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1 | INTRODUCTION

| Alberto Carlos Botazzo Delbem?

| Douglas Roberto Monteiro'*

Summary

The relationship among Candida species may be influenced by several factors. Thus,
this study evaluated the interactions between Candida albicans and Candida glabrata in
biofilms, varying the strain type, culture medium and glucose supplementation.
Biofilms were formed for 48 hours in Sabouraud dextrose broth (SDB) or RPMI 1640,
supplemented with 0%, 1% or 5% glucose. Each strain of C. albicans was combined
with two strains of C. glabrata, generating four biofilm associations, which were quan-
tified by colony-forming units (CFUs), total biomass and metabolic activity. Data were
analysed by ANOVA and Tukey’s HSD test (o« = 0.05). For CFUs, all associations were
classified as indifferent for biofilms formed in RPMI 1640, while for SDB the interac-
tions were antagonistic for C. albicans and indifferent for C. glabrata. The association
of reference strains resulted in a dual-species biofilm with biomass significantly higher
than that observed for each single biofilm developed in SDB. The metabolic activity of
dual-species biofilms did not significantly differ from that found for single ones, except
for co-culture of the reference strains. Glucose supplementation and culture media
had a significant influence on all parameters. In conclusion, the strain type, culture
medium and glucose supplementation influenced the interactions between C. albicans
and C. glabrata.
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colonisation (eg, caused by immunodeficiency) may favour the atypi-

cal growth of Candida species, making them pathogenic and leading

Candida species are known to be opportunistic pathogens that may
be found in the oral cavity, bloodstream, and gastrointestinal, gen-
itourinary and respiratory tracts of the human body of healthy and
immunocompromised individuals.* These species are labelled as com-
mensals when the individual’'s immune response and interactions of
Candida with other microbial species allow their persistence (usually
in low numbers) without causing harm to the host.>® Nevertheless,
alterations in the dynamic equilibrium between the host and microbial

to clinical manifestations of candidiasis.? In this sense, it was recently
demonstrated a higher prevalence of Candida species in the oral cavity
of diabetic patients compared to non-diabetics, being Candida albicans
the most frequently isolated microorganism from the two groups of
patients.* This species was also the most found in the oral cavity of
individuals carrying the human immunodeficiency virus.®

Candida albicans has ability to adhere and form biofilms on different
surfaces,® exhibits phenotypic variability and cellular polymorphism,”
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as well as capacity to synthesise extracellular enzymes® and to pro-
duce toxins, which contribute to its virulence. Other Candida species
are also regarded as clinically important opportunistic pathogens, such
as Candida glabrata.9 For a long time, this microorganism was consid-
ered a fungus present in the microbiota of healthy individuals, with-
out great pathogenic potential.”!® At present, however, C. glabrata
is known to be one of the most prevalent pathogens of the genus
Candida™ and, in cooperation with C. albicans, are often involved in
cases of oral candidosis, like denture stomatitis.'? C. glabrata has no
ability to form hyphae, but it is aggressive and resistant to antifungal
agents.13 Its virulence factors include the secretion of hydrolytic en-
zymes (phospholipases and haemolysins) and the capacity to form bio-
films on biotic (mucosa) and abiotic surfaces (catheters, silicone, latex,
acrylic and polyurethane).”1°

In the oral cavity, these fungi are mostly found in polymicrobial
biofilms, and their heterogeneity complicates the assessment of the
individual contribution of each species to the pathogenesis of the oral
diseases.** In one of the first reports on this issue, Kirkpatrick et al*®
observed a competitive relationship between C. albicans and Candida
dubliniensis. Similarly, clinical strains of Candida krusei significantly
inhibited the metabolic activity and growth of C. albicans in mixed
biofilms.1® On the other hand, Pereira-Cenci et al*” did not find com-
petitiveness between C. albicans and C. glabrata in biofilms developed
on different dental materials. In addition to the above-mentioned in-
teractions among different strains, dietary sugars are factors that in-
terfere with the oral colonisation and biofilm formation by Candida
species. In this context, fungal cells developed in medium contain-
ing glucose displayed higher biofilm formation than yeasts grown in
galactose-containing medium.?® Likewise, glucose promoted higher
counts of yeasts in comparison to sucrose.’”

Although some studies have investigated the associations among
different Candida species in mixed biofilms, there are no reports about
the influence of the type of strain, culture medium and glucose sup-
plementation on the interactions between C. albicans and C. glabrata.
Therefore, the objective of this study was to evaluate the interactions
between these species in mixed biofilms formed in vitro, taking into
account the above-mentioned variables.

2 | MATERIALS AND METHODS

2.1 | Candida strains and growth conditions

Two Candida strains from American Type Culture Collection (ATCC)
were used in this study: C. albicans ATCC 10231 and C. glabrata
ATCC 90030. In addition, two clinical oral isolates were tested:
C. albicans 324LA/94 and C. glabrata D1, obtained from the culture
collection of Cardiff Dental School (Cardiff, UK) and the Biofilm
Group of the Centre of Biological Engineering, University of Minho
(Braga, Portugal), respectively. All strains were subcultured aero-
bically on Sabouraud dextrose agar (SDA; Difco, Le Pont de Claix,
France) plates during 24 hours at 37°C. Afterwards, a loopful of
each Candida strain was inoculated in 10 mL of Sabouraud dex-
trose broth (SDB; Difco) and incubated at 37°C for 20-24 hours

in an orbital shaker at 120 rev/min. Next, the Candida cells were
harvested by centrifugation (6500 x g; 5 minutes) and the pellets,
washed twice with phosphate-buffered saline (PBS; 0.1 mol L'l,
pH 7). The number of fungal cells was adjusted to 1 x 107 in SDB
or Roswell Park Memorial Institute (RPMI; Sigma-Aldrich, St Louis,
MO, USA) 1640, both supplemented with glucose (Sigma-Aldrich,
CAS number 50-99-7) at 0%, 1% or 5%, using a Neubauer counting

chamber.

2.2 | Single- and mixed-species biofilm formation

Candida biofilms were formed in the 96-well microtiter plates (Costar,
Tewksbury, MA, USA)Y? containing 200 pL of the standardised cell
suspension of each strain in single culture (1 x 107 cells/mL in SDB or
RPMI 1640, supplemented with glucose at 0%, 1% or 5%). Regarding
mixed biofilms, 100 pL of each inoculum (2 x 107 cells/mL for C. albi-
cans + 2 x 107 cells/mL for C. glabrata) was added into each well. The
microplates were then incubated at 37°C for 48 hours, and the culture
media (supplemented with glucose at 0%, 1% or 5%) were renewed
every 24 hours. After the biofilm formation period (48 hours), each
culture medium was removed and the wells, washed once with PBS to

eliminate non-adherent fungal cells.

2.3 | Biofilm quantification assays

2.3.1 | Quantification of cultivable cells

The resulting biofilms were washed and resuspended with 200 plL
of PBS, scraped from the wells and vigorously vortexed (1 min-
ute) for breaking the cell aggregates. Next, serial decimal dilutions
were prepared in PBS and plated on SDA and CHROMagar Candida
(Difco), respectively, for single- and dual-species biofilms. The
agar plates were aerobically incubated at 37°C and the number of
colony-forming units (CFUs) was recorded after 24-48 hours. CFU
results were expressed as a function of the area of the wells (log,,
CFU cm™).

2.3.2 | Biomass quantification

Total biomass of single- and dual-species biofilms was quantified by
the crystal violet (CV) staining method.'’ Briefly, Candida biofilms
were fixed with 200 uL of 99% methanol (Sigma-Aldrich, CAS num-
ber 67-56-1), which was removed after 15 minutes of contact. The
microtiter plates containing the fixed biofilms were allowed to dry at
room temperature, and 200 plL of 1% CV (Sigma-Aldrich, CAS number
548-62-9) were then pipetted into each well. After 5 minutes of incu-
bation, the CV excesses were removed, the wells were washed with
deionised water, and 200 pL of 33% acetic acid (Sigma-Aldrich, CAS
number 64-19-7) was added to release the CV stain from all biofilms.
The absorbance values were obtained at 570 nm and standardised per
unit area of the wells (Absorb cm'2). The blanks were considered as
wells containing SDB or RPMI 1640 supplemented with 0%, 1% or 5%
glucose, without fungal cells.
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2.3.3 | Evaluation of the metabolic activity

The XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamin
o) carbonyl]-2H-tetrazolium hydroxide; Sigma-Aldrich, CAS number
111072-31-2) reduction assay was employed to assess the meta-
bolic activity of the biofilm cells.?® For this, a solution (200 pL) con-
sisting of 150 mg XTT L™! and 10 mg of phenazine methosulphate
L™* (Sigma-Aldrich, CAS number 299-11-6) was pipetted into each
well after the biofilm formation period (48 hours), and the micro-
plates were incubated in a shaker (120 rev/min) at 37°C protected
from the light. After 3 hours, 200 pL of the supernatant was trans-
ferred to new 96-well microplates and the absorbance, measured
at 490 nm. All absorbance values were standardised per unit area
of the wells (Absorb cm'z), and the blanks were similarly processed

without cell suspensions.

2.4 | Classification of the microbial association

For dual-species biofilms, each C. albicans strain was combined with
two C. glabrata strains, yielding four microbial associations: C. albicans
ATCC 10231+ C. glabrata ATCC 90030, C. albicans ATCC 10231+
C. glabrata D1, C. albicans 324LA/94+ C. glabrata ATCC 90030 and
C. albicans 324LA/94 + C. glabrata D1. The microbial association was
classified according to Miceli et al,?! with modifications. When the
association promoted significant decreases in the number of CFUs,

compared with each strain alone, it was considered to be antagonistic.
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However, when the association displayed a significant increase in the
number of CFUs, compared with each strain alone, it was defined as
synergistic. If the results of quantification of cultivable cells of mixed-
species biofilms were not significantly different from those obtained
for each strain alone, the association was designated as indifferent.
As the CV and XTT assays do not allow to differentiate the biomass
and metabolic activity of each species individually in mixed biofilms,
these methods were not used to classify the microbial associations,
but instead as adjunct data, to assist in the interpretation of the results

obtained.

2.5 | Biofilm structure

The structure of single- and mixed-species biofilms was qualitatively
evaluated by scanning electron microscopy (SEM). For this, the bio-
films were formed in 24-well plates, during 48 hours, according to the
protocol described above. Next, biofilm samples were processed as
described by Monteiro et al,?? and analysed in the FEG-VP Supra 35

electron microscope (Carl Zeiss, Jena, Thuringen, Germany).

2.6 | Statistical analysis

All biofilm assays were performed in triplicate on three separate oc-
casions. The types of strain, culture media (SDB or RPMI 1640) and
glucose supplementation (0%, 1% or 5%) were considered as variation

factors. Data were analysed by three-way ANOVA and Tukey’s HSD
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post-hoc test (staTisTica, version 10.0; TIBCO Software Inc., Palo Alto,
CA, USA). The significance level was set at P < .05.

3 | RESULTS

3.1 | Quantification of cultivable cells

Regarding the number of CFUs, all microbial associations were clas-
sified as indifferent for biofilms formed in RPMI 1640 medium
(Figure 1A-D), while for SDB medium the interactions were considered
antagonistic for C. albicans and indifferent for C. glabrata (Figure 1A
and B). Glucose supplementation only had a significant influence on
the association of C. albicans 324LA/94 with C. glabrata D1, with a
significant interaction between glucose supplementation and media.
Overall, the number of CFUs was significantly lower for single- and
mixed-species biofilms formed in RPMI 1640 supplemented with 1%
glucose, compared with SDB medium supplemented with glucose at
the same concentration (Figure 1D). The other pairwise comparisons
were not significant. Also, for mixed biofilms, the number of CFUs of
C. glabrata was significantly higher when compared to that of C. albi-

cans, regardless of the glucose supplementation and culture medium.

3.2 | Biomass quantification

For the association of C. albicans ATCC 10231 with C. glabrata ATCC
90030 (Figure 2A), the total biomass of the dual-species biofilm de-
veloped in SDB medium was significantly higher than that observed
for each single biofilm, regardless of the glucose supplementation.
Similarly, the biomass of mixed biofilms of C. albicans ATCC 10231
with C. glabrata ATCC 90030 in RPMI 1640 (Figure 2A), C. albicans
ATCC 10231 with C. glabrata D1 in both culture media (Figure 2B),
and C. albicans 324LA/94 with C. glabrata D1 in RPMI (Figure 2D)
was significantly higher when compared to that for single biofilms
of C. glabrata, and not significantly different from that of C. albicans
in single cultures. Conversely, for the associations of C. albicans
324LA/94 with C. glabrata ATCC 90030 (Figure 2C) in both media,
and C. albicans 324LA/94 with C. glabrata D1 in SDB (Figure 2D), the
resulting biomass of mixed biofilms was significantly lower in compari-
son with that of single biofilms of C. albicans, and significantly higher
than that of single biofilms of C. glabrata.

The supplementation of the media with glucose significantly in-
fluenced biofilm biomass for the four microbial associations. For
mixed biofilms of C. albicans ATCC 10231 with C. glabrata ATCC
90030 (Figure 2A), and C. albicans ATCC 10231 with C. glabrata D1
(Figure 2B), the biomass was significantly higher for both culture
media supplemented with 1% and 5% glucose, compared with media
without additional glucose. For C. albicans 324LA/94 and C. glabrata
ATCC 90030 (Figure 2C), and C. albicans 324LA/94 and C. glabrata D1
(Figure 2D), in single and mixed cultures, the overall trend was that the
biomass was significantly higher for biofilms formed in SDB supple-
mented with 1% and 5% glucose, when compared with no additional
glucose. Finally, comparing both culture media as a function of glu-
cose supplementation, significant differences were observed between

the media supplemented with 1% and 5% glucose, for single- and
dual-species biofilms of C. albicans ATCC 10231 and C. glabrata ATCC
90030 (Figure 2A), with a tendency of higher biomass for biofilms
formed in SDB. For C. albicans ATCC 10231 and C. glabrata D1 (single
and mixed biofilms, Figure 2B), a similar pattern was observed only for
the media supplemented with 1% glucose.

3.3 | Evaluation of the metabolic activity

The results of XTT reduction are displayed in Figure 3. The metabolic
activity of dual-species biofilms did not significantly differ from that
found for single biofilms, except for mixed biofilm of C. albicans ATCC
10231 with C. glabrata ATCC 90030 (Figure 3A), which was signifi-
cantly higher when compared to single biofilm of C. glabrata ATCC
90030 in SDB, and significantly lower when compared to the same
biofilm in RPMI 1640, both supplemented with 1% glucose. The most
evident pattern was that the metabolic activity of biofilms developed
in SDB medium without glucose supplementation was markedly re-
duced when compared to the other conditions (media and glucose
supplementation). Similarly, lower metabolic activity was observed for
biofilms developed in RPMI 1640 medium without additional glucose
when compared to the same medium supplemented with 1% or 5%
glucose, despite a less marked trend was observed, and only applied
for some pairwise comparisons. It was also observed significantly
higher metabolic activity of biofilms formed in RPMI 1640 in compari-
son with SDB for most of the comparisons, since glucose supplemen-

tation also influenced the results.

3.4 | Biofilm structure

Scanning electron microscopy image of C.albicans ATCC 10231
biofilm grown in SDB supplemented with 1% (Figure 4A) and 5%
(Figure 4G) glucose showed multilayers of yeasts and some hyphae
covering the polystyrene surface, while single biofilm of C. albicans
ATCC 10231 formed in RPMI 1640 supplemented with glucose at
1% (Figure 4D) had a more compact structure and a higher number
of hyphae when compared with SDB (Figure 4A and G). Biofilms of
C. glabrata ATCC 90030 and D1 formed in SDB supplemented with
glucose at 1% (Figure 4B) and 5% (Figure 4H), and RPMI 1640 at 1%
glucose (Figure 4E) were only constituted of multilayers of yeasts,
partially covering the surface. On the other hand, mixed biofilms of
C. albicans ATCC 10231 and C. glabrata ATCC 90030 formed in SDB
supplemented with glucose at 1% (Figure 4C), and C. albicans ATCC
10231 and C. glabrata D1 formed in SDB at 5% glucose (Figure 4l)
had a similar structure of that for single biofilms of C. albicans ATCC
10231 (Figure 4A and G), except that the presence of hyphae was
more evident in mixed biofilms. Conversely, dual-species biofilm of
C. albicans ATCC 10231 and C. glabrata ATCC 90030 (Figure 4F) re-
vealed a less dense structure compared with the above-mentioned
mixed biofilms (Figure 4C and ).

In turn, C. albicans 324LA/94 biofilm formed in SDB (Figure 4J) or
RPMI 1640 (Figure 4M) without additional glucose was composed by
a dense hyphae network, with few or no visible yeasts, respectively.
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For biofilms of C. glabrata D1 formed on the same media described
above (Figure 4K and N, respectively), compact structures of multilay-
ers of yeasts fully covering the surface were noted. For mixed biofilms
of the above-mentioned species (Figure 4L and O), a lower number of
hyphae and a higher number of yeasts were observed when compared
with single biofilms of C. albicans 324LA/94 (Figure 4J) and M). Also, a
higher number of hyphae was observed for mixed biofilm of C. albicans
324LA/94 and C. glabrata D1 formed in RPMI 1640 without additional
glucose (Figure 40) compared with SDB medium (Figure 4L).

4 | DISCUSSION
Studies of interactions between different microorganisms are ex-
tremely important as they allow a better understanding about the
pathogenicity of the species involved and may help in the develop-
ment of alternative therapies to combat them.?® Thus, the present
study evaluated the interactions between C. albicans and C. glabrata
in mixed biofilms formed in vitro, varying the type of strain (reference
and oral clinical isolate), culture medium (SDB and RPMI 1640) and
glucose supplementation (0%, 1% and 5%).

Regarding the number of CFUs, despite most of the microbial in-

teractions was antagonistic to C. albicans and indifferent to C. glabrata

in SDB, all microbial associations in RPMI 1640 were classified as in-
different for both species (Figure 1A-D). Barros et al?® and Rossoni
et al?* observed reductions of 56% and 77% in the CFU values of C. al-
bicans in mixed culture with C. glabrata, respectively, when compared
to single biofilms. For these authors, C. glabrata may alter or inhibit the
mechanism involved in the in vitro adherence of C. albicans in mixed
biofilms, influencing the pathogenicity of this species and suggesting
a competitive interaction for space and nutrients during biofilm for-
mation. Interestingly, while dual-species biofilms of C. albicans ATCC
10231 with C. glabrata ATCC 90030 in SDB resulted in biomass sig-
nificantly higher than that observed for each single biofilm (Figure 2A),
an antagonistic effect on CFU enumeration was seen for the mixed
biofilm when compared with single biofilm of C. albicans (Figure 1A).
Taken together, these findings show that the increase in the biomass
noted for the mixed biofilm might be related to the higher extracel-
lular matrix in dual-species biofilm, and/or to the higher number of
hyphae in comparison with single biofilms of C. albicans (as suggested
in Figure 4A and C), considering that hyphae are elongated structures
that absorb higher quantities of CV than yeasts.

The total biomass quantification revealed that the interactions be-
tween Candida species were affected by strain type, culture media and
glucose supplementation (Figure 2), with different interactions among

the variables depending on the strains involved. For the associations of
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C. albicans 324LA/94 with C. glabrata ATCC 90030 (in SDB or RMPI),
and C. albicans 324LA/94 with C. glabrata D1 (in SDB), the mixed bio-
film biomass was higher in comparison to C. glabrata alone, but signifi-
cantly lower than that of C. albicans. These results suggest a possible
competition between these species, with a reduction in the devel-
opment of C. albicans 324LA/94 in the presence of both strains of
C. glabrata. The results of cultivable cells confirm these findings, since
a lower number of C. albicans 324LA/94 cells in mixed culture with
C. glabrata ATCC 90030 or D1 was observed when compared with the
single biofilm, mainly in SDB (Figure 1C and D). For all other microbial
associations, biomass of dual-species biofilms was not significantly
different from single biofilms of C. albicans, but significantly higher in
comparison with single biofilms of C. glabrata. As the number of cells
in mixed biofilms was almost two-fold higher than that found in mono-
species biofilms (Figure 1), it can be deduced that C. albicans produced
greater amount of extracellular matrix when in single culture. These
findings seem to explain the absence of synergism taking into account
the assumed criterion to classify the microbial interactions.

Biofilms formed by the reference strains and clinical isolates also
showed varied production of total biomass. In general, C. albicans
resulted in biofilms with larger amount of total biomass than C. gla-
brata, regardless of the culture medium and glucose supplemen-
tation. These results are in line with SEM observations (Figure 4),
which show structural differences between biofilms of these spe-

cies. While C. glabrata biofilms are only composed of yeasts and

produce lower amount of exopolymeric material,? biofilms of C. al-
bicans present intermixed composition (yeasts of higher diameter,
pseudohyphae and hyphae), what promotes a higher CV absorption
when compared with C. glabrata which, in turn, results in higher ab-
sorbance values. Similarly, the amount of biofilm biomass of C. albi-
cans 324LA/94 was higher than that originated by C. albicans ATCC
10231, under all experimental conditions, and SEM observations
clearly show a higher number of hyphae for biofilms of C. albicans
324LA/94 when compared with the reference strain (Figure 4A, D,
G, J and M). Furthermore, different strains present differences in
their ability to form biofilms?® due to the biological variability be-
tween strains of the same species or between different species.
Nevertheless, in mixed biofilms, the total biomass may differ from
that found for each single biofilm, depending on the type of rela-
tionship established between the microorganisms, as demonstrated
in the present study. Rossoni et al?* used only reference strains to
evaluate the interactions among C. albicans, C. krusei and C. gla-
brata, and emphasised the importance of the use of clinical isolates,
since previous studies have demonstrated intra-species variability
for clinical strains of Candida in relation to the capacity of biofilm
formation and pathogenicity in animal models.?”"?? Also, Pathak
et al®® found higher biofilm production (24 hours) by C. glabrata on
acrylic surfaces when compared to C. albicans, with a higher biomass
when these species were associated.®® The differences between

the results of the present study and those of Pathak et al®® may be
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FIGURE 4 Scanning electron microscopy images of single- and dual-species biofilms of Candida albicans ATCC 10231, Candida glabrata
ATCC 90030, C. albicans 324LA/94 and C. glabrata D1, grown in SDB or RPMI 1640 media, supplemented with glucose at 0%, 1% or 5%.
Magnification: x2000. Bars: 10 um. ATCC, American Type Culture Collection; SDB, Sabouraud dextrose broth

associated with the surface and time for biofilm formation, as well the absorbance values obtained with the XTT reduction assay for
as with the type of strain tested. mixed biofilms did not significantly differ from those found for single
Although there were increases or decreases in the number of CFUs biofilms, except for the dual-species biofilm of C. albicans ATCC 10231

(Figure 1) and total biomass (Figure 2) for some microbial associations, and C. glabrata ATCC 90030. For this biofilm, significantly higher and



HOSIDA ET AL.

lower metabolic activities were observed when compared with single
biofilms of C. glabrata formed in SDB and RPMI 1640, respectively,
both supplemented with 1% glucose (Figure 3A). Analysing these find-
ings in conjunction with those of CFU, it is possible to infer that the
metabolic activity of mixed biofilm cells was lower than that observed
for the single ones, considering the higher number of cells present in
dual-species biofilms (Figure 1).

Concerning the influence of culture media, the significant dif-
ferences seen between SDB and RPMI 1640 for some microbial in-
teractions indicated higher CFU and CV values for biofilms formed
in SDB (Figures 1 and 2). Contrarily, significantly higher metabolic
activity was observed for biofilms formed in RPMI 1640 (Figure 3).
In fact, conflicting evidence on this subject is available on the lit-
erature. Tan etal®® found higher metabolic activity (XTT assay)
and biofilm formation (CV assay) for non-albicans Candida species
in biofilms formed in Yeast Peptone Dextrose and Brain Heart
Infusion media in comparison with RPMI 1640. On the other hand,
Weerasekera et al®? reported that RPMI 1640 promoted a signifi-
cantly higher biofilm formation (measured by MTT and CV assays)
than SDB for C. albicans and Candida tropicalis. A direct compari-
son of our results with the above-mentioned studies is not possible
due to differences in the strains, culture conditions and quantifica-
tion methods. In this sense, despite RPMI has been suggested as
the medium of choice for future experiments, thus allowing cross
comparison among different studies,®? the lack of CFU data on the
above-mentioned study, along with other important variables (eg,
glucose supplementation and type of strain), indicate that this im-
portant question remains unanswered.

Interestingly, SEM images suggest a higher number of hyphae for
biofilms of C. albicans ATCC 10231 formed at 1% glucose in RPMI
1640 (Figure 4D) in comparison with SDB (Figure 4A). A similar ten-
dency was observed for single biofilms of C. albicans 324LA/94 in
RPMI (Figure 4M) compared with SDB (Figure 4J), and for this species
in co-culture with C. glabrata D1 (Figure 40 and L). Previous data sup-
port these observations, as RPMI 1640 was shown to have a higher
potential to induce yeast-to-hyphae transformation.3?

It is believed that the role of the dietary sugars is related to the
modulation of the yeast growth rate and to cell wall components.18
Thus, to examine the influence of the glucose supplementation on the
formation of Candida biofilms, as well as on the interactions between
different species, the concentrations of 0%, 1% and 5% were approxi-
mately 0, 0.5- and 3-fold of that used by Jin et al,*® to mimic glucose-
poor and -rich environments. This variable was also assessed to study
the influence of variations of glucose concentrations in the oral cavity,
which occur as a function of intake of foods and beverages with differ-
ent carbohydrate concentrations.

In general, the results of the present study showed that when
the addition of glucose influenced the CV and XTT results, higher
biomass and metabolic activity was seen for both culture media.
This emphasises that higher amount of energy promoted by glucose-
rich environments increase the metabolic activity of the biofilm
cells. It is noteworthy that the increase in the glucose concentra-

tion from 1% to 5% was not enough to promote a marked effect

on the biofilm formation. In this sense, the lower metabolic activity
of biofilms formed without additional glucose may be associated
with a diminished extracellular matrix production, thus reflecting in
reduced biofilm biomass, as observed for biofilms formed in SDB
without additional glucose (Figure 2) seen for most of the microbial
interactions. Such pattern, however, was not observed for CFU enu-
meration data, given that the number of cultivable cells for biofilms
formed without additional glucose was not significantly different
from those supplemented with 1% and 5% glucose (Figure 1). These
results are relevant from a clinical standpoint, as they highlight that
even in environments with glucose deprivation Candida species are
able to form biofilms.

Within the limitations of this in vitro study, it was possible to con-
clude that the type of strain, culture medium and glucose supplemen-
tation influenced the interactions between C. albicans and C. glabrata.
Future studies involving other Candida species and different models
of biofilm formation should be stimulated, aiming to a better under-
standing of the interactions and pathogenicity of Candida species in

polymicrobial biofilms.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Mariana Henriques http://orcid.org/0000-0003-0317-4877

Juliano Pelim Pessan http:/orcid.org/0000-0002-1550-3933

Alberto Carlos Botazzo Delbem http://orcid.

org/0000-0002-8159-4853

Douglas Roberto Monteiro http://orcid.org/0000-0001-5229-5259

REFERENCES

1. NgKP, Kuan CS, Kaur H, Na SL, Atiya N, Velayuthan RD. Candida spe-
cies epidemiology 2000-2013: a laboratory-based report. Trop Med
Int Health. 2015;20:1447-1453.

2. Cauchie M, Desmet S, Lagrou K. Candida and its dual lifestyle as a
commensal and a pathogen. Res Microbiol. 2017;168:802-810.

3. Gongalves B, Ferreira C, Alves CT, Henriques M, Azeredo J, Silva S.
Vulvovaginal candidiasis: epidemiology, microbiology and risk factors.
Crit Rev Microbiol. 2016;42:905-927.

4. Lydia Rajakumari M, Saravana Kumari P. Prevalence of Candida spe-
cies in the buccal cavity of diabetic and non-diabetic individuals in
and around Pondicherry. J Mycol Med. 2016;26:359-367.

5. Clark-Ordéiez |1, Callejas-Negrete OA, Aréchiga-Carvajal ET,
Mourifio-Pérez RR. Candida species diversity and antifungal suscepti-
bility patterns in oral samples of HIV/AIDS patients in Baja California,
Mexico. Med Mycol. 2017;55:285-294.

6. Douglas LJ. Medical importance of biofilms in Candida infections. Rev
Iberoam Micol. 2002;19:139-143.

7. Gow NA, van de Veerdonk FL, Brown AJ, Netea MG. Candida albicans
morphogenesis and host defence: discriminating invasion from colo-
nization. Nat Rev Microbiol. 2011;10:112-122.

8. Schaller M, Borelli C, Korting HC, Hube B. Hydrolytic enzymes as vir-
ulence factors of Candida albicans. Mycoses. 2005;48:365-377.


http://orcid.org/0000-0003-0317-4877
http://orcid.org/0000-0003-0317-4877
http://orcid.org/0000-0002-1550-3933
http://orcid.org/0000-0002-1550-3933
http://orcid.org/0000-0002-8159-4853
http://orcid.org/0000-0002-8159-4853
http://orcid.org/0000-0002-8159-4853
http://orcid.org/0000-0001-5229-5259
http://orcid.org/0000-0001-5229-5259

MW[ LEY—Eh s

9.
10.
11.

12.

13.
14.
15.
16.

17.

18.
19.
20.
21.

22.

23.

HOSIDA ET AL

Diagnosis, Therapy and Prophylaxis of Fungal Diseases

Rodrigues CF, Silva S, Henriques M. Candida glabrata: a re-
view of its features and resistance. Eur J Clin Microbiol Infect Dis.
2014;33:673-688.

Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J.
Adherence and biofilm formation of non-Candida albicans Candida
species. Trends Microbiol. 2011;19:241-247.

Angoulvant A, Guitard J, Hennequin C. Old and new pathogenic
Nakaseomyces species: epidemiology, biology, identification, patho-
genicity and antifungal resistance. FEMS Yeast Res. 2016;16:fov114.
Coco BJ, Bagg J, Cross LJ, Jose A, Cross J, Ramage G. Mixed
Candida albicans and Candida glabrata populations associated with
the pathogenesis of denture stomatitis. Oral Microbiol Immunol.
2008;23:377-383.

Krogh-Madsen M, Arendrup MC, Heslet L, Knudsen JD. Amphotericin
B and caspofungin resistance in Candida glabrata isolates recovered
from a critically ill patient. Clin Infect Dis. 2006;42:938-944.

Harriott MM, Noverr MC. Importance of Candida-bacterial polymicro-
bial biofilms in disease. Trends Microbiol. 2011;19:557-563.
Kirkpatrick WR, Lopez-Ribot JL, McAtee RK, Patterson TF. Growth
competition between Candida dubliniensis and Candida albi-
cans under broth and biofilm growing conditions. J Clin Microbiol.
2000;38:902-904.

Santos JD, Piva E, Vilela SF, Jorge AO, Junqueira JC. Mixed biofilms
formed by C. albicans and non-albicans species: a study of microbial
interactions. Braz Oral Res. 2016;30:e23.

Pereira-Cenci T, Deng DM, Kraneveld EA, et al. The effect of
Streptococcus mutans and Candida glabrata on Candida albi-
cans biofilms formed on different surfaces. Arch Oral Biol.
2008;53:755-764.

Jin'Y, Samaranayake LP, Samaranayake Y, Yip HK. Biofilm formation of
Candida albicans is variably affected by saliva and dietary sugars. Arch
Oral Biol. 2004;49:789-798.

Monteiro DR, Gorup LF, Silva S, et al. Silver colloidal nanoparticles:
antifungal effect against adhered cells and biofilms of Candida albi-
cans and Candida glabrata. Biofouling. 2011;27:711-719.

Silva S, Henriques M, Oliveira R, Williams D, Azeredo J. In vitro bio-
film activity of non-Candida albicans Candida species. Curr Microbiol.
2010;61:534-540.

Miceli MH, Bernardo SM, Lee SA. In vitro analyses of the combination
of high-dose doxycycline and antifungal agents against Candida albi-
cans biofilms. Int J Antimicrob Agents. 2009;34:326-332.

Monteiro DR, Arias LS, Fernandes RA, et al. Antifungal activity
of tyrosol and farnesol used in combination against Candida spe-
cies in the planktonic state or forming biofilms. J Appl Microbiol.
2017;123:392-400.

Barros PP, Ribeiro FC, Rossoni RD, Junqueira JC, Jorge AOC.
Influence of Candida krusei and Candida glabrata on Candida

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

albicans genes expression in in vitro biofilms. Arch Oral Biol. 2016;64:
92-101.

Rossoni RD, Barbosa JO, Vilela SF, et al. Competitive interactions
between C. albicans C. glabrata and C. krusei during biofilm for-
mation and development of experimental candidiasis. PLoS ONE.
2015;10:e0131700.

Serrano-Fujarte |, Lopez-Romero E, Reyna-Lépez GE, Martinez-Gamez
MA, Vega-Gonzalez A, Cuéllar-Cruz M. Influence of culture media on
biofilm formation by Candida species and response of sessile cells to
antifungals and oxidative stress. Biomed Res Int. 2015;2015:783639.
Thein ZM, Samaranayake YH, Samaranayake LP. Characteristics of
dual species Candida biofilms on denture acrylic surfaces. Arch Oral
Biol. 2007;52:1200-1208.

Junqueira JC. Models hosts for the study of oral candidiasis. Adv Exp
Med Biol. 2012;710:95-105.

Sanches-Vargas LO, Estrada-Barraza D, Pozos-Guillen AJ, Rivas-
Caceres R. Biofilm formation by oral clinical isolates of Candida spe-
cies. Arch Oral Biol. 2013;58:1318-1326.

Hu L, Du X, Li T, et al. Genetic and phenotypic characterization of
Candida albicans strains isolated from infectious disease patients in
Shanghai. J Med Microbiol. 2015;64(Pt 1):74-83.

Pathak KA, Sharma S, Shrivastva P. Multi-species biofilm of Candida
albicans and non-Candida albicans Candida species on acrylic sub-
strate. J Appl Oral Sci. 2012;20:70-75.

Tan Y, Leonhard M, Ma S, Schneider-Stickler B. Influence of culture
conditions for clinically isolated non-albicans Candida biofilm forma-
tion. J Microbiol Methods. 2016;130:123-128.

Weerasekera MM, Wijesinghe GK, Jayarathna TA, et al. Culture
media profoundly affect Candida albicans and Candida tropicalis
growth, adhesion and biofilm development. Mem Inst Oswaldo Cruz.
2016;111:697-702.

Kucharikova S, Tournu H, Lagrou K, Van Dijck P, Bujdakova H. Detailed
comparison of Candida albicans and Candida glabrata biofilms under
different conditions and their susceptibility to caspofungin and anid-
ulafungin. J Med Microbiol. 2011;60(Pt 9):1261-1269.

How to cite this article: Hosida TY, Cavazana TP, Henriques M,
Pessan JP, Delbem ACB, Monteiro DR. Interactions between
Candida albicans and Candida glabrata in biofilms: Influence of
the strain type, culture medium and glucose supplementation.
Mycoses. 2018;61:270-278. https://doi.org/10.1111/
myc.12738



https://doi.org/10.1111/myc.12738
https://doi.org/10.1111/myc.12738

