BLAZENKA BRKIC of al.: Antibacterial Substances in Lactic Acid Bacteria, Prehrambeno-telmol. biotelmol. rev. 33 (4) 145150 (1995) 145

UDC 577.124.23:579.264
ISSN 0352-9193

original scientific paper

Ability of Chosen Lactic Acid Bacteria to Produce
Antibacterial Substances

Sposobnost odabranih bakterija mlije¢ne kiseline
da proizvedu antibakterijske supstancije

Blazenka Brki¢, Jagoda Suskovié, S. Matosi¢ and K. Gjuracic*

Department of Biochemical Engineering, Faculty of Food Technology and Biotechnology,
University of Zagreb, Pierottijeva 6, 10000 Zagreb, Croatia

* Pliva Research Institute, Laboratory of Molecular Biology,

Summary

Six strains of lactic acid bacteria isolated from sitage, for-
mented ik and vegetables, were examined for antagonistic ac-
tivities agninst entheropathogenic microorganisms and lactic
acid bacteria. The two screening methods used were the agar
spot test and the disc assay method. Cell-free supernatants of
lactic acid bacteria inhibited the growtl of Staphylococcus
aurens 3048, Staphylococcns anrens K-144, Salmonella
mumnm, Escherichia coli, Bacillus cereus and Bacillus
subtilis.

However, concentrated and neutralized supernatants fron
four of the six strains (Lactobacillus acidophilus, Lactoba-
cillus plantarum 14, Lactobacillus plantarwm 788, En-
terococcus faecium) showed antibacterial activity against
Grami-niegative and  Gram-positive farget strains, as well as
sonte strafns of lactic acid bacteria. These results confirmed the
presence of antibacterial substaices other than lactic acid. Fur-
thermore, plasniids had beeir isolaied from these four lactic acid
bacterin whiclh exhibited higher antibacterial activity.

Introduction

l.actic acid bacteria are cssential in the manufacture
of fermented foods and beverages, silage and probi-
otics. They are used as starter cultures to ensure the right
properties of the fermented products such as taste, rheo-
logical propertics, shelf-life and nutritional quality (1-3).
Their prime functions include also a strong antimicrobial
activity against many spoilage bacteria and food-born
pathogens mainly by the production of lactic acid and
the resulting pH decrease. However, lactic acid bacteria
can also produce other inhibitory compounds such as
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SaZetak

Antibakterijska aktivnost Sest sojeon baklerifa mlijecne ki-
seline, izolirana iz silaZe, fermentivanog mlijeka i povrca, ispi-
tana je prema enteropatogenim mikroorganizoiing § bakterifania
nilifecrie kiseline. Testivanje antibakterijske aktivnosti provedeno je
mictodama difuzije 1w agar s filtar-diskovima [ s doostrukin slojem
agara (»agar spot test«). Supernatanti kidtura inhibiraju rast
test-nikroorganizama: Stapiylococens aurens 3048, Staphylo-
coccus anrens K-144, Salmonella minmim, Escherichia
coli, Bacillus cereus | Bacillus subtilis.

Koncenfrivani i newtralizivani supernalanti cetivi ispiti-
vana soja bakterija milijecie kiscline (Lactobacillus acidophilus,
Lactobacillus plantaruin 14, Lactobacillus plantarum
/88, Enterococcus faecium) pokaziuju antibaklerijsko djclova-
nje prewa gram-negationim i gram-pozitivning nikroorgani-
ziima, obulvacajuci § neke sojeve bakterija milijecne kiseline.
Rezultat upncuje na aktivnost antibakterijske supstancije 1 su-
pernatanti. Plazmidi su takoder izolivani iz bakterija milijecie
kiseline koje su pokazale jace antibakterifske djclovanje.

hydrogen peroxide, acetaldchyde, diacetyl and bacte-
riocins (2,3).

Bacteriocing are biologically active proteins which
exhibit bactericidal effect against closely related bacteria.
On the basis of biochemical and genetic studics, bacte-
riocins from lactic acid bacteria were divided into four
major classes (4). Class | bacteriocins arc lantibiotics
which contain unusual amino acids, lanthionin and -
-methyllanthionine. The best characterized lantibiotic is
nisin, which is produced by L. lactis subsp. lactis. Class
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11 bacteriocins are characterized as small, heat stable, hy-
drophobic peptides with a high isoelectric point. A num-
ber of class 11 bacteriocins have been identified and pu-
rified from Lactobacillus sp., c.g. sakacin A, produced by
L. sake (5), lactacin B (6) and lactacin F (7), produced by
L. acidophilus and L. johnsonii, respectively. The Class
111 bacteriocins, which have to date only been found in
Lactobacillus sp., include heat-labile proteins of large
molecular mass (e.g. acidophilucin A (8), lacticin (9),
helveticin V-1829 (10). Class 1V bacteriocins consist of
protein complexes associated with lipid or carbohydrate
moieties required for activity. Plantaricin S, bacteriocin
produced by L. plantarum, is a glycolipoprotein that is
inactivated by trecatments with a-amylase, lipase and
protease (11). Leuconocin S and pediocin §J-1 are also
inactivated by a-amylase (12,13). Some of bacteriocins,
produced by lactic acid bacteria, have a broad spectrum
of antimicrobial activity which include other genera,
such as Listeria, Staphylococcus, Clostridium and Bacillus
(6,14). In view of the interesting range of antagonistic ac-
tivity, these bacteriocins could be used as natural food
preservatives. Until recently, nisin was the only bacte-
riocin that has been exploited commercially in the food
industry (3). The antibacterial properties of lactic acid
bacteria are of special interest in developing strongly
competitive starter culture for milk and vegetables fer-
mentations, silage and probiotic preparations. Homofer-
mentative lactic acid bacteria, such as L. plantarum 14
and E. faccium, can be added to the silage in order to
compensate for the low number of these bacteria present
on the crops. Increase of the fermentation rate supported
by addition of a silage inoculants has been shown (15),
but there are no reports on their bacteriocin production,
Importance of bacteriocin production in fermented vege-
tables, such as cabbages, olives and cucumbers, has been
addressed by Daeschel ¢t al. (14). Bacteriocins are be-
lieved to be important also in the ability of lactic acid
bacteria to compete in non-fermentative ecosystems, such
as the gastrointestinal tract. L. acidophilus and E. faccium
are cited most often in this connection. Indicated thera-
peutic values of these and other lactic acid bacteria in-
clude anticholesteremic properties, tumor suppression,
an control over growth and colonization of potentially
pathogenic microorganisms (3).

The aim of the present paper was to investigate the
potentiality of lactic acid bacteria to produce antibacte-
rial substances active against different food spoilage bac-
teria and lactic acid bacteria.

Materials and Methods

Bacterial strains and cultivation conditions

The bacterial strains tested for antibacterial activity
were: Lacfobacillus acidophilus, Lactobacillus plantarim L4,
Lactobacillus plantarum Z88, Enferococcus faccinm, Lactoba-
cillirs sp. |91 and Lactobacillus sp. E. These lactic acid bac-
teria as well as the enteropathogenic microorganisms:
Staphylococcus aurens 3048, Staphylococens anrens K-144,
Salmonella munnm, Escherichin coli and spore forming
bacteria Bacillus cerens and Bacillus subtilis were used as
the target organisms. All bacterial strains were from Cul-
ture Collection of the Department of Biochemical Engi-

neering, Faculty of Food Technology and Biotechnology,
University of Zagreb, Croatia.

All lactic acid bacteria were propagated and main-
tained in MRS medium (16). Overnight cultures (16 h at
37 °C) were used as inocula for growth inhibition studies
and for cell-free supernatant preparations. Enteropatho-
genic microorganisms and spore forming bacteria were
propagated and maintained on nutrient agar.

Cell-free supernatant preparations

The bacterial strains to be tested for antibacterial ac-
tivity were grown with agitation, in 500 mL Erlenmeyer
flasks containing 200 ml. of the MRS broth, with control-
led pH =6 and without pH control, for 24 h at 37 °C.
The samples were taken after 8, 12 and 24 h of cultiva-
tion. The cells were removed by centrifugation and the
supernatants were filtered through a 0.2 pm Millipore
filter. Cell-free supernatants were concentrated 5-fold by
rotary evaporation at 40 °C. In order to avoid any pH
effect, the supernatants were tested for inhibitory activ-
ity with the pH unadjusted and adjusted to 6 with
NaOH solution (1 mol/L). Furthermore, catalase was
added at a final concentration of 1 pg/mL, to provide
against the possible presence of hydrogen peroxide. The
free lactic acid concentration in supernatants was esti-
mated by titration with NaOH solution (0.1 mol/L). The
antibacterial activity of the respective concentration of
lactic acid was also examined.

Examination of antibacterial activity

Sensitivity of lactic acid bacteria to inhibitory sub-
stances of producer microorganisms was determined by
using the agar spot test method (17). Overnight cultures
of the strains were spot-inoculated with needle on the
surface of agar plates of MRS and incubated at 37 °C for
24 h to allow colonies to develop. Ten mL of MRS soft
agar (0.7 % agar) seeded with 75 pL of the culture to be
tested for sensitivity were poured over the plates on
which the potential producer was grown. After incuba-
tion for 24 h at 37 °C a clear zone around the colonies
was measured.

Antibacterial activity of cell free supernatants against
indicator strains, including enteropathogenic microor-
ganisms and spore forming bacteria, was determined by the
disc assay method (18). The culture supernatants (80 L)
were applied to sterile filter discs (12 mm) placed on the
surface of solidified nutrient agar or MRS agar (for lactic
acid bacteria as indicator strains) sceded with overnight
cultures of indicator strains. The plates were kept at 4 °C
for 3 h to permit diffusion on the assay material, then
incubated at 37 °C for 16 h. The diameters of clear inhi-
bition zones were then measured.

Isolation of plasmid DNA

Plasmid isolation was achieved with the gencrally
accepted method for plasmid isolation from E. coli (19)
with a few modifications. Cells were harvested from 40 mL
of culture by centrifugation, suspended in 700 ul. of cold
solution 1 (glucose, 50 mmol/L, Tris HCI, 25 mmol/1.,
pH =8.0, EDTA, 10 mmol/L) and after 5 min at room
temperature 250 uL lysozyme (10 mg/ml. in Tris HCI,
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25 mmol/L, pH = 8.0) was added and samples were in-
cubated at 37 °C for 1 h. Incubation was followed by the
addition of 1.4 ml. of solution 1T (NaOH, 0.2 mol/L, SDS,
1 %). After incubation at 0°C for 30 min, 1.05 mL of
solution Il (potassium acetate, 5 mol/L, pH =4.8) was
added and incubated another 5 min. The tube was then
centrifuged at 10000 rpm for 20 min. Supernatant was
transferred and proteins were extracted with 450 pl. of
a mixture of 25:24:1 (volume ratio) phenol-chloroform-
-isoamylic alcohol at least twice. The aqueous phase
above the white protein interface was removed and the
plasmid DNA precipitated with one volume of 8 mol/L
ammonium acetate and cold ethanol at -20 °C overnight.
The DNA pellets were dried and resuspended in 20 ul.
of TE (Tris HCI, 10 mmol/L, pH =7.5, EDTA, 1 mmol/L).
Aliquots of cach sample (5 ul.) were subjected to elec-
trophoresis on 0.6 % agarose gels run at 50 V for 2 h.

Results and Discussion

Six strains of lactic acid bacteria were examined for
antagonistic activity against a set of target microorgan-
isms. Four of the six tested strains ( L. acidoplilus, L. plan-
tarnm L4, L. plantarum Z88 and E. faccium ) produced an-
timicrobial compounds which were active against the
other lactic acid bacteria (Table 1) and exhibited inhibi-
tory activity against food-borne pathogens (Fig. 1-4). For
this reasons they were chosen for further investigations.

The lactic acid bacteria produced their antagonistic
compounds extracellulary and the production of bacte-
riocin has been reported to occur at various stages in
the cell growth cycle (1,2,14). The level of inhibition by
cell free supernatants of L. acidophilus, L. plantarum 14,
L. plantarim Z88 and E. faccium was higher at the end
(i.c. after 12 h of cultivation) than in the middle of ex-
ponential growth phase (Fig. 1-4). There was no or little
reduction in antibacterial activity of L. acidophilus dur-
ing stationary phasc (12-24 h of cultivation). However,
prolonged incubation (from 12 to 24 h) of L. plantarum
L4, L. plantarum Z88 and E. faccium cause partial loss of
their antibacterial activity as it could be seen from inhi-
bition zone for target microorganisms: E. coli, S. numtum
and B. cerens (Fig. 2-4). The comparison of antibacterial
activities of the supernatants and the corresponding con-
centration of lactic acid suggests that the inhibitory ef-
fects were not identical. Namely, antibacterial activitics

of the supernatants of lactic acid bacteria were mostly
higher than the antibacterial activity of the pure lactic
acid itself (Fig. 1-4). The highest difference in diameters
of inhibition zones between the supernatants and respec-
tive concentrations of lactic acid has been obtained with
the supernatant of E. facciuni. All target microorganisms
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Fig. 1. Inhibition of target strains by culture supernatants from
L. acidophilus, prepared after 8, 12 and 24 h of cultivation (whole
bars). The darkened parts of the bars represent the additional
inhibitory action provided by antibacterial substances produced
in the cells. Empty parts of the bars represent inhibition with
the respective concentration of pure lactic acid, corresponding
to the amount of lactic acid estimated in the supernatants by
titration with NaOI1, 0.1 mol/1. (00). Disc assay method. Means
of triplicate determinations are presented.

(a) Stapluylococens anrens 3048, (b) Stapiylococens aurens K-144, ()
Escherichin coli, (d) Salmonella mumum, (e) Bacillus cereus, (f) Ba-
cillus subtilis,

Slika 1. Inhibicija rasta test-mikroorganizama supernatantom
kulture L. acidophilus, priredenim nakon 8, 12 i 24 sata uzgoja
(cijeli stupci). Tamni odsjecei predstavljaju dodatmu inhibiciju
kao posljedicu nastanka antibakterijskih supstancija u stanica-
ma. Neispunjeni odsjeéci predstavljaju inhibicijsko djclovanje
mlije¢ne kiseline u koncentracijama koje odgovaraju koncentra-
cijama mlijeéne kiseline u supernatantima, odredenim titracijom
s NaOH, 0,1 mel/L (0. Metoda difuzije u agar s filtar-diskovi-
ma. Prikazana je srednja vrijednost rezultata triju ponovijenih
pokusa.

(a) Staphylococcus anrens 3048, (b) Staphylococens anrens K-144, (c)
Escherichia coli, (d) Salmonella nmumn, () Bacillus cerens, (f) Ba-
cillus subtilis.

Table 1. Growth inhibition of six lactic acid bacteria by the colonies of producer organism (agar spot test method)

Tablica 1. Inhibicija rasta Sest sojeva bakterija mlijecne kiseline kolonijama proizvodnog mikroorganizma (metoda difu-

zije s dvostrukim slojem agara)

Inhibition zone / mm

Producer strain

Laclobacillns

Lactobacillies  Lactobaciflus  Lactobacilinus — Enterococens  Laclobacillus

acidophilus — plantarum L4 plantarion 788 faecitm sp. J91 sp. [
,.[.nmnbnc;h.’u.;i acidophifis  nd. '3 3 B 11 0 o 0o
Lactobacillus plantarum L4 10 n.d. 5 7 3 3
Lactobacillus plantarinn Z88 6 3 n.d. 14 0 4]
Eriterococcus faecinm 0 0 0 n.d. 0 3
Lactobacitlus sp. 191 0 0 0 0 n.d. 0
Lactobacillus sp. E 0 0 0 0 0 n.d

n.d. - not determined
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have shown significant sensitivity to antibacterial substance
of E. faccinm, other than lactic acid (Fig, 4). S. aurens and
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lig. 2. Inhibition of target strains by culture supernatants from
L. plantartn 14, prepared after 8, 12 and 24 h of cultivation.
Disc assay method. For the legend see Tig. 1.

Slika 2. Inhibicija rasta test-mikroorganizama supematantom
kulture L. plantarne 14,  priredenim nakon 8, 12 1 24 sata uz-
goja. Metoda difuzije u agar s filtar-diskovima. Vidi legendu uz
sliku 1.

E. coli were inhibited mostly with lactic acid from the
supcrnatants of L. acidoplilus and L. plantarun strains
(Fig. 1-3).
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Fig. 3. Inhibition of target strains by culture supernatants from
L. plantarum 788, prepared after 8, 12 and 24 h of cultivation.
Disc assay method. For the legend sce Fig. 1.

Slika 3. Inhibicija rasta test-mikroorganizama supernatantom
kulture L. planfarum 788, priredenim nakon 8, 12 i 24 sata uz-
goja. Metoda difuzije u agar s filtar-diskovima. Vidi legendu uz
sliku 1.

Table 2. Growth inhibition of target strains: a) food-bome pathogens b) lactic acid bacteria, by concentrated super-
natants of lactic acid bacteria with the pI unadjusted and adjusted to pH = 6.0. (disc assay method)

Tablica 2. Inhibicija rasta test-mikroorganizama: a) kontaminanata prchrambenih proizvoda i b) bakterija mlijeéne
kiscline, kancentriranim supernatantima odabranih bakterija mlijeéne kiseline, prije i nakon podefavanja pH na 6,0

(metoda difuzije u agar s filtar-diskovima)

a)
Inhibition zone / mm
Producer strain pH o i o
S, aurens 3048 ';Kl_i:_;m E. coli S.mumunr  B.ocereus B osublilis
. 600 0 0 0 0 0 0
Lactobacillus acidoplilus 110 4 46 37 30 H 3
o I 6.00 0 0 0 0 22 22
Lactobacillus plantarion L4 168 2 37 33 £ 1 37
. o S 6.00 0 0 0 0 13 il
Lactobacillus plantarun 788 368 34 39 36 1 33 19
Enlerococens faecium 640 - e 29 2 =0 G
nferoc 5 faee 4.38 31 37 29 29 30 a3
b)
Inhibition zone / mm
Producer strain pll L. plantarum L. plantarum Laciobacillus

L. acidophilus

Laclobacillus acidophilies 6.00 n.d.
4.10 n.d.
Lactobacillus plantarum 1.4 6.00 14
3.68 21
Lactobacillus plantarion Z88 6.00 0
3.68 18
Enterococens faectum 6.00 0
4.38 0

n.d. = not determined

L4 ) 288_ o F faecium sp, ];___
15 15 14 0

16 15 27 34
n.d. ] 0 16
n.d. 16 21 39

0 n.d. 4] 0

17 n.d. 27 34

0 0 nd. 18

13 0 n.d. 15
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Several lactic acid bacteria have demonstrated en-
hanced production of antibacterial substances including
bacteriocins when grown in solid media (18). For this
reason lactic acid bacteria were investigated for produc-
tion of antagonistic metabolites using agar spot test
method, which allows secretion of antimicrobial com-
pounds into the surrounding solid media during the
growth of producing strains. E. faecium has expressed
significant sensitivity to producer strains L. acidophilus,
L. plantarum L4 and L. plantarion Z88. The highest an-
tibacterial activity has been detected by the colonies of
L. plantarum 14 (Table 1). However, if secretion of an an-
tibacterial substance (bacteriocin) was advantageous to
an organism, this strain could become the dominant lac-
tic acid bacteria in the mixed culture fermentation (12).

In relation to the high content of proteins and pep-
tides in the growth medium, lactic acid bacteria pro-
duced antibacterial substances in very low concentra-

inhibition zone [ mm
N T

25 1

20 +

largel microorganisms

Fig. 4. Inhibition of target strains by culture supernatants from
E. faccium, prepared after 8, 12 and 24 h of cultivation. Disc as-
say method. For the legend see Fig. 1.

Slika 4. Inhibicija rasta test-mikroorganizama supernatantom
kulture E. facefun, priredenim nakon 8, 12 i 24 sata uzgoja. Me-
toda difuzije u agar s filtar-diskovima. Vidi legendu uz sliku 1.

tions (6,13). Culture supernatants, 5-fold concentrated,
gave the most intense antibacterial activity (Table 2). The
antagonistic effect of lactic acid in 5-fold concentrated
culture supernatants was restricted with pH =6 adjust-
ment. Concentrated and neutralized supernatant of L.
acidophilus showed inhibitory activity against lactic acid
bacteria (Table 2b), while no inhibition of other target
strains (e.g. tested food-borne pathogens, Table 2a) was
observed. In contrast, the antimicrobial compound pro-
duced by E. faccium inhibited only one of tested lactoba-
cilli, while it was more active against food-borne patho-
gens (Table 2). Table 3 also confirms the presence of

kb

23,13

9,42
6,56

4,36

2,32
2,03

Fig. 5. Agarose gel electrophoresis of chromosomal and plasmid
DNA isolated from lactic acid bacteria. 1 - Standard - digestion
of & DNA with Hind 1II; 2 — L. acidophilus; 3 = L. plantarun: L4;
4 — Lactobacillus sp. ]91; 5 — L. plantarui Z88; 6 — E. facciun;

7 = Lactobacillus sp. E. Chr. — chromosomal DNA.,

Slika 5. Gel-clektroforeza kromosomske i plazmidne DNA bak-
terija mlije¢ne kiseline. 1 — Standard — 2 DNA pocijepana s en-
zimom Hind 111; 2 — L. acidophilus; 3 = L. plantarum L4; 4 — Lac-
tobacillus sp. J91; 5 — L. plantarum Z88; 6 — E. faccium;

7- Lactobacillus sp. E. Chr, — kromosomska DNA.

Table 3. Antibacterial activity of lactic acid bacteria supernatants, prepared after cultivation in MRS broth with pH

control at 6.0 (disc assay method)

Tablica 3. Antibakterijska aktivnost supernatanata ispitivanih bakterija mlije¢ne kiscline, priredenih nakon uzgoja u
MRS-podlozi pri kontroliranoj pH-vrijednosti (pH = 6,0) (metoda difuzije u agar s filtar-diskovima)

Time of cultivation

Inhibition zone / mm

Producer strain  of producer strain

S.aurens 3048 5. qureus K-144  E. coli S, ymonnm B cerens B, subtilis

h
Lactobacillus 12 i} ] 0 15 0 0
acidopltilus 24 0 15 0 15 0 0
Lactobacillus 12 15 15 15 23 18 b}
plantarim L4 24 4] 0 0 18 17 0
Lactobacilius 12 16 0 16 20 18 0
plantarung Z88 24 16 15 16 21 20 a
Enterococcus 12 16 17 17 22 21 17
foecitn 24 20 22 21 22 22 18
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inhibitory substances other than lactic acid in the super-
natants, When the fermentation was carried out at con-
stant pH (6.0), the antibacterial activity of E. faccinm was
higher than the activity obtained after growth without
pH control (Fig. 4). It was reported that the growth at
constant pH might prolong the logarithmic growth phase
and increase bacteriocin production (2,6,14).

The potential of various spoilage and pathogenic
microorganisms to grow in fermented products is re-
ported by several authors (6,14,20-22). The results of an-
tibacterial activity of chosen lactic acid bacteria (Fig. 14,
Tables 1-3) indicate that these bacteria can be effective
to control the growth of undesirable bacteria, ensuring
the microbiological safety of food.

Plasmids had been isolated from lactic acid bacteria
L. acidophilus, L. plantarum L4, L. plantarum 788 and E.
faecinni, which exhibited high antibacterial activity (Fig.
5). The bacteriocin production might be linked to plas-
mid DNA. The plasmid profiles showed one (L. plai-
tarion L4, L. plantarum  Z88) or two plasmid bands (L.
acidophilus, E. faccium) (Fig. 5). The occurrence of plasmid
DNA in lactic acid bacteria was first reported by Klaen-
hammer and Sutherland (23). The potential develop-
ments in this field were hampered due to paucity of genetic
transfer systems and information on native plasmid-en-
coded traits. Efforts to accumulate genetic information
about lactic acid bacteria, are opening possibilities for
the improvement of lactic acid bacteria strains. Produc-
tion of fi-galactosidase, proteolytic activity and antibiotic
resistance may be plasmid-borne in lactic acid bacteria
(24-26). Plasmid linkage of bacteriocin production has
been reported for some strains of L. acidophilus, E. faccium,
Lactobacillus sake, Lactobacillis brevis and Pediococcus acidi-
lactici (6,7,12). The function of the plasmids isolated from
L. acidophilus, L. plantarim L4, L. plantarum 788 and E.
faeciunr have not yet been identified.

The production of an antibacterial substances (bac-
teriocins) with a broad spectrum of antibacterial activity
against other genera of lactic acid bacteria and food-
borne pathogens can be an important property for starter
cultures and is of special interest in controlled lactic acid
fermentation, which naturally contain competitive bacte-
rial flora. Also, the genetic determinants for bacteriocin
production have a great potential as genetic markers in
recombinant DNA technology for application in the fu-
ture production of food additives or supplements from
microorganisms.
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