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Candida albicans activates the classical and alternative complement pathways, leading to deposition of
opsonic complement fragments on the cell surface. Our previous studies found that antimannan immunoglob-
ulin G (IgG) in normal human serum (NHS) allows C. albicans to initiate the classical pathway. The purpose
of this study was to determine whether antimannan IgG also plays a role in initiation of the alternative
pathway. Pooled NHS was rendered free of classical pathway activity by chelation of serum Ca21 with EGTA
alone or in combination with immunoaffinity removal of antimannan antibodies. Kinetic analysis revealed a
6-min lag in detection of C3 binding to C. albicans incubated in EGTA-chelated NHS, compared to a 12-min
lag in NHS that was both EGTA chelated and mannan absorbed. The 12-min lag was shortened to 6 min by
addition of affinity-purified antimannan IgG. The accelerating effect of antimannan IgG on alternative pathway
initiation was dose dependent and was reproduced in a complement binding reaction consisting of six purified
proteins of the alternative pathway. Both Fab and F(ab*)2 fragments of antimannan IgG facilitated alternative
pathway initiation in a manner similar to that observed with intact antibody. Immunofluorescence analysis
showed that addition of antimannan IgG to EGTA-chelated and mannan-absorbed serum promoted an early
deposition of C3 molecules on the yeast cells but had little or no effect on distribution of the cellular sites for
C3 activation. Thus, antimannan IgG antibodies play an important regulatory role in interactions between the
host complement system and C. albicans.

Candida albicans activates the human complement system
via both the classical and alternative pathways, leading to dep-
osition of opsonic complement fragments on the yeast cell
surface (19, 21, 40). A naturally occurring antimannan immu-
noglobulin G (IgG) is required for activation of the classical
pathway by C. albicans yeast cells incubated in normal human
serum (NHS) (21, 40). C3 deposition via the antimannan IgG-
dependent classical pathway occurs rapidly and can be de-
tected within 1 min following incubation of the yeast cells with
NHS (40). Moreover, initial C3 molecules bound through the
classical pathway are uniformly distributed over the entire
yeast cell surface (21, 40). C3 deposition through the alterna-
tive pathway exhibits distinctly different characteristics. If the
classical pathway of NHS is blocked by either treatment with
the Ca21 chelator EGTA (21, 40) or mannan absorption to
remove antimannan IgG (40), deposition of initial C3 mole-
cules occurs at a few discrete sites on the yeast cell surface.
Furthermore, deposition of initial C3 molecules via the alter-
native pathway requires a much longer incubation time than
C3 binding through the antimannan IgG-dependent classical
pathway. For example, if the classical pathway is blocked by
treatment of serum with EGTA, there is a 6-min delay before
readily detectable amounts of C3 accumulate on the yeast cells;
if the classical pathway is blocked by absorption of NHS with
mannan to remove initiating antibody, the delay is extended to
12 min (40).

Our interest has focused on the observed difference in the
time required for C3 accumulation via the alternative pathway

on C. albicans yeast cells incubated in EGTA-chelated serum
versus mannan-absorbed serum. One explanation is that man-
nan absorption of serum reduced the activity of one or more of
proteins that are involved in the alternative pathway. This
possibility appears unlikely because addition of affinity-purified
antimannan IgG to mannan-absorbed serum restores charac-
teristic C3 binding kinetics to levels observed in intact serum
(40). Alternatively, the naturally occurring antimannan IgG
that is present in EGTA-chelated NHS may facilitate C3 dep-
osition via the alternative pathway.

Antibody-dependent activation of the alternative pathway
has been described for several particulate activators. Ratnoff et
al. (31) identified three models that have been used to dem-
onstrate antibody-dependent activation of the alternative path-
way: (i) experiments done in the presence of EGTA which
chelates Ca21 and thereby prevents activation of C1, (ii) ex-
periments done with purified proteins of the alternative path-
way, and (iii) experiments done with sera that are genetically
deficient in C4 or C2. Using one or more of these experimental
approaches, studies with bacteria, protozoa, virus-infected
cells, erythrocytes, cross-linked dextran, and zymosan have
shown that antibodies can facilitate activation of the alterna-
tive pathway by some particles. The role of antibodies in al-
ternative pathway initiation has not been studied with C. albi-
cans or other pathogenic fungi.

The objectives of this report were to determine whether
antimannan IgG in NHS influences alternative pathway-medi-
ated deposition of C3 onto C. albicans yeast cells and to de-
termine the molecular components of IgG molecules that are
involved in this process. Our results show that (i) very little
deposition of C3 occurs in the absence of antimannan IgG, (ii)
antimannan IgG accelerates alternative pathway initiation in a
dose-dependent manner, and (iii) alternative pathway initia-
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tion is facilitated by both Fab and F(ab9)2 fragments of anti-
mannan IgG.

MATERIALS AND METHODS

Yeast and yeast mannan. C. albicans CA-1, provided by Jim E. Cutler (Mon-
tana State University), was used for this study. The culture was maintained and
grown as described (15, 21). Briefly, yeast cells stored at 280°C in 50% glycerol
were used to start a fresh culture in GYEP (2% glucose, 0.3% yeast extract, 1%
peptone). The yeast culture was passaged three times at 24-h intervals at 37°C.
Yeast cells were killed by treatment with 1% formaldehyde overnight at 4°C,
harvested by centrifugation, washed, resuspended in phosphate-buffered saline
(PBS) containing 0.02% azide, and stored at 4°C.

The mannan of yeast CA-1 was extracted and isolated as described elsewhere
(18, 40). Water-soluble mannan was precipitated with Fehling solution; mannan
was released from the precipitate into water containing Amberlite IR-120 (H1)
resin (Aldrich, Milwaukee, Wis.), dialyzed against water, and lyophilized. C.
albicans yeast mannan obtained by this method typically contains about 95%
carbohydrate as mannan and about 2% protein (18). Candida mannan was
coupled to CNBr-Sepharose 4B (Pharmacia Biotech, Uppsala, Sweden) as de-
scribed elsewhere (40).

Serum and serum proteins. C3 (20, 38), factor B (11, 16), factor D (24), and
factor H (11, 35) were isolated from frozen human plasma (Reno Blood Services,
Reno, Nev.). Purified proteins were stored at 280°C until use. Human factor I
(Sigma, St. Louis, Mo.) and human properdin (Calbiochem, La Jolla, Calif.) were
purchased. C3 was labeled with 125I as described previously (8) by use of Iodogen
reagent (Pierce, Rockford, Ill.).

Pooled serum was prepared from peripheral blood collected from at least 10
normal donors after informed consent and was stored at 280°C. Serum was
heated for 30 min at 56°C for studies requiring heat-inactivated serum. To
prepare mannan-absorbed serum, NHS was incubated with mannan-Sepharose
4B beads in a ratio of 6:4 (vol/vol) for 60 min at 0°C with mixing every 10 to 15
min and then separated from the beads by centrifugation (40). The absorbed
serum was filtered through a 0.45-mm-pore-size filter and used immediately. The
concentration of absorbed serum was corrected for the dilution that occurred
during the absorption procedure.

Naturally occurring human antimannan IgG was isolated from pooled human
plasma by immunoaffinity chromatography using mannan-Sepharose 4B followed
by affinity purification on protein A as described elsewhere (40). Fab or F(ab9)2
fragments were prepared by digestion of antimannan IgG with papain or pepsin,
respectively, by use of commercial digestion kits (catalog no. 44885 and 44888;
Pierce). Purity of the prepared IgG, Fab, or F(ab9)2 was confirmed by sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis under reducing condi-
tions and Coomassie blue staining. Concentrations of purified IgG, Fab, or
F(ab9)2 were estimated by the bicinchoninic acid method (Pierce). The concen-
tration of antimannan IgG was corrected to reflect the proportion of purified IgG
that retained binding capacity after immunoaffinity purification (33% for the lot
of antimannan IgG used for this study) as shown by absorption with Candida
yeast cells (40). The affinity-purified antimannan IgG was used as a standard in
enzyme-linked immunosorbent assays to estimate the amount of naturally oc-
curring antimannan IgG antibodies in pooled serum preparations (40). The
estimated quantity of naturally occurring antimannan IgG in the serum pool was
used as the basis for addition of purified antimannan IgG to the pooled serum
that was absorbed with immobilized mannan.

Quantitative analysis of C3 binding using 125I-C3. Binding of C3 to candidal
yeast cells was analyzed by the procedure of Kozel et al. (21). Briefly, each
complement binding medium contained (i) 40% mannan-absorbed or nonab-
sorbed serum and (ii) 125I-labeled C3 sufficient to provide a specific activity of
50,000 cpm/mg of C3 for the mixture of labeled and unlabeled C3 in the serum
(assuming that NHS contains 1,200 mg of C3/ml). To study classical pathway
activation, the binding medium contained GVB21 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 con-
tained 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). In some exper-
iments, purified human antimannan IgG, or its Fab or F(ab9)2 fragments, 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 2.0 3 106 yeast cells per ml of
reaction medium were added to initiate C3 binding. To study the kinetics of C3
binding, 50-ml samples were withdrawn in duplicate at various time intervals and
added to 200 ml of a stop solution (PBS, 0.1% SDS, 20 mM EDTA) in Millipore
MABX-N12 filter plates fitted with BV 1.2-mm-pore-size filter membranes (Mil-
lipore, Bedford, Mass.). The particles were washed five times with PBS contain-
ing 0.1% SDS. 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 gamma counter. Specific binding was determined by
subtracting the radioactivity of samples which used heat-inactivated serum from
the total binding observed with NHS or other serum preparations.

The kinetics of C3 deposition was also studied in an alternative pathway that
was reconstituted in GVB containing 0.1% gelatin and 1 mM MgCl2 from six
purified proteins of the alternative pathway as described elsewhere (22, 34).
Factors B, D, H, and I and C3 were used at 40% of their physiological concen-

trations (22). As recommended by the supplier (Calbiochem), properdin was
used at five times as much as 40% of its physiological concentration to compen-
sate for loss of activity during purification and/or storage.

Immunofluorescence analysis of C3 binding. The pattern of C3 binding to the
yeast cell surface was determined by immunofluorescence (40). Yeast cells were
opsonized as described above for the quantitative analysis except that the reac-
tion mixtures did not contain 125I-C3. At various time intervals, 200-ml samples
were transferred to 900 ml 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 fluorescein isothiocyanate (FITC)-conjugated goat anti-human C3
antibodies (Kent Laboratories, Indianapolis, Ind.). The fluorescence images of
C3 deposition on the yeast surface were acquired at 0.4-mm intervals through
individual cells by use of an epifluorescence microscope equipped with a Colour
CoolView image acquisition system (Photonic Science, East Sussex, United
Kingdom) and were processed with the aid of image analysis software including
Image-Pro Plus (Media Cybernetics, Silver Spring, Md.) and MicroTome (Vay-
TeK, Fairfield, Iowa). Each stack of images acquired from a single cell was
digitally deconvolved and projected onto a single plane.

RESULTS

Naturally occurring antimannan IgG facilitates C3 binding
via the alternative pathway. In our previous studies, we ob-
served that alternative pathway activation by C. albicans yeast
was faster in EGTA-treated NHS that contains naturally oc-
curring antimannan IgG than in NHS that was rendered free of
antimannan antibody by mannan absorption. This observation
suggests that antimannan IgG may facilitate alternative path-
way initiation. To test this hypothesis, we examined the effect
of purified antimannan IgG on the kinetics of alternative path-
way activation. Kinetics of C3 deposition to yeast cells was
analyzed over 20 min in a complement binding medium con-
taining (i) 40% NHS, (ii) 40% EGTA-treated NHS, (iii) 40%
NHS that was both mannan absorbed and EGTA treated, or
(iv) 40% NHS that was both mannan absorbed and EGTA
treated and supplemented with antimannan IgG at 88 mg per
ml of binding mixture, which was 40% of the antimannan IgG
concentration found in the pooled serum used for this exper-
iment. The results (Fig. 1) showed that addition of antimannan
IgG to serum that was both mannan absorbed and EGTA
treated reduced the lag in C3 deposition from 12 to 6 min and
fully restored the kinetics of C3 deposition to that observed in
EGTA-treated NHS.

To confirm the role of antimannan IgG as an accelerator of
alternative pathway activation, serum in the complement bind-
ing reactions was replaced with the six isolated proteins re-

FIG. 1. Effect of antimannan IgG on the kinetics for C3 deposition on C.
albicans yeast cells via the alternative pathway. Yeast cells were incubated in a C3
binding medium containing 40% NHS, 40% EGTA-chelated NHS, 40% man-
nan-absorbed and EGTA-chelated NHS, or 40% mannan-absorbed and EGTA-
chelated NHS supplemented with antimannan IgG at 88 mg per ml of reaction
mixture, which was 40% of antimannan IgG concentration found in the pooled
serum used for this experiment.
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quired for alternative pathway activity: factors B, D, H, I, and
properdin and C3. Yeast cells were incubated for 2 to 20 min
with these six proteins alone or with the six proteins supple-
mented with antimannan IgG at 30 mg per ml of reaction
mixture. Use of 30 mg per ml of reaction mixture was based on
dose-response experiments which established the optimal an-
tibody concentrations required for antibody-accelerated acti-
vation of the alternative pathway (see below). In the absence of
antimannan IgG, deposition of C3 on the yeast was very lim-
ited (Fig. 2); addition of antimannan IgG reduced the time
required for binding of readily measurable amounts of C3 via
the alternative pathway and promoted a sevenfold increase in
the amount of accumulated C3 at the end of the 20-min incu-
bation.

Effect of antimannan IgG on alternative pathway initiation
is dose dependent. Because activation of the classical pathway
by C. albicans yeast cells is dependent on antimannan IgG (40),
the observation that antimannan IgG also accelerates alterna-
tive pathway initiation prompted us to compare dose require-
ments for antimannan IgG in C3 deposition via these two
pathways. Yeast cells were incubated for 6 min in a comple-
ment binding medium containing mannan-absorbed NHS and
various amounts of antimannan IgG, and the amount of C3
bound per cell was measured. Accumulation of C3 on yeast
cells after a 6-min incubation was used as a measure of classical
pathway activity because in the absence of the classical path-
way activity, as in EGTA-chelated serum or mannan-absorbed
serum, there is little or no detectable C3 on the yeast cells (Fig.
1 and reference 40). Consequently, C3 binding during the first
6 min of incubation reflects classical pathway activity. The dose
effect of antimannan IgG on alternative pathway activity was
assessed following an incubation of yeast cells for 12 min in
NHS that was both mannan absorbed and EGTA chelated and
supplemented with various amounts of antimannan IgG. Ac-
cumulation of C3 molecules on yeast cells after 12 min was
taken as a measure of alternative pathway activity because in
the absence of antimannan IgG, as in mannan-absorbed NHS,
there is little or no detectable C3 on the yeast cells after 12 min
(Fig. 1). EGTA chelation was needed to limit C3 binding to
action of the alternative pathway.

Results in Fig. 3 show that antimannan IgG had both posi-
tive and negative effects on C3 binding via either the classical
or the alternative pathway. When the IgG was supplemented
up to approximately 30 mg per ml of binding reaction, it pro-
moted C3 binding via either pathway. However, accumulation

of C3 through the alternative pathway required less antiman-
nan IgG than accumulation through the classical pathway. For
example, it was estimated by linear regression that binding of
106 C3 molecules to yeast cells via the alternative pathway
required 5 mg of antimannan IgG per ml of reaction mixture,
compared to 30 mg of antimannan IgG by the classical path-
way. When antimannan IgG reached a level higher than 30
mg/ml, it began to suppress accumulation of C3 activated by
either pathway.

Fab or F(ab*)2 fragments of antimannan IgG facilitate C3
binding via the alternative pathway. Previous studies found
that the Fc fragment of IgG was not needed for antibody-
dependent activation of the alternative pathway; however, a
requirement for bivalency in activation of the alternative path-
way depended on the system under study (6, 7, 13, 17, 26, 29,
32, 36, 39). To determine whether Fab or F(ab9)2 fragments
were able to accelerate alternative pathway activation, yeast
cells were incubated for 12 min in complement binding mix-
tures containing NHS that was both mannan absorbed and
EGTA chelated and was supplemented with various amounts
of either intact antimannan IgG or its Fab or F(ab9)2 frag-
ments. The results (Fig. 4) showed that both Fab or F(ab9)2
fragments accelerated C3 deposition via the alternative path-
way in a dose-dependent manner. F(ab9)2 fragments appeared
to be more effective than F(ab9) fragments and acted in a
manner indistinguishable from that of intact antimannan IgG.
The pattern of the results shown in Fig. 4 was not appreciably
affected if the amount of input antimannan IgG or its frag-
ments was expressed as either molarity or normality. Taken
together, these results indicate that neither the Fc region nor
bivalency is essential for facilitation of the alternative pathway
by antimannan IgG.

Antimannan IgG promotes early formation of alternative
pathway initiation sites. The above observations describe
quantitative effects of antimannan IgG on C3 binding via the
alternative pathway. Previous studies from our laboratory used
immunofluorescence analysis to show that initial binding of C3
via the classical pathway is rapid and occurs over the entire C.
albicans surface (21, 40). The binding of initial C3 molecules
activated through the alternative pathway, as in mannan-ab-
sorbed serum, is slow and begins from a few discrete sites on

FIG. 2. Effect of antimannan IgG on alternative pathway activity reconsti-
tuted from six purified alternative pathway proteins. Yeast cells were incubated
in a C3 binding medium containing the isolated alternative pathway proteins
alone or with purified antimannan IgG at 30 mg per ml of reaction mixture.

FIG. 3. Dose effect of exogenous antimannan IgG on binding of C3 to C.
albicans via the classical or alternative pathway. C3 binding reactions were
supplemented with various amounts of antimannan IgG per milliliter of binding
mixture that contained either 40% mannan-absorbed serum to assess the ability
of yeast cells to activate the classical pathway following a 6-min incubation or
40% mannan-absorbed and EGTA-chelated serum to assess the ability of yeast
cells to activate the alternative pathway following a 12 min incubation.
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the cell surface (21, 40). Consequently, we sought to determine
the effect of antimannan IgG on the pattern of alternative-
pathway-dependent C3 deposition on the yeast cell surface.
Yeast cells were incubated for 2 to 16 min in serum that had
been (i) mannan absorbed and supplemented with antimannan
IgG (antibody-mediated activation of the classical pathway),
(ii) both mannan absorbed and EGTA chelated (antibody-
independent activation of the alternative pathway), or (iii)
both mannan absorbed and EGTA chelated and supplemented
with antimannan IgG (antibody-mediated activation of the al-
ternative pathway). The binding patterns of C3 molecules were
detected with FITC-labeled anti-C3 antibodies (Fig. 5). Yeast
cells incubated in mannan-absorbed serum that was supple-
mented with antimannan IgG showed early binding (2 min) of
C3 at numerous sites on the yeast surface, and the yeast cell
was uniformly covered with C3 after 4 min of incubation. If C3
binding was restricted to antibody-independent activation of
the alternative pathway due to mannan absorption and EGTA
treatment of the serum, C3 binding occurred as focal initiation
sites that were delayed in their occurrence (8 min) and ap-
peared to expand with time to cover the cell (Fig. 5). However,
addition of antimannan IgG to the mannan-absorbed and

EGTA-treated serum promoted early deposition of initial C3
molecules to the yeast (2 min) but had little effect on the
pattern of distribution of initiation sites (Fig. 5). Thus, the
critical difference between antibody-dependent and antibody-
independent activation of the alternative pathway was the time
required for formation of the initiation foci; foci formed more
rapidly in the presence of antimannan antibody.

DISCUSSION

Mannan is a prominent structural component displayed on
the cell surface of C. albicans yeast cells (4), and antimannan
IgG is present ubiquitously in the general human population
(10, 14, 23). Previously, we showed that this naturally occurring
antimannan IgG is required for activation of the classical com-
plement pathway when C. albicans is incubated in NHS (40).
We now present evidence that this naturally occurring anti-
mannan IgG also regulates activation of the alternative path-
way by C. albicans yeast cells. In NHS that is deficient in
antimannan antibodies and lacks classical pathway activity as a
result of EGTA chelation of serum Ca21, addition of exoge-
nous antimannan IgG accelerated C3 binding via the alterna-
tive pathway in a dose-dependent manner (Fig. 1 and 3). This
accelerating effect of antimannan IgG was confirmed in a se-
rum-free complement binding medium that consisted of only
purified proteins of the alternative pathway (Fig. 2) as well as
in immunofluorescence analysis (Fig. 5). A similar regulatory
role for antibodies in alternative pathway activation has been
reported in experimental systems using bacteria (3, 7, 37),
protozoa (2, 12, 17), virus-infected cells (6, 36), erythrocytes
(26, 29, 30), and zymosan (32, 33). In most cases, the antibody
was a ubiquitous natural antibody found in NHS. To our
knowledge, our study provides the first documented observa-
tion of antibody-facilitated activation of the alternative path-
way by pathogenic fungi. Moreover, this study identifies man-
nan as the antigen recognized by the facilitating antibody. This
current observation together with our previous report that
antimannan IgG is an initiator of the classical pathway in NHS
establish an essential function of naturally occurring antiman-
nan IgG in modulation of interactions between the host com-
plement defense system and C. albicans.

Acceleration of alternative pathway activation by antiman-
nan IgG was also demonstrated in experiments involving only
Fab or F(ab9)2 fragments (Fig. 4). Fab or F(ab9)2 fragments of

FIG. 4. Effect of Fab or F(ab9)2 fragments of antimannan IgG on alternative
pathway mediated-C3 deposition to yeast cells. Yeast cells were incubated in a
C3 binding medium containing 40% mannan-absorbed and EGTA-chelated
NHS that was supplemented with various amounts of intact antimannan IgG or
its Fab or F(ab9)2 fragments.

FIG. 5. Effect of exogenous antimannan IgG on formation of alternative pathway initiation sites. Yeast cells were incubated in a complement binding medium that
contained 40% mannan-absorbed NHS and 26 mg of antimannan IgG per ml of reaction mixture (classical pathway intact), 40% mannan-absorbed and EGTA-chelated
NHS (antibody-independent activation of the alternative pathway), or 40% mannan-absorbed and EGTA-chelated NHS and 26 mg antimannan IgG per ml reaction
mixture (antibody-dependent activation of the alternative pathway). Yeast cells were stained with FITC-labeled goat anti-human C3 antibodies.
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IgG as functional components in antibody-mediated alterna-
tive pathway activation have been reported for several other
experimental systems, including bacteria (7, 13, 39), protozoa
(17), virus-infected cells (6, 36), erythrocytes (1, 26, 29), and
zymosan (32). In each of these studies, F(ab9)2 fragments were
effective activators of the alternative pathway. Fab fragments
were found to activate the alternative pathway in some studies
(1, 6, 7, 17, 26, 39) but not in others (13, 29, 32, 36). The failure
of Fab fragments to facilitate alternative pathway activation
may be due to reduced avidity of the Fab fragments. This may
account for our observation that Fab fragments were some-
what less effective on a dose basis than F(ab9)2 fragments (Fig.
4).

The mechanism by which antibody facilitates activation of
the alternative pathway by C. albicans remains to be deter-
mined. Mechanisms that have been proposed to explain anti-
body-dependent activation of the alternative pathway in other
systems include (i) increased efficiency in binding of metastable
C3b to the particles (27, 32, 33), (ii) stabilization of the alter-
native pathway C3 convertase (29), and (iii) reduced interac-
tion of particle-bound C3b with factor H (5, 29). Perhaps the
mechanism varies with the particle under study. It is clear from
our examination of the sites of early C3 binding via antibody-
dependent and antibody-independent alternative pathway ac-
tivation (Fig. 5) that the antimannan antibody does not change
the fundamental pattern of C3 deposition; rather, the antibody
accelerates the rate at which this pattern emerges. This in-
crease in the rate of formation of focal initiation sites is com-
patible with any of the mechanisms proposed for antibody-
dependent activation of the alternative pathway.

Perhaps the most striking result of our study is the almost
complete dependence of complement activation by C. albicans
on antimannan IgG. Immunoaffinity absorption of NHS to
remove antimannan IgG markedly delayed the rate of accu-
mulation of C3 on cells incubated in the antibody-depleted
serum. Incubation of C. albicans in a mixture of highly purified
proteins of the alternative pathway produced very little C3
deposition during a 20-min incubation. These results indicate
that C. albicans has little intrinsic ability to mediate C3 depo-
sition at the cell surface via the alternative pathway. Conse-
quently, antimannan IgG is critical to rapid and maximal com-
plement opsonization of C. albicans yeast cells.

Animal models have shown that complement activation is a
critical innate host defense mechanism in experimental candi-
diasis (9, 25, 28); consequently, efficient activation of the host
complement system may well determine the fate of invading C.
albicans. Given the importance of antimannan antibody to
opsonization of C. albicans, does the absence of antimannan
IgG represent a risk factor for disseminated candidiasis? Con-
versely, the importance of antibodies in complement activation
lends support for immunization as a means to increase resis-
tance to systemic candidiasis. We (40) and others (10, 14, 23)
have shown that levels of antimannan antibody are highly vari-
able among normal donors. Moreover, there is a direct corre-
lation between the level of antibody in individual sera and the
rate of accumulation of C3 on C. albicans via the classical
pathway (40). Our observation that lower amounts of antiman-
nan IgG are required to facilitate activation of the alternative
pathway than are required for activation of the classical path-
way suggests that antibody-dependent activation of the alter-
native pathway may be a first-line defense in disseminated
candidiasis. On the other hand, our dose-response experiment
suggests that maximal activation of the alternative complement
pathway by C. albicans may require an optimal amount of
antimannan IgG (Fig. 3). How the amount and specificity of
antimannan IgG influences the interactions between human

complement defense system and C. albicans is largely un-
known. Studies in progress are designed to assess the contri-
bution of quantitative and qualitative variability in antimannan
antibodies in individual sera to C3 deposition via the alterna-
tive pathway.
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