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ABSTRACT 

A collection of lactic acid bacteria isolates from fish viscera was studied and investigated regarding to their functional 
properties and safety aspects. From these, three isolates GM1, GM2 and GM3 were identified as Enterococcus feacium 
species using molecular methods. Partial Amplified rDNA Restriction Analysis (partial ARDRA) with restriction en- 
zyme HaeIII separated these isolates into distinctive group which suggest genotypic variability within enterococci 
strains isolated from fish viscera. The three strains GM1, GM2 and GM3 exhibited antimicrobial activity. Indeed strains 
have been shown to produce bacteriocins with inhibitory effect against food spoilage bacteria and pathogenic fish in- 
cluding Carnobacterium maltaromaticum. The molecular mass of bacteriocin, as calculated by tricine-SDS-PAGE, was 
found to be 4.5 kDa. All isolates were tested positive upon PCR amplification of enterocin A structural gene. Investiga- 
tions of antibiotic resistance show that the isolates were mostly sensitive to several antibiotics (ampicillin, penicillin, 
tetracycline, gentamycine) and resistance to rifampicin. All isolates grow in esculin azide agar as a selective medium for 
enumeration of probiotic enterococci. This study suggests that our strains can be employed as probiotic or to improve 
the safety of food products. 
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1. Introduction 

Enterococci belongs to the group of lactic acid bacteria 
(LAB) and are widely distributed in nature. The genera 
comprise more than 30 species, but Enterococcus fae- 
cium and Enterococcus faecalis are the most prevalent 
species in foods 1-4. Some enterococci are bacterioci- 
nogenic and capable to inhibit the growth of certain pa- 
thogens and spoilage microorganisms, presenting a great 
potential in food preservation 2,5. 

It has been established that the intestinal microflora of 
fish is complex and that several species of LAB are part 
of the natural intestinal microflora of healthy fish 6. En- 
terococci have been isolated from the intestine of fish 
from integrated fish farming 7 and from shellfish 8. In 
addition, processed fish products were often found to 
contain large numbers of LAB, particularly enterococci. 
Salting processed fish during production may confer a 

selective advantage on enterococci because these bacteria 
are among the most tolerance to high salts concentrations 
9. 

The genus of enterococcus plays an acknowledged role 
in the development of organoleptic characteristics in fer- 
mented foods such as cheeses and sausages 10. In addi- 
tion, some enterococci have important implications in the 
food industry. These bacteria share a number of useful 
biotechnological traits (e.g. bacteriocins production), which 
led to earlier applications in fermented foods 2,11. 
Bacteriocins are bacterial peptides or proteins that inhibit 
strains and species that are usually, but not always, close- 
ly related to the producing bacteria 12. Some of these 
bacteriocins exhibit broad inhibitory spectra and have po- 
tential as food preservatives 13. 

Some enterococcal strains have been used successfully 
as probiotics 14,15. Their success as probiotics has 
been attributed to factors such as acid and bile resistance, 
production of antimicrobials and their ability to survive  *Corresponding author. 
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and compete in the gastrointestinal tract. However, en- 
terococci may also be negatively associated with foods 
due to its possible implication as an indicator of faecal 
contamination 16. The question in the safety and ac- 
ceptability of enterococci in the food and probiotic situa- 
tion is still heavily debated 10. It should however be 
emphasized that some well-defined strains with a long 
history of safe use are known. Moreover, the particular 
role and benefits of enterococci in certain food fermenta- 
tions deserve increased attention in research 17-19. 

The objective of this study is to characterize E. fae- 
cium strains isolated from Mediterranean fish and to stu- 
dy their bacteriocinogenic activities. 

2. Materials and Methods 

2.1. Bacterial Strains and Media 

LAB strains were propagated aerobically in de Man- 
Rogosa-Sharpe (MRS) broth at 30˚C except for lactoco- 
cal strains, which were grown in M17 broth supplemen- 
ted with 0.5% (w/v) lactose. Other bacteria were cultured 
in brain heart infusion (BHI) broth at 37˚C for 24 H.  

2.2. LAB Isolation from Wild Fish 

Fishes of Pagellus bogarareo were washed with sterile 
distillate water to remove the unwanted particles. Then, 
the animals were dissected to remove the digestive tracts 
in sterile conditions. The digestive tracts were homoge- 
nized in NaCl solution (9 g/100 ml) and serially diluted. 
Two hundred microliters of these dilutions were plated 
on nutrient agar plates (M17 and MRS) and incubated at 
30˚C during 24 to 48 hours. After incubation, colonies 
were randomly isolated and tested for bacteriocins pro- 
duction against Listeria (L.) ivanovii BUG 496 and Lac- 
tococcus (Lc.) garvieae.  

2.3. Bacteriocin Assay and Antimicrobial  
Spectrum 

Isolated colonies were inoculated in M17 or MRS broth 
and incubated for 24 h. After centrifugation, the antibac- 
terial activities of cell-free culture supernatants were mea- 
sured by the agar-well diffusion method 20, using va- 
rious strains as indicator cells. The presence of a distinct 
inhibition zone around the well was considered as posi- 
tive antagonistic effect. A spectrum of activity was de- 
fined against various strains of Gram positives and Gram 
negatives bacteria (Table 1). E. faecium MMT21 was 
used as positive control 21. 

2.4. Initial Characterization of the  
Bacteriocin-Producing Strains 

The isolates showing bactericidal activities were purified 

by successive streaks on MRS or M17 plates at 30˚C. 
The purified cultures were classified according the Gram 
staining, cellular morphology, catalase and oxidase pro- 
duction. The strains were also examined according to 
Schleifer and Kilpper-Bälz 22 and further tested for 
growth on bile esculin azide agar (BEA) media and anti- 
biotic susceptibility by using ATB ENTEROC 5 strips 
(BioMérieux). Fermentation patterns were determined 
with API Rapid 50-CHL system (BioMérieux) according 
to the manufacturer’s instructions. All assays were per- 
formed at least in triplicate and the average values were 
used for analysis. 

2.5. Effects of pH, Temperature and Lytic  
Enzymes on Antimicrobial Activity  

The antimicrobial activities of LAB cell-free supernatant 
after exposure to high temperature (100˚C for 10 min), to 
pH 3 - 12, or treatment with proteinase K, trypsin, lipase 
C and -amylase (10 mg/ml; pH 7) at 37˚C for 30 min 
were determined using the agar well diffusion assay against 
the indicator strain Lc. lactis ssp. cremoris ATCC11603 
as described above. All assays were performed at least in 
triplicate. 

2.6. Bacteriocin Production, Partial Purification 
and Molecular Mass Determination 

MRS broth was inoculated with over night cultures (1%, 
v/v) of enterococci strains. Incubation was at 30˚C, with- 
out agitation for 30 h, and bacteriocins activity was de- 
termined at appropriate intervals and expressed as arbi- 
trary unity/ml (AU·ml−1). 

Bacteriocins produced by our isolates were partially 
purified according to the two-steps procedure as descri- 
bed previously 21, i.e. ammonium sulphate precipita- 
tion and C-18 solid phase chromatography. Fractions 
with bacteriocin activity were concentrated by freeze- 
drying and re-suspended in distilled water. 

Molecular weight of bacteriocin was estimated by Tri- 
cine-SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
as described previously 23. The gels were stained with 
Coomassie Blue, washed carefully and overlaid with L. 
ivanovii BUG 496 (106 CFU/mL), embedded in BHI soft 
agar, to determine the position of the active bacteriocin. 
A low molecular weight marker (Sigma) was used. 

2.7. PCR Amplification, DNA Sequencing and 
Partial Amplified rDNA Restriction  
Analysis 

DNA was isolated, as described previously 24. The 
DNA of each bacterial strain was amplified with the spe- 
cific 16S primers 27f and 1496R described previously 
25 to obtain a DNA fragment of 1400 bp corresponding 
o part of the gene for 16S genomic DNA. PCR was t 
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Table 1. Spectrum of activity of cell free supernatant of the three strains. 

Enterococci strains 
Indicators strains 

GM1 GM2 GM3 E. faecium MMT21* 

Lactococcus lactis ssp. cremoris ATCC 11603 + + + + 

Lactococcus lactis MMT24 − − − − 
Lactococcus garvieae ATCC 43921 − − − − 
Leuconostoc cremoris − − − − 
Lactobacillus casei DSM20011 − − − − 
Lactobacillus delbruekii DSM20081 − − − − 
Enterococcus faecalis MMT05 − − − − 
Enterococcus faecalis JH.2.2 + + + + 

Carnobacterium maltaromaticum NRRLB 14829 + + + + 

Micrococcus luteus ATCC 10240 − − − − 

Listeria ivanovii BUG496 + + + + 

Listeria monocytogenes EGDe + + + + 

Bacillus thuringensis − − − − 

Bacillus megaterium ATCC 10778 − − − − 

Bacillus cereus + + + + 

E. coli XL1 − − − − 

Salmonella enterica CIP 8297 − − − − 

+: activity; −: no activity. *Producer of enterocins A and B 21. 
 
conducted in a PCR thermal cycler (Techne Flexigene). 
The conditions used were, initial cycle of denaturation at 
95˚C for 5 min, 30 cycles of 92˚C for 45 s, annealing at 
58˚C for 1 min, and extension at 72˚C for 1 min, and a 
final extension cycle of 72˚C for 5 min. PCR products 
were examined by electrophoresis in 0.8% agarose gel. 
They were finally purified using QIAquick PCR purifi- 
cation kit (QIAGen) to remove unincorporated primers 
and nucleotides and subjected to sequencing with an Ap- 
plied Biosystems 3130 DNA Analyser (Applied Biosys- 
tems). The determined nucleotide sequences of 16S rDNA 
were submitted to GenBank (NCBI, Bethesda, USA) and 
used for the phylogenetic analyses. The 16S rDNA se- 
quences of other Enterococcus species and E. coli re- 
trieved from GenBank were also used. For phylogenetic 
analysis, nucleotide substitution rates were determined 
and a distance matrix tree was constructed by the neigh- 
bor-joining method using the CLUSTAL W program. 

16S rDNA PCR Amplicons were digested with the re- 
striction endonuclease HaeIII following the manufac- 
turer’s recommendations (Promega). The resulting frag- 
ments were analysed by electrophoresis in a 1% agarose 
gel. 

2.8. Identification of the Inhibitory Substances 
by PCR  

PCR amplification was carried out to detect the structural 
genes of known enterocins (A, B and P) as described pre- 
viously 21. The amplified products were separated by 

electrophoresis in 1% (w/v) agarose gels in 1x TBE buf- 
fer. A 100-bp DNA ladder (Invitrogen) was used as a 
molecular weight marker. 

2.9. Nucleotide Sequence Accession Numbers  

The 16S rDNA sequences of E. faecium GM1, -2 and -3 
were deposited in the NCBI GenBank nucleotide data- 
bases under JQ478491, JQ731618 and JQ478493 num- 
bers, respectively. 

3. Results 

3.1. Isolation of Enterococci Strains from Fish 

Three randomly selected strains of enterococci isolated 
from Pagellus bogarareo exhibited an antilisterial activ- 
ity (Table 1). All strains are Gram-positive, catalase- 
negative, oxidase-negative, cocci and were identified ac- 
cording to physiological tests (Table 2). All isolates were 
thermophilic and grew at 40˚C and 45˚C, but not at 10˚C. 
They were able to grow at pH 9.6, at 4.5% and 6.5% of 
NaCl and in BEA medium. They fermented glucose, ga- 
lactose, mannose, mannitol, lactose and N-acetyl-D-glu- 
cosamine. The fermentation of maltose, gentibiose and 
trehalose was strain-dependent. These results allowed a 
preliminary identification of our isolates as Enterococcus 
faecium.  

None of the isolates tested demonstrated resistance to 
ampicillin, penicillin, tetracycline, vancomycin and gen- 
tamicin (Table 2). All isolates were resistant to rifam 
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Table 2. Physiological and biochemical characteristics of 
isolates. 

Strains 
Treatments 

GM1 GM2 GM3 

Temperature (˚C)    

10 − − − 

40 + + + 

45 + + + 

NaCl concentration    

4.5% + + − 

6% + + + 

9.6% − − + 

pH [5 - 9] + + + 

Carbohydrate fermentation    

Glycerol − − − 

D-glucose + + + 

Gentiobiose + + − 

L-sorbose + + + 

Amidon − − − 

D-saccharose + + + 

Maltose + + − 

Trehalose + − + 

Antibiotic resistance*    

Ampicillin S S S 

Penicillin S S S 

Tetracycline S S S 

Vancomycin S S S 

Gentamicin S S S 

Rifampicin R R R 

+: growth; −: no growth. *S: sensible; R: resistant. 

 
picin (Table 2). Resistance to rifampicin seems to be 
widely spread among enterococci 26. 

3.2. Identification by 16S Sequencing and Partial 
Amplified rDNA Restriction Analysis 

The bacteriocinogenic LAB isolates were analysed by 
DNA sequencing to identify the species. The sequence 
similarity of 16S rDNA between LAB isolates and the 
other species of enterococci was less than 90%, with the 
highest degree of relation for E. faecium. 16S rRNA- 
dendrogram was shown in Figure 1. In this tree, entero- 
cocci isolates were grouped into two branches. The first 
branch contained GM1 and GM3 strains, while the sec- 
ond contained GM2 strains. This observation was sup- 
ported by high bootstrap values. In 16S rRNA nucleotide 
sequence analysis, GM1 and GM2 strains were found to 
have 100% similarity to each other and 83% similarity, 
to GM2 strain. 

Enzymatic digestion of the 16S rDNA PCR amplicons 
with a specific restriction enzyme HaeIII was performed 
in order to investigate the biodiversity within the entero- 
cocci strains from fish viscera. Two different digestion 
profiles were obtained (Figure 2). E. faecium GM1 and 
GM3 present the same profile, while GM2 strain gave a  

 

Figure 1. Phylogenetic tree of Enterococcus faecium strains 
obtained from digestive tract of Tunisian fish, based on 16S 
rRNA sequences analysis by UPGMA method using MEGA 
5.05 software. 
 

1       2        3        4 

 

Figure 2. Differentiation between enterococci strains by 
partial amplicons digested with restriction enzyme HaeIII. 
Lane 1: strain GM1; Lane 2: strain GM2; Lane 3: strain 
GM3; Lane 4: DNA marker (100 bp ladder). 
 
different profile. This data confirming that the strain E. 
faecium GM2 was different to the other enterococci iso- 
lates. 

3.3. Effect of Enzymes, pH and Heat Treatment 
on the Antimicrobial Activity 

Antagonistic activity of isolates was inactivated by treat- 
ment with proteolytic enzymes. This suggested that the 
inhibitory compound was proteinaeous in nature. Non- 
proteolytic enzyme has no effect on the activity of the 
bacteriocin-like inhibitors produced by enterococci iso- 
lates. The antimicrobial activity of the free-cell culture 
supernatant was stables to heat, suggesting that the inhi- 
bition observed was due to a low molecular weight pro- 
tein. In addition, the antimicrobial compound produced 
by the enterococci isolates was stable at different range 
of pH, but higher activity was observed at low pH.  

3.4. Spectrum of Activity, Bacteriocin  
Production and Molecular Mass  
Determination 

The cell-free supernatant of the entercocci isolates was 
tested against a range of Gram-positive and Gram-nega- 
tive bacteria using the well diffusion assay. Enterococci 
isolates inhibited the two Listeria strains tested as well as 
Bacillus cereus (Table 1). A range of LAB was tested, 
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but only C. maltaromaticum, Lc. lactis ssp. cremoris 
ATCC11603 and E. faecalis JH.2.2 were strongly inhibi- 
ted by the cell-free supernatant. The bacteriocin like- 
inhibitors from the isolates displayed a narrow spectrum 
of antimicrobial activity similar to the enterocins A and 
B producer, E. faecium MMT21. However, a slight dif- 
ference in the sizes of the inhibition zones for some in- 
dicator strains between enterococci isolates and E. fae- 
cium MMT21 was observed (data not shown). Strains of 
Gram-negative bacteria like E. coli, Salmonella sp. and 
Pseudomonas aeruginosa were not inhibited. In addition, 
none of our strains exhibited any antimicrobial activity 
against Lc. garvieae. The highly sensitive strain for the 
inhibitory effect of bacteriocins produced by enterococci 
isolates was L. ivanovii BUG496. 

Bacteriocin production occurred in the beginning of 
the logarithmic growth and increased throughout (Figure 
3). The highest level of bacteriocin activity (6100 AU·ml−1) 
was recorded after 26 h of growth in MRS broth and re- 
mained stable over the next 6 h. 

Partial purification of bacteriocins produced by our 
strains was achieved by ammonium sulphate precipita- 
tion and C-18 solid phase chromatography. The fraction 
showed antimicrobial activity was subjected to Tricine- 
SDS-PAGE analysis. A single band migrated to a posi- 
tion corresponding to a peptide of 4500 Da was observed 
by Coomassie Brilliant Blue staining. This band coincid- 
ed with a clear inhibition zone of the growth of L. ivano- 
vii BUG 496 (Figure 4). 

3.5. Genetic Determination by PCR of the  
Presence of Enterocins Structural Gene in 
Enterococcus Isolates  

To investigate bacteriocin production, all strains were 
probed for the presence of the structural genes for en- 
terocins A, B and P. All of the enterococci strains gave a 
 

3.5

2.5

1.5

0.5

 

Figure 3. Growth and bacteriocin production of enterococci 
isolates. 

1 2 

 

Figure 4. Tricine-SDS–PAGE of bacteriocins from E. Fae- 
cium GM2. Inhibition zones indicated the position of the 
active peptide bands. Lane 1, molecular size standard (size 
indicated on the left, kDa). Lane 2, partial purified bacte- 
rioccins GM02 sample. 
 
positive result for enterocin A (Figure 5). There was no 
reaction with the enterocin B and P primers. Bacteriocins 
produced by our strains are thus similar to enterocin A. 

4. Discussion 

In the present study, three bacteriocinogenic strains were 
obtained from Pagellus bogarareo viscera. All the iso- 
lates were considered as LAB based on their positive 
Gram reaction, absence of catalase, oxidase and their 
coccal shape. The primordial microbiological tests show 
that strains with antibacterial activity have the criteria of 
E. faecium; since the isolates have been shown to be 
Gram-positive, catalase negative, to grow at 30˚C and 
45˚C and in 6.5% NaCl and to have characteristic carbo- 
hydrates fermentation patterns. 

Analyses of 16 S rDNA sequences also identified our 
strains as E. faecium. Considering that E. faecium iso- 
lates were obtained from the 10−6 dilution, it seems that it 
were a dominant species in Pagellus bogarareo intestinal 
tract and these may suggest their beneficial roles in gut 
fish. To our knowledge, this is the first characterized E. 
faecium strains isolated from Tunisian fishes. Other re- 
searchers have previously reported E. faecium and E. 
faecalis to be a member of the bacterial flora in the fish 
viscera 27, but the effect of their presence is still un- 
known. Nor is it known if the E. faecium population is 
the result of an environmental contamination or inherent 
for the indigenous microflora characterized by a late de- 
velopment. Enterococcus species are highly resistant to 
adverse conditions and grow well in salt water 28. Fur- 

Copyright © 2013 SciRes.                                                                                  FNS 



Isolation and Characterization of Enterococci Bacteriocinic Strains from Tunisian Fish Viscera 706 

   1     2     3      4      5     

200 pb

100 pb

 

Figure 5. Amplification of DNA of enterococci isolates with 
specific enterocins primers yielded a 139 bp fragment cha- 
racteristic for enterocin A. Lane 1: strain GM1; Lane 2: 
strain GM2; Lane 3: strain GM3; Lane 4: DNA marker 
(100 bp ladder); Lane 5: control sample (no DNA). 
 
thermore, the indigenous microflora of fish can be found- 
ed in fish products and highly influence the quality of the 
product during processing and storage. Although, more 
research were needed to consider enterococci as desirable 
microflora. 

The enterococci bacteriocin-producing isolates tolerate 
bile and did not display vancomycin resistance, an im- 
portant safety conditions when considering Enterococcus 
as potential probiotic or food starter culture 16. It should 
be noted that bacteriocins production by E. faecium 
GM01, -02 and -03 were detected even at 15˚C (data not 
shown). These results were interesting in case the strains 
are used as protective cultures in chilled foods. 

The isolates showed an inhibitory activity against va- 
rious strains, especially against C. maltaromaticum and L. 
monocytogenes. C. maltaromaticum was pathogenic for 
several fish species, including Australian salmonids, carp, 
rainbow trout, striped bass and channel catfish, and sal- 
mon 29. In addition, it has been reported that some 
strains of C. maltaromaticum were resistant to several 
antibiotics widely used in aquaculture 30. Thus, E. fae- 
cium GM1, -2 and -3 could be suggested as probiotic 
cultures for use in aquaculture. However, safety aspects 
should be confirmed specially absence of virulence de- 
terminants 31. 

As expected, none of the Gram-negative indicators 
strains were inhibited. The isolates produced bacteriocins 
that were stable at different range of pH with a higher 
activity at acidic pH values. These results corroborate 
previous reports referring to LAB strains of other origins 
that have described a stronger effect of bacteriocins at 
low pH values 32. These antagonistic substances did 

not lose activity after heat treatment and thus similar to 
most other bacteriocins. Treatment with α-amylase or 
phospholipase C did not change the antimicrobial activity, 
suggesting that bacteriocins were not glycosylated or 
having a lipid moiety. 

Three bacteriocin-producing strains were isolated in 
this study. All three bacteriocins were shown to be stable 
peptides that conserved activity at all conditions tested. 
The molecular sizes of the bacteriocin produced by 
GM02 strain was determined by overlaid tricine-SDS- 
PAGE gel (Figure 4). One antimicrobial peptide bands 
was recorded with an apparent molecular size of about 
4.5 kDa. Thus, enterococci GM02 produce small and hy- 
drophobic bacteriocins within the range of most bacte- 
riocins reported for the genus Enterococcus. Bacteriocin 
production started at early exponential phase, with maxi- 
mum production (6100 AU·ml−1) towards the end of the 
stationary growth, i.e. after 26 h. Similar result was re- 
corded for bacteriocins produced by Lactobacillus plan- 
tarum 33. 

In the present study the three enterococci strains GM1, 
-2 and -3 amplified the expected fragment containing the 
structural gene of enterocin A. In addition, they were 
resistant to the culture supernatant of the enterocins A 
and B producing strains E. faecium MMT21 (data not 
shown). Based on these results, it’s appeared that strains 
from fish viscera produce the same bacteriocins to those 
produced by enterococci isolated from food 34. Our 
results confirm that enterocin A was the most commonly 
detected bacteriocin among E. faecium strains. In addi- 
tion, our enterocin A producing strains presented a strong 
anti-Listeria activity, whereas the enterocin-producing 
food isolate E. faecium MMT21 showed a weaker in- 
hibitory activity. The variability in enterocin A produc- 
tion levels may explained this differences. The structural 
gene of enterocins B or P was not detected by PCR in the 
DNA from our isolates. However, it should be mentioned 
that the presence of multiple enterocin genes is common 
for a single enterococci strain 22,35. 

Partial ARDRA results revealed difference between 
enterococci isolates from fish viscera. This result sug- 
gests genotypic variability in E. faecium from Pagellus 
bogarareo intestinal tracts. Partial amplified rDNA re- 
striction analysis was a simple and rapid method in spe- 
cies differentiation, However, the conservative nature of 
16S rRNA genes limits the discriminatory power of tech- 
niques such as ARDRA compared to methods, which uti- 
lize differences in the whole genome, such as PFGE and 
RAPD. 

5. Conclusion 

In conclusion, we have isolated different E. faecium 
strains producing enterocin A from fish viscera. These 
new E. faecium strains could be useful for improving 

Copyright © 2013 SciRes.                                                                                  FNS 



Isolation and Characterization of Enterococci Bacteriocinic Strains from Tunisian Fish Viscera 707

safety of seafood products or probiotics application in aqu- 
aculture.  
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