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In the present study, we demonstrate that the yeast form of Blastomyces dermatitidis can proliferate for short
periods of time in the absence of ferric iron but not in the absence of calcium or magnesium. The results of this
study shed light on the resistance of B. dermatitidis to chelating agents, such as deferoxamine, and may explain
how B. dermatitidis resists the iron-binding activity of serum transferrin.

Iron is an essential nutrient for virtually all microorganisms.
Although the human body contains an abundance of iron, the
majority is bound to hemoglobin, myoglobin, and cytochromes
and thus is not available in a form that can be used to support
the growth of microorganisms (16). The availability of ferric
iron is further limited by transferrin, a high-affinity iron-bind-
ing plasma protein that contributes to innate immunity against
several pathogenic microorganisms (16). Some pathogenic
fungi possess mechanisms to overcome the iron-limiting con-
ditions within the host. For example, the dimorphic fungus
Histoplasma capsulatum produces siderophores, which are
high-affinity iron-binding ligands that facilitate the acquisition,
transport, and assimilation of ferric iron in vitro (12, 13).
Whether these fungal siderophores are involved in acquisition
and assimilation of iron during the course of an infection in
vivo is not known. Other strategies utilized by microorganisms
to acquire iron include the reduction of exogenous ferric iron
by fungal cell wall ferric reductases, degradation of host pro-
teins complexed with iron, and regulation of phagolysosome
pH to promote the disassociation of ferric iron from trans-
ferrin (7, 9, 14). Some microorganisms (for instance, Borrelia
burgdorferi) do not require ferric iron for growth at all (19). In
a previous study, we observed that serum transferrin did not
inhibit the proliferation of the yeast form of the dimorphic
fungal pathogen Blastomyces dermatitidis in vitro (10). This
observation was of great interest to us given that the majority
of fungal pathogens that cause disease in humans and other
mammals are susceptible to the iron-binding activity of serum
transferrin, which is an effective innate defense mechanism
against pathogens.

B. dermatitidis is a thermally dimorphic fungal pathogen with
a wide geographic distribution, and it causes disease primarily
in humans, dogs, and other mammals (1, 3, 4, 6, 8, 20, 21). B.
dermatitidis resides in the environment as a saprophytic mold
that forms infectious conidia that are aerosolized under the
appropriate environmental conditions. Following inhalation,
conidia transform into a pathogenic yeast form that can mul-

tiply in the lung. The resulting pulmonary infection can range
in severity from asymptomatic to a severe progressive pneu-
monia that can disseminate to the skin, eye, and other body
sites. We have a limited understanding of innate defense mech-
anisms that affect the multiplication of B. dermatitidis yeast
during the course of disease.

Transferrin is a high-affinity iron-binding protein that con-
tributes to innate immunity against fungal pathogens such as
Cryptococcus neoformans, Candida albicans, the dermato-
phytes (Trichophyton, Microsporum, and Epidermophyton), and
H. capsulatum by limiting the availability of ferric iron in the
host environment (16, 17, 23–25). During the course of an
infection, plasma transferrin concentrations increase and the
expression of cell surface transferrin receptors decreases, re-
sulting in a rapid reduction in plasma ferric iron concentrations
(to as low as 10�15 M) (16). This is below the threshold level
of ferric iron (10�6 M) required to support most microbial
growth. In the present study, we sought to assess the ability of
the yeast form of B. dermatitidis to proliferate under iron-
limiting conditions in vitro.

RPMI 1640 medium, which is a chemically defined medium
that contains only trace concentrations of ferric and ferrous
iron, meets the nutritional requirements for the proliferation
of B. dermatitidis yeast in vitro (10, 11) and was used in all of
the experiments described below. We have previously demon-
strated that apotransferrin, the iron-depleted form of serum
transferrin, lacks inhibitory activity against B. dermatitidis
yeast. We hypothesized that the absence of transferrin-medi-
ated inhibitory activity might be due to utilization of iron
complexed with transferrin or that B. dermatitidis had minimal
iron requirements for growth. To further investigate the effect
of iron limitation on the growth of B. dermatitidis yeast, we
treated B. dermatitidis yeast with deferoxamine, a high-affinity
iron-chelating agent. We observed substantial inhibition (P,
�0.05 at all time points) of B. dermatitidis yeast growth at the
highest deferoxamine concentration tested (10 mM); some-
what delayed yeast growth was observed at deferoxamine con-
centrations of 0.5 to 1 mM (Fig. 1). A lesser concentration of
deferoxamine (0.1 mM) had no effect on yeast growth. The
concentrations of deferoxamine required to inhibit the growth
of B. dermatitidis were much higher than those required to
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inhibit the growth of other pathogenic fungi. Newman et al.
reported that the 50% effective dose of deferoxamine for the
yeast form of H. capsulatum is 1 mM (18), and Clarkson et al.
reported that concentrations of deferoxamine as low as 100 to
200 �M inhibit the growth of Pneumocystis carinii by 90% (5).
Thus, approximately 10 to 100 times more deferoxamine is

required to inhibit the growth of the yeast form of B. derma-
titidis than has been previously reported to inhibit other patho-
genic fungi.

We envisioned several possibilities that would allow the
yeast form of B. dermatitidis to overcome the iron-binding
activity of deferoxamine. For example, B. dermatitidis might
acquire iron that was complexed to deferoxamine, which has
been reported for Rhizopus spp. and Aspergillus fumigatus (2),
or deferoxamine might stimulate iron uptake by B. dermatitidis,
as has been reported for Cryptococcus neoformans (15). To
distinguish among these possibilities, we used Chelex-100 to
deplete RPMI 1640 medium of iron and other cations. In
initial studies, we found that B. dermatitidis yeast could grow
equally well in either Chelex-100-treated RPMI 1640 medium
or fresh RPMI 1640 medium (Fig. 2A). However, mid-log-
phase yeast grown in Chelex-100-treated RPMI 1640 medium
for 48 h, washed twice in Chelex-treated RPMI 1640 medium,
and then subcultured in Chelex-100-treated RPMI 1640 me-
dium exhibited significantly less growth (P � 0.05) than yeast
in untreated RPMI 1640 medium (Fig. 2B). The ability of B.
dermatitidis yeast to proliferate when inoculated directly into
Chelex-100-treated RPMI 1640 medium but not when subcul-
tured a second time in the same medium suggests that B.
dermatitidis yeast may utilize intracellular cations to meet
short-term metabolic needs. If true, this would explain how B.
dermatitidis resists the iron-binding activity of iron-chelating
agents, such as transferrin and deferoxamine.

Because Chelex-100 binds cations (e.g., calcium and magne-
sium) other than ferric iron, we considered the possibility that
the growth inhibition observed in the above-described experi-
ments may have been due to limitation of cations other than
ferric iron. In preliminary experiments, we assessed whether
the addition of calcium, magnesium, ferric iron, zinc, or man-
ganese, alone or in various combinations, could restore the
ability of B. dermatitidis to multiply in Chelex-100-treated
RPMI 1640 medium. We found that only calcium or magne-
sium, alone (Fig. 3A) or in combination (Fig. 3B), enhanced

FIG. 1. Growth of B. dermatitidis yeast is inhibited by deferoxamine
only at concentrations of 0.5 mM or greater. Yeast was inoculated into
RPMI 1640 medium containing the indicated concentrations of defer-
oxamine (Def) and incubated for the indicated times at 37°C. Numbers
of viable yeast cells were then determined using alamarBlue. Defer-
oxamine at 0.5 or 1 mM significantly inhibited yeast growth at 48 h (P
� 0.05) but not at the 72-h time point, whereas deferoxamine at 10
mM significantly inhibited the proliferation of B. dermatitidis yeast at
all time points (P � 0.05). Yeast incubated in untreated RPMI 1640
medium served as a control. Data presented are the means � standard
errors of the means (SEM) of results from three separate experiments.
The asterisk indicates significant inhibition of growth compared to
control cultures (P � 0.05).

FIG. 2. Effects of chelation of RPMI 1640 medium with Chelex-100 on growth of B. dermatitidis yeast. (A) When B. dermatitidis yeast was grown
in Chelex-100-treated RPMI 1640 medium Œ or RPMI 1640 medium � for up to 72 h, no difference in growth was observed. (B) When B.
dermatitidis yeast was first grown in Chelex-100-treated RPMI 1640 medium for 48 h, washed, and then subcultured in fresh Chelex-100-treated
RPMI 1640 medium, there was a substantial reduction in yeast growth compared with that of yeast incubated in untreated RPMI 1640 medium
as a control (P, �0.05 at 24 to 72 h). Data presented are the means � SEM of results from two separate experiments, although the error bars are
obscured by the size of the symbols. The asterisk indicates significant inhibition of growth compared to control cultures (P � 0.05).
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the proliferation of B. dermatitidis yeast. The addition of a
combination of ferric iron, calcium, and magnesium to Chelex-
100-treated RPMI 1640 medium did not further enhance yeast
proliferation. In contrast, the addition of ferric iron alone to
Chelex-100-treated RPMI 1640 medium resulted in a reduc-
tion in yeast proliferation (Fig. 3C). These results suggest that
short-term B. dermatitidis yeast proliferation is dependent on
the availability of calcium and magnesium, but not ferric iron.

The impaired growth of B. dermatitidis yeast at low calcium
levels illustrates the importance of this cation for growth and
suggests that B. dermatitidis yeast may possess specialized
mechanisms to facilitate the acquisition of exogenous calcium
in the host. The closely related fungal pathogen H. capsulatum
has been reported to produce a calcium-binding protein
(CBP1) that is important for its intracellular parasitism of
macrophages (22). Deletion of CBP1 results in impaired intra-
cellular growth of H. capsulatum in macrophages (22). Perhaps
B. dermatitidis yeast possesses a similar calcium-binding pro-
tein that facilitates its multiplication in mammalian tissues.

In summary, the results of this study demonstrate that B.
dermatitidis yeast can proliferate for short durations of time in
the absence of extracellular ferric iron if calcium and magne-

sium are available. Given the results of our present and pre-
vious studies, it is unlikely that host defense mechanisms that
sequester iron (e.g., transferrin) contribute to innate immunity
against B. dermatitidis yeast.
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