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ABSTRACT

A new virulent bacteriophage (MLC-A) was recently
isolated in Argentina from a probiotic dairy product
containing a strain of Lactobacillus paracasei. Observa-
tion of the lysate with an electron microscope revealed
bacteriophage particles with an icosahedral capsid of
57 ± 2 nm; with a collar and a noncontractile tail of 156
± 3 nm terminating with a baseplate to which a tail
fiber was attached. Therefore, phage MLC-A belongs to
the Siphoviridae family. This phage was able to survive
the pasteurization process and was resistant to alcohols
and sodium hypochlorite (400 mg/kg). Only peracetic
acid could inactivate high-titer suspensions of phages
in a short time. The maximum rates of phage adsorption
to its host cells were obtained at 30°C with a pH be-
tween 5 and 7, and in the presence of calcium or magne-
sium ions. The host range of phage MLC-A encom-
passed L. paracasei and Lactobacillus casei strains, but
it was not able to infect Lactobacillus rhamnosus or
Lactobacillus gasseri strains. One-step growth kinetics
of its lytic development revealed latent and burst peri-
ods of 30 and 135 min, respectively, with a burst size
of about 69 ± 4 plaque-forming units per infected cell.
Phage MLC-A had a distinctive restriction profile when
compared with the 2 well-studied Lactobacillus phages,
PL-1 and J-1. The genome size of the MLC-A phage
was estimated to be approximately 37 kb. This study
presents the description of the first phage specific for L.
paracasei isolated in Argentina. The isolation of phage
MLC-A indicates that, beside lactic acid bacteria start-
ers, probiotic cultures can also be sensitive to virulent
phages in industrial processes.
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INTRODUCTION
Globally, the dairy industry processes large volumes

of milk each day under strict food safety guidelines, but
it is still a nonsterile environment from a microbiologi-
cal standpoint. Therefore, lactic acid bacteria starters
are normally exposed to phages that are naturally pres-
ent in milk (Moineau, 1999). Consequently, the fermen-
tation process may be slowed or completely stopped,
thereby reducing the quality of the final products (Fors-
man et al., 1993). Some species of Lactobacillus are used
worldwide as industrial starters for the manufacture of
fermented milk and cheese. Specific strains of Lactoba-
cillus casei with probiotic characteristics are also used
in functional foods and health products (Tynnkynen et
al., 1999; Lee et al., 1999).

In comparison with phages of lactococci, the available
knowledge about lactobacilli phages is limited and only
a few of them have been studied in details (Séchaud et
al., 1988; Moineau and Lévesque, 2005). Among them
are some lytic Lactobacillus casei and Lactobacillus
paracasei phages isolated from Yakult, a lactic acid
beverage fermented with L. casei (phages PL-1 and J-
1; Watanabe et al., 1970; Yokokura, 1971) and cheeses
(phage LC-Nu; Forsman et al., 1993), as well as the
temperate phages FSW (Shimizu-Kadota and Tsuch-
ida, 1984), A2 (Herrero et al., 1994), and AT3 (Lo et
al., 2005). As Alvarez et al. (1999) stated, the expanding
use of valuable Lactobacillus strains as starters and
probiotics will eventually lead to an increase in the
frequency of bacteriophage infections in dairy plants.

This work reports on the first phage (MLC-A) isolated
in Argentina from a probiotic dairy product containing
a commercial strain of L. paracasei. The aim of our
study was to characterize this lytic bacteriophage in
order to 1) implement thoroughly rational phage control
strategies in industrial plants, and 2) compare it with
the reference Lactobacillus phages PL-1 and J-1.

MATERIALS AND METHODS
Isolation of Phage MLC-A: Strains, Phages,
and Culture Conditions

Phage MLC-A was isolated from an abnormal manu-
facture of an Argentinean probiotic dairy product fol-
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Table 1. Host range of phage MLC-A

Organism Strain Source1 Sensitivity2

Lactobacillus paracasei ATCC 27092 ATCC +
Yk Commercial strain +
Hn Commercial strain +
Dn Commercial strain +
A Commercial strain +
A13 Commercial strain +
A14 Commercial strain +
Bio Commercial strain –
L26 Commercial strain –
SA Commercial strain –
PR Commercial strain –
CNRZ 1224 CNRZ –
CNRZ 1308 CNRZ –
CNRZ 318 CNRZ –
CNRZ 1976 CNRZ –
JP1 INLAIN collection –

Lactobacillus gasseri F37 INLAIN collection –
F37″ INLAIN collection –

Lactobacillus casei ATCC 27139 ATCC +
ATCC 393 ATCC +
CNRZ 1874 CNRZ –
8 INLAIN collection –
M INLAIN collection –
SA Commercial strain –

Lactobacillus rhamnosus GG Commercial strain –
A15 Commercial strain –
A16 Commercial strain –
F22 INLAIN collection –
F30 INLAIN collection –
F49 INLAIN collection –
F53 INLAIN collection –
F56 INLAIN collection –
F70 INLAIN collection –
F74 INLAIN collection –
F85 INLAIN collection –
F95 INLAIN collection –

1Source: ATCC, Manassas, VA; CNRZ collection, Jouy en Josas, Domaine de Vilvert, France; INLAIN
collection, Santa Fe, Argentina.

2+ = sensitive; – = insensitive.

lowing the methodology described by Svensson and
Christiansson (1991). This phage was deposited at the
Félix d’Hérelle Reference Center for Bacterial Viruses
(www.phage.ulaval.ca). The host commercial strain L.
paracasei A was used for plaque counts and propagation
of the phage. To test the host range of phage MLC-A,
16 strains of L. paracasei (5 collection strains, a strain
isolated from infant feces, and 10 commercial strains), 6
strains of L. casei (5 collection strains and 1 commercial
strain), 12 strains of Lactobacillus rhamnosus (3 com-
mercial strains and 9 strains isolated from infant feces),
and 2 strains of Lactobacillus gasseri (isolated from
infant feces) were used. All Lactobacillus strains be-
longed to the Instituto de Lactologı́a Industrial (IN-
LAIN) collection (Santa Fe, Argentina). Phages PL-1
and J-1, obtained from the ATCC (American Type Cul-
ture Collection, Manassas, VA) and previously studied
in our laboratory (Capra et al., 2004, 2006), were com-
pared with the new phage MLC-A. Strains were main-
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tained as frozen stocks at −80°C in de Man, Rogosa,
and Sharpe (MRS) broth (Britania S.A., Buenos Aires,
Argentina) supplemented with 15% (vol/vol) glycerol,
and routinely cultured overnight at 37°C in MRS broth.
Phage stocks were prepared as described by Neviani et
al. (1992) in MRS broth, supplemented with 10 mM
CaCl2 (MRS-Ca), and stored at 4°C (MRS broth), and
at −80°C [MRS broth with 15% (vol/vol) glycerol]. Phage
enumerations (pfu/mL) were performed by the double-
layer plate titration method (Svensson and Christian-
sson 1991), using MRS agar with 10 mM CaCl2 and 100
mM glycine (Lillehaug, 1997). Plates were incubated at
34°C under microaerophilic conditions.

Electron Microscopy

Phage MLC-A was sedimented in a Beckman J2-21
ultracentrifuge (Beckman, Palo Alto, CA) using a JA-
18.1 swinging bucket rotor (60 min at 25,000 × g), and
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Figure 1. Electron micrograph of Lactobacillus paracasei phage
MLC-A. Bar represents 25 nm.

washed twice in 0.1 M neutral ammonium acetate (60
min at 25,000 g). Phages were deposited on carbon-
coated copper grids, colored with 2% (wt/vol) potassium
phosphotungstate (pH 7.2), or 2% (wt/vol) uranyl ace-
tate (pH 4.5), and examined with a Philips EM 300
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Figure 2. One-step growth curve of phage MLC-A on Lactobacillus
paracasei A. Values are the mean of 3 determinations.

electron microscope (Philips, Eindhoven, The Nether-
lands) operated at 60 kV. Magnification was monitored
using T4 phage tails (113 nm in length).

Host Range of Phage MLC-A

Strain cross sensitivity was investigated using the
spot and turbidity tests, as described by Svensson and
Christiansson (1991). These assays were performed for
the strains listed in Table 1.

One-Step Growth Curve

A midexponential phase culture of L. paracasei A
(optical density at 560nm = 0.5) was harvested and
suspended in one-fifth of the initial volume of fresh
MRS-Ca broth. Phages were added at a multiplicity of
infection of 0.5, and allowed to adsorb for 30 min at
37°C. Cells were harvested by centrifugation (10,000 ×
g, 5 min), and resuspended in MRS-Ca broth. Decimal
dilutions were made, incubated at 37°C, and at inter-
vals, aliquots from each dilution were collected for bac-
teriophage counts (Chow et al., 1988). Latent period,
burst time, and burst size were calculated from the one-
step growth curve.

Influence of Divalent Cations on the Lytic Cycle

The influence of divalent cations on cell lysis was
investigated by incubation (37°C) of infected L. paraca-
sei A cultures in MRS broth with and without CaCl2
or MgCl2 (10 mM). Plaque formation was investigated
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Figure 3. Inactivation kinetics of phage MLC-A at 63°C (—) and
72°C (- - -) in de Man, Rogosa, and Sharpe broth (◆), Tris magnesium
gelatin buffer (▲), and reconstituted skim milk (�). Values are the
mean of the 3 determinations.

using the double-layer plate technique in MRS agar,
with and without CaCl2 or MgCl2.

Phage Stability

Resistance to physical and chemical agents was de-
termined according to the methods described previously
(Capra et al., 2004). Thermal tolerance was assayed at
63, 72, and 90°C, in 3 media: Tris magnesium gelatin
buffer [10 mM Tris-Cl, 10 mM MgSO4, and 0.1% (wt/
vol) gelatin], MRS broth, and reconstituted skim milk.
Resistance to biocides was determined using commer-
cial sodium hypochlorite (200 to 600 mg/kg residual-
free chlorine), ethanol (10, 50, 75 and 100% vol/vol;
Cicarelli, Buenos Aires, Argentina), isopropanol (10, 50
and 100% vol/vol; Cicarelli), and peracetic acid (0.15%
vol/vol; Proxitane 1512, Quı́mica General, Santa Fe,
Argentina). Results were expressed as the concentra-
tion (pfu/mL) of active viral particles and its log10 plot-
ted against time. Time (min) to achieve the 99% inacti-
vation (T99) of phages was calculated graphically from
the inactivation curves as described by Quiberoni et
al. (2003).

Phage stability was also examined in MRS broth at
pH values ranging from 2 to 10, after incubation for 30
min at 25°C and 37°C (Capra et al., 2006). The surviving
phages were immediately counted and the results were
expressed as a percentage of the initial viral counts.

Phage titers were also measured after storage at 4,
−20, and −80°C. Glycerol (15% vol/vol, final concentra-
tion) was added to MRS broth containing phage suspen-
sions, and stored at −20°C and −80°C. At predetermined
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intervals, aliquots were taken, and phages titers were
measured by the double-layer plate method. Results
were expressed as percentages of the initial viral
counts.

Phage Adsorption Studies

The effect of calcium ions on phage adsorption was
investigated by determination of adsorption kinetics as
described by Séchaud et al. (1989), modified as follows:
exponentially growing (optical density at 560 nm = 0.5)
L. paracasei cultures in MRS broth were centrifuged
and the cells resuspended (3 × 108 to 5 × 108 cfu/mL)
in MRS and MRS-Ca broths. Phages were added at a
multiplicity of infection of 0.01, and the mixtures were
incubated at 37°C. At predetermined intervals, aliquots
were removed and centrifuged (10,000 × g, 5 min) to
sediment the phage-adsorbed cells. Then, the titers of
unadsorbed free phages in the supernatant were deter-
mined as indicated above, and the results were ex-
pressed as percentages of the initial phage counts.

The influence of temperature on the adsorption rates
of phage MLC-A on cells of L. paracasei A was evaluated
as described above, but incubating the infected cultures
at 0, 10, 20, 30, 37, 45, and 50°C for 30 min in MRS-
Ca broth. The counts of unadsorbed phages (double-
layer plate titration) were compared with the titer of a
control without cells. The results were expressed as
percentage of adsorption.

The adsorption of phage MLC-A on L. paracasei A
was determined at pH values of 4, 5, 6, 7, 8, 9 and 10,
as previously described by Capra et al. (2006). This pH
range was chosen taking into account the results of pH
stability assays (37°C). The results were expressed as
percentage of adsorption and plotted against pH values.

Finally, the adsorption kinetics on thermally treated
cells was also determined. Nonviable cells were ob-
tained by placing a cell suspension in boiling water for
2 min (Quiberoni and Reinheimer, 1998). Viability loss
was checked by plate counts on MRS agar.

Restriction Analysis of Phage Double-Stranded DNA

Phage DNA was obtained as reported elsewhere
(Moineau et al., 1994). Purified DNA was digested with
EcoRI and HindIII under the conditions recommended
by the manufacturer (Roche Diagnostics, Laval, Que-
bec, Canada). After restriction, the DNA samples were
heated for 10 min at 75°C to avoid possible cohesive-
end ligation. Restricted DNA was electrophoresed on
0.8% (wt/vol) agarose gels in 1 × Tris-acetate EDTA
(0.04 M Tris-acetate, 0.001 M EDTA), and visualized by
UV photography after staining with ethidium bromide.
The size of the MLC-A phage genome was estimated
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Figure 4. Inactivation kinetics of phage MLC-A in presence of a) 10% (◆), 50% (�), 75% (▲), and 100% (�) ethanol, and b) 10% (◆),
50% (�), and 100% (�) isopropanol. Values are the mean of 3 determinations.

by adding the HindIII-digested DNA fragments. The
DNA of phages PL-1 and J-1 were also obtained, puri-
fied, quantified, and digested with EcoRI and HindIII.
The restriction patterns obtained were compared with
that of the phage MLC-A.

Statistical Analysis

Experiments were replicated 3 times. All data were
analyzed using the 1-way ANOVA procedure of SPSS
(SPSS Inc., Chicago, IL). Differences among means
were detected by Duncan’s multiple range test (Liza-
soain and Joaristi, 1995).

RESULTS

Electron Microscopy

The virulent phage MLC-A has an icosahedral capsid
of 57 ± 2 nm in diameter, with a collar of 12 × 2 nm,
and a long noncontractile tail 156 ± 3 nm long and 7
to 8 nm wide. The tail has a baseplate of 15 × 3 nm to
which a tail fiber of 20 × 2 nm is attached (Figure 1). The
phage was classified as a member of the Siphoviridae
family and it is probably a member of the y5 species
of Lactobacillus phages (Accolas and Spillmann, 1979;
Ackermann and DuBow, 1987; Ackermann, 2001).

Host Range

As shown in Table 1, phage MLC-A was able to infect
7 of 16 strains of L. paracasei and 2 of 6 strains of L.
casei. All the tested strains of L. rhamnosus and L.
gasseri were insensitive to this phage.

One-Step Growth Curve

Multiplication parameters of the lytic cycle of phage
MLC-A were determined from the one-step growth
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curve (Figure 2). The latent and burst periods were
30 and 135 min, respectively, and the burst size was
estimated at 69 ± 4 pfu per infected cell.

Influence of Divalent Cations on the Lytic Cycle

Divalent Ca2+ or Mg2+ was necessary for the lysis
of the phage-infected cells in MRS broth and for the
formation of visible phage MLC-A plaques in agar me-
dia. Magnesium ions were as efficient as calcium for
cell lysis in broth. However, plaques with diffuse bor-
ders were obtained and the phage titer fell approxi-
mately 1 log10 order when magnesium was added to the
agar medium instead of calcium (data not shown). In
the latter case, well-defined round (0.8 to 1.2 mm in
diameter) lysis plaques were obtained.

Phage Stability

Phage MLC-A was able to survive thermal treat-
ments commonly used in the dairy industry. Heating
at 63 or 72°C was insufficient for complete inactivation
of high-titer phage suspensions, even after 45 min (Fig-
ure 3). The reconstituted skim milk medium seemed to
provide some protection to phages, because its T99 val-
ues were higher than those calculated for MRS broth
and Tris magnesium gelatin buffer (Table 2). At 90°C,
the phage titers were reduced by 6 log10 in all media
tested after only 2 min.

When phage MLC-A suspensions were treated with
biocides, phage titers were almost unaffected in the
presence of isopropanol and the lowest concentrations
(10 and 50%, vol/vol) of ethanol. The most effective con-
centration of ethanol (75%, vol/vol) was able to reduce
the phage titer by only 3.5 log10 after 45 min (Figure
4, Table 3). Sodium hypochlorite at 600 mg/kg was effec-
tive in producing undetectable counts (<10 pfu/mL)
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Table 2. Time needed to achieve 99% inactivation of phage MLC-A particles at different temperatures and
in various suspension media

Media1

MRS broth RSM TMG buffer

63°C 72°C 90°C 63°C 72°C 90°C 63°C 72°C 90°C

Time (min) 14.2 1.5 <2 >45 2.6 <2 30 1.5 <2

1Media: MRS broth = de Man, Rogosa, and Sharpe broth; RSM = reconstituted skim milk; TMG buffer =
Tris magnesium gelatin.

after 30 min (Figure 5), whereas peracetic acid (0.15%,
vol/vol) was the most effective biocidal agent tested (T99
value <2 min; Table 3).

Phage MLC-A maintained its infectivity when incu-
bated at 25°C in a pH range between 4 and 10 (data
not shown). At 37°C, a slight decrease (approximately
30%) in phage particle counts was observed at pH 6
and higher (Figure 6). At pH 3, for both temperatures,
phages could not be detected (<10 pfu/mL; Figure 6).

During storage, phage particles were kept intact for
the first 3 mo (at 4°C) or 5 mo (at −20°C and −80°C).
After 3 mo under refrigeration, a significant decrease
in the number of infectious phages was noticed. By the
end of the assay (15 mo), only 20% of phage particles
were able to infect their host strain. When the phages
were frozen, phage counts dropped by 20% between the
fifth and the seventh month. After this initial reduction,
the phage titers remained stable for the remaining pe-
riod of the assay (Figure 7).

Phage Adsorption Studies

The presence of calcium in the medium had a signifi-
cant (P < 0.01) influence on phage adsorption kinetics

Figure 5. Inactivation kinetics of phage MLC-A in presence of
200 (◆), 400 (�), and 600 (▲) mg/kg of residual-free chlorine. Values
are the mean of 3 determinations.
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(Figure 8a). Maximum adsorption rates of about 95%
were achieved after 15 min incubation in the presence
of calcium. On the other hand, when the medium was
Ca2+ free, only 37% of the phages were adsorbed after
45 min. Adsorption occurred within all the temperature
ranges studied. Maximum (from 92 to 95%) values of
adsorption rates were achieved between 10 and 37°C.
Values fell to 59 and 78% at 0 and 50°C, respectively
(Figure 8b). Phage adsorption was strongly influenced
by the pH of the medium (Figure 8c). High adsorption
rates were obtained from pH 5 to 7 but decreased at
pH 4 and 8, and were noticeably low at pH 9 and 10
(10.3 and 1.7%, respectively). The adsorption kinetics
were significantly different when determined on viable
and nonviable cells. The adsorption rates were higher
on viable cells (approximately 30%) as compared with
those measured on nonviable cells (Figure 8d).

Analysis of Phage DNA

When EcoRI and HindIII restriction patterns of
MLC-A phage were compared with those obtained for
phages PL-1 and J-1, the former yielded a very distinc-
tive restriction profile (Figure 9) confirming that MLC-
A was different from the 2 Lactobacillus reference
phages. The genome size of phage MLC-A was approxi-
mately 37 kb.

DISCUSSION

Currently, some industrial processes for the manu-
facture of fermented milks with probiotic strains in-
clude a prefermentation step in which the probiotic
culture is grown to attain higher cell counts. This addi-
tional step may increase the frequency of phage attacks
on commercially valuable probiotic bacteria. Phage
MLC-A is the first L. paracasei bacteriophage isolated
in Argentina from a probiotic dairy product. According
to its morphology, this phage was classified as a mem-
ber of the Siphoviridae family. Most of these phages,
including MLC-A, have a base plate and a tail fiber
(Watanabe et al., 1970; Yokokura, 1971; Shimizu-Ka-
dota and Tsuchida, 1984; Forsman et al., 1993; Herrero
et al., 1994; Lo et al., 2005), but to our knowledge, phage
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Table 3. Time needed to achieve 99% inactivation of phage MLC-A particles in presence of various biocides

Biocide

Ethanol Isopropanol Sodium hypochlorite Peracetic acid
(% vol/vol) (% vol/vol) (mg/kg) (% vol/vol)

10 50 75 100 10 50 100 200 400 600 0.15

Time (min) >45 >45 1.8 >45 >45 >45 >45 27.8 9.2 1.9 <2

MLC-A is the only L. paracasei bacteriophage with a
collar (also known as a neck passage structure).

The host range data provided an insight into the
origins of new phages and the relationships among Lac-
tobacillus phages as well as the development of infor-
mation-based strategies to curb phage proliferation
(Forde and Fitzgerald, 1999). Nine of the 36 Lactobacil-
lus strains tested here were sensitive to phage MLC-
A. Phage MLC-A is highly specific for L. casei and L.
paracasei strains, and has the same host range as the
reference phages PL-1 and J-1 (Capra et al., 2006).
These findings suggest that phage MLC-A most likely
uses the same host receptor as PL-1 and J-1, which
involves L-rhamnose as a major component (Yokokura,
1971; Ishibashi et al., 1982). The MLC-A host range
was broader than that observed with the Lactobacillus
phage 393-A2, in which only 2 L. casei ssp. casei strains
were sensitive among the 23 strains tested, belonging
to 3 Lactobacillus species (L. plantarum, L. casei ssp.
casei, L. casei ssp. rhamnosus, or L. brevis; Herrero et
al., 1994).

Multiplication parameters (burst size and latent pe-
riod) of phage MLC-A were found to be lower than those
obtained for phages PL-1 (200 pfu/mL and 100 min,

Figure 6. Effect of pH on phage MLC-A titer after incubation for
30 min in de Man, Rogosa, and Sharpe broth with calcium at 37°C.
Values are the mean of 3 determinations.
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respectively), 393-A2 (200 pfu/mL and 140 min), and
J-1 (160 pfu/mL and 45 min) on their sensitive ATCC
strains (Watanabe et al., 1970; Herrero et al., 1994;
Capra et al., 2006). However, these parameters were
included in the range of values determined for phages
PL-1 and J-1 on other host strains (Capra et al., 2006).
Phage MLC-A burst size was identical to that obtained
for FSW-TI (approximately 70 pfu/mL), a temperate
phage almost indistinguishable from FSV (Nes et al.,
1988).

Although phages PL-1 and J-1 could achieve cell lysis
in broth without Ca2+ or Mg2+ (Capra et al., 2006), phage
MLC-A showed an absolute requirement for these ions
to complete the cell lysis in broth and for the formation
of visible plaques. However, calcium ions were more
efficient than magnesium ions, leading to higher titers
and clearer plaques. The same behavior was observed
for phage J-1, whereas PL-1 produced diffuse lysis
plaques (0.4 to 0.6 mm in diameter) only in the presence
of Ca2+ ions (Capra et al., 2006).

The first step in the interaction between a lytic phage
and its host happens when the phage particle adsorbs

Figure 7. Changes in the titers of phage MLC-A during storage
at 4°C (◆; de Man, Rogosa, and Sharpe broth), −20°C (�), and −80°C
(▲; de Man, Rogosa, and Sharpe broth with glycerol 15% vol/vol).
Values are the mean of 3 determinations.
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Figure 8. Effect of physical and chemical parameters on phage adsorption. a) Adsorption of phage MLC-A on cells of Lactobacillus
paracasei A, in de Man, Rogosa, and Sharpe (MRS) broth with (—) and without (- - -) Ca2+ (10 mM); b) Influence of temperature on the
adsorption (after 30 min) of phage MLC-A on Lactobacillus paracasei A, in MRS-Ca broth; c) Influence of pH on the adsorption of phage
MLC-A on Lactobacillus paracasei A, in MRS-Ca broth; d) Influence of thermal treatment on cells, on the adsorption kinetics of phage MLC-
A on Lactobacillus paracasei A, in MRS-Ca broth on viable (—) and nonviable (- - -) cells. For all the graphs, the values are the mean of
3 determinations.

on the cell surface. In the absence of Ca2+, lower adsorp-
tion rates were achieved for phage MLC-A even after
45 min of incubation, unlike all other L. casei and L.
paracasei phages studied previously (Watanabe and
Takesue, 1972; Capra et al., 2006). Adsorption rates for
phage MLC-A on L. paracasei A were high and almost
constant between 10 and 37°C. However, adsorption
curves obtained with the same strain but other phages
(PL-1 and J-1) indicated stronger dependency on tem-
perature (Capra et al., 2006). Regarding the influence
of pH on adsorption, maximum rates were between pH
5 and pH 7. It is noteworthy that a decrease in phage
counts was shown at pH 8 and above; this could also
affect the adsorption rates observed. In relation to the
influence of the heat-treated sensitive cells on the ad-
sorption of phage MLC-A, there was a clear decrease
in the adsorption rates. Two reasons may explain these
results. First, phage adsorption may be dependent on
the physiological state of the cells, and second, the
phage receptors may be thermosensitive.

The study of the different physicochemical parame-
ters, which can affect the viability of phages, generated
indispensable knowledge for devising effective control
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procedures to alleviate the devastating consequences
of lytic bacteriophage attacks. It was evident that the
usual pasteurization treatments were not adequate to
completely inactivate phage MLC-A in milk. Some in-
teresting differences were found by comparing the T99
values calculated for phage MLC-A with those for the
reference phages PL-1 and J-1 (Capra et al., 2004). The
former was much more resistant to thermal exposure
at 63°C, and especially at 72°C.

It was previously observed that peracetic acid was
the most effective biocide for lactic acid bacteria phages
(Quiberoni et al., 1999, 2003; Binetti and Reinheimer,
2000; Suárez and Reinheimer, 2002; Capra et al., 2004).
In agreement with these previous findings, phage MLC-
A was also readily inactivated by this chemical and in
a short time. Thirty minutes in the presence of 600 mg/
kg of sodium hypochlorite was needed to inactivate this
phage by 6 log10. Interestingly, phages PL-1 and J-1
are more resistant to residual-free chlorine (Capra et
al., 2004). Regarding alcohols, isopropanol and ethanol
failed to inactivate phage MLC-A particles within 45
min, confirming the lack of effectiveness generally ob-
served for these biocides against lactic acid bacteria
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Figure 9. Agarose gel electrophoresis of the EcoRI- (lanes 1–3)
and HindIII- (lanes 4–6) generated DNA fragments of phages. Lanes
1 and 4 = phage PL-1; lanes 2 and 5 = phage J-1; lanes 3 and 6 =
phage MLC-A; lane M = 1 kb DNA ladder (Invitrogen, Carlsbad, CA)
as molecular marker.

phages (Quiberoni et al., 1999, 2003; Binetti and Rein-
heimer, 2000; Suárez and Reinheimer, 2002; Capra et
al., 2004).

The comparison of the DNA restriction patterns of
phage MLC-A with PL-1 and J-1 clearly showed that
phage MLC-A is different, and that phages PL-1 and
J-1 are closely related to each other. In fact, phages
PL-1 and J-1 belong to a same serological group, and
phage PL-1 is probably one of the host-range phage
mutants derived from the parental phage J-1 (Wata-
nabe et al., 1970). The genome size of phage MLC-A
was estimated at 37 kb, which is within the range found
for other L. casei and L. paracasei phages known to
date (Shimizu-Kadota and Tsuchida, 1984; Forsman et
al., 1993; Herrero et al., 1994; Nakashima et al., 1994;
Lo et al., 2005).

The several differences in the phenotypic and geno-
typic features of the phage MLC-A indicate that it is
different from the 2 reference phages, PL-1 and J-1.
Therefore, it represents a new phage specific for L. casei
and L. paracasei strains. Phage MLC-A is also the first
phage of L. paracasei isolated in South America. In
conclusion, this study provides knowledge on a new
phage infecting a probiotic Lactobacillus strain that
will lead to a better understanding of phage-host inter-
actions, and to improved control measures to protect
commercially valuable bacteria from phage attacks.
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Séchaud, L., P. J. Cluzel, M. Rousseau, A. Baumgartner, and J. P.
Accolas. 1988. Bacteriophages of lactobacilli. Biochimie 70:401–
410.

Shimizu-Kadota, M., and N. Tsuchida. 1984. Physical mapping of
the virion and the prophage DNAs of a temperate Lactobacillus
phage FSW. J. Gen. Microbiol. 130:423–430.
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