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ABSTRACT

Candida albicans oral strains collected from caries-free and caries-active healthy children ranging from 24
to 36 months old, were studied. The aim of the study was to determine proteinase and phospholipase
activities produced by Candida albicans in the two groups and to determine the phenotypic diversity of
these enzymes based on genetic polymorphism using the AP-PCR method. Strains identified by morphological
and fermentation tests as C. albicans were grown in proteinase and phospholipase agar media at 37ºC for 7
and 4 days, respectively. After the incubation period, the enzyme activity of the proteinase and phospholipase
positive strains was measured. All strains were subjected to AP-PCR, using the arbitrary primer AP-3. The
enzymatic analysis showed no differences between the two groups. The AP-PCR method was effective in
demonstrating intra-individual genetic polymorphism in C. albicans, showing a greater clonal diversity in
caries-active versus caries-free children. Dendograms of similarity showed only intra-individual clonal
lineage. The results suggest that the enzymatic profile does not depend on the genotypic characteristics of
the strains.
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INTRODUCTION

Fungi of the genus Candida spp inhabit different epithelial
surfaces of the body, including the oral mucosa, as part of the
resident microbiota. The oral mucosa is considered to be a
unique environment offering a variety of ecological niches for
microbial colonization (18).

One of the factors that can flow and systemic disorders
(38) and multiple caries(12,24,28) Yeasts are more prevalent
play an important role in the colonization of these
microorganisms is the age of the host (14) and various
conditions such as quality of diet (33), deficient oral hygiene
(31), changes in saliva flow and systemic disorders (38) and

multiple caries (12,24,28). Yeasts are more prevalent in the
saliva and dental biofilm of caries-active individuals than of
caries-free individuals (5,28)

The species Candida albicans, considered as one of the
most pathogenic, is the most frequently isolated yeast from the
buccal cavity (38). It shows various mechanisms that are
suggestive of virulence such as: capacity to take on various
forms, called adaptive variations; ability to form hyphae;
capacity to adhere to mucosal surfaces; produces hydrolytic
enzymes; proteinases which hydrolyze peptides (10) and
phospholipases which hydrolyze phospholipids (11).

In addition to phenotypic methods for the determination
of pathogenic potential, the use of molecular methods have
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currently become important, which can provide valuable
information by their capacity to distinguish distinct isolates
of the same species. With the use of arbitrarily primed
polymerase chain reaction (AP-PCR), one or more genetic
profiles of Candida albicans can be found in the same
individual (20).

The aim of the present study was to compare the genotypic
and phenotypic (enzymatic) profile of strains of Candida
albicans, isolated from the oral cavity of caries-active and caries-
free children, in addition to examining the genotypic diversity
of the yeast within and among individuals of these groups.

MATERIALS AND METHODS

The study included 158 strains of Candida albicans isolated
from the oral cavity of healthy children aged 24 to 36 months, of
both sexes, who were undergoing dental treatment (caries-active
and caries-free). The clinical specimens were collected with a
swab, from saliva (S), tongue dorsum (T), palate mucosa (PAL),
jugal mucosa (B) and dental biofilm (PL). They were immersed
in 1 mL sterile saline and the tubes then agitated for 30 sec.
Aliquots of 100 μL from the clinical specimens were immediately
diluted 10-fold and 100-fold in sterile saline, and aliquots of 100
μL from each dilution, in duplicate, were inoculed in plates
containing Sabouraud dextrose agar – DAS (Merck/Germany)
added of 0.1 mg/mL chloramphenicol (Quemicetina Succinato/
Carlos Erba), and incubated aerobically at 37ºC for 2 to 4 days.
After incubation, representative colonies, were transferred to
CHROMagar Candida medium (Probac do Brasil), for
presumptive identification of Candida spp. Additional tests,
such the germ tube test, the presence of hyphae, pseudo-hyphae,
yeast-form cells and chlamydospores, plus the fermentation
and assimilation of carbohydrates (34), were part of the species
characterization. For presumptive identification of Candida
dubliniensis, the strains identified as Candida albicans were
tested for thermotolerance at 45ºC (40)

Proteinase and phospholipase assays
Strains identified as Candida albicans were transferred to

flasks containing 5 mL yeast peptone dextrose medium (YPD)
- 10g yeast extract, 10 g peptone, 10 g glucose and distilled
water up to 1000 mL - and incubated at 37ºC for 18 h. Following
incubation, 1.5 mL of the yeast culture were transferred to an
eppendorf tube and centrifuged at 3000 rpm, for 5 min. The
pellets obtained were washed twice by resuspension in saline
and centrifugation under the same conditions to remove
residual culture medium. After standardizing the suspensions
(at index of 5 on the MacFarland scale), volumes of 1 μL were
plated in duplicate, at equidistant points, in phospholipase
agar medium - peptone, 10g; glucose, 30g; NaCl, 57.3g; CaCl2,
0.55g; distilled water added to 1000 mL and 50% egg yolk
enrichment 100 mL (Laborclin) - and proteinase agar – BSA

fraction V, 2g; yeast nitrogen base - w/o amino acids; ammonium
sulfate, 1.45g; glucose, 20g; agar, 20g; distilled water added to
1000 mL - respectively. The plates containing inoculates of
different strains for the detection of proteinases were incubated
at 37ºC for 7 days (29) and those used to detect phospholipase,
cultured for 4 days, at the same temperature (27). The presence
of phospholipase was determined by the formation of an
opaque zone around the yeast colonies; enzyme activity (PZ)
was measured by dividing the diameter of the colony by the
diameter of the colony plus precipitation zone (27). The
presence of proteinase was determined by the formation of a
transparent halo around the yeast colonies and enzyme
activity (PZ) was measured in the same manner as described
for phospholipase (Fig. 1).

DNA extraction
Strains of Candida albicans were transferred to flasks with

5 mL yeast peptone dextrose (YPD) and incubated at 37ºC for
18 h. Afterward, they were submitted to DNA extraction (4). The
concentration and purity of DNA were confirmed by
spectrophotometric analysis at 260 and 280 nm (Genesys 10UV-
Rochester/NY-USA).

AP-PCR
The AP-PCR reaction utilizing the arbitrary primer AP-3

(5´TCACGATGCA3‘), described by 41, was carried out
according to 30, whereby about 300 ng DNA were added to a
reaction mixture containing buffer solution (1x Taq polymerase
reaction buffer), 3.5 mM MgCL2, 0.2 mM of each dNTP – dATP,
dCTP, dGTP, dTTP (100 mM dNTP set, PCR Grade
InvitrogenTM), 0.4 µM primer, and 2.5U Taq DNA polymerase
(InvitrogenTM). The amplification products were analyzed

Figure 1. Culture of Candida albicans in specific media for the
induction of  proteinase (A) e phospholipase (B). Growth of  4
strains of Candida albicans in proteinase agar (A) and  8 strains
of  C. albicans in phospholipase agar (B).  After incubation
period, zones of degradation (A) and/or precipitation (B) could
be seen around the yeast colonies.
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electrophoretically in 1.5% agarose gel. The gels were
photographed utilizing an Image Master-VDS (Pharmacia
Biotech) and the images were captured using the computational
program LISCAP. The images and the demarcation of the
electrophoretic bands were processed by means of the program
Sigma Gel (Jandel CO.). The combination of this information
generated a matrix of binary data, which was plotted using the
system NTSYS version 1.70 (Applied Biostatistcs), applying
the program QUALITATIVE and the coefficient of similarity of
DICE. Subsequently, these matrices of similarity were
transferred to the program SHAN CLUSTERING, where by
means of the grouping method UPGMA (unweighted pair-group
methods with mathematical average), dendograms were
generated, making it possible to determine the degree of
similarity and grouping of the possible clonal lines, obtained
among the strains of Candida albicans.

RESULTS

Among 158 strains tested from both groups, caries-active
and caries-free, 94% were positive and 6% negative for
proteinase, while 95.2% were positive and 4.8% negative for
phospholipase.

The results showed that 89.4% and 98% of the total Candida
albicans strains of caries-active and caries-free individuals,
respectively, were positive for the production of proteinase,
whereby only 10.6% and 2% of the strains showed negative
enzyme activity for the groups, respectively. Student’s t-test
for two independent specimens revealed a statistically
significant difference (p= 0.0248), in relation to the proteinase-
negative strains from the two groups studied.

It was shown that 92.3% of the total strains from the caries-
active individuals and 98% from caries-free individuals were
positive for phospholipase production, whereas 7.7% and
2% of the strains demonstrated negative enzyme activity,
respectively. Student’s t-test revealed a statistically
significant difference (p= 0.034) in relation to strains negative
for enzyme activity, being more common in the caries-active
group (Fig. 2).

The analysis for genetic variability (AP-PCR) existing among
the strains of Candida albicans originating from the same
individual, revealed that the amplification of genomic DNA of
this species, by AP-3 primer, generated AP-PCR products
varying between 2.1 and 0.5 bp (Fig. 3).

A greater number of clonal lineages were observed in the
group of caries-active versus caries-free volunteers. In the
enzyme typing, a higher number of biotypes were found in the
caries-active group compared to the caries-free group. However,
no statistically significant difference was observed in either
case. There was a difference in relation to the number of
genotypes and phenotypes in the same volunteer, whereby
enzyme production was independent of genotype

Figure 2. Percentage of Candida albicans strains positive and
negative for enzyme activity in the production of proteinase
and phospholipase.
Figure 2a: Percentage of strains positive and negative for
proteinase activity, in caries-active and caries-free groups.
Figure 2b: Percentage of strains positive and negative for
phospholipase activity, in caries-active and caries-free groups.

characteristics, since the same genotype shows different levels
of proteinase and phospholipase production.

After AP-PCR determination of profiles of Candida albicans
from all the caries-active volunteers, a representative of each
clonal lineage was utilized to obtain a representative dendogram.
The maximum value of similarity (SSM= 1.0) was not found in any
clonal type derived from different individuals. The same was
observed for the caries-free group.
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DISCUSSION

The pathogenicity of the species of Candida spp are a result
of the characteristics of the strains, the immunological status of
the host and the local conditions of the sites of infection (17).

Candida albicans strains isolated from the oral cavity,
demonstrate evident proteinase and phospholipase activity.
Some studies of phospholipases such as those by have
demonstrated that 30 to 100% C. albicans strains produce these
enzymes (27,32,37). Enzyme activity tests demonstrated that
95.2% of the C. albicans strains isolated from the oral cavity
were positive for phospholipase, which is in accordance with
the criteria recommended in studies by Price, et al. (27) and
Samaranayake et al (32).

The results obtained in this study demonstrate that, in
principle, the phospholipase positive characteristic of C.
albicans is intrinsic to this species, showing varying degrees
of activity. The presence of phosphoipase negative isolates
was very small (4.8%), when compared to the study Price´s (27),
which demonstrated that 23% of the oral isolates, 45% of blood
isolates, 50% of lesion isolates and 70% of urine isolates were
negative.

The results of phospholipase activity demonstrated that
92.3% of the Candida albicans strains from the caries-active
volunteers and 98% of the strains from the caries-free volunteers
were positive for the production of this enzyme, whereas 7.7%
and 2% respectively, demonstrated negative enzyme activity.
These results are partly in agreement with those reported in a
phospholipase activity study of oral isolates from patients with
and without denture stomatitis (DS) that demonstrated no
difference in the production of this enzyme in relation to the
clinical aspects observed in the two groups (23). These results
are also partly in agreement with results reported by (1), which

demonstrated that 83.3% and 71.9% of the C. albicans strains
produced this enzyme, when isolated from niches with and
without lesions characteristic of candidiasis, respectively.
However, in comparing virulence factors of C. albicans and C.
dubliniensis, isolated from healthy individuals and patients with
chronic candidiasis, showed that 52% of the C. albicans strains
isolated from immuno-compromised patients and 60% from
healthy patients produced phospholipase (7).

The greater number of strains negative for enzyme activity,
found in the group of caries-active volunteers, could be related
to the type of diet, which was probably richer in sugars.
According to Samaranayake et al., 1984 (32), the production of
phospholipase by C. albicans in vitro decreases with high
concentrations of sucrose and galactose, where it is completely
inhibited by a high concentration of glucose. In clinical terms,
an elevated intra-oral concentration of dietary sugars could
suppress the formation of phospholipase, thereby reducing the
pathogenic potential of this yeast. While this effect may be
beneficial to the host, it could on the other hand lead to increased
proliferation of oral yeast (15) and augmented adhesion of yeast
to the epithelium (31).

The incidence of proteinase production by C. albicans
strains can also vary considerably. Of the total strains analyzed
in the two groups, 94% were positive for enzyme production
and 6% demonstrated negative enzyme activity. These data are
similar to those obtained by Penha et al., 2000 (25) who studied
strains of C. albicans from the oral cavity and showed that all
of these strains were proteinase producers. Chakrabarti et al.
1991 (2) examined strains of C. albicans from different anatomical
sites, and found a variation of 44.4 to 84.6% of strains with
positive enzyme activity, depending on the site of origin.
Different ecosystems with their specific characteristics, may
contain factors in these microenvironments that limit or extend
the expression of these enzymes, having as a consequence
various degrees of enzyme activity.

The different patterns of proteinase production by strains
C. albicans orginating from individuals belonging to the two
groups, were greater than those obtained in a study of
proteinase in patients with buccal lesions characteristic of
candidiasis (66.7%) compared to clinically healthy individuals
(68.7%) (25).

However Wu et al. 1996 (42), reported that C. albicans
isolates from patients with HIV infection were significantly more
proteolytic than those originating from HIV-negative individuals
who have angular chelitis. Of the total strains analyzed, 100%
and 56% demonstrated positive enzyme activity from patients
positive and negative for HIV, respectively. In a study of strains
from the oral cavity of HIV-positive and HIV-negative
volunteers, showed that all of the isolates were proteolytic,
even though secretory activity (PZ values) revealed that isolates
from HIV-positives were more proteolyic in relation to the control
group (23).

Figure 3. Analysis of genetic variability among Candida
albicans strains from the same volunteer.
*1- Molecular weight pattern of 100 bp ladder; 2–20, strains
from different sites of the oral cavity. Electrophoretic profiles of
Candida albicans isolated from the oral cavity of volunteer 7,
from the caries-active group.
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With regard to the expression of virulence factors, not only
are microorganism-dependent factors involved, but also others
that strongly host-dependent, such as immunological status
and local conditions of the site of infection (17). The
pathogenicity of C. albicans is a complex process, involving
different stages, colonization, adherence, invasion of tissues
and damage to cells of the host, composition of the cell wall and
the production of toxins and proteolytic enzymes (6,22). These
factors could influence colonization, survival and the commensal
or pathogenic state of these yeast, inducing an increase or
diminution of the enzyme levels of these microorganisms.

Using the genotyping technique AP-PCR, the number clonal
lines obtained was greater in caries-active than in caries-free
volunteers, and in some patients multiple genotypes were
detected, although this was not statistically significant.

Hannula et al., 2000 (7) studied clonal differences of C.
albicans from patients with and without immune compromise,
and did not demonstrate significant differences in the
distribution of genotypes between ill and healthy individuals,
involving only a single genotype of C. albicans per individual.
Similarly, utilizing the PCR “fingerprinting” technique with 5
different primers, also did not find significant genetic
differences in the number of genotypes between HIV-positive
and negative groups (44), On the other hand, by karyotyping,
found a large clonal diversity of C. albicans, among isolates
from the oropharanyx of HIV-positive volunteers who had
candidiasis (4). Similarly, Howell et al., 1996 (9), in comparing
the genetic similarity of C. albicans derived from four patients,
observed the presence of more than one genotype in some
individuals. Meanwhile, studies by Boerlin et al., 1996 (40) of
isolates C. albicans from the oropharanyx of healthy individuals
and patients with HIV typed by MLEE, showed that the majority
had a single clone of C. albicans in the oropharanyx, with the
exception of one patient.

These findings when taken together, demonstrate that it is
possible that at least a single genotype can predominate in all
the sites of the same individual (16,39). Some patients show
stains with reduced genetic diversity (7,43), even though other
patients can show alterations in the frequency of phenotypes
and genotypes of C. albicans (3,43,44), suggesting the existence
of a dynamic process of colonization of these species, or the
difficulty still in establishing a more defined comparison the
phenotypic and genotypic diversity of these microorganisms,
using the available methods.

To determine the presence or absence of strains of the same
clonal lineage between volunteers of the caries-active and
caries-free groups, a representative of each line was selected
for the construction of representative dendograms for each
group of volunteers. There was not any clonal similarity
(SSM=1.0) in different individuals belonging to the same group.
Mehta et al., 1999 (19) used DNA “fingerprinting”,  to analyze
systematically 28 healthy individuals belonging to 12 families,

with regard to the presence of C. albicans from the oral cavity
and feces. These investigators demonstrated that different
families did not share the same strains, but that two or more
members of the same family did. The children studied in the
present investigation showed no relation, nor were they from
the environment. This may be essential in justifying the
differences in findings, in relation to those obtained by Mehta
(19). Some authors, nonetheless, have demonstrated that a single
cluster, genetically related to Candida albicans infection,
usually predominates in a determined population of patients
and in a given geographic location (35,36,37).

CONCLUSION

Although different individuals can share the same or a very
similar genotype, the data obtained appear to conform with the
majority of studies previously cited, which demonstrated that
strains from different locations on the body of the same
individual normally possess greater similarity than those derived
from different hosts.

These findings demonstrate that the mechanisms involved
in the pathogenicity of this species need to be better elucidated.
This will likely be possible from diversified research, which
permits a greater understanding of the relations of these
opportunistic parasites with their host.

It is necessary to consider that the enzyme activity expressed
by these microorganisms is only one component of their
pathogenic capacity. Other factors already described that
determine virulence, should be also included, which makes the
phenomenon even more complex. To date, there are still few
available data in relation to caries-active and caries-free
individuals. The results obtained here open perspectives of
new investigations that are aimed at establishing and
broadening knowledge of these relations, by studying a greater
number of specimens and by employing other molecular
techniques, which permit a greater discernment between the
genotypic character of this organism and its enzyme profile.
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RESUMO

Diversidade fenotípica e genotípica entre amostras de
Candida albicans isoladas de crianças saudáveis

cárie ativas e livre de cárie

Cepas orais de Candida albicans coletadas de crianças
saudáveis cárie ativas e livres de cárie com idade variando de
24 a 36 meses, foram estudadas. O propósito do estudo foi
determinar a atividade da proteinase e da fosfolipase produzida
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por Candida albicans nos dois grupos e comparar com a
diversidade genotípica usando o método AP-PCR. As cepas
identificadas como C. albicans por testes morfológicos e de
fermentação, foram cultivadas em meio ágar proteinase e
fosfolipase a 37ºC por 7 e 4 dias, respectivamente. Após o
período de incubação, a atividade enzimática das cepas
proteinase e fosfolipase positiva foram medidas. Todas as cepas
foram submetidas a técnica genotípica AP-PCR, usando o primer
arbitrário AP-3. A análise enzimática demonstrou que não há
diferença entre os dois grupos estudados. O método AP-PCR
foi eficiente em demonstrar o polimorfismo genético de C.
albicans intra indivíduos demonstrando uma maior diversidade
clonal em crianças cárie ativas em relação as livres de cárie.
Dendogramas de similaridade demonstraram semelhança na
linhagem clonal apenas intra-indivíduos. Os resultados sugerem
que o perfil enzimático não depende das características
genotípicas das cepas.

Palavras chaves: Candida albicans, genotipagem, proteinase,
fosfolipase, virulência
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