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Abstract

Five strains ofListeria monocytogenes, four strains ofListeria innocuaand a strain ofListeria seeligerishowed
different sensitivities to lactocin 705 (17 000 AU ml−1), enterocin CRL35 (8500 AU ml−1) and nisin (2500 IU
ml−1) at different pHs (5, 6 and 7). The susceptibility ofListeria strains to bacteriocins at each pH was strain
dependent, and it was enhanced at the low pH.L. monocytogeneshad enhanced nisin tolerance while the non-nisin
bacteriocins were more inhibitory with viability losses of 3–3.4 in contrast with 1.5–1.8 log cycles, respectively.
Lower viability loss values were obtained withL. innocuastrains with all three bacteriocins whileL. seeligeriwas
more sensitive to nisin than to lactocin 705 or enterocin CRL35.

Introduction

Bacteriocins from lactic acid bacteria inhibit the
growth of microorganisms involved in both patho-
genicity and food spoilage (Jacket al. 1995, Stiles
1996, Moll et al. 1999). This effect makes these
bacteria potentially useful in food manufacturing as
sources of biopreservatives. The best known bacteri-
ocin is nisin which is commercially available and, at
present, the only one with GRAS (generally regarded
as safe) status (Delves-Broughton 1990). The anti-
listerial activity of nisin has been reported and there
are a number of studies on the sensitivity ofListeria
monocytogenesand otherListeria spp. to nisin (Har-
ris et al. 1991, Ukuku & Shelef 1997). Many other
bacteriocins also demonstrating anti-listeria properties
have been reported (Muriana 1996), and others have
been investigated for the inhibition of this pathogen in
foods, either through bacteriocin producing cultures
or by the addition of pure or semi-pure bacteriocins
(Winkowskiet al.1993, Vignoloet al.1996, Faríaset
al. 1999).

The narrow spectrum of activity of lactic acid
bacteria bacteriocins, their failure to act against Gram-

negative bacteria and yeasts, and the emergence of
naturally-resistant isolates as well as adaptional toler-
ance constitute the main limitations in their use. The
need for an increased database on the activity of bacte-
riocins, particularly those other than nisin constituted
the aim of this study. The sensitivity of tenListeria
strains to nisin, lactocin 705 and enterocin CRL35
in liquid media and the effect of broth pH (5, 6 and
7) as well as the effect of initial cell numbers on the
anti-listerial activity have been examined

Materials and methods

Bacterial strains and culture conditions

Listeria monocytogenesFBUNT (Facultad de Bio-
química, Química y Farmacia, UNT, Argentina),
ScottA, WR129, SR215 and 4ab,L. seeligeriWS2253
(Institute of Hygiene and Toxicology, IHT, Karl-
sruhe, Germany) andL. innocua 7, 11, 12 and
L1PE (Unité de Recherches Laitiéres et Génétique
Appliqueé, INRA, France) were used. Before use
they were grown twice in TSBYE (Tryptic Soy Broth,
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Table 1. Growth inhibition ofListeria monocytogenesstrains by nisin, lactocin 705 and enterocin CRL35 at 30◦C
and different pH.

Strains Inoculum Viability loss (logN0/N )a

Nisin Lactocin 705 Enterocin CRL35

pH 5 pH 6 pH 7 pH 5 pH 6 pH 7 pH 5 pH 6 pH 7

FBUNTb Low 3.0 2.5 2.5 3.4 3.2 3.2 3.0 2.5 2.5

High 1.5 1.0 1.0 1.0 0.6 0.6 0.7 0.5 0.5

Scott Ac Low 1.5 0.8 0.5 2.0 1.8 1.8 1.5 1.2 1.2

High 0.6 0.3 0.3 0.7 0.7 0.6 0.6 0.6 0.6

WR129c Low 1.8 1.5 1.5 2.5 2.3 2.3 2.2 2.0 2.0

High 1.0 1.0 0.8 1.0 1.0 0.8 0.9 0.7 0.7

SR215c Low 2.5 1.5 1.5 2.8 2.5 2.4 2.5 2.4 2.4

High 1.2 1.0 1.0 1.4 1.1 1.1 1.2 1.0 0.8

4abc Low 2.0 1.8 1.8 3.0 2.8 2.7 2.4 2.2 2.2

High 1.0 0.8 0.8 1.5 1.5 1.2 1.0 0.8 0.8

aViability loss: logN0/N . Low inoculum: 103–104 c.f.u. ml−1; high inoculum: 106–107 c.f.u. ml−1.
bStrain from Facultad de Bioquı́mica, Qúımica y Farmacia, Universidad Nacional de Tucumán.
cStrains from IHT, Karlsruhe, Germany. Nisin: 2500 IU ml−1; lactocin 705: 17 000 AU ml−1; enterocin CRL35:
8500 AU ml−1.

supplemented with 0.6% yeast extract, pH 6.7) at
30 ◦C.

Bacteriocins preparations

Lactocin 705 was prepared according to the proce-
dure described by Palacioset al. (1999). Briefly,
an overnight culture in MRS broth (De Manet al.
1960) ofLactobacillus caseiCRL705, was heated to
inactivate proteases and kill cells and the adsortion-
desortion, pH-dependent method developed by Yang
et al. (1992) was applied. The active extract was
further subjected to reverse phase-HPLC and SDS-
PAGE. Enterocin CRL35, produced byEnterococcus
faeciumCRL35, was obtained from an overnight cul-
ture supernatant precipitated with (NH4)2SO4 at 60%
(w/v) at 4 ◦C. After separation by a Biogel-P6 col-
umn, the bacteriocin preparation was then applied to
a CM-Sephadex cation exchange column. The pooled
concentrated fractions were then loaded on a C18
reverse-phase column (Faríaset al. 1996). Nisin (Nis-
aplin, 1× 106 IU g−1) was kindly provided by Aplin
& Barret Ltd. (Trowbridge, UK). Stock solutions
(105 IU ml−1) were prepared by solubilizing appro-
priate amounts of powder in 0.02 M HCl. The pH
was adjusted to 2 with 1 M NaOH, the solution was
then filter-sterilized (pore size 0.22µm) and stored at
20 ◦C. The activity of the purified stock solutions of
lactocin 705 and enterocin CRL35, expressed as arbi-
trary units per ml (AU ml−1), was determined using

serial twofold dilutions of the extracts and the well
diffusion assay. The indicator lawn was prepared by
adding 70µl of an overnight culture ofLactobacillus
plantarumCRL691.

Bacteriocin sensitivity measurement

Listeria strains at 103 c.f.u. ml−1 and 107 c.f.u. ml−1

were inoculated in tubes containing 5 ml TSBYE (trip-
tic soy agar+ yeast extract 0.6%) previously adjusted
to pH 5, 6 and 7 by the addition of 0.02 M HCl. Nisin
(2000 IU ml−1), lactocin 705 (17 000 AU ml−1) and
enterocin CRL35 (8500 AU ml−1) were added to the
tubes before being inoculated. Finally,Listeria strains
were incubated for 24 h at 20◦C. At intervals samples
were taken for viable counts in TSAYE and incubated
at 30◦C for 48 h. All results presented in this paper
are the mean of two independent replicate assays. The
variations were less than 10%.

Results and discussion

Ten strains ofListeria were tested for sensitivity
against lactocin 705, enterocin CRL35 and nisin. The
viability loss of the different strains ofListeria mono-
cytogenesto bacteriocins comparing treatment of high
(106–107 c.f.u. ml−1) and low inocula (103–104 c.f.u.
ml−1) at pH 5, 6 and 7 are shown in Table 1. In pre-
liminary experiments (data not shown) the growth of
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Table 2. Growth inhibition ofListeria innocuaby nisin, lactocin 705 and enterocin CRL35 at 30◦C and different
pH.

Strains Inoculum Viability loss (logN0/N )a

Nisin Lactocin 705 Enterocin CRL35

pH 5 pH 6 pH 7 pH 5 pH 6 pH 7 pH 5 pH 6 pH 7

7b Low 2.0 2.0 1.9 2.3 2.1 2.1 2.1 2.0 2.0

High 1.2 1.0 1.0 1.0 0.8 0.8 1.2 1.0 1.0

11b Low 2.5 2.4 2.4 2.5 2.4 2.4 2.3 2.2 2.2

High 1.3 1.1 1.1 1.5 1.5 1.5 1.5 1.5 1.5

12b Low 2.4 2.2 2.2 2.5 2.3 2.4 2.2 2.0 2.0

High 1.1 1.0 1.0 1.4 1.2 1.2 1.5 1.5 1.4

L1PEb Low 2.0 2.0 2.0 2.5 2.2 2.0 2.4 2.2 2.0

High 1.2 1.0 1.0 1.8 1.5 1.5 1.7 1.5 1.3

aSee footnote a Table 1.
bStrains from Unit́e de Recherches Laitiéres et Ǵenetique Appliquée, INRA, France.

Table 3. Growth inhibition ofListeria seeligeriby nisin, lactocin 705 and enterocin CRL35 at 30◦C and different
pH.

Strains Inoculum Viability loss (logN0/N )a

Nisin Lactocin 705 Enterocin CRL35

pH 5 pH 6 pH 7 pH 5 pH 6 pH 7 pH 5 pH 6 pH 7

WS2253b Low 2.7 2.5 2.4 2.5 2.0 2.0 2.2 1.8 1.8

High 1.6 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.0

aSee footnote a in Table 1.
bStrain from IHT, Karlsruhe, Germany.

Listeria in bacteriocin-free TSYBE was found to be
slightly slower at pH 5 than at pH 7 and a re-growth of
survivors after 2 h in the presence of bacteriocins was
observed even when comparable viable cell counts af-
ter 24 h were obtained. When the effect of 2500 IU
nisin ml−1 on L. monocytogenesstrains was com-
pared, strain Scott A and WR129 proved to be the
most resistant, the viability loss being 1.5 and 1.8 log
cycles for low inocula, respectively. The inhibitory ac-
tion of nisin was dependent on the pH, producing a
higher decrease in viable cells at pH 5 than at pH 6
and 7 both for low and high inocula. This enhanced
nisin tolerance ofL. monocytogenesstrains, as well
as the strongest bactericidal effect when pH decreases,
is well documented (Muriana 1996, Schillingeret al.
1998). When the non-nisin bacteriocins were added
to L. monocytogenesculture, higher viability losses
were obtained as well as lower pH differences when
compared to nisin. Lactocin 705 (17 000 AU ml−1)
was more effective in inhibitingL. monocytogenes
strains than enterocin CRL35 (8500 AU ml−1), strains
FBUNT and 4ab being the most sensitive exhibiting a
viability loss of 3.4 and 3.0 log cycles, respectively,

with a low inocula after 2 h and pH 5. Enterocin
CRL35 was more effective in the inhibition of strains
FBUNT and SR215 with viability losses of 3 and
2.5 log cycles, respectively. Nevertheless, when high
inocula were used, lower viability loss values were
observed independently of the bacteriocin and pH val-
ues. Observations of these effects on high inocula
of L. monocytogenesenabled comparison of sensi-
tivity of the individual strains to bacteriocins, these
effects being clearly strain dependent and, despite
some variations, strain FBUNT appeared to be the
most sensitive to the action of the studied bacteriocins,
from which lactocin 705 demonstrated to be the most
effective. These results agree with those of Ukuku
& Shelef (1997) who reported a strain dependence
when the sensitivity ofL. monocytogenesto nisin was
studied. Bankerroum & Sandine (1988) also reported
strain differences when the well assay was used and
inhibition-zone diameters measured noting that strain
Scott A was particularly resistant.

The effects of different strains ofListeria innocua
and Listeria seeligerisubjected to the action of the
three bacteriocins at pH 5, 6 and 7 are summarized
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in Tables 2 and 3. Lower viability loss values as well
as less differences between pH values were obtained
both at low and high inocula when comparing toL.
monocytogenesstrains.L. innocua11 and 12 showed
to be the most sensitive to the effect of all three bacte-
riocins at low inocula whileL. innocuaL1PE showed
higher inhibitory effectiveness with lactocin 705 and
enterocin CRL35 reaching viability loss values of 2.5
and 2.4 log cycles (low inocula) and 1.8 and 1.7 log
cycles (high inocula) at pH 5, respectively. Moreover
no re-growth was produced after the initial decrease in
the viable counts whenL. innocua11 and 12 at 103

cells ml−1 was treated with nisin (data not shown). On
the other hand,L. seeligerishowed a higher viability
loss with nisin than with lactocin 705 and enterocin
CRL35 (Table 3).

The natural variation in the susceptibilities of
Gram-positive bacteria towards bacteriocins is consid-
erable. The inhibitory action of these antimicrobial
peptides can vary between different genera, species of
genera, identical species, and even identical cultures
under different environmental conditions (Benniket
al. 1997). Both cell wall constitution and membrane
lipid composition have been demonstrated to be in-
volved in bacteriocin action as well as bacteriocin
resistance. To explain differences in bacteriocin sen-
sitivities among bacteria, the role of membrane flu-
idity has also been postulated (Davieset al. 1996,
Masnier-Patin & Richard 1996, Ming & Daeschel
1993). Finally, Benniket al. (1997) also reported evi-
dence that the association of bacteriocins with the cell
membrane and their subsequent insertion take place
in a similar way for the cells that have a high or a
low natural tolerance towards bacteriocins. The fac-
tors that account for the naturally occurring variability
in bacteriocin susceptibility have yet to be clarified.
The effects of bacteriocins were clearly strain depen-
dent and the lower pH enhanced the bactericidal effect
mainly of nisin. In view to bacteriocin applications in
food studies of individual strain sensitivity to different
bacteriocins must be considered.

Acknowledgements

This study was supported by funds from PICT98 No.
09-04632 (ANPCyT), Argentina. The authors would
like to thank A.Y. Borchia for her excellent technical
assistance and Aplin & Barret Ltd. for the gift of a
nisin sample.

References

Bankerroum N, Sandine WE (1988) Inhibitory action of nisin
againstListeria monocytogenes. J. Dairy Sci. 71: 3237–3245.

Bennik MH, Verheul A, Abee T, Naaktgeboren-Stoffels G, Gorris
LG, Smid EJ (1997) Interactions of nisin and pediocin PA-1 with
closely related lactic acid bacteria that manifest over 100-fold
differences in bacteriocin sensitivity.Appl. Environ. Microbiol.
63: 3628–3636.

Davies EA, Falahee MB, Adams MR (1996) Involvement of the cell
envelope ofListeria monocytogenesin the acquisition of nisin
resistance.J. Appl. Bacteriol. 81: 139–146.

Delves-Broughton J (1990) Nisin and it uses as a food preservative.
Food Technol. 44: 100–108.

De Man JCA, Rogosa M, Sharpe E (1960) A medium for the
cultivation of lactobacilli.J. Appl. Bacteriol. 23: 130–135.

Farías ME, Farías RN, R Holgado A, Sesma F (1996) Purifica-
tion andN -terminal amino acid sequence of enterocin CRL35,
a ‘pediocin-like’ bacteriocin produced byEnterococcus faecium
CRL35.Lett. Appl. Microbiol. 22: 417–419.

Farías ME, Nuñez M, Sesma F, Palacios J, R Holgado A, Oliver G
(1999) Inhibition ofListeria monocytogenesby the bacteriocin
enterocin CRL35 during goat cheese making.Milchwissenschaft
54: 30–32.

Harris L, Fleming HP, Klaenhammer TR (1991) Sensitivity and re-
sistance ofListeria monocytogenesATCC 19115, Scott A and
UAL500 to nisin.J. Food Prot. 54: 836–840.

Jack RW, Tagg JR, Ray B (1995) Bacteriocins of Gram-positive
bacteria.Microbiol. Rev. 59: 171–200.

Masnier-Patin S, Richard J (1996) Cell wall changes in nisin-
resistant variants ofListeria innocuagrown in the presence of
high nisin concentrations.FEMS Microbiol. Lett. 140: 29–35.

Ming X, Daeschel MA (1993) Nisin resistance of foodborne bac-
teria and the specific resistance responses ofListeria monocyto-
genesScott A.J. Food Prot. 56: 944–948.

Moll GN, Konings WN, Driessen AJM (1999) Bacteriocins: mech-
anism of membrane insertion and pore formation.Antonie van
Leeuwenhoek76: 185–198.

Muriana P (1996) Bacteriocins for control ofListeria spp. in food.
J. Food Prot. Suppl. 54–63.

Palacios J, Vignolo G, Farías ME, R Holgado A, Sesma F (1999)
Purification and amino acid sequence of lactocin 705, a new
bacteriocin produced byLactobacillus caseiCRL705.Microbiol.
Res. 154: 199–204.

Schillinger U, Chung S, Keppler K, Holzapfel WH (1998) Use
of bacteriocinogenic lactic acid bacteria to inhibit spontaneous
nisin-resistant mutants ofListeria monocytogenesScott A. J.
Appl. Microbiol. 85: 657–663.

Stiles ME (1996) Biopreservation by lactic acid bacteria.Antonie
van Leeuwenhoek70: 331–345.

Ukuku DO, Shelef LA (1997) Sensitivity of six strains ofListeria
monocytogenesto nisin.J. Food Prot. 60: 867–869.

Vignolo G, Fadda S, Kairuz MN, R Holgado A, Oliver G (1996)
Control of Listeria monocytogenesin ground beef by ‘Lactocin
705’, a bacteriocin produced byLactobacillus caseiCRL705.
Int. J. Food Microbiol. 29: 397–401.

Winkowski K, Crandall AD, Montville TJ (1993) Inhibition ofLis-
teria monocytogenesby Lactobacillus bavaricusMN in beef
systems at refrigeration temperatures.Appl. Environ. Microbiol.
59: 2552–2557.

Yang R, Johnson MC, Ray B (1992) Novel method to extract large
amount of bacteriocin from lactic acid bacteria.Appl. Environ.
Microbiol. 58: 3355–3359.


