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Abstract Accelerated autolysis of Saccharomyces
cerevisiae mc2 in synthetic wine medium enabled
the release of 3.7 mg peptide nitrogen/l, concomitantly
with an increase in antioxidant properties (243 pmol
FeSO4/1 in the case of ferric reducing antioxidant
power and 0.5% in 2,2-diphenyl-1-picrylhydrazyl
radical scavenging) and antihypertensive activity
(22% in angiotensin I-converting enzyme inhibitory
activity). Sequential inoculation of a proteolytic Oe-
nococcus oeni strain in the synthetic medium after
yeast autolysis produced an increase in peptide nitro-
gen concentration of 1.5 mg/l after 48 h of growth.
After this incubation time an improvement in antihy-
pertensive and antioxidant activities was detected.
Oenococcus oeni X,L could give additional value to
wine because of the bioactive peptides with multi-
functional beneficial activity released as consequence
of its proteolytic activity.
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Introduction

Peptides with biological activity and health effects
have been detected in different fermented and unfer-
mented foods (Moller et al. 2008). Particularly
regarding wine, scientific research is mainly focused
on determination of the presence of bioactive peptides
with an antihypertensive effect (Pozo-Bayon et al.
2007). In the winemaking process, alcoholic fermen-
tation is generally carried out by Saccharomyces
cerevisiae and occasionally followed by malolactic
fermentation, carried out by lactic acid bacteria,
mostly belonging to Oenococcus oeni. After alcoholic
fermentation yeast autolysis occurs, and as a conse-
quence, release of a variety of intracellular compounds
takes place. Nitrogen compounds released due to yeast
lysis are mainly peptides (Alexandre and Guilloux-
Benatier 2006) and, to a lesser extent, amino acids and
proteins. Some peptides are inactive but can be
activated through the action of proteolytic enzymes
from eukaryotic microorganisms (Korhonen and Pihl-
anto 2006). Several authors have found that antihy-
pertensive peptides with inhibitory activity toward the
angiotensin I-converting enzyme (ACEI activity) in
fermented foods also presented radical scavenging
(antioxidant) activity, suggesting the existence of
multifunctional activity in these compounds (Hernan-
dez-Ledesma et al. 2005). Alcaide Hidalgo et al.
(2007) found that peptides released during accelerated
autolysis of S. cerevisiae in a wine model showed
ACEI activity and oxygen radical scavenging capacity.
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The role of lactic acid bacteria from wine such as O. oeni
in the production of these bioactive peptides is unex-
plored at present. O. oeni X,L involved in malolactic
fermentation is able to hydrolyze wine proteins via
extracellular enzyme activity (Manca de Nadra 2007).

The objective of the current study was to examine
the modification of the ACEI and antioxidant activity
by O. oeni X,L inoculated in synthetic wine after
autolysis of S. cerevisiae. The results will be of great
relevance to obtain a better understanding of the role
of O. oeni in biological activities in wine.

Materials and methods

Microorganisms, growth conditions
and accelerated yeast autolysis

Saccharomyces cerevisiae mc2, isolated from Argen-
tine wine (GenBank Data Library, accession number
FJ800031), was grown in YPD (10 g yeast extract/l,
20 g peptone/l and 20 g glucose/l) at 30°C. The yeast
cells were washed and resuspended in modified syn-
thetic wine medium (SWM) according to Feuillat
(1987), at 10® cells/ml. SWM contained: 10% (v/v)
ethanol, 4 g tartaric acid/l, 3 gr-malic acid/l, 0.1 g ace-
tic acid/l, 0.1 g K,SO4/1 and 0.025 g MgS0O,-7H,0/1,
pH 3.0. Autolysis was obtained by incubation of the
yeast suspension at 40°C under shaking conditions
(60 rpm) during 24 h. Viable cell count and dry weight
were determined before and after yeast autolysis. After
centrifugation, the supernatant was adjusted to pH 4.0
and filter sterilized.

Oenococcus oeni X,L, isolated from Argentine
wine (Manca de Nadra and Strasser de Saad 1987) and
grown at 30°C in MRS broth with 15% (v/v) tomato
juice (pH 4.8), was resuspended (10® cells/ml) in
sterile SWM before and after yeast autolysis. Bacterial
growth was evaluated by viable cell counts on MRS
agar (pH 4.8) at 30°C and dry weight measurements.
SWM without yeast inoculation was used as control.
The experiment was carried out in triplicate.

Analytical determinations
Proteolytic activity

Proteolytic activity was determined in supernatants
with autoclaved grape juice as substrate. After 1 h of
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incubation at 30°C, the reaction was stopped by
addition of 24% (w/v) trichloroacetic acid (TCA). In
all cases controls were obtained by precipitation with
TCA immediately before incubation. Total free
amino acids were quantified in supernatants using
Cd-ninhydrin reagent according to the method by Doi
et al. (1981), with 1 mM L-leucine as standard.
Results are expressed in mM of leucine.

Proteins

The protein concentration was determined with the
Bradford method using bovine serum albumin as
standard. Results are expressed in mg of nitrogen per
liter (mg N/I). For the calculation, the molecular
weight of BSA (66,432 g/mol) and the number of
nitrogen atoms present in the molecule (10,276 g/
mol) were taken into account.

Free amino acids and peptides

Free amino acids were determined according to Doi
et al. (1981, method 5). Determinations of free amino
acids plus peptides were carried out with the
conventional ninhydrin method (Doi et al. 1981,
method 1). Peptides were quantified by the difference
between the results obtained with method 1 and 5.
Results are expressed in mg of nitrogen per liter (mg
N/1) and referred to amino acid or peptide concen-
trations. L-leucine was used as standard (14 g N for
every 131.17 g of leucine).

ACEI activity

ACEI activity was determined with slight modifica-
tions of the method first described by Cushman and
Cheung (1971) and later modified by Hernandez-
Ledesma et al. (2003). This technique is based on the
quantification of hippuric acid formed by the reaction
of hippuryl-histidyl-leucine with angiotensin I-con-
verting enzyme (ACE) in the presence and absence of
an inhibitor. The absorbance was measured at
228 nm and activity is expressed as the percentage
of ACE inhibition.

Ferric reducing antioxidant power (FRAP) assay

This assay measures the formation of a colored
Fe(I)-tripyridyltriazine complex from colorless
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oxidized Fe(III) due to the action of electron-donating
antioxidants (Benzie and Strain 1996). Absorbance
was measured at 593 nm with a microplate reader. A
standard curve was constructed using Fe(II) sulfate
solution (100-3500 uM) and the results are given in
pmol FeSO4/1.

Free radical scavenging ability

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scav-
enging activity was determined using the method
according to Von Gadow et al. (1997). Ascorbic acid
solution was used as positive control. The absorbance
was measured with a microplate reader at 517 nm
and the percentage of radical scavenging in the
samples was calculated.

Statistical analysis

All results are the means of three independent
experiments carried out in duplicate. One-way anal-
ysis of variance was applied to all experimental data.
Variable means showing differences with statistical
significance were compared using Tukey’s test. All
statements of significance are based on a probability
of 0.05.

Results and discussion

Table 1 shows that after 24 h of S. cerevisiae mc2
autolysis in SWM, the yeast viability decreased
dramatically and a reduction of 38% was observed
in dry weight. The autolysis process enabled the
release of different types of nitrogenous molecules.

Under these conditions, an increase in the concen-
tration of proteins, peptides and amino acids of 7.92,
3.66 and 5.97 mg N/, respectively, was detected.
Similar results were evidenced in previous reports
(Martinez-Rodriguez et al. 2001, 2002; Alexandre
et al. 2001).

When O. oeni X,L was inoculated in SWM after
induction of yeast autolysis, the microorganism did
not modify the total biomass, but a decrease in
viability of approximately 0.5 log cycles was
observed after 48 h of incubation in synthetic wine
(Fig. 1).

Table 2 shows that O. oeni, grown during 24 h in
SWM and sequentially inoculated after yeast autol-
ysis, produced a decrease of 2.81 mg N/l in the
protein concentration due to expression of the
proteolytic system in the microorganism. Besides,
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Fig. 1 Viable cell count (solid line) and optical density
(dashed line) of O. oeni X,L sequentially inoculated in a
synthetic wine medium previously modified by autolysis of S.
cerevisiae mc2

Table 1 Growth parameters, nitrogen compounds and proteolytic activity of S. cerevisiae mc2 in synthetic wine medium under

accelerated autolysis conditions

Yeast incubation ~ Growth parameters Concentration of nitrogen compoundsi (mg N/1) Proteolytic
time (h) - — - - - - activity (mM)
Dry weight (g/1)  Viability (log cfu/ml) Proteins Peptides Amino acids
0 1.52 + 0.21°% 8.09 + 0.09* 0.84 £+ 0.03* 0.06 + 0.02* 0.10 £+ 0.02* ND
24 0.93 £ 0.08" ND 876 £035° 372+017° 607+£032° ND

ND not detected

Values are the means of three independent determinations carried out in duplicate

 Residual concentration in culture supernatant

T Mean values with different superscript letters within the same column are significantly different according to Tukey’s test

(P <0.05)
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Table 2 Change in nitrogen compounds and proteolytic activity due to sequential inoculation of O. oeni X,L in synthetic wine
medium after autolysis of S. cerevisiae mc2

O. oeni Incubation Concentration of nitrogen compoundsi (mg N/1) Proteolytic

time (h) - - - - activity (mM)
Proteins Peptides Amino acids

ot 8.66 + 0.22°7 3.63 + 0.12% 5.53 + 0.41° ND

24 5.85 + 0.18° 5.17 £+ 0.45° 471 £+ 0.36° 0.03 £ 0.00?

48 5.06 £ 0.14° 5.05 £ 0.34° 5.32 £ 0.39% 0.06 £ 0.01°

ND not detected

Values are the means of three independent determinations carried out in duplicate
1 Residual concentration in culture supernatant

% Values at time T = 0 correspond to 24 h of yeast autolysis in SWM

' Mean values with different superscript letters within the same column are significantly different according to Tukey’s test
(P <0.05)

Table 3 Change in antihypertensive and antioxidant activity in synthetic wine medium after yeast autolysis during sequential
inoculation of O. oeni

0. oeni incubation Biological Activity

time (h) R
ACEI (%) FRAP (umol FeSO,/1) DPPH scavenging (%)
0* 224 + 1.8°F 243.33 £+ 12.98* 0.5 £0.1*
24 204 + 1.9° 300.17 + 18.65° 1.6 £0.1°
48 36.6 + 2.0° 430.67 4 27.46° 354 0.2°

Values are expressed as the difference between the absolute values and the respective controls and are the means of three independent

determinations carried out in duplicate

ACEI angiotensin I-converting enzyme inhibitory activity; FRAP: ferric reducing antioxidant power

DPPH scavenging
2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity

¥ Values at time T = 0 correspond to values after 24 h of yeast autolysis in SWM

T Mean values with different superscript letters within the same column are significantly different according to Tukey’s test

(P < 0.05)

the peptide concentration increased with 1.54 mg N/I
and consumption of free amino acids was 0.82 mg N/
I. Consumption of amino acids after 24 h was
probably stimulated to satisfy metabolic and ener-
getic requirements of the bacterium to maintain cell
viability (Konings 2006). The unaltered viability of
O. oeni without reduction in biomass confirms that
peptide release was only caused by proteolytic
activity using proteins from yeast autolysis. From
24 h onward, the protein concentration decreased
further but there was no significant change in the
peptide and amino acid concentration.

Table 3 shows that induction of yeast autolysis
yielded an increase in ACEI activity. This result is in
agreement with that reported by Alcaide-Hidalgo
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et al. (2007) who demonstrated that a peptide fraction
obtained from autolysates of a commercial S. cere-
visiae strain played a principal role in antihyperten-
sive activity. In addition, an increase in ferric
reducing power and radical scavenging activity
(antioxidant activities) was demonstrated in SWM
after yeast autolysis. Other authors also reported
ACEI and radical scavenging activity by peptides
derived from fermented food (Hernandez-Ledesma
et al. 2005). Alcaide-Hidalgo et al. (2007) showed
that peptides released by S. cerevisiae EC1118 during
autolysis under wine conditions presented multifunc-
tional antihypertensive and antioxidant activities.
Sequential inoculation of O. oeni in SWM after
yeast autolysis produced a significant increase in
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Fig. 2 Concentration of
nitrogen compounds
(peptides, amino acids and
proteins) and biological
activities (FRAP: Ferric Proteolytic activity
reducing antioxidant power; [mM]
DPPH scavenging: 2,2- 0.10
diphenyl-1-picrylhydrazyl
radical scavenging capacity;
ACEL: angiotensin I-
converting enzyme
inhibitory activity) after O h
(solid line), 24 h (dotted
line) and 48 h (dashed line)
of sequential inoculation of
0. oeni X,L in synthetic
wine medium after S.
cerevisiae mc2 autolysis.
Time T = 0 corresponds to
24 h of yeast autolysis

Proteins [mg N/I]

Amino acids [mg N/1]

ACEI (36.5%) and antioxidant activities (430.67
pumol FeSO4/1 and 3.5% for FRAP and DPPH
scavenging, respectively) after 48 h of incubation.
Figure 2 shows the relationship between the change
in nitrogenous compounds and the two beneficial
biological activities during growth of O. oeni in
synthetic medium after yeast autolysis. The bacte-
rium was able to express a proteolytic system under
stressful conditions (Manca de Nadra 2007) and this
activity produced a decrease in proteins released
during yeast autolysis. Concomitantly, amino acid
and peptide concentrations rose with increasing
biological activity.

In conclusion, autolysis of S. cerevisiae mc2 in a
synthetic wine model enabled the release of peptides
with ACEI and FRAP activity. Sequential inocula-
tion of O. oeni enhanced these activities, probably
because of its proteolytic system. In addition,
O. oeni was able to raise DPPH scavenging activity
through nitrogen compounds released after yeast
autolysis.

The current study provides new information about
the role of proteolytic activity of O. oeni X,L under
conditions similar to those in wine, regarding the
release and/or production of peptides with biological
activity derived from nitrogen compounds after
autolysis of S. cerevisiae mc2. These peptides have
multifunctional biological activities with beneficial

ACEI [%]
50

FRAP [umol FeSO4/1]

DPPH scavenging [%]

10 Peptides [mg N/1]

health properties, which could contribute to the
improvement in wine quality.
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