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ABSTRACT

Biopreservation systems in foods are of increagitgrest for industry and consumers. Bacteriocimigéactic

acid bacteria and/or their isolated bacteriocinseaconsidered safe additives (GRAS), useful to abitite

frequent development of pathogens and spoilingoarganisms in foods and feed. The spreading ofebba¢t
antibiotic resistance and the demand for producith iewer chemicals create the necessity of expipriew
alternatives, in order to reduce the abusive usehefapeutic antibiotics. In this context, bacteiits are
indicated to prevent the growth of undesirable bdet in a food-grade and more natural way, which
convenient for health and accepted by the commuidgording to their properties, structure, molesnulveight
(MW), and antimicrobial spectrum, bacteriocins alassified in three different groups: lantibiotiesid non-
lantibiotics of low MW, and those of higher MW. &aV strategies for isolation and purification ocddteriocins
from complex cultivation broths to final productsre described. Biotechnological procedures inclgdsalting-
out, solvent extraction, ultrafiltration, adsorptialesortion, ion-exchange, and size exclusion chtography
are among the most usual methods. Peptide struftunaion studies of bacteriocins and bacterial gggn
advances will help to understand the molecular $aditheir specificity and mode of action. Nisinaigood
example of commercial success, and a good perspeistiopen to continue the study and developmengwf
bacteriocins and their biotechnological applicateonThese substances in appropriate concentratioag be
used in veterinary medicine and as animal growthnpoter instead usual antibiotics, as well as anitoldal

hurdle factor for increasing the shelf life of rmral processed foods.

S
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INTRODUCTION 1998; Kapil, 2005) and the increasing demand for
safe foods, with less chemical additives, has
One of the concerns in food industry is theincreased the interest in replacing these
contamination by pathogens, which are frequertompounds by natural products, which do not
cause of food borne diseases. Over the paiture the host or the environment. Biotechnology
decade, recurrent outbreaks of diarrhea, combinéd the food-processing sector targets the selection,
with the natural resistance of the causative agentgfoduction and improvement of  useful
contributed to its status as hazard. microorganisms and their products, as well as their
The problem of selection of resistant bacteria téechnical application in food quality.
antibiotics (Parada, 1980; Chopra et al, 1997; Rao,
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The use of non-pathogenic microorganisms and/dvlicrobacterium Propionibacterium and
their metabolites to improve microbiological Bifidobacterium(Carr et al, 2002).

safety and extend the shelf life of foods is defined.actobacillus acidophilus, L. plantarum, L. casei,
as biopreservation (De Martinis et al, 2001). L. casei rhamnosus, L. delbrueckii bulgaricus, L.
Antagonistic properties of lactic acid bacteriafermentum, L. reuteri, Lactococcus lactis lactis,
(LAB) allied to their safe history of use in Lactococcus lactis cremoris, Bifidobacterium
traditional food fermented products make thenbifidum, B. infantis, B. adolecentis, B. longum, B.
very attractive to be used as biopreservativeBreve, Enterococcus faecalis, Enterococcus
(Parada, 1984Caplice and Fitzgerald, 1999). faecium,are some of the most common species
Antibiotics are at present restricted for use infGarrity, 1984; Dellaglio et al, 1994), and some
foods and feeds, and bacteriocins are an interestistyains are recognized as probiotics (Full&89;
group of biomolecules with antimicrobial Parada et al, 2003).

properties that may represent a good alternativeugar fermentation followed by a reduction in pH
(Jack et al, 1995). due to the production of lactic and other organic
The increasing interest in these compounds hagids is an important factor for the inhibition of
stimulated the isolation of LAB producers and thegrowth of undesired microorganisms.
characterization of many novel peptides (Deraz €fhe low pH makes organic acids lipossoluble,
al, 2005). allowing them to break through the cell membrane
The successful development of nisin from arand reach the cytoplasm of pathogens (Haller et al,
initial biological observation through regulatory 2001).

approval for commercial applications, is a modelThe competition for essential nutrients,
that has stimulated new contributions in the fieldaccumulation of D-amino-acids and diminution of

of bacteriocin research (Deegan et al, 2006). the oxirredutive potential also contribute to their
inhibitory effect.
Lactic Acid Bacteria LAB are usually known as safe (GRAS), and have

Lactic acid bacteria (LAB) are characterized asin important role in the preservation of foods and
Gram-positive cocci or rods, non-aerobic buffermented products. They can be used as natural
aerotolerant, able to ferment carbohydrates fogompetitive microbiota or as specific starter
energy and lactic acid production. The metabolicultures under controlled conditions (Cinttsal,
pathway from glucose may be homofermentative001). Some of these bacteria produce antagonistic
or heterofermentative. In the first case twosubstances, called bacteriocins, which in small
molecules of lactate are generated (as iAmounts are very active against pathogens
Streptococcusand Lactococcus), and in the (Klaenhammer et al, 1994; Moreno et al, 2006).
second, lactate, ethanol and carbon dioxide are
produced, as iheuconosto@andsome lactobacilli. Bacteriocins
Lactic acid bacteria are also able to produce smdih recent years bacterial antibiotic resistance has
organic substances that contribute with aroma arfieen considered a problem due to the extensive
give specific organoleptic attributes to theuse of classical antibiotics in treatment of human
products (Caplice and Fitzgerald, 1999). and animal diseases (Roy, 1997; Lipsitch et al,
These microorganisms are found in milk, meat an@000; Yoneyama and Katsumata2006). As a
fermented products, as well as in fermentedonsequence, multiple resistant strains appeared
vegetables and beverages inhibiting the growth aind spread causing difficulties and the restricted
pathogenic and deteriorating microorganismsyse of antibiotics as growth promoters. So, the
maintaining the nutritive quality and improving continue development of new classes of
the shelf life of foods. They have also been used astimicrobial agents has become of increasing
flavor and texture producers. importance for medicine (Kumar and Schweiser,
Lactic acid bacteria include various major genera2005; Fisher et al, 2005).
Lactobacillus, Lactococcus, Carnobacterium,In order to control their abusive use in food and
Enterococcus, Lactosphaera, Leuconostocfeed products, one plausible alternative is the
Melissococcus, Oenococgus Pediococcus, application of some bacterial peptides as
Streptococcus, Tetragenococcus, Vagoco@u$s antimicrobial substances in place of antibiotics of
Weissella Other genera are: Aerococcus, human application. Among them, bacteriocins
produced by lactic acid bacteria have attracted
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increasing attention, since they are active in &odriguez, 1996; Moreno et al, 200@ther is
nanomolar range and have no toxicity. pediocin, produced byPedicoccus pentosaceus
Bacteriocins are proteins or complexed proteingMoreno et al, 2006).
biologically active with antimicrobial action Nisin, produced by. lactis subsp.lactis,is active
against other bacteria, principally closely relatecgainst Gram-negative bacteria, but only when
species.They are produced by bacteria and araised at high concentrations or when the target
normally not termed antibiotics in order to avoidcells have been pre-treated with EDTA (Stevens et
confusion and concern with therapeutic antibioticsal, 1991).
which can potentially illicit allergic reactions in Bacteriocins are not frequently active against
humans and other medical problems (Deraz et aGram-negative bacteria. The outer membrane of
2005). this class of bacteria acts as a permeability barrier
Bacteriocins differ from most therapeuticfor the cell. It is responsible for preventing
antibiotics in being proteinaceous agents that ammolecules such as antibiotics, detergents and dyes
rapidly digested by proteases in the humairfrom reaching the cytoplasmic membrane (Stevens
digestive tract.They are ribosomally synthesizedet al, 1991). However, some studies have already
peptides, and this fact creates the possibility afeported bacteriocin activity against this group of
improving their characteristics to enhance theibacteria. Examples are plantaricin 35d, produced
activity and spectra of action (Saavedra et alby Lactobacillus plantarumand active against
2004). Aeromonas hydrophila(Messi et al, 2001);
Antibiotics are generally considered to bebacteriocin ST151BR, produced hwactobacillus
secondary metabolites that are inhibitorypentosusST151BR (Torodov and Dicks, 2004)
substances in small concentration, excluding thand a bacteriocin produced biactobacillus
inhibition caused by metabolic by-products likeparacasei subsp. paracasei active against
ammonia, organic acids, and hydrogen peroxide. Escherichia coli (Caridi, 2002); thermophylin,
It is likely that most if not all bacteria are capableproduced by Streptococcusthermophilus active
of producing a heterogeneous array of moleculeagainstE. coli, Yersinia pseudotuberculosend
in the course of their growthin vitro (and Yersinia enterocoliticeamong the Gram-negative
presumably also in their natural habitats) that magpecies and against severBlacillus species,
be inhibitory either to themselves or to otherlisteria monocytogenes and  Salmonella
bacteria (Jack et al, 1995). typhimuriumamong the Gram-positives (lvanova
Bacteriocin production could be considered as aat al, 1998). Bacteriocins ST28MS and ST26MS,
advantage for food and feed producers since, iproduced by Lactobacillus plantarumisolated
sufficient amounts, these peptides can kill ofrom molasses (Torodov and Dicks, 2005)
inhibit pathogenic bacteria that compete for thenhibited the growth ofEscherichia coli and
same ecological niche or nutrient pool. This role ig\cinetobacter baumanialong with some Gram-
supported by the fact that many bacteriocins havgositive bacteria. Lade et al (2006) have isolated
a narrow host range, and is likely to be mostwo Lactobacillus species I{. plantarumand L.
effective against related bacteria with nutritivelactis) from vegetable waste that produced a
demands for the same scarce resources (Deegarbatteriocin which inhibitted the growth Bf coli.
al, 2006).

Classification of Bacteriocins
Range of activity There is a wide number of bacteriocins produced
Considering the antimicrobial spectrum, producingy different LAB (table 1), and they can be
species, molecular weight, stability, physical-classified according to their biochemical and
chemical properties and mode of action ofgenetic characteristics (Klaenhammer et al, 1994;
bacteriocins, they form a heterogeneous groupgsonzalez-Martinez et al, 2003).
There is the classic type, which has a spectrum @lass | — Lantibiotics: small (< 5 kDa) heat-stable
activity only against homologous species, and peptides acting on membrane structures; they are
second type, less common, which shows actioaxtensively modified after translation, resulting in
against a wide range of Gram-positivethe formation of characteristic thioether amino-
microorganisms. One example of this second typacids lanthionine and methyllanthionine. These
is nisin, which is produced by certain strains ofarise via a two-step process, originated from post-
Lactococcus lactisubsp.lactis (De Vuyst, 1994; transdutional modifications: firstly, gene-encoded
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serine and threonine are subjected to enzymatNisin
dehydration to give rise to dehydroalanine andNisin is a peptide formed by 34 amino-acids (Fig.
dehydrobutyrine, respectively (Sahl and Bierbauml), with a small molecular weight, below 5 kDa
1998). A very well known example of this group(Gross and Morell, 1971). Its synthesis is complex,
is nisin (Broadbent et al, 1989). involving processes of transcription, transduction,
The lantibiotic bacteriocins were initially divided post-transdutional modifications, secretion,
into two subclasses based on structural similaritieprocessing and signs of transduction (Guder et al,
Subclass lancluded relatively elongated, flexible 2000). There are two variants of this bacteriocin:
and positively charged peptides; they generally agtisin A and Z, which differ from each other only
by forming pores in the cytoplasmatic membraneby the amino-acid 27. Histidine in nisin A is
of sensitive target species. The prototypiaeplaced by asparagin in nisin Z. This bacteriocin
lantibiotic nisin is a member of this group. is used predominantly in canned foods and dairy
Subclass |b peptides are characteristically products and is especially effective when utilized
globular, more rigid in structure and are eitheiin the production of processed cheese and cheese
negatively charged or have no net charge. Thegpreads acting against heat-resistant spore forming
exert their action by interfering with essentialorganisms such asBacillus and Clostridium
enzymatic reactions of sensitive bacteria (DeegafDeegan et al, 2006). It is also effective against
et al, 2006). Gram-positive mastitis-causing pathogens
Class 1l. — Non-Lantibiotics: bacteriocins of (Broadbent et al, 1989).
variable molecular weight, but usually small (<10Preference focuses on nisin, although bacteria
kDa), heat-stable, containing regular amino-acid$elonging to the genusactococcusare able also
This group was divided into three subgroups: to produce other bacteriocins with economic
Class lla peptides active againdtisteria, the potential. An example is lacticin 3147, active in a
characteristic representants are pediocin PA-Wide range of pH and with a wide spectrum of
(Venema et al, 1997) and sakacin P. action over Gram-positive bacteria. The genetic
Class llb formed by a complex of two distinct determinants for its synthesis are located in
peptides. These peptides have little or no activitplasmids, so lacticin genes can be conveniently
and it appears to be no sequence similaritietsansmitted to different starter cultures of
between complementary peptides. In this group aleactococcugRoss et al, 1999).
lactococcin G and plantaricins EF e JK. As it is active under physiological pH, it has a
Class llc Small peptides, heat-stable, which arggreat potential for use with medical purposes
transported by leader-peptides. In this subclass a(&alvin et al, 1999). It has a bactericide mode of
found only the bacteriocins divergicin A andaction against all Gram-positive bacteria tested so
acidocin B. far, including food deteriorants &lostridiumsp,
Class lll. — Big peptides, with molecular weight pathogenic microorganisms as Listeria
over 30 kDa. In this class are helveticins J (Joergenonocytogenesand those causing bovine mastitis
and Klaenhammer, 1986) and V (Vaugham et alStaphylococcus aureus and  Streptococcus
1992), acidofilicin A and lactacins A and B. dysgalactiagRyan et al, 1998). It is also active on
Most of the low molecular weight bacteriocins arehuman pathogens as methicilin-resistant
highly cationic at pH 7.0, and this seems to be &taphylococcus aureugMRSA), vancomicin-
unifying feature of both the lantibiotics and non-resistanEnterococcus faecalipenicillin-resistant
lantibiotics (Cintas et al, 2001). Pneumococcys Propionibacterium acne and
Lantibiotics are the most studied and explore®treptococcus mutanhese characteristics make
industrially. Nisin, a lantibiotic usually produced lacticin 3147 very attractive for its potential
by Lactococcus lactisubsp.lactis is used as an application in the food industry, veterinary
additive in foods. All of the variants of nisin are medicine, and eventually in the treatment of
active against Gram-positive bacteria, llisteria  human diseases (Guinane et al, 2005).
sp, Micrococcus sp and also on sporulating Other bacteriocins
bacteria, like Bacillus sp and Clostridium sp Class 1l acidocin CH5 is produced by
(Gonzalez-Martinez et al, 2003). Lactobacillus acidophilus,and has a restricted
activity against Gram-positive bacteria.
Chumchalova et al, (2004) have demonstrated its
activity against eight strains of the genus
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Lactobacillus Another acidocin, produced Hy. heat-stable and active over a wide pH range,
acidophilusDSM 20079, has been characterizedalthough with a narrow inhibitory activity
by Deraz et al (2005) as a one-component peptidgectrum.

of low molecular weight (6.6 kDa), extremely

Figure 1— Primary structure of nisin.

Another L. acidophilusbacteriocin is lactacin F, kDa, 57 amino acids), pediocin A (2.7 kDa), and
which is a proteinaceous heat-stable componegtoned bacteriocins (Hastings et al, 1991).

and inhibitory for other lactobacilli as well as According to Morisset et al (2004), mesentericin
Enterococcus faecalis (Muriana and Y105 is a 37-residue bacteriocin produced by
Klaenhammer, 1991). Leuconostoc mesenteroidesl05 that displays
Leuconostocspecies have been associated witlantagonistic activity against Gram-positive
raw foodstuffs, dairy products and winebacteria such @nterococcus faecalsndListeria
fermentation. Some have been identified andnonocytogenedt is closely related to leucocin A.
shown to produce bacteriocins. They includeBacteriocins fronPediococcuspecies, designated
Leuconostoc gelidum, Leuconostoesenteroides as pediocins, were shown to be protein in nature
(Daba et al, 1991), Leuconostoc and inhibitory to several other bacteria. Pediocin
paramesenteroidesand Leuconostoc carnosum F, one of the bacteriocins produced IS
(Geisen et al, 1993) Bacteriocin producing acidilactici isolated from fermented sausage, is a
leuconostocs were isolated from vacuum packagesimall peptide, with a molecular weight of approx.
meat, retail lamb, goat's milk and cheddar cheesé,5 kDa that has shown to be effective against
(Mackay et al, 1997). many bacteria associated with food spoilage and
Leucocin A, produced by.euconostoc gelidum food related health hazards. Pediocin F is reported
has a molecular weight of approx. 4 kDa (370 be sensitive to proteolytic enzymes, resistant to
amino-acids), is one of a group of smallheat and organic solvents, and active over a wide
antibacterial peptides produced by lactic acidange of pH (Osmanagaoglu et al, 1998).

bacteria. This group may include lactacin F (6.3
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Table 1 - Bacteriocins of lactic acid bacteria #melr maincharacteristics

Producing species

Bacteriocin

Spectrum of action

Gliacteristics

Lactococcus lactis subsp. lactis

Nisin

Lacticin 3147

Lactococcus lactis subsp. cremorid_actococcin B

Gram-positive bacteria

Clostridium sp
Listeria monocytogenes
Staphylococcus aureus

Streptococcus dysgalactiae

Enterococcus faecalis
Propionibacterium acne
Streptococcus mutans

Lactobacillus

Class | lantibiotic, 3,5 kDa, 34 amino-acids,
commercially available

Class | two-component lantibiotic, 4,2 kDa, heat-
stable, active under acid and physiological pH

Class Il bacteriocin, approx. 5 kDa, narrow spectrum
of action

Lactobacillus acidophilus

Acidocin CH5

Lactacin F

Lactacin B

Gram-positive bacteria
Lactobacillus

Lactobacillus fermentum
Enterococcus faecalis

Lactobacillus delbrueckii
Lactobacillus helveticus

Lactobacillus debrweckii
Lactobacillus helveticus
Lactobacillus.bulgaricus.
Lactococcus lactis.

Class Il bacteriocin, forms high molecular weight
aggregates

Class Il bacteriocin, 6,3 kDa, 57 amino-acids, heat-
stable at 121° C for 15 minutes

Class lll bacteriocin, 6,3 kDa, heat-stable, detected
only in cultures maintained between pH 5.0 to 6.0

Lactobacillus amylovorus

Lactobin A

Lactobacillus acidophilus
Lactobacillus delbrueckii

Class Il bacteriocin, 4,8 kDa, 50 amino-acids,
narrow spectrum of activity

Lactobacillus casei

Lactocin 705

Listeria monocytogenes
Lactobacillus plantarum

Class Il two-component bacteriocin (33 amino-acids
each component), 3,4 kDa,

Leuconostoc gelidum

Leucocin A

Lactobacillus
Enterococcus faecalis
Listeria monocytogenes

Class Il bacteriocin, 3,9 kDa, 37 amino-acids, stable
at low pH values, even after heating (100°C for 20
min)

Leuconostoc mesenteroides

Mesentericin Y105

Enterococcus faecalis
Listeria monocytogenes

Class Il bacteriocin, 3,8 kDa, 37 amino-acid
residues, heat stable (60°C for 120 min at pH 4.5)

Pediococcus acidilactici Pediocin F Gram-positive bacteria Class Il bacteriocin, 4,5 kDa, sensitive to proteolytic
enzymes, resistant to heat and organic solvents,
active under a wide range of pH

Pediocin PA-1 Listeria monocytogenes Class Il bacteriocin, 4,6 kDa, 44 amino-acids,
Pediocin AcH Gram-positive and Gram-  Class |l bacteriocin, 4,6 kDa, 44 amino-acids, broad
negative bacteria under spectrum of action
stressing situations
Pediococus pentosaceous Pediocin A Lactobacillus Class Il bacteriocin, 2,7 kDa, sensitive to proteolytic
Lactococcus enzymes and heat stable (10 min 100°C)
Leuconostoc
Pediococcus
Staphylococcus
Enterococcus
Listeria
Clostridium
Enterococcus faecium Enterocin A Listeria monocytogenes Class Il bacteriocin, 4,8 kDa, 47 amino-acid
Pediococcus residues, heat-stable
Lactobacillus sake Lactocin S Lactobacillus Class | bacteriocin, 3,7 kDa, active between pH of
Leuconostoc 4,5and 7,5
Pediococcus
Sakacin P Listeria monocytogenes Class Il bacteriocin, 4,4 kDa, heat-stable
Lactobacillus curvatus Curvacin A Listeria monocytogenes Class Il bacteriocin, 4,3 kDa
Enterococcus faecalis
Lactobacillus helveticus Helveticin J Lactobacillus bulgaricus Class Il bacteriocin, 37 kDa, narrow spectrum of

Lactococcus lactis

action, sensitive to proteolytic enzymes, reduction of
activity after 100° C for 30 min
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Enterococcus faeciunCRL35, a strain isolated organic solvents. Highest antimicrobial activity
from regional Argentinean cheese, produces was found between pH 1 and 9.

bacteriocin called enterocin CRL35. It posses€arnobacterium pscicicola L103 isolated from
activity against the food borne pathogesteria  vacuum packed meat has shown the ability to
monocytogenesand by its efficiency, this peptide produce a bacteriocin-like substance, which
has potential as antimicrobial agent in foodsaused inhibition of six strains oListeria

(Minahk et al, 2000). monocytogenessolated from salmon and from
human origin (Schobitz et al, 2003). No significant
Stability growth of the pathogen was observed at 4 £ 2° C

Some studies of characterization of bacteriocinduring 15 days, when compared to the salmon
show that these molecules can be active undamoculated only withL. monocytogene&Schébitz
certain ranges of temperature and pH. Sensibilitgt al, 2006).

to proteolytic enzymes evidences theThree strains olactobacillus(L. plantarum, L.
proteinaceous characteristic of bacteriocins (D&rmentum and L. acidophilug isolated from
Martins et al, 2003).Complete inactivation or Turkish dairy products showed inhibitory activity
significant reduction in antimicrobial activity of against Staphylococcus aureugscherichia coli
the bacteriocins ST28MS and ST26MS producednd Yersinia enterocoliticalue to bacteriocin-like
by Lactobacillus plantarum isolated from substances. They were resistant to heat; the
molasses was observed after treatment withibitory activity of bacteriocin-like substances
proteinase K, pronase, pepsin and trypsin. Theseas not lost after 10 and 20 min at 100° C (Aslim
bacteriocins remained stable after incubation foet al, 2005).

2h at pH values between 2.0 and 12.0. No decrea$be antagonistic activity dfactobacillus sakd.48

in antibacterial activity was recorded after 90 minis due to the production of sakacin M, a peptide of
at 100°C or 20 min at 121° C (Torodov and Dicksappox. 4,6 kDa, purified by lyophilization and gel
2005). filtration. The partially purified antagonistic
The thermotolerance feature might be related tactivity of L. sakel48 was destroyed by treatment
the molecular structure of the bacteriocin, usuallyith proteolytic enzymes. However, it was
composed by small peptides without tertiaryresistant to heat, having D-values at 121, 135 and
structure (Toro, 2005). 150° C of 23.8, 17.4 and 15.2 min, respectively.

Bacteriocin-like Substances Isolation and Purification
Lactic acid bacteria are capable of producing oth€eFhe first step for isolation of bacteriocins involves
substances, known as bacteriocin-like substancasscreening of lactic acid bacteria from different
(BLS). An example of this class of molecule issources, which may vary from plant material and
reuterin, produced by some strains offood products to human or animal isolates.
Lactobacillus reuteri  during anaerobic Moreno et al (1999) have isolated several strains
fermentation of glycerol (Rodriguez et al, 2003;of lactic acid bacteria from food products as
Pancheniak et al, 2006). It is water-soluble, activeheese and milk. The antagonistic activity was
over a wide range of pH values and resistant tdetected through the well diffusion assay on agar
proteolytic and lipolytic enzymes, being a suitableplates (Toro, 2005). To avoid antagonism by
compound for food biopreservation. hydrogen peroxide, catalase was added to the
Lactobacillus plantarunTF711 isolated from raw culture medium; phosphate buffer was added to
Tenerife goat's cheese dy Hernandez ¢28D5) the solid medium to exclude inhibition by organic
produced a bacteriocin-like substance with acids. Additional tests in liquid medium are
molecular weight of 2,5 kDa, which was calledconfirmatory and allow the determination of
plantaricin TF711. It was shown to be activeminimal inhibitory concentration.
against the Gram-positive bacteBacillus cereus, Bacteriocins of lactic acid bacteria have been
Clostridium  sporogenes and Staphylococcus widely studied in recent years, however, there are
aureus as well as against the Enterobacteriaceaelatively few studies that describe their chemical
Shigella sonneandKlebsiella pneumoniadt was  structure. This may be due to the many challenges
stable to heat and to treatment with surfactants ara$sociated with the purification of these
antimicrobial peptides (Mackay et al, 1997).
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Various strategies for the purification of chromatographic separations, including cation
bacteriocins from complex cultivation broths haveexchange, gel filtration, hydrophobic interaction
exploited their cationic and hydrophobicand reverse-phase liquid chromatography are
characteristics (Cheigh et al, 2004). necessary to achieve significant purification of
Usual methods for bacteriocins extraction ardacteriocins. Usually, but not always, the yields
based on their affinity to organic solvents, theirobtained are low. This is probably due to the high
variation in solubility in concentrated salt number of steps in the protocol, leading to time-
solutions and at a given pH value. The presence abnsuming processes and subsequently low yields.
hydrophobic regions in bacteriocin molecules isTo determine optimal parameters for the
essential for their activity against sensitivebacteriocin production, it is necessary to determine
bacteria, since inactivation of microorganisms bythe ideal conditions of growth of the lactic strains
bacteriocins depends on the hydrophobi@and the composition of the culture medium. The
interaction between the bacterial cells andnedium usually contains a complexity of nutrients
bacteriocin molecules (Burlanek and Youseffor optimal production of bacteriocins, but high
2000). contents of peptides might interfere in the
Some bacteriocins appear in their native state gmurification process (Mackay et al, 1997).
aggregates with high molecular mass (ca. 30-30@n ideal protocol for bacteriocin production
kDa). These aggregates may mask partially oshould be one that is applicable to large-scale
completely the antimicrobial activity of the purification, leading to bacteriocin yields higher
bacteriocins during their purification and alsothan 50% and purity around 90% (Schobitz et al,
induce errors in the determination of their2006).

molecular weight. This is especially true withIn general, for the non-lantibiotic bacteriocins, the
highly non-polar low-molecular-weight methods involve growth in a suitable liquid
bacteriocins, which easily interact with nutrient medium under optimal conditions for
extracellular material of lysated cells (e.g., cellbacteriocin production, removal of the cells
wall debris and micelles of lipotheicoic acids) andfollowed by fractionated precipitation of the
other non-polar compounds from the cultureproteins from the culture supernatant by addition
medium (Cintas et al, 2001). of ammonium sulfate. The precipitated proteins
In all these cases, macromolecular complexes mayre subsequently dissolved in deionized water or in
be disaggregated by using dissociating agents sueh weak buffer, and bacteriocin molecules are
as urea or SDS (Muriana and Klaenhammerseparated by use of different procedures including
1991), ultrafiltration (Muriana and Klaenhammer,hydrophobic, ion-exchange, and size exclusion
1987) or by eliminating lipid material by chromatography. Although these techniques have
extractions with methanol-chloroform or ethanol-facilitated production of highly purified
diethyl-ether (Contreras et al., 1997). Once théacteriocin preparations, the final yield has
bacteriocins are recovered from the cell-fregenerally been below 20% and involves several
supernatants, they can be concentrated kgays of processing (Jack et al, 1995).

techniques permitting separation of the fractiondany lactobacilli species have been identified as
according to their size and/or physicochemicaproducers of bacteriocins. The origin of these

properties (Cintas et al, 2001). species has mainly been from dairy and vegetable
fermentations, vacuum-packaged meat products
Methods of Purification (Martins and Freitas, 2003) and from animal or

Since bacteriocins are secreted into the cultureuman isolates (Mackay et al, 1997). Purification
medium, most strategies start with a step tef bacteriocins was made by using ammonium
concentrate  bacteriocins from the culturesulfate precipitation, ion-exchange
supernatant, using for example diatomite calciunchromatography, hydrophobic interaction and
silicate (Coventry et al, 1996) or ammoniumreverse-phase HPLC.

sulfate precipitation (Yang et al, 1992). AlthoughThe bacteria belonging to the genus
these procedures are used principally to reduce tligarnobacteriumwere initially recognized as non-
working volume, they do not provide a highaciduric lactobacill. These bacteria are now
degree of purification (Guyonnet et al, 2000).differentiated fromLactobacillusby their inability
Therefore, subsequent steps by using preparatite grow on acetate agar at pH 5.6, their ability to
isoelectric focusing and/or multiple
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grow at high pH (8.5-9.5) and their ability to purification of nisin to homogeneity in a single
produce L-lactate and oleic acid. step. These characteristics allow the development
Bacteriocins producing strains were isolated fronof a scale-up process for the purification of this
poultry, fish and vacuum-packaged meat. Amondpacteriocin.

the carnobacteria, carnocin, carnobacteriocins BMAcidocin CH5, produced by. acidophilus was
and B2 have been purifie@Mackay et al, 1997). purified by using combinations of
A Dbacteriocin-like substance produced bychromatographic methods based on hydrophobic
Carnobacterium pscicicolaL103 was partially and cation exchange principles (Chumchalova et
purified by ammonium sulfate precipitation andal, 2004). Acidocin D20079, produced Hy.

gel filtration on Sephadex G-25, followed byacidophilus DSM 20079, was purified by
lyophilization, in order to test its activity againstammonium sulphate precipitation followed by
Listeria monocytogeneas vacuum-packaged meat sequential cation exchange (Carboxymethyl

(Schobitz et al, 1999). Sepharose column), dialysis and hydrophobic
interaction chromatography (Octyl Sepharose
Purification of class | bacteriocins column), followed by electrophoresis (SDS-

Lactococci are widely employed in the dairyPAGE) (Deraz et al, 2005).

industry. Bacteria from this group are involved inLactocin S, a 3,7 kDa bacteriocin produced by
the production of the Ilantibiotic nisin, Lactobacillus sakelL45, has been purified to
lactococcins, lactostrepcins, diplococcins andiomogeneity by precipitation of the cell-free
others(Mackay et al, 1997; Moreno et al, 2000). supernatant with ammonium sulfate 20%, ion
Cheigh et al (2004) have developed a simple onexchange (Q-Sepharose anion exchange column
step purification method, using expanded bed iorand S-Sepharose cation exchange column),
exchange chromatography, for the fractionation ohydrophobic interaction (Phenyl Sepharose CL-4B
nisin Z produced bylLactococcus lactissubsp. column) and reverse-phase chromatography and
lactis A164. The purification from the unclarified gel filtration (using an FPLC system) (Mgrtvedt et
A164 culture broth resulted in 31-fold purification al, 1991).

with a 90% vyield. According to this author,

conventional purification methods are multi-stepPurification of class Il bacteriocins

processes, requiring expensive equipments at eaBeveral pediococci have an important role in
step, and may result in a significant loss of desiredegetable and meat fermentations, where they are
product. The overall reduction in the total numberesponsible for the production of acid and flavor
of purification steps, therefore, would lead to adevelopment. Bacteriocins produced by pediococci
higher product yield and be more cost-effective. Irhave a relatively broad spectrum of activity against
addition, these methods are wusually timeGram-positive bacteria and are designhated
consuming, and unsuitable for large-scalgediocins. Pediocins are produced mainly by
purification of bacteriocins (Coughlin and Crabb,Pediococcus pentosaceo(Riva et al, 1994pand
2002). Pediococcus acidilactici(Bhunia et al, 1987;
Suérez et al (1997) have proposed a single-stégackay et al, 1997). Vinema et al (1997) have
method for the purification of nisin, based on amurified pediocin PA-1, produced WBediococcus
immunoafinity chromatography. An acidilactici  through  ethanol precipitation;
immunoadsorption matrix was developed by direcpreparative isoelectric focusing after addition of
binding of anti-nisin A monoclonal antibodies toampholytes, Tween 20 and glycine; and
N-hydroxysuccinimide-activated Sepharose. Thailtrafiltration; the purified sample was subjected to
purification procedure showed to be rapid andricine SDS-PAGE. Very pure bacteriocin
reproducible and rendered much higher finapreparations were obtained with this method, not
yields of nisin than the traditional describedinvolving chromatographic columns, with yields
methods. According to the author, the specifibetween 30 and 40% (other purification protocols
monoclonal antibodies against nisin A havehave obtained yields between 0,5 and 1%).
provided a method that is able to purify thisSeveral class Il bacteriocins (enterocin A, sakacin
bacteriocin even from a complex medium such aB, and curvacin A) were purified by ammonium
MRS broth without unspecific adsorption. Thesulfate  precipitation followed by three
procedure is simple, rapid, highly specific,chromatography steps using ion exchange,
reproducible, and inexpensive, permitting thehydrophobic interaction, and reversed phase
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chromatography (Eijsink et al, 1998). Very largea good vyield. Similar yields were obtained when
volumes of washing buffer (up to 40 times thethese procedures were used for the isolation of
column volume) were used for the washing stepkntibiotics. Morisset et al (2004) have also
during ion-exchange and hydrophobic interactiorpurified mesentericin Y105 using this three-step
chromatography, in opposition to the previouslyprotocol. The purity level of peptides was more
described methods. This small change in théhan 95%, according to the high-pressure liquid
protocol contributed considerably to purity. chromatography elution profile of the purified
Lactobin A, produced byl. amylovorus was extracts.

purified from the cell-free supernatant byEnterococcus faeciumhas shown to be a
saturation with ammonium sulfate (35%), bacteriocin producer. Enterocin ON 157 produced
followed by gel filtration chromatography andby E. faeciumNIAl 157 isolated from spoiled
methanol-chloroform extraction (to remove fattygrass silage has been purified by Ohmomo et al
acids contaminants); ion-exchange, hydrophobi€2000) using a combination of ultrafiltration,
interaction and reverse-phase chromatography inammonium sulfate precipitation and cation-
FPLC system (Contreras et al, 1997). exchange chromatography. It is a small peptide,
Another bacteriocin is lactacin B fromL. with a molecular weight of 2,5 kDa, stable under
acidophilus was purified by ion-exchange low pH vales (2,0-5,0). It was completely inhibited
chromatography  (Carboxymethyl  Sephade)y proteolyic enzymes and showed strong activity
column), ultrafiltration, and successive gelagainstListeria monocytogenesbut no activity
filtrations in the presence of 8 M urea and theragainst Gram-negative bacterial species.

0,1% sodium dodecyl sulfate (Barefoot andA method involving solvent extraction was
Klaenhammer, 1984). developed by Burlanek and Yousef (2000) to
Lactacin F, a 2,5 kDa peptide, was purified byconcentrate lacidin from the culture broth of
ammonium sulfate precipitation, gel filtration, andLactobacillus acidophilusOSU133. The new
high-performance liquid chromatography inmethod considers the amphiphilic property of
reversed phase (Muriana and Klaenhammehacteriocins, and concentrates the bacteriocin at
1991). the interface of immiscible liquids (in this case,
Guyonnet et al (2000) developed a three-stephloroform and the aqueous culture of the
method for the purification of mesentericin Y105,producing bacterium). Compared with other
produced byLlLeuconosto. mesenteroideél05. extraction procedures, this method effectively
The purification procedure replaced therecovers higher bacteriocin yield and results in
ammonium sulfate precipitation for cation relatively clean preparations.

exchange chromatography. The temperature ardimong the lactococcins, is lactococcin B, a
time of sterilization of the culture medium werebacteriocin with approximately 5 kDa of
reduced, in order to minimize the amount ofmolecular weight produced Hyactococcus lactis
hydrophobic, colored contaminants present in thevas purified by a method that does not involve
media. The culture supernatant was applied to eéhromatography columns. Instead, the cell-free
carboxy-methyl-cellulose-filled column (2.5 by 18 supernatant of the culture was subjected to ethanol
cm), followed by a G cartridge and €Kromasil precipitation and preparative isoelectric focusing
analytical HPLC column. (freeze-drying) after addition of ampholytes,
The amount of purified mesentericin  Y105Tween 20 and glycine. Ultrafiltration was used
obtained from 100 ml of culture supernatant wasnd the purified sample subjected to tricine SDS-
120 pg, which corresponds to a yield of 60% ofPAGE (Vinema et al, 1997).

recovered activity, indicating an initial amount of

2 mg of bacteriocin per liter in the culture Purification of class Ill bacteriocins

medium. Helveticin J, a peptide produced bgctobacillus
Leuconostoc gelidumproduces a bacteriocin, helveticus481 is a class Il bacteriocin, sensitive
leucocin A-UAL 187, which has been purified byto proteolytic enzymes and heat. It was purified by
ammonium sulfate or acid (pH 2,5) precipitation Joerger and Klaenhammer (1986) using
hydrophobic interaction chromatography, gelammonium sulfate precipitation; the pellet was
filtration, and reversed-phase high-performanceessuspended in sodium acetate buffer and
liquid chromatography with a yield of 58% of the dialysed against the same buffer. The sample was
original activity (Hastings et al, 1991) resulting in
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applied to a Sephadex column for gelSince the major objective of most of these studies
chromatography, followed by SDS-page. has been the preparation of highly purified
Lactobacillus acidophilugproduces a bacteriocin bacteriocins, the low vyield, relatively lengthy

called lactacin B, which has been purified by ionprocessing time, and requirement for costly
exchange chromatography with a carboxymethyinstrumentation in these purification protocols

Sephadex column, ultrafiltration, and successivevere not a primary consideration (Jack et al,
gel filtrations in the presence of 8 M urea and thed995).

0,1% sodiumdodecy! sulfate (Barefoot et al, Yang et al (1992) have proposed a different

1984). method for large-scale purification that involves
adsorption of the bacteriocin to the cell wall of the
Other considerations producing cell. Pediocin AcH produced by

According to Mackay et al (1997), there is aPediococcus acidilactici nisin produced by
number of important considerations to be madé&actococcus lactissubsp. Lactis ATCC 11454,
when purifying bacteriocins, like the strain,leuconocin Lcm 1 produced by.euconostoc
composition of the culture medium, andcarnosumLm 1 and sakacin A produced by
purification technology among others. ThelLactobacillus sakelLb 706 were successfully
production of many bacteriocins seems not to bpurified by this procedure. The method was based
inducible and relatively low tites of activity are on observations that the fully processed
detected in broth cultures. For purificationbacteriocin molecules are: excreted by the
purposes then, it is necessary to do productioproducer cells; are cationic; adsorb to the cell
studies and to start with large batches of culturesurface of the producer strains (and other gram-
prior to the purification of these peptides. Thepositive bacteria); adsorb in a pH-dependent
conditions of incubation, particularly temperaturemanner, high (ca. 90%) at about pH 6,0 and low
pH and time strongly influence the effective yield(ca. 1%) at about pH 2,0; and adsorb efficiently to
of active bacteriocin (Yang and Ray, 1994). Foheat-killed cells. At pH 6,0 the bacteriocins are
each producer organism the optimal conditionsdsorbed to the producing cells. In the presence of
need to be determined empirically. a low pH (1,5-2,0), these bacteriocins are released.
Optimal nisin production usually requires complexAfter that, a SDS-PAGE analysis of the
media and well-controlled factors such aspreparation was made. The recovery for pediocin
temperature and pH (De Vuyst, 1995; Kim et alAcH, nisin and leuconocin Lcm 1 was over 90%.
1997). A higher initial sucrose concentration lead§he method described produced dry preparations
to the repression of catabolism and inhibits nisirof bacteriocins that were highly potent for
biosynthesis in batch culture (De Vuyst andpediocin AcH and nisin, and also pure.
Vandamme, 1992). To maximize the productivityOsmanagaoglu et al (1998) have successfully
of nisin, it is necessary to determine the mospurified pediocin F, produced b¥ediococcus
appropriate sucrose concentration (Lv et al, 2005acidilactici, using the same method, as well as
According to this author, nisin production Castellano and Vignolo (2006), who have purified
increases with cell growth, but reaches maximunactocin AL705 from the supernatant culture of
values when cell growth ceases. The decrease liractobacillus curvatuswith this methodology.
nisin titers may be caused by cell adsorption or it¥ignolo et al, (2000) have successfully purified
destruction by non-specific proteolytic enzymedactocin 705 produced by.. casei CRL705
released during cell lysis. isolated from dry-sausages using this adsorption-
The utilization of anticaking, clarifying and desorption pH-dependent method, followed by
filtration agents may be used after the fermentatioRP-HPLC chromatography and SDS-PAGE
process to ease the purification of the bacteriocialectrophoresis.

produced. Coventry et £1996) used a food-grade The great challenge is to improve high scale
diatomite calcium silicate anticaking agent for theproduction.

extraction of pediocin PO2, brevicin 286, and

piscicolin 126 from fermentation media by Immunity

adsorption to a porous calcium silicate (Micro-According to Koponen (2004) the bacterial cell
Cel). All four bacteriocins were adsorbed, withmay present some immunity mechanisms, here
little activity detected in the supernatants. defined as the ability of the cell of protecting itself
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against a bacteriocin produced by its owrmresponsible for self-protection to each of the
metabolism. produced bacteriocins.

Both cell wall constitution and membrane lipid

composition have been demonstrated to be

involved in bacteriocin action as well asMode of Action

bacteriocin  resistance. The variation ofThese peptides are usually effective against Gram-
susceptibility of Gram-positive bacteria towardspositive microorganisms. Bacteriocins of lactic
bacteriocins is considerable. The inhibitory actioracid bacteria may be inefficient to inhibit Gram-
of these antimicrobial peptides can vary betweenegative organisms because the outer membrane
different genera, species of the same generhjnders the site for bacteriocin action, which is the
identical species, and even identical cultures undeell membrane (De Martinis et al, 2001; Morisset
different environmental conditions (Castellano ekt al, 2004).

al, 2001). Different mechanisms of action have been
Two types of immunity have been described foproposed for bacteriocins: alteration of enzymatic
lantibiotics, one reliant on a specific immunity activity, inhibition of spore germination and
protein, Lanl, while the other depends on adnactivation of anionic carriers through the
separate multi-component transporter (LanEFGYormation of selective and non-selective pores
Some lantibiotic clusters have only the singlgAbee, 1995; Martinez and De Matins, 2006).
immunity protein, whereas others, such as nisirLAB bacteriocins can work via different
possess both mechanisms (Engelke et al, 1994hechanisms to exert an antimicrobial effect, but
Class Il bacteriocins generally have a single-celihe cell envelope is generally the target. The initial
membrane-associated immunity protein thatlectrostatic attraction between the target cell
provides complete immunity (Deegan et al, 2006).membrane and the bacteriocin peptide is thought
This mechanism depends mainly on a bacteriocirte be the driving force for subsequent events.
specific immunity protein, which is expressed(Deegan et al, 2006).

concomitantly with the bacteriocin, and does noBacteriocins may possess a bactericidal or
require the processing and transport systerbacteriostatic mode of action on sensitive cells,
necessary for exporting the bacteriocin (Cintas dhis distinction being greatly influenced by several
al, 2001). This immunity can be activated infactors such as bacteriocin dose and degree of
various ways against pore-formation bacteriocingurification, physiological state of the indicator
as nisin. Adsorption of the bacteriocin to thecells and experimental conditions (Cintas et al,
membrane can be inhibited; bacteriocins adsorbezD01).

by the membrane can be translocated back to tecording to Jack et al (1995), at least for the non-
environment or degradated in the cytoplasm of thinthionine-containing bacteriocins, the increased
cell. The process of the pore formation in theantibacterial activity observed at low pH may be
membrane can be inhibited by specific interactionthe result of any one of a number of factors,
of the bacteriocin with membrane proteinsincluding the following: (i) aggregation of
associated to immunity. Also, the pore may bédydrophilic peptides is less likely to occur, and,
unstabilized or blocked by an immunologicthus, more molecules should be available to
protein. interact with sensitive cells; (ii) fewer molecules
It is probable that for each bacteriocin there mawill remain bound to the wall, making more
be a relatively specific membrane protein, whosenolecules available for bactericidal action; (iii)
function is to translocate a precursor form of thénydrophilic bacteriocins may have an enhanced
bacteriocin across the cytoplasmic membrane tcapacity to pass through hydrophilic regions of the
the outside of the cell (Jack et al, 1995). cell wall of the sensitive bacteria; and (iv)
Strains producing one specific bacteriocin may omteraction of the non-lanthionine-containing
may not be sensitive to other similar bacteriocindacteriocins with putative membrane receptors
(Jack et al, 1995). Resistance to the activity of anay be inhibited at higher pH values.

bacteriocin can also develop when a normallyseveral features of the mode of action of the non-
sensitive strain is grown in the presence of #&anthionine-containing bacteriocins of gram-
bacteriocin. Some strains of bacteria can produgeositive bacteria require further explanation: (i)
more than one type of bacteriocin, as well as ththe reason why, for two sensitive strains, one
corresponding  specific  immunity  proteins,undergoes lysis following treatment with a
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particular bacteriocin while the other does not idn class I, nisin does not require a receptor on the
not known; (ii) for a bacteriocin to come intocell membrane, since it recognizes the
contact with the cytoplasmatic membrane ofhospholipidic composition of the cell. Lactococin
sensitive cells, the molecules must firstly pas#\ and lactoestrepcin require binding to a specifc
through the cell wall; the mechanism of thisreceptor.

translocation remains to be understood; andsor class lla bacteriocins, it is believed that the
finally, (i) there is evidence that non-lanthionine-amino-terminal region has an important role in the
containing bacteriocin molecules may be adsorbedability to recognize cell membrane components,
on the surface of most gram-positive bacteriahnd they act by permeabilizing the membrane of
cells, including sensitive, resistant, and producetheir target cells (Eijsink et al, 1998). Studies on
strains; the influence of this is not yet fullythe mode of action of these bacteriocins indicate
understood (Jack et al, 1995). that antimicrobial activity does not require a
The cell wall of gram-positive bacteria allows specific receptor and is enhanced by a determined
passage of relatively large molecules, so that theraembrane potential (Ennahar et al, 2000). In class
is unlikely to be a requirement for bacteriocinllb, plantaricins EF and JK depend on the
receptors analogous to those in the outenteraction between the peptides “a” and “b” for
membranes of gram-negative cells. Anionic celthe pore formation and consequent dissipation of
surface polymers like teichoic acid andthe membrane potential. In class Ill, which
lipoteichoic acid may be important in the initial includes bacteriocins with a high molecular
interaction of cationic bacteriocins of Gram-weight, the mechanism of action is unknown,
positive bacteria (Jack et al, 1995). requiring more studies for its elucidation
Initially, nisin was thought to act as a surfactan{Gonzéalez-Martinez et al, 2003).

because of its cationic nature and becausk is likely that the secondary structures of the
treatment of cells with nisin caused leakage o#ctive peptides have an important role, sinceathe
UV-absorbing material (Jack et al, 1995). helical and P-folded structures suggest an
According to Gonzalez-Martinez et al (2003), it isoligomerization of the monomers in the
possible that classes | and Il use the sam@embranes, according to a mechanism of pore
mechanisms of action. Peptides bond to th€ormation denominated barrel-stave’, with the
plasmatic membrane through electrostatithydrophobic sides inserted on the membrane and
interactions ~ with  phospholipids  chargedthe hydrophilic sides forming the pore itself.
negatively. So, it gets into the membrane with aactocin 705 is a class Ilb non-lantibiotic
reorientation that depends on the membrangacteriocin, whose activity depends upon the
potential, which is driven by the pH andcomplementation of two peptides (named Lae705
phospholipidic composition. The monomers ofand Lac70B) of 33 amino-acid residues each
bacteriocin form proteic aggregates that result ifCastellano et al, 2003). A study made by Cuozzo
the pore formation with the consequent leave oét al (2001) has shown that Lacp0s the active
ions (mainly potassium and magnesium), loss ofomponent of lactocin 705 on cell membrane,
the proton-motriz force, and exit of ATP andwhile the peptide Lac7@5is involved in receptor
amino-acids. The proton motriz-force has &ecognition on the sensitive cells. It is suggested
fundamental role in ATP synthesis, in activethat lactocin 705 acts as a complex of Laer05
transport and in the bacterial movement; thereforeind Lac70B (ratio 1:4) peptides and exert its
the synthesis of macromolecules is inhibited, agction through interaction with cell wall-associated
well as the production of energy, resulting in cellor membrane-associated binding sites in the
death (Bruno and Montville, 1993). sensitive cells. According to this author, it is
Pore formation and the consequent loss ofossible that the specificity of this porin complex
membrane integrity induces a passive efflux ofs given by the Lac705 peptide; its net positive
small molecules, such as potassium and phosphagarge at the 14 C-terminal amino acids would
ions, amino acids and ATP, through the lipidneutralize the negative charge of teichoic and
bilayer, which results in the reduction orlipoteichoic acids in the cell wall of sensitive cells,
dissipation of the proton motive force, or at leasknd interact specifically and competitively with

of one of its components: D (membrane some target cell entity, allowing the Lacp05
potential) and DpH (pH gradient) (Cintas et al,

2001).
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peptide to form membrane pores, which increases

membrane permeabilization and causes cell death.

A study made by McAuliffe et al (1998) shows

that the broad host-range lacticin 3147 is a two-

component bacteriocin, membrane-active, that iGenetics

hydrophobic in nature. The author proposes thahe microbial genetics has contributed to the
lacticin 3147 forms pores which allow*Kand knowledge and improvement of LAB and the
phosphate to leak; the resulting change iproduction of metabolites (Parada, 1985).
electrical charge across the membrane causes thike genes responsible for bacteriocin production
immediate dissipation of theAy component are frequently associated with mobilisable
(membrane potential) of the proton-motriz forceelements, or in the chromosome in association
In an attempt to recover these ions, the cells useith transposons or plasmids (Belkum et al, 1989).
phosphate bond-dependent transport, resulting ihhe low-molecular-weight bacteriocins of gram-
rapid ATP hydrolysis and leading to cell deathpositive bacteria generally appear to be translated
The presence of a proton-motriz force promoteas pre-peptides that are subsequently modified to
the interaction of the bacteriocin with theform the mature biologically active (bactericidal)
cytoplasmatic membrane, leading to the formatiomolecules (Buchman et al, 1998). Specific
of pores at low lacticin 3147 concentrations. Thesauxiliary functions required by bacteriocin-
pores were shown to be selective forikns and producing cells include mechanisms for
inorganic phosphate. The loss of these ions resuléxtracellular translocation of the bacteriocin and
in immediate dissipation of the membranefor self-immunity to the bactericidal activity of the
potential and hydrolysis of internal ATP, leadingmolecule (Jack et al, 1995).

to an eventual collapse of the pH gradient at thAs is the case for most bacteriocins, the
membrane, and ultimately to cell death. Lacticiantibiotics are initially synthesized with an N-
3147 does not cause immediate dissipation of therminal leader peptide. In general, the pre-peptide
ApH of sensitive cells, as the membrane does n@generically designated LanA) is modified by the

become permeable to'libns. action of other proteins encoded by the bacteriocin
gene cluster before export. (Deegan et al, 2006).
Bacterial resistance to bacteriocins The nisin structural gen@jsA has likewise been

It is generally believed that the increasedcloned and sequenced and found to be part of a
resistance to bacteriocins of mutant strains ipolycistronic operon (Kaletta and Entian, 1989;
caused by alterations in the cell envelopeKuipers et al, 1993). Three additional genes lie
including changes in the fatty acid composition ofdownstreamnisB, nisT, which may be involved in
the membrane (Vignolo et al, 2000). Thenisin transport, and alseisC (Dodd et al, 1990).
mechanism of resistance has not been fullyn addition,nisC overlapsnisT. However, because
established, but has been attributed to cebf the presence of three possible translation
membrane changes or the interruption of gendsitiation sites, the exact amount of overlap is
encoding the phosphotransferase system (PT®Jesently unknown (Jack et al, 1995).

permeases (Schobitz et al, 2003). It is suggestédisB contains several putative transmembrane
that a spontaneous resistance to nisin can develbplical regions and appears to bind to artificial
as a consequence of an alteration in the celhospholipid vesicles; leading to the suggestion
surface or molecular components of the celthat it is membrane bound and that nisin
membrane that interact with the bacteriocin. biosynthesis occurs at the cytoplasmatic
Resistance to LAB bacteriocins has been reportadembrane (Engelke et al, 1992). Other genes
for L. monocytogenes, Staphylococcus aureugresent in the nisin operon includssl, nisR and
Clostridium botulinum and Bacillus cereus. nisP. Nisl is thought to encode a lipoprotein
Vignolo et al (2000) have reported resistaninvolved in nisin immunity, andisP appears to be
Listeria monocytogeneand L. innocuato nisin, involved in the regulation of nisin biosynthesis
lactocin 705 and enterocin CRL3Resistance (Vandermeer et al, 1993).

may result probably from alteration of bacterialThe genes required for the processing and export
membrane composition, destruction of theof Class Il bacteriocins differ somewhat from
bacteriocin by proteases or altered receptorthose for lantibiotics due to the absence of post-
(Martinez and De Martinis, 2005). translational modifications (Deegan et al, 2006).
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The structural genes encoding many of thé\pplications in food preservation

currently characterized non-lanthionine-containingBiopreservation systems such as bacteriocinogenic
bacteriocins have been located on plasmids (JadlAB cultures and/or their bacteriocins have
et al, 1995). received increasing attention, and new approaches
In most bacteriocin operons, the genetido control pathogenic and spoilage microorganisms
determinants associated to the production dfhave been developed (Ross et al, 1999).
biologically active bacteriocins include: (i) the Some lactic acid bacteria (LAB) demonstrated
structural gene encoding the pre-pro-bacteriocimntagonism towards pathogenic and spoilage
(ii) the gene codifying the immunity protein; (iii) organisms.

the genes responsible for processing and transpdktthough bacteriocins are produced by many
of the bacteriocin, and, in some cases, (iv) th&ram-positive and Gram-negative species, those
genes encoding the enzymes involved in posproduced by LAB are of particular interest to the
transcriptional modifications (Cintas et al, 2001). food industry, since these bacteria have generally
Bacteriocin genes are generally linked and may bleeen regarded as safe.

located on plasmids, which may be conjugative oBacterial fermentation of perishable raw materials
not, or in the bacterial chromosome, ofterhas been used for centuries to preserve the
integrating a composed transposon (Jack et ahptritive value of food and beverages over an
1995). extended shelf life (Deegan et al, 2006).

In most bacteriocin operons characterized so faDespite the several methods other than
potential immunity genes have been identifiedbacteriocins are employed for the preservation of
next to, immediately downstream and with thefood/beverages, an increasingly, health conscious
same polarity than the bacteriocin structural genpublic may seek to avoid foods that have
(Cintas et al, 2001). Quiao et al (1997) havaindergone extensive processing or which contain
isolated a strain ofactobacillus lactisthat was chemical preservatives.

highly resistant to nisin, but showed an increasedhe production of bacteriocins by LAB is
production of this bacteriocin. advantageous for survival of the producing
Peptide structure-function studies will help tobacteria in a competitive ecological niche;
reveal the molecular basis of the specificity oftherefore, they could be exploited by the food
bacteriocin targeting and mode of action. Once thmdustry as a tool to control undesirable bacteria in
various ethical and regulatory hurdles are crossed,food-grade and natural manner, which is likely to
the path should be clear for commercialbe more acceptable to consumers (Deegan et al,
applications of starter cultures that produce a wid2006).

range of antibacterial peptides, and this in turliAmong the lactic acid bacteria, a high diversity of
should bring about a significant reduction in thebacteriocins are produced and several have been
usage of potentially toxic nitrites in food patented for their applications in foods. To date,
preservation and should improve the safety ofhe only commercially produced bacteriocins are
fermented foods (Jack et al, 1995). the group of nisins produced blyactoccocus
Increased understanding of the mechanismisctiss, and pediocin  PA-1, produced by
involved in bacteriocin regulation, processing,Pediococcus acidilactiqiSchobitz et al, 2006).
translocation, and immunity should facilitate The lytic ability of bacteriocins like nisin and
attempts to optimize bacteriocin production andacticin 3147 might be explored in the acceleration
may further open the way to directed vitro of cheddar cheese ripening. Cell lysis of the starter
modifications in their antibacterial spectra (Jack etulture is advantageous for improved flavor
al, 1995). development (Guinane et al, 2005).

Since techniques now available for the siteMinimally processed refrigerated foods have been
directed mutagenesis of bacteriocin structurafjaining consumer acceptance in the last years due
genes (Kim et al, 1998) and with the help ofto their natural appeal. However, the
genomics and proteomics, the possibility ofmicrobiological safety of these foods is of concern
constructing new families of designed peptideslue to the possible presence of non-proteolitic
with enhanced antimicrobial activity or improvedtoxic strains of Clostridium botulinum,able to
stability and specificity characteristics has becomgrow at 4°C, and the post-processing
a real possibility. contamination with psychrothophic pathogens,
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such ad.isteria monocytogeng®e Martinis et al, Some food ingredients might interfere with the
2001; Schobitz et al, 2006). bacteriocin activity. A study made by Vignolo et al
Listeria monocytogends a pathogenic bacterium (1998) indicated that the use of lactocin 705 to
that has been involved in several foodborneontrolL. monocytogenewas less effective in the
outbreaks worldwide and causes special concepresence of curing ingredients such as sodium
with regard to food safety due to its psycrotrophichloride, sodium nitrite, ascorbic acid, alginate and
and ubiquitous characteristics. The presence of th&dium lactate. Although lactocin 705 was shown
pathogen in fermented sausages and in vacuune be a successful inhibitor of the pathogen, the
packaged meat products (Chung et al, 1989) is gresence of sodium chloride changed the
particular interest for food safety, as these twanhibition from a bactericidal to a bacteriostatic
groups of meat are frequently eaten withoubne.

reheating (Vignolo et al, 1996). This pathogen haSchillinger et al (2001) have studied the
shown to be able to survive at pH as low as 3.6 inombination of nisin and a protective culture
foods and in salt concentration of up to 10%, in th@against Listeria monocytogene@ tofu, a non-
presence of surfactants, sanitizers and after sevefatmented soybean product with a relatively high
cycles of freezing and thawing (Martinez and DepH, which may be contaminated during processing
Martins, 2006), being a serious risk. with spoilage or pathogenic bacteria including

A study made by Martinez and De Martinis (2005)monocytogenes The results were significantly
has shown that at 8° @, monocytogenesvas better when nisin was added during the
inhibited by bacteriocin of.actobacillus sakeill = manufacture of tofu than when it was added as a
and the antimicrobial peptide remained stablesolution in the final product. The study also
during all the experiment (10 days). At 15° C, theshowed that the combination of nisin with nisin-
antilisterial activity ofL. sakeil was partially lost, resistant mutants dfactobacillus sakeib 706 or
which is a limitation for food industry, if Enterococcus faeciumBFE 900 was more
bacteriocin is to be applied as an additional hurdleffective in  suppressing growth  of L.

for food preservation. monocytogenesScott A than nisin alone. The
application of the protective cultures alone did not
Bacteriocins mode of use result in a successful suppression lakteria

There are at least three ways in which bacteriocingrowth in tofu at low temperature.
can be incorporated into a food to improve itdHurdle technology refers to the manipulation of
safety, i.e.,, wusing a purified/semi-purified multiple factors (intrinsic and extrinsic) designed
bacteriocin preparation as an ingredient in food, byo prevent bacterial contamination or control
incorporating an ingredient previously fermentedgrowth and survival in food (Deegan et al, 2006).
with a bacteriocin-producing strain, or by using @A combination of preservation methods may work
bacteriocin-producing culture to replace all or parsynergistically or at least provide greater
of a starter culture in fermented foods to producerotection than a single method alone, thus
the bacteriocirn situ (Deegan et al, 2006). improving the safety and quality of a food
Bacteriocins can be incorporated into foods as éMartinez and De Martins, 2005). The application
concentrated, though not purified, preparatiorof bacteriocins or bacteriocin-producing LAB
made with food-grade techniques. Whenstrains in food has a potential use as part of the
investigating novel candidates, there are mankurdle technology, since bacteriocins have shown
considerations that will determine their usefulnessynergies with other treatments and could be used
in food systems. One of the most significanto improve food safety. Although the nature of the
criteria is the ability to withstand thermal Gram-negative cell wall restricts the activity of
processing. Thermal processing is used AB bacteriocins, bacteriocins may be used in
extensively within the food manufacturing processombination with other treatments to increase their
and can have adverse effects on the bio-activeffectiveness (Deegan et al, 2006).
capability of a bacteriocin, potentially rendering itA bacteriocin alone in a food is not likely to
less effective. The chemical and physicakensure satisfactory safety. This is of particular
properties of a food, e.g. pH, and fat content, casignificance with regards to Gram-negative
also have a significant role in the suitability of apathogenic bacteria that are protected by the
particular bacteriocin. presence of an outer membrane. When the outer
membrane is impaired by agents such as the food-
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grade chelating agent ethylene diamine tetraacetatésin and curvacitin 13 to avoid the development
(EDTA), which acts by binding to M§ions in  of resistant strains of this genus.
lipopolysaccharide; the outer membrane isThe use of strains that produce multiple
disrupted, rendering Gram-negatives sensitive tbacteriocins could be advantageous to limit the
bacteriocins (Deegan et al, 2006). potential emergence of bacteriocin-resistant
Bioactive packaging is a further potentialpopulations. Resistance can occur naturally and it
application in which bacteriocins or the producinghas been reported especially with regards to Class
strains can be incorporated into packagindla bacteriocins such as pediocin PA-1 and
destined to be in contact with food. (Castellananesentericin Y105 among others (Deegan et al,
and Vignolo, 2006; Schobitz et al, 2006; De2006).

Martins et al, 2003). Given the manner in which bacteriocins are likely
Liserre et al (2002) obtained good results wheto be used in food, i.e. as one of a number hurdles,
packing meat products using a bacteriocinit is unlikely that the food industry will see the
producer strain ofactobacillus sakeynergically emergence of bacteriocin-resistant bacteria in the
with modified atmosphere packin@his system extent to which antibiotic-resistant pathogens have
combines the preservation function of bacteriocinemerged in hospitals. However, the utilization of
with conventional packaging materials, whichdouble bacteriocin producing strains would
protects the food from external contaminants. provide an additional barrier to ensure that the
Spoilage of refrigerated foods usually begins wittemergence of resistant populations is even less
microbial growth on the surface, which reinforcedikely.

the attractive use of bacteriocins being used iDespite of their limitations, bacteriocins may help
conjunction with packaging to improve food safetyto solve some actual food safety problems. The
and improve shelf life. restriction imposed on antibiotics use in foods and
In addition to the hurdle represented by lowfeeds, and considering the effectiveness of
temperature and vacuum packaging, the use of thmacteriocins, the existence of viable means through
bioprotective culturd.. curvatusCRL705 as well which they can be incorporated and a consumer's
as its bacteriocins lactocin 705 and AL705 in fresldesire for minimally processed food, is an
meat will ensure its microbiological safety excellent alternative for its use in combination
(Castellano and Vignolo, 2006). with other natural preservatives or agents (Deegan
One of the concerns regarding the use oétal, 2006).

bacteriocins is the development of highly tolerant

and/or resistant sensitive strains (Parada et dPerspectives

1980; Rekhif et al, 1994; Rasch and Knochellactic acid bacteria have been recognized as safe,
1998; Guinane et al, 2006). This induction ofand bacteriocins produced by these
bacteriocin-resistant or tolerant strains and mutantgsicroorganisms may be a good solution to the
may pose further problems in the use ofroblem of resurgence of resistant strains to

bacteriocins in biopreservation. antibiotics.
During the last decade, a large number of LAB-
Resistance to bacteriocins bacteriocins have been identified, and in some

An important aspect to take into consideration ircases, biochemically and genetically characterized.
relation to the commercial use of bacteriocins i§his explosion in bacteriocin research has been
the tolerance or resistance of certain pathogenfavored by the recognition of the role that these
bacterial species that are normally sensitive, sugbroducing bacteria may play in the hygienic-
asL. monocytogenesince it may compromise the quality assurance of food and as feed supplements
antibacterial efficiency of these compounds(Pancheniak, 2005; Toro, 2005). However, to date
(Schobitz et al, 2003). only few bacteriocins are used as biopreservatives.
From a practical point of view, considering theThis may be partially due to the fact that newly
difference in the kinetics of inhibition and cross-discovered broad-spectrum bacteriocins have yet
resistance of the survivors, it is to be expected thad be fully characterized and officially approved.
the combined use of nisin plus one of othelFurther research is required to gain insight into the
bacteriocins would result in more efficient molecular mechanisms involved in bacteriocin
inhibition of Listeria (Vignolo et al, 2000). production, immunity and mode of action, which
Bouttefroy and Milliere (2000) have combinedis necessary for safe and effective exploitation of
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LAB-bacteriocins, either in the feed and foodBruno, M. E. C. and Montville, T. {1993), Common
industry. mechanistic action of bacteriocins from lactic-acid
There is a need to attract consumer attention to thePacteriaAppl. Environ. Microbial, 59, 3003-3010.
existence of natural substances that can proteE’f‘S‘ihm?”’ G.; Banerjee, dS' ar|1dt_ Ha”fse”'(m%)’ g
against food-borne related illness. The acceptance?>" UCture, EXpression and evoution ot gene encpdin

e ; the precursor of nisin, a small protein antibiotic.
of probiotics by the consumer was aided greatly ;.

; Biol. Chem, 263 16260-16266.

when such bacteria were marketed as naturgdranek, L. L. and Yousef, A. E. (2000), Solvent
cultures that aid in digestion and health. In the extraction of bacteriocins from liquid cultures.
same way, bacteriocins and bacteriocin-producing Appl. Microbiol, 31, 193-197.
cultures should be attractive, especially as &aplice, E. and Fitzgerald, G. F.. (1999), Food
consequence of consumer distrust of chemical fermentation: role of microorganisms in food
preservatives. production and preservatiomt. J. Food Microbiol.,

Since bacteriocins are considered natural products,>0 131-149. _ o _
they might have a good acceptance fronfaidi A. (2002), Selection ofEscherichia cok
costumers who start to demand more natural andmhlbmng strains ofLactobacillus paracasei subsp.
paracasei.J. Ind. Microbiol. Biotechnol.29, 303-
safe food products. _ 308.
Some legal drawback must however be consideregyy ¢ j.; Hill, D. and Maida, N. (2002), The lact
for the application of novel bacteriocins as safety acid bacteria: A literature surveyCrit. Rev.
factors in foods and feeds as well as a continued microbiol., 28, 281-370.
research, since up to date only a few have beefastellano, P.; Farias, M. E.; Holzapfel, W. and
officially approved for use in food. Vignolo, G. (2001), Sensitivity variations bfsteria
strains to the bacteriocins, lactocin 705, ent@roci
CRL35 and nisinBiotechnol. Let{.23, 605-608.
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