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Evidence That Cryptococcus neoformans Is Melanized in Pigeon
Excreta: Implications for Pathogenesis
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Structures similar to the melanin “ghosts” of melanized cryptococcal cells were isolated from pigeon excreta
contaminated with Cryptococcus neoformans, and their growth in pigeon excreta supported melanization. The
results suggest that environmental C. neoformans cells are melanized and imply that initial infection may
involve exposure to melanized cells.

Cryptococcus neoformans has a laccase that catalyzes the
synthesis of melanin in the presence of phenolic compounds (9,
17). Melanin synthesis by C. neoformans is associated with
virulence (11, 14). Melanin can protect C. neoformans against
antifungal compounds, oxidants, UV light, macrophages, and
extremes in temperature (reviewed in reference 2). Since mel-
anization confers reduced susceptibility to many insults, this
trait may have originally been selected for environmental sur-
vival.

Infections with C. neoformans are thought to occur by inha-
lation of aerosolized organisms from environmental sources,
and the sizes of cryptococcal cells collected from pigeon ex-
creta are compatible with aveolar deposition (10). Although
pigeon excreta have not formally been considered to be a
source of human infections, four independent DNA-typing
studies have identified the same cryptococcal strains in col-
lected pigeon excreta and clinical isolates (3–5, 18). Further-
more, there is considerable anecdotal evidence suggesting that
humans were infected after exposure to avian excreta (re-
viewed in reference 2). In this study we present evidence that
cryptococcal cells are melanized in pigeon excreta.

(The data in this paper are from a thesis to be submitted by
Angel Luis Rosas in partial fulfillment of the requirements for
the degree of doctor of philosophy from the Sue Golding
Graduate Division of Medical Sciences, Albert Einstein Col-
lege of Medicine, Yeshiva University, Bronx, N.Y.)

Samples of pigeon excreta were collected from areas adja-
cent to our institution. The presence of C. neoformans in the
feces was initially investigated by a C. neoformans cell capture
enzyme-linked immunosorbent assay (ELISA) and immuno-
fluorescence (IF) to screen pigeon excreta slurries. The ELISA
captures and immobilizes yeast cells and was performed as
described previously (1). For IF, 50 ml of pigeon excreta su-
pernatant was dried on poly-L-lysine-coated slides (Sigma
Chemical Corp., St. Louis, Mo.). Blocking for nonspecific bind-
ing was done with 0.05% Tween 20 in 2% bovine serum albu-
min (BSA) for 1 h at 37°C. Fifty-microliter samples of the
polysaccharide-binding immunoglobulin M (IgM) monoclo-
nal antibody (MAb) 2D10 (1) or antimelanin IgM MAb 11B11
(13) (1:100 [vol/vol]) in 1% BSA were applied to the slides,
which were incubated in a moisture chamber for 1 h at 37°C.
After excess MAb was washed off, each slide was covered with

50 ml of a 1:100 dilution of fluorescein isothiocyanate-conju-
gated goat anti-mouse IgM (Southern Biotech, Birmingham,
Ala.) in 1% BSA for 1 h at room temperature. The slide was
washed, a coverslip was placed over it with a mounting solution
(50% glycerol, 50% phosphate-buffered saline [PBS]–0.1 M
N-propyl gallate), and the slide was examined with an Olympus
(Melville, N.Y.) AX70 microscope. Negative controls included
slides with nonmelanized cells (ATCC 24067), NSO ascites
fluid, or no primary MAb. IF with the MAb 2D10 and whole-
cell capture ELISA demonstrated yeast cells that stained for
cryptococcal polysaccharide in pigeon feces (Fig. 1A and B). IF
with the melanin-binding MAb also stained yeast cells in the
pigeon excreta supernatants (Fig. 1C and D).

Excreta that demonstrated C. neoformans by capture ELISA
and/or IF were plated with 50-ml aliquots on isolation agar (1
mM L-dopa, 29.4 mM KH2PO4, 10 mM MgSO4, 13 mM gly-
cine, 15 mM glucose, and 6 mM thiamine [Sigma] with 0.1%
biphenyl [Eastman Fine Chemicals, Eastman Kodak Company,
Rochester, N.Y.], 0.025% vancomycin [Fugisawa USA, Inc.,
Deerfield, Ill.], 0.025% imipenem–cilastin [Merck and Co.],
and 1.5% agar [Difco Laboratories, Detroit, Mich.]) (3) and
incubated at 30°C. After a minimum of 6 days, darkly pig-
mented colonies were selected for further analysis. India ink
suspensions of cells from colonies or after growth in Sab-
ouraud dextrose medium (Difco) at 30°C were viewed with an
Olympus AX70 microscope. Isolates from pigeon excreta mel-
anized when they were grown in a defined chemical medium
with L-dopa (15 mM glucose, 10 mM MgSO4, 29.4 mM
KH2PO4, 13 mM glycine, 3 mM thiamine, 1 mM L-dopa [Sig-
ma]) at 30 or 37°C. Urease activity was measured with BBL
urea agar slants (Becton Dickinson, Cockeysville, Md.). Se-
lected isolates that were India ink positive, stained with MAb
2D10, melanized in L-dopa medium, grew at 37°C, and utilized
urea were further identified as C. neoformans with the API 20C
Clinical Yeast System (BioMerieux Vitek, Inc., Hazelwood,
Mo.).

Pigeon excreta that tested positive for C. neoformans were
treated with enzymes, denaturant, and hot acid and examined
by scanning electron microscopy for particles that resembled
melanin “ghosts” (16). Briefly, dried pigeon excreta (250 ml)
were dissolved in 1 M sorbitol–0.1 M sodium citrate (pH 5.0)
and then treated with 10 mg of Novozym 234 (Calbiochem, La
Jolla, Calif.) per ml for 1 h at 30°C. The debris was collected by
centrifugation, suspended in 4 M guanidinium isothiocyanate
for 2 h at room temperature, and then incubated in 6 M HCl
for 1 h at 100°C. The denaturant- and acid-resistant material
was dialyzed exhaustively against distilled water. Samples of
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the isolated material were prepared as previously described (7)
and viewed with a model JSM-6400 electron microscope
(JEOL, Tokyo, Japan). Spherical structures very similar to the
melanin ghosts isolated from melanized cells (16) were ob-
served in pigeon excreta that had been treated with enzyme,
denaturant, and boiling acid. These particles contained buds
and bud scars, consistent with an origin from melanized yeast
(Fig. 2A and B). One particle had a hole in the surface, sug-
gestive of a budding site where the daughter cell was sheared
off during the melanin isolation.

To examine whether pigeon excreta had precursors for mel-
anization, C. neoformans was grown on pigeon excreta agar
plates. Pigeon feces were suspended in a minimal amount of

PBS and autoclaved. Agar plates were prepared with a defined
chemical medium (15 mM glucose, 10 mM MgSO4, 29.4 mM
KH2PO4, 13 mM glycine, and 3 mM thiamine [Sigma] with 2%
Bacto-Agar [Difco]) with 5, 10, or 20% excreta. Positive con-
trol plates were made with 1 mM L-dopa, and negative control
plates lacked a substrate. C. neoformans ATCC 24067 or Can-
dida albicans SC5314 (gift of M. Ghannoun) was grown over-
night in Sabouraud dextrose medium at 30°C with shaking and
then collected and washed three times in PBS. Ten-day-old C.
neoformans cells growing on 10% excreta plates were collected,
subjected to the melanin ghost isolation protocol (16), and
prepared for scanning electron microscopy. C. neoformans
grown in medium without phenolic substrate completely solu-

FIG. 1. Light and IF images of C. neoformans in pigeon excreta suspensions (magnification, 31,000). (A and B) Images depict the binding of MAb 2D10 to a yeast
cell. (C and D) Images depict the staining of the melanin-binding MAb 11B11 to a yeast cell.

FIG. 2. Scanning electron micrographs of particles isolated following treatment with enzyme, detergent, and hot acid of pigeon excreta (A and B) or cryptococcal
cells grown on excreta agar (C) (magnification, 315,000). The structures are remarkably similar to cryptococcal melanin ghosts (8, 16) and demonstrate what appear
to be bud scars (A) and budding (B and C).

5478 NOTES INFECT. IMMUN.



bilize after treatment with enzyme, detergent, and hot HCl
(16). Colonies of C. neoformans grown on the defined agar
plates with or without 10% excreta were selected and sus-
pended in PBS, and the cells were observed in India ink sus-
pensions. Measurements of total cell diameter were done with
an Olympus AX70 microscope (magnification, 31,000) with a
grid (number of segments, 20) with resolutions to 0.1 mm.
Colonies of strain 24067 on 5, 10, or 20% excreta plates turned
brown by day 5 and became progressively darker over time.
Colonies on the defined agar without phenolic substrate were
white, whereas those on plates with L-dopa were black. C.
albicans grown on the excreta plates did not become pig-
mented, suggesting that colony pigmentation was not due sim-
ply to the uptake of some type of pigment from the excreta
agar. Treatment of C. neoformans cells from excreta agar by
the melanin isolation protocol yielded particles that were very
similar to melanin ghosts (Fig. 2C). The diameters of the
ghost-like structures isolated from C. neoformans grown on
10% excreta agar were similar to those of ghosts prepared
from cells grown on the same agar (3.2 6 0.77 mm versus
2.88 6 0.92 mm; n 5 20; P . 0.05 by Student’s t test). Similarly,
the sizes of the particles visualized in pigeon feces were 2.91 6
1.07 mm (n 5 20; P . 0.05 by Student’s t test).

We conclude that C. neoformans in pigeon excreta is mela-
nized from the following evidence: (i) yeast cells in pigeon
excreta stain with MAbs to C. neoformans polysaccharide and
melanin; (ii) structures remarkably similar in size and appear-
ance to melanin ghosts can be isolated both from pigeon feces
contaminated with C. neoformans and from cryptococcal cells
grown on excreta agar after treatment with enzyme, denatur-
ant, and hot acid; and (iii) C. neoformans colonies on pigeon
excreta agar plates are darkly pigmented. Melanization of C.
neoformans in the environment has important implications for
our understanding of cryptococcal ecology and pathogenesis.
Melanin synthesis in pigeon excreta may potentially protect C.
neoformans cells against environmental stresses such as UV
light (15) and extremes in temperature (12). Human C. neo-
formans infection is acquired from the environment, and there
is extensive circumstantial evidence implicating pigeon excreta
as a potential reservoir for infection (reviewed in reference 2).
Our finding suggests that the initial infection may involve mel-
anized C. neoformans cells. Since there is evidence that the
immune responses to melanized and nonmelanized cells are
different (6), our results suggest that it is important to study the
effect of melanization in initial infection.
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