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The microscopic morphology of Fonsecaea pedrosoi ATCC46428 was observed using two benzazole deriv-
atives, 2-(2'-hydroxyphenyl)benzoxazole and 2-(5-amino-2’-hydroxyphenyl)benzoxazole, which emit
intense fluorescence by a proton transfer mechanism in the electronically excited state (ESIPT). The cell
surface could be successfully stained with fluorescent dye solutions of 10 uM-10 mM using two different
fast and cost-effective procedures. At these concentrations, any structure or dye crystallization could be
observed. Concerning the external microstructural details, only the amino derivative allowed the differ-
entiation between hyphae and conidia. These dyes presented some advantages comparing to commercial
dyes, since the stained cells showed high chemical, thermal and photochemical stability during the
experiments and also after several months of storage at room temperature and normal light exposition.
Procedure 1 presented the advantage to be used when heating can change the chemical or biochemical
cell composition. On the other hand Procedure 2 showed to be useful as a routine methodology for cells

Black fungus staining.

The results allowed to propose a simple and highly sensitive assay to study the F. pedrosoi micromor-
phology by epifluorescence microscopy. This methodology can probably be extended for other fungi of

clinical interest.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Fluorescence techniques have been used as important tools in
microscopy to study cell structure morphologies [1]. The develop-
ment of new fluorochromes with more specific properties regard-
ing tissue staining and light, air and temperature stability
presents great interest. The epifluorescence microscopy (EFM)
has been used in mycology to assess the cell viability of yeasts
and spores [2,3], the growth of fungi [4,5], and their morphology
in soil and clinical specimens [6-8]. For this purpose several dyes
have been used, including Ethidium bromide, Propidium iodide
[2,3], Fluorescein diacetate [9,10], Carboxyfluorescein diacetate
[2,3], Sulfofluorescein diacetate derivatives [11] and Rhodamine
B [12]. Another dye, Calcofluor White®, have been used since
1984 to evaluate the histoarchitecture of cell elements [13-15],
and in diagnostic mycology to quantify and identify the fungal cells
in soils [16], plants [17] and clinical specimens [18-21].
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Compounds emitting fluorescence through an excited state
intramolecular proton transfer (ESIPT) [22,23] mechanism (Fig. 1)
have become a very attractive field of research by virtue of the
widespread applications that can be envisaged for these dyes
[24-30]. Particular interest has been presented in some benzoxaz-
ole derivatives, since these dyes have been used as probe to inves-
tigate hydrophobic-hydrophilic environments in systems that use
polymers for drugs delivery [31]. Usually the normal enol form
(Fig. 1) is the most stable conformer of these dyes in the ground
state. This conformer on excitation undergoes ESIPT to form the
keto tautomer, which gives rise to an emission with large Stokes
shift. Additional conformers are described and do not undergo
ESIPT [32]. These species are responsible for short wavelength
emission bands, which can compete with the ESIPT-exhibiting
dyes. Evidence of these conformational equilibria in solution in
the ground state could already be observed experimentally
through a solvatochromic effect in the UV-Vis absorption spectra
or by dual fluorescence emission [32].

Fonsecaea pedrosoi is a black fungus responsible for the develop-
ment of chromoblastomycosis in humans [33,34]. The fungus has
several patterns of conidiogenesis, which requires an accurate
morphological analysis for diagnostic and therapeutic purposes
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Fig. 1. ESIPT mechanism of the HBO.
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Scheme 1. Structure of 2-(2’-hydroxyphenyl)benzoxazole (HBO) and 2-(5’-amino-
2’-hydroxyphenyl)benzoxazole (AHBO).

[35]. Many studies in respect to differentiation [36,37] and cell sur-
face components [38-41] of the different fungal forms have been
performed, which can be related to the fungus adaptation to sus-
tain the cellular viability [42-44]. Additionally, several methodol-
ogies have been used to follow those morphological changes to
better understand the virulence and pathogenic mechanisms
[45,46]. This paper presents a fast and cost-effective methodology
of F. pedrosoi cell staining based on benzazole dyes comparatively
to Fluorescein and Calcofluor White®.

2. Materials and methods
2.1. Biological and chemical materials

Reagents grade 2-aminophenol and 5-aminosalicylic acid, poly-
phosphoric acid, purchased from Aldrich (Saint Louis, United
States), and salicylic acid from Synth (Diadema, Brazil) were used
as received to the fluorescent dyes synthesis. Fluorescein Sodium
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Fig. 2. Normalized UV-Vis absorption spectra of the HBO (top) and AHBO (bottom).

Salt was purchased from Carlo Erba (Rodano, Italy), Calcofluor
White® and Rhodamine B from Aldrich (Saint Louis, United States)
and used without any further purification. Hexane, dichlorometh-
ane, chloroform and absolute ethanol were purchased from Synth
(Diadema, Brazil) and 1,4-dioxane and n-octanol from Riedel de
Héden (Hanover, Germany) or Nuclear (Diadema, Brazil). All sol-
vents were used as received. Silicagel 60 Merck (Darmstadt, Ger-
many) was used for chromatographic column separations. Potato
dextrose agar (PDA), Sabouraud dextrose broth (SDB) and Sabou-
raud dextrose agar (SDA) were purchased from DIFCO (Detroit,
United States). Tween 80 was purchased from Synth (Diadema,
Brazil). The F. pedrosoi ATCC46428 samples was obtained from
the Laboratory of Fungal Immunology of the Institute of Basic
Health Sciences of Universidade Federal do Rio Grande do Sul (Por-
to Alegre, Brazil) and was kept in SDA at 36.5 °C.

Table 1
Relevant photophysical data of the benzoxazole derivatives.
Solvent 7955 (nm) Zimx (nm) A’st (nm)
HBO Dichloromethane 321 495 174
1,4-Dioxane 321 500 179
Octanol 322 493 171
AHBO Dichloromethane 369 565 196
1,4-Dioxane 395 460 65
Octanol 383 507 124
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Fig. 3. Normalized fluorescence emission spectra of the HBO (top) and AHBO
(bottom).
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