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PARTIAL CHEMICAL CHARACTERIZATION OF ANTIGENIC PREPARATIONS OF
CHROMOBLASTOMYCOSIS AGENTS
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SUMMARY

Antigenic preparations (saline, methylic, metabolic and exoantigens) of four agents of chromoblastomycosis, Fonsecaea pedrosoi,
Phialophora verrucosa, Cladophialophora (Cladosporium) carrionii and Rhinocladiella aquaspersa were obtained. Partial chemical
characterization of these antigenic preparations was obtained by determination of the levels of total lipids, protein, and carbohydrates,
and identification of the main sterols and carbohydrates. Methylic antigens presented the highest lipid contents, whereas metabolic
antigens showed the highest carbohydrate content. Total lipid, protein, and carbohydrate levels were in the range of 2.33 to 2.00mg/
ml, 0.04 to 0.02 mg/ml and 0.10 to 0.02 mg/ml, respectively, in the methylic antigens and in the range of 0.53 to 0.18mg/ml, 0.44 to
0.26mg/ml, and 1.82 to 1.02 mg/ml, respectively, in saline antigens. Total lipid, protein, and carbohydrate contents were in the range
of 0.55 to 0.20mg/ml, 0.69 to 0.57mg/ml and 10.73 to 5.93mg/ml, respectively, in the metabolic antigens, and in the range of 0.55 to
0.15mg/ml, 0.62 to 0.20mg/ml and 3.55 to 0.42mg/ml, respectively, in the exoantigens. Phospholipids were not detected in the
preparations. Saline and metabolic antigens and exoantigens presented hexose and the methylic antigen revealed additional pentose
units in their composition. The UV light absorption spectra of the sterols revealed squalene and an ergosterol fraction in the antigens.
The characterization of these antigenic preparations may be useful for serological evaluation of patients of chromoblastomycosis.
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INTRODUCTION

Chromoblastomycosis or dermatitis verrucosa is a chronic mycotic
infection of man, usually limited to the skin and subcutaneous tissue3,32,
which primarily occurs in tropical and subtropical regions, among 30 to
50 years old men. The etiologic agents are traumatically introduced into
the tissue, usually through occupational exposure. The lesions of
chromoblastomycosis affect mainly the lower extremities. They begin
as small erythematous papules that gradually enlarge to display varying
morphologies such as verrucous nodules and cauliflower-like plaques30.
The disease is caused by a variety of closely related pigmented fungi,
which produce black or brown thick-walled spores in tissue and dark
growths in culture. Five species of fungi are main causative agents of
the disease: Fonsecaea pedrosoi, F. compacta, Phialophora verrucosa,
Rhinocladiella aquaspersa and Cladophialophora (Cladosporium)
carrionii 8,21,32.

The immunodiagnosis of the mycotic infections has been subject
of many studies due to its sensitivity, providing positive results before
the disease is revealed by culture and histopathology. It is, therefore,

of great help in the diagnosis of this disease7. Serological evaluation
of patients with chromoblastomycosis has not been used for diagnosis,
probably due to either to lack of a suitable antigen with sensitivity
and specificity or the fact that direct microscopical examination of
clinical material is a rapid and reliable method for diagnosis of this
infection15,43.

Double immunodiffusion test has been used in the diagnosis of
mycotic diseases. The method is efficient, not expensive and easily
performed. However, sensitivity for detection of weakly reactive sera
may be lacking. Complement fixation, on the other hand, is capable of
detecting amounts of antibodies11.

The objectives of the present study were: 1) Obtaining of a simple
and standardized methodology for preparation of one stable, sensible,
and specific antigen of agents of chromoblastomycosis for later utilization
in serological and immunodiagnosis studies; 2) Characterization of the
antigenic preparations obtained by determination of the levels of total
lipids, protein, and carbohydrates and identification of the main sterols
and carbohydrates.
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MATERIAL AND METHODS

1. Microorganisms and culture media

The strains of dematiaceous fungi were isolated from patients with
chromoblastomycosis. Fonsecaea pedrosoi and Rhinocladiella
aquaspersa were isolated from patients by OLIVEIRA et al. (1977)29.
F. pedrosoi was filed with the American Type Culture Collection (ATCC
46428). The other strains, C. carrionii (FMC 248), and P. verrucosa
(FMC 2214) were obtained, from patients in Venezuela and kindly
supplied by Dr. Dante Borelli. The medium used to maintain the
microorganisms was Sabouraud Dextrose Agar (SDA). Transfers were
done at 3-month intervals.

2. Preparation of fungal cell mass

The fungi were cultivated for 30 days on SDA slants on Petri dishes
at 28 °C. The growth was harvested and homogenized in a tissue grinder
and suspended in sterile 0.9% NaCl solution. The suspension was
cultivated in 250ml of Sabouraud Dextrose Broth for 30 days at 28 °C
and shaken on a rotatory shaker for one hour each day. The cellular
mass was harvested and centrifuged. Two percent of formaldehyde to a
final proportion of 1:1 was added for obtaining methylic and saline
antigenic preparations. The cellular mass was maintained at –20 °C for
18 hours and then centrifuged three times with 0.9% sterile NaCl solution
and was maintained at –20 °C until the time for obtaining the antigenic
preparations.

3. Obtaining the antigenic preparations

The methylic antigen was prepared according to technique previously
described by CISALPINO et al. (1964)5 by adding 1.0g of fungal cell
mass to 100.0 ml of methanol. Saline antigen was prepared by the method
of OLIVEIRA (1966)27 modified, and 10.0g of cell mass were
homogenized in a mortar for ten minutes and was suspended in 100 ml
of 0.9% sterile NaCl solution. Both methylic and saline antigens were
maintained at 25 °C for 10 days in dark flasks and then filtered through
filter paper (Schleicher & Schuell, No. 5892). The metabolic antigens
were obtained by transferring 1g of the homogenized fungal cell mass
to 100 ml of Smith medium37 and the suspension was cultivated at 28
°C. After 15 days the growth was filtered through a Seitz filter according
to technique of OLIVEIRA (1966)27. The exoantigens were obtained
according to the technique of ESPINEL-INGROFF et al. (1986)9. The
fungi were grown on SDA slants for 10 days at 28 °C. After the incubation
period the slants were covered with 10 ml of sterile distilled water and
left 24h at 25 °C. The culture extracts were harvested, centrifuged, and
treated with 0.5% of formaldehyde.

4. Determinations of antigenic preparations dry weight

Antigen aliquots of 0.5ml were dried at 80 °C until constant weight
in previously weighed small aluminum containers. All experiments were
done in triplicate.

5. Chemical analysis

The lipid fraction of the antigenic preparations was extracted with
chloroform-methanol (1:1, v/v) and purified with 0.88% KCl, according

to the method of LETTERS (1968)18 modified by HUNTER & ROSE
(1972)13. Total lipids were determined by dry weight, after vacuum
evaporation. Phospholipids were tested by determination of phosphorus
by technique of CHEN et al. (1956)4. Sterol analysis was performed
after saponification according to the method of BREIVIK & OWADES
(1957)2. The determination of total sterol content was tested as described
by MOORE & BAUMANN (1952)23. For sterol identification, the
absorption spectra of the sterols were obtained, by the technique of KIM
& KWON-CHUNG (1974)16 in UV light region (220 to 310nm) using a
Beckman (DB-GT) spectrophotometer. The protein content was
determined by the method of LOWRY et al. (1951)20. The total
carbohydrate content was analyzed by the method of MORRIS (1948)24

utilizing the reagent of anthrone. The intensity of the green color produced
by condensation of the anthrone reagent with the sugar derivates was
measured in a spectrophotometer Micronal B 34211. The content of the
carbohydrates was obtained by comparison of a standard curve of glucose.
For qualitative analysis the absorption spectra of the solutions were
obtained in a spectrophotometer in the visible light region (400 a 700nm)
and compared with the absorption spectra of standard solutions of
glucose, galactose, rhamnose, fructose, xylose, and ribose24.

RESULTS AND DISCUSSION

Tables 1, 2, 3, and 4 show the measurements of the methylic, saline,
and metabolic antigens and exoantigens, respectively. The methylic
antigens presented the highest percentage of lipids (82.27%) (Table 1)
while the saline, and metabolic antigens and the exoantigens had a higher
carbohydrate content (Tables 2, 3, 4). The metabolic antigen, also called
chromomycin28 and the exoantigen presented the highest percent contents
of carbohydrates in the range of 18.53 to 32.84% and 48.43 to 11.44%,
respectively. Metabolic and exoantigens also presented the highest protein
content (0.69 to 0.57mg/ml and 0.62 to 0.20mg/ml respectively). The
lipid content of the metabolic antigens was closely similar to that of the
exoantigens, 0.55 to 0.20mg/ml and 0.55 to 0.15 mg/ml, respectively.

The methylic antigens presented the higher lipid (82.27 to 63.48%)
than protein or carbohydrates levels (Table 1), a fact possibly explained
by the methodology employed to obtain the methylic antigens. The
antigen was extracted with methanol. HAMDAN & RESENDE (1988)12

demonstrated a higher percentage of lipids in methylic antigen obtained
from a pool of Paracoccidioides brasiliensis strains (82.70%) when
compared with protein (6.80%) and carbohydrates (5.90%). CISALPINO
(1988)6 also obtained similar results with methylic antigen of the same
fungus.

Lipids are the constituents of pathogenic fungi that are most
correlated with pathogenicity31. SILVA & EKIZLERIAN (1985)35 and
SILVA & FAZIOLI (1985)36 reported that lipid extracts of F. pedrosoi,
F. compacta, P. verrucosa, and C. carrionii induced pulmonary
granulomatous reactions in mice and that lipids may possibly protect
the microorganism against the defense mechanism of the host. GOMES
& RESENDE (1992)10 and SOARES et al. (1995)38 demonstrated,
quantitated and partially characterized the lipids present in F. pedrosoi
in conidiospores and in the filamentous phase.

The present result shows that the saline antigens obtained from
different strains of chromoblastomycosis agents had low lipid levels
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Table 1
Dry weight and total lipids, protein, and carbohydrate contents (mg/ml) and percentage of the compounds of methylic antigens of

chromoblastomycosis agents

Strain Dry weight Lipid (%) Protein (%) Carbohydrate (%) %
Xa ± sb X ± s X ± s X ± s Total

F. pedrosoi 2.67  0.47 2.00  0.00(74.91) 0.03  0.01(1.12) 0.10  0.01(3.74) 79.77

P. verrucosa 2.67  0.47 2.33  0.47(82.27) 0.04  0.01(1.50) 0.04  0.00(1.50) 90.27

R. aquaspersa 3.67  0.47 2.33  0.47(63.48) 0.03  0.00(0.82) 0.07  0.01(1.90) 66.20

C. carrionii 3.00  0.82 2.00  0.00(66.67) 0.02  0.00(0.67) 0.02  0.00(0.67) 68.01

aAverage of at least three experiments
bStandard deviation

Table 2
Dry weight and total lipids, protein, and carbohydrate contents (mg/ml) and percentage of the compounds of saline antigens of chromoblastomycosis agents

Strain Dry weight Lipid (%) Protein (%) Carbohydrate (%) %
Xa ± sb X ± s X ± s X ± s Total

F. pedrosoi 31.67  1.25 0.53  0.19(1.68) 0.38  0.00(1.20) 1.80  0.25(5.68) 8.56

P. verrucosa 13.33  0.47 0.33  0.02(2.50) 0.36  0.01(2.70) 1.32  0.10(9.90) 15.10

R. aquaspersa 12.67  1.70 0.18  0.06(1.44) 0.26  0.00(2.06) 1.82  0.16(14.34) 17.86

C. carrionii 31.67  1.25 0.50  0.04(0.47) 0.44  0.01(1.39) 1.02  0.24(3.22) 5.08

aAverage of at least three experiments
bStandard deviation

Table 3
Dry weight and total lipids, protein, and carbohydrate contents (mg/ml) and percentage of the compounds of metabolic antigens of chromoblastomycosis agents

Strain Dry weight Lipid (%) Protein (%) Carbohydrate (%) %
Xa ± sb X ± s X ± s X ± s Total

F. pedrosoi 32.67  2.36 0.23  0.02(0.71) 0.57  0.01(1.74) 10.73  0.19(32.84) 35.29

P. verrucosa 29.67  0.47 0.25  0.04(0.84) 0.57  0.00(1.92) 8.60  0.28(28.98) 31.74

R. aquaspersa 33.00  1.63 0.20  0.04(0.63) 0.59  0.01(1.84) 5.93  0.25(18.53) 21.00

C. carrionii 31.67  1.25 0.55  0.12(1.74) 0.69  0.00(2.18) 8.43  0.24(26.62) 30.54

aAverage of at least three experiments
bStandard deviation

Table 4
Dry weight and total lipids, protein, and carbohydrate contents (mg/ml) and percentage of the compounds of exoantigens of chromoblastomycosis agents

Strain Dry weight Lipid (%) Protein (%) Carbohydrate (%) %
Xa ± sb X ± s X ± s X ± s Total

F. pedrosoi 7.67  0.47 0.15  0.05(1.19) 0.20  0.00(2.61) 1.28  0.00(16.69) 21.49

P. verrucosa 3.67  0.94 0.15  0.00(4.01) 0.21  0.01(5.72) 0.42  0.22(11.44) 21.17

R. aquaspersa 4.67  0.94 0.17  0.04(3.58) 0.30  0.01(6.42) 1.75  0.23(37.47) 47.47

C. carrionii 7.33  0.94 0.55  0.12(2.28) 0.62  0.03(8.45) 3.55  0.10(48.43) 56.16

aAverage of at least three experiments
bStandard deviation
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(Table 2). The percentage of these components ranged from 0.47% for
the antigen obtained from C. carrionii to 2.50% for the antigen obtained
from P. verrucosa. The carbohydrate fraction presented the highest
percent value, ranging from 14.34% for the R. aquaspersa antigen to
3.22% for C. carrionii (Table 2). This result was expected since the
antigenic components were extracted with physiological saline after
rupture of the fungal cells. Among the substances measured (lipids,
proteins and carbohydrates), carbohydrates presented higher solubility
in aqueous solutions.

The metabolic antigens also presented larger amounts of
carbohydrates compared to the other components, ranging from 32.84%
for F. pedrosoi antigens to 18.53% for R. aquaspersa antigens (Table 3).

Among the components measured for the exoantigens, carbohydrates
also prevailed, with levels ranging from 48.43% for C. carrionii to
11.44% for P. verrucosa (Table 4). These results were also expected
since exoantigens seem to be found on the surface structure of the fungal
wall. SZANISZLO et al. (1972)41 reported that the presence of
carbohydrates on the cell wall of chromoblastomycosis agents
corresponds to one third of their dry weight. The same authors also
stated that glucose is the major component of the cell wall of these agents
and that the genera Fonsecaea, Phialophora and Cladosporium
(Cladophialophora) have closely similar cell compositions mainly
consisting of sugars, proteins and glucosamines. NEGRONI et al.
(1976)25 reported that paracoccidioidin contains polysaccharides as the
major components. NOZAWA et al. (1971)26 observed that the
polysaccharide fraction of dermatophytes is specific in skin tests as well
as in other immunological reactions and suggested that this fraction may
be the active principle of trichophytin.

On the other hand IBRAHIM-GRANET et al. (1988)14, when
characterizing F. pedrosoi antigens by immunoprecipitation, detected
13 types of antigens of different molecular weights and suggested that
they were polypeptides.

Metabolic antigens were those presenting the highest dry weight
values (33.0 to 29.26 mg/ml), followed by saline antigens (31.67 to
12.67mg/ml) and exoantigens (7.67 to 3.67mg/ml) and finally by
methylic antigens (3.0 to 2.67mg/ml) (Tables 1, 2, 3, 4). These higher
dry weight values for metabolic antigens may be related to the substances
present in the culture medium used for strain growth and to obtain the
antigen.

The absorption spectra of the standard carbohydrates showed that
hexoses such as glucose, galactose, and fructose, presented a high peak
on 625 nm while the pentoses ribose and xylose presented two peaks,
one at 625nm and the other at 500nm (Figure 1). Saline and metabolic
antigens and exoantigens contain sugars, consisting of hexose units
(Figure 1). In contrast, methylic antigens revealed the additional presence
of pentoses. SOARES et al. (1995)38 reported that glucose, mannose,
galactose, rhamnose, and glucosamine were detectable saccharide
components of mycelium and conidia of F. pedrosoi. Polysaccharides,
located on the outer layer of the cell wall are responsible for reactions
with antibodies19, plant receptor lectins39, 40 and bacterial fimbriae1,42.

The determination of total sterols23 could not be obtained in the
antigens studied here because a final reading of the experiment was

prevented by the interference of melanin. We believe that this substance,
one of the chemical components of dematiaceous fungi33,34, was strongly
solubilized in the solvents used for sterol extraction. Although the
quantitative analysis of sterols was impaired, a qualitative analysis was
performed. According to the UV light absorption spectra of the authentic
sterols, ergosterol presented three peaks at 274, 283, and 298 nm (Figure
2). Lanosterol absorption showed two peaks at 228 and 248 and two
minor peaks at 240 and 256 nm. Squalene presented only one peak, at
228 nm. The UV light absorption spectra of the non saponifiable fraction
revealed the presence of a squalene-like sterol (absorption at 224 nm)
for all the antigens and methylic, saline, metabolic, and exoantigens,
presented a peak at 274 nm, relative to a first peak of ergosterol (Figure
2).

According to MEDOFF et al. (1983)22, ergosterol is the major sterol
detected in fungi. GOMES & RESENDE (1992)10 detected ergosterol
in cells of F. pedrosoi on the basis of UV absorption spectrum and thin-
layer chromatography.

None of the antigens tested presented phospholipids in their
constitution. GOMES & RESENDE (1992)10 detected very low
phospholipid values in F. pedrosoi cells. LESTER & HANSON (1980)17

stated that the low phospholipid levels in fungi may be explained by the
difficulty in their full extraction from fungal cells, or by the inefficiency
of some methods in extracting all classes of phospholipids.

IWATSU et al. (1982)15 prepared antigenic substances from culture
filtrates of F. pedrosoi, P. verrucosa, Exophiala dermatitidis and E.
jenselmei. These substances were evaluated as an antigen for detecting
delayed hypersensitivity in-patients with chromoblastomycosis. More
than half of the antigenic substances exhibited positive reactions only to
antigens prepared from the homologous species. These results suggest
that a delayed-type skin test using metabolic antigens may be useful not
only for diagnosis of chromoblastomycosis but also for the identification
of species of the causative agent.

To our knowledge, this is the first description of dematiaceous fungal
antigens. The identification of these antigens may be useful for serological
evaluation of chromoblastomycosis patients.

RESUMO

Caracterização química parcial de preparações antigênicas de
agentes da cromoblastomicose

Preparações antigênicas (antígenos salinos, metílicos, metabólicos
e exoantígenos) de quatro agentes da cromoblastomicose, Fonsecaea
pedrosoi, Phialophora verrucosa, Cladophialophora (Cladosporium)
carrionii e Rhinocladiella aquaspersa foram obtidos e foi determinada
a caracterização química parcial dos mesmos. Os antígenos metílicos
apresentaram os maiores teores de lípides enquanto os metabólicos os
maiores teores em carboidratos. Lípides totais, proteína e carboidratos
totais ocorreram na faixa de 2,33 a 2,00mg/ml, 0,04 a 0,02 mg/ml e 0,10
a 0,02 mg/ml respectivamente, nos antígenos metílicos e de 0,53 a
0,18mg/ml, 0,44 a 0,26mg/ml e 1,82 a 1,02mg/ml respectivamente, nos
antígenos salinos. Lípides, proteínas e carboidratos totais ocorreram na
faixa de 0,55 a 0,20mg/ml, 0,69 a 0,57mg/ml e 10,73 a 5,93mg/ml respec-
tivamente, nos antígenos metabólicos, e na faixa de 0,55 a 0,15mg/ml,
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Fig. 1 -  Absorption spectra of carbohydrates in the visible region of antigenic preparations of chromoblastomycosis agents. A. Standard carbohydrates; B. methylic antigens; C. saline antigens;

D. metabolic antigens; E. exoantigens.
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Fig. 2 - Absorption spectra of sterols of non saponifiable lipids of antigenic preparations of chromoblastomycosis agents in the UV light regions. A. standard sterols; B. methylic antigens; C.

saline antigens; D. metabolic antigens; E. exoantigens.
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0,62 a 0,20mg/ml e 3,55 a 0,42mg/ml respectivamente, nos exoantígenos.
Fosfolípides não foram detectados em nenhum dos antígenos. Os
antígenos salinos, metabólicos e os exoantígenos apresentam hexoses
enquanto os antígenos metílicos apresentam adicionalmente unidades
de pentose em sua composição. O espectro de absorção na luz UV dos
esteróis revelou esqualeno e ergosterol em todos os antígenos. A obtenção
e caracterização química parcial desses antígenos poderá vir a ser de
utilidade em estudos de sorologia de pacientes da cromoblastomicose.
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