Journal of
the Serbian
Chemical Society

.““m[nn.\'ﬂldu

%@W T e JSCS-info@shd.org.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 76 (5) 699707 (2011) UDC 579.864+547.466.1:579.61:615.28-188
JCS4151 Original scientific paper

The partial characterization of the antibacterial peptide
bacteriocin G, produced by the probiotic bacteria
Lactobacillus plantarum G,

SVETLANA L. SEATOVICY, JELENA S. JOVANOVIC NOVAKOVIC?, GORDANA N.
ZAVISICY, ZELIKA C. RADULOVICE, MARIJA DB. GAVROVIC-JANKULOVIC?
and RATKO M. JANKOV 2

1Galenika a.d., Batajnicki drum bb, 11080 Zemun, Belgrade, Serbia and 2Faculty of
Chemistry, University of Belgrade, Sudentski trg 12-16, 11000 Belgrade, Serbia

(Received 5 June, revised 15 October 2010)

Abstract: The aim of this study was the partial characterization of the an-
timicrobial peptide bacteriocin G, produced by probiotic bacteria Lactobacillus
plantarum G,, which was isolated from a clinical sample of a healthy person.
Antimicrobial substance was secreted in the supernatant of an L. plantarum G,
culture, and showed a diverse spectrum of antimicrobia activity of al the
tested strains of the genera Lactobacillus and the pathogenic bacteria Saphylo-
coccus aureus and Salmonella abony. Isoelectric focusing revealed that bac-
teriocin G, is a cationic peptide (pl about 10) with a molecular mass of 2.2 kDa
according to tricine-sodium dodecyl sulphate—polyacrylamide gel electropho-
resis, SDS-PAGE. The antimicrobial activity of bacteriocin G, was diminished
by the proteolytic action of trypsin and proteinase K. Bacteriocin G, preserved
its biological activity in the temperature range 40-60 °C (15 min), which was
lost at 80 °C. Bacteriocin G, was stable in the pH range 2-9, while treatment
with 1 % Tween 80 and 1 % urea resulted in increased antimicrobial activity.
The probiotic strain L. plantarum G, produces the antimicrobial substance
proteinaceous in nature with bacteriocin characteristics. Bacteriocin production
is one of the key properties of probiotic bacteria with clinical potential as anti-
infective agents, which will increase the likelihood of itsin vivo efficacy.

Keywords. Lactobacillus plantarum; probiotic; bacteriocin.

INTRODUCTION

Bacteria employed in probiotic applications help to maintain or restore the
natural microbia flora of a host. The ability of probiotic bacteria to successfully
outcompete undesired species is often due to, or enhanced by, the production of
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potent antimicrobial toxins.l Some antimicrobial substances are non-specific,
such as short-chain fatty acids or hydrogen peroxide, while others are specific
with avery narrow killing range, such as bacteriocins, bacteriocin-like inhibitory
substances (BL1S), and bacteriophages.24 Bacteriocins have been designated as
bacterial substances with the capacity to inhibit, even in low concentrations, the
multiplication of other taxonomically similar bacteria® They comprise a large
and functionally diverse family of toxins found in all major lineages of Bacteria
and Archaea, but there are certain features that unite them as a family; they are
al ribosomally synthesized proteinaceous compounds and are active against bac-
teria closely related to the producing bacteria.6 In an attempt to organise this di-
verse family, bacteriocins are roughly classified into two main groups, the toxins
produced by Gram-negative bacteria and those produced by Gram-positive bac-
teria.’

Bacteriocins from Gram-positive bacteria are generally cationic, amphiphi-
lic, membrane-permeabilizing peptides, approximately 2-6 kDa in size.8 They
are particularly attractive when the goal of probiotic application is to supplement,
rather than dramatically alter, the natural bacteria flora of a host.l Bacteriocin
nisin was found to be safe for human consumption by the Food and Drug Ad-
ministration and has thus gained popularity in probiotic research.1

Numerous strains of bacteriocin producing Lactobacillus plantarum have
been isolated in the last two decades. Several of these plantaricins were charac-
terized and their amino acid sequence determined.®

The aim of this work was to test bacteria with probiotic characteristics, L.
plantarum G, for antimicrobial peptide production. The antimicrobial spectrum
and some properties of the bacteriocin Go are described herein for the first time.

EXPERIMENTAL
Bacterial strains and growth media

The bacteriocin G, producing strain used in this study was isolated from a clinical
sample of a healthy person, and according to its phenotypic and genotypic characteristics, it
was classified as L. plantarum G,. The strain was stored at —20 °C in MRS (de Man, Rogosa
and Sharpe, Merck) medium containing 15 % glycerol. MRS broth (Merck) was used for cell
propagation.

Indicator bacteria strains

The bacteria used as indicator strains were: L. acidophilus ATCC 314, L. rhamnosus
ATCC 7469, L. leishmany ATCC 7830, L. plantarum G1, L. casel Gz, Enterococcus faecalis
ATCC 29219, Staphylococcus aureus ATCC 6538—P, Pseudomonas aeruginosa ATCC 9027,
Escherichia coli ATCC 8739, Klebsiella sp. ATCC 10031, Bacillus subtilis ATCC 6633, B.
cereus ATCC 11178, Micrococcus luteus ATCC 93419, Salmonella abony ATCC 6017.

L. leishmany ATCC 7830 was used as the indicator bacterium for the estimation of
antimicrobial activity.
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Production of bacteriocin G,

For bacteriocin production, L. plantarum G, cells were grown anaerobically (in 2000 ml
Erlenmeyer flasks) in MRS broth (pH 6.4), at 37 °C and 58 rpm for 24 h, in rotary shaker
incubator (Adolf Kihner, Switzerland). The culture was centrifuged at 4000 x g, for 20 min
at 4 °C. The pH of the supernatant was adjusted to 6.5-7.0 with 1.0 M NaOH, to exclude the
antimicrobial effect of organic acids, followed by filtration of the supernatant through a 0.2
um pore-size cellulose acetate filter (Sigma—Aldrich). The supernatant S was used for screen-
ing the antimicrobial activity.

Detection of antimicrobial activity

The antimicrobial activity of the bacteriocin produced by L. plantarum G, was screened
using the agar well diffusion (AWD) assay.19 Pre-poured MRS agar plates were overlain with
0.1 mL suspension of the indicator strain (containing 106 CFU mL-1). Wells of 6 mm in
diameter were cut into the agar plate using a cork borer and 100 pL of the supernatant S was
placed into each well. After 18 h of incubation at 37 °C, the zone of inhibition (diameter) was
mesasured.

Bacteriocin assay

The critical dilution assay described by Mayer-Hartings et al.11 was used to quantify the
inhibitory activity of the bacteriocin against the respective sensitive indicator strain L. leish-
many. A serial two-fold dilution of the supernatant was made in 0.1 M Tris-HCI buffer, pH 7.
The activity of each dilution was determined by the AWD assay. The antimicrobia activity is
expressed in arbitrary units (AU mL"1). One AU is defined as the reciprocal of the highest
dilution showing a clear zone of growth inhibition.

Sensitivity to enzyme activity of bacteriocin G,

To investigate the sensitivity of the bacteriocin to different enzymes (all obtained from
Sigma), neutralized supernatant S samples of the tested strain were mixed with enzyme so-
lutions of catalase, pronase E, proteinase K, trypsin, chymotrypsin, lipase, lysozyme and o~
-amylase (final enzyme concentration was 1 mg mL"1), incubated for 1 h at the optimum
temperature for each of the enzymes and the residua activities were measured using the AWD
assay. Two controls, one with sterile MRS and the respective enzyme (1 mg mL-1), and the
other one with untreated bacteriocin were included.

Heat resistance and pH stability of bacteriocin G,

To determine the heat stability of bacteriocin G,, aiquots of the neutralized cell-free
supernatant of tested strain were heated at 40, 60 and 80 °C for 15, 30, 60 and 90 min, and
immediately cooled in an ice water bath. The heat resistance was also checked after auto-
claving the bacteriocin at 121 °C for 15 min. The residual bacteriocin activity was determined
by the AWD assay.

To test the stability at different pH, aliquots of neutralized supernatant were adjusted to
pH values from 2-12 using 4 M HCl and 4 M NaOH, respectively and subsequently incubated
for 1 hat 37 °C. The residual activities were measured after neutralizing the aliquots to pH 7.

Sensitivity of bacteriocin G, to surfactants

To examine sensitivity of bacteriocin G, to surfactants, SDS, Tween 80, Triton X-100
and ureawere used. Neutralized cell-free supernatant samples of tested strain were mixed with
surfactants at a final concentration of 1 % (w/v) and incubated for 2 h at 37 °C. Residua
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bacteriocin activities were measured using the AWD assay. The surfactants at a concentration
of 1 % in neutralized MRS broth were used as controls.

Preparation of crude supernatant

Crude supernatant was prepared from 500 mL of an L. plantarum G, culture. The cells
were grown to the stationary phase in MRS broth at 37 °C. The cell-free supernatant of the
culture was collected by centrifugation at 4000 x g for 20 min at 4 °C. To concentrate the
produced bacteriocin G, 10-fold, the supernatant was filter sterilized (0.22 pum), and ultra-
filtrated on 5 kDa cut-off membrane (Millipore). The obtained solution, designated crude
supernatant fluid, was used for bacteriocin characterization by electrophoretic methods, i.e.,
sodium dodecyl sulphate—polyacrylamide gel electrophoresis, SDS-PAGE, and isoelectric
focusing.

Reducing and non-reducing tricine SDS PAGE

The molecular mass of bacteriocin G, was estimated in a tricine-SDS-PAGE, as des-
cribed by Schagger and Von Jagow.12 To test for the presence of interchain disulphide bonds
between the bacteriocin subunits or intrachain disulphide bonds essential for its activity,
reducing and non-reducing sample buffers for the tricine-SDS-PAGE were used.

Electrophoresis was performed in vertical gels (16.5 % acrylamide) at 30 V for 1 h, and
90 V for 5 h. To determine the apparent molecular mass of the bacteriocin after tricine-SDS-
-PAGE, the gel was cut into two slices. One half was fixed and stained with Coomassie Bril-
liant Blue. The other dlice was assayed for antimicrobial activity according to Bhunia et al.
(1987), with a slight modification.13 The gel prepared for growth inhibition was fixed in 20 %
2-propanol and 10 % acetic acid for 5 min and washed in deionised water for 24 h. After-
wards, the gel was placed on a MRS prepared agar plate and overlaid with 20 mL of soft MRS
agar seeded with L. leishmany (106 CFU mL"1). After incubation of the plate for 24 h at 37 °C,
the location of the zone of growth inhibition was identified and photographed. For molecular
mass determination, Amersham Low-Range Rainbow Molecular Weight Markers (3500~
—40000 Da) were used. The protein standards molecular masses (Da) and colours were as
follows: 38000, blue; 31000, orange; 24000, green; 17000, blue; 12000, red; 8500, yellow and
3500, blue.

Isoelectric focusing

Isoelectric focusing, |EF, was performed at 10 °C in a Multiphor Il electrophoresis unit
according to the manufacturer’s instructions (Pharmacia). The isoelectric point was deter-
mined by using a broad pl calibration kit (pl 3.5-10, Pharmacia). After IEF, the gel was
washed with distilled water for 30 s and cut into two dlices. One slice was fixed and stained
with Coomassie Brilliant Blue and the other one was assayed for antimicrobial activity by the
agar overlay method described above.

RESULTS AND DISCUSSION
Spectrum of antimicrobial activity of bacteriocin Go

To examine the effect of the bacteriocin from L. plantarum G, on other mic-
roorganisms, neutralized cell-free supernatant was tested for antimicrobial acti-
vity against Gram-positive and Gram-negative bacteria by the well diffusion agar
test. As shown in Table |, the bacteriocin was active against al the tested strains
of the genera Lactobacillus: L. acidophilus, L. rhamnosus, L. leishmany, L. plan-
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BACTERIOCIN FROM PROBIOTIC BACTERIA 703

tarum Gq and L. casel G3. The bacteriocin G also inhibited the growth of the
pathogenic bacteria S. aureus and S. abony. Bacteriocin Gy displayed arelatively
broad spectrum of antimicrobia activity as it inhibited 7 of the 14 indicator
strains.

TABLE I. Inhibitory activity of neutralized cell-free supernatant of L. plantarum G, against
various indicator strains, which is expressed as the diameter of the zone of inhibition

Indicator organism Antimicrobial activity of bacteriocin G,2
L. acidophilus ATCC 314 +

L. rhamnosus ATCC 7469 +

L. leishmany ATCC 7830 ++

L. plantarum G, +

L. casel G; +

E. faecalis ATCC 29219 -

S aureus ATCC 6538-P +

P. aeruginosa ATCC 9027

E. coli ATCC 8739 -
Klebsiella sp. ATCC 10031 -
B. subtilis ATCC 6633 -
B. cereusATCC 11178 -
M. luteus ATCC 93419 -
S abony ATCC 6017 +

a . Wl e
— No inhibition zone; +: 5 mm < zone < 10 mm; ++: 10 mm < zone < 15 mm

The inhibitory spectrum of bacteriocins produced by different species of
lactobacilli varies greatly.14 Most bacteriocins inhibit only lactobacilli or closely
related Gram-positive bacteria, whereas others are active against a broad spec-
trum of Gram-positive and Gram-negative bacteria 15-19

Effect of enzymes, heat and pH on the antimicrobial activity of bacteriocin Go

Bacteriocin G was tested for its sensitivity to various enzymes. The antibac-
terial activity was retained after catalase treatment, indicating that antibacterial
activity was not due to HoO,. As shown in Table |1, trypsin and proteinase K
were the only proteases that partially or completely inhibited the antimicrobial
activity. The fact that the bacteriocin was inactivated by trypsin and proteinase K
indicates its proteinaceous nature, however, despite this, the substance was rather
persistent to proteolytic cleavage of pronase E and chymotrypsin. Most bacterio-
cins are resistant to al proteolytic enzymes, but a few of them, including nisin,
plantaricin C, plantaricin D, are sensitive to the actions of some proteases.20-24
The antimicrobial activity of bacteriocin G, was not affected by lipase, lysozyme
or c-amylase, suggesting that its biological activity was not dependent on the
presence of alipid or sugar moiety.

Incubation of the neutralized supernatant containing bacteriocin Gy at diffe-
rent temperatures for 15, 30 and 90 min showed that it was completely stable up
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704 SEATOVIC et al.

to 40 °C (Table 111). No loss of activity was detected after 15 min at 60 °C, but
inactivation occurred when the incubation was continued for a longer period. A
total loss of activity was observed after incubation at 80 °C. Heat-stability is a
major feature of low-molecular-weight bacteriocins, however, some bacteriocins
produced by Lactobacillus strains were inactivated by 10- to 15-min treatment at
60-100 °C.25,26

TABLE Il. Antimicrobia activity of bacteriocin G, detected after enzyme treatment, expres-
sed as residual bacteriocin activity

Surfactant Residual bacteriocin activity® %
Catalase 100

Proteinase K 40

Pronase E 100
Chymotrypsin 100

Trypsin 0

Lysozyme 100

Lipase 100

o-Amylase 100

8The percentage of theinitial activity

The activity of bacteriocin Go was stable throughout the pH range 3—7 (Fig.
1). Above pH 7, the activity decreased and was completely lost at pH 10. Bacte-
riocins differ greatly with respect to their sensitivity to pH. Many are conside-
rably more tolerant to acid than to akaline pH values.2” As most bacteriocins and
bacteriocin-like substances, bacteriocin G, was also stable in acidic and neutral
pH values, indicating that the substances are well adapted to the environment of
the bacteria that produce them.28

TABLE Ill. Antimicrobia activity of bacteriocin G, detected after thermal treatment, expres-
sed asresidual bacteriocin activity

Treatment Residual bacteriocin activity, %
40°C, 15min 100
40°C, 30 min 100
40°C, 60 min 100
40°C, 90 min 100
60 °C, 15 min 100
60 °C, 30 min 0
60 °C, 60 min 0
60 °C, 90 min 0
80 °C, 15 min 0
80 °C, 30 min 0
80 °C, 60min 0
80 °C, 90 min 0
Autoclaving 121 °C, 15 min 0
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BACTERIOCIN FROM PROBIOTIC BACTERIA 705

To examine the hydrophobic nature of bacteriocin Gy, the neutralized super-
natant was treated with surfactants at a final concentration of 1 % (w/v). The
sensitivity to the surfactantsis given in Table IV. Treatment with Tween 80 and
urea resulted in increased antimicrobia activity. SDS and Triton X-100 had no
effect on the bacteriocin activity. Many bacteriocins contain hydrophobic do-
mains and tend to form large aggregates. The large macromolecules can be dis-
aggregated by the use of surface-active compounds. Desegregation can result in a
significant increase in bacteriocin activity.29

120 1

100 -

-]
<
L

Residual activity, %
(-3
=Y

40 -
20 -
0 1 .
0 5 10 5 Fig. 1 Effect of pH treatment on the
PH activity of bacteriocin G,.

TABLE IV. Effect of surfactants on bacteriocin G, activity, expressed as residual bacteriocin
activity

Residual bacteriocin activity, %

Surfactant Treated supernatant Surfactant control
None (control) 100 -
DS 167 150
Tween 80 133 0
Triton X-100 117 108
Urea 117 0

Molecular mass determination

Electrophoretic analysis of the concentrated supernatant of L. plantarum Go
prepared using a sample buffer containing the reducing agent 2-mercaptoethanol
showed a wide protein band occupying most of the gel. The gel sice overlaid
with the indicator strain revealed a single clear inhibition band, corresponding to
a molecular mass of 2.2 kDa. Similar molecular masses have been reported for a
few other bacteriocins, including plantaricin A.9 A tendency of bacteriocins pro-
duced by other lactic acid bacteria to aggregate was reported, which might have
contributed to the reason why the bacteriocins could not pass through a 5 kDa
cut-off membrane.30:31 Bacteriocin Gy retained antimicrobial activity after treat-
ment with reducing agents indicating that it does not have intramolecular disul-
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706 SEATOVIC et al.

phide bonds that are essential for its activity. Bacteriocin Gy resolved in non-re-
ducing tricine-SDS-PAGE, and subsequently overlaid with indicator strain showed
asingle clear band with the same molecular mass as found with the reducing gel.

pl determination

To determine the isoelelectric point of bacteriocin Go, isoelectric focusing
was performed. A single clear inhibition band was detected on the part of the gel
overlaid with the indicator strain, corresponding to a pl value of about 10. Bacte-
riocin Gy is a cationic protein, as are most bacteriocins.10 The high isoelectric
point allows bacteriocins to interact at physiological pH with the anionic surface
of bacterial membranes.

CONCLUSIONS

Based on the presented results, it may be concluded that the antimicrobial
substance from the culture supernatant of L. plantarum G» is a peptide with a
diverse spectrum of antimicrobial activity. Stability in acidic and neutral pH
range (up to pH 9), resistance to proteolytic cleavage but sensitivity to trypsin
and heat stability at physiological temperatures allow bacteriocin G, to be a
competitive advantage of L. plantarum G probiotic preparations.

U3BOA

MMAPLMJAJTTHA KAPAKTEPU3ALIMJIA AHTUBAKTEPUJCKOI ITEIITUAA KOJU
IMPOMN3BOAV ITPOBMOTCKA BAKTEPUJA Lactobacillus plantarum G,

CBETJIAHA JI. HIEATOBURY, JEJIEHA C. JOBAHOBWR HOBAKOBUA?, TOPJAHA H. 3ABUIINARY,
XEJbKA Y. PAZ[YJIOBI/I’hl, MAPHJA B. TABPOBUR—JAHKYJIOBIURZ u PATKO M. JAHKOB?

IFanenura a.o, Bamiajuuuku opym 66, 11080 3emyH u 2Xemujcxu pakyaitieit, YHusepyuitieii y beozpaoy,
Ciuyoentiicku wipz 12—16, 11000 Beozpao

[{wb oBor ucTpaXkuBama je OuiIa mapiujaiHa KapakTepu3alyja aHTHMUKPOOHOT MenTuia u3
npobuotcke Gakrepuja Lactobacillus plantarum G, u3zonoBaHe U3 KIMHUYKOT y30pKa 3/paBe 0CO-
0¢. AHTUMHKPOOHO jemumeme u3 L. plantarum Gy, o3nayeHo kao Gakrepuouus Gy, no6ujeHO 3
cymepHaTaHTa OaKTepHjcKe KyJIType, IMOKa3alo je IIMPOK CIEKTap aHTUMHKPOOHE aKTUBHOCTH,
nHxubupajuhu pact cBUX ucnuTHBaHX BpcTa poma Lactobacillus, kao u matorennx Gakrepuja Sa-
phylococcus aureus u Salmonella abony. Bakrepuoin G, je 0CeT/bHB Ha POTEONHUTHYKO [ICjCTBO
TpurcuHa U nporerHaze K. AHTUMHKpPOOHA aKTUBHOCT je ctabuiHa y oncery 40-60 °C (15 mun),
anu ce ryou Ha Temneparypu o 80 °C. YcTaHOBIBEHO je 1a je GakTepronuH ctabuian Ha PH Bpen-
Hoctuma m3mehy 2 u 9. JlejerBo Tween-a 80 u ypee je noseno 1o nosehane NHXUOUTOPHE aKTUB-
HoctH. [Ipema |EF, Gakrepuonun G, je katjoHCKH mpotenH, ca pl Bpennomhy oxo 10, a mome-
Kynacka maca oapehera Ha ocaoBy TputmH—SDS-PAGE je 2,2 kDa. ITpo6uorcku coj L plantarum
G, npoayKyje aHTUMHKPOOHO jeNEbEhe MPOTEHMHCKE CTPYKTYPEe ca KapaKTepUCTHKaMa OakTepro-
nuHa. CuHTe3a OaKTEPHOIMHA je jemHa O] KIbyYHHUX 0COOMHA MPOOMOTCKUX OaKTepHja Koje UMajy
KJIMHIYKH NOTEHIIMjall Kao aHTUMH(EKTUBHHU areHCH, jep 3HadajHo noBehaBa BepoBaTHOhY HHXOBE
in vivo eduxacHocTH.

(TMpumsbeno 5. jyna, pesnaupaso 15. okro6pa 2010)
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