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ABSTRACT

Antisera were developed in rabbits after challenge with intracellular antigens of Candida albicans, C.
tropicalis and C. parapsilosis. Microorganism catalase has been correlated with virulence, resistance to
drugs and immunogenicity. The intracellular catalase is consistently present in strains of Candida and in
this paper, the enzyme activity was analysed by PAGE after exposition to antisera. The catalases of C.
albicans, C. parapsilosis and C. tropicalis were immunogenic and differed in their binding to specific
antibodies raised in rabbits. Tests of cross-reactivity between different Candida species showed that when
antiserum from C. albicans immunized rabbit was incubated with intracellular extracts of these three Candida
species, the catalases activities were abolished. However, the antisera from C. parapsilosis or C. tropicalis
immunized rabbits did not affect the catalase activity of C. albicans; the enzyme of C. albicans was
inactivated only by the antiserum to the catalase of own C. albicans. The antiserum to the catalase of C.
tropicalis was species-specific and did not cross-react with catalases of C. albicans and C. parapsilosis.
The activities of Aspergillus niger and bovine catalases were not affected by the antiserum from any
Candida immunized rabbits. This report is a preliminary study of specific antisera that react against intracellular
catalase of Candida sp. and neutralize the enzymatic activity. Further study is necessary to develop species-
specific antibody once differences in the susceptibility of the Candida species to commonly used antifungal
drugs make identification to the species level important.
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INTRODUCTION

The incidence of infections caused by Candida species
has been rising for decades. The Candida genus is the fourth
most common group of microorganisms recovered from the
bloodstream of patients in the United States (6). Similarly, the
rates of Candida infections have increased substantially in
Europe (17) and in Brazil (4). C. albicans is the most frequent
species isolated, but many studies have documented an increase
in the prevalence of different species of Candida such as C.
tropicalis, C. parapsilosis (3,4).

Invasive candidiasis is associated with high morbidity
and mortality. Clinical diagnosis is complicated by a lack
of specific clinical signs and symptoms of disease. Early
recognition is important in order to reduce candidiasis related
mortality (9). Microbiological confirmation is difficult
because blood cultures lack sensitivity, widely reported to
be less than 50% for deep-seated infections (11). Serological
markers (antibodies and antigens) of Candida infection have
been investigated which could be used to facilitate the
diagnosis of candidiasis through immunological techniques
(5,17).
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In the process of invading host tissue there is an increase in
fungal-specific products resulting from normal excretory or
secretory mechanisms, natural autolysis and an attempt by the
host to damage or destroy the invading pathogen. These
excretory, secretory or breakdown products can potentially be
utilized as specific markers of systemic disease (13).

Enzymes, including catalase have been shown to possess
antigenic activity and have been used in diagnostic tests for
aspergillosis (8) and histoplasmosis (7). The catalase of Candida
has not been explored yet as antigen that could be used as a
specific marker of candidiasis.

The catalases of different Candida species were
characterized in a previous paper (10) and determined the
electrophoretical profile in non-denaturating polyacrylamide gel
and the physico-chemical properties. The aim of this study was
to develop the specific antisera after challenge with intracellular
antigens of C. albicans, C. tropicalis and C. parapsilosis that
may react with the catalases of these yeasts.

MATERIALS AND METHODS

Preparation of Candida antigens
Candida albicans ICB7, C. parapsilosis ICB02 and C.

tropicalis FCF427 were grown in Sabouraud dextrose broth
(Difco, Detroit, USA), shaking for 48 h at 37ºC. These strains
were isolated, identified and used in the studies reported
previously (15). The cells were harvested by centrifugation and
disrupted with glass beads (710-1180 mm, Sigma, St. Louis, USA)
at 5ºC. Cell debris was removed by centrifugation and the
supernatant was concentrated by lyophilization. This
supernatant constituted the water soluble (WS) material that
contained the intracellular catalase.

Protein analysis
The total protein content of the WS material was determined

by the Coomassie Blue dye-binding (1), with bovine serum
albumin as a standard.

Production of rabbit antisera
Antisera were obtained by hyperimmunization of New

Zealand White rabbits with WS fractions of C. albicans ICB7,
C. parapsilosis ICB02 and C. tropicalis FCF427. Each of these
fractions (at a protein concentration of 10 mg ml-1) was mixed
with an equal volume of Freund’s complete adjuvant (Difco,
Detroit, USA) and the suspension was injected intradermally in
multiple sites in a rabbit; 20 days later the same amount of
antigen was mixed with an equal volume of Freund’s incomplete
adjuvant (Difco, Detroit, USA) and the suspension was injected
intramuscularly into a buttock; 20 days later the suspension
was injected intramuscularly into the other buttock; 15 days
later the WS fraction (double volume) without adjuvant was
injected intramuscularly into a buttock; one week later the animal

was test-bled. Sera were collected from rabbits before injection
of antigen to use as negative control (normal sera).

Specific immunoglobulin-binding experiments
Three different antisera were obtained after

hyperimmunization of rabbits: antiserum to the catalase of C.
tropicalis, antiserum to the catalase of C. parapasilosis and
antiserum to the catalase of C. albicans. The cross-reactivities
between each antiserum (0.7 - 11.2 µl) and different catalases
(catalase of C. tropicalis FCF427, C. parapsilosis ICB02, C.
albicans ICB7, bovine catalase obtained from Amersham
Pharmacia Biotech, Buckinghamshire, England and catalase of
Aspergillus niger obtained from Sigma, St. Louis, USA) were
tested. Each antiserum was incubated with the catalases for 1.5
h at 8ºC. After the incubation, each mixture was submitted to
electrophoresis on non-denaturating polyacrylamide gel to
detect the catalase activity.

The neutralization of catalase activity by specific
immunoglobulin-binding could be observed by the absence of
enzyme activity on non-denaturating polyacrylamide gels.

Electrophoresis
Electrophoresis was performed in non-denaturating

gradient (4-30%) polyacrylamide gels. The electrode buffer was
0.09 mol l-1 Tris, 0.08 mol l-1 boric acid and 0.0025 mol l-1 disodium
ethylenediaminetetraacetate, pH 8.4 (2). Samples for analysis
were loaded on the basis of the amount necessary to optimize
the size and separation of the catalase bands (0.7-1.5 µl) as
padronized in previous study (10). High molecular weight
protein standards utilized were thyroglobulin (669 kDa), ferritin
(440 kDa), bovine catalase (232 kDa) and aldolase (158 kDa)
obtained from Amersham Pharmacia Biotech (Buckinghamshire,
England).

Detection of catalase activity
The ferricyanide negative stain was used to locate bands

with catalase activity, as described by Wayne and Diaz (18).

RESULTS

Differences in anti-catalase antibodies specificity raised in
rabbits immunizated with intracellular extracts of C. albicans,
C. parapsilosis and C. tropicalis were observed.

The samples contained catalase bands were separated on
PAGE and the enzyme activity was detectable with the
ferricyanide reagent as clear zones in the dark background. The
absence of catalase activity on non-denaturating polyacrylamide
gel showed that the enzyme was neutralized by specific
immunoglobulin-binding present in the rabbit antiserum.

Antiserum to the catalase of C. tropicalis was specific to
recognize only the catalase of own C. tropicalis. This
antiserum had not effect when incubated with catalases of
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other Candida species (C. parapsilosis and C. albicans).
The normal sera (pre-immunization controls) had no natural
antibodies or any other substances that inhibited the catalase
activity (Fig. 1).

On the other hand, antiserum to the catalase of C.
parapsilosis had specific binding to own catalase but also
cross-reacted with catalase of C. tropicalis. The antibodies
present in the antiserum to the catalase of C. parapsilosis
abolished the catalase activity of C. parapsilosis and C.
tropicalis and had no effect on the enzyme activity of C.
albicans. The bovine catalase was also not affected (Fig. 2).
The same results were observed after incubation of the bovine
catalase with antisera to the catalase of C. albicans and C.
tropicalis (data not shown).

Differently, antiserum to the catalase of C. albicans caused
a loss of catalases activities of three Candida species (C.
tropicalis, C. parapsilosis and C. albicans). It had no effect on
Aspergillus niger catalases (Fig. 3). Electrophoretic variants of
A. niger catalase were detected on PAGE and no one was affected
by the antisera to the Candida species.

DISCUSSION

Many immunologically reactive molecules of Aspergillus
species are glycoproteins like catalase (8) and evidences that
the M antigen of Histoplasma capsulatum var. capsulatum is a
catalase was reported by Hamilton et al. (7). M antigen is

considered immunodominant antigens of H. capsulatum because
it is expressed during infection. This antigen is a marker of
disease activity in histoplasmosis patients (12).

The present study showed that the catalase of Candida
was immunogenic in rabbits and the immunization with
intracellular fractions (WS) of different species of Candida
raised specific antibodies that were able to neutralize the enzyme
activity. None of the antisera reacted with catalases obtained
from other organism such the filamentous fungi Aspergillus
niger and bovine catalase, suggesting the existence of specific

Figure 1. Electrophoresis on non-denaturating polyacrylamide
gradient gel of catalases of different Candida species after
incubation with normal rabbit serum (NS, control) and antiserum
to the catalase of C. tropicalis (AS-C.t.). Lanes: (1) Bovine
catalase (comercial); (2) Catalase of C. tropicalis + NS; (3)
Catalase of C. tropicalis + AS-C.t.; (4) Catalase of C. albicans
+ NS; (5) Catalase of C. albicans + AS-C.t.; (6) Catalase of C.
parapsilosis + NS; (7) Catalase of C. parapsilosis + AS-C.t..
Molecular weight markers: Thyroglobulin (669 kDa), ferritin (440
kDa), bovine catalase (232 kDa) and aldolase (158 kDa).

Figure 2. Electrophoresis on non-denaturating polyacrylamide
gradient gel of different Candida species and bovine catalases
after incubation with normal rabbit serum (NS, control) and
antiserum to the catalase of C. parapsilosis (AS-C.p.). Lanes:
(1) Catalase of C. parapsilosis + NS; (2) Catalase of C.
parapsilosis + AS-C.p.; (3) Catalase of C. tropicalis + NS; (4)
Catalase of C. tropicalis + AS-C.p.; (5) Catalase of C. albicans
+ NS; (6) Catalase of C. albicans + AS-C.p.; (7) Bovine catalase
(comercial) and (8) with NS; (9) Bovine catalase + AS-C.p.

Figure 3. Electrophoresis on non-denaturating polyacrylamide
gradient gel of catalases of different Candida species after
incubation with normal rabbit serum (NS, control) and antiserum
to the catalase of C. albicans (AS-C.a.). Lanes: (1) Catalase of
C. albicans + NS; (2) Catalase of C. albicans + AS-C.a.; (3)
Catalase of C. parapsilosis + NS; (4) Catalase of C. parapsilosis
+ AS-C.a.; (5) Catalase of C. tropicalis + NS; (6) Catalase of C.
tropicalis + AS-C.a.; (7) Catalases of A. niger (comercial) and
(8) with NS; (9) Catalases of A. niger + AS-C.a.
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epitopes for Candida genus antibodies. Two catalase bands
of A. niger were detected on electrophoresis and no one reacted
with any antiserum to the catalase of Candida species.

Schonheyder et al. (14) reported that the antiserum to the
catalases of Aspergillus fumigatus cross-reacted with catalase
antigens of A. flavus, A. terreus and A. nidulans, but not of A.
niger. In the present study, the antiserum to the catalase of C.
parapsilosis cross-reacted with catalase of C. tropicalis but
had no effect on catalase of C. albicans. Species-specificity
was observed on antiserum to the catalase of C. tropicalis that
did not cross-react with catalase of C. parapsilosis or C.
albicans. On the other hand, the antiserum to the catalase of C.
albicans cross-reacted with all Candida species tested. Thus,
the antibody to C. albicans is not able to identify the species,
but might be used as marker for the laboratory diagnosis for
Candida sp. infections.

Immunochemical studies of catalase of C. tropicalis showed
the immunogenicity of this enzyme (16); the formation of the
immunocomplex was observed by Ouchterlony double-
diffusion; the control serum from a nonimmunized rabbit did
not affect the enzyme activity, but the antiserum prepared
against catalase of C. tropicalis completely immuno-reacted
with the enzyme in the crude extract and the purified enzyme
from the crude extract. According to the authors, the antigen-
antibody complex itself possessed some activity. In the present
study, the activity of Candida catalase was not observed after
incubation with antiserum.

Electrophoresis in non-denaturating polyacrylamide gel
(PAGE) showed an intracellular catalase of C. tropicalis FCF427,
C. parapsilosis ICB02 and C. albicans ICB7 with an apparent
molecular weight of 230 kDa and it was consistently present in
all WS preparations (10). Because it is consistently present in
strains of Candida, it may be readily identified as an antigen-
enzyme.

Molecular weight determination by the ultracentrifugal
analysis gave an approximate value of 210 kDa to catalase of C.
tropicalis (16). Electrophoresis on polyacrylamide gel in the
presence of sodium dodecylsulfate (SDS-PAGE), the protein
showed a single band of approximate molecular weight of 54
kDa and according to the authors, these results suggest that
the enzyme consists of four identical subunits.

Similar electrophoresis results were obtained by Greenfield
and Jones (5) with a purified cytoplasmic antigen of C. albicans.
According to the authors, the antigen is a glycoprotein and
gave a single protein band during SDS-PAGE and had the
mobility expected for a molecule having a molecular weight of
54.3 kDa (range, 48.9 to 59.7 kDa). The authors concluded that
this antigen is present at high concentration in cytoplasmic
extracts and it may be a structural component of the
microorganism. Although more extensive studies are necessary,
our data do suggest that the catalase of Candida may be a
potential antigen.

Despite the advance on non-culture based diagnostic tests
for candidiasis, the diagnosis of deep-seated Candida
infections remains a great challenge. In the present study,
species-specificity was observed on antiserum to the catalase
of C. tropicalis but it was not observed on antiserum to the
catalase of C. parapsilosis or C. albicans. Further study is
necessary to develop species-specific antibody once
differences in the susceptibility of the Candida species to
commonly used antifungal drugs make identification to the
species level important.

ACKNOWLEDGEMENTS

This research was supported by FAPESP (Fundação de
Amparo à Pesquisa do Estado de São Paulo).

RESUMO

Atividade de catalase em Candida sp. após exposição
a antisoro específico

Antisoros foram desenvolvidos em animais em resposta à
injeção de antígenos intracelulares de Candida albicans, C.
tropicalis e C. parapsilosis. A presença de catalase nos
microrganismos tem sido relacionada à virulência, resistência a
drogas e imunogenicidade. A catalase intracelular está sempre
presente nas cepas de leveduras do gênero Candida e neste
trabalho, sua atividade enzimática foi analisada por PAGE, após
exposição aos antisoros obtidos. Verificou-se que as catalases
de C. albicans, C. tropicalis e C. parapsilosis foram
imunogênicas e apresentaram diferenças quanto à sua ligação
aos anticorpos específicos produzidos nos coelhos. Testes de
reação cruzada mostraram que quando o antisoro obtido do animal
imunizado com C. albicans foi incubado com os extratos
intracelulares de cada uma das três espécies, a atividade da catalase
intracelular foi neutralizada em todos os casos. Entretanto, os
antisoros obtidos da imunização com C. parapsilosis e C.
tropicalis não afetaram a atividade da catalase de C. albicans; a
catalase de C. albicans foi neutralizada somente pelo antisoro
específico. O antisoro anti-C. tropicalis foi espécie-específico e
não reagiu com as catalases de C. albicans e C. parapsilosis. As
atividades das catalases bovina e de Aspergillus niger não foram
afetadas por nenhum dos antisoros produzidos contra Candida
sp. Este trabalho é uma análise preliminar de antisoros específicos
reagentes com a catalase intracelular de Candida sp., capazes de
neutralizar a atividade enzimática. Novos estudos são importantes
para o desenvolvimento de anticorpo espécie-específico, uma
vez que diferentes espécies de Candida apresentam diferente
susceptibilidade aos antifúngicos de uso corrente.

Palavras-chaves: candidíase, catalase, Candida, antígeno, di-
agnóstico
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