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Abstract A Bacillus sp. strain producing a bacteriocin-
like substance was characterized by biochemical profiling
and 16S rDNA sequencing. The phylogenetic analysis indi-
cated that this strain has low sequence similarity with most
Bacillus spp., suggesting a new species was isolated. The
antimicrobial activity was detected starting at the exponen-
tial growth phase, and maximum activity was observed at
stationary phase. The substance was inhibitory to a broad
range of indicator strains, incluing pathogenic and food
spoilage bacteria such as Listeria monocytogenes,
B. cereus, Aeromonas hydrophila, Erwinia carotovora,
Pasteurella haemolytica, Salmonella Gallinarum, among
other. The antibacterial substance was stable over a wide
pH range, but it was sensitive to pronase E and lipase. The
antibacterial substance was bactericidal and bacteriolytic to
L. monocytogenes and B. cereus at 160 AU ml~!. The iden-
tification of a broad range bacteriocin-like inhibitory sub-
stance active against L. monocytogenes addresses an
important aspect of food protection against pathogens and
spoilage microorganisms.
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Introduction

Antimicrobial substances are widespread produced among
bacteria. Bacteriocins and bacteriocin-like inhibitory sub-
stances (BLIS) are antimicrobial peptides produced by a
number of different bacteria that are often effective against
closely related species (Tagg et al. 1976; Riley and Wertz
2002).

Bacteriocins have received increasing attention due to
their potential use as natural preservatives in food industry,
as probiotics in the human health, and as therapeutic agents
against pathogenic microorganisms (Riley and Wertz
2002). Althoug research efforts are mainly focused on bac-
teriocins produced by lactic acid bacteria, bacteriocins from
a variety of Gram-positive and Gram-negative species have
been characterized (Gould 1996; McAuliffe et al. 2001).
They can be divided into three major classes of which class
I and II are quite heat-stable. Class I contains modified bac-
teriocins, so-called lantibiotics, that are found amongst
many different Gram-positive bacteria but have yet to be
found in Gram-negative bacteria. They are divided into two
subclasses (a) the linear and cationic peptide and (b) the
globular peptides; the latter normally are hydrophobic but
not cationic. The second major class (II) contains small
heat-stable bacteriocins that lack posttranslational modifi-
cations as found in lantibiotics, and are presently clustered
into at least two groups: pediocin-like bacteriocins and
two-peptide bacteriocins (Diep and Nes 2002). A third class
(II) of bacteriocins has been also defined. They are
normally larger in size and are easily subjected to heat
inactivation (Klaenhammer 1993).

The conventional wisdom about the killing range of bac-
teriocins from Gram-positive bacteria is that they are
restricted to killing other Gram-positive bacteria. The range
of susceptible strains can vary significantly, from relatively
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narrow as in the case of lactococcins A, B and M, which
have been found to kill only Lactococcus, to extraordinarily
broad (Ross et al. 1999).

Bacillus species are aerobic spore formers commonly
found in soil and ground water and often encountered on
plants and animals at the point of harvest or slaughter.
Bacillus is a genus that have been investigated for produc-
ing so-called bacteriocin-like inhibitory substance (BLIS)
and strains of B. thuringiensis, B. subtilis, B. stearothermo-
philus, B. licheniformis, B. megaterium and B. cereus have
been reported to produce BLIS (Stein 2005; Gray et al. 2006;
He et al. 2006; Lisboa et al. 2006; Sharma et al. 2006).

We recently reported antimicrobial activity among several
bacteria isolated from aquatic environments of Brazilian
Amazon basin (Motta et al. 2004). The bacterium P34 was
isolated from the Amazonian fish Piau-com-pinta as a strain
producing an antimicrobial substance that inhibits the patho-
gen Listeria monocytogenes. This antimicrobial substance
has a molecular mass of 1,456 Da, was relatively heat stable
and sensitive to proteolytic enzymes, suggesting a lipopetide
molecule (Motta et al. 2007). The objective of this work was
the description of a new Bacillus sp. strain P34 and to pro-
vide further characterization of its antibacterial substance.

Materials and methods
Reagents and media

Brain heart infusion (BHI) broth was from Oxoid (Basing-
stoke, UK). Trypticase soy broth (TSB) was from Acumedia
(Baltimore, USA). Lipase (from Candida rugosa), trypsin
and pronase E were from Sigma (St. Louis, USA). All other
media and reagents were from Merck (Darmstadt, Germany).

Bacterial strains and culture conditions

The producer strain P34 was given by Universidade Federal
do Amazonas (Manaus, Brazil). The organism was isolated
from the intestinal contents of the teleost fish Piau-com-
pinta (Leporinus sp.) of Amazon basin, at central Amazo-
nia, near Manaus, Brazil (3°06’S, 60°01'W).

The indicator strains used in the study were from ATCC
(American Type Culture Collection, Rockville, USA),
NCTC (National Collection of Type Culture, Colendale,
UK) and our own culture collection (UFRGS, Porto Alegre,
Brazil) and were kept frozen at —21°C in BHI containing
20% (v/v) glycerol.

Taxonomical studies

Phenotypic characterization of the strain P34 included mor-
phological, cultural, physiological, biochemical and antibiotic
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susceptibility features, listed in Table 1. All test procedures
were carried out as described elsewhere (Claus and Berke-
ley 1986; MacFaddin 2000). B. subtilis ATCC 6633 and B.
licheniformis ATCC 14580 were used as reference strains.
Additionally, an API SOCHB kit was used and the data was
submitted to automated interpretation using the APILAB
Plus software (BioMérieux, Marcy-1’Etoile, France).

The sequence of 16S rDNA was obtained after genomic
DNA extraction, PCR amplification and sequencing based
on previous work (Bastos et al. 2000). The bacterial 16S
rRNA sequencing primers were fD1 (5'-AGAGTTTGAT
CCTGGCTCAG-3") and rD1 (5'-AAGGAGGTGATCC

Table 1 Phenotypic characteristics of strain P34

Character Result
Cells size 2.9 x 0.8 pm
Spores Elliptical at subterminal position
Gram-stain Positive
Motility Positive
Esculin Positive
Casein hydrolysis Positive
Starch hydrolysis Positive
Tyrosine Negative
Catalase Positive
Lecithinase Negative
Acetoin Positive
Indole Negative
Citrate Positive
Gelatin liquefaction Positive
Nitrate reduction Positive
Anaerobic growth Negative
Growth in NaCl (%, w/v)

5 Positive
7 Positive
10 Positive
Growth at 50°C Positive
Growth at pH 5.7 Positive
Fermentation

Glucose Positive
Arabinose Positive
Xylose Negative
Manitol Positive
Gas production from glucose Negative
Susceptibility

Penicillin Sensitive
Streptomycin Sensitive
Vancomicin Sensitive
Ceftibuten Resistant
Novobiocin Resistant
Ciprofloxacin Resistant
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AGCC-3"); 341-357f (5'-CCTACGGGAGGCAGCAG-3")
and 357-341r (5'-CTGCTGCCTCCCGTAGG-3"); 685-
704f (5'-GTAGSGGTGAAATSCGTAGA-3") and 704-685r
(5'-CTACGSATTTCACCSCTAC-3"); 1099-1114f (5'-GC
AACGAGCGCAACCC-3") and 1114-1099r (5'-GGGTT
GCGCTCGTTGC-3"). The DNA was amplified using a
Geneamp PCR System 2400 (Perkin Elmer, Norwalk, USA)
by denaturation at 96°C (3 min), 30 cycles consisting of
94°C (1 min), 55°C (30s) and 72°C (2 min), and a final
extension step at 72°C (7 min). The PCR-amplified 16S
rDNA was sequenced by the ABI Prism 377 DNA
Sequencer (Perkin Elmer) based on fluorescent-labeled
dideoxynucleotide terminators. The 1,522-bp sequence was
submitted to Genbank (accession number AY962472). The
BLAST algorithm was used to search for homologous
sequences in Genbank. The phylogenetic tree was inferred
from Jukes-Cantor distances using the neighbor-joining
method (software MEGA3, Kumar et al. 2004). The branch-
ing pattern was checked by 1,000 bootstrap replicates.

Transmission electron microscopy

Cells of strain P34 were harvested from BHI agar plates
after 24 h of incubation at 37°C. The cells were fixed with
2.5% (v/v) glutaraldehyde, 2% (v/v) formaldehyde in
0.12 mol 1"! phosphate buffer for 10 days and then pos-
fixed in 2% (w/v) osmium tetroxide in the same buffer for
45 min before dehydration. Dehydration was done in a
graded acetone series (30-100%) and embeeding in Aral-
dite-Durcupan for 72 h at 60°C. Thin sections were pre-
pared with a Leica Ultracul UCT ultramicrotome (Leica,
Benshein, Germany), mounted on grids, covered with col-
lodium film, and poststained with 2% (w/v) uranyl acetate
in Reynold’s lead citrate. All preparations were observed
with a Philips EM 208-5 transmission electron micro-
scope (Philips Electronic Instruments Inc., Mahwah,
USA) operating at 100 kV.

Production of antimicrobial substance

For the production of antibacterial substance, the strain P34
was grown in 100 ml BHI-medium at 30°C in a rotary
shaker at 180 cycles min~! for desired times. Determina-
tion of the number of viable cells (CFU ml~') was carried
out as described elsewhere (Motta and Brandelli 2002).
After cultivation for 24 h, the cells were harvested by cen-
trifugation at 10,000g for 15 min and the culture superna-
tant was sterilized by filtration with 0.22 pm membranes
(Millipore, Bedford, USA). The filtrate was precipitated
with ammonium sulfate at 20% saturation. The precipitate
was dissolved in 10 mM phosphate buffer pH 7.0. This
solution was further purified by gel filtration chromatogra-
phy on a Sephadex G-100 column. Fractions positive for

antimicrobial activity were pooled and applied to a column
of DEAE-Sepharose, eluted with the same buffer followed
by a gradient from O to 1.5 M NaCl. The active peaks were
dialyzed and rechromatographed according to the same
process. Purity was checked by cappilary zone electropho-
resis, performed as described elsewhere (Bastiani et al.
2002), and using a 60 cm x 50 pum capillary. Samples of
5 ml were run in 50 mM borate buffer pH 9.2, and detected
by laser fluorescence.

Antimicrobial activity assay

Antimicrobial activity was determined essentially as
described previously (Motta and Brandelli 2002). An ali-
quot of 20 pl of partially purified BLIS was applied on
discs (6 mm) on BHI agar plates previously inoculated with
a swab submerged in a indicator strain suspension which
corresponded to a 0.5 McFarland turbidity standard solu-
tion. Plates were incubated at the optimal temperature of
the test organisms (Table 2) and inhibitory zones were mea-
sured after 24 h.

The antimicrobial activity titre was determined by the
serial twofold dilution method previously described by
Mayr-Harting et al. (1972). Activity was defined as the
reciprocal of the dilution after the last serial dilution giving
an inhibition zone and expressed as arbitrary unit (AU) per
mililitre. The AU ml~! were determined against L. mono-
cytogenes ATCC 7644 as indicator strain.

Chemical stability

Partially purifed BLIS samples were used to determine the
susceptibility in different conditions essentialy as described
previously (Cladera-Olivera et al. 2004). Samples (1 ml)
were treated at 37°C for 60 min with 2 mg m1~! (final con-
centration) of trypsin, pronase E and lipase. Samples were
then boiled for 3 min for enzyme inativation.

The antimicrobial activity at different pH values was
estimated by adjusting the pH of samples from pH 3.0 to
10.0. To evaluate pH stablitity, the antimicrobial substance
was incubated at pH 3.0-10.0 for 30 min and the pH was
neutralized to 7 before testing for antimicrobial activity.

Chemicals (working concentration in Table 3) were
added to the antimicrobial substance and the samples were
incubated for 60 min at 37°C before being tested for anti-
microbial activity. After treatments with TCA, samples
were centrifuged at 10,000g for 5 min, pellet was solubi-
lized in 10 mM Tris pH 8.0 and the supernatant was neu-
tralized to pH 7.0, before testing for antimicrobial activity.
Chemicals diluted with 8.75 g17! NaCl were used as
controls.

After each treatment the samples were tested for antimi-
crobial activity againts L. monocytogenes ATCC 7644.
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Table 2 Antimicrobial activity spectrum of BLIS P34

Indicator organism Temperature  Inhibition
°O) zone (mm)
Gram-positive bacteria
Bacillus cereus (food isolate) 37 9.8
B. cereus 8A (soil isolate) 37 10.0
B. subtilis 1CBS-1) 37 9.6
Lactobacillus acidophilus ATCC 4356 37 9.8
Brevibacterium linens ATCC 9172 25 9.2
Brevibacterium linens ATCC 9174 25 9.0
Brevibacterium linens ATCC 9175 25 9.2
Brevibacterium linens ATCC 19391 25 9.8
Corynebacterium fimi NCTC 7547 37 97
Listeria monocytogenes ATCC 7644 37 12.3
L. innocua (food isolate) 37 11.3
Listeria spp. (clinical isolate) 37 11.0
L. monocytogenes (clinical isolate) 37 13.0
L. monocytogenes 4C 37 13.0
L. monocytogenes 1 7TD78/03 37 13.0
L. innocua ATCC 33090 37 11.5
L. innocua 1572 37 12.5
L. ivanovii 5 NCTC 11007 37 11.0
L. seeligeri AC 82/4 37 9.0
L. welshimeri AC 73/2 37 13.0
Rhodococcus sp. 37 13.0
Gram-negative bacteria
Salmonella Gallinarum 37 8.5
(clinical isolate)
Erwinia carotovora 413 25 8.2
E. carotovora 416 25 8.2
E. carotovora 325 25 8.7
E. carotovora 365 25 8.2
Aeromonas hydrophila 28 8.5
(clinical isolate)
Pasteurella haemolytica 37 9.0
(clinical isolate)
P. haemolytica (clinical isolate) 37 9.0

Diameter of the inhibition zone in mm around the disk

Strains of the following microorganisms were not inhibited: Brocho-
thrix thermosphacta, Staphylococcus aureus, Staphylococcus epide-
rmidis, Staphylococcus intermedius, Streptococus sp., Enterococcus
faecalis, S. Enteritidis, Escherichia coli, Enterobacter aerogenes,
Pseudomonas aeruginosa, Pseudomonas sp., Candida sp., C. kefir,
C. utilis, Kluyveromices marxianus, Malassezia sp

Effect on L. monocytogenes and B. cereus

Overnight cultures of L. monocytogenes ATCC 7644 and
B. cereus 8A were obtained by growing in TSB medium
at 37°C for 18 h. A sample (1%) of those cultures were
inoculated in Erlenmeyer flasks containing 50 ml TSB and
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Table 3 Effect of chemical substances on antimicrobial activity using
L. monocytogenes ATCC 7644 as indicator strain

Treatment Concentration Residual
activity (%)
Untreated bacteriocin - 100
Boiled 3 min* - 100
Lipase 2 mg ml ™! 15
Trypsin 2 mg ml™! 40
Pronase E 2 mg ml~! 0
Acetone 50% (v/v) 80
Chloroform 50% (v/v) 100
Dimethyl sulfoxide 50% (v/v) 100
Ethanol 50% (v/v) 100
Methanol 50% (v/v) 80
Butanol 50% (v/v) 40
Xylol 50% (v/v) 100
EDTA 10 mM 100
2-mercaptoethanol 10 mM 0
Trichloroacetic acid 100 mg m1~! 0

Control, after proteolytic treatment the bacteriocin was boiled for
3 min at 100°C for protease inactivation

incubated at 37°C. The growth was checked at 2-h intervals
by 0.D. 600 nm and by viable cell counts (CFU m1™!).

BLIS (final concentration 160 AU ml~!) was added sep-
arately, to culture of L. monocytogenes and B. cereus after
6 h of growth and the effect on turbidity and on the number
of viable cells was determined at 2-h intervals. The colo-
nies were counted after 24 h of incubation at 37°C.

Results
Characterization of strain P34

The morphological and physiological characteristics of
the isolate are summarized in Table 1. Microscopic
observation of the isolate showed a straight rod with
endospores. The spores were eliptical, located at subter-
minal position. Morphological features were detailed by
transmission electron microscopy, revealing a typical
Gram-positive cell envelope profile (Fig. 1). The cyto-
plasmic membrane was surrounded by a thin peptidogly-
can layer; an overlaid surface layer was separated from
peptidoglycan by a zone of low contrast. The bacterium
grew aerobically, was strongly catalase positive, pre-
sented variable Gram-stain, and was Gram-positive in the
KOH test. Together with additional biochemical tests
(Table 1) and the use of an API 5S0CHB kit, these charac-
teristics indicated that the isolate belongs to the genus
Bacillus (Claus and Berkeley 1986). The analysis with
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Fig. 1 Thin sections of cells of strain P34, showing round to spore lo-
cated subterminally within sporangium. The cell envelope shows mul-
tiple layers, where the outermost layer exhibits the regularly arranged
structure of the S layer. Bar 300 nm

the APILAB Plus software indicated a very good identity
to the genus Bacillus.

The phylogenetic analysis confirmed that the isolate
was a Bacillus sp. and revealed that strain P34 was clos-
est to B. infernus (Fig. 2). The P34 sequence shared low
similarity with most Bacillus species and showed 91%
similarity with B. infernus. The cluster formed by P34
and B. infernus was supported by high bootstrap values
(Fig. 2).

Production of antimicrobial activity

Bacillus sp. P34 was aerobically incubated in BHI medium
at 30°C. Exponential cell growth reached the stationary
phase after 12 h of cultivation (Fig. 3). Remarkably, anti-
bacterial activity can be observed in the exponential growth
phase (6 h), with maximal values in the stationary phase

Fig. 2 Phylogenetic position of
strain P34 within the genus
Bacillus. The branching pattern
was generated by the neighbour-
joining method. The number of
each branch indicate the boot-
strap values. Bar 0.1 Jukes-Can-
tor distance

(24-30 h). It was observed that pH values were nearly
constant (pH = 7.0-7.5) during cultivation.

The antimicrobial substance obtained at 24 h of cultiva-
tion, was then purified from the culture supernatant by
ammonium sulfate precipitation and liquid chromatogra-
phy. The antimicrobial activity eluted in the void volume of
the Sephadex G-100 column, separated of the main bulk of
protein. This column was also eluted with buffer containing
1.5M NaCl, and the activity was detected within the
included volume of the column (not shown). Further purifi-
cation by ion exchange chromatography yielded a single
peak containing the antimicrobial activity. A single compo-
nent was observed by capillary electrophoresis, confirming
the homogeneity of the purified molecule. As a single anti-
microbial substance was detected, subsequent experiments
were carried out with the partially purified fraction from gel
filtration chromatography.

Inhibitory spectrum

The antimicrobial substance was active against Gram-posi-
tive and Gram-negative bacteria, including important path-
ogenic and spoilage microorganisms. The results are shown
in Table 2. The inhibitory activity was observed on L. mon-
ocytogenes, L. innocua, Corynebacterium fimi, B. cereus,
B. subtilis, Erwinia carotovora, Aeromonas hydrophila,
Pasteurella haemolytica, among other. L. monocytogenes
ATCC 7644 was used as indicator strain in subsequent
experiments.Fig. 4

Chemical stability

The antimicrobial substance was tested for sensitivity to
enzymes and residual activity was measured by agar disc

81 Bacillus subterraneus (AY672638)

74 | Bacillus firmus (AY833571)

54 Bacillus lentus (AB021189)

99 rBacillus subtilis (X60646)

54 Bacillus amyloliquefaciens (X60605)
“ Bacillus licheniformis (X68416)
Bacillus coagulans (D16267)

Bacillus thermocloacae (Z26939)
‘Bacillus thermosphaericus (X90640)

Bacillus thermoleovorans (Z26923)

Bacillus stearothermophilus (AB021196)

92
Bacillus thermoglucosidasius (AB021197)|

Bacillus acidocaldarius (X60742)

IBaciIIus infernus (U20385)

100

P34
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Fig. 3 Production of antimicrobial activity by strain P34. Bacterial
growth (circles) and antibacterial activity (squares) were monitored
during growth in BHI at 30°C. Each point represents the mean of three
independent experiments. The indicator strain was Listeria monocyt-
ogenes ATCC 7644

0O.D. 600 nm

Time (h)

0O.D. 600 nm
log,, CFU mI”"

o
()]

10 15 20 25
Time (h)

Fig. 4 Effect of BLIS on growth of B. cereus (a) and L. monocytoge-
nes (b). Turbidity (black symbols) and viability (open symbols) were
monitored in control (circles) and treated (squares) cells. Each point
represents the mean of three independent experiments
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diffusion assay against L. monocytogenes ATCC 7644. The
substance was sensitive to lipase, trypsin and pronase E at
the concentration of 2 mg ml~! (Table 3).

The effect of several chemicals on the antimicrobial
activity was evaluated. The substance lost its activity after
treatment with trichloroacetic acid (TCA) and 2-mercapto-
ethanol (Table 3). When treated with organic solvents and
other chemicals, the antimicrobial activity was only
affected by butanol, and in lesser extent by acetone and
methanol (Table 3).

The antimicrobial substance was stable in all pH tested
(3.0-10.0), remaining 100% its initial activity. When the
activity was tested within this pH range, at least 70% of
maximum activity, observed at pH 6.0-8.0, was observed.

Considering the properties of the inhibitory substance
produced by Bacillus sp. strain P34, it was characterized as
a bacteriocin-like compound.

Effect on L. monocytogenes and B. cereus

The effects of the BLIS on the growth of L. monocytogenes
and B. cereus are shown in Fig. 4. The addition of BLIS
(160 AU ml™") to cells suspensions of L. monocytogenes or
B. cereus at the exponential growth phase results in a differ-
ence in viable counts related to the controls. The addition of
the antimicrobial substance inhibited the growth of the indi-
cator strains resulting in a decrease in the number of viable
cells and in optical density over a period of 24 h (Fig. 4).
This indicated that BLIS has a bactericidal and bacteriolytic
effect.

Discussion

A bacterium producing a BLIS was isolated from the intes-
tinal contents of Leporinus sp., a teleost fish of Amazon
basin, and was identified as Bacillus sp. by biochemical
profiling and 16S rDNA sequencing. From the sequence
analysis of the 16S rDNA gene, strain P34 was found to be
clustered with the B. infernus, although an important differ-
ence in sequence was observed. In addition, B. infernus
thrives in heat and anaerobiosis (Boone etal. 1995).
Because these characteristics are not in agreement with
those of strain P34, this species can be assigned to the
genus level as Bacillus sp. These data suggest that our iso-
late is a new Bacillus species (Stackebrandt and Goebel
1994; Palys et al. 1997; Goto et al. 2000). Considering it
was isolated from a fish of Brazilian Amazon basin, we
propose this bacterium be classified in the genus Bacillus as
“B. amazonensis”.

The antimicrobial substance was shown to be broadly
active, which is also typical of Gram-positive BLIS and
particularly of antimicrobial peptides produced by Bacillus
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species (Jack et al. 1995; Hyronimus et al. 1998; Bizani and
Brandelli 2002; Risoen et al. 2004). C. fimi NCTC 7547,
described as being susceptible to all bacteriocins tested
(Oliveira et al. 1998), was also sensitive to the BLIS pro-
duced by Bacillus sp. P34. The antimicrobial substance was
able to inhibit the growth of L. monocytogenes, a very
important property in food safety. A. hydrophila, an impor-
tant pathogen linked to seafood and water outbreaks (Tsai
and Chen 1996), was also inhibited. Therefore, this novel
BLIS may represent a relevant alternative against several
food pathogenic and spoilage microorganisms.

The production of antimicrobial activity stated during
the exponential growth phase, reaching maximum values at
stationary phase. Production of antimicrobial peptides by
strains of Bacillus is suggested to be under complex genetic
regulation (Marahiel et al. 1993; Duitman et al. 1999). It
has been observed that modification of the culture condi-
tions, like nitrogen source and pH, may induce the produc-
tion of different antimicrobial peptides. A single strain can
produce different antimicrobial peptides simultaneously or
at least at different time intervals or growth conditions
(Duitman et al. 1999). Decrease of antimicrobial activity at
the late stationary phase could be associated to degradation
by extracellular proteases, which are often produced by
Bacillus spp. (Bizani and Brandelli 2002). However, most
of the known bacteriocins are highly stable against the pro-
teases of producer strain. The activity of linocin M18, a
bacteriocin that forms large proteinaceous aggregates,
diminished rapidly after 1-2 days at room temperature,
even in the presence of protease inhibitors (Valdes-Stauber
and Scherer 1994).

Bacteria can produce a variety of inhibitory substances.
In this case, organic acids can be ruled out, since the pH in
the growth medium was always in the range of 7.0-7.5 dur-
ing cultivation in BHI. The antimicrobial activity was sen-
sitive to the enzymes tested, with complete inactivation by
the broad range protease pronase E, indicating its proteina-
ceous nature. In addition, BLIS sensitivity to lipase may
suggest a lipopeptide structure, in agreement to previous
results of infrared spectroscopy (Motta et al. 2007). A bac-
teriocin produced by B. licheniformis, Lichenin A, was
completely inactivated by proteinase K treatment but was
resistant to trypsin (Pattnaik et al. 2001). Enzymes such as
proteinase K and pronase E were shown to eliminate thuri-
cin 439 activity, indicating a bacteriocin-like inhibitory
compound (Ahern et al. 2003). The fact that the antimicro-
bial activity was completely lost by only few enzymes and
was inactivated by 2-mercaptoethanol may suggest that the
BLIS have intamolecular disulfide bonds. This agrees with
the fact that the inhibitory compound was relatively heat
stable and shows stability within the pH range of 3.0-10.0.
A BLIS from B. amyloliquefaciens strain I3 was recently
characterized (Lisboa et al. 2006), showing different pH

stability and increased resistance to proteases when com-
pared with P34.

The BLIS appeared as a single band with a molecular
mass of about 6 kDa, and shown a molecular mass of
1,456 Da by mass spectroscopy (Motta et al. 2007). How-
ever, the antimicrobial activity eluted in the void volume of
the Sephadex G-100 column. This indicates that native
BLIS forms aggregates of high molecular masses
(>150 kDa). This behavior was similar to that observed for
the bacteriocin linocin M18 (Valdes-Stauber and Scherer
1994). Some bacteriocin molecules present a substantial
portion of hydrophobic residues and their association into
large aggregates is possibly because of the highly hydro-
phobic nature of the peptides.

The decline in the number of living cells of L. monocyt-
ogenes and B. cereus after the addition of BLIS suggest that
the antimicrobial effect was bactericidal. The decrease in
0.D. readings indicated that cells of indicator strains were
lysed. It has been suggested that the antimicrobial effect can
be dependent on the assay conditions, such as the amount
and purity of bacteriocin, culture media, indicator strain
and its cellular concentration (Motta and Brandelli 2002).
The BLIS identified in this work showed bactericidal and
bacteriolytic effect on L. monocytogenes and B. cereus at
160 AU ml~".

Bacteriocins may play a defensive role to hinder the
invasion of ecosystem of other strains or species into an
occupied niche (Riley and Wertz 2002). Antibacterial sub-
stances produced by different bacteria seem to play an
important role in the bacterial antagonism in aquatic eco-
systems (Dopazo et al. 1988). In addition, it has been found
that intestinal bacteria from both freshwater and marine
fishes show an inhibitory effect on fish pathogenic bacteria
(Olsson et al. 1992; Sugita et al. 1996). These include anti-
microbial substances produced by Bacillus strains isolated
from fish intestines (Sugita et al. 1998; Ghosh et al. 2003).
A similar role could be assigned to the strain P34, where its
BLIS may help to avoid pathogen colonization of fish intes-
tines. The broad inhibitory spectrum of strain P34 may
indicate an ecological advantage, since it would be capable
to inhibit several competing bacteria.

While many studies on BLIS have shown their impor-
tance as food preservatives, few attention have been
addressed to their application as antimicrobials in clinical
studies. Because bacteriocin treatment is potentially effective
and non-toxic to human and animals, it has been already pro-
posed as an alternative for disease control (Oliveira et al.
1998; Twomey et al. 2000). The BLIS produced by strain
P34 may represent an antimicrobial substance with potential
application in the prevention and treatment of Salmonella
Gallinarum, which causes severe systemic disease in domes-
tic poultry (Johnson et al. 1977). In this regard, the lantibiotic
mersacidin produced by B. subtilis has shown promising
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applications particularly against methicillin-resistant staphy-
lococci (Bierbaum et al. 1995). The rapid rise and spread of
multi-resistant bacterial pathogens have forced the consider-
ation of alternative methods of combating infections. For
example, several strains of L. monocytogenes have acquired
resistance to conventional bacteriocins (Rasch and Knochel
1998; van Schaik et al. 1999). Thus, there is a need for new
substances that exhibit efficient antimicrobial activity against
such strains. Given the diversity of bacteriocins produced in
nature, they can be considered as an alternative to combat
infections against specific pathogens (Neu 1992; Riley and
Wertz 2002). Therefore, research for new products with anti-
microbial activity is a very important field. The identification
and chemical characterization of bacteriocins produced by
Bacillus spp., and exploration of their potential use in the
control of pathogenic and spoilage microorganisms addresses
this subject.
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