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Given the increasing prevalence of cryptococcosis caused by Cryptococcus gattii (serotypes B and C) strains,
there is a need for rapid and reliable tests that discriminate C. gattii from Cryptococcus neoformans (serotypes
A, D, and AD). Seventy-two C. neoformans strains, sixty-seven C. gattii strains, and five Candida albicans strains
were analyzed for their ability to grow and produce pigment on minimal D-tryptophan D-proline (m-DTDP)
medium, on yeast carbon base D-tryptophan D-proline (YCB-DTDP) medium, and on fructose D-tryptophan
glycine (m-FDTG) medium. Of the C. gattii and C. neoformans isolates, 94% and 0% grew on m-DTDP agar,
respectively, and 98% and 0% grew in YCB-DTDP medium, respectively. C. gattii produced large amounts of
brown intracellular pigment(s) on m-DTDP agar and smaller amounts of yellow-brown (amber) extracellular
pigment(s). C. albicans grew on both media and produced a pink photoactivated pigment on m-DTDP agar. C.
gattii produced large amounts of brown intracellular pigments on the differential medium m-FDTG, whereas
C. neoformans produced smaller amounts of the brown pigments and C. albicans produced a pink pigment. The
pigments produced by C. gattii from D-tryptophan were distinct and were not related to melanin formation from
3,4-dihydroxyphenylalanine. Thin-layer chromatography of the methanol-extracted C. gattii cells detected four
different pigments, including brown (two types), yellow, and pink-purple compounds. We conclude that
tryptophan-derived pigments are not melanins and that growth on m-DTDP or YCB-DTDP agar can be used
to rapidly differentiate C. gattii from C. neoformans.

Cryptococcus neoformans was classically subdivided into the
three varieties: C. neoformans var. gattii (serotypes B and C), C.
neoformans var. neoformans (serotype D), C. neoformans var.
grubii (serotype A) (17), and C. neoformans (serotype AD).
However, recent evidence suggests that the genetic separation
between the varieties is sufficient to split these three varieties
into two species, Cryptococcus gattii and C. neoformans (27). C.
neoformans is found worldwide, whereas C. gattii is usually
found in tropical and subtropical climates. C. neoformans has
long been associated with disease in immunocompromised pa-
tients, and more recently multiple cases of C. gattii were also
detected in immunocompromised patients (11, 29, 33, 34, 52).
Recent outbreaks of C. gattii on Vancouver Island in Canada
(21, 23) and the isolation of this yeast from additional geo-
graphic locations (11, 29, 30) indicate that it is emerging as a
primary human pathogen. Cases of C. gattii caused by the
Vancouver strain are now occurring in the United States (54).
Given that there are clinical differences in cryptococcosis
caused by the two cryptococcal species, there is a need for
rapid diagnostic tests that can distinguish these isolates. The
classical methodology for distinguishing between serotypes is
based on serological reagents. Serotyping was usually accom-
plished by factor serum agglutination using the Crypto-Check
kit (Iatron, Inc., Tokyo, Japan), but these reagents are no

longer made. Furthermore, this method is expensive compared
to the traditional medium-based diagnostic assays for the sep-
aration of the strains into varieties. Various methods have
been reported for separating C. gattii from C. neoformans,
including use of canavanine-glycine-bromthymolblue agar
(CGB) (25), glycine-cycloheximide-phenol red agar (48), and
creatinine-dextrose bromthymol blue (24) agar. The CGB agar
was reported to give fewer false-positive and false-negative
results than the others. However, it is noteworthy that these
assays each contained inhibitors of growth, such as l-canava-
nine or cycloheximide, to reduce the likelihood of false-posi-
tive results (25, 48).

Various studies revealed that C. gattii could assimilate D-
proline (2, 3, 13, 31) and D-tryptophan (2, 3, 35) whereas C.
neoformans, including serotype AD, did not assimilate these
amino acids. Additionally, only C. gattii assimilated L-malic,
fumaric, and succinic acids (4). C. gattii produced a brown
diffusible pigment when D-tryptophan was assimilated (35).
3-Hydroxyanthranilic acid (42), a tryptophan metabolite, was
previously detected in the supernatant of C. neoformans grown
cells. Anthranilic acid, a precursor/metabolite of tryptophan,
was metabolized to an intracellular pigment by C. neoformans
(10).

Pigment production was reported for the Candida spp. grow-
ing in L- or DL-tryptophan, with approximately one-half of the
medically important species producing brown pigments and
the other half, including Candida albicans, producing, a pink
light-catalyzed pigment (7). Some time ago, Chaskes and Tyn-
dall (10) reported that some strains of Cryptococcus neofor-
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mans produced brown cell-associated intracellular pigments
while others produced pink extracellular pigments from L- or
DL-tryptophan. The C. neoformans isolates used in that study
were not classified by serotype, and consequently no associa-
tion between serotypes or varieties of C. neoformans and pig-
ment production was made. Additionally, various other Cryp-
tococcus species produced brown or pink pigments when
cultured on L- or DL-tryptophan (10). Our goal in the current
study was to develop a new diagnostic medium which allowed
the growth of C. gattii but prevented the growth of C. neofor-
mans. A second goal of the study was to characterize the
pigments produced by the two Cryptococcus spp. and C. albi-
cans from D-tryptophan and to investigate their relationship to
melanin-type pigments.

MATERIALS AND METHODS

Cultures. Sixty-seven C. gattii strains were obtained from Thomas Mitchell
(Durham, NC), June Kwon-Chung (Bethesda, MD), and Uma Banerjee (New
Delhi, India). These strains included both clinical and environmental isolates.
The C. gattii strains included NIH isolates 34, 191, 198, and 444. The lab stock of
33 isolates of C. neoformans var. grubii consisted of 28 clinical isolates that were
obtained from cryptococcal meningitis patients from New York City hospitals
(53). Additionally, MY2061 (serotype A) was obtained from Merck and Com-
pany (Whitehouse Station, New Jersey) and H99 (serotype A) was obtained from
the New York State Herbarium, Albany, NY. Three clinical isolates of C. neo-
formans var. grubii were obtained from Uma Banerjee. The lab stock of 25
clinical strains of C. neoformans var. neoformans was obtained from Cryptococcal
meningitis patients from New York City hospitals (53), or from Laurie Watt
(bioMerieux, Marcy l’Etoile, France). Strain 24067 (serotype D) was obtained
from the American Type Culture Collection (Manassas, VA). The lab stock of 14
isolates of serotype AD was obtained from Mary Brandt, Centers for Disease
Control and Prevention, Atlanta, GA). The congenic serotype D strains, 2ETU
(laccase deletion) and 2ETU-C (complemented strain), have been described
previously (47). C. albicans (BSMY 212) was provided by David Goldman, Albert
Einstein College of Medicine, New York, NY, and four additional strains were
obtained from Jean Pollack, New York University Medical Center, New York, NY.

Inoculum. Two- to 5-day-old yeast cells from Sabouraud dextrose agar plates
were transferred to each quad plate using a 10-�l inoculating loop. The inocu-
lums were applied to achieve confluent growth on the quad plates. Five strains of
each yeast, C. neoformans and C. gattii, were used to determine the optimum
concentration of each ingredient needed to achieve rapid growth and pigment
production using minimal D-tryptophan D-proline (m-DTDP), yeast carbon base
D-tryptophan D-proline (YCB-DTDP), and minimal fructose D-tryptophan gly-
cine (m-FDTG) agars. Final testing employed 67 strains of C. gattii, 72 strains of
C. neoformans, and 5 strains of C. albicans.

Growth and pigment production for C. gattii on m-DTDP agar. D-tryptophan
(2 g/liter) was tested as the sole nitrogen source. D-Tryptophan and D-proline
were tested in the following combinations: 0.5 g/liter D-tryptophan and 2 g/liter
D-proline; 2 g/liter D-tryptophan and 2 g/liter D-proline; 2 g/liter D-tryptophan
and 0.5 g/liter D-proline. The following carbon sources were tested at 5, 10, 20,
40 or 80 g/liter: glucose, sucrose, fructose, maltose, galactose, mannose, xylose,
citric acid, and succinic acid. Media with pHs of 5.35 and 7.35 were evaluated.
The following salt levels were tested: 4, 2, or 1 g/liter KH2PO4 and 2.5, 1, and 0.5
g/liter MgSO4 � 7H2O. The following incubation temperatures were tested: 25°C,
30°C, and 37°C.

Preparation of selective/differential media (m-DTDP agar). Solutions with 2�
chemicals were prepared in 500 ml distilled water (dH2O)–40 g glucose or 40 g
fructose (Fisher Scientific, Pittsburg PA), 2 g D-tryptophan (Sigma, St. Louis,
MO), 0.5 g D-proline (Sigma, St.Louis, MO), 4 g KH2PO4, 2.5 g MgSO4 � 7H2O,
and 5 ml of 1 mg/ml thiamine hydrochloride (Fisher Scientific, Pittsburg, PA).
The 2� chemical solutions were adjusted to a pH of 5.35 and filter sterilized. A
volume of 500 ml of 3% agar solution was autoclaved and immediately added to
the 2� chemical solution. The medium was then poured into quad petri plates
(Becton-Dickinson, Franklin Lakes, NJ). Broth shake cultures were prepared as
needed.

Preparation of selective medium (YCB-DTDP). Solutions with 2� chemicals
were prepared in 500 ml dH2O–11.75 g yeast carbon base (Sigma), 10 g glucose,
2 g D-tryptophan, and 0.5 g D-proline. The agar was prepared by dissolving the
yeast carbon base in 500 ml dH2O. Some heating (without boiling) may be

required to get all the components in solution. The remaining chemicals were
added. After cooling, the pH was adjusted to 5.35 and sterilized by filtration. A
volume of 500 ml of a 3% agar solution was autoclaved and immediately added
to the 2� chemical solution. The medium was then poured into quad petri plates.

Preparation of differential medium (m-FDTG). Solutions with 2� chemicals
prepared in 500 ml dH2O by mixing 40 g fructose, 2 g D-tryptophan, 0.5 g glycine,
4 g KH2PO4, 2.5 g MgSO4 � 7H2O, and 5 ml of 1 mg/ml thiamine. The 2�
chemicals were adjusted to pH 5.35 and sterilized by filtration. A volume of 500
ml of a 3% agar solution was autoclaved and immediately added to the 2�
chemical solution. The medium was poured into quad petri plates.

Preparation of 3,4-dihydroxyphenylalanine (DOPA) medium for in vitro mel-
anization assay. The chemically defined medium contained 3 g dextrose, 0.975 g
glycine, 4 g KH2PO4, 2.5 g MgSO4, 3 �M thiamine, and 197 mg either L-, DL-, or
D-DOPA dissolved in 1 liter distilled water.

Criteria for a positive test result on selective agar media (m-DTDP and
YCB-DTDP). Confluent growth was recorded as a positive test result. The rare
formation of one or two single colonies after 3 to 7 days’ growth on a quad plate
was recorded as a negative test result. The appearance of petite colonies was also
recorded as a negative test result. C. neoformans and serotype AD occasionally
formed petite colonies which failed to grow upon transfer to new quad plates
(negative results).

Fluorescence of D-tryptophan- or DOPA-grown cells under a Woods lamp. The
natural fluorescence of C. neoformans, C. gattii, and C. albicans cells growing in
m-DTDP, m-FDTG, or YCB-DTDP agar quad plates was studied using a Woods
lamp at 365 and 254 nm.

Natural fluorescence microscopy of C. gattii, C. neoformans, and C. albicans
cells from D-tryptophan or DOPA medium. Fluorescence of the yeast cells was
studied in broth shake cultures using m-DTDP, m-FDTG, YCB-DTDP, or
DOPA medium. Yeast cells were removed from the shake cultures (30°C) every
2 days and examined for fluorescence using an Olympus AX 10 microscope
(Olympus America, Melville, NY). The microscope was equipped with a 100�
numerical aperture and standard fluorescein isothiocyanate (excitation, 480 nm;
emission, 535 nm), DAPI (excitation, 360 nm; emission, 420 nm), and rhodamine
(excitation, 535 nm; emission, 610 nm) mode and filters.

Detection of indole and aromatic compounds. Salkowski reagent was prepared
by adding 300 ml of 36 N sulfuric acid to 500 ml distilled water. Fifteen milliliters
of 0.5 M FeCl3 was added to the diluted sulfuric acid. The modified Salkowski
reagent contained 0.5 M ZnCl2 or MnCl2 � 4H2O instead of 0.5 M FeCl3 � H2O.
The Kovacs reagent consisted of 5 g of p-dimethylaminobenzaldehyde in 75 ml
of amyl alcohol and 25 ml of 12 N HCl. Indole derivatives and/or tryptophan
metabolites were detected by adding the reagents to broth supernatants. The
Kovacs reagent detects indole and indole-like compounds, whereas the
Salkowski reagent has a broader spectrum and reacts with many more aromatic
compounds that contain tryptophan and indole derivatives. One milliliter of
supernatant containing m-DTDP-cultured, m-FDTG-cultured, or L-, DL-, or D-
DOPA-cultured C. gattii, C. neoformans, or C. albicans strains was tested with 9
ml of the various Salkowski reagents. One-half milliliter of the Kovacs reagent
was added to 3 ml of the various supernatants.

Extraction of brown pigments and fluorescent compounds. A volume of 50 ml
of 1- to 3-week-old yeast cells that were grown in m-DTDP broth was collected
by centrifugation at 3,000 � g for 60 min. Yeast cells were washed once in 0.85%
saline and were centrifuged at 3,000 � g. The pellet was extracted twice with 5
ml 100% methanol. The methanol extract was centrifuged at 10,000 � g for 5
min. The soluble extract was concentrated by simple overnight evaporation in a
petri plate. The concentrate was dissolved in 1 or 2 ml 100% methanol. The
pigments and fluorescent compounds could also be extracted with ethanol or
n-butanol.

Thin-layer chromatography (TLC). The 100%-methanol extract was spotted
on TLC Silica gel 60 plates (catalog no. 10028 [Selecto Scientific, Atlanta, GA]
or catalogue no. 5748/7 [Merck K GaA, Darmstadt, Germany]). Chloroform,
acetone, acetonitrile, xylene, and methanol were tested as solvents.

Isolation of D-Tryptophan particles. C. gattii cells were grown in m-DTDP
broth for 3 weeks. Yeast cells were then centrifuged for 60 min at 3,000 � g. The
cells were washed in 0.85% saline (three to five times) until the supernatants
were clear. The procedure of Wang et al. (56) that was used to make melanin
particles (“ghosts”) was adapted to C. gattii cells which formed brown pigments
in D-tryptophan (m-DTDP) broth.

Spectroscopy. Sabouraud dextrose-grown 2-week-old C. gattii (NIH 34 and
444), C. neoformans (H99, 2ETU, and 2ETU-C), and C. albicans (BSMY 212)
cells (negative control) and cells grown in D- or L-DOPA or D- or L-tryptophan
were suspended in water at a concentration of approximately 5 � 107 yeast cells
per ml. Approximately 500 �l of suspensions was pipetted into 4-mm quartz
electron paramagnetic resonance (EPR) tubes (Wilmad LabGlass, Buena, NJ)
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and slowly frozen in liquid nitrogen. EPR spectra were obtained with a Varian
E112X-Band model spectrometer (Varian Medical Systems, Palo Alta, CA). In
addition, the pigments produced from D- and L-tryptophan by C. gattii (NIH 444)
were extracted with 100% methanol. The methanol-soluble pigments and the
remnants of the extracted cells were also frozen in liquid nitrogen, and the EPR
spectra were obtained. The parameters for EPR were as follows: modulation
amplitude, 1.6 G; center field, 3,250.0 G; sweep width, 80.0 G; microwave fre-
quency, 9.107 GHz; microwave power, 5.00 mW; and temperature, 77 K. Samples
that resulted in weak EPR signals were scanned nine times, and the averaged
signal was recorded. The relative strength of each EPR signal was determined by
the amplitude distance of each EPR signal.

Zeta potential measurements. The zeta potential was determined for C. gattii
cells that were cultured on Sabouraud dextrose, D- or L-DOPA, or D- or L-
tryptophan broth. The zeta potential, or surface charge, of the particles was
determined by applying an electric field to the particles in suspension and
determining the direction and velocity of the particle movement by measuring
light scattering of a laser beam passed through the sample. Samples were pre-
pared at 107 cells per ml in 10 mM KCl. For each experiment, each sample was
measured three times with 10 readings per measurement. Measurements more
than three standard errors from the mean were thrown out. Values represent an
average of all readings.

Rapid DL-DOPA melanin test. The procedure of Chaskes et al. (6) was used to
perform a rapid melanin test. Briefly, an inoculating loop (10 �l) transferred 2
loopfuls of Sabouraud dextrose-grown C. gattii cells to a starvation phosphate
buffer (pH 7) agar medium. After the transferred cells were starved for 24 h at
25°C, the following substrates at 0.3% concentrations were directly added to the
C. gattii cells on the quad petrie plates: DL-, L-, or D-DOPA, dopamine, 4-hy-
droxymetanilamide, 2,5-diaminobenzenesulfonic acid, or D- or L-tryptophan).
The plates were observed every 30 min for pigment production.

Monochromator determination of required wavelengths for pink pigment
production by C. albicans. A Till-Photonics Polychrome II illumination and
control unit, along with the necessary auxiliary equipment (Till-Photonics, Eu-
gene, OR), was used to select and focus a specific wavelength of light on a petri
plate that contained C. albicans growing on m-DTDP or m-FDTG agar. The
petri plates inoculated with C. albicans were exposed to 16 h of light during the
stationary phase of growth (5 to 10 days). The experiments were conducted in a
dark room where the only source of light was the Polychrome illumination unit.
The covered petri plates were exposed to selected wavelengths of light which
ranged from 340 nm to 700 nm. The wavelength increment was 10 nm. Wave-
length experiments were also conducted with a Woods lamp (365 nm or 254 nm).
A standard fluorescent lamp was tested with the lamp placed 3 to 6 in. above the
m-DTDP or m-FDTG plates. The plates were exposed to fluorescent light for at
least 48 h.

RESULTS

Determination of optimum conditions for growth and pig-
ment production for C. gattii on m-DTDP agar. (i) D-Trypto-
phan and D-proline variations. D-Tryptophan did not support
growth when used as the sole nitrogen source. A weight ratio
of 1 to 4 D-tryptophan/D-proline supported excellent growth
but produced only light pigmentation. In contrast, a weight
ratio of 4 to 1 for D-tryptophan/D-proline supported excellent
growth and strong dark pigmentation.

(ii) Carbon source variations. Fructose, glucose, sucrose,
galactose, and xylose all supported both growth and strong
pigment production by nearly all C. gattii strains. Pigmentation
was not apparent by day one of growth but was usually notice-
able between days two and five. Pigmentation intensity in-
creased gradually with time, and the development of maximum
brown color usually required 2 or 3 weeks. Intense pigment
production required sugar concentrations of at least 20 g/liter,
with optimal levels requiring 40 to 80 g/liter. Maltose and
mannose supported growth, but pigment production was
slightly less intense. Citric acid and succinic acid (10 to 40
g/liter) supported neither growth nor pigmentation. Fructose
or glucose at 40 g/liter was selected as the carbohydrate to be
used in m-DTDP agar.

(iii) pH, salt, and temperature variations. We observed little
difference in the growth or pigmentation of C. gattii strains in the
pH range 5.35 to 7.35. Consequently, pH 5.35 was selected as
the working pH. Since we did not observe a significant effect of
the salt concentration on either growth or pigment production, we
selected 4 g/liter KH2PO4 and 2.5 g/liter MgSO4 � 7H2O, given
that this was used in the prior studies of pigment induction by
tryptophan (7, 10). However, temperature affected pigmentation
significantly, such that coloration was less intense at 37°C than at
either 25 or 30°C. Hence, 30°C was selected as the initial incuba-
tion temperature. After day 3, plates were incubated at room
temperature to prevent excessive dehydration.

Selective/differential agar. (i) Growth and pigmentation on
m-DTDP agar. Ninety-four percent (63/67) of C. gattii strains
grew on m-DTDP agar, whereas none (0/72) of the C. neofor-
mans strains grew. Figure 1 shows typical results observed on
m-DTDP agar. The results for serotype AD strains (not
shown) were identical to those for C. neoformans. Growth of
the C. gattii strains (60/67) was usually evident between days 1
and 3. Only a few strains of C. gattii (3/67) required 4 or 5 days
to achieve confluent growth. Pigmentation continued to de-
velop for several weeks. Each C. gattii strain that grew pro-
duced at least some pigment, with approximately 10% of the C.
gattii strains producing small amounts of brown pigment as
measured by visual inspection. Growth was comparable in agar
containing glucose or fructose, but pigmentation was usually
greater with fructose as the carbon source (not shown). C.
albicans (5/5) strains produced a pink, light-catalyzed water
soluble pigment (not shown). A small amount of a brown
intracellular pigment was also produced after exposure to light.

Shaking versus stationary cultures using m-DTDP media.
C. gattii cells grown in m-DTDP agar or broth medium mani-
fested pigmentation by day 2 to 5. A gradient phenomenon was

FIG. 1. Growth and fluorescence of C. gattii on m-DTDP agar.
Row I, plate 1 shows typical growth and a small amount of pigmenta-
tion of C. gattii on m-DTDP agar (B and C) on day 2, whereas C.
neoformans (A and D) fail to grow. Plate 2 illustrates weak fluores-
cence (365 nm) on day 2. Plate 3 shows the beginning of strong
pigmentation on day 3 for C. gattii (B and C). Plate 4 illustrates the
fluorescence observed on day 3 under a Woods lamp (365 nm.). Row
II, plate 1 shows typical growth and dark-brown pigmentation of C.
gattii on m-DTDP agar (B and C) after 5 to 7 days. In contrast, C.
neoformans (A and D) cannot use the D-amino acids and fails to grow.
Plate 2 illustrates the absence of fluorescence of C. gattii after the
formation of the dark-brown pigments (masks fluorescence). Plates 3
and 4 show the less-typical pattern observed for C. gattii, quad B (top),
which produced smaller amounts of the brown pigments with the
fluorescence intensity remaining strong when illuminated with a
Woods lamp (365 nm).
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often observed after shake cultures were centrifuged (3,000 �
g for 60 min) after 5 to 7 days of growth. Underneath the
supernatant was a gradient of brown-pigmented yeast cells.
The cells at the top of the pellet were the darkest, and the cells
at the bottom of the pellet contained the smallest amount of
pigment. The supernatant contained some debris and including
some water-insoluble pigment that was probably secreted by
the yeast cells. The filtered supernatant was an amber-brown
color. A gradient or sectoring was not observed for agar-grown
cells. Shake cultures are not recommended for C. albicans
since the surface area is decreased in comparison to petri
plates and light activation is more difficult.

(ii) Selective YCB-DTDP agar. This selective agar was ex-
cellent for differentiating C. gattii from C. neoformans. How-
ever, pigmentation and fluorescence were minimal on YCB-
DTDP agar. When strains of C. gattii and C. neoformans were
compared on YCB-DTDP agar, 98% (66/67) of the C. gattii
isolates grew whereas none of the C. neoformans isolates grew
(0/72). Light pigmentation was evident for the yeast cells on
this agar, and although pigmentation increased with time,
overall pigment production was less intense than that observed
with m-DTDP. The YCB-DTDP agar contained only 20 g/liter
glucose, since higher concentrations resulted in an increased
precipitate in the medium. High heat cannot be applied to
dissolve the precipitate since tryptophan is heat sensitive. Flu-
orescence of C. gattii on YCB-DTDP agar (not shown) under
a Woods lamp (365 nm) was less intense than the fluorescence
observed with m-DTDP agar. C. albicans grew well but pro-
duced just a trace of the pink pigment after exposure to light.
YCB-DTDP is recommended only to separate C. gattii from C.
neoformans.

(iii) Differential m-FDTG agar. Figure 2 illustrates a dra-
matic difference in the amount of pigment produced by the
varieties. C. neoformans and serotype AD (not shown) pro-
duced smaller amounts of pigment than C. gattii. This medium
required 7 to 10 days to differentiate the varieties. C. albicans
produced a pink light-catalyzed pigment on m-FDTG media.
Pink pigment production by C. albicans was equally intense for
both m-FDTG and m-DTDP agars. The C. albicans cells ex-
hibited faint fluorescence under a Woods lamp (365 nm) (not
shown).

(iv) DOPA agar. C. gattii, C. neoformans, and C. albicans
were not fluorescent under a Woods lamp.

Natural fluorescent microscopy of yeast cells from D-tryp-
tophan media. (i) m-DTDP. The ability of pigmented and
nonpigmented cells to fluoresce was evaluated under various
wavelengths (Fig. 3). Nonpigmented cells from early m-DTDP
broth cultures (1 to 2 days) demonstrated no fluorescence.
Cellular fluorescence was always linked to pigment production
and correlated with pigment intensity, such that dark pigmen-
tation was associated with intense fluorescence. These results
should not be interpreted to mean that the pigments are flu-
orescent compounds. TLC results (see Fig. 5) revealed that a
pink-violet water-insoluble pigment lacked fluorescence. Some
of the brown pigment(s) can be removed from the cells via
repeated washing with water or phosphate-buffered saline,
leaving cells that still contain fluorescent compounds. Three
common fluorescent patterns observed included a peripheral
pattern with most of the light intensity confined to the cell wall
(Fig. 3B), a weaker peripheral pattern with most of the light
intensity also confined to the cell wall (not shown), and a
cytoplasmic pattern whereby internal structures such as vacu-
oles fluoresced brightly (Fig. 3D and E). A portion of the
brown pigments (Fig. 3C) produced by C. gattii was observed in
the vacuoles/interior of the yeast cell, and the pigment location
was not restricted to the cell wall. C. albicans cells were also
fluorescent after the formation of the pink pigment, and results

FIG. 2. Growth and fluorescence of C. gattii and C. neoformans on
m-FDTG agar. Plate 1 shows the typical growth and brown pigmen-
tation on m-FDTG agar of C. gattii (B and C) and neoformans (A and
D) after 5 to 10 days. Substituting glycine for D-proline resulted in the
growth of C. neoformans, which produced light-brown pigments.
Strong fluorescence was observed for the lighter-pigmented C. neofor-
mans when it was illuminated with light of 365 nm. In contrast, the
fluorescence disappeared once C. gattii produced large amounts of the
brown pigment(s). Plate 3 (less typical than plate 1) shows C. gattii
(C) producing a moderate amount of brown pigment which is not able
to mask the fluorescence at 365 nm (plate 4).

FIG. 3. Fluorescent microscopy of C. gattii. C. gattii cells and debris
of 10-day-old m-DTDP shake cultures viewed in visible (A) or fluo-
rescent (B) illumination, demonstrating fluorescence in the yeast cell
wall. The debris (arrow) is thought to be either secreted pigment or
extracellularly synthesized pigment that is not water soluble. Strong
fluorescence in the cell wall was a commonly observed pattern (B).
(C) gattii cells from a 10-day-old m-DTDP shake culture illustrated
strong cytoplasmic fluorescence that was concentrated in distinct foci,
shown in panels C, D, and E. Quenching of the fluorescence was not
observed for B, D, or E. The arrow (C) points to water-insoluble
pigment in the medium. The magnification was �1,000 for panels A
and B, and the photographs (C, D, and E) were enlarged to �2,000 in
order to better observe the location of the brown pigments.
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were very similar to those previously described for L- and
DL-tryptophan (7).

(ii) YCB-DTDP. Fluorescence microscopy analysis of C. gat-
tii and C. albicans from YCB-DTDP broth (not shown) showed
very weak fluorescence in comparison to the fluorescence ob-
served in m-DTDP broth (Fig. 3).

(iii) m-FDTG. C. gattii grown in m-FDTG broth (results not
shown) exhibited fluorescence similar to that of the C. gattii
cells grown in m-DTDP broth. Cellular fluorescence was more
intense for C. gattii than for C. neoformans after growth in
m-FDTG broth. Candida albicans cells were also fluorescent
after the formation of the pink pigment, and results were very
similar to those described from L- and DL-tryptophan (7).

(iv) DOPA. C. gattii, C. neoformans, and C. albicans grown in
DOPA containing broths were negative for fluorescence.

Detection of aromatic compounds in supernatants. (i) m-
DTDP. Supernatants from cryptococcal cultures demonstrate
coloration, and pigmented cells extracted with methanol were
fluorescent (Fig. 4) The noninoculated filtered m-DTDP me-
dia failed to react with acids, and colored compounds were not
produced. Concentrated sulfuric acid was not used since it
reacted with the noninoculated m-DTDP media to form a
dark-brown color. Instead, diluted sulfuric acid (37.5%) was
utilized since no reaction was observed with the original media
or with the supernatants of m-DTDP. Addition of the
Salkowski reagent in 37.5% sulfuric acid with ferric chloride
changed the color of the supernatant to a brilliant purple.
Substituting zinc chloride or manganese chloride for the ferric
chloride yielded a pink/fuchsia color which usually changed to
purple upon standing for several hours. The pink/fuchsia and
purple colors indicate that D-tryptophan was metabolized to
various aromatic compounds. The addition of acetic acid,
bleach, or the Kovacs reagent to culture supernatants did not
change their color. The supernatants of C. albicans failed to
react with the Salkowski reagent.

(ii) YCB-DTDP. The Salkowski reagent failed to react with
the supernatants of C. gattii or C. albicans.

(iii) m-FDTG. The Salkowski reagent also strongly reacted
with the m-FDTG supernatants of both C. gattii and C. neo-
formans (purple color). Supernatants of C. albicans failed to
react with the Salkowski reagent.

(iv) L-, DL-, and D-DOPA. The Salkowski reagent failed to
react with the DOPA supernatants of both C. gattii and C.
neoformans.

Extraction of brown pigments and fluorescent compounds.
Methanol, ethanol, or n-butanol extracted the pigments and
fluorescent compounds from C. gattii cells that were grown on
m-DTDP broth. The brown pigments and fluorescent com-
pounds could not be extracted from the C. gattii cells with
100% chloroform, acetone, xylene, or acetonitrile. Figure 4,
section II, shows the brown pigments extracted with methanol.
The brown pigments masked fluorescence at 365 nm in water-
based medium. However, the fluorescence returned once the
yeast cells were extracted with alcohol (Fig. 4, section III).
Similar results were obtained for m-FDTG-grown C. gattii cul-
tures.

TLC partial separation of pigments and fluorescent com-
pounds. The methanol-extracted intracellular pigments and
fluorescent compounds from C. gattii cultured on m-DTDP
media migrated from the origin when the solvent system was at
least 75% methanol (Fig. 5). At least four pigments (a pink/
purple, two browns, and a yellow) were observed under visible
light, and multiple fluorescent compounds were detected un-
der UV light (254 or 365 nm). Similar results were obtained
from C. gattii strains cultured on m-FDTG media. The TLC
separation was more complete and distinct when the solvent
was 75% or 90% methanol. In contrast, 100% methanol was
less satisfactory. The pigments and fluorescent compounds re-
mained at the TLC origin when the solvent system was chlo-
roform, acetone, xylene, or 50% methanol. The resolution and

FIG. 4. Supernatants from cryptococcal cultures demonstrate col-
oration, and pigmented cells extracted with methanol were fluorescent.
Tube B (section I) is the amber color of the filtered supernatant from
m-DTDP grown C. gattii cultures. Tube A (section I) shows the pink/
fuchsia color resulting from addition of the Salkowski reagent to the
supernatant. Tube C (section I) shows the lighter pink color resulting
from addition of hydrochloric acid, nitric acid, or phosphoric acid to
the supernatant. The methanol-extracted brown pigments from m-
DTDP cells are shown in section II. The methanol-extracted pigments
and chemical compounds were highly fluorescent at 365 nm (section
III).

FIG. 5. TLC separation of pigments and fluorescent compounds
extracted from C. gattii. TLC plates illustrating partial separation of
pigments and fluorescent compounds extracted with methanol from
2-week-old C. gattii cells grown on m-DTDP medium. The solvent in
row A is 100% methanol, that in row B is 90% methanol, and that in
row C is 75% methanol. The merged columns are a composite of the
visible/254 nm columns. The results indicate the presence of at least
four pigments, including a pink/purple pigment (1), a yellow pigment
(2), and at least two brown pigments (3 and 4). The Rf values of the
pink/purple pigment (visible) are sensitive to changes in the methanol
concentration.
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separation of the pigments were unacceptable when acetoni-
trile was used as the solvent. These results strongly suggest that
the pigments and fluorescent compounds are not lipid like.
Methanol-extracted pigments and fluorescent compounds
from C. neoformans (m-FDTG media) could also be separated
by TLC (not shown).

Acid resistance of D-tryptophan pigments. Given that mel-
anins are acid resistant and can be isolated from melanized
cells by digestion in strong acids, we treated pigmented cells
with acid. In contrast to L-DOPA-derived melanin particles
(“ghosts”), no tryptophan particles were recovered from the
brown-pigmented C. gattii grown on m-DTDP media. There-
fore, the tryptophan-grown C. gattii cells were not acid resis-
tant, suggesting that these pigments are not melanins (56).

Spectroscopy. One of the important characteristics of mel-
anin is the presence of a stable free-radical population that
produces distinctive signals by EPR spectroscopy (16). The
inability to detect an EPR signal over the noise level (referred
to here as “negative EPR results”) for C. gattii (NIH 34 and
444), C. neoformans (H99, 2ETU, and 2ETU-C), and C. albi-
cans (BSMY 212) occurred after growth in Sabouraud dextrose
broth (control). Positive EPR results were obtained for C. gattii
cells that produced melanin in D- or L-DOPA medium. C. gattii
cells that produced pigments derived from D- or L-tryptophan
(m-DTDP or m-FTDP) also gave a positive signal. The C. gattii
(NIH 444) EPR spectrum for the DOPA-derived pigments
(melanin) was distinct and clearly different from the EPR spec-
trum derived with the tryptophan pigments (Fig. 6). The g
value is defined as the EPR spectroscopic splitting constant
proportional to the ratio of EPR frequency to resonance field.
Although all spectra exhibit similar g values for their zero
crossing points (e.g., 2.0036 for NIH 444 with D-tryptophan and
2.0042 for NIH 444 with D-DOPA), the spectra derived from
cells grown in tryptophan medium exhibited first harmonic
peak-to-peak linewidths that were significantly broader (ap-
proximately 7 G) than for those grown in DOPA media (ap-
proximately 4 G). The EPR spectra from D- and L-DOPA were
similar to each other in linewidth and g values, as were the
EPR spectra from D- and L-tryptophan. Methanol-soluble pig-

ments extracted from D- and L-tryptophan cells and the rem-
nants of the extracted cells from C. gattii (NIH 444) gave
negative EPR signals.

A strong positive EPR signal was obtained after C. neofor-
mans (H99) produced melanin from D-or L-DOPA. A weaker
EPR signal was recorded for the D-tryptophan-derived pig-
ments of C. neoformans (H99). The EPR signal for the C.
neoformans laccase mutant 2ETU was negative with D- or
L-DOPA. However, the EPR signal for the laccase mutant was
strongly positive for L-tryptophan and weakly positive for D-
tryptophan. The positive D- and L-tryptophan EPR signal for
the laccase mutant (2ETU) indicates that the melanin and
tryptophan pigments are two distinct and independent systems.
The complemented strain 2ETU-C gave a weakly positive EPR
signal for L- and D-DOPA and D-tryptophan. Negative EPR
signals were recorded for C. albicans on all substrates.

Zeta potential measurements. A consistent negative sur-
face charge for C. gattii cells grown in Sabouraud dextrose
broth (nonpigmented), D- or L-DOPA (pigmented), or D-
and L-tryptophan (pigmented) broths was observed. The
negative charge ranged from �22.82 to �34.22 mV. There
were no significant differences in the zeta potential between
the pigments produced from DOPA and those from trypto-
phan (data not shown). Likewise, significant differences in
the zeta potential were not observed when C. neoformans
produced pigments from DOPA or from tryptophan. The
negative charge ranged from �18.53 to �42.21 mV. The
negative surface charge on C. albicans (�12.73 to �20.72
mv) was substantially smaller than that for the two Crypto-
coccus spp. The strength of the negative charge did not
correlate to the intensity of the EPR signal.

Differences between pigmentation from DL-, D-, and L-DOPA
and D-tryptophan. Pigmented cells grown on DL-, D-, or L-
DOPA and D-tryptophan manifested numerous differences.
Figure 4 illustrates the color changes to the D-tryptophan su-
pernatants that occured when the Salkowski and acid reagents
(HCl, HNO3, or H3PO4) were added. In contrast, color
changes were not observed when the Salkowski and/or acid
reagent was added to the D-, DL-, or L-DOPA supernatant.

FIG. 6. EPR spectra for C. gattii (NIH 444) pigments derived from D-DOPA (A) or D-tryptophan (B). The D-tryptophan EPR spectrum
contained a distinctly broader peak-to-peak linewidth (�7 G) than the D-DOPA spectra (�4 G). Instrumental parameters are as follows:
modulation amplitude, 1.6 G; microwave frequency, 9.104 GHz; microwave power, 0.50 mW; and temperature, 77K; number of scans averaged,
nine.
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Rapid melanization of C. gattii strains from D-, DL-, or L-DOPA
often occurred within 1 h when cells were deprived of all
nutrients for 24 h. This rapid melanization was also observed
for dopamine, 4-hydroxymetanilamide, and 2,5-diaminobenze-
nesulfonic acid. In contrast, cells incubated with L- or D-tryp-
tophan failed to produce pigment between 1 h and 5 days of
incubation. Table 1 compares and contrasts features of C. gattii
pigmentation in medium containing DOPA or tryptophan.
Major differences included the observation that the pigment
derived from D-tryptophan was alcohol soluble whereas the
melanin pigment formed from DOPA was insoluble in alcohol.
Melanin production was optimal when the carbohydrate
source was restricted, whereas D-tryptophan-derived pigment
production required a high carbohydrate concentration. The
location of melanin was restricted to the cell wall, whereas the
tryptophan-derived pigments were not restricted to the cell
wall.

Wavelength dependence of pink pigment production by C.
albicans. C. albicans strains remained colorless when cul-
tured for at least 10 days on either m-DTDP or m-FDTG
agar under normal laboratory lighting. A fluorescent or UV
light must be placed approximately 6 in. above plates to
catalyze pink pigment formation. Since the Polychrome II
illuminator does not generate heat, it was placed a few
centimeters above the m-DTDP or m-FDGT agar plates.
We studied the ability of light ranging in wavelength from
340 nm to 490 nm to photoactivate the pink pigment. Figure
7 shows typical pink pigment formation using the Poly-
chrome II illuminator (420 nm for 16 h). Wavelengths above
490 nm did not induce pink pigment production by C. albi-
cans. Photoactivated pink pigment production was strongest
at 340 nm (lowest wavelength of the Polychrome II illumi-
nator) and weakest at 490 nm. A Woods lamp set at either
365 nm or 254 nm also photoactivated the pink pigment.
The data indicate that the pink pigment can be induced by

wavelengths from 254 nm to 490 nm. A standard fluorescent
light also was able to photoactivate the pigment.

DISCUSSION

Studies indicate that the accuracy of correct identification of
the C. gattii strains using D-proline assimilation tests (2, 3, 13,
31) or D-tryptophan assimilation tests (2, 3, 35) was favorable
with the CGB (25) method. The assimilation assays are based
on the fact that only the C. gattii strains utilized these D-amino
acids as the sole nitrogen source. In some studies the accuracy

TABLE 1. Comparison of C. gattii pigmentation using D-tryptophan or D-, DL-, or L-DOPA

Characteristic

Occurrence with medium

Reference(s)
D-Tryptophan

D-, DL-, or L-DOPA
and related
substrates

Pigment extractable with alcohol Yes No 8, 9
Pigment location restricted to cell wall No Yes 56
Particle formation after acid treatment No Yes 56
Pigmentation decreased in the presence of high glucose, 20–80 g/liter No Yes 6, 41, 43, 44
Salkowski reagent turns supernatant pink, fuchsia, or purple Yes Noa

Substrate must contain hydroxyl or amino groups on the aromatic ring No Yes 9, 14, 15, 18–20,
26, 44, 46, 55

C. gattii produces greater quantities of pigment than C. neoformansb Yes No 15, 18, 19, 41, 45
Yeast cells fluorescent under Woods lamp (365 nm) Yes Noa

Yeast cells fluorescent with FITC filterc Yes Noa

Pigmentation positive in starved cells No Yes 6, 44
Positive and unique EPR spectra Yes Yesa 15
Negative surface charge Yes Yes 38
Pigmentation decreased at 37°C Yes Yes 22
Pigments produced by C. albicans Yes No 8,9
Yeast cells form firm pellet at 3,000 � g after 10 min No Yesa

Top portion of yeast pellet has greater color intensity than the bottom Yes Noa

a Results for DOPA are found in the text.
b Results with m-FDTG agar (tryptophan agar).
c FITC, fluorescein isothiocyanate.

FIG. 7. Pigmentation of C. albicans after exposure with monochro-
matic light. After 1 week of growth on m-DTDP, C. albicans was
exposed to monochromatic light (420 nm) for 16 h. The lower left
quadrant shows typical results using the Polychrome II illumination
unit. The pink pigment was photoactivated between 340 nm and
490 nm.
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of these tests approaches 99% but the assay was relatively slow
because the formulation used low glucose concentrations (1 to
2%). The current study suggests that it is feasible to combine
D-tryptophan and D-proline into a single medium to separate
C. gattii from C. neoformans. The use of m-DTDP or YCB-
DTDP increased the carbohydrate source from 2 to 4%, such
that most C. gattii strains achieved growth in 1 to 3 days. The
current limitation for growth is the nitrogen source. We sug-
gest using YCB-DTDP agar or m-DTDP agar, since the accu-
racy is similar to those of previously published methods and
test results are available in a rapid fashion. Furthermore, we
recommend keeping the cultures for 5 to 10 days if the goal is
to observe maximum pigmentation of the C. gattii isolates.
Ninety-four percent of the C. gattii strains grew on m-DTDP
agar, whereas ninety-eight percent grew on the YCB-DTDP
agar. The four strains that failed to grow on the minimal agar
may require a specific vitamin/coenzyme or cofactor that was
present in the assimilation base but not in m-DTDP agar. It
must be emphasized that a positive test for the identification of
a strain as C. gattii is growth in this medium irrespective of
pigmentation.

Chaskes and Tyndall described production of two pigments
(a water-soluble pink pigment and a water-insoluble brown
pigment) when C. neoformans was cultured on L- or DL-tryp-
tophan agar (10). The serotypes used in that study were not
known. Mukamurangwa et al. (35) subsequently reported that
C. gattii strains produced a brown diffusible pigment from
D-tryptophan. We now report production of both intracellular
brown pigments and an extracellular brown/amber pigment
from D-tryptophan. Therefore, we deduce that the water-solu-
ble pink pigment (10) is produced by C. neoformans from only
L-tryptophan. The pink pigment was not produced by C. gattii
or C. neoformans on any of the D-tryptophan agars employed in
the current study. In contrast, C. albicans was able to produce
a pink water-soluble pigment from D-tryptophan, the stereo-
isomer of L-tryptophan. The pink pigments produced by C.
albicans from D- and L-tryptophan are probably identical, since
both require photoactivation and both are pH indicators. The
pink color intensifies with acid, begins to fade at pH 5.6, and
completely disappears at pH 6.5. Pink pigment production was
more rapid with L-tryptophan (7) than with D-tryptophan. Sev-
eral other Candida species can also produce the pink pigment
from D-tryptophan (Chaskes and Casadevall, unpublished re-
sults).

The pigments produced from D-tryptophan by C. gattii are
not melanins. In contrast to melanins, which are insoluble in
common organic solvents (8, 9), D-tryptophan-derived pig-
ments were extractable with various alcohols. Melanin forma-
tion occurs in the cell wall (56), whereas the pigments formed
from D-tryptophan are not confined to the cell wall and most of
the pigment appears to be localized within the interior of the
yeast cell. Furthermore, the pigment derived from D-trypto-
phan was not acid resistant, and no particles were recovered
from pigmented cells that were treated with hot acids. In con-
trast, the cell wall melanin is acid resistant, and melanin
“ghost” particles are readily recovered following hot acid treat-
ment. A low glucose concentration of 0.3 to 0.5% is usually
required for intense melanin production (9, 41, 43), whereas
pigment production from D-tryptophan was enhanced when
yeast cultures were grown at higher glucose concentrations (2

to 8%). The supernatant of m-DTDP tested positive for aro-
matic derivatives with Salkowski reagent that contained iron,
zinc, or manganese. Concentrated hydrochloric, nitric, or phos-
phoric acid also reacted with the supernatants. The Kovacs
reagent, which specifically detects indole and indole-like com-
pounds, was negative. The Salkowski reagent detects a wider
range of aromatic derivatives. A positive Salkowski test is in-
dicated by the development of a strong fuchsia color.
Salkowski-positive supernatants have not been reported for C.
neoformans or C. gattii cultures that produce melanin.

Additionally, D-tryptophan does not contain hydroxyl or
amino groups on the phenyl ring (8, 9, 14, 15, 18–20, 44, 46, 55)
that can be oxidized to melanin by the usual L-DOPA mela-
nogenesis pathway found in C. neoformans (41, 45). D-DOPA
can also serve as a substrate, and melanization occurred
equally well with both enantiomers (15). Both laccase and the
pigment melanin are associated with the virulence of C. neo-
formans (39, 40, 47, 58). Kwon-Chung et al. (26) also reported
that many indole compounds that have amino or hydroxyl
groups on the phenyl ring were converted to a melanin-like
pigment by C. neoformans.

In this study, we noted dramatic differences in the quantity
of pigment produced from D-tryptophan on m-FDTG agar,
with C. gattii producing much larger quantities than C. neofor-
mans. In contrast, both C. gattii and C. neoformans are good
melanin producers from DOPA. Even though many substrates
have been tested, there are no reports of C. gattii consistently
producing greater amounts of melanin than C. neoformans.
Furthermore, melanin is rapidly produced within 5 min to 4 h
from L-, DL-, or D-DOPA by C. gattii cells that are deprived of
nutrients for 24 h. In contrast, L-, DL-, or D-tryptophan did not
induce pigment production when the cells were starved.

Melanin (16, 38, 49) and the pigments derived from D-tryp-
tophan both have similar but distinctive positive magnetic
properties (EPR) and similar negative zeta potentials. How-
ever, the D-tryptophan-derived pigments are acid soluble and
hence do not meet the classical definition of melanins. Pig-
mentation is decreased for both systems when the yeast cells
are incubated at 37°C. Finally, the Candida genus metabolizes
DL-, L- (7), or D-tryptophan (current study) to pigmented prod-
ucts but cannot convert DOPA to melanin (8, 9). This study
concludes that the melanin pigment and the tryptophan-de-
rived pigments are the products of two separate and distinctive
systems.

Young C. gattii cultures that were grown on m-DTDP or
m-FDTG agar exhibited fluorescence under a Woods lamp
(365 nm). The fluorescence was later masked by the produc-
tion of the dark-brown pigments. In contrast, the fluorescence
of C. neoformans on m-FDTG agar remained intense, since
this yeast produces smaller quantities of the brown pigments.
Similar observations were reported by Slots and Reynolds with
Prevotella melaninogenic (51). Blood agar colonies of Prevotella
melaninogenica produce a salmon, orange, or pink fluores-
cence after 48 h when illuminated with the long wavelength of
a woods lamp. After the colonies darken to a brown color, the
fluorescence was a vivid red. The red fluorescence disappeared
after the colonies become black. Suspending the black bacte-
rial cells in methanol resulted in a return of fluorescence. We
also observed the return of fluorescence when the brown-
pigmented cells produced by C. gattii were suspended in meth-
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anol. The fluorescence of Prevotella intermedius and Porphy-
romonas asaccharolytica also decreases with the formation of
black pigment (32, 36).

The low density of the pigmented C. gattii cells that were
grown in D-tryptophan broth is evident, since after centrifuga-
tion at 3,000 � g for 60 min, the darker-pigmented cells were
located in the pellicle and the top layer of the pellet whereas
the lightest pigmented C. gattii cells were confined to the bot-
tom layer of the pellet. The most likely explanation is that the
intensely pigmented cells are less dense than the lighter-pig-
mented cells. Tryptophan is the most hydrophobic of all amino
acids and has been detected along with indole derivatives in
many types of cell membranes (5, 12, 28, 37, 50, 57). Hence,
one possible explanation for the lower density of the pig-
mented C. gattii cells is a higher lipid concentration. Balish and
Svihla (1) reported that C. albicans possessed a higher-than-
usual lipid content when cultured on tryptophan. However, the
pigments and fluorescent compounds produced from D-trypto-
phan in the current study are not lipid like, since they are
insoluble in lipid solvents such as chloroform and acetone.

In summary, we show that C. gattii, C. neoformans, and C.
albicans metabolize and produce pigments from D-tryptophan.
The current study concludes that C. gattii can be rapidly sep-
arated from C. neoformans, since only the former can grow and
produce pigments on D-tryptophan and D-proline agar. The
pigments produced by C. gattii from D-tryptophan are distinct
and separate from the melanin pigment produced from
DOPA. C. neoformans produces smaller amounts of pigment
than C. gattii when glycine is substituted for D-proline (m-
FDTG agar). Finally, C. albicans produces a water-soluble
pink light-catalyzed pigment from D-tryptophan. We believe
this assay can be readily adapted for discriminating C. gattii
from C. neoformans strains in clinical laboratories.
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