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ABSTRACT

The autolysis and proteolysis are important features in the strains of L. lactis used in the manufacture of cheese. The
autolytic and proteolytic activity of L. lactis has been linked with the development of flavor and texture in the cheese.
On the other hand, there is a growing interest in new strains isolated from raw-milk cheeses and vegetables. These
wild-strains have showed different features of industrial importance in comparison with those observed in commercial
cultures. However, it still not clear if the autolytic and proteolytic properties of these wild-strains differ from the indus-
trial strains. The objective of this work was to assess the autolytic and proteolytic activities of 21 strains of L. lactis iso-
lated from diverse sources. The rates of autolysis and proteolysis observed in vitro were highly strain-dependent. The
pH and the NaCl concentration in the media affected significantly the autolysis of L. lactis. The strains isolated from
vegetable showed in general low and medium autolytic activity, whereas the strains isolated from raw-milk cheeses had
medium to high autolytic activity. The strain with highest proteolytic activity was a strain isolated from corn leaves.
Although still not clear how this strain acquired this pronounced characteristic.
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sis of L. lactis.

Proteolytic activity of L. lactis strains is another fea-
ture of industrial relevance. The proteolytic system of L.
lactis is composed essentially of proteinases that initially
cleave the milk protein to peptides, and then these pep-
tides are cleaved into smaller peptides and amino acids
by intracellular peptidases. Some of these amino acids
are subsequently catabolized, producing a variety of fla-
vor compounds like aldehydes, alcohols, carboxylic acids,
esters and sulfur compounds [8,10,11].

On the other hand, recently there is a growing interest
in the identification of new strains isolated from different
ecosystems, including vegetables and diverse types of
raw-milk cheeses [12]. It has been observed that strains

1. Introduction

Lactococcus lactis of the lactic acid bacteria (LAB) are
more widely used as starter dairy culture on the manu-
facture of cheese [1]. The autolysis of Lactococcus lactis
is a desirable trait, because most of the enzymes related
with the production of flavor compounds are intracellular.
In this sense, the early release of intracellular enzymes
during the ripening of cheese may accelerate the devel-
opment of flavor compounds [2-4]. Autolysis is the spon-
taneous disintegration of cell wall peptidoglycan by en-
dogenous mureinases named autolysins [3,5-7]. Cellu-
lar lysis of LAB improves the interaction between bacte-
rial enzymes and cheese substrates [8,9]. The lysis of
LAB may occur as the result of age, stress, unfavorable

physiological conditions or attack of lytic phages [6].
Environmental factors such as salt concentration, pH and
temperature may affect the autolysis of L. lactis [2];
however few studies have assessed the effect of each of
these factors and their possible interaction in the autoly-
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isolated from niches with adverse conditions such as high
microbial competition (like raw-milk cheeses) or niches
with scare availability of nutrients (like the surface of
vegetables) have a more efficient metabolism [13]. Some
authors have reported that these wild-strains have differ-
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ent characteristics of industrial interest like lactose and
citrate fermentation, or the production of certain flavor
compounds from milk components [12,14-16]. However,
still not clear if the autolytic and proteolytic properties of
these wild-strains differ from the industrial strains. The
objective of this work was to assess the autolytic and
proteolytic activities of 21 strains of L. lactis isolated
from diverse sources including industrial cultures, vege-
tables and raw-milk cheeses.

2. Materials and Methods
2.1. Microorganisms

In this study were used twenty strains of Lactococcus
lactis (Table 1) isolated and identified in a previous
work from raw-milk dairy products, vegetables and dif-
ferent commercial starter cultures [12]. Additionally, one
reference ATCC strain of L. lactis was included in this
work. All the strains were kept at —20°C in M17 broth
(Difco laboratories, Ditroit Mich) with 40% glycerol
before their use.

2.2. Determination of the Autolytic Capacities of
Lactococal Strains

Autolysis was determined measuring changes in optical
density (OD). Six solutions with diverse pH (5 and 7)

Table 1. Lactococcus lactis strains used in this study.

Strain Source of isolation
ATCC 11454

C272 Raw-milk Chihuahua cheese
DEO1b Raw-milk Chihuahua cheese
Rq07 Whey-cheese

Alf-2 Lucerne (Medicago sativo)
BB07 Beetroot (Beta vulgaris)
EJO6 Green beans (Phaseolus vulgaris)
MHO05 Corn leaves (Zea maiz)

MMI11 Corn earn (Zea maiz)
CMO1 CDSC
EZ0lab CDSC
EZ01lcb-2 CDSC
EZ02a CDSC
Ez03b CDSC
FDVSBSI10 CDSC
KKO1 CDSC
KKO05 CDSC
Li CDSC
MAL16 CDSC
MM101 CDSC
Pk04 CDSC

CDSC = Commercial Dairy Starter Cultures.

Open Access

and NaCl concentration (1%, 2%, and 3% w/w) were used
in the analysis of lytic behavior of L. lactis strains. The
pHs of these solutions were adjusted with lactic acid be-
fore their sterilization. Before the autolysis assays, each
strain was growing (12 - 16 hours) in M17 broth at 37°C
and then bacterial cells were harvested by centrifugation
at 2000 x g for 10 min at 4°C. The pellets obtained were
washed twice with phosphate buffer (50 mM) pH 7 and
ultimately suspended in the corresponding lysis solution.
Immediately, cell suspensions were poured into sterile
microplates (96-well U bottom shape) adding 250 uL by
well. Changes in OD at 595 nm were monitored through-
out 48 hours of incubation at 37°C with a microplate
reader (ELx808, Biotek, USA). The percentage of auto-
lysis was calculated as follows: % Autolysis = (OD, —
ODyg) x 100/0OD,, where OD, was the initial optical den-
sity, and ODyg the optical density observed after 48 hours
of incubation. The strains were assessed by triplicated in
each lysis solution.

2.3. Determination of Proteolytic Activities of
Lactococal Strains

Each strain was inoculated in 40 mL of sterile M17 broth
and incubated overnight at 37°C. Bacterial cells were
harvested by centrifugation at 2000 x g for 10 min at 4°C
and then suspended into 35 mL of phosphate buffer (50
mM) pH 7. Cellular suspensions were subject to ultra-
sonic lysis applying an acoustic power of 472 mW-mL™
(calculated experimentally according to [17] and a con-
stant frequency of 20 kHz, using a sonifier with a 1/2)
diameter horn (Branson Sonifier S450, USA). The ultra-
sound treatment was applied three times to each solution
by cycles of five minutes at 10°C [18].

Cellular extracts (CE) were analyzed for protein con-
tent using the Bradford methodology [19]. The prote-
olytic activities (global activities of proteases and pepti-
dases) of the CEs were measured by the TNBS (2,4,6-
trinitrobenzene-sulfonic acid) procedure as described by
Boutrou et al. [20] and Ustunol et al. [21]. An aliquot of
30 pL from each CE was added to 1 mL of casein solu-
tion (0.01% w/vol) and incubated 20 min at 30°C. Af-
terward, 400 puL from the CE-casein solution was mixed
with 50 pL of (0.03 M) TNBS (Sigma-Aldrich, St. Louis,
MO) and 1.6 mL of sodium tetraborate (0.1 M). The
mixture was incubated 30 min at 30°C and then was
measured the absorbance at 420 nm. The reagent blank
consisted of 50 pL of (0.03 M) TNBS and 2 mL of (0.1
M) sodium tetraborate. Additionally, the mean absorb-
ance obtained from the TNBS assay of casein solution
(0.01% w/v) without CE was used as a correction factor.
A standard curve was prepared with glycine, and the
specific proteolytic activities were expressed as units of
glycine (U-Gly) per milligrams of protein.
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2.4. Statistical Analysis

Data collected from autolysis of 21 strains of L. lactis
were analyzed as a factorial design using the model y;; =
u+ 7+ B+ i + 18 + ey The factors in the model were
the concentration of NaCl and the pH of the lysis media.
Variations among strains were blocked in the model to
reduce the experimental error. The responses from prote-
olysis were analyzed as one factor completely random-
ized design. Additionally, a multiple mean comparison
analysis (Tukey-Kramer test) was carried out with the
software Minitab 16 (Minitab Inc., Pennsylvania, USA)
to determine differences among treatments.

3. Results

Each strain of L. lactis had different behavior depending
on the lysis solution used. In such a way that some con-
ditions enhanced the autolysis of certain strains while
disfavored the autolysis of other strains (Figure 1). Large
variation in the percentage of autolysis was observed
among the 21 strains of L. lactis (Figure 1). Statistical
analysis showed that pH, NaCl concentration and its in-
teraction had a significant influence (P < 0.05) in the
autolysis of L. lactis. In general, most strains of L. lactis
had higher percentages of autolysis under acidic condi-
tions and low salt concentration (pH 5% - 1% NacCl), but
also at neutral pH and high salt content (pH 7% - 5%
NaCl). In contrast, the acidic media with high salt con-
tent (pH 5% - 5% NaCl) did not favor the autolysis of
most strains of L. lactis (Figure 2).

The strains isolated from vegetables had low and me-
dium autolytic activities at pH 5 and the strains isolated
from raw-milk cheeses showed a medium activity,
whereas some strains isolated from industrial starter cul-
tures (KKO05, PK04, EZ02a) showed high autolytic ac-
tiveity at pH 5 (Figure 1). In contrast, at pH 7 one strain
isolated from an artisanal cheese (strain DEO1b) and one
strain isolated from an industrial culture (KKO05) were
those with the highest autolytic activity. The strains iso-
lated from vegetables showed low and medium autolytic
activity at pH 7, as well as most of the strains isolated
from commercial starter cultures (Figure 1).

On the other hand, cellular extracts (CE) obtained
from each strain of L. lactis were analyzed for their pro-
teolytic activities (U-Gly mg of protein ') on casein solu-
tion (Figure 3). CE from the strains MHO0S5, EZ03b, and
Li had the higher activities (19.1 to 14.6 U-Gly mg of
protein "), and the strains BB07, FDVSBS10, MM101,
C272, Rq07, and PK04 obtained the lower activities (2.4
to 1.6 U-Gly mg of protein '). It is worth noting that the
strain isolated from corn leaves (MHO05) was the one with
the highest proteolytic activity. However not all the
strains isolated from vegetables had a high proteolytic
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Figure 1. Autolysis of Lactococcus lactis strains in phos-
phate buffer pH 5 and pH 7 added with different concentra-
tions of NaCl. White circles strains isolated from comer-
cialstarter cultures; gray circles strains isolated from vege-
tables; black circles strains isolated from raw-milk cheeses.
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Figure 2. General behavior of autolysis observed in 21
strains of Lactococcus lactis under different conditions of
NaCl concentration and pH. *“Treatments with different
letter were significantly different (multiple mean compare-
son, Tukey-Kramer test, a = 0.05).
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Figure 3. Proteolytic activity observed in casein solutions
treated with cell crude extracts (CCE) of Lactococus lactis
strains. White bars strains isolated from commercial starter
cultures; gray bars strains isolated from vegetables; black
bars strains isolated from raw-milk cheeses. “*Bars with
different letter were significantly different (multiple mean
comparison, Tukey-Kramer test, a = 0.05).

activity. The strains isolated from raw-milk cheeses
showed low and medium proteolytic activities, whereas
most of the strains isolated from industrial starter cul-
tures had medium and high activities.

4. Discussion

From results obtained in this study, it may be affirmed
that autolysis of L. lactis is strongly strain depended.
Different authors have reported that autolysis rate of lac-
tic acid bacteria varied markedly among strains belong-
ing to the same species [3,4,16,20]. It has been suggested
that variation of autolysis among strains is related with
differences in cell wall composition and autolysins [2,7].
Additionally, in this work it was confirmed that pH
and salt concentration had a significant effect on the level
of autolysis in L. lactis. In a similar work, Martinez-
Cuesta et al. [22] assessed the effect of different lysis
solutions (10 m mM sodium phosphate, pH 6.0 and 6.5;
0.1 M sodium phosphate pH 6.0 and 6.5; 0.1 M citrate-
sodium phosphate pH 5.5 and 6.0) in the level of autoly-
sis of L. lactis, finding maximal response at pH 6.5. Pi-
raino et al. [23] evaluated the autolysis of L. lactis strains
using three different lysis solutions (88.5 mM Na-lactate,
0.7 M NaCl, pH 5.1; 0.2 M NaCl, pH 5.5; 50 mM
Na-phosphate, pH 7) and found the highest values of
autolysis at pH 7. According to our results, the maximum
autolysis of L. lactis can be achieved in both acidic and
neutral pH, depending of the salt concentration in the
media. In this sense, Kang et al. [6] observed that the rate
of autolysis of LAB was influenced by the concentration
and type of salt used (NaCl, KCI, K,PO,4, Na,PO,) in
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autolysis assays. These authors reported that autolysis of
Lb. bulgaricus was favored at low concentration of NaCl
(and pH 5.5); nevertheless an increase of salt concentra-
tion negatively affected the autolysis. The effect of pH
and salt on the rate of L. lactis autolysis remains unclear
but may be related with changes in the cell wall (expan-
sion and contraction) as a response to environmental
conditions like pH and ionic strength, as well as changes
in the expression, activity and attachment to the cell wall
of autolysins (AcmA).

The proteolytic activities of Lactococcus lactis strains
were strongly strain dependent. This observation has
been previously reported by other authors like Boutrou et
al. [20]. The proteinases of diverse strains of L. lactis
have shown a high degree of genetic, biochemical and
immunological differences. Furthermore, the amount of
proteinase produced per cell or culture may vary depend-
ing of the strain [24]. This may explain the large varia-
tions in proteolytic activity among the 28 strains of L.
lactis.

On the other hand, it is believed that industrial strains
of L. lactis have acquired features linked to the adapta-
tion to milk, such as to degrade casein by a proteinase
[15]. In this sense, the gene (prtP) that encodes the cell
envelope-associated proteinase is required for the effi-
cient growth of L. lactis in milk. The prtP is commonly
encoded by plasmid DNA and this plasmid frequently
encodes determinants for other essential industrial traits
such as lactose fermentation [25]. For this reason it was
expected that the strains isolated from vegetables showed
a limited proteolytic activity. However, one of the most
interesting observations was that the strain with highest
proteolytic activity was a strain isolated from a vegetable
source.

5. Conclusion

The results obtained confirmed that autolysis of L. lactis
is strain dependent. The pH and salt content significantly
modified the rate of autolysis. The maximal responses of
autolysis in most of the strains were obtained in vitro at
pH 5% - 1% NaCl and pH 7% - 5% NaCl. The strains
isolated from raw-milk cheeses and vegetable showed a
low and medium autolytic activity. In reference to the
proteolytic activity the strain with the highest proteolytic
activity was a strain isolated from corn leaves. However,
further research is required to understand the highly pro-
teolytic activity of this strain isolated from vegetables.
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