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Abstract. The interactions between the proteolytic X2L strain of Oenococcus oeni and the non-prote-
olytic 12p strain of Pediococcus pentosaceus were assayed. The characteristics of cell growth, protein
degradation, and amino acid production of both strains were determined in pure and mixed cultures. O.
oeni showed poor cell growth and greater ability in the release of amino acids to the extracellular
medium, whereas P. pentosaceus showed a higher yield in cell production with a decrease in the amino
acid concentration in the medium. P. pentosaceus especially consumed essential amino acids for growth,
and O. oeni released several of the essential amino acids important for growth of P. pentosaceus. In the
mixed culture, mutualism was observed. The higher activity of the proteolytic system of O. oeni in
mixed culture produced an increase in cell growth and in the amount of essential amino acids released.
These findings provide new knowledge about the metabolic interactions between lactic acid bacteria
isolated from wine when proteins are degraded in mixed bacterial populations.

Proteins are an important carbon and nitrogen source for
bacterial communities in the presence of proteolytic
enzymes in extracellular medium, because only small
peptides and free amino acids can be transported across
the bacterial cell membrane [6, 13]. Considering the
amino acid requirements of O. oeni X2L and P. pento-
saceus 12p [3, 4] isolated from wines, the limited amino
acid contents in the natural environment [2, 7] could
restrict bacterial growth. Therefore, the peptides and
amino acids generated from protein hydrolysis may be
of great nutritional value for bacterial growth [12].
Manca de Nadra et al. [14–16] have reported that the
proteolytic activity of O. oeni X2L on the nitrogenous
macromolecular fraction of white and red wines favored
the release of peptides and amino acids.

The proteolytic system of O. oeni X2L plays an
important role in the release of peptides and essential
amino acids due to its demanding requirement for sev-
eral amino acids. In addition, proteolysis could be
important for the reduction in protein precipitation,

which produces a visible haze in wines. The ability of O.
oeni to degrade proteins may provide beneficial condi-
tions for the growth of non-proteolytic bacteria in the
same medium. Interactions between proteolytic and non-
proteolytic bacteria have been documented in several
environments [11, 18, 23, 24].

At present, there is little information about the
significance of interactions between proteolytic and non-
proteolytic lactic acid bacteria from wine with respect to
the metabolism of organic nitrogen compounds. The
complexity of the wine ecosystem makes it difficult to
analyze these interactions in the natural habitat.

This report describes the growth and nitrogen
metabolism of O. oeni X2L and P. pentosaceus 12p
strains isolated from red wines, in pure and mixed cul-
tures. Proteolytic activity and modification of proteins
and free amino acids were examined in order to get a
better understanding of interactions between populations.

Materials and Methods

Microorganisms. Oenococcus oeni X2L and Pediococcus
pentosaceus 12p were isolated from Argentinean red wines [17, 21].
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Culture medium and growth conditions. The basal medium used for
the growth contained the following (g or ml) in 1 L distilled water:
yeast extract, 10.0; Tween 80, 1.0; and natural grape juice, 170.0. The
solution of yeast extract and Tween 80 was sterilized (autoclave) at
121�C, 20 min. Natural grape juice was sterilized (autoclave) with
heating stopped immediately on reaching 121�C. Both fractions were
pooled and the pH was adjusted at 5.5 with sterile 1M NaOH solution.
The microorganisms were grown at 30�C. For mixed cultures, the
inoculation rate was 1:1.

Bacterial growth and enumeration of microorganisms. The growth
was measured by changes in the optical density to 560 nm. The growth
rate and the growth extent (difference in cell concentration between
stationary phase and inocula) were determined [4].

Enumeration in mixed cultures was performed on the basis of
colonies morphology and growth rate [19].

Analytic determinations
Proteolytic activity

At different incubation times, cells were centrifuged, filtered through a
0.45-lmpore sizemembrane, and supernatant solutionswere assayed for
proteolytic activity. The proteolytic activities were determined in the
supernatant by themethod described by Far%as andManca deNadra [10].

Proteins

The samples were taken from the culture flask at different times and
were centrifuged to 3000 rpm by 20 min. The supernatant fluid was
filtered through a 0.45-lm pore size membrane. Proteins were deter-

mined in the supernatant by the reaction with Coomassie brilliant blue
G-250 [5]. Calibration was carried out using bovine serum albumin
(Sigma, St. Louis, MO).

Amino acids measurements

Total free amino acids were quantified in supernatants using the cad-
mium ninhydrin reagent by the method of Doi et al. [8], using L-
leucine as standard. Samples were filtered through a 0.45-lm filter.
Amino acids were also analyzed by reverse phase HPLC (RP-HPLC)
using an ISCO liquid chromatograph (ISCO, Lincoln, NE) [1]. Sam-
ples were injected in triplicate onto the column, after being filtered
through a 0.22-lm filter.

Statistical analysis

Experimental data were analyzed by ANOVA with repeated measures.
Variable means were compared using Scheffe test (Statistica for
Windows Release 5.0). For growth experiments, the growth parameters
means were compared using Student�s t-test.

Results

Growth of pure and mixed cultures. Table 1 shows
the growth parameters of P. pentosaceus 12p
(homofermentative) and O. oeni X2L (heterofer-
mentative) in pure and mixed cultures. In pure culture,
the growth parameters of P. pentosaceus 12p were higher

Table 1. Growth parameters in pure and mixed cultures

P. pentosaceus 12p O. oeni X2L

l [h)1] Growth extenta l [h)1] Growth extent

Pure culture 0.196 Ab 2.121 A 0.134 A 1.547 A
Mixed culture 0.245 B 2.840 B 0.163 B 2.198 B

aDifference in cell concentration [log cfu/ml] between stationary phase and inocula.
bValues with different letter in the same column are significantly different (p < 0.05).

Fig. 1. pH modification in pure cultures of
P. pentosaceus 12p (m) and O. oeni X2L (n), and
mixed culture (d). Extracellular proteinase activity in
pure cultures of Pediococcus pentosaceus 12p (D) and
Oenococcus oeni X2L (h), and in the mixed culture
(s).
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than that observed in O. oeni X2L (p < 0.05). In a mixed
culture, the growth rates increased 24% and 21% for P.
pentosaceus 12p and O. oeni X2L, respectively. In the
same condition, the growth extent increased 34% for P.
pentosaceus 12p and 42% for O. oeni X2L.

Figure 1 shows that in pure cultures, after 24 h of
incubation the pH changed from 5.55 to 4.25 (P. pento-
saceus 12p) and 5.53 to 4.70 (O. oeni X2L). At 48 h
incubation, the pH dropped to 3.91 and 4.20 for P.
pentosaceus 12p and O. oeni X2L, respectively. In a
mixed culture, the pH diminished more actively, reaching
4.11 and 3.81 at 24 and 48 h incubation, respectively.

Proteolytic activity. Figure 1 shows the proteolytic
activity of both strains. No exoprotease activity was
detected in the pure culture of P. pentosaceus and two
peaks of proteolytic activity could be observed after 12
and 48 h of incubation in pure culture of O. oeni. In
mixed culture, the activity was significantly higher than
that observed in pure culture of the proteolytic
microorganism at 12 and 24 h incubation (p < 0.01).

Modification of proteins and total free amino acids in
pure and mixed cultures. Figure 2 shows the changes in
proteins and total free amino acids in pure cultures of
P. pentosaceus (Fig. 2A) andO. oeni (Fig. 2B) and in the
mixed culture (Fig. 2C). No modifications in protein
concentration could be detected during growth of
P. pentosaceus. After 24 h of incubation of
P. pentosaceus, the amount of total free amino acids in
the culture medium dropped 1.69 mmol/l. Thereafter, no
modifications were observed. In pure culture of O. oeni,
initial protein hydrolysis became noticeable after 12 h of
incubation (protein consumption was 6.42 mg/l) with an
increase of 1.85 mmol/l in total free amino acids. Then,
from 12 to 36 h, no significant variations in protein
consumption and total free amino acids were detected.
From 36 to 48 h of incubation, a protein consumption of
14.57 mg/l was observed. In this period, a release of 3.20
mmol/l of total free amino acids was detected.

In themixed culture, protein consumption (11.55mg/
l) after 12 h of incubation was 80% higher than that ob-
served in the pure culture of O. oeni. During this period,
the release of total free amino acids (3.30 mmol/l) was
78% higher than that observed in pure culture of O. oeni.
Proteins and free amino acids in the medium remained
invariable between 12 and 36 h of incubation. After 48 h
of incubation, protein consumption was 23.32 mg/l, 60%
higher than that detected in pure culture of O. oeni.

Changes in the individual amino acid
composition. Figure 3 shows the variation of amino
acid concentrations throughout the experiment in pure
cultures of P. pentosaceus 12p (Fig. 3A) andO. oeniX2L

(Fig. 3B) and in mixed culture (Fig. 3C). At the end of
the exponential growth phase (48 h), P. pentosaceus
mainly consumed the non-essential amino acid serine in
addition to phenylalanine, threonine, arginine,
methionine, histidine, glutamic acid, glycine, tyrosine,
tryptophane, and isoleucine, which are essential for its
growth. O. oeni, at the end of the exponential growth
phase (48 h), released lysine, leucine, valine, alanine,
glycine, glutamic acid, aspartic acid, arginine, serine,
isoleucine, and threonine, all of which are non-essential

Fig. 2. Changes in protein hydrolysis (bars) and total free amino acids
(lines) during 72 h of incubation with pure cultures of Pediococcus
pentosaceus 12p (A), Oenococcus oeni X2L (B), and with mixed
culture (C). Values are means of three independent determinations.
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for this bacterium growth. The essential amino acid
asparagine was consumed during the first 12 h of
incubation, and no changes were observed for the other
essential amino acids, phenylalanine, histidine, and

methionine. The heterofermentative microorganism
released the following essential amino acids for
P. pentosaceus growth: glutamic acid, isoleucine,
leucine, threonine, valine, glycine, and arginine.

Fig. 3. Comparison between pure cultures of
Pediococcus pentosaceus 12p (A) and
Oenococcus oeni X2L (B) and mixed culture
(C) in the time-course (12, 24, and 48 h) with
respect to production or utilization of each
amino acid. Production or consumption of
amino acids was determined measuring the
increase or decrease in each concentration
with respect to values at T0 (Concentration
T0 = 0).
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In mixed culture, there was an increase mainly in
the release of glutamic acid, asparagine, serine, histi-
dine, alanine, tyrosine, valine, phenylalanine, leucine,
and isoleucine with respect to pure culture of Oeno-
coccus oeni.

Discussion

Although the concentration of free amino acids during
bacterial growth may be influenced by several factors
like consumption, cell release, and proteolysis, this last
process plays the most important role in the accumula-
tion of free amino acids in a pure culture of O. oeni X2L.
When this strain was co-cultured with P. pentosaceus
12p, it caused a substantial increase in total free amino
acids compared with that obtained in a pure culture of
O. oeni.

Far%as and Manca de Nadra and their colleagues [10,
14–16] have reported that O. oeni X2L is a proteolytic
strain acting on wine and grape juice proteins. In this
work, proteins were hydrolyzed when the extracellular
proteinase produced by O. oeni accumulated in the
medium in pure or mixed culture of this strain. Protein
hydrolysates were utilized by both strains in the mixed
culture. Consequently, growth of the non-proteolytic
bacterium P. pentosaceus was stimulated by the presence
of O. oeni. Growth stimulation has been observed for
Pseudomonas and Bacillus strains producing extracel-
lular proteinases [18, 23, 24], as well as for Lactococcus
producing a proteinase bound to the cell wall [11].

In pure culture, strains 12p and X2L showed a dif-
ferent behavior concerning growth kinetics, protein
consumption, and extracellular amino acid production.
The proteolytic O. oeni strain was efficient in production
of amino acids, but showed lower growth parameters
than P. pentosaceus. The abundant amino acids in the O.
oeni culture nearly corresponded to the amino acids that
were consumed in the culture of P pentosaceus 12p.
Stimulation of the proteolytic system in mixed culture
increased the release of essential amino acids for growth
of both microorganisms. Therefore, co-culturing of both
strains would enhance the growth yield of both bacteria
(mutualism).

The higher rates of proteolysis and release of amino
acids in mixed culture were due to an increment in
proteolytic activity. Taking into account that the opti-
mum pH for exoprotease activity of O. oeni X2L is 4.5
[10], the rapid decrease in pH under the given conditions
could produce a stimulation of the proteolytic system of
O. oeni in co-culture with a homofermentative strain.
The cultures reached a pH of 4.5 after 12 h and 24 h of
incubation in mixed and pure culture of O. oeni,
respectively.

Additionally, modification of certain nutritional
factors in the medium could stimulate the expression of
exoproteases. Far%as et al. [9] have reported that exog-
enous peptide sources such as tryptone, peptone, gelatin,
or casein hydrolysate reduce the formation of exopro-
teases by O. oeni X2L. Strasser de Saad et al. [22] have
reported that peptone and tryptone reduce the formation
of proteolytic enzymes in Lactobacillus murinus CNRZ
313. On the other hand, in Clostridium, an increase in
peptone enhanced protease production [13]. Hence,
modification of the organic nitrogen composition of the
medium during the symbiosis could stimulate the
expression of proteolytic activity.

These findings can be of great technological value
in terms of a starter selection, considering that the
association in a mixed culture of P. pentosaceus 12p and
O. oeni X2L has been found to be beneficial; it avoids
wine spoilage, because their association produces lower
amounts of mannitol, even in the presence of sulfur
dioxide [19, 20].

Additionally, despite the low concentrations of
proteins in musts and wines, a greater proteolytic
activity in mixed culture may have an important func-
tion in the stability of wines. It possibly reduces protein
precipitation causing unacceptable haze or sediment in
wine. Precipitation may occur at high temperatures and
can also be provoked by trace metals.
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