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INTRODUCTION

Aquaculture is an economically important activity
in many countries. The increase of productivity in
aquaculture has been accompanied by ecological
impacts including the deterioration of environmental
conditions and increased infectious diseases, particu-
larly caused by bacteria, thus often resulting in very
high mortality of cultured fishes and serious eco-

nomic losses (Balcázar et al. 2006, Vendrell et al.
2006). Conventional approaches to control infectious
diseases include use of veterinary medicines. How-
ever, the utility of antibiotics as a preventive measure
has been questioned, given the extensive documen-
tation of the evolution of antimicrobial resistance
among pathogenic bacteria (Balcázar et al. 2008).
Therefore, an alternative method that is gaining
importance within the aquaculture industry is the
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ABSTRACT: Use of lactic acid bacteria (LAB) as probiotics may provide an alternative to the use
of antibiotics in aquaculture. LAB strains isolated from wild fish viscera and skin were evaluated
for bacteriocin production and safety aspects (lack of antibiotic resistance, production of virulence
factors). 16S rRNA gene sequences revealed the presence of Enterococcus faecium (13 isolates)
and Lactococcus lactis (3 isolates) from fish samples. Pulsed-field gel electrophoresis analyses of
the 13 enterococci isolates showed that they were all clustered, with greater than 95% similarity.
However, RAPD analysis revealed significant molecular diversity between enterococci strains. Six
enterococci strains were chosen and evaluated for their antibacterial activities. These strains pro-
duced a bacteriocin-like substance and exhibited a broad spectrum of inhibition against patho-
genic bacteria isolated from diseased fish, including Streptococcus parauberis, Vagococcus spp.,
and Carnobacterium maltaromaticum, and in particular against the Gram-negative bacteria
Flavobacterium frigidarium, Vibrio pectenicida, V. penaeicida, and Photobacterium damselae.
The inhibition activity towards bacterial indicator strains was at a maximum when bacteria were
grown at 37°C. However, bacteriocin production was observed at 15°C after 12 h of incubation.
Only structural genes of enterocins A and B were detected by PCR in the 6 enterococci strains,
suggesting the production of these enterocins. In addition, these strains did not harbor any viru-
lence factors or any significant antibiotic resistance, and they tolerated bile. Our results suggest
that enterococci are an important part of the bacterial flora of fish and that some strains have the
potential to be used as probiotics.
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use of probiotic bacteria (Sahu et al. 2008), which has
been demonstrated to in crease the growth rate and
welfare of farmed aquatic animals (Wang et al. 2008,
Lara-Flores & Olvera-Novoa 2013). Fish are continu-
ously exposed to a wide range of microorganisms
present in the environment (Ringø & Gatesoupe
1998). Indeed, the close relationship of aquatic ani-
mals with their external environment suggests that
uptake of microorganisms and feeding processes will
influence the microbiota of the skin, gills, and gas-
trointestinal tract. However, the microbiota of fish is
often reported to be highly variable and to depend on
several factors, including environmental and temper-
ature conditions.

Within this context, the efficient use of probiotics
depends on understanding the nature of competition
between bacterial species or strains. Bacterial antago-
nism is a common phenomenon in aquatic environ-
ments. Therefore, microbial interactions play a major
role in the equilibrium between competing beneficial
and potentially pathogenic microorganisms (Balcázar
et al. 2006). In fact, characteristics of several species of
lactic acid bacteria (LAB) include their ability to resist
high concentrations of salts (in food), acids, and bile
salts (in the gastrointestinal tract) and their ability to
produce small antimicrobial peptides (bacteriocins).
The peptides vary according to their spectrum, mode
of action, molecular mass, thermostability, and pH
range of activity and are produced ribosomally, unlike
secondary metabolites of proteinaceous nature such
as epsilon-poly-L-lysine. Moreover, all the above-
mentioned characteristics may constitute the basis of
the probiotic effect, and the health benefits to fish, as
is repeatedly described elsewhere (Vázquez et al.
2005, Leroi 2010). In addition, LAB often play a signif-
icant role in food fermentation due to their impact on
flavor changes and as a preservative, and thus they
help to provide food safety by inhibiting pathogen
growth (Kuley et al. 2011).

In general, LAB species that produce bacteriocins
belong to the genera Lactobacillus, Lactococcus,
Streptococcus, Pediococcus, Oenococcus, Enterococ-
cus, Leuconostoc, and Carnobacterium. These bacte-
riocin-producing bacteria are probably amongst the
most promising natural food biopreservatives (Pring-
sulaka et al. 2012). The enterococci represent one of
the major genera of LAB and constitute an essential
part of the gut microbiota of humans and animals.
They are also widely present in various traditional
foods such as sausage and cheese. These bacteria
play a beneficial role in the development of the sen-
sory characteristics of fermented foods and have
been successfully used as starter and adjunct cul-

tures (Liu et al. 2011). Therefore, non-pathogenic
enterococci have a promising commercial potential.
However, some strains have been implicated as
causal agents of antibiotic resistance and human
infections (Zinner et al. 1998). Little information is
available on enterococci from the food safety per-
spective, particularly for ready-to-eat food (Macovei
& Zurek 2006, Valenzuela et al. 2009).

Bacteriocins produced by non-pathogenic entero-
cocci bacteria are generically referred to as ente-
rocins. They represent antimicrobial compounds
 di rected not only against bacterial strains closely
linked to the producer species, but also showing an-
tagonism towards bacteria such as the food patho-
gens Listeria spp., Staphylococcus aureus, Ba cillus
cereus, or Clostridium spp. (El-Ghaish et al. 2011,
Hadji-Sfaxi et al. 2011). Antimicrobial activity of En-
terococcus spp. isolated from fish viscera has been
reported. Migaw et al. (2014) described the antimi-
crobial activity of substances produced by E. durans
strains, which were isolated from fish viscera and in-
hibited the growth of Listeria monocytogenes and
other Gram-positive bacteria.

This paper describes in detail the isolation and
characterization of enterococci strains from Mediter-
ranean fish captured along the Tunisian coastline
and the evaluation of their bacteriocinogenic activi-
ties against fish pathogenic bacteria.

MATERIALS AND METHODS

Sample collection

LAB strains producing bacteriocins were isolated
from the intestinal tract and skin of wild fish caught
in the Mediterranean Sea (coast of Monastir, Tunisia)
in October 2010 and March 2012. Several samplings
were used for microbial investigation of 8 fish spe-
cies: gilthead bream Sparus aurata, common pandora
Pagellus erythrinus, surmullet Mullus surmuletus,
flathead grey mullet Mugil cephalus, salema porgy
Sarpa salpa, black sea bream Spondyliosoma can-
tharus, Atlantic mackerel Scomber scombrus, and
conger Conger conger.

Bacterial isolation and growth conditions

All chemicals were purchased from Sigma, and
culture media were obtained from Difco Laborato-
ries. Bacterial strains were isolated from the intes-
tinal tract and skin of the sampled fish. For each sam-
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pling, 2 healthy fish specimens were used. To sample
the intestinal tract, the skin of the fish was first
washed with 70% ethanol before opening the ventral
surface with a sterile scalpel. A sample (1 g) of intes-
tinal contents was removed and suspended in 10 ml
of de Man, Rogosa, and Sharpe (MRS) broth medium.
The suspension was incubated overnight at room
temperature and was then serially diluted using ster-
ile physiological solution (0.9% NaCl, w/v) up to
10−6. About 200 µl from each dilution was plated on
MRS and M17 agar.

For the skin, 5 g of sample tissue (skin and thin
layer of muscle) was weighed, added to 10 ml of ster-
ile saline buffer supplemented with 1% (v/v) vinegar
and 3% (w/v) glucose, and homogenized in a sterile
mixer. The resulting homogenate was incubated for
48 h at room temperature. Serial dilutions (10−1 to
10−6) were also made, and 200 µl of the appropriate
dilution were plated on MRS and M17 agar. All
plates were incubated at 30 and 37°C for 48 h.
Twenty colonies from each plate were randomly
picked and inoculated in MRS or M17 broth for the
antimicrobial activity test.

Bacteriocinogenic strain selection and 
phenotypic identification

Selected colonies were examined as previously
described (Migaw et al. 2013) and screened for
antimicrobial activity by the agar well diffusion assay
(Tagg et al. 1976) using Lactococcus lactis subsp. cre-
moris ATCC 11603 and Listeria ivanovii BUG 496 as
indicator strains.

The active isolates (n = 45) were examined by
micro scopy to determine cell morphology and tested
for a Gram-staining reaction and catalase activity.
Eighteen Gram-positive, ca ta lase-negative isolates
(Table 1) were purified by the streak plate technique
and maintained at −20°C in appropriate broth sup-
plemented with 20% (v/v) sterile glycerol.

Antimicrobial activity assay and 
inhibitory spectrum

The antimicrobial activity of the cell-free culture
supernatant was assessed by the agar well diffusion
assay. Eighteen isolates were reactivated and
grown (until early stationary phase) in MRS or M17
broth for 16 to 18 h at 30°C. After centrifuging the
overnight cultures at 10 000 × g (10 min at 4°C), the
pH of the cell-free supernatant was adjusted to 6.5

by the addition of 1 N NaOH. Aliquots of super-
natants (100 µl) were placed in wells (8 mm diame-
ter) cut in cooled soft medium agar plates (20 ml)
previously seeded (1%, v/v) with the appropriate
indicator strains. Bacterial strains used as indicator
organisms and the conditions of their incubation
are listed in Table 2. The plates were left for 1 h at
room temperature in sterile conditions before incu-
bating them under optimal conditions for growth of
the target microorganisms for 24 h. The diameters
of the inhibition zones around the well were then
measured.

Antifungal activity was also determined by the
agar well diffusion test. To prepare cell-free culture
supernatants, the 18 strains (~106 CFU ml−1) were
grown in MRS broth without sodium acetate at 30°C.
The supernatant obtained (100 µl) was placed in
wells cut in potato dextrose (PD) agar plates seeded
with different fungal spore suspensions (104 spores
ml−1), at a final concentration of 1% (v/v). The plates
were incubated for 72 h at 25°C. All fungi and yeasts
were cultured in PD agar, except for Saccharomyces
cerevisiae DSH213.83 and Candida pseudotropicalis,
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Strain        Fish species                                   Date       Source

Enterococcus faecium
HT25        Salema porgy                            Oct 2010   Viscera
                 Sarpa salpa

HT27        Salema porgy                             Oct 2010   Viscera

HT29        Gilthead bream                         Oct 2010   Viscera
                 Sparus aurata

HT30        Gilthead bream                          Oct 2010   Viscera

HTM3       Common pandora                     Jan 2011   Viscera
                 Pagellus erythrinus

HT1          Gilthead bream                         Feb 2011   Viscera

HTα          Flathead grey mullet                Feb 2011   Viscera
                 Mugil cephalus

HT31        Salema porgy                            Mar 2011  Viscera

HTA6        Black sea bream                        Feb 2012   Viscera
                 Spondyliosoma cantharus

HTA1        Black sea bream                        Feb 2012     Skin

HTA2        Black sea bream                        Feb 2012     Skin

HTE5        Gilthead bream                         Feb 2012     Skin

HTG3       Gilthead bream                         Feb 2012     Skin

Lactobacillus lactis
HTH1       Surmullet                                   Feb 2012     Skin
                 Mullus surmuletus

HTH4       Surmullet                                   Feb 2012     Skin

HTH5       Surmullet                                   Feb 2012     Skin

HTMg1    Flathead grey mullet                 Feb 2012     Skin

HTMg2    Flathead grey mullet                 Feb 2012     Skin

Table 1. Source of lactic acid bacteria isolates analyzed in 
this study
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Indicator strain Source Media T Antimicrobial activity
(°C) HT1 HTM3 HT25 HT31 HTA6 HTE5

Bacteria
Gram-positive
Listeria ivanovii BUG 496 INRA, Nantes BHI agar/BHI 37 ++ ++ ++ + ++ ++
Listeria innocua CIP 80.11 ONIRIS, Nantes BHI agar/BHI 37 − − − − − −
Listeria monocytogenes ONIRIS, Nantes BHI agar/BHI 37 ++ ++ ++ ++ ++ ++
EGDe 107776

Enterococcus faecalis JH2-2 FMS, Sousse MRS agar/MRS 30 − − + + + +
Lactobacillus brevis F145 INRA, Nantes MRS agar/MRS 30 + + + + + +
Lactobacillus bulgaricus 340 INRA, Nantes MRS agar/MRS 30 ++ ++ ++ + ++ ++
Lactococcus lactis cremoris ATCC BHI agar/BHI 30 ++ ++ ++ + + ++
ATCC 11603

Lactococcus lactisa ONIRIS, Nantes BHI agar/BHI 25 ++ ++ ++ ++ ++ ++
Lactococcus raffinolactisa ONIRIS, Nantes BHI agar/BHI 25 ++ ++ ++ ++ ++ ++
Lactococcus garvieaea ONIRIS, Nantes BHI agar/BHI 25 +++ +++ +++ ++ +++ +++
Streptococcus parauberisa ONIRIS, Nantes BHI+NaCl 1.5% 25 ++ ++ ++ ++ ++ ++
Vagococcus fluvialis ONIRIS, Nantes BHI agar/BHI 22 ++ ++ ++ ++ ++ ++
Vagococcus salmoninaruma ONIRIS, Nantes BHI agar/BHI 22 +++ +++ +++ +++ +++ +++
Vagococcus carniphilusa ONIRIS, Nantes BHI agar/BHI 22 +++ +++ +++ +++ +++ +++
Carnobacterium maltaromaticuma ONIRIS, Nantes BHI agar/BHI 22 ++ ++ ++ ++ ++ ++
Staphylococcus aureus FMS, Sousse BHI agar/BHI 37 − − − − − −
Staphylococcus saprophyticus FMS, Sousse BHI agar/BHI 37 − − − − − −
Bacillus cereus FMS, Sousse BHI agar/BHI 30 − − − − − −

Gram-negative
Aeromonas hydrophilaa ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Aeromonas sobriaa ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Aeromonas salmonicidaa ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Acinetobacter calcoaceticusa ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Pseudomonas sp.a ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Pseudomonas aeruginosa FMS, Sousse TS agar/TS broth 22 − − − − − −
Yersinia ruckeria ONIRIS, Nantes TS agar/TS broth 22 − − − − − −
Edwarsiella tardaa ONIRIS, Nantes BHI agar/BHI 25 − − − − − −
Escherichia coli ATCC 23355 ATCC LB agar/ LB 37 − − − − − −
Vibrio splendidusa ONIRIS, Nantes BHI+NaCl 1.5% 19 − − − − − −
Vibrio anguillaruma ONIRIS, Nantes BHI+NaCl 1.5% 19 − − − − − −
Vibrio parahaemolyticusa ONIRIS, Nantes BHI+NaCl 1.5% 19 − − − − − −
Vibrio pectenicidaa ONIRIS, Nantes Marine agar/broth 19 ++ ++ ++ ++ ++ ++
Vibrio penaeicidaa ONIRIS, Nantes Marine agar/broth 19 + ++ ++ ++ ++ ++
Vibrio fischeri ONIRIS, Nantes BHI+NaCl 1.5% 19 − − − − − −
Tenacibaculum maritimuma ONIRIS, Nantes Marine agar/broth 25 − − − − − −
Photobacterium damselaea ONIRIS, Nantes Marine agar/broth 25 +++ +++ +++ +++ +++ +++
Flavobacterium psychrophiluma ONIRIS, Nantes FLP/FLPB 19 − − − − − −
Flavobacterium frigidariuma ONIRIS, Nantes FLP/FLPB 19 ++ ++ ++ ++ ++ ++
Flavobacterium columnarea ONIRIS, Nantes FLP/FLPB 19 − − − − − −
Salmonella ATCC 13076 ATCC BHI agar/BHI 37 − − − − − −

Yeasts
Saccharomyces cerevisiae DSH
213.83 INRA, Nantes YPD agar/YPD 30 − − − − − −
Candida pseudotropicalis INRA, Nantes YPD agar/YPD 30 − − − − − −
Debaryomyces hansenii INRA, Nantes PD agar/PD broth 25 − − − − − −

Fungi
Penicillium roqueforti INRA, Nantes PD agar/PD broth 25 − − − − − −
Penicillium expansum INRA, Nantes PD agar/PD broth 25 ++ − ++ − − ++
Fusarium CBS 1385 INRA, Nantes PD agar/PD broth 25 − − − − − −
Geotrichum candidum INRA, Nantes PD agar/PD broth 25 − + + − + +
Mucor plambeus INRA, Nantes PD agar/PD broth 25 − − − − − −
Cladosporium INRA, Nantes PD agar/PD broth 25 − − − − − −

aStrains isolated from diseased fish

Table 2. Antimicrobial activity spectrum of cell-free supernatant of Enterococcus faecium isolates and culture conditions.
Activity is represented as the diameter of the inhibition zone: (−) no inhibition, (+) <3 mm, (++) 3−6 mm, (+++) >6 mm. T:
growth temperature of the indicator strains. ATCC: American Type Culture Collection; INRA: French National Institute for
Agricultural Research; ONIRIS: National College of Veterinary Medicine, Food Science and Engineering; FMS: Faculty of
Medicine of Sousse. MRS: de Man, Rogosa, and Sharpe; BHI: brain-heart infusion; TS: trypticase soy; LB: lysogeny broth; FLP: 

Flavobacterium medium; YPD: yeast extract peptone dextrose; PD: potato dextrose 
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which were grown in yeast extract peptone dextrose
(YPD) agar for 48 h at 30°C.

Effect of enzymes, pH, and thermal treatment on
antimicrobial activities

The sensitivity of the antimicrobial compounds
toward lytic enzymes (Proteinase K, trypsin, α-chymo -
trypsin, pepsin, catalase, lipase, and α-amylase) was
tested as described by Batdorj et al. (2006). The
remaining activity was measured by the agar-well
diffusion method against L. ivanovii BUG 496.

The effect of pH on the bacteriocin activity was
determined by adjusting the pH of the cell-free
supernatant between 2 and 10 with sterile HCl or
NaOH. After 2 h of incubation at 37°C, the pH was
readjusted back to 6.5 and the residual activity was
tested as described above.

To evaluate the heat stability of the active sub-
stances, neutralized cell-free supernatant was boiled
in a water bath at 100°C for 10 or 30 min, or was auto-
claved for 20 min at 121°C. The residual activity was
then assayed against the indicator strain. Un treated
preparation was used as the control.

Identification of strains by 16S rDNA 
sequence analysis

Identification of the bacteriocin-producing strains
was made by PCR and 16S ribosomal RNA gene
sequencing as described by Weisburg et al. (1991).
The genomic DNA of the bacteria was isolated with a
DNeasy purification kit (Qiagen) and used as a tem-
plate for 16S rRNA gene amplification. Amplicons for
sequencing were generated in a DNA thermal cycler
model (Techno, Barloworld Scientific) as described
previously (Migaw et al. 2014). All sequence analysis
was carried out by MilleGen sequencing services
(Labège, France). The generated rDNA sequences
were compared to those available on GenBank using
the BLASTN alignment software (www.ncbi. nlm.
nih.gov/blast). The Mega 5 computer software pro-
gram (www.megasoftware. net/) was used for se -
quence alignment and phylogenetic tree analysis.
The percentage of bootstrap confidence levels
for internal branches, as defined by the MEGA pro-
gram, was calculated from 100 random re-samplings.
Coxiella sp. was used as an outgroup. The deter-
mined nucleotide sequences were submitted to
 GenBank (accession numbers KR072650, KR072651,
KR072652, KR072653, KR072654, KR072655)

Pulsed-field gel electrophoresis (PFGE) analysis

PFGE is a tool for separating large DNA molecules
in conventional gel electrophoresis using a static elec-
tric field. This technique combined with controlled re-
striction by rare-cutting endonucleases allows the dif-
ferentiation of strains as well as the estimation of the
chromosomal size. Briefly, after culture in blood agar,
the different harvested cells were reactivated in BH
broth at 37°C and centrifuged at 4000 × g for 15 min.
The pellet was re-suspended with EC Buffer (6 mM
Tris-HCl, 1 M NaCl, 100 mM EDTA, 1% Sarkosyl
[w/v], pH 7.6) to a final optical density at 610 nm of
1.45 to 1.6. Each adjusted cell suspension was then
mixed with an equal volume (0.1 ml) of low melting
point agarose plug. The cells were lysed in situ with a
solution containing 1 ml EC buffer, 5 µl lysozyme
(10 mg ml−1), and 5 µl lyso staphine (10 mg ml−1) for 4 h
at 37°C. The agarose plug of each isolate was then
treated with Proteinase K for 18 h at 50°C and di -
gested overnight by the restriction enzyme SmaI at
25°C. PFGE of DNA was carried out in a CHEF-DRII
electrophoresis system (Bio-Rad Laboratories) as fol-
lows: run time for 22 h; 14°C, 6 V cm−1; ramped pulsed
time, 5.0 to 45.0 s. PFGE patterns were digitized, and
GelCompar II software was used to calculate Dice co-
efficients of correlation and to generate a dendrogram
by the unweighted pair group method using arith-
metic averages (UPGMA). Isolates with PFGE patterns
differing by 1 or more bands were considered to be-
long to different PFGE types.

Randomly amplified polymorphic DNA 
(RAPD)-PCR analysis

Enterococci isolates were genomically typed by
RAPD-PCR using the primers E1 (5’-TCA CGC TGC
A-3’), E2 (5’-AGC CGC CCT-3’) (Kirilov et al. 2011),
and M13 (5’-GAG GGT GGC GGT TCT-3’) (Martín-
Platero et al. 2009, Avella et al. 2011). PCR reactions
were performed in a DNA thermal cycler (Techno,
Barloworld Scientific) in a total volume of 25 µl con-
taining reaction buffer (supplemented with 2.5 mM
MgCl2), 0.2 mM of each dNTP, 2.5 U Taq DNA poly-
merase (Qiagen), 0.5 µM of each primer, and 40 ng of
bacterial DNA. Amplification with the E1 and E2
primers was carried using the following program: ini-
tial denaturation at 95°C for 5 min, 4 cycles of denat-
uration at 94°C for 45 s, an annealing step at 30°C for
2 min, and an extension step at 72°C for 30 s, fol-
lowed by 30 cycles of 5 s at 94°C, 30 s at 36°C, and
40 s at 72°C, and a final extension step for 10 min at
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72°C. For the amplifications of gene M13, the ther-
mocycler was programmed as follows: an initial
denaturing step at 94°C for 60 s, then 35 cycles of
94°C for 60 s, 40°C for 20 s, and 72°C for 80 s, and a
final extension of 72°C for 5 min.

An aliquot (6 µl) of each amplicon was applied to
a 1% agarose gel with ethidium bromide (0.5 mg
ml−1) in 0.5× TAE (Tris acetate−EDTA) buffer for
30 min at 100 V and made visible by UV trans-
 illumination.

PCR amplification of known enterocin genes

Total DNA extracted from enterococci strains was
used as template in PCR to screen for the presence of
genes encoding known enterocins. Primer sequences
for 8 genes — enterocin A (entA), enterocin B (entB),
enterocin P (entP), enterocin Q (entQ), enterocin 31
(ent31), enterocin AS48 (entAS48), and enterocin
L50A/B (entL50A, entL50B) — were used for gene
amplification as described elsewhere (Migaw et al.
2014). The mix reaction was the same as that used in
the RAPD. The amplification products were analyzed
by electrophoresis on a 1% agarose gel with ethid-
ium bromide and photographed under UV light.

PCR for the detection of virulence factors

Extracted DNA from isolated strains were used as
templates for the identification by PCR amplification
of genes coding the following virulence factors
(Migaw et al. 2014): aggregation substance (asa1),
enterococcal surface protein (esp), cytolysin (cylA and
cylB), cell wall adhesin (efaAfs), and collagen adhesin
protein (ace). The results were compared with control
strain Enterococcus faecalis MMH594 (asa+, esp+,
and cyl+).

Antibiotic sensitivity

To test the antibiotic resistance of the enterococci
strains, 8 antibiotics from different classes (ampi-
cillin, penicillin, kanamycin, chloramphenicol, tetra-
cycline, vancomycin, gentamycin, and fosfomycin;
BioMérieux) were used for antibiogram determina-
tion by the disc diffusion method on Mueller-Hinton
Agar (MHA), as described previously by Ghrairi et al.
(2008). Diameters of the zones of inhibition around
the antibiotic discs were measured as indicators of
sensitivity.

Kinetics of growth and bacteriocin biosynthesis

The time course of bacteriocin production was
determined at different temperatures. MRS broth
(200 ml) was inoculated with 1% (v/v) of an
overnight culture of the enterococci producer strain
HT25 and incubated at 15, 20, 30, and 37°C. Cell
growth was monitored every hour by measuring the
absorbance at 600 nm. The antibacterial activity was
evaluated by assaying serial 2-fold dilutions of cell-
free culture supernatants against L. ivanovii BUG
496. The antimicrobial titer was defined as the recip-
rocal of the highest dilution yielding a 1 mm zone of
growth inhibition around the well containing super-
natant and expressed as arbitrary units (AU ml−1;
Ghrairi et al. 2008).

RESULTS

Isolation and phenotypic characterization of 
LAB strains

We used the agar-well diffusion method to screen
370 LAB colonies from wild fish for bacteriocin-like
substance production. Only 45 isolates showed sig-
nificant growth inhibition against Lactococcus lactis
subsp. cremoris ATCC 11603 and Listeria ivanovii
BUG 496; of these isolates, 33 strains were isolated
from the intestinal tract and 12 strains were isolated
from skin. All isolates were shown to be LAB by their
positive Gram reactions and absence of catalase
activity. All were coccoid in shape and grew under
aerobic conditions in MRS broth. A total of 18 isolates
(9 from the gut and 9 from skin) were selected from
this group for their highest antimicrobial activities
against bacterial indicator strains.

Strain identification by 16s rDNA sequencing

16S rDNA PCR amplification of genomic DNA pre -
parations of the 18 selected isolates generated ampli-
cons of expected sizes for all strains examined. Com-
parative analysis of sequence data with available
sequences deposited in GenBank resulted in the
identification of our isolates as Enterococcus faecium
(13 strains) and L. lactis (5 strains). Fig. 1 shows the
phylogenetic tree, based on maximum likelihood, of
the 18 strains as well as reference strains. The 13
enterococci isolates were included in 1 group and
exhibited a high level of relatedness. They formed a
phylogenetically coherent group that was quite dis-
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tinct from all other LAB. The other strains isolated in
this study were highly similar to each other and
closely related to L. lactis.

PFGE analysis of enterococci

To investigate the genetic relationship among
enterococci strains from fish, PFGE analysis was
performed. The dendrogram obtained (Fig. 2) from
the 13 enterococci isolates showed that all isolates
clustered with greater than 95% similarity and
were regarded as possibly clonally related, as sug-
gested by Tenover et al. (1995). However, our
strains showed distinct fingerprint patterns from
those of E. faecium strains isolated from other food
origins. Typing enterococci by PFGE has been
extensively used for epidemiological characteriza-
tion of enterococcal outbreaks, showing improved
strain discrimination and identification of clonal
enterococci strains.

RAPD-PCR typing

In order to investigate the genetic diversity within
our E. faecium strains, RAPD-PCR analysis was per-
formed using 3 different 10-mer primers. The results
are presented in Fig. 3. Fig. 3a shows examples of
RAPD profiles obtained with the oligonucleotide
primer M13. Three different profiles were deter-
mined: E. faecium HT1, HT25, HTM3, HTα, HT27,
HT29, HT31, HTA1, HTA2, HT30, and HTG3 strains
showed 2 RAPD fragments (1 and 3 kb), while E. fae-
cium strain HTA6 had 4 RAPD fragments (900 bp, 1,
1.2, and 3 kb), and E. faecium strain HTE5 had only
1 RAPD fragment (1 kb).

Fig. 3b shows RAPD profiles obtained for the 13
strains with the E1 primer, which also gave 3 different
profiles, but there was poor discrimination between
strains. Two RAPD fragments (800 and 1200 bp) were
obtained for strains HT1, HT29, HTA1, HTA2, HTA6,
HTE5, HT30, and HTG3; 1 band was observed for E.
faecium HTM3 (1200 bp) and no bands for strains
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E. faecium HT27 (KR072655)

E. faecium HTA2 (KR072653)

E. faecium HTM3

E. faecium HT30 (KR072654)

E. faecium HT25 (KR072650)

E. faecium HTA1 (KR072652)

Enterococcus faecium ATCC 19434 (DQ411813.1)

E. faecium HT1

E. faecium HTα

E. faecium HT31

E. faecium HT29 (KR072651)

E. faecium HTE5

E. faecium HTA6

E. faecium HTG3

E. durans JN560929

Lc. lactis HTH5

Lc. lactis HTMg1

Lactococcus lactis FFL17-2 (HE805077.1)

Lactococcus lactis strain SS11A (JQ411245.1)

Lc. lactis HTMg2

Lc. lactis HTH1

Lc. lactis HTH4

Coxiella sp. (HM133590)

74

76

68

85

85

99

99

020406080

Fig. 1. Phylogenetic tree, based on maximum likelihood
analysis of 16S rDNA sequences of lactic acid bacteria
strains isolated from wild fish (unweighted pair group 

method using arithmetic averages)
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HTα, HT27, and HT31. RAPD-PCR analysis with the
E2 pri mer (data not shown) revealed that most of the
strains did not show bands on the gel except for E.
faecium HT25 (2 kb) and E. faecium HTM3 (1 kb),
which contain the E2 gene. Together, these results al-
lowed us to group our E. faecium isolates according to
their genetic similarities.

Antimicrobial spectrum

The antimicrobial activities of cell-
free culture supernatants of 6 repre-
sentative enterococcal strains (HT1,
HTM3, HT25, HT31, HTA6, and
HTE5) were measured against a wide
range of target species including sev-
eral LAB, food-borne pathogenic bac-
teria, yeasts, and fungi. Results are
shown in Table 2. All strains were
active against closely related species
such as enterococci, lactococci, and
lactobacilli except strains HT1 and
HTM3, which were not active against
E. faecalis JH2-2. Moreover, an impor-

tant inhibition was also observed against Gram-posi-
tive bacteria isolated from diseased fish, such as
Streptococcus parauberis, Vagococcus spp., and
Carnobacterium maltaromaticum, and against the
food-borne pathogens Listeria spp. (L. ivanovii BUG
496 and L. monocytogenes EGDe 10777).

Concerning the Gram-negative indicator bacteria,
the 6 selected enterococci strains were active only
against Flavobacterium frigidarium, Vibrio pecteni-
cida, V. penaeicida, and especially against Photobac-
terium damselae (Table 2).

Selected strains were also tested against fungi and
yeast. Five isolates were able to inhibit the growth of
Penicillium expansum and/or Geotrichum candidum.
E. faecium strains HT1, HT25, and HTE5 were active
against P. expansum, and E. faecium strains HT25,
HTM3, HTA6, and HTE5 were active against G. can-
didum. However, no inhibitory activities were ob -
served against the other fungi and yeasts tested
(Table 2).

Effect of enzymes, pH range, and thermal treatment

The effect of enzymes, pH, and thermal treatment
on the antibacterial activity of selected E. faecium
strains against L. ivanovii BUG 496 is presented in
Table 3. The antibacterial activity of cell-free super-
natant completely disappeared after treatment with
proteolytic enzymes (trypsin, pepsin, α-chymo tryp -
sin, and Proteinase K), indicating that the active sub-
stance produced by these isolates was proteinaceous
in nature and confirming that growth inhibition of
sensitive strains was caused by bacteriocin-like sub-
stances. Lipase, catalase, and α-amylase had no
effect on the bacteriocin activity. Data in Table 3
show that the bacteriocins of different isolates were
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E. faecium HTA1

E. faecium HT25

E. faecium HTE5
E. faecium HTG3

E. faecium HT31
E. faecium HT30
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Fig. 2. Cluster analysis of pulsed-field gel electrophoresis (PFGE; SmaI diges-
tion method) patterns of 13 Enterococcus faecium isolates calculated by the 

unweighted pair group method using arithmetic averages 

Fig. 3. RAPD fingerprints of Enterococcus faecium strains
isolated from wild fish using the (a) M13 primer and (b) E1
primer. Lane 1: 100 bp DNA ladder (Invitrogen™); Lane 2:
strain HT1; Lane 3: HT25; Lane 4: HTM3; Lane 5: negative
control; Lane 6: HTα; Lane 7: HT27; Lane 8: HT29; Lane 9:
HT31; Lane 10: HTA1; Lane 11: HTA2; Lane 12: HTA6; Lane
13: HTE5; Lane 14: HT30; Lane 15: HTG3; Lane 16: 1 kb 

DNA ladder (Invitrogen™)
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active over a wide range of pH from 2 to 10. The
inhibitory activity was also unaffected by heating at
100°C for 10 and 30 min, but was reduced for all
strains after a treatment at 121°C for 20 min.

PCR detection of known bacteriocin genes

PCR screening for known structural genes encod-
ing class II enterocins (subclass IIa [enterocin A, P,
31], subclass IIb [enterocin Q, L50A, L50B], subclass
IIc [enterocin B]) and class III enterocins (enterocin
AS48), was performed using specific primers. PCR
reactions with enterocin A and enterocin B primers
resulted in amplification of a 138 bp and a 201 bp
fragment, respectively, for strains HT1, HT25, HTM3,
HT31, and HTA6 (data not shown). This result indi-
cates that these strains contain entA and entB genes
and can express these enterocins. Only the gene
entA was detected in strain E. faecium HTE5. How-
ever, no amplicons for enterocin L50A, L50B, P, and
31 genes were observed, compared to the amplifica-
tion profile for the positive control strain E. faecium E
980 (data not shown).

Antibiotic resistance and PCR screening of 
virulence factors

The antibiotic resistance of the 6 bacteriocin-
 producing enterococci strains was assessed against
ampicillin, penicillin, kanamycin, chloramphenicol,
tetracycline, vancomycin, gentamycin, and fosfo -
mycin by the disc diffusion method (Table 4). Most
of the strains were sensitive to ampicillin, penicillin,
chloramphenicol, tetracycline, vancomycin, and fos-
fomycin but resistant to kanamycin, except for E. fae-
cium HT31, which was sensitive to kanamycin and
resistant to fosfomycin. Moreover, only E. faecium
HTA6 and HTE5 were identified as resistant to
 gentamycin.

The selected bacteriocinogenic enterococci strains
were also investigated by PCR amplification for the
presence of 6 known virulence factors. PCR analysis
did not demonstrate the presence of genes encoding
for the potential virulence factors tested (data not
shown).

Bacteriocin production and growth kinetics

Fig. 4 shows the growth curve and profile of bacte-
riocin production by E. faecium HT25 at 15, 20, 30,
and 37°C. At lower temperatures, E. faecium HT25
started to produce bacteriocin after 12 h of cultivation
at 15°C and after 5 h at 20°C. Maximum production
values were reached at the end of the exponential
phase and were significantly lower at 15°C (about
400 AU ml−1). This value increases significantly at an
incubation temperature of 20°C (800 AU ml−1). The
production of bacteriocin was enhanced by tempera-
ture. Indeed, at 30 and 37°C, bacteriocin production
(50 AU ml−1) started after 2 h of incubation during the
early logarithmic growth phase and reached a maxi-
mum (800 AU ml−1) after 7 to 8 h of incubation.
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Treatment Antibacterial activity
HT1 HTM3 HT25 HT31 HTA6 HTE5

Enzymes
Control + ++ ++ ++ + ++ ++
Control − − − − − − −
Proteinase K − − − − − −
Trypsin − − − − − −
Pepsin − − − − − −
α-chymotrypsin − − − − − −
Lipase ++ ++ ++ + ++ ++
Catalase ++ ++ ++ + ++ ++
α-amylase ++ ++ ++ + ++ ++

pH
Control + ++ ++ ++ + ++ ++
Control − − − − − − −
2 ++ ++ ++ + ++ ++
4 ++ ++ ++ + ++ ++
7 ++ ++ ++ + ++ ++
10 ++ ++ ++ + ++ ++

Heat
Control + ++ ++ ++ + ++ ++
Control − − − − − − −
100°C (10 min) ++ ++ ++ + ++ ++
100°C (30 min) ++ ++ ++ + ++ ++
121°C (20 min) + + + − + +

Table 3. Effect of enzymes, heat, and pH on the antibacterial
activity of Enterococcus faecium strains against Listeria ivano -
vii BUG 496. Activity is represented as the diameter of the
inhibition zone: (−) no inhibition, (+) <3 mm, (++) 3−6 mm

Antibiotic Isolated strain
HT1 HTM3 HT25 HT31 HTA6 HTE5

Ampicillin S S S S S S
Penicillin S S S S S S
Kanamycin R R R S R R
Chloramphenicol S S S S S S
Tetracycline S S S S S S
Vancomycin S S S S S S
Gentamycin S S S S R R
Fosfomycin S S S R S S

Table 4. Antibiogram of Enterococcus faecium strains iso-
lated from wild fish. R: resistant; S: sensitive
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DISCUSSION

The present study aimed at the exploration of the
LAB of wild Tunisian fish and the investigation of
their antimicrobial activities with a view to their
potential application in aquaculture. We isolated
370 strains from 8 fish species captured along the
Tunisian coastline (coast of Monastir). Of these, we
selected 18 isolates for their high antagonist proper-
ties against several LAB and the food-borne patho-
gens Listeria spp., and these presented typical LAB
characteristics, with a predominance of Gram-posi-
tive cocci. The microbial load of sea products reveals
that lactic cocci are the predominant LAB (Leroi
2010), which may be due to the high concentration of
salts in the sea (Thapa et al. 2006).

Based on 16S rRNA sequencing, the bacteriocino-
genic cocci strains were taxonomically identified as
Enterococcus faecium (13 strains) and Lactococcus
lactis (5 strains). E. faecium HT25, HT27, HT29,
HT30, HTM3, HT1, HTα, HT31, and HTA6 were iso-
lated from the intestinal tract; and E. faecium HTA1,
HTA2, HTE5, and HTG3 were isolated from skin. All
lactococci strains were isolated from skin. In many
studies, several species of enterococci have been iso-
lated from fish, such as E. faecalis (Thapa et al. 2006),

E. faecium (Thapa et al. 2006, Swain et al. 2009,
Muñoz-Atienza et al. 2011), and E. durans (Migaw et
al. 2014). Indeed, enterococci are known as being
highly tolerant to various stress conditions in their
natural environments, including high temperature
and high salt concentrations.

The lactic flora of fish can vary among fish species
living in the same environment. Hagi et al. (2004)
studied the seasonal changes in LAB of cultured
freshwater fish and reported a genetic diversity
within the isolated L. lactis strains between seasons
and between different water temperatures. Within
this context, many fingerprinting methods have been
applied to the study of microbial biodiversity
(Martín-Platero et al. 2009). Accurate species identi-
fication and typing is important in the selection of
non-pathogenic bacteria for further use in food tech -
nology and as probiotics. In fact, PFGE and RAPD
have become well-accepted and reliable tools for the
differentiation and identification of enterococci from
food (Martín-Platero et al. 2009).

The genetic diversity within our 13 enterococci was
first tested by PFGE. The subtyping results showed
that these isolates all clustered with greater than
95% similarity. However, these 13 genotypes showed
distinct fingerprint patterns compared to E. faecium
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Fig. 4. Kinetics of growth (optical density, OD) and antimicrobial activity (arbitrary units of activity, AU) of Enterococcus 
faecium HT25 studied at (a) 15°C, (b) 20°C, (c) 30°C, and (d) 37°C
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E 980 and TX 1330 isolated from dairy products.
PFGE has frequently been used for detailed molecu-
lar typing of many species of bacteria. The results of
PFGE in our study showed that the Enterococci
 isolates had similar fragment patterns, making the
technique less useful to characterize clonal diversity
among our isolates. Thus, using a combination of
other molecular techniques could allow more effec-
tive differentiation of our strains. Consequently,
enterococci strains were then submitted to RAPD
typing to investigate their genotypic diversity. Al -
though most RAPD fragments were common to the
13 isolates, a sufficient number of polymorphic frag-
ments was also detected that allowed clear distinc-
tion between the isolates and suggested the presence
of 6 enterococci genotypes. Some strains with identi-
cal RAPD profiles were found in the viscera and in
the skin, and in fish from different species. This could
presumably be attributed to the predominance of a
particular strain among the enterococci population in
seawater. This evaluation, based on a rather limited
number of samples, reveals a significant genetic bio-
diversity of E. faecium in fish. Similar results re -
ported by Kirilov et al. (2011) showed a significant
genetic heterogeneity between E. faecium isolates
from different milk products using the primers E1
and E2 in RAPD analysis.

In our study, the presence of enterocin A and B
structural genes in the selected E. faecium strains
was established by PCR using specific primers. We
detected at least 1 type of enterocin structural gene
in our strains. The enterocins A and B belong to class
II or to class II-related LAB bacteriocins with strong
anti-Listeria effects and high thermostability. The
enterocin structural genes seem to be widespread
among enterococci isolates. However, the detection
of enterocin genes does not necessarily match with
the bacteriocin production (Hadji-Sfaxi et al. 2011).

In our study, the antimicrobial activities of selected
E. faecium strains were tested against a wide range
of microorganisms. Results showed that enterococci
strains were active against several species, including
the foodborne pathogen Listeria monocytogenes, a
causative agent of serious infection with high hospi-
talization and mortality rates especially in higher-risk
groups such as immuno-compromised adults, the
elderly, and pregnant women (Nielsen et al. 2010, Al-
Zeyara et al. 2011). This activity was interesting and
shows the potential use of our enterococci strains.
Similar results have been reported for E. faecium iso-
lated from various foods (Ghrairi et al. 2008, Todorov
et al. 2010, Hadji-Sfaxi et al. 2011, Liu et al. 2011,
Migaw et al. 2014).

We also tested the antagonistic properties of our
enterococci strains against a broad range of target
fish-pathogenic bacteria. Significant inhibition was
observed against several Gram-positive bacteria iso-
lated from diseased fish, including Lactococcus spp.,
Streptococcus parauberis, Vagococcus spp., and Car -
nobacterium maltaromaticum, and especially against
the Gram-negative bacteria Flavobacterium frigidar-
ium, Vibrio pectenicida, V. penaeicida, and Photo-
bacterium damselae, which, according to Balcázar et
al. (2008), represent major bacterial pathogens in
fish. Recently, Swain et al. (2009) described an E. fae-
cium (strain MC13) isolated from fish intestine that
was able to inhibit shrimp pathogenic bacteria such
as V. harveyi and V. parahaemolyticus.

Several reports have described the inhibitory effect
of enterococci against Gram-negative bacteria; how-
ever, the mechanisms of action need to be inves -
tigated (Gaaloul et al. 2014). In our study, the
inhibitory effects of active enterococci culture super -
natants against Gram-negative bacteria were not
assumed to be due to bacteriocins, since the activities
were abolished by Proteinase K (data not shown),
even though the genes for enterocins A and B were
present in the genome of the enterococci. Taken
together, our results suggest that the enterococci
strains probably produced other non-protein antibac-
terial substances. Further studies are needed con-
cerning the analysis of cell-free supernatants of the
tested enterococci isolates.

The inhibition of Penicillium expansum and Geo -
trichum candidum caused by some of the isolates in
this study could be a good criterion to investigate
their potential as a tool for food biopreservation. A
number of groups have reported the production of
antifungal substances by LAB (e.g. Dalié et al. 2010).
However, most of these substances and their mecha-
nisms of action are not fully characterized (Hadji-
Sfaxi et al. 2011).

In this work, we found that the antagonistic activity
of 6 selected enterococci strains was sensitive to pro-
teolytic enzymes, indicating its proteinaceous nature.
Bacteriocin activities were stable over a wide range
of pH from 2 to 10 and at temperatures of up to 100°C
for 10 to 30 min. This high stability of E. faecium bac-
teriocin could be a very useful characteristic for its
use as a food preservative under different harsh con-
ditions of food-processing, including pasteurization,
heat treatments, adjunction of acids, freezing, and
long-term storage (Ghrairi et al. 2008, Hadji-Sfaxi et
al. 2011, Liu et al. 2011).

The growth and kinetic production of bacteriocin
was only evaluated for E. faecium strain HT25. Bac-

41



Dis Aquat Org 118: 31–43, 2016

teriocin production was observed in cell-free super-
natant from cultures incubated at 15, 20, 30, and
37°C. The maximum production at 15°C (400 AU
ml−1) and at 20, 30, and 37°C (800 AU ml−1) was
reached at the end of the exponential phase, the
duration of which varies depending on the incuba-
tion temperature. This could explain the low level of
bacteriocin activity in the supernatant at 15°C, i.e.
caused by the small amount of bacterial growth. It is
worth noting in this context that bacteriocin produc-
tion has often been reported to depend on biomass
concentration (Migaw et al. 2014). Similar results
were recorded for bacteriocins produced by E. du -
rans (Batdorj et al. 2006).

The safe use of enterococci strains must include an
evaluation of their antimicrobial resistance. High-
level resistance to a wide range of antibiotics to gether
with the presence of virulence factors has raised de-
bates regarding the application of enterococci as
starter probiotics (Klein 2003). In our study, the sus-
ceptibility of all studied strains to some antibiotics and
particularly to vancomycin could suggest the possibil-
ity of their safe use as starter cultures in food or feed.
Indeed, the key factor for the safety evaluation of en-
terococci is their response to vancomycin, since van-
comycin- resistant enterococci have emerged in the
last decade as a frequent cause of nosocomial infec-
tions, and their numbers continue to increase. Many
studies have revealed E. faecium strains isolated from
foods which were resistant to tetracycline and chlo-
ramphenicol (Valenzuela et al. 2009, El-Ghaish et al.
2011). In our study, only strains isolated from fish skin
were resistant to gentamycin. This resistance has also
been observed among E. faecium isolated from Mon-
golian yogurt (Hadji-Sfaxi et al. 2011).

One of the main concerns about enterococci is the
presence of virulence factors that may greatly con-
tribute to increasing infection risks. Although ente -
rococci are emerging as pathogens involved in
 urinary-tract infections, bacteremia, endocarditis,
and multiple antibiotic resistances (Martín-Platero et
al. 2009), their virulence and pathogenic mechanisms
are still largely unknown. Some putative virulence
factors such as the enterococcal surface protein,
gelatinase, aggregation substance, and cytolysin
have been described (Creti et al. 2004). In the present
work, no tested E. faecium strains harbored genes
encoding previously suggested virulence factors.
Furthermore, the strains tolerated and grew in the
presence of bile salts (data not shown). Taken to -
gether, these results attest the usefulness of the
E. faecium strains described here for future applica-
tion as probiotics, particularly in aquaculture.

CONCLUSION

The use of probiotic bacteria is an interesting
approach to control gut microflora and facilitate an
advantageous bacterial composition. Antagonism
towards pathogens, and safety aspects relating to the
bacterial strains themselves, are essential criteria in
the selection of probiotic bacteria for aquaculture. In
the current research, we observed Enterococcus fae-
cium as a major LAB species in fish viscera. We found
enterococci strains with different properties associ-
ated with high antimicrobial activity that could have
potential use as probiotics.
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