), as EDTA blocks activation of the complement
system.

Immunofluorescence analysis of C3 binding. The pattern of C3 binding to the
yeast cell surface was determined by immunofluorescence in the presence of
various concentrations of anti-BAD1 MAb (27). Yeast cells were opsonized in
the same manner as described above for the quantitative analysis, except that the
reaction mixtures did not contain 125I-labeled C3. At various time intervals,
200-�l samples were transferred to 900 �l of ice-cold PBS containing 10 mM
EDTA and unbound C3 was removed by three washes with PBS. The yeast-
bound C3 was detected with FITC-conjugated goat anti-human C3 antibodies
(Kent Laboratories, Indianapolis, Ind.). The FITC-conjugated goat anti-human

C3 had been absorbed with B. dermatitidis 26199 yeast cells to remove nonspe-
cific antibodies. The fluorescence images of C3 deposition on the yeast surface
were acquired at 0.4-�m intervals through individual cells by use of an epifluo-
rescence microscope equipped with a Photonic Science (East Sussex, United
Kingdom) Color CoolView image acquisition system and were processed with
the aid of image analysis software including Image-Pro Plus (Media Cybernetics,
Silver Spring, Md.) and MicroTome (VayTeK, Fairfield, Iowa). Each stack of
images acquired from a single cell was digitally deconvolved and projected onto
a single plane. A minimum of 100 yeast cells were examined for C3-binding
patterns at each dose of anti-BAD1 MAb, and reproducible observations from
two independent experiments were obtained.

RESULTS

Surface-linked glucan accelerates initiation of C3 deposi-
tion. Our previous study showed that removal of natural anti-
body against �-glucan significantly delayed C3 deposition onto
26199 yeast cells, suggesting a requirement for �-glucan in
complement activation by B. dermatitidis yeast. To test this
hypothesis, we compared the kinetics of C3 deposition for
yeast cells of glucan-deficient mutant strain 60916 and parental
wild-type strain 26199. Yeast cells were incubated in pooled
NHS with or without EGTA for up to 30 min. The number of
bound C3 molecules was expressed either per unit of surface
area or per yeast cell because the wild-type yeast differed from
the mutant in shape. The kinetics of C3 deposition per unit of
surface area were comparable to the kinetics of C3 deposition
per cell, and only the latter are presented here. Although yeast
cells of both strains initiated C3 deposition via either the clas-
sical pathway or the alternative pathway, glucan-deficient yeast
exhibited a noticeably longer delay than the wild type in bind-
ing detectable amounts of C3 generated by either pathway
(Fig. 1). This reduced ability of the mutant yeast to active the
complement was also reflected in the rate of C3 deposition.
The C3 deposition rate for the first 8 min of incubation in NHS
was used as a measure of classical pathway activity because an
approximately 8-min delay in accumulation of C3 was observed
in EGTA-treated NHS where the classical pathway was
blocked (Fig. 1 [see also Fig. 3], NHS-EGTA). During this
8-min interval, the rate of C3 deposition to the mutant yeast
incubated in NHS was estimated to be 5 � 104 C3 molecules/
min/cell, compared to 9 � 104 C3 molecules/min/cell for the
wild-type yeast (Fig. 1). In addition to the slower rate of C3
deposition, the capacity of the mutant cells to bind C3 mole-
cules was about 50% of that of the wild type (Fig. 1).

We next analyzed the effect of exogenous �-glucan on the
ability of the mutant yeast to activate the classical complement
pathway. Glucan-deficient yeast (60916) cells were conjugated
with baker’s yeast �-glucan via cross-linkers or with cross-
linkers alone as a control. Kinetics of classical pathway-medi-
ated C3 deposition onto the chemically modified mutant yeasts
was compared to the kinetics of C3 deposition onto the wild-
type yeast. Addition of �-glucan restored wild-type-like kinet-
ics of early C3 deposition onto the glucan-deficient yeast,
whereas addition of cross-linkers alone had no effect (Fig. 2).
Surface-linked �-glucan also partially restored C3-binding ca-
pacity to the mutant (Fig. 2).

BAD1 is not required for complement activation. In addition
to deficiency in glucan expression, the 60916 mutant yeast
expresses 5 to 10 times more BAD1 than does the wild type
(11). The slower initiation of complement activation by the
glucan-deficient mutant cells prompted us to examine the role
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of BAD1 in complement activation and C3 deposition. We
compared the kinetics of C3 deposition for yeast cells of iso-
genic strains that express or lack surface protein BAD1: wild-
type 26199, BAD1 knockout 55, and BAD1-reconstituted 4-55.
The BAD1 knockout yeast activated both the classical and
alternative complement pathways, and C3 was deposited more
rapidly on BAD1 knockout yeast than on wild-type yeast or
BAD1-reconstituted yeast (Fig. 3). The rate of C3 deposition
following 8 min of incubation in NHS was approximately 8 �
105 C3 molecules/min/cell for BAD1 knockout yeast and 3 �
105 C3 molecules/min/cell for either the wild-type or the
BAD1-reconstituted yeast (Fig. 3). Yeast cells deficient in
BAD1 also accumulated approximately twice as many C3 mol-
ecules as did wild-type or BAD1-reconstituted cells following a
30-min incubation in either NHS or EGTA-treated NHS (Fig.
3). These observations indicate that surface-expressed BAD1 is
not required for complement activation by B. dermatitidis yeast
cells and may, instead, retard complement opsonization of the
yeast.

Anti-BAD1 antibody promotes C3 deposition onto yeast
cells. The assessment of the role of BAD1 in complement
activation and binding as described above was conducted with
pooled nonimmune human serum. BAD1 is immunogenic;
strong humoral and cell-mediated immune responses against
BAD1 have been observed both in people with blastomycosis
(13, 15) and in an animal model of blastomycosis (25). Con-
sequently, we analyzed the influence of anti-BAD1 antibodies
on the ability of B. dermatitidis yeast cells to interact with the
human complement system.

NHS was absorbed with B. dermatitidis 26199 yeast cells to

remove natural initiators of complement activation (26). Ki-
netics of C3 deposition were determined for 26199 yeast cells
that were incubated either in nonabsorbed NHS or in yeast-
absorbed NHS supplemented with 0 to 100 �g of anti-BAD1
MAb/ml of assay mixture. In the yeast-absorbed serum, com-
plement activation required the anti-BAD1 antibody and the
rate of early C3 deposition was antibody dose dependent (Fig.
4A). At 25 or 100 �g/ml, the anti-BAD1 MAb enhanced the C3
molecule-binding capacity of the yeast (Fig. 4A).

Because the MAb described above was of mouse origin,
anti-BAD1 antibody-mediated C3 deposition was further ana-
lyzed in the sera of three patients with blastomycosis. The
presence of anti-BAD1 antibodies in these sera had been con-
firmed (13). The amount of C3 accumulation on 26199 yeast
cells incubated in the patient sera for 30 min was at least twice
that on the yeast incubated in pooled nonimmune serum and
correlated with the endpoint titer of anti-BAD1 antibody in
the immune serum (Fig. 4B). The latter observation is consis-
tent with the contention that BAD1 is an immunodominant
antigen displayed on B. dermatitidis yeast (13, 14).

The above two observations indicated a quantitative en-
hancement of C3 deposition on B. dermatitidis yeast by anti-
BAD1 antibodies. We then analyzed microscopic patterns of
C3 deposition on strain 26199 yeast incubated in NHS with or
without exogenous anti-BAD1 antibodies. In the absence of
anti-BAD1 MAb, C3 deposition first appeared in a limited
number of sites on yeast cells following 1 min of incubation in
NHS but eventually occurred uniformly over the entire surface
as incubation proceeded (Fig. 5). In the presence of the MAb,
at 1 to 25 �g per ml of assay mixture, the appearance of C3

FIG. 1. Kinetics of C3 deposition on B. dermatitidis yeast cells of
wild-type (26199) and glucan-deficient mutant (60916) strains. Kinetics
were assessed under conditions that permitted both the classical and
alternative complement pathways (40% NHS; F, 26199; f, 60916) or
that limited C3-binding activity to the alternative complement pathway
(40% EGTA-chelated NHS; E, 26199; �, 60916). Data representative
of duplicate experiments are shown.

FIG. 2. Effect of linked exogenous �-glucan on the kinetics of C3
deposition on B. dermatitidis yeast cells of glucan-deficient mutant
strain 60916. The kinetics were assessed in an assay mixture containing
40% NHS that permitted both the classical and alternative comple-
ment pathways for wild-type strain 26199 (F), mutant yeast with a
linker and �-glucan (Œ), mutant yeast with the linker alone (‚), and
untreated mutant yeast (f). Results are expressed as the mean � the
standard error of the mean of three experiments.
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deposition sites was quantitatively dependent on the antibody
dose (Fig. 5). Initiation sites were numerous yet distinguish-
able on yeast cells following 1 min of incubation in NHS con-
taining 1 �g of MAb but became confluent and indistinguish-
able on yeast cells that were incubated in NHS containing 5 �g
or more of the MAb (Fig. 5).

DISCUSSION

Our previous studies demonstrated that B. dermatitidis yeast
activates the human complement system, leading to deposition
of opsonic complement fragments onto the yeast (26). The
focus of the present study was to determine the structural

FIG. 3. Effect of surface-protein BAD1 expression on kinetics of
C3 deposition on B. dermatitidis yeast cells. Kinetics were assessed
under conditions that permitted both the classical and alternative
complement pathways (40% NHS) or only the alternative complement
pathway (40% EGTA-chelated NHS) for the wild-type (WT) yeast
(F), BAD1 knockout yeast (Œ), or BAD1-reconstituted yeast (E). Data
representative of duplicate experiments are shown.

FIG. 4. Effect of anti-BAD1 antibodies on complement activation
and C3 binding to B. dermatitidis yeast cells (26199). (A) Kinetics of C3
deposition were assessed in complement-binding medium containing
either pooled NHS (F) or yeast-absorbed NHS that was supple-
mented, per milliliter of medium, with anti-BAD1 MAb DD5-CB4 at
0 �g (E), 1.6 �g (Œ), 6.3 �g (f), 25 �g (�), or 100 �g (�). (B)
Capacity of C3 binding to strain 26199 yeast cells was determined
following a 30-min incubation in nonimmune NHS or in sera from
three blastomycosis patients. Anti-BAD1 endpoint titers for the pa-
tient sera were as follows: 7758, 1:10,240; 7740A, 1:5,000; 8637,
1:2,000. Data representative of duplicate experiments are shown.
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requirements for complement activation by B. dermatitidis
yeast cells. We analyzed the influence of alterations in display
of glucan and surface protein BAD1 on the ability of B. der-
matitidis yeast cells to interact with the human complement
system. Our approach was to employ genetically related B.
dermatitidis strains that differ in the expression of these two
macromolecules.

First, we further established the role of �-glucan as an ini-
tiator of complement activation by B. dermatitidis yeast and as
a potential C3 acceptor. We found that yeast cells of a glucan-
deficient strain had both a reduced rate of initial C3 deposition
and a 50% reduction in C3-binding capacity compared to yeast
cells of the wild-type parental strain (Fig. 1). Importantly,
linkage of baker’s yeast �-glucan to the surface of the glucan-
deficient mutant fully restored the early C3 deposition kinetics
observed in the wild-type yeast and improved the C3-binding
capacity (Fig. 2). These results confirmed and extended our
previous observations that removal of naturally occurring an-
tibodies against �-glucan inhibited complement activation by
B. dermatitidis yeast and that the majority of yeast-bound C3
molecules were attached to acceptors through an ester linkage,
suggesting an important contribution of surface carbohydrates
to C3 binding (26). A requirement of glucan for complement
activation has also been demonstrated with nonencapsulated
Cryptococcus neoformans and zymosan particles (9, 24).

A failure to restore C3-binding capacity to the mutant yeast
by exogenous �-glucan alone was not unexpected and may be
attributed to a number of factors. First, cell wall components
other than �-glucan may contribute additional C3-binding
sites. Chemical analysis of the cell wall of B. dermatitidis yeast
revealed that yeast glucan is composed of 95% �-glucan and
5% �-glucan (8). �-Glucan was undetected in the glucan-de-
ficient mutant but present in the parental wild-type strain (7),
and its absence may thus account for some of the reduced
C3-binding capacity. Second, linked glucan molecules may not

have formed an optimal surface for C3 binding, possibly due to
the linker’s length and/or density. The third possibility is that
BAD1, which is expressed 5- to 10-fold more on the glucan-
deficient mutant yeast than on the parental wild-type yeast,
may have prevented efficient coating of the mutant cells with
exogenous glucan. The overexpressed BAD1 on the mutant
may have also masked available C3-binding sites contained in
other cell wall components. These three factors, together
and/or independently, may influence C3-binding capacity by
altering the number of available binding sites on the yeast
surface. They may also influence the cell surface topography
that determines how deposition of additional C3 occurs fol-
lowing the initial binding of C3 molecules.

We analyzed the effect of surface protein BAD1 on the
ability of B. dermatitidis yeast to activate complement and bind
C3 by comparing C3 deposition kinetics in wild-type strain
26199 and isogenic BAD1 knockout strain 55. BAD1 could
theoretically serve as an initiator of complement activation
and/ or an acceptor of C3. However, we observed a noticeably
faster rate of initial C3 deposition on the BAD1 knockout yeast
than on the wild-type or the BAD1 reconstituted yeast (Fig. 3).
This result was observed in either NHS, where both the clas-
sical and alternative complement pathways are active, or in
EGTA-treated NHS, where only the alternative complement
pathway is operative. This observation suggests that BAD1
may lack an intrinsic ability to activate complement or it may
activate complement poorly. Alternatively, it may, instead, re-
tard complement activation.

Strikingly, the C3 molecule-binding capacity was almost
doubled in the BAD1 knockout yeast compared to that in the
wild type (Fig. 3). The increased C3-binding capacity in the
absence of BAD1 suggests that BAD1 molecules are poor C3
acceptors. This interpretation is supported by the dominant
role of ester linkage in C3 attachment to B. dermatitidis yeast
(26) and by the lack of carbohydrate in BAD1 molecules (14).
It is also consistent with the observation of reduced C3-binding
capacity in the glucan-deficient mutant that expresses 5 to 10
times more BAD1 than the parental wild type (Fig. 1 and 2).
Alternatively, the increased C3-binding capacity in the absence
of BAD1 suggests that BAD1 molecules block otherwise avail-
able C3-binding sites. A recent study demonstrated that BAD1
is associated with chitin through both covalent linkages and
noncovalent interactions (1). Thus, the BAD1 knockout yeast
may display more accessible chitin fibrils that support C3 dep-
osition. However, the role of chitin in complement activation
and C3 binding by B. dermatitidis yeast or other pathogenic
fungi has largely been uncharacterized (16). Previously, we
showed that absorption of NHS with purified chitin had no
discernible effect on the ability of 26199 yeast cells to activate
the classical complement pathway (26). Nonetheless, B. der-
matitidis chitin fibrils could serve as C3 acceptors. The masking
effect of surface-associated proteins on the ability of other cell
surface structures to activate complement was recently re-
ported with gram-negative bacteria. It was found that binding
of serum amyloid P component to lipopolysaccharides of gram-
negative bacteria prevented lipopolysaccharide-mediated acti-
vation of the classical complement pathway (4). How BAD1
retards C3 binding by B. dermatitidis yeast cells remains to be
resolved.

The apparent inert or perhaps inhibitory properties of sur-

FIG. 5. Effect of exogenous anti-BAD1 MAb on formation of C3
deposition sites. B. dermatitidis yeast cells (26199) were incubated for
1 to 8 min in a complement-binding medium that contained 40% NHS
and 0, 1, 5, or 25 �g of anti-BAD1 MAb DD5-CB4 per ml of binding
medium. Yeast cells were stained with FITC-labeled goat anti-human
C3 antibodies.
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face protein BAD1 in complement activation by B. dermatitidis
could be markedly altered by anti-BAD1 antibodies in two
ways. First, in the absence of naturally occurring activators of
the classical complement pathway, a murine anti-BAD1 anti-
body alone could mediate a dose-dependent activation of the
classical complement pathway (Fig. 4). In addition, more initial
C3-binding sites were formed on yeast incubated in NHS plus
anti-BAD1 MAb than on yeast incubated in NHS alone (Fig.
5). These observations demonstrate that either the natural
initiators of complement activation, including anti-�-glucan
antibodies, are limiting or the corresponding surface structures
are limiting and that anti-BAD1 antibodies synergistically en-
hance the ability of B. dermatitidis yeast to interact with the
human complement system. Second, the C3-binding capacity
of B. dermatitidis yeast was markedly expanded in the presence
of either murine anti-BAD1 MAb or human anti-BAD1 anti-
bodies as supplied in blastomycosis-positive sera (Fig. 4).

Observations presented in this report demonstrate how two
major surface components on B. dermatitidis yeast regulate
interaction of the yeast with the host complement system. In
each experiment, we focused on the independent effects of
each component. Future studies might address the influence of
the interplay of multiple yeast surface components on interac-
tions between B. dermatitidis and the host complement system.
These studies will require additional isogenic mutants simul-
taneously altered in more than one molecule, such as glucan
and BAD1.

Our previous (26) and current studies allow us to propose a
model of complement activation by B. dermatitidis yeast cells.
In nonimmune serum, naturally occurring antibodies against
�-glucan components initiate complement activation by B. der-
matitidis yeast cells, and �- and �-glucans and other structures
including chitin serve as major C3 acceptors. Surface protein
BAD1 lacks an intrinsic ability to mediate complement activa-
tion by B. dermatitidis yeast cells and masks C3-binding sites on
chitin and/or �- and �-glucans. However, anti-BAD1 antibod-
ies mediate complement activation and enhance the C3-bind-
ing capacity of B. dermatitidis yeast by providing additional
binding sites for C3 molecules and/or by modifying the surface
topography for maximum binding of C3.
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