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Figure 1.-Growth of L. oenos M42 in wine at pH 3.3. Panel A: inoculated

with cells from MLO. Panel B: inoculated with wine from panel A. Panel C:

inoculated with wine from panel B. Open circles: inoculum of 10%. Closed
triangles: inoculum of 1%.

RESULTS

Program selection for malolactic starters

Forty-three LAB strains isolated in the Utiel-Requena region and
belonging to the species Lactobacillus brevis, Lactobacillus confusus,
Lactobacillus fructivorans, Lactobacillus hilgardii, Lactobacillus
plantarum, Leuconostoc oenos, and Leuconostoc paramesenteroides, as
well as eight unidentified strains, were tested using the selection criteria
described above (see Material and Methods). Strains such as L. brevis and
L. hilgardii which were less active in the L-malic degradation in synthetic
Medium C (Chalfan et al., 1977) were discarded.

L. oenos strains were able to degrade the malic acid by overcoming
the negative factors found in wine: low pH, high ethanol concentration,
low temperatures, and SO, concentrations of 50 mg/l. In addition, they
could not degrade tartaric acid, which promote the ‘tourné’ spoilage, did
not produce dextran from sucrose, and were able to growinwine at low pH.
Of the seven strains belonging to L. oenos the most interesting were G6,
M41, M42, and 172 (Pardo, 1987). Strain G41 seems to carry a lysogenic
phage, making it unsuitable as a malolactic starter. Since L. oenos has
been described as the species responsible for MLF in many viticultural
areas, such as Utiel-Requena (Pardo and Zuniga, 1992), our studies have
focused on this organism.

Strains were inoculated in wine to observe their ability to grow in
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Table 1.- Specific growth rates (u) and % survival after 20 min in wine of
Leuconostoc oenos M42 with different media.

Preculture medium u (h) % survival

1 0.0093 0.01

2 0.0232 0.30

3 0.0377 0.75

4 0.0350 2.00

5 0.0560 4.70

6 0.0484 12.40

7 0.0411 15.60

8 0.0372 not determined
9 0.0288 7.50
10 0.0118 59.30
11 0.1002 0.00
12 0.0709 0.00
13 0.0753 8.10
14 0.0753 0.03

this environment. A pH interval of 3.1 to 3.5 was chosen because it is
crucial for bacterial growth. To study the development of bacteria in the
wine we used the counts of viable cells because other methods were not
appropriate. Of the selected L. oenos strains, three of them were able to
grow in wine (G6, M41 and M42). The strain most resistant to the acidic
conditions was M42, which grewat pH 3.3, G6at 8.4 and M41 at 3.5, When
bacteria previously grown in synthetic medium (MLO) were inoculated in
wine, the viability was reduced from about 108 cfu/ml to 102 cfu/ml) or less
(Figure 1). After a more or less extended period these strains began a
logarithmic growth, reaching maximum populations of 107-108 cfu/ml.
These values seem to be characteristic of the wines (Beelman et al., 1982;
Beelman et al., 1980; Costello et al., 1985). We thought that the initial

to induce the malolactic fermentation in a wine of pH 3.1, using a final
cellular concentration as low as 7.5 x 10° cfu/ml.

Preculture media for inoculation in wine

To reduce the initial high mortality of the bacteria inoculated in
wine, different preculture media were used (see Materials and Methods).
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Figure 2.-Growth of L. oenos M42 in different preculture media (1, 5, 10,
and 11).

or ethanol reduced them.

When active growing cells were inoculated in wine, a week after
inoculation we could not detect any viable cells even spreading undiluted
samples onto MLO plates. We therefore decided to study the survival of L.
oenos M42 in wine coming from the different preculture media after
shorter periods of time. Samples of wines were taken 20 min after
inoculation, and the results are shown in Table 1. Generally, the viability
drops dramatically, and survival rates are quite small. The wine kills all
the cells when must alone or the synthetic medium MLO (media 1 and 14)
is used as preculture. The addition of L-malic acid to the MLO (medium 12)
does not increase the viability of the cells, but this can be achieved by the
addition of different supplements to the must (media 2-4). However,
values rise when wine or ethanol is included in the preculture medium,
either for supplemented must or MLO (media 5-9, 13-14). In these cases,
values obtained with ethanol are lower than those observed with wine, and
an increase in the values yields better results. The best medium is
supplemented wine (medium 10), which can provide up to 60% survival in
wine after 20 min.

Nevertheless, 60% survival is quite low if we take into account the
fact that samples are processed after only 20 min in wine. In an attempt
toincrease these values, we tested the viability of cells grown in preculture
medium 10 to early stationary phase, and 70% survival was achieved.
Another important factor is the pH of the preculture, because as the
difference between the pHs of the preinoculum and the wine increases, the
viability will decrease. When the pH of medium 10 was lowered from 4.5
to 3.5, the survival of exponential cells increased from 60% to 90% after 20
min in the wine (pH 3.1).
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Table 2.- Malolactic activity expressed as mmoles CO2/min/mg Pr of the
L. oenos strains.

Strain maximum activity maximum increase
171 6.21 2.5
172 14.14 9.0
M41 3.74 3.8
M42 1.91 2.2
G41 3.00 1.6
T46 3.95 3.8
ML-34 2.28 4.3
G6 242 1.7

The growth phase of a starter in a preculture medium affects its
technological properties. To test this, wine supplemented with yeast
extract, Tween 80, tomato juice, and glucose, at a pH of 4.5 was used to
grow L. oenos M42. Cells collected at early stationary phase provided the
greatest viability when inoculated in wine. The viability drop can be
prevented by subculturing in wines at progressive decreasing pH values.
The number of cells required for malolactic fermentation can also be
lowered (see before).

Malolactic bacteria may be inoculated at the following stages of
vinification: 1) before alcoholic fermentation; 2) during alcoholic fermen-
tation; and 3) after completion of alcoholic fermentation. Inoculation prior
to alcoholic fermentation is not recommended when heterolactic bacteria
are used because they can attack the sugars present in wine, producing
high amounts of acetic and lactic acids that spoil the wine (Davis et al.,
1985). To check this assumption we inoculated L. oenos strain M42 both
before and after alcoholic fermentation. When inoculation was before,
MLF was faster (4 instead of 11 days) and acetic acid production was
slightly lower (0.24 instead of 0.32 g/l). Sensory analysis revealed that
wines inoculated before alcoholic fermentation were preferred by a taste
panel. These results argue for an inoculation of the malolactic starter
before alcoholic fermentation.

Characterization of the malolactic activity

The proper use of L. oenos as starters in wine involves studying the
conditions that lead to the highest malolactic activity, such as the
influence of the L-malic acid concentration or the growth phase of the
cultures.

Growth and malolactic activities of two pattern strains (172 and
M42) are presented in Figures 3-4. All the L. oenos strains that we have
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Figure 3.-Growth (closed mark- Figure 4.-Growth (closed mark-

ers) and malolacticactivity (openmark-  ers)and malolactic activity (open mark-
ers) of cell free extracts of L. oenos 172 ers) of cell free extracts of L. oenos M42
in MLO medium at pH 4.8. Triangles:  in MLO medium at pH 4.8. Triangles:
10 g/l DL-malic acid added. Circles:no 10 g/l DL-malic acid added. Circles: no
malic acid added. malic acid added.

analyzed show inducible malolactic enzymes. We have found two different
behaviors: a first group (strains 171,172, and ML-34, Figure 3) had always
low levels of malolactic activity during the growth in the absence of malic
acid, and a second one (strains M41, M42, G41, and T46, Figure 4)
increased this activity during growth both in the presence and absence of
malic acid. For all the strains, the maximum activity reached without
malic acid was lower, except for M41 in which both maxima were similar.
In this organism the presence of malic acid only advanced the synthesis of
the malolactic enzyme. The maximum activity is reached at the end of the
exponential growth phase.

The induction of malolactic enzyme in L. oenos implies a 1.5 to 9-fold
increase in the basal levels of activity (Table 2). Two-fold increases in
malolactic activities have previously been described for lactic acid bacteria
(Henick-Kling, 1986). The fact that maximum values of malolactic activity
in our study show a great heterogeneity depending on the strain, agrees
with the findings of other authors (Lonvaud, et al., 1977 and Lonvaud and
Ribéreau-Gayon, 1975), and demonstrates the need of strain selection
programs. L. oenos ML-34 shows a maximum activity of 2.28, slightly
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Figure 5.-Stability of pLO1 plasmid in L. oenos 86611 in MLO medium
without chloramphenicol.

higher than values found by Spettoli et al. (1984). However, it must be
noted that the level of activity depends on the growth stage. Almost all the
wild L. oenos extracts show higher activities than the control strain ML-
34,and strain 172is a good candidate for a commercial use of its malolactic
enzyme. The control strain L. plantarum CECT 220 shows an inducible
malolactic enzyme, but its maximum activity (0.31) is lower than that of
any L. oenos strain.

Isolation and characterization of MLF mutants of L. oenos

We have developed a selective medium for L. oenos mutants defec-
tive in malolactic fermentation (MMM). The colonies isolated after incu-
bation in MMM were checked for malolactic activity in basal medium
supplemented with L-malic acid, and those that showed no malolactic
activity were selected as MLF- mutants. 50% of the colonies isolated on
MMM plates after UV mutagenesis were real MLF". On the other hand,
when total protein extracts of wild strains and several mutants were run
on PAGE, it was observed that all the mutants lacked of a band present in
the wild strains, the size of which corresponds to that described for the
malolactic enzyme of L. oenos (Battermann and Radler, 1991). This
suggests that the malolactic enzyme is not being produced by the mutants
tested. At present we are checking whether the band absent in the protein
pattern of the mutant strains is actually the malolactic enzyme.

Conjugation assays

Lactococeus lactis LM2301 harboring plasmid pVA797 (Evans and
Macrina, 1983) was chosen as donor strain for conjugative plasmid
transfer assays. To transfer pVA797 from L. lactis LM2301/pVA797 to L.
oenos M42, the best conditions for incubating filters were achieved on
plates of MLO at pH 5.5 and 28°C under anaerobic conditions. Selection
was performed on MLO plates with chloramphenicol as selective antibi-
otic.
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Plasmid pVA797 could be transferred to the L. oenos M42 strain, but
at extremely low frequencies. A few L. oenos colonies appeared on the
selection plates but they lacked chloramphenicol acetyl transferase (CAT)
activity, and plasmids could not be detected in these colonies. Finally, we
were able to isolate one colony, called 86611, which carries a plasmid
(pLO1) and shows CAT activity. This means that the CAT gene from
pVAT97 is expressed in L. oenos 86611. However, we have observed that
pLO1 is not stably maintained in L. oenos (Figure 5).

Restriction mapping of pLO1 revealed that this plasmid is a frag-
ment of pVAT797 that includes one replication origin and the Cap resist-
ance gene.

Electroporation of L. oenos

Several methods for obtaining competent cells, different
electroporation conditions and cloning vectors were assayed with M42 and
CECT 4028 strains of L. oenos. Plasmids were pGK12, pGK13, pLO1,
pVA797, and several constructions were obtained by inserting a cryptic
plasmid isolated from L. oenos CECT 4028 into pHV60 or pHV60repA
(these are derivatives of pBR322 with the Cap resistance gene from
pC194). No transformants were isolated from these assays. We are now
sequencing the cryptic plasmid of L. oenos CECT 4028.

Nuclease activity of L. oenos strains was evaluated in order to test
whether degradation of incoming DNA could account for the lack of
transformants. No nucleases could be detected under our assay condi-
tions. Problems in the transformation of L. oenos may be due to the DNA
entryinto the cells, expression, and/or stabilization of genetic information.
Since pLO1 canbe replicated in L. oenos 86611, and CAP activity coded by
this plasmid can be detected, the introduction of foreign DNA must be one
of the keys to the problem.
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