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Abstract Brettanomyces bruxellensis negatively
impacts on the sensorial quality of wine by producing
phenolic compounds associated with unpleasant
odors. Thus, the control of this spoilage yeast is a
critical factor during the winemaking process. A
recent approach used to biocontrol undesired microor-
ganisms is the use of yeast released antimicrobial
peptides (AMPs), but this strategy has been poorly
applied to wine-related microorganisms. The aim of
this study was to evaluate the antifungal capacity of
Candida intermedia LAMAP1790 against wine-spoi-
lage strains of B. bruxellensis and fermentative strains
of Saccharomyces cerevisiae, and also to determine
the chemical nature of the compound. The exposure of
strains to the supernatant of C. intermedia saturated
cultures showed antifungal activity against B. bruxel-
lensis, without affecting the growth of S. cerevisiae.
By fractionation and concentration of C. intermedia
supernatants, it was determined that the antifungal
activity was related to the presence of heat-labile
peptides with molecular masses under 5 kDa. To our
knowledge, this is the first report of AMPs secreted by
C. intermedia that control B. bruxellensis. This could
lead to the development of new biocontrol strategies
against this wine-spoilage yeast.
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Introduction

Brettanomyces bruxellensis is a major spoilage yeast
in the winemaking industry, mainly due to its ability to
synthesize non-desired aromatic phenolic compounds
(Oelofse et al. 2008). Several methods have been used
to eradicate this microorganism from the winemaking
environment, including the use of pulsed electric fields
or high hydrostatic pressure to inactive the yeast
(Gonzalez-Arenzana et al. 2016; Puértolas et al. 2009),
and treatment of contaminated barrels with hot water
(Fabrizio et al. 2015). However, the high cost asso-
ciated with the use of these techniques makes their
implementation unviable. The use of sulphur dioxide
(S0,) as a chemical preservative is the most utilized
method to control B. bruxellensis, but several strains
are resistant to this compound. Moreover, it was
reported that this chemical could potentially be
harmful to the health of consumers (Devalia et al.
1994; Vigentini et al. 2013). In this context, some
research groups have investigated the use of antimi-
crobial peptides (AMPs) as biocontrol agents for wine-
spoilage yeasts (Branco et al. 2017; Enrique et al.
2007).
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AMPs are molecules that are widely distributed in
nature, spanning from prokaryotes to humans and are
the first defense barrier against pathogens in pluricel-
lular organisms. In general, AMPs are short peptides
with a size less than 100 amino acids and high
sequence variability. However, the majority of AMPs
present charged and hydrophobic amino acids at
physiological pH, defining their amphipathic nature
(Zhang and Gallo 2016).

With the aim of analyzing Chilean yeast wine
biodiversity, Ganga and Martinez (2004) isolated
several yeasts present in spontaneous fermentations
of grape harvests from 1999 to 2000. From this
analysis, a Candida intermedia strain (LAMAP1790),
showing a high endoglucanase activity in acidic pH
(5-5.5) was isolated (Ganga and Martinez 2004). In
addition, our research group demonstrated the antibac-
terial activity of this strain against Escherichia coli,
Listeria monocytogenes and Salmonella typhimurium
(Acuiia-Fontecilla et al. 2017). Similar observations
have been reported by Younis et al. (2017), where the
authors obtained three isolates of C. intermedia from
raw milk and fruit yoghurt with antimicrobial activity
against E. coli, Staphylococcus aureus and Pseu-
domonas aeruginosa (Younis et al. 2017). Despite
preliminary data showing that C. intermedia
LAMAP1790 is active against B. bruxellensis strains,
the chemical nature of the compound responsible for
this activity is unknown. In this study, we demon-
strated the nature and antifungal activity of the
peptides released by C. intermedia LAMAP1790
against B. bruxellensis.

Materials and methods
Strains and culture media

B. bruxellensis LAMAP1359, LAMAP2480,
LAMAP3276 (AWRI1499), LAMAP3294
(CBS2499), C. intermedia LAMAP1790, Saccha-
romyces cerevisiae BY4741 and EC1118 (Lallemand
Inc.) were used in this study. All the strains were
obtained from the Laboratory of Biotechnology and
Applied Microbiology culture collection of University
of Santiago de Chile. Strains were grown on GYEB
media (yeast extract 5 g L' and glucose 20 g L)
adjusted to pH 5.0 with 100 mmol L™" phosphate-
citrate buffer (Roostita et al. 2011).
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Determination of antifungal activity of C.
intermedia LAMAP1790

The screening of antifungal activity from C. interme-
dia LAMAP1790 against B. bruxellensis and S.
cerevisiae was evaluated using a methodology pro-
posed by Mehlomakulu et al. (2014). For this, 4 x 10°
cells mL™" were inoculated on 25 mL of warm agar
MBA (5 g L™! yeast extract, 5 g L™ peptone, 20 g
L~ glucose and 15 g L™ agar, adjusted to pH 5.0
with 100 mmol L~' phosphate-citrate buffer and
supplemented with 0.03 g L™ of methylene blue).
After vortexing, each inoculated media was plated into
petri dishes. A surface inoculation was carried out
using 10 L of 1 x 10® cells mL ™" suspension from C.
intermedia LAMAP1790. As negative control, 10 pL
of 1 x 10® cells mL™" suspension from S. cerevisiae
BY4741 were inoculated. The plates were incubated
for 7 days at 28 °C, and every assay was evaluated six
times. The antimicrobial activity was evaluated mea-
suring the diameter of the inhibition halo in the plates
(Mehlomakulu et al. 2014). In addition, a viability
assay was performed using the supernatant of C.
intermedia LAMAP1790 in saturated culture media.
For this, 50 mL of GYEB media were inoculated with
C. intermedia LAMAP1719 and it was incubated for
48 h at 28 °C. The culture was centrifuged for 10 min
at 5900x g, and the supernatant was sterilized using
0.22 pm filters (EDLAB®). Then, 10 mL of filtered
supernatant was inoculated with 1 x 10° cells mL ™"
of each B. bruxellensis and S. cerevisiae strains and
incubated for 24 h at 28 °C with 120 rpm agitation. S.
cerevisiae BY4741 supernatants were prepared fol-
lowing the same procedure and used as a control in this
experiment. A cellular count of the cultures was
carried out on YPD agar plates (5 g L™ yeast extract,
5gL~" peptone, 20 g L' glucose and 15 g L™
agar) incubated for 7 days at 28 °C.

Characterization of antifungal compound released
from C. intermedia LAMAP1790

Two fractions of 10 mL from the supernatant of C.
intermedia were used to characterize the antifungal
compound. One was treated for 10 min at 100 °C and
the other was maintained at 4 °C. Later, each fraction
was inoculated with 1 x 107 cells of B. bruxellensis
LAMAP2480 and incubated for 24 h at 28 °C and
with 120 rpm agitation. Counts in plates from the
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cultures were evaluated on YPD agar for 7 days at
28 °C. Additionally, a proteolytic treatment of the
antimicrobial supernatant was assessed (Comitini
et al. 2004). Five hundred milliliters of a saturated
culture from C. intermedia LAMAP1790 was cen-
trifuged for 10 min at 5900xg and filtered using
membranes with 0.45 pm pore size (Pall® Corp). The
proteins in the media were concentrated 100X using
ultrafiltration with a 10 kDa cutoff Amicon® Ultra-15
device (Merck-Millipore®). Using the same method,
the eluted fraction (minor to 10 kDa) was concen-
trated 100X using lyophilization. Two hundred and
fifty microliters of each concentrated fraction was
treated with 20 mg mL™" of Streptomyces griseus
protease (Sigma®) and incubated for 4 h at 37 °C. As
control, 250 pL of each concentrated fraction (non-
treated with protease) and 250 pL of sterile deionized
water treated with proteases were utilized. Once the
incubation was finished, the tubes were supplemented
with GYEB medium at 1:1 proportion and inoculated
with 1 x 107 cells of B. bruxellensis LAMAP2480.
The cultures were incubated for 72 h at 28 °C, and the
cell counts were assessed on YPD agar plates.

Determination of the half inhibitory concentration
(ICs0) and minimum inhibitory concentration
(MIC) against B. bruxellensis

Using the same method described previously, a 250X
concentrated fraction of peptides with molecular
weight inferior to 10 kDa was prepared. The protein
concentration in the fraction 250X was measured
using the method described by Bradford (1976). Using
the concentrated fraction, the ICs, and MIC against B.
bruxellensis were evaluated as described by Branco
et al. (2017). In this work, ICsq was defined as the
reduction of the final yeast viability by 50% compared
to control growth, while the MIC corresponds to the
reduction of the final yeast viability by 99.9% in
relation to the control, both measured later after 120 h
of incubation.

Tris-tricine-SDS PAGE

A sample from the 250X concentrated supernatant was
used to perform a Tris-tricine-SDS PAGE. The
concentrated fraction was treated with 125 ug mL ™"
of deoxycholic acid and 6% v v~ trichloroacetic acid
(TCA-DOC precipitation). Later, the samples were

analyzed using Tris-tricine-SDS buffer and silver
stained (Schigger and von Jagow 1987; Schigger
2006).

Statistical analysis

All the data were analyzed using the Kruskal-Wallis
test, with an initial analysis of the distribution
goodness of fit using the Kolmogorov—Smirnov test.
All analysis was carried out with Statgraphics Centu-
rion XVI Software (Statpoint Technologies Inc.). The
significant differences were validated with a proba-
bility < 0.05.

Results

A screening of antifungal activity from C. intermedia
LAMAPI1790 was performed against wine-spoilage
strains of B. bruxellensis LAMAP1359, LAMAP2480,
LAMAP3276, LAMAP3294, and fermentative strain
of S. cerevisiae BY4741 and EC1118. The halos
observed on B. bruxellensis assays were completely
clear, demonstrating that the antifungal compound
produced by C. intermedia can diffuse into the agar
and affect the growth of this wine-spoilage yeast. In
the case of S. cerevisiae, no halo formation was
observed. Additionally, a viability assay of the B.
bruxellensis strains exposed to the supernatant of C.
intermedia saturated culture was assessed to confirm if
the antimicrobial capacity observed in the screening
was related with a secreted molecule. The results
showed that the antifungal compound was released to
the culture media and it did not affect the laboratory or
industrial wine strains of S. cerevisiae (Table 1). For
B. bruxellensis LAMAP1359, LAMAP2480 vy
LAMAP3276, no viable cells were detected after the
incubation with the antifungal supernatant, but
LAMAP3294 presented a minimum viability of
468 + 233 CFU mL™'. However, the statistical anal-
ysis did not show significant differences between the
B. bruxellensis strains tested (Table 1).

To elucidate the biochemical nature of the com-
pound present in the C. intermedia, supernatant
samples were incubated at 100 °C for 10 min, and
then, the treated supernatant was used against B.
bruxellensis LAMAP2480. The results showed that
the supernatant exposed to temperature completely
lost its antifungal activity (Fig. 1). This observation
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Table 1 Antifungal activity from C. intermedia LAMAP1790 against strains of S. cerevisiae and B. bruxellensis

C. intermedia LAMAP1790

Inhibition halos (mm) Viability (CFU mL™1)

S. cerevisiae BY4741 *ND? 216 x 10° +5.77 x 10° ©
EC1118 #*ND? 4.88 x 10° 4 4.55 x 10° ©
B. bruxellensis LAMAP1359 9.83 4+ 0.41° *ND?*
LAMAP2480 12.33 &+ 1.21° *ND*
LAMAP3276 13.50 £ 0.55¢ *ND?
LAMAP3294 9.83 £ 0.75* 468 + 233"

Values of the same column with the same superscript letters are not significantly different (p < 0.05)
*ND non-detected. LAMAP3276 (AWRI1499), LAMAP3294 (CBS2499)

indicated that the released antifungal compound has 8 -
proteinaceous nature. To confirm this hypothesis, two
concentrated preparations of the supernatant were
obtained by protein ultrafiltration; one larger and the
other smaller than 10 kDa. Both fractions 100X were
treated with protease and used against LAMAP2480.
After the proteolytic treatment, it was demonstrated
that the fraction 100X with peptides of molecular mass
lower than 10 kDa completely lost the ability to inhibit
the growth of B. bruxellensis LAMAP2480 (Fig. 2).
This is indicative of the proteinic nature of the
antifungal compound present in the C. intermedia
fraction. Additionally, we analyzed the protein profile
of the 250X fraction which contained the peptides with
molecular masses under 10 kDa, using Tris-tricine-
SDS PAGE. The results showed the presence of
peptides with molecular masses under 4.6 kDa, and
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Fig. 2 Antifungal activity of 100X supernatant from C.
intermedia LAMAP1790 against B. bruxellensis LAMAP2480,
after the proteolytic treatment of the proteins fractions under and
above 10 kDa. The antifungal activity of each fraction was
quantified measuring the viability of B. bruxellensis after its
expositions (Y-axis). Deionized water was used as a control. —P:
no protease; +P: 20 mg mL ™! of Streptomyces griseus protease
(Sigma®). Different letters indicate statistically significant
differences (p < 0.05)

8 -
two zones with higher peptide concentration (Fig. 3,
black arrows). The concentrated supernatant of S.
cerevisiae BY4741 was used as a control in this
experiment. The BY4741 supernatant did not present
any appreciable band below 4.6 kDa, reaffirming the
idea that low molecular peptides (< 5 kDa) are
responsible for antifungal activity observed in the
supernatant of C. intermedia LAMAP1790. All these
results are classic characteristics of fungal AMPs, and
to our knowledge, are the first report of Candida

N
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GYEB

100 °C

C. intermedia

Fig. 1 Temperature effect over the antifungal activity from C.

intermedia LAMAP1790 supernatant against B. bruxellensis
LAMAP2480. The antifungal activity was observed measuring
the viability of B. bruxellensis exposed to supernatants (Y-axis).
GYEB medium was used as a control. The statistically
significant differences are indicated with asterisk (p < 0.05)
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intermedia AMPs active again non-Saccharomyces
yeasts.

Finally, the ICsq and MIC of the 250X protein
fraction under 10 kDa obtained from C. intermedia
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Fig. 3 Tris-tricine-SDS PAGE of 250X protein fractions under
10 kDa obtained from S. cerevisiae BY4741 and C. intermedia
LAMAP1790. The proteins bands were stained with silver
nitrate. Lane ST: spectra low-range protein ladder (Thermo-
Scientiﬁc®); Lane BY4741: fraction < 10 kDa obtained from
S. cerevisiae BY4741 supernatant; Lane LAMAP1790: frac-
tion < 10 kDa obtained from C. intermedia LAMAP1790
supernatant. Black arrows indicate low molecular weight zones
with more concentration of peptides, not present in S. cerevisiae
concentrated supernatant

LAMAP1790 supernatant were determined. The
results show that the exposure of B. bruxellensis to
0.05 ug pL~" of protein results in 39.8% viability,
lower than the ICs, value. However, exposure to
0.1 pg pL™" of protein results in 4.1% viability.
Exposures greater than 0.15 pg pL™' showed a
complete removal of B. bruxellensis (nul viability).
Using this data, we determined that the ICsq is
< 0.05 pg pL~" and the MIC is 0.15 pg pL™".

Discussion

One of the main challenges in the wine industry is
reducing the losses produced by contamination with
undesired yeasts. The focus of this investigation was
evaluating a new method for controlling this spoilage
yeast. In this context, some authors have reported
alternative strategies of biocontrol (e.g., use of killer

toxin). Candida pyralidae produces two killer toxins
able to biocontrol several B. bruxellensis strains, with
effectiveness under conditions similar to the wine-
making process (Mehlomakulu et al. 2014, 2017). In
this study, a similar effect of C. intermedia against B.
bruxellensis was observed. Moreover, considering that
the molecular mass of the C. pyralidae killer toxins is
greater than 50 kDa (Mehlomakulu et al. 2017), we
conclude that the antifungal peptides released by C.
intermedia LAMAP1790 are not killer toxins.

In this study, to evaluate the antifungal action of C.
intermedia, we selected two strains of S. cerevisiae:
BY4741 derived from the most studied type strain
(S288c) and EC1118 is a common commercial strain
used to perform wine fermentation. Additionally, both
strains present important genotypic and phenotypic
variability (Liti et al. 2009; Warringer et al. 2011). In
the case of B. bruxellensis, we use four strains which
have been characterized by their physiological and
molecular features, including genomic sequencing
(Curtin et al. 2012; Piskur et al. 2012; Valdes et al.
2014). In addition, these strains represent a wide range
of behaviours, such as differences in their growth rates
and different conversion ratios of hydroxycinnamic
acids into vinyl and ethyl derivates (Coronado et al.
2015; Godoy et al. 2016, 2017).

In all B. bruxellensis strains exposed to C. inter-
media LAMAP1790, an inhibition halo was formed,
suggesting the production of diffusible antifungal
peptides (Table 1). This was not observed with either
the laboratory strain (BY4741) or the industrial strain
(EC1118) of S. cerevisiae, indicating that these
species are resistant to the antifungal peptides released
by C. intermedia. Some authors have described an
initial screening of antimicrobial activities using the
diameter of inhibition halos, because these measures
are an indicator of the radial diffusion capacity of the
studied compounds. However, this information corre-
sponds to a qualitative observation (Roostita et al.
2011; Mehlomakulu et al. 2014; Acuna-Fontecilla
etal. 2017; Younis et al. 2017). On the other hand, the
viability evaluation was carried out exposing the four
B. bruxellensis strains to the sterile supernatant. In this
case, C. intermedia saturated medium did not allow
the growth of three out of four B. bruxellensis strains
studied. B. bruxellensis LAMAP3294 presented a
minimal number of viable colonies after the treatment,
whose counts do not show statistically significant
differences (Table 1). These phenomenon observed
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between strains of B. bruxellensis could be related to
the high genotypic and phenotypic variability, which
would impact on the sensitivity to different antifungal
peptides (Hellborg and Piskur 2009; Avramova et al.
2018). Similar effects were reported by Enrique et al.
(2007) using a set of synthetic peptides derived from
PAF protein of Penicillium chrysogenum and bovine
lactoferricin. In that work was demonstrated the
effectiveness of these peptides against B. bruxellensis,
Cryptococcus albidus, Pichia membranifaciens, Zy-
gosaccharomyces bailli and Zygosaccharomyces bos-
porus in culture medium. However, the antifungal
activity was also detected against the fermentative
yeast S. cerevisiae. In this study, the antifungal
peptides do not affect the growth of the laboratory
strain (BY4741) and industrial strain (EC1118) of S.
cerevisiae (Table 1).

The heat treatment performed on the supernatant of
C. intermedia affected its antifungal effect (Fig. 1),
which led us to consider that the compound may have a
protein nature. Moreover, Narayanan and Rao (1976)
have described the secretion of secondary metabolites
with antifungal characteristics, such as f-In-
doleethanol (B-IEA) and p-Indolelacetic acid (jB-
ILA) in species of the genus Candida (including C.
intermedia). These metabolites are synthesized from
L-tryptophan and, given their physicochemical char-
acteristics, can also be susceptible to heat treatment,
mainly by evaporation (Narayanan and Rao 1976).
Thus, to determine the nature of the compound, the
separation of the proteins present in the supernatant by
their molecular masses and the subsequent treatments
of the fractions with proteases were performed. After
the proteolytic treatment, it was demonstrated that the
fraction 100X of peptides with molecular masses
lower than 10 kDa completely lost its ability to inhibit
the growth of B. bruxellensis (Fig. 2). This is indica-
tive of the proteinic nature of the antifungal activity
present in the C. intermedia LAMAP1790 super-
natant. Additionally, the protein pattern of the fraction
250X lower than 10 kDa showed peptides whose
molecular masses are lower than 4.6 kDa (Fig. 3).
These molecular masses are consistent with reported
masses for AMPs secreted by various organisms
(Branco et al. 2015; Zhang and Gallo 2016). However,
we are working on the sequence characterization of the
peptides under 10 kDa contained in the culture
supernatant of C. intermedia LAMAP1790 to confirm
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which of the highlighted regions in Fig. 3 are respon-
sible for the antifungal activity.

Only a limited number of articles have reported
AMPs secreted by yeast with activity against non-
Saccharomyces wine-related strains. The most studied
are AMPs from S. cerevisiae with activity against a
variety of wine-related yeasts (Albergaria et al. 2010;
Branco et al. 2014). The reported S. cerevisiae
peptides are C-terminal fragments of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) isoenzymes
with a molecular mass close to 1.6 kDa (Branco
et al. 2014, 2017). Antifungal peptides secreted by S.
cerevisiae have shown good results when controlling
other yeast species such as Hanseniaspora guillier-
mondii, Kluyveromyces marxianus, Lachancea ther-
motolerans and Torulaspora delbrueckii, whose MICs
vary between 250 and 500 pg mL~' of purified
peptide fraction. In the case of B. bruxellensis, the
MIC obtained increased to 1000 pg mL~", whereas
the ICs, was 260 ug mL ™" (Branco et al. 2017). These
values are substantially higher than MIC and ICs
obtained for the unpurified peptide fraction obtained
from C. intermedia LAMAP1790. These results also
demonstrate a higher antifungal effect of the C.
intermedia fraction against B. bruxellensis strains.
Matsuzaki (2009) reported that the MICs of different
AMPs are dependent on the net charge that they
present. Thus, peptides with an anionic nature have
weaker antimicrobial activity (MIC > 600 pM) than
peptides with cationic nature (MIC 10-100 uM).
Considering that the peptides identified in S. cere-
visiae are anionic, this could be an indicative of the
high MIC and ICsy values necessary to affect the
growth of B. bruxellensis. As mentioned previously,
we are currently performing the identification of the
sequences obtained in the peptides observed in Fig. 3,
to carry out a parallel between their relationship with
other AMPs, their three-dimensional structure and
their possible degree of conservation, compared to
other AMPs secreted by species of the Fungi kingdom.

One of the important factors to be defined is the
effectiveness of the antifungal peptides secreted by C.
intermedia LAMAP1790 as biocontrol agents of
contaminating microorganisms in winemaking condi-
tions. In this context, Branco et al. (2017) have
determined that saccharomycin exhibit considerable
antifungal activity on non-Saccharomyces yeasts in
experiments using synthetic must. However, for the
specific case of B. bruxellensis, the log growth of these
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experiments was reduced in 0.4 log cycles using the
MIC (1000 pg mL™") according to the authors.
Therefore, this suggests that the effectiveness of
saccharomycin under fermentation conditions is low
and is not suitable for the control of B. bruxellensis
from an industrial point of view. In this context,
parallel results have shown that when a synthetic grape
medium is supplemented with 1 pg of total proteins
obtained from C. intermedia LAMAP1790 super-
natant, the viability of B. bruxellensis and Pichia
guilliermondii decrease in one log cycle (unpublished
data).

In summary, it has been shown that C. intermedia
LAMAP1790 produces an antifungal compound with
protein nature that affects the growth of several strains
of B. bruxellensis, without affecting S. cerevisiae
fermentative yeast. Along with this, it was observed
that the released peptides have a low molecular mass,
which is in accordance with the molecular masses
described for AMPs secreted by different organisms
from the Fungi kingdom. Thus, this would constitute
the first report of the production of AMPs secreted by
C. intermedia with specific antifungal activity against
B. bruxellensis.
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