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Abstract

New proteinaceous active substance produced by Lactobacillus paracasei subsp. paracasei strain M3 used as a starter for

Bulgarian yellow cheese was identified and studied. It displayed bactericidal and fungistatic activities. Its activity was checked

against over 60 bacterial and yeast strains. It was efficient against Bacillus subtilis ATCC 6633, several L. delbrueckii species,

Helicobacter pylori NCIPD 230 and some yeast species, for example Candida albicans, C. pseudointermedia NBIMCC 1532,

C. blankii NBIMCC 85 and Saccharomyces cerevisiae NBIMCC 1812. The synthesis of the substance by producing strain was

detected in the late logarithmic growth phase during batch fermentation. Anion exchange chromatography, reversed phase

chromatography (RPC) on C4 column and HPLC on C18 column were used for partial purification of this antimicrobial

compound. The gene responsible for the synthesis of the active substance is located on the bacterial chromosome.
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1. Introduction

The interest in food biopreservation has increased

during recent years. Lactic Acid Bacteria (LAB) have

a particular importance in this domain. They could be

used for this purpose even more, providing adequate

knowledge about the character of substances protect-

ing against spoilage and about the mechanisms of

their action is accumulated. Their preserving effect is

due to the formation of various organic acids, hydro-

gen peroxide, diacetyl, carbon dioxide, bacteriocin

and antibiotic production (Hutten et al., 1995; Sanders

et al., 1991).

Silva et al. (1987) isolated a low-molecular-mass

( < 1000) antimicrobial substance produced by Lacto-

bacillus casei subsp. rhamnosus GG. Rammelsberg et

al. (1990) described a new bacteriocin from L. casei—

caseicin 80. Hutten et al. (1995) purified and identi-

0168-1605/03/$ - see front matter D 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0168-1605(03)00054-0

* Corresponding author. Tel.: +33-24-0675-091; fax: +33-24-

0675-244.

E-mail address: haertle@nantes.inra.fr (I. Ivanova).

www.elsevier.com/locate/ijfoodmicro

International Journal of Food Microbiology 87 (2003) 63–73



fied 2-pyrrolidone-5-carboxylic acid (PCA) produced

by L. casei subsp. casei LC-10 and L. casei subsp.

pseudoplantarum LB1931. Its spectrum of activity

included several strains of Bacillus subtilis, Pseudo-

monas putida and Enterobacter cloacae. Vignolo et

al. (1996) reported the production of lactocin 705 by

L. casei CRL 705 from fermented sausages, showing

their antilisterial activity.

However, only few reports exist on specific anti-

fungal and anti-yeast compounds produced by LAB.

Fungi are a frequent cause of spoilage in foods as well

as they represent a considerable danger for human

health as producers of mycotoxins. Most strains from

the Candida family are particularly dangerous in this

respect. Penicillium commue commonly spoils hard

cheese while different Fusarium species can produce

mycotoxins in cereal grains (Anonymous, 2000;

Vignolo et al., 1996). Yeasts Candida parapsilosis

and Debaryomyces hansenii are spoiling yoghurt and

other fermented dairy products.

Most of the observations published in the literature

concern antifungal agents from LAB. They are mostly

low-molecular-mass organic compounds. For exam-

ple, capric acid and several short-chain fatty acids

have been described in an antifungal L. sanfrancisco

CBI strain from sourdough (Corsetti et al., 1998).

Benzoic acid, methylhydantoin, mevalonolactone and

cyclo-(glycyl–L-leucyl), synergists of lactic acid, have

been isolated from L. plantarum and are active against

Fusarium avenacum (Niku-Paavola et al., 1999).

Phenyl-lactic acid and 4-hydroxy-phenyl-lactic acid

produced by L. plantarum 21B were determined to

have broad fungicidal activity (Lavermicocca et al.,

2000). Early studies discovered antifungal activities

produced by a L. casei strain, which inhibited both

growth and aflatoxin production of Aspergillus para-

siticus (El-Gendy and Marth, 1981). Production of

several fungal inhibitory compounds by L. casei

subsp. rhamnosus with molecular masses below 1

kDa was also evidenced (Silva et al., 1987).

Recently, Okkers et al. (1999) characterized bac-

teriocin-like peptides isolated from L. pentosus with

fungistatic effect on C. albicans. Magnusson and

Schnurer (2001) studied the production of a proteina-

ceous antifungal substance by L. coryniformis subsp.

coryniformis Si3 that is inhibitory against a broad

range of filamentous fungi, moulds and to a lesser

extent against yeasts. Finally, Corsetti et al. (1998)

evaluated highly the potential of certain microorgan-

isms with therapeutic properties for the prevention

and/or treatment of selected intestinal and vaginal

infections. Their study shows that among other

strains, L. casei GG, producer of a microcin, can be

used successfully for the prevention of antibiotic

associated diarrhea and various other diarrhea ill-

nesses as well as against recurrent candidal vaginitis

(Hilton et al., 1995; Elmer et al., 1996).

Present work describes proteic antimicrobial sub-

stance isolated from L. paracasei subsp. paracasei

M3—a starter strain in Bulgarian yellow cheese

(kashkaval) active against yeasts and some of Can-

dida species.

2. Materials and methods

2.1. Isolation

The strain M3 was isolated from Bulgarian yellow

cheese (kashkaval). It was cultivated in MRS broth

and MRS agar (Merck, Darmstadt, Germany) at 37

jC, and was maintained for longer storage in 20%

glycerol at � 20 jC. The carbon source fermentation

pattern (50 CHL API test) and the complementary

identification tests (temperature, assimilation of gluc-

onate, and catalase activity) identified the strain M3 as

L. paracasei subsp. paracasei. This identification was

confirmed by a cluster analysis of the total cellular

protein electrophoretic profile in the BCCM/LMG

Culture Collection (University of Gent, Belgium).

2.2. Verification of the protein nature of the active

substance

The protein nature of the antimicrobial agent

produced by L. paracasei M3 was verified by enzyme

treatment with the following enzymes: trypsin from

bovine pancreas (Merck) 40 U/mg, optimal condi-

tions: pH 8 at 25 jC; pronase E (Merck) 70,000 PUK/

g, optimal conditions: pH 7.4 at 40 jC; protease type

IV from Streptomyces caespitosus (Sigma), 0.7 U/mg,

optimal conditions: pH 7.5 at 37 jC.
The effect of tested proteases was defined at

conditions optimal for each enzyme (pH, temper-

ature), after 5 h of incubation of solutions made of

100 Al of antimicrobial supernatant/100 Al buffered
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enzyme solution (1% final concentration). Reactions

were stopped by boiling the mixture for 3 min. After

neutralization, each solution was further tested against

B. subtilis ATCC 6633 in the presence of negative

controls such as the initial antimicrobial supernatant

and the buffered enzyme solutions of each enzyme.

The enzymatic treatment of the active substance was

performed with both heated and untreated controls.

2.3. Antimicrobial activity assay

The antimicrobial activity of the culture super-

natant was tested after centrifugation and neutraliza-

tion to pH 6. In the agar plates containing the

corresponding test microorganism (1-ml suspension

in agar or 0.2-ml spread on the surface of the agar)

holes were made and 100 Al of the bacteriocin-con-

taining sample was deposited in each hole. Serial two-

fold dilutions of the samples tested were prepared in

sterile distilled water. Titers were defined as the

reciprocal of the highest dilution inhibiting the growth

of the indicator strain. The results for the bacteriocin

activity were presented in arbitrary units per milliliter

(AU/ml). Petri dishes with samples loaded for test of

activity were left 2 h at 4 jC for diffusion before

moving them to the corresponding temperature of

growth of the test microorganism.

2.4. Spectrum of activity of the substance produced by

L. paracasei M3

Most of the strains used for checking the activity

spectrum of L. paracasei M3 were supplied by the

National Bank for Industrial Microorganisms and Cell

Cultures (NBIMCC). Several LAB strains from dairy

origin were taken from the collection of the Micro-

biology Department at the Faculty of Biology, Sofia

University (MDC, SU). All LAB test strains were

cultivated on MRS broth and agar (Merck). The LAB

strain used for the bacteriocin activity tests during

batch fermentation of L. paracasei M3 was L. bulgar-

icus 340 (Rhodia Food, Texel, France). Listeria inno-

cua F (CIP 046) was cultivated on Elliker broth and

Elliker agar (Difco, Coger, France) while B. subtilis

ATCC 6633 (NBIMCC 1709) and E. coli HB101

(BAS) were cultivated on Meat Peptone Broth

(MPB) and Meat Peptone Agar (MPA) medium

(Difco). Salmonellae species applied as test micro-

organisms were cultivated on Nutrient broth II with

the following composition in g/l: meat extract, 10;

peptone—10; NaCl—5; agar—20 at 37 jC. Experi-
ments with Helicobacter pylori and Campylobacter

jeunii, both pathogen strains of human origin, were

performed on blood agar (Merck) and thioglycollate

medium with the following composition (g/l): peptone

from casein—17; peptone from soy flour—3; D(+)

glucose—6; NaCl—2.5; Na2SO3—0.1; Na thioglycol-

late—0.5; L-cystein—0.5; agar—0.3.

Some of the test strains were provided by the

Laboratory of Microbiology in the ‘Sciences des Ali-

ments’ Department at ENITIAA (Nantes, France): L.

brevis 62—collection of ENITIAA; Lactococcus lac-

tis ATCC 11 494—reference strain, a nisin producer;

L. lactis CNRS no. 1075—a strain that does not

produce nisin; L. lactis 3931—a plasmid containing

strain with nuclease activity, collection of ENITIAA;

L. lactis 14—bacteriocin (bozacin) producer, collec-

tion of ENITIAA.

Yeast strains applied as tests were provided by the

National Bank of Industrial Microorganisms and Cel-

lular Cultures (NBIMCC) Sofia, Bulgaria and are

shown in Table 1 with the corresponding media and

temperatures of cultivation. The compositions of the

media applied are the following (in g/l):

Yeast Morphology Agar (YMA): yeast extract—3;

malt extract—3, peptone—5; D(+) glucose—10;

agar—15.

Malt Agar II: D(+) glucose—20; malt extract—20;

peptone—1; agar—15.

Malt Agar I: malt extract—50; agar—30.

Beer Agar: beer yeast extract—1l, agar—20.

2.5. Batch fermentation of the strain L. paracasei M3

Apparatus used for the batch fermentation of the

strain M3 (Applikon Dependable Instruments, The

Netherlands) was controlled by a BioConsole ADI

1055. Fermentation of L. paracasei M3 was carried

out at 37 jC in 4 l MRS broth with soytone peptone

instead of the standard peptone component (composi-

tion of the used medium in g/l: soytone peptone—10;

meat extract—10, yeast extract—5, D(+) glucose—20;

K2HPO4—2; Na2SO3—0.1; sodium acetate—5; am-

monium hydrogen citrate—2;MgSO4—0.2;MnSO4—

0.05; Tween 80—1 ml) for 24 to 50 h, in conditions of
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regulated pH at 5.5 by addition of 1 NNaOH. Agitation

speed applied was 400 rpm. Medium was inoculated at

10% with 400 ml 24 h pre-culture of L. paracaseiM3.

Samples for measurement of OD and antimicrobial

activity were taken every 2 h. For measuring OD at

600 nm, a Hitachi U-1100 UV–VIS Spectrophotom-

eter (Hitachi) was used. Antimicrobial activity was

tested simultaneously against Saccharomyces cerevi-

siae NBIMCC 1812 and L. bulgaricus 340 and was

defined in AU/ml. Corresponding fermentation Bio-

Xpert software presented results after treatment of the

on-line and off-line parameters.

2.6. Purification of the active substance by anion

exchange chromatography at pH 6.2

Anion exchange chromatography was performed

on a FPLC apparatus (BIOcad SPRINT System,

Perkin-Elmer, USA). This type of chromatographic

analysis allowed the treatment of 100 to 400 ml active

culture supernatant per application on a self-pack

Waters Advanced Purification (AP-2) column

(Waters, USA) filled with a HQ Poros resin (50 Am,

20� 85 mm, Boerhinger, Germany). The active sub-

stance was eluted by a linear gradient from 100%

buffer A (20 mM sodium phosphate buffer, pH 6.2) to

100% buffer B (20 mM sodium phosphate buffer

containing 1 M NaCl) in 30 min, including a step of

2-min washing with 50% buffer A at a flow rate of 20

ml/min. Absorbencies were recorded simultaneously

at 214 and 280 nm. Fractions collected were tested for

antimicrobial activity.

2.7. Reversed phase chromatography on C4 column

Active fractions obtained by anion exchange chro-

matography were combined and applied on a prepara-

tive reversed phase Waters Guard—Pack C4 column

(15 Am, 300 Å) on FPLC (BIOcad SPRINT System).

The elution buffers were A (0.1%, v/v, TFA—trifluoro

acetic acid) and B (0.1%, v/v, TFA/80%, v/v, acetoni-

trile). Linear gradient was applied from 40% to 100%

buffer B for 15 min after a step at 40% buffer B for 10

min. Since strong adsorption of the active substance on

the C4 chromatography column was observed, wash-

ing was performed at the end of the elution gradient

with a solution of 50% buffer B/50% 2-propanol and

with a solution of 20% buffer B/80% 2-propanol for 10

min each. Active fractions were concentrated by vac-

uum evaporation in a Speed Vac apparatus.

2.8. HPLC on C18 column

Concentrated fractions after C4 chromatography

were further purified on HPLC (Waters Separations

Module 2690), on a Waters Symmetry 300 Å C18

column (5 Am, 3.9 mm i.d.� 15 cm, Waters) at a flow

rate of 0.8 ml/min. Elution was performed by apply-

ing a gradient from 100% buffer A (0.1%, v/v, TFA/

5%, v/v, acetonitrile) to 100% buffer B (0.1%, v/v,

TFA/80%, v/v, acetonitrile) in 20 min.

Table 1

Yeast strains applied as tests and culture conditions

Strains Culture conditions

Candida albicansa NBIMCC 72 YMAb, 25 jC
Candida blankiia NBIMCC 85 (type strain) YMA, 24 jC
Candida pseudointermediaa NBIMCC 1532

(decayed wood)

YMA, 24 jC

Cryptococcus albidus var. aerius

NBIMCC 1707

YMA, 24 jC

Cryptococcus curvatus NBIMCC 1691 YMA, 25 jC
Geotrichum fermentans NBIMCC 599 YMA, 24 jC
Hansenula beckii NBIMCC 552 YMA, 24 jC
Hasegawaea japonica var. japonica

NBIMCC 2396

Beer agar, 24 jC

Kluyveromyces thermotolerans NBIMCC 597 YMA, 24 jC
Kluyveromyces marxianus var. marxianus

NBIMCC 1142, 1145, 1796

Malt agar II,

27 jC
Kluyveromyces lactis var. lactis

NBIMCC 1146, 1631

Beer agar, 25 jC

Metschnikowia pulcherrima NBIMCC 77 Beer agar, 24 jC
Pichia guilliermondii NBIMCC 602 YMA, 24–26 jC
Pichia membranaefaciens NBIMCC 1815 YMA, 24 jC
Rhodotorula lactosa NBIMCC 1206 Beer agar, 24 jC
Saccharomyces cerevisiae NBIMCC 1812

(palm wine)

Malt agar I, 28 jC

Shizosaccharomyces pombe NBIMCC 83 Beer agar, 25 jC
Schwanniomyces occidentalis NBIMCC 998

and 2368

Beer agar, 37 jC

Williopsis saturnus var. saturnus

NBIMCC 1787

YMA, 24 jC

Zygosaccharomyces bailii NBIMCC 546 YMA, 25 jC
Zygosaccharomyces globifarmis

NBIMCC 2152

YMA, 28 jC

a C. albicans strain was a pathogen isolated from human cardio-

vascular tissue. The C. blankii sensitive strain was an animal

pathogen isolated from mink blood (Buckley and van Uden, 1968)

and the C. pseudointermedia strain was a common spoilage

microorganism on fish products (Fukushima et al., 1967).
b YMA is Yeast Morphology Agar.
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2.9. Amino acid analysis

After acid hydrolysis under vacuum in the presence

of 6 N HCl for 24 h at 110 jC in a Pico-Tag Station

(Waters), amino acids were derivatized with PITC

according to Bidlingmeyer et al. (1984) and analyzed

on a C18 Pico-Tag column (3.9 mm id.� 15 cm,

Waters). Dried samples were dissolved in 95%, v/v,

2 mM Na2HPO4, pH 7.4, 5%, v/v acetonitrile. The

HPLC column was equilibrated with buffer A (94%,

v/v, 0.14 M CH3COONa containing 3.59 mM triethyl-

amine pH 6.4, 6%, v/v acetonitrile) and the elution

was performed with a convex gradient from 100%

buffer A to 46% buffer B (40% H2O/60% acetonitrile,

v/v) in 10 min, at a flow rate of 1 ml/min. Both the

column and the buffers were maintained at 38 jC and

the absorbency was recorded at 254 nm.

2.10. Electrospray ionization–mass spectrometry

(ESI–MS)

The antimicrobial compound was analyzed for its

molecular mass on a HPLC 1100 (Agilent Technolo-

gies, Switzerland) coupled with an ESI–MS on a

Biomolecular Mass Analyser (Perkin-Elmer Sciex,

Thornhill, Ontario, Canada), Model API III+. The

sample containing the bioactive molecule was centri-

fuged for 5 min at 13,000 rpm and the pellet was re-

suspended in 10% 2-propanol solution. It was then

separated on a Symmetry 300 Å C18 column (5 Am,

2.1 mm i.d.� 15 cm, Waters) and injected into the

mass spectrometer.

2.11. Plasmid curing

Ethidium bromide and acridine orange were tested

as curing agents. L. paracasei M3 was grown for 24 h

at 37 jC, in MRS broth inoculated at 10% and

containing the curing agents at final concentrations

ranging from 5 to 20 Ag/ml. Then, an agar plate

antimicrobial activity assay (AU/ml) was performed

against S. cerevisiae NBIMCC 1812 and L. bulgar-

icus 340.

2.12. Plasmid DNA extraction

For the verification of the plasmid content of L.

paracasei M3, several protocols and QIAGENR

Plasmid Purification Kits (QIAGEN, Germany) were

used. The first experiments realized were mini-prep-

arations from 20 ml of bacterial culture. The protocol

of Birnboim and Doly (1979) for L. lactis was applied

for these mini-preparations. A L. lactis 3931 strain

containing a plasmid was used as control for the

plasmid isolation protocol. Further on, QIAfilter Midi

and Maxi Plasmid Kits were used for plasmid DNA

extraction from 100 and 500 ml of 48 h L. paracasei

M3 culture with the corresponding columns QIA-

GEN-tips 100 and 500. The isolated plasmid DNA

was analyzed by 0.8% agarose gel electrophoresis. E/
HindIII DNA (Promega, Madison, WI, USA.) was

applied as a marker.

3. Results

3.1. Spectrum of activity

L. paracasei M3 had a relatively broad antibacte-

rial spectrum (Table 2). Bactericidal activity was

detected against B. subtilis ATCC 6633 and H. pylori.

From the tested 33 LAB, it was mainly active against

the closely related species of L. delbrueckii. L. para-

casei M3 was also active against some yeasts. The

activity was found against 4 from the tested 26

different yeast strains (Table 2).

3.2. Effect of pH and proteolytic enzymes on yeast

activity

Anti-yeast activity was found to be stable at pH 8.

Maximum of activity was detected at pH 6. Inhibitory

activity of the supernatant was totally lost after treat-

ment with trypsin, pronase E and protease type IV. A

difference was observed between the properties of the

active substance in the supernatant and in purified form

during all our experiments. The enzymatic treatment of

the active substance was performed in the supernatant

with both heated and untreated controls. No difference

in the activity was observed for both untreated and

heated for 3 min at 100 jC. In both cases, the active

supernatant showed a zone of clearing with a diameter

of 14 mm. However, after its purification, bacteriocin

totally lost its activity after a thermal treatment for 5, 10

and 15 min at 100 jC. This indicates the protein nature
of the studied factor (Table 3), which was confirmed by
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the determination of its amino acid composition at the

end of the purification process.

3.3. Production studies

Batch fermentation of the strain L. paracasei M3

was carried out in conditions of regulated pH at 37 jC
in MRS medium. Maximum of the anti-yeast activity

was observed after 8 h of cultivation at 37 jC. The
activity was stable until 24 h, what corresponds to the

late exponential LAB growth phase (Fig. 1). Observed

slow down of the activity increase after the 24th h of

fermentation might be due to protease degradation or

Table 3

Result of enzyme treatment on bacteriocin activity of strain L.

paracasei M3

Sample Activity against B. subtilis

ATCC 6633

L. paracasei M3 diameter of zone

of clearing: 14 mm

L. paracasei M3+Protease type IV no activity

L. paracasei M3+Pronase E no activity

L. paracasei M3+Trypsin no activity

Table 2

Activity spectrum of the bacteriocin produced by the strain L.

paracasei M3

Test strains (sources) Activity of L. paracasei M3

(diameter in mm of the

zone of clearing)

Bacteria

Bacillus subtilis ATCC 6633 (soil) 20

Listeria innocua F (ENITIAA) –

Escherichia coli HB 101 –

Lactobacillus rhamnosus

NBIMCC 1010, 1013

–

Lactobacillus plantarum

NBIMCC 1410

–

Lactobacillus salivarius

ssp. salivarius 1589

–

Lactobacillus delbrueckii

ssp. delbrueckii

(4 strains Bulgarian yoghurt)

–

Lactobacillus delbrueckii ssp. lactis

(5 strains; Bulgarian yoghurt

and cream)

12

Lactobacillus delbrueckii

ssp. bulgaricus

(10 strains; Bulgarian yoghurt)

15

Lactobacillus helveticus

(three strains)

–

Salmonella choleraesuis ssp.

choleraesuis ser. typhimurium

NBIMCC 2343, 2344

–

Campylobacter jeunii 28

(human source, ISUL, Bulgaria)

–

Helicobacter pylori 230

(human source, ISUL, Bulgaria)

18

Yeasts

Candida albicans NBIMCC 72,

strain SU, DMC

12

Candida blankii NBIMCC 85

(type strain)

15

Candida pseudointermedia

NBIMCC 1532 (decayed wood)

20

Cryptococcus albidus var. aerius

NBIMCC 1707

–

Cryptococcus curvatus

NBIMCC 1691

–

Geotrichum fermentans

NBIMCC 599

–

Hansenula beckii NBIMCC 552 –

Hasegawaea japonica var. japonica

NBIMCC 2396

–

Kluyveromyces thermotolerans

NBIMCC 597

–

Kluyveromyces marxianus var

marxianus NBIMCC

1142, 1145, 1796

–

Test strains (sources) Activity of L. paracasei M3

(diameter in mm of the

zone of clearing)

Yeasts

Kluyveromyces lactis var lactis

NBIMCC 1146, 1631

–

Metschnikowia pulcherrima

NBIMCC 77

–

Pichia guilliermondii NBIMCC 602 –

Pichia fermentans NBIMCC 547 –

Pichia membranaefaciens

NBIMCC 1815

–

Rhodotorula lactosa NBIMCC 1206 –

Saccharomyces cerevisiae

NBIMCC 1812 (palm wine)

15

Shizosaccharomyces pombe

NBIMCC 83

–

Schwanniomyces occidentalis

NBIMCC 998, 2368

–

Williopsis saturnus var. saturnus

NBIMCC 1787

–

Zygosaccharomyces bailii

NBIMCC 546

–

Zygosaccharomyces globifarmis

NBIMCC 2152

–

– : Absence of zone of clearing.

Table 2 (continued)
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to spontaneous aggregation of the protein due to its

high molecular mass.

3.4. Purification

After 24 h of fermentation of L. paracasei M3, the

cells were discarded after centrifugation and the

supernatant containing the active substance was sub-

mitted to anion exchange chromatography at pH 6.2

on a preparative HQ 50 column. One hundred milli-

liters of supernatant per run was injected, after chro-

matography of which six fractions, eluted at 0.3–0.4

M NaCl, showed activity against C. pseudointermedia

NBIMCC 1532.

Combined active fractions after several cycles of

anion exchange chromatography were further separa-

ted on a preparative C4 column by reversed phase

chromatography. The anti-yeast activity was eluted

with 80% acetonitrile, which indicates high hydro-

phobicity of the active agent.

pH of the active fractions after reversed phase

chromatography on C4 column was adjusted to 6 with

a 1 M sodium phosphate buffer (pH 6.7) and these

were concentrated by evaporation under vacuum.

Since aggregation was observed during vacuum con-

centration, the active fractions were centrifuged for 10

min at 8000� g and the pellet was suspended in a 5 M

urea solution. The supernatant and the pellet were

then analyzed by SDS-PAGE. In the pellet, a main

band was observed with a molecular mass of about 45

kDa (Fig. 2). This band was also present in the

supernatant but in negligible quantities.

Active fractions were further analyzed by reversed

phase HPLC on C18 column coupled to Biomolecular

Mass Analyser Perkin-Elmer Sciex API III+ mass

spectrometer (Fig. 3A). Molecular mass of the peak

that eluted at 18–19 min (80% acetonitrile), which

has a typical protein MS spectrum, was defined after

electrospray ionization (ESI)–mass spectrometry to

be 43,000 Da (Fig. 3B,C), which is in agreement with

the results of SDS-PAGE. The results for the molec-

ular mass of the active substance were further con-

firmed by matrix-assisted laser desorption/ionization

Fig. 1. Batch fermentation profile (o) of the strain Lb. paracasei

M3 presented by means of the BioXpert fermentation control

software. The antimicrobial activity (n) shown is against S.

cerevisiae NBIMCC 1812.

Fig. 2. SDS-PAGE of the active fraction after preparative reversed phase chromatography on C4 column. Lane 1: molecular mass markers from

the Low Molecular Weight Calibration Kit, Amersham Pharmacia; lane 2: MRS medium; lane 3: culture supernatant of L. paracaseiM3; lanes 4

and 5: 5 and 10 Al of supernatant after centrifugation of the active fraction (RPC); lane 7: 10 Al pellet after centrifugation of the active fraction

(RPC); lane 9: 3 Al pellet after centrifugation of the active fraction (RPC).
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Fig. 3. Analysis of the active substance produced by L. paracasei M3 by electrospray mass spectrometry. (A) C18 liquid chromatography profile

of the active fraction after preparative reversed phase chromatography; (B) LC-MS mass spectrometry profile of the peak eluted at 18 min; (C)

mass reconstruction for the molecules found in the analyzed peak (based on the MS spectrum).
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time-of-flight (MALDI-TOF) mass spectrometry anal-

ysis (data not shown).

The amino-acid composition of the fraction ana-

lyzed by mass spectrometry is shown in Table 4.

3.5. Storage stability

Antimicrobial activity of the studied substance was

lost during prolonged storage. The activity of the

culture supernatant after fermentation was stable dur-

ing 48 h at 4 jC and for more than 7 months at � 20

or � 80 jC. However, the storage stability diminished

with every consequent purification step. Active frac-

tions were stored at � 20 jC for a maximum of 3

weeks after anion exchange chromatography and after

preparative reversed phase chromatography (RPC).

The activity was lost during concentration after prep-

arative RPC (the second purification step) due to a

phenomenon of co-aggregation with other substances

present in the active fractions.

3.6. Plasmid curing and DNA extraction

Plasmid curing experiments did not show any

changes in the antimicrobial activity of L. paracasei

M3 after cultivation in MRS broth containing differ-

ent concentrations (up to 20 Ag/ml) of ethidium

bromide and acridine orange as curing agents. Plas-

mid DNA extraction performed in parallel did not

allow to visualize any plasmid DNA in the cells of the

strain either. Since some strains contain very low

copies of plasmids, the plasmid content of the strain

M3 was also verified by several extractions using

midi and maxi plasmid preparation protocols, which

permit purification of plasmids and cosmids present

in less than 10 copies per cell. All obtained exper-

imental data show that the gene coding for the active

substance is most probably located on the bacterial

chromosome.

4. Discussion

‘‘Bacteriocin-like substance’’ is a term applied to

antagonistic substances, which are incompletely

defined or do not fit the typical criteria defining

bacteriocins. They tend to have a broader spectrum

of activity than currently known bacteriocins. A

number of these substances were reported to be

produced by Lactobacilli, inhibiting a wide range of

both Gram-positive and Gram-negative bacteria as

well as of fungi (Boris and Barbès, 2000; McGroarty,

1993).

However, very few reports have been published

about the production of specific antifungal substances

from LAB. Recently, Magnusson and Schnurer

(2001) reported inhibitory activity of L. coryniformis

subsp. coryniformis Si3 against a broad range of

filamentous fungi (molds) and, to a lesser extent,

against spoilage yeasts. Okkers et al. (1999) reported

fungistatic effect against C. albicans and not against

filamentous fungi. The strain L. paracasei M3 iso-

lated from Bulgarian yellow cheese shows inhibitory

activity against closely related species of LAB as L.

delbrueckii, against B. subtilis and H. pylori, and

against several species of the Candida family. Activ-

ity against several B. subtilis strains was already

shown for two L. casei strains (Hutten et al., 1995).

Antibacterial inhibitory activity against H. pylori in

vitro and antagonistic activity in vivo was already

reported for L. casei GG and L. acidophilus LB

(Coconier et al., 1998).

The kinetic of production of the studied substance

by L. paracaseiM3 reminds what was observed for the

production of peptide from L. coryniformis Si3 (Mag-

Table 4

Amino acid composition of the active molecule produced by L.

paracasei M3

Amino acids Concentration of

residues (pmol)

Residues

(% of pmol)

Asx 195.56 7.8

Glx 326.43 13.0

Ser 58.74 2.3

Gly 133.81 5.3

His 68.40 2.7

Arg 115.82 4.6

Thr 147.52 5.9

Ala 201.32 8.0

Pro 182.49 7.3

Tyr 83.11 3.3

Val 249.83 10.0

Met 77.05 3.1

Ile 207.89 8.3

Leu 265.84 10.6

Phe 117.52 4.7

Lys 82.25 3.3
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nusson and Schnurer, 2001), a species with close

phylogenetic relationship to L. paracasei, for amylo-

vorin L471 from L. amylovorus (Callewaert et al.,

1999) and for Lactocin S from L. sake (Mortvedt-

Abildgaard et al., 1995).

In all anti-microbial activity assay procedures

carried out during this study, the anti-microbial

effect of lactic acid produced by L. paracasei M3

was eliminated by neutralization of the samples to

pH 6. Substantial proportion of the antifungal activ-

ity was lost during each purification step. Thus, after

the third purification step, the activity was often

below the detection level. Splitting of activity be-

tween several different fractions during some purifi-

cation steps was also observed. Magnusson and

Schnurer (2001) reported the same phenomenon.

Aggregation and precipitation of the active substance

after vacuum evaporation at the end of the reversed

phase chromatography complicated further the puri-

fication procedure. This aggregation might be

explained with the lower stability of the active

molecule in a system with continuously diminishing

hydrophobicity.

The amino acid composition confirms the hydro-

phobic character of the active molecule since amino

acids such as isoleucine, leucine, proline, valine,

alanine and threonine are prevailing.

Relatively high molecular mass of the active sub-

stance observed by SDS-PAGE and confirmed by

mass spectrometry might be compared to bacteriocins

belonging to classes III and IV. Helveticins J and V-

1829 from L. helveticus (Joerger and Klaenhammer,

1986; Vaughan et al., 1992), lacticins A and B from

L. delbrueckii subsp. lactis (Toba et al., 1991),

planticin B, plantaricin S from L. plantarum (West

and Warner, 1988; Jimenez-Diaz et al., 1995), are

classified among such bacteriocin molecules with

molecular masses above 30 kDa. The active molecule

has some of the properties attributed to these bacter-

iocin groups because of its loss of activity after

protease treatment (its proteic character) and because

of its thermolability.

The obtained results confirm the interest and the

possibility of using LAB with GRAS (generally

regarded as safe) status as a protection against fungal

spoilage and mycotoxin formation and as such, they

can present promising option for both the food indus-

try and the agriculture.
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