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Abstract — Lactobacillus plantarunstrain LB17.2b, isolated from traditional table olive fermentation

has been shown to produce thermostable antibacterial proteins. At pH 6.5, the proteinaceous fraction
obtained from culture supernatant was active aggimsrococcus faecaland against natural com-
petitors ofL. plantarumfrom olive fermentation brines. Bioactivity was quantified agaitists-

sella paramesenteroid&SM20288 using the critical dilution method by a regression procedure. This
bioactivity has been found to be growth-associated indicating a primary metabolite kinetics. Ultra-
filtration studies with supernatants from different fermentation times have been carried out. A two-
fold increase in the activity of the retentate from the 3tk cut-off membrane was observed, by
comparison with the total activity applied to this membrane (culture supernatant). The addition of the
filtrate to this retentate caused a marked drop in activity, most probably associated with the presence
of an inhibitor. These studies also demonstrated the presence of another antibacterial proteinaceous
compound showing a wider inhibitory spectrum and produced during culture stationary phase. In the
presence of lactic acid (pH 3.7), these antimicrobial proteinaceous compounds have been found to
inhibit Gram-negative human pathogens, probably by a synergistic effect. At the present time one bac-
teriocin-like compound was isolated, showing a molecular mass of approximatelyr&d-kgrhe
presence of another compound of different properties and with a molecular mass between 3 and
10 kgmoltwas also detected.

antimicrobial activity / bacteriocin / lactic acid / Lactobacillus plantarum

Résumé— Activité antimicrobienne de L. plantarum isolé d'une fermentation lactique
traditionnelle d'olives de table.La souche deactobacillus plantaruniB17.2b, isolée a partir de

la fermentation traditionnelle des olives de table, a montré la capacité a produire des protéines anti-
microbiennes thermostables. A pH 6.5, la fraction protéique obtenue a partir du surnageant de la
culture était active contfénterococcus faecalist contre les compétiteurs natureld delantarum,
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présents dans les saumures de fermentation. La bioactivité a été quantifié¥Veisgrtla para-
mesenteroideBSM20288 par la méthode de dilution critique, utilisant une procédure de régres-
sion. Cette bioactivité a été démontrée étre associée a la croissance, indiquant une cinétique de méta-
bolite primaire. Des études d'ultrafiltration avec le surnageant a différents temps de fermentation ont
été effectuées. On a observé une augmentation d’un facteur deux de I'activité du rétentat obtenu
avec la membrane de seuil de coupure 3! en comparaison a I'activité totale appliquée sur

la méme membrane (surnageant de la culture). L'addition du filtrat & ce rétentat a occasionné une dimi-
nution remarquable de I'activité, probablement associée a la présence d’un inhibiteur. Ces études ont
démontré aussi la présence d’un autre composant protéique antimicrobien avec un spectre d’inhibi-
tion plus large et qui est produit pendant la phase stationnaire de la culture. En présence de I'acide lac-
tique (pH 3,7), ces protéines antimicrobiennes permettent d’'inhiber des pathogénes humains Gram-
négatifs, probablement grace a un effet synergique. Un composant du type bactériocine, ayant une
masse moléculaire d’environ 50-kwpl, a été isolé. La présence d’un autre composant, ayant de pro-
priétés différentes et une masse moléculaire entre 3 ethdlky a été également détectée.

activité antimicrobienne / bactériocine / acide lactique LLactobacillus plantarum

1. INTRODUCTION of hydrogen peroxide, the peroxidases accu-
mulated in the cell can catalyse the oxidation
Lactobacillus plantarunmas been known of some metabolites such as aldehydes to
to play a preponderant role in many spontoxic compounds. Diacetyl, acetoin and
taneous processes of table olive fermentay-products of metabolism with less than
tions. Therefore, this species has been exte000 gmol are referred to by Piard and
sively studied with the aim of its use in Desmazeaud [13] as often showing a wide
starters. The ability to produce bacteriocingnhibitory spectrum, including Gram-neg-
is an important factor for strain selection,ative bacteria. Reuterin [17] is a typical
strongly contributing to increasing the qual-example of such substances.

ity and the safety of the product. Bacteriocins are another important group
The inhibitory action of lactic acid bac- of antimicrobial compounds. Bacteriocins
teria (LAB) is due to the accumulation ofare an ill-defined group of extracellularly
main primary metabolites (lactic and acetiaeleased proteinaceous antimicrobial sub-
acids, ethanol and carbon dioxide) as well astances, produced by a wide range of bac-
to the production of other antimicrobial com-terial species, generally active against
pounds, such as formic and benzoic acidglosely related bacteria and against which
hydrogen peroxide, diacetyl, acetoin andhe producer strain has some mechanism(s)
bacteriocins [12, 13]. According to Piard of specific protection. Main properties, clas-
and Desmazeaud [12], the production levelsification and mode of action of bacteri-
and the proportions among those compoundscins produced by LAB are reviewed by
depend on the strain, medium compositioKlaenhammer [7], Jack et al. [5] and Moll et
and physical parameters. LAB are general. [10].
ally fermentative organisms although oxy- The overall accumulation of all types of
gen-tolerant and according to Roger et al. hibit d t prob Bﬁp |
[14], the presence of oxidants strongl))n tbrtory complou_n S m_oslpro ﬁ y play
affects the nature of end-products of theif" Important role in survival mechanisms.
metabolism. Under aerobic conditions, the The objective of the present work is to
accumulation of extra antimicrobial com-study the overall antibacterial activity of
pounds may occur. Besides the productiohactobacillus plantarunbB17.2b in order
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to distinguish the role played by bacteri-observed. Each assay was performed in
ocin-like compounds from other inhibitory duplicate.
substances.

2.3. Bioactivity quantification
2. MATERIALS AND METHODS
5 il cul d medi A modified critical dilution method was
-1. Bacterial cultures and media used [9]. Serial two-fold dilutions of neu-
, , tralised sterile samples were applied in wells
Lactobacillus plantarunstrain LB17.2b o modified MRS plates inoculated with
was isolated from an olive brine fermentaygissella paramesenteroides DSM20288
tion at Alentejo, Pprtugal. All tested |aPtIC according to the procedure described above.
acid bacteria were isolated from olive brinesThe diameter of each inhibition zone was
Other bacteria were hospital isolates (humap,easyred twice in perpendicular directions
pathogens) or they have been obtained froy e yse of a calliper of 0.1 mm precision
lab collections (spoilage bacteria). All ftra'”S(Dial 15-Tajima, Japan) with the plate rest-
have been preserved frozen at —20 °C. FaRg o 3 colony counter with amplification
most purposes, before experimentation stocky, 4 ilumination (Gallenkamp, Leics., UK).

cultures were propagated twice by adding=a - assay was performed in duplicate. An
1% v/v inoculum into adequate broth medlaaqueous solution of nisin (Sigma-Aldrich,

and incubated aerobically, without agita-caisheai i
tion, for 12 to 24 h at their optimum tem_Stemhelm, Germany) was used as positive

perature. Lactic cultures were grown incontrol and suitable negative controls were
MRS broth (Merck Mikrobiologie, Darm- also performed for each test.
stadt, Germany) while all other tested bac-

teria were grown in Tryptic Soy Broth 2.4, Production of antimicrobial
(Merck Mikrobiologie). For the detection compounds

of antagonistic activity MRS or TSB con-
taining only 0.2% glucose (Merck Mikro-
biologie) and 0.75% agar (Merck Mikrobi-
ologie) were used.

To determine biomass and product for-
mation profiles, each one of the 50 mL
screw cap flasks (Schott Scientific Glass
Inc., Parkersburg-WV, USA) containing

2.2. Detection of antimicrobial activity 40 mL of MRS broth was inoculated with

40 uL of a stationary phase culture of

A diffusion assay was used for this pur-L. plantarumLB17.2b. All flasks were incu-
pose. Samples were laid in drops over thbated in a 30 °C water bath (JP Selecta SA,
agar or inside wells. In all of the cases, thd&arcelona, Spain) with a very slight agitation
plates were prepared by pouring 3.5 mL of50 rpm) to homogenise temperature. Every
modified MRS or TSA agar containing 20 to 60 min duplicate flasks were with-
6.5 L of a cell suspension, carrying>x3 drawn to measure OD 600 nm, pH and to
107 cfumL~1 over 25 mL of the same agar. prepare culture supernatant, as described
For the evaluation of inhibitory spectrum below. Accumulation of antimicrobial com-
10 uL of each sample and correspondingoounds was evaluated in neutralised super-
controls were laid over the agar containinghatants by the well diffusion assay against
each of the tested organisms. In the case d¥eissella paramesenteroides DSM20288
the well diffusion assay, 3 mm diameteras the test organism. Biomass was calcu-
wells (38uL capacity) were made after lated from the plot: culture OD 600 nm vs.
overlay solidification, by the use of andry weight of cells in d.~1. For general
autoclave sterilised metal cylinder. Afterpurposes (as for most purification trials),
suitable incubation, inhibition zones were800 mL of broth contained in 1 L flasks (of
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the same type as above) were inoculatepgrocedure were subjected to the action of
with 8 mL of culture suspension, homoge-proteinase K. The effect of catalase addi-
nised and allowed to grow in an incubatottion to CFS was also tested. Proteinase K
for 12 h under static conditions. (Sigma-Aldrich, Steinheim, Germany) was
reconstituted in 0.05 mal~! Tris-HCI
pH 7.5 with 0.005 mdl~ CaCl,and immo-
bilised catalase (Sigma-Aldrich) was treated
: : according to manufacturers’ instructions
Wa';agﬁ%lﬁé"?os g:gwigﬂ?;;ag]etﬁég.tzi% e,and resuspended in MRS broth. Neutralised
after which cells were separated by Cen§amplesfvver2e;reat§g ‘ﬁ,"(';[h 0.5 of eac;(h
trifugation at 1000@ for 15 min. Super- SnZyme for 2 h, at 37 °C (proteinase K) or
natant was then heated in an autoclave f0975 C (catalase). Proteinase K was inacti-

5 min at 100 °C, cooled in ice and ﬁlteredvat(?d by heating solutions at 100 °C for
through a syrinée filter of 0.2@m pore 5 min. Non-treated samples as well as blanks

(Gelman Acrodisc 13, Pall Corp Ann \vere exposed to the same conditions. Immo-

Arbor, USA). For most purposes the pH Waé)ilised catalase was eliminated from the

- ; ; lution by centrifugation. Enzyme buffer,
adjusted to 6.5 with NaOH 10 miot? prior SOlutic . :
to filter sterilisation. The solution thus heat-inactivated proteinase K and MRS

obtained has been designated as Cell Fr‘%\r?eated with catalase were used as blanks.
isin was also used as positive control for

2.5. Preparation of crude extracts

Supernatant (CFS). proteinase K activity. After enzyme treat-
o _ ment, the residual bioactivity was deter-
2.6. Ultrafiltration studies mined by the well diffusion assay.

Heat stability was tested by submitting
A volume of 60 mL of CFS was preparedthe proteinaceous fraction (see below) at

from culture media of each selected incu- 00 °C for increasing time intervals, after

bation time (namely 12, 24, 48 and 72 h} - . o g
, N ; : hich bioactivity was tested quantitatively.
and it was divided into 10 mL portions andSampIe stability at 4 °C and —20 °C was

::frrnetiasr? gsu gp ggl(l:)r/etgsric:]ugh ol#gg?[fi'gsragg?r also evaluated in the same way for sterile
9p . FS and proteinaceous fraction.

sponding to molecular mass of 30, 10 an
3 kgmol respectively (Centricon, Ami-
con Corp., Beverly-MA, USA). The devices
were operated according to manufacturers’
instructions. All devices and caps were pre-
viously weighted and numbered. Retentate
and filtrate volumes were evaluated fromtio
weights assuming a density of one for th
protein solutions. Protein concentration
bioactivity concentration (AunL~Y) and
inhibitory spectrum were evaluated for eac
retentate and for the filtrate of the smalles
porosity membrane.

2.8. Purification attempts
of bacteriocin-like compounds

CFS was prepared from a 12 h incuba-
n culture as described above. Antimicro-
bial proteins were isolated by overnight pre-
Cipitation with 75% saturation (Nj,SO,
h(Riedel—deHaén, Seelze, Germany) at 4 °C
ith slight agitation. Pellets were separated
y centrifugation at 10 00§for 60 min at
0 °C, and resuspended in the smallest fea-
sible volume of bidistilled water. Elimina-
2.7. Preliminary characterisation tion of salt and other low molecular mass
of antimicrobial activity compounds was achieved by dialysing this
fraction through a membrane of 3.5rkgl
CFS from different culture incubation cut-off (SnakeSkin, Pierce, Rockford,
times as well as samples along the maffon USA) against large volumes of water. The
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suspension thus obtained has been desigeptide marker kit (Amersham Pharmacia
nated as proteinaceous fraction (or crud&iotech AB, Uppsala, Sweden) as molecu-
bacteriocin-fraction). This fraction was lar mass standards. Gels were silver-stained.
injected into an anionic exchange column

(Resource Q, Amersham Pharmacia Biotech

AB, Uppsala, Sweden) in the FPLC System 3. RESULTS

(Amersham Pharmacia Biotech AB). A step- o ) )

wise salt gradient was applied by the use of 3.1. Quantification of antibacterial

Buffer A: Tris-HCI 0.01 moL~2pH 6.0 and activity

Buffer B: A + 1 molLtNacCl. Active frac- - o .

tions were further concentrated by ethanol The critical dilution method is the most
precipitation 1:4 for 2 h at 0 °C. Pellets wereoften described method for the quantification
recovered by centrifugation at 10 agfor ~ of bacteriocin activity. It is based on the
15 min at 0 °C. After elimination of ethanol two-fold sequential dilution of the sample,
residues by air drying, pellets were resusfollowed by a well diffusion assay or spot
pended in the minimum feasible volume oftest against a selected sensitive strain. Usu-
0.01 molL=1 Tris-HCI pH 6.0 and injected @ally, bacteriocin titres have been estimated
for a second chromatographic step into théirectly from the first dilution where inhi-
same column. At each purification step sampition is not observed and results are
ples were evaluated for bioactivity and pro-€xpressed in arbitrary units of concentra-
tein content. Purification grade was moni-tion (AU-mL™). This is a practical method

tored by polyacrylamide gel electrophoresisfor bioactivity evaluation of unknown
antibacterial substances but it results in a

geometric discontinuous scale in which sub-
2.9. Quantification jective errors may be considerably ampli-
of protein concentration fied. Thus, in highly concentrated samples
(as during purification) the activity is over-
For the quantification of protein contentestimated mainly because there will be a
a modification of the Bradford method haslarge number of non-evaluated dilutions
been used, according to manufacturershetween the last one showing inhibition and
instructions for micro-assay procedure (Biothe one that is considered. In order to min-
rad Protein Assay, Bio-Rad Laboratoriesjmise this error, the model herein used is
Hercules-CA, USA). based on the linear relationship between the
area of inhibition zone (mfpand Log, of
dilution factor of the sample (Fig. 1) and it
is based on the following assumptions:

— There are no limitations to diffusion

Evaluation of purification grade and esti-Caused by agar or by any other medium
mation of molecular mass of isolated bacS°mPONent. )
teriocin-like compounds has been performed — The agueous solution added to each
by SDS-PAGE. Proteins and peptides of{vell d|ffus¢s into a_gar.equally in all direc-
molecular mass larger than 20rkgt has tions forming a cylindrical volume.
been visualised by the use of the technique — The antimicrobial substances diffuse
described by Laemli [8], using SDS-PAGEIN that volume with no constraints, result-
kit low range (Bio-Rad Laboratories) ing in a concentration gradient from the well
as molecular mass standards. Low molecvall to the external border of the diffusion
ular mass peptides has been visualisegone.
by Tricine-SDS-PAGE, as described by — Sensitive indicator strain grows over
Schagger and von Jagow [16], using théhe antimicrobials concentration gradient

2.10. Polyacrylamide gel
electrophoresis
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Figure 1. Critical dilu-
tion estimation from
y = -78.653x + 167.83 regression. Linear
2 model relating the area
R" = 0.9967 of inhibition zone
(obtained from the
action of the sample
over a sensitive organ-
ism) to the log of sam-
ple dilution factor.
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until minimum inhibitory concentration is ~ The calculation of the critical dilution
achieved corresponding to a clear circulafrom the abscissa intercept relies on several
inhibition area around the well, specific forexperimental points and so it is more pre-
each dilution. When the sample is succeszise than the usual procedure based on the
sively diluted, inhibition zones decreasevisual observation of a single dilution.
until critical dilution is achieved, when no Nufiez et al. [11] compared the direct esti-
inhibition of the sensitive organism occurs.mation of critical dilution with regression
CE‘procedL.Jre_s .b.ased on diameter and area of
and there is no evaporation of the quuio.growth_lnhlbmon zones. Based on variance
from the wells. analysis of results, these authors poncludgd
that the common procedure of direct esti-
— Experimental conditions are the same imnation of critical dilution is far more sub-
every assay, e.g. well diameter, sample vojective and inaccurate than the procedures
ume, thickness and moisture of the agajpased on regression.
(including overlay), number of viable cells

; . As can be seen from Figure 1, the deter-

in overlay, temperature, time and other con-_."*> e . ' .

ditions for diffusion and incubation. mination coefficienti(%) is 0.997, Wh'Ch.
means that more than 99.7% of total varia-

In the present work, the bioactivity of tion in bioactivity can be explained by the
each sample was determined analyticallgurrent regression. This procedure has been
by linear regression, using the equationapplied to numerous samples of a broad
A =a + blogF. In this equationA is the range of bioactivity concentration always
area of the inhibition zone (mfrcalculated, resulting in values af? > 0.95.
for each dilution, after the average of diam-
eter measurements;is the dilution factor
(reciprocal of each dilution) aradandb are 3.2. Preliminary characterisation
constants. The bioactivity of the sample is of antimicrobial activity
the dilution factor that corresponds to the
abscissa intercept, multiplied by the factor The antagonistic activity present in cul-
1 000/38 and expressed in AWL~L. Note ture supernatant was found to be ther-
that in calculations it is possible to use thenostable (see below) and maintained at
area of the inhibition zone instead of thepH 6.5 (eliminating possible inhibition due
volume of the hollow cylinder becauseto undissociated lactic acid). The bioactivity
the thickness of the agar and the well diamef CFS was eliminated by the action of pro-
eter are assumed as constants. teinase K and it was not altered by the action

— Only a diffusional process takes pla
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of catalase (eliminating possible inhibitionto a duplication time of 1.89 h. After 24 h of
due to hydrogen peroxide). It was also foundncubation, growth had totally stopped and
to be precipitable with ammonium sulphatemedium pH was stabilised by 3.5-3.7.
and retained by ultrafiltration and dialysis  as can be seen from Figure 2, the pro-
(see below). Thus, the bioactivity found iSqction of the referred bioactive compounds
consistent with the presence of at least ong,ghly paralleled that of biomass. Its accu-
bacteriocin, since it matches the generghation in the medium was maximal after
characteristics of bacteriocins of LAB [1]. 53pout 12 h of incubation succeeding the
It was verified that the activity of the pro- decrease in growth rate during the transi-
teinaceous fraction (crude bacteriocin-liketion to the stationary phase. It was also
compounds) did not noticeably decreas®bserved that upon further fermentation,
upon exposure to 100 °C for 60 min. Sterilebioactivity dropped by more than 80% after
samples of CFS and its proteinaceous fra24 h and by about 95% after 72 h (see
tion were also preserved at —20 °C andab. II). In all samples activity was elimi-
4 °C for three months without noticeablenated by the action of proteinase K, and not
loss of activity. Thus, the bioactive proteinsaffected by catalase, suggesting bioactivity
produced byL. plantarumLB17.2b seem to be associated with proteinaceous com-
to be very stable under refrigeration condipounds.
tions and highly heat resistant.

The inhibitory action of 500 AU of the
proteinaceous fraction was tested against a
total of 93 strains of natural competitors of
L. plantarumand other Gram-positive and fer
Gram-negative bacteria (Tab. I). As can b
seen from Table I, about 70% of the teste
LAB strains were inhibited while from the
other bacterial groups onBnterococcus

3.4. Ultrafiltration studies

CFS prepared from culture media of dif-

ent fermentation times was subjected to
equential ultrafiltration through membranes
f decreasing porosity in order to separate

small solutes from macromolecules and to

f liswas inhibited. Al no inhibition observe the influence of different fractions
aecailswas ed. AISo, no on in bioactivity. In most cases activity was

of strains of the genussteriaor of Gram- o0y ered only in the retentates of the
negative bacteria was observed (Tab. I),, kgmol-Lcut-off membranes. As can be
Thus, the antimicrobial proteins produced”ze(_)rl from Table I, only two .exceptions
during the growth of. plantarumLB17.2b 0o registered, referring to a slight activity

§e<Tm to hav:a a narrow |nr|1|b|tory spr)lectrun?n retentates of 10 and 3 kgoi! cut-off
Iorlm “d'r'TQJhO” % bactedrla related to the pro- o yiranes, corresponding to CFS of 72 h
bucer. ? o ?erve_f_ antat;lr?on;rs]m Seems %hd 48 h incubation, respectively. As above,
€ more strain-specilic rather than Species;i, 4 ctive samples were inactivated by pro-
or genus-specific. teinase K. Thus, the retained bioactive com-
pounds are expected to be of proteinaceous
3.3. Production of antimicrobial nature. On the other hand, no activity was
compounds found in filtrates of the of 3 kapot cut-off
membrane, even after ten-fold concentra-
The production kinetics of antimicrobial ion by lyophilisation. Consequently, there
proteins ofL. plantarumLB17.2b was SN0 evidence of the.eX|stence of low molec-
examined in batch under uncontrolled pHular mass metabolites, thermostable and
conditions. It was observed that after thé2ctive at neutral pH values.
lag phase, exponential growth took place The retention pattern observed indicates
for approximately 5 h at a maximum spe-that the smallest active unit has a molecular
cific growth rate of 0.37H, corresponding mass between 3 and 100wt
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Table I. Inhibitory spectrum of bacteriocins b&ctobacillus plantaruniB17.213

Indicator species nb. inhibited strains/nb. tested strains
Gram-positive bacteria — lactic acid bacteria:
Lactobacillus plantarum 9/12
Lactobacillus homohiochii 2/2
Lactobacillus fermentum 1/1
Lactobacillus acidophilus 1/1
Lactobacillus salivarius 0/1
Lactobacillus pentosus 9/11
Lactobacillus graminis 4/6
Lactobacillus paracasei 7110
Lactobacillus brevis 1/1
Lactobacillus rhamnosus 2/2
Lactobacillus sake 0/2
Lactobacillus coryniformis 0/2
Lactobacillus maltaronicus 1/1
Lactobacillus curvatus 0/2
Lactobacillus agilis 1/1
Lactobacillus jensenii 0/1
Lactobacillus sanfrancisco 1/1
Lactobacillus casei 1/1
Lactobacillus alimentaris 1/2
Lactobacillus viridescens 0/1
Weissella confusa 6/8
Weissella paramesenteroides 1/1
Weissella kandleri 0/1
Gram-positive bacteria — spoilage bacteria:
Enterococcus faecalis 1/1
Staphylococcus viridans 0/1
Staphylococcus aureus 0/1
Staphylococcus carnosus 0/1
Listeria innocua 0/1
Listeria monocytogenes 0/2
Gram-negative bacteria — human pathogens:
Escherichia coli 0/4
Pseudomonas aeruginosa 0/1
Pseudomonasp. 0/1
Klebsiella pneumoniae 0/9

2Inhibitory studies were carried out by spot test. Each drop of crude bacteriocin-fraction contained 500 AU of activ-
ity and was obtained from CFS after 12 h incubation.

It can also be seen from Table Il thatactivity that was applied to the membrane
activity decreases with fermentation time(CFS). When the correspondent filtrate was
as expected from previous results. On thadded in equal parts to each of those reten-
other hand, it was verified that the totaltates the activity decreased more than two-
activity recovered in all retentates of highesfold, suggesting the existence of a filterable
porosity membrane was about twice thenhibitor in CFS.
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Figure 2. Accumulation of heat stable bioactive compounds in growth medium during culture growth
(batch). The activity was monitored as the diameter of inhibition zone (mm) over the indicator strain
Weissella paramesenteroides DSM202&8 and biomass was expressed 0§ of dry weight

(o).

Table II. Sequential ultrafiltration of culture supernatants of different incubation times through
membranes of decreasing porosities.

AU of total activity (% initial activity recovered)

Fermentation  Initial activity membrane cut-off (kgpH?)
time (h) (AU)
CFs 30 10 3
12 1707 780 2954359 (173) 0 0
24 202 080 288594 (143) 0 0
48 173 940 425320 (245) 0 0.5 (< 0.001)
72 96 600 291103 (301) 0.6 (< 0.001) 0

aCell-free culture supernatant, neutralised to pH 6.5 and heated to 100 °C for 5 min. Activity refers to 60 mL vol-
ume (divided by 6 devices).

b Total activity refers to retentate only and it was calculated upon the total recovered volume on all membranes
of each cut-off.

The active fractions were tested againstlefined, is an arbitrary measure based on
severalLactobacillusstrains as well as the inhibition of a single bacterial strain.
against some Gram-negative bacterial strain§.hus, Weissella paramesenteroides
Although total bioactivity seems to decreasddSM20288indicator strain) is highly sen-
with fermentation time, the activity spec- sitive to the component that is produced dur-
trum seems to become wider (Tab. Ill). It ising the exponential phase, but its sensitivity
important to notice that bioactivity, as wasto other bacteriocin-like compounds may
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Table IlI. Differences in activity spectrum of  3.5. Purification attempts
bacteriocin-fractions obtained by ultrafiltration of
supernatants from different culture incubation

times Isolation of bacteriocin-like compounds

from CFS was accomplished by ammonium
Test organism 12h 24 n 48 h 72 h Sulphate precipitation. No activity was
recovered in pellets by the addition of 20%
of saturation level of ammonium sulphate
but active pellets were recovered upon the
stepwise addition of the salt, from 30 to
80%. Activity was optimally recovered in
a pellet at a saturation level of 60%, although
to improve recovery, a concentration of 75%
@100 AU of each retentate of the 30ttt cut-off gaturation level of the salt) was used.
membrane were applied over each culture by spot-tefhesalting and further purification were car-
+: Inhibition. . . .
0 Absence of inhibition. ried out by dialysis. Each of these steps cor-
responded to a two-fold purification grade,
resulting in an active proteinaceous frac-
tion. No activity was recovered upon injec-

not be the same. Therefore, these results cifn of this fraction into cationic exchange or
be explained by the accumulation in culturél€! filtration columns, although several sys-
medium of a different protein towards whicht€éms had been tried out. On the other hand,

the indicator strain shows a reduced sensit Was possible to recover the activity and
tivity. to identify two different active proteins by

anionic exchange chromatography. Thus,

The activity spectrum of neutral samplesafter the first ionic exchange step, two active
of these retentates included only LAB butP€aks were recovered: fraction | (eluted at
when the same samples were acidified witR-1-0.45 moL™*NaCl; 7 to 12 min retention
lactic acid to pH 3.7 inhibition dflebsiella  time) and fraction Il (eluted at 0.5-0.6 rhot
pneumonia k606 was observed in reten-NaCl; 14 to 17 min retention time). By
tates of all fermentation times. In addition,&thanol precipitation both fractions produced
retentates obtained from CFS of 48 and 72 fictive pellets. Fraction | was then further
(pH 3.7) also inhibite@scherichia coliyl ~ ractionated by a second anionic exchange
andPseudomonasp. v1. None of these step resulting in an active peak (fraction 111

; Chihi that corresponded to a single band in
strains were inhibited by the control (MRS . . ;
acidified with lactic acid to pH 3.7) under SPS-PAGE (Fig. 3). Since SDS is a
the conditions of the test. Inhibition of S1a0tropic agent, the isolated band that was
Gram-negative bacteria was also observed ﬁesntglneéislr:oth: sgiﬁl EEI%’.IC?|)GI(J:L()|2??J|¥IifO{I-S
preliminary tests carried out with non'neu'mol%cular mass wgs then estimated fo be
tralised supernatants of long incubation tim

auon iMe, - sund 50 to 60 kool L. As can be seen
(pH 3.7), concentrated by IyOphlllsatlon'from Figure 3, the activity of fraction Il cor-

Notice that activity of CFS and retentatesresponds to a lower molecular weight pep-

has been shown to be eliminated by thge 5though it has not been completely iso-
action of proteases and apparently the;;qoq 1o gate.

amount of lactic acid that has been used in

the tests was not inhibitory for the referred

strains. As a consequence, the observed 4. DISCUSSION

inhibition of Gram-negatives cannot be

explained by the action of pH or by the pres- Lactic acid bacteria synthesise bacteri-
ence of lactic acid only. cidal agents that vary in their spectrum of

Lactobacillus pentosus L2 0
Lactobacillus pentosus L5 0
Lactobacillus graminisL7 0
Lactobacillus plantarum L12+
Lactobacillus plantarum L15+

+ + + + +
+ + + O+
+ + + + +
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Mol mass 1 2 3 4 j the detection of this compound. Jiménez-
(kg-mol™) : Diaz et al. [6] also found two bacteriocins
108 £ —— (Plantaricin S and T) that were produced at
81 3 & different phases of culture growth. For the
ar.7 > - < == detection and quantification of each of those
bacteriocins they had to use two different
ue. > - indicator strains. Also for subsequent stud-
28.3 > - ies on the late produced compound, men-
192 tioned in the present work, one of the three
' > . first strains listed in Table Il will be chosen

as indicator organism. Concerning the
largest isolated polypeptide (50-kepl), it
e seems to correspond to the primary metabo-
‘ lite detected since a band in that position is
consistently observed in SDS gels of sam-
Figure 3. SDS-PAGE. Lane 1: molecular massples from the_ exponential growth phase.
standards (kit Biorad low range); lane 2: bioac/\ISO Plantaricin S [6] and Amylovorin L471
tive peptide (fraction I1); lane 3: supernatant[2] presented a primary metabolite kinetics.

Eggcsti)c;rlall”)e 4: bioactive isolated polypeptide A giscrepancy was found between the
' inhibitory spectrum of some crude extracts

of L. plantarumLB17.2b as well as acidified

30 kgmol! retentates and the inhibitory

activity. Many of these agents are proteinaSPectrum of the crude bacteriocin-fraction,
ceous compounds while others are primarj@mely in the inhibition of Gram-negative

metabolites or other non-identified by-prod-Pacterial strains. A wider inhibitory spec-
ucts [13]. trum was observed only in the presence of

. lactic acid. Thus, one possible explanation
_ The strainL. plantarumLB17.2b was  .qq pe the interacticF))n of protei%aceous
isolated from fermenting olive brines andc,mn0unds with lactic acid. Either these
it has been shown to produce bacteriocing yteinaceous compounds are more active
I'ke. compounds thqt are active againsy,,yqs certain strains at low pH values, or
their natural competitors. The inhibitory 4 presence of organic acids, such as lactic

spectrum of the proteinaceous fraction,qig can increase the sensitivity of cells to
(crude bacteriocin-like compounds) heréiny, e 5ction of these polypeptides. This
described, resembles that of Plantaricin $,5malous activity spectrum seems to be

[6] although this fraction is assumed to CON¢,related with culture age. The overall
tain the two distinct bioactive compounds

. - “Pactivity of this strain seems to be biochem-
that have been detected during purlflcatloqca”y adapted to low pH media as occurs
attempts. In both cas&siterococcustrains

e PR ; in fermentation substrates from where the
are inhibited and no inhibition dfisteria 4y cer culture was isolated. Other authors
was observed. also registered similar results on prelimi-

On the other hand, based on the differnary evaluation of crude extracts [3, 18].
ences observed in the activity spectruniricourt et al. [3] described an antibacterial
obtained with extracts from long culture substance, named Plantaricin F, with an esti-
incubation times, another late produced promated molecular mass between 470 and
teinaceous compound was detected. Th@770 gmol, active only at pH values lower
bioactivity detection method based on thehan 4.5 and showing a wide inhibitory spec-
inhibition of Weissella paramesenteroidestrum that included Gram-negatives. Also,
DSM20288was found to be ineffective for Vignolo et al. [18] detected a wide inhibitory
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spectrum of d.. plantarumculture super- olive spoilage organisms. Since the antago-
natant, which also includes Gram-negativesqism refers to the inhibition of other organ-
Apparently, the substance (named Lactociisms caused by competition for nutrients
705) showed a decrease in activity (towardand by the production of antimicrobial
indicator strain) when the pH of the crudemetabolites [4], theh. plantarumLB17.2b
extract was adjusted to 6.5. The authors adeems to hold important “tools” for over-
both works based their assumptions on pregrowing wild flora, as is desirable for a
liminary studies of crude extracts. In none oktarter culture. Ruiz-Barba et al. [15] inoc-
the cases have the substances been isolatathted an olive brine with B. plantarum

In some circumstances, we observed sgtrain that was previously identified as a
marked difference between the inhibitorybacteriocin producer and they verified that
spectrum of crude extract and its proteinathis strain became readily dominant over
ceous fraction (crude bacteriocin-like com-wild bacteria. The same behaviour was not
pounds), namely in acidic conditions. Thereproduced by the non-bacteriocin-producer
hypothesis that the inhibition attributed tomutant. Also Vogel et al. [19] described
Plantaricin F and Lactocin 705 is caused byimilar results in fermenting sausages that
the interaction of two or more metaboliteshave been inoculated with curvatus

cannot be excluded. It is then important to

distinguish between overall culture

inhibitory capacity and bacteriocin inhibitory  AckNOWLEDGEMENTS

spectrum. This last can only be correctly

evaluated after some purification Steps. TYP- The authors are grateful to Prof. A. Duarte
ically, bacteriocins produced Hyacto- and Dr. A. Ramos for their kind offer of cultures
bacillusare described to be active onlyof spoilage bacteria and hospital isolates of
against closely related bacteria [1, 13].  human pathogens.

This work was partially supported by grant:

The fact that most of the aCtiVity of the Praxis XXI/BD/21528/99 (FCT).

extract has been retained in the 30a!
cut-off membrane correlates with the obser-
vations made during purification. In fact,
we have isolated a bioactive proteinaceous
compound with a molecular mass of abou
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