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The use of 2-[2’-hydroxy-5’-aminophenyl]benzoxazole (HAMBO),
a new fluorochrome for the morphological analysis of

Fonsecaea pedrosoi ATCC 46428 using a microculture technique

ABSTRACT:  (The use of 2-[2’-hydroxy-5’-aminophenyl]benzoxazole (HAMBO), a new fluorochrome for the morphological 
analysis of Fonsecaea pedrosoi ATCC 46428 using a microculture technique). Fluorochromes have been employed in fungi for 
many reasons, including the evaluation of cell feasibility, growth, physiological monitoring during stress, antifungal resistance 
and diagnosis of infections in clinical specimens. This study evaluated the incorporation of 2-[2’-hydroxy-5’-aminophenyl]
benzoxazole (HAMBO) into the vegetative and reproductive mycelia of Fonsecaea pedrosoi. Fonsecaea pedrosoi (strain ATCC 
46428) was incubated for 15 days on a microculture of potato dextrose agar containing HAMBO. Slides with fungal growth were 
analyzed using epifluorescence microscopy. The fluorochrome impregnated the surface of the cellular material. The detailed 
external definition of the microstructure allowed for the differentiation of hyphae and conidia and for the detection of changes 
in fluorochrome deposition and membrane thickness in the cellular elements investigated. HAMBO has intrinsic fluorescence, 
lack of functional groups susceptible to enzymatic hydrolysis, and slow photofading, which make it suitable for microscopic 
analysis when it is necessary to expose material to UV light for a long period.
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RESUMO: (Utilização de 2-[2’-hidroxi-5’-aminofenil]benzoxazol (HAMBO), um novo fluorocromo para análise morfológica 
de Fonsecaea pedrosoi ATCC 46428 na técnica de microcultivo). Fluorocromos tem sido empregados em fungos para a avalia-
ção da viabilidade celular, crescimento, acompanhamento durante o estresse fisiológico, resistência a antifúngicos, diagnóstico 
de infecção em amostras clínicas, entre outros. Este estudo avaliou a incorporação de 2-[2’-hidroxi-5’-aminofenil]benzoxazol 
(HAMBO) no micélio vegetativo e reprodutivo de Fonsecaea pedrosoi. Cepa de F. pedrosoi ATCC 46428 foi incubada em 
microcultivo em agar batata dextrose contendo (HAMBO) por 15 dias. As lâminas com o crescimento fúngico foram observa-
das em microscopia de epifluorescência. O fluorocromo impregnou na superfície do material celular. A definição detalhada da 
microestrutura externa permitiu a diferenciação de hifas e conídios e a detecção de alterações na deposição do fluorocromo e 
na espessura da membrana nos elementos celulares investigados. A fluorescência intrínseca do HAMBO, a ausência de grupos 
funcionais suscetíveis à hidrólise enzimática e o desvanecimento lento, o tornam adequado para a análise microscópica quando 
é necessária longa exposição do material à luz UV.
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Introduction

Chromoblastomycosis is a subcutaneous fungal disease 
caused by dematiaceous fungi, such as Fonsecaea pedro-
soi, which is a major cause of this disease in Brazil being 
common in tropical and subtropical regions (Lacaz et al. 
2002). In Brazil, the most frequent etiological agents are 
F. pedrosoi, Phialophora verrucosa and Cladosporium 
carrionii (Minotto et al. 2001). Diagnosis is usually made 
by direct examination of crusts, scales or pus from the 
lesions, and histopathological examinations of a biopsy 
or a culture from collected material; however, a delayed-
-type skin test using antigens produced in synthetic media 

may be useful for the assessment of primary exposure 
(Corbellini et al. 2006). 

Laboratory diagnostic procedures in dermatological 
mycology are based on direct microscopy and culture 
of clinical material (Aslanzadeh & Roberts, 1991). In 
this context, fluorochromes are an important tool, as 
they can be added to the growth media and incorporated 
into fungal cells, providing better visualization of fungal 
structures. Fluorochromes have been employed in fungi 
for the evaluation of cell feasibility (Correa et al. 1986, 
Lopes et al. 2002), growth (Cohen et al. 1987), physio-
logical monitoring during stress (Thrane et al. 1999), 
antifungal resistance (Yang et al. 2001), diagnosis of in-
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fections in clinical specimens (Holler et al. 2002, Rüschel 
et al. 2001) and interaction of these dyes with structural 
components of cells, such as membranes (Brasch et al. 
2003) and walls (Watanabe et al. 2005).

2-(2’-hydroxyphenyl)benzoxazoles are highly flu-
orescent molecules when irradiated with ultraviolet 
light by means of an intramolecular proton-transfer 
mechanism  in the excited state (ESIPT) (Campo et al. 
2000). 2-(2’-hydroxyphenyl)benzoxazole derivatives 
are well known for their photochemical properties (Ste-
fani et al. 1992, Pla-Dalmau 1995, Costela et al. 1998, 
Campo et al. 2000, Fournier et al. 2000, Holler et al.  
2002, Rodembusch et al.  2005), but their interaction 
with biological systems has been poorly investigated 
(Daboit et al. 2009). This article describes the use of 
2-(2’-hydroxy-5’-aminophenyl)benzoxazole (HAMBO) 
for this purpose, and focuses on its incorporation into F. 
pedrosoi and its staining capacity of the cell structures 
of this species using a microculture technique.

Materials and methods

2-(2’-hydroxy-5’-aminophenyl)benzoxazole (Fig. 1) 
was synthesized as described in Holler et al. (2002) and 
Stefani et al. (2003). Fonsecaea pedrosoi (strain ATCC 
46428) was purchased from the Department of Microbio-
logy, at the Universidade Federal de Minas Gerais. The 
fungal strain was maintained in Sabouraud agar slants 
at 36.5ºC. HAMBO was diluted in dimethyl sulfoxide 
at 8×10-2 molL-1, added to sterile melted (40ºC) potato 
dextrose agar at 1:100 and poured into plates (20 mL per 
plate). The medium was cut into cubes and placed on 
microscope slides in triplicate. The strain was inoculated 
onto each cube and the microculture was maintained at 
36.5ºC for 15 days under constant moisture. Slides with 
fungal growth were observed using epifluorescence mi-
croscopy, with an Optiphot-2/Nikon. The HAMBO was 
analyzed using the 400 nm wavelength.

Results and discussion

The fluorochrome was capable of impregnating the 
fungal wall and cells after its incorporation. The slide 
stained with HAMBO shows fungal hyphae with a green 
outline (Fig. 2), and the thickness of the wall with sites 
showing a bilaminar structure.

This fluorochrome, when used for the detection of mor-
phological structures, had a singular staining pattern on 
the fungal hyphae, and the slides stained with HAMBO 
allowed the structure of the cell wall  (Fig. 2) to be visu-
alized. Hyperchromia on terminal conidia, septal regions 
and hyphal tips visible from the HAMBO impregnation 
can be associated with lipid accumulation in these areas 
(Gomes & Resende 1991) because this fluorochrome has 
an affinity for a hydrophobic environment and can be ob-
served by the increase in the fluorescence quantum yield 
(Douhal et al. 1994). Other fluorochromes become visible 
in young cells and conidia, which relates to the fact that 
these structures have a high cellular metabolism (Correa 
et al. 1986), where the fluorochromes are enzymatically 
hydrolyzed. Thus, only living and actively metabolizing 
microorganisms become visible when stained with these 
dyes. Unlike these fluorochromes, HAMBO has intrinsic 
fluorescence and lacks functional groups susceptible to 
enzymatic hydrolysis. 

Another advantage is the slow photofading of this 
molecule, explained by photoemission and photoexci-
tation (Campo et al. 2000), which makes it suitable for 
microscopic analysis when long exposure of material to 
UV light is necessary. Conversely, fluorescein diacetate 
has rapid photofading in large visual fields (Horobin & 
Kiernan 2002), limiting the time available for observa-
tion, which also makes it difficult to photograph material 
(Correa et al. 1986, Jensen & Lysek, 1995). 

HAMBO has proved to have good image resolution 
and to make a clearer distinction between the vegetative 
and reproductive mycelia of F. pedrosoi when incorpo-
rated into agar. Further investigations should be carried 
out using this new fluorochrome for the characterization 
of the cell wall and the determination of its possible 
effects on fungi of clinical interest, as well as to clarify 
its uptake kinetics. 
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