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Abstract

Introduction: Among other non-bacterial organisms, yeasts have been isolated from subgingival sites with
relative frequency. Candida albicans is the species most commonly isolated although its role in periodontal
disease has not been established. Objective: This study evaluated the secretion patterns of aspartyl-prote-
ase (Sap) by periodontal and nonperiodontal Candida albicans strains in normoxic and anoxic conditions.
Material and methods: Periodontal strains (n=10; periodontal pockets =3.00 mm) and nonperiodontal
Candida albicans strains (n=10) were grown under normoxic and anoxic conditions in protease-inducible
broth. Sap activities were quantified in supernatants using azocasein as substrate. Whole-protein contents
in supernatants were determined by Bradford’s method. Specific protease activities (Sap activity.protein-1)
were assessed and compared. Results: While nonperiodontal strains secrete similar amounts of Sap under
both atmospheric conditions, periodontal strains secrete reduced amounts in the presence of molecular
oxygen. Conclusion: Despite the limited number of assayed isolates, the possibilities of adaptation or selec-
tion of candidal strains to periodontal microenvironment may be considered.
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Resumo

Introdugdo: Entre organismos ndo bacterianos, as leveduras tém sido isoladas de sitios subgengivais com
relativa frequéncia. Candida albicans é a espécie mais comumente isolada, embora seu papel na doenga perio-
dontal ndo esteja estabelecido. Objetivo: Este estudo avaliou os padrées de secrecdo de aspartil-protease (Sap)
por cepas periodontais e ndo periodontais de Candida albicans em situagdes de norméxia e anéxia. Material e
meétodos: Cepas periodontais (n=10; bolsas periodontais 23,00 milimetros) e cepas de ndo periodontais (n=10)
Candida albicans foram cultivadas sob condi¢bes norméxicas e andxicas em caldo de protease-induzida. A ati-
vidade Sap foi quantificada em sobrenadantes utilizando azocaseina como substrato. O contetido de proteinas
totais nos sobrenadantes foi determinado pelo método de Bradford. Atividades de protease especifica (ativida-
de de proteina Sap-1) foram avaliadas e comparadas. Resultados: Apesar das cepas ndo periodontais secre-
tarem quantidades semelhantes de Sap em ambas as condi¢cdes atmosféricas, as cepas periodontais secretam
quantidades reduzidas na presenca de oxigénio molecular. Concluséo: Apesar do niimero limitado de amos-
tras analisadas, as possibilidades de adaptagdo ou selegdo de cepas de Candida no microambiente periodontal

pode ser considerada.

Palavras-chave: Candida albicans. SAP. Periodonto.

Introduction

The role of some bacteria in the triggering of pe-
riodontal disease is well known. However, some mi-
croorganisms belonging to other kingdoms or even
domains have received special attention in the last
decade (14, 15, 22, 25). Their role in the pathoge-
nesis of periodontal disease still remains uncertain.
Among them, Candida albicans has been recovered
from crevicular sulci and periodontal pocket with a
considerable frequency (20, 31).

Candida albicans is a yeast-like organism that
may provoke lesions in the oral mucosa that may
vary from mild to severe, according to the local/
systemic immune status of the host (17). Despite its
opportunistic behavior, experimental evidence has
pointed toward the existence of a variable display
in its virulence attributes. Moreover, growth pheno-
types (18) and xenobiotics may modulate such viru-
lence (1, 4, 16, 30).

The family of isoenzymes known as secreted as-
partyl proteases (Sapl to Sap10) is considered as
the main putative virulence attribute involved in
candidal pathogenesis (19). Saps are responsible for
depolymerizing extracellular proteins in order to
facilitate the amino acid uptake and the cell-tissue
invasion (12). The expression of Saps is dependent
on environmental signals (32), and the signal trans-
duction of some isoforms seems to be regulated by a
mitogen-activated protein kinase cascade ending in

the transcription factor Cph1p and a cyclic AMP-de-
pendent signaling pathway ending in the transcrip-
tional regulator Efglp (26).

Differences in Sap secretion rates have already
been asserted for strains isolated from a variety of
sites, but not for strains from periodontal pockets.
Recently, our group reported that the lack of mole-
cular oxygen leads candidal strains to secrete more
Sap than they could secrete in normoxic conditions
(21). To test the hypothesis that anoxia is also im-
portant for virulence modulation of periodontal C.
albicans strains, we carried out the following expe-
riment that evaluated the secretion of Sap in nor-
moxic and anoxic conditions.

Material and methods

Candida albicans strains. Strains 3A1, 13A3,
14A3, 15A2, 30A2, 30A4, 47A4, 55A3, 57A1, and
58A4 were recovered from periodontal pockets
with depth equal or higher than 3.00 mm of im-
munocompetent and non-related patients with
chronic periodontitis, and were Kkindly provided
by Professor Jose F. Hofling (Faculty of Dentistry of
Piracicaba - Universidade Estadual de Campinas,
Brazil). Through RAPD fingerprinting tests, it was
confirmed that these strains are not related with
each other, being a sub-set of periodontal strains
from other study (2). The strains B3, B8, C1, F1,
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F2, N1, N2, and N3 were recovered from different
cases of mucosal candidosis (29) and are not re-
lated to periodontal disease. Strains SC5314 and
ATCC®90028™ are reference strains.

Aerobic inocula preparation. Cells of C. al-
bicans were grown in YPD (1% yeast extract, 2%
peptone, 2% glucose) at 37 °C. The cultures were
monitored until they achieved an OD660nm equal to
0.8. Then, they were harvested, washed three times
with sterile 50 mM PBS (pH 6.5), and stored at 4 °C
in the same buffer. They were designated as the ae-
robic cultures of C. albicans.

Anaerobic inocula preparation. Aerobic 100
uL inocula (OD660nm=0.8) were used to inoculate
tubes with 5 mL of degassed reduced YPD broth
(YPD plus 200 pL of 1 mM oleic acid in 100% me-
thanol, 200 pL of 4 mM nicotinic acid, and 10 mg of
solid L-cysteine; pH=5.0) that were incubated in an
atmosphere with 90% N2, 5% CO02, and 5% H2. The
cultures were incubated at 37°C until they achieved
an 0De6sonm equal to 0.8, when 500 uL were used to
inoculate another 5 mL of reduced YPD. Again, the
cultures were followed until an ODésonm equal to
0.8. Then, they were harvested, washed three times
in sterile 50 mM PBS (pH 6.5) plus 0.1% L-cysteine,
and anoxically stored at 4 °C in the same buffer.
They were designated as the anaerobic cultures of
C. albicans.

Normoxic production of Saps. Sterile screw-
caped polyethylene sample containers containing
30 mL of inducing YNB-BSA broth [yeast nitrogen
base (Difco Lab, Inc.), 0.2% filter-sterile BSA frac-
tion V (Sigma-Aldrich, Inc.), and 100 mM glucose
(pH 5.0)] received the aerobic inocula (100 pL of
cell suspension with ODé60nm=0.8) and were incu-
bated in normal atmosphere at 37 °C for 10 d.15

Anoxic production of Saps. Sterile screw-caped
polyethylene sample containers containing 30 mL
of degassed and reduced YNB-BSA broth (YNB-BSA
plus 200 pL of 1 mM oleic acid in 100% methanol,
200 pL of 4 mM nicotinic acid, and 10 mg of solid
L-cysteine) received the anaerobic inocula (100 pL
of cell suspension with OD660nm=0.8) and were in-
cubated in an anoxic atmosphere with 90% N2, 5%
CO2,and 5% H2 at 37 °C, for 10 d.

Quantification of protein. After 10 d of incu-
bation, the aerobic/anaerobic cultures were cen-
trifuged and the supernatants were transferred to
sterile clean tubes. The protein concentration of

supernatants was determined by absorbance follo-
wing the method of Bradford, with BSA as standard.

Protease activity. The hydrolyzing activity of
the protease was determined using azoalbumin as
substrate and the method of Carvalho et al. (4), with
minor modifications. Briefly, the supernatants (300
uL) were transferred to glass tubes containing 500
uL of 1% azoalbumin (Sigma Aldrich, Inc.) solution
(in 50 mM Tris-HCl buffer, pH 8.0), and the reaction
mixtures were incubated for 60 min at 37 °C. The
reactions were stopped by adding 800 pL of 10%
trichloroacetic acid (TCA) and incubating for fur-
ther 10 min at room temperature followed by cen-
trifugation at 10,000 rpm for 10 min. Five-hundred
microliters of supernatants after TCA precipitation
were mixed with equal volumes of 500 mM NaOH
and incubated for 15 min. The development of color
was colorimetrically measured by taking the absor-
bance at 440 nm. A control assay, without the super-
natant in the reaction mixture, was performed and
used as the blank in all measurements. One unit of
enzyme activity was defined as the amount of enzy-
me necessary to increase in 0.001 unit of absorban-
ce at 440 nm per min of digestion. The number of
units of activity per milligram of protein was taken
as the specific enzymatic activity.

Statistics. All the experimental steps above
were repeated in triplicates, in three different mo-
ments, obtaining nine individual measures. All the
data were evaluated in relation to their homogenei-
ty of variances by the Levene index and analyzed
by the Games-Howell and Tukey HDS tests with the
statistical package SPSS 15.0 (SPSS Inc., Chicago, 11.).
Comparison of enzymatic activity for each C. albi-
cans strain was carried out after analysis of norma-
lity by Kolmorogov-Smirnov and Shaphiro-Wilk and
subsequently by the Kruskal-Wallis test. A p value of
0.05 was assumed as threshold for differences.

Results

Biofilm formation was detected in all aerobic
cultures after ten days of incubation. On the other
hand, among the twenty strains, only strain SC5341
developed a consistent biofilm on the flasks under
anoxic conditions. The remaining strains generated
thin and loosen biofilms in the absence of molecular
oxygen.

Arch Oral Res. 2013 May/Aug.;9(2)177-184

179



180

Rosa EAR, Rymovicz AUM, Rached RN, Grégio ANT, Silva WJ, Samaranayake LP.

All strains, independent of their origin or atmos-
pheric environment, secreted Saps. The strain-to-
-strain variations among nonperiodontal strains are
presented in Figure 1. Four out of ten strains sho-
wed higher enzymatic activity (p < 0.0489) when
grown in normoxic conditions. Three out of ten
inverted such behavior secreting more Saps when
in anoxia (p < 0.0277). The differences for the re-
maining three strains could not be supported by the
statistics tests used here (p 2 0.1551).

A more uniform secretion pattern was achieved
with periodontal strains (Fig. 2). Excepting strain
58A5, all the others had an increment in the Sap
secretion rates with p < 0.0108 when grown in the
absolute absence of molecular oxygen.

Nonparametric multiple comparisons among
the four subgroups revealed that in anoxic condi-
tions periodontal strains tend to secret significan-
tly higher (p < 0.0001) amounts of Sap than in nor-
moxic conditions (Fig. 3). However, this superior
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Figure 1 - Comparative of specific activities of non-periodontal C. albicans strains grown in normoxia and anoxia. Each

histogram bar represents the mean of nine measures. Error bars represent the standard error of mean; NSD
denotes no statistical differences; * denotes differences with p < 0.05; ** denotes differences with p < 0.005.
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Figure 2 - Comparative of specific activities of periodontal C. albicans strains grown in normoxia and anoxia. Each histogram
bar represents the mean of nine measures. Error bars represent the standard error of mean; NSD denotes no
statistical differences; * denotes differences with p < 0.05; ** denotes differences with p < 0.005.
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Figure 3 - Comparative mean of specific activities of non-periodontal and periodontal C. albicans strains grown in normoxia
and anoxia. Each histogram bar represents the mean of ninety measures. Error bars represent the standard error
of mean. Different letters over error bars denote statistical differences.
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secretion rate is not different from those obtained
for nonperiodontal strains grown in normoxic or
anoxic conditions.

Discussion

In Periodontology, the interest on Candida spp.
just began in the late 1980’s and early 1990’s (9,
10). However, while in other areas yeasts were
considered as primary pathogens (10, 24), in
Periodontology they remained left in second plan.
In part, it was due to the high involvement of bac-
teria in the well-reported aggression to periodontal
tissues and to the underestimation of fungal patho-
genic potential when cells are in anoxic sites. In fact,
the influence of anoxia on Candida spp. growth and
metabolism has received attention only recently (3,
6,7,27,29). Regarding the virulence of periodontal
C. albicans, few studies have prospected its potential
(2,11), and a wide window of possibilities is open.

The results obtained here point to the possibili-
ty of fungal adaptation to the subgingival environ-
ment with a proportional higher secretion of pro-
teases in anoxia than in normoxia. Add to this the
fact that almost all individual strains repeated such
behavior. On the other hand, nonperiodontal strains
had a more diverse behavior with no differences for
strains grown in normoxia and anoxia. At this point,
two possibilities arise. First, there is a pressure
exerted by the environmental conditions of perio-
dontal pockets that select candidal strains with si-
milar patterns of protease secretion. This hypothe-
sis is enforced by data from previous studies that
propose that few biotypes of C. albicans in human
periodontal pockets appear to be selected and dis-
play closed phenotypes (31) with few clonal types
occurring (2). The second idea is that distinct geno-
types suffer a similar environmental modulation on
virulence attributes when in situations mimicking
the pocket conditions. In other words, under absen-
ce of molecular oxygen different periodontal strains
display similar behavior.

Despite the reduced number of strains analyzed
here, we are prone to propose the possibility of in-
tersection between these two hypotheses. We base
this premise on two independent points. First, the
strains had a RAPD similarity range varying from
0.684 to 0.938 (2). Although not considered as “ge-
netically related isolates (clones)” by the classical

Tenover’s classification (28), it is plausible that sub-
gingival sites have selected strains with genotypes
partially conserved, which is in accordance with the
first theory. Second, the fact that periodontal strains
had consistent higher specific activity in anoxia (on
average and in 90% of the cases) than in normo-
xia indicates that the second theory also sounds
plausible.

Using a semi-quantitative plate assay, our group
reported that periodontal strains secrete more Sap
when in absence of oxygen (21) and this led us to
confirm this fact using a more accurate tool. In that
study, nonperiodontal strains also had a similar
behavior. The results of both studies may be con-
sidered contradictory. As colorimetric assays using
chromogenic substrata have superior capacity to
assess enzymatic activity than plate methods (8),
we believe this matter is solved and the results pre-
sented here may be closer to the reality. By compa-
rison, we concluded that anoxia induces Sap secre-
tion similar to nonperiodontal strains isolated from
mucosal candidosis cases. Other important point is
that both sets of strains, after being isolated from
patients, were conserved in laboratory collections
with constant replatings. As the virulence patterns
were markedly different for periodontal strains in
distinct atmospheres, we believe that they did not
suffer any domestication, with generalized loss in
virulence. Domestication is a common phenomenon
involving alterations in candidal genotype during
strains maintenance in laboratories over long perio-
ds of time (13). Based on this, we hypothesize that
this may be due to the constitutive behavior of SAP
genes (5) and anoxia-related control of expression
by the transcription factor Efgl (23). As the domes-
tication phenomena require long periods of time to
occur, the “nondomesticated” behavior may be a di-
rect reflex of the selection/adaptation possibilities
we have pointed out above for periodontium-rela-
ted strains.

Regarding the fact that strain SC5314 genera-
ted thicker anaerobic biofilm than others, such fin-
ding is somehow surprising, since it was expected
that all strains could form consistent biofilms (29).
However, when the anaerobic specific activities for
all strains are compared, it is perceptible that such
increment in the thickness of strain SC5314 biofilm
does not reflect in virulence increasing. Further ex-
periments involving strictly candidal biofilms (18)
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might be useful to complement the present study to
respond if cell loads imply more virulent biofilms.

Conclusion

Within the limits of this study, the results obtai-
ned allow us to infer that the proteolytic behavior of
periodontium-related C. albicans strains is depen-
dent on the absence of molecular oxygen.
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