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ABSTRACT

Cryptococcus neoformans is an important opportunistic fungal pathogen that causes life-threatening infection
of the central nervous system. A major virulence factor for C. neoformans is the production of melanin in the
cell wall. Using transmission electron microscopy, we studied the cell walls of three pairs of isolates obtained
from patients with dual cryptococcal infections, where a melanotic and an albino strain were isolated from the
CSF of each patient. Transmission Electron Microscopy revealed that the albino strains lacked a melanin
layer whereas a melanin layer was associated with the cell wall of the melanotic strains, comprising
approximately 75% of the cell wall area. The cell wall size of the melanin producing cells was approximately
double the size the albino isolates’ cell walls (p value ≤ 0.003). In this study TEM revealed that the differences
in the ultrastructure of the melanin lacking and melanin producing isolates were associated to the cell wall and
the melanin layer.
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INTRODUCTION

C. neoformans is a capsulated environmental fungus
belonging to the basidiomycetes family that causes life-
threatening infections in immunocompromised and
immunocompetent hosts (2,4). In addition to the production
of a polysaccharide capsule, the production of melanin in the
fungal cell wall is essential for virulence (15). Melanization
of C. neoformans protects the organism from various
environmental conditions, such as the presence of toxins,
extreme temperatures, ultraviolet radiation and heavy metals
(9,22,28,29). Melanin also shields the fungus from
environmental predation by microorganisms such as
Acanthamoeba castellani and Caenorhabditis elegans
(19,24). During infection, melanin interferes with the
development of effective cell mediated responses (10,18).
Furthermore, melanized cells are more resistant to the effects

of certain antifungals, such as amphotericin B and caspofungin
(11,26,28), and are less sensitive to microbicidal oxidants (29).
Hence, melanization has clinical implications for cryptococcosis
since the pigment reduces the host response and the potency
of antimicrobial therapy.

Melanin-like compounds are present in the cell wall
(8,20,21,30). Scanning Electron Microscopy (SEM), Atomic
Force Microscopy (AFM), and Transmission Electron
Microscopy (TEM) have revealed that cell wall melanin is
composed of granules with roughly uniform dimensions (8).
These studies have also shown that the melanin is degraded or
remolded during budding of C. neoformans (8). However, the
techniques have not been utilized to study the cell wall of
melanin-lacking primary C. neoformans clinical isolates. We
previously described three patients from each of whom distinct
albino and melanotic isolates were identified in primary cultures
of their CSF (16). The purpose of this study is to determine
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differences in the cell walls of these albino and pigmented C.
neoformans isolates based on TEM analysis.

The data in this paper are from a thesis submitted by Piyali
Mandal in partial fulfillment of the requirements for the degree
of doctor of philosophy in the Department of Microbiology,
AIIMS, New Delhi, India.

METHODS

Cultures
Colonies from primary isolates from 43 patients with

cryptococcal meningitis were screened for melanin production
on Caffeic acid ferric citrate agar medium (Himedia, India) at All
India Institute of Medical Sciences (AIIMS) (16). In three patients
melanized and white colonies were isolated. For the present
work, the three pairs of isolates were studied (500w, 500b; 716w,
716b and 764w, 764b), where ‘w’ and ‘b’ represent white and
black, respectively. The ‘w’ strains were albino when grown
with phenolic substrates whereas the ‘b’ strains were pigmented
and melanin particles could only be isolated from the ‘b’ strains.
The strains were maintained on Sabouraud’s dextrose agar.

TEM
Single colonies were grown in Sabouraud’s dextrose broth

with 1mM L-DOPA for 7 days at 30ºC at 150 rpm. The cells
were collected by centrifugation at 2000 rpm for 10 minutes
and washed twice with PBS. The cells were suspended in
Cadillac fixative (2.5% gluteraldehyde, 1.2% acrolein in sym-
collidine) at room temperature followed by washing with 0.1
M cacodylate buffer twice for 5 minutes each. The cells were
subjected to postfixation in 1% Osmium tetroxide for 90 min at
room temperature followed by resuspending the pellet once
in 0.1M cacodylate buffer for 10min, washed with distilled
water for 10 min and dehydrated with ascending grades (30%,
50%, 70%, 95%, 100% and 100% again) of ethanol. The pellet
was then washed with a solution of ethanol and propylene
oxide at 1:1 ratio for 10 minutes followed by propylene oxide
for 10 minutes twice. Infiltration was done in Spurrs resin
containing propylene oxide at 1:1 ratio for 5 hrs under vaccum
and at 3:1 ratio for 10 minutes twice under vacuum. Embedding
was done in spurrs resin under vaccum at 60ºC for 48 hrs.
Blocks of 70 - 80 nm thickness were cut on a Reichart Ultracut
UCT and sections were placed on copper grids and stained
with 2% uranyl acetate and 0.5 % lead citrate for 90 min. The
samples were viewed and analyzed with a JEOL (Peabody,
MA, USA) 1200EX transmission Electron Microscope at 80
kV. The figures obtained by electron microscopy were used to
determine the differences between the cell wall ultrastructure
of the melanotic and albino strains. Twenty cells for each strain
were measured using adobe photoshop 7.0.1. The diameter of
the cell and the thickness of the cell wall were determined and
the mean and standard deviation were calculated using

Microsoft excel. The ratio of cell size (without cell wall size) to
cell wall size were determined.

RESULTS

TEM revealed the presence of melanin as an electron dense
layer in the cell wall of the melanin-producing isolates (Fig. 1-
b). The melanin layer was distributed throughout the cell wall in
the form of concentric rings (Fig. 2). In the majority of cells the
melanin layer was spread through approximately 75% of the cell
wall area. The melanin layer was disrupted at the budding sites
in the mother cells and the separated daughter cells had
complete, melanized cell walls, albeit significantly thinner
melanin layers (Fig. 3). In fact, analysis of 10 mother-daughter
cells with nearly complete budding revealed that the melanin
layers of the mother cells ranged from 0.125 - 0.443 µm (mean
0.281 µm) whereas the layers of daughter cells were 0.043 –
0.077 µm (mean 0.068 µm, p = 0.003). In contrast, mother and

Figure 2. TEM of a melanotic C. neoformans cell (A) showing
the concentric ring structure (B) of the melanin layer. Scale bar,
500nm, (Magnification X 10000).

Figure 1. TEM of (a) melanin-lacking (500w) and (b) melanin-
producing (500b) C. neofomans cells grown in L-DOPA medium
for 7days. Similar results were obtained with the other two pars
of isolates. Scale bar, 500nm, (Magnification X 15000).
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daughter albino-type cells grown with L- DOPA medium lacked
an electron dense layer in their cell walls (Fig. 1-a and 4-b). As
represented in Figure 4, the cell wall size of the melanin producing
cells was approximately double the size the albino isolates’ cell
walls (Table 1). Twenty cells from each sample were analyzed
and the difference was significant with the p value ≤ 0.003 by
Student’s t test for all the three pairs of isolates. The cell wall
sizes of other melanotic isolates were also studied by TEM and

were ranging from 1.0 - 1.1 µm (data not shown). The cell wall
thickness of the melanotic cells were found to be twice that of
the albino cells of similar size. The ratio of cell size (without cell
wall) to cell wall size of melanotic cells was 3.6 and that of the
albino cells was 5.8 (p < 0.001). The internal structure within the
cell wall of the melanin lacking and melanin producing cells
were similar.

DISCUSSION

Melanin synthesis and localization in Cryptococcus
neoformans is of particular interest because melanin is critical to
pathogenicity and represents a potential target for drug discovery
(6,17). Melanin-lacking C. neoformans strains are less virulent
when compared to melanin producing strains (15,23). The position
of the melanin layer is an important factor in determining the
function of melanin in protecting the organism from various
environmental insults and also in assessing its potential impact
on the transport of salts and other constituents across the cell
wall. This study was undertaken to detect whether the melanin-
deficient clinical isolates lack cell wall melanin or if melanin is
located in different regions within the visibly albino cells.

In pigmented C. neoformans cells, we found multi-lamellar
melanin in the cell wall in mature and recently budded cells,
which is in concordance with earlier reports (6,12,14,20). In
particular, TEM has previously shown C. neoformans melanin
is composed of 2-5 layers arranged in concentric manner (8).
Studies also have shown that melanin isolated from C.
neoformans has a layered structure and they are reminiscent of
the cell wall (7,25), since multi-lamellate structures are a general
characteristic of the cell wall (1). Therefore, structures may exist
that direct the deposition of the melanin into the layer. Candidates
for this include actin patches surrounding the cell cortex (13)
and chitin (3,27).

The cell wall sizes in the study varied from 0.4 to 1.1µm in
melanotic cells and 0.3 to 0.7µm in the albino cells depending
upon the age of the cells. The melanin layer in the melanotic
cells varied in the same proportion. This consequently suggests
that the thickness of the cell wall of C. neoformans and the
melanin layer are directly proportional.

Table 1. The difference in the cell wall thickness of melanin
lacking and melanin producing C. neoformans cells.

Samples Mean ± SD (nm)

500w 547 ± 76
500b 1087 ± 103
716w 566 ± 72
716b 1117 ± 176
764 w 550 ± 70
764b 1115 ± 172

Figure 4. Melanotic-500b (a) and albino-500w (b) C. neoformans
cells showing difference in the sizes of the cell walls. Similar
results were obtained with the other two pairs of isolates. Scale
bars – 1 µm (Magnification X 5000).

Figure 3. TEM of melanotic C. neoformans cells showing the
disrupted edges of the mother cell while budding and the
formation of complete melanin layers in recently budded cells.
The fibrilar structures visualized on the cell surface are
polysaccharide components of the fungal capsule. Scale bar,
500 nm, (Magnification X 1400).
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The albino C. neoformans cells grown in L- DOPA lacked an
electron dense layer in the cell wall. We previously showed that
the melanin-lacking cells were able to produce laccase, although
the enzyme contained a defective copper binding site that may
have affected its ability to catalyze the formation of melanin.
Additionally, we were previously unable to isolate insoluble
black substances during melanin extraction of the albino
isolates, (16). The lack of the melanin layer in the albino clinical
isolates is consistent with the previous report of melanin lacking
mutants of C. neoformans (15).

In conclusion, we have shown that pigmented strains of C.
neoformans are larger in cell wall size with thick melanin layers
in comparison to albino strains isolated from the same patient
at the same time. The deposition of melanin in the cell wall is
associated with increased virulence and protection from
antifungal compounds (16).

ACKNOWLEDGEMENTS

P.M. is supported by the Council of Scientific and Industrial
Research of India [grant number F 9/6(267)/2002-EMR-I] and
Indian National Science Academy, New Delhi India. J.D.N. is
supported by NIH AI056070-01A2 and AI52733, an Albert
Einstein College of Medicine Center for AIDS Research grant,
and an Infectious Disease Society of America Wyeth Vaccine
Young Investigator Research Award. U.B., T.S.R, I.X. and T.K.D
are supported by All India Institute of Medical Sciences, New
Delhi, India. U.B. and P.M. gratefully acknowledges support
from the AIDS International Training and Research Program
(NIH D43- TW01403) of the Albert Einstein College of Medicine
for a partial financial assistance during the work (Program
Director, V. Prasad).

We thank Frank Macaluso, Analytical Imaging Facility of
Albert Einstein College of Medicine, New York, USA, for his
expertised help and assistance in processing of the isolates for
TEM.

RESUMO

Isolados clínicos de Cryptococcus neoformans,
provenientes da Índia, produtores ou não de melanina:

Um estudo em microscopia eletrônica

Cryptococcus neoformans é um importante fungo
oportunista patogênico que causa infecção no sistema nervoso
central, e que pode levar o paciente à morte. Um dos principais
fatores de virulência do C. neoformans é a produção de melanina
na parede celular. Utilizando microscopia eletrônica de
transmissão, nós estudamos as paredes celulares de três pares
de isolados obtidos de pacientes com dupla infecção pelo
fungo, onde um isolado melanizado e um albino foram isolados
do líquor de cada paciente. A microscopia eletrônica de

transmissão revelou que as cepas albinas não apresentavam a
camada de melanina enquanto que uma camada de melanina
estava associada com a parede celular de cepas melanóticas,
constituindo aproximadamente 75% da área da parede celular.
O tamanho da parede celular das células produtoras de melanina
foi aproximadamente o dobro do tamanho da parede celular dos
isolados albinos (p < 0,003). Neste estudo, a microscopia
eletrônica de transmissão revelou que as diferenças na estrutura
dos isolados albinos sem melanina e dos isolados produtores
de melanina estava associada à parede celular e a camada de
melanina.

Palavras-chave: Cryptococcus neoformans, melanina,
microscopia eletrônica de transmissão, parede celular
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